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- Subscribe to the Drinking Water Quality Listserv

Well Status Report

Except for Unit Well 28, all seasonal wells (6, 8, 10, 17, 27, & 29) are currently shutdown for the
winter. Seasonal wells typically operate from April to October when demand for water is higher due to
outdoor water use. In a previous Water Quality update, it had been reported that Well 28 would
operate through December while maintenance work at Well 26 was completed. Well 28 was briefly
taken out of service in January following repairs to Well 26; however, additional work at Well 26
necessitated bringing Well 28 back into service earlier this month. Well 28 will remain in service
throughout the remainder of the winter to help maintain reservoir water levels on the southwest side of
Madison and to ensure adequate chlorine residuals at the extreme outer limits of the distribution
system.

Water Quality Test Results — December 2007 & January 2008

MICROBIOLOGY - In December and January, the Water Utility collected 705 water samples from
Water Utility facilities and representative sample locations in the water distribution system. These
samples were tested for coliform bacteria — indicators of potential water contamination. No samples
tested coliform-positive; all 705 samples collected in December and January were found to have no
coliform bacteria present.

VOLATILE ORGANIC COMPOUNDS — The utility also collected samples from five wells and had
the water tested for the presence of volatile organic compounds — man-made contaminants that may be
present in groundwater. The water utility currently tests four wells (9, 15, 18, & 28) during each three-
month period for 42 volatile organic compounds including tetrachloroethylene and carbon
tetrachloride. Samples were also collected at three reservoirs (115, 215, & 229) in an effort to better
understand distribution system water quality. The table shows the contaminants that were detected,
maximum concentration found during this testing period, EPA’s maximum contaminant level (MCL),
and the contaminant concentration at each facility. ND means that the contaminant was not detected.



[ VOLATILE ORGANIC COMPOUNDS | MAXIMUM | UNITS | MCL 9 15 18 28 30 115 [ 215 | 229
Bromodichloromethane* 1.0 ppb - 0.40 ND ND ND ND 0.57 0.57 1.0
Bromoform* 0.90 ppb -- 0.43 0.23 ND ND ND 0.90 0.84 0.72

Chloroform* 0.42 ppb -- ND ND ND ND ND ND 0.21 0.42
Dibromochloromethane* 14 ppb - 073 | 0.25 |[0.311'| ND ND 1.2 1.2 1.4

Total Trihalomethanes (TTHM) 3.5 ppb 80 1.56 0.48 0.31 ND ND 2.7 2.8 3.5
Tetrachloroethylene 3.1 ppb 5 2.3 3.1 1.3 ND ND 1.7 1.6 ND
Trichloroethylene 0.33 ppb 5 ND 0.33 | [0.19] ND ND 0.21 ND ND

* Disinfection By-Products (DBP)
' Bracketed numbers indicate that the contaminant was detected but measured below the Limit Of Quantitation (LOQ)

As the above table attests, Well 15 has the highest level of tetrachloroethylene of all Madison
municipal wells. Low levels of the man-made contaminant have been detected at Well 15 since the
early 1990’s, and quarterly samples have been collected since 1996. Wells 9 and 18 are also sampled
during each three-month period because of the level of tetrachloroethylene that has been found.
Additional information on tetrachloroethylene can be found at
http://www.epa.gov/safewater/contaminants/dw_contamfs/tetrachl.html

Bromodichloromethane, bromoform, chloroform, and dibromochloromethane are disinfection by-
products — compounds that form when chlorine, added as a disinfectant, combines with the impurities
in ground water. Because ground water has very little organic matter and low levels of chlorine are
needed to kill bacteria and deactivate viruses, the concentrations of disinfection by-products are fairly
low.

Well 29 Extended Period Deep Well Pump Test Update

In November, the Water Utility conducted a 21-day full capacity pump test at Unit Well 29. The
purpose of the test was to further investigate groundwater movement and drawdown in the area under
maximum pumping rates at the well. The consultants, Montgomery Associates and RMT, Inc.,
presented their findings and recommendations to the Water Utility Board on February 12.

Groundwater levels were continuously measured before, during, and after the pump test at six
monitoring wells located in the vicinity of Sycamore Landfill. Groundwater modeling based on the
results of the pump test suggests that at maximum pumping rates, or 2300 gallons per minute (gpm),
the pumping may capture groundwater from the vicinity of Sycamore Landfill within a period of 15
years. Alternatively, if continuous pumping were maintained at a rate of 1100 gpm, it would probably
not capture groundwater from the vicinity of the landfill. The consultants and three area
hydrogeologists agree that the model results are very conservative.

