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Chapter 5 - Rochester’s Water Supply

Where does the water we
drink come from? That is
something many people do
not think about. They turn on
the faucet and water comes
out. In Rochester, the City
gets its water from deep
under the ground. The entire
process of taking the water
from below ground and
bringing it into the homes and
businesses in Rochester is
managed by Rochester Public Utilities (RPU). (For a brief
history of Rochester’s water supply, see Chapter 2.)

Rochester’s earliest residents used surface water taken
from the rivers to meet their personal and industrial
needs. Today, Rochester’s water supply is extracted from
bedrock aquifers - large rock formations that hold water.
Underground lakes or rivers that contain the water don’t
exist below Rochester. Rather, the water is held in small
fractures within the rock layers or in the pore spaces
between the particles that form the rock. Fractured
limestone and porous sandstone are the aquifer forming
rocks here. To be a dependable source of water, aquifers
must be both porous, (meaning there are spaces for the
water to be in) and permeable, (the water can move easily
through the rock).

Most of Rochester’s water comes from the Jordan Aquifer

which is composed of sandstone. Rochester sometimes also uses Source: modified from Mossler, J.H.,
Palezoic stratigraphic nomenclature for

Minneosta. Minnesota Geological
Survey Report if Investigations 65, 76 p.

other aquifers such as theSt Peter, Prairie du Chien limestone, the
Ironton-Galesville sandstone, and the Mt. Simon sandstone.

Geologists use symbols to chart bedrock types. What symbols
are used to represent sandstone and limestone in this geologic
chart?
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Rochester’s Wells

Water from the underground aquifers is drawn to the surface by 33 wells located throughout the city.
Most of the wells are 24 inches in diameter and extend between 400 and 1,000 feet down into the
earth. A pump is inserted into the well to bring water out

of the ground. Well Pump Schematic

Geologic Cross-Sections of Two RPU it P ——
Water Supply Wells
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While the method for collecting water is the same throughout Rochester, each well is a bit unique. Some
older wells extract water from multiple aquifers while newer wells usually use only the Jordan aquifer.
Connecting more than one aquifer within one well is a practice that has been discontinued where
aquifers are separated by confining layers. This change was adopted to prevent contamination migrating
from one aquifer into another. Rochester has limited the drilling of its municipal wells to the Jordan
sandstone since 1980, as regulated by the Minnesota Department of Health.
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Each well is housed in a building that matches the architecture of the area. The wells are numbered for
ease of identification. Each well is continually monitored electronically by a computer system that
automatically starts and stops pumping when water usage needs change or when water levels in towers
reach different programmed levels. In addition, the computer system monitors the energy usage of the
pumps and the water levels of the aquifers.

RPU Well Houses

Source: Rochester Public Utilities

In 2012, the average amount of water pumped by the City of Rochester was 13,183,000 gallons each
day. The total amount of water pumped during 2012 was 4,825,000,000 gallons. This total was about 6
percent less than the record of 5,110,000,000 gallons set in 2007 for yearly volume pumped.

Currently, if all of Rochester’s wells were pumping at full capacity, the system would be extracting
24,918 gallons per minute (gpm) or 35,882,000 gallons per day. RPU needs to plan for water usage
peaks from increased water consumption so that water demands can be met without running out of
water at any moment in time. The record for peak water demand was set in 2007 at 30,229,000 gallons
of water pumped in one day during very warm weather and drought conditions.

In April 2010, RPU launched a rebate program
to encourage citizens to conserve water. In
2012 a total of 1,651 rebates totaling
$204,763 were processed that year. It is
estimated that the conservation practices put

Conserve & Save Water Rebates Processed in 2012:
e 1,119 Clothes Washer - $27,975

e 86 Pressure Regulation Devices $258

e 334 High Efficiency Toilets - $16,850

e 76 Rain Barrels - $ 158.840

e 25 Rotating Sprinkler Nozzle - $75

e 4 High Efficiency Urinals $240

e 7 Weather-Based Irrigation Controllers $525

in place, as measured by the rebates, resulted
in saving 9,280,206 gallons of water, the
equivalent of over 25,425 gallons a day.

Water conservation from the rebate program

represents 0.19% of the total annual water consumption.
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In 2010, RPU put water conservation rates into place to encourage conservation, by charging more for
water when more is used.

RPU tracks how much water is used by each customer class. In the following chart, industries
manufacture goods while commercial companies provide services. The “Residential (Seasonal Non-
Essential” segment is the same as irrigation. The “Interdepartmental” segment is used by RPU. Overall,
residential use makes up just over half of the total annual water use in Rochester.

