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Preface

The Long Term Resource Monitoring Program (LTRMP) was authorized under the
Water Resources Devel opment Act of 1986 (Public Law 99-662) as an element of the U.S.
Army Corps of Engineers Environmental Management Program. The LTRMP is being
implemented by the Environmental Management Technical Center, a U.S. Geological
Survey science center, in cooperation with the five Upper Mississippi River System
(UMRS) States of Illinois, lowa, Minnesota, Missouri, and Wisconsin. The U.S. Army
Corps of Engineers provides guidance and has overall Program responsibility. The mode
of operation and respective roles of the agencies are outlined in a 1988 Memorandum of
Agreement.

The UMRS encompasses the commercially navigable reaches of the Upper Mississippi
River, aswell asthelllinoisRiver and navigable portionsof the K askaskia, Black, St. Croix,
and MinnesotaRivers. Congress hasdeclared the UMRSto be both anationally significant
ecosystem and a nationally significant commercial navigation system. The mission of the
LTRMP is to provide decision makers with information for maintaining the UMRS as a
sustainable large river ecosystem given its multiple-use character. Thelong-term goals of
the Program are to understand the system, determine resource trends and effects, develop
management alternatives, manage information, and devel op useful products.

This report was prepared under Strategy 1.2.3, Determine Effects of Water Levels and
Dischargeson the Upper Mississippi River Ecosystem, and Goal 3, Develop Alternativesto
Better Managethe Upper Mississippi River System, as specifiedinthe Operating Plan of the
LTRMPfortheUpper Mississippi River System (USFWS 1993). The purposeof thisreport
is to provide requested information to the Pool 25 Natural Resources Management
Committee concerning the effects of water level management alternatives on floodplain
habitat. This report was developed with funding provided by the Long Term Resource
Monitoring Program.



Pool 25: Water Level Management
Alternatives and Their Effects on Habitat

By Joseph H. Wlosinski and James T. Rogala

Abstract

The effectsof changing levee and water |evel management practi ces on present habitat typesand amountson the
Upper Mississippi River floodplain at Pool 25 were predicted. Theintent of the study wasto investigate abroad
range of plansthat would provide coarse resolution information and the tools needed to study specific plansin
thefuture. Two conditions were investigated for levees: the present levee system and all leveesremoved. Five
water level management plans were studied: the present plan, two plans that would increase water levels, and
two plansthat would decrease water levels. Thelevee and water |evel management variablesresulted in atotal
of ten unigue management alternatives. Each was studied at four discharge regimesfor atotal of 40 scenarios.
A geographic information system (Gl S) was used to investigate the amounts and types of habitat that would be
affected for each scenario. Tools developed for the study were a discharge elevation relation for the tailwater
of Pool 25; estimates of water levels throughout Pool 25 for each scenario; GIS coverages of water levels,
floodplain elevations, levees, and habitat types; and a technique to compare alternative scenarios. All GIS

analyses were performed in araster environment.

Introduction

Conservation agenciesin lllinoisand Missouri
requested assistance from the Environmental
Management Technica Center (EMTC) in
developing water regulation alternatives at Lock
and Dam 25 on the Upper Mississippi River
(UMR). The objective of this multiyear study is
to evaluate water regulation alternatives that will
mi nimi ze negative effectsand increase ecol ogical
benefits of dam operation. The purpose of this
report is to provide requested information to the
Pool 25 Natural Resources Management
Committee concerning the effects of water level
management and |levee alternatives on floodplain
habitat. = The Pool 25 Natural Resources
Management Committeeiscomposed primarily of
members of the Upper Mississippi River
Conservation Committee who are making
long-term plans to manage the River floodplain
using ecosystem principles. The Committee
selected the management scenario options
investigated in this study. Defining constraints
associated with changing water level management
plans, such as the need to purchase additional
lands or easements, was not part of this study.

A companionreport (Wlosinski 1996) contains
information on historical discharges and water
level management practices in Pool 25. An
annotated bibliography of the effects of water
levels on ecosystem componentsis also available
(Wlosinski and Koljord in press). Engineering,
legal, and administrative constraints must be
resolved beforedternative plansareimplemented.
Information concerning constraintson water level
management can be found in reports by the U.S.
Army Corps of Engineers (USACOE 1991) and
Wilcox and Willis (1993).

