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APPENDIX E
HYDROLOGY AND HYDRAULICS

GENERAL

The Bay Island Refuge area, shown on plate 1 of the main report, is located
within the Mark Twain National Wildlife Refuge between River Miles (RM) 311
and 312 in Pool 22. This area, located about 2 miles north of Hannibal,
Missouri, is currently managed as a wetland backwater refuge by the
Missouri Department of Conservation (MDOC).

The purpose of this appendix is to present the development and evaluation
of proposed improvements which will provide a water control system. This
system will provide two interconnected Wetland Management Units (WMUs) with
controlled water levels and reduce sedimentation into the refuge area. The
elevation versus area and capacity curves for each unit and a total project
curve are shown on plates E-1 through E-3.

CLIMATE

The climate in northeastern Missouri is characterized by extreme tempera-
tures and moderate precipitation. The National Weather Service operates a
weather station in Hannibal, Missouri, located about 2 miles south of Bay
Island, which has over 39 years of record. Temperatures range from a
maximum of 114 degrees Fahrenheit in the summer to a minimum of -8 degrees
Fahrenhelt in the winter.

Most of the precipitation occurs in summer and fall months, with April,
May, June, and July normally the wettest months, having a monthly average
of over 3.75 inches. Winters are normally the driest parts of the year.
The average annual precipitation is 38.4 inches, and the average anmual
snowfall is 25 inches. - Table E-1, shown below, lists the appropriate
monthly precipitation amounts at the Hannibal gage for the 39 years of
record during the periods 1948 to 1986.
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TABLE E-1

Avera ont itation
Month inches : Month Inches
January 1.68 July 4.71
February 1.77 August 3,63
March 3.05 September 3.74
April 3.77 October 3.27
May 4.29 November 2.47
June 3.75 December 2.24

HYDROLOGY

Mississippi River discharge frequency relationships and corresponding water
surface profiles were promulgated by the Upper Mississippi River Basin
Commission (UMRBC) in a November 1979 study entitled Upper Mississippi

iver Water Surface Profiles, River Mile 0.0 to River Mile 847.5. Plate E-
4 presents pertinent data from this study. Actual water elevations are
recorded daily at Hannibal, Missouri, (RM 309.9) and Lock and Dam 21 (RM
324.8). Plates 5 and 6 of the main report show daily stage hydrographs for
the period of record 1964 through 1988. These data were used to compute
monthly and year-round elevation duration relationships for the project
site, as presented on plates E-5 through E-8. The 50-percent duration
elevation can be interpreted as the average elevation. The months of
August, September, and October have the lowest normal elevations,
referenced to feet above MSL, of 460.0, 460.1, and 460.0, respectively,
The year-round normal elevation is about 460.7 feet. Typical floods appear
to last for at least 25 days and raise the water surface about 5 feet.

SEDIMENT CONDITIONS OF EXISTING PROJECT

Historical records of past sedimentation rates are essentially nonexistent;
however, recent EMP project data indicate rates averaging .4 to .8 inches
per year in backwater areas adjacent to the Mississippi River. Comparing
1938 survey data of the project site with the topographical maps dated 1977
indicates an average sedimentation rate of .21 inch per year. This implies
a rate of 7.0 acre-feet per year over the 400-acre backwater area.
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The sedimentation rate is directly related to the amount of sediment
brought into the area and the percent trapped in the area. An average en-
trapment ratio can be estimated by utilizing a known deposition rate, an
average flow through the area, a sediment concentration, and a duration of
flow. The Mississippi River and Clear Creek are possible sources of sedi-
ment for this area. Due to the relative small base flows of Clear Creek
and the upstream drainage district pumping from a large lake where settling
probably takes place, it is assumed that the sediment contribution from the
creek is negligible. The following analysis assumes that 100 percent of
the sedimentation in the project area is from the Mississippi River.

