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FOREWORD

Prior to the Spring of. 1923, Lake Improve-
ment in Ramsey County had been conducted
without any comprehensive program pointing
to a firial goal.

A Lake Improvement fund had been estab-
lished from which appropriations were made,
from time to time, for miscellaneous improve-
ments considered of necessity and for the best
interests of the taxpayers and the public at
large.

During the expenditure of these funds so
many questions were raised in regard to the
advisability of different phases of the work,
that the necessity of a thorough study of the
conditions governing such work became ob-
vious. No connected records existed at that
time in regard to the action of the elements
and the natural phenomena so vital to the ,

existence and development of our lakes.

The following report is the result ol the
first step taken by the Board of County Com-
missioners to establish a firm foundation on .

which a comprehensive plan of lake improve-
ment can be developed.

It is hoped that this report will ansrver a
great many questions that have heretofore
been the cause of arg'ument, dissatrsfaction,
and hesitation on the part of those most de-
siring to protect and develop the lakes. The
data that has been collected is of great value
in spite of the fact that it extends over such a
short period of time. The value of this data
will increase as it is supplemented by future
records, and will be the source of deductions
on which rvill depend all future improvement.



fO THE HONORABLE BOARD OF

COUNTY COMMISSIONERS
Ramsey County,

Saint Paul, Minnesota.

Gentlemen:

f have the honor to transmit herewith,
the Special Report on Lake Improve-
ment, which has been made possible by
your vision, in recognizing the necessity
of gathering and correlating data in re-
gard to the natural phenomena, effecting
our lakes.

This report treats mainly the general
fundamental causes of lake deficiency, ex-
cessive weed growth, and mud deposits,
and suggests a remedy for improving the
conditions resulting from these causes.

It is hoped that the information pre-
sented will be of assistance to you in
your endeavor to outline a progressive
policy of preservation and improvement
of our lakes.

Respectfully,

PAUL N. COATES,
County Engineer.
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LAKE IMPROVEMENT

PERSONNEL

Lynn J. Lubins, Assistant Engineer

' In charge of surveys, investigation,

and experimentation.

Algot W. Lindahl - - Topographer

Roy O. Glockner Dredging Supt.

Rudolph H'ess Mechanic

To these men we owe an acknowledg-

ment of thanks and a word of praise.

They sacrificed individual recognition in
a public service to the end that their
respective efforts have blended together

to attain the result desired.

PAUL N. COATES,

County Engineer.
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GENERAL FEATURES

Ramsey County is located in the. east central part of Minnesota, and
lvas one of the first counties to be organized in the state, being one of the
nine counties created by the first legislature in 1849. It is bounded on the
north, east, south and west, respectively, by Anoka, Washington, Dakota
a'rd Hennepin Counties. It is about trvelve miles wide, east and rvest, and
its greatest length, north and south is about sixteen miles. The southern
boundary for the most part, is the }lississippi River. The county has an area
of one hundred and sixty-one square miles, or approximately one hundred and
thrr:e thousand acres.

In 1850, rvhen the county included a larger area, the total population
rvas but trvo thousand one hundred ninety-seven. The present population
oi Ramsey County is estimated at two hundred and seventy-tu'o thousand,
having increased eighteen (l9Vo) percent during the last fourteen years.
Ramse-r' Cotrnty is by far the most densely populated in the state, and leads
also in the density of rural population, rvith approximately sixty persons tr.r

the srluare mile.

Situated in the extreme southern portion of the county is the city of
St. Paul, the capital of the state, and the county seat. Saint Paul, commonly
knou'n as the "Gatervay City Of The Northwest," is the second largest city
in the state. The estimated present population of Saint Paul is trvo hundred
and sixty-trvo thousand, representing about ninetv-five (95%) per cent of
the population of the county. , Saint Paul not only provides exceptional mar-
kets for every variety of farm product, but has extensive industries that
utilize these products, including creameries, packing plants and canneries.

Approximately ninety-three (93%) per cent of the area of Ramsey
County is upland, the remainder being about equally divided betrveen terraces
and lorv bottom lands along the }lississippi River. The upland surface of
Ramsey County is that of a drift plain, holding one general altitude, present-
ing minor relief features such as, morainic hills and ridges rvith intervening
depressions. The range in elevation is from eight hundred and sixty to
one thousand and eightl'feet above sea level, the greater part of the county
lying betrveen the nine hundred and thousand foot contours. In the north-
eastern and northrvestern portions of the countl-, are large areas of flat to
gently undulating land, much of which is poorly drained and interspersed
u'ith lakes and swampy tracts. The llississippi river has an "S" shaped
course along the southern border of the county. Above Fort Snelling, the
river florvs in a deep channel rvith an abrupt break of more than one hundred
feet frorn the plain to the river channel.

Drainage is incompletely established over a large part of the countl'.
Tu'o streams, Rice Creek in the northwestern corner, and Phalen Creek,
entering the trIississippi at Saint Paul, give the only surface drainage for the
entire corlnty. A chain of lakes through the central and northrvestern part
of the county have natural overflotv or drainage channels, but the system
is not active except for extreme high lakes stages. The chain of lakes in the
north central part of the county (Fig. 2) is extensively drarvn upon by the
citl' of Saint Paul as a source of water supply and these lakes are not open
for public use for reasons of sanitation. Over most of the county, the run-
off finds its rvay by swales, and shallorv indefinite valleys to thb lakes and
depressions.
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Climate

Ramsey county lies in the northern part of the north temperate zone.
The climate is characterized by moderate precipitation, cold winters and
warm summers. In summer, the days are sometimes hot but the nights are
usually cool. The mean annual temperature is about 44' F. Freezing
rveather has occurred in every month, except June, July and August, but
the average grorving season is one hundred and sixty days, rvhich is suf-
ficient to perrnit the production of a good range of crops. The rainfall is
n'ell distributed for agriculture and approximately three-fotrrths of the pre-
cipitation falls during the grotving season or from April to Septeml;er,
inclusive.

'Ihe State of }linnesota is receiving considerable publicitv through
the use of the rvell knorvn slogan-"Ilinnesota, the Land of Ten Thousand
Lakes" and "The Playground of a Nation." The slogans truly depict u'hat
nature has provided for those rvho seek diversion from their daily routine.

It is obvious that the lakes and streams and the natural scenery and rec-
reational facilities afforded by them in such abundance in our state, have par-
ticularlr', since the advent of the automobile and the good roads, become
a great factor in the development of the state. The recreation craved by the
great "Out-of-Door" public is generally found at or near bodies of rvater, and
by maintaining and preserving our natural advantages in regard to these
attractions still further development can be expected and present investruerrts
and improvements will be safe-guarded.

Whal has been said concerning the state, can be truly applied to Ram-
sey count),, rvhich should feel justly proud of its generous allotment of "]Iin-
nesota's Ten Thousand Lakes." The county has, rvholly or partly rvithin its
boundaries, some thirty-five lakes of lvhich a large percentage are accessible
to, and used b1' the public for recreational and home building purposes.

f'o the county as a whole, the true value of its lakes can be classified
as one of the many great assets rvhich have a bearing, or depend, on one an-
other for their proper development. The trvo factors that go hand in .hand
in the development of the county are its lakes and roads, for one rvithout
the other could not function to its fullest extent in affording the possibilities
and realization of its true significance. Let us assume Ramsey county to be
a rolling stretch of land without lakes. Then the rvell developed net rvork
of roads throughout the county strch as we have todar', rvould serve the
public only as routes betrveen destinations, with little or no attractions for
travel outside of business use. The present generation of pleasure seeking
"Ont-of-doors" people, who have no objection to distance since the automo-
bile came into use, rvould leave or pass through this county en route to por-
tions of this state rvhere fishing, outing and home building sites are available
on many lakes. On the other hand, let us assume that Ramsev county had
but a ferv good roads for travel. Then the existing lakes rvould naturally
be of a'rvilder nature and rvould not receive the development and serve the
public to their fullest extent for they then could not be approached rvith the
rapidity and comfort desired by those rvho leave their city or countrv homes
to enjoy the lakes in conjunction rvith their business. It is true that rvith
such conditions existing, there rvould be more fish in the tvaters and a
greater possibility of enjof ing an outing by those rvho are able and inclined
to seek solitude.
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Evaporation

Precipitation aud evaporation are two stages in a cycie of phenomena
rvhich have neither begirrning nor end but which ma1' possibly be experienc-
ing a srrrall progressive iucrease or decrease.

Under conditions of constant temperature, relative humidity and rvind,
evaporation from lakes of unifonn size and depth shouid be the satne, but
in Ramsey County rvhere such conditions are adverse, it is an impossibility to
precisely compute the amount of evaporation taking place on each body of
water unless stations lvere established and maintained on each or representa-.
tive bodies of water. The depth of a lake has considerable to do rvith the
amount of evaporation that takes place. Deep lakes which have a lorver
rvater temperature, during the summer months when evaporation is the
greatest, are rrot subject to as much evaporation as the shallow lakes rvith a
higher water temperature.

From experience and actual tests of evaporation made throughout
the United States, formulas and curves have been worked out which enable
us to compute with some degree of accuracy the amount of evaporation
taking place from Ramesy County lakes by using the atmospheric tempera-
ture and relative humidity as recorded at the St. Paul and Minneapolis
Stations, Following is a tabulation of annual and monthly mean temPera-
tures for various periods as recorded at St. Paul and }linneapolis:

MONTHLY AND ANNUAL MEAN TEMPERATURE AT ST. PAUL
AND MINNEAPOLIS

1820-1923 1871-1923 1890-1923 1907-1923

St. Paul St. Paul St. Paul Mpls. St. Paul Mpls.
1924

I

J"n. 12.4' Feb. 16.1.
Mar. 28.9
April 45.4
IIay 58.2

June 66.6

Jrly 72.4
Aog. 69.3

Scpt. 59.7
Oct. 47.6
Nov. 31.7
Dec. 17.8

tz.L 13.0
15.5 14.7
28.7 29.2
45.8 46.0
57.8 57.4
67.3 67.4
72.0 72.0
69.5 69.3
60.7 61,.4

48.4 49.1
31.8 32.8
19.0 . 19.8

13.5 r2.5 r2.7 7.5
15.0 15.5 15.5 2t.3
29.6 30.8 30.5 29.4
4r.6 45.3 45.4 44.7
57.5 57.0 57.4 50.2
67.5 67.2 67.8. &.3
72.3 72.0 72.6 69.4
69.6 69.0 69.5 67.,5

62.1 61.3 62.0 5.73
49.6 48.8 49-2 56.3
33.3 34.0 34.5 32.5
20.0 20.0 20.2 2t.5

Annual 43.9 44.1 44.4

*St. Paul and Minneapolis Mean.

44.7 44.4 44.7 43.s

5U



E'aporation constitutes. the largest of all natural losses from our

Iakes.'Ihis loss occurs directly from the lvater area and indirectly from the

land area by reducing runofi into the lakes. Transpiration rvhich is the

l)rocess of r.aporization of lvater from the breathing pores of ieaf and other

r.egetable surfaces; also reduces runoff and has its effect as a loss.

The losses from the land and lvater area in form of evaporation and

tra,spiration are the only elements counteracting precipitation under normal
conditions. The average annual- precipitation provided by nature 'rvould

;;;rli' balance the averige annuai 
-losses 

from our lakes, and t,r.,bff rvould
supply the deficiencies or cause a rise in lake levels, if thdre were no other
losses.

