BUCKINGHAM TOWNSHIP

GROUNDWATER WITHDRAWAL
AND MONITORING REPORT

for the year

2009

May 2010

Graham Orton, Director, Water and Sewer Department
Buckingham Township
P.O. Box 413
Buckingham, PA 18912

(_@’ Geoscience Services * 3 Morristown Road, Bernardsville, NJ 07924 « (908) 221-9332



BUCKINGHAM TOWNSHIP

ANNUAL GROUNDWATER WITHDRAWAL
AND MONITORING REPORT

for

2009

{ Prepared by James G. McWhorter, P.G.
K PA Registered Geologist PG004603
~Geoscience Services
3 Morristown Road
Bernardsville, NI 07924

May 2010



Table of Contents

1.0 Introduction and Summary 1
L1 IREPOAUCEION ...t ettt ettt e et e e et e e et e e ette e e tb e e eate e easeeeateeeaseeeanes 1
L2 SUMIATY ..ot ettt ettt e 1

2.0 Regional Geology 2

3.0 Production Wells 3
Bo L IBEPOAUCTION ... ettt ettt ettt a e et e ekt e bt e et e e e eme e eeeeeae e bt et e enteeneeeneenteen 3
3.2 Buckingham Village (BV) WellS..........c.cccuoi ittt ettt ettt ettt eeeesaeenneens 3
3.3 Cold SPFING (CS) WELLS ..ot ettt ettt et ettt ettt eeneenneens 3
3.4 FiQlASIONE (F'S) WEILS........occuoeeiieeeeeeie ettt ettt et e ettt et e et e e st e e ataeessaeentaeensseensaeanseeensns 4
3.5 FUFIONG (F) WEILS ..ot ettt ettt ettt et ettt e e et e et e et et eneeeneeeneenneen 4

3.6 FOrest Grove (FG) WellS..........c..coou e ee et cee e et e ettt e ettt e et vt e et ve e et ae ven sn ae ven sas bae ven ees aeensd)

4.0 Water Levels — Production and Monitoring Wells 5
G 1 INIPOAUCTION ...ttt ettt ettt a ekt h et e et et sb et e ettt et eae e 5
4.2 BV-1 and BV-2 Production Wells and their Observation Well................ccccccoueeevueiiiicceiiieeeieeceeeee e 5
4.3 Cold Spring Production Wells, Observation Wells and Pine Run Gauging Station .................ccccccceeevvencenenne. 6
4.4 Fieldstone Production Wells and Observation Well FSM-1 ...............cccccoouviiiiiiiiiiiieieie et 6
4.5 Furlong Production and MORIIOFING WellS.............cccoiiiiiiieiieiieet ettt 6
4.6 Lahaska ODSrvAtion WellS ..............ccooi oottt ettt ettt e ae ettt e eneeeeeeeeeenneens 9

5.0 Precipitation 9

6.0 Surface Water — Pine Run Watershed 10

7.0 Conclusions 10

8.0 References 11

Tables

Figures



1.0 Introduction and Summary
1.1 Introduction

Buckingham Township is located in the Ground Water Protected Area of the Delaware River
Basin. Buckingham Township provides water to many of its residents from the aquifers within
the Township. In order to comply with the requirements of the Delaware River Basin
Commission (DRBC), Buckingham must provide an annual hydrogeologic report. The report
should evaluate the ground water production from a group of pumping wells, establish any effect
of groundwater production on the aquifers present within the Township and describe the
hydrologic and geologic impacts on the aquifers in the Ground Water Protected Area. The
purpose of this report is to satisfy the DRBC requirements for the year 2009 .

1.2 Summary

Buckingham produced 200,307,000 gallons of water from thirteen (13) production wells during
2009 and 220,456,000 gallons from fourteen (14) production wells in 2008. This is a decrease of
20,149,000 gallons (9.1%) from 2008 to 2009 and a decrease of 29,553,000 gallons (12.9%)
from 2007 to 2009. The total monthly production for the years 2004-2009 from Buckingham's
production wells is shown in Figure 1. Figure 1 shows that seasonal variation in production
continues to be the most significant variable for all six years. In each of the six years from 2004
through 2009, production has been highest in the late Spring, Summer and early Fall and lowest
in the cold, shortest month of February.

The total annual ground water production from 1995 through 2009 is shown in Figure 2. The
greatest production (229,860,000 gallons) was in 2007. A comparison of the production from the
BV (Buckingham Village) wells, the CS (Cold Spring) wells and the FS (Fieldstone) wells
between 2003 and 2009 can be seen in Figures 3, 4 and 5. The Furlong wells, which had limited
production before 2003, are illustrated in Figure 6. One of these wells, F-6, has since been
dropped from the Furlong production well system because of poor performance. It can be seen
from Figure 6 that the Furlong area continues to be the fastest growing area in Buckingham
Township. One of two new docketed wells, F-9, has been added only as an emergency backup
well. The other new well, F-8, has been fully tested and construction contracts for pump
installation and a well house have been awarded.