Source: Rochester Public Utilities
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Additions to the Water

Rochester’s water supply is of excellent quality due to the depth of the wells and the condition of the
aquifers. The water could be consumed right from the ground as it is pumped out, with no treatment.
However, Minnesota law requires that all municipal water systems add fluoride to drinking water to
help prevent tooth decay. Fluoride levels are kept at an average concentration of 1.2 parts per million.
To help assure this level, RPU performed over 3,200 fluoride tests around the City in 2012. Chlorine is
added to kill bacteria that may be in the distribution system. The City tests 25 different sites each week
in order to maintain an average chlorine level of 1.0 ppm. Polyphosphate (0.5ppm) is added to the water
to help prevent corrosion and rusty colored water.

Even though the quality of the water supply is good today, the local geology presents risks for
contamination. Where the underlying soils and bedrock are both permeable, the wells are vulnerable to
pollution. The thicker and the less permeable the soil layer, the more the filtering capacity, reducing the
risk for groundwater pollution.

Groundwater Vulnerability to Contamination

Source: RPU GIS
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Wellhead protection

The Minnesota Department of Health administers the federal Safe Drinking Water Act in this state. One
program related to this Act is the state’s Wellhead Protection Program, which has a goal of preventing
water supply pollution. Wellhead protection practices manage potential sources of contamination at
the land surface inside the area where the well’s water supply is extracted.

RPU has conducted computer modeling to determine how quickly surface pollutants would reach a well
if a contaminant spilled or leaked on the land surface. The estimated rate of travel depends on factors,
such as the type of soils and bedrock present, the depth and construction of the well, and the pumping
rate of the well. A boundary line is drawn around the area within which it would take contaminants one
year to travel; this area is called the “1 Year Time of Travel” zone or the “Emergency Response” zone. A
similar “50 Year Time of Travel” zone is predicted; this is the wellhead protection area. A larger,
“Drinking Water Supply Management Area” is created by using political boundaries that surround the
wellhead protection area.

Wellhead Protection Area for a Well

5.6 Source: RPU GIS data
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Each operating municipal well must obtain a maintenance permit from the Minnesota Department of
Health. When a decision is made to stop using a well, perhaps because it can no longer provide the
amount of water needed, it must be sealed by a licensed contractor. This is an important step because
an unused, or abandoned, well that is not sealed is an open channel between the land surface and the
aquifer(s) into which the well was drilled. Surface water, contaminants, or improperly disposed of waste
could then contaminate groundwater after entering the open drill shaft. Sealing eliminates the ground-
to-surface aquifer connection and involves removing the pump, clearing the well of any debris, and
filling it with concrete grout. Sealing is also required for private wells that are no longer in use.

Piping System

Water from the City’s wells is pumped
directly to homes and businesses through a

series of interconnected underground pipes.
At the end of 2012, Rochester had 573.6
miles of water pipes, also called mains, for

distributing water. The distribution system

also currently includes 14,903 valves used to
shut off parts of the system when repairs are

needed.

Fire hydrants are another important part of
this underground plumbing system. Fire

hydrants are used by the Rochester Fire
Department to access water to fight fires.

Hydrants are regularly flushed to help

remove pipe residue from the water system.
Rochester has 6,799 fire hydrants spread
throughout the City.
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Water Storage Facilities

Water storage facilities help maintain the pressure needed to keep water flowing. These also store
water that may be needed during times of high water usage, power outages, or for fighting fires. The
pumps that move water into the facilities require energy, but the water storage facilities themselves use
the force of gravity to move water back out. This creates a hydrostatic pressure on the water based on
the height of the water column.

Water Tower Volume Comparisons
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A Water Tower Under Construction & the Inside of a Finished

Source: Rochester Public Utilities Source: Deb Las

In addition to the familiar water towers, water storage facilities can take on other forms, such as a
standpipe or a hydropillar. In a hydropillar, the top bell is where the water is stored. A maintenance pipe
and electric lines usually run through the center. RPU collects a fee from companies that use the towers
to support cell phone networks. Water can also be stored in underground reservoirs. Currently, there is
a water storage reservoir underneath a parking lot on 4" Street SE, but this is programmed for removal
in the near future, when a new water reservoir to serve downtown

Hydropillar
ydropilla Rochester is built near St. Mary’s Hospital.

Saint Mary’s Water Tower and Standpipe

Source: Rochester Public Utilities

Source: Rochester Public Utilities
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Cool Fact: Water
levels in water
storage facilities are
raised and lowered in
the winter to keep
the water from
freezing.

