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FOREWORD

This bulletin is published in furtherance of the purposes of the
Federal Water Resources Research Act of 1964, The purpose of the Act
is to stimulate, sponsor, provide for, and supplement present programs
for the conduct of research, investigations, experiments, and the train-
ing of scientists in the field of water and rescurces which affect water.
The Act is promoting a more adeguate National program of water resources
research by furnishing financial assistance to non-Federal research.

The  Act provides for establishment of Water Resources Research
Centers at Universities throughout the Nation. On September 1, 1964,
a Water Resources Research Center was established in the Graduate School
as an Interdisciplinary component of the University of Minnesota. The
Center has the responsibility for unifying and stimulating University
water resources research through the administration of funds covered in
the Act and made available by other sources; coordinating University
research with water resources programs of local, State and Federal agen—
cies and private organizations throughout the State; and assisting in
training additional scientists for work in the field of water resources
through research.

This bulletin is number 105 in a series of publications designed to
present information bearing on water resources research in Minnesota and
the results of some of the research sponsored by the Center. This bulle~
tin describes the results of a quantitative geomorphic and water quality
study of agricultural drailnage systems in South Central Minnesota.

This bulletin serves as the final completion report for the follow-
ing project:

OWRT Project No.: A-040-Minn.

Project Title: The effect of county drainage ditches on water quality
and guantity in South Central Minnesota.

Principal Investigator: Henry W. Quade, Department of Biological Sciences,
Mankato State University.

Project Began: Cctober 1, 1977 Proicct Completed: September 30, 1980

FCST, COWRR Research Category: VG;IVA/4

Publication Descriptors: *Drainage/*Water Quality/*Fluvial Geomorphology/
Neon-Point Source Pollution/Riparian Green Belt/
Funoff,

(vii)



Publication Abstract:

The extent of county drainage was determined for four counties in
South Central Minnescta followed by a study of the gemorphic nature of
man's drainage in contrast to natural drainage. Selected drainage
ditches and low order rivers were sampled for water guality and guantity
in order to determine the contributions and timing of nutrient loads from
each.

Seventy-nine percent of the drainage ditches were found to terminate
into rivers and they more than doubled the length of the surface fluvial
systems. The closeness of fit of the drainage ditch systems to the low
order Strahler classification scheme suggests that man has taken an im~
mature lake-marsh enviromment and within 100 vears created a geomorphically
mature fluvial landscape.

Nutrient loading by ditches into receiving bodies was found to vary
by season, by individual ditch or river, and by stream order indicating
that each ditch was unique. Water guality of one ditch during this wet
study vear was compared to a previous dry year study and the nutrient
leoading data was consistent and predictable. The most significant load-
ing nutrient chemical parameter to the Minnesota River was found to be
nitrate-nitrogen. Flow showed flashy response to storm events in some
ditches and some were quite conservative. Sediment load was directly
correlated to flow.
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INTRODUCTION

In South Central Minnesota we take pride in and value our agriculture
and our recreational waters, Many consider the two mutually exclusive and
a real paradox when one thinks in terms of Quality of Life.

The 1972 Amendrents to the Frederal Water Pollution Control Act specify
that state agencias develop guidelines to identify, evaluate, and control
non-voint source pollution resulting from various activities including
agriculture. As agriculture is Minnesota's most important industry and
since much of our agriculture is associated with or affected by man made
drainage systems the relevance of limnological studies on ditches is gquite
apparent. There does not exist at present an adeguate base from which to
develop policies and management quidelines from cither the point of view
of water quality or water quantity for present ditching practices. Any
"208" plan formulation that does not include the effect of ditches on
water as well as on the land in its mix could lead to cuestionable poli-
cies,

i diteh studies which have been revorted and the concerns which

have surfaced generally relate to only one component of the drainage eco-
svstem., One should examine the changes in water quality and quantity of
the receiving body as well as the cffects on the drained riwvarian habitat.
Ve have cases in our area where ditches are entering lakes and other
Aitehes are extracting water from the same lakes. Some ditches terminate
at levels lower than the lakes they are entering and the water must be
pumned un into the lake which acts as a sealed holding pond. Many studies
Adocument the destruction of riparian habitat due to drainage, but few
look at the potentially new riparian habitat created, The miles of open
Aditches, many with berms, surpass the miles of natural river channel in
many of our townshins. There is a rising concern for our roadside ditches
as votential wildlife habitat but drainage ditches have been neglected.
Lt present drainage ditches are constructed for tha removal of water and
managed for easy clecanout. It is our contention that they should be con
structed for and wmanaged with wildlife. flood control, and water quality
concerns added to the mix,

In this area drainage ditches form the basis for much of our agricul
ture, vet little is known about their limnological imvacts. For cxample,
South Central Minnesota newspapers arc reoorting manv new controversies
invelving drainage ranging from their effects on lake levels, lake water
mality and wetland modification to problems of the management of riparian
vegetation. The cffects of unland drainagae on the flood levels of our
rivers and streams has not been studied adeguately. Our local County
RBoard Commissioners have expressed difficulty dealing with ditch requests
because of a lack of information. Proposals for new drainage and inprove--
ment of existing drainage in Southern Minnesota are increasingly finding
their way to the State Supreme Court. Judge Lawrence Yetka, with the
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concurrence of Judges James Otis, C. Donald Peterson, and Fallon Xelly,
declared that, "Surely, under the new environmental laws gerious doubt

as to the desirability of any general drainage schemes must exist” (March
11, 1977, Mankato Free Press}),

The citizens themselves (from our predominantly agricultural region)
are placing "water quality” as the most important water problem. In his
report "The Citizen and Water Management: An Atlas of Water Attitudes in
Scouthern Minnesota” (OWRR Project B-042 Minn.) Moline {1974} investigated
the spatial variation in the perception of water resources and water prob-
lems in South Central Minnesota. His study involved both a stratified
(areal) random poll of residents and a select group poll of individuals
concerned with water management and planning within the basin. ®hen asked
to ranlk the three major water resource problems in this area the respon-~
dents, surprisingly, in both the random poll and the select group poll
indicated that "water pollution” was clearly number one with "inadequate
water resource planning” number two, "Wet agricultural fields® was the
number three opriority for the stratified random sample poll.

The overall objective of this study was to develop an understanding
of the nature of and effects of agricultural drainage in South Central
Minnesota.

The specific objectives covered in this study are as follows:

1) To determine the extent and location of public drainage in a
four county area of South Central Minnesota.

2)  To document the legal history of drainage and wetlands status,

3} "o determine the quantitative geomorphic nature of the drainage
svstems.

4}  To survey the nature of the riparian strip associated with drain-~
age ditches.

5) "o assess the effects of agricultural drainage on water guality
and quantity of the receiving bodies of water.

6)  To determine the degree of variation from ditch to ditch to
river for water quality and quantity in relation to a previous
rescarch effort on a single ditch-river system,

7) To establish management guidelines and predictive models of the
effects of agricultural drainage insofar as possible.

To meet the above objectives study components which were undertaken
included: the determination of the extent and location of public drain-
age for the four county area, the determination of quantitative and
descriptive drainage ditch geomorphologv, a survey of public drainage
ditch riparian vegetation, the determination of water quality and quanti-
ty at selected drainage ditch and river sites based on the above and the
determination of bed and suspended sediment load for each site, Two
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other study components: an investigation of the
with special emphasis on the legal status of wet
determination of the water quality pronerties of
which could be used for contrast to the drainage
lished separately from this bulletin and will be

history of drainage law
lands and secondly a
the Minnesota River
ditches are beinag pub-
in circular form.
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EXTENT OF PUBLIC DRAINAGE

Introduction

A publication prepared by the U,S. Department of Commerce, "Drainage
of Agricultural Lands", for the United States Census of Agriculture, 1959,
indicated that by the end of the 1950's Minnesota had drained 11.7 million
acres of land or 23 percent of the land in Minnesota. This represcnted
11.5 vercent of all drained agricultural land in the United States and
Minnesota was second only to Indiana nationally.

In the four South Central Minnesota countles: Blue Barth, Brown,
Le Sueur, and Nicollet we have several hundred county and judicial dit-
ches, ‘The United States Geological Survey in their 1971-1972 drainage
survey of Minnecsota lists Blue Earth County with 50.4% of land affected
by drainage (713 miles of drainage ditch), Brown County with 48.2% (235
miles), Le Sucur County with 43.50 (309 miles), and Nicollet County with
59.4% (422 miles). The above does not include private drainage ditches.

mhe data for the above was based on responses solicited from respec—
tive county engineers, Many problems surfaced such as whether an improved
"channel® should be regarded as a constructed ditch, the present effici~
ency of earlier constructed ditches and tile systems, relationship to
private systens, and the determination of actual ditch sheds to name a
few.,

A 1978 survey of drainage practices conducted by the University of
Minnesota Department of Agricultural Engineering involved the mailing of
a questiomnaire to the District Conservationists of the Scil Conservation
service located in each county (Allred and Geiser, 1978). The survey is
+o be used in Minnesota "208" water gualitv planning,

Blue Tarth County was listed as having 14.9% of its total arca arti-
ficially drained, Brown~-34,7%, Le Sueur-14.3%, and Nicollet-20.2%. TIur-
ther, all except Brown County indicated that less than 50 percent of
estimated wet crop and pasture land was presently artificially drained.
These figures vary significantly from those of the 1971-1972 U,S.G.5.
report cited above,

Because of the lack of dependable data as to the extent of drainage
in the counties of South Central Minnesota, it was necessary to enter
into an extensive mapping program. °‘This becomes critical 1f significant
differences in extent of drainage data would result in differences in
water resources planning by county, state or federal planners.

Methods

Initially it was necessary to compile a list of all ditches in each
county. The years of establishment, repairs and improvements for each
ditch were obtained from lien statements found in the Drainage bitch
Files of the respective county court houses, If a particular ditch file
lacked the lien statement then the insurance policies or contracts of
work were used to establish the date of completion,

Microfilm prints were then made from the ditch maps found in the
county court houses. The individual ditch prints were superimposed on
seven and one~half minute U.S.G.S. Topographic Maps. For those ditches
which were not on microfilm we made tracings from the original maps, and
then superimposed these onto the topographic maps. In this way all
ditches within the county were at the same scale, a factor which facili-
tated later computations. Some of the ditch maps showed private tiling,
but for consistency these tilings were not included.

After the ditches were transferred onto the topographic maps, ditch-
sheds, riversheds, and lakesheds were determined. Determinations were
made by relief variations in U.$.G.S. topographic maps rather than from
individual ditch maps since the former depicted true surface hydrology
more accurately. Because ditches often affect natural lakesheds by either
adding or subtracting areas, it was essential to map the ditchsheds first.

The next step was to make tracings from the U.5.G.5. Topographic
Mawvs, which had been previously modified to include ditchsheds, riversheds,
lakesheds, and public ditches. From these tracings all sheds were plani-
metered using a Numonics Corporation Electronic Graphic Calculator. The
individual township maps and planimetered data were then aggregated to
obtain four County Composite Maps and respective data bases.

The U,8.G6.5, tovographic maps which were the foundation of our data
base are on file at the Biology Department at Mankato State University
along with the complete set of drafting notes.

In order to compare present surface hydrology to preagricultural
conditions in the four counties we utilized the General Land Survey
(Circa 1860). Microfilm copies of the Survey were used to obtain en-
larged prints of each Congressional Township. These prints were traced
and the areas of lakes and swamps were then planimetered. It should be
emphasized that the designation of "swamp™ (wetlands) for this survey is
not necessarilyv synonymous with present day agricultural “wetland.™

The Minnesota Land Management Information System {MLMIS) has developed
a computerized data system which uses the forty acre parcel as its basic
areal unit. This system was most useful to us in that it is consistent
with the United States land survey svstem.

For each Congressional Township there are 36 sections (one mile
sguare), and in each section there are 16 forty acre parcels, This
gave a data base of 576 entries for each standard township for each
variable. The Brown County data base included a total of 2,949 entries;
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Le Sueur County a total of 7,479; Nicollet County a total of 7,597; and
Blue Earth County a total of 12,312,

MLMIS variables of land use, soil landscape, and geomorphic region
| were utilized. Another MIMIS variable, water orientation, was included
I so that our data could be compared to MIMIS,

Figure 1. Blue Earth County Ditch Map

MIMIS data for the county and townships were obtained directly from
the State Data Bank, Because MLMIS did not have the State of Minnesota
) data base divided up into riversheds, these had to be superimposed onto
t the county maps for all four variables and then hand counted for each
data level.

Results

The extent of drainage for each county is shown in Pigures 1, 2. 3.
4, and Tables I, II, III, IV along with the respective General Iand Survey
data {Tables v, VI, VII, VITI}). Detailed compilations and maps of the
present extent of drainage, General TLand Survey data, and Minnesota Land
Management Information System information by individual township and
rivershed for each of the four counties is give in {(Punsmore, L. and H.
(maade, 197%a; Dunsnmore and Quade, 1979b; Dunsmore and Quade, 1979c;
Dunsmore, L., R, Oelerich, and H, Quade 1979},

We calculate Blue Earth County to have 39.9 nercent of its total area
artificially drained by public drainage (1971 report = 50.4%; 1978 report
= 14,9%); Le Sueur County 46.7 percent {1971 report = 43.5%, 1978 report
= 14.3%); Nicollet County 58.9 percent (1971 report = 59.4%, 1978 report
= 20.,2%); and Brown County 45.9 percent {1971 report = 48.2%, 1978 report
= 34.7%) (Tables I, II, III, IV}, It is our opinion that the data from
the 1978 report is grossly and significantly in error.

The total of open ditches to river miles 1s 687.7 to 1,055.5 miles
which gives one an apprecation for the extent of public ditching (Tables
T, IT, 111, IV), The lowest natural river miles are in Le Sueur County
but it has three times the amount of area in lakesheds (Table TTI). BRlue
Farth County is the only one of the four which has more miles of river
than open ditch which is perhaps related to is more developed natural
drainage system (Figure 1),

Breeade v Phieh Eatablishment
The General Land Survey data indicates that Le Sueur County had the PREERE
greatest amount (on a percentage basis) of swamv and lakes whereas Brown %‘f“ﬁ
County had the least (Tables v, VI, VII, VIII}). lHowever, we find that LEGEND ()w;mw
Nicollet County is the most heavilv drained and Blue Farth County the [T e e
least. B e v
sem - ot 100
Conclusion ] et L

- N -

The results of our four county mapping and compilation procedure
indicates that the extent of public drainage is significantly far more
than indicated by the above mentioned 1978 survey and differs signifi-
cantly in Blue Earth County for the 1971-72 survey, The data base gen-—
erated in this extent of public drainage chapter will serve as primary
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T,e Sueur County Ditch Map

2.
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106N 26W  Beauford 4,70 32.4 6 4.89 21.48 100.1 100.1 - 92,3 7.2 6 - - - - -
1098 27 Belgrade L4 0.0 0.0 0.00  4.73 100.0 0.0~ - - - - - - - - 100.9 -
1084 294 Butternut Valley 4.76 86.9 11.3 19.24 0.D0 99.8 0.0 - - - - - - 85.2 .9 - 13T -
100N 294 Cambria 2,51 25,9 0.0 1.70 11.47 1004 0.0 - - - - - - 4105 18,7 43.2 -
106N 299 Ceresco 4.7 14.8 L6 1,18 9.10 994 99.4  ~  BIS w - - 169 - - B . -
105N 25%  Danville 4,73 28.8 18.0 7.62 17,98 00,0 100.0 1.5 -  S4.6 25.9 - - - - - - N
107N 264 Decoria 4.69 45.0 0,0 8.97 1B.5 99.8 99.8 - - w02 - 396 - . - - -
107N 284 Garden City 4.71  30.8  45.1  4.85 13.94  99.9 548 -  46.1 = - - 8.7 451 - - - E
109N 250 Jamestown 2.37  26.4 65.6 3.23  0.00 B86.6 30.5 - - - - a0 - - - - 561 13
108H 284 Judssn 4.65 44,5 14.9  2.08 3,75 180.1  &.5 - - - - 6.5 5204 - - 42 -
108N 254 LeRay 4.71  47.%  36.3  5.18  6.04 100.0  9B.6 - - - - e - - - - 1.4 -
1094 269 Lime 2.35  17.0 198 L.I9 0,00 1000 104 - - - - 104 - - - - 89 -
1678 299 Lincoln 4.64 91,3 6.0 9.311 1.0¢ 100.1 52,8 -~ S51.8 - - - - a7y - - -
1668 276 lyra 4.69  46.0 0.0 1.66 18.78 99.9 99.3 66.8 7.9 - - 252 - - - - -
168N 26W  Mankato 4.65 167 13.3 2,70 9.1 99.8 51.5 =~ - - - 5.5 - - - 42.3 -
LOSN 260 Mapleton 4,727 48.6  te.9  7.27 12.05 100.0 100.6 73.5 - 26,4 - - - - - - - -
LOJN 25H  McPherson 4072 64.2 22,0 17.83 7.28  $9.9% 93¢ - - - li.6 BE.3 - - - - -
106N 254 Hedo &. 71 9.8 31.1 7.56 19,87 100.0 100.0 - 6.9 82.8 .5 ~ - - - - -
109N 28%  Nicollet 28 0.0 0.0 0.80 6.15 0.0 0.0 - - - - - - - - - 100.0 -
1054 29W  Pleasant Mound 4.71 34,3 0.0 10.16 0.00 100.0 100. -~ 163 - - - BaE - - - - -
JOIN I7W Repldan 4.67 3.1 0.0 0.60 31.86 102.4 102.4 22.5 - 4.1 - 21,6 53.2 - - - - -
1054 284 Shelby 4.72 48,5 1.1 4.zl 12.85 100.1 100.1 20.2 - - - - 79.9 - - - -
108N 279 South Bend 3.06 3.7 0.0 0.00 23.77  99.6 533 - - - - 11,0 4Z.3 116 - - 347 -
1658 23¥  Sterlling 4.72 4601 0.8 8.50 1t 14 100.0 100.6 ¥6.6 - - - B4 - - - - -
1068 28W  Vernon Ceater 4.72 546 0.0 8.1% le.67 100.1 100.1 - 613 - - -~ 3Bz - - - -
Blue Earth County 39.5 12,0 137.63281.3% 1loG.3 771 la.? 12.2 1.4 6.6 157 161 10.2 2.0 4 10.6
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Table II. Le Sueur County surface hydrology by township exnressed as percent
B o
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g % 9 o
. R,
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oLl = I g oo 4 @ ¢ o v @ =4 [ a4 n [
53 5 v3 2 28 23 - 288 A3
O = g B =0 & 3 =0 s o 0 £ % m G- P
109N 27w Kasota 0.00 0.00 0.00 2.10 - 100.00 - 100.00
110M 25W Cleveland 64.14 40.42 17.07 0,00 3,52 96.48 - 96.48
1108 24w Cordova 63.68 40,51 23.75 1.41 44.73 55.27 55.27
1128 24w Derryname £7.0% 24.61 29.94 0.00 - 100.00 - 100.00
108N 24W Flysian 39.88 82.33 13.56 0.00 63.75 36.25 -
112N 26W Ottawa 0.00 0.00 0.00 3.79 - 100.00 - 100.00
1108 26W Kasota 21.63 10.06 2.97 9.03 - 100.00 - 100.00
110N 23W Kilkenny 38.65 50.94 16.97 12.65 100.00 - - -
112N 23w Lanesburgh 64.25 29.70 23.43 0.00 -~ 100.00 - 100.00
111N 24w Lexington 90.592 26.34 42.16 1.60 1.12 98.88 - 98.88
109N 26W Yasota 11.64 10.27 3.08 0,95 - 100.00 - 100.00
111N 23W Montgomery 92.66 ALl.20 44.36 .00 39.82 60.18 - 60.18
111N 26W Ottawa 0.00 .00 0.00 2,52 - 100.00 - 100.00
111N 25 Sharon 30,83 4,76 14.54 17.56 - 100.00 - 100.00
112N 25W Tyrone 27.43 0.66 14.48 1.50 - 10G.00 - 100.00
109N 25%W Washington 7.22 99,41 2.06 0.00 54.95 45,05 - 45.05
109N 23w Waterville 9. 98 48.92 2.06 4.00 99,39 - 0.61 -
Le Sueur County 46.07 38.41 250.43 L11 29,06 70.92 2.82 68.10
o]
able ITT Nicollet County surface hvdrology by township expressed as percent E
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111N 33W 0.25 Q.00 Q. 0.00 .32 100,00 100.00
111N 32W 3.70 24.33 0.0 3.43 26.08 100.00 48.81 47.30
111N 31w 7.85 54.45 4. 23.67 13.84 10G. 00 16.06 33. 5.69 45.12
111N 30W 7.66 91.29 1. 36.10 .00 10¢.00 34.68 65,32
111N 29W 7.68 100.64 7. 51.86 0.00 100.00 93.68 6.32
111N 2BW 7.73 100.52 10. 44.00 0.00 100.00 88.17 11.83
111N 27w 7.71 89.41 3.2 41.84 0.00 100.00 24.48 75.52
111N 26w 4.14 .30 0. 0.76 10.00 100.00 100.00
1108 26W 3.18 3.49 . .60 9.60 100.00 100.00
110N 27W 7.69 B1.76 12. 37.23 0,00 100.00 100.00
110N 28w 7.72 50.81 68. 22,40 0.00 100.00 24.60 75.40
110N 29W 7.68 43,84 63, 24.07 0.00 100.00 10.65 89.35
1108 30W 5.45 46.06 3. 13.25 12.80 106.00 100.00
110N 31w 0.33 0,00 0. 0.030 5.48 100,00 100.00
109N 30W 0.44 0. 00 a. 0.00 3.40 100,00 100.00
109N 29W 3.46 11.25 26 . 0.28 12.64 100.00 100.00
109N 28w 7.23 44.67 1.32 10,98 6.68 100,00 100.00
109N 27W T.22 59.44 1. 12.36 10.24 100.00 100.00
108N 26w 0.03 .00 0 n. 0o 0.40 100.00 1060.00
108N 26W Q.06 0.00 0 0.00 1.80 100.00 100.00
108N 27W 2.66 0.00 o] 0.00 9.80 100.00 100.00
108N 28w .13 0.00 0. 0.00 2.80 100.00 100.00
Nicollet County 58,91 322.R3 125.88 99.499 2. 21.72 72.48
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Table IV. Brown County surface hydrologv by township expressed as percent
PR
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1128 338 1.12  3.00  1.87  0.65 9.37 100.0G 100,00
1IN 33w 5.73 71.47  1.86  32.53  2.51 100.00 99.00  1.00 1.00
111N 326 2.98 25.68 0.00  9.68 14.86 100,00 100,00
113N 3% 0.39  0.00 25.48  0.00  5.64 100.00 100,00
110N 33W  5.90 98.6%  4.10  36.99  6.23 100.60  20.18  79.82 75.58  4.23
1108 326 5.78 73.62  6.04  39.08 3.81 100.00 51.08 48.92 48.92
1106 W 6.06 24.70  5.22 5.18  8.8% 100.00  41.92 58.08 58.08
1108 308 1.67  ©.00 0.00  0.00 17.52 100.00 46.94  53.06 53.06
109N 35K 5.83  39.55 G.080 16,65 14,02 99.99 99.99 44.44 24.76 30.06 O.71
1098 349 5.87 38,26  3.52  17.17  13.56 100.00 100,00 75.89 24.11
109N 33 5.78 27.46  3.64  29.%54  19.20 100.00 99.57 72.85 26.72 0.43
109N 32w 5.841 21,38 6.66  12.42 14.32 100.00 70.64  70.64 29.36
1098 31W  6.36 40.88 13.87 13,56 18,86 100.00 46.34 46,34 53.66
109N 30M  5.45 39,26  ©0.00 18.25  15.77 100.00 12.82  16.4]1 16.41 47.46  23.31
1088 359 5.81 10.43 6,00 4.08 20,08 100,90 86.23  7.77 76,46 13.77
108N 34 5.87 40.48  4.82 7.69  $.71 10C.00 22.93 19.83 310 76.07 1.00
108N 33W  5.82 32.62 21.79  9.37  9.84 100,00 7.36  7.36 64.04 28.60
108N 32W  5.71 60.06 73.13  26.53 5,33 100.00 25.83 74.17
108N 318  6.31 57,58 25.81  30.32  ©0.00 100.00 33.07 36.18 30.75
1068 30W  5.78 94.35  5.63  33.94 0,00 99,99 2.09 57.16 20.41 20.33
Brown
County 59,98 45.98 10.50 344.68 203.31  99.56  18.33  43.75 32.56 4.65 1.75 4.76 20.37 6.486 5.08 1.17
Table V. Blue Earth County General Land Survey by township

Congressional Civil Percent Percent

Township Township Swamp Lake

106N 26W Beauford 3.1 1.1

1098 27W Belgrade 0.0 0.0

108N 29W Butternut Valley 6.6 6.2

109N 29w Cambria 0.4 0.0

106N 29W Ceresco 2.7 0.0

105N 25W Danville 8.8 0.7

107N 26W Decoria 1.7 0.3

107N 284 Garden Clty 6.5 6.3

109N 25W Jamestown 4.8 21.6

108N 28W Judson 6.0 2.5

108N 25W LeRay 12.9 10.0

109N 26W Lime 6.2 4.3

107N 29W Lincoln 16.3 0.1

106N 27w Lyra 2.3 0.0

108N 26W Mankato 5.7 2.2

105N 26W Mapleton 7.6 0.9

1078 25W McPherson 4.8 2.3

106N 25W Medo 4.6 1.6

109N 28W Nicollet 0.0 0.0

105N 29w Pleasant Mound 2.4 0.0

107N 27w Rapidan 0.5 0.0

105N 28W Shelby 1.4 2.9

108N 27w South Bend 1.5 1.7

105N 27W Sterling 4.2 9.0

106N 28W Vernon Center 2.8 0.0

Blue Earth County Total 5.1 3.3
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Table VI. Le Sueur County General Land Survey by township

Congressional Primary Civil Percent Percent
Township Township Swamp Lake
109N 27w Kasota 0.0 1.1
110N 25W Cleveland 4.7 9.3
110N 24w Cordova 19.6 4.4
112N 24w Derryname 18.0 1.8
109N 24w Elysian 10.0 19.3
112N 26W Ottawa 0.7 0.0
110N 26W Kasota 1.3 1.5
110N 23w Kilkenny 17.8 6,2
112N 23w Lanesburgh 12.1 6.1
111N 24w Lexington 13.6 2.8
109N Z6W Kasota 3.0 0.9
111N 23w Montgomery 17.5 4.2
111N 26W Ottawa 0.0 0.0
111N 25w Sharon 3.8 1.5
112N 25w Tyrone 6.2 0.3
109N 25w washington 5.1 27.5
109N 23w Waterville 9.4 10.7
Le Sueur County Total 9.9 5.8
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base data for the following quantitative and descriptive geomorphology of
Table VIII., Brown County General lLand Survey by township public drainage section, It is presumed that differences in slope, natural

drainage, outlet availability, and in the distribution of seils and geo-

morphology within each county have resulted indifferences in the extent

of resultant public drainage, The next chapter will attempt to address

these questions.

