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Figure 14. Water Budget Model Results with No Groundwater Loss

114. The model was then calibrated using a net groundwater exchange. A
fixed constant was used to represent the unknown coefficients of the Darcy’s
Law Equation. The constant was then multiplied by the difference in head
between DNR observation well 62044 and the modeled lake level. Adjusting the
constant manually eventually resulted in the best match with the constant set at
0.56 times the difference in head giving the resulting amount of loss per day in
acre-feet. The units of the variable are acre feet of net groundwater loss divided
by feet of hydraulic head difference. The chart below shows the modeled results
(with groundwater exchange) versus the recorded lake levels.
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Figure 15. Water Budget Model Results with Groundwater Loss Varying with PDC
Aquifer

115. The model results match the recorded lake levels very well, but there
are occasional deviations. As with all models, there are some simplifications and
assumptions along with uncertainty in the data used. Some of the likely reasons
for deviations include: precipitation variability from the monitoring station to
the lake, lake-outlet obstructions, and snowmelt. The water budget likely
underestimates some runoff in the spring as the model is not capable of
addressing the complexities of accumulation and melting of snow that would
allow for accumulation of snow and then rapid melting in the spring.
116. Even with the uncertainty of modeling, this effort gives greater insight
into the water balance for White Bear Lake and it clearly indicates that a
groundwater component is a significant factor in the overall water budget of
White Bear Lake. This finding is supported by the DNR’s 1998 Lake-Ground
Water Interaction Study at White Bear Lake, Minnesota. A few of the
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conclusions of that study that are consistent with this water budget analysis
included:
117. The variable ground water sub-model shows significant
improvements in simulating long-term level changes at White Bear Lake than
afforded by the constant ground water sub-model (DNR, 1998, page 83).
118. The key to ensuring that White Bear Lake levels continue to at least
periodically exceed elevation 924 or 925 is contingent on ensuring ground water
levels do not permanently drop to levels similar to those resulting from the
drought of the late 1980’s (DNR, 1998, page 83).
119. How long levels above elevation 925 or 924 or 923 will be sustained is
subject to the vagaries of long-term precipitation and other factors affecting local
ground water levels. These factors certainly include long-term impacts to future
ground water appropriations (DNR, 1998, page 84).
120. Ultimately we need to consider not only the water balance of lakes or
surface water systems but also that of ground water systems (DNR, 1998, page
84).
121. Groundwater System Changes. The water budget model can give us
an approximation of how much water is being lost to groundwater and how that
compares to other water budget components. We can also look at how the model
estimates the loss to ground water over time (Table 9.. The seepage losses to
groundwater are highest during the years when the difference in elevation
between the lake and the aquifer are the highest. Years with high differences
tended to drive White Bear Lake lower as can be seen in the years 2006-2008. For
later years the ground water losses are less, because as the lake recedes it gets
closer to the underlying aquifer levels. This results in a new lower equilibrium
as the components of the water budget even out.
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Table 9. Calculated Water Budget Components
Precip. on Lake

Evaporation

Runoff

Outlet

GW out

Year

[AC-FT]

[AC-FT]

[AC-FT]

[AC-FT]

[AC-FT]

1996

6,582

5,976

772

541

2,825

1997

6,667

5,267

1,770

4

2,820

1998

7,904

5,838

1,342

111

2,923

1999

6,772

5,789

2,184

613

2,977

2000

7,130

5,620

2,126

29

3,199

2001

7,142

5,747

1,232

382

3,168

2002

9,839

5,633

2,398

1,836

2,938

2003

6,136

5,955

1,445

801

3,072

2004

7,871

5,318

1,326

12

3,183

2005

7,368

5,630

1,761

9

3,229

2006

5,571

5,666

883

5

3,858

2007

6,447

6,106

847

0

3,340

2008

5,397

5,625

526

0

3,288

2009

5,335

4,937

750

0

3,062

2010

5,655

4,672

801

0

2,892

2011

6,062

4,904

1,860

0

2,572

2012

5,487

5,537

828

0

2,633

Totals

113,365

94,220

22,851

4,344

51,980
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122. The following pie charts represent the average percentages of
groundwater inputs and losses during the modeled time period for 1996 through
2012. The first chart represents the inflow components and the second chart
represents the outflow components.

Figure 16. Percentages of Inflow and Outflow Components
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123. The groundwater component for the time period modeled represents
approximately 34% of the water losses. The modeled range of ground water
losses is between 2.03 million gallons per day (MGD) and 4.54 MGD per day.
Based on the model results, lowering the groundwater table by one foot relative
to the lake surface elevation results in an additional 0.18 MGD per day of lake
water losses to the underlying aquifer.
124. Reviewing the data from DNR observation well 62044 reveals that
the average water levels in the aquifer are trending downward. Fitting a trend
line to the data reveals that the average aquifer level has decreased
approximately 5-feet near White Bear Lake.

84

Figure 17. 62044 DNR Observation Well Elevation.

125. Based on the results from the water budget model, in order to
maintain a lake elevation near 924 with the new lower aquifer elevation the
additional groundwater losses of 0.91 MGD or the equivalent of approximately
0.41 feet on the lake every year would need to be offset by additional input from
rain and watershed runoff or through artificial augmentation. During wet
periods it is possible that the rainfall and runoff could offset these humaninduced losses, however during average and dry years these human-induced
changes to aquifer levels are expected to result in lower lake levels than would
normally be expected for that precipitation regime.
Water Budget Summary. The Met Council has predicted that if the
increased pumping trend continues the elevations of the Prairie du Chien
aquifer will continue to decrease (Metropolitan Area Master Water Supply
Plan, Twin Cities Metropolitan Area, Minnesota, March 2010). If the
Prairie du Chien Aquifer near White Bear Lake were to decrease another 5
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feet, the lake would potentially lose an additional 1.82 MGD per day or
the equivalent of approximately 0.82 feet on the lake every year compared
to aquifer levels of the mid-1990s. Except during exceptionally wet
periods it is unlikely that natural weather patterns will be able to offset
these levels of losses from the lake. Assuming the aquifer does not
continue to decline even further, the lake would eventually stabilize at a
new lower elevation as water balance components come back to
equilibrium.

C.

Evidence of Impairment in the past, now, and potentially in the
future
1.

Aquifers Below White Bear Lake

126. Groundwater withdrawals and the resulting decline in the lake level
of White Bear Lake have contributed to a decline in the underlying aquifer,
which has impaired both the lake and the aquifer.

It is reasonable to conclude,

based upon my overall analysis and experience, that the decline in the aquifer is
linked to the declining levels of White Bear Lake.
127. The decline in water levels in an aquifer is best observed by
observation wells (piezometers) placed in the aquifer. The best piezometers near
White Bear Lake are observation wells owned by the Department of Natural
Resources. These piezometers have well documented construction records,
elevations, and well logs. Water levels are measured in the observation wells
periodically. Some measurement records extend back to the 1970’s. Figure 18
shows the location of observation wells in the White Bear Lake area. Figure 19
shows water levels in the observation wells and the downward trend.
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Figure 18. Location of DNR Observation Wells near White Bear Lake
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Figure 19. Groundwater Elevations and Trend Lines – DNR Observation Wells
Completed in the Prairie du Chien – Jordan Aquifer
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2.

Historical Pumping and Permitting

128. Minnesota statutes and regulations have long controlled the process
for public and private wells drawing groundwater (Mn. Stat. Ch. 103G). Except
for a water supply used by less than 25 persons, or wells that withdraw less than
10,000 gallons per day or 1,000,000 per year, ground water appropriation permits
for wells must be obtained from the DNR Commissioner (Minn. Rules Part
6115.0620). The ten municipalities referenced in the USGS Study are all drawing
groundwater pursuant to DNR issued water appropriation permits. The permit
holders are required to periodically inform the DNR of their total water use from
each well and the current underground water elevation. Counsel informs me that
as a condition of the permit, the Commissioner retains the authority to restrict,
suspend, amend, or cancel this permit pursuant to law.
129. The DNR is responsible for reviewing applications and issuing
groundwater appropriation permits, including amendments increasing earlier
permits. By significantly increasing the overall permitted pumping (the
cumulative impact of all of the permits), the amount of groundwater that has
been withdrawn by ten communities around White Bear Lake has doubled since
1980 (USGS, 2013). The DNR’s conduct in allowing this doubling of permits has
resulted in a decline in the lake level of White Bear Lake. This decline in the lake
levels is evidence of impairment of White Bear Lake and shows that the DNR’s
conduct has impaired White Bear Lake overall.

3.

Ecology

130. Current low water levels in White Bear Lake have already caused
the following measurable adverse ecological impacts to White Bear Lake:
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a. White Bear Lake has become smaller, with 10% less total
lake surface area and 18% less total lake volume;
b.