As can be seen by the table above and the diagram on the following page, there are two water storage
systems in Rochester, based on differences in ground surface elevation. This was developed because
Rochester’s downtown is at a lower elevation and it is surrounded by higher hills to the west, south, and
east. These elevation differences create the need for the main level storage system (below 1,100 feet of
elevation) and the high level system storage (above 1,100 feet of elevation). Having both a lower and an
upper storage system helps maintain appropriate water pressure throughout the City.
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While Rochester’s water supply is of
very high quality, care must be
taken to keep it that way. Two key
federal agencies, the U. S.
Environmental Protection Agency
and the U. S. Food and Drug
Administration, regulate the
amount of allowable contaminants
in natural drinking water and
bottled water, respectively. Each
year, RPU tests the water supply for
many unwanted contaminants,
including: radon, nitrate (as
nitrogen), barium, chlorine, alpha
emitters, combined radium,
haloacetic acid, total
trihalomethanes, and
tetrachloroethylene. Tests done by
the City verified that the amounts of
these contaminants were below
established regulatory thresholds. In
2012, over 1,200 water samples
were also tested for fecal coliform
and Escherichia coli (E. coli)
bacteria. No fecal coliform or E. coli
bacteria were found in the water

samples.

Source: Rochester Public Utilities

RPU is required to publish an annual
water quality report. The report for
the current year and previous years
can be found online at
http://www.rpu.org/environment/

water-quality/.

What water feature
created Rochester's

bowl-shaped
topography?



http://www.rpu.org/environment/water-quality/
http://www.rpu.org/environment/water-quality/
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Case Study: Contamination of Water Supply

Below is an article reprinted from the 1943 Journal of the American Water Works Association. It
describes the typhoid fever outbreak that occurred in SE Minnesota in 1939-1940.

1)
2)

3)

4)
5)

6)

Discussion Questions:

Why did people become sick with typhoid fever?

What role did the drinking water contribute to the
illness?

What role did the sanitary sewer contribute to the
illness?

How did geology contribute to the epidemic?

What corrective action was taken to prevent the future
contraction of typhoid fever?

How does the situation in this article from 1943 relate to
people today, both in Rochester and around the world?
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Contamination of Water Supplies in Limestone
Formation

By 8. P, Kingston

R many years the Minnesota De-

partment of Health has recog-
nized the dangers associated with ob-
taining water supplies from wells and
springs situated in Jlimestone forma-
tions. The Manual of Water Supply
Sanitation of the Department contains
the following statement: “There is
common belief that contamination may
seep through the soil for long distances
and get into a well in this way, but
such is not generally true in Minnesota
although it should always be consid-
ered a possibility.” The possibility ex-
ists in a portion of southeastern Min-
nesota where cavernous and fissured
limestone formations lie refatively close
to the ground surface, particularly at
higher elevations.

In that portion of Minnesota (Fig.
1) where limestone formations are
situated close to the ground surface,
special precautions must be taken to
protect ground water supplies from un-
derground contamination. The black
portion of the map (Fig. 1) indicates
an area in which sinkholes predomi-
nate, The sinkholes are generally
situated over the Galena limestone
formation and are nothing more than
openings or broken down spots in the

A paper presented on March 13, 1943, at
the Minnesota Sectior, by 5. P, Kingston,
Public Health Engr, State Pept, of Health,
Rochester, Minn.

foam or drift that connect directly to
the limestone (Fig. 2, 3). They al-
low surface drainage, and in many
cases domestic sewage and industrial
waste, to enter the limestone. The
sinikholes vary in diameter and depth
from a few feet to over 100 fi.

The vertical and hosizontal channels
of the limestone quarry, indicate how
easily contamination can travel great
distances in the rock, In many cases
contamination can, and has, entered
mumicipal and private water supply
systems,

A Typhoid Fever Outbreak

A little over five years ago, District
No. 3 of the Minnesota Department of
Health was organized with headquar-
ters at Rochester. It was obvious at
that time that one of the problems to
be given special study was the possible
contamination of municipal and private
water supplies situated in the lime-
stone area. Particular emphasis was
given to the study when eleven cases
of typhoid fever and one death oc-
curred during the summer and fall of
1939 and the spring of 1940, in and
adjacent to a village in Filimore
County (¥ig. 4).

The first three cases developed at a
farm in the southern portion of the
village. The water supply for this
farm was obtained from the village

1450
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water supply system and from a drilled
welt situated on the farm. The farm

well which may be designated as well
“A" was apparently cased only to the

_MINNESOTA

Fic. 1. Limestone and Sinkhole Area

first rock formation. This provided
no protection from underground con-
tamination.

