November 10, 2020

Baker Tilly Municipal Advisors, LLC
2852 Eyde Pkwy, Suite 150
East Lansing, MI 48823
(517) 321-0110
bakertilly.com

Village of Pinckney
Re: Connection Charges
Connection charges are intended to provide equity buy-in to a system that has been supported by
existing customers:
It is common policy for government-owned utilities to recover directly from the customer the costs
of installing a tap or connection to a water main, the service line to the property, and the water
meter. System Development Charges (SDCs) assign the capacity cost of growth, at least in part,
to those causing the growth rather than to existing customers. The objectives may include having
new development pay its own way, fund major system expansion, fund a portion of capital
improvements, minimize debt, recover capital costs, maintain appropriate level of retained
earnings and cash reserves. [AWWA]
There are various approaches to determining the level of the connection charge which include:
The two basic methods for calculating SDCs are the equity method or system buyin and the incremental cost method. The financial goal is to achieve a level of
equity from new customers by collecting a SDC representative of the average
equity attributable to existing customers. The incremental cost method is based on
the concept of new development paying for the incremental cost of system capacity
needed to serve new development. This approach proposes to mitigate the cost
impact of new growth on existing customers’ user rates. The goal is to charge a fee
for new customers sufficient to allow customer user rates to be revenue-neutral with
respect to growth of the system. However, in systems undergoing rapid and
expensive growth, this may be difficult to achieve.
A key component of developing an equity method SDC is determining system
equity. The major components include the valuation of system assets, accumulated
depreciation, system liabilities, sources of equity, and system capacity. One
measure of the valuation of the system assets is the original value of the total system
less accumulated depreciation. This valuation may be adjusted to recognize the
cost of reproducing or replacing assets.
The incremental cost method assigns to new development the incremental cost of
system expansion needed to serve the new development which includes various
factors, including the period of growth, growth rates, type of growth, capacity
associated with the various improvements needed to serve the projected growth,
and cost of these improvements. [AWWA]

The “equity method” calculation may be derived by dividing the depreciated asset value plus the
cash and investments value minus the outstanding debt by the number of meter equivalents.
The depreciated asset value of the sewer system is $5,795,261. The cash and investments value
of the sewer system is $1,800,344. The total principal amount of outstanding debt on the sewer
system is $3,170,009. The number of meter equivalents on the system is 1,014. The depreciated
asset value plus the cash and investments value divided by current customers results in a figure of
$4,364.
The above costs are based on the Village’s smallest meter size (5/8”). These costs should be
multiplied by the Village’s meter equivalent ratios to derive the charges for larger meters.
While it is recommended that the connection charge not exceed this figure, there may be policy
considerations that would lead to the use of a lower figure. It is important to note that connection
charges, from an accounting standpoint, are a revenue of the system under Act 94 of 1933 (the
Revenue Bond Act), and as such, are “regulatory in nature” and not “revenue generating” given
the operations, maintenance, and in particular, the capital improvement expenses. Hence, the
connection charge is not only calculated according to industry standard, but is also intended to be
consistent with State law and case law (Bolt v. Lansing).
As discussed earlier in this memo, the above calculations represent only the equity buy-in
(commonly called the connection or capital charge) to the system. The cost of materials (i.e. meter,
service line, etc.) and labor to install the connection (commonly called the tap fee) should be
charged dollar for dollar to the new customer.
Please note that these costs and the ability to charge them need to be reviewed by your local counsel
to make sure that your ordinance includes the ability to charge these fees.
Sincerely,
Andy Campbell, CPA, Director
Baker Tilly Municipal Advisors, LLC
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SECTION 1.0 — EXECUTIVE SUMMARY
HRC was retained to evaluate the performance of the existing wastewater treatment plant. The Village of Pinckney
operates a wastewater lagoons system with four lagoons operated in series. The last two are used for storage of
treated wastewater during the winter to alleviate freeze damage to piping. Wastewater is released from the last
lagoon during warmer weather to the infiltration basin for final groundwater disposal.
The incoming flows are residential with limited commercial dischargers, averaging approximately 170,000 GPD. A
new residential development is in progress. The first phase of the development will add approximately 11,600 GPD
and the second phase 14,400 GPD. HRC used an average daily flow of 200,000 GPD for future flows for this
report.
The plant operates under a Michigan Part 31 Groundwater Discharge permit.
Wastewater Storage
HRC evaluated the storage volumes in Lagoon Cell’s No. 1 and 2. The volumes are limited by the depth required
to maintain operations of the Solar Bee aerators, which is approximately 6 feet. Freeboard is maintained no less
than 2 feet to prevent waves from overflowing the access roads. Figure A-1 in Appendix A is a graph that shows
that the storage volume available is approximately 170 days currently and 155 days with the new flows. This
amount of storage should be adequate for the flows from the new development.
Hydrogeologic Desktop Review
TetraTech was retained to evaluate the hydrogeologic aspects of the site. Their charge was to determine the fate
of contaminants in the groundwater and the effect of the additional flows from the new developments. TetraTech’s
report is included in its entirety in Appendix B, including their conclusions. HRC has condensed their findings as
follows:

≡ Monitoring Well No. 25 is the only well with a discharge limit for TIN which is 5.0 mg/l. TetraTech determined

that this well is upgradient of the infiltration beds and does not represent the impact of the wastewater discharge
on the aquifer. This monitoring well is in compliance with the TIN limit as would be expected from an upgradient
well.
≡ Figure 2a in Appendix B shows the TIN loadings in the effluent of Lagoon No. 2 and Monitoring Well No. 9b.
Note that TIN removal is adversely impacted by cold weather. MW-9b is clearly affected by Lagoon No. 2
effluent with a time lag to account for the groundwater travel time from the Infiltration Basin to Monitoring Well
No. 9b.
≡ The additional fifteen percent flow will only add to the TIN levels including Monitoring Well No. 25.
≡ Chloride concentrations are increasing as shown in Figure 4b (MW-17) and Figure 6b (MW-24) and have
exceeded the discharge permit’s 250 mg/l limit.
Recommendations
The additional wastewater flows from the two residential developments underway will increase the flow by
approximately fifteen percent. Wastewater will have a shorter detention time in each of the four cells and the result
will be in an increase of all constituents at the effluent of Lagoon No. 2. TIN levels in downstream monitoring wells
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are expected to increase with the additional loading. The system is compliant with the discharge permit, only
because Monitoring Well No. 25 is upgradient and does not represent the impact on groundwater from the Village’s
discharge. Monitoring Well No. 9b is a much more representative sampling location and would be consistently
above the TIN level of 5.0 mg/l.
The chloride concentration leaving Lagoon No. 2 is shown in the graphs contained in the TetraTech memo and
generally exceeds the permit limit of 250 mg/l. The new developments would be expected to increase the
concentration of chloride. There is no cost-effective means of removing chloride from the wastewater, it needs to
be controlled at the source.
1. HRC recommends that the Village consider upgrading the treatment plant such that it would consistently
meet the TIN limit of 5.0 mg/l before discharge to the Infiltration Beds. This system would be designed for
the increased flow of 200,000 GPD. The system would be designed to meet the TIN limit in cold weather.
HRC developed three potential treatment options that may be considered if the TIN limit was moved to the
discharge to the infiltration beds. These options were evaluated at an average flow of 200,000 gpd.
Option 1: Activated sludge plant sized for 200,000 gpd, operating year-round and abandoning Aeration
Cells 1 & 2, with a capital cost of approximately $3,000,000.
Option 2: Sequencing batch reactor (SBR) sized for 200,000 gpd, operated year-round, abandoning
Aeration Cells 1 & 2. The capital cost is expected to be similar to Option 1.
Option 3: Moving bed bioreactor (MBBR) to provide nitrogen removal in Aeration Cell No. 2’s effluent to
meet TIN of 5 mg/l. The storage lagoons would continue to be used in cold weather (if desired). The
MBBR would provide nitrification and denitrification before discharging to the Infiltration Beds in warmer
months. The capital cost is approximately $1,400,000.
EGLE will likely require a higher level of operator certification for the mechanical plant options.
2. HRC recommends that the Village also conduct a source reduction study for chloride to confirm that the
limit of 250 mg/l can be met long term. If it cannot, the viability of the treatment system should be reviewed
with EGLE prior to making any improvements to it.
3. At the projected future flow of 200,000 GPD, while there is adequate storage in the lagoons for winter
storage, it becomes difficult to release the stored flow during the remainder of the year due to the limitation
of the discharge of 260,000 GPD. It is not recommended to allow more flow than 200,000 GPD (as a
yearly average), to enter the plant without the improvements to the TIN treatment. If the improvements to
the TIN treatment are made, the plant could discharge year round, which would allow the average flow to
increase to approximately 260,000 GPD. It is noted, though, that if it the flows were expected to approach
this amount that the State would likely require an expansion of the plant capacity prior to this amount being
reached.
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SECTION 2.0 — BACKGROUND
The Village of Pinckney (Village) operates an aerated lagoon wastewater treatment plant consisting of the following
components:

≡
≡
≡
≡
≡

Influent screening
Stabilization of raw wastewater with two aerated lagoons, referred to as Aeration Cells 1 and 2
Aerated storage in two lagoons, referred to as Lagoon Cells 1 and 2.
Sand bed with ferric chloride added for phosphorus removal.
Infiltration beds for groundwater discharge

Wastewater is collected from the Village, then pumped to screening for debris removal. Wastewater is treated in
four, aerated ponds operated in series. The effluent from Lagoon No. 2 discharges to an onsite Infiltration Bed with
a Michigan Part 31 Groundwater Discharge Permit. The points of compliance are groundwater monitoring wells
listed in the permit.
The wastewater discharges to the Infiltration Beds ceases during cold weather to prevent pipe freezing. Note that
ammonia nitrogen removal (nitrification) decreases in the Fall and stops below 40 degrees F.
The Village retained HRC to evaluate the treatment system because there are two residential developments that
will discharge to this system. The Village requested that the current conditions be assessed as well as an opinion
on the effects of the increased flow.
The Village has many years of laboratory results for both the treatment system and the monitoring wells. The plant
has an excellent history of compliance with the discharge permit. The Village’s extensive database was used to
prepare graphs that show the trends for lagoon treatment and the impact of wastewater on the monitoring wells.
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SECTION 3.0 — FLOW PROJECTIONS
The average influent flow to the plant is approximately 170,000 GPD. A new residential development is in the
planning phase. The first phase of this development will add approximately 11,600 GPD based on 58 new homes
with an estimated daily flow of 200 GPD per household. The second phase will add approximately 14,400 GPD
based on an additional 72 households
The total new flow will be 200,000 GPD, an increase of fifteen percent.
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SECTION 4.0 — WASTEWATER TREATMENT AND STORAGE
Wastewater is pumped from the Village’s collection system to a fine screen for debris removal. Aeration Cells No.
1 and 2 are equipped with floating aerators and run continuously. Biochemical oxygen demand (BOD) and
ammonia nitrogen are removed aerobically in these ponds. Lagoon Cells No. 1 and 2 are designed primarily for
cold weather storage but have small Solarbee aerators that provide oxygen for BOD removal, nitrification and odor
reduction.
The two Aeration Cells are operated all year. Lagoons No. 1 and 2 are maintained at a low water level to maximize
the available storage for cold weather. The low operating level of the lagoons is controlled by the water level
required for the SolarBee aerators, approximately six feet of depth at elevation 931.
The operators monitor the concentration of ammonia and TIN in the effluent of Lagoon No. 2. Figure 2a in Appendix
B is a graph of the ammonia and TIN concentration in the Lagoon 2 effluent. Note that some nitrification occurs in
the warm weather, but decreases to a very low level in cold weather and essentially ceases below 40 degrees F.
Nitrification is also hindered in Lagoon No. 2 because even after treatment in four lagoons, BOD remains at
relatively high levels. Note that there is very little denitrification (conversion of ammonia to nitrate) in the lagoons
because this is process requires anoxic conditions. These conditions may be present in the lagoons, but only
outside the influence of the aerators (e.g.dead zones).
The plant also removes phosphorus with the addition of ferric chloride. The phosphorus limit in the groundwater
wells is 1.0 mg/l. The phosphorus leaving the ponds is consistently below this limit, so the phosphorus removal
operation is going well. In fact, the sand infiltration bed is in place primarily for phosphorus removal, but at this
point due to the good operation in the ponds it does not appear to be doing anything to enhance this. We note that
due to the chloride issue, it may be advantageous to change chemicals from ferric chloride to aluminum sulfate for
phosphorus removal.
The operators stop discharging to the Infiltration Beds to prevent pipe freezing and accumulate partially treated
wastewater in the two Lagoon cells. This wastewater is discharged in the Spring based upon ambient temperature.
The compliance point for TIN is 5.0 mg/l at Monitoring Well No. 25. Figure 7a shows the permitted TIN levels for
Monitoring Well No. 25 versus Lagoon No. 2. This can occur only if:

≡ TIN is biologically removed in the aquifer as the wastewater flows to Monitoring Well No. 25 or,
≡ Monitoring Well No. 25 is upgradient of the Infiltration Beds.
The next section presents TetraTech’s analysis of the site hydrogeology and geochemistry.
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SECTION 5.0 — SITE HYDROGEOLOGY AND GEOCHEMISTRY
TetraTech’s report is included in its entirety as Appendix B. The purpose of this section of the report is to discuss
the impact of the wastewater discharge on the concentrations of contaminants in the monitoring wells. This
wastewater treatment plant is designed to provide biological treatment for the bulk of BOD and TIN prior to the point
of discharge in the Infiltration Beds. The monitoring wells are the points of compliance; thus, the system’s design
intent is for biological nitrification and denitrification to occur as wastewater travels from the discharge to the
Infiltration Beds to a given monitoring well.
Note that wastewater treatment plants are generally designed to meet the discharge limits at the surface and not
to rely upon in situ biological treatment. In situ treatment requires the development and calibration of a computerbased model and is generally too expensive to develop. In situ treatment cannot be easily controlled to meet permit
limits as is the case in an above ground system.
Figure 2a in Appendix B is a graph showing the concentrations of TIN in the effluent of Lagoon No. 2 and Monitoring
Well No, 9b, which is downgradient from the Infiltration Beds. The graph shows a great deal of correlation between
the two sample locations with a time lag of a few months. The Monitoring Well No. 9b concentrations are essentially
the mass of TIN that is not attenuated, whether through biological activity or dilution.
Figure 7a in Appendix B is a graph showing the TIN concentrations in the effluent of Lagoon No. 2 and Monitoring
Well No. 25, which is upgradient from the Infiltration Beds. There is little correlation between the results which is
expected for an upgradient well.
The plant is in compliance with the permit, but only because Monitoring Well No. 25 is upgradient of the Infiltration
Beds. Figure 2a shows that the Lagoon No. 2 effluent would need to be lowered to approximately the TIN value of
5.0 mg/l to consistently meet. This requires an additional level of treatment prior to discharging to the Infiltration
Beds.
TetraTech evaluated chloride levels in the monitoring wells versus the permit limit of 250 mg/l. The graphs for
monitoring wells MW-9b and MW-17 show that chloride levels are rising and there are several exceedances.
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SECTION 6.0 — IMPACTS OF ADDITIONAL FLOWS
The new development will add approximately 15 percent additional flow to the plant. The additional flows will
decrease the percent reduction of BOD and ammonia nitrogen in the aerated lagoons. The Lagoon 2 effluent
concentrations of BOD and TIN would be expected to increase, roughly proportional to the increased flow of fifteen
percent. The loadings to the groundwater and hence, groundwater concentrations will increase.
The additional flows will decrease the number of days available for storing wastewater in the Winter. Figure A-1
shows the available storage volume of 30.1 million gallons assuming that two feet of freeboard are maintained, and
the lagoon depth is maintained at least six feet from the bottom. The six-foot depth prevents the SolarBee aerators
from hitting the pond’s bottom. At the future flow of 200,000 gpd, there will be 155 days of storage versus the
present 177 days.
At 200,000 GPD, the stored flow over the winter months (3 months) will have to be discharged during the remainder
of the year. With the current permit limitation of 260,000 GPD, this is very tight. Thus, no flows above 200,000
GPD of influent wastewater should be allowed to be discharged to the plant under this operation. If the proposed
TIN treatment is implemented, then year round discharge of final effluent can be done and the flows could be
increased above 200,000 GPD up to the limit of 260,000 GPD.