The Buckingham Village, Cold Spring and Fieldstone wells are believed to be producing from
the Stockton Formation. However, wells BV-1 and BV-2 are located very close, approximately
750 feet, to the contact with the underlying Paleozoic carbonate rocks. The contact between the
Stockton and the limestone is an erosional unconformity with associated karst features that
commonly store significant amounts of groundwater. There is evidence that the Buckingham
Village wells penetrate carbonate rocks at their lowest depths. It is very likely that some of the
water being produced from BV-1 and BV-2 is coming from the limestone. The Furlong wells
produce mainly from the Brunswick Formation with some intermixed Lockatong facies.



However, there is also evidence that wells F-1 and F-3, drilled in close proximity to the Furlong-
Flemington Fault, may have penetrated into the underlying carbonate rocks. The two new wells
in the Furlong System, F-8 and F-9, were docketed on May 6, 2009, under docket D2003-13CP-
5 and are developed in the Allentown and Leithsville Formations, respectively. Both of these
formations are carbonates and are located within the Buckingham Valley.

Wells F-3 and F-7 were mechanically hydrofractured in March of 2008 in an attempt to increase
their yields. Despite this process, their yields were not increased in any measurable way as seen
from the results of 7-day long term aquifer tests on each well. An attempt to clear well F-3 of an
obstruction at 387 feet below grade was equally unsuccessful. The pump in F-7 was reset at 429
feet below grade and the pump in F-3 was reset at 369 feet below grade.

Twenty-two (22) observation wells and one stream gauge are monitored on a regular (monthly)
basis to evaluate potential impacts of the production wells in Buckingham Township on the
aquifers. These observation wells serve the area of the Buckingham Village wells, the Cold
Spring wells, the Fieldstone wells and the Furlong production wells. Since March 2005, several
additional wells have been added to monitor the Furlong wells. The behavior of these
observation points is illustrated in Figures 7 through 12. Buckingham Township also monitors
seven wells in the Lahaska area. The depth-to-water in the seven Lahaska observation wells is
shown in Figure 13. (The term “static water level” as shown on the referenced figures is not a
true static level but a water level at some point of recovery after the pump has turned offt.)

2.0 Regional Geology

The majority of Buckingham Township is located in the Triassic Lowlands Physiographic
Province of southeastern Pennsylvania. The Triassic Lowlands Province covers a large portion
of southeastern Pennsylvania and is composed of continental sedimentary rocks and associated
igneous rocks of the Newark Supergroup. The ages of the Newark rocks are believed to span the
late Triassic through early Jurassic (Olsen, 1980).

Rocks of the Triassic Period in Bucks County were formed by deposition in the
Newark-Gettysburg Basin, which is one of a series of 20 disconnected, major and minor basins
between Nova Scotia and Georgia. The Newark-Gettysburg Basin is the largest of the Triassic
Basins exposed above sea level. It covers an area of 7,770 square kilometers (Tappert, 1986).
The outcrop belt of the Triassic rocks in the Newark-Gettysburg Basin is widest in Bucks County
(>50 km.). Red and gray clastics (shales, siltstones and argillites) are the dominant sediments
and the igneous rocks include diabase dikes, sills and basalt flows. These rocks have been
divided into the Stockton, Lockatong and Brunswick (Passaic) Formations.

The rocks in the basin are severed by several normal faults, such as the Furlong-Flemington and
Chalfont Faults, and the fault blocks have been tilted toward the northwest between 5 and 25
degrees. The average dip of the bedding planes is approximately 14 degrees towards the
northwest, although there is considerable variation to the strike and dip. Joints are common and
along with bedding planes and fractures, provides much of the secondary porosity that acts as
aquifer storage. The discontinuities also result in the aquifer being classified as “leaky” for
purposes of analysis.



The most reliable aquifer in Buckingham Township is the Stockton Formation. The Stockton is
divisible into three members (Rima, Meisler and Longwell, 1962). The three members are: (1)
the lower arkosic member, (2) the middle finer arkose and (3) the upper shale member. In
general, wells developed in the coarse, arkosic facies are most dependable.

Lower Paleozoic quartzite and limestone are exposed on Buckingham Mountain and in the
limestone valley northwest of the mountain. The Furlong-Flemington Fault is a normal fault that
exposes these lower Paleozoic rocks on the upthrown side of the fault (Faill, 1973).