The average annual flood flow of 200,000 cubic feet per second (cfs) was
selected from flood frequency data as the basis for estimating annual sedi-
ment delivery. An average sediment concentration of 300 parts per millioun
(ppm) was estimated by evaluating the Hannibal gage sediment records. The
duration of flow, about 36 days, was obtained by choosing the flow duration
at elevations exceeding elevation 466, which is the elevation at which the
study area would be three quarters inundated with water. A cross section
of the Mississippi River in the vicinity of the project is shown on plate
E-9. For a flood of 200,000 cfs flowing at elevation 468 feet, it is esti-
mated that approximately 4 percent of the flow will be conveyed through the
€xisting cross-sectional area to be occupied by the proposed project. This
condition with the assumed sediment concentration and duration results in
171 acre-feet of sediment available for deposition in the project area on
an average annual basis. Since 7 acre-feet has been deposited on the
average, this represents 4 percent of the estimated available amount, or an
entrapment ratio of 4 percent.

The concentrations are higher during flood flows, and often a substantial
sediment load is deposited during only a few events. To estimate the
volume of sediment that is deposited during flows greater than the 10-year
frequency, the discharge through the study area, sediment concentration,
duration of flow, and entrapment ratio were utilized. A flood flow of
313,000 cfs flowing through 8 percent of the entire flow area, with an
average concentration of 400 ppm, for 3.65 days, would result in 49.9 acre-
feet per year of sediment flowing through the study area. Using the en-
trapment ratio of 4 percent would result in a rate of 2.9 acre-feet per
year of sediment being deposited due to floods greater than the 10-year.
This implies that the volume of sediment deposited by floods less than the
10-year frequency is 4.1 acre-feet per year.

SEDIMENT CONDITIONS OF THE PROPOSED PROJECT AREA

The initial proposed project includes a deflection levee constructed to the
10-year flood event on the river side and a ring levee completely enclosing
the area to the 2-year elevation. The deflection levee does not keep
floodwaters out of the project area since it does not enclose the area.
However, for floods up to the 10-year event, it does prevent water from
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continuously flowing through the area. Table E-2 is an estimate of the
percentage of sediment deflected due to the proposed project.

TABLE E-2

entation te

Existing Proposed % Reduction
(ac-ft/yr) (ac-ft/yr)
< 15-Year 5.5 4 93
> 15-Year 1.5 1.3 13
TOTAL 7.0 1.7 76

An estimate of the sedimentation caused by floodwaters less than the 10-
year event was computed using the volume of water to fill the WMUs to
elevation 468 and assuming the area fills once a year. The volume of water
is 1,300 acre-feet and, assuming a concentration of 300 ppm, resulted in .4
acre-foot per year of sediment being deposited. This is a 91 percent
reduction in the sedimentation rate caused by floods of less than a 10-year
event,

The same analysis that was done for existing conditions was performed to
estimate the sedimentation rate caused by floodwaters greater than the 10-
year event with the proposed project. Assuming that water will fill the
area to elevation 468, the flow area will be reduced approximately 50 per-
cent, resulting in a sedimentation rate of 1.9 acre-feet per vear and a 35
percent reduction,

LEVEE AND WATER CONTROL STRUCTURES

The proposed project includes a levee system constructed to provide two
interconnected WMUs with protection from the 2-year flood event. All levee
heights will be at least 468.0 feet MSL. The levee on the Mississippi
River side will be at the 10-year flood level; however, it will not enclose
the area and, therefore, it will not provide flood protection as shown on
plates 9 and 18 of the main report.

A significant aspect of the project is the stop log water control struc-
tures between Clear Creek and each of the refuge areas as shown on plates 3
and 22 of the main report. The northernmost area is referred to as the
forested WMU, and the southern unit is referred to as the non-forested WMU.
Each of these control structures will have an effective weir length of 20
feet, The purpose of these structures is to control water levels in each
WMU, independent of how the other is operated, and to allow floodwaters to
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enter the interior of the levee system during normal operation of the
structures. The structures were sized to have a capacity to convey enough
water to fill the interior of the levees before overtopping occurs during a
flood event greater than the 2-year frequency. This will equalize the
hydrostatic pressure and reduce damage during flood events. Routing a
typical Mississippi River flood event, assuming a rate of rise of 1 foot
per day, it is estimated that the interior of the levee system would fill
to elevation 467.3. This would mean that the Mississippi River water
elevation would be .7 foot higher than the interior elevations during
overflow. Once overtopping occurs, the interior would fill and the head
difference would be the same as the typical rate of river rise. A typical
Mississippi River flood event will recede approximately .5 foot per day.
The refuge areas will drain at about the same rate as the river.