The intent of the WNatura Resources
Management Committee for Pool 25 was to
investigate a limited number of plans covering a
broad range of management alternatives and to
develop the tools needed to study more specific
plans in the future. A recommended future plan
may actually be asuite of plansthat changes from
one year to the next, between seasons, or as a
function of certain predefined conditions.

Some terminology in this report may not be
common but is used routinely for water level
management or analysis using geographic
information systems (GIS). These terms are
defined in Table 1.



Management Scenarios

Weinvestigated two management variablesfor
this study: levees and water level management
plans. Two conditions were investigated for
levees. the present levee system and all levees
removed. Five water level management plans
were studied: (1) the present plan (Fig. 1), where
water levelsare held between 434 and 435.75 ft at
Mosier Landingwhendischargesareunder 95,000
cfsand are held at 429.7 ft at Lock and Dam 25
when discharges are above 95,000 cfs until open
river conditions exist (about 135,000 cfs); (2) a
plan that maintains awater level of 434 ft at Lock
and Dam 25 at all discharges until open river
conditions exist (about 190,000 cfs); (3) a plan
that maintains awater level of 437 ft at Lock and
Dam 25 at all discharges until open river
conditions exist; (4) aplan that maintains awater
level of 429.7 ft at Lock and Dam 25 at all
discharges until open river conditions exist; and
(5) aplanthat alwaysleavesthe gates of Lock and
Dam 25 in the raised position so that the only
control of water levels would be from Dam 26.
The two management variables, levee and water
level management plans, result in a total of ten
uniqgue management aternatives (two levee
conditions times five water level management
plans).

Four different steady-state discharge regimes
wereinvestigated for each of the ten management
alternatives: 19,000, 56,000, 95,000, and 135,000
cfs. We chose aregime of 19,000 cfs because it
represents conditions at nearly flat pool, and it
was the estimated discharge when agerid
photography was taken for this study. A regime
of 56,000 cfsrepresentsamaoderate discharge, and
it was the lowest discharge represented on the
graph (USACOE 1980) showing the relation of
discharge and water levelsinthe tailwater of Pool
25. The two higher discharges, 95,000 and
135,000 cfs, represent the maximum and
mi nimum discharge at maxi mum drawdown under
the present plan (Fig. 1).

We determined the effects of each of the ten
management alternatives at the four selected
discharge regimes on selected habitat classes,

resulting in 40 scenarios (ten management
alternativestimesfour dischargeregimes). Levee
and water level management alternatives and the
dischargeregimesused in thisstudy are presented
in Table 2.

Methods

A GIS was used to quantify the aerial extent
and types of habitat that would be affected for
each of the40 scenarios. Methodswere needed to
develop a discharge elevation relation for the
tailwater of Pool 25; estimates of water levels
throughout Pool 25 for each scenario; GIS
coverages of water levels, floodplain elevations,
levees, and habitat types, and a technique to
compare aternative scenarios. All GIS analyses
were performed in araster environment using the
ARC/INFO GIS software package.

Discharge—Elevation Relation

A mathematical rel ation between dischargeand
water level elevation at the tailwater of Lock and
Dam 25 was developed by using a third-order
polynomial regression. Water level data were
obtained from the USACOE, St. Louis District.
Discharges were estimated from U.S. Geological
Survey (USGS) dtations at Valley City and
Grafton, lllinois, and Keokuk, lowa (WIlosinski
1996). The regression was based on data
collected from 1986 to 1993. The relation
between dischargeand water level sispresentedin
Figure 2.

Water Level Estimates

Water level estimatesthroughout the pool were
needed for each scenario. These estimates were
obtained by using HEC-2, a computer model
intended for cal cul ating water surface profilesfor
steady, gradually varied flow (Hydrologic
Engineering Center 1990). Data for elevation
transects for the model were obtained (1) from a



study performed on the main and secondary
channelsin fall 1993 by the USACOE, St. Louis
Disgtrict; (2) fromdatacollected by the Alton Field
Station of the Illinois Natural History Survey on
backwaters in summer 1994; and (3) from USGS
gquadrangle maps at a resolution of 1:24,000.
Elevation transects for the model occurred at
about 0.5-mi intervals.

