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Groundwater Fluctuations in Certain� 
Open and Forested Bogs of� 

Northern Minnesota '� 

With Notes on the Effects of Open Drainage Ditches 
on Swamp Forest Growth 

Philip W . Ma nson and Dalton G. Mill er -

TH E STUDIES covered in this bulletin were initiated in 1926 
primarily in order to determine the economic possibilities of 

stimulating tree growth in the forested bogs of northern Minne
sota by the installation of shallow open ditch es. H ow ever , this 
phase had progressed for only a few months when m uc h more 
comprehensive studies, cited lat er , were begun by Averell and 
McGrew. 

Therefore, in the present report, em It has been estimated that there are 
phasis has been put on groundwater 5,217,000 acres of land in Minnesota 
fluctua tions rather than on tr ee growth covered with peat at least 5 feet deep. 
in an effort to determine (1) the ex About two-thirds of this acreage li es 
tremes of variation in groundwate r ele  in the three counties of Beltrami, 
vations for ditched and unditched bogs Koochiching, and St. Lou is. Th is area 
during wet and drouth periods and has an average depth of 7 feet of peat 
(2) the extent to which these northern and is sa id to be one of the largest con
bogs may contribute to the under tinuous beds of peat in the world." 
ground water supply of the state. There are times when water is at the 

In view of the fact tha t the 17-year surface of many of these bogs, while at 
peri od from 1926 to 1942 covered an other t imes it m ay be 4 to 8 feet below 
extraordinary range of precipitation the surface. Th is water level depends 
and temperatures for the area, it was on a number of factors-chiefly precipi
decided that little would be gained tation, seasonal temperatures, and the 
from continuation of the groundwater water r equirements of the vegetative 
r eadings. This material-heretofore un cover. 
pu blished- is given in this bulletin. The annual precipitation for the area 
Tree growth studies are still in prog as a who le averages about 25 inches. 
ress. Dur ing wet years it may exceed 30 

1 A report of wo r k conducted under a cooperative agreement between the Department of 
Agric u lt u ral En gin eerin g, University of Minnesota; the Divisi on of Waters , Minnesota S tate 
Depa r tm en t of Con servation; and the Divisi on of Agricultural Engineering, United States De
partment of Agriculture. The Cass Lake ranger station of the F orest Ser vice , Un ited Sta t es 
Depar tm en t of Agriculture cooperated in taking the many well readings in the bog sou th of 
Bena. University of Minnesota Graduate Sch ool funds were allocated in 1953 for as sembling 
material for the report. 

• The au thors are professor and research associate, respectively , in ag ricultural engineerin g, 
University of Minnesota. 

a The Peat Deposi ts oj Minnesota, Minnesota Geological Survey Bulletin 16, 1919. 



inches, while in drouth years it may 
be less than 15 inches. Between 80 and 
90 per cent of the precipitation falls as 
rain in the eight months of April 
through November. 

Some of these lands are of the open
marsh type with few trees, while many 
support poor stands of black spruce and 
tamarack, along with some swamp 
cedar. The growth of these trees is so 
retarded by the wetness of the root 
zone that many of them never attain 
merchantable size, though they may 
live for 75 or 100 years . 

Profitable utilization of these peat 
lands has long been a matter of study 
by various public agencies. Their possi
bilities have been considered from a 
number of standpoints, chiefly those of 
agriculture, forestry, wildlife manage
ment, and the fuel and fertilizer in
dustries. 

The agricultural aspects, based on ex
haustive research and experimentation 
covering many years, were reported by 
F. J . Alway, formerly Chief of the Soils 
Division of the University of Minne
sota.' 

SUMMARY AND CONCLUSIONS� 

The first requirement for these north
ern Minnesota bogs, if they are to be 
utilized for vegetative crops, including 
trees, is artificial drainage. This drain
age should be of a type that will pro
vide for relatively quick removal of 
excess water which otherwise stands on 
or near the ground surface. 

There are, however, many considera
tions involved in draining these large 
bogs other than the physical removal 
of excess water . Therefore, extensive 
drainage should not be undertaken 
until research and experimentation on 
a comprehensive scale indicate just 
what are the most desirable long-time 
uses for these bogs in agriculture, for
est ry, wildlife management, and in
dustry. 

Groundwater fluctuations. It is evi
dent from the data presented that the 
characteristic behavior of the ground
water in the bogs exam ined in north
ern Minnesota (see figure I), whether 
ditched or unditched, is in this se
quence : the groundwater rises rapidly 
after the spring break-up, remains at 
an elevation near the ground surface 
during the spring months, and recedes 
rapidly during the summer months 

when precipitation is at its maximum 
but is insufficient to compensate for 
losses from evaporation and transpira
tion when temperatures and vegetative 
growth are at their peaks. 

Then, about the last of summer, the 
groundwater table levels off and re
mains low during the colder months. 
Although there were exceptions, the 

Fig . 1. Circles indicate where Ionq-time ground
water observations were made in northern Min 
nesota . 

'Agricultural Value and Reclamation oj the Minnesota Peat Soils , Minnesota Agricultural
Experiment Station Bulletin 188, 1920. 
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winter depth to water was generally 
between 4 and 6 feet. The greatest ex
treme found was in one of the un
ditched Bena bogs, where the water fell 
to a depth slightly greater than 8 feet 
during one winter. 

No evidence was found that the 
groundwater in any of the bogs fell to 
a sufficiently low level in the winter 
to prevent its return to a point near or 
above the surface in the following 
spring. The pattern of groundwater 
fluctuations was about the same 
whether the bog was ditched or un
ditched, forested or grass covered. 

Winter vaporization. winter stream 
flow. and deep percolation. Ground
water levels in the ditched Bena bog, 
between the time readings were made 
in March before the spring break-up 
and the time readings were made in 
April after the spring break-up, rose 
1.5 feet in 1938 and 4.2 feet in 1940. 
The average was 2.8 feet (33.6 inches) 
for the seven years from 1936 to 1942. 
During this seven-year period, precipi
tation (mostly snow) at Leech Lake 
Dam averaged 3.3 inches of water for 
the period of December through March. 

Snow- and ice-covered surfaces va
porize moisture even when tempera
tures are below freezing. This loss is 
relatively small, calculated to have been 
about 0.40 inch per month for the mild 
winter of 1938-1939. In that season the 
mean temperature for 31 Weather Bu
reau stations in the northern division 
of Minnesota ranged from a high of 
23.7 ° F. for November of 1938 to a low 
of - 0.3° F . for February of 1939. 

This winter vaporization loss of 0.40 
inch per month for four months would 
mean that the snow melt-and thus the 
amount available to enter the soil at 
spring break-up-would be reduced 
from 3.3 to 1.7 inches. Assuming .tha t 
no water was retained by the soil above 
the water table, the conclusion is that 
a snow melt of 1.7 inches raised the 
water table in the bog 33.6 inches, 19.8 
inches for each inch of snow melt. 

On this basis then, the water table 
receded at a rate averaging 2.25 inches 
per month in the winter of 1938-39 at 
the wells near Aitkin, Ludlow, Roseau, 
Schilling, and Thief River Falls (see 
table 9 on page 23). This represented a 
maximum loss equivalent to a layer of 
water with a thickness of 0.11 inch per 
month (2.25 divided by 19.8). It proba
bly was less than this, as no doubt 
some water was retained by the soil 
above the measured water table. 

Presumably, the 0.11 inch of water 
not accounted for was either retained 
by the soil or was lost by deep percola
tion and runoff. The records of the U. S. 
Geological Survey taken on the Thief 
River at Thief River Falls show that 
during the winter of 1938-39 there was 
very little runoff from this area. There
fore, the hypothesis seems reasonable 
that any contribution to deep percola
tion could only have been that part of 
the 0.11 inch not retained by the soil. 
Thus, as the data have been interpreted, 
it does not appear probable that these 
northern bogs contribute much to the 
underground water supply of the state, 
if the ones examined are typical. 

NATURE AND EXTENT OF STUDIES� 

The Bena Bog 

A small bog which had a stand of 
poorly developed trees was selected in 
1926 for the installation of an experi
mental system of open ditches in order 
to determine the effects of shallow 

drainage on groundwater movement 
and tree growth. 

This bog is in the S.E. % of Section 
16, Twp. 144 N., R. 27 W ., situated south
east of Bena toward the nor th end of 
Cass County. The bog covers an area 
of 10.8 acres, with tree growth on 7 
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acres and the remainder an open marsh. 
The trees were principally poorly de
ve loped black spr uce and tamarack, 
with a few Norway pine toward the 
west end. F igure 1 indicat es the gen
eral locat ion of thi s bo g in Cass County 
and also th e general locations where 
the other groundwate r obs ervations 
were m ade . 

Ditch system. The peat of this bog is 
"raw" and quit e firm, and it is under
la id with a fine sandy subsoil. As re
cor de d in table 1, the peat is nearly 14 
feet thick near the center of the bo g, 
thinning toward the ed ges until it 
merges into the mineral soil. Therefore, 
in te rcepting dit ches near the margin s 
were located so their bottoms would be 
a t about the bottom of the peat in order 
to cut off as much as possible of the 
seepage from the surrou ndi ng hi gher 

118.4 

120.0 

EXPERIMENTAL DRAINAGE TRACT 
BENA, MINNESOTA 

100 200 300 
SclOle in !feet ! 

land. The m ain ditch was r elied on to 
r emove the excess water from the in 
terior of the bog (see figure 2). 

The m ain ditch , as installe d, w as 3 to 
3% feet deep in the bo g. The two lon ger 
branch es toward the west, A and D, 
were 2 to 3 feet deep , and the two sho rt 
branches to ward the east , B and C, 
were from 1 to 2% feet. The deep er 
ditches were dug with slopi ng side s, the 
top w idth be ing 3 to 3V2 feet and the 
bottom width about 1 foot for dit ches 
from 2 to 3V2 feet deep . The ditch es 2 
feet and less in depth were cons tr ucted 
with nearly ve r tical sides and widths 
of 1 to 1% feet. 

The total length of a ll ditches in
stalled w as 3,800 fe et, of wh ich 3,075 
feet were in the bog and the remainder 
wer e taken up by the outlet ditch to Si x 
Mile Creek. All ditches were hand dug; 

FOREST BOG 
OM 

109.5 

116.3 

MARSH 

----- DRAINAGE DITCHES 

o WELLS FOR GROUND
WATER READ INGS 

H CHECK DAM 

107.5 ETC., SURFACE ELEVATIONS 

Fig . 2. Experimental tract showing ditched and unditched forest bogs and unditched op en ma rsh. 
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Table 1. Ground Surface Elevations. Depth of the depths and man-hours required to 
Peat. and Depth to Groundwater at dig them are recorded in table 2. 

Observation Wells in Bena Bog The crests of the two control dams in 
the main ditch were set at eleva t ions 
which limited artificial drainag e to a 

Depth to water 

Ground Depth Extreme 
surf a ce of lows 17 year depth of 12 to 18 in ches for the bo g as 

Well elev a tions peat in 1936 a verage a whole. However, the depth to ground�
fe e t w ater durin g much of the yea r was in �

Ditched for est bog fluenced to a gr eate r degr ee by natural� 
A 107.2 3.8 6.0 3.2 causes than by the drainage provided
B on._•.•.•••• "•••••.•••••.•.. 107.4 3.9 6.0 2.8 
C 107.2 1.9 6.4 2.8 by the ditches. The result was that the 
D 107.6 5.2 6.3 3.1 depth to water in the ditched bog av
E 107.5 13.8 4.0 1.6 eraged 33.6 inches for the 15 years from 
F ............................. 107.3 2.3 6.6 3.6� 1927 to 1941 for the eight months of
G 107.5 6.5 5.9 2.6 
H 107.6 7.0 5.4 2.3 Apri l through November. 
I .............. 107.8 4.1 6.5 3.7� 

Observation wells. A to tal of 11 obJ 107.2 3.9 5.7 2.6 
K 107.1 2.0 5.3 2.3 servation wells (A-K) w ere in stalled in 

Un ditched op e n marsh the ditched bog. In addition, a single 
L 106.0 1.2 5.7 2.4 w ell (M) was install ed in an unditched 

Undilched forest b og forested bog about 250 feet to the north, 
M 109.5 2.7 8.0 3.2 and another well (L) w as installed in 

Table 2. Depths of Ditches and Man-Hours of Digging 

Mcm-hours 
Length Depth required to 

Section of ditch in feet in feet dig ditch 

Ma in 

0 +00 to 5 + 00 500 1.0 -1.5 42 
5 + 00 to 5 + 50 50 1.5-2.0 5 
5 + 50 10 6 + 00 50 2.0-2.5 6 
6 + 00 to 6 + 50 ..... ...... . . . .... .. 50 2.5-3 .0 7 
6 + 50 to 7 + 25 75 3.0-3.5 22 (south edge of bog ) 
7 + 25 to 12 + 50 . ................ 525 3.0-3.5 97 

12 + 50 to 12 + 75 ...... ............. 25 1.5·2.0 2� 

Branch A 

0 +00 to 6 + 00 .......... .................... ........... ...... 600 2 .5-3.0 68� 
6 +00108 +00 ............. .. ......................... ..... .. .... 200 2.0 -2.5 14� 

Branch B 

0 +00 to 0 + 50 ....................... .......................... ....... ......_.... 50 2.0 -2.5 5� 
0 +50 to 2 + 00 ...... ........................... .......... ..... .. 150 1.5-2 .0 9� 
2 + 00 to 3 + 00 .............. .. 100 1.0-1.5 5� 

Branch C 

0 +00 to 0 + 50 _ ......................... 50 2.0-2 .5 5� 
o + 50 to 2 + 50 200 1.5-2.0 10� 
2 + 50 to 5 + 00 150 1.0-1.5 7� 

Branch D 

0 +00 to 1 + 00 ...... ............................................ .. . ............. 100 3.0-3.5 20� 
1 + 00 to 7 + 00 .................. 600 2.5 -3.0 80� 
7 + 00 to 10 + 25 ............ ....... ................................._ 325 2.0 -2.5 36� 

Total .. ................................... .............. ....... ...3,800 440� 

http:on._�.�.����"����.����.�
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an unditched open marsh bog about 150 
feet to the east (see figure 2). The sur
face of the unditched bog to the north 
was about 2 feet higher than the sur
face of the bog in which the ditches 
were installed, while the surface of the 
bog to the east was about 1 foot lower 
(see table 1). 

When ditching was started October 4, 
1926, water stood at or over the sur
faces of all three bogs. By the time 
ditching was completed October 20, the 
water had lowered to about 1 foot be 
low the surface of the ditched bog. 

Well readings were taken at inter
vals during 1926 from June until 
November 19 of the same year. Read
ings were resumed early in 1927, and 
each year thereafter the wells were 
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read at intervals until m idsumm er of 
1942. It was the general practice to 
read the wells twice a month from 
early May through November, although 
readings were also taken during the 
winter months of 1936 through 1941. 
These readings are summarized in 
tables 3, 4, 5, and 6. 

Precipitation. Precipitation records at 
Leech Lake Dam, situated 6% miles 
southwest of the experimental bog, for 
the years that the observation wells 
were read are shown in table 7. 

The relation be tween average pre
cipitation at Leech Lake Dam and the 
average depth to groundwater at the 
experimental plots is illustrated by the 
bar diagrams of figures 3, 4, and 5. In 
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Fig. 3. Average precipitation and depth to groundwater in ditched fores t bog south of Benn, from 

April through November for a 15 year period. 



Table 3. Depth to Groundwater Averaged for 11 Observation Wells (A through K) in Ditched Bena Bog 

Readings du ring eigh t spring, summer, and tall months Readings during four w int er months 

April May June July Aug. Se pt. Oct . Nov . Average Dec . Jan . Feb. Ma rch Average 

teet feet 
1926 ....... .................. _ ................ _ .............. ...... 0.3 0.3 0 .5 0.4 0.3 0.9 0.4 

1927 

1928 

1929 

1930 

1931 

193 2 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

. ....... .. ......... ... ................................_ 

............................. ........_............................ 

......................._.............................................. 

................... ..._.................................._.... 
..... . ....... ........................... .............

............... ... .................. .. ..............

......,.........................................~................... 
.............................................•-.._.__.-

............................................................... 

Av erage, 1927-35 ...... ........... 

.... ................. .......................... .................. 

........ . ........ _.. ....................................... 

.................................................................... 

.............. ......................................._............. 

......- .. ...... ~-............. ......... ............. 

0 .3 

0.3 

0.7 

...... 
_....

...... 

...... 

-

1.1 

1.4 

1.5 

1.6 

1.6 

0.7 

0.5 

0.8 

0.5 

2.6 

1.0 

1.0 

2.5 

1.5 
-
1.2 

0.9 

1.4 

1.1 

2.2 

1.4 

0.9 

1.1 

1.1 

1.3 

2.5 

1.4 

2.5 

1.0 
-
1.5 

2.2 

1.3 

1.8 

2.4 

2.3 

1.0 

1.7 

1.7 

...... 
3.2 

4.9 

4.2 

1.1 
-

2.5 

4.2 

Z.6 

3.8 

3.5 

3.2 

1.3 

1.1 

2.8 

3.0 

4.2 

5.1 

5 .3 

5.5 

1.9 
-

3.4 

5.4 

3.2 

4.9 

4.8 

4.5 

0.9 

0.4 

2.4 

4.7 

4.7 

5.6 

5.6 

5.3 

2.9 

-
3.6 

5.2 

2.9 

5.3 

5.6 

4.7 

1.0 

2.4 

5.0 

5.5 

5.5 

5.7 

5.6 

3.1 
-

4.2 

5.6 

3.6 

5.5 

5.2 

2.4 

1.2 

1.0 

1.5 

5.0 

5.3 

4.4 

...... 
5.5 

2.6 
-

3.3 

5.4 

3.0 

5.3 

5.4 

3.0 

0.9 

0.8 

1.7 

3.0 

4.1 

3.7 

4.5 

4.4 

2.0 
-

2.8 

3.7 

2.4 

3.6 

3.8 

2.9 

-
..... 
..... 

3.7 

...... 

...... 

......

...... 
3. 1 

-

5. 6 

4.2 

5.2 

5. 5 

3.3 

....
~ .... 
...... 

...... 

...... 

" ' ,-. 

...... 

...... 
-
...... 

3.6 

5.5 

4.4 

5.2 

5.9 

...... 

...... 

..... 

...... 
_.... 

...... 

-
...... 

4.0 

5.3 

4.4 

6.0 

..... 

~ .... 
......
...... 
..... 

...... 

.....

...... 
-
..... 

3 .2 

5.4 

3.0 

5 .8 

_....

..... 
...... 
..... 
...... 

...... 

......
_.... 

-
-
...... 

4.1 

5.1 

4.2 

,5.3 

5.2 

4) 
~ 

0 
c: 
~ 

tl 
~ 

;J:...., 
M 
:::0 
'""J 
t"" 
c: 
o..., 
c: 
;J:...., 
..... 
0 
~ 

C/) 

1941 ......................... ....................... ...... .... 1.0 
-

0.9 
-

0.0 
-

0.6 
-

1.3 
-

1.0 
-

1.5 
-

1.6 
-

1.0 

-
3.8 
-

3.9 
-

3.9 
-

3.9 
-

Av erage, 1936 ·41 ................. 1.4 1.3 1.7 3.0 4.0 4.1 4.0 3.9 2.9 4.8 4.7 4.7 4.3 4.6 

1942 ......................................................._ ...... 1.6 

-
0.8 
-

0.8 
-

1.7 
-

_.... 
- - - - - -

3.7 
- -

3.7 
-

3.7 
-

Average, 1927-41 .................. 1.1 1.3 1.5 2.4 3.6 3.B 4.1 3.6 2.8 

<0 
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Table 4. Depth to Groundwater in Well M in Unditched Bena Bo g 

Readi ngs d urin g e ight spring, summer, and fa ll months Readings du rin g four winter months 

April May June Jul y Au g. Sept. Oct. Nov. Average Dec. Jan. Feb. March A verage 

feet feet 

1926 ............... ... ... ....... _ ...... ..... - 0.5 0 .8 1.0 0.7 0.4 0.6 0.7 

1927 _...... ....._...... 0.0 0.0 0.1 0.3 0.6 0.3 0.5 0.6 0.3 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

._.. ._....... -. .......... -
......... - ........ ........... 
........ ....... ................. 

....... .. _ ... ........ .._ ......._ ....._ 

.. ............. ....... - -
........ ....._- ....__ ._....

.........._ _.....~ ........ ....._-._._.... 
_.... ......... 

Average , 1927·35 .......... 

......... _....... .........._ ....__........._ 

......._ .........-.............. 
_. - ...... _.... -•......... 

.........._ ..................._ ............. ........... 

0.0 

0.0 

....
-

1.0 

3.4 

1.7 

2.7 

0.0 

0.0 

0.1 

5.1 

0.1 

0.3 

3.4 

1.0 

1.0 

0.0 

0.4 

0.0 

2.5 

0.3 

0.1 

0.6 

4.7 

0.3 

3.7 

0.7 

1.3 

1.0 

1.7 

0.3 

3.7 

.....
0.9 

0.9 

..... 
3.3 

5.5 

5. 1 

0.1 

2.3 

4.5 

2.7 

3.3 

4 .2 

0.4 

2.7 

2.7 

4.8 

4.8 

6.3 

5 .7 

0.3 

3.1 

6.0 

3.6 

5.4 

5.9 

0.3 

2.4 

6.5 

5.6 

5.4 

6.6 

5.8 

2.2 

3.9 

6.1 + 

3.8 

5.9 

6.6 

2.3 

6.5 

7.0 

5.3 

6.2 

6.3 

3.2 

4.7 

6.6 

4.6 

6.3 

6.7 

0.0 

1.1 

5.5 

6.8 

6.4 

5.5 

2.8 

3.6 

6.3 

4.5 

6.3 

6.1 

0.2 

1.2 

3.3 

5.7 

3.7 

5.0 

5.1 

1.5 

2.9 

3.9 

3.1 

3.6 

4.8 

5.5 

3.4 

7.0 

5.0 

6.4 

6.8 

..... 

4.0 

6.8 + 

5.6 

6.3 

...... 

....

4.8 

6.8 

5.4 

4.8 

6.7 

4.5 

5.1 

6.3 

5.5 

6.5 

>-3 
M 
o 
::r:: 
<': ..... 
o 
~ 

r-
IJj 
c::: 
t" 
t" 
M 
>-3 ..... 
<': 

'" ....... ...., 

1940 

1941 

................_............... _......... _ ......_ 

~"'"'''  -' ''''''''  ' '' ' _......._- .....'
3.4 

0.0 
- 

1.8 

0.3 
-

3.2 

0.0 

-

4.6 

0.0 

-

5.4 

0.0 
-

5.9 + 

0.0 
-

6.9 -f· 

1.6 
-

4.6 

1.3 
-

4.5 

0.4 

-

5.5 

-

7. 8 + 

4.9 
-

7.8 + 

5 .1 
-

8.2 

4.7 
-

7.3 

4.9 

-
Average, 1936·41 ..... _. _ 2.0 0.8 1.6 3. 2 4.4 4.7 5.4 4.8 3.4 6.1 5.9 6.0 5.8 5.9 

1942 ................ ..... ........... ....... ..... 1.8 
-

0 .1 
-

0.0 
-

0.3 

- - - - - -
4.5 4.7 4.6 

Ave ra ge, 1927-41 . ...... 1.4 1.0 1.5 2.7 3.6 4.2 5.0 4.1 3.1 
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Table 5. Depth to Groundwater in Well L in Unditched Bena Bog 

Readings during e ight spring, summer, and fall months Re adings during four winter months 

April May June July Aug. Sept. O ct. Nov. Average Dec. Jan. Feb. March Average 

fe et fe et 

1926 ..,............ ... ........ _..•....... ....- 0.0 0.0 0.3 0.1 0.0 0.0 0.1 

1927 ......................................._............._ ......... 0.0 0.0 0.0 0.0 0.3 0.0 0.1 C.3 0.1 ...... .....� Q-
~ 

1928 ............................................... ................. 0.0 0 .0 0.3 0.0 0.0 0.0 0.0 ....- ...... ..... ...- ......� 0 
1929 ....................................................................._ 0.0 0.0 0.1 0.2 0.2 0.5 1.0 0.7 0.3 ..... _.... ...... ...... ...... c:::: 

~ 1930 .......... ........... ................ .................. ........ ...... 0.0 0.0 0.4 1.6 3.8 4.9 4.8 2.2 3.5 .... ..... ...... ......�~ t! 
1931 .................... ................................................. ...... 3.1 2.7 ...... 4.8 5. 2 5.3 4.9 4.3 ...... ...... ...... ......� - ~ 

1932 ....................... ............................................... ...... 0.0 0.0 2.8 5.0 6.1 5.2 4.7 3.4 ...... ...... ....- ...... .... ;t.�
~ 

1-3
1933 ........................................................................ ...... 0.0 5.5 5.8 6.1 5.9 4.7 ...... ...... ...... ...... ....•.� t>:l 
1934 ....................................................................... .... 1.7 1.2 3.9 6 .0 6.0 5.3 5.4 4.2 ...... _.... _.... ...... ...... ~
 

1935 ........................................... ............... .......... 0.0 0.0 0.0 0.1 1.2 1.8 2.8 0.8 2.5 ...... ...... _.... .•.... ~ 
 

~

- t-' 
c::::Average, 1927 ..35 ....................._ ...... 0.5 0.5 1.8 2.6 3.2 3.7 2.9 2.2 ....- ...... ......�- - o 
1-3 

1936 ....................._ .........................._ ..,.._ 0.0 0.0 0.5 2.6 5.3 4.'1 5.5 5.3 2.9 5.5 3.6 4.0 2.7 3.9� c:::: 
;t.1937 .................................................................._ 0.7 0.1 0.3 0.6 0.7 0.9 2.8 1.7 1.0 4.3 5.4 5.4 5.3 5.1� 
1-3 ....... 
0

1938 ............... ..__ ....._............._... ..... 1.4 0.3 0.3 2.9 5.1 5.3 5.8 5.3 3.3 5.2 4.4 3.9 2.4 4.0� 

1939 ...................._........................._.......... 0.5 1.3 1.1 3.2 5.1 5.9 5.0 5.4 3.4 5.5 3.7 4.6� ~ 

1:121940 .................._................................_................ 0.6 0.9 1.2 2.9 4.8 4.9 2.2 3.4 2.6 4.0 5.7 6.2 5.8 5.4� 

1941 .............................................................._ 0.1 0.8 0.0 0.5 0.5 0.3 0.9 1.8 0.8 ... 3.6 3.5 3.5 3.5� 
- - - - - - - - -

~ 

Average, 1936·41 .................. 0.5 0.6 0.5 1.7 3.6 3.6 3.7 3.8 2.3 4.9 4.4 4.6 3.9 4.4� 

1942 ..................................................._ ...... 1.3 0.0 0.0 0.2 ...... .. ....- ...... 3.8 ...... ..... 3.9 3.8� 

Average. 1927-41 .................. 0.4 0 .5 0.5 2.0 3.0 3.4 3.7 3.3 2.3� 

...... 

...... 
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Table 6. Average Depth to Groundwater at A ll Wells in the Bena Bogs. 1927. 194 1· 

W e lls 
We ll s (d itche d bog ) (un d itch ed bog s ) 

K Av erage L MA B C D E F G H I J 

feetfeet 

1926 .............................. _.... --...... 0.4 0.4 0. 1 0.5 0.6 0.4 0.4 0.6 0.5 0.0 0.0 0.6 0.0 0.6� 

1927 _........-....-....... _.... - ..-- ........._...... 1.2 0.9 0.7 0.9 0.8 1.2 0.8 0.8 1.2 0.7 0.8 0.9 0.0 0.3� 

1928 .............. _ ...._ ...._ .... .................... 0.9 0.6 0.4 0.6 0.5 0.8 0.6 0.6 0.9 0.3 0.5 0.6 0.0 0.1 "'"3� 
tx:l 

1929 ................ .... _......._..... _................ 2.1 1.5 1.1 1.4 2.1 2.1 1.2 1.3 2.3 1.3 1.1 1.5 0.1 1.2 CJ� 
1930 ................... -_...... -......._._ ....•...- 3.3 2.4 2.9 2.7 2.0 3.7 2.6 2.7 3.6 2.7 2.8 2.8 1.9 3.6 ::x:� 

~ 

1931 .............. ....._......................_.............. 5.3 3.4 4.5 3.6 2.4 5.6 3.0 3.3 5.6 4.3 3.6 4.1 4.3 5.6 ....� 
CJ

1932 ...............- _........._..........- 3.9 3.5 2.9 3.4 1.5 4.7 2.2 2.5 4.9 3.1 2.6 3.2 2.6 3.0� 
~ 

~
1933 ......... ....... ..... ... ....._................. 5.3 5.3 5.4 5.3 2.1 5.7 4.5 4.2 5.9 4.6 3.9 4.7 5.0 5.4 t'"� 
1934 ...............- - .... -•....._............_... 5 .6 4.8 5 .0 5.2 2.1 5.4 4.2 3.2 5.7 4.3 3.4 4.4 4.4 5.0 txl� 

c::1935 ............. ................................_ ...... 2.3 2.1 2.0 2.7 1.1 3.0 1.9 1.4 3.5 1.5 1.3 2.1 0.8 1.6� r_. - - - - - - - - - - - - r
A;rerage. 1927·35 ............... 3.3 2.7 2.8 2.9 1.6 3.5 2.3 2.2 3.7 2.5 2.2 2.7 2.1 2.9 tx:l� 

"'"3 
1936 ..... _......_...... .................................- 4.1 4.1 4.1 4.3 2.1 4.5 3.7 3.4 4.8 3.6 3.3 3.8 3.3 4.2 .... 

~ 

1937 ...... ........ _........_ ............_ ................. 3.5 3.3 3.3 3.9 1.9 4.3 3.2 3.0 4.5 3.0 2.7 3.3 2.3 4.0 l\J�.... 
1938 ...... ..................._....._- 3.9 3.9 4.1 4.4 2.1 4.5 3.9 3.4 4.7 3.7 3.3 3.8 3.5 4.2 ..,� 
1939 _.... .............._................ 4. 2 4.3 4.3 5.2 1.9 5.1 4.3 3.4 5.2 4.2 3.7 4.2 4.8 5.3� 

1940 ... ............- .. 3.7 3.8 3.4 4.0 1.5 4.2 3.7 2.8 4.5 3.5 3.1 3.5 4.3 5.1� 

1941 ..... -- ..... .................._... 2.2 1.9 1.8 2.0 1.3 2.8 1.8 1.2 2.7 1.9 1.6 1.9 1.6 2.4� 
- ~-

Average , 1936-41 .................. 3.6 3.5 3.3 4.0 1.8 4.2 3.4 2.9 4.4 3.3 2.9 3.4 3.3 4.2� 

1942 ................................ _...... 2.2 2.2 2.1 2.3 0.7 2.8 2.3 1.9 3.0 2.3 1.8 2.2 1.8 2.2� 

Ave rage. 1927·4 1 3.4 3.1 3.1 3.3 1.7 3.9 2.8 2.5 4.0 2.8 2.5 3.0 2.6 3.4 

• Averages for the years 1936·194 1 include readi ngs for th e w in te r months of Dec ember-Mcrrch w hile a ve rage s lor the ye a rs 1927-1935 do n ol. 
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all cases the bar diagrams are based on It is evident from figure 6 that, in 
records for the months of April through general, when precipitation averaged 
November as recorded in tables 3, 4, above or below normal the ground
and 5. water was correspondingly high or low. 

Note that water levels within 12 to 18 
Ditched Forested Bog inches of the surface were the rule for 

the last two months of spring, while 
Groundwater fluctuations in the low water levels of 4 to 6 feet were the 

ditched bog in relation to precipitation rule for fall and winter. 
from May 1935 to July 1942 are illus The duration of the period of low 
trated in figure 6. The year 1935 of this water varied consider ably : It stood at 
period had precipitation more than 8 about 5 1J2 feet for the eight months 
inches above normal, the year 1936 had from August of the drouth year 1936 
precipitation nearly 10 inches below to March of 1937, while following the 
normal, while the near normal year of wet year of 1941 the groundwater did 
1937 follo wed. This three-year sequence not fall below 4 feet and r emained low 
w as ideal for these st udies. for only the first three months of 1942. 

30 LPrecip itation Average 

'

z 
20 l- I ~ :-:: '-=== - 1= 
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u 
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a: 
n, 

10 l- I - - - I - - - -1 - - - - 1
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Fig. 4. Average precipitation and depth to groundwater in unditched for est bog south of Bena. 

fr om April through November for a 15 y ear period. 



Table 7 . Monthly Precipitation at Leech Lake Dam' 

Year A p ri l 

Sp rinq, su mme r, and fa ll months 

May Ju ne Ju ly Aug. S e p t. Oct . Nov. Total 

D ep arture 
from 

normal De c . 

W inte r mo nths 

Ja n . Fe b . Ma r ch 

Departure 
fr om 

To tal normal 
Ye arly 

total 

Depa rture 
from 

norma l 

inc he s 

1926 ............... 0.08 1.52 2. 10 2.84 2.81 4.66 2.38 2. 11 18 .50 - 3.48 0. 84 0.71 0.50 1.09 3.14 + 0.03 21.64 - 4.25 

1927 ............... 2.07 3.70 3.89 2.55 6.80 1.03 1.12 1.34 22.50 + 0.52 1.18 0.97 1.04 1.00 4.19 +1.08 26.69 -1-0.68 

1928 .... ......... 2.39 1.29 4.75 4. 14 9.17 3 .50 2.60 0. 16 28.00 + 6. 02 0.73 0.38 0.11 1.3 0 2.5 2 - 0.59 30.52 + 4.51 

1929 ........ 0.93 1.84 2.94 1.28 1.73 3.64 2.12 0.22 14.70 - 7.2 8 0.62 1.16 0.20 0.89 2.87 -0.24 17.51 - 8.38 

1930 ............ 0.40 2.92 2.57 1.47 0.67 1.70 0 .49 2.08 12.30 -9.68 0.1 4 0 .47 1.3 7 0.74 2.72 -0.39 15.02 - 10.93 

1931 ......... 0.5 1 2. 12 5.02 2.72 1.77 1.50 1.7 1 2.30 17 .65 - 4.33 0.33 0.15 0.08 0.96 1.52 - 1.59 19.17 - 6. 35 

1932 .......... 2.23 3.66 1.99 1.31 1.75 0.90 1.56 1.52 14.92 - 7.06 0.32 0.85 0.52 0.67 2.36 - 0.75 17.28 - 8.24 

1933 .......... 1.84 4.20 0.94 0.45 1.56 1.55 3.41 0.86 14.81 - 7. 17 1.21 0.73 0. 59 1.64 4. 17 +1.06 18.98 - 6 .24 

1934 ............ 1.40 1.2 2 6.29 1.65 1.60 1.42 2. 15 0.70 16.4 3 - 5.55 0.88 0.30 0.27 0.51 1.96 -1.15 18;39 - 6.8 1 

1935 ............... 3.35 3.02 5.4 2 9.33 3.56 1.10 2.54 1.18 29.50 + 7.52 0.53 1.30 0.03 1.35 3. 21 + 0.10 32.71 + 7.5 1 
- - - - - - - - - - - - - - - - - - - - - -- - ._  -. 

A v erag e, 
1927-35 .. 1.68 2.66 3.76 2.77 3. 16 1.82 1.97 1.15 18.98 - 3. 00 0.66 0.70 0.47 1.01 2.84 - 0.27 21. 81 - 4.64 

1936 ............... 0.9 9 1.96 1.95 0.25 2.48 0.95 0.40 1.08 10.06 - 11.92 2.00 0.57 1.02 0.85 4.44 -1-1.33 14.50 - 10.7 0 

1937 ......... . 3.48 3.65 1.51 5.19 3. 05 2.7 0 0.37 1.03 20.98 - 1.00 0.77 1.03 1. 30 0. 27 3.37 + 0.26 24.35 - 0.74 

1938 .......... . 3.76 5.95 1.34 1.86 1.55 2.66 0.67 2.4 9 20.28 - 1.70 0.65 0.60 0.50 0 .84 2.59 - 0.52 22.87 - 2.22 

1939 0.72 0.96 5.45 1.26 3. 29 1.53 2.18 0.14 15.53 - 6.45 0.35 1.4 5 1.17 0. 52 3.49 + 0.38 19.02 - 6.07 

1940 .•.._.... 4.63 1.86 2. 17 3.85 1.26 1.06 2.82 3.40 21.05 - 0.93 0.27 0.37 0.65 1.64 2.93 - 0 .18 23.98 -- 1.1 1 

1941 ..... ........ 3.84 2.89 5.91 1.97 4.12 5 .34 1.37 0.13 25.57 + 3.57 0.57 1.26 0.39 1.19 3.41 -1- 0.30 28.98 + 3.89 
- - - - - - - - - - - - - -

A ve ra ge. 
1936 -4 1..... 2.90 2.88 3.06 2.4 0 2.62 2.37 1.30 1.38 18.92 - 3.07 0.77 0.88 0 .84 0 .88 3.37 + 0.26 22.28 - 2.8 1 

1942 ....... ....... 2.34 5.06 5.95 2.57 8.64 2.09 1.82 0.82 29 .29 + 7.31 0. 94 0.23 0.30 1.57 3.04 - 0.07 32.33 + 7.24 

A v era ge, 
1927-41 .. 2.17 2.75 3.48 2.63 2.96 2.04 1.70 1.24 18.95 - 3.03 0. 70 0.77 0.63 0.96 3.05 - 0.06 22.00 - 3.4 1 

Normal 
(1887-1952 ) 1.60 2.96 3.91 3.51 3.59 2.60 1.88 1.15 2 1.20 0.76 0.66 0.61 1.08 3.11 ............ 24.3 1 

, Rain g a u g e is a b ou t 6 \14 miles s outhw est of ditch e d bog . 
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F igure 3, based on the data of t ables was 6% m iles fr om the bog and that 
3 and 7, shows that during eight of the there was no uniform relationship be
15 years that well readings were taken tween the time the wells were read and 
after the bog was ditched in 1926, rain the t ime the rain fell, the correlation 
fall was below normal. In only one of between rainfall and groundwater ele
th ese years (1929) did the groundwater vations was as close as could reasonably 
aver age above normal. Likewise, dur be expected. 
ing five of the seven years that pre The essen tials of figure 6 in regard to 
cipitation averaged normal or above, the annual pattern of groundwater 
the gr oundwater averaged above nor fluctuations in relation to precipi ta tion 
mal. The ex ceptions were the years have been su mmarized in figure 7. The 
1938 and 1940. data for figure 7 have been limited to 

In other words, the groundwater ele the years 1936 through 1941 because 
vation w ith r espect t o rainfall followed these six year s are the on ly ones during 
a sim ilar pattern for 12 of the 15 year s, which well readings we re taken each 
deviating from the pattern in onl y three month of the year. It happened that 
year s. Considering that the rain gauge great extremes of precipitation occurred 

30 
z , preCi Pitat ion Average 

a: 
- f-- - 

. ~20 f..---- F=="""""" =
u - - f- :1: f-- f-- t- - - f-- w \0 
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0 W" 'f!J§ 7TE ~ ~ 'l'E P'JE ~ f'lE ~ ~ 71lii- cl 
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t-- - r-r- f- r-r- rw 20 
- -- 1---I- - -- - - ----
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z Average 27.6 in. ::::> 40o 
a:: 
<!> 50 '

o 
l- '

60I 
I WELL L (UNDITCHED MARSH) a.. 
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0)o 
N� 
0)� 

YEAR 
Fig. 5. Average p r eci p it a tion and depth to groundwate r in unditched open marsh sou th of Bena. 

from April thr ough November for a 15 y ea r period. 
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Fig. 6. Monthly precipitation and depth to groundwater in the ditched lorest bog south of Bena 

lor an 8 year period. 

within this period, as 1936 was one of off at a difference of about 4 feet be
the driest years on record while 1941 tween the wet year of 1941 and the dry 
was among the wettest. year of 1936. The pattern of ground

Note that the spread in the ground water fluctuations for these six ye ars, 
water el evations did not become sig show n by the heavy line on figure 7, is 
n ificant until it widened around the be probably about normal for the area as 
ginning of the summer, finally lev eling a whole . 
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Fig . 7. Annual month ly precipitation and ave ra ge d ep th to g roun dw a ter compared with an 
extreme low in the groundwater depth lor 1936 a nd ex treme high lor 1941 in the ditched lores t bog 
so u th of Ben a . 
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Peat thickness and groundwater. Ac 
cording to the data of tables 1 and 6, 
there was a tendency for the depth of 
groundwater to average nearer the sur
face where the thicker areas of peat 
were located. While this relationship is 
far from exact, it will be noted that at 
Well E, where the peat is nearly 14 feet 
thick, the groundwater was at all times 
nearest the surface. The groundwater 
also averaged relatively high in Wells 
G and H, where the thickness of the 
peat is 6.5 and 7.0 feet, respectively. An 
explanation for this is the slow move
ment of water through peat. 

Unditched Forested Bog 

The groundwater in the unditched 
forested bog to the north rose and fell 
with the precipitation much as it did 
in the ditched bog, but the extremes of 
fluctuation were greater in the un
ditched bog. The average depth of 37.2 
inches from April through November in 
the unditched bog for th e 15 years was 
3.6 inches lower than that of 33.6 inches 
in the ditched bog. This is shown by 
figure 4, which is based on the readings 
at Well M also recorded in table 4. 

Unditched Open Marsh 

The groundwater in the unditched 
open-marsh bog to the east rose and 
fell with the precipitation much as it 
did in the other two bogs . This was the 
wettest of the three bogs, with an av
erage depth to groundwater of 27.6 

120 

~ 
• 
0 

.-.<:
" 

inches from April through November 
for the 15 years. See figure 5, based on 
readings at Well L also recorded in 
table 5. 

Discussion 

Ditching of the forested bog was de
signed to prevent the water level from 
rising above a point about 12 to 18 
inches from the surface. Drainage was, 
therefore, so superficial that about all 
that was accomplished by the shallow 
ditches was relatively quick removal 
of excess surface water following heavy 
rains . There is nothing in the records 
to indicate that the ditches appreciably 
influenced the movement of the ground
water in this bog to a depth greater 
than about 1 foot below the bog sur
face . 

The three bogs may be considered to 
be "per ch ed" in the sense that they are 
a t eleva t ions ranging from 8 to 11 fe et 
above the natural water course. This 
water course is Six Mile Creek, situated 
some 700 feet south of the southern 
margin of the ditched bog in which 
Wells A through K are located (se e 
figure 8) . All three bogs are underlaid 
by sandy soil, and it is pos sible that 
the groundwater not lost by evapora
tion and transpiration may find its way 
into the sandy subsoil and then flow 
souther ly into the Six Mile Creek area. 

General improvement of the tree 
growth on the ditched bog south of 
Bena is illustrated in figures 9 and 10. 
It is evident from these photographs 
that there was definite stimulation of 

~ . ~~~(' II,- . ~~""t ~:~;~' ';']7t~ _ _.J.!l'!P"~.~~~.: ··ii{;;; _. ;" :' ~"!.A.I{;i~ -'¥. '... I! 
'0 '� . ..:., ~ .. . -: . .. . ..... 1 , ~ ' . I , ,.~ 100 .. 
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DISTANCE IN FEET� 

ITCHEO
!.~ 

~ •
" 

~
:;~ 

ff
. 

',"'..'" r 'I"", ' 'C\:: 
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Fig. 8. Profile along main ditch of the ditched forest bog south of Bena from the outlet at Six 
Mile Creek to Well M in unditched bog to the north. The depths to groundwater are the lowest 
observed from 1926 to 1942. 
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- - - .- ----------

1927� 

1935� 

Fig. 9. Improvement of fores t growth on the Bena bog after the ditches were in s talled in 1926� 
is show n b y these photographs taken fr om th e upper e nd of th e main di tch in 1927 and 1935.� 
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Fig. 10. Th ese photographs, taken in 1927 a nd 1942 fro m a lo ca tion n ear th e ce nter of th e Bena 
bog, illust rate the marked s tim u lation of tree g ro wth fo llowing in s ta ll a ti on of th e shallow dit ches in 
1926 . Heavy g row th prevented takinq satisfactory p hotoqra phs from th is loc ation subseq uent to 1942. 

growth after the bog w as dit ched. A 
n umber of the older and t aller trees 
were blown down after the first pic
tures were taken . Loss of these over 
mature trees was in no way related to 

th e ditching operatio ns. Growth r ecords 
in this bog were kept by the Forest 
Ser vice of the United St ates Dep art
ment of Agr icu lture but are no t a pa rt 
of th is r epor t. 

AVERELL-McGREW REPORT 

Any consideration of the effects of 
d it ch ing on t ree growth in a Minnesota 
bog wo ul d be incom ple te without r ef
erence to the mo st exce llen t and ex
haustive report by James L. Averell 
and Paul C. McGrew.' Some of the field 
studies for this work were conducted in 
Beltrami, Koochiching, and Lake of the 
Woods Counties in the vast continuous 

bogs lying north and east of Red Lake. 
Other st udies were conducted in 
sm aller bogs found in Aitkin, Carlton, 
and S t . Lou is Counties. 

Th e studies amounted to a gen eral 
r econnaissance of that portion of the 
timbered bog land in the state that had 
been ditched. A total of 26 widely scat
tered areas comprising 70 plots were 

• The R eact i on oi Swam p Forest s to Drai n age in Northern M i nn esota , Minnesota D ep a r t
m ent of D ra inage a n d W aters. 1929. 



20 TECHNICAL BULLETIN 217 

chosen as representative and were 
made the basis for detailed study. Typi
cal was a study of tree growth on the 
two sides of selected ditches both be
fore and after ditching for periods 
which ranged from 10 up to 15 years 
and for various distances back from 
the ditches as far as half a mile. 

The following table from the Averell
McGrew report gives information by 
county regarding : the number of miles 
of ditch inspected, the number of areas 

Forested bog within 
1(2mile 01 ditches 

Areas lor Ditches 
detailed in - Estimated Covered 

County study spected total by studies 

number miles acres 

Aitkin . 5 279 50 .000 43.480 

Beltrami 5 171 50,000 36,880 

Carlton I 18 5,720 

Koochiching 4 34 16,840 

Lake 01 the 
Woods 5 77 12,000 8,040 

St. Louis 6 139 45,000 32,800 

Total 26 718 143,760 

selected for detailed study, and the 
acreage of forested bogs within one
half mile of the drainage ditches cov
ered by the reconnaissance. The area 
of timbered bogs for the several coun
ties was estimated from field observa
tions supplemented by information fur
nished by forest rangers of the state. 

In these detailed studies of tree 
growth by Averell and McGrew, more 
than 1,400 borings were made in trees 
with a Swedish increment borer, and 

11,812 trees were measured for diame
ter. A sample of 400 trees was cut and 
measured for volume. In studying the 
peat at each plot, soundings were made 
with a Davis peat sampler and the peat 
sampled and general characteristics re
corded. The essentials for each of the 
26 areas examined were plotted graphi
cally, as illustrated for one area in 
figure 11. 

Th e excerpts from the Averell-Mc
Grew report which follow refer specifi
cally to the effects on forest growth of 
the drainage ditches that had been in
stalled from 10 to 15 years previous to 
the studies. 

"Excessive drainage provided by the 
large dredged ditches in the northern 
counties has been accused of killing the 
swamp trees adjacent to the ditches, 
through drying out the soil. Care was 
taken during the reconnaissance to 
watch for such cases and trace down 
reports. Not a single instance of such 
injury could be found . To the contrary, 
the facts show that the trees next to the 
ditches responded to the drainage by an 
increase in volume growth often 
amounting to 100 or 200 per cent, the 
increase becoming much smaller back 
from the ditch where the benefits of 
drainage were not so great. 

"The effect of drainage fell off rap
idly with increased distance from the 
ditch. The distance from the ditch to 
point of no drainage effect averaged 331 
feet, varying from zero to over 940 
feet. The effect was seldom equal on 
the upper and the lower side of the 
ditch." 

GROUNDWATER STUDIES IN OPEN-MARSH PEAT BOGS� 
OF AITKIN, BELTRAMI, AND ROSEAU COUNTIES� 

Five automatic water-stage recorders 
were installed the latter part of 1934 
in Aitkin, Beltrami, and Roseau Coun
ties in areas near Aitkin, Ludlow, 
Roseau, Schilling, and Thief River Falls 

(see figure 1). The peat overburden 
ranged in depth from 1 foot in Roseau 
County to 6 feet in Beltrami County. 

In all cases the recorders were in 
wells situated between I4 to % mile 
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from a drain age channel, whic h was than normal an d the precipitation was� 
either a natural water cou rse or a n 7 Vz inches above normal.� 
open ditch. These wells ope rate d for The year 1936 w as one of great ex�
the five year s from 1935 t o 1939, an un t remes in t emperature and precipita�
usual period in Minnesota with r esp ect ti on . It h ad abnormally hi gh t empera�
to prec ipitation and temperatures. tures durin g the m onths of June, July,� 

According to United Stat es Weather and Augu st, with all-time highs re
Bureau rep orts, the m ean te mpera ture corde d at many of the Weather Bureau 
for the sta te in 1935 was slightly lower stati ons. The ex trem e was 114° F. r e

600500 400 300 200 100 0 100 200 300 400 500 600 700800 
I I� 
Volume Growth� 

70 - 121 Before ditching. 0 

• After ditching . 
0 

... 60 
o 
CIl� ( I ) 
>. 
... 50 
CIl 

I 
I

Q. 

CIl... 40 
o 
o 

Qi 
.2! 20 

Io 
.0 

6 10 

oo� Plot Plot Plot Plot 
A B C D 

w300� 

I
II)� ..o Radi~s Growth� (2)CIl 

t; 200 f--- --- Spruce / 6 
o 

&:: 

0c I cedi r o ...;'" :' \ ~...--- -- ~-0--

CIl 100 
o I--Q. --"!!, -~ 

- ..J: )31 .........&. --- -

10 
...: (3 )
G> 

:! 5 I I 
1'\ Ground woter :1\ 

.2 - -t>- ---.!!i~---
---0 "_"'<\) 1{6~ ------ -0-- --- -----e� 

""'__"0 a ""'" I 
> Sandy cloy
CIl 

I Iw -5 
600 500 400300 200 100 a 100 200 300 400 500 600 700 BOO 

Eost of ditch, feet.� West of ditch, feet. 
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a n d ce da r. a ge 116 y ears , a verage diamet ers 4.0 inches . Beltrami Coun ty . 



- --

1-:> 
":l 

Table 8. Comparison of Monthly Rainfall and Monthly Average Groundwater Elevations in five Northern Minnesota Bog Areas. 1935-39 

1935 1936 1937 1938 1939 1935-39 

Averag e 
De pth to De p th to Depth to De pth to Depth to d e pth to 
ground- g round- ground- g round- ground- grou n d- ""'l 

Mon th Rainf a ll water Rainfall w a ter Ra infall w a te r Rainfall w a ter Ra inf a ll w ater water l>j 
(J 

inches feet inches feet in ches fee l inches fee t in ch e s fee t fe e t :z: 
~  March .................... " ........ ............. ......... 1.90 ...... 1.01 0.29 0.88 ...... 0.69 3.8 3.8� 0-, 

(JApril ........ ..................................................... 1.58 ...... 0.94 ...... 4.14 5.5 3.10 ...... 0.94 ...... 5 .5� 
~  

May ...... •••••••••••••• • • •• • • ••••••••••• • • ••••• • •• _·•• 1.48 2. 18 0.9 3.05 0.4 6.19 0.4 1.89 ...... 0.6� t'"••• M 

Ju ne .......... .................................. .......... 3.92 0.9 1.79 2.2 2.23 0.5 2.23 1.3 3.97 ...... 1.2� ttl 
Jul y ............. ............................. ..................... ... 3.78 1.2 0.96 3.8 7.12 0.8 3.48 2.6 1.33 3.5 2.4 c::: 

t-
August ................................. ......... ....... ..... 4.41 2.3 1.92 5.0 3.63 0.8 3.26 3.3 2.15 4.0 3.1� t'" 

l>jSeptember ........... ........ ....... ......_... ...... 1.37 2.5 2.51 5.3 1.92 1.2 1.71 3.9 2.49 3.9 3.4� ""'l 
October ................................... ..-......... 1.42 2.6 0.40 5.2 0.41 1.2 0.60 3.6 1.78 3.6 3.2� 0-,� 

~ 

November ........... .......... ......_................. 0. 96 ...... 0.63 5.3 0.77 1.69 3.0 0.09 ...... 4.1� 
...... 

Total rainfall- March · 
"" 
"1 

November ' ................................... 20.80 ...... 12.34 ...... 23.56 ...... 23 .14 ...... 15.33� 

Ave rage depth to groundwater 
for months shown . ......... ..... . 1.9 ......... 4.0 1.5 ......... 2.7 3.8 3.0 

, Long-time no rmal is 19.55 inche s . 



GRO UND WATER FL UCT UATIONS� 23 

Table 9. Comparison 01 Lale Fall and Early Spring Groundwater Elevations at Five Observation 

Wells in Northern Minnesota Bog Areas 

Gr oun dw a ter 
Loca tion 01 well Da te 01 reading e leva tion 

inches 

Aitkin, Twp. 48 N.. R. 26 W . November 29, 1938 17.7 

Ma rch 17, 1939 29.5 

Lu dlow , Twp . 156 N., R. 30 W .� Nov ember 28, 1938 12.9 

Ma rch 16, 1939 16.5 

Rose a u , Tw p . 163 N" R. 39 W .� Nov emb er 16. 1938 68.0 

Ma rch IS, 1939 70.5 

Schiiling, Sec . 6, Tw p . 156 N" R. 35 W .� Novemb er 21, 1938 37.0 

Ma rch 18, 1939 50.5 

Th iel Riv er Falls , Tw p. 154 N., R. 38 W .� Nove mbe r 21, 1938 45.9 

March 17, 1939 59.5 

Ave ra ge drop in the gro undw a te r a t the fiv e w ells lor the lou r mon ths Irom Nove mb er 1938 to 
Ma rch 1939 .. 9.0 

corded at Moorhead on July 6, while The season of 1937 was one of hea vy 
later the same week h ighs r anging from precipitation , begi nn ing with hea vy 
1100 to 1110 F. we re common over the snows during the winter of 1936-37 fol
whole northwestern part of Minnesota. lowed by protracted rainfall periods 
It was the second driest year for the which resulted in heavy floods in 
sta te in the 64 years from 1891-1953, northern Minnesota. 
wi th precipitat ion below normal for the This stat ewide pattern prevailed at 
eight months of April through No Gonvick, the Weather Bur eau stat ion 
vem ber. nearest the Thief River Falls well , for 

17.2 It
(/) 

o 
~... ,..",-~ 1937� 

w ..,.",� ,""', ... """.......... - ......�n 24� "'" i"V'I ....__ ''0'  13.4

""""'z 
.........--.� 

a::- 48 " ........� w 
I- THIEF RVER I'jg;;;-- --- e.--.- -- 8.2" 
~ 72 

o 
Z .. l>recipitation, inches April- November=> 
~ 0 
Cl 

.:»:� ...__ .r":........ 
A. ~-j 19.0"� 

I"'""'-"-~ 

r"-, ,~";~~ .. -,,-... _.I,J",~ "
~ 24� 

I'~- .....' r-...... 
14 .8 "J:� ~;>", 

a.. I- 48 
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APRIL MAY JUNE JULY AUla. SEPT. OCT. NOV. 

Fig . 12. Ell ect 01 precipita tion on depth to groundwater in open ma rsh es 01 northern Minn esota . 
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Fig. 13. Monthly groundwater fluctuations in northern Minnesota bogs and marshes as related 
to average monthly temperatures and precipitations. Based on data 01 tables 4. 5. 7. 8. and 13. 

1935, 1936, and 1937. There was, how
ever, some deviation from the statewide 
rainfall pattern at both the Aitkin and 
Roseau wells. The year 1935 was the 
wettest of the three years at Pine River, 
the Weather Bureau station nearest the 
Aitkin well, while at Roseau that year 
was drier than 1936. 

Table 8 shows average depths to 
groundwater taken at the five observa
tion wells at which automatic water
stage recorders were installed . Precipi
tation records averaged from ne arby 
Weather Bureau sta tions at Baudet te, 
Gonvick , P ine R iver, and Roseau are 
a lso shown. 

Depths to water in the five wells 
cited in table 9 were determined manu

ally after the fall freeze-up in Novem
ber of 1938 and again in March of 1939 
before the spring break-up. The results 
of these manual readings are recorded 
in the table for ready comparison. 

It is evident from tables 8 and 9 and 
figure 12, based on the Aitkin and Thief 
River well readings, that fluctuations in 
groundwater levels in the bogs exam
ined in Aitkin, Belt r ami, and Roseau 
Counties were closely r elated to vaga
r ies of precipitat ion, as has been re
ported for the bogs south of Bena in 
Cass County. This fact is further illus
trated by the graphs shown in figure 13 
on which bo th the rainfall data of table 
7 and the temperature data of table 13 
are summar ized. 
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GROUNDWATER STUDIES IN McGREGOR BOG 

A total of 50 observation wells were 
installed late in 1932 in a large peat bog 
on the north side of the Soo Line Rail
way in Sections 3, 4, 5, and 9, Twp. 48 
N., R. 24 W. near the center of Aitkin 
County and about midway between 
McGregor and Palisade (see figure 14). 
In general, the area is a grassy open 
marsh with sparce growths of popple, 
alders, and willows and a few stunted 
black spruce. 

A system of open ditches had been 
constructed in the bog about 20 years 
earlier, but they had not been main
tained and were badly clogged with 
brush, t r ees, and beaver dams. In all 

-'-1- 1 ---4 !~:~·
 
I k § : ~o I t 

essentials, therefore, the bog may be 
considered to have reverted to its vir
gin state previous to ditching. 

Well data. Table 10 gives the relative 
ground surface elevations, the depths 
of peat, and a summary of groundwater 
fluctuations from Decem ber 1932 
through December 1933 for all 50 
wells. Monthly readings for Wells 14-30 
are shown in table 11. These 17 wells 
are located on a line from west to east 
across Section 4, an area representative 
of the bog as a whole. 

Precipitation and groundwater pat. 
tern. Precipitation at Sandy Lake Dam , 

~~_i_'_ i_·
 
I ~ ~ I I 

V·_ ·I-·- ·~ r'V~'b~ '~~'~ ~1-- 31-1 
I 

• 0 r.. . . . . . .......� 
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GROUNDWATER 

Me GREGOR BOG 
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I I 
I 

INVESTIGATIONS 

Fig . 14. Loca tion of 50 observation wells in th e McGregor bog where a limited number of g ro un d
water readings were take n between 1932 a nd 1936. 
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Table 10. Summary of Groundwate r Data, McGregor Bog, December 1932 to December 1933 

Ground Dep th to groundwater
Well surface Depth of 
number elevation peal Low High Average 

feet feet fe et feet fee l 
1 96 .4 4.7 5.0 0.3 1.4 
2 97.0 7.2 5.2 0.5 1.7 
3 ........... ...................- 96.7 2.6 4.6 0.0 0.9 
4 95.5 3.0 4.2 0.1 0.6 
5 ......... -................_. 95 .7 1.9 4.5 0.0 0 .9 
6 95.9 1.3 4.9 0.0 1.1 
7 96.0 0.0 4.3 0.0 1.1 
8 95.7 1.1 4.4 0.1 1.0 
9 96 .8 0.0 4.4 0.2 1.0 

10 .. ........ 96 .1 1.9 4.4 0.0 1.1 
11 96.0 2.2 4.3 0.0 0.9 
12 .................... . . .... ..... ......_....... 96.1 1.9 3.4 0.0 0.8 
13 96.2 2.6 4.2 0.0 0.9 
14 96.7 2.3 5.0 0.4 1.5 
15 96.4 2.7 4.5 0.1 1.5 
16 96.8 2.1 4.9 0.5 1.8 
17 96.8 2.2 4.9 0.3 1.9 
18 ..... 96.5 2.2 4.0 0.3 1.7 
19 96.4 1.9 4.9 0.1 1.9 
20 ........ 97.4 3.7 5.7 0.6 2.4 
21 97.9 3.2 6.2 0.3 2.1 
22 98 .1 4.0 5.7 0.0 1.7 
23 .. ........................ 97.7 4.0 4.0 0.7 1.6 
24 98.3 8.3 3.4 0.8 1.7 
25 98.5 8.8 3.3 0.0 1.6 
26 98.5 8.2 3.4 0.9 2.0 
27 98.3 8.6 2.3 1.3 1.7 
28 97 .8 8.4 3.3 0.1 2.1 
29 97.9 8.2 3.3 1.2 2.2 
30 ............... 99. 2 8.2 3.6 1.8 2.5 
31 97.4 4.1 2.9 1.0 1.9 
32 ..... 97.7 4 .0 3.4 0.9 1.9 
33 98 .1 3.5 3.5 0.9 1.8 
34 ....... 98.4 3.1 3.5 0.6 1.7 
35 98.3 4.3 4.2 0.5 1.7 
36 98.4 2.4 4.4 0.3 1.6 

37 98.6 5.3 3.9 0.4 1.6 

38 ...... .............................. . 98.8 3.9 4.4 0.7 1.7 

39 99 .0 3.0 4.3 0.6 1.7 

40 99.5 10.3 2.8 1.0 1.7 

41 99 .8 9.5 3.9 0.7 1.6 

42 ....•....•............•..... 99 .1 6.7 2.7 0.6 1.4 

43 ................. .......................... ....... _... 98.8 9.7 2.6 0.6 1.5 

44 .............•• ......... 98.3 8.2 4.0 0.7 1.8~ 

45 99.3 6.7 3.7 1.0 1.9 

46 ............•.....•.•.....•... 99.4 5.5 5.3 2.0 2.8 

47 99 .2 5.0 4.0 2.0 2.7 

48 99 .6 7.3 3.4 0.9 1.9 

49 ...... 97.4 4.5 4 .0 1.2 2.3 

50 ..... 97.2 1.7 4.0 1.3 2.9 

Gra nd average. wells 1-50 97 .6 4.5 4.1 0.6 1.7 

http:�.....�.�.....�
http:�...�..........�


Table 11. Depth to G roundwater in 17 Wells o n M cGrego r Bog in Aitkin Cou nt y. Minnesota 

Well numb ers * 
Date 01 
re a d ing 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 Avera ge 

feet 
1932 

December ..................................... 3.4 2.5 2.7 3.5 3.0 2.9 2.9 4.0 3.7 3.1 2.8 2.3 2.5 2.3 2.4 2.5 3.6 2.9 

1933 
C 
:;. 

March .............................................. 5.0 4.5 4.9 4.9 4.0 4.9 5.7 6.2 5.7 4.0 3.4 3.3 3.4 3.2 3.3 3. 3 3.5 4.3 C 
C 

June .................................................... 0.4 0.1 0.5 0.7 0.3 0. 1 0.6 0.3 0.1 1.1 1.2 1.5 1.3 1.3 0.1 2.7 2.1 0.8 
~ 

< 

July ...................................................... 0.9 1.8 2.1 2.4 2.0 1.9 2.5 2.3 1.4 2.2 2.0 2.1 2.2 2.0 2.7 2.7 2.6 2.1 t 
~ 

Au g ust ............................................. 1.3 2.3 2.5 2.8 2.7 3. 1 3.3 2.7 2.4 2.6 2.1 2.2 2.6 2.1 2.8 2.3 2.7 2.5 "'" ;t 
S eptember ................................. 

October . ............... .............. .......... 

0.9 

0.8 

1.0 

0.9 

1.1 

I.l 

0. 9 

1.1 

1.1 

1.2 

1.5 

1.3 

1.9 

2.0 

1.1 

1.1 

1.3 

0.4 

1.2 

1.3 

1.0 

1.4 

1.2 

1.4 

1.3 

1.5 

1.3 

1.5 

2.0 

2.2 

1.5 

1.8 

2. 1 

2.3 

1.3 

1.4 

~ 

t> 
:;. 

Nov ember ...............~ ................... 0.4 0. 2 0.5 0 .3 0.3 0.7 1.2 0.4 - 0. 3-r 0.7 0. 8 0.8 0.9 0. 9 1.8 1.2 1.8 0.7 ., 
Dece mbe r ........... ......... . ............ 0.4 0 .2 0.6 0.4 0.4 0.4 1.3 0.5 0.3 0.8 0.8 0.0 1.0 1.1 1.9 1.4 1.9 0.8 t 

c 
A v erage .................. 1.3 1.4 1.7 1.7 1.5 1.7 2.4 1.8 1.4 1.7 1.6 1.7 1.9 1.7 2.0 2. 1 2.4 1.7 

r.. 
C 

1934 

June ......... .. ............ ....... ......... - 0. 7 - 0. 9 0.0 0.0 - 0. 1 - 0.4 0. 1 0. 1 0.1 0.2 0.4 0.5 0.3 0.3 1.2 0.8 1.1 0.2 
;t.. 
~ 

July .................................................. 

A u g u s t ...... ..... ..... ..... -.............. 
- 0.7 

3.8 

0. 1 

2.7 

0.5 

3.4 

0.6 0.1 

3.4 

0.1 

4. 1 

0 .7 

4.4 

0.6 

4 .5 

- 0.6 

4.1 

1.0 

3.6 

0.0 

3. 1 

1.0 

2.9 

0.8 

2.8 

0.7 

2.7 

1.6 

3.5 

1.2 

4.0 

1.5 

3.4 

0.5 

3.5 
§ 
v 

November ...................... 1.8 2.0 2.2 2.2 1.6 2.2 3.4 2.7 ..... .,.... ...... ...... ...... 2.3 
- - - - - - - -

A v erag e ..................... ........... 1.4 1.0 1.5 0.9 1.2 1.5 1.9 2.0 1.2 1.6 1.2 1.5 1.3 1. 2 2.1 2.0 2. 0 1.6 

1936 
Septe mbe r ... .................................. 3.2 4.0 3.7 4.3 4. 1 4 .1 5.5 5. 0 3.8 3.2 2.8 2.5 2.2 2.8 2.2 2.3 3.5 

• W e ll s 14·30 a re located in Secti on 4, Twp . 48 N ., R . 24 W . 
+The mi nu s ( ) sign ind icates w a te r w as a bov e the gr ound s urfa ce . 

~ 
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25 miles to the north, is shown in table 
12 to have been 22.5 and 23.0 per cent 
below normal (24.8 inches) for 1932 
and 1934, respectively. Precipitation 
there approached normal in 1933, was 
slightly more than 7 per cent above 
normal in 1935, and was nearly 38 per 
cent below normal in 1936. 

The bog was dry when readings were 
taken in March 1933, following the dry 
year of 1932, but by April 1933 the 
water had risen to near the surface and 
remained there through December 1933. 
Water again stood near the surface of 

the bog in June 1934 but fell to 3.5 feet 
in August when precipitation dropped 
to about 50 per cent of normal. 

Extremes in fluctuations during 1932 
and 1933 were from the ground surface 
to about 6 feet below. For the bog as a 
whole, the depth to groundwater aver
aged about 2 feet during the period that 
well readings were taken. The data 
suggest that groundwater fluctuations 
from the surface to some 5 or 6 feet 
below is normal behavior between wet 
and dry periods for Minnesota peat 
bogs of the McGregor type. 

Table 12. Monthly Precipitation at Sandy Lake Darn" 

Precipitation 
60 year 

Month normal 1932 1933 1934 1935 1936 

inches 

January 0.71 0.78 0.69 0.65 1.13 0.71 

February ..... 0.53 0.17 0.83 0.27 0.14 0.54 

March 0.96 0.41 0.13 0.51 2.13 0.76 

April 1.87 1.69 1.70 1.00 1.91 1.24 

May 3.08 3.74 5.79 1.26 1.74 3.69 

June ......................•....... 3.98 1.90 2.39 3.64 4.54 1.44 

July 3.60 3.37 2.24 3.12 4.82 0.41 

August 3.53 2.43 0.61 1.73 4.10 1.88 

September 2.75 0.66 4.09 2.68 2.06 1.36 

October 1.96 1.61 2.78 2.21 2.22 0.52 

November 1.20 2.17 0.83 1.14 1.l0 0.96 

December 0.63 0.28 1.32 0.88 0.62 1.79 

Total ..... 24.80 19.21 23.40 19.09 26.58 15.30 

" Rain gauge is about 25 miles north of McGregor bog. 



Table 13 . Average Monthly Temperatures (Fahrenheit) at Leech Lake Dam 

Ye a r A pril May 

Temperatu res in s prin g , summer , a nd fall months 

June Ju ly Aug. Sept. Oct. No v . Average Dec. 

Temperatures in winte r months 

Jan. Feb. March A verage 
Yearly 

a veragE 

1926 .........._..... 38.5 56. 1 58.6 67.5 64.0 52 .8 41.7 2 1.1 50.0 8.0 12.0 16.0 19.3 13.8 38 .0 

1927 _ . ....... 42 .0 49.0 60.5 64.1 60 .8 57.9 47. 2 24 .5 50.7 1.2 7.0 14.4 29. 2 12.9 38.1 

1928 "' ' 35. 0 56 .0 58.4 66.2 64.6 53.2 44 .6 32.2 51. 3 20.7 8.3 14.4 23.0 16.6 39.7 

1929 - 41.6 49.4 60 .4 67. 9 64.4 53.6 45.7 23 .6 50.9 10.2 - 6. 8 3.6 28.5 8.9 36 .8 

1930 43.0 53.2 63.5 69 .0 68.2 55.9 42.6 30.7 53.3 17.8 - 2.6 19.0 23.6 14.4 40 .3 

1931 ..... 43.6 52.5 66.1 69.0 64 .0 62.2 50.2 34.4 55 .2 23.2 17.8 24 .2 26.5 22.9 44 .5 

1932 40 .8 54 .7 66.4 68. 2 66.1 55.2 40 .7 23.5 51.9 9.2 13.4 10.3 16.2 12.3 38.7 

1933 ....... 38 .6 54. 1 69.4 70 .2 64 .4 59.8 40 .1 23.2 52. 5 6.6 12 .8 4.0 22.8 11.6 38 .8 

1934 ...... 39.4 59.7 63. 8 66 .5 62.4 52 .5 49. 1 33.4 53.4 8.8 13.9 8.8 20 .3 12.9 39 .9 

1935 ...... 38.0 49. 8 58.9 73 .0 66 .2 54.4 44.1 20.7 50.6 12.2 0.8 20 .2 25.4 14.6 38.6 

Average, - - - - - - - - - - - - - - - - - - -
1926· 35 40 .0 53.4 62 .6 68.2 64 .5 55.5 44.6 26.7 52.0 11.8 7.7 13.5 23 .5 14. 1 39.3 

1936 ._ ....._ 32.7 58. 0 61.0 73.1 66 .6 58 .0 39.0 23.6 51.5 13.4 - 3.8 - 7. 4 24 .2 6.6 36 .5 

1937 _ ....... 37.0 54.6 61. 2 69.0 69 .8 56 .2 40.4 26.6 51.8 10.3 - 4.2 7.6 20 .4 8.5 37.4 

1938 ...... 38 .6 49.4 61.0 67.0 69 .0 56 .8 49.2 24.3 51.9 12.8 6.1 14.8 32.4 16.5 40 .1 

1939 36 .6 56 .8 62. 3 68.4 66 .4 57.4 4 1.2 32. 6 52.7 24.2 9.9 0.8 20 .2 13.8 39.7 

1940 ......_..... 36. 8 50.4 59. 8 67.0 63 .3 59.4 47.5 23.0 50.9 15.8 3. 1 14.6 18.0 12.9 38.2 

J941 .....  46 .2 57.6 63.6 69 .1 64 .8 58 .0 45.0 30.2 54.3 19.2 9.1 9.8 21.8 15.0 41. 2 

1942 ........_ .... 47.4 50.4 60.7 66.3 65 .9 53.8 46 .2 27.6 52.3 9.2 15.5 13.5 30.7 17.2 40.6 

A verag e, - - - - - - - - - - - - - - - - - - - - - - -
1936·42 39.3 53 .9 61.4 68 .6 66.5 56.8 44 .1 26. 8 53.6 15.0 5. 1 7.7 24.0 12.9 39.1 

Norma1
1888·1 952 39 .8 52.4 62 .5 67 .5 64 .3 56 .0 43.6 26.8 51. 6 12.6 5.5 8.7 22 .4 12.3 38.4 