3.0 Production Wells
3.1 Introduction

During the year 2009 groundwater was pumped from thirteen township-operated wells identified
in this report as BV-1, BV-2, CS-1, CS-2, CS-3, FS-1, FS-2, F-1, F-2, F-3, F-4, F-5, and F-7. F-
6 was discontinued as an active well because of its unreliability. The locations of the thirteen
wells that were producing in 2009 are shown on the map inside the back cover of this report.
The well locations, their approved allocations and nearby observation wells and gauge station are
summarized in Table 1. The monthly production from each well for 2009 is shown in Table 2.
The Township's Consolidated Docket (D2003-13 CP-5) also includes wells L-1 and L-2 in
Lahaska, which are in use but not under the control of Buckingham Township. The operator of
wells L-1 and L-2 is the Peddler's Village Partnership. The Township does monitor the Lahaska
well network, and the results of this monitoring are discussed under Lahaska Observation Wells
in Section 4. None of the thirteen wells, which Buckingham Township operates, exceeded the
allocations that are permitted under Docket D-2003-13CP-5. The DRBC issued interim limits on
the use of wells F-4 and F-5 until such time as there is a resolution of several well and pond
interference issues in the northern Furlong area . Two new wells, F-8 and F-9, were docketed
under the new consolidated docket D-2003-13CP-5 on May 6, 2009.

3.2 Buckingham Village (BV) Wells

The maximum monthly production from the two Buckingham Village (BV) wells for 2009 was
892,000 gallons in June. This is a decrease in the maximum monthly production from the
previous year, which was 940,000 gallons in January. The 892,000 gallons is approximately 27.8
% of the allowable limit permitted in the docket. The production from the two BV wells since the
year 2003 along with the allowable limits are illustrated in Figure 3.

3.3 Cold Spring (CS) Wells

Wells CS-1, CS-2 and CS-3 combined to produce a monthly maximum of 10,638,000 gallons in
May 2009, or 57.2% of the permitted allocation. However, the total annual production for all
three CS wells was 117,860,000 gallons or 52.8 % of the total permitted annual production. The
production data for wells CS-1, CS-2 and CS-3 since 2003 are shown in Figure 4. Wells CS-4
and CS-5 may supplement the existing three wells serving the Cold Spring system in the future.



Both have been drilled and cased and static water levels are measured on a continual monthly
basis. Plans are in the works to test well CS-4 in the near future.

3.4 Fieldstone (FS) Wells

The Fieldstone wells (FS-1 and FS-2) are consistent producers; however, their production is
always well below their permit limits. In 2009 their monthly production varied from 380,000
gallons in February to 454,000 gallons in May, which is slightly more than 25% of what the
docket would allow. Figure 5 shows that these wells produce consistently through the years with
very little change. July 2002 was the highest producing month in the history of the (FS) wells
(650,000 gallons). This is only 36% of the permitted monthly allocations.

3.5 Furlong (F) Wells

The maximum monthly production from the Furlong (F) wells in 2009 was 7,390,000 gallons in
July. This was 59% of the maximum 14,800,000 gallons/30 days allowed from F-1 through F-9
in the most recent consolidated docket of May, 2009. Wells F-6 and F-7 came on line in April
2007, but well F-6 was dropped from the active list in 2008 because of its unreliability to
produce a useable supply of water on a consistent basis. Although the Furlong wells produced
7,390,000 gallons in July, this is not considered the long-term safe yield for the six wells.
Current thinking is that the groundwater resources in the area containing F-1 through F-7 are, in
some years, being depleted at a rate somewhat greater than that being recharged from
precipitation. In the summer of 2006, voluntary restrictions were requested to reduce water
consumption. Similar actions were carried out in 2007 and 2008 as well. Because of the
relatively high precipitation in 2009 (57 inches), there were no required or voluntary water use
restrictions in place during the Summer of 2009. In 2009, static and pumping water levels
rebounded significantly from the previous several years, especially in the summer months. This
is attributed to both improvements in system-wide maintenance (leak detection and repair) and
above normal precipitation. It is believed that with the addition of F-8 to the Furlong system in
2010, a significant amount of stress currently on the Furlong system will be relieved somewhat.

The Township, having recognized this, continued to explore for new well locations in this
section of Buckingham to reduce the overall stress on the system as development continues to
mature here. Two existing wells located within the Buckingham Valley have been tested and
have been monitored for water quality under SWIP guidelines of the PADEP. These wells, F-8
and F-9, were included in the newest consolidated docket D2003-13CP-5 in May 2009.
Construction contracts for Well F-8 have been let and construction will begin early this year on
pump installation and water treatment and controls. Well F-9 is ready to use but will be held out
as an emergency water source for the Furlong area. Figure 6 shows the combined production
from all six wells operating in 2009 in the Furlong area.



