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Existing Network

The network has two purposes. The first is to collect data on lakes
without established levels so that a legal level can be established. The
second is to provide long-term monitoring of lakes with established levels.

In fulfilling the first purpose, legal levels have been established for
85 of the 98 lakes for which data have been collected. Of the remaining 13, 8
have 10 years or more of data. The other five have less than 10 years of data
and are not currently being monitored.

The second purpose of the network -- to monitor levels in lakes with
legal levels -— provides a way to monitor the fluctuations above and below the
legal level. Fluctuations can be a problem especially where lakes are sur-
rounded by farmland or by seasonal or permanent communities. A relatively
small rise in lake levels, generally occurring in the spring, can cause local
flooding where relief is flat and surface drainage is poor. During late sum-
mer and autumn, lower lake levels increase hazards for boating and other
recreational activities.

In an attempt to control lake levels, IDNR maintains 43 control struc-
tures that affect the levels of 56 lakes of record (table 5). The effective-
ness of these structures depends on the factors that influence the water
budgets of lakes. Components of a lake budget include precipitation, evapo-
transpiration, surface-water inflow and outflow, ground-water inflow and
outflow, and change in lake storage. Oof these components, surface-water
inflow and outflow and change in lake storage are most affected by control
structures-—that 1s, control structures are most effective for lakes with
substantial surface-water inflow and outflow. For many lakes in the basin,
especially those in permeable outwash deposits with little or no surface water
flux, ground water may represent the largest component of inflow and outflow.
For these lakes, control structures are less effective especially during
periods when the elevation of the water table surrounding the lake is lower
than the elevation of the crest of the control structure.

Heaton Lake near Flkhart (fig. 3), site number 12 (fig. 2), provides an
example of a lake for which ground water probably accounts for a major part of
the water budget. The lake drains 9.33 mi2 and has a maximum depth of 22 ft.
Outflow from the lake is controlled by a fixed-crest concrete weir. The sur-
ficial geology of the area indicates the lake is developed in highly permeable
outwash deposits (Kirshner and McCarta, 1974). Observation wells Elkhart-5
and Elkhart-6 near the lake are finished in surficial outwash at depths of 13
ft and 22 ft below land surface. A comparison of hydrographs for the two
wells with a hydrograph of the lake for 1979 to 1983 indicates a good hydrau-
lic connection between the lake and surrounding outwash aquifer (fig. 4). An
analysis of lake level data by Paul Chester (Indiana Department of Natural
Resoures, Division of Water, written commun., 1981) showed that water levels
in Heaton Lake are at least one foot below the elevation of the weir more than
50 percent of the time. Chester's work indicates that, in addition to Heaton
Lake, at least 14 other lakes have water levels below the elevation of the
control structure more than half of the time (table 6).
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Table 6.--Lakes with water levels below the elevation of
the control structure more than 50 percent of the time,

[Information provided by Indiana Department of Natural
Resources, Division of Water]

Lake County Lake County
Bear Lake Noble Little lLong lake Noble
near Wolflake at Kendallville
Big long lake Lagrange | Little Turkey Lake Lagrange
near Stroh at Elmira
Bixler Lake Noble Mud Lake Steuben
at Kendalville near Orland
Blackman Lake lagrange Pretty Lake lagrange
near Wolcottville near Stroh
Fish lLake Lagrange Skinner Lake Noble
near Scott near Albion
Heaton Lake Flkhart South Twin Lagrange
near Elkhart near Howe
Latta Lake Noble Syracuse Lake Kosciusko
near Rome City at Syracuse
Wawasee lake Koscuisko
at Wawasee

The causes of low lake levels are likely to be different among the lakes,
but a knowledge of their water budgets would certainly be needed to identify
the causes. Presumably, rates of precipitation and evapotranspiration are
similar among all lakes in the basin, and surface water inflow and outflow are
relatively easy to measure. However, the ground-water component of lake bud-
gets can be highly variable from one lake to another and is usually the most
difficult component to estimate. FExisting information on glacial geology and
ground-water flow is not adequate to evaluate the ground water component for
lakes in the basin. This subject is discussed in more detail in the section
"Ground-water-level monitoring network” (page 35).
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Suggested Improvements

Assessment of the monitoring network for lake levels suggests several
types of analyses that could be done with existing data to improve current
knowledge of the lakes in the basin.

An analysis of lake-level frequency using long-term lake-level records
could provide information on the magnitude and frequency of flooding.

A comparison of the fluctuations in lake levels before and after the
installation of control structures could be used to evaluate the effectiveness
of the structures in maintaining legal levels during drought periods.

For lakes with water levels frequently below the elevation of the crest,
a review of pre-structure water levels and a preliminary water budget analysis
would be useful in re-evaluating the elevation of crest. By including infor-
mation on hydrogeology, ground-water flow to and from the lake could be eva-
luated. This analysis would also be useful during planning stages for antici-
pated control structures.

Legal levels could be established for lakes with adequate data.

GROUND-WATER-LEVEL MONITORING NETWORK

Description

In 1935, the Geological Survey and the Indiana Department of Conservation
(now IDNR) began a cooperative program to monitor water levels in 87 wells in
the northern part of the State. Seven of these wells were in the basin
(table 7). From 1944 to 1947, 21 wells were added to the basin network. Of
these, 17 were in St. Joseph County, and were used to monitor changes in water
levels in the vicinity of South Bend (fig. 2). By the mid 1950's many of
these wells were discontinued because of the close similarity of their water
level patterns.

Currently, the network in the basin comprises 15 observation wells with
water-level recorders (table 7). The data are collected for four purposes:

® To determine the interaction between ground water and lakes.

® To measure changes in ground-water levels near high-production
irrigation wells.

® To measure changes in water-levels at special purpose (small area)
sites.

® To measure long-term changes in water levels in areas not affected
by pumping.
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Existing Network

In 1976, the ground-water network in the State was reviewed by Marie
(1976). His suggestions for modifying the network included (1) installing
observation wells in areas with special ground-water problems or potential
problems, (2) ensuring that the type of record being collected on each well is
consistent with its purpose, (3) determining the accuracy requirements for
data of all the wells in the network, and (4) periodically re-evaluating the
network to ensure that the State's objectives remain valid and that the net-
work is adequately meeting those objectives. Marie also proposed seven well
classifications for grouping the wells in the network:

(1) Long-term trend (continuous monitoring)
(2) Long-term trend (periodical monitoring)
(3) Short-term unaffected by pumpage

(4) Short-term affected by pumpage

(5) Project

(6) Current-purpose

(7) Discontinued

Water levels from seven wells near three gaged lakes have been monitored since
1978 in an attempt to draw inferences about the effect of ground-water on lake
levels (table 8). Comparisons of water levels in the wells and nearby lakes
have been useful in observing correlations between fluctuations in the water
table and lake levels (see section "Lake-level Monitoring Network”). However,
the wells have not provided quantitative information on cause-and-effect rela-
tions between ground-water flow and lake levels, because the number and (or)
location of the wells is not adequate to define the water—-table configuration
in the vicinity of the lakes.

Moreover, recent hydrogeologic studies demonstrate that the relatiomns
between ground water and lakes are much more complex than was assumed when the
network was installed. Hypothetical lake and ground-water systems have been
simulated by Winter (1976) and McBride and Pfaunkuch (1975), and real lake and
ground-water systems have been simulated by Larson and others (1975), Munter
(1979), Siegel and Winter (1980), and Winter and Carr (1980). These studies
demonstrate that ground-water flow near and below lakes as well as between
lakes in multiple-lake settings, such as those found in the St. Joseph River
basin, can be influenced by depth of the lake(s), the local water—table con-
figuration, and the heterogeneity and anisotropy of the underlying aquifer
system. Seigel (1981, 1983) has shown these factors also to be important for
ground-water flow near wetlands. These steady-state model studies of lakes
and wetlands show that the scale of ground-water flow paths toward and away
from lakes is controlled by these factors and varies considerably from one
hydrogeologic setting to another.

Agricultural irrigation has become the major consumptive use of water in
the basin and may double by the year 2000 (Governor's Water Resource Study
Commission, 1980, p. 482). The authors estimate that at least two-thirds of
the water used for irrigation is from ground-water withdrawals.
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Table 8.—--Active observation wells
near lakes in the St. Joseph
River basin, Indiana

Well Lake
Elkhart 5 Heaton Lake
Elkhart 6 Heaton Lake
Noble 10 Sylvan lake
Kosciusko 6 Syracuse Lake
Kosciusko 7 Syracuse Lake
Kosciusko 8 Syracuse Lake

Five observation wells are located in four areas of intensive irrigation
to monitor water levels year-round. Elkhart-4 is south of Goshen, Elkhart-7
is north of Elkhart, Kosciusko-9 is north of Milford, and lLagrange 2 and 3 are
east and south of Howe (fig. 2). At least three high-production wells for
irrigation are within a l-mile radius of each of the observation wells.

Hydrographs of maximum daily water levels for five wells closely resemble
each other. The hydrographs of well Elkhart-4 for the 1967 and 1983 growing
season (April through September) provides an example (fig. 5). The hydrograph
of well FElkhart-8 (located away from irrigation pumping) for the same 6-month
period in 1983 is provided for comparison. The three hydrographs are all
remarkably similar. Any effects of irrigation pumping (June through August)
on the water levels of well Elkhart-4 or on the water levels of the four other
observation wells near irrigation are not apparent from the water-level
records collected to date.

The reasons for the apparent lack of effect of irrigation on ground-water
levels, are the relatively high transmissivity (5,000 to 16,000 ft2/d) of the
glacial aquifers, the relatively high rates (10 inches/year) of recharge, and
the relatively small demand (compared to supply) placed on the system.
Imbrigiotta and Martin (1981) studied the northwestern corner of Elkhart
County and noted high transmissivity and recharge for outwash aquifers. These
factors were explored more fully by Bailey and others (1985) and Lindgren and
others (1985) for two irrigation areas near Milford and Howe.

One observation well, Elkhart-8, was installed to monitor ground-water
levels at a special-purpose site. This well was installed in 1983 to contin-
uously monitor water levels in an outwash aquifer near Elkhart. The well
provides information in support of a ground-water quality monitoring program
by the City of Elkhart. Data from the well are used to characterize long-term
water-level trends and identify appropriate times for sampling. Elkhart-8 is
expected to provide valuable information for the water-quality sampling pro-
gram for the foreseeable future.
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Two observation wells (Noble-9 and MNoble-8) were installed to monitor
long-term changes in water levels in areas not affected by pumping. Noble 9
is located at an intrabasin, surface-water divide. This well was installed to
evaluate water-level changes in a natural lakes area. The pattern of the
hydrograph (fig. 6) is similar to the patterns for other observations wells in
the basin, but the magnitude of the fluctuations (up to 8 ft) is much greater
than it is for the other wells. The large fluctuations probably result from
the position of the well on a ground-water divide--an area that would be sub-
ject to large water-table fluctuations during and following recharge events.

Noble 8 1is screened in a deep, confined aquifer. The fluctuations in
water levels in the aquifer are small compared to fluctuations in the other
wells (fig. 6). The small fluctuations probably result from the well tapping
a regional flow system which would be subject to small variations in recharge
and discharge. It is doubtful that either Noble 9 or Noble 8 will provide
additional useful information unless increased water withdrawal is anticipated
nearby or other objectives for the wells can be identified.

Suggested Improvements

The purposes of the ground-water network have evolved from general moni-
toring of background water levels to addressing several more specific objec-
tives. The eight wells near lakes have provided sufficient information on the
degree of similarity between fluctuations in ground-water levels and nearby
lake levels. If more quantitative analysis of interaction between ground
water and lakes is needed, the present network needs modification.

A minimum of two and preferably more closely spaced wells along a line
perpendicular to the lake's shoreline could provide useful information about
the water-table configuration from which inferences about ground-water flow to
the lake could be drawn. At many of the lakes in the basin, several nests of
wells screened at different vertical intervals may be necessary to provide a
preliminary understanding of the interactions of the lake with the surrounding
ground-water system. Without these improvements, the present network will
probably provide no additional useful hydrologic data for either water manage-
ment or scientific study, and could be considered for abandonment.

The five wells near irrigation withdrawals show no effect from pumping.
Recent studies in the irrigation areas near Milford and Howe conclude that
withdrawals for irrigation would have to increase several fold before water
levels would be significantly affected. The observation wells appear to ade-
quately represent water levels in their respective areas and may be useful in
monitoring effects from future water-use development.

Another area that could be considered for monitoring of the effects of
large withdrawals is the South Bend and Mishawaka municipal well fields, which
represent the largest ground-water withdrawal in the basin. More than 30
Mgal/d were withdrawn from the municipal wells in 1978 (Governor's Water
Resource Study Commission, 1980). The effect of large-scale, year-round
pumping on ground-water levels in that area is not known.
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Perhaps the greatest needs for ground-water information in the basin are
a delineation of the major aquifer systems and a better understanding of
ground-water flow patterns. These needs are not easily met because of the
complexity of the hydrogeologic environment, as was discovered in the studies
near Howe and Milford. However, when changes are planned to the present net-
work obtaining this information would be helpful, in assessing potential
effects of ground water contamination, or in evaluating water-resources in the
basin.

CLIMATIC-CONDITIONS MONITORING NETWORK

Climatic data are needed to provide estimates of several components of
the hydrologic cycle. Measurements of temperature, humidity, precipitation,
and evaporation are used in computing runoff, recharge, and potential evapo-
transpiration.

Descrigtion

Since 1892, climatic data have been collected at as many as 16 stations
throughout the basin (fig. 2). The period of record and type of data collect-
ed at each station are listed in table 9. At present, the National Weather
Service (NWS) maintains six stations for which data are published. The long-
est continuous record (90 years) of climatic data has been collected at South
Bend, which is one of three first order (complete) weather stations in the
state. Currently, precipitation data are collected at all six stations.
Prairie Heights 1s the only station where evaporation data are collected.
Climatic summaries from the National Climatic Data Center, Ashville, N.C., are
on file at IDNR Division of Water. Additional data for Indiana are available
from the National Weather Service Office at Purdue University.

Three purposes are defined for NWS climatic stations:

(A) Climatic-network stations are index stations collecting
long term data that represent climatic conditions
over broad areas of uniform terrain and climate. At
least one climatic-network station 1is established
every 625 mi?2 throughout the U.S. (Bernard Spitler,
National Weather Service, Kansas City, Missouri, oral
commun., 1985).

(B) Hydrologic-network stations are part of the flood-
forecasting program of the National Weather Service.
Precipitation events at these stations are reported
immediately to regional flood-forecasting centers for
use in flood prediction. Climatic-network stations and
hydrologic-network stations are considered permanent
and are rarely changed.
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(C) Special-use stations fulfill a variety of local
meteorological functions usually related to
agriculture.

The purposes of the active climatic stations in the basin for which data are
published are listed in table 9.

In addition to these six stations, NWS operates two stations for which
data are not published. One at Ligonier is a hydrologic-network station and
collects precipitation data. The other at Waterford Mills is a special-use
station and collects data for agricultural purposes.

Table 9,--Climatic stations in the St. Joseph River basin, Indiana

[Site numbers refer to those in figure 2. A, climatic network; B, hydrologic
network; C, special use; E, evaporation; P, precipitation; T, temperature;
———, discontinued station. Sources: annual summaries Climatological Data

1930-83, NOAA, National Oceanic and Atmospheric Administration, National
Climatic Center, Ashville, N. C.]

Site Type of
number Station Period of record|Type of data|station
N8 Albion 5E 1927-72 T,P -—
N7 Angola 1899-Present T,P A,B
N9 Elkhart 1951-78 P -
N4 Goshen College 1925-Present T,P A,B
N3 Goshen Airport 1942-61 P -—=
N10 Howe Military Academy 1906-51 T,P -
N1l Kendallville 1947-72 T,P -—

1951-72 E -
N9 Kendallville 2 1940-Present P A
N12 Tlagrange 1941-62 P -—
N5 Lagrange sewage plant 1962-Present T,P A,B
N16 Ligonier! 1974-Present P B
N13 Notre Dame Moreau Seminary 1912-51 T,P -—-
N6 Prairie Heights 1973-Present T,P,E,H C
N1 South Bend 1894-Present T,P,H A,B
N14 Syracuse 1895-1907 P -
N15 Topeka 1892-1905 P -—
N17 Waterford Mills! 1966-Present T,P,H C

lpata not published for these stations.
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Existing Network

The World Meteorological Organization (WMO) has established guidelines
for the density of climatic stations collecting precipitation and evaporation
data. Guidelines for station density are based on a classification system
using climate and terrain. Under this system, the climate in northern Indiana
is temperate, and the terrain is flat. The recommended gaging density for
this classification and the current density in the basin are presented in
table 10. The NWS advises an increased density (50 mi2 per station) for pre-
cipitation gages in areas such as the St. Joseph River basin, where 30 percent
or more of the annual precipitation is in the form of rainfall from convective
storms (Albert Schipe, National Weather Service, Indianapolis, oral commun.,
1986). The present density for precipitation gages in the basin is about 300
mi2 per station if only the six active stations with published data are con-
sidered or about 200 mi? per station if all eight active stations are consi-
dered.

Table 10.—--Recommended density and current density for
precipitation and evaporation stations in the
St. Joseph River basin, Indiana

Recommended densityl Current density
Type of station|(square miles per station)|(square miles per station)

Precipitation 250-350 300
Evaporation 19,000 10,000

lsource: World Meteorological Organization (1974)

Suggested Improvements

The eight NSW climatic stations currently operating within the basin are
used to define regional patterns and provide information for flood forecast-
ing. The density of the network meets or exceeds the guidelines developed by
WMO for precipitation and evaporation data. However, because most of the
summer precipitation in the basin is from convective storms, which often have
a small spatial distribution, a greater density for precipitation gages might
be needed to measure rainfall adequately throughout the basin.
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SUMMARY

This report was written as part of a basin assessment being done by the
IDNR. Data—collection stations operated cooperatively by the Geological
Survey and IDNR for streams, lakes, and ground water were reviewed. Addition-
ally, the network of climatic stations operated by the National Weather
Service was described briefly. The review of these stations was mainly
descriptive, not quantitative, and included the purposes and distribution of
the stations, discussion of how well the stations meet their purposes, and
suggestions as to how the network might be improved.

Streamflow data have been collected at 30 stations in the basin since the
cooperative program between the State and the Geological Survey began in 1930.
Currently, data are being collected at 11 continuous-record stations and one
partial-record station, Six continuous-record stations are suitable for use
as regilonal-hydrology stations because flows are not affected by wvariable
control structures or diversions. These stations adequately represent the
hydrology of the basin in terms of areal distribution, lake effect, and flow
duration,

The lake network began in 1943 and since then lake-level data have been
collected on 98 lakes, 1legal lake levels have been established for 85 of
these lakes. Control structures are used to help maintain legal levels on 56
lakes. On as many as 17 lakes, lake levels are below the crest of the control
structure most of the time. In these cases, the structures are not the pri-
mary control of lake levels. More information about the ground-water compo-
nents of flow to and from lakes would be helpful in evaluating the factors
affecting water levels during periods of drought. Existing lake-level data
could be analyzed (1) to estimate the magnitude and frequency of flooding
around lakes, (2) to evaluate the effectiveness of operators of variable-crest
control structures, and (3) to re—-evaluate the established level of lakes with
levels frequently above or below the legal level. Additional hydrogeologic
data would be needed to estimate water budgets for lakes and to evaluate the
effectiveness of control structures for lakes with large ground-water compo-
nents.

The cooperative ground-water program between the Geological Survey and
the Department of Conservation (now INDR) was begun in 1935. Currently the
basin network comprises 15 wells monitored for four purposes: (1) to deter-
mine interaction between ground-water and lakes, (2) to measure changes in
ground-water levels near irrigation wells, (3) to measure changes in ground-
water levels at special purpose sites, and (4) to measure long-term changes in
water levels in areas not affected by pumpage. The network does not provide
sufficient data for quantifying lake and ground-water interactions because the
nunber and spacing of observation wells is not adequate to define ground-water
flow in the complex hydrogeologic setting around the lakes. The well network
near lakes should be expanded or discontinued. Water levels in five observa-
tion wells near irrigation wells are not noticeably affected by seasonal pump-
ing. The lack of apparent effect is expected based on two detailed studies,
Bailey and others (1985) and Lindgren and others (1985), which indicated that
high transmissivity of the outwash aquifer, and high rates of recharge can
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provide adequate water for current needs and substantial growth. The observa-
tion wells probably provide a good record of regional water levels for areas
of intensive irrigation in the basin. Two long-term monitoring wells have
provided sufficient information on aquifers they were designed to monitor.
Unless other purposes for these wells are identified, they could be discontin-
ued. Water levels in a special-purpose well are measured as part of a local
ground-water-quality monitoring program that is expected to continue indefi-
nitely. Additional hydrogeologic information 1is needed to better delineate
the aquifer systems and ground-water flow paths in the basin,

Currently, NWS operates eight climatic data stations in the basin. These
stations are used to characterize climatic conditions regionally, provide
real-time precipitation data for flood forecasting, and fulfill certain local
use purposes. The network meets or exceeds guldelines established by WMO for
the distribution of precipitation and evaporation stations but does not meet
guidelines suggested by NWS for precipitation gages in areas of significant
convective rainfall.
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