The consultant’s recommendations include: (1) pump the well at an average yearly rate of 1100 gpm
or a maximum annual water withdrawal of 550 million gallons to avoid long-term impacts from the
landfill, and (2) install a sentry well into the lower aquifer at a location between Well 29 and Sycamore
Landfill to monitor water quality in a possible migration pathway from the landfill to the well.
Monitoring at the sentry well would provide additional information about potential future water quality
impacts at Well 29 due to the pumping and also serve as an early warning before the contaminants
might reach the drinking water well. The attached link includes the technical memo that was prepared
for the Water Utility.


http://www.epa.gov/safewater/contaminants/dw_contamfs/tetrachl.html

(UW 29 Summary Memo Feb. 5, 2008 — See Attachment)

In response to these results, the Water Utility Board approved a recommendation from Water Utility
staff to reduce the operational capacity of the filter at Well 29 from 2200 gpm to 1100 gpm.

Water quality samples were collected prior to shutting down the well at the conclusion of the pump
test. Samples were analyzed for over 80 potential organic contaminants. None of the contaminants
were detected in the samples. The following link lists all organic contaminants that were tested and the
detection limit of each.

(VOC/SOC List — See Attachment)
Ongoing Virus Study - UW 7, UW 12, UW 13, UW 16, UW 19, & UW 30

Researchers from the Marshfield Clinic (Marshfield, WI), Wisconsin Geological and Natural History
Survey (WGNHS), and the United States Geological Survey (USGS) are conducting an on-going
investigation into the presence of human viruses in the lower sandstone aquifer from which Madison
draws its drinking water. The research group initially tested eleven municipal wells for the presence of
adenovirus, enterovirus, hepatitis A, norovirus (Genogroup I & II), and rotavirus. Test results show
that in September six wells tested positive for adenovirus and one was positive for enterovirus. In
October, four wells had evidence of adenovirus and enterovirus while a fifth was positive for
enterovirus only.

Samples that tested positive had a concentration of less than 1 virus per liter, a level well below the
infectious dose for healthy individuals. Mark Borchardt, lead researcher for the project, asserts there is
no public health threat since chlorine disinfection is effective and sufficient to deactivate the viruses if
they are in fact viable. All samples were collected from the groundwater wells prior to chlorination.
Madison Water Utility utilizes chlorine to kill viruses and bacteria that may be present in groundwater
and to protect against waterborne illness. To provide a margin of safety and also meet future federal
groundwater rules, the Water Board approved an increase in the chlorine level at all Madison wells on
June 19, 2007.

At the present time, the viability of these viruses is unknown. Molecular techniques (polymerase chain
reaction [PCR] analysis), which test for the presence of viral genes, were used to determine the
presence of viruses rather than cell culture methods. The researchers plan to perform cell culture
studies later in their investigation to determine the viability of the viruses detected.

Following the initial results, the research group plans to collect and analyze monthly samples from a
subset of six wells for continued monitoring that is expected to last about a year. Three wells (UW 7,
UW 19, UW 30) are cased into the lower, confined aquifer while the other three wells (UW 12, UW
13, UW 16) are not cased through the Eau Claire shale and are referred to as multi-aquifer wells. The
Eau Claire shale is a layer of sedimentary rock that separates the upper from the lower aquifer. Newer
municipal wells are cased through the shale layer and draw water essentially exclusively from the
lower aquifer. When present, the Eau Claire shale is thought to protect the lower aquifer from surface
activities that can contaminate groundwater.



Below are the test results for the six wells currently under investigation. A negative result means that
none of the six types of viruses was detected. The most recent round of testing, conducted in
December and January, shows viruses were detected at two of three confined-aquifer wells and one of
three multi-aquifer wells.

Confined Aquifer Wells Multi- Aquifer Wells
Uw 7 UW 19 UW 30 UW 12 UW 13 UW 16
2007
September A A Negative A A E A
October A E Negative Negative A E Negative Negative
November ns A E Negative A Negative Negative
December ns ns ns ns ns Negative
2008
January E A Negative A Negative ns
February
March
May
June
July
August

A = adenovirus, E = enterovirus, H = hepatitis A, N-I = norovirus, genogroup I, N-II = norovirus, genogroup II, R = rotavirus
ns — no sample was collected

Subscribe to the Drinking Water Quality Listserv

People who want to receive regular updates on Madison's drinking water quality can subscribe to this
Listserv at:

http://lavos.wiscnet.net/mailman/listinfo/drinkingwaterquality

Sincerely,

Joseph Grande

Water Quality Manager
Madison Water Utility
266-4654


http://lavos.wiscnet.net/mailman/listinfo/drinkingwaterquality
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Memorandum

To: Ken Bradbury

From: Nancy Zolidis and Ken Quinn
Date: February 5, 2008

cc: Al Larson and Larry Nelson
Re: UW 29 Pumping Test Summary

In preparation for our meeting on Thursday, February 7, 2008, we have prepared the following summary of the
City of Madison Unit Well 29 Pumping Test conducted in November, 2007. Following our meeting to discuss
preliminary results, we will prepare and submit a letter summary of the project.

INTRODUCTION

The results of our investigation into the probable cause of elevated concentrations of manganese in the
groundwater at UW 29 as presented in our March 2007 Summary Report indicated that the deep aquifer is
relatively isolated from the surface based on our sampling and testing program. Based on the results of water
quality sampling at UW 29, there was no indication of shallow groundwater being present in water being produced
from UW 29. However, the fact remains that Sycamore Landfill, located to the west of the water supply well, is a
potential source of surficial contaminants in the vicinity of the well.

We took advantage of the pumping at UW 29 between mid January and early February 2007 to complete an
additional scope of work in which water levels at two monitoring wells at the Sycamore Landfill were monitored to
evaluate the drawdown that occurred as a result of pumping UW 29.. The results of the water level monitoring
were presented in our March 2007 Summary Report and indicated that water levels in the two monitoring wells
declined approximately 0.6 to 1.1 feet after a few weeks of pumping. The groundwater model simulated
drawdowns of approximately 3 feet at the eastern edge of the landfill for steady state conditions. The observed
drawdowns compared reasonably with the model results considering that the model was run for steady state
conditions. Based on the modeling conducted and reported in the March 2007 report, the drawdowns were not
sufficient to divert groundwater beneath the landfill to UW 29 at pumping rates of 2,100 gpm or less. In
groundwater jargon that means there was influence from the well, but not capture. However, given that there were
declines in the water levels in both wells at the landfill, there are still uncertainties regarding the connectivity of the
upper and lower aquifers and whether or not the Eau Claire shale is absent or is more leaky than is assumed in the
model.

Other results of the modeling indicated that if groundwater beneath the landfill has moved deeper in the aquifer, or
if the aquitard (Eau Claire shale) is missing, then it is likely that the groundwater could be captured by UW 29
pumping at 2,100 gpm in about twenty years. If manganese treatment is installed at UW 29, the future production
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of the well could increase to approximately 2,300 gpm. Based on the results of the computer modeling, the
unknown condition of the Eau Claire shale underlying the landfill area and the potential need for pumping UW 29
at higher production rates, we recommended further evaluation of pumping impacts on the water levels at the
landfill by conducting a more extensive pumping test at UW 29 and monitoring several wells at Sycamore Landfill.

OBJECTIVES

The project objectives include:

® Assessing the potential of UW 29 to capture groundwater beneath the landfill, and

® Providing the Water Utility with recommendations on management strategies for UW 29.

APPROACH

A pumping test was conducted at UW 29, in which UW 29 was pumped for 21 days at an average rate of 2,050
gpm. Water levels were monitored at selected wells at Sycamore Land(fill for one week prior to, during pumping
and one week after pumping. The water level data collected at the wells were analyzed and compared to
groundwater modeling results. The model was adjusted to match observed drawdowns more closely and rerun to
assess the potential range in hydraulic properties of the Eau Claire Shale. Finally a capture zone analysis was
completed to evaluate the impacts of long term continuous pumping on groundwater flow beneath the landfill.

ACTIVITIES PERFORMED

The completed activities that were described in our scope of work for this project include the following:

® Review of Sycamore Landfill monitoring well data, water quality data, well construction reports, geology
and cross-sections of the contaminant plume

® Selection of wells to be included in the monitoring network and install transducers and data loggers

¢ Collection of water level data for 1 week prior to pumping, 21 days during the pumping test, and 1 week
after the pumping

® Preparation of graphs of pre-pumping water levels, drawdown and post-pumping water levels and correct
data for changes in barometric pressure

¢ Groundwater flow modeling and capture zone analysis

RESULTS

Water Level Monitoring

A summary of the methods used for monitoring water levels during the pumping test will be presented in a
Technical Memorandum which will be attached to the forthcoming report. Six wells were selected for
monitoring at Sycamore Landfill.

The primary result of the monitoring is as follows:
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Measured declines in groundwater elevations in the Sycamore Landfill monitoring wells 11B, 13B, 14B,
19B, 21B and 23A during the UW 29 pumping test ranged from 0.71 ft to 1.07 ft. There was not a good
correlation between distance from UW 29 and measured drawdown, however the wells with the highest
drawdowns are located to the east-northeast of the landfill and the lowest drawdowns are located to the
south and west which likely reflect variable hydraulic properties of the bedrock.