Another stop log structure will be located between the forested and non-
forested units as shown on plate 23 of the main report. This structure
will have an effective weir length of 6 feet and will be able the pass the
entire pump capacity without overtopping the levee. The stop log structure
between the forested unit and Clear Creek will have a weir elevation at 464
when the logs are in place, which will enable a pool elevation of 464, The
stop log structure between the non-forested unit and Clear Creek will have
a welr elevation of 466 when the logs are in place, which will enable a
pool elevation of 466. The stop log structure located between the forested
and non-forested units will have a maximum weir elevation of 466 when the
logs are in place. Either or both areas could be gravity dewatered in a
15-day time period during normal operation. All stop logs between the WMUs
and Clear Creek must be removed when a Mississippi River high water event
above elevation 468 is predicted. This is critical in order to assure fil-
ling the interior of the levee before overtopping occurs.

The area of conveyance for the 100-year flood event was computed for exist-
ing conditions and compared to that of the proposed conditions. There was
approximately a 3 percent reduction in the cross-sectional area at the

- .project site. The reduction occurs in the over bank area which does not
normally convey much of the flood flow. The estimated difference in flood
elevations for all floods is substantially less than 0.1 foot. A channel
cross section for existing and proposed conditions is shown on plate E-9.
Table E-3 lists the number of times per month the 2-year flood elevation
was exceeded during the years 1965 through 1987 at the project site.



TABLE E-3

umb of Times t 2-Year Elevation

Wag ded (1965-198
Menth ~ Numbex = Month = Number
January 0 July 2
February 1 "~ August 0
March 5 September 1
April 7 October 1
May 8 November 0
June 3 December 0

PUMP SIZE

Another significant aspect of the project is the pump station located at
the downstream end of the levee as shown on plate 12 of the main report,
The station will be a one pump system with the capability to pump from the
river into the non-forested WMU.

The pump was sized In order to fill the forested WMU to elevation 466 in at
least 15 days and the non-forested WMU to elevation 464 in less than 30
days. This will be accomplished by a 6,000 gallons per minute (gpm) pump.
The effects of evaporation, infiltration, and seepage were all considered
in the pump sizing. It was assumed that under less than ideal conditions
rainfall will not be a factor. Plate E-10 is a graph of alternative pump
sizes and the corresponding pumping days. The 6,000 gpm pump was selected
because it was the most cost-effective pump that would satisfy the MDOC
requirements. A typical Mississippi River flood will recede approximately
.5 foot per day. The WMUs will recede at about the same rate as the river;
therefore, a pump to evacuate storage is not required.

BRIDGE REPIACEMENT

The existing bridge across Clear Creek has deteriorating abutments and is

generally considered to be in very poor condition. The proposed replace-

ment bridge has a waterway opening of approximately 213 square feet below

the low chord elevation of 463.6 feet compared to approximately 190 square
feet below the existing low chord elevation of 462.5.



Hydraulic analyses were carried out to establish the effect of the proposed
bridge and levee system on the water surface profiles for Clear Creek. The
analyses were made using the Corps of Engineers standard step backwater
computer program HEC-2. Starting water surface elevations were obtained
using the slope area method. Two flows for Clear Creek were modeled, the
100-year flood and the maximum discharge from the South River Drainage
District, comparing existing and proposed conditions. The 100-year dis-
charge of 1,250 cfs includes the maximum pump discharge of 500 cfs and is
assumed not toe be coincidental with a Mississippi River flood event. For
both flows, the flood elevations varied less than .1 foot at the upstream
end of the project area, for with and without the proposed bridge and levee
project,

As an alternative to the bridge replacement, a low water crossing was
evaluated. This would consist of a set of culverts to handle low flows,
and larger discharges would flow over the road. The design criteria for
the culverts is that they must have a capacity of at least 500 cfs. This
is the maximum discharge from the upstream drainage district pump station.
It was calculated that four 4-foot culverts would be required to meet the
criteria. A rating of the four culverts using a discharge of 500 cfs would
raise the water surface elevation to 464 feet. This is about 3 feet higher
than the existing conditions. Because of the higher water surface eleva-
tions and the expected maintenance problems, a bridge replacement was the
recommended alternative,
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LOCATION

The Bay Island Rehabilitation and Enhancement project is situated within
Marion County, Missouri, between Mississippi River miles 310.5 and 312.