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SECTION 7.0 — DISCUSSION OF TREATMENT OPTIONS
HRC evaluated wastewater treatment options that the Village may wish to consider for future planning. A lagoonbased system would not be considered if this was a new installation. There are two main limitations of lagoonbased wastewater treatment plants. The first is that the biomass concentration, as measured by volatile suspended
solids, is limited because a clarifier with return activated sludge capabilities is not used. The aerated lagoons at
this plant have a volume many times larger than an activated sludge plant, but the biomass concentration is only a
fraction.
The second issue is that denitrification can only occur in anoxic zones after the ammonia is nearly all removed. A
second tank for denitrification is required and is kept anoxic.
HRC recommends that the Village consider a facility capable of meeting the current monitoring well limits at the
point of discharge to the Infiltration Basin. This could be an activated sludge plant or a sequencing batch reactor
(SBR). The other way to increase plant capacity is to add a dedicated nitrification/denitrification stage to treat the
effluent of Lagoon No.2.
The following is a description of the three options. A site plan showing the possible location of these options is
included as Figure A2.
Option 1 Activated Sludge
There are a number of suppliers of steel or concrete “package plants” that are based on the extended aeration
process. HRC contacted a company that builds all concrete tanks consisting of aeration for BOD and ammonia
removal, anoxic zone for denitrification, and a clarifier. A carbon source, such as methanol, is added to the
denitrification step. The supplier recommended an aeration tank size of 100,000 gallons for 12 hours of contact
time.
Note that the operation of an activated sludge plant is quite a bit more complex than the current lagoon system and
would require a higher level of operator certification. The capital cost of an activated sludge plant is expected to
be approximately $ 3,000,000.
Option 2 Sequencing Batch Reactor (SBR)
SBR’s treat BOD, ammonia, nitrates, and nitrites all in one tank. Two, 130,000 tanks are required to allow treatment
to occur while the other tank is filling. The wastewater would be aerated for 12 hours for BOD and ammonia, then
allowed to become anoxic for denitrification. A decanter drains the tank’s supernatant after a settling time. This
process would require a higher level of operator certification. The cost of an SBR plant is expected to be
comparable to an activated sludge plant.
Option 3 Moving Bed Bioreactor (MBBR)
Lagoon systems with groundwater discharges have increasingly been required to control TIN discharges. The
MBBR process is gaining acceptance to nitrify and denitrify an aerated lagoon’s effluent. This process uses plastic
packing that develops a thick layer of biomass. A carbon source, such as methanol, is added to the denitrification
step. The MBBR concentrates biomass in the tank because wastewater microbes prefer to attach to the media
rather than stir around in the aeration tank. The first tank is aerated and sized for three hours of detention time.
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The second tank is anoxic, for denitrification, with a 1-hour detention time. The system can be designed with buried
or above ground tanks. It is assumed for this report that if this system were implemented, that the winter storage
operation in the lagoons would generally continue. However, if the desire was to operate the system year round,
this could be done with additional piping to alleviate the concern of freezing in the winter in the infiltration basin.
Very little additional operator attention is required over the existing plant, but a higher level of operator certification
may be required. The capital cost of an MBBR is expected to be approximately $1,400,000.
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FIGURE A1 - STORAGE VOLUME MONITORING WELL DATA ANALYSIS
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September 17, 2020