Computations have been made to determine the evaporation from vari-
ogs count), lakes by using the atmospheric conditions as recorded at St. Paul.
1'he et'aporation is not uniform on all iakes due to the -lakes having various
depths. 'Ihe tobul"tion following is of the compntations made for individual
lakes for the twelve month-period beginning December 1st, 1923, to Decernber

lst,1924, also the recorded precipitation and evaporation loss in inches:

Recorded Computed Precipitation Minus
Precipitation Evaporation Evaporation

I nches Inches (Loss in Inches)
29.0 4.0
30.5 _7)

Johanna --------- 28.5 30.8 ,--2.5
josephine -------- 28.5 30.8 L2'3

Kohlman 'l

,9:iI:" i --------- ------- zs.8 2s.s +0.3Aelrer 
IPhalen )

T ^t.-

Island ----------- 24.3
Birch ----- ------- 26.5
Round ----------- 27.5

Bald Eagle ------- 27.6

Runoff and Drainage Areas

31.6 -5.0

33.3
34.3
31.6
30.6

-9.5
-7.8,1.0

-3.0

Runofi is the technical name applied to that portion of precipitation
rvhich is carried off from the land area into the lakes through surface chan-
nels aiter evaporation, transpiration and deep seepage losses are subtracteq.
Git'en rates of precipitation cause different amounts of runoff from drainage
areas varying in character and condition. For any given rainfall, the total
surface runoff from a pervious sandy drainage area will necessarily be less

than from other drainage areas with heavier soils, due to the more rapid
absorption of rvater by the soil. Drainage areas with steep slopes and in-
clined to be rugged furnish more runofi than those more flat and rolling.

Land under cultivation will, in the spring and fall, absorb considerable
rain ancl reduce the surface runoff, and vegetation will retard the runofi
somewhat but its effect is soon lost in case of heavy rains. Runoff from
drainage areas in Ramsey County has undoubtedly been reduced by extensive
cultivalion, but to offset this reduction artificial drainage has enlarged the
drainage areas and made possible a better and more speedy runoff from
remote parts.of the tributary areas. 
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Johanna
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Gervais -')
Keller t' Phalen I
Long
IlcCarrons

-1, 
Orvasso
Snail
Turtle
White Bear

Surface runoff is usually given a value in the fortn of percentage,
that is, the per cent of the inches of precipitation falling on the drainage
area tl.rat reaches the lake as runoff. To determine this percentage, it is neces-

sary to knorv the relative proportion or ratio, of the lake and land areas, also
the eftect in inches on the lake, that a given amount of precipitation caused.
F'or example, rve rvill assume a lake area of one square rnile with a drainage
area of four square miles, and a given amount of precipitation over the entire
area as four inches, occurring rvithin a ferv hours. The recorded rise in lake
level as a result of this precipitation, we rvill assume as being six inches. We
knorv that four of the six inches felI directly on tire lake, thereiore, the ts'o
inches represents runoff. The drainage area being four times the size of the
lakes rvould naturally receive four times the amount of precipitation falling on
the lake rvhich rvould amount to the equivaient of sixteen additional inches on
the lake, if all the water falling on tire drainage area had run off into the lake,
but, of a possible sixteen inches, only two inches rvere recorded as runoft,
rvhich in this case, amounts to trvelve and one-half per cent runoff.

In making a study of runoff from Ramsey County drainage areas, it
s'as found necessary to make watershed surveys, in addition to lake surveys,
to determine the ratio of each lake to its drainage area as illustrated by
trig.30.

The per cent of runoff from Ramsey County drainage areas during
individual storms has been computed by using the measured amount of pre-
cipitation falling on the lakes and drainage areas, and the recorded rise in lake
ievels caused by a single rainfall. The variation in percentages as tabulated
belorv, appears to be too great for a series of lakes with relatively small
tributary land areas such as Ramsey County lakes.

OBSERVED RUNOFF O1F VARIOUS DRAINAGE AREAS

Watershed Rainfall
Ratio Snowfall Aug. 21, 1924, Wet

Land to Ivlarch 30, 1924 Week Preceding
.'Wat:r t I t t

4:6-L City Pumps Operating
2.6-t 2.25 36 3.11 49
4.6-1 3.25 23. 3.20 11

1.1-1 3.25 29 3.20 32

9.5-1 3.00 29 2.& 19

Rainfall
Sept 21,1924,Dry

'Week Prec:dingt+
7.23 6y4
0.82 5

1.13 7
1.13 25

1.13 tY+

1.03 2%
t.22 2L
1.54 Zln*
1.25 r%
1.15 58
1.06 t4

42.G|
4 ?-1ffi
4.+-l
0.9-1

0.95-1

Overflow 3.i1 30
3.00 37 3.20 22
3.00 29 3.59 13

2.25 19 No Record
3.00 63 2.85 68
3.75 50 2.74 16

iPrecipitation in Inches
lObserved Percent of Runofr.
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It is possible for a vast variation in runoff percentages resulting frorrr

a slight unavoidable misinterpretation of the lake elevation l>efore and after
the rainfall. There is bound to be some surge in lake levels due to lvind ac-

tion, and, unless the lake has been periectly calm for trvo or three hours prior
to tite time the elevation rva'. -ecorded, there is a possibiiity for a slight
error u'hich rvould cause a variaiion in the observed per cent of runoff. Let
us take for example, the rainfall of August 21, 1924, when 2.74 inches of

' precipitation was recorded at White Bear. The recorded efiect on the lake
level for this rainfall tvas 3.0 inches. The obser-..'ed per cent of runofr in this
case, considering slight evaporation from the lake betrveen gauge readings.
rvas 16 per cent. Should the readings oi the lake elevation taken before and
after the rainfall vary but one-fourth of an inch, each, there rvould be a

possibility for a total discrepancy oi one-half inch, u.hich if taken positivetl'
could cause the percentage of runoff to be increased from 16 per cent to 35

per cent, rvhereas taken negatively, it '*'ouid reduce the 16 per cent to ni1.

The variation and high percentage of runoff on the White Bear, Turtle
and Island Lake drainage areas as tabulated on page 60, is possibly due to an
unavoidable error in taking the lake elevations and rvill be subject to correc-
tion when further records of rainstorms are made.

The shape and iocation of a drainage area reiative to the lake has a

considerable effect on the amount of surface runoff. Well equalized tributarl'
areas g'enerally contribute more surface rttnoff than the elongated areas

with tlie lake located near one end. The White Bear-Turtle-Josephine and

Island lake drainage areas, altho relatively small in proportion to the lake

area, are far more equalized than those of Johanna, Long and the Phalen
group of lakes. (See Fig. 27) The abundance of surface runoff received in
Long lake, due to its large tributary drainage area, would possibly be even

gr""i.. if the lake was more equi-distant from all watershed extremities.
Ordinary surface runoff caused by moderate rains, is retarded and to

some extent diminished by small ponds or pot holes. These depressions no
matter horv small, have some retarding effect on runoff and, may, to some

extent, increase percolation. Small ponds of permanent nature usually exist
because percolation is exceedingly slow. They greatly increase evaporation
losses from a drainage area and consequentiy reduce the total available sur-
face runofr.

Swamps caused by a high watertable elevation or by impervious bot-
toms lvhich retain surface runoff, not oniy cause large evaporation losses

but add to transpiration losses by sustaining.a luxuriant growth of vegetation
or trees.

When precipitation is not sufficient to keep the ground saturated, as

is usually the case, runoff from the drainage area, as a whole, is greatly re-

duced until the ground is 100/o saturated and all small depressions filled to
a point of overflow.

To arrive at the amount of runoff from a drainage area during a singlc

year or several years, consideration must be given to the moisture content of

ihe soil at the beginning of the runofi period. The conditions brought about

by the preceding year must be carried forward in all cases. Hydrologi-cai
computations hivi been rnade which treat a thirty-one year (1893-1923)
period in Ramsey County. The annual runoff from a single watershed over

ihis period varies considerably due to variation in precipitation, evaporation
and iranspiration. For the year December lst, 1923, to December lst, 1924,

runofr hai been computed for the White Bear. watershed as tabulated at the

top of the foilowing Page.
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COMPUTED RUNOFF FOR WHITE BEAR DRAINAGE AREA FOR PERIOD
DEC. l, 1923 TO DEC. 1, 1924

)

iU.i.rg the White Bear computations as a basis similar computations
have been made for various lakes covering the same period. The following
tabulation shows the recorded precipitation and computed runoff in inches,
for various Ramsey County lakes covering the twelve month period, Decem-
ber 1st, 1923'to December lst,1924.

Observed . Computed Runoff
P. ecipitatiori. Equivalent on Lake.

Lake. Inches.
White Bear ----- -------- 25.0
Turtle -------- 27.3
Snail ----- --------------- 26.6

Johanna ------ 28.5

Josephine ----- 28.5
Or,r,asso ------ 30.6
Kohlman]

-Gervais t - ------zg.BKeller 
I

Phalen )
Island -------- 24.3

Inches.
4.6
3.6

10.0
9.0.s.0 4
7.0 4

12.0

15.0

9.0
8.0

-9
I
o
z

q,

?

-bt
b" 2orOE
5:l:

ff
T -bJa) e -'a

E+ 3voi.,Or-ts
d)-o.

_ $.!
F )-+0< g
,loE>o-
.J g
8S"l

Loss From
Land Area

-U
af,|Ojr

-dl5t
19 f o

c
o.- lt

.I Co.: .L 0,.f,E ruo
dr

,

L
O-a
2qC,+
.!- d

L!
G -r-
..t6

Deq. E lnches lnches tnches lnches lnches lnches

Dec.l3E 7e.6 0.54 1.06 0.17 o.t7 + 0.x7
Jan.l97t 7.5 0.61 0.r9 0.17 0,t7 +0.64
Feb. 7t4 0.s7 0.7 6 0.4L 0A6 + 0.ll
Mar. 30. I 3.66 l.s6 o.63 069 + 3.17

Aoril 43.) 3.7t 1.87 o30 1.77 2.02- + 169
Mav s0.l t.z7 L.4? 0.7s 0.Bo l.5s - o.za
June 64.1 3.3E 3.65 I. s4 207 36t - O.23

Ju lrz 61.4 0.34 4.6e I.80 0. E0 2.60 - I.66
Auq 67.5 5.70 4.s2 l.si 3.00 4.54 + l.16
Sepl. 57. I 3.06 3.4t G90 l.so 240 + 0.68
oc1. s6l 0.38 3.36 o79 0.35 t. r4 - 0.76
l'[ov 32.6 o76 1.2 9 o23 0.23 + D.53
I oral I EO- 290 7.62 196 r9.58 +5.A7-

No run-of f occured durina Novcmber so
from lhc tasl co/umn lo/a/ lea'vinq4.E9 inches
from /and arcc or lhe eouiva/en/ 7"4.6inches
lake. (Woler lo land raTio , / 1o.95)

0.53 itdeduclcd
of run-of f
on /he

L--
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The runofi during the tu'elve month period December 1st, 1923, to
December 7st, 1924, as previousll. tabulated in inches, tvas sufficient to bal-
ance or e.\ceed the loss from the lakes due to evaporation. In all cases there
should have been a rise in lake levels for the period instead of a drop. Foliorv-
ing is a tabulation showing the net runoff yieid or gain in lake levels that
should ha'i'e taken place during the twelve month-period.