3.6 Forest Grove (FG) Wells

The Estates of Forest Grove Proposed Development has two wells completed in the Brunswick
(Passaic) Formation that are close to the Chalfont Fault. These wells are not yet in production
and the operating permit has been allowed to lapse necessitating a re-application to the DRBC by
the developer. However, the monitoring program is in effect as of the writing of this report.

4.0 Water Levels — Production and Monitoring Wells

4.1 Introduction

A network of twenty-two (22) observation wells and one (1) stream gauging station has been
maintained for some time to monitor the impact of the Buckingham Township production wells
that were in service in 2009. The observation wells are identified by the name of the owner or a
conspicuous location as well as the monitoring well number. The observation well in the vicinity
of Buckingham Village is the Clymer well (BVM-1). The observation well in the vicinity of the
Fieldstone wells is the Bouton well (FSM-1). Those observation stations near the Cold Spring
wells are Hohmann (CSM-1), Gronendahl (CSM-2), Simone (CSM-3), Cahalin (CSM-4) and the
Pine Run stream gauge station. The observation wells close to the Furlong wells are Yerkes
(FM-4 and FM-5), Kimball or Bound (FM-2) Slack (FM-3 and FM-3A), Deschamps (FM-8),
Swayze (FM-9 and FM-9A), Collie (FM-13), Green (FM-11), Nicholas (FM-10), Hearns (FM-
12), Yavoroski (FM-15), Giangrande (FM-14), Sinclair (FM-16) and Coles (FM-7). Through the
years, some of the observation wells have changed, been dropped, or added. In 2009 there were
15 Furlong observation wells (FM-2 through FM-16) being monitored. Several additional wells
are being monitored for reference purposes only. The locations of the observation stations are
shown on the map inside the back cover of this report.

Additionally, there are seven (7) observation wells in the vicinity of the Lahaska production
wells. These Lahaska observation wells are: Picciotti (LM-2), John's Metal Shop (LM-3),
Elizabeth James Realty (LM-4), Hugo (LM-6), Yates (LM-8), Tota (LM-9) and Fox Briar (LM-
10). Four Lahaska monitoring wells have been removed over the years from the original list but
those remaining provide adequate information.

Wells F-6 and F-7 have several local domestic wells that were being monitored for background
purposes only during 2009. This was deemed prudent because of the number of interference
reports on these local domestic wells from the combined effects of the pumping of wells F-6 and
F-7. With the dropping of well F-6 from the active list of Furlong production wells, there have
been no further complaints during 2009 because of interference. This is discussed in more detail
below under Section 4.5

4.2 BV-1 and BV-2 Production Wells and their Observation Well

Depth to water measurements for non-pumping water levels at well BV-1 varied from 50 feet to
57 feet below the measuring point in 2009. Measurements at BV-2 ranged from 50 to 58 feet.
The highest water levels for both wells were in May 2009 and the deepest levels for both wells
were in October. The depth-to-water levels in the Clymer observation well (BVM-1) fluctuated



about 8 feet throughout the year which was about 3 feet less than was the case in the previous
year. We believe the fluctuation in static water level for the Clymer well is partly the result of
domestic use rather than from an impact from the production wells. The variations in static
water levels in the Buckingham Village wells and their observation well are illustrated in Figure
7. There is very clear correlation between the production wells and their water levels; in fact,
they are nearly identical as they had been in earlier years (2007 and 2008). However, there is no
obvious correlation in water levels between the observation well and the production wells.

4.3 Cold Spring Production Wells, Observation Wells and Pine Run Gauging Station

Depth to non-pumping water levels in well CS-1 ranged from 3 feet in January 2009 to 10 feet in
March. Depth-to-water in well CS-2 ranged from 8§ feet in December to 24 feet in March 2009.
Well CS-3 showed the shallowest water level in June at 5 feet.; the deepest measurement was
recorded in January, August and October at 8 feet. None of the Cold Spring pumping wells
showed clear correlation with the observation wells, but the drop in the water-level at well CS-2
from January through March may be related to the rise and fall of water levels in well CS-1. No
other correlation is evident between the pumping wells CS-1 through CS-3 and their monitoring
wells.

There is no clear indication that pumping from any of the Cold Spring wells affected stream flow
in Pine Run. The variations in static water levels in wells CS-1, CS-2 and CS-3 and the
observation stations for 2009 are shown in Figure 8.