Transmitted Electronically

Mr. Trevor Wagenmaker
Hubbell, Roth, and Clark, Inc.
555 Hulet Drive
P.O. Box 824
Bloomfield Hills, MI 48303
twagenmaker@hrcengr.com
Re:

Pinckney Wastewater Treatment Plant Expansion
Groundwater Hydrogeology and Geochemistry Assessment

Dear Mr. Wagenmaker:
Tetra Tech, Inc. (Tetra Tech) is pleased to offer this summary letter of our regional hydrogeology and
groundwater chemistry assessment surrounding the Pinckney Wastewater Treatment Plant (WWTP).

1.0

PROJECT UNDERSTANDING

Tetra Tech understands that the Village of Pinckney (Village) is planning to expand WWTP capabilities to
accommodate additional wastewater flow from a new subdivision within the community. To help guide this
decision, Tetra Tech has been contracted to conduct a desktop evaluation of current groundwater
conditions at the WWTP. The overall goal of the evaluation is to determine if there are any existing water
quality issues and what impact, if any, the additional quantity of wastewater may have upon local
hydrogeology and groundwater quality.

2.0

GROUNDWATER HYDROGEOLOGY ASSESSMENT

Tetra Tech reviewed the USGS topographic quadrangles and quarterly groundwater monitoring data from
2016 to 2020 provided by the Village to develop a better understanding of the hydrogeology near the
WWTP. The groundwater monitoring data includes quarterly static groundwater elevations from select
groundwater monitoring wells. Figure 1 depicts the location of monitoring wells across the WWTP. Figure
2 includes the average groundwater elevation for each monitoring well and Figure 3 is the USGS
topographic quadrangle. The figures can be found in Attachment 1. Groundwater elevation data was used
to develop hydrographs for monitoring wells compiled in Graph 1. The static groundwater elevations and
hydrograph provides evidence that the regional aquifer is capable of handling additional discharge volume
from the WWTP. Graph 1 does not include MW-20 and MW-22 as there are no data for these wells. The
graphs can be found in Attachment 2.
The hydrographs and figures indicate that local groundwater flows to the east-northeast. The average
groundwater elevations in Figure 2 and the hydrographs in Graph 1 indicate that the highest elevations
are observed at MW-2, MW-3, MW-15 and MW-25. MW-2 and MW-3 are located southeast of the WWTP
near the lagoon cells, hydraulically upgradient from the infiltration beds. MW-15 and MW-25 are west and
also hydraulically upgradient from the infiltration beds. The lowest elevation is observed at MW-16 nearest
the wetland. The local horizontal gradient appears to be consistent with the surface topographical gradient
depicted in the USGS topographic quadrangles presented in Figure 3. Water from the infiltration beds likely
flows east-northeast towards the wetland.

Tetra Tech, Inc.

710 Avis Drive, Suite 1, Ann Arbor, MI 48108
Tel 734.213.2204 Fax 734.213.5008 www.tetratech.com
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Groundwater discharge permit GW1810104 for the Village of Pinckney WWTP lists groundwater monitoring
wells as upgradient and downgradient as follows:
Upgradient: MW-2, MW-11
Downgradient: MW-3, MW-9, MW-15, MW-16, MW-17, MW-18, MW-19, MW-24, and MW-25
Based on the average elevation and hydrographs MW-15 should also be considered upgradient monitoring
wells relative to the infiltration bed. MW-3 is upgradient of the infiltration beds as well, but downgradient
relative to Pond #2.
In addition, Graph 1 provides evidence of infiltration bed operation influencing temporal groundwater
elevations. Two groupings of wells appear to be synchronized. Elevations at MW-2, MW-3, MW-15, and
MW-16 fluctuate similarly to each other, but are dissimilar compared to the elevation fluctuations at the
other wells. Elevations at MW-2, MW-3, MW-15, and MW-16 generally reach annual maximums in Spring
(February or May) and annual minimums in Fall (August or November). Conversely, the elevations in other
wells generally reach maximum annual values in Fall and annual minimum values in Spring. The infiltration
beds discharge from approximately April to December each year, depicted in Graph 1 as shaded blocks.
During the discharge period, elevations in MW-2, MW-3, MW-15, and MW-16 decrease and reach annual
minimums, indicating they are less influenced hydraulically from WWTP discharges than the other wells in
the network.
The input to groundwater during operation of the infiltration bed causes increased hydraulic head, and
based on the capacity of the aquifer, groundwater mounding and radial flow can occur. Based on Graph 1,
the groundwater elevations at MW-25 appear to be influenced hydraulically from WWTP discharges,
suggesting that groundwater mounding may occur during infiltration bed operation. As discussed above,
MW-2, MW-3, MW-15, and MW-16 are outside the hydraulic influence of groundwater mounding during
discharge under current WWTP operation.

3.0

GROUNDATER GEOCHEMISTRY ASSESSMENT

To assess the groundwater chemistry and to evaluate the seasonal and long-term chemical trends in
groundwater, Tetra Tech compiled the available laboratory data provided by the Village from 2016 to 2020.
Data included routinely monitored geochemical parameters analyzed from select groundwater wells and
from samples of effluent water prior to the infiltration beds (Pond #2, referred to as Lagoon Cell #2 in Figure
1). These data were tabulated and used to assess the current status of groundwater chemistry, and
included the following constituents:
•
•
•
•
•
•
•
•
•
•

Ammonia, nitrate, and nitrite, the sum of which is reported as total inorganic nitrogen (TIN),
Total phosphorus,
Dissolved sodium,
Chloride,
Magnesium,
Iron,
Potassium,
Manganese,
Sulfate, and
Hardness as Calcium Carbonate.