The model was calibrated by adjusting the
Manning's N parameter for each transect.
Cadlibration runs were made at 19,000, 56,000,
95,000, and 135,000 cfs. Predictions were
compared to average elevation data collected by
the USACOE, St. Louis District, from 1952 to
1993 at five stations (Table 3). Manning's N was
adjusted until predicted values were within 0.3 ft
of the observed values for all four discharge
regimes.

Aninitial water level at Lock and Dam 25 was
also needed for HEC-2 to predict pool water
levels for each of the 20 scenarios. For the
calibration simulations (Plan 1), the mean water
level at the discharge of interest was calculated
fromelevation datacollected by the USACOE, St.
LouisDistrict, from 1952 to 1993. The mean was
433.8 ft at discharges of 19,000 and 56,000 cfs,
431.7 ft at 95,000 cfs, and 429.9 ft at 135,000 cfs.
Thus, Plan 1 is based on historical water level
measurements. For the alternative management
scenarios at all four discharges, the starting water
level was 434.0 ft for Plan 2; 437.0 ft for Plan 3;
and 429.7 ft for Plan 4. Water levels for Plan 5
were obtained from the water level discharge
relation for the tailwater of Lock and Dam 25
(Fig. 3). The water surface used was 419.2,
422.0, 425.0, and 428.2 ft for discharges of
19,000, 56,000, 95,000, and 135,000 cfs,
respectively. The HEC-2 model used for thefinal
calibration simulation isin Appendix A.

The same water level predictionsfor the levee
and no-levee optionswere used. We assumed that
levees would not have a significant effect on
water levels because the discharges of interest
were less than flood flows. Thus, the model was
used to obtain 20 different water level datasets

(five water level management plans times four
discharge regimes). Model transects only
includeel evationinformation needed for thisstudy
and do not continue landward of levees, so the
model is not suitable for predicting water levels
during floods.

Water Level Coverage

A GIScoverage of water level swas created for
each of the 20 scenarios from the HEC-2
predictions. A templateof polygonsfor eachriver
milewascreated to produce asurfacerepresenting
water levels. Most of the template cells were
perpendicular to the direction of flow, with no
lateral changes in water surface e€levation.
However, if off-channel areasareonly contiguous
with the main channel at a downstream location,
the polygon would have anirregul ar pattern. The
template also assumes that Lock and Dam 25 is
continuous from bluff to bluff. The template was
developed according to conditions determined
from 1989 aerial photography. The polygon
coverage was converted to araster grid coverage
with acell size of 50 m. The large cell size was
sel ected because of thelow resolution of theriver
mile template. The GIS program for developing
the water level coverageisin Appendix B.

Floodplain Elevation Coverage

Data for a GIS coverage of floodplain
elevations were obtained from five sources. The
only source of data for terrestrial areas was 5-ft
contour data obtained from USGS 1:24,000
guadranglemaps. Thehighest contourincludedin
this coverage was based on predictions from
HEC-2 of the highest elevation by river mile for
the 20 scenariosinvestigated. For thisreason, the
total area of the coverage may be slightly smaller
than the actual area of the floodplain.

Bathymetric data were obtained from
USACOE, St. Louis District, surveys performed
on the main and secondary channels in fall 1993
and LTRMP Alton Feld Station surveys
conducted on backwaters in summer 1994. For



the USACOE transect data, 5-ft contours were
interpolated by computer and plotted on maps. In
addition, 3-ft contours were drawn by hand from
the USACOE transect data to supplement the
computer-generated contours and 1- to 3-ft
contours were drawn from bathymetric data
collected in the backwaters. All bathymetric data
were gaged to a constant water surface elevation
(434.0ft) throughout the pool, and bed el evations
were then calculated from water depths.

Additional elevations along shorelines were
derived from land cover data and SPOT satellite
data taken at three different discharge regimes.
Land cover data and SPOT imagery were
classified into land and water classes, and the
boundary was then treated as a shoreline.
Shoreline elevations were estimated by using the
HEC-2 model, elevation data at the Pool 25
headwater gage, and adischarge estimate obtai ned
from the Pool 25 tailwater gage.