A few weeks later five cases of ty-
phoid fever occurred in the village. All
of these persons had been using water
supplied by the municipal system, The
municipal supply is taken from two
drilled wells which are designated as
the old and new municipal wells. The
old well is approximately 270 it. deep
and is cased only to the frst rock
formation. The new well is 1126 it
deep and is cased to a depth of 400 ft.
with 10-in, casing, to 340 {t. with 12-in.
casing and to 20 ft, with 16-in. casing.
All are cement-grouted in place for
the purpose of excluding underground
and surface contamination (Fig. 5).

In the spring of 1940, three mare
cases of typhoid fever occurred at a
farm situated about two miles north-

CONTAMINATION OF WATER SUPPLIES
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west of the village. The water sup-
ply for this farm was obtained from a
drilled well cased only to the first rock
formation, This well is designated as
well “B” (Fig. 4).

At the time the typhoid fever cases
occurred it was known that the vil-
lage was discharging partly treated
sewage into a sinkhole situated about
1500 ft, south of well “A” and 4000
ft. south of the municipal weils,

A complete epidemiological investi-
gation disclosed no typhoid fever car-
riers with whom any of the cases had
been in contact and no common vector
other than the water supplies was
found, However, the public health
engineering work done in connection
with the investigation revealed the fol-
lowing facts:

(a) Fluorescein dye (about three
pounds) was introduced into the sink-
hole receiving approximatety 60,000
gpd. of partly treated sewage from
the viflage. Periodic sampling was

carried out at wells “A” and “B,” and
the two municipal wells. "Within four
heurs the fluorescein dye appeared in
water samples collected from well “A,”
a distance of approximately 1500 ft.
However, no indica-

from the sinkhole,




Rochester Water Primer

2013

1452

tions of the dye were obtained from
the samples of water collected from
well “B*” or the municipal wells, Bac-
teriological exarnination of water sam-
ples collected from well “A” showed
a maximum concentration of 900,000
coliform organisms per 100 ml. as de-
termined by the most probable number
test,

(b) Just previous to the onset of the
typhoid fever cases in the village, the

Fic, 3.

Limestone Quarry

old municipal well had been used dur-
ing an emergency. All hacterinlogical
samples collected from the oid well,
over a peried of several months, con-
tained coliform organisms with a maxi-
mum concentrafion of 1600 per 100
ml, At no time was any contanlina-
tion found in the water obtained from
the new municipal well,

(c) DBacteriological examination of
samples obtained from well “B”

JOURNAL—AMERICAN WATER WORKS ASSOCTATION
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showed a maximum concentration of
92,000 organisms per 100 mi. In ad-
dition, typhoid organisms (Eb. ty-
phosis) were isolated directly from
20-gal. water samples collected from
the well. This indicated that excreta
from a typhoid case or carrier were
getting into the well. However, the
investigation did not reveal the exact
location at which domestic sewage was
entering the limestone formations.
The foregoing engineering findings
indicate that the eleven typheid fever
cases probably were water-borne and
that infectious organisms had been
transmitted through the cavernous and
fissured limestone formations. Fngi-
neering recommendations were made
to the municipality and to the individ-
uals affected, as to methods of provid-
ing satisfactory water supplies and
proper methods of sewage disposal.

Investigation of Farm Water Sup-
plies and Sewerage Systems

The field work in connection with
the typhoid fever outhreak, indicated
the desirability of investigating a large
number of farm water supplies and

sewerage systems in the township im-

mediately adjacent to the village. This
investigation was conducted during the
summer of 1941, The principal ob-
jects were to discover additional
sources of contamination that may have
contributed to the typhoid {fever out-
breals; and to collect engineering data
on each water supply system. A total
of 145 investigations were made at 130
farms. A summary of this investiga-
tion revealed the following:

(I} The major portion of ail water
supplies was poorly constructed abave
and below ground surface. Well cas-
ings in general were terminated at the
first rock formation, thus providing no
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Plans and specifications for the resi-
dence, completed in the fall of 1941,
showed the proposed location of the
well and specified only that a certain
amount of water per minute be ob-
tained. No other well specifications
were given, The well driller provided
a 6-in. well 198 {t. in depth, cased only
8 {t. into the Platteville limestone, thus
giving very little protection from un-
derground contamination,

The plans indicated a septic tank
and leaching pit situated approximately
110 ft, from the well. The plumber

installed the septic tank in the creviced
Platteville limestone and to provide a
method for final disposal of the effluent
a leaching pit was biasted in the rock
(IFig. 6).