Congressional Percent Percent
Township Swamp Lake
112N 33W 0.0 .0
111N 33w 1.8 0.9
111N 32w 0.0 1.4
111N 31w 3.2 0.0
L10N 33W 2.8 0.4
110N 32w 0.9 4.3
1108 31W 1.4 0.1
110N 30W 3.4 0.0
109N 35w 2.8 0.0
109N 34w 1.5 0.8
109N 33w 0.2 0.6
109N 32w 1.9 0.9
109N 31W 3.4 2.0
LOON 30w 3.6 0.0
108N 35W 0.3 0.1
108N 34W 3.5 1.4
108N 33W 4.7 0.5
108N 32W 3.1 3.6
108N 31W 7.1 6.7
108N 30W 4.6 6.6

Brown County Total 2.6 1.R
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QUANTITATIVE AND DESCRIPTIVE DRAINAGE DITCH GEOMORPHOLOGY

Introduction \

The purpose of this component was to determine the quantitative and
geomorphic effects of artificial drainge ditches on an immature land-
scape. When literature was avallable comparisons and contrasts were made
between the quantitative geomorphology of artificial drainage versus
natural drainage systems. Another aspect of this research was to relate
drainage ditch quantitative geomorphic parameters to descriptors such as:
termination, origin, decade, geomorphic tvpe and soil type. Finally, the
descriptors were isolated and analyzed to discern any unusual character-
istics of artificial drainage ditches.

To obtain the above objectives this research involved the determin-
ation of quantitative geomorphic parameters and descriptors of 269 arti-
ficial drainage ditches in South Central Minnesota. The statistical
analysis utilized includes, Pearson's product-moment correlation, fre-
quencies, scatter diagrams and crossbreaks. These statistics involved
an examination of isolated geomorphic parameters, interparameter relation-
ships, descriptor-parameter relationships and descriptor analysis.

Ditch Cuantitative Geomorphic Parameters

A series of 18 quantitative geomorphic parameters were determined
for 269 drainage ditches in Blue Earth, Le Sueur, Nicollet and Brown
Counties of South Central Minnesota. Those investigated included all
ditches wholly contained within the four counties as well as those that
extended less than five percent of their drainage shed area across the
county lines of other counties, The first 12 parameters as shown in a
sample data sheet (Figure 5) include: drainage area, drainage density,
length of overland flow, length of open ditch, length of closed ditch,
length of main stream, longest basin length, longest basin width, ditch
gradient, ditchshed gradient. texture ratio and channel maintenance. The
last six parameters are all basin shape types which include: form f,
shave 1, shape 2, circularity ratio, elongation ratio and lemniscate
ratio,

The major sources of data used to determine the above parameters
came from "Public Drainage Atlas, Brown County {(Dunsmore Oelerich and
Quade, 1979); "Public Drainage Atlas, Blue Earth County" (Dunsmore and
Quade, 197%a); "Public Drainage Atlas, Le Sueur County" (Dunsmore and
Quade, 1979b); "Public Drainage Atlas, Nicollet County" (Dunsmore and

Sarwle data tabulation

- -

parameters.

i8]
23
3)

4)
3)
6)

8}
9)

10)
1
12}
13}
143
133
16)
173

County Ditch No.

sheet for ditch ouantitative geomornhic

Location~County

Civil Township

Congressional Township

Rivershed

Termination Point

Origin

Year Established

Repair

Tmproved

Pata Base

Drainage Area =
Drainage Density =
Length of Overland Flow
Z Open =
% Closed =
Length of main stream =
Longest Basin Length =
Longest Basin Width =
Diteh Gradient (slope) =
Ditchshed Gradient =
Relief Ratio Max.
Ditch =
Ditchshed =

Texture Ratio =
Channel maintenance =
Form F =

Shape 31 =

Shape 85 =
Circularity ratio C =
Elongation ratio E =

Lemniscate ratic K =

Min.

Range
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Ouade, 1979c); and the corresponding seven and one-~half minute series
topographic maps by the United States Geological Survey, Department of
the Interior.

The drainage areca was obtained from the respective county public
drainage atlases,

The drainage density is the miles of oven and closed ditch per
square mile of drainage area, FEach open and closed ditch in each drain-
age area was measured twice with a map reader and averaged. The combined
miles of drainage network divided by drainage area gave drainage density.

The length of overland flow is the total miles of open and closed
ditch. Each ditch was traced twice with a map reader and converted to
miles,

The length of open ditch and length of closed ditch was determined
by subtraction from the length of overland flow.

The length of main stream is the longest ditch network which includes
hoth open and closed ditch. The longest ditch was traced twice with a map
reader, averaged and converted to miles,

The longest basin length was found by determining a straight line
between the termination point and the most distance opposite point with-
out crossing the drainage area perimeter, This line was traced twice with
a map reader, averaged and converted to miles

The longest basin width is a straight line perpendicular and half
the distance up the longest basin length. The basin width line was
traced twice with a map reader and converted to miles.

The ditch gradient is the slope in feet per mile from the termination
point to the beginning of the longest main stream. Calculating the long-
est main stream starting polint elevation subtracted by the termination
voint elevation, divided by the largest main stream in miles determines
ditch gradient.

The texture ratio is a measure of closeness of channel spacing. This
parameter is only concerned with spacing of ephemeral streams in the
drainage area, To obtain the texture ratio you find the contour line
with the maximum number of crenulations, divided by the drainage area
perimeter which was traced twice, averaged and converted to miles.

Channel maintenance is the sguare miles of surface required to wmain-
tain each mile of channel length. Channel maintenance in square miles
is the inverse of drainage density.

The first of the six basin shape types 15 form f (Horton, 1932}).
This wasg calculated as drainage area divided by the basin length squared.

The second type of shape determination is shape 1 (Corps of Engineers).,

Shape 1 is the reciprocal of form f.

-23‘
Shape 2 is the third type of basin shape determination (Horton, 1932).
It was calculated as basin length divided by basin width.

Circularity ratico (Miller, 1953) was calculated by dividing drainage
area by the area of a circle with the same basin perimeter.

Rlongation ratio {(Schumm, 1956) was the diameter of a circle equal to
the drainage area divided by the maximum length of the basin.

The last type, lemniscate ratio (Chorley, et. al., 1957) was calcu~
lated as basin length squared divided by four times the drainage area.

Drainage Ditch Descriptors

The ditch descriptors include: termination point, origin, decade
established, geomorphic type, and soil type. Determination of specific
descriptors for each ditch came from the respective public drainage at-
lases and seven and one-half minute series topographic maps.

The termination voint was classified into three categories: ditch,
lake, and river or stream using the seven and one-half minute topegraphic
map series.

The origin was determined using the respective general land survey
maps. Categorizations of origin were: lake, lake and marsh, marsh, and
land.

Geomorphic and soll types for each ditch were determined by using
MLMIS (Minnesota Land Management Information System) maps. ¥Film posi-~
tives of each county drainage map was superinmposed onto each MIMIS county
sheet using a map-o-graph. A count was made of the number of units for
each type and a percentage for each particular drainage shed area was
calculated,

Statistical Treatment

All data was analyzed using SPSS (Statistical Package for the Social
Sciences) on a Univac 1106 computer at Mankato State Unilversity., A four
part series was develoved to analyze different aspects of the data which
were termed: Pearson's product-moment correlation, frequency distribu-
tion, scatter diagram and crossbreak.

The most common correlation coefficient in statistics is called the
product-moment correlation coefficient as derived by Karl Pearson. The
correlation coefficient was obtained for all pairs of continuous varia-
bles.

The second series was frequency distribution on all parameters and
descriptors which gave the mean, mode, kurtosis, minimum, standard error,
standard deviation, skewness, maximum, median, variance, and range in
this order.
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The scatter diagram showed graphicallv the relationship between
each parameter and all the others, as well as determining intercept (A) |
and slope (B) for the least-square line., This discussion will not be
involved here but can be found in Silis (1979). l

The fourth and final series, termed crossbreak, was a bivariate
correlation which provides a set of numbers that summarizes the relation- !
ship between two discrete variables, when analyzing a third continuous

one, By comparing all parameters and descriptors as the two variables, ‘ % 05 9 S ~ @ = 23
it gave the mean, number of ditches, total sum, and standard deviation ® :ono- VA e
for a particular parameter. ‘ 5
o ERE-R- S S-S A
i g R T s T TS
Results ! §
Descriptive Statistics of Quantitative Geomorphic Parameters ; Ef T2 s 202 8% 38 8 45 35 2
[e3
The ranges obtained for all 18 quantitative geomorphic parameters 1 u
were broad (Table IX). With most parameters the mean was higher than W 5 I A SR S AR S-S
the median indicating a limited number of large parameter readings. l o N ﬁ = 4 2 a8~
o
The drainage area had a maximum of 22,70 square miles and a minimum z
of 0.23 square miles. Drainage area mean indicated that the majority ! P 2 03 0% % £ 5 &5 ooz
were not large, being 3,34 square miles in area. The median of 2.08 § bt - f N T
square miles further indicated that the ditch areas in general are to the i £ A S
small side of the mean. | §
’ © 205 % 0% £ R % OEZ
Length of overland flow had a maximum of 43.42 miles and a minimum } s T e T
of 0,27 miles. In South Central Minnesota it appears that the length of i«
closed ditch and open ditch are quite similar with means of 2.67 versus [ 5 2 0z 02 203 o2 02 3 % g
3,34 miles. { ﬁ o oontom e e
! +
The ditch and ditchshed gradients expressed in feet per mile showed ; ; _
a broad range of 81,52 to 1.50 and 99.18 to 5.25 respectively (Table IX). i o - - . =
= - S A, % It
The results for channel maintenance showed a maximum of 3.05 and a : ﬁ - f & § é f Q E - E E
minimum of .13 in area drained per mile of ditch, although the median of | -a E vor B £z g N <
.51 indicated skewness. 1 o s BTz H % z Z £z s
| @ Yy s 2 o202 L Fozoz g z
The six basin shape calculations indicated that there were three : = I T T R g
groups regarding range. The form f, shape 1 and lemniscate ratio all ' ¥ I - N S S A - T - -
showed a range of about 50 fold. Shape 2 and circularity ratio showed | o AL L - L 22 5 22
a range of close to 15 fold whereas the elongation ratio range separates ! @ % § - L L o4z d 2 s o=
the least with a range of around six fold. 1In all six basin shapes the % E i 0% 0% P OB % § T ; E
median and mean are quite close (Talbe IX). It is interesting to note £ 0z x 2 Oz X 2 X o2 02 2 3

that the median or middle value was almost always less than the mean.
Only in the elongation ratio was the median and mean the same value.
This indicates the majority of the ditches are less than the mean and,
that there was a small number of ditches with extreme maximums that tend
to pull the mean higher.
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Pearson's Product-Moment Correlation Coefficlent of Quantitative
Geomorphic Parameters

The nature of the correlations between the 18 quantitative geomorphic
parameters are shown in Figure 6. Almost one~third (30.7%) of the cells
showed very strong positive correlation (99%) and 29.4 percent showed very
strong negative correlation {99%).

Drainage area and drainage density were very strongly negatively cor—
related {%9%) between each other (Figure 6). Although drainage area was
very strongly positively correlated to basin width, basin length and main
stream, all of these showed very strong negative correlation (99%) to
drainage density.

This was also evident in ditch and ditchshed gradient where they are
very strongly negatively correlated (99%) to drainage area and very
strongly positively correlated (99%) to drainage density. It is seen
that closed ditch was very strongly positively correlated (99%) to both
parameters and yet this does not hold true for open ditch where drainage
density was very strongly negatively correlated (99%).

Length of overland flow, open ditch and closed ditch were all at
least strongly negatively correlated (95, 99%) to ditch and ditchshed
gradients (Figure 6)., But these same three parameters were very strongly
positively correlated (99%) to basin width, basin length, and main stream.
An interesting observation in the cross correlation is that although over-
land flow was very strongly positivelv correlated (99%) to closed and
open ditch, open ditch was not significantly positively correlated to
closed ditch,

Length of main stream, basin length and basin width are all very
strongly negatively correlated (99%) to diteh and ditchshed gradients
as well as drainage density. These three particular parameters showed
very strong positive correlation (99%) to drainage area, overland flow,
open ditch and closed ditch,

Ditch and ditchshed gradients showed very stronc positive correla-
tion (99%) to themselves, texture ratio and drainage density but revealed
a very strong negative correlation (99%) pattern to overland flow, open
ditch, main stream, basin length and basin width.

Texture ratio shows very strong positive correlation (99%) to only
ditch and ditchshed gradients but shows a negative correlation to 11 of
the 15 parameters.

Channel maintenance shows ne real pattern and was negatively corre-
lated to nine parameters and positively correlated to eight parameters.
It revealed a very strong negative correlation (99%) to closed ditch and
a very strong positive correlation (99%) to open ditch.

The six basin shape parameters showed that among themselves nine
correlations are negatively correlated and five are positively corre-
lated, It is observed that form £ was strongly positively correlated
at 95 percent confidence level to circularity ratio and all other basin
shapes are either very strongly negatively or positively correlated (99%).

Significance or nonsignificance of association of drainage ditch guantitative geomorphic

parameters as measured by Pearson's product-moment correlation coeff

Figure 6,
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Descriptive Statistics of Drainage Ditch Descriptors

From observation of Table X it was seen that 150 ditches ({55.8%)
terminate into existing rivers or streams. Only 37 ditches (13.8%) ter-
minate in lakes and approximately one out of three ditches terminate into
another ditch. By calculation this means that 212 ditches (78.8%) termin-
ate in rivers or streams and 57 ditches (21.2%) terminate in lakes,

The origin of the drainage ditches were categorized into lake, lake
and marsh, marsh, and land, as documented in General Land Survey for each
respective county, The presence of both lake and marsh (regardless of
relative percentage) placed that ditch in the "lake and marsh™ category
by our system, The land category was used to indicate the absence of
lake and marsh in the drainage shed from the respective General Land
Survey.

A predominate number of ditches originated from marsh, amounting to
53.2 percent of the total (Table XI}. Combining the categories of "lake
and marsh” with "marsh,” makes up 77 vercent of the total.

The development of drainage ditches fluctuated widely bv decade
{Table XII). In 1910-1919, 26 percent of all ditches were established,
and in 1930-1939 only one ditch (0.4%) was developed, From 1950-1979
35.6 percent of all ditches were constructed, which showed that more than
one out of three ditches were developed in the last thirty years, which
revresents less numboers of ditches per decade than in the past.

The gecomorphic analysis revealed that 66.9 percent of all ditches
are of two predominate types (Table XIII). The largest category is
"Waconia-Waseca Moraine, loamv rolling” of which there were 101 ditches
(37.5%) and the second largest is "Blue Farth Till Plain, undulating,
loamy"™ consisting of 79 ditches {29.4%).

The so0il types tend to follow the same pattern as geomorphic types,
since 65.4 percent of the ditches are of two specific soil types (Table
XIV}. The first category has 92 ditches {34.2%) of the total and was
described as "Below five feet is loamy or silty, the top five feet is
loamy or gilty, poorly drained, and the color of the surface material
is dark." fThe second major type has 84 ditches (31.2%) and was described
as "Below five feet is loamy or silty, the top five feet is loamy or
silty, drainage is good, and the color of the surface material is dark."

Crossbreak Analysis of Descriptors to Quantitative Geomorphic Parameters

A crossbreak analysis summary of all data is given in Table XV.
This type of analysis provides the means for the various descriptors
versus the parameters.

The drainage area mean of no repairs and no improvements was smaller
than those of repairs and improvements, Discussion of these two descrip-
tors can be found in Silis (1979). The ditch gradient mean was smaller
for no repairs but the ditchshed gradient was larger.

Table X, Frequency of drainage ditch termination.

Absolute Relative
Termination Point Frequency Frequency
<&
Ditch 82 30.5
Lake 37 13.8
River or Strean 150 55.8
TOTALS 269 100.0
Table XI. Frequency of drainage ditch origin,
Absolute Relative
Origin Freguency Fregquency
%
Lake 13 4.8
Lake and Marsh 64 23.8
Marsh 143 53.2
Land 49 18.2
TOTALS 269 100.0
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Takble XI1I, Frequency of drainage ditches by oesomorphic type,
Absolute Relative
Geomorphic Type Freguency Frequency
(%)
Minnesota Vallewv Qutwash 4 1.5
Lonsdale-Lerdal Till Region, clavey, rolling 20 7.4
Waconia-Waseca Moraine, loamy, rolling 191 37.5
Wells-Rush River Ground Moraine, clavev, level 20 7.4
Blue Earth-Garden Citv Ground Moraine, silty, rolling 5 1.9
Minnesota Lake Plain, clayev 28 10.4
Blue Earth T{ill Plain, undulating, loamy 79 29.4
Emmons-Faribault Moraine, irregular, rolling 4 1.5
No Predominate Geomorphic Type 8 3.0
TOTALS 269 100.0
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Table XIV,

Frequency of drainage ditches by soil tynre.

Absolute Relarive
501l Type Frequency Trequency

9]
Alluvial Soils 1 Wa
Below five feet is clayev, the top f[ive Famt is clavev,
poorly drained, and the color of the surface material
is dark. 3 1.1
Below five feet is loamy or silty, the top five feet
1s clavey, peorly drained, and the color of the
surface material is dark. 38 4.2
Below five feer is loamv or silty, the top five feet
is clayey, drainage is good, and the colar of the
surface material is dark. 2 .7
Below five feet is loamy or silty, the top five feet
is loamy or silty, poorly drained, and the color
of the gurface material is dark. 92 34,2
Below tive feet is loamy or silty, the top five feet
is loasmy or silty, drainage is good, and the color
of the surface matertal is dark. 34 31.2
Peat over Loamy Soils 1 Wb
Marsh 1 A
¥on~Acid Peat 1 Wb
Peat Deposits 3 1.1
Below five feet is sandy, the top five feet iz loamy
oy silty, poorly drained, and the c¢olor of the
surface material is dark, 4 1.5
No Predominate Soil Type 39 14.5
TOTALS 269 100.0
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The drainage area and open ditch means of termination into a lake was
the highest among the three termination categories. The ditch gradient
mean was the lowest for termination into lakes compared to the other two
categories, but was the highest mean in ditchshed gradient. The circular-
ity and elongation ratio for all termination types are very close and con-
sistent.

The origin category of lake and marsh showed that drainage area,
overland flow, open ditch, closed ditch, main stream, basin length and
basin width have a considerably higher mean than the other three origin
types. But it was important to note that the drainage density mean in
origin of land was much higher than the other ditch categories. The
ditch and ditchshed gradients for the origin of lake and marsh showed
the lowest means respectively.

The category of decade of ditch construction showed that the largest
in drainage area were developed in 1950-1959 and the smallest in 1930-
1939 (one ditch only). The ditch gradient mean showed a slow increase
from 1880-1939, then in 1940-1949 the mean dropped down to what it was
in 1880-1889, and gradually increased to 15.30 feet per mile in 1970~
1979. The bhasin type, shape 2, had the highest mean in 1950-1959 but
the lowest circularity ratio mean in the same time period.

The two most predominate geomorphic types indicated that the drainage
area means are quite similar but revealed a difference in drainage density
means. The last geomorphic type in Table XV revealed the highest length
of open ditch mean but the next two highest means are found in the two
most predominate geomorphic types, 4.34 and 3.70 respectively. The widest
range in means between ditch and ditchshed gradient was found in the last
geomorvhic type "BEmmons-Faribault Moraine, irregular, rolling.” "The Blue
Earth Till Plain, uvndulating, loamy” and "Waconia-Waseca Moraine, loamy,
rollingY showed the second and third largest ditch gradient means.

The means of drainage area and length of open ditch are extremely
high for the spil type of Non-Acid Peat, but there was only one ditch
in this category. The two predominate soil types have similar means in
drainage area, drainage density, open ditch, main stream and basin width.
The soil type "Below five feet is loamy or silty; the top five feet is
loamv or silty, poorly drained, and the color of the surface material is
dark," has lower ditch and ditchshed gradient than the soil type "five
feet is loamy or silty, the top five feet is loamy or silty, drainage 1is
good, and the color of the surface material is dark."