4.4 Fieldstone Production Wells and Observation Well FSM-1

Depth to non-pumping water levels for the production wells FS-1 and FS-2 show excellent
correlation between each other as they did during previous years. The highest water levels for
both wells were in May and September, at 41 feet below the measurement point. The deepest
recorded measurements were in March and April for FS-1, at 50 feet and in March and October
for FS-2 at 52 feet. The observation well (Bouton) shows a very muted correlation, at best, with
the water levels in the production wells. Figure 9 shows the variation in static water levels for
the Fieldstone production wells and the Fieldstone observation well during 2009.

4.5 Furlong Production and Monitoring Wells

Six Furlong production wells (F-1 through F-5 and F-7) had monthly production ranging from
4,812,000 gallons to 7,390,000 gallons in 2009. During 2009, water use in Furlong was at a
level slightly down from the previous year. Much of this decrease can be attributed to the
location and fixing of several significant leaks in the Arbor Pointe subsystem during the year.
Precipitation, of course, was at a relatively high level (57 inches) during 2009 and this likely had
the largest impact on the lack of complaints from interference of the operating wells in the
Furlong system. The wells that have been impacted in the past (i.e., Sinclair, Collie, Giangrande,
Black, Kocis, Green, Nicholas, Deschampes, Swayze, Bound, Schroeder) continue to be
monitored for any potential impacts that may be occurring. The last open complaint on
interference from a pumping Township well, the Buckley well, was settled in 2009 with the



Township and Developer reimbursing the Buckley Family for the cost of redrilling their
domestic well by Beuhler Well Drillers.

A more recent complaint (2007 through 2009) about the Schroeder Pond being affected by the
pumping of F-4 and/or F-5 has been studied extensively. Meetings were held with the DRBC
and the complainant and a final disposition of a monitoring program proposed by the Township
to the DRBC should be forthcoming in the next few months.

All things considered, it would appear that precipitation amounts have a greater impact on water
levels in the wells than does the operation of production wells F-4 and F-5. FigurelO shows a
number of monitoring wells in the North Furlong Area (Deschamps, Coles, Rawes, Schroeder
and Swayze) plotted against precipitation from 2006 through 2009. Wells F-4 and F-5 were
being pumped continuously during most of that time frame. =~ We know from the results of the
aquifer stress test in 2002 that F-4 had a greater impact on domestic wells north and east of F-4.
F-5 only had a noticeable impact on the Rawes well and the Deschamps well. F-4 and F-5
apparently derive their water from two different sets of fracture systems, as either well was only
affected by less than 2 feet when the other well was being pumped. In examining Figure 10, the
magnitude of the change in water level with time appears to be related to the distance separating
the well from either F-4 or F-5. The Coles well is the closest to F-4 and has the largest change in
water level over the course of a water year. The Swayze well is farther than the Coles well from
F-4 and has a lesser magnitude of water level change than does the Coles well. The Deschamps
well is closest to F-5 and has the larger water level change when compared to the Rawes or
Schroeder wells. These three wells have shown less magnitude of water level variation than the
Coles and Swayze wells and were less affected from F-4 pumping than when F-5 was pumping.
After April 2009, it is evident that even with F-4 and F-5 pumping, there is not a lot of effect
other than that from precipitation on water levels in these wells.

Well F-7, which underwent a hydrofracturing program and resetting of its pump to a deeper level
in March of 2008, has been contributing less water to the Furlong system than hoped for. This
was done in conjunction with the work of a similar nature on well F-3. After this work was
completed, a long-term aquifer test of some 7 days duration was performed on F-3 and F-7, in
order to better understand the wells’ long-term production capabilities. At the conclusion of this
testing, both wells were returned to service. On the basis of the aquifer testing and the later
performance of both wells, no measurable increase in their yields was forthcoming and, in the
case of F-7, its yield has been somewhat erratic over the last six months of 2009.

4.5.1 Furlong System - General

Current operations, including the drought-like conditions during the summer of 2006, indicate
that wells F-1 through F-7 can be expected to yield approximately 345,600 gallons per day (gpd),
in the longer term. The Developers, with the cooperation of the Township, investigated the
possibility of increasing production from F-7 and F-3 as well as developing new wells in the
area. Unfortunately, F-3 and F-7 did not offer up any additional yield following their hydraulic
stimulation through hydrofracturing.



4.5.1.1 New Furlong Wells

Two existing wells, one located at the existing Buckingham Township Village Wastewater
Treatment Building (F-8) and the other at the buildings used to house some of the wastewater
treatment equipment that services the Kaplan and Lindquist Spray Irrigation Fields (F-9) off
York Road, were tested for aquifer characteristics and water quality. The purposes of these tests
were to ascertain whether the two wells might be utilized as a primary source and backup water
supply to the Furlong System. Both wells were drilled some years ago within the carbonate
Buckingham Valley, with F-8 reportedly drilled in the Allentown Formation and F-9 reportedly
drilled within the Leithsville Formation.

F-8 is a six-inch well drilled to a depth of 86 feet. During the week of June 5, 2008, a 72-hour
aquifer test was performed on this well at a rate of 123 gallons per minute'. Two observation
points were established along the banks of Lahaska Creek as piezometers to evaluate whether
there would be any effects on the creek from the aquifer test. The results of the long-term test
caused a maximum drawdown of 1.03 feet in the pumping well and there were no noticeable
effects on water levels in the two piezometers. The well recovered to its initial static water level
within 30 minutes of the end of the test. Initial calculations of Transmissivity (T) from both the
drawdown and recovery data suggested values in the range of 250,000 to 295,000 gallons per
day per foot (gpd/ft) which were within referenced values for T in carbonate rocks in
southeastern Pennsylvania. Water quality data showed the presence of coliform and fecal
coliform bacteria. Other New Source Parameter results indicated that all other parameters were
within PADEP required drinking water parameters. The Township performed regular water
sampling and analyses of this well under PA SWIP (Surface Water Identification Parameters)
guidelines for eight months. Currently, construction contracts have been let for construction of a
well house and installation of a pump and water treatment facilities consisting of UV,
chlorination and micro-filtration of the water before it is added to the Furlong water system.
This well has been docketed under the new consolidated docket D2003-13CP-5 of May, 2009.

Well F-9 is a six-inch well drilled at the Buckingham Forest Kaplan site in 1988 to a depth of
120 feet. The well is cased to a depth of at least 28 feet based on a recent video survey. The
well is located about 50 feet from the storage lagoons at the Kaplan site, with the closest spray
irrigation field about 100 feet away”. The well has been most recently used as a water source for
the sewage treatment plant buildings that service the Kaplan and Lindquist spray irrigation fields.
On May 20, 2008, a 72-hour long-term aquifer test was performed on this well at a rate of 100
gpm. A monitoring well, K-8, located 800 ft. northeast of the pumping well was monitored for
effects from pumping during the test. The results of the long-term aquifer test indicated a
maximum drawdown of 0.81 feet in the pumping well with no visible effects in the monitoring
well, K-8, some 800 feet away. A Transmissivity of 160,000 gpd/ft was determined from the
aquifer test. Water quality results indicated that all parameters were within PADEP drinking
water parameter requirements. Bucks County Department of Health SWIP analyses results of a
split water sample taken at the same time showed the presence of rotifers, living diatoms and
surface algae. These results indicate that the well and its water-bearing zones are under the

! Pumping Test Report, INTEX Environmental Group, Inc., July 2008, 46pp.
? Pumping Test Report, INTEX Environmental Group, Inc., June 2008, 40pp.



influence of surface water. This well would be utilized only as an emergency water source for
the Furlong system. Water from this well requires advanced treatment consisting of UV,
chlorination and micro-filtration prior to use in the Furlong system. The locations of the two
new wells, F-8 and F-9, are shown on the Figure in the back pocket of this report.

Figure 11 shows the non-pumping water levels of the Furlong wells along with several of the key
monitoring wells. As it can be seen, the production wells (except F-7) and some of the
monitoring wells that have been impacted in the past have static levels somewhat higher than
previous years. This is attributed to the above average precipitation for 2009 coupled with
improvements to system wide maintenance. As for F-7, the Township will continue to monitor
its performance. It is currently unknown what the reason is for its continued erratic behavior.

4.5.2 Effects on Domestic Wells Near F-7

Water levels were monitored monthly at a number of domestic wells where there has been an
impact on their operating water levels in the past. These wells are; Sinclair, Collie, Giangrande,
Black, Boros, Schroeder, Swayze and Deschampes. As mentioned previously, the Township and
Developer reimbursed the Buckley family for redrilling their well in 2009 which closed out the
last issue in the Furlong area where there had been an impact on a domestic well from the
operation of a Township well.

4.6 Lahaska Observation Wells

Some of the Lahaska observation wells are quite shallow such as LM-9 (the Tota well). In this
well the depth-to-water was essentially a flat line. Other wells are quite deep, such as Picciotti's
well (LM-2). Depth-to-water measurements in this well were between 99 and 143 feet during
2008 and varied approximately 40 feet from August to November.

Six of the observation wells show a consistent, nearly flat pattern, with LM-2 the only well
showing significant variation during the year. The results of the depth-to-water measurements
for the Lahaska Observation wells are shown in Figure 12.

5.0 Precipitation

Precipitation is the single most important climatic factor involved in bringing recharge to the
aquifers in Buckingham Township. In fact, with no appreciable imported water and negligible
underflow from neighboring communities, precipitation, along with several installed spray
irrigation systems and numerous residential on-lot disposal systems, is the only source of ground
water recharge within the Township. The critical management aspect of this resource at present
is how to capture and retain as much of the precipitation as possible

Buckingham received 57 inches of rain in 2009 based on unofficial readings taken at the
Buckingham Village wastewater treatment plant. This is almost 14 inches more than the



historical average of 43.09 inches or 32.2% more than normal precipitation. Moreover, between
May and December of 2009, precipitation amounts were almost 78% greater than the monthly
average precipitation over the same eight-month period. Figure 13 shows a nearly continuous
record of annual rainfall since 1963 with a range of 36.4 inches between maximum and
minimum values for that forty-six- (46) year period.

Annual rainfall cannot always show the severity of droughts or floods because rain can be
concentrated in a few days and, under these circumstances, much of it can and sometimes does,
leave the basin as surface runoff providing little recharge to the aquifers. Of particular note are
the rather high monthly totals of precipitation in May at 7.5 inches, June at 7.63 inches, August
at 10.68 inches, October at 6.01 inches and December of 2009 at 8.38 inches. Much of these
totals were related to several high intensity storms where much of the precipitation may have
been lost to overland flow and surface water discharge. We do know, however, that this
abnormally high rate of precipitation for the year allowed the Township some much needed
breathing room in addressing its water needs.

Monthly precipitation for the years 2007, 2008 and 2009 is shown in Figure 14. The monthly
(red line) ranges from less than one basin inch (February and September 2007) to more than ten
and a half basin inches (August 2009). It is clear that drought to flood conditions can change
within only one month. The average (blue line) shows a much smoother variation of only 4.11
basin inches, yet even the “average” value shows significant variation. It is quite clear on Figure
14 as to the significance of the above average precipitation from May to December 2009 within
the Township.

6.0 Surface Water — Pine Run Watershed

A stream gauging station is located on an unnamed tributary to Pine Run, which crosses
Landisville Road between Burnt House Hill Road and Bergstrom Road. The data, which are
presented in Figure 8, are in feet below a measuring point. A low value means that the elevation
of the water is high so the discharge is high; a high value means that the elevation of the water is
low so the discharge is low. Figure 15 also shows correlation between rainfall and Pine Run
water level. The precipitation for 2009 was 32.2 % above average and the water elevation in
Pine Run has rebounded from low levels in late 2008.

7.0 Conclusions

Buckingham Township operated thirteen (13) production wells in 2009. These wells are
identified as BV-1 and -2, CS-1 through -3, FS-1 and -2 and F-1 through F-5 and F-7.

The wells produced a total of 200,307,000 gallons in 2009, 220,456,000 gallons in 2008 and
229,860,000 gallons in 2007. Production decreased by approximately 4.1% from 2007 to 2008
and 9.1% from 2008 to 2009 and none of the wells exceeded their permit allocations. The
decrease is predominantly in the Furlong Area.

Twenty-two (22) observation wells and a stream gauge were monitored during the year to
evaluate the effects, if any, of the production wells on the various aquifers penetrated by the
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wells. Although Furlong wells F-1, F-2 and F-3 have not been operated at their docketed limits,
it appears that their long-term sustainable yields will be less than their allowable maxima. Wells
F-4 and F-5 were brought on line in 2006 followed by wells F-6 and F-7 in 2007. Well F-6 has
subsequently been out of service since the summer of 2008 as it was operating too inefficiently
to provide a reliable source of water. Impacts from the operation of well F-7 have lessened
somewhat from 2007 and may be related to putting F-6 out of service as well as increased
precipitation amounts in 2008 and 2009. The Township has connected one of the impacted
homeowners (Black) to their water system and another family, the Boros’, drilled a new well and
the Township reimbursed them for the cost of replacing their well. The Buckleys were
reimbursed by the Township in 2009 for their new well. The Collie family has been given the
opportunity to connect to the Township Water System but has yet to do so. The Sinclair well,
the Giangrande well and the Collie well are continuing to be monitored by the Township and this
will continue for the foreseeable future. Although the Township and the DRBC have failed to
agree on the extent of an alleged impact to the Schroeder pond from operating wells F-4 and F-5,
the Township is negotiating a solution with the Schroeders, overseen by the Court, and has
agreed to an interim withdrawal limit until a remediation plan is approved.