Precepitation' )VIinus Evap- Computed Net Rtrnofr
oration (Losses Rurroff Yield

Lake in Inches) Inches Inches
\\rhite Bear ----------- 1.0 4.6 + 0.6
Turtle ----- -3.2 3.6 + 0.4 .

Sail ------ - -5.0 10.0 + 5.0
Johanna ---- -2.3 9.0 + 6.7

Josephine - -2.3 5.0 + 2.7
O*'asso --- -1.0 7.0 + 6.0
Kohiman lGervais I

Keller l--------- *o'' 12'o ' 
+1t'7

Phalen )

. ' Isiand ----- -9.5 15.0 + 5.5
Birch ----- - -7.8 9.0 + 5.5
Round ---- -4.1 9.0 . + 4.9
Bald Eagle ----------- -3.0 8.0 + 5.0

lVith sufficient runoff to balance the loss due to evaporation, the actual
loss or drop in lake levels during the past year can be attributed,to an invisi-

Watertabie and Seepage
Ramsey County is underlain with nearly horizontal layers of sand-

stone, of great depth, interspersed with layers of limestone, and shale, and
the whole is overlaid with glacial drift that varies in thickness from thirty
to trvo hundred feet due to a pre-glacial stream valley which crosses the
county from the north and joins this Mississippi river at Saint Paul. There
is a slight gradual slope to the south in these stratas, to where the N(ississippr
river has cut a channel approximately trvo hundred feet deep.

In localities where an unbroken impervious stratum separates the drift
from the pervious water-bearing strata belotv, the rain that is absorbed bv
the drift forms a ground water supply that is local and independent of the
deep underground reservoir. This, however, is not true in Ramsey Count.v,
where, in places, this impervious layer is broken or does not exist. The under-
ground rvater suppiies in this case, are united and function as a single under-
ground reseryoir, the upper level of which is commonly known as the
watertabie.

The underground water supply, for the region in which Ramsey coun-
ty is located, is mainly derived from the Potsdam and St. Peter sandstone.
About 15,000 square miles of this sandstone outcrop occurs in central trViscon-
"sin and eastern Minnesota. These sandstone strata dip below impervious
limestone and slope to the south and west. Precipitation percolates into
these pervious sandstone outcrdps, the process being relatively slow, aud
supplies the underground reservoir of this region. The elevation of this
reservoiri or watertabie, depends upon precipitation, percoiation and the
amount taken for domestic use.

t
I
I
I

Observed
Drop in

Lake Level
.I nches

6.6
3.7

18.3
9.0
3.0
4.2

3.6

6.7
6.7
1)

1.0

T
{
I

I
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A stud,v of the u'atertable elevation has been made and it is evident
that it has been dropping for the past fifteen or trventy years, due to the
Iack of precipitation, and percolation and the increased demand for under-
ground s'ater used for domestic purposes in the vicinity of Saint Paul. The
inronnt of 'rater pumped and used in Sair-rt Paul, during the past years, has

cxceeded nature's supply, and the rvatertable has been artificially lorvered.

It is many years ag'o since deep rvells rvere first drilled at Saint
Paul, and the rvaterivas drarvn. for various purposes. These,early lvells
1,cre florving rvells due to the hydraulic head caused by the slope, to the
south, of the pervious rvaterbearing strata. The florv from these rvells rvas
rcduccd as more u'e1ls rvere drilled and the dropping water 1eve1, resulting
frorn this increased use, soon caused the florving wells to cease florving and
pumping machinery to be installed to bring tire water to the surface. As the
citi' of Saint Paul expanded and developed, numerous deep rvells rvere drilled
to nteet the increasing demand for rvater, whicl-r has resulted in a general
lorrering of the lvatertable throughout Ramsey county.

The lorverirrg of the watertable has, for the past twenty years, been
lrore noticeable at or nearer Saint Paul tiran at the northern extremity of
tfie county. In the loop district of Saint Paul, the watertable has lowered
fronr forty-five to fifty feet in the past trventl'-five years, whereas at Center-
ville, 1'hich is fifteen miies north of the Saint Paul loop district, the lorver-
ing has amounted to approximately ten feet. The extensive lorvering at
Saint Paul, has been caused by nature's inability to suppiy, by percolation, the
vast quantities pumped from the watertable. The hydraulic siope, to the
south, of the rvatertable today, as compared to the slope some years ago,
being determined by the elevation at which the water stands in deep weils,
is, as herervith tabulated.

885
860
794
682
690

i
1

q

t
j

I
r
t
*
t
IIt

Distance lio.
Location of of the

Well. Mississippi

Centervilie 15.5 mi.
Vadnais 6.5 mi.
]'IcCarrons 3.3 mi.
N. P. Office Bidg. 0.25 mi.
Ilississippi River-

Present Old
Elevation ol Elevation of Drop in
water level. water level. feet.

897 in 1892
878 in 1892
830 in 1910
727 in 1892
690

12
"18

36
45
45

The present hydraulic slope of -the watertable, to the south as above
tabulated,- shorvs a drop from Centerville to Vadnais of. approximately three
feet per mile, from Vadnais to ilIcCarrons, a drop of twenty feet per mile
and from }fcCarrons to the Mississippi River, a drop of thirty-one feet per
nrile. (See Fig. 32, Page 68.)

It is apparent that the watertabie in Ramsey county is much lo*er
than it rvas years ago. Investigations and studies have been conducted in
the hope of determining a relation between a low watertable and the level
<lf Ramsey county lakes. As a result of these investigations and studies, a
clue to the present low lake levels has been found.

: --'
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\Vhen the level of a watertable just reaches the surface of the ground,
it causes swamps, and when it stands above the level of a depression or valley,
jt forms lakes and ponds. Lakes thus formed are dependent upon the water-
table elevation for tireir existence. When the watertable drops below the
leyel of the depression or valley, it leaves the lakes in a situation that might
best be explained by comparing the lake to a porous cup set in a pan of water.
T[e fluctuations rvithin the cup are determined by the fluctuations lvithin
the pan. Similarly, the rvater in our lakes is seeking the level of the lower-
ing uatertable by seepage as illustrated by Fig. 31. 

,?

We are at loss to know when the watertable started lorvering and
caused seepage from our lakes or what the increase in seepage from year
to year has been, but we can arrive at an average annual seepage loss over
:r period, for which we have records of lake stages, and also the seepage loss
that occurred during the past year when special provisions were made to
obtain this loss on various lakes in Ramsey County.

It is obvious that the lowering of the watertable is a factor in the
acceleration of seepage and we can expect greater seepage from our lakes
today than occurred years ago when the watertable was much higher. The
average annual seepage loss that has taken place in the past, has no bearing
rvhatever, on the present and future seepage losses.

If all our l-akes were leak proof, we would not be 
"on""rnid 

with the
elevation of the watertabie and precipitation would maintain the lakes at
high and overflowing levels. However, with seepage existing, the water-
table elevation is a seepage factor until it lowers below.the level of the lake
bottom and exposes the entire lake area to seepage possibilities. Once the
rvatertable is below the lake bottom, seepage is limited only by the ability
of the porous stratum below, to absorb the water.

The acceleration of this loss, is not proportionai to the iowering of
the rvatertable, but iargely depends upon the porosity of the glacial drift un-
derlying the lakes. Lakes in the southern part of the county, where the
'rvatertable is far below the level of the lake would naturally be subject to
grcater seepage if the porosity of the glacial drift was uniform throughout
the county, but the condition of the lake bottom and underlying strata whether
pervious or impervious governs the rate and amount of seepage from our
lakes.

During the winter of 1923, and 1924, when the lakes were frozen over
and very little evaporation took place, a loss 'lvas very noticeable over the
shallorv portions of the lakes where slightly submerged shoals and bars
existed. The falling lake level caused the ice to rest on the shoais or bars .
and forrned humps or irregularities in the ice surface which became more
noticeable as the general lake level dropped during the winter. This observed
drop is concrete evidence that seepage is taking place.

To confirm our ideas regarding seepage, surveys u'ere made on sev-
erai lakes in Ramsey County, during the iatter part of March, 1924, to de-
termine the seepage gradient from the lakes. Water leaving the lakes in
the fornr of seepage does not whoily percolate or pass straight down to seek
the level of the watertable, but spreads over an area considerably larger
than that exposed to seepage. The porous ground acts as a blotter and the
seepage water in the process of lowering and spreading, forms the seepage
gradieut as iliustrated by Fig. 31, Page 65, 
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To determine the seepage gradient in the vicinity of the lakes, test
llits ir.ele dug and during a peiiod of no surface runoff or precipitation, were
allou'ed to collect all the water that lvould seep into them during a reason-
able length of time. The elevation of the seepage lvater thus determined was
recorded and piotted as contours showing the seepage gradient as illustrated

\\Ihere steep inclines from the lake shore to high land adjoining the
lakes, exist, the ground rvaterlvas found at an elevation above, the lakes.
In this case, the impervious layers of hard pan and clay that are disjointed
and fouird here and there in the glacial drift, likely have collected the water
that has percolated through the overlying porous strata and formed locai
ground lvater supplies that are independent of the watertable.. X{any of
these irnpervious strata are found terminating on a hiilside or in a valley
and the local ground rvater that has been collected escapes, forming springs
and marshes.

Although ground water stands above the level of the lake in many
places, it does not necessarily indicate that no seepage from the lake is taking
place. Possibly the impervious strata holding the ground lvater at this high
elevation are very thin and seepage is taking place in the pervious earth below.

The seepage gradient was determined from test pits dug in draws and
on lou' areas adjoining the lake rvhere no local ground water interfered and
the gradient undoubtedly'could have been traced to where it reached the
level of the watertable below if it had been thought necessary. To locate
the places rvhere maximum and minimum seepage occurs, would require an
unlirnited amount of time and money. Knowing that seepage from the lakes
is taking place and preventing it would be to large an undertaking, but
care must be taken not to stimulate the loss by unnecessarily interfering
rvith the lake bottoms.

\Yith the exact amount of precipitation recorded at the various Ram-
scy County Lake Stations, established December ist, 1923, (Fig. 27), and
the recorded drop in lake levels (losses) during a twelve month period be-
ginning December lst, 1923, and ending November 30th, 1924, we are able
to apportion the loss on each lake in the study and arrive at the annual
amount of seepage from our lakes today.

There having been no overflow or appreciable domestic use of water
from our lakes during the past year, with the exception of Bald Eagie Lake,
s'here water was taken for St. Paul water supply purposes, we can classify
the recorded losses for the twelve month period, used for this study, as
evaporation, seepage from the lakes, the negligible amount of water replace-
ment for earth removed by dredging and that used for domestic consumption
and o'r'erflorv of which there was none. The only counteraction on the losses
for this period are precipitation on the lake area, runoff from the tributary
land area and the negligible amount of water received from local springs
'n'here they occur with the exception of the water pumped into lVhite Beir
lake during October and November, 7924. :\

lVith the total natural supply and losses determined. from data and.
hydrological computations covering the tweive month period ending Decem-
ber lst, 1924, the unaccounted for loss (seepage) from various County Lakes
is given values as shown by the foilowing tabulation:
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SEEPAGE LOSS FROM RAMSEY COUNTY LAKES DETERMINED
FROM HYDROLOGICAL DATA FOR PERIOD

DECEMBER lst, 1923 to DECEMBER
1st, 1924

RftI{5EV
COUNTV
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il (-,

nc tas ncnz3 Inc aq lnchcs lnchc s Inc ta9 ncn05

tfhite Bcor ?5.4 +.6 29.6
*

6.6 36.2 e9.0 1.?