Fic, 6. DPlatteville Limestone

The  engineering investigation re-
vealed the water supply to have an
odor of organic matter, indicating the
probability of sewage contamination
from the leaching pit. Again fluore-
scein dye was used. About one pound
of the dye was introduced into the
leaching pit and in less than fourteen
hours the well water turned a deep
green, indicating a direct connection
between the leaching pit and the well

JOURNAL—-AMERICAN WATER WORKS ASSOCIATION

(Fig. 7). This finding was substan-
tiated by bacteriological results.

Tmmediate steps were taken to cor-
rect this situation, The wuse of this
well was discontinued and a new drilled
well was constructed (Fig. 8). The
new well is 285 it, deep and is cased
with 8-in. casing to a depth of 145 ft.
The 8-in. well casing was placed in a
16-in, drill hole and the annular space
between the casing and the drill hole
was filied with cement grout. A cast-
iron sewer was provided for the ef-
fluent from the septic tank and a soil
ahsorption system constructed in suit-
able soil about 250 ft, from the well
When alt construction work was com-
pleted on the new well and sewerage
system, the old well was filled with
concrete and the old leaching pit filled
with clay.

Contamination of Municipal Water

Supply

The investigation of the contamina-
tion of water supplies situated in the
limestone area, of course, included all
of the municipal water supplies. Most
of the municipal water supplies are ob-
tained from deep wells but a few large
springs are used. The springs are ap-
parently subject to surface drainage
through sinkholes, etc. This occurs
during periods of heavy precipitation
and spring thaws when the water be-
comes turbid and the concentration of
coliform organisms increases, One
very large spring, although not used
for a municipal water supply, is clear
during normal weather conditions but
during periods of heavy rains becomes
extremely turbid and occasionally
straw and corncobs appear in the
water, indicating a direct connection
to the ground surface.

In the spring of 1942 during an in-
vestigation made of a municipal water

5-17
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Nov, 1943

supply derived from a typical limes-
stone spring, it was reported that there
had been several cases of gastro-enteri-
tis during the preceding month, par-
ticularly during a period when the
water had been turbid,

To confirm these reports a survey
was made by visiting every fifth house-
hoid in systematically selected sections
of the village to determine the incidence
of gastro-enteritis during the preceding
month. Seventy-two households were
visited and information obtained from
274 persons, or approximately 13 per

LEACGHING PIT
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Fie. 7. Laoacation of Well and Leaching Pit
&t Private Residence

cent of the population. The survey
indicated that an cutbreak of gastro-
enteritis affected approximately 10 per
cent of the population during a thirty-
day period. Many of the individuals
questioned associated their illness with
the time when the water supply was
turbid and unsatisfactory for domestic
use.

Summary

The main purpose of this report has
heen to discuss some definite instances
where municipal and private water sup-
plies obtained from limestone forma-
tions, have been seriously contaminated,

CONTAMINATION QF WATER SUPPLIKS
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and not to propose any detailed meth-
ods of correction, However, it is prob.
ably advisable to summarize the mote
salient features and to formulate broad
corrective measures as follows:

{1) It is obvious that there is real
danger of underground contamination
of municipal and private water sup-
plies situated in the fissured and cav-
ernous limestone area of southeastern
Minnesota. This is borne out hy the
fact that on four separate occasions
underground sewage flow was traced,
with the aid of fluorescein dye, up to
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Fig. 8. Section of Old and New Wells at
Private Residence

a maximum distance of 2000 ft. and in
every case the dye was recovered from
a water supply that had been used for
drinking purposes, In connection with
a typhoid fever outbreak it was possi-
ble to isolate pathogenic organisms
(Eb. typhosis) directly from a well
water supply.

(2) A very large portion of farm or
private water supplies are of unsatis-
factory construction and are further
endangered by the practice of dis-
charging sewage directly into the lime-
stone formations.

(3) In the development of under-
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ground water supplies great cure
should be exercised in the selection of
well locations, the use of impervious
overlying geological strata and special
structural features to exclude under-
ground contamination.  Municipal
water supplies should be provided with
subsequent treatment as required.

Made 1 the US.AL
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(4) Water supplies fhat are ob-
tained from springs in the limestone
formations should be considered as sur-
face water supplies and be provided
with adequate treatment.

(5) The practice of discharging sew-
age intg the limestone {formations
should be eliminated.

LANCASTER PRESE, ING,, LAMUASTER, PA,