We combined all elevation data into one
coverage. Interpolation methods were then used
with these datato generate a continuous elevation
surface. To assist the interpolation algorithm,
additional data were created in an intermediate
interpolation step.  This interpolation was
performed along selected lines, referred to as
break lines, which were critical for retaining the
integrity of the surface. Otherwise, errors might
have beenintroduced into the coveragein areas of
€levational change, whichwould beinterpreted as
distinct triangles of equal elevation. We used a
linear interpolation of a grid from a triangulated
irregular network (TIN).

Levee Coverage

The levee coverage was, for the most part,
provided by the Scientific Assessment and
Strategy Team (SAST), who digitized interpreted
aerial photography. Data used from SAST
included levee center lines and areas protected by
levees. Madifications to their coverage were
made by adding areas that were isolated from the
main river and were not designated as such.

Polygonsof the protected areaswerethen created.
The polygon data were converted into a raster
dataset at a 5-m cell size, and areas (polygons)
protected by levees were assigned a "nodata’
value. Thelevee coverage wasthen used to mask
floodplain areasfor the scenariosrepresenting the
present levees condition. Thus, the total habitat
acreagefor thetwolevee conditionswasdifferent.
We assumed that |evees would not be overtopped
under any combination of discharges and water
level management plans used for the study.

Habitat Coverages

Two classification schemes were used as
surrogates for habitat types: land cover/land use
and aguatic areas. For both schemes, we used
data obtained from aerial photography taken in
September 1989. LTRMP's13-Class Generalized
Classification Scheme was used for reporting the
effects on land cover/land use (Table 4).
However, this classification systemis a subset of
a classification system with finer resolution, and
either scheme can be used for future studies. One
class, the submergents rooted floating aguatics
emergents, did not occur anywhere and was
excluded from the analyses. Six classes were
designated as aquatic (ending with emergents,
Table 4) and the rest as terrestrial.  Additional
information on the finer resolution scheme is
provided (Appendix C).

Wilcox (1993) presented an aguatic areas
classification scheme for the Upper Mississippi
River System (Fig. 4). Wefollowed hisschemein
this study, except that the main and secondary
channel swerenot further subdivided. Nonaguatic
areas were considered terrestrial.

Comparison of Scenarios

A three-digit numbering scheme was created
for comparing different management scenarios
(Table 5). The first digit represents the levee



conditions, the second the water level
management plan, and the third the discharge.
Scenario "111" represents the present levee
system and present water level management plan
at 19,000 cfs. These were the conditions that
werein place when the photography was obtained
for land cover/land use and aquatic areasin 1989.

Changes in habitat types can occur as a
function of discharge and of water level
management plan. Wedealt with both changesby
adding two general classes, "flooded terrestrial”
and "dewatered aguatics." Thus, we did not
predict the type of habitat that would occur if an
areathat wasdesignated asterrestrial wasflooded
or an aguatic areawas dewatered, only the type of
present habitat that was affected. We also did not
predict whether existing classes would change
because of changes in water depth or changesin
elevation above the water surface.

Changesthat would occur asaresult of each of
the management alternatives were determined by
overlay of GIS databases using the software
package ARC/INFO GRID. The initial overlay
was the water surface elevation grid and the
elevation database. The product of that overlay
was a land water grid, which was used to
determine inundation or exposure of habitat
present in the Plan 1 scenario for each of the four
discharges. Each of the other plans was then
compared to the present plan (Plan 1) for each
discharge. Thisledto 16 comparisonsfor each of
the two levee conditions. The change due to the
presence or absence of levees was generated by
using the levee mask (present levee condition) or
operating on the entire study area (no levee
condition). The program developed for
comparing water level management scenarios is
presented (Appendix D). A similar program was
developed for the aquatic areas classification.

The statistics we reported for the study were
the total acreage for each class for each scenario
and a summary of change for each scenario. In
the summary of change, we compared each of the
water level Plans 2, 3, 4, and 5 to the present plan

for each discharge regime and included the |l oss of
each class, the inundation of terrestrial habitat
types, and exposure of aquatic habitat types.