Tirrlle ?7.3 3.6 30.9 3.7 34.6 30.5 4.1

'-5narl 26.6 t0. 0 36.6 lB.3 54.s 3t.6 ?3.3

Johonno 24.5 9.0 37.5 9.0 46.s 30.8 t5.7

Joseohina ?E.5 5.0 33.s 3.0 36.s 30.8 s.7

0wasso 30.6 7.0 37.6 4.? 4r.8 3 t.6 t0.2

Kohlmon ''l

?9.8 lz.0 4t.6 3.6 4s.4 ?9.5 r5.9Gervois
Kelle,r

Phalen )
lsland ?4.3 15.0 39.3 6.7 46.0 33.8 t?.?

Birch ?6.5 9.0 3s.5 5.s 4 I.0 34.3 6.7

Round ?7.5 9.0 36.5 t.? 37.7 3 t.6 6.1

Bold Eoole 27.6 8.0 3s.6 1.0' 36'6 30:6 6.0

Lond ?8.? 0ver '/on oc ar€d d,ueloh 'ovy rulnoff
I'lc Corrons 30. ? ,,1 at la ta aa

* Correcled for Pumpirtg
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The loss recorded ,during the rvinter months, December 1st, 1923, ro
Jli'rch 21th, 1924, rvhen preciptation nearly baianced the evaporation and
there u'as no appreciabie runofi, is proof in itself that seepage is taking
Irlace. The follorving is a tabulation of seepage loss determined from
h1'drological data for the winter period:

SEEPAGE LOSS FROM RAMSEY COUNTY LAKES DETERMINED
FROM HYDROLOGICAL DATA FOR PERIOD-DECEMBER

1, 1924-MARCH 24, 1924

i
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Snai I {.5 ll. o 3.5 9.6 z). L
Johanna 2.o 52 3.5 3.7 Ir I

Joseohine 2.0 4,8 15 -1 
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9.9
Owasso ?.2 3.6 3.5 L.3 6.9
Kohlrnans I
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qmounl o/ ;rriliw
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I'he annual seepage determined from the four month period is irr
some cases greater than directly determined from the tu'eive tnonth period.
-lhis increase must be given consideration, horvever, and by taking a mean
of the ilvo periods, rve feel that the seepage loss thus determined is as close
to the correct amount as can be computed from the data. available.
( The seepage loss as herewith tabulated is a mean of the losses de-

termined by two sets of computations and the amounts stand, not as final
conclusions, but a; figures indicating what is actually taking place.

SUMMARY OF ANNUAL SEEPAGE LOSS FROM RAMSEY
COUNTY LAKES.

Seepage Loss
Determined

from Twelve
month period

Inches on LakeLake

lVhite Bear -----
-furtle
Snail
Johanna
Josephine
Orvasso

7.2
4.0

23.3
15.7
5.7

70.2

1924
Seepage loss

Determined from
four month period
Inches on Lake

J,/
2.L

. 29.4
1 1.1

9.9
6.9

10.8

continuorsly

Probab'le
Seepage

I.oss-1924
Inches on Lake

6.5
3.1

26.6
t3.4
7.8
8.5 

-13.4

20.0
6.2

Kohlmans r
Gervais L - ----- ----------- '15.9 

rKeller f --
Phalen )
Island ----------- 12.2

Birch ---- 6.7
Round 6.1

. Bald Eagle -:------ 6.0

Note: St. Paul waterworks PumPed' during the four month period.

30.0
5.7
9.3
,f

7.7
; 5.0
i

from ;Bald Eagle
I

I

LI
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\Yith nonnal lake elevations and less evaporation taking place from
the lakes due to less shallow rvater along the shores, and the average annual
precipitation of.27.5 inches, the total annual losses including seepage would
be somelvhat less than that recorded in 1924.

The probable mean drop in lake levels in normal years .(consumption
and seepage loss), and the equivalent in gallons per minute are as follows:

Gdllons per
Probable Mean Minute Equiva-
Annual Drop in lent to mean an-
Lake Levels in nual drop or loss'Inches , G.P.M.Lake.

\Vhite
'lurtle
Snail -----
Johanna

J osephi

Bear ----- 4.5
3.0

17.5 /

550
72

L46

O*'asso

7.0

4.0
10.5 ,
3.5
3.5

31
L28 

-225

4.5
6.0

Kohlmans
Gervais
Keiler
Phalen
Birch
Island
Round

26
32
25

2W

:

I(
tI
'i
)
t
i
I
i

The losses that will undoubtedly occur, even in normal years, must be
offset or the majority of the lakes in Ramsey County which are depe4dent
upon uatural supply for their maintenance will, in the future, be subject
to the same irregularities caused by low lake stages, as in the past.
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The follorvilg is a set of summarized hydrologic computations.-rvhich

d.al .uitrr-the precip-itation yield on !\rhite Bear lake and from its tributary
land area. The computations shorv the distribution of the yield ind the

cumulative natural yield rvith and rvithout seepage deduction'

HYDROLOGICAL DATA AND. COMPUTATION.,,

WHITE BEAR WATERSHED

Lake Area

Precipitation
(Inches)

DtE:[,,::i::
Precipitation tween PreciPi-

Ifinus EvaPora- tation and
Evaporation tion (Yield) Evap-ora.tiou

(Iirches) (Inches) . (Inches)

-l
.:

1.,

Year

1893
1894
i895
1896
1897
1898
1899
1900
1901
t902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
19t4
1915
t916
t9t7
1918
1919
L920
L92l
1922
t923
7924

24J
22.6
25.4
34.4
31.0
25.4
26.3
34.9
25.7
29.8
39.7
34.0
31.5
32.5
23.4
30.8
31.6
lL.4
39.2
2r.l
25.6
2+.1
30.8

27.9
29.9
30.1
)o?
27.3
30.6
30.4
32.0
3i.5
30.2
29.O
28.2
29.8
31.0
28.3.
30.8
29.9
30.9
30.1
28.9
3A.2
31.5
28.9

- 3.8

- 7.3

- 4.7
+ 5.2

+ s.7

- 5.2

- 4.1

+ 2.e

- 5.8

- 0.4
+ 9.7
+ s.8
+ r.7
+ l.s

- 4.9
0.0

+ 1.7

-19.5+ 9.1

- 7.8

- 4.6

- 5.4

+ 1.9

- 
5./

- 1.1

- 0.9

+ 1.0

- 5.7

- 8.1

- 6.7

- 9.9

- 4.0

- 3.8

-l 1.1

-15.8
-10.6
- 6.9

-12.1
-16.2
-13.3
-19.1
-i9.5
- 9.8

- 4.0

- 2.3

- 0.8

- 5.7

- 5.7

- 4.0

--23.5

-14.4
-22.?
-2b.8
-32.2
-30.3
-36.0
-37.r
-38.0
-37.042.7'
-50.8
-5/.5
-67.4Jt.4

29.5
26.7
29.6
30.8
30.2
33.5
31.8
29.7
29.O

23.8
25.6
28.7
31.8
24.5
25.4
25.1
19.8
25.0
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HYDROLOGICAL DATA AND COMPUTATIQNS

WHITE BEAR WATERSHED
:

Precipitation
Land Area

Minus

Precipitation Tranrpir"tior, Evaporation *:1' ,t*:i;;(Inches) (Inches) (Inches) (Inches) (Inches)

t92l
1922
t923
1924

Ycar

1893

1894
1895
1896
1897

1898
1899

1900
1901

1902
1903

1904

1905

1906
1907
1909
1909

1910
.. l9l1

t9t2, 
1913

1914

1915
1916
19L7
1918

i 1e19

24.1
22.6
25.4
34'4
31.0
25.4
26.3
34.9
25.7
29.8
39.7
34.0
31.5
32.5
23.4
30.8
31.6
Lt.4
39.2
2L.r
25.6
24.7
30.8
23.8
25.6
28.7
31.8
2+.5
25.4
25.1
19.8
25.0

8.0
7.0
8.7
8.4
8.8
8.6
9.0

10.2
9.6
7.9
7.9.
7.6

11.3
10.4
13.9
r5.5
14.9
L3.4
L3.2
t7.2
14.1
i6.0
18.2
15.9
15.2
16.4
13.1
16.0
rs.7 '

7.0
19.6
14.3
14.1
13.0
15.1
11.5
L2.l
15.0
15.6
t2.L
14.8
lt.4
71.7
72.0

19.3
L7.4
22.6
23.9
23.7
22.0
22.2
27.4
23.7
23.9
26.1
23.5
24.0
25.2
20.L
24.6
23.6
12.0
28.0
21.6
22.6
21.8
23.2
18.7
19.2
23.0
24.L
19.7
24.6
20.6
19.1
19.6

.4.8
5.2
2.8

10.5
7.3
3.+
4.1
7.5
2.O
5.9

13.6
10.5
7.5
7.3
3.3
6.2
8.0

--{.6
Lt2

--{.5
3.0
2.3
7.6
5.1
6.+
5.7
7.7
4.8
0.8
4.5
0.7

' 5.4

C

I
I
{:

t:
t'i..

a

R
'i

8.8
8.8
7.0
8.6
7.9
5.0
8.4
7.3
8.5
8.8
8.1
7.2
7.1
8.0
8.5
7.6
9.8
9.2
7.4
/.o

-*ac+''
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HYDROLOGICAL DATA AND COMPUTATIONS

WHITE BEAR WATERSHED

Lake Plus Land Area

Year

Yield of Yield of Total
Lake Area Land Area Yield
(Inches) (Inches) (Inches)

Cumulative
Yield

( Inches )

0.8

- 1.6

- 3.6
11.6)))
20.2
20.o
30.0
26.1
31.3
33.9
69.7
78.5
86.9 *
85.1 - 1.8
91.0 + 4.1

100.s +13.4
80.2 - 6.7
9e.9 +1s.0
9r.6 + 4.7
89.9 + 3.0
86.7 - 0.2
95.8 + 8.9
94.9 + 8.0
99.9 +13.0

104.4 +17.5
rt47 +25.8
1rs.6 +24.7
706.3 +t7.4
103.9 +15.0
e2.7 + 5.8
93.8 + 6.9

Ctrmulative
Yield deduct-
ing for Esti-
mated Average
Annual Seep-

age
(4.5 Inches)

- 3.7

-10.6
-t7.1
- 6.4

- 0.3

- 6.8

-1r..5
- 6.0

-14.4
-r3.7+ 4.4

+r5.7
+20.0
+23.9 *
+17.6 - 6.3

+19.0 - 4.9

-23.8 - 0.1

- 0.8 
-?4.7+r4.4 - 9.5

+ r.6 
-22.3

- 4.6 --28.5

-12.3 -36.2
- 

/ ./ 
-Ji.o

-13.1 -37.0
-12.6 -36.5
-12.6 -36.5
- 8.8 

-32.7
-14.4 -38.3+26.2 -50.1
-33.1 -57.046.8 

-70.7
-50.2 -74.1

il

1893 - 3.8 4.6
1894 - 7.3 4.9

1895 - 4.7 2.7
1896 + 5.2 10.0
1897 + 3.7 6.9
1898 - 5.2 3.2
1899 - 4.r 3.9
1900 '+2.9 7.1

1901 - 5.8 .1.9'
7902 - 0.4 5.6
1903 + 9.7 12.9
1904 + 5.8 10,0
1905 + r.7 7.t
1906 + 1.5 6.9
1907 - 4.9 3.1

1908 0.0 5.9
1909 + 1.7 7.6
1910 -19.5 -0.61911 + 9.1 10.6
79t2 - 7.8 -O.519i3 - 4.6 2.9
L9r4 - 5.4 2.2
1915 + 1.9 7.2
1916 '- 5.7 4.8
1gt7 '- 1.1 6.1

1918 ,- 0.9 5.4
7919 + 1.0 7.3
7920 .- 5.7 4.6
r92L - 8.1 0.8
7922 - 6.7 4.3
7923 '- 9.9 0.7
1924 - 4.0 5.1

'i"

Note: *Indicates overfow.
During the period 1907-1924

water was pumped into the lake.