The site is located upstream from Hannibal, Missouri, and downstream from
the South River Drainage District. The actual project area is at the
extreme southern end of Bay Island. It is bounded by the Mississippi River
and Ziegler Chute on the east and by the Bay de Charles on the southwest.
The Bay Island area lies within the Dissected Till Plains section of the
Central Lowlands Physiographic Province.

PHYSTOGRAPHY

The project also lies within the Mississippi River floodplain which is
built on the glaciofluvial sand and gravel fillings of a former channel.
The bottom of this channel lies more than 100 feet below the bed of the
present channel. Bordering this plain are steep cliffs up to 200 feet in
height. Mississippian age rocks are exposed along these bluffs. The
surface soils of this area are mostly lean to fat clays varying from 3 to
24 feet in thickness. These soils are underlain by sands and gravels with
an occasional lens of glacial till. There was no glaciation in this
vicinity subsequent to Pre-Illinoisan. The Illinoisan terminated within a
few miles of the site area. Bedrock of the Hannibal Shale Formation lies
at a depth of approximately 110 feet.

SUBSURFACE EXPIORATIONS

Borings for this site were taken in January (BI-89-2, 4-9, 11-14), March
{BI-82-1, 3, 10, 16 and 17), April 1989 (BI 89-15, 18), June 1989 (BI-89-
19-26), and November 1989 (BI-89-27-29). These were primarily obtained
with a 4-inch Iwan hand auger. A CME-45 drill rig with a 5-inch hollow




stem auger was used for the deeper borings (BI-89-3, 10, 16, 19, 21-25, 27-
29). Soil samples generally were taken at 2-foot intervals or at breaks in
strata. For the deeper borings, samples were taken at 5-foot intervals if
the material was consistent after penetration through the impervious top
stratum. Shale bedrock was reached on BI-89-3, 28, and 29, approximate
elevations 408.9, 413.3, and 417.9 feet MSL, respectively.

GROUNDWATER

Water levels are noted on the boring logs taken for this study. Based on
interpretation of these logs, the ground water levels encountered in this
area are fairly inconsistent. The elevations at which water was located
ranged from 456.7 MSL to 463.5 MSL. The depths where water was encountered
varied from 0.5 foot up to 8 feet. The highest elevation of the ground
water level, 463.5 MSL, was found on boring BI-89-8, which was taken in a
creek bottom. The lowest elevations were found in boring BI-89-9, located
at the northwest corner of the project. Although levels are inconsistent,
levels for borings taken during the same timeframe showed that groundwater
flow appears to move from the bluffs to the river. The water levels should
be expected to fluctuate with changes in climate conditions.

In lieu of the proposed pumping plant with channel to the Mississippl River
for obtaining water to fill the wetland management units (WMUs), the
possibility of using wells was investigated. The State of Missouri,
Division of Geological Survey and Water Resources, provided copies of well
logs and production rates for wells installed in Marion county and tapping
the alluvial aquifer. These wells are located at the northern end of Bay
Island near river mile 320. A review of production rates from these wells
revealed that the aquifer’s specific capacity is approximately 40 to 45
gallons per minute (gpm) per foot of drawdown (l6-inch diameter well). To
accommodate the WMU strategy, a pumping capacity of 6,000 gpm is required.
This translates into four wells. This concept was not investigated further
since it is more economical to build the pump plant, '

SQILS AND SOII._TESTS

As mentioned before, the surface soils in this area are generally clays.
In Marion County, based on information from the soil survey maps, there are
three main series of clays: the Blase Series, Fatima Series, and Carlow

Series.