Results and Discussion

Discharge—Elevation Relation

Thedischarge el evation relation devel oped for
the tailwater of Lock and Dam 25 is presented in
Figure3. Predicted elevationsareabout 0.2t0 0.8
ft lower than the relation given in the Water
Regulation Manual for Pool 25 (USACOE 1980).
This difference is not surprising, especialy
considering possible errors associated with
estimating discharges. The USGS reports much
of their discharge data asbeing "fair," which they
define as "95% of the daily discharges are within
15% of thetruevalue" (Reed et a. 1993). A 15%
error in estimating discharge, at 100,000 cfsat the
Lock and Dam 25 tailwater, is equivalent to an
elevation difference of about 1.1 ft.

Discharge exceedence curvesfor 1939 through
1993 were presented by Wlosinski (1996).
Discharges were below 19,000 at Pool 25 less
than 1% of thetime. They were between 19,000
and 56,000 cfs 37% of the time and between
56,000 and 95,000 cfs 27% of the time.
Discharges were between 95,000 and 135,000 cfs
16% of thetime and above 135,000 cfs20% of the
time.

Water Level Estimates

Water level predictionsfrom HEC-2 arelisted
by river milefor management Plans 1 through5in
Tables 6 through 10, respectively. The predicted
difference in water levels from one end of the
pool to the other for the various scenarios varies
fromalow of 0.3 fttoahigh of 14.4 ft (Table 11).
Water levelsas afunction of discharge are shown
for threelocationsin the pool for Plans 1 through
5in Figures 5 through 9, respectively.



It should be noted that water levelscan only be
controlled at Lock and Dam 25 but can be
managed at any other location in the pool.
"Management" isdefined here asthe maintenance
of atarget water level at aspecific location in the
pool (control point) over a range of discharges.
Also, if one specific planisused to manage water
levelsinapool, water level fluctuationsanywhere
else in the pool would be strictly a function of
discharge. To have flexibility to manage water
levels over a range of discharges, two different
plans must be feasible. Water |evel management
"flexibility" would then bethe vertical distance of
water levels between various management plan
aternatives. Flexibility values change as a
function of discharge and asafunction of distance
from Lock and Dam 25. The amount of water
level flexibility, in feet, among the various plans
is shown in Table 12 for locations at the
headwater of Pool 25, near Mosier Landing, and
at the tailwater of Pool 24. When water levelsare
managed at the dam, water level management
flexibility is inversely related to distance from
Lock and Dam 25.

Water Level Coverage

Graphs depicting water level elevations by
river mile, for each water level management plan,
are presented for each of the four discharge
regimes (Figs. 10 through 13). As previously
stated, levee presence or absenceisnot avariable
in water level conditions. An example of the
water elevationtemplateis provided in Figure 14.
The template is overlaid on the land water
boundary for illustrative purposes.

Floodplain Elevation Coverage

Theelevation coveragefor thenorthernportion
of the pool is presented in Figure 15 and the
southern portion in Figure 16. The elevation
coverage did not include the entire floodplain
because of the absence of high elevation data, as
described previoudy. The tota area of the
floodplain, obtained from the original land

cover/land use map, is about 85,700 acres. The
study areafor this report was about 84,100 acres.
Themean elevation of the entire study areais 438
ft above msl with a standard deviation of 8 ft.
Sixteen percent of the area is higher than 445 ft,
47% is higher than 440 ft, 71% is higher than 435
ft, and 86% is higher than 430 ft. Asexpected of
a floodplain, there is a longitudinal trend of
decreasing elevation moving downriver. The
study area that was not protected by levees had a
mean elevation of 434 ft with astandard deviation
of 10 ft. The study area protected by leveeshad a
mean elevation of 440 ft with astandard deviation
of 5ft.

Levee Coverage

The areaprotected by leveeswas about 49,200
acres (59% of thefloodplain). About 83% of the
land on the Missouri side, including islands, is
protected by Federal levees for a total of about
39,500 acres. About 43% on the lllinois side is
protected by levees. A Federa levee on the
northern portion of the lllinois side protects about
8,500 acres, and a non-Federa levee in the
southern portion of thelllinois side protects about
1,200 acres.