The littoral zone of White Bear Lake, necessary to support

fish and aquatic plant life has also become smaller, with 4%
less total littoral lakebed area and 17% less littoral zone
volume; and
c. Water quality is declining, with increasing phosphorus
concentrations and decreasing water clarity. In fact, water
quality modeling indicated that increased in-lake
phosphorus concentrations by ca. 1-2 µg/L could be
attributed to a 3.6 feet lake level decline compared to the
1978-2002 average lake level.
131. If Lake levels continue to decline, the following measurable adverse
ecological impacts to White Bear Lake are likely to occur:
White Bear Lake will continue to decrease in size.

a.

b. Decreased water quality, including an increase in
phosphorus that reduces water clarity. Modeling indicated
that a 6.0 feet reduction in lake level would increase the inlake phosphorus concentration by ca. 2-4 µg/L and decrease
water clarity by ca. 1 foot, and an 11.0 feet reduction in lake
level would increase the in-lake phosphorus concentration
by 5-8 µg/L and decrease water clarity by ca. 1.5-2 feet.
c. The littoral zone, necessary to support fish and aquatic
plant life, will further shrink in size, thus threatening
shallow-water communities. Modeled decreases show a
decrease in the littoral zone volume of 23% at 5 feet below
the 1978-2002 average lake level and 42% at 10 feet below the
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average lake level. This would increase competition for high
quality forage, shelter, and spawning sites among fish, and
reduce the overall size of the fish population that can be
supported by a smaller White Bear Lake.
d. Increased water turbulence from more concentrated boat
activity in the North and West Bays under lower lake levels
will likely disturb or even destroy portions of the aquatic
plant community. This disturbance can harm sensitive
aquatic plant species and increase the spread and
colonization of invasive species.

D.

Impairment cannot be blamed on Natural Causes or Cycles.

132. I understand that the Defendants may submit that natural processes,
such as a lack of precipitation, or a natural cycle of lakes levels, is the primary
cause of low water levels in White Bear Lake and the underlying aquifers, and
that water levels will be restored with normal precipitation over a sustained time
period, or given more time. As explained above, while precipitation plays a role
in maintaining and recharging surface water and groundwater levels in and
around White Bear Lake, it does not account for the declining elevations over the
past decade. Similarly, a natural lake cycle does not explain the dramatic
decrease in lake levels of White Bear Lake.

1.

Lack of Precipitation [or Precipitation Trends]

133. The role of precipitation in the lake water balance and lake levels
was investigated by USGS (2013). They found that the recent decline in lake
levels was not due to a decline in precipitation. Similar amounts of rainfall fell
on the area from 1980-1987 (260.8 in.) and from 2003-2010 (257.2 in.). From 1980-
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1987 the lake level fell 0.29 feet. From 2003-2010 the lake level fell by 5.30 ft. The
large difference in declining lake levels cannot be explained by the small
difference in rainfall totals.
134. USGS (2013) also compared the relationship between lake level and
annual (not cumulative) precipitation for the years 1978-2002 and 2003-2011.
They found that for any given amount of annual precipitation, the lake level rose
less or fell more during 2003-2011 than during 1978-2002. This is a strong
indication that changing factors other than precipitation are having a profound
impact on the lake.
135. USGS (2013) calculated that the average annual loss of water from
White Bear Lake increased by 490 Mgal/yr during the years 2003-2011. In order
to make up that difference and maintain the normal level of the lake, average
annual precipitation would have to increase from 33 to 37 in. It is highly unlikely
that the average annual precipitation is going to increase by more than 10% in
coming years and decades. One or two years of above normal precipitation will
raise the level of the lake, but increased precipitation will not change the longterm conditions of the lake. We completed our own assessment of the inputs and
outputs in the water budget analysis and also found that natural cycles alone do
not match well with the unusually low lake levels (See Figure 14 above).

2.

Potential for Natural Lake Level Recovery

136. Lakes do not have set cycles where water levels rise and fall in
predictable patterns. Lake water levels react to short term and long term trends
in evapotranspiration, precipitation, and man-made inputs and withdrawals.
Groundwater/lake interactions are also significant, but groundwater also reacts
to the same evapotranspiration, precipitation, and man-made influences.
Waiting for evapotranspiration to decrease and precipitation to increase is not a
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viable alternative for restoring White Bear Lake. There are no scientific studies
or projections suggesting that precipitation will increase in the long term. In fact,
long-term weather forecasting is not reliable with current technology. Manmade influences are much more predictable. Trends indicate that wells and
water suppliers will continue using the same groundwater systems to increase
diversion of water out of the aquifers and away from the lake at a greater rate
than it can be replenished by normal precipitation.

3.

Ongoing Water Uses and Impairment

137. The Metropolitan Council requires cities and townships to prepare
water supply plans that include projected water use. These data are compiled in
the Master Water Supply Plan (Met Council, 2009). Table 10 shows the projected
increase in water usage for communities near White Bear Lake that rely on
groundwater for their water supply. All these communities currently draw
water primarily on the Prairie du Chien aquifer. Water use and groundwater
withdrawals are projected to increase by more than 60% by 2050.
Table 10. Projected Groundwater Use By Communities Near White Bear Lake
Projected Annual Water Use (MGal/Yr)
Municipality
2010
2020
2030
2040
2050
Centerville
153.30 197.83
252.58
301.63
350.87
Columbus
13.87
76.29
124.47
188.02
241.87
Hugo
649.70 1076.75 1533.00 2025.71 2485.04
Lake Elmo
135.05 350.40
540.20
753.10
885.52
Lino Lakes
642.40 832.20 1047.55 1378.73 1598.20
Mahtomedi
313.54 313.54
313.54
356.99
366.96
North St. Paul
496.40 500.05
521.95
499.96
514.69
Oakdale
1222.75 1241.00 1310.35 1439.30 1513.41
Vadnais Heights
564.40 584.85
687.09
786.80
853.87
White Bear Lake
1058.50 1058.50 1058.50 1111.21 1176.04
White Bear Township
631.45 751.90
762.85
815.95
868.72
Total 7891.36 9003.31 10182.08 11697.40 12905.19
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Increase over 2010
14%
29%
48%
64%
Note: Birchwood Village, North Oaks, and Willernie receive water from other
municipalities listed above and are included in those projections.

E.

Potential Solutions and Feasible Alternatives

138. In addition to the above study, I have also analyzed the available
alternatives to remedying the low water levels suffered by White Bear Lake and
the underlying aquifers. I have identified several alternatives that would
positively impact the water levels in both systems. An ad hoc lake-level working
group of the White Bear Lake Conservation District, consisting of representatives
of DNR, Met Council, Ramsey County, and homeowners identified many of
these alternatives as potential solutions to the problem of low lake levels in
White Bear Lake. (Exhibit 153 to Frischman dep.) These include:
a. Establish a groundwater management area that includes White
Bear Lake that reallocates water appropriations and uses,
imposes water conservation requirements, and restores White
Bear Lake surface w ater levels to a protected elevation.
b. Pump water for domestic water supply from an aquifer other
than the Prairie du Chien-Jordan aquifer, such as the Tunnel
City/Wonewoc aquifer.
c. Access and treat surface water from the Mississippi River to
supplement water levels in White Bear Lake, and subsequently
the Prairie du Chien-Jordan aquifer.
d. Access surface water from the Mississippi River to be treated in
local potable water treatment plants before being included in
the distribution system.
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e. Augment public water supplies with surface water from the St.
Paul Regional Water Services and reduce high-capacity water
appropriations to pre-2000 levels.
f. Capture, treat, and discharge wastewater within the area around
White Bear Lake to be used to augment White Bear Lake surface
water levels, and subsequently, the Prairie du Chien-Jordan
aquifer.
g. Develop and implement a balanced water conservation program
to reduce aquifer pumping.
139. In my opinion, no single solution will solve the problems facing
White Bear Lake and the Prairie du Chien-Jordan Aquifer. Instead, a variety of
options should be identified and utilized. In order to measure and ensure the
options implemented are effective, standards or goals should be identified for
each option utilized. For example, I agree with the Met Council that
conservation should result in a 20% reduction in water needs. This 20%
reduction goal should be actively encouraged and measured, for example on a
per household water use basis. Some communities may need to obtain their
water from the St. Paul Regional Water Services while others obtain water from a
deeper aquifer. This means that less water will be appropriated from the Prairie
du Chien-Jordan Aquifer. This could bring the water appropriations from the
Prairie du Chien-Jordan Aquifer back to pre-2003 levels. Augmentation from the
Mississippi River may also be used to directly add water to White Bear Lake.
This augmentation, for example, could be used when certain standards are met
and turned on and off in the long-term. As discussed below, a protected
elevation could also be set to serve as a hard stop on water appropriations from
the Prairie du Chien-Jordan Aquifer in the White Bear Lake area. Possible
alternatives are discussed below.
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1.

Groundwater Management Area Alternative.

140. This mitigation option involves the Department of Natural Resources
establishing a Groundwater Management Area (GWMA) in the northeast metro
area, including the area around White Bear Lake. Minnesota Statute 103G.287,
Subd. 4(a) states that “The commissioner may designate groundwater
management areas and limit total annual water appropriations and uses within a
designated area to ensure sustainable use of groundwater that protects
ecosystems, water quality, and the ability of future generations to meet their own
needs. Water appropriations and uses within a designated management area
must be consistent with a plan approved by the commissioner that addresses
water conservation requirements and water allocation priorities established in
section 103G.261.”
141. Plans are already underway for establishing a GWMA for the North
and East Metro area, including White Bear Lake. The boundary of the GWMA
would likely include Ramsey, Washington, and the southern part of Anoka
County. The DNR will first need to establish the GWMA boundaries. The DNR
will also develop a Groundwater Strategic Plan outlining the resources to be
protected and water use priorities. They will also need to develop methods for
evaluating impacts and limiting groundwater appropriations. This process
could take several years to develop and implement, with little immediate results
on addressing the level of White Bear Lake.

2.

Tunnel City/ Wonewoc Wells Alternative.

142. This mitigation option considers replacing the Prairie du Chien wells
with wells that draw from lower aquifers that do not appear to be hydraulically
connected to White Bear Lake. One option is to drill new wells into the Tunnel
City/Wonewoc (TC/W) aquifer to replace the public water supply wells that
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currently pump from the Prairie du Chien aquifer. With less water being
pumped from the Prairie du Chien, water levels in the aquifer should rise over
time. With higher water levels in the aquifer, the difference in head, or gradient,
between the lake and the aquifer would be reduced. The reduction in gradient
would be directly proportional to the reduction in the volume of water flowing
from the lake into the aquifer. The hydrology of the lake would be restored to a
more natural condition and water levels would rise over time.
143. Very few wells are drilled into the TC/W aquifer in the area of White
Bear Lake. It is less expensive to complete a well in the overlying Prairie du
Chien aquifer. The only municipal well that taps the TC/W aquifer is an old
multi-aquifer well in the City of White Bear Lake that extends to the Mount
Simon-Hinckley aquifer.
144. The water quality and quantity available from the TC/W aquifer
cannot be definitely determined until test wells are drilled in the locations of
future municipal wells. However, other wells in the TC/W aquifer in other
regions of the Twin Cities metropolitan area indicate that the aquifer will likely
yield adequate amounts of good quality water. Water quantity and quality data
from other wells are included in Exhibit 5.
145. Other municipal wells and water supplies that rely on the TC/W
aquifer in the Twin Cities area are listed in Exhibit 5 (Table 5-1). A TC/W well
could produce about 800 gallons per minute (GPM) over the long term based on
other wells in different areas. Initially, and after redevelopment, they can
produce more. But other TC/W wells in the northern suburbs have experienced
declining capacity over time (Renner, personal communication).
146. Water quality data were obtained from the Minnesota Geological
Survey (MGS) and the Minnesota Department of Health (MDH). MGS has
collected data on major cations and anions as well as several basic water quality
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parameters from TC/W wells. The data are shown in Exhibit 5, Table 5-1, and
the well locations are on Figure 5-2. No wells were sampled in the immediate
area of White Bear Lake. However, the data from the sampled wells shows the
water has similar chemistry as water from the Prairie du Chien aquifer, and there
are no indications of poor water quality. Water hardness is comparable to the
Prairie du Chien aquifer, so water softening methods and costs could also be
comparable.
147. MDH collects data on nitrate and arsenic for every new well that is
constructed. Data from wells in the TC/W aquifer in the cities surrounding
White Bear Lake are shown in Exhibit 5, Table 5-3 and on Figure 5-2. No
concentrations above Health Risk Limits were reported.
148. Replacement of one or two high-capacity municipal wells that
currently pump from the Prairie du Chien will likely not restore water levels in
the aquifers below White Bear Lake to its previous level. Many wells in the area
likely contribute to the drawdown of water levels in the aquifers below White
Bear Lake. Exhibit 6 includes calculations to determine the relative impact of
individual high capacity wells that have been permitted within five miles of
White Bear Lake. No well causes more than about 8% of the drawdown below
the lake based on this simple analysis.
149. Without more detailed groundwater and surface water flow
modeling, it is difficult to determine precisely how much reduction in pumping
would be required to return White Bear Lake water levels to “normal” nor how
much time would be needed. We assumed that if the pumping from the Prairie
du Chien aquifer were reduced to the volumes recorded in 2002, water levels in
White Bear Lake would eventually return to 2002 levels. This represents a
reduction of about 40% of the current total pumping from high capacity wells.
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150. The best way to raise water levels in the aquifers below the lake is to
discontinue pumping the wells having the greatest effect on the aquifers. Six
wells account for about 40% of the pumping drawdown near White Bear Lake
based on generalized estimates, as shown in Exhibit 6. The six wells are owned
and operated by two entities, the City of White Bear Lake and the St. Paul
Regional Water Services. The location of these wells, along with other high
capacity wells, is shown on Figure 20. Based on the initial drawdown estimates,
it would be more cost effective to replace these six largest capacity wells rather
than many smaller capacity wells, given their size and location relative to the
lake.
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Figure 20. Location of High-Capacity Wells
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151. The six existing Prairie du Chien wells produce about 1400 to 1700
GPM. Because each TC/W well will produce only approximately 800 GPM longterm, each Prairie du Chien well will need to be replaced by two TC/W wells. A
typical well design for a TC/W well is shown on Figure 21. According to the
Well Code, wells that extend through multiple aquifers must case off the upper
aquifers in order to prevent cross-contamination during and after drilling.
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Figure 21. Stratigraphy Below White Bear Lake and Typical Tunnel City/Wonewoc
Well
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152. Cost Discussion and Summary Table. Costs were calculated for
drilling a single well to the TC/W aquifer. It was assumed that at least one new
well could be constructed near each well that is being replaced. This would
eliminate the cost of acquiring land and permitting a new well site for half of the
replacement wells. It also reduces the amount of new piping required to connect
the new well to the existing distribution system. Additional wells would be
located as close to the existing wells as possible to reduce infrastructure costs.
For planning purposes, it was assumed new sites could be found within 2,000’ of
existing wells, but further investigation is needed to determine if this is indeed
feasible. Analysis of potential well interference (the effect of lower water levels
on nearby wells) would need to be completed after the well locations are
selected. Future well locations could not be determined at this time, so a
conservative cost for acquiring and permitting new well sites was included in the
estimate.
153. It may be possible to save costs by extending the depth of an existing
well rather than drill a new one. This method may not be feasible or cost
effective depending on the diameter of the existing well, the integrity of the
casing, and the equipment and buildings associated with the well. Costs are not
provided for this option, but it should be investigated further if this mitigation
option is pursued.
154. The cost of drilling a single new TC/W well is shown in Table 11. The
cost of the wells and equipment were provided by Roger Renner of E.H. Renner
& Sons well drilling. Each new well will require a 72-hr pump test and standard
water quality tests. Pump test equipment costs and analytical costs are also
included in Table 11.
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Table 11. Drilling and Testing Cost of an individual well (Renner, personal
communication)
Unit
Description
1

Mobilization/Demobilization

2

Units

Unit

Price

Extension

1

LS

$25,000

$25,000

Drill and Drive 30" Casing (Drift)

60

LF

$245

$14,700

3

Drill 30" Open Hole (Glenwood/PLTVL)

35

LF

$75

$2,625

4

Drill 30" Open Hole (St. Peter)

150

LF

$85

$12,750

5

Drill 30" Open Hole (Prairie du Chien)

50

LF

$130

$6,500

Drill 30" Open Hole (Jordan/St.
6

Lawrence)

240

LF

$85

$20,400

7

Set 24" Casing

535

LF

$110

$58,850

8

Neat Cement Grout

45

CY

$450

$20,250

9

Drill 24"Open Hole (FIG)

182

LF

$105

$19,110

10

Explosive Development

600

LB

$40

$24,000

11

Sandstone Removal

600

CY

$80

$48,000

12

Development Equipment

1

LS

$10,000

$10,000

13

Air Development

$275

$20,625

14

Test Pump Equipment

15

75

HRS

1

LS

$5,500

$5,500

Discharge Pipe Line

250

LF

$10

$2,500

16

Test Pumping

200

HRS

$155

$31,000

17

Cleanup, TV, Water Quality Test

18

1

LS

$3,200

$3,200

Silt Fence

350

LF

$6

$2,100

19

Hay Bale Check

100

LF

$10

$1,000

20

Rock Construction Entrance

1

LS

$1,950

$1,950

21

Seed and Mulch Temp. Cover

0.3

AC

$1,000

$300

Total
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$330,360

155. Other equipment costs are shown in Table 3. The pump house cost
could vary depending on the architectural design. Cost savings could be
possible if existing pump houses were used, or if one pump house could serve
multiple wells.
Table 12. Equipment and Pump House Cost of an Individual well
Description

Cost

Notes

Pump and motor

$20,550

Submersible Grundfos 75hp @300tdh

Drop pipe & wire

$10,800

190ft set 8” dia

Baker Monitor pitless unit

$24,370

9PS2426WBWE010M10

Controls

$41,970

Pump House, mechanical

$395,000

Connection to municipal water
system

$140,000
Total

$140/ft, assume wells avg. 1000 ft away

$632,690

156. Water quality in the new wells was assumed to be the same as in the
existing wells. No costs were included for new water treatment facilities.
Existing treatment for hardness and fluoridation would continue using the
current equipment. Table 13 shows a summary of all costs for this mitigation
option.
Table 13. Preliminary Cost Estimate – Groundwater pumping from different aquifer
TOTAL
BASE BID ITEM (Installed)

QUANTITY

UNIT

UNIT PRICE
AMOUNT

LAND ACQUISITION AND PERMITTING

1

LS

$500,000

$500,000

TEST WELLS

2

EA

$50,000

$100,000

TC/W AQUIFER WELLS

12

EA

$331,000

$3,972,000

PUMP HOUSE, EQUIPMENT, AND PIPING

12

EA

$633,000

$7,596,000
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SUBTOTAL:

$12,168,000

25% CONST.
$3,042,000
CONTINGENCY:
TOTAL:

$15,210,000

20% PROF.
$3,042,000
SERVICES:
GRAND TOTAL:

$18,252,000

157. Limitations, Risks, and Uncertainties. The greatest uncertainty of this
option is that it does not directly raise the level of White Bear Lake. Reducing
pumping will reduce the outflow of water to the aquifers below the lake, but it is
not known by how much. We also do not know how quickly the lake level will
begin to rise. An integrated groundwater/surface water/climate model would
be required to make those predictions, although those predictions would still
have significant uncertainties.
158. There is some uncertainty about water quality and quantity in the
area of the proposed wells. However, preliminary data discussed above suggest
that water quality and quantity will be adequate for a municipal drinking water
supply, but it would need to be verified.

3.

Raw Water from the Mississippi River to Augment Lake
Levels Alternative.

159. This mitigation option looks at the possibility of supplementing
White Bear Lake with water pumped from the chain of lakes that is used by the
St. Paul Regional Water Services for drinking water for the City of St. Paul and
surrounding communities. SPRWS has informed DNR that it believes that
directly augmenting White Bear Lake with surface water from SPRWS is “very
feasible.” (Exhibit 142 to Frischman dep.) This water comes from an intake on
the Mississippi River. Currently water from the chain of lakes is also used for
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supplementing Gilfillan Lake and Snail Lake. A filtration system is used to
prevent the transport of zebra mussels from the chain of lakes to the lakes being
supplemented. White Bear Lake is significantly larger than Gilfillan and Snail
Lakes and is also further away from this potential source of water. Therefore,
the infrastructure needed to transport the water would be significantly larger
(Figure 22).
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Figure 22. Raw Water - Direct Lake Augmentation.
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Table 14. Preliminary Cost Estimate – Raw Water - Direct Lake Augmentation

160. Ongoing maintenance and operation costs are an important
consideration with this option. Based on conversations with the St. Paul
Regional Water Service the cost for “raw” water would be between $70 to $80 per
million gallons. If the system were run continuously it would cost
approximately $300,000 per year to purchase water from the SPRWS. In
addition, it would cost approximately $200,000 per year in electrical costs if run
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continuously. Filters would need to be replaced every 10-years. The pumps
would likely need ongoing annual maintenance and potentially need to be
replaced every 25 years. Ongoing operation and maintenance costs could easily
exceed $500,000 per year as the lake is filling up. The costs could drop over time
if the need for water was reduced after the lake gets back to a normal water level.
161. In order to deliver a large quantity of water to White Bear Lake the
project proposes a pumping station and a 4.2-mile long, 24-inch inside diameter,
force main that would deliver water along the Highway 96 corridor to White
Bear Lake. A dual pump system of approximately 450 HP total would be used.
The dual system would allow for continued operation should one pump need
repair or during regular ongoing maintenance. This project would be capable of
delivering 7,500 gallons per minute. This is equivalent to 10.8 million gallons per
day.
162. A filtration system would also be included to prevent the passage of
zebra mussels. The filtration system assumed here would be similar to that
installed for Snail Lake. This system uses a two stage filtration system with the
primary filter at 250 microns and the secondary filter at 25 micron. Because of
the added volume needed this system would need to be scaled up to
accommodate the increased flows. This would result in a filtration system
approximately 3-4 times the capacity of the system used for Snail Lake which
had a maximum capacity between 1,750-2,500 gallons per minute.
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163. The estimated total cost this project is approximately $22 million.
This cost assumes filtration for Zebra Mussels and a potential cost for a water
quality treatment prior to delivery to White Bear Lake. See discussion under
limitations below regarding the large range of water quality treatment that may
be required.
164. Limitations, Risks, & Uncertainties. It is possible that this option
would not be acceptable unless water quality issues can be addressed. Currently
water that is piped from the Mississippi River is treated with ferric chloride in a
wetland area upstream of Charlie Lake (SPRWS). This helps remove dissolved
phosphorus. The water then travels through Charlie Lake and Pleasant Lake
providing further treatment and settling. The proposed intake for the system to
deliver water to White Bear Lake is envisioned to be located near the outlet of
Pleasant Lake. Although this water is of fairly good quality and has been
considered adequate for supplementing Snail Lake and Gilfillan Lake it is
uncertain as to whether the quality of water would be considered clean enough
by the DNR and residents for use in supplementing White Bear Lake. Adding an
additional water quality treatment system could range anywhere from $1 million
to in excess of $20 million depending on the level of treatment desired, the
constituents that need to be removed, and the amount of land needed.
165. There is also a large amount of uncertainty in the efficiency of the
added water. It should be assumed that some percentage of the added water to
the lake will end up filtering down into the aquifer. As an example, if this
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system was run continuously for one year it could produce the equivalent of
about 5-feet of water on White Bear Lake, however because adding this water
will increase the head on the lake and increase outflows to the underlying
aquifer it is possible that it would only result in an increase of 2.5 feet on the lake
or even less. Without more detailed groundwater and surface water flow
modeling, the annual effect from adding water to the lake versus how much will
go to recharge the stressed aquifer below can not be predicted.
166. Possible Variations to this Option. The capacity of this system could be
scaled down to reduce costs; however the speed of filling and ability to return White Bear
Lake to normal water levels would be reduced. The effects and rate of filling are difficult
to quantify at this point per the discussion above on groundwater-surface water
interactions.

4.

Mississippi River Water Used to Augment Existing Potable
Water Systems.

167. This option consists of replacing or augmenting the groundwater
supply for communities surrounding White Bear Lake. The source water would
be raw water from the chain of lakes (& Mississippi River) from which the City
of St. Paul gets its drinking water. This “raw” source water would be pumped
along the Highway 96 corridor to a new water treatment plant that would be
able to convert surface water to drinking water (Figure 23). This treatment plant
would then be tied into the existing piping and storage infrastructure that
currently exists. While much of the community potable water system’s
infrastructure would be able to be utilized as-is, it is assumed that some replumbing of the system would be needed to deliver to the surrounding
communities.
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Figure 23. Raw Water with Local Water Treatment Plant
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Table 15. Preliminary Cost Estimate – Raw Water with Local Water Treatment Plant.

168. For this mitigation option it was assumed that a similar pipeline
delivery system as used under the mitigation option that pumps raw water to
White Bear Lake would be utilized. This 7,500 gpm system would be capable of
producing 10.8 million gallons per day. Dual 18-inch pipes would be used
instead of the single 24-inch pipe. This would provide redundancy and limit
water shortage in the event that there was an issue with one of the pipelines.
Currently the City of White Bear Lake’s Water Treatment Plant has the capacity
to treat 7.2 million gallons per day. Therefore a 10.8 MGD treatment plant could
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replace the entirety of the City of White Bear Lake water supply and at least a
portion of one or more of the surrounding communities such as White Bear
Township, Birchwood Village, and/or Mahtomedi.
169.

Water Treatment Plants for surface water treatment are significantly

different and more complex than a treatment plant used for minor treatment of
groundwater. Therefore, this cost estimate assumes that a new water treatment
facility would need to be constructed. The treatment process would likely
include coagulant and polymer addition, rapid mix, flocculation, settling,
filtration, and disinfection. For a very rough approximation of this cost $2
million dollars per MGD capacity was used. After adding the cost in for the
pipeline system to deliver water from the chain of lakes and some very rough
estimates of infrastructure improvements the total estimated project cost of
approximately $56 million.
170. A similar system is being constructed in the City of Fairmount,
Minnesota. This system will use Budd Lake (which is part of a chain of lakes) as
its source and will produce up to 5.4 million gallons per day. For comparison the
cost of this project was estimated to be $31 million. This system will use two 16inch transmissions lines to carry the water to the plant, two solids-contact
softening basins, two recarbonation basins, two lime sludge holding basins, two
filter presses for lime sludge dewatering, four 1.8 MGD convention filters, four
1.8 MGD granular activated carbon adsorption filters for taste and odor, a
590,000 gallon clearwell with three high service pumps, an on-site sodium
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hypochlorite generation system for disinfection, and chemical storage and feed
systems. SPRWS’s Pleasant Lake water quality is generally better quality than
Budd Lake due to the upstream treatment of the Mississippi River water with
Ferric Chloride prior to discharge to Pleasant Lake. Water softening processes
may also not be needed for the SPRWS water. The treatment process would still
be similar but the process would benefit from this pretreatment and the sludge
production would potentially be less. (Reference:
http://www.health.state.mn.us/divs/eh/waterline/featurestories/fairmount.ht
ml)
171. Limitations, Risks, & Uncertainties. All water treatment plants are
different depending on the source of the water and the constituents to be
removed. The cost of the treatment plant could very significantly from this cost.
This cost also assumes that much of the existing water distribution infrastructure
could continue to be utilized. The layout of the existing pipe system and storage
tanks may not be fully compatible with a new centralized treatment facility. For
purposes of this cost estimate the additional infrastructure was assumed to be $4
million; however this cost could vary significantly. A study of the existing
infrastructure of the various cities would be needed to determine these costs.
172. From an overall operations and maintenance costs perspective there
would be various offsetting costs. For example the costs to pump groundwater
would no longer be needed, but this cost would likely be offset by the cost to
pump water from the SPRWS chain of lakes over to the new water treatment
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plant. Treatment costs and sludge production would likely be reduced due to
the pretreatment performed by the SPRWS to the water being pumped from the
Mississippi; however the SPRWS will be charging for the water at a rate of $70$80 per million gallons.
173. Due to the added treatment required, it is anticipated that the cost to
produce potable water would increase over the existing use of groundwater
which requires less treatment. The difference in cost has not been quantified,
however based on some limited research the annual Operation and Maintenance
cost related to the treatment process might double to switch from treated
groundwater to treated surface water. A full feasibility study would be needed
to assess all of the potential costs and offsets and to relate that change in cost to
potential changes to water fees.

5.

Connect to SPRWS Treated Water (Potable Water)
Alternative.

174. This option entails connecting the water supply of the communities
surrounding White Bear Lake to the St. Paul Regional Water Services system.
This would eliminate a significant portion of the groundwater pumping in the
area. The main component of this option would be providing a supply pipeline
from the St. Paul Regional Water Treatment Plant to the City of White Bear Lake
(Figure 24). Booster Stations along the pipeline would be needed to get the water
up to these communities from the existing SPRWS system. The existing storage
tanks in the local communities (e.g. water towers) would continue to be utilized
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for delivery to the communities.
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Figure 24. Connect to St. Paul Regional Water Supply
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175. Summary Table and Cost Discussion. Table 7. Preliminary Cost
Estimate – Connect to SPRWS

176. The cost outlined above would provide potable water to the City of
White Bear Lake with the ability to supplement some of the surrounding
communities. The City of White Bear Lake already has a centralized drinking
water treatment plant; therefore it is assumed that minimal infrastructure would
be needed to distribute the water to the City of White Bear Lake if a connection
was made at the location of the existing treatment plant. The pipeline required
would be approximately 8.2 miles and provide 10.8 MGD of capacity to the
water system. It is also assumed that a secondary connection between the local
system and the SPRWS system would be made at the intersection of Beam
Avenue and Hazlewood Street approximately 2.8 miles from the existing White
Bear Lake Treatment Plant for redundancy.
177. Connections to other communities would require added
infrastructure. For purposes of this cost estimate the additional infrastructure
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was assumed to be $4 million; however this cost could vary significantly. A
study of the existing infrastructure of the various cities would be needed to
determine these costs. The total cost of this project is estimated to be $39 million.
178. Limitations, Risks, & Uncertainties. For simplification purposes of
this cost estimate it was assumed that all pipes would be 24-inch I.D watermains.
The estimated cost-per-foot used for pipe installation assumes difficult urban
conditions, if quality corridors could be found or a route could be found on roads
that have planned reconstruction, the cost per foot installed could be less.
Significantly more research would need to be done on pipeline routes, sizes, and
locations and sizes of booster stations if this option were to be pursued. There
are numerous unknowns and considerations that are beyond the scope of this
level of assessment.
179. Similar to the new water treatment plant option, from an overall
operations and maintenance costs perspective there would be various offsetting
costs. For example the costs to pump groundwater would no longer be needed,
but this cost would likely be offset by the cost to pump water from the SPRWS.
Based on conversations with the SPRWS the cost to buy treated potable water
wholesale would be $2.00 per 100 cubic feet or about $2,700 per million gallons.
This is significantly higher than the $70-$80 per million gallons for raw water.
However, by using the SPRWS wholesale water there is no capital or O&M costs
associated with building a new water treatment plant. A full feasibility study
would be needed to assess all of the potential costs and offsets and to relate that
change in cost to potential changes to water rates.
180. Variations: One variation of this option could be to only connect into
the existing SPRWS system at Beam Avenue and Hazlewood Street. The
available additional capacity at this location is unknown and probably would not
provide all of the water needs for the City of White Bear Lake, however it may be
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possible to use this connection to provide a percentage of the City of White Bear
Lake water at a “low cost” while continuing to supplement with ground water
pumping as needed. The advantage of this option would be significantly
reduced capital costs, because a new pipeline would not need to be placed all the
way from the St. Paul Regional Water Treatment Plant. The complication with
this option is that the SPRWS uses a different means of disinfection than the City
of White Bear Lake. The SPRWS uses chloramines and the City of White Bear
Lake uses Chlorine. These two treatment options are not compatible and the
water from the two systems cannot be combined. However, if the City of White
Bear Lake were to convert to disinfection with chloramines this option would be
feasible. A very preliminary estimate (based on limited research) to convert the
White Bear Lake Treatment Plant to Chloramines is $200,000.

6.

Wastewater Reuse Alternative.

181. In other parts of the United States, wastewater is viewed as a resource
that must be used to meet community water needs. In some areas, naturallyoccurring sources of water such as groundwater, lakes, rivers, and precipitation
cannot meet all of the water supply needs. Reuse of wastewater must be used to
help meet some of those demands.
182. Wastewater reuse can take different forms including:
a.

Piping treated wastewater to non-potable uses. Rather

than discharging wastewater to a river or other surface
water body, the treated wastewater is piped to areas where
non-potable water is acceptable. Non-potable uses include
golf course irrigation, commercial laundries, car washes,
snow-making machines, cooling water or other industrial
uses, etc. This is often called a “purple pipe” system because
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different-colored pipes are used to distinguish potable and
non-potable water supplies.
b. Injecting or infiltrating treated wastewater into the aquifer.
Wastewater that has been through primary and/or
secondary treatment can be infiltrated back into the surficial
aquifer, which could include an engineered drain field. This
is similar to a residential individual sewage treatment
system (ISTS) or septic system, but on a larger municipal
scale. The system requires very permeable soils and
adequate separation between the drain field and the water
table in order to prevent groundwater pollution.
c. Discharging treated wastewater to White Bear Lake.
Currently wastewater from White Bear Lake and
surrounding cities is piped south to regional wastewater
treatment plants along the Mississippi River. If that water
could be discharged to White Bear Lake, it would augment
the level of the lake.
d. On-site Greywater Reuse. Wastewater that is separated at
the source (also sometimes referred to as a on-site purple
pipe system), captures wastewater that does not include
toilet water, dishwasher water, or sink water. The
separation of toilet water, dishwasher water, or sink water,
sometimes referred to as “blackwater” reduces the
introduction of fecal matter and perishable organic matter,
reducing the human health risks of this water source.
Greywater can be routed to non-potable uses, such as toilet
flushing, irrigation, etc., or to groundwater recharge facilities
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with minimal or no treatment. Greywater reuse for potable
water could also be more easily treated to potable water
standards to augment potable water sources. (USEPA, 2012)
183. Cost Discussion. This alternative can be prohibitively expensive.
With each of the alternatives above, a local wastewater treatment plant would
need to be constructed and operated, and the existing sanitary sewer system that
conveys water to the regional treatment plants would need to be abandoned.
The “purple pipe” system requires an entirely separate, parallel set of pipes.
184. With each of the alternative water supplies listed above, it should be
recognized that even replacing only part of the water supply will result in
decreased pumping from the Prairie du Chien aquifer and decreased impacts to
White Bear Lake.

7.

Water Conservation Alternative.

185. Water conservation programs are fundamentally different from the
other mitigation options in several ways:
•

The programs can be gradually implemented over time and in different
areas.

•

Many of the costs are borne by individual users and not by municipal
governments.

•

There are tangible benefits to individuals through savings on water bills.
186. Effective conservation does not rely on a single solution or program,

but rather a balance of several programs. Balanced water conservation programs
use a combination of voluntary and mandatory measures. Lawn watering
schedules or emergency bans, home water audits, programs to retrofit watersaving fixtures, water recycling, and conservation rate structures can all be
implemented to reduce water use. Education and information programs
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regarding the wise use of water are an important cornerstone to conservation
efforts.
187. Many government programs provide low-cost assistance for
developing water conservation programs. It is up to the individual
municipalities to select which programs will work in their area and address
specific problems. Websites with information include:
http://www.dnr.state.mn.us/waters/watermgmt_section/appropriation
s/pwsconserve.html
http://www.usbr.gov/mp/watershare/resources/waterlearn.html
http://metrocouncil.org/Wastewater-Water/Planning/Water-SupplyPlanning/Water-Conservation-Toolbox-(1)/Conservation-Toolbox-WaterSuppliers.aspx
188. For this study, recommendations from a guide book produced by
Colorado WaterWise and Aquacraft, Inc. (2010) and referenced on Minnesota
DNR websites was used. Table 8 shows conservation measures (best practices),
water savings, and estimated costs. The guide book recommends measures #1-6
as “foundational, no excuse best practices.” Conservation measures #7 and #8
are examples of advanced measures that could work well in the area around
White Bear Lake. Only measures #1-6 were used for this cost analysis, although
other measures could be easily added later.
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Table 16. Conservation Measures (Colorado WaterWise and Aquacraft, Inc., 2010)
No. Best Practice

Comments

1

Metering,
Conservation
oriented
rates and
tap fees,
customer
categorization
within billing
system

2

Integrated
resources
planning,

Measuring
consumption
with meters,
providing regular
water bills, and
employing a rate
structure that
sends a strong
price signal to
customers
(including those
with high
demands) are the
most
fundamental and
effective water
conservation
practices. All
other best
practices are
aided and
supported by this
effort. Increasing
block rate
structures,
particularly
water-budget
based rate
structures and
individualized
rates are the most
effective for
reducing
excessive
demands.
Integrated
resources
planning (IRP)

Estimated Water
Savings
· Metering: 10 – 40%
reduction vs. unmetered.
· Rate structure:
Varies by structure
and rates. Reduction
range = 0 – 30%.
· Tap fees: Varies by
method. Efficient
buildings have been
shown to use 30-70%
less water. Linking
tap fees to demands
will encourage
conservation.
· Customer
categorization: None.

Assume that
this has been
completed (or
will be shortly)
as required by
Minnesota Law.
Further
increasing
water costs
could lead to
further
conservation.

A plan by itself
No additional
doesn't save water. A costs, as this is
utility without a
only a change in
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Estimated Costs

No. Best Practice
goal setting, and
demand
monitoring

3

System water
loss control

Comments
encompasses
least-cost
analyses of
demand and
supply options
that compares
supply-side and
demand-side
measures (water
conservation) on
a level playing
field and results
in a water supply
plan that keeps
costs as low as
possible while
still meeting all
essential planning
objectives.
Leastcost IRP
ensures
customers pay the
lowest possible
rates while still
ensuring
adequate water
supplies and
utility funding.
Leadership by
example is a
powerful
component of a
successful water
conservation
program. Utility
water loss control
is usually the
utility-side
practice that
offers the most
water and cost

Estimated Water
Savings
conservation plan
doesn't save water
either.

Estimated Costs

Water savings from
water loss
management
programs depend
entirely on the
ongoing level of loss.
It should be the goal
of all water
providers to limit
real and apparent
losses to
economically
efficient levels.

Will vary
significantly
between water
systems.
Should be part
of current
maintenance
systems.
Assume
$50,000/yr
additional
maintenance
(White Bear
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focus for
ongoing
planning
activities.

No. Best Practice

Comments
savings. Water
loss control is the
practice of system
auditing, loss
tracking,
infrastructure
maintenance, leak
detection and
leak repair for
water utilities.
Auditing a water
distribution
system for real
and apparent
losses and
evaluating the
costs of those
losses is the
foundation of
water loss
control.

4

Conservation
coordinator

Every utility
needs to have
someone in
charge of water
conservation
efforts. A “go to”
person for water
conservation is
essential to the
successful
implementation
and management
of water
conservation
programs. For
large water
utilities, the job of
water
conservation

Estimated Water
Savings

Estimated Costs

A conservation
coordinator alone
doesn't save water,
but a coordinator (or
someone filling that
role) is essential to
successful plan and
program
implementation.

Assume 0.5 fulltime employee
(FTE) for each
water supplier.
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Lake 2010
maintenance
budget =
$100,000)

No. Best Practice

5

Water waste
ordinance

6

Public
information
and education

Comments
coordinator is a
full time job.
Small agencies
can select a staff
member who has
other primary
assignments to be
the designated
conservation
coordinator – the
person
responsible for
planning and
implementing
water
conservation
efforts.
Simple and
effective. Water
waste should not
be tolerated. A
water waste
ordinance is a
local regulation
that explicitly
prohibits the
waste of water
either from excess
irrigation runoff
or from irrigation
that occurs at a
prohibited day
and/or time. The
ordinance should
outline
enforcement and
penalties for
waste.
The public must
understand the
value of water

Estimated Water
Savings

Estimated Costs

Savings depend
upon publicity and
enforcement – much
like traffic laws.
Having an ordinance
provides a legal basis
for enforcement and
drought
management. It also
aids in peak demand
management.

Assume $10,000
professional
fees to establish
ordinance in
each
municipality.
Enforcement
would require
0.1 FTE

Utilities should not
This would be
rely on any water
conducted by
savings from a public the
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No. Best Practice

7

Residential
water surveys
and evaluations,
targeted at high
demand
customers

Comments

Estimated Water
Savings
and the
outreach campaign
importance of
alone. Conservation
wise stewardship outreach programs
and efficiency.
help establish a
Public
culture of wise water
information and
stewardship which
education is
over time results in
required in nearly behavior change and
all other best
effective action such
practices in this
as replacing
guidebook.
inefficient fixtures
and appliances.
Successful
conservation
marketing efforts
increase participation
levels in other utility
sponsored programs
such as landscape
audits or rebates.
Water surveys
Surveys by
and evaluations
themselves don't
(frequently
save water, but they
referred to as
often spur savings.
“audits”) that
Consider impacts to
identify water
wastewater flow too.
Eliminating
savings
opportunities and inefficient water uses
should be able to
educate
reduce annual
customers are a
consumption by 10 –
fundamental
20% after
component of
implementing the
residential water
recommendations of a
conservation
carefully conducted
programs.
site audit.
Although often
offered to all
customers, high
volume
customers should
be targeted first
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Estimated Costs
Conservation
Coordinator.
Other costs
included in #7
below. Assume
$10/unit for
printing,
postage, other
advertising.

(No costs
included)

No. Best Practice

8

High-efficiency
fixture and
appliance
replacement for
residential and
nonresidential
sectors

Comments
to maximize
water savings and
minimize
program
expenses.
The goal of this
best practice is to
increase the
installation rate of
water efficient
fixtures and
appliances and to
remove inefficient
and wasteful
devices from the
service area in
favor of efficient
products.

Estimated Water
Savings

Estimated Costs

The savings that can
be achieved in the
nonresidential sector
through the
replacement of
domestic fixtures
and through
specialized
equipment are
substantial, but less
definitively
quantified because of
the variability
inherent in nonresidential demand.

(No costs
included)
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189. Regulations. Regulations at the state and local level may be required in
order to get better compliance with conservation measures, rather than relying on
voluntary compliance.
190. Minnesota Statutes 103G.291 enables the governor to order conservation
measures when a “critical water deficiency” is determined:
“If the governor determines and declares by executive order that there is a
critical water deficiency, public water supply authorities appropriating water
must adopt and enforce water conservation restrictions within their jurisdiction
that are consistent with rules adopted by the commissioner.”

“The restrictions must limit lawn sprinkling, vehicle washing, golf course and
park irrigation, and other nonessential uses, and have appropriate penalties for
failure to comply with the restrictions.”
191. As of January 1, 2013, all metro area water suppliers are required to have
conservation rate structures. Generally, conservation rate structures discourage
excessive water use by increasing, not decreasing, the unit cost of water as the quantity
goes up. Cities may also use a seasonal rate to encourage conservation in the summer.
Seasonal rates might include a surcharge or an added fee to discourage constant
watering. Those fees or surcharges might disappear in the winter.
192. Cities must also consider the number of residential units in an apartment
building. Water usage to an apartment building is divided by the number of residential
units. If the average amount of water used by each apartment is higher than a
residential home, those users, or that building, will pay more (League of Minnesota
Cities, 2013).
193. No data is available about whether the rate structures described above are
in place or whether they have been effective in this localized area.
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194. A water waste ordinance could be part of a solution in this situation. A
water waste ordinance is a local regulation that explicitly prohibits the waste of water
from a variety of sources including (but not limited to) excess irrigation runoff or from
irrigation that occurs at a prohibited day and/or time, excessive pavement washing,
failure to repair leaks, utilizing single-pass water cooling, or even improper
maintenance of cooling towers at an unnecessarily low conductivity level.
195. Conservation through ordinance can have limitations. Enforcement is a key
piece of making an ordinance effective and enforcement requires staff resources.
Additionally, some entities such as special districts may lack proper jurisdiction to enact
a water waste prohibition ordinance.
196. This best practice applies to all water agencies and all water customers.
Water waste strategies usually target excessive irrigation and drought restriction
violations, but other sources of waste could also be the subject of a water waste
ordinance. A water waste ordinance is usually enacted by the municipality or local
government, not the water utility itself. Typically water waste ordinances are passed by
the city council and entered into municipal code, often at the request of the water utility
(Colorado Water Wise and Aquacraft, Inc., 2010).
197. Potential Use Reductions and Savings. The range of reductions will vary
greatly and depend entirely on the measures implemented within each municipality.
While data are available about water savings from individual conservation measures,
there are little or no data about comprehensive, city-wide conservation programs.
198. Examining local case studies, the Cities of Farmington and Loretto in
Minnesota serve as examples of the potential water savings due to installation of
customer water meters. After customer water meters were installed in 1993-1994, the
City of Farmington’s customers reduced total water use by 25% during the first year of
metering. The City of Loretto installed customer water meters in 1989; total water use
declined 28% from 1988 to 1994 while the city’s population increased 34%. Customers
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reduce water used because they pay for water based on their actual water use (MDNR,
2000).
199. In 2005, after various outdoor conservation practices had been
implemented, the San Antonio Water System (SAWS) estimated that landscape
watering in its service area had fallen by 30%. In California, the Irvine Ranch Water
District’s conservation efforts resulted in a 46% reduction in landscape water use from
1992-2004 on a per acre basis (Haver, 2010).
200. Appendix C includes a local newspaper article that reviews the water usage
and conservation measures and effectiveness for the northeast metro area, including the
White Bear Lake area. This provides another perspective on the scale of reductions that
might be accomplished with the conservation approach. It should be noted that
elasticity of water conservation will change for portions of the demand that are nondiscretionary.
201. For this assessment regarding White Bear Lake, achieving an overall water
conservation goal of 25% seems very reasonable. This goal seemed obtainable based on
the water reductions reported for various types of programs. It is difficult to know how
multiple programs will interact together. There will be diminishing water savings with
each successive program. That is, conservation becomes more difficult and more costly
as overall water use moves toward zero. Water savings could exceed 25% if the public
is receptive and willing to participate in the programs.
202. The estimated cost of each conservation measure is shown on Table 8.
Costs for conservation measures #7 and #8 (residential surveys and appliance
replacement) are shown in the table but not included in the total cost. These options
were found to be marginally cost effective (>80% of the budget for <20% of the benefit.).
203. Cost savings will offset the initial costs of many conservation measures,
especially depending on the water rates. The cost savings will immediately benefit the
water user through reduced water bills. Water providers will eventually see savings
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through reduced chemical use, energy use, and capital expenditures. Reduced
wastewater treatment costs may also be realized, but are not considered in this analysis.
204. Calculations. Met Council has developed a method to calculate the costs
and benefits (savings) associated with water conservation (Met Council, 2013). The
conservation program provided by Colorado WaterWise and Aquacraft, Inc. 2010
outlined in Table 8 (measures #1 – 6) was entered into a spreadsheet along with basic
water use data for the municipalities around White Bear Lake. Printed data tables and
calculations are included in Appendix B. Electronic versions of the data files and
calculations are available from EOR on request.
205. Population and water use data were compiled from the DNR SWUDS
Database – Extended Data (DNR, personal communication). The following
municipalities were included in the study area, which corresponds to the area covered
by the USGS study (Jones, et al., 2012):
• Centerville
• Columbus
• Hugo
• Lake Elmo
• Lino Lakes
• Mahtomedi
• North St. Paul
• Oakdale
• Vadnais Heights
• White Bear Lake
• White Bear Township
206. Data for cities that obtain their water from other communities are included
in the data above since their water source comes from one of the cities listed above
using wells:
City
Birchwood Village
North Oaks
Willernie

Water Supplier
White Bear Lake
White Bear Township
Mahtomedi
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207. The water use data from the Minnesota DNR SWUDS database (extended
data) were used with the following exceptions:
•

Forest Lake was excluded because it draws almost all its water from the Mt.
Simon/Hinckley aquifer

•

The St. Paul Regional Water Services wells were excluded because that water is
mixed with water from other sources (surface water from the Mississippi River
and the Chain of Lakes) before distribution. Conservation efforts throughout the
SPWRA service area would have only a marginal effect on pumping from these
wells.

Baseline Account Water, MGal
Account Water with Conservation,
MGal
Savings, MGal

4,746.0
3,566.4
1,179.6
25% Water Use Reduction

Table 9. Preliminary Cost Estimate – Water Conservation

Upfront Conservation Measures Costs $
Ongoing Conservation Measures Costs $
Annualized Conservation Measures
Costs
Annual Savings

Calculated Cost

Cost w/ 25%
contingency +
20% prof. service

1,737,000

$

2,606,000

1,155,000

$

1,733,000

$

1,295,000

$

1,943,000

$

555,000

$

833,000

208. Additional water conservation could be achieved from the following
sources not included in this analysis:
•

SPRWS Wells. This could be one cost effective conservation opportunity. The
SPRWS wells are partially for redundancy within the water system as well as for
temperature mitigation. Their purpose is to serve as an emergency alternative to
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surface water sources and to help control water temperature in the system
during certain times of the year.

SPRWA could potentially change their

management and pumping of these wells to minimize use during nonemergency operation.
•

Municipal Non-Water Supply Wells. High capacity wells operated by the City of
Little Canada and Ramsey County Parks probably do not supply water for
domestic use. They could be included in municipal conservation plans.

•

Industrial Wells. High capacity wells are operated by M-Foods Dairy, Mogrow,
HB Fuller, and Veeco Instruments.

•

Golf Course Wells. Golf courses with irrigation wells within five miles of White
Bear Lake include Applewood Hills, North Oaks, Gem Lake Hills, Dellwood
Hills, Oneka Ridge, and Sawmill.

•

Pollution Remediation Wells. A few high capacity wells are associated with
groundwater pollution remediation, however they are relatively small overall,
and changing operation could risk the spread of pollutants.
209. Limitations, Risks, Uncertainties. Most of proposed conservation measures

have inherent uncertainties:
•

Conservation rate structures and water waste ordinances must conform to the
political climate of the municipality. If they are too draconian, they will not pass
or be ignored. If they are too lenient, they will be ineffective. This makes it
difficult to predict their effectiveness.

•

System water loss is not reported for these communities. The magnitude of the
problem and the cost of solutions could vary significantly.

•

Conservation measures will be effective or ineffective depending on the skill of
the conservation coordinator(s).
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210. Gem Lake, Pine Springs, and Dellwood are not included in the USGS study
or this analysis because they do not have municipal water supplies, although the
drawdown caused collectively by the individual residential wells could be significant.
211. Several of the communities surrounding White Bear Lake have already
initiated conservation measures. The newspaper article included in Appendix B shows
that White Bear Lake and other cities take pride in their conservation rate structures,
water loss improvements, and other programs. It is not clear whether these initial
efforts will inhibit and minimize the success of future conservation programs.
212. It was noted that pumping data from 2010 differed greatly from the reported
water use data for 2010. Municipal pumping totals compiled from DNR appropriations
records were 42% less than the water use data compiled from the SWUDS Database –
Extended Data. No explanation could be found for this discrepancy. The SWUDS
Database – Extended Data Met Council water use data were used for all calculations in
this section.
213. The risks of conservation are relatively minimal. The cost is far lower than
other mitigation options, and no significant changes to infrastructure are required. The
effects on White Bear Lake itself could be slow, so this could be a strategy that is
employed in combination with other options. In fact, it may be that conservation
measures would be required or highly recommended as part of any water impact
reduction approach.
214. The most prudent and cost effective solution likely involves some
combination of two or more of these alternatives. Each alternative has diminishing
marginal returns, meaning that initial, partial implementation may be economical, but
moving toward full implementation will become increasingly costly. Most alternatives
are not mutually exclusive and can be implemented at the same time.
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8.