+ 0.8

- 2.4

- 2.0
+rs.2
+10.6

- 2.0

- 0.2

+10.0

- 3.9

+ s.2
+22.6
+15.8
+ 8.8
+ 8.4

- 1.8
r qo

+ e.3
40.1
+r9.7

- 8.3

- t.7

-32+ e.1

- 0.9

+ s.0
+ 4.5

+ 8.3

- 1.1

- 
/.J

- 2.4

- 9.2

+ 1.1

the equivalent of approximately seventeen irrches of
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White Bear Lake in the year 1906, overflowed into Bald Eagle due tr,
the cumulative increase in precipitation from tSgO to tgOO. lVe are at a loss
to knorv horv much the lake was lowered by this overflow, but it is estimated
that at least one foot was lost due to the natural outlet being eroded or
rvashed down by the water leaving the lake.

There being no overflow since 1906, available records show that from
December lst 1906, to December 1st, L924 (LB years) there has been a drop
in lake levels of 57.0 inches. During this period, there was the equivalent
to 17.0 inches of rvater pumped into the lake which has offset the loss to that
amount. If there had been no water pumped into the lake during this
eighteen year period, it is obvious that our total loss lvould have been 17.0
inches nore or 74.0 inches.

The hydrologic computations show that with no seepage taking place,
there would have been an increase of 6.9 inches instead of the 57.0 inches
recorded drop for the eighteen year period which is evidence that seepage
from the lake is the root of this evil. The estimated average annual seepage
loss of 4.5 inches over this period, caused a cumulative loss, due to seepage
of 81.0 inches. This loss, horvever, was reduced to 74.0 inches by the natural
yield of 6.9 inches, which is exactly in line rvith the recorded loss of 57.0
inches plus the 17.0 inches pumped for the period, (74.1 inches), and is
further indication of seepage.

1

I
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I

I
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NATURAL RESTORATION.

Possibilities 
;

Many public inquiries, concerning our lakes, have been made at this
office in the past t\.vo years, but the outstanding question has been-"\\,'il1
our lakes recover?" The logical answer to this question has been one of
the objects of this report. Little was known prior to this investigation,
concerning the possibilities of natural restoration, and it is conceded at the
start, that it is a problem that depends entirely upon nature's ability to
duplicate or ,exceed the beneficial factors of natural phenomenon as it has in
the past.

All indications are that if the lake levels rvere nonnal and natural
conditions prevailed with no seepage taking place, the expected yearll'
fluctuations in lake levels would occur on a higher plane, resulting no'rv and
then in overflorv. r

Natures' steady program has been disrupted by seepage losses from
our lakes and this loss must in most cases be offset by a natural supply it
natural lestoration is to take place.

Natural restoration in this case does not mean a partial recovery to a
normal elevation at which the lakes best serve the publi-, it means complete
recovery to the elevation of overflorv or high water, The lake levels fluctuate
in close relation to the cycle or trend in precipitation.as shown by Fig.26.
on Page 53. A normal elevation, generally speaking, is reached by a half
cycle or half of a total fluctuation. The upper stage betrveen the normal
and orclinary high rvater elevation is the natural reserve which is drarvn
upon by the lower or dry half of the cycle. If our lake levels rvere restored
to theil normal elevations, it would indeed be pleasing, but nature mrlst
provide cornplete restoration or, with the heavy seepage losses, the levels of
our lakes will, with yearly and periodical fluctuations, gradually fall to a
hopeless stag'e.

The ipossibility of an increase in annual precipitation in the next ten
or fifteen years is clearly illustrated by the cycle or trend as shown on
Page 53, Fig. 26. All indications are that rve are at or very near the bottom
of a dry cycle, and if nature repeats, we can expect a cumulative increase in
annual precipitation similar to that during the periods (1837-1849) (1865-1875)
and (1890.1906).

During tne eighty-seven year period for which we have records of
precipitation at St. Paul (See Fig. 26) there have been at least five, more or
less, distinct cycles. The upward trend or increase in these cycles caused b1'

an increase in precipitation are in some cases rather abrupt .with means,
during these periods, that are considerably higher than the average for the
entire eighty-seven year period. The means for the periods of increase are
as follows:

1837-1849. Annual
1865-1875. Annual
1890-1906. Annual
1896-1906. Annual

mean:26.4 inches.
mean-32.0 inches.
mean:29.1 inches.
rnean:31.5 inches.

I

I

I

,l

I

I'he most rapid recovery was during the eleven 1'ear period (1865-1875)
when thelannual mean was 32 inches. The mean for the eleven year period
(1896-1906), although part of the increase for the seventeen year period
(1890-1906) is almost identical with the mean for the eleven year period
(1865-1875). These means represent the most favorable increases of rvhich
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we have record, and on these, rve will base an assumption. From hydrological
data and computations compiled for White Bear Lake and its drainage area,
as tabulated on Pages 74, 75 and 76, we find that the cumulative yield or
increase in lake levels during the eleven year period (1896-1906) rvhen the
annual mean precipitation rvas'31.5 inches, would have been 90.5 inches if
seepage deductions rvere not considered. The probable increase for the
period, assuming that the most favorable recorded conditions prevailed
(32.0 inch mean) would have been 97.5 inches.

Let us assume that lve are at the bottom of a dry c1'cle and during
the next eleven years (1925-1935) the mean annual precipitation at Whitc
Bear rvill be 32.0 inches. The total yield or rise in lake levels for this period
rvould be practically the same as computed for the eleven year period
(1896-1906), disregarding seepage. With a natural yield of 97.5 inches during
the next eleven years and deducting the cumulative annual seepage loss of
4.5 inches over an eleven year period (49.5 inches) we would have accumu-
lated on the lake the equivalent to a 48 inch (four foot) rise which lvould put
the lake at an elevation of approximately 925.5, within a foot of the spillway
elevation in the year 1935.

With this high annual mean precipitation (32.0 inches) affecting the
entire county during the next ten years, we could expect a natural recovery
on all lakes with the possible exception of Johanna and Snail. The losses
on these lakes are so great regardless of the large amount of runoff received,
that natrrral restoration is even more doubtful.

We must bear in mind, however, that there is a possibilitv of natural
recovery only under the most favorable conditions which, in the past eighty-
seven years has occurred only twice. Our speculations into the future,
concerning natural restoration, are limited and based entirely upon rvhat has
taken place in the past. The unexpected may happen and nature's supply
exceed all previous records. This,'horvever, is not probable, and it is safe
to say that natural restoration of our lakes is more or less a gamble with
heavy odds against it.

There are two lakes in the county, classified as public utility lakes,
namely, IlcCarrons and Long, rvhich are well maintained regardless of what
seel)age loss is taking place. McCarron's Lake is subject to considerable
seepage loss due to its location, but any seepage loss that might occur is
offset by seepage into the lake in the form of springs. It is truly a spring
fed lake and subject to overflorv following spring runoff. Long Lake ii
possibly the best maintained lake in the countv. It has a tributary drainage
area forty-t'wo times the size of the water area and receives sufficient runoff
to cause numerous overflorvs into the Mississippi river.

Bald Eagle Lake is abnormally lou, due to the fact that its water was.
ttsed dtrring the rvinter of. 1923 and 7924 for St. Paul City trVater supply.
Generally speaking, there was the equivalent of three feet of lvater pu*pid
fronr the lake for that purpose. There are reasons to believe ttrai ;t irris
l'ater had not been taken from the lake, there would be but a slight de-
liciencl' today.

The possibility of natural r:ecovery, from the existing lorv stage, de-
llends, as in other cases, upon the future supply. This lake, horvevir, has
sr€ater possibilities of natural resioration than any county Iake rvith the
sa:tre deficiency. The deficiency in this case is not due to a natural loss, so
tt'ith the expected cumulative increase in annual precipitation there are fair
ltossibilities for natural restoration of Bald Eagle Laki, although it may be
seteral 1'ears distant.



If, in the next ten or fifteen years, our deficient lakes would fully re-
cover, the irregularities of today would soon be forgotten and there rvould

. be no cause for discontent until the downrvard cycle of precipitation caused
the lakes to lou'er in their usual manner. As long as there are cycles in
precipitation, there is bound to be natural fluctuations in our lake levels
rvhich is really the cause of the present irregularities and uncertaintv. It is
the fluctuations in lake levels that have caused the irregularities, not the lorv
iake elevations. !Ve can adjust ourselves to different levels providing the
change from one level to another is not too sudden, but it rvould be un.
reasonable to adjust permanent improvement so as to derive the rnost from
lakes hat,ing large fluctuations.

!Vith no certainty concerning the extremities of the fluctuations in
lake levels and the limits of seepage, we are at a point, rvhcre, for the best
interests of the county and public at large, it is fitt necessary to resort to
artificial lneans in order to overcome the irregularities and uncertainty caused.
by these fluctuations.
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ARTIFICIAL RESTORATION.

Watertable Fluctuations.

1'he full recovery of our lakes, if brought about by nature, rvould. be
termed natural restoration but, if by an act of man, nature is assisted, such
recovery is herein referred to as artificial restoration.

To overcome the losses sustained by seepage is our chief motive. The
problern has been analyzed from all possible angles. The first thought which
enters our mind, is, can rve right the basic \vrong by acts rvhich rvould
enable the rvatertable to recover? This, horvever, is 11ot comprehensive. I'he
underground rvater supply is free for all rvho rvish to make the necessarv
provisions for its use.

It has been estimated that the numerous privately orvned deep rvells
in St. Paul each year pump from the underground reservoir, 3.2 billion
gallons, rvhich, generally speaking, is the equivalent of 1.1 foot on every
lake in Ramsey County. In addition to this water privatelv pumped, there
is, each year, approximatel.r' 5.3 'biliion gallons provided the City by the
Water Works, of which a large percentage is pumped especially in dry years,
from the underground reservoir, It is estimated, holever, thar the total
average annual supply pumped in Ramsey County is not less than 6.7 billion
gallons, or the equivalent of. 2.4 feet on all our lakes, or, roughly speaking,
8.7 feet on White Bear Lake. With this enormous amount taken yearly from
the underground reservoir, it is plain to see rvhy the watertable has lou.ered
and u,hy all hopes of recoverl' are diminishing.

When the nerv city water supply system is put into effect and the
bulk of the rvater heretofore pumped from deep lvells and distributed for
public'use in the citv, is taken frtm the If issiisippi River, the overtaxed
natural deep reservoir rvill be greatly relieved, but still burdened rvith the
annual loss of 3,2 billion gallons pumped from private wells in St. Paul.
Even rv'ith no future pumping taking place in Ramsey County, the natural
recovery of the watertable is so far distant, that the present, or possibly the
next tlvo generations will not witness its recovery.

With little or no hope of the rvatertable being restored to its natural
elevation, the possibility of reducing seepage by lowering our lakds to an
elevation nearer that of the watertable, rvas given consideration. To over-
come or substantiallv reduce seepage in this manner, it rvould be necessary
to lorver our lakes io such "., .it..rt that all efforts and money that have
been spent in developing and improving our lakes would be saciificed. The
natural bathing beaches, both developed and undeveloped, rvhich, through
a course of years have been constructed bv wave action, would be destroyed.
In this case the existing gradual decline from the shore line to .rvfrere an
abrupt drop-off into deep lvater is found, rvould be exposed., and the decline
frr-rnr thc remodeled shore line rvould be so abrupt th;t bathing under such
conditions would be undesirable. The watertable today is, in most cases,
so far .belorv the surface of our lakes, that a reasonable lolvering rvould d,o
nrore harnr than good.

Profiting by past experience at trvhite Bear, it is felt that pumpi,g
rvater from deep wells into our deficient lakes is the onlv sound and 

-econom--

ical method by which the present and future irregularities brought about by
iorv lake eler.ations, can be overcome.
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Although relatively little pumping from deep wel1s for lake improve-
ment purposes has taken place in the county, it is beyond an experimental
stage. The desirability of such pumping is often questioned by those rvho

do not understand the situation. The equivalent to a foot of lvater may be

pumped into a lake rvith no visible effect, but we must keeP in mind that the
rvater purnped has replaced a loss u,hich would have taken place had there
been no prrmping. In other lvords, White Bear Lake tvould be approximatelv
seventeen inches lorver today if no pumping had taken place since the
year 1907.

It rvould appear that to pump water from the underground reservoir
to supply our deficient lakes rvould result in the lorvering of the rvatertable,
but to pump the equivalent of that'rvater rvhich has been lost through seepage
is mereiy a process by 'rvhich the seepage lvater is returned to the lakes

, rvith no cause rvhatever for the lowering of the rvatertable. To purnp rvater
into our lakes is not a process of robbing the underground reservoir, in its
existing :state, of lvater that rightfully belongs to, it. In other rvords, pump-
ing into the lakes to offset seepage will have the same effect on the'r,'ater-
table that the sealing the bottoms of our lakes tvould have. Pumping from
deep rvells at a greater rate than rvould be necessary to offset seepage loss
would result in the lorvering of the rvatertable. Holvever, the apparent
lowering of the watbrtable is more than offset by the fact that the City
Water Works rvill no longer derive its main supply from the underground
reservoir:, but rvill pump directly from the ilIississippi River at Fridley.

If pumping into our lakes is to be given consideraticn it rvould be
advisable to make the necessary provisions.for a possible increased demand
in the fnture. With this in mind, rvells with adequate diameter and capacity
shoulci be considered. The amount of water required to offset seepage
today nray be doubled in the future. To overcome this increased demand
it rvouldi then only be necessary to replace the old pumping machinery t'ith
nerv having higher rates of discharge.

\\;here the watertable stands considerably belorv the level of the dis-
charge the most desirable type of pumping machinery is the deep rvell
turbirr. This pump is suspended in the rvell casing and operates at its highest
degree of efficiency at the elevation of the rvatertable. It must be conceded,
horvever, that the highest pump efficiencies are obtained by'horizontal and
vertical centrifugal types and work to advantage in places where provisions
are made to have the pump at or very near to the elevation of the lvatertable.
To do this, in cases where the watertable is more than 8 or 10 feet belorv
the ground surface or discharge, rvould necessitate the construction of a 'pit
sufficient in diameter to house the pump and deep enough so that the pump
would operate on or very near the watertable plane.

The cliameter of a well has a direct bearing on the efficiency obtained
by deep rvell turbines. Let us take for example the trvo county rvells at White
Bear. '{hese rvells when drilled twenty-five years ago rvere thought ade-

quate in diameter and capacity to supply all future requirements. Horvever,
even if the capacity of these rvells todaf is sufficient for the required ailounr
of rvater, the small diameters limit the pump efficiency.
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i}Iud tt. diameter of these wells been 18 inches instead of 12 inches
it rvould have been possible to obtain approximately 77/o higher pump ef-
ficiency from the same type of pump as recently installed with a toial ptrver
saving of $630.00 per year for the same amount of rvater delivered.

The cost of drilling welis is based more or less on a time and material
basis. The additional time required to drill an 18-inch .rvell, compared to a
12-inch well, is not great. The cost of a large rve11 casing really constitutes
the bulk of the additional cost and the permanency of a good lvell rvith a
large diameter offsets this additional . cost to such an extent that for future
tuse only lvells of adequate diameter are recommended.

'Ihe time required to pump at various rates of discharge, the equivalent
of one foot rise in elevation on individual lakes in Ramsey County is shorvn
in form of curves (Fig. 33, Page 84.) The size of a lake is directly propor-
tional to the time required to pump at any given rate of discharge. Therefore,
pump capacities are gouerrred by time inZ lvater requirements.

lior economical reasons it would not be advisable to select pump
capacities over the amount required to offset seepage and hold our lakes at a
nlore or less constant stage under adverse conditions. With adequate pump-
ing facilities, the control of the pumps would be determined by foreseen re-
quireurents.

Control of Lake Levels

Frequent overflows can be expected if our lakes are restored to their
normal elevations by.the aid of pumps. \,Vith the watertable abnormally low,
precaution must be taken so that unnecessary overflow, especially from the
lorver lakes of a system, will not be lost to the llississippi River.

A normal lake level should be agreed upon and a flood reserve estab-
lished. When the lake rises to the normal level, pumping should ordinarily
cease and overflow should be under control throughout the flood reserve by
ttse of an adjustable spilhvay elevation, more commonly known as a "stop
log s1'stem." In the spring, if excessive floods are anticipated, the lakes
should be drarvn dolvn to the normal level by removing stop logs to ,make
room'for the unexpected overflow. Provisions should be made, horvever, to
retain at least half of the flood reserve after the spring runoff had ceased,
for runoff from'summer rains and half for summer drought. During the dis-
charge of rvater from the flood reserve, the follorving estimated spillrvay ca-
pacities should be available:

r Lake. Cubic Second Feet Lake Cubic Second Feet

White Bear ----- -------- 75
Bald Eagle -------------l2STurtle ------- 15

- 
Orvasso ----------------- 25
Phalen Series ------------100
Johanna ------ 25

Josephine 5

After the flood reserve has been fully utilized, additional abnormal
flood inflorv must be partly stored and partly discharged at still greater rates.
To deterlnine these abnormal discharges further studies and additional hy-
drological observations are necessarv.
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Showing Relative Lake Elcvations-Natural and Recommcnded Flood
Control Conditions.
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Showing Rclative Lake Elevations-Natural and Recommended,
Flood Control Conditions.
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Figures 33, 34 and 35 respectively, show the natirral lake stages as
dctcrmined in the field and the recommended flood reserve and overflow co,r-
trol as thought most practicable for the good of all concerned. The f,ootl
leserve and control, as shorvn, in all cases represents verv nearly the total
fluctuations to rvhich the lake levels would be subjected with the slrgucsted
pumping prog'ram in effect. It rvill be noted that the lakes 'rvith the lorvest
altitude through rvhich flood rvater from tributary lakes passes, to escape the
llississippi river, have greater flood reserves recommended for the conserva-
tion of surface runoff.

The relative elevation and natural overflorv courses of all lakes, under
consideration, are graphically shorvn by figures 33, 34, 35.

EXISTING SPILLWAYS AND OUTLETS
The necessity of adeqrlate spilhvays to protect the natural outlets of

our lakes can be appreciated only by personal inspection. Extreme high u'ater
marks found in sorne cases several feet above the existing outlet, is evident
that overflorv in the early days has eroded or rvashed away the retaining
earth governing the extreme high rvater stages. Little has been done in the
past to preserve our natural outlets, and it is felt that the construction of a
proper adequate spilhvay is as important as the pump itself in considering a
pumping program. The outlet situation on each lake is an engineering
problem in itself and should be given consideration regardless of rvhether or
irot pumping is to take place. In several instances the outlet has been eroded
rvithin a ferv inches of the normal lake elevation. At Turtle Lake, merell' a

lorv sand ridge keeps its lvaters from going into the Ilississippi River, and
another overflolv would erode the outlet so that little stor:.ge would be
realized on the lake.

The existing spillivays are, generally speaking, inadequate to discharge
suffrcient flood rvater so as to prevent property damage in case of an abnor-
mal runoff.

The Phalen spillway, although well constructed, is inadequate and has
no provisions for flood control. The White Bear and Josephine spillways are
about 75/o inadequate, and water lvould pass around them in case of a heavy
overflorv.

Bald Eagle. has two spillrvays; the one on the North end of the lake .

has been constructed as part of the bridge that spans the old creek bottom
or natural outlet. On the west Shore the St. Paul Water Works constructed
a spillway, rvhich, lvhen overflow occurs, discharges water into the city
rvater supply system through Otter Lake. The combined discharge capacity
of these spilhvays is sufficient to handle ordinary floods, but they lack con-
trol features.

Althotrgh adequate spilhvays, rvith provisions. for controlling o't,er-
florv, are essential and have been suggested as part of a pumping program,
the irnmediate necessity of such irnprovements is not an outstanding feature.

It is. believed that all required spillways could be constructed in their
order of importance rvithin the next four or five years by the proper dis-
tribution of funds.

In many cases the overflorv channels from one lake to another are
not contracted sufficiently to prevent serious damage in case of heavy over-
florv. To remedy this situation, which is altogether natural, it is believed
that regular ditch proceedings rvould be required. (Figs. 38, 39, 40.)

JI
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Existing Spillway-Lake Josephine
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Outlct Culvert-Lakc Owasso

Natural Outlet-Turtle Lakc
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As previously acknowledged, the proper design of the spilhvays is an
engineering problem in itself, that would require considerable investiga-
tion; a rough estimate is offered for a temporary basis.

1'he cost involved in constructing the average spilhvay rvould be ap-
proximately $2,000.00, lvhereas in special cases where road construction has
obstructed the natural outlet, the cost rvould probably be doubled.

PUMPING COSTS

The recent installation of new pumping machinery in the county rvells
at White Bear has been of great value as a basis for estimating costs of the
suggested pumping units and their operation. These pumps are motor driven
deep rvell turbines which have proven very satisfactory. This type of pump
is thought to be the most economical for bringing lvater to the surface from
grcat dcptirs.

The cost of delivering water from deep wells is directly proportioned
to the lift with a constant porver rate and pump efficiency. As sholvn by
curves for various lakes, (Fig. 41, Page 96.) The porver rate in this case is
an average rate and typical of this part of the country. The pump efficiency
used for these curves is very conservative and lvould vary but a little regard-
less of the pump capacity.

'l'he lift, or distance between the pump discharge and the eievation at
n'hich the water stands in the rvell when pumping, has been estimated frorn
data collected from various deep rvells in Ramsey County, as illustrated b1'
Fig. 42, Page 97, and shown by contours, (Fig. 32, Page,68.) This, horvever,
is a rough estimate, being as near as can be deterrnined with the data avail-
able.

f iie table shown on page 95, is a summary of pumping costs and sug-
gested pump capacities for various Ramsey County Lakes. The costs as
tabulated can be referred to as the best estimates procurable with available
data.
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EXPERIMENTAL ACTIVITIES
Weed Cutting

Experiments made by this department during the past trvo seasons, in
hopes of procuring successful methods for the exterrnination of rveed grorvth,
have proven very valuable.

In vie',v of ascertaining rvhat could be accomplished by cutting the
u,eed growth in our lakes, a porver driven weed cutting device u,as designed
and mounted on a boat. This rveed cutter rvas designed to cut a ten-foot
slvath and the cutter bar so arranged that it could be regulated for cutting
at variorls depths dorvn to five feet belorv the surface.

The rveed cutter rvn-s completed and put into operation early in August.
1923, on Keller Lake rvhere the weed growth was exceptionally heavy. About
50 acres rvas cut in Keller Lake in 1923, and the initial experiment and the
design of the machine proved very successful although several alterations
rvere urade.

Soon after the rveeds are cut they come to the surface and are carried.
by tvind atrd wave action to the shore or to tvhere a barrier of uncut rveeds
stops the movelnent. As a result of a strong wind, large mats of cut weeds
collect and pack on or near the shore.

The removal of the cut weeds from the lakes is as essential as the
cutting, for if the weeds were allorved to remain in huge mats and later in the
year settle to the b.ottom and decompose, there would be additional mud de-
posits btrilt up along the shores. This should be prevented.

\\'hen cut rveeds, driven by high winds, collect and pack on the shore,
it is relativelv easy to remove them by using garden rakes and forks but
it rnust be done before the direction of the wind changes or they will be taken
to other parts of the lakes.

\\rhere a barrier or a line of uncut weeds keeps the mat from approach-
ing the shore, it is necessary to g'o out and bring them in. The most successful
method used in this case is a specially designed apparatus consisting of a
long iron chain, wood floats or buoys. and a power driven spool. The chain
with attached floats, which have 18-inch'leads, is distributed from a boat
around a large area of cut weeds and forms a boom around the weeds. One
end of the chain is made secure on shore and the loose end is wound on the
power driven spool, also on shore. The floats or buoys with 18-inch leads
.suspend the boom chain 18 inches below the surface and when the chain
is drawn in it, collects the weeds and brings them to the shore where thel'
are removed by hooks and forks.

Hundreds of tons of cut 'lveeds .were removed in this manner from
Keller Lake during the cutting season in 1923, and piled on the shores. 

' 
The

physical effect of weed cutting was at once noticeable, and Keller Lake
was transformed from a mass of grorving rveeds so dense that a boat could
not be oferated on its tvaters, to an open lake free of all encumbrances.
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Ramsey C6unty's First Wced. Cutter, 1923.

Portaging Weed Cutter.

Wecd Cutter in Action-Keller Lake, 1923.
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The value of the water weeds as a fertilizer has been knorvn for many
years and used extensively in the eastern states where they are collected
al<-rng the sea shore. The weeds removed from Keller Lake in 1923, .ivere

analyzed at the State Agricultural School and found to contain a high per-
centage of nitrogen which, is an excellent fertilizer for heavy soils. An ex-
periment rvas made on, a plot of ground directlv east of Keller Lake rvhere
twenty-five loads of weeds rvere hauled and spread over approximately one
acre, through the center of the plot. The rveeds tvere spread and plorved
under during the fall of 1923, and corn rvas planted the follorving spring.
There was not a noticeable effect in grorvth, due to this fertilizer, but the
c<.,lor of the corn stalks lvas a much darker green during the grorving period,
and by mounting a hill near by to look do*,n on the field the outline of the
fertilized area could be clearly seen. The real test for qualitv of ear corn
nas destroyed b1'the early frosts in the fall of 1924,but some difference in the
kernal development rvas discernable.

Although our experiment fell short of local evidence, I do not hesitate
to recommend the use of lveeds from our lakes as fertilizer for it has been
prl)ven valuable and IIr. Freeman, our County Agent, has volunteered his
services in making it a popular fertilizer.

The results of the 1923 weed cutting experiment in Keller Lake in
view of exterminating the growth was very noticeable when the weeds again
startecl to grow in June, 1924. An estimate was made of the density of
growth in 1924 compared to 1923 which shorved a reduction of at least thirty
per cent. This proved the experiment very valuable and the 1924 cutting
operations were at once started.

The 1924 weed cutting program included the cutting and removing
of lveeds from several lakes in the County. The weed cutter was launched
in Gervais about June 15th and operated along the north shore until July
first. By this time the grorvth in Keller Lake, although not as heavy as in
1923, rvas well under way and the second year'i cutting was made to advance
the experiment.

The early accomplishments of this experirnent were soon broadcast
to all parts of the county and the weed cutter was in demand at many lakes.
It was then a matter of placing the weed cutter and distributing the time so
that several lakes could benefit to some degree at least. The cutter rvas
moved, by using a special designed trailer, to Owasso, Silver, White Bear and
'Iurtle Lakes, respectively. Although it rvas impossible to cut all the weeds
in each lake, lvith the one cutter in a limited time, some good was accom-
plished in the localities where the boat operated. Perhaps the most notice-
able effects of weed-cutting was in the southrvest bay at White Bear Lake
adjacent to the St. Paul Auto Club. Here the rveed growth caused the rvaters
of the bay to be more or less stag'nant and not adaptable to boating. Trvo
weeks' operation cut practically all of the weeds in this bay and hundreds
of tons of wet rveeds were removed from the lake. lVave action on the rvest
shore, that had been counteracted by the weed grou'th, was restored and cut t

u'eeds ivere rvashed far upon the beach.

'Io successfully combat rveed grorvth, it rvould be necessary to cut
practically all of the weeds in a lake so that seeding would be checked.
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Pulling in Boom Chain_Keller Lake,

Grap Hook Used for Rcmoving Cut W""asl

Grap Hook Coming Out Ytlith a Full Load.
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. It must be conceded, however, that it is quite impossible to cut all
of the rveeds because of the shallow water in some bays and along the shores
rvhich prohibit the operation of the rveed cutter which drarvs 12 inches of
tvater, but let us cut ali that rve possibly can and let rvave action do rvhat it
rvill in cleaning the bays and shores. Each year that weeds are crlr, there are
less seeds that rvill grorv and if this process is continued from year to year,
it is obvious that the growth could be thinned out and trimmed dorvn so that
the cutting rvould be reduced and easily taken care of.

We must bear in mind, horvever, that 'rvith the lakes at a normal elev:.r-
tion, the present shallow water areas now lending themselves to rveed grol', th
will be reduced materially. Where weeds now thrive in three feet of rvater.
which is trvo feet below normal there rvould be under normal conditions.
five feet of u'ater that rvould kill the growth and move the rveed line nearer
shore.

'The rushes and cat tails existing along the shores of our lakes rvhere
the rvater does not exceed three feet in depth can be exterminated in a similar
manner by continuous cutting. From experirnents conducted along tirese
lines, it has been found that the growth can be thinned out at about the same
rate as the rvater weeds. The menace of these weeds is not considered as
serious as the water weeds inasmuch as they grow in shallow water where
they can be cut w'ith a scythe by those whom they effect. With the lakes at a
normal elevation, most of these weeds will disappear due to submergenee.

It is believed that more can be accomplished for every dollar spent on
lake improvement by cutting weeds than in any other way conceivable. \&-eeds
are not only a physical menace, but they cause other irregularities such as
breaking wave action and causing sedimentary deposits as previously outlined
in this report. trVhat has been accomplished with one weed cutting rrrachine
during the last season is a direct proportion to what can be done rvith rhree
machines operating on all of our public lakes. The initial and operating cost
of such machines'is insignificant compared to the value received. The cost of
a weed cutter conrplete is estimated at $900.00. The operating cost has aver-
aged $10.00 per day or approximately $1.00 per acre under normal operating
conditions.

Artificial Bathing Beaches

A large percentage of the shore lines of the County Lakes are a soft
mud which makes bathing a difficulty. Manv summer homes on the County
Lakes have no private bathing facilities due to the soft mud shores. These
people, to indulge in the popular summer recreation, bathing, often go to
public beaches or impose upon a friendly neighbor, rvho is more fortunate in
having a hard bottom beach.

In view of solving the mud beach difficulties, experiments lvere made
in 7923 to test the stability of an artificial hard bottom beach. This nerv type
of beach'rvas to be of standard concrete sidervalk tile, tlvo feet sqnare and
trvo inches thick, placed on a wood rack constructed so as to hold all tile
blocks in place. This concrete mat to be laiJ on the soft mud bottom and
receive its support as a large flat unit rvhich would not have as great a
tendency for settling into the mud as a small flat unit such as a single tile
block, i. e. the larger the area, the greater support the mud bottom u'iii ofier.
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r"First Section of Wood Rack for White Bcar Artificial Bathing Beach-July, 1924.

Complcting Third Scction of Wood Rack.
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Wood Rack with Concrctc Tilc.
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ln August, 1923, the first artificial concrete bathing beach rvas laid in
Lake Johanna. A rvood rack, six feet rvide and one huirdred feet long rvas
constructed on shore and floated out to '"r,here the beach rvas to be laid. After
locating the raft or beach so that the shore end u,ould be submerged in trvo
feet of tvater, concrete sidervalk tile rvas placed in columns of three across
the raft rvhich rvas graduallv submerged as more tile rvas laid until the last
ferv columns of tile on the outer end caused the entire raft to rest on the
mud bottom.. The submergence of the outer end was in this case four and
one-half feet. The depth of the mud on rvhich the beach rvas laid varied from
otre foot on the shore end to ten or more feet on the outer end. The shore
end of this beach, or submerged sidervalk out into the lake, rvas placed ap-
proxinratelv fifty feet from shore in t'"vo feet of tvater so that it u,ould be
safelv guarded against ice action in the spring. A temporary lead rvalk of the
same material rvas placed from the shore out to the beach to determine the
destructive action ice u'ould have on the tile.

To determine the stability of this new type of beach, rvhere the mud
depth underlying the concrete rvas of greater depth than at Johanna, a
similar beach rvas constructed later in August, 1923, at White Bear, on the
'west shore of tl-re bay adjacent to the St. Paul Auto Club. Jhis beach rvas
sixteen feet by sevent)'-two feet' tvith lead rvalk from the shore four feet
rvide and forty-eight feet long. l:" 

l
Eleva.tions rvere taken at two-week intervals on these beaches so as

to determine the settling action. It was found that in four months, the
Johanna Beach settled five inches and the trVhite Bear Beach,.six, practically
all of lvhich occurred in the first two ',veeks after construction.