Habitat Coverages

Land cover/land use classes for the northern
portion of Pool 25 are presented in Figure 17 and
for the southern portion in Figure 18. Similarly,
the aquatic areas coverage is presented in Figures
19 and 20. A small percentage of the area along
the periphery of the habitat coverages was
excluded so that the area coincided more closely
tothe areaof the elevation coverage. Acreages of
land cover/land use, by class, for the two levee
optionsare presentedin Table 13. Thecolumnon
the left only includes habitat acreages that were
present between the levees. The column on the
right includes habitat acreages for the entire
floodplain. The submergents rooted floating
aguatics emergents class did not occur anywhere



and was excluded from the analysis. Similarly,
acreage figures for aquatic areas are presented in
Table14. A number of classesshownin Figure 4
were not found in Pool 25 and were therefore not
included in the analysis.

Acreagesfor each land cover class, for each of
the four discharges under the present water level
management plan, areprovidedin Table15for the
management optionwithleveesinplaceand Table
16 for the option with leveesremoved. Tables17
and 18 contain similar information for the aquatic
areas. Acreages for a specific class do not
necessarily increase or decrease as a function of
discharge, because water levels in Pool 25 are
presently managed by a midpool control method.
As discharges increase with this method, water
levels may be increasing in the upriver part of the
pool, while at the same time decreasing in the
downriver part of the pool.

Comparison of Scenarios

Predicted acreagesfor each land cover class at
each water level management plan, with leveesin
place, are provided in Tables 19 (19,000 cfs), 20
(56,000 cfs), 21 (95,000 cfs), and 22 (135,000
cfs). Tables 23 through 26 contain similar
information for the option with levees removed.
An equivalent set of tables (27 through 34)
include acreages for agquatic area classes.

Because habitat classes change asafunction of
discharge and of water level management plans,
viewing total acreage figures may be confusing.
We have attempted to show changes only as a
function of management alternatives by
comparing Plans 2 through 5 to the present plan
for each level of discharge. The effects of water
level management Plans 2 through 5 onland cover
classes, when compared withthe present planwith
leveesinplace, are presentedin Tables 35 (19,000
cfs), 36 (56,000 cfs), 37 (95,000 cfs), and 38
(135,000cfs). Similar informationispresentedin
Tables 39 through 42 when levees are removed.
The effects on aguatic areas are presented in

Tables43 through 46 when leveesremainin place
and Tables 47 through 50 when levees are
removed. These tables show both the number of
acres changed when each plan is compared with
the present plan and the percent change. It should
be noted that the maximum loss is 100%, but that
increases can be greater than 100%.

M aps showing the comparisonsfor land cover,
between Plan 2 and Plan 1, are provided in
Figures 21 through 28. As can be seen in these
figures, the greatest area of change is in the
southern portion of the floodplain. Relatively
minor changes occur in thenorthern portion of the
pool as aresult of any plan.

Changesfor all classesinthemodel arestrictly
afunction of elevation. If an elevation anywhere
inthefloodplainislower than the predicted water
elevation for that river mile, that area would
remain aquatic or would become an inundated
terrestrial area, evenif theareawassurrounded by
land that was higher than the water surface
elevation. Similarly, any areacan drain aswaters
recede, even if the areais effectively cut off from
the river. This is especialy important in the
southern portion of thefloodplain on the Missouri
side of the river. Most of this area now drains
into Pool 26. Lock and Dam 25 would haveto be
extended to the bluff and channels might have to
be constructed to manage water levels and
habitats as shown in Figures 21 through 28 and
Tables 19 through 50.

Thevast amount of data generated because we
investigated 40 scenarios and more than 30 habitat
types makes it extremely difficult to succinctly
discuss results. However, as stated previoudly,
habitat classes change both as a function of
discharge and water level management plans.
Viewing Figures 10 through 13, which show
water levels as a function of discharge and water
level management plans, may help the reader to
better understand the results listed in Tables 35
through 50 and Figures 21 through 28. For
example, little difference in water levels occurs
anywherein the pool when comparing Plans1 and



2 at 19,000 cfs (Fig. 10), helping to explain why
most acreage val ues under management Plan 2 are
less than those of other management plans.
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