Discussion

A quantitative geomorphic study of artificial drainage in agricul-
tural South Central Minnesota was lacking in the literature. Tt can be
hypothesized that man's drainage projects in the immature landscape with
unconsolidated sediment represents to some degree the path natural drain-
age would have taken, in time, in this region. This is especially true
where adequate gradient exists. Due to the lack of regional drainage
ditch literature, we have surveyed quantitative geomorphic literature
on low order streams. Our results will be discussed first as isolated
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geomorphic parameters, secondly what the literature contains, and then a
comparison of the two. The next section will examine combined geomorphic
parameters in the literature in relation to our data emphasizing inter-
parameter relationships. The third part of the discussion will be con-
cerned with the descriptor-parameter relationship for which little lit-
erature exists and the final section will be the descriptor analysis for
South Central Minnesota.

Isolated Quantitative Geomorphic Parameters

Drainage Area. In our South Central Minnesota study the average of
3.34 square miles of drainage area for a drainage ditch is significantly
higher than that reported in the literature for first-order streams
throughout the United States. The majority of first-order streams re-—
ported have drainage area means of approximately one squarc mile as re-
ported by Chorley, Malm, Pogorzelski, 1957; Morisawa, 1957 (Ohioc, Pennsyl-
vania); Smith, 1950 (New Jersey, Arizona); Morisawa, 1962 (Virginia,
Ohio, Pennsylvania, Maryland, Tennessee); Liao, Scheidegger, 1969; Leopold,
Wolman, Miller, 1964 (United States).

Leopold, Wolman, Miller (1964) utilized a data base of 1,570,000
first-order streams in the United States and found the average area also
to be one square mile. The large drainage areas reported for artificial
agricultural drainage in South Central Minnesota could relate to several
factors. Cur flat, poorly drained area does not have extreme elevation
differences to gencrate small drainage basins Secondly, one could
gquestion the logic of not calling the tile lines first-order streams
and the open ditches as second-order streams as defined by Strahler.
Strahler's (1957) definition of stream order is: Order one is channels
without tributaries; order two is channels with only order one tribu~
taries, but includes only the length segment between the junction up-
stream of order one channels and the junction downstream with another
order two channel. This would place the area found for ditches closer
to what Leopold, Wolman, Miller, 1964 (United States) found for second-
order streams which is a drainage area of 4,7 square miles on a sample
size of 350,000 streanms.

Drainage Density. The drainage density which is the total length
of streams per unit of drainage area was found to have a mean of 2,18
miles per sgquare mile in this particular study. This included both
open and closed ditches, 1In the literature it was found that the
drainage density of first-order streams was above 2.65 as reported by
Morisawa, 1957 {Pennsylvania, Chio), Morisawa, 1962 (Chio, Pennsylvania,
Maryland Tennessce), Smith, 1950 (California, Pennsylvania). But looke~
ing at studies where the water networks were larger than first-order
streams all drainage density figures were under 2.20 with the majority
of figures between one—-two as reported by Horton, 1932 (New York},
Horton, 1945 (New Jersey, New York, Tributaries to Delaware River).

There seems to be a general trend that follows for drainage density.
when you discuss first-order streams the values are quite high, The
studies done on large systems, where drainage areas are 100 square miles
or larger, tend to have drainage density values quite low around the
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range of one-two. This would fit drainage ditches in the second-order
cateqgory.

Length of Overland Flow. The length of overland flow in this study
was found to average six miles of open and closed ditch per drainage
basin, This was considerabley higher than found in the literature, which
was approximately one mile for first-order streams, Second and third-
order streams averaged between two to eight miles as reported by Morisawa,
1957 (Pennsylvania); Smith, 1950 (Pennsylvania, California); Horton, 19245
(Tributaries to Delaware River, New York, Georgia); Scheidegger, 1968
{Appalachian Plateau Rivers); Leopold, Wolman, Miller, 1964 (United
States) .

This again indicates that drainage ditches in South Central Minnesota
more closely fit second or even third-order streams by the Strahler
numbering system, It can be presumed that the reasons for longer over-
land flows are that it is more economical for the landowner to connect
as many drainage networks as possible. Secondly, the elevation gradients
lack extreme differences which make it possible to convert short first.
order streams into longer second-order streams which seems evident from
the data comparisons,

Ditch and Ditchshed Gradients. The slope ratio of ditch gradient to
ditchshed gradient was found to be an average of 0.50 with a range of
0.28-0.82 by calculation from Table XIII. In the literature Gray (1961},
found a slope ratio range of 0,40-1.45 in Missouri, ©.25~0.86 in Nebraska
and 0.31-1.41 in Towa, which compares with slope ratios in our study.
Since the geographical locations are guite close these ranges show a
similar relationship which you would eoxpect,

Horton in 1932 found slope ratio ranges in New York of 0.14-0,30
and Horton, 1945 (Tributaries to Delaware River} of 0,27-0.37. These
two are also guite close but are on the low side when comparing our
ranges which would indicate there is a slight difference in slope gradi-

ents between New York and Minnesota, and perhaps also in the nature of
the sediments,

Texture Ratio. The texture ratio in our study had a mean of 1,38
with a range of (.00-6,30, The only values obtained in the literature
were by Smith {(1950) who found ranges of 1.11-4.00 (Pennsylvanig} 4.21~-
23.84 {(California), 139~246 (New Jersey) and 106-127 {(Arizona).

Smith {1950} proposed that values below 4.0 were of coarse texture,
resistant to erosion, basic dralnage networks Medium textured topography
ranging from 4.0-10 and above 10 were fine texture, highly erodable and
intricate drainage networks., This would put our study area in the coarse
texture category which compares with Pennsylvania in ranges. California,
New Jersey and Arizona are considerably higher which shows that especially
New Jersey and Arizona have an intricate drainage network. Smith (1950}
also stated that these high texture ratio areas are humid~temporate re-
gions with no vegetation. This would indicate a strong reason for the
large difference since our study area is highly agricultural.
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Channel Maintenance, Channel maintenance of 0.59 square miles in
our study was considerably higher than that found in Morisawa, 1962
{appalachian Plateau) 0.17-0.39 square miles and Strahler, 1957 (Californ-
ia) 0.13, {Perth-Amboy Badlands} 0.001.

By definition channel maintenance is the number of square miles
of surface necessary to maintain each mile of channel. It is often con-
sidered a measure of how erodable the land surface is. Since our values
are high compared to numbers reported in the literature this could indi~-
cate that the land surface is quite erodable. There may be a relation-
ship between cxtensive row cropping and fall plowing in this reglon to
erodability and a high channel maintenance value.

Shape 1, Form f. Shape 1 wich is also the reciprocal of form f had
a mean ofwéfgijw_}ﬁwﬂorisawa, 1958 (Appalachian Plateau) shape 1 for a
drainage arca of 3.07 sguare miles which is close to our studies average
showed a value of 2.20. Although this is only one particular basin one

must take note of the similar values between these two studies.

Shape 2. Shape 2 which had a mean of 1.85 also compared closely to
what Morisawa, 1958 (Appalachian Plateau) had of 1.53 for a drainage
basin {(3.07 square miles) similar to our study. There are similarities
in shape 1 and 2, but further study is nceded to assume these two basin
shapes in Minnesota would be comparable to basins in the Appalachian

Plateau.

Circularity Ratio. The circularity ratio in our study had a mecan of
0.62 with a range of 0.20-7.34. Studies done by Gray (1961) showed
ranges of: ITowa 0.39-0,80, Missouri 0.39-0.87, Nebraska 0.33-0.68,
Ohio 0.35-0.77, Wizconsin 0.58-0.80, North Carolina 0.51-0.68, which all
fall into the mean and range of our study. Morisawa, 13958 {Appalachian
Plateau); Chorley, 1957 and Morisawa, 1962 (Ohio, Pennsylvania, Maryland,
Tennessee) had values on individual basins that were in the range of 0.60-
0.80,

The values are gquite similar but it is important to note that our
range is much greater than the ranges found in Gray (1961). This we
would assume 1is because artificial drainage produces circularity ratio
extremes 0.20 or 2.34 which can only be developed by man and not by
nature. It was also mentioned in Gray {(1961) that circularity values in
these studies remain gquite constant.

Elongation Ratio. The mean of the elongation ratio in our study
was 0.73 which falls in the ranges found by Gray, 1361, Towa 0.48-0.77,
Missouri 0.46-0.90, Ohioc 0.58-0.84, North Carolina 0.62-0,78, Morisawa,
1958 (Appalachian Plateau) had a value of 0.76 for one drainage basin
which was similar in size to our study.

Although our mean of 0.73 is similar, the ranges (0.39~2.26) are
broader than that found in the literature., This would indicate that
artificial networsk tends to have a more diverse set of values when man
has been part of the development process.
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Lemniscate Ratio. The lemniscate ratio mean was found to be 0,59
in our study which is low when comparing Chorley (1957) of 0.806 and
0.886 respectively, Since there was no location given for these two
values more study is needed to predict logical comparisons.

Quantitative Geomorphic Interparameter Relationships

Quantitative geomorphic data on interparameter relationships was
quite limited in the literature. Those obtained were: length of main
stream-drainage area; slope~drainage density; drainage area with over-
land flow, open ditch, length of main stream, basin length, basin width;
and drailnage density-texture ratia. In this section our results are
discussed and compared to the literature when present.

Drainage area was found to be very strongly negatively correlated
{99%) to drainage density. This would secem to indicate that as artifi-
cial drainage areas increase, intricate drainage networks decrcase.
This could be due to the high cost of developing many tributaries in a
large drainage basin or the greater dependence on tile lines,

Drainage area was very strongly positively correlated (99%) to basin
width, basin length and length of main stream. These types of correla-
tions would be expected, because as the drainage area increasecs so would
these particular parameters,

Gray (1961), Schenk (1963) and Morisawa (1968) reported that main
strcam length was positively correlated to drainage area. In our study
this alse was the case. Reqardless of a natural or artificial drainage
system a larger basin area would normally tend to have a longer main
stream length.

Strabler (1950) reported that slope was positively correlated to
drainage density and we found this also. This seems to indicate that as
gradient increases, the flow rate of surface runoff increases, which
would cause more erosion, developing more channels and, therefore,
raising drainage density values,

Closed ditch was very strongly positively correlated (99%) to
drainage density, but open ditch was very strongly negatively correlated
(99%) to drainage density. The rurpose of closed ditch is to save valu~
able land, So if more artificial drainage channels are needed they would
try to be developed as closed ditch which increases drainage density and
prevents loss of useable land.

Closed and open ditch were very strongly positively correlated
(99%) to drainage area. This would he expected since length of closed
and open ditches would increase along with drainage area {size}.

Length of overland flow, open ditch and closed ditch were all at
least strongly negatively correlated (95, 99%) to ditch and ditchshed
gradients. It would seem to hold true that natural streams are positively
correlated to both gradients since water flows towards least resistance.
8ince our study area has minimal gradient differences and was negatively
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correlated 1t could indicate that when developing artificial ditech net—
works man develops their own gradient right into the channel. The gues-
tien could be asked whether channels are constructed in locatiens for
man's convenience rather than determined by the gradients existing in
the area.

Length of overland flow, open ditch and closed ditch were all very
strongly positively correlated {(99%) to basin width, basin length and
length of main stream. One would presume this type of trend, because
as your kasin length, basin width and length of main stream increases
vour length of channels must increase to adequately drain that particular
size area.

Texture ratio shows a very strong positive correlation to ditch
and ditchshed gradients. This relationship is consistent with the obser-
vation that steeper gradients result in the formation of more ravines
and gullies, On the other hand a flat gradient would not possess the
erosional ability to produce these types of land topography. One @ust
take into consideration the type of soil and how resistant to erosion
that particular area 1is.

Channcl maintenance shows very strong negative correlation (99%) to
closed ditch and very strong positive correlation {(99%) to open ditch.,
This relationship is probably related to the fact that closed ditches are
covered, have a steeper gradient than open ditches and are less likely
to silt in,

The six basin shape parameters showed that among themselves, nine
correlations are very strongly negatively correlated (99%) and five
are very strongly positively correlated {(99%). Through the formulas it
is evident to see why these correlations exist. Shape 1 and form f are
reciprocals of each other. Shape 1 and shape 2 differ only because
shape 1 squares the basin length in the formula while shape 2 doe§ not.
Morisawa (1968) states that circularity ratio may be used to predict
certain hydrologic characteristics of a drainage basin. Elongation
ratio may be used in studies of sediment loss in watersheds.

Drainage area showed positive linear relationships with overland
flow, open ditch, main stream, basin length and basin width. Gray
(1961) and Chow (1964} alsc found a linear relationship between tbese
particular parameters. This would be expected because as the dralﬁéqe
arca increases so would all these other parameters. For exa@ple, if
the drainage arca increases so would the basin length, this is a common
observation of drainage basins.

Strahler {(1957) and Leopold, Wolman and Miller (1964) showed that
a positive linear relationship between drainage density and Fexture
ratio exists. B positive linear relationship was not found in our
study. An explanation could be that the Lextu#e ratio is use@ §0_§ount
only natural ephemeral streams which dees not include the artificial

ditches.
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Descriptor-Parameter Relationships

The relationship of descriptors to quantitative geomorphic parameters
is not vovered in the literature and thus direct comparisons were not
possible, Selected morphometric parameters did exhibit interesting
differences to many of the categories within the descriptors,

Those ditches terminating into other ditches had the lowest means
for drainage area, overland flow and closed ditch. Ditches terminating
into lakes had the highest means for drainage area and the lowest mean
for ditch gradient, Further those ditches that terminate into rivers
or streams had the highest means for drainage denstiy, overland flow,
closed ditch and ditch gradient,

It was observed that ditches terminating into other ditches have
small drainage areas with minimal channel lengths which could indicate
that these are small tributaries being added on to larger ditch systems.
Ditches terminating into lakes, might indicate that these were natural
streams that flowed into lakes and that man has developed them further
to adequately drain their own particular lands. Ditches terminating
into rivers or streams had high values for dralnage density, overland
flow, closed ditch and ditch gradient, which tends to show that when
you have a high ditch gradient the complexity of ditch networks increase.
1t appears that more miles of channel are needed to efficiently drain
land that is associated with rivers or streams, This may be caused by a
steeper gradient that is usually associated with natural rivers or
streams.

Two origip categories showed strong distinguishing characteristics
within the origin classification. Ditches originating from lake and
marsh have the highest means for drainage area, overland flow, open
ditch, closed ditch, length of main stream, basin length, basin width
and the lowest mean for drainage density, ditch gradient and ditchshed
gradient, Ditches originating from land show the highest means for
drainage density, ditch gradient, ditchshed gradient and the lowest
mean for drainage area, overland flow, open ditch, length of main stream,
basin, length, basin width.

Ditches originating from lake and marsh would tend to have a larger
drainage area since it contains two types of surface waters, and conse-
quently a larger basin length and basin width. They alsc indicate that
an intricate overland flow is needed in the form of open ditch, closed
ditch and a longer main stream to adquately drain both types of surface
waters. The lower drainage density values would seem to indicate that
drainage is specifically of the lake and marsh and not of the surrounding
drainage basin area which would decrease the dralnage density value.

You would expect a low ditch and ditchshed gradients since surface water
is normally found in lower areas with minimal gradients.

The origin of land in this area indicates that land with no surface
water retained on it has a high ditch and ditchshed gradient value.
Since the drainage area, overland flow, open ditch, length of main stream,
basin length, basin width were guite small, it appears that this origin
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category lacks a developed drainage network. This may indicate that in
general, the soil porosity is large enough to allow direct seepage of
water into the ground, rather than developing surface runoff channels.

Ditch development by decade revealed that the largest drainage areas
were developed in 1930-1959 and the samallest in 1930-1939. OQuade (1978)
reported that there was an emphasis on making land usable in the early
decades, and in the recent decades to protect land.

There seems to be a general trend that small drainage areas were
artificially drained from 1880-1940, the largest ones in 1950-1959 and
then it decreased in 1960-1978. This could be related to the fact that
average farm size was much smaller in the early decades so the drainage
areas were smaller at this time. The smallest drainage area in 1930-
1939, which was only one ditch, could be related to drought and depres-
sion during this time period. The larger drainage area in 1950-1959
could be because the average farm size had increased, so that when dit-
ches were developed, the landowners had more land to artificially drain.
During this period many ditches were reclassified or lumped together and
renamed as parts of it were developed or expanded which could cause the
average drainage area to increase in an exaggerated fashion in the 1950's.
The decline in 1%60-1978 could possibly be, that the majority of larger
drainage areas had been developed. Also reclassification declined so
that the drainage areas decreased in size as is shown in 1960-1969 and
1970-1979.

Ditch development by decade showed a slow increase in ditch cradient
from 1880-1939, dropped in 1940-1949 and gradually increased in 1970 to
1979. First of all, you would expect that artificial drainage would have
its beginning where the ditch gradient would be rather small. This could
indicate a trend to first drain low poorly drained areas, eventually
developing artificial drainage in higher gradients. One could presume
that the decreased gradient in 1940-1949 may be the fact that they de-
veloped larger areas with low ditch gradients that in decades past were
never considered because of the large scale. TIn the past two decades
the high ditch gradient could be associated with more closed ditches be-
ing developed and a decrease in open ditches in low ditch gradient areas
to save valuable land.

In the first three decades the highest channel maintenance means
occurred. One could presume that in early vears natural streams were
converted to artificial drainage networks by deepening or widening them,
so 1t would still retain the high channel maintenance value. Tt tends
to show that artificial drainage systems have a smaller channel mainten—
ance mean than do converted natural streams. Since man has developed
new channels, this may be why channel maintenance values are lower.

In the decade of 1950-1959 the highest basin shape mean was shape 2
and the lowest mean was circularity ratio. Shape 2 is related to drainage
area because the formula is basin length over basin width, so when the
drainage area is larger like in 1950-1959, the basin length and basin
width are larger. Larger drainage areas with a long basin length and
narrow basin width would give higher values. This indicates that basins
in this decade had approximately two miles of basin length for every mile
of basin width, which would tend to make it look oval shaped. The low
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circularity ratio value is expected since the shape 2 formula resembles
an oval shape which would give a low circularity ratio because it tends
to be further away from a circular shape.

In the geomorphic category, the two predominate types showed ?if-
ferences in drainage density values. This may be due to the porosity
of each type. The geomorphic type "Waconia-Waseca Moraine, loamy, r911-
ing" shows a very low closed ditech mean compared to the other pre@omlngte
geomorphic type. This may indicate that closed ditch is not feasible in
this geomorphic type.

In the soill categories, "non-acid peat™ has an extremely hjgb dfain—
age area and drainage density mean. This might well be charactgrlst%c
of this soil type, but it should be pointed out that only one ditch is
in this category. More study and ditch numbers in this category are
needed to show if these high means do exist in general.

The twc predominate soil types show many similar parameter means.'
Interestingly, both soil type descripticns are similar with the only dif-
ference being, one is described as being poorly draine@ and Fhe ther
has good drainage. This indicates that artificial dralﬁaqe is qulte.
similar in geomorphic parameters even if one soil type is poor}y dralﬁed
and the Othér is well drained. Further research in this area is continu-
ing.

The so0il type "Below five feet is loamy or silty; the top five fget
is loamy or silty, poorly drained, and the color of the surface material
ig dark™ shows a lower ditch and ditchshed gradient than the other prg«
dominate type which is described the same, but has good gra@naqe. This
would be expected sirce the soil type that is poorly drai?cd wou}d most
likely be found on lower gradients, Alsco, the poorly drained soil type
may not allow coxtensive seecpage directly into the 501}. Conversely the
soil type with good drainage, that has a stcepor gradient may allow
better seepage into the soil.

Descriptor Analysis

This zection on descriptor analysis was not covered in thellltura~
ture. Relationships are discussed and developed to gain an insight as
to why certain relationships within these descriptors exist,

Termination Point, 1In our four county area it was found that 78.?
percent of all drainage ditches terminated in rivers and 21:2 percent in
lakes, an approximate four to one ratio. There are 687.7 ml?as of
river (281.4 Blue Earth, 203.3 Brown, 77.1 Lc¢ Sueur, 125.9 Nicollet) and
1055.5 miles of open ditch {(137.4 Blue Earth, 344.7 Brown, 250f4 Le
Sueur, 322.8 Nicollet) which represents a 1.53 ratio ?f open ditches to
rivers and since 78.8 percent terminated into rivers it more than doubles
the effective river lengths.

The ditchsheds to lakesheds by county are: 39.9% to 12.0% for Blue
Earth, 45.98% to 10.50% for Brown, 46,07% to 38.41%ﬂfor Le Sueur, 58.91%
to 24.31% for Nicollet, an average of 47.71% to 21.30% (Dunsmore apd
Cmade, 1979a; Dunsmore, Oelerich and Quade, 1979; Dusnmore and Quade,
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1979b; Dunsmore and Quade, 1979¢), This indicates a two to one ratio in
area of ditchsheds to lakesheds and since 78.8 percent of ditches termin-
ate into rivers, it greatly increases the riversheds functional size.

The 21,2 percent of ditches that terminate into lakes have increased the
effective watershed of lakes without necessarily taking drainage from
riversheds, However, the 78.8 percent of drainage ditches that terminate
into rivers have diminished some lakesheds. The drainage ditch origin
data derived in this study shows that 28.6 percent of drainage ditches
originated in lakes and lake-marsh environments., Mathematically this
would indicate an overall loss of lakeshed. One is led to conclude that
termination into a lake most probably represents improved, not changed,
lakeshed drainage, where as origin of a lake represents absolute loss of
lakeshed and in some cases lakes.

Origin. The origin of the drainage ditches showed that 81.8 percent
originated from surface water such as marsh, lake, lake-marsh cateqories
and 18.2 percent from land. In our study area the General Land Survey
gave the percent marsh to percent lake as: 5.1% to 3.3% for Blue Earth,
2,6% to 1.8% for Brown, 9.9% to 5,8% for Le Sueur and 7.3% to 5,43 for
Nicollet; a four county average of 6.2% to 4,0% (Dunsmore and Quade,
1979a; Dunsmore, Oelerich and Quade, 1979; punsmore and Quade, 19790
Dunsmore and Quade, 1979q).

In general the areal percentage for marsh and lake are quite small
in size, but represent many in number as seen in the atlases (Dunsmore
and OQuade, 1979%a; Dunsmore, Oelerich and Ouade, 1979, bDunsmore and Duade,
1979b; Dunsmore and Quade, 1979c), Many small lakes that existed in the
1800's, have been drained and a lake type surface hydrology extensively
changed, One also must look at the rmarsh category since they too, are
small, but many in number. By calculation there is a ratio range of
1.35 to 1.7 for marsh to lake. The question should be asked: is this
an important ratio that should be kept in this range for a normal sur-
face hydrology balance? TIf this ratio is changed, could this cause an
imbalance that may disrupt either marsh or lake water systems? What
effects does eliminating marsh and lakes, or disrupting the ratio,

have on ground water supply and increased runoff to downstream enviren-
ments ?

Decade. The development of drainage ditches by decade showed a
maximum number in 1910-1919 and minimum rumber in 1930-1939. Quade
(1978) , showed a general trend was followed, that in the earlier decades
making land useable was the reason for ditch development in later decades
protecting land and highways were the primary reasons for development.

You would expect the early decades to place emphasis on the value
of the land for agriculture. Ditches were developed to gain more useable
acreage, control water levels, as well as water flow, and control flood-
ing of existing agricultural land.

From 1930-1939 the causes for only one ditch being developed in

this area could have included the abnormally dry weather and the depres-
sion.
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Starting in the 1940's land was slowly becoming more valuable and The only difference in description belween these two soil ty )
pt 8 soil types is

the emphasis was on using all available land for agriculture. Due to one is poorly drained, and the other has good draina 1 is 18
this, development increased in 1950-1959 and 1960-1969. Some reasons the only difference it could be dssumed\thét poérl uge-. %znce thls‘ls
that we would assume a development decline in 1970-1879 are most of the that it is associated with marsh and §é1i drained i rilnﬁd naY L moteate
land that was available to drain had been already drained and laws estab-— associated with lakes, This seems to Se evidon£ i;aie’§U:§:eC2£;f; e

1ished to determine what is public water could have caused a decline in the well drained soil type has the highest percentage of y t b
g s t 2st perce 2 any county, but

development. it also has the highest percentage of lakes.

The later decades, petition reasons for protecting land, could be
caused by all the development of artificial drainage in earlier decades.
The question that comes to mind is has early development caused cxcessive This study has found that artificial drainage ditche bes
flooding in other areas so ditches must be developed to protect land and grouped into the first and second-order cateqor;e; of’%réZhiie' ebtc
highways that thirty years ago were not Susceptab}e to flooding. Have strcam humbering system and that the major,impac{kof 1;t'f« %rls (1?57)
we moved the problem by controlling water levels in one area and causing has been the extension of the river Sy@iem% rttﬁ . 1~1C}a“dralnage
higher water levels downstream? marshes. 5 s at the cost of lakes and

Conclusion

Qggporgp}c Types. Two predominate geomorphic types exit in our study

Through comparisons of artificial dit itati
N . . . - & 5 oh - - N . _ :
area which are "Waconia-Waseca Moraine, loamy, rolling; Blue Farth Till quantitative parameters with

natural stream systems there is5 strong evidence that man has produced, in

Plain, undulating, loamy." The respective areal porcentaye by counties a short time, a geomorphologically mature fluvial landsca Tk i
arc: 2.6% to 20.2% Blue Earth, 0.0% to 80.5% Brown, 51.4% to 0.0% Le tative geomorphlc parameters which we found‘for open d;tcﬁzé cwg; 3“?“tl‘
s 3o o Nl - . . - - ches ared
Sueur, 80.8% to 0.0% Nicollet. favorably with the second-order natural stream data found in the litera-
ture. ) ¢
TL is seen that Blue Earth County decs not show any dominance in
geomorphic types, however, the other three counties show quite strong The impact of artificial drainage ditch development in South
dominance of onge pavticular type respectively. Brown and Le Sueuv Coun- Minnesota has becn to greatly increaée thg river;heﬁq 7 't'soui ?entral
ties have only three and Pive geomorphic types respectively. Tt was found that 78.8 percent of the ditéh@s ge;m{n;téuii(;szzllSl?eé
: o i i LNa event y into
a river or stream. A 1,53 ratio of open ditch t iv 5
Lake surface by counties arc: 3.87% Blue Farth, 2.8% Brown, 10.3% the length of the overall surface fluiiaj'sygtemo rFuiizat?r@ tgin2dogblns
Le Sueur, 5.1% Nicollet (MLMIS), (punsmore and Quade, 1979%a; Dunsmore, cent of ditches terminate into lakes whiéh igéfeéoeo the p¥2r?r; . Psr-
oelerich and Quade, 1979; Dunsmore and Quade, 1979b; Dunsmorc and Quade, lakeshed drainage without necessarily taking drai;gz fom gi 2&.;VineSQT§?
[e . = oo Sl E - 5 > T versheds. 1s
1979¢) . iestarch found that 28.6 percent of the ditches originate from lakes and
lake-marsh environments which indicates an overe 3 V
. . N . s nt cat et aral 5 . he
When comparing lake area to geomorphic types by county an interesting lakes. all loss of lakeshed and

relationship develops. The lowest poercent of lake area occurs in Brown
County, which has a dominance of the geomorphic type "Blue Earth Till Artificial drainage ditches, have definitely become a dominate
- 5 " o 4 ~ ., = P Pe - o s -
Plain, undulating loamy” (80.5%). The two hlqho%t percents of lake area face hydrology factor in South Central Minnesota. Through this stud o
are Le Sueur (10.3%) and Hicollet ({5.1%) respectively and.they have a seems quite evident that man has taken a laké~maréh envirinmentaﬁ;duhyolt
predominate geomorphic type which is "Waconia-Waseca Moraine, loamy, rapidly produced an area with ever increasing river-ditch cﬁann;l Oyau
s - . 21 sys-

rolling.™ tems, where the long term effects are not known.

Soil Types. In our study area there was a dominance of two 5011 This study indicates that artificial drainage ditches sh >
types which are "Below five feet is loamy or silty, the top five feet is variation in geomorphic values in the four counfy’qtﬁd a;ea owIa gr;at
loamy or silty, poorly drained and the color of the surface material is to show specific relationships about iﬁdiVidual/pa;amoierq i; ign Zi Cf
dark:" "below five fect is loamy or silty, the top five feet is loamy mended that for future studiés artificial &itcheg ShQ&]d %e 'roﬁvde?mt
or silty, drainage is good, and the color of the surface material is categories of either drainage area size or classafied as Srriﬁle;:g into
dark”. The percentage by county of these two are: 12.4% to 27.5% Blue (1957) First and second-order streams. ? 5 Stry 3 oS-

Farth, 463 to 33% Brown, 9% to 67.4% Le Sueur and 44.6% to 38% Nicollet
respectively (Dunsmore and Quade, 197%a; Dunsmore, Celerich and Quade,
1979; Dunsmore and Quade, 1979b; Dunsmore and Quade, 1979c). By adding
the two dominant soil type percentages together (39.9% Blue Earth, 79%
Brown, 72.4% Le Sueur, 82.6% Nicollet), Blue Earth is quite low (40%)
compared to the other three countlies.
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PUBLIC DRAINACE DITCH RIPARIAN VEGETATION

Introduction

The purpose of this section was to examine the vegetation on the in-
side slope and berm of the open drainage ditches in the four counties and
to relate the vegetation to county drainage ditch management policy. We
first determined the variation and range of drainage ditch morphometry
and associated plants within the ditch embankment (slope) and berm by
county. If differences are found the question to be examined would be
whether the differences are caused by differences in county management,
drainage ditch morphometry, or some other factor.

Blue Farth, Brown, Le Sueur and Nicollet Counties show typical
South Central Minnesota landuse which is predominantly row crop agricul-
ture. The major native vegetation is limited to river valleyvs, road side
ditches, and drainage ditches. The extent of the length of open ditches
exceeds the length of rivers in some of the counties and therefore can
be looked upon as major potential natural habitats both for wildlife and
affecting surface runoff. Blue Earth County has 138 miles of open dit-
ches and 281 miles of river. Brown County has 345 miles of open ditches
and 203 miles of river. Le Sueur County has 250 miles of open ditches
and only 77 miles of river, and Nicollet County has 323 miles of open
ditches and 126 miles of river. This study represents a preliminary
survey of what exists in these zones from a botanical viewpoint.

In these four counties, different types of county ditch management
policy are practiced. Brown and Nicollet prefer the broad use of herbi-
cides whereas Blue Earth and Le Sueur Counties use limited amounts of
herbicides, usually as a spot control by farmers and not by the county.
All four counties tend to view ditch vegetation as a nuisance and feel
its function should be to prevent erosion and to control weeds. When
management practices are examined it may be possible to link these
practices with common wegetation or the lack of it.

Metho@g

Drainage ditches, county and judicial, can be copen or c¢losed depend-
ing upon gradient. This study component deals only with open ditches.
In the construction of an open ditch a drag line or power shovel is used
with the resultant dredged material piled back of the edge of the ditch
to form a berm. This survey examined the dominant mid-summer plants on
the berm itself and the inside slope to the ditch.

o £ Yo

During the summer of 1978 from June 23rd to August 15th sach open
ditch in the four county area was visited (a total of 210 ditches) making
a single on sight determination of primary, secondary, and tertiary her-
bacious and tree vegetation and various characteristics of each ditch.

No attempt was made to catalogue all vegetation, but rather to determine
the primary, secondary, and tertiary trees and herbs by dominance. It
should be noted these determinations were purely visual and if we had
visited the ditches at other times of the year other herbacious vegeta-
tion cou’ 3 have been dominant. Each ditch was surveyed at its narrowest
and widest segments where possible, Characteristics of the ditches were
then expressed as numbers rather than dimensions or vegettion types and
the data was run on a UNIVAC 1100/80 computer using data analysis by SPSS.

Results

The comparison of open ditch parameters by county is given in Table
XVI. As can be seen, Le Sucur County has ditches two to three times
wider than the other counties. Ditch height is similar in all four
counties but because the ditches in Le Sueur County are wider they have
less slope than the others. Berms, like ditches, are also two to Lhree
times wider in Le Sucur than in the other counties. Le Sueur County
ditches on the average are twenty years older than those of Nicollot
County. This could be the reason why Le Sueur County ditches are so
much wider; the land was cheaper and less under demand. Drainage density
were very similar among all four ecounties. The overland flow of Le Sueur
County ditches are about one and one-half times less than Blue Earth's,
possibly due to the topography. However Le Sueur's mean ditch gradient
was the lowest while its ditch shed gradient was the highest of all four
counties. Texture ratio, which is the number of miles of ditch per
square miles of land, circulatory and elongation ratios which both deal
with the shape of the basins, were similar in each county. Channel main-
tenance which is the square miles of land per miles of ditch, is also
similar in all counties. The last repair and improvement paramcter is
most interesting. Blue Farth County has had less than half the repairs
Brown has, even though Brown County's ditches are on the average four
years younger than Blue Earth's. Also comparing Le Suecur and Nicollet
County, they have had a similar amount of repairs: however, Nicollet's
ditches are nearly twenty years younger than Le Susur's.

A county by county comparison of vegetation on the inner ditch
slope and outer berm for both the wide and narrow segment are shown in
Tables XV1II, XVIII, XIX, ¥X. The results of the arboreal survey of the
drainage ditch inner slope are seen in Table XVII.

Blue Earth and Le Sueur Counties gencrally do not spray for broad
leaves and have a greater percentage of woody plants. Blue Barth County
shows a dominance of the genus populus, largely cottonweods and some
aspens, in both the wide and narrow ditch segments. Le Sueur has high
occeurrences of elm, willow and other unspecified types, largely boxelder.
Hrown and Nicollet Counties regularly spray for broad leaves and as a
result have very few wooded ditches. Brown has poplar and unspeccified
types dominating, however with only four wide ditch segments and two
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Table XVIIT. A county by county comcarison of primary (1), secondary (2),
and tertiarv (3) berm tree vegetation for wide and narr
ditch segments expressed as numbers of occurrences (Blu
Barth (4): number of oven ditches in Blue ZTarth Countv
with trees on berm or wide ditch segment).

Biue Barrh (4} Brows (20 I~ Sueur {12} Nieollet (%)
YVEGETATTON 1 2 3 T 1 b 3 T 1 b g ¥ 1 2 3 T
Poplar E 2 1 1 4 1 1 > ] 1 o i 2 o 1 3
Willow e 1 0 H n l a 1 3 a 3 & 1 2 o 5
Blm ) N ~ ol Bl fal ~ al o 3 4 1 & a e} o I3l
orher ¢ 1o [ ; 5on g 5 2 % [ T
Maple & o 1 o 1 &l 1 O 1 y i o ~ O o 1 i
Cak E o I n 2] 1 it &l o a 1 o 1 & i o o
Ash 2 [} 2] 3 9 i al 1 1 2l ) 1 1 3 9 1 i
i
o
]
2 Blus Earth (5) fBrown () Le Sueur (3} Nicollet (1) |
2
=
Foplar = 2 n i 2 3 1 i 6 n o & o o O A o
wWillow = 1 0 o 1 I3 [ 4 n l ‘ " 2] 1 o 0 1
Elm & o i<l I I o B i o 2 s G 2 0 n QO Bl
Other = 2 a o 2 & n o " a2 1 o 1 0 0 o a
Ash Z o o n n o " h ~ ¢ 1 " 1 ¢ b 1 1
Maple G Iy} ) n s [} I8 ” s 0 " n 01 N 1 1 1
&
Table XIX, A county by county comparison of primary (1), secondarv (2),
and tertiary (3) slove herbaceous vegetation for wide and
narrow ditch segments expressed as numbers of occurrences
(Blue Earth {29): number of open ditches in Blue Farth
County with herbs on slope of wide diteh segment).
Blue Farth (29) Brown (319} Le Rueur (46) Nicollek ({613}
VEGETATTON 1 2 3 T 1 2 2 T 1 2 1 T 1 2 1 T
Reed Canary 16 8 0 24 @ oan o £ 4n 1 2 a8 w23 7 en
Brome ERR L 3 o 1a 22 5 oo 11 519 24 7 132
(,'l(vvver * 0 1 F 3 ; 4 516 2 3 2 7 6 5 LR
Nettles 2 1 1 o 2 o o o o~ 2 6 5 13 1 1 a H
. 3 - o
arter S " 3 1 3 1 2 4 7 w13 s 37 2 1 3 E]
Thapaium o o 1 n 1 o o n 5 o a o o ~ o 3 o !
Mi Tkweed & o o o 9 0« o 5 R 0 N o 1 n N b
Ragweed = ¢ 1 12 a a8 g T o1 2 !
x
?: Blus Earth (16} Browit {24} Le Susny [27Y Kiroller {29}
wesd Canary 2 ] 5 o 14 714 7m 20 7 o 27 17 7 4 18
grome {’, 5 4 1 1n 1% 2 3] 8 4 g 4 13 io 3 1 14
Clover 3 1 ol o 1 1 2 3 3 o o 1 1 1 s 2 8
Bertles S B o 8 a9 71 e o1 a1
orher & 1 0 1 2 o a a o 1 3 2 14 1 1 1 3
Miltwesd o o o n a a o] n o 3 n o 1 ) 1 1
ke
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narrow containing any trees it is difficult to gsay this data is reliable.
Nicollet County had a few more wooded ditches. wWide ditch segments were
dominated by willow, poplar, and unsepcified types when wooded but in the
narrow segments there was no dominance.

Berm tree vegetation, Table XVITII, in Blue Earth County showed poplar
again dominated; Le Sueur was dominated by elm, willow and unspeccified
trees as they were on the ditch slope (Table YI1). Brown and Nicollet
Counties again had few trees, Brown Countvy's wide ditch berm sogments
had poplars dominating while the narrow ditch berm segments contained no
trees. Willows dominated Nicollet County's wide ditch berm segments and
no specific trees dominated the narrow scgments,

Slope herbaceous vegetation was very similar in all counties {(Table
XIX). Reed Canary Grass dominated the four counties for wide and narrow
segments, however, in Brown County the primary herb was brome grass cven
though reed canary was dominant. The ditches in Brown County may have
been seeded with brome grass. There is a possible correlation of herba-
ceous distribution te spraying, mainly with Z,4-D.  In Le Sueur County
nettles and others, mainly broad leaves, which are dicots are present,
this could indicate a lack of spraying. Berm herbaccous vegetation in
all counties is different from the slope herbaceous vegetation, oxcept
in Le Sueur {Table XX). Both wide and narrow segments of the other
three were dominated with brome grass, while Le Sueur had reed canary
grass as it did for slope herbaceous vegetation.

nclusion

Our data reveals a great deal of similarity in the four counties,
They appear to be very monotinous in herbaceous vegetation. Some dif-
ferances arce seen in the arborial vegetation of Le Sucur and Blue Barth
Counties but in Brown and Nicollet few trees oxist in ditches or on the
berms, probably duc to their management practices which include the
broad use of herbicides.
ditches but composition could be presently changing due to the spread of
Dutch Elm Disease. The advisability of establishing uniform limited
vegetation associated with ditches such as in Brown and Nicollet necds
to be further investigated from the standpoint of conservation, wildlife
managemcnt, water quality {green belt), and overall preservation of plant
diversity. The ditches in Blue Barth and Le Sueur Counties appear to be
more desirable from a botanical point of view,

Le Sueur County has an abundance of wooded
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WATER QUALITY OF MAN-MADE DRATNAGE DITCHES AND
NATURAL STREAMS IN SOUTH CENTRAL MINNESOTA

Introduction

) The purpose of this component was to investigate the regional varia-
t10§ in water quality by measuring nutrient load in thirteen man-made
Qralnage ditches and four rivers. This study was also intended to see
if previous data on the Cannon River and County Ditch 1LS~C-59 by Quade,
et. al., 1979, could be considered typical for the region studied: The
relationship of water quality to stream order and rainfall was investi-
gated in three seasons. fThe First season, "Spring Runoff", was from
March 21, 1979 to May 30, 1979; the second season, "Growing Season', was
from June 10, 1979 to October 11, 197%9%; and the third season, "Fall lar-
vest and Plowing™, was from October 24, 1979 to November 16, 1979.

Seventeen sites were sampled from March 21, 1979 to November 16
1979. During the spring runoff season samples were collected twice '
weekly and after the middle of May, once a week, The water was analyred
for the standard eutrophication measurements of total orthosphospate-
phosphorous, total Kjeldahl-nitrogen, nitrate-nitrogen, and total dis=-
solved solids. Statistical analysis included T-tests, Pearson's Product-
Moment correlation, analysis of variance, and descriptive statistics.

Site Description

locations

The seventeen sites were selected bascd on an airplane survey of the
region the year before that showed all of the sites had water flowing in
them for the entire ice free season. &n attempt was also made to include
as many varied scil types and geomorphic regions as possible. Each site
was identified by their legal ditch name, N-C-40A for example is a county
ditch, YC-408" in Nicollet County.

Stream order of all ditches and rivers was determined according to
Strahler, 1957, using USGS seven and one~half minute topographic maps.
The initial tributary to a watershed is considered a first order stream
{river). Only when two first-order streams combine does the stream be-
come a second order stream. Most ditches are second order because tile
lines are considered the initial tributary (silis, 1979). Only when two
second order streams, or ditches come together is the resulting stream a
third order stream. In this study, the term river has been used for
stream because the legal name of the sampled bodies of water are river.
Tbe Cannon River, the Little Cobb River, and Morgan Creek were third order
rivers and Shanaska Creek was a second order river,

Second Order Ditches. Site N-U-40A was located in Nicollet County
and can be located by going one and one-half miles south of the junction
of County State Aid Highway 10 and County State Aid Highway 1 and then
ecast one-fourth mile on the township road (Figure 7). Sampling was done
at the round culvert. This is the only site where there was not flow
for the entire sampling period. The ditch was bordered by farm land
with upstream right and downstream right planted in corn and the land
upstream left and downstream left was planted in sovbeans.

Site N-C-38A was located in Nicollete County and can be located by
going one mile north on State Highway 15 from the US Highway 14 and State
Highway 15 junction, then east on a township road for one and one-fourth
miles. Sampling was done at a round culvert. This ditch flowed along
the road for one-fourth mile upstream of the sampling site and therefore
upstream right was not bordered by cropland. Upstream left was planted
in soybeans and beyond that corn while the land downstream left and right
was planted in corn.

Site Br—J-29 was located in Brown County and can be located by going
one mile south on the junction of County State Aid Highway 8 and County
State Aid Highway 30 and then going onc-fourth mile east on the township
road. Sampling was done at the bridge. The ditch was deep with slow
moving deep water all year. Corn was planted in the fields upstream
left, upstream right and downstream right while downstream left was
planted in soybeans.

Site Br-C-% was located in Brown County and can be located by travel-
ing one and one-fourth miles east of the junction of County State Aid
lighway 8 and County State Aid Highway 28. Sampling was done at the
round culvert. This ditch overall had minimal flow and was often choked
with cattails and marsh-type vegetation. Sovbeans were planted in all
the fields left and right of the ditch.

Site Br-J-30 was located in Brown County and can be located by travel-
ing one mile west of Sleepy Eye on County State Aid Highway 27, turning
north one mile and then west one~fourth mile. Sampling was done at the
bridge. Generally flow was fast moving. Upstream right was planted in
soybeans, downstream right was planted in corn, upstream right and left
were planted in small grains.

Site Br-J-10 was located in Brown County and can be located one-half
mile east of County State Ald Highway 13 on County State Aid Highway 20.
Sampling was done at the round culvert. This ditch was located in the
farmland just above the Minnesota River Valley and the ditch was deep
and the flow generally was slow moving, This ditch was sampled before it
entered Morgan Creek.

Site BE-C-56 was located in Blue Earth County and can be located by
going one-fourth mile east of the -junction of County State Ald Highway
76 and County State Aid Highway 9 on the south edge of Lake Crystal.
The Lake Crystal Ballpark is downstream left of the sample site. Samples
were taken at the bridge. Upstream of the sampling site was low marsh-
land and downstream was a developing residential area. The county garage
is upstream right.
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Fite BE-C-5 was located in Blue Earth County and can be located by
traveling one~half mile north of the junction of County State Aid Highway
4 53 and County State Aid Highway 21, west one mile on a township road, and

<G then one~half mile to the bridge. Samples were taken at the bridge. The
ditch was located in a low marshy area bordered by grasses and a few wil~
lows upstream left and it entered a wooded area downstream, Upstream
left and right were planted in soybeans up from the low area and downstream
< left was in corn. Downstream right was a farmer's house.
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Site LS-C-59 was located in Le Sueur County and can be located by
traveling three and cne-half miles west of State Highway 13 on County
State Aid Highway 12, north of Waterville, and then one-fourth mile north
on the township road. Sampling was done at the bridge. Several years of
water chemistry analysis has been run on this ditch as it enters the Can-
non River downstream of this sampling site and has been documented by
Quade, Hill, Larsen, Colakovic, et. al., 1979. Upstream left and right
were planted in soybeans with small grain behind that. Downstream left
was planted in corn and downstream right in small grain.

)
abb mive

LS~Shanaska

T_,A,_
36
BE~Little

Site L&-C-58 was located in Le Sueur County and can be leocated by
traveling south from the junction of State Highway 99 and County Road 106
on County Road 106 and then continuing south on a township road then east
one mile to where the road bends south. Sampling was done at a round
culvert., This ditch drains from a lake through farmland and then enters
a wooded area just upstream of the sampling point. Upstream the farmland
was planted in soybeans and through the wooded area the ditch appeared to
be a natural stream. Downstream was farmland again with soybeans and
some corn downstream right.

Biue Earth

A o

Third Order Ditches, S8Site BE-J-48 was located in Blue Farth County
and can be located one-fourth miles north of County State Ald Highway 6
on County Road 111. The sampling was done at a square culvert. This
ditch drains into Minneopa Creek downstream., The flow was fast for the
entire season as was typical for the third order ditches. Soybeans woere
planted upstream left with corn planted in the other three guadrants.

Order Ditches

Site N-J~1A was located in Nicollet County and can be located on
State Highway 22, at the bridge, one mile north of New Sweden. Sampling
was done at the bridge. The ditch was fast flowing and had high flow
all year. Downstream right was planted with corn while soybeans were

1vd

Ditch and river water gua

A second Order Ditches

. Th

A Third order Rivers
O Second Order River

planted in the other three quadrants,

R e

Site N-J-1A* (two miles upstream of site N~J-1A) was located in
Nicollet County and was the same ditch as N-J-1A sampled above a major
ditch tributary. The site can be located by traveling one-eight mile
south of the junction on County State Aid Highway 4 and County Road 61
on County State Aid Highway 4. Sampling was done at the bridge. Flow
was high throughout the whole year as for all third order ditches. A
feedlot was located upstream right with a 25-foot green belt inbetween.
Upstream left was planted in soybeans, dowsntream left in corn with a
narrow small grain belt between the corn and the ditch, and downstream
right was planted in small grain.

Brown

e
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Third Order Rivers. Site Br-BE Morgan Creek was sampled in Blue
Earth County. The sample site can be located traveling one-half mile
east from the junction of County State Aid Highway 20 and the County
State Aid Highway 13 on County State Aid Highway 20. The sampling was
done at the bridge. Morgan Creek was sampled in the Minnesota River
Valley and the Creek itself had a typical riffle-pool formation, Up~-
stream left and right was a wooded area with downstream left and right
wooded and pastureland for cows.

Site BR~-Little Cobb River was sampled in Blue Earth County, The
site can be located one-fourth mile north of the junction of County
State Ald Highway 53 and County State Aid Highway 21. Sampling, was done
at the highway bridge. The river was a winding river lacking the riffle-
pool configuration as seen at Morgan Creek. Soybeans were planted up-~
stream left and right and also downstream left., Downstream was a low
area with trees and grasses with corn planted downstream right.

Site LS-Cannon River was sampled in Te Sueur County. The site can
be located by traveling two and three~fourth miles northwest of the
junction of County State Aid Highway 12 and County State Aid Highway 5
on County State Aid Highway 5. Sampling was done at the suspension
bridge. The river was wide and shallow and was sampled in a wooded area
with some marshy type habitat. Farmland planted in corn and small grain
was some distance from the river. Water quality of this river has been
documented for several years by Quade, Hill, Larsen, Colakovic, et. al,
1979,

Second Order River. Site LS5-Shanaska Creeck was sampled in Le Sueur
County and was the only second order river sampled. Tt can be located
by traveling one and one-fourth miles northwest of County Road 147 on
County State Aid Highway 19. Sampling was done at the bridge. Shanaska
Creek is the outlet from Lake Washington and was sampled less than one=-
half mile from the lake. The site is surrounded in all four directions
by a deciduous woods.

Rainfall

The best representation of actual rainfall at each site has been
compiled from information from the State Climatological office for the
sampling sites at Springfield, New Ulm, and North Mankato, Minnesota.
Weather patterns in South Central Minnesota ususally move from the south-
west to the northeast across the sampling area.

Local rainfall varied so sites between two rainfall stations were
probably somewhere in between the values recorded (Table XXI).

The four second orderditches In Brown County, Br—-J3-29, Br-C-5,
Br-J-30, and Br-J~10 were considered to be best represented by the
Springfield station (Figure 7).

The sites in Nicollet County, N~-(C-38a, N-C-40A, N~J-1A, and N-J-1A%*
were considered to be represented best by the New Ulm station.

recipitation in inches).

(p

rainfall

v

Y rainfzll and 1979 monthl

arison of average monthl

XTI, Comp

Table

North Mankato

{1955-1978)

1m

Tt
L

New
(1931-1978)

Springfield

(1979)

{1979)

(1979}

{1938~1978)

Avg.

Avg.

Avg,

{1.58)
(1.05)
(3.38)
(1.80)
(2.36)
(4.35)
(3.186)
(6.80)
(1.88)
(2.52)
(2.77)

.74
.86
1.83
2.53
3.60

{1.26)
(1.25)
(3.52)
(1.11)
(3.30)
(3.91)
(8.19)
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.92
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2.45
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3.55

(.98)

{(.71)
(4.29)
(1.73)
(3.94)
(4,92}
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(1.45)
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1.42
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3.38
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(31.71)
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{33.32)
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The sites in Blue Earth County and Le Sueur County were considered
to be best represented by the North Mankato rainfall station.

At all sites rainfall was greater than the average for the total
season {(Table XXI). Rainfall was above average at all three stations,
Springfield, New Ulm, and North Mankato, during March, August, October,
and November. Rainfall during August was most atypical with 5.7%9 inches
at Springfield, 10.38 inches at New Ulm, and 6.86 inches at North Mankato
when the average is usually about 3.50 inches. During July the rainfall
at New Ulm was 8.19 inches compared to the average value of 3.40 inches.

Earl Kuehnast {personal communication) of the State Climatological
Office stated that all precipitation during the study sampling period
probably entered the drainage ditches and rivers as overland flow since
the soils in the studvy area were saturated for the entire study period.

Rainfall was similar at all three weather stations in the three
seasons, "Spring Runoff", "Growing Season™, and "Fall Harvest and Plow-
ing" except for New Ulm during the "Growing Season"™ where about ten more
inches of rainfall fell than in the other two station arecas (Table XXII).

Table XXII. Total rainfall by season (precipitation in inches).

SPRINGFIELD NEW ULM MANKATO

Spring Run Off

Snow 5.98 inches 6.03 inches 6.01 inches

Rain 5.67 inches 4.41 inches 4,16 inches
Growing Season

Rain 15.85 inches 26,23 inches 16.77 inches
Pall Harvest & Plowing

Rain 4,80 inches 1,58 inches 3,75 inches

5pil Types

There was not a great deal of variation in soil type for the seven-
teen sampling sites and the drainage basins they drained. The soil was
classified (MIMIS) as a so0il landscape unit which is a group of soils
generalized into a single identifiable unit based on soil texture below
five feet, above five feet, soil drainage, and surface soil color. The
most obvious variation depended on the soil drainage component.

The third order ditches N-J-1A and N-J-1A* of Nicollet County; all
the second order ditches in Brown County, Br-J-2%, Br-C-5, Br-J-30, and
Br-J-10; three sites in Blue Earth County, Morgan Creek, a third order
river, ditch BE~J-48, a third order ditch, and BE-C~56, a second order
ditch; and all sites in Le Sueur County, second order ditches 1.5-C-59
and L8-C-58, the Cannon River (a third order river) and the second order
river (Shanaska Creek) all had the loamy or silty, loamy or silty, below
roots, dark classification of soil type (Dunsmore, Oelerich, Duade, 1979
and Dunsmore, Quade, 1979%a,b,c).
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The second order ditches in Nicollet County, C-40A and C-38A, were
sampled in an area where soil type was loamy or silty, loamy or silty,
within roots, dark (Dunsmore, Quade, 1979¢).

Second order ditch BFE-C-5 and the Little Cobb River in Blue Earth
County had alluvial soil in the area where they were sampled surrounded
by the clayey, loamy or silty, within roots, dark soil type (Dunsmore,
Quade, 197%a).

There also were arcas of peat in the drainage area of ditch LS-C-59
and the Cannon River sampling sites (Dunsmore, Quade, 1979b).

Geomorphic Regions

The seventeen sampling sites occurred in several geomorphic regions
in the four counties which were part of this study,

All sites in Nicollet County, second order ditches €-40A and C-38A,
third order ditches N-J-1A and N-J-1A*, and in Le Sucur County the second
order river {Shanaska Creck) were of the Waconia~Waseca moraine, loamy,
and rolling geomorphic type {(Dunsmore, Quadc, 1979b,c).

All sites in Brown County, second order ditches Br-J-29, Br-C-5,
Br-3-30, Br-Jd-10; and threce sites in Blue Farth County, second order
ditch BE~C~56, third order ditch BE~J-48, and third order river Morgan
Creck were of the Bluec Barth Till Plain, undulating, loamy geomorphic
type (Dunsmore, Oclerich, Quade, 1979).

Sites BE~C~-5, a second order ditch, and the Little Cobb River, a
third order river, in Blue FEarth County were of the Minnesota Lake Plain,
claycy geomorphic type (Dunsmore, Quade, 1979a).

In Le Sueur County, second order ditches LS-C-59, LS-C-58, and third
order river the Cannon River werec located in the Emmons-Faribault moraine,
irregular, rolling geomorphic tvpe (Dunsmore, Quade, 1979b).

Each geomorphic type represented a large area of the county.

Field Methods

Thirteen man-made agricultural drainage ditches and four rivers were
sampled from March 21, 1979 to November 16, 1979 for water quality. The
ditches and rivers are located in South Central Minnesota in four counties
of Nicollet, Le Sueur, Brown, and Blue Earth. Water samples were col-
lected twice a week from March 21 to May 2 and once a week for the rest
of the sample period.

Water samples. Water samples were collected in a cross-sectional
Pattern with an integrating sampler and stored in acid-washed one liter
glass bottles. The bottles were stored at 4°C after two ml of concen-
trated H;804 per liter were added.
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Conductivity, Conductivity, the ability of a sample to conduct an
electric current, is a means of estimating the total dissolved solids.
Conductivity was measured with a Beckman model RAZA portable battery
operated meter in the field.

Water temperature. Water temperature was measured at mid-river
{mid~ditch) at a one foot depth with a centrigrade thermometer.

Water depth. Water depth was measured at each site for all sampling
dates unless the water was frozen over. During high flow depth was
measured by having a set point on a bridge or culvert which was the
zero-point and the water level was measured relative to this. The exact
value was extravolated from this value later on in the season.

Cross sectional area. The cross sectional area of each drainage
ditch and river was determined by plane table mapping with a rod and tran-
sit during low flow.

Yelocity., Velocity was measured by either the BEmbody method or by
use of a Kahl Scientific Ingtrument Corporation pygmy meter at mid-stream
at a depth of 0.6 up from the maximum depth.

Sediment field methods. Bed sediment samples were collected at each
site in the spring, May 27-31, and fall, November 15-17, with a US EMH-53
piston~type bed sampler., Samples were taken at three equadistant posi-
tions traversing the ditch-river channels and composited into a single
whirlpack. The top four centimeters from each core were preserved and
frozen until analvzed.

Laboratory Methods

Water analysis., Laboratory analysis included three chemical para-
meters, total orthophosphate-phosphorous, total Kjeldahl-nitrogen, and
nitrate-nitrogen. Confidence in laboratory methods was established by
good reproducibility in duplicate samples.

Total orthophosphate-phosphorous: Standard methods for the
analysis of total orthophosphate-phosphorous using the stannus chloride
method were used. (APFHA, 1975).

Total Kjeldahl-nitrogen: Standard methods for the analysis of
total Kjeldahl-nitrogen were used with a 250ml or 500ml sample depending
on the concentration to assure reproducibility. (APHA, 1975).

Nitrate-nitrogen: Standard methods for the analysis of nitrate-
nitrogen were used using the brucine-sulfanilic acid method because of
its sensitivity. (APHA, 1975).

Sediment analysis. Frozen samples were thawed and homogenized by
mixing before drying at 105°C for 24 hours.
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Proximate chemistry: Proximate chemistry analyses, loss on
ignition, for the organic, CaC0, equivalent, and ash portions on the
sediments followed the procedure of Frey (1960). Sediment was dried in
a tared crucible at 105°C for 24 hours to establish dry weight. The
dried samples were ground in a crucible and passed through a 100 mesh
screen. The dried sample was weighed and then ashed in a muffle furnace
at 5259C for one hour, the loss of weight was taken as the organic eguiva-
lent. The sample was ashed at 9259C for three hours and the resulting
loss of weight was taken as the loss of CO, from the carbkonates, chiefly
€aC05. This is a reasonable assumption when the CaCOj content of the
sediment is high and the clay content is low (Quade, et. al., 1979). The
loss in weight multiplied by 2.273 yields the weight of CaCO, which when
subtracted from the weight after the ashing at 525°C gives the weight of
the non-calcareous ash, mainly siliceous material. The three components
are expressed as percentage of dry weight.

Total orthophosphate-phosphorous sediment: Anderson's ({1976)
ignition method was used to determine tatal orthophosphate-phosphorous.

sediment was thawed and dried at lOSOC for 24 hours and passed
through a 100 mesh screen after grinding in an agate mortar. About 0.2
grams of the sediment was ignited in a muffle furnace at 5500C for one
hour in a porcelain crucible. After cooling, the residue was washed into
a 100 ml erlenmeyer flask with 25 ml of IN HCL. The solution was diluted
to one liter in a 1000 ml volumetric flask and when the particles had
settled out, 50 ml was pipetted out into a 100 ml volumetric flask. The
solution was brought back toneutrality, by addition of the necessary
amount of 2M NaOH. Standard methods for total orthopheosphate-phosphorous
using the stannus chloride method were then used. (APHA, 1975). This is
a spectrophotometric method which compares the unknown sample with a

Beer's law plot of known standard ¥H,PO, solntions.
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Total Kjeldahl-nitrogen: Standard methods for total Kejldahl-
nitrogen were used and results were expressed as mg/y of sediment.
(APHA, 1975). The sediment was dried at lOSOC for 24 hours, ground in a
crucible, and passed through a 100 mesh screen before analysis.

Data Treatment and Statistics

Calculations in the laboratory for instantaneous flow using the
field measures of water depth, velocity, and cross-sectional area were
completed. Chemical loading for each site was calculated using the
chemical concentrations from the analytical chemical analyses and the
flow values.

Data were analyzed using a statistical package program, SPSS, and
the Fortran language on the UNIVAC 1170/B0A computer system at Mankato
State University.

The data base included approximately 3,700 data points involving six
parameters at thirty-seven dates for seventeen sites.
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Flow. Water depth data was converted to cross-sectional area of the
ditch or river using maps of the ditch and river channels generated by
plane table mapping during low flow. Where square culverts existed,
mapping was not necessary. Velocity of the water was multiplied by the
cross—sectional area to obtain an instantaneous value for volume of water
as flow. Since each sampling period was nobt on a rigid time frame, the
time between each sampling date had to be calculated individunally and
used individually to approximate the best representation of period flow.
This was done by taking one-half the time to the date previous, plus cne-
half of the time to the next sampling date and using this as a time

period. The time period was then expressed as s0 many seconds {or minutes)

in the period.

. : 3 R .
The instantaneous flow, in m~ per second, multiplied by the number
of seconds in the time period gave us the period flow in m3/second. The
value as m3/minute was easily converted from this value.

Total flow for the entire collection season was obtained by the addi-
tion of all of the period flows.

Load. Period load was obtained by multiplying the period flow by
the individual concentration in mg/1 of total orthophosphate-phosphorous,
total Xjeldahl-nitrogen, nitrate-nitrogen, and total dissclved solids
with proper adjustments for the units used.

Total load was calculated as the sum of all individual period loads.

Total dissolved solids. An estimation of total dissolved solids was
calculated from the conductivity field readings and water temperature
readings. An eguation was generated to describe the relationship of
conductivity and temperature, taken from table values, by running regres-
sion analysis using the SPSS lanquage. The equation generated was:

T.D.5. in ppm = 150.5892 + (specific conductance) x
{.8997397) + {(specific conductance) 2 x {.00002898) +
{temperature “C) x (-14.0.970) + (temperature OC)2 X
{.2473544) .

Descriptive statistics: General statistics as measures of central
tendency and variation were generated on the UNIVAC 1170/80A computer
using the SPS5S language. All statistics were run on instantancous
values., Values for minimum, maximum, mean, and median were obtained
for total orthophosphate-phosphorous, total Kjeldahl-nitrogen, nitrate-—
nitrogen, total dissolved solids, temperature, and flow.

Seasonal breakdown. The collecting period was broken down into
three seasons with the duration of each season selected to represent. the
status of vegetation in the flelds along the drainage ditches and rivers.
The first season, "Spring Runoff", included the first fifteen sampling
sites up to and including June 2, 1979. The second season, "Growing
Season”, included the next eighteen sampling dates from June 10, 1979 to
Gctober 10, 1979, The second season began when the crops began to come
up and ended when harvesting began. The third season, "Fall Harvest and
Plowing", was the final four sample dates through November 16, 1979 when
some of the ditches were frozen over.

oy -

All parameters as total load were broken down by season and expressed
as percentage of the total.

T-test. The "student's T-Test” can be used to compare the data from
two sample gets to determine a significant difference between the means
of the two sample sets. T-tests were run on the means of all instantane-
ous data.

This test was run on three different matched ditch and river pairs
located in close proximity of each other for total orthophosphate-
phosphorous, total Kjeldahl-nitrogen, nitrate-nitrogen, and total dis-
solved solids broken down by season. The ditch and river pairs were
originally chosen to compare water quality in a ditch-river set which
were closely located with similar land use and geomorphic-soil character-
istics.

The three ditch-river pairs were first, ditch BE-C~% and the Little
Cobb River, and secondly, ditch LS-C-59 and the Cannon River, and thirdly,
ditch LS-C-58 and Shanaska Creek.

Pearson's Product-Moment correlation coefficient. Each site was
analyzed internally to see if the different parameters seemed to be cor-
related. If total orthophosphate~-phosphorous increased, was there a
corresponding increase in nitrate-nitrogen, or did it have a negative
correlation where one parameter increased and the other decreased, or
was there no correlated change at all. This was done for all possible
combinations of the three chemical parameters, flow, total dissolved
solids, and water temperature.

Analysis of variance. This test was run on the threc matched ditch-
river pairs mentioned above. The data was broken down by the seasons
defined earlier.

The dependent variable was the difference of the mean of any para-
meter from the ditch-river pair, such as phosphate ditch mean minus
phosphate river mean. This was analyzed to determine if there was a
significant difference between the three pairs at a 95 percent confidence
interval and also if there was a difference between the three seasons at
the same confidence level.

Results

Water Chemistry

Total orthophosphate-phosphorous. The concentration data for total
orthophosphate-phosphorous for all sites revealed a high level of varia-
bility between sites (Table XXIII}. The maximum concentrations occurred
in the early part of the "Spring Runoff" season, March 21 to april 8,
and values close te the maximum were also recorded in the month of August
(Boyum, 1980). Minimum values occurred generally in late "Spring Runoff".
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Second order ditches showed the most variability with ditch Br-J-10
having the greatest maximum and ditch Br-C-5 having the smallest maximum
value {Table XXI11). Even with the large range of variability, mean
values showed considerable uniformity.

Third order ditches showed the greatest uniformity with similar
maximum values and similar mean valucs.

Table XXIII. Total orthophosphate-phosphorous concentration and Toad

summary by site. Third order rivers compare closely to the third order ditches in

maximum and mean values except for the Cannon River (Table XXIII). The
maximum value for total orthophosphate-phosphorous for the Cannon River

Max. Conc. Min., C . o - . .
Site Mq/l‘C lﬁq(iinc gcan Load is close the maximum values for second order ditches, The mean value
- : nd 5/1 Ky for the Cannon River is the largest for all sites tested.
K=C=40R7 0.355 . 5 5 F
NeC=38A a 76; 8 822 2'2?3 Naniow The second order river, Shanaska Creek, showed a maximum nearly the
BreTJ ég 00%91 0.00S B.léé i;?”'o same as the third order rivers other than the Cannon River, with a mean
N e t . - 200.3 5 s . - at o asmal le sites teste
Second Bre(C-5 0.263 0.007 0.002 o= value for total orthophosphate the smallest for all sites tested.
Order Br-J-30 0.587 . .. . N
Ditches Br—z 10 0 g§4 g'gé} 0.193 8711.4 The individual loading determinations for total orthosphospate-
_CNes - .67 k fa . .
RE~C-56 0.427 6.0“8 0.143 1009.3 phosphorous revealed the total lead for third order ditches was found to
gé_é*% 0.580 0'013 0‘144 2}54'b be higher than all second order ditches except for Br-J-30 and higher
Lqué»sq 0«319 0.01f 0.18£ 1275.4 than the second order viver (Table XXITI). Ditch N-J-1A had a larger
Lo Sé 0.%36 0.053 8.18; 795, 4 load than the other third order ditches and only had a smaller load than
i 0.6 .025 .19 326.0 ) s . R .
Third BL—J-48 0,388 0.000 0.055 56603 the Cannon River, a third order river.
Order N-J-1A 0.389 ¢ - - ) . ) .
Ditches N-J—1A% o 229 g.ggg 0,149 19073'2 Total Kjeldahl-nitrogen. The concentration data for total Kijeldahl-
€ ) L4 0 I R — .. :
Br~BE Mor an 0.154 5533.5 nitrogen revealed less variability than seen in total orthophosphate-
Third reon i 0. 371 0. 000 . . phosphorous (Table XXIV). Maximum values were generally found during
" ’ * A - . > v
Order 8E-Little Cobb ot 0.120 B299.9 early "Spring Runoff” with some maxima in Auvgust {(Boyum, 1980). Minimum
Rivers River 0.366 0.012 0.154 50859 values occurred in twoperiods, late spring and late fall.
L8~Cannon i A
River 0.611 0.003 .- Second order ditches had similar maximum values with the exception
Second 15-Shanaskn S - 9.238 12394.6 of ditches LS-C-59 and LS-C-58 which had the maximum values for all
) S E ske ites. 3¢ : s 1 rder ditches showed more variability with
Order River Creek , ) site Mean values in second order ¢
0.380 0.000 0.064 219.3 the maximum mean values in ditches L$=-C-59 and LS-C-58 and the minimum

mean value in ditch N-C-40A (Table XXTV).

Third order ditches showed similar mean values but revealed large
variability for maximum values of total Kjeldahl=-nitrogen.

Third order rivers varied with the Cannon River being distinct from
the other two rivers. The Cannon River had a mean which was larger than
the maximum values of the other rivers.

The second order river had a maximum value similar to most of the
second order ditches and a mean value higher than the third order rivers,
other than the Cannon River.

The individual loading determinations for total Kjeldahl-nitrogen
revealed the total load for third order ditches was found to be higher
than all second order ditches except Br-J-30 and higher than the second
order river {(Table XXIV). Ditch N-J-1A had a larger lead than the other
third order rivers and only a smaller load than the Cannon River.
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Total Kjeldahl-Nitrogen concentration and load summary

by site.

. Max, Conc. Min. Conc. Mean Load

Site Mg/l Mg /1 Mg/1 Ky
N-CmA0A 2,841 0.273 0.939 No Flow
N-C=38A 3.718 0,494 1.693 1925%0.6
Br~-J-29 3.102 0.273 1.705 11743.4
Second Br-C~5 2.814 0.259 1,110 634.9
O?der Br-J-30 3.193 0.416 1.521 46608.8
Ditches Br-J-10 3.586 0,334 1.573 9437.3
B%~C—§6 2.928 0,160 1,184 18666.5
BE-C—E 3.212 1.125 2,291 17730,9
Lt-c~29 5,080 0.754 2.536 14626.1
__ L%-C—JR 5.012 0,371 2.065 4448,4
Third BE-T-48 1.730 0.124 0.909 29922.3
O?der N-J-1a 2.805 0,124 1.232 180516.0
I teches H-J-1Aa%* 3,718 1.259 1.313 37361.1
Br~BE Morgan — i

Third Creek 2.323
L 0,134 3.965 3328.5
Order BE~-Little Cobhb 023285
Rivers River 1.963 0.273 0.841 30630.5
LS-Cannon )
River 4,694 1.680 2.45

. . 2.451 132032,
Second LS-Shanaska L0
Order River Creek 2,940 0.353 2,020 9961 .4
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Nitrate-nitrogen. The concentration data for nitrate-nitrogen in-
dicated variability in the sites tested with one ditch N-C=40A having a
much larger maximum than all other sites (Table XXV). The mean value for
N-C-40A was close to the highest maximum values seen in the other sites.
This ditch had no flow for the entire collection period., Nitrate~nitrogen
concentration showed no seasonal grouping of maximum and minimum values
{Boyum, 1980).

Second order ditches varied for maximum values and mean values (Table
XXV). Ditch H=C-40A was the most atypical second order ditch.

Third order ditches showed the greatest uniformity with mean values

nearly identical.

Third order rivers had similar maximum and mean values as third order
ditches except for the Cannon River which was very low in nitrate-
nitrogen concentration,

Shanaska Creek had the lowest mean value for nitrate-nitrogen.

The individual loading determinations for nitrate-nitrogen indicated
the third order ditches had a larger total load than all second order
ditches, the second order river, and both the Cannon River and the Little

Cobb River. Ditch N-J-1A had the largest total load for all sites with

Morgan Creek ranking second.

Total Dissolved Splids. The concentration data for total dissolved
solids revealed variability in the sites tested (Table XXVI). The maxi-
mum concentrations were grouped in two seasons, late spring and late
1980). Minimum values occurred almost exclusively in the

August (Boyum,
first two weeks of "Spring Runoff".

second order ditches varled for maximum and mean values with ditch
N~C-40A, which had no flow, having the highest maximum and highest mcan
values. All four ditches from Brown County Br-J-29, Br-C-5, Br~J-30,
and Rr-J~10, had similar means and maximum values.

The third order ditches varied with BE~J-48 having the smallest
maximum and mean value for third order ditches.

Third order rivers showed variability with the Cannon River having
the lowest maximum and mean values, while Morgan Creek had the highest

maximum and mean.

The second order river, Shanaska Creck, compared to the Cannon River
for maximum total dissolved solids with the lowest mecan values for all

sites,

The individual loading determinations for total dissolved solids
revealed the total load for third order ditches was found to be higher
than all second order ditches and the second order river (Table XXVI}.
Morgan Creek, a third order river, had the maximum value.
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Table XXV, Nitrate-nitrogen concentration and load summary by site,

Table XXVI.
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Total dissolved solids concentration and load summary by

site.
Max. Conc,  Min. Conc. Mean Ioad Max. Conc, Min., Conc.  Mean Load
Site Mg /1 Mg/1 Mg/1 Kg Site Mg/1 Mg/l Mag/1 Ky
N~C~40A 121.00 4,25 46.00 No Flow NeCwA40R 1503.4 365.8 992.4  No Flow
N-C-382 45.50 9.90 20.51 193882.2 N~C=382 1083.2 365.8 828.3  6614791.7
Br-J~29 33.50 4.83 15,12 116137.1 Br—J-29 1073.2 304.,4 760.7  3973388.3
Second Br-C-5 44.00 3.33 21.12 12190.7 Second Br-c-5 994.9 311.1 755.0  4R1305.0
order Br-J-30 42,50 3.50 15.58  302405.5 order Br—J-30 1152.4 252,0 770,0  9988864.5
Ditches Br-J-10 53,50 3,40 22.72 185116.1 Ditches Br-d-10 928.9 179.7 765.7  5822894.13
Be~C-56 31.30 2.70 16.44  158199,1 o BE-C—56 811.6 338.6 619.2  5947185.2
BE~-C-5 27.50 0.20 8.56 76149, 5 B a78.1 434.5 725.6  4478515.6
LE-(=59 52.50 0.22 9.20 80262,4 LE=C59 723.9 396.1 580.2  2629249.8
LS-C-58 52.00 3.80 24,99 50935.3 1E8-C=58 1051.8 432.8 830.5  1093212.5
Third BE-J-48 38.30 9,30 22.69 588588. 9 Toia BEToAf 931.0 2883 671.2  16935025.5
Order N-J-1A 47,75 £.80 21.76  1176561.5 order Ned=1A 9983 352.1 816.5 35325877.5
Ditches N-J-1A% 42,70 5,00 20.76 658465, 7 Ditches N-J-1A% 1076.6 361.2 872.9 21576960.0
Br-BE Morgan - Br-BE Morgan
Thirad Creek 41.75 7.90 20.90  1033460.4 chird Craek 9097 381.9 743.4 38010640.0
Order BE~Little Cobb s i
. . Order BE-Little Cobb .
Rivers River 33.00 4.60 17.72 5760057 ; River 827.1 293,0 653.1 16288744.1
- Rivers
LS-Cannon L8~Cannon
__River 16.00 0,20 3.64 254467.2 River 629.1 290.2 435.6  20767024.7
Second LS-Shanaska o aka
Order River Creek 26.00 0,00 2.67 6753.3 gjgzidRiver ISC§ZZ§a 621.8 268.0 377.3 1535491.0
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Flow. The instantanecus flow data revealed wariability in the sites
tested (Table XXVII}. During 1979 flow was generally highest in early

"Spring Runoff" and also had a period of high flow in Qugust and Septem-
ber {(Boyum, 1980).

The minimum flow occurred generally in late June.

Second order ditches revealed uniformity in flow for maximum and
mean values except for ditch N~C-40A which had no flow and ditch Br-J-30

i i 3 3 ate 1 load summary by site.
which had very high flow values. Table ¥XVII. Flow rate and y

The third order ditches had much higher flow values than the second

Flow Min. Flow  Mean Flow Load
N . . ) . 3
order ditches with BE-J-48 having the lowest values for the third order site m3/min. mz/min. m3/min. 100,000 m
ditches. The maximum values showed a much greater range than the mean T
values. N-CadOR No Flow No Flow No Flow 0.0
Y. 124.0 1.7 30.3 93.9
The third order rivers had similar mean and median values with zwcjfig 79.1 0.0 21.7 75.7
large variation in maximum values. o 0.0 1.7 5.8
Second Br~C-5 6.4 3‘36 100.°9 2472 .0
T 714.2 . che
Shanaska Creek had low flow as maximum and mean indicate. Order gi i ?8 104.3 0.0 19.2 70.0
Ditches T N 107.0
i ndivi . : (56 183.8 4,9 33.6 L
The individual cumulative load for each site indicated the third gg ; 5) 96 .8 3.0 29.9 78.3
order ditches had a larger total flow than the second order ditches and I: PR 94.9 0.0 24,2 58.9
the second order river (Table XXVII}. Ditch N-J-1A& had the largest ;: é 25 4? o 0.5 6.3 17.7
total flow for all sites including all the rivers. - - = 14.1 78.4 260.8
Third RE~J-48 312.3 . 188.8 53% .3
. . N ~J-1A 1581.9 12.3 . O
Total Cumulative Load. Third order ditches had larger total cumula- O?dbr : 3-;A* 366.0 10.9 95,0 280.8
tive loads than second order ditches or the second order river for total Ditches ST Morgan
s i C
orthophosphate-~phosphorous, total Kjeldahl-nitrogen, nitrate-nitrogen, . rCreeP ’ 778.5 30.2 141.2 482.5
total dissolved solids, and total flow (Table XXVIII)}. The third order Third - Li;éio Cobb
ditches and third order rivers had comparable ranges. Order A « 9.7 101.1 303,4
Rivers River 352.8 n
. . - on
The second order ditch Br—J-30 had the maximum load values for all Lsatjzi 547 .2 6.7 177.0 528,7
parameters while ditch Br-C-5% had the minimum load values for all para- 5 Shaﬁa%ka
meters in the second order ditch groupings. Second o ) 1.2 13.4 45.2
Order River Creck 36.3 .

In the third order ditches, ditch N-J-1A bhad the maximum values for
all parameters and ditch BE~J-48 had the minimum for all parameters.

The data for the third order rivers revealed maximum values for flow,
total orthophosphate-phosphorous, and total Kjeldahl-nitrogen were found
for the Cannon River. Morgan Creek had the largest total load for total
dissolved solids and nitrate-nitrogen in third order rivers.

Shanaska Creek had low flow and low chemical loading.

Load to flow relationship. When the ratio of maximum to minimum
value was calculated, by dividing the total load of the ditch (river)
with the maximum value by the total load of the ditch (river) with the
minimum value in each cateqory, the data revealed that the range of
values ware not proportionally related (Table XXIX}.

Second order ditches showed larger variability than third order

ditches or third order rivers. When all parameters were compared to the

maximum to minimum ratio of flow at 41.7 for second order ditches, nitrate-
nitrogen at 24.8 and total dissocolved solids at 21.6 were about one-half
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and third order rivers.

parameter total loads by second order ditches, third
Second Order Ditches

Calculated maximum to minimum ratios of water quality

order ditches,

Table XXIX.
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of that flow, total ¥Kjeldahl-nitrogen at 73.4 was about one and three-—
fourths times that of flow, while total orthophosphate-phosphorous at
169, 2 was about four times that of flow.

Third order ditches had a maximum to minimum ratio for flow of 2.1
while nitrate-nitrogen and total dissolved solids nearly equaled this
value at 1.9 and 2.1 respectively, total Kjeldahl-nitrogen at 3.4 and
orthophesphate-phosphorous at 3.7 were both less than twice the value

of flow.
Third order rivers showed a different relationship with the maximum Table XXX. Calculated maximum to minimum ratios of water quality parameter

to minimum ratio of flow at 1.7, with total orthophosphate-phosphorous total loads by ditches and rivers.

at 2.1 and total dissolved solids at 2.3 slightly higher than flow, ]

nitrate-nitrogen at 4.1 and total Kjeldahl-nitrogen at 4.3 were about All pitches

two and one~half times larger than flow. Minimum Maximum

. . . . 92.3

Table ¥XIX reveals minimal difference between third order ditches Flow 1.0

and third order rivers. Load: 513.0

motal orthophosphate-phosphorous 1.0 —'é
. . 58,

Chemical loading in rivers was less related to flow than chemical Total Kjeldahl-nitrogen 1.0 l;é -

leading in ditches when all ditches werce compared to all rivers (Table Nitrate-nitrogen 1.0 76.2

2Xy . Total dissolved solids 1.0 .
The maximum to minimum ratio of flow for ditches at 92.3 is larger All Rivors

than the total dissolved solids value at 76.4, nitrate-nitrogen at 96.5 Flow 1.0 11.7

is about the same as flow, total Kjeldahl-nitrogen at 158.3 is about Load:

one and three-fourth ?arqer than flow, and total orthophosphate- Toéal orthophosvhate-phosphorous 1.0 56.5

phosphorous at 213.0 is two and one—fourths times larger than flow. Total Kjeldahl-nitrogen 1.0 1?.3

. . . ] . . Nitrate-nitrogen 1.0 153.9

The maximum to minimum ratio of flow for rivers at 11.7 is slightly 1.0 24.8

j i ; Total dissolved soilds
less than the value for total Kjeldahl-nitrogen at 13.3, total dissolved

solids at 24,8 is twice that of flow, total orthophosphate-phosphorous
at 56.5 is five times that of flow, and nitrate-nitrogen at 153.0 is
thirteen times that of flow.

The actual maximum to minimum ratio within each ditch or river it~
self varied for different parameters when the maximum value was divided
by the minimum value within cach ditch or river. The range of values
was not of the same proportion for all parameters when instantaneous
concentration values were used in the calculations (Table XXXI).

Seasonal breakdown of loading. Generally when fiow was greatest in
one of the seasons the chemical load was also greatest in the same season
(Table (XXXII). Ditch Br-J-30 of Brown County had the major loading of
all parameters in the first season while ditch Br-J-10 of Brown County
had the major leading in the second season,

The third order ditches and all the rivers had the major percentage
of flow in the second season cxcept for the Cannon River which had 49.8
percent in the first season. Five uf the second order ditches had the
major flow in the second season: ditch N-C-38 at 64.9 percent, Br-J-29
at 38.9 percent, Br-C=5 at 62.1 percent, Br-J=-10 at 66.4 percent, and
BE-C-56 at 65,2 percent. N-C-40A had no flow, and the remaining four
ditches had the maijor flow in the first season: diteh Br-J3-30 at 81.3
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Table X¥XI. Ratio of maximum value to minimum value

at each site based on instantaneous values.

Second Crder Ditches

N=C-40A N-C=-383 Br-J-2Z9 Byr-C-5 Br-J-30 Br-J-10 BE-(C-56 BE~-C-5 LS~C-59 LS§-C-58
Flow No Flow 73.8 * ko * k% 212.6 * &k 37.5 il ekt 84,5
Load
Total orthophosphate-~
rhosphorous *Ex 26.4 591.0 37.6 53,4 674.0 15.3 44,6 31.9 25.4
Total Kjeldahl-
nitrogen 10.4 7.5 11.4 10,9 7.7 10.7 18.3 2.9 6.8 15.6
Nitrate-nitrogen 28.5 4.6 6.9 13.2 12.1 14.1 11.6 137.5 238.6 13.7
Total dissolved solids 4.1 3.0 3.5 3.2 4.6 5.2 2.4 2.3 1.8 2.4
Second Order
Third Order Ditches Third Order River River
Br-gBE EE LS LS
BE-J-48 N~J=18 N-J=1A* Morgan Cr. Iittle Cobb K. Cannon R. Shanaszka Cr.
Flow 22,1 128.6 95.6 25.2 38.4 89.1 30.3
Ioad
Total orthophosphate=-
rhosphorous TRk 97.3 73.2 *k ok 30,5 €11.0 *kx
Total Kijeldahl-
nitregen 14.C 23.4 14.3 17.3 7.2 2.8 8.3
Nitrate~nitrogen 4.1 5.4 8.5 5.3 7.2 80.0 FhE
Total dissolved solids 3.2 2.8 3.0 2.4 2¢8 2.2 .
**%x ~ not able to calculate ratio when minimum = 0,00,
pable XYYIT. Geasonal breakdown of water ¢quality paraneter loading as percentage of Lotal.

Second Order Ditches

Seasonal Loads N-C-38A Br-J-28  Br-C-§5  Br-J-30 Br-J-10 BE-C-56 BE-C-5 LS-C-59 L8-C-58
e 7 64.4 602
7.8 813 200 319 67
ing Run Off 238 286 3 o
Z‘:gw?ng Season 649 ] 62.1 13.2 €6 4 Bzg 3:; 35.3 35,3
Fall Harvest & Plowing 13 325 0 55 136 . .
Total Orthophosphate-Phosphorous
oéapring R:n 0?‘? 214 354 134 905 11.2 378 5411; Z;} ; 3:032
Growing Season 673 248 86.6 56 :B: 6:3 .B ,‘0 5‘1
Fall Harvest & Plowing 113 398 0 39 [ . .
Total Kjeldahl-Nitrogen 66 53 662
866 156 252 R
ing Run Off 226 38.0 258 '
Z‘;g:‘igng!geason 68.1 387 74 2 93 7;0 74,3 3:2 43‘(?; 222
FaH Harvest & Plowing 9.3 243 0 41 4 . .
Nitrate-Nitrogen iy 150 o2
735 214 30.5 .
ing Run O 231 207 396 °
Z‘:Z:?nguﬁ,;ason 64 8 43.0 B80.4 165 637 623 25.? 22.3 3183 :
Fall Harvesl & Plowing 121 36.2 .0 100 14.8 . .
Total Dissolved Solids
{Conductivity) 03 02 ia
7 633 127 2.2
ing Run Off 196 239 31, :
(S';‘F::)':igngusneason 742 617 683 379 73.8 72: 39 g 49(8) 4: ;
Fall Harvest & Plowing 62 14.4 0 28 135 . .

—‘[8_..

¢
@
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Second
Order

(continued) .

Table XXXITI.
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_82_
percent, BE-C-5 at 67.7 percent, LS-C-59 at 64.4 percent, and LS-C-58 at
60.2 percent.
Shanaska Creek had an exception to the general trend of the largest
‘E chemical loads being in the same season as the largest percentage flow
§ §§ coa| mmo| a-n| ~moo coo as nitrate-nitrogen had 64.1 percent of load in the first season, "Spring
H ;55 S 88 @] I8~ gow Runoff".
it
Ditch Br-J-29 is the only ditch with nearly one-third of flow in
g each season. It also is the only ditch with large chemical loads in the
§§ er<l —onl oan oo o on third season.
Sg&| $9~! 88| 33w 3¢ 8L
@ The largest percentage load for total orthophosphate-phosphorous is
- in the second season for the Cannon River and ditch LS~C-59 though both
_E :!__E sites recorded the major flow in the first season.
‘E:E DO NON] OOT| ©~O© ~w O
’§ g F e YY) 9a7| g¥e €8~ The largest percentage loads for total dissolved solids were nearly
g 58 equal in the first and second seasons for ditch IS-C-58 and LS—-C-59 even
= though the flow percentages were twice as large in the first scason
Lol 60.2 percent to 32.9 percent for ditch LS-C-58 and 64.4 percent to 35.6
‘g‘, percent for LS-C-59, respectively.
z; :’%: ;:g fa": -0 0w~
WG| Ne-o) = -3 8a¢® ex:
o Sediment Chemistry
:.S waol orol cool ©~r - Proximate Chemistry--Loss on Ignition. All sediments tested were
3 ggel gew| exel gg Py largely ash (Table XXXITT).
: * "
§ The largest value for percent organic was found in the second order
o .‘S' orol ono| —arn| ~rmo ditch 1LS-C-59 and it increased slightly from spring to fall. This ditch
g ; sgr| ger Zed| or E%:’, ha}S a major aquatic macrophyte community (puade, et. al., 1979). The
- highest values were seen in second order ditches for percent organic cven
£ though all the ditches and all the rivers showed variability. Shanaska
= 3; - o o Creek revealed a decrease spring to fall as did Br-J-10.
hi ) o - © -©o o o < ~ o N
2l g8~ 58~ 8=~ nao| oo«
@ The third order rivers had the highest percent ash values as a
» group. The Cannon River percent of ash value decreased from spring to
§ fall from 90.0 percent to 78.5 percent.
2 |
8 In the third order ditches the percent of CaCO3 decreased from spring
o8 - o o o to fall for ditch BE-J-48 while it increased for N-J-1A and N-J-1A%, 11.6
g{z 2 ;.’, 'g 'g 8 3 percent and 3.6 percent, respectively.
s 52y 2= §B LEE83. SR
~§ 2 %"‘;22 'éf 205 §O §f § 30 ,3,:5 Total orthophosphate-phosphorous. The highest concentration values
S 2% ¢ ?é e § @ E ‘Z § e é & E 3 g5 e for sediment total orthophosphate-phosphorous were found in the second
'g E”% g 5 g,.% 2 g g,.g s E. ggI .-_»g‘;gj% order ditches (Table XXXIV). The smallest concentration was alsc? in the
slz 58z-50z:50z8E¢0z 2 e § = second order ditches, ditch BE-C-56. Ditch N-C—-40A, the ditch with no
£12° Ouw k3 Ou A Ow i:— 2GR 5 9 (Gl flow had the highest value spring while ditch LS-C-59 had the largest
value in the fall for total orthophosphate-phosphorous.

der ditches all had lower

The third order rivers and the third or
horous in the fall than the

concentrations of total orthophosphate-phosp
t for the Little Cobb River which stayed nearly the same.

spring excep
diment total orthophosphate-

shanaska Creek revealed an increase in se
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< w
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oo - . .
U é‘] TomnawseTeaonos ool BE~C~5 . 159 No Sample
.
20 R A U ol s B M e LS-~C-59 .476 . 665
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S B gl E|penansananeneny o order N~J-1A .281 2205
. z i [t S - .
H o =T A CRERONDMCERETT & Ditches N~-T-1Aa* .387 L 290
o z & Third Br-BE Morgan Creek .344 ,218
+3 §U v Ordexr BE-Little Cobb River .222 L216
~ 4 s . . . s x 2
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: phosphorous from spring to fall. Several second order ditches showed in-
creases {(i.e., Br-C-5, LS-C-59, and L5-C~58). Other second order ditches
staved the same or decreased as scen especially in Br-J-10.

Total Kijeldahl-nitrogen. The highest concentration values for sedi-
ment total Kjeldahl-nitrogen were found in the seceond order ditches
(Table XXXV). The smallest concentration
third order river.
fall.

found was in Morgan Creek, a
Ditch LS-C-59 had the highest value both spring and

Table XXXV. Total Kjeldahle-nitrogen in ditch-river bottom
i i iments  (m y, spring and fall.
The third order ditches and third order riwvers all had higher values sedimen (mg/q
in the fall than the spring except for ditch N-J-1A which decreased

SPRING FALL
slightly. The concentration ot total Kijeldahl-nitrogen in the sediment N
for Shanaska Creek decreased from spring to fall. Site mg/g-N m9/9 -
: : 2.911
. N-C-40A 3,030 2.

The data for the second order ditches revealed an increasc from NeC-38A . 0R8 . 609
spring to fall for ditches such as Br-J-29, Br-C-5, Br-J-30, and BE-C~56. B :T;ég 2.949 3,202
Other second order ditches indicated a decrease from spring to fall for Bi % . 1.409 2.662

. : f o - e Shale] . -

total Kjeldahl-nitrogen as in B-C-40A, N-C-38A, and LS~C~H9. Second 30 718 947
order Br—J-: 1. 745
tohos Br-J-10 3.234 L7
Ditches 559 1.124

Statistic BE~C-56 $ e .

tatistics RE-C-5 1.079 No Sample

5.320
o L S-C 5O 7,122 D

T-tests. All scatistics were run on instantaneous valnes. T-tests ;2~C*%Q 2.121 2,186
were run on three matched ditch-river pairs broken down by season for - B%-T—gé L0923 1.042
total orthophosphate-phosphorous, total Kjeldahl-nitrogen, nitrate- Third N:1L1A A8 LA20
nitrogen, and total dissolved solids. The threc matched pairs were ditch OFder N }—1A* L 457 .815
BE-C-5 and the Little Cobb River in Blue Earth County, ditch L§-C-59, Ditchos ErTE Morgan Croek 281 313
and the Cannon River in Le Sucur County, and ditch LS~C-58 and Shanaska Third BE Lir}ie Cobb River Ga5 1.209

et Sue . Order —Litt - - *
Creek in Le Sucur County. Rivers LS-Cannon River .649 .729
o S ~-Shanaska

The mean values for total Xjeldahl-nitrogen, nitrate-nitrogen, and ”?COH& Ordex Lscgoek 2,038 1.304

total dissolved solids were found to be different for the first pair, River

ditch BE~C-5% and the Little Cobb River, for the "Spring Runoff" scason
and the "Growing Season® at a 95 percent confidence level (Table XXXVI).
The mean values for total orthophosphate~phosphorous could not be demon—
strated to be different at the 95 percent confidence level for any of

the seasong. T-values could not be calculated due to insufficient sample
sizes in the last season when ditches were freezing over.

The mean values for total orthophosphate-phosphorous and total dis-
solved solids were found to be different for the second pair, ditch
LS-C-59 and the Cannon River, for all three seasons at a 95 percent con-
fidence level {Table XXXVI1}. The mean values for nitrate-nitrogen for
this pair were found to be different for the "Spring Runoff'" season at
a 95 percent confidence level. There was no difference for the other

parameters and seasons which could be demonstrated at the 95 percent
confidence level.

The mean value for nitrate-nitrogen and total dissolved solids were
found to be different for the third pair, ditch L8-C-58 and Shanaska
Creek, for all three seasons at a 95 percent confidence level (Table
XXXVIII}. The mean values for total orthophosphate-phosphorous for this

pair were found to be different for the last two seasons, "Growing Season”



Table XXXVI. T-tests for the matched pair, ditch BE

~C-5 and the Little Cobb River, by season

Ditch BE-C-5 vs. Little Cobb River

Means
Season .
—ry Pa i .
ried Comparisons {(Ditch) {Rlverl Bbsolute T-vValue
TOTAL ORTHOPHOSPHATE-PHOSPHOROUS
"Spring Runcff? 15
"Growing Season" 18 ﬂigg : .161 .93
"Fall Harvest and Plowing" . : -160 1.46
g 1 L110 . 385 -
TOTAL KJELDAHL~NITROGEN '
" : go)
Spring Runoff" 15 i
“Growing Season” s 2.104 . -812 6.18%
"Fall Harvest and Plowing" 1 2-426 - 962 11.09*
2,671 : 1.637 ——
NITRATE-NITROGEN
“Spring Runoff" 15
"Growing Season® 17 11.520 + 18.187 2.74%
"Fall Harvest and Plowing" 1 £.226 : 17.061 7.14%
6.040 : 18.950 —
TOTAL DISSOLVED SOLIDS
"Spring Runcff"
11
"Growing Season™ 15 651,385 . 596.946 Z2.87%
"rall Harvest and Plowing" - 773.676 : 702.159 2.61%
- 581,263 ——
* o i 1o i P .
indicates a significant difference with a 95% confidence interval
Table XXXVII. T-tests for the matched pailr, ditch 13-C-59 and the Cannon River, by ssason.
Ditch LS-C=-59 ws. Cannon River
Means
Season Paired Comparisons (Ditch) (River) Absolute T-Value
TOTAL ORTHOPHOSPHATE-PHOSPHOROUS
"Spring Runoff” 15 L091 .143 3.00%
"Growing Season" 18 L127 . 343 £.78%
"Fall Harvest and Plowing” 3 L0486 ¢ 121 8,71%*
1
TOTAL KJELDAHL~NITROGEN %
i
"Spring Runoff™ 15 2.282 1 2.525 1.50
"Growing Season" 18 2,787 = 2.516 1.53
"Fall Harvest and Plowing" 3 2,303 ¢ 1.878 2,48
NITRATE~NITROGEN
"Spring Runoff® 15 15.404 : 6.973 2.69*
"Growing Season” 18 4,741 = 1.277 1.95
"Fall Harvest and Plowing" 3 4,927 1 1.725 2.25
TOTAL DISSOLVED SOLIDS
"Spring Runoff" 11 587,506 : 519,229 5.67%
"Growing Season" 16 576.162 : 402,945 12.26%
"Fall Harvest and Plowing” 2 516.604 : 344,791 125.03*

* ~ indicates a significant difference with a 95% confidence interval.



T-tests for the matched pair, ditch LS~C-58 and Shanaska Creek, by season.

Table XXXVIII.

Shanaska Creek

Ditch LS-C-58 vs.

Means

Absolute T-Value

{River)

{Ditch)

Paired Comparisons

Season

TUTAL ORTHOPHOSPHATE~PHOSPHDROUS

1.22

.089
.058
002

15

"Spring Runoff"
"Growing Season™

4,97%
5.03%

18

"Fall Havest and Plowing"”

~O(-

TOTAL KIELDAHL-NITROGEN

.04

2.086

101

2.

15

"Spring Runoff”

.98
.83

18

"Growing Season”

1.596

1.884

"Fall Harvest and Plowing”

NITRATE-NITROGEN

6,06%
5

28,310 5.289

20.619
32.225

"Spring Runoff”

B2x*
6.,36%

EAE

671
1.845

“"Growing Season”

"Fall Harvest and Plowing"

TOTAL DISSCOLVED SOLIDS

11.66%*
25.37%

496,677

B836.652

11

"Spring Runoff"
"Growing Season”

313.459
304.143

B56.357

16

5,00%

709.9254

"Fall Harvest and Plowing”

¥ - indicates a significant difference with a 95% confidence interval.

-] -

and “Fall Harvest and Plowing® at a 95 percent confidence level. There
was no difference for the other parameters and seasons which could be
demonstrated at the 95 percent confidence level,

Pearson's product-moment correlation. Pearson product-moment corre-
lation values for all instantaneous parameters were calculated and grouped
by second order ditches, third order ditches and rivers (Figures 8, 9, 10).

Second order ditches: Flow was negatively correlated to total
dissolved solids and to water temperature for five of ten sites, flow was
positively correlated for nitrate-nitrogen to one site, LE-C-59, flow was
positively correlated for four of the ten sites with total Kieldahl~
nitrogen, and to three sites with total orthophosphate-phosphorous at
least at a 95 percent confidence level (Figure 8).

Second order ditches showed a strong positive correlation for total
orthophosphate-phosphorous and total XKjeldahl-nitregen., Total dissolved
solids were strongly correlated with water temperature. A strong negative
correlation is seen for total orthophosphate-phosphorous and total dis-
solved solids, while nitrate-nitrogen showed a strong negative correlation
for total Kjeldahl-nitrogen and water temperature (Figure 8).

Flow was negatively correlated to total
Flow was

Third order ditches:
dissolved solids and water temperature for two of three sites.
positively correlated to total Kjeldahl-nitrogen and total orthophosphate-
phosphorous for two sites and three sites, respectively, at least at a 95
percent confidence interval (Figure 9).

Third order ditches showed a positive correlation for two of three
sites for total orthophosphate~phosphorous and total Kjeldahl-nitrogen
and three for three sites for total dissolved solids and water tempera-
ture. A strong negative correlation is seen for all three sites with
total orthophesphate-phosphorous and two parameters, total dissolved
solids and water temperature.

Rivers: Flow was negatively correlated to total dissolved
soclids andf;522;>temperature for two of four sites. The Cannon River
showed a positive correlation between flow and nitrate~nitrogen. Flow
was positively correlated with total orthophosphate-phosphorous and total
Kjeldahl-nitrogen at two sites, Morgan Creek and the Little Cobb River
(Figure 10). All correlations were at least at the 95 percent confidence
level.

The rivers seemed more variable than the ditches as a group. The

only place three of four rivers were correlated was for total orthophosphate-

phosphorous and total Kjeldahl-nitrogen, two positively and one negatively

In Shanaska Creek total Kjeldahl-nitrogen was negatively cor-

correlated.
Water

related with total orthophosphate-phosphorous and nitrate-nitrogen.
temperature was positively correlated to total dissolved solids for two
sites, Morgan Creek and the Little Cobb River. Other correlations for
individual sites can be noted.
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Pigure 8. Pearson product—mowent correlation for water quality parameters Figure 9. FPearson product-moment correlation for water guality parameters
for second order ditches. for third order ditches.
Second Order Ditches
Third Order Ditches
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e C G
TEN o a i A N-C-40A ¥ Br-J-10 A B LEGEND
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C Br-J-29 H BE-C-5 A DE-g-48
B D Br-c-5 I LS-C-59 B N-J-1A
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904 - a
L N
rcapital = 99% confidence level PO, b Capital = 99% confidence level
Small Case = 95% confidence level o Small case = 95% confidence level
Negative sign indicates an Negative sign indicates an
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Figure 10, Pearson product-moment correlation for water quality parameters
for rivers.
Rivers

Flow PO4 TN NO3 Temp

a- -
. a C b- A

b~ C B

o S A c- ////
Temp c- | b~

!

Ie) D D~
NQ3

A A
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Discussion

Water Qualitv Compared

The year 1979 was a very wet year with the collection period rainfall
total greater than the average for all three rainfall stations in the four
counties. Anderson, 1977, and others in the literature found a direct
increase in nitrate-nitrogen concentration (mg/1) and total orthophosphate-
phosphorous concentration {mg/l) corresponding to rainfall events. In
this study this also was found to be the case. Heavy rain fell July 11
and 13 in New Ulm, 1.08 inches and 1.43 inches, respectively, and ditches
N-C-38A, N-J-1A, N-J-1lA* just east of New Ulm showed a large increase in
concentration of total orthophosphate-phosphorous and nitrate-nitrogen.
Several ditches west of New Ulm in line with the storm also showed the
dramatic increase. Higher than average rainfall on October 19, 1979 for
the entire four county area showed an increase for most of the sites in
nitrate-nitrogen and total orthophosphate-phosphorous. The sites which
did not increase already were at high concentration or may have not
received the rainfall.

Nitrate is a very soluble anion which does not form insoluble com-
plexes as phosphate ion does and therefore nitrate ion is easily leached
from the soil into drainage systems. Quade, et. al., 1979, states "Micro-
bial fixation and consequent nitrification by the soil microflora is a
major source of nitrogen entering natural waters. Nitrification is the
process bv which nitrogen forms in the reduced state are oxidized to
nitrite and nitrate (NOZ— and NO3~).," Nitrite is quickly oxidized to
nitrate in natural systems. The data in this study reveals the leaching
of nitrate by rain from a major rainfall event.

Phosphate does not exhibit the variety of forms in fresh water that
nitrate does and orthophosphate (PO4~) is the only bioclogically important
form found which is readily available for utilization by aguatic organisms.
Phosphate in the orthophosphate form is poorly soluble as it forms electro~
static bonds with scoil particles and is not easily leached from the soil.
The guestion must then be asked, "What accounts for the rise in total
orthophosphate-phosphorous concentration after a major storm event?”

Anderson, 1977, found the loss of phosphorous in surface runoff from
one of the fields he tested in a 4 to 5 day period in 1974 approached the
total loss of phosphorous from three tile systems he was monitoring during
the entire three year period 1972-1974. Anderson found phosphate in other
forms than just orthophosphate present., The importance of surface runoff
during 1979 was probably very significant since the soil in the collection
area was saturated for the entire collecting perioed according to Earl
Kuenhast, State Climatologist (personal communication}.

It also is possible that orthophosphate~phosphorous was flushed from
the sediments of the ditch-river beds during greater water input.

anderson, 1977, hypothesized that "since the concentration of phos-
phates in most waters is limited by the slight solubility of the ortho-
phosphate, one would expect the concentration to rise with temperature."
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He was not able to demonstrate this in his data. This study revealed the
Cannon River as the only site which had a positive correlation between
water temperature and total orthophosphate-phosphorous concentration.
Quade, et. al., 1979, found & strong positive correlation between temper-—
ature and total phosphate in ditch 18-C-59 for 1976, They found no cor-
relation between temperature and total phosphate for the Cannon River.

Jones, et. al., 1976, after monitoring 34 watersheds in N.W. Iowa
lake district stated, "Although livestock were the only factor that could
be correlated with P and NH3-N input to the lakes, they were not the sole
source of these nutrients. Runoff from grasslands, cultivated lands, and
urban lands had high nutrient concentrations, The nutrients attributable
to feedlot livestock accounted for less than one-sixth of the P and one-
tenth of the NH,-N carried in the inflows from the watersheds. This is a
reflection of the high background nutrient levels that could not be attri-
buted to a specific source."

McGregor, et. al., 1975, found that soil management and different
crops could influence nutrient leaching from fields. The crop most
heavily fertilized, especially corn were not responsible for the highest
concentrations of NO3-N in the seventeen drainage ditches they sampled
from 1969-1971.

McGregor, et. al., 1975, stated that soil drainage itself contributes
to nitrate concentrations independent of crop and fertilization factors.
Drainage apparently increases the soll temperature, which increases bio-
logical decomposition of organic matter releasing the soluble materials
to the drainage systems.

In this study total orthephosphate~phosphorous concentration ranged
from .000 mg/1 to .674 mg/l which was higher than Anderson, 1977, double
the values of McGregor, et. al., 1975, and within the range of Jones, et.
al., 1976, A possible explanation of this was McGregor, et. al., 1975,
only sampled a vortion of the ice free season.

Nitrate-nitrogen ranged from .00 mg/)l to 121.00 with a more realistic
maximum for the ditches with flowing water at 53.50 mg/l. This was higher
than the values found by Jones, et. al., 1976 and Anderson, 1977, but
within the range of McGregor, et. al., 1975, except for the 121.00 mg/1
value at ditch N-C-40A. Ditch N=-C-40A was the ditch which had no flow
for the entire study period.

Total Kjeldahl-nitrogen ranged from .124 mg/1 to 5.090 mg/1l which
was greater than the values Anderson, 1977, found but within the range
of NH3—N found by Jones, et. al.,, 1976.

Anderson was working with one ditch and three tile lines., Tile
lines were found to have the lowest phosphate concentration and NH3—N
concentration for all runoff types by Jones, et. al., 1976.

Anderson, 1976, reported a peak in June for nitrate-nitrogen and a
peak in spring of phosphate with a second peak in the fall due to rainfall
event.s.
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This study found no seasonal distribution of maximum values for
nitrate~nitrogen probably due to the large amount of rainfall and high
solubility of nitrate-nitrogen making it very susceptible to leaching
into the drainage water system. Maximum total orthophosphate-~phosphorous
was generally during early spring runoff probably due to flushing out of
concentrated reserves of phosphate released by decomposition of organic
matter under the ice and snow of winter.

The maximum to minimum ratios tabulated in this study indicated a
relationship between chemical load and total flow that was not in equal
proportion for each chemical parameter sampled.

The fact that the solubility of the orthophosphate ion was far dif-
ferent than that of the nitrate ion or the ammonimum ion may be one reason
the ratios are not the same.

tuade, et. al., 1979, found evidence of nutrient up take by ditch
macrophytes in LS-C-59 which inactivated considerable amounts of nutrients
in the waters in which they grew. Ditch algae also can inactivate nutri-
ents, Some of the ditches in the study area had emergent and submerged
vegetation in the river bed and this perhaps influenced the nutrient
levels and indicates why the values were so low at that site for most of
the vear.

Jones, ot. al., 1976, and others indicate that nutrients, such as
orthophosphate-phosphorous tend to decrease in concentration due to forces
within the watershed itself. Soils and sediments scavenge phosphorous
even within the tributary. The velocity of the flow would have to be a
factor in soil adsorption of total orthophosphate-phosphorous.

Another point important in this study is that nutrient input is un-
likely to be equal from all parts of the watershed, many hydrological
and chemical processes occur as the water travels through the watershed.
In this study some samples were taken at the bottom of the watershed
while other samples were taken high up in the watershed.

Third order ditches and rivers are less affected by nutrient in-
activation or local changes in nutrient concentration because of the
larger absolute volume of water as flow. The larger total flow was due
to larger drainage areas serviced by the third order ditches andrivers.
Also, possibly even more important is that the water in third order
ditches and rivers have already gone through chemical and biological
processing in the second order tributaries.

For both the second order ditches and the third order ditches in
this study the site in each group with the maximum total flow also had
the maximum total load for each chemical parameter. The site in each
group with the minimum total flow also had the minimum total chemical
load. This was not the case for the third order rivers.

Ditches do not exhibit the individual characteristics each river
exhibits. The ditches with the largest flow probably drain the largest
area and therefore have the largest reservolr of possible nutrient load.
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The Little Cobb River lacked the riffle-pool configuration witnessed in
Morgan Creek while the Cannon River passed through several lakes before
being sampled. Shanaska Creek samping site was very close to the outlet
of Lake Washington. The ditches all physically looked pretty much the
same, straight, non-meandering, with high banks and agricultural land
use.

The water in the rivers travel through varied geomorphic types while
each ditch is generally confined to one geomorphic type.

It is very possible that ditch Br-J-10, near Hanska, Minnesota, has
been contaminated by animal wastes. A hiological indicator of sewage
pollution, commonly called the rat tailed maggot, a dipteran, was found
in the ditch in early spring. The ditch had a low flow for the season,
but had the highest instantaneocus concentration (mg.l) for total
orthophosphate-phosphorous, the highest concentration (mg/1) for nitrate-
nitrogen other than N-C-40A which had no flow at all, and the second high-
est total Kjeldahl-nitrogen concentration (mg/l) for second order ditches,
even though total dissolved solids were guite low.

Cannon River and Ditch LS=-C~59 compared to 1975~1976 and 1979

The Cannon River and ditch LS-C-%9 were sampled in 1975 and 1976.
The 1976 season was considered to be a year of drought conditions by
Quade, et, al., 1979, Their sites F and H were the same sites sampled
in this (1979) study as 1LS-C-59 and the Cannon River, respectively.

When total load values for the chemical parameters and flow were
calculated as a ratio of river to ditch it was interesting to find that
the flow was nine times greater in the Cannon River than in the ditch
for both Quade’s 1975-1976 data and for this study's data, 1979. All
ratios for Quade, et. al., 1979 data were recalculated from the total
load values found at the sites F and H rather than sites further down-
stream as in their (1975-1976) study. So even with fives times as much
water passing through the drainage system in 1979, the ditch to river
ratio is the same for both sampling studies.

Total orthophosphate~phosphorous was determined by standard methods
using the Stannous Chloride Procedure in hoth studies but Quade, et. al,
1979, filtered the sample through a 45 u filter while in this study the
sample was not {iltered before the chemical determination, The river to
ditch ratio determined by total load values was twice as large during the
low flow by Quade as in 1979, 31.5 and 15.6, respectively. Instantaneous
concentrations were higher for Quade in the low flow study with the Cannon
River means at .518 mg/1 and at .238 mg.l for this study of higher flow.
Concentrations of total orthoshosphate~phosphorous for the ditch were more
gsimilar with Quade's mean value at .126 mg/l and this study's at .105 mg/l.
The maximum value in the river was higher at 1.533 mg/1 for Quade and .600
mg/1l in this study.

The methods for nitrate-nitrogen were not the same but both studies
reported reproducibility of results were good when compared to standard

NOB-N solutions, The river to ditch ratio was more than twice as large
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for Quade's low flow determination as in this study determination at 8.4
and 3.2, respectively. However, the actual concentrations {mg/1) of
nitrate~nitrogen were found to be much higher in this study. In both
studies the ditch had higher concentrations than the river with a range
from .30 mg/1 to 18.4 mg/1 with a mean of 3.34 mg/l for ouade and in this
study the range was .22 mg/l to 52.50 mg/l with a mean of 9.20 mg/1l. The
Cannon River ranged from .23 mg/1 to 6.30 mg/1 with a mean of 2.56 mg/1
for the dry year study while in this study a range of .20 mg/1l to 16.00
mg/1 with a mean of 3.64 mg/l was found.

The fact that total orthophosphate—-phosphorous concentration was
higher in the river for both studies with the dry year of (uade having
the highest values compared to the nitrate-nitrogen concentration having
been higher in the ditch for both studies with the wet year of this study
having the highest values indicates a relationship of nutrient loading
with flow. Nitrate-nitrogen is highly soluble in water and this probably
is the reason during the higher flow study nitrate-nitrogen concentrations
were so much higher than during the dry year. 1In this study flow and
nitrate-nitrogen were found positively correlated for both ditch and
river at the 99 percent confidence level. Total orthophosphate-phosphorous
has a low solubility in water and the concentrations seen in the wet year
of 1979 may be due to a dilution effect of the greater volume of water.

The fact that nitrate-nitrogen concentration was higher in the ditch
for both studies and that total orthophsophate-phosphorous concentration
was higher in the river for both studies indicates there are many more
factors than flow which influence nutrient loading including land usc of
the drainage area, fertilizer and crop selection, hydrologic and chemical
processing within the river or ditch itself, and vegetation in the body
of water,

The ratio of river to ditch of total dissolved solids is quite simi-
lar for load and instantaneous concentration {(mg/l} are also comparable
for the two different studies.

Water temperature was slightly higher during the dry year period
of Quade. 1In this study a negative correlation between flow and water
temperature for both ditch and river above the 95 percent confidence
level was found.

Total load was greater for all parameters for both the ditch and
river during the wet year, 1979 than during the dry period, 1975-1976.

Pearson Product-Moment Correlation Coefficients Compared

Quade, et. al., 1979, found orthophosphate~phosphorous and water
temperature positively correlated for both diteh LS-C-59 and the Cannon
River at a 99 percent confidence level, They found water temperature and
nitrate-nitrogen to be inversely (negatively) correlated at a 99 percent
confidence level in the ditch.
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In this study total orthophosphate-phosphorous and water temperature
were found to be positively correlated in the Cannon River at a 99 percent
confidence level, Water temperature and nitrate-nitrogen were negatively
correlated for both ditch and river at a 99 percent confidence level.

Flow was negatively correlated to water temperature in both ditch and
river, while flow was found to be strongly correlated to nitrate-nitrogen
in both ditch and river at 99 percent confidence level. This supports
the idea that nitrate-nitrogen concentration was higher in 1979 in both
ditch and river because of increased flow.

Duade found flow negatively correlated to orthophosphate-phosphorous
for both ditch and river from April 3, 1976 to June 22, 1976 at a 95 per-
cent confidence level and flow negatively correlated to nitrate-nitrogen
in the ditch at a 95 percent confidence level for the same period. He
accounts for this due to rapid biological turnover and release of nutri-
ents at the same time flow decreased leading to drought conditions later
in the season.

The literature supports the findings in this study but Quade seems
to have found some interesting variations on ditch nutrient dynamics
during dry or drought conditions.

Conclusion

The year 1979 was a very wet year and the quality of water sampled
in each ditch and river was unique and responded to rainfall, vegetation,
and internal chemical variations independently. The ditches and rivers
could not easily be grouped into discrete groups because each had its own
unique characteristics physically aswell as chemically.

Second order ditches showed more variability in water guality for all
parameters than third order ditches or rivers. The actual total volume
of flow was less for second order ditches and the second order river than
third order ditches and third order rivers. As indicated in the data in
this study the water in third order ditches and rivers was less affected
by nutrient inactivation and local nutrient variations because of the
larger absolute volume of water as flow and the biological and chemical
processing in the second order tributaries prior to entering the third
order ditches and rivers.

Flow was scen to influence chemical lead but in unequal proportions
for each chemical parameter tested. In this study, the second order ditch
with the maximum flow had the miximum total chemical load for all para-
meters. This also was the same situation for the third order ditches.
Flow was directly related to total chemical load in the ditches while
this was not the case for the rivers tested. The Cannon River had the
largest total volume of flow and the largest total chemical leoad for total
orthophosphate-phosphorous and total Kjeldahl-nitrogen but the smallest
chemical load of nitrate-nitrogen. This river is very lake influenced
however.
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Chemical load showed high concentrations during high spring runoff
and also in August-September during high water levels due to summer
rains., WNitrate-nitrogen concentrations showed less seasonality than
the other chemical paramters. There was no great temperature difference
for any of the ditch or river sample sites.

When the data from Quade for ditch L8-C-59 and the Cannon River from
1975 and 1976 were compared to this study, nitrate-nitrogen was higher in

the ditch for both studies and the river was higher in total orthophosphate-

phorphorous for both studies. Total load was greater for all paramters in
the wet year 1979 for both ditch and river.

When the data for the Cannon River and ditch LS-C-59 were compared
to the other rivers and ditches in this study, the conclusion was that
the Cannon River should not be used as a baseline for all rivers in South
Central Minnesota and ditch LS-C-59 was only one ditch which could not
by itself represent water quality of drainage ditch systems in South
Central Minnesota.

Anderson, 1979, and others found an incrcase in nitrate-nltrogen
concentration and total orthophosphate-phosphorous concentration corres-—
ponding to rainfall as this study found. Concentrations of total
orthophosphate-phosphorous, total Kjeldahl-nitrogen, and nitrate-nitrogen
were higher than some of the values in the literature, Andcrson, 1977,
for example, but within the range of McGregor, et. al., 1975 and Jones,
et. al., 1976.

Nutrient loading of ditches within our region varied tremendously
by season, which clearly demonstrated the need for multiple cross season
sampling to obtain an adequate limnological base for water quality inter—
pretation.
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FLOW

This section reports on a preliminary investigation of the relation-
ship between flow in natural waterways and flow in drainage ditches.
Some of the questions considered include: Are the characteristics of
flow in ditches different from those in rivers? Are the characteristics
of flow in small ditches different from those in large ditches? Can dif-
ferences in flow characteristics of ditches be explained or predicted by
geomorphic parameters? Do man-made drainage ditches contribute to flood-
ing of major rivers?

Flow measurements were taken from March 21, 1979 to November 17, 1979
at thirteen drainage ditches and four small rivers. Some ditches could
not be measured until later than March 21 due to lingering ice cover. An
interval of four to five days between measurements was maintained during
spring runoff and during the remainder of the study period an approximate
seven to eight day interval was used. A set order of measurement was
followed assuring that the measurements were taken at similar times of
day at each site. BAll work was done near road crossings for access pur—
poses.,

The water level was determined by a measurement between the water
surface and marked locations on the bridges. If no bridge was availlable,
water depth was measured at a location marked by a stake.

We determined cross sectional area by one of two methods. For some
ditches and rivers we developed cross-sectional area maps with transit
and rod which were used with the water level measurements to determine
cross~sectional area. Ditches that were shallow and easily wadeable
throughout the study period were measured for cross-sectional area
directly at each time of flow measurement., The two methods were com-
pared at a single site and were in close agreement.

Velocity of flow was also determined by one of two methods. When-
ever possible we measured velocity with a Kahl Scientific Instrument
Corporation pygmy meter using the "six~tenths-depth" method outlined in
Buchanan and Somers {(1969). Sometimes it was necessary due to existing
conditions, temporary equipment malfunction, or safety precaution to use
the Embody method for measuring velocity. These two methods have been
compared by Quade, ct. al. (1979) and were found to agree closely. Nearly
all of our measurements were made under what are called "low flow condi-
tions" where accuracy is known to be limited when using the methods avail-
able to us.
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Instantaneous discharge rates were derived using the formula:
D = wdav

where D - discharge, w = width, d = mean depth, a = bed roughness coeffi-
cient (.8 if rough, .9 if smooth), and v = mean velocity. When using the
Embody (float) method the formula used was:

D = wdal
t

where 1 = distance travelled by the float in time t.

The instantanecus rates were extrapolated halfway back to the pre-
ceeding measurement date and halfway forward to the succeeding measure-
ment date generating period-flow data. Addition of successive period
flows constituted the total accumulated discharge for the particular
ditch or river and from these data were gleaned seasonal percentages of
the total.

Occasionally we were unable to take elther velocity measurements or
Embody measurements and in order to obtain instantaneous rates for these
instances, rating curves were plotted of discharge versus water level
from previous data. Under these circumstances only water level data were
necessary to obtain an estimate of discharge.

Hydrographs of each ditch or river were transposed onto graphs of
rainfall from the nearest weather station. From these they were sub-
jectively classified into two categories of hydrologic response, flashy
and unresponsive, based on the magnitude of jumps in discharge and the
timing of these jumps in relation to rainfall in the area.

Quantitative geomorphological data were obtained from S8ilis (1979)
and considered for the ditches we studied. Mean values for each geomor-
phological parameter, by each hydrologic response category, were tabulated.
Although these data were not ideally suited for statistical treatment due
to small sample size, t-values were calculated and the means of the two
categories were tested for significant difference.

Stream order of all ditches and rivers was determined according to
Strahler (1957), using United States Geological Survey 7% minute topo-
graphic maps.

The following percentages of days in the study period by season are
to be compared with seasonal dischavge percentages. The spring runoff
season accounted for 29.6% of the days, the growing season accounted for
55.8% of the days, and the fall harvest and plowing season accounted for
14.6% of the days.



In the interpretation of our results it must be understood that in
our area it is impossible to absolutely categorize waterways as man-made
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Table XLI.

ditches.

Comparison of flow in second versus third order drainage

Second~Order Ditches (9} Third-Order Ditches (3)
Mean Total 3 3
Accurulated 8,325,848 n 35,885,252 m
Nischarage
Hydrologic Flashy Unresponsive Flashy Unresponsive
Response 2 7 3 0
Mean Seasonal Spring Growing Fall Harvest Spring Growing Fall Harvest
Discharge Runoff Season & Plowing Runoff Season & Plowing
Percentage 46.2% 45.6% 8.2% 31.6% 59.7% 8.7%
Table XLII. Hydrologic response breakdown for quantitative geomorphic
parameters.,
Length Longest longest Ditch
Mean Total Drainage Drainage Length of ai i : c.
Accumalated Area beneied b pg~1 d. of Main Basin B?sm Gradient Ditchshed
Flow {m3) (mid) F Yoo rerlan Stream Length Width Slope Gradient
iow {mi) {mi) (mi} {mi) {ml) (Ft/mi) (Ft/mi)
Flashy (8} 15,388,652 14.67 7.20
. ‘ 2o . 33,14 8,34 £,25 3.55 7
Inresponsive (B} & 3 . . 2.78 .85
5,165,517 11.26 .90 9.53 5 45 492 i3 g e
Texture Channel
Ratio Maigtenance Form Shape Bhape Clroularity Elengation Leminscate
fmi) {mi<} 5q 8y Ratio C Ratio E Ratio K
Flashy (ng 1.12 .48 .37 2.69 1.83 .42 .65 .50
Unresponsive (8) 1.24 1.16 .46 2.34 1,69 .53 .16 .58

~LOT-
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ditches or "natural” rivers. Many ditches are merely straightened streams
and the rivers all have tile lines feeding them and have ditches as part
of their network of tributaries. With this in mind it would seem appro-
priate to consider ditches and rivers not as rigidly exclusive species,
but rather as a continuum. Our rescarch supports this idea.

We found, as stated carlier, that small rivers tend to discharge
approximately twice the amount of water that the ditches discharged, and
that the rivers tended to be flashier than the ditches. The rivers under
study were mostly third-order while the ditches were predominantly second-
order. When the ditches were broken down into second-order and third-
order categories, the results for the third-order ditches very closely
corresponded to those for the rivers we studied. This suggests that
river-ditch classification is of less importance than order in determining
or predicting flow characteristics.

Our examination of guantitative geomorphological data shows that the
drainage density of the ditch-shed and the length of the ditch are likely
predictors of response to hydrologic events, with flashiness apparently
linked to greater length and density. Ionger ditches and higher density
seem to be intuitively related to higher stream order.

We originally hypothesized that, because ditches were presumably fed
mostly by tile lines and rivers werce fed to a greater extent by surface
runoff, peak discharges in the ditches would lag behind those in rivers.
However, as woe found the peaks to be occurring simultaneously ov the
ditches to be peaking slightly ahead of the rivers we speculate that
ditching contributes to peak flows in the major rivers. Although Moore
and Larson (1977} report that the advent of drainage projects have not
contributed significantly to flooding in the Minnesota River, we conclude
that they have not ameliorated flooding either.
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BED AND SUSPENDED SEDIMENT

Bed and suspended sediment samples were taken at each water quality
monitoring site in order to ascertain differences between and within
ditches and rivers. This information should give an idea of the nature
and extent of erosion (load) from ditches versus rivers.

Grain Size Analysis of Bed Material

Bed samples were taken from the study ditches and rivers during the
spring of 1979 and in the fall of 1979. Sieving and settling velocity
were employed to determined grain size distribution.

Methods

Three equally spaced samples of the upper four centimeters of bed
material were taken on each date from a roepresentative cross section of
the waterway. These samples were taken with a United States Geological
Survey bed material sampler, the US BMH-53. The three samples were com—
posited to give a cross sectional representation.,

The portion of the sample of size larger than one millimeter was
removed by sieving. This constitutes the gravel fraction. The remainder
of the sample was washed into the sedimentation chamber of a US VATSA-58
visual accumulation tube size analyzer, an apparatus developed by the
U.S.G.5. and the United States Army Corps of Engineers. Material that
had settled after seven minutes was withdrawn and, as this portion con-
tained the sand fraction, was size-analyzed with the US VATSA-58 accord—
ing to procedure outlined in Report K, IACWR (1958). Material still
suspended upon completion of size analysis of the sands was combined
with the material that remained unsettled at the original seven minute
splitting. This constitutes the fine fraction. The three fractions
were each dried and weighed to obtain percentages of the total.

Results

The results of the bed grain size analysis for spring and fall are
given in Tables XLIIT and XLIV and are summarized in Tables XLV and XLVI.
Second order ditches revealed bed material generally much finer than third
order ditches or rivers. It appears that flow was key as to bed load
grain size as significant differences occurred within the second order
ditches. BAlso, some significant changes occurred between spring and fall
as seen in BE-C-56 although in general the relative proportions remained
fairly constant,



Table XLIII. Bed grain size analvsis for spring of 1979 in percent.

Szcond Order Ditches

Site d N 404 H-C-3BA By-J-20 Br-C-5 By~J=30 Br-J=10 BE-C-56 BE-C-5 LS-C-59 LS=-C~58
% coarser than lmm {(gravel) o 43,7 0 7.1 11 £01 1.2 2.2 s} A
% finer than lmm 100 56,7 100 27,9 29 93,9 28,1 e7.1 100 94
% finer than .7mm 160 55 100 a2 84 a2 a4 26 99 a2
% finer than .5mm 99 52 100 29 62 38 33 a3 98 a9
% finer than ,35mm 98 5G 7 21 34 2h) 68 82 a7 a6
% finer than .25mm 97 41 92 80 25 A0 43 73 95 a3
4 finer than ,175mm 95 44 34 73 23 76 21 65 92 78
% finer than .125mm 92 41 78 68 22 65.7 17 57 as 73
% finer than .088mm 37 37 71 62 21 —-— 14 51 EL] 64
% finer than .0625mm  (fine) 72.3 33,5 64,1 51.8 20.86 - 10.4 43.%2 63.5 54.8

~GTT

Third Drder Ditches | Third Order Rivers [ S=cond Order River
Kite & BE-J-43 B-J-15 HeJ=ip* Br-pE Norgan Creek BE~Little Cobb River Lg-Cannon River | LS-Shanaska Creek
H -
% coarser than lrm {(gravel} 2 33,7 4% 26.7 2.6 iM . 45.5
% finer than Inom e 61,3 53 | 73.3 7.4 56 f ?4'5
% finer than 7mm 97 58.0 a5 ! 71 25 45 53
% fincr than . 5mm 94 33 5 | £2 30 23 ; 52
% finer than . 35mm 22 17 10 ! a0 57 24 | 3(1‘
% finer than . 25wm 7 ° 23 ! 25 57 1B 50
% Ciner than ,175mm 82 8 17 | 17 42 13 jf
% finer than .125rw 78 8 13 i 15 4“:: 1 44,
% finer than .088mm 71 8 - ! 14 42 19 )5
s finer than ,0625mm (fine) 49.4 7.4 9.3 L 3.1 3.3 8.4 32
Table XLIV. Red grain size analysis for fall of 1979 in percent,
Second Drder Pitches
N-~C-40n t-c-30n Br-J-29 By (-5 Br-J-30G Br-J-10 BE-C-56 BE-C-5 LS=C=59 L§-C-58
% coarser than lmm {gravel) s} 52.9 o n 14.7 4.2 32 - [s] 5.3
% finer than lmm 100 47,1 100 an n5.3 95.8 68 - 100 4.7
1 Finer than .7mm 100 46 99 89 al 92 57 - a8 a4
2 finer than . 5mm 98 A4 an 88 69 an 44 - a7 a3
% finer than .35mm 97 42 a7 34 52 jis) 37 - a6 92
% finer than .25mm 35 319 26 82 a7 84 32 e a5 8%
% finer than .17%5mm LR 37 a2 76 43 77 29 - 31 85
% finer than .125mn 37 34 a8 67 41 0.4 27 - 87 an
% finer than .0A3mm 80 32 az 7 Al —— 26 - 78 74
% finer than .062%mwn {fine} 67,2 29.42 71.8 45,2 19.3 - 24,2 - €4.4 68,8
i
1
j -
ot
i
Third Order Ditches Third Order Rivers Secvond Crder River
BE~J~48 N~J-1A n-J-1a* Br-BZ Morgan Creek BE-Little Cobh River LS-Cannon River LS-Shanaska Creek
o}
& than lemm {gravel} 14,2 36,7 42.9 1.6 42.5 6.9
% Finer than Imm 85.8 L 57.1 81.4 57.4 63,1
3 finer than .7mm 84 56 53 59 46 61
% finer than .5mn Rz 40 47 30 28 57
% finer than . 35mm 70 22 39 in 16 5%
% finer than .25%mm 74 15 32 10 12 54
% finer than .175mm 69 12 26 A 9 52
% finer than .125mm 65 11 22 7 £l 50
% fincr than .0B8mm 59 11 20 7 7 45
% finer than .0625mm {finn) 46,1 10.9 19.5 6.1 5.2 33,5
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Table XLV. Summary of bed grain size analysis by sediment
category for spring of 1979.
Suspended load Analysis

Site % Fine % Sand % Gravel
N~C=40A 72.3 27.7 0
N-C-38A 33.5 22.8 43.7 Methods
§§:2:39 gf-é :i'? 7.2 Flow and cross-section integrated water samples were collected at
Br—3-§0 iﬂ:6 68,4 11.0 each site at each water quali?y sampling pe?iod for a total of 472 samples.
Rr~J-10 65.7 28,2 6.1 ?he water Sam?lgs from each site (and samp}lnq period} were concentrated
BE~C=56 10.4 87.7 1.9 from their orlglnal'volume’of one to two l%ters down to approximately 25-
BE~C—=5 43,9 53,2 2.9 30 ml through a series of %4 hour decantations. After each water sample
LE-C=59 68.5 31.5 o ' was c§ndensed to 25—39 ml it was transferred to a preweighted drying tin.
LE-C-58 54.8 39,2 6.0 The tins were heated in a drying oven for 24 hours at 959 ¢,
§%3§1£8 43:3 gz:g 3;:2 T?e mean, median, and hiqh—low{dongity values for cach site weve
Ned=1A% 9.3 a1.7 49.0 determ?ned as wgl] as a load @etcrmlnatlon for each Sampling period (for
Br-RD Morgan Creek 73,1 60.0 56,7 each‘slte). Thls load determination was calculated by mult%plyinq the
BE-Little Cobb River 37.3 H0.1 2.6 densx?y (mg/liter) by the flow value (for gach of the sampling periods
[8-Cannon River 5.4 49.7 41.9 per site). These values wo;e then multiplied by .001 to convert to kilo-
TS Shanacha Crook 3.5 550 455 qrams. The numbers were still extremcly large and so they were further

divided by a factor of 102.

Samples from the lst, 32nd, 33rd, and last sampling periods woere
missing. Data from the first and last periods can be omitted from this
segment of the sudy but adjustments had to be made for those samples
which would have resulted from the 32nd and 33rd periods.  In order to
come up with an "average" estimated load for the various sites at these
time periods, the flow values for the 32nd and 33rd sampling periods were

Table XLVI. Summary of bed grain size analysis by sediment averaged (added together and divided by 2) then this average value was
category for fall of 1979, added onto both the flow values for the 31st and 34th sampling periods.
These "adjusted" flow values for periods 31 and 34 were then used normally
Site % Fine % Sand % Gravel to determine load for the various sampling sites within these sampling
N=C=A0R 67.2 32.8 o periods (flow x density (for each site)). 1In this way, compensation was
HeC=284 29.8 17.3 52.0 made fgr the time that had elapsed and the flow that had passed during
Br-J-29 71.8 28,2 0 that time.
Br-C-5 45.2 44.8 10.0
Br-J-30 39.3 46.0 14.7 Results
Rr-J-10 70.4 25.4 4,2 . ) o
BE-C=56 4.9 45.1 306.0 A summary of th? results are given in ?ab%o XFVIL. Within the second
BE-C—5§ (not samvled due to road construction) order dltchés tbere.ls‘a large range of variation in total load. ﬁowcv§r,
LS~C=5% 64.47 35.6 o closo? examination indicates that‘léad arki flow show a Qlose re}atlonshlp.
LS-C=58 68.8 25.9 5.3 This is further ?orn out by the similarity of me?ns. Ditch L5-C-58 seemns
BE-T-48 26.1 35,7 14.2 ?o be the exception. The high of 242.6 mq/l indlcate$ the cause o% its
H-J~-1a 10.9 57.4 36.7 individuality. Third order ditches and third order rivers (ogclusmve of
R 19.5 37.6 42.9 LS~Cannon) are higher in load, flow, and mean perhaps reflecting ovcrlfnd
Br-BE Moroan Cresok 6.1 753 13.6 runoff. The two rivers which are influenced by ?akcg {L5-Cannon and LS-
BE—thtleJCobb River 30.90 59.9 9.7 Shanaska) are both extremely low in mean load which is to be expected.
LS~Cannon River 5.2 52.2 42,6

LS~-Shanaska Creek 39.5 23.6 36.9
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= CONCLUSION
oo s ™ ~ o e . N . . .
R @ The first objective of this study was to determine the extent and
o~ - Rl e . N > . .
"y =0 - location of public drainage in our four county South Central Minnesota
g ; :::iajz study area. This was an essential first step in that this data served
& é = both as a factor in selecting water guality sampling sites and as a data
na oW Ao ol 9 base for quantitative geomorphology determinations. It is clear from
EZE‘”Q@E § this study that important decisions regarding wetlands, public waters,
2 o) e water resource planning and agricultural practices are presently being
% o e made on a grossly and significantly inadequate and erronecus data base
e co Homavzog as regards the extent of drainage. Further, the extent of public drain-
YRE28RgE 3 i age within South Central Minnesota, as determined in this study, certainly
- must result in public drainage systems being the dominant surface hydro=-
logic feature.
n g
] o< E 8 . . ) .
P - BT A = The second objective, that of documenting the causes and legal his-
R A R N g g Ty ae =< ; i ; i i
o - o e a;,.;o,_;g tory of drainage in Minnesota with emphasis on wet lands status has been
fef -GSl : :
” .33 ot ~t ~o completed and is presented in a Minnesota Water Resources Research Center
o f o .
- 8 a Circular, separate from this report (Xing, 1979). Drainage law has been
e ew g i traced from 1858 to present showing the interweaving of constitutionality
SRTAPNIE et . . . . . p
@ 55\‘ oS & of drainage, public waters, riparian rights, and Minnesota State Statutes
Ny % Chapter 106,
7
gl wey W . . i . . .
T @@ % ;g'c' dre Ugn The objective of determining the quantitative geomorphic nature of
TSR SR NARD ) . . . .
Egddedn @ =% a w < public drainage systems has resulted in both a quantification of the
. - & @ geomorphic effects of man's drainage and some quidelines for future
quantitative analysis and modeling.
e 5 )
HEgT g Flegan o Conclusions drawn from this component of our study are as follows:
TTRTTE o T SFECREE
] €8 . . ;
- 5 ~ 1) It was found that 78.8 percent of the drainage ditches in the
e sl . . . -
& four counties terminate into rivers and that they more than
ness o we WSl eorsa o double the length of the surface fluvial systems.
DEETEER A deaddeas
=g 5 i tRETRTE
g - it 2) It was found that 28.6 percent of the ditches originated from
-E - lakes or lake-marsh environments which indicates a loss of lakes
=g and lakesheds to the fluvial systems.
o oo™ oQ 1 0o Moo - W
P TS s el s odd
< o o -~ B © S &, . P -
= [ m - N 3) This study has found that artificial drainage ditches are best
A classified within the second or third order categories of
n o~ Strahler (1957) and that tile lines probably fit the first
o F N E order. Further, the closeness of fit of drainage ditch systems
~ -

E» gié T gﬁé to second order natural systems strongly suggests that man has
< ?(‘\:Exé < ?TZE;g taken an immature lake-marsh environment and within 100 years
o - A o ETERED . . - .

E_Egaxr = EcEREEC achieved a geomorphically mature fluvial landscape.

SsLun: 2 ERE3%%3

T Tz oR s

$E 2. 80 Wl 2£E2 832 3¢

4) Since some ditches are tributary to other ditches it is important
to follow Strahler’s classification scheme when comparing ditches
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or attempting to model effects. This mainly involves a determin-
atlion as to whether a particular drainage diteh is a second or
third-order system,

The survey of the botanical nature of the created riparian strip
assoclated with open drainage ditches found that although there were
some significant differences in the drainage ditch morphology of some
counties the most important factor was county ditch management policy.
Given the linear extent of apen ditches, as documented in Chapter 1 of
this report, it does secem reasonable that the management of the riparian
zone should be for agriculture, wildlife, and water guality improvement.
At present it 1s managed strictly for agyriculture. As a rule limited and
monotinous vegetation is maintained by herbicides. Further rescarch is
needed here.

The assessment of the effects of agricultural drainage on water
quality and quantity of the recelving bodics of water involved the close
monitoring of 17 sites during the ice free scason of 1979, Ten of the
sites were second order ditches, three were third order ditches, three
were third order rivers and one was a second order river., Utilizing
four Minnesota Pollution Control Agency water quality monitoring stations
(BE-0, Mi-133, CO-0.5%, and Mi~88) from WRRC Circalar by Feind, Braatoen,
and Quade (1979) one concludes the following:

1)  The organic nitrogen levels in the Minnesota and Blue Farth
Rivers range in monthly means from about 1.2 to 2.0 mg/liter.
However, ditches range from 1.1 to 2.5, rivers with lakes from
2 to 2.5, and rivers without lakes arce around 0.9 mg/liter.
Certain ditches and rivers with lakes tend to be higher., TInter-—
estingly the concentration of organie nitrogen changes little
from the source of the Minnescota River to the ond indicating
an equilibrium,

2} Nitrate nitrogen exhibits the opposite of the above with regards
to rivers., The rivers with lakes have a mean of 3 mg per liter
whereas those without lakes are close to 20 my per liter. Drain-
age ditches show variation and the seasonal means range from 8
to 25. Within the Minnesota and Blue Earth Rivers the seasonal
means within our study area range from 0.9 to 5.8 my per liter.
Within the major Minnesota River system there ig a definite in-
crease in nitrate nitrogen as one proceeds down river., A major
increase 1s observed on entering South Central Minnesota from
the west with the Blue Earth River from the south being a second
major source {(Feind, ct. al., 19792).

3) Total orthophosphate in mg per liter reveal similar concentra-
tions between ditches and rivers (0.1 to 0.24). The greatest
variation is seen hetween the second order river from a lake
{0.064) and a third order river from a series of lakes {0.238).
Total phosphate in the Minnesota River system reveals a great
deal of flashiness from site to site but an overall equilibrium
from upper to lower reach {(Feind, et. al., 1979).
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The degree of variation from ditch to ditch and diteh to river for
water quality revealed that flow influenced chemical load but not uni-
formly between chemical parameters. Flow was more directly related to
total chemical load in ditches than in the rivers sampled. The Cannon
River had the largest total volume of flow and the largest chemical load
for total orthophosphate-phosphorous and total Kieldahl-nitrogen but the
Smal]est chemical load for rivers for nitrate-nitrogen. Further, nitrate-
nitrogen concentrations showed less feasonality than the other chemical
parameters,

Nutrient loading of ditches within our region varied tremendously
by season, which clearly indicated the need for sampling during all sca-
sons to obtain a limnological appreciation of the system.

When the data from Quade for ditch I18-C-59 and the Cannon River from
1975 and 1976 were compared to this study, nitrate-nitrogen was higher in
the ditch for both studies and the river was higher in total orthophosphate-
phosphorous for both studies. Total load was greater for all paramctoers
in the wet year 1979 for both ditch and river.

When the data for the Cannon River and diteh LS-C-59 were compared
to the other rivers and ditches in this study, the conclusion was that
the Cannan River should not be used as a baseline for all rivers in South
Central Minnesota and ditch LS-C-59 was only one ditch which could not by
itself represent water quality of drainage ditch systems in South Central
Minnesota.

The objectives of establishing management guidelines and creating
predictive models of the effects of agricultural drainage on the water
quality of receiving bodies is still in an embryonic stage, The degree
of variation among similar order ditches and rivers has resulted in a
tack of predictability. 1t is our opinion that the “stream—-order®
system and 1ts assoclated topographic characteristics is the most limno-
logically meaningful approach to follow.

The six most significant findings of this study which should impact on
necded folleow up studies are:

1) That at present public drainage systems have approached what
would be expected under natural systems given time (stream order
guantitative geomorphology analysis). An interesting question
is the potential impact of pushing drainage beyond this point.

2} That the present extent of dralnage information is grossly in-
adequate for research and planning.

3) That the vegetation along drainage ditches is monotonous and
limited botanically due to county management.

4) That the water guality conclusions from a previcus single ditch-
river study (Quade, et. al., 1979) are not applicable to the
region as a whole.
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That individual drainage systems show a great deal of variability
with regards Lo nutrient concentrations, loads, flow, and season-
ality of loading. This requires each ditch system at present to
be considered unigue.

That the most significant nutrient loading chemical parameter to
the Minnesota River is nitrate-nitrogen. This leoading appears

to be from both ditches and those tributary rivers without lakes.
Organic nitrogen shows little variation and downstream impact.
Total phosphate, although showing a great deal of flashiness has
little overall downstream impact due to an apparent overall equi-
librium. Finally, as regards flow some ditches are flashy in
response to a storm event and some are more conservative. The
cause of this difference is unknown at present,
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