Stormwater Infiltration and Reuse.

215. Rainfall serves as the water source that recharges the aquifers. As the
landscape is manipulated and urbanized, much of the rainfall that naturally infiltrates
and recharges the aquifer is diverted away downstream. In the case of White Bear
Lake, if the water is piped directly to the lake instead of infiltrating it, this would have
minimal impact on the overall water balance of the lake. However, the area that is
piped to White Bear Lake represents a small fraction of the area that recharges the
Prairie du Chien Aquifer and many of the surrounding communities have developed
prior to adoption of infiltration standards. This reduction in recharge likely impacts
water levels in the Prairie du Chien Aquifer. Retrofitting infiltration features into subwatersheds with high amounts of impervious areas would increase recharge to the
undying aquifer and help maintain White Bear Lake Levels.
216. Reusing storm water to off-set other water uses can reduce potable water
demand and pumping. Captured storm water is can be used for a variety of purposes.
The most common is for irrigation. Potable water used spikes in the summer months
due to irrigation demand, which leads to increased demand and stresses on the aquifer.
Utilizing reuse to offset this demand could reduce groundwater pumping in the
summer months and reduce drawdowns on the underlying aquifer. This would help
maintain lake levels in White Bear Lake. Storm water can also offset other potable
water uses assuming the appropriate handling and treatment of the storm water for the
desired use.
217. For both storm water infiltration and storm water reuse the timing of any
significant improvements to White Bear Lake would likely be far into the future and the
capital costs required to have a significant impact would be high. However, there are
many other benefit besides just lake level impacts, including water quality
improvements to downstream water bodies. Many lakes and streams in the metro area
are impaired due to lack of storm water management and load reductions through
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storm water treatment will be required regardless. Infiltration and storm water reuse
should be a long term strategy used for overall storm water management moving
forward as it also promotes water conservation and groundwater recharge.
218. A summary of mitigation alternatives and costs is shown in Table 17.
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Table 17. Mitigation Alternatives – Concept Planning Level Assessment of Issues
Option

1

2

3

Approx.
Capital Cost

Draw from a Different
Aquifer (Tunnel City
$ 18,000,000
Group)

Raw Water from
SPRWS to Augment
the Lake

Raw Water from
SPRWS with Local
Potable Water
Treatment Plant

$ 22,000,000

$ 56,000,000

4

Connect to SPRWS

5

Water Conservation
to Reduce Aquifer
Pumping

$ 3,000,000

Groundwater
Management Area

Not Evaluated

Wastewater (WW)
Local Treatment and
Recharge

$ 39,000,000

O&M Considerations
Added Costs

Off-sets Savings

Time to
Build

• More energy $ due to
deeper pumping
(incremental cost)

NA

2+ yrs

• Sites for new wells
• DNR appropriations permits
• SPRWS well replacements (or serve
additional communities)

•
•
•

• Zebra mussel screens
• More Energy &
maintenance $ for added
pumps
• W.Q. treatment system
• Winter outfall safety

NA

2+ yrs

• Env. permitting
• Easements (pipes, trtmt)

•

Lake level recovery
timing very uncertain?
•
Uncertain gw system
response (no model)?
•
Relative impacts of
SPRWS wells?

Poor/Fair
-~breaks with
hydrologic cycle
-higher energy use

• More Energy &
maintenance $ for added
pumps
• Treatment plant O&M

• Eliminate
existing
treatment plant
• Eliminate gw
pumping

2-4 yrs

• Sites for plant (reuse gw trtmt plant
site?)
• Blending gw & surface water (if gw
is still backup)
• SPRWS well replacements?

•

Lake level recovery
timing?
•
Relative impacts of
SPRWS wells?

Fair
-respects hydrologic
cycle
-high energy use

• More Energy &
maintenance $ for added
pumps – or higher
SPRWS rates

• Eliminate
existing
treatment plant
• Eliminate gw
pumping

1-2 yrs

• Blending gw & surface water (if gw
is still backup)
• SPRWS well replacements

•

Pipe easements &
construction?
•
Lake level recovery?
•
Relative impacts of
SPRWS wells?

Fair
-respects hydrologic
cycle
-high energy use

• Education
• Enforcement

• Reduce gw
pumping
• Lower water
bills

1-10+ yr
(phased)

• Partial solution
• Public buy-in
• Delay in results

•

Excellent

• Transfers WW treatment
costs to local entities

• Eliminate Met
Council WW
fees
• Reduced
pumping $

3-5 yrs

• Contrary to Met Council’s Regional
WW approach
• Need land for recharge areas

•

Not Evaluated

Stormwater Infiltration
Not Evaluated
and Reuse
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Obstacles

Unknowns

Aquifer yield?
Aquifer water quality?
Lake level recovery
timing?

How far can
conservation go?
•
Lake level recovery?

Sustainability

Poor
-breaks with
hydrologic cycle
-higher energy use

How much wastewater Very Good
is needed for recharge?

F.

Consideration of a Protected Elevation for White Bear Lake

219. If the water level of White Bear Lake continues to decrease indefinitely, the
lake and the underlying aquifers will incur significant and possibly irreparable damage.
The damage is incremental as the water level declines. At some point, action must be
taken to protect the natural resource.
220. I have considered the role and findings of the White Bear Lake
Conservation District, established pursuant to Minn. Stat. § 103B.655 (“the District”). I
understand from counsel that the District is a political subdivision of the State and the
Legislature has granted it broad duties and powers intended for the protection of the
White Bear Lake natural resource.
221. The District is governed by a board composed of two members appointed
by each of the five cities or towns that abut the riparian shore of White Bear Lake. The
District is governed by a board composed of two members appointed by each of the five
cities or towns that abut the riparian shore of White Bear Lake.
222. The District adopted Ordinance No. 6 in April 1990, which provides:
AN ORDINANCE REGULATING THE APPROPRIATION
AND USE OF WATER FROM WHITE BEAR LAKE
The Board of Directors of the White Bear Lake Conservation District does ordain:
Section 1. Appropriation of Water Prohibited. No person may pump or
otherwise appropriate water from White Bear Lake at any time when the
lake level is below an elevation of 923.5 feet above mean sea level.
Section 2. Exception. Section 1 of this ordinance shall not apply to the
emergency pumping or appropriation of water by a municipal fire
department for emergency fire-fighting purposes.
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***
223. On November 20, 2012, the District established a Lake Level Resolution
Committee. It was charged as follows:
Committee Charge. The Committee shall investigate possible solutions
to the low lake level in White Bear Lake. The Committee shall report
monthly to the Board on the status of its investigation. The Committee
shall consider the technical feasibility of possible solutions and different
methods of financing any of the solutions examined.
224. The 12-member Committee was chaired by Brian DeSmet. He is an
environmental engineer with extensive experience in water and waste water
infrastructure development and project execution.
225. On April 16, 2013, after months of study and meetings, the Committee
issued its “Recommendations for Addressing the Declining White Bear Lake Water
Levels.” A copy of the District recommendations can be found at www.wblcd.org. The
findings, analysis, and proposed options for restoring White Bear Lake are consistent
with the findings and recommendations set forth in this expert report.
226. In my opinion, in order to achieve a recovery of the White Bear Lake natural
resource, I agree a target lake “protection elevation” should be set by the DNR
Commissioner at 923.5 feet above mean sea level. This 923.5 level is reasonable based
upon my review of the historical lake levels and all of the referenced data and analysis
set forth in this Expert Report.
227. One benefit of setting a “protection elevation” level is that the
Commissioner is then required to limit the amounts and timing of water appropriated
to a safe yield from each aquifer to the maximum extent feasible and practical. Minn. R.
6115.0670, subp. 3. In my opinion, having a defined protection elevation level which
stops pumping after the lake recedes to this protected elevation will protect the lake and
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aquifer from further impairment and damage now and potential future impairment and
damage.
228. As explained above, it is also possible to implement per well limits. This was
explained by the DNR in its deposition (Frischman deposition 123:24-126:10). To date,
the DNR has never set a safe yield, protected flow, or protected elevation for White Bear
Lake or the Prairie du Chien-Jordan aquifer.

Dated: this 30th day of December, 2013

_____________________________
Stu Grubb
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