a. Blase Series - This group consists of deep and poorly drained
soils on the floodplain. Areas of the soils are usually elongated and
higher than the plain. The layer on the surface is a dark gray clay that
is silty and firm., This top layer is about 9 inches thick underlain by a
13-inch layer of a black, firm, silty clay. The substratum is a silt loam
about 30 inches thick.
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b. Fatima Series - These soils are moderately well drained soils of
medium permeability on the bottom lands. They formed in silty alluvium.
The surface layer is a dark, grayish brown, silt loam about 8 inches thick.
The next layer is a 10-inch-thick silt loam. Surface runoff is slow in
these soils. Avallable water capacity is high.

c. Carlow Series - This group consists of poorly drained solls
formed in clayey alluvium in slack-water areas. These soils are level with
the floodplain. The surface layer is a dark gray, silty clay about 6
inches thick. The subsurface layer is a 6-inch-thick dark gray, mottled,
firm silty clay. Surface runoff is slow with a moderate capacity for
water.

Using the Unified Classification System, these soils would be considered
lean clay (CL) to silts (ML). This is seen in the boring logs, along with
several sections of fat clays (CH) which were encountered.

Both field and laboratory visual classifications were performed on each
soil sample obtained. The natural moisture content was determined on all
impervious alluvium sediment soils. Atterberg limit tests alsoc were run on
select samples to aid in classification and to give some indication of the
consistency of the natural materials. Additionally, gradation and minus
number 200 sieve washes were performed on noncohesive materials. The Djg
grain size, natural moisture content, Atterberg limits, encountered water
level, strata changes, and visual classification are shown on boring logs
plate 7 and 8 of the main report. Gradation curves are shown on plates G-
12 through G-17.

PERIMETER LEVEE EMBANKMENT

The proposed perimeter levee, as shown on plate 3 of the main report, is 3
to 7 feet high and approximately 19,200 feet long. Its top elevatiom is
constant at elevation 469 MSL at the northern end, sloping to 468 MSL at
the southern end. The purpose of the levee is to create WMUs with
controlled water levels for wildlife habitat in the interior of these
units. The crown of the levee will be either 10 or 12 feet wide, depending
on the need to have an access road located on it. The side slopes of the
levee will be 1V on 4H. Construction of these levees will be accomplished
using borrow from adjacent ditch cuts, or from borrow scraped from adjacent
crop fields,

INTERMEDTATE LEVEE EMBANKMENT

The proposed intermediate levee embankment, as shown on plate 3 of the main
report, is approximately 3 to 5 feet high and about 4,800 feet long. Its
top elevation is constant at elevation 468 MSL, The purpose of the levee
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is to create the two separate WMUs, allowing different water levels to be
maintained in each unit. The crown of the levee will be 10 feet wide. The
side slopes of the levee will be 1V on 4H. Construction of these levees
will be accomplished using borrow from adjacent ditch cuts.

OQUNDATION FO ENT

The entire foundation beneath the proposed levee embankments will be
stripped of vegetation and other deteriorated materials to a depth of 6
inches. All top roots, lateral roots, and trees within the embankment
foundation areas will be removed to a depth of 3 feet below natural ground
surface. An inspection trench is not considered necessary and will not be
incorporated into the levee configuration.

An extensive field investigation and exploration program was accomplished
to determine the foundation conditions. According to borings, which are
pertinent to the perimeter levee embankment, the foundation material
consists of recent alluvial deposits. Boring logs are shown on plates 7
and 8 of the main report. The top stratum varies in thickness from 7 feet
to more than 16 feet and consists of normally consolidated impervious
deposits (CL, CL-CH, CH, SC, and ML). The moisture content ranges from 25
to 44 percent for lean clay (CL) materials, 28 to 43 percent for medium
clay (CL-CH) materials, 31 to 57 percent for fat clay (CH) materials, and
28 to 48 percent for silts (ML) materials.

Atterberg limits were performed on selected soil samples. These results
are shown on the boring logs with typical results for CL soils ranging from
35/22 to 51/23, for CL-CH soils from 52/22 to 55/28, for CH soils from
57/23 to 79/25 and 31/24 to 48/29 for ML soils. For borings obtained using
a rotary drill rