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HYDROLOGIC MONITORING ASSOCIATED WITH PILOT RESTORATION OF
PART OF THE GREAT MARSH, INDIANA DUNES NATIONAL LAKESHORE

By Greg A. Olyphant, Eric Feuerstein, and Denver Harper

PROJECT BACKGROUND

In 1995 the Indiana Dunes National Lakeshore (IDNL) received a grant from the Water Resources Division
of the National Park Service (NPS) titled “Great Marsh Hydrology/Wetland Restoration.” The purpose of
this grant was to undertake background investigations of hydrology in two adjacent watersheds: one is an
undisturbed wetland watershed (Dunes Creek), and the other (Derby Ditch) has been drained by ditching and
has been targeted by the NPS for restoration as a wetland. As part of that study, the Indiana Geological
Survey (IGS) was subcontracted by the IDNL to undertake hydrologic monitoring within a small portion of
the Derby Ditch watershed, where a pilot restoration project was to be undertaken by the NPS. The
monitoring was funded for the period from August 1, 1995, to July 31, 1996. Additional funds were received
by the IGS and Indiana University (IU) from the U.S. Environmental Protection Agency (EPA), under a grant
titled “Great Marsh Habitat Restoration” (funding period from July 1, 1995, to June 30, 1997). Hydrologic
monitoring commenced on October 27, 1995, and a water-control structure designed for restoration of the
pilot wetland was closed on May 31, 1996. Because the monitoring project is ongoing under the terms of the
EPA grant, this report, which is the final report to IDNL, should be considered a progress report on the
hydrologic effects of the water-control structure.

SITE DESCRIPTION

The pilot-restoration area is shown in Figure 1. A water-control structure was placed in a culvert that directly
drains a 0.25 km? (62 acre) area of ditched wetland. The pilot restoration area is a small tributary of Derby
Ditch, which is the trunk stream that discharges into Lake Michigan. The pilot restoration area is bounded on
the north by Indiana Highway 12, on the west by a ditch, and on the east by a stream. The ditch and the
stream both drain into Derby Ditch. During periods of very high flow, part of the water discharging through
the eastern stream spills over into the restoration area, providing additional water over that available from
direct precipitation and groundwater flow. However, during low-flow periods, the pilot restoration area
receives surface water primarily from the western part of its watershed.

Because of funding delays (the contract not received by the IGS until October, 1995), full-scale
hydrologic monitoring of the restoration area did not commence until November, 1995. The monitoring
network includes four wells where measurements of water-table elevations are collected continuously by use
of pressure transducers. These wells are situated as follows: (1) in the ditch at the watershed outlet (fig. 1,
well labeled “WO”), (2) through the berm that forms the northern boundary of the pilot restoration area
(fig. 1, site labeled “NB™), (3) in the saturated sediments of the wetland area immediately north of the berm
(fig. 1, site labeled “NBo0”), and (4) in the saturated sediments of the pilot restoration area (fig. 1, site labeled
“RCr”). Additional monitoring wells, where spot measurements of water levels were taken periodically, are
located at the sites labeled “EB,” “WB,” “T5S6" through “T5S8,” and “T10S6" (fig. 1). Access tubes for a
neutron soil-moisture gauge are located adjacent to the wells at sites EB, NB, and WB, and a small weighing-
lysimeter for measuring infiltration and evaporation 1s located adjacent to well WO. A tipping-bucket rain
gauge measures precipitation at site Rer.
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Figure 1. Map showing the pilot wetland-restoration area.
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RESULTS

Pre-restoration Conditions

Water balance. Background data were collected until June 2, 1996, when the water-control structure was
closed. During the six-month period prior to restoration, 58 cm of precipitation occurred at the study area, of
which 25 cm was discharged as storm runoff. An additional 34 cm was discharged as baseflow runoff, and a
net water-table rise of 116 cm occurred, which is equivalent to a change in storage of 12.5 cm. Data from the
weighing lysimenter indicate that about 14 cm of evapotranspiration occurred during the period. Taken as a
whole, these data indicate a net gain of water during the pre-restoration monitoring period. A water-budget
analysis indicates a positive residual balance of 28.5 cm. The excess water (above that derived from direct
precipitation onto the watershed) came from two sources: (1) groundwater inflow from outside the watershed,
and (2) overspill from the stream that forms the eastern boundary of the watershed.

Evaporation, infiltration, and recharge. Data from the weighing lysimeter are presented in Figure
2. Daily evaporation was normally less than 0.25 cm and exceeded 0.5 cm on only two occasions. In
contrast, infiltration was large, especially on days when much precipitation occurred. A regression analysis of
rainfall totals (measured by the tipping-bucket rain gauge) and infiltration (measured by the weighing
lysimeter) indicates a strong statistical correlation (r* = 0.85, fig.3), with a regression slope equal to 0.93.
This indicates that nearly all of the rain that falls on unsaturated areas of the watershed ends up infiltrating,
rather than running off, the surface.

Water-table fluctuations. Water-level fluctuations in the four wells containing pressure transducers
are presented in Figure 4. Water levels were extremely low when the wells were emplaced (the summer of
1995 was very dry), but the autumn rainstorms indicated in Figure 2 resulted in a large rise of the water table
that temporarily brought saturation conditions to the surface inside the restoration area (see the graph for
RCr, fig. 4). The water table also rose above the surface in the ditch at the watershed outlet (see WO, fig. 4)
and remained there throughout the period of monitoring. Rainstorms caused water levels to periodically reach
the surface in the interior (RCr, fig. 4) and along the northern periphery (NBo, fig. 4) of the watershed on
several occasions, but the saturation contitions were brief and water levels tended to remain at about 30 cm
below the surface at RCr and about 15 cm below the surface at NBo.

On eleven occasions, spot measurements of water levels were made in the other monitoring wells,
and those data are plotted in Figure 5. All of the wells are in low-lying areas of the watershed, except those
on the eastern and western berms. The water levels are, therefore, at or near the ground surface on most of
the measurement dates, and the variability between measurements is small.

Rainfall-runoff response. The hydrograph of streamflow for the pre-restoration period of
monitoring 1s presented in Figure 6. The rainfall hyetograph is also repeated for comparison. Outflows from
the site are normally less than 50 m® hr'. However, on at least nine occasions, peak discharges in excess of
100 m® hr' were documented. Note that the storm-flow discharges are not in constant proportion to the
rainfall totals.

The rainfall-runoff response of each storm can be described by a ratio of total storm runoff to storm
precipitation. Figure 7 is the frequency distribution of runoff coefficients determined for all of the 33 storms
indicated in Figure 6. Most of the runoff coefficients (Rc values) are below 0.2. These low runoff
coefficients resulted when storm rainfall infiltrated and recharged the water table when it was low. The larger
runoff coefficients (> 0.5) resulted when pre-storm saturation conditions were greater, or when very large
rainfalls (> 6 cm) occurred. At these times, surface ponding occurred across broad areas of the watershed and
overland flow was generated.

An exceptionally large runoff coefficient of 1.3 (more runoff than could be generated by direct
rainfall alone) was determined for one of the storms. Details of the storm, which occurred on May 10, 11,
and 12, 1996, are depicted in Figure 8. Baseflow was very low (< 40 m® hr") prior to the storm, and the
water table was almost a meter below the surface at site RCr. Most of the storm rainfall (which totaled 9.6
cm) fell during two main pulses. The peak storm-discharge of 783 m® hr' occurred in response to the second
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Figure 2. Upper: Daily totals of net infiltration (positive values) and net evaporation (negative values), as
determined from the weighing lysimeter at site NB (fig. 1). Lower: Daily precipitation totals recorded by
tipping-bucket raingauge at site RCr (fig. 1).

Wetland Restoration Hydrology



10

Lysimeter Infiltratrion (cm)
o
T

4 .
]

3 - u
2L " =

- ... ..
1 | |

" [ ] - [ |

|

0 1 1 I 1 I | 1 | ! ! 1 1 1 1 L | I

0 1 2 3 4 5 6 7 8 9 10

Precipitation (cm)

Figure 3. Scatter diagram showing relationship between daily net infiltration, as measured by weighing
lysimeter, and daily total precipitation, as measured by tipping-bucket raingauge. Note that most points are
clustered around the line of 1:1 correspondence (solid line).

Wetland Restoration Hydrology



Elevation (m)

183.6

183.2 +
182.8 |
1824

182
181.6

181.2 | {
180.8 |- wm‘

Closure

W\“\,

]

180.4

10/25 01/17
1995

04/09 07/02
Date 1996

183.6
182.8
E 1824 M
c
S 182 b 4
S
D 1816 \'
o
181.2
180.8
180.4
04/09 07/02
1995 Date 1996
1836
1832
Closure
1o2a |Closure |
E 1824 .
é 182
©
3 1816
w
181.2
180.8
180.4
10/25 04/09 07/02
1995 Date 1996

Elevation (m)

183.6

183.2 -
1828 |
1824

182

| Closure |

1816
181.2
180.8 |

180.4

10/25 01/17
1995

04/09 07/02
Date 1996

Figure 4. Temporal trends of water levels in monitoring wells at sites where pressure transducers allow
continuous monitoring. Horizontal lines indicate elevations of the ground surface at each site. The notation
“Closure” indicates the date on which the water-control structure was closed. See Figure 1 for locations.
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Figure 5. Temporal trends of water levels in monitoring wells at sites where spot measurements were
periodically taken. Horizontal lines indicate elevations of the ground surface at each site. The notation
“Closure” indicates the date on which the water-control structure was closed. See Figure 1 for locations.
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Figure 6. Upper: Hydrograph of streamflow at site WO (fig. 1) during the period preceding closure of the
water-control structure. Lower: Daily precipitation totals during the same period.
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Figure 7. Frequency histogram of runoff coefficients for 33 rainstorms that occurred during the period
preceding closure of the water-control structure.
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Figure 8. Hydrologic summary of a major storm that occurred on May 10 through 12, 1996, prior to closure
of the water-control structure. Upper: Rainfall hyetograph. Middle: Water-table response. Lower:
Discharge hydrograph
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pulse, and the water table rose about 30 cm above the ground surface at that time. Streamflow remained high
for two days after the rain ceased. These high flows were a response to surface and subsurface inflows from
the south and east (the east-bounding stream was observed to be spilling into the restoration watershed at that
time), as well as releases of stored rainwater within the wetland watershed

A statistical regression model has been developed to represent the rainfall-runoff response of the
watershed in its pre-restoration condition. The model that was used is as follows:

RC = b0 + b]Pto! + bZPmax + b3Qbf+ei (1)

where P, is total storm precipitation (cm), P, 1s the maximum hourly precipitation that occurred during the
storm (cm), and Q, is the pre-storm base flow (m? hr'). The parameters b, through b, are statistical
regression paramenters, and ¢; is a random-error term that is assumed to be normally distributed. The results
of the statistical regression analysis are presented in Table 1 and indicate that about 74 percent (R? = 0.74) of
the variability in pre-restoration runoff coefficients can be attributed to variability in the independent
variables. Note that while all of the regression coefficients are statistically different from zero (95 percent
confidence level), the regression constant b, is not. These regression parameters (determined for the pre-
restoration period of monitoring) will be statistically compared to those determined for the post-restoration
period to determine what effect the closing of the water-control structure has had on the rainfall-runoff
response of the watershed.

TABLE 1. Multiple regression analysis of the relationship
between pre-restoration runoff coefficients (Rc), total
storm precipitation (P,,), maximum hourly rainfall (P_,,),
and pre-storm baseflow (Q, )

Model Estimated Standard Calculated
parameter® value® error of t-ratio
estimate
b, -0.0458 0.047 -0.978
b, 0.0485 0.025 1.941%**
b, 0.2018 0.084 2.414%*
b, 0.0053 0.002 2.940%*

® Rc is dimensionless, P, and p,,, are in cm, Q1s in
m’/hr. Multiple correlation coefficient R = 0.86.

® Regression coefficients of equation (1).

¢ Parameters were estimated using ordinary least-squares
** Estimated parameter value is statistically different from
zero at the 95% confidence level with 29 degrees of
freedom.

Effects of Closing theWater-control Structure
When the control structure was closed on May 31, 1996, water immediately ponded in the ditch that drains

the watershed (WO, fig. 4), and the water table rose above the ground surface at site RCr within a period of
40 hours. A similar rise occured at NB, but the water table never reached the top of the berm. However, as
expected, water levels at NBo were unaffected by the closure, because that well 1s outside the restoration arca
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itself. Water levels remained high inside the restoration area until June 28, 1996, when a steep and protracted
decline occurred that brought the water levels to the low positions observed the previous summer. As shown
in Figure 4, the water-level decline also occurred at NBo, which is evidence that the drop in level was a
region-wide response to the dry conditions that were prevailing at that time, rather than a failure of the berms
to impound water. A series of storms brought the water levels back up in middle July, but another dry period
ensued in late August, and the water levels dropped once again (fig. 4).

The declines of the water table during middle and late summer are also evident in the interior of the
watershed. Spot measurements on July 17 and Septernber 7, 1996, indicate that the water table was as much
as 50 cm below the surface, even in those low-lying areas of the watershed where saturation conditions
normally prevail (fig. 5).

Figure 9 shows the area where surface ponding occurs during times when the water-control structure
1s causing maximum retention within the restoration area. The total area subject to ponding by the water-
control structure (4.5 acres) is only seven percent of the entire watershed, but as discussed previously, other
areas of ponded water also exist within the watershed, and there is a large area where the water table is now at
a depth of less than 30 cm below the ground.

Figure 10 shows the effect that closing the water-control structure has had on soil-moisture profiles
in the unsaturated area of the restoration site. When pre-restoration monitoring began in October, 1995, dry
conditions prevailed to a depth of 1.8 m at WB. Recharge began in November, and by early spring moisture
content was substantially greater, except in the uppermost portion of the soil. When the water-control
structure was closed, saturation conditions moved upward and only the uppermost few centimenters remained
unsaturated.

SUMMARY AND RECOMMENDATION

Prior to closure of the water-control structure, the pilot restoration watershed was characterized by low water
tables and the absence of surface outflows from middle summer through October. Large rainstorms
intermittently produced high discharges, but only for very short durations. Rainstorms are more frequent in
spring and early summer, and because the water table was near the surface during those seasons, very high
discharges were sometimes generated that lasted for several days.

When the water-control structure was closed in late May, 1996, the water table rose to its maximum
attainable elevation within just a few days. Even at that time, however, only about seven percent of the entire
watershed was flooded, because the north berm is lower than most of the interior of the watershed. For
several weeks, the area of the pool remained almost constant, but the pool then dried up when the regional
water-table aquifer experienced a steep decline in middle summer. Several weeks later, the pool was re-
established during a brief stormy period and it remained for several weeks, but then dried up again when the
regional water table once again declined.

These findings demonstrate an important link that exists between restoration activities and the
regional water table. Placement of water-control structures in subareas is probably incapable of restoring
marsh conditions -- even in small areas -- so long as the regional water table experiences large fluctuations in
elevation. Large declines of the regional water table occur because discharges through Derby Ditch occur
constantly, so that the water-table aquifer is being dewatered during periods when rainfall does not occur for
several weeks. Such conditions occur frequently. Future restoration measures may require placement of a
water-control structure in Derby Ditch, itself. The level could be fixed to a level that would retain more
groundwater during dry periods of summer, but would not pose any threat of flooding in developed areas
during heavy rainfalls.
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Figure 9. Map showing the maximum extent of surface ponding resulting from the closing
of the water-control structure.
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Figure 10. Measured profiles of soil-moisture content at WB. The profiles for October 26 and November 9,
1995, and April 7, 1996, were measured before closure of the water-control structure. The profile for July 2,

1996, was measured after closure. See Figure 1 for location.
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