In March 2008, the developers responsible for wells F-3 and F-7 completed a reconditioning
program for both wells. An attempt was made to redrill F-3 in an effort to recover some 300 feet
of hole lost when it collapsed shortly after completion of the original well test. This was not
possible, however, and the well was hydrofractured over its 385-foot depth. This was apparently
intended to help open some additional fractures and connect those fractures to other open
fractures penetrating the well. An extended aquifer test was performed to more closely
understand the long-term safe yield of well F-3 and this was not as successful as was hoped for.
Well F-7 underwent a similar program except that, in addition to the hydrofracturing, the pump
in F-7 was reset to approximately 429 feet below top of casing. This well was also subjected to a
longer-term aquifer test (7 days) and no additional yield was forthcoming to the well at the
completion of the test. The Township has completed the docketing process of permitting two
more wells for the Furlong System (F-8 and F-9) to help offset these types of problems.
Construction contracts for F-8 have been tendered and it is expected that construction of the well
house, pump and associated treatment systems will begin in the early Spring of 2010.
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Table 1

2009 Production Wells in Buckingham Township

Well ID Location (Mzgl(;g?)t;;):ys) Observation Wells
BV-1 Buckingham Village 16&16 BVM-1 (Clymer)
BV-2 «“ ' ' BVM-2 (Trinity Ch.)
FS-1 Church School Rd. @ FSM-1 (Bouton)
FS-2 Fieldstone 0.9&0.9
CS-1 CSM-1 (Hohman)
CS-2 Cold Spring Creamery 5.18,17.2 & 6.0 CSM-2 (Grunendahl)
CS-3 CSM-3 (Simone)

CS-1,-2&-3 18.6 CSM-4 (Cahalin)
Combined '
Pine Run Strm. Ga.
F-1 Furlong* 4.7 FM-1 (Yerkes)
F-2 0.64 FM-2 (Bound)
F-3 1.59 FM-3, FM-3A
F-4 (Slack, M.)
F-5 345 & 1.73 FM-4 (Yerkes)
F-4 & F-5 Interim Limit 2.592 FM-6 (Pizzo)**
F-7 2.2 FM-7 (Orleans/Cole)
FM-8 (Deschamps)
FM-9, FM-9A
(Swayze)

FM-10 (Nicholas)
FM-11 (Green)
FM-13 (Collie)

FM-14 (Giangrande)
FM-15 (Yaworoski)
FM-16 (Sinclair)

*Total of all Furlong Wells not to exceed 14.8 MG/30 Days
**Pizzo monitoring discontinued at request of Homeowner
Total of all township wells not to exceed 42.0 MG/30 Days
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TABLE 2
Monthly Groundwater Production in Buckingham Township

2009

Month Wells BV1| Well CS-1 (Well CS-2| Well CS-3| Wells FS1 & | Well F-1 |Well F-2| Well F-3| Well F-4 | Well F-5| Well F-6| Well F-7
& BV2 Gallons | Gallons | Gallons |FS2 Gallons*| Gallons | Gallons| Gallons | Gallons | Gallons | Gallons | Gallons

Jan 706000 1869000| 5362000| 3189000| 445000 2497000 34000| 669000| 1139000 725000 0] 776000
Feb 606000 1589000 4489000| 2877000| 380000 2344000 32000| 795000| 1095000| 697000 0| 208000
Mar 666000 1749000| 4887000| 3163000| 423000 2297000 17000| 782000| 1087000| 693000 0] 734000
Apr 664000 1720000| 4803000| 3049000| 428000 1760000 130000| 612000| 1603000| 521000 0] 574000
May 695000 1956000| 5538000| 3144000| 454000 1931000 417000 670000| 1789000| 648000 0| 766000
Jun 892000 1977000| 5604000| 2039000| 422000 1264000 592000 428000| 1890000| 634000 0| 762000
Jul 660000 1819000| 5098000| 3304000| 438000 2404000 609000| 823000| 1915000| 634000 0] 1005000
Aug 667000 1754000| 4807000| 3317000| 426000 1826000 591000 598000| 1912000| 806000 0] 964000
Sep 786000 2536000 3926000| 3207000f 388000 2379000 395000| 813000| 1210000 328000 0 934000
Oct 662000 1719000| 4547000| 3304000| 407000 2439000 216000| 829000| 691000| 311000 0] 972000
Nov 660000 1694000 4588000| 3178000| 387000 2120000 193000| 738000| 565000| 256000 0 940000
Dec 648000 1827000| 4925000/ 3306000| 391000 2262000 209000| 807000| 610000| 281000 0] 947000
Totals | 8314000 | 22209000/ 58574000( 37077000 4989000 |25523000|3435000|8564000(15506000| 6534000 0] 9582000

Water Year 2009 Total = 200,307,000 Gallons

3V-1 & BV-2 and FS-1 & FS-2 are now read thru common water meters and cannot be differentiated as to individ
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Million Gallons/Year

Groundwater Production - Buckingham Township Wells 1995 - 2009
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Total Gallons

Buckingham Village Wells Production 2003-2009
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Total Gallons (x 1000) Pumped
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