April 15th, 1924, rvhen the ice broke up, careful observations were
made concerning tl-re effect it had on the tile in the lead rvalks rvhich u'ere
frozen in during the winter months. The flexibility afforded by the wood
racks on u,hich the blocks lvere laid preserved the tile much better than was
exprected, and in each case, n6t over six blocks lvere cracked and displaced.
The total settlement into the mud of th.e beaches to date onlv slightly ex-
ceeds that of the first two weeks after construction,-which indicate the perma-
nency is beyond doubt. There lvas a question as to rvhether additional set-
tlement tvould take place lvhen the weight of several people was added, bul
the l;eaches stood this test with no noticeable effect. trVhen a person's body is
partly or fully submerged in water, its bearing weight on the beach is reduced
proltortional to the arnount of water displaced by the body, r-herefore, the
beach supports but a smal1 percentage of the total rveight of those who uSe it.

The success with the experimental beaches constructed in 1923, lvar-
ranted procedure on a larger scale, so plans were formed last June to con-
struct a public beach 200 feet by 160 feet at \\rhite Bear. The location se-
lected was in the extreme southlvest corner of the bay directly east of the St.
Paul Auto Club lvhere from ten to twenty feet of soft mud exists. It was neces-
sarv to select this location so that the beach .rvould have proper submergence
t,hen th'e lake is restored to its normal elevation, (924.50). Construction
started Ju11, 1Oth, 7924, and the beach '"r'as completed three u,eeks later. The
rvood raft rvas of No. 2 pine and held together with galvanized nails.

,)
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This raft was constructed on the shore in three sections lvhich were
floated and spliced, forming one large raft. Standard cement sidervalk tile
trvo feet square and two inches thick was used. The, shore edge of the
beach rvas placed at an elevation of 921.50, flush with the shore line at the

. time the beach was laid. Ice action may break a few tile each year along the
shore ultil the lake attains a normal elevation, but the damage thus caused
rvill not be serious.

To protect those who use the beach from going beyond its limit and
stepping off into the soft mud, buoys are anchored to the outer edge of the
beach, at four foot intervals so the outline is clearly discernable. These
buoys are removed during the rvinter months, so the ice action in the spring
rvill not cause the anchor chains to be broken or pulled from the outer edge
of the raft.

The beach from a point approximately fifty feet from the shore to the
outer edge is relatively flat and had an average submergence of two feet
rvhen the lake was at an elevation of 921.50. With the lake at a normal
elevation, the average submergence will be five feet which will enable those
rvho use it to walk over the entire beach and srvim without coming in con-
tact rvith the cement bottom.

The beach with an area of 32,000 square feet will comfortably accom-
modate 250 people at one time. Relatively few people used the beach last
season because of the shallow water and the inaccessibility due to road con-
struction in the vicinity. Horvever, the popularity of the beach rvill reach
its height when the normal lake elevation is attained and a bath house erected.

For those who have muddy shore lines adjoining their lake shore
property, this type of beach rvill prove to be an inexpensive asset and
simplify the irregularities of a muddy shore and beach. The permanency of
small beaches adaptable to private use rvould be the same as of larger beaches
and with proper attention, would serve for many years. The constructiorr
arrd placement is not a complicated matter and any property owner rvho is

desirous of having a private hard bottom beach, can profit by investigating
these beaches, and the methods used in their construction.
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LEGISLATIVE REQUIREMENTS

During the preparation of this report, it became obvious that if the
County desired to act on its recommendations, further legislative authority
might be desirable if not absolutely necessary. While there are parts of our
drainage larvs that might apply it is felt that their short comings are too
great for general use in connection rvith an effort to derive the greatest
benefit from needed lake improvement.

A realization of the great public benefit accruing from artificial restora-
tion, control of fluctuations, and rveed cutting, thoroughly justifies the ex-
penditure of public funds.

fn connection rvith these general benefits, there rvil1 be found a great
many private benefits, of such a special nature, that public criticism might
follow any attempt to foster a much needed public improvement without
due regard for a just assessment against them.

An example of this case might be foreseen in connection with the in-
stallation of pumping equipment, for the purpose of artificial restoration and
reservoir control. Property olvners having summer homes along the lake
shore will, beyond question receive a special benefit, and it is suggested that
they be assessed for this benefit to the extent of payment for the cost of
operating the pumps once they are installed. This cost has been conservatively
estimated at $0.15 per foot of shore line per year and would amount to but
$15.00 per year for the owner of a 100-foot strip of shore line.

ilIany property owners have been consulted in regard to some such
assessment a.rd,- have enthusiastically endorsed the suggestion. Further
suggestion is made for a.one-half mill state tax, to be used by Counties
throughout the state facing similar probiems. This fund would be furnished
by the State as aid to counties for their improvements, and to be expended
under the general supervision of the Commissioner of Drainage and Waters
of the State of Minnesota. The establishment of this fund may require a con-
stitutional amendment, and if larvs applying to the particular problems of
Ramsey County are enacted, and made use of, the experience will be of great
value to the State.

Should'all efforts for legislation fail at this time, the value of this
report rvill not have been lost. The value of data is appreciated most by
those who depend upon it for determinations. With records extending back
over a period of years, as complete as those tabulated by this department
during the past eighteen months, the correlation of this report would have
been simplied rvith a resultant saving to the taxpayers. \Ve have bridged
a period of inadequate records and, rvith the equipment now in place for the
collecton of important data, the continuation of this rvork can be carried on
at a very small expense each year, and will be invaluable in the future.
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STATEMENT OF AIMS, SCOPE AND RESULTS OF
LAKE IMPROVEMENT INVESTIGATION

By
' Adolph F. Meyer, Consulting Engineer

'Io have been connected tvith an investigation made possible by a
Board of County Commissioners that recognized the need for engineering
data as the basis for public expenditures on lake intprovement projects ; and
to have rvorked rvith a Countv Engineer and staff that approached the prob-
lem before us rvith unbiased minds and attacked it tvith vigor and rvhole-
hearted enthusiasm, has, indeed, been a gratifving professional engagement.

As usuallv happens. the questions to be ansrvered rvere found to be
more ramified than anticipated : r'arious lines of investigation had to be
extended several times, and even norv the data collected have, in many cases,
been found inadequate bases for ultimate conclusions. Holvever, the posi-
tive value of tvhat is presented in the body of this Report, cannot be ques-
tioned by anyone rvho reads it. In many respects information presented cou-
stitutes a real contribution to engineering literature.

As a background for more detailed studies and a basis for all lake
improvement projects of rvhatsoever character, shore line surveys and sound-
ings rvere first made on most of our lakes. These surveys included a determi-
nation of the size of the lakes themselves and the tributary drainage areas,
together rvith measurements of outlet channels. About a dozen rain gauges
were placed in strategic locations around the lakes in the f.all of. 1923. The
record secured afforded an invaluable basis for estimating the seepage and
evaporation losses from our lakes.

The present lorv level of all of our lakes is so evidently undesirable
that the underlying causes u'ere first investigated. It rvas found that the
rainfall has been abnormalll' lorv for some vears past, and the evaporation
from the lake surfaces has been higher than normal. The general trend of
rainfall during the next ten years rvill undoubtedly be upward, yet this in-
vestigation discloses that even should the most favorable past decade of
rainfall be just ahead of us only a ferv of our lakes rvould rise sufficiently so
that water rvould flow from their outlets. Such a period of high rainfall
*'ould necessarily be follorved by a series of dry years, as in the past, during
which many of our lakes would no doubt fall still lower than at present.

It appears that the lolvering of the ground-rvater level as the result
of pumping from deep wells in the City of St. Paul and the vicinity, has
resulted in sufficiently increased seepage losses from our lakes to materially
retard their natural recovery during periods of high rainfall, and even to
make the probabilitlr of many of the lakes again reaching former highrvater
stages extremely remote.

Nature's balance having been disturbed, it is norv proposed to assist
her by pumping lvater back into our lakes. There need be no fear that
pumping rvater from the underground reservoir into our lakes will still
further lorver the rvatertable. The proposed pumping constitutes merely
the return of seepage rvater rvhich is escaping from the lakes.

Overflolv and escape of u'ater from the basin is to be prevented so faf
as possible by conserving flood water for use in St. Paul's water supply.
Flood reserves of from one to trvo feet depth within rvhich the outflou, is
controlled are to be established in all the 1akes, and the occasional necessar)'
outflorv, so far as practicable is to be led into the lakes constituting part of
St. Paul's tvater supply. l,Vith a vierv to such conservation, these latter
lakes should be kept at as lorv stages as possible.
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Many of our lakes at present, have inadequate outlet spilh'r'ays or
none at all. The establishment of normal lake elevations and the provision
of adequate spilhvays of proper type are essential, rvhether pumping projects
are adopted or not. Several of our lakes rvill undoubtedlv reich- Jn or"r-
flow stage again. If no adequate spillrvavs are providei some of them
lvill rise to objectional elevations and on others the lvater will flow over the
sandy ice-ridge at the lorvest point of the rim and inevitably cut it dorvn, with
the subsequent lorvering of lake levels and possible damagi to property belo,,v
the outlets from high rates of outflorv.

while proposing to assist nature in restoring our lakes to des'irable
stages rve do not propose to eliminate all fluctuations in stage, but merely to
prevent the excessive lo'rvering that occurs during a series of dry years. Dur-
ing extremely dry summers such as those of 1910, for exampll, our lakes
rvould still fall about a foot in three months but over a period of five years
continuous pumping at the rates proposed would add about five feet depirr to
our lakes. This is more than sufficient to maintain them at satisfictorv
stages.

- The purnping rates at present recommended average about one inch
depth on the lakes each month. For eleven lakes studied the aggregate
amount of pump capacity recommended is less than 5,000 gal. per mli. 1n.
pumps rvill probably not need to be operated half the time to maintain the
lakes at reasonably satisfactory stages. Utilization of St. paul,s nelv sourceof water supply at Fridley should reduce the draft on the uncJerground
reservoir and assist in the gradual recovery of the rvater table or a-t least
reduce its rate of lorvering. The distances the water must be lifted out of the
wells u'ill not be great. The propositiori appears economically feasible from
every angle.

It is proposed to dig wells of ample capacity for the largest pumps that
may later be found useful for still further improving the naluraf .egime of
Iake levels rvhenever the value of our lakei warr-ants it, and als-o as a
possible means for supplying rvater to homes around the lakes. The added
cost is very small.

considerable attertion was given to the question of shore improve-
ment such as the elimination of weeds and the improvement of beaches.
The experimental work done during the past trvo seasons indicates that the
systematic cutting and removal of weeds *itt ao more for the improvement
of our lakes than an equal expenditure of money for anv othei purpose.
]v.* growths largely prevent the beneficial wavi action'that forms ioodbeaches by carrying the fine sediment out into the deep, quiet water. nyltiti-
ing the water, near shore weeds encourage the deposition of fine silt, ana they
add to the objectionable mud by their decomposition.

A study was made of various means for impro'r'ing bathing beaches
on our lakes. At present the best portion of most of the beaches is out of
rvater. 

_ 
Higher stages will greatly improve these beaches. on many of the

lakes, horvever, muddy bottoms extend out to shallorv water. For these
beaches a pavement was designed that has thus far proven quite satisfactory.
This payement consists of standard sideu'alk tile trvo feet square and two
inches thick laid on a frameivork or raft of one inch by four-inch boards.
This pavement has been successfully laid on more than ten feet of soft mud
rvith a settlement of only about six inches.

These, all too inadequately told, constitute the principal aims and
results of the lake imrpove1gnt investigation. In the preceding pages the
County Engineer and his stafi have dealt fully rvitlithe several -oiteir h...
briefly mentioned.
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