The City of Madison Water Utility operated UW 29 and monitored the pumping rates and water levels at UW29
before, during, and after the pumping test. Based on these data, the average pumping rate was calculated to be
2,050 gpm during the test. Drawdown in the well was calculated as the difference between the static and dynamic
water levels to be about 121 ft at the end of the test.

Groundwater Modeling

The existing Telescopic Mesh Refinement (TMR) groundwater model developed from the Dane County
Regional Groundwater Model (Krohelski et al., 2000) for the manganese study (see our 2007 Summary
Report, Unit Well 29 Manganese Study) was used to simulate groundwater flow conditions in the vicinity of
UW 29. The regional model was constructed using the U.S. Geological Survey groundwater flow model
code, MODFLOW (McDonald and Harbaugh, 1988). The four layer regional model was constructed to
represent the upper glacial and bedrock aquifers (layers 1 and 2), the Eau Claire shale (layer 3) and the lower
sandstone aquifer (layer 4). The regional model grid has 200 rows and 240 columns with square grid cells
having dimensions of 1312.4 feet on a side. The TMR model has 100 rows and 100 columns and has a reduced
grid spacing of 301 feet on a side. Except for the reduction in the grid spacing, model parameters remained
the same. In our previous study, the model was run for steady state conditions, that is, the hydraulic heads do not
change with time. However, to simulate the drawdowns for the 21 day pumping test, the model was run under
transient conditions. The model was run for two stress periods. The first was to simulate the groundwater
system prior to pumping for 10,000 days (stress period 1) and the second was to simulate the 21 day
pumping test (stress period 2).

Initial results of the modeling underestimated the measured drawdowns in the wells and in the lower aquifer
at the pumping well and overestimated the water levels at the monitoring wells in the upper aquifer prior to
pumping. To more closely match the simulated with measured drawdowns and water levels in the upper
aquifer, hydraulic parameters were adjusted. This process was not a formal calibration process as additional
data would be necessary to calibrate the model. However, adjustments were made to the input parameters
using a trial and error approach based on reasonable estimates. Although there are uncertainties within the
model primarily because of the lack of data, it is still considered useful as a screening tool to evaluate the
impacts of pumping.

Because the simulated drawdowns were less than measured drawdowns, the vertical hydraulic conductivity
of the Eau Claire shale, the underlying confining layer, was increased to allow for more response in the upper
aquifer from pumping in the lower aquifer. Based on a number of trial runs, the key hydraulic parameters
were modified as follows:

* the value of the vertical hydraulic conductivity of the Eau Claire shale used in the regional model,
0.00072 ft/day, was increased to 0.005 ft/day.
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* the value of the horizontal hydraulic conductivity of the lower aquifer, 11.96 ft/day, was decreased
minimally to 9 ft/day.

To run the model for transient conditions, a value of storage coefficient for each cell is required. Water that is
pumped comes from storage volume released from the compression of the mineral skeleton and expansion of
water in confined aquifers and drainage of pores in unconfined aquifers from storage. The storage coefficient
(storativity) used in the model ranged from 0.01 in the upper layer to 0.0004 for the lower aquifer. In the transient
runs for the Regional Aquifer Model for Southeast Wisconsin, a value of 0.00039 was input for the deep sandstone
aquifer (Feinstein et al., 2003).

The primary result of the groundwater modeling is as follows:

1. With these adjusted values, the model predicts an average drawdown of 1.01 ft compared to the
average measured drawdown of 0.89 ft for the six wells. The predicted and measured drawdowns for
each well are shown in the figure below. Simulated drawdowns were slightly higher ( ranging from 0.63
ft to 1.4 ft) than measured drawdowns at the six monitoring wells and were lower (105 feet vs. 121 ft) than
those measured at UW 29. Simulated heads in the monitoring wells at the landfill ranged from 852.44 ft to
859. 84 ft ngvd as compared to the 1996 measured heads of 865.6 ft to 850.7 ft ngvd. Although modeled
heads in the upper bedrock layer and modeled drawdowns in the upper and lower layers matched
reasonably well, static head in the lower layer, not including turbulent losses in the well, was higher than
measured at UW 29 (850 ft vs. 830 ft ngvd).

The model was run for various values of vertical hydraulic conductivity for the Eau Claire shale to evaluate the
increased leakiness of the confining layer on the simulated drawdowns. The results are shown in the table below
and indicate that a value of approximately 0.005 is appropriate for the value of vertical hydraulic conductivity of
the Eau Claire shale.