Differences in TIN, chloride, and potassium can be used to indicate the degree to which the groundwater
monitoring wells are influenced by WWTP discharges. Average concentrations of TIN, chloride, and
potassium for all wells are provided below.
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Average Concentrations 2016 - 2020
Well
MW-2
MW-3
MW-9B
MW-11
MW-15
MW-16

TIN
2.9 mg/L
2.1 mg/L
5.6 mg/L
<0.3 mg/L
<0.3 mg/L
0.17 mg/L

Chloride
2.0 mg/L
14 mg/L
225 mg/L
20 mg/L
4 mg/L
7 mg/L

Potassium
1.3 mg/L
2.4 mg/L
24 mg/L
1.8 mg/L
1.5 mg/L
1.7 mg/L

Well
MW-17
MW-18
MW-19
MW-24
MW-25

TIN
3.81 mg/L
0.3 mg/L
0.7 mg/L
4.2 mg/L
1.35 mg/L

Chloride
219 mg/L
225 mg/L
140 mg/L
140 mg/L
77 mg/L

Potassium
19.5 mg/L
32 mg/L
17.3 mg/L
16 mg/L
2.7 mg/L

Average TIN concentrations above 3.0 at MW-9B, MW-17, and MW-24 suggest these locations are most
influenced by WWTP effluent. These wells are also positioned immediately downgradient of the infiltration
beds. TIN concentrations in monitoring locations farther downgradient, cross-gradient, and upgradient, are
less than 3 mg/L, indicating that attenuation of TIN is occurring downgradient. Nitrogen uptake as a nutrient
and denitrification contribute to attenuation of TIN, which occurs more readily for TIN than for chloride or
potassium.
Chloride is readily miscible in groundwater and is a leading indicator of influence from WWTP discharges.
Average concentrations of chloride are clearly elevated in MW-9B, MW-17, and MW-24 immediately
downgradient of the infiltration bed. Chloride is also elevated in MW-18, MW-19, and MW-25, suggesting
influence from infiltration bed operation or an alternative source of chloride at these upgradient and crossgradient positions. The cause of elevated chloride at MW-25 is likely due to influence from infiltration bed
operation.
Potassium is soluble in groundwater and is a lagging indicator of influence from WWTP discharges relative
to chloride. Average concentrations of potassium correspond to average chloride concentrations as
discussed above.
Trend graphs were prepared comparing the data from Pond #2 and monitoring wells MW-9B, MW-16, MW17, MW-18, MW-24, and MW-25 to further analyze the potential influence of infiltration bed operation. The
graphs present concentrations TIN (Graphs 2a – 7a) and chloride (Graphs 2b – 7b) over time. Temporal
analytical trends for these wells and Pond #2 are provided in the attached graphs.
Immediately downgradient monitoring wells MW-9B (Graph 2a & 2b), MW-17 (Graphs 4a & 4b), and MW24 (Graphs 6a & 6b) are clearly influenced by WWTP discharge. Concentrations of TIN and chloride show
a strong correlation with effluent concentrations represented by Pond #2. Data from MW-9B more closely
correlates with Pond #2 data in terms of magnitude, suggesting the greatest influence. Chloride
concentrations in these wells show a steady increasing trend year over year, which is likely to continue.
Farther downgradient, MW-16 near the wetland (Graphs 3a & 3b) does not show any evidence of
groundwater impacts from the WWTP discharge. Average concentrations of TIN and chloride are consistent
with background concentrations. There are two possible scenarios that could explain why concentrations
of TIN and chloride do not appear at MW-16. One scenario is that TIN and chloride naturally attenuate prior
to arriving at MW-16. The other scenario is that there is a downward vertical gradient near MW-16, and
impacted groundwater flows beneath the well screen of MW-16.
Concentrations of chloride at MW-25 (Graph 7b) reach maximum values in November towards the end of
the discharge season, corresponding to increases in chloride in Pond #2. This trend provides further
evidence that MW-25 is influenced from infiltration bed operation, likely due to mounding.

4.0

COMPLIANCE

Groundwater discharge permit GW1810104 for the Village of Pinckney WWTP lists includes groundwater
monitoring limits for ammonia and phosphorus for several monitoring wells in the network. The permit
currently lists MW-25 separately as the point of compliance for groundwater monitoring. The groundwater
monitoring limits are provided below. Additionally, the Michigan Department of Environment, Great Lakes,
and Energy (EGLE) has established generic cleanup criteria for groundwater under Part 201 of the Natural
3
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Resources and Environmental Protection Act (NREPA). Part 201 limits for parameters included in routine
monitoring are also provided below.

Parameter

TIN
Ammonia
Nitrate
Total phosphorus
Chloride
Sodium
Magnesium

Groundwater
Monitoring Limit: MW3, MW-9, MW-15, MW16, MW-17, MW-18,
MW-19, and MW-24
NA
0.8 (MW-16 only)
NA
1.0 mg/L
NA
NA
NA

Groundwater
Monitoring
Limit: MW-25

Part 201 Most
Restrictive Generic
Criteria

Maximum Monitoring
Well Detection
2016-2020

5.0 mg/L
NA
NA
1.0 mg/L
NA
NA

10 mg/L
0.53 mg/L
10 mg/L
1.0 mg/L
250 mg/L
230 mg/L

NA

400 mg/L

14 mg/L (MW-9B)
0.5 mg/L** (MW-18)
14 mg/L (MW-9B)
0.27 mg/L (MW-9B)
450 mg/L (MW-19)
160 mg/L (MW-18)
40 mg/L (MW-11 and
MW-25)
10 mg/L (MW-19)
27 mg/L (MW-24)
210 mg/L (MW-25)

Iron
NA
NA
0.3 mg/L; 2.0 mg/L*
Manganese
NA
NA
0.05 mg/L; 0.86 mg/L*
Sulfate
NA
NA
250 mg/L
* Values represent aesthetic and health-based residential criteria.
**Ammonia data for MW-25 collected on May 4, 2016 was excluded from analysis as a statistical outlier and may not
reflect actual groundwater conditions.

Groundwater data from 2016-2020 indicates consistent compliance with discharge permit GW1810104 at
all monitoring locations. However, detections of TIN, nitrate, chloride, iron, and manganese periodically
exceed the most restrictive generic cleanup criteria under Part 201.
Concentrations of parameters in wells nearest the infiltration bed are similar in magnitude to effluent
concentrations represented by Pond #2. Maintaining effluent concentrations within permit parameters and
Part 201 groundwater criteria will ensure that groundwater quality remains within acceptable standards.

5.0

CONCLUSIONS

In conclusion, the hydrograph and geochemical data indicate the following:
•
•
•
•

•
•
•
•

Groundwater flow is to the east-northeast towards the nearby wetland, consistent with topographic
contours.
MW-15 should be considered an upgradient monitoring well for purposes of groundwater
monitoring and permit compliance.
Downgradient monitoring wells MW-9B, MW-17, and MW-24 are influenced hydraulically and
chemically by infiltration bed operation.
Upgradient monitoring well MW-25 is also influenced hydraulically and chemically by infiltration bed
operation, likely due to mounding. Increased effluent flow may increase the radius and degree of
mounding, causing concentrations at MW-25 to be more similar to Pond #2 concentrations, as
currently observed in MW-9B, for example.
MW-16 is neither hydraulically nor chemically influenced by infiltration bed operation. This is either
due to natural attenuation or a downward vertical gradient causing impacted groundwater to flow
beneath the well screen at MW-16.
Groundwater data from 2016-2020 indicates consistent compliance with discharge permit
GW1810104 at all monitoring locations.
Detections of TIN, nitrate, chloride, iron, and manganese in groundwater periodically exceed the
most restrictive generic cleanup criteria under Part 201.
MW-25 is not a suitable compliance point for monitoring of TIN, total phosphorus, chloride and
sodium. Monitoring well and topographic elevations indicate that the predominant flow in the region
4
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is to the east-northeast and MW-25 lies to the northwests and may not accurately reflect
groundwater conditions attributable to WWTP discharges.
Increasing concentrations of TIN and chloride have been observed in some downgradient wells
and are expected to continue increasing over time.
Groundwater elevation data suggests that the regional aquifer is capable of handling additional
discharge volume from the WWTP. However, the available geochemistry data does not provide
sufficient information to determine how the geochemistry may change with respect to the increased
discharge volumes.
A second deeper monitoring well may be needed at MW-16 to further characterize the
hydrogeology down gradient of the infiltration area.

If you have any questions or would like to discuss the details of this assessment, please contact Mike
Kovacich (734-213-5024. Michael.Kovacich@tetratech.com) or Nate Jessee (734-213-4026,
nate.jessee@tetratech.com)
Sincerely,

Mike Kovacich
Principal Hydrogeologist

Nate Jessee
Project Scientist

Attachment 1 – Figures 1 through 3
Attachment 2 – Graphs 1 through 7b
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Graph 1
Pinckney WWTP Monitoring Well
Elevation Hydrograph 2016 ‐ 2020
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