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The maximum recorded monthly total-pumpage at the City’s main wellfield (PW-1, PW-2, PW-3) is 1,681
gpm in July of 1996. This total is based on the City’s standard wellfield operation of pumping two (2) of
the three (3) wells at any given time. As such, the maximum pumping rate for an individual well would be
approximately 840 gpm.

C. REGIONAL GROUNDWATER FLOW DIRECTION

The City of Allegan Wellhead Protection Program Workplan included a calculation of the regional
groundwater flow direction based on available well logs. The Workplan included an Initial review of
available regional potentiometric surface data which indicated that a confined aquifer may be present.
The review also considered the lithology presented in the well logs for PW-1, PW-2 and PW-3 which
indicated clay located above the screened sand/gravel aquifer. The Workplan concluded, however, that
enough data was not available to determine the vertical extent of the clay or the degree of confinement, if
any. Accordingly, an aquifer pump test was completed which indicated an unconfined aquifer response
to high volume pumping over an extended period of time.

The initial regional groundwater flow map (Figure 5.A) was based on confined aquifer conditions.
Subsequent field work, including the aquifer test, indicated that the aquifer supplying the City’s production
wells is best described as unconfined. Accordingly, surface water elevations at locations on the
Kalamazoo River and Little John Lake were surveyed and used during the development of the confirmed
potentiometric map. The data indicated the groundwater potentiometric surface closely matched
surveyed surface water elevations. The data also indicated that a groundwater flow divide is located near
Miner Creek to the East, the northern portion of Cheshire and Trowbridge Townships to the south.

As illustrated in Figure 5.B and 5.C, the confirmed regional groundwater potentiometric surface
maintained the same general contouring determined in the initial field potentiometric surface. The Figures
also indicate regional groundwater recharge is occurring predominately from the east and southwest, and
discharge is occurring along the Kalamazoo River.

IV. AQUIFER TEST
A. AQUIFER TEST DESIGN AND SETUP

As part of the Wellhead Protection work, a 25 hour aquifer pump test was completed in April, 2000.
Graphs, Data (including digital format) and calculations used in the aquifer test are included in
Attachments E and G. The aquifer test was completed to determine the aquifer type, transmissivity,
storativity and boundary conditions. Well logs, static water elevations and surface water elevation data
indicated all four of the City’s production wells are located in the same aquifer.

The pumping well for the test was PW-2 which is screened from 64 - 84 feet below grade surface (bgs).
The reported lithology at PW-1, PW-2, PW-3, OB-2 and OB-3 identified primarily fine to coarse gravel and
cobbles with thin layers of clay located above the screened well depths. The lithology indicated the
aquifer may be unconfined. The aquifer thickness was estimated to be 75 feet and located between
approximately 5 - 80 feet bgs.

MDEQ guidelines state two observation wells are minimally required to measure water levels during an
aquifer test. For Allegan’s test, a nearby production well (PW-3) was readily assessable and used as an
observation well (OB-1, screened at 30 to 45 feet bgs and located 39 feet north of PW-2). An additional
observation well (OB-2, screened at 58 — 78 feet bgs and located 90 feet east of PW-2) was installed for
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river area and the inland area. In order to identify what parameters have a significant impact on the
particle tracking used to deli ite the WHPA, and to 1antify the effect, the modeling work included a
sensitivity analysis. The sensitivity analysis focused on how changes in key parameters altered the 10
year WHPA. Results of the sensitivity analysis are reported in Table 5.

Table 6.
MODFLOW Particle Tracking Sensitivity Analysis
Condition Varied7 | Range Tested Observed Results

Aquifer Conductivity 500 - 1,500 ft/day No significant effect on the length or width of the

WHPA.
y C 25 i1 & anthe length or width of the

VVHPA.
Recharge 4-9 No significant effect on the length or width of the

inchesfyear WHPA.

Based on the sensitivity analysis in the modeled WHPA, it can be determined that the presence of the
divides to the east and southwest negates the sensitivity of the model to hydraulic conductivity, porosity ,
and recharge. The greatest influence in for the Allegan WHPA is the location of the groundwater divides
including those which are located east and west to southwest of the City.

VL. A ELIP JA  ARY

The WHPA delineation completed for the City of Allegan has been based on the information presented in
this report. The results of the modeling work provide an estimated delineated WHPA that will be used
throughout the remaining well  d protection program implementation.

The modeling work recognizes that several factors may influence the delineated WHPA in the future. The
WHPA has been delineated based on a set of hydraulic properties, including groundwater flow into and
out of the system and stresses applied to the aquifer. Although it may seem unlikely that the hydraulic
properties of the aquifer could change appreciably, it is possible that surface-related activities could lead
to a significant change from conditions assumed to exist during the development of the initial conceptual
model.

Prolonged drought and/or over-drafting of an unconfined aquifer could result in a decrease in the
thickness of the saturated zone or variations in gradient. Both parameters could cause a change in the
size and orientation of the WHPA.

Any addition of high-volume wells in the WHPA or in proximity to its boundary may also alter the shape of

the WHPA. Significant changes in pumping rates would also have an impact on the size of the well's
capture zone.

While the delineated WHPA, as indicated by the collected field data and subsequent computer modeling,
is not designed to eliminate all uncertainties, it is conservatively designed to increase the likelihood that

the ten year groundwater supply to the municipal wells is completely included by the WHPA identified in
this report.
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