Modeling Values of Eau Claire Shale Vertical Hydraulic Conductivity

Vertical Hydraulic

.00072 * .0014 . .07
Conductivity 0.00072 *(base case) 0.00145 0.005 0.0

Average Modeled
Drawdown at 0.096 ft 0.27 ft 1.01 ft 311 ft
Monitoring Wells

(measured =0.89 ft)

Average Modeled
water level at
Monitoring Wells 865.42 ft 861.15 ft 856.47 ft 853.92 ft
(1996 measured =
855. 65 ft)

Capture by UW 29 Not in 30 years ~ 25 years ~ 14 years ~ 6 years
pumping 2,050 gpm
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Capture Analysis

The primary objective of the modeling was to assess the likelihood that groundwater impacted from Sycamore
Landfill would be captured by UW 29 given the adjustments made in the model based on the drawdowns
measured at the monitoring wells. The model code MODPATH (Pollock, 1994) was used to track particle
movement from the landfill. The particles move in response to the average linear groundwater velocity as
computed by the model. Particles were inserted at an elevation of approximately 780 ft ngvd, approximately 30 ft
below bottom of the plume. The value of porosity used in the model was 0.05. This is a low value to reflect that the
nature of flow may be via fractures in the bedrock and results in a faster velocity than using a higher value. Three
scenarios were simulated. The model was run for transient conditions but instead of simulating 21 days, a period
of 30 years was simulated.

The primary result of the capture zone analysis was as follows:

2. Tracking of particles emanating from beneath Sycamore Landfill at an elevation of approximately 780 ft
ngvd for three long-term pumping scenarios for UW 29 indicated that:

o Pumping UW 29 at a continuous rate of 1,100 gpm did not result in particle capture within 30 years
o Pumping UW 29 at a continuous rate of 1,700 gpm resulted in capture within 20 years
o Pumping UW 29 at a continuous rate of 2,300 gpm resulted in capture within 15 years

CONCLUSIONS

Based on the results of this study, the primary conclusions are the following;:

1. Results of the November 2007 groundwater level monitoring at Sycamore Landfill well favorably agree with
the less intensive groundwater level monitoring conducted during the manganese treatment pilot study in
January and February 2007.

2. The Eau Claire shale confining layer identified at UW29 is likely present throughout the vicinity of the well and
limits flow between the upper and lower bedrock aquifers. Declines in groundwater levels at the Sycamore
Landfill monitoring wells would likely be much greater than those observed if the Eau Claire shale were
absent.

3. Continuous pumping at UW29 may have the following effects on groundwater from the vicinity of the
Sycamore Landfill
a. At1,100 gpm — would probably not capture groundwater from the vicinity of the Sycamore Landfill
b. At1,700 gpm — may capture groundwater within a period of 20 years
c.  At2,300 gpm — may capture groundwater within a period of 15 years

RECOMMENDATIONS

Based on the conclusions of this study, we recommend the following;:
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If impacts from the Sycamore landfill are to be avoided, the long term, 30 year, operational strategy for
UW 29 should consider pumping at an average yearly rate of 1,100 gpm. Since this is an average rate, the
well could be pumped at a higher rate periodically or for specific intervals during the year.

The operational strategy should consider all of the area municipal wells and any other high capacity
wells that may influence the groundwater flow system beneath Sycamore Landfill. Pumping scenarios
for the municipal wellfield should be evaluated to reduce the potential of impacting the water supply
in the future. .

The Water Utility should work with City Engineering to develop a monitoring and analysis program for
Sycamore Landfill. This plan would include preparing periodic (quarterly or semi-annually) water table
maps of the shallow groundwater and potentiometric surface maps of the shallow bedrock aquifer from
the monitoring data that has recently been and will continue to be collected. The analysis along with water
quality monitoring should include preparing hydrographs for the monitoring wells to evaluate whether or
not a change in the gradients or water levels is occurring which would be evidence that the operation of
UW 29 is affecting a change on the long term hydrology of the groundwater system beneath the landfill.

To provide an additional monitoring point between the landfill and UW 29, a Sentry Well should be
installed in the lower aquifer to monitor groundwater between UW29 and Sycamore Landfill in a
possible migration pathway from the landfill to the unit well. A sentry well in the lower aquifer is a
reasonable addition to the Sycamore Landfill monitoring program to determine whether landfill
constituents are migrating toward the unit well. However, installation and monitoring of the Sentry well
should not be seen as a alternative to continued monitoring and analysis of the wells at the landfill.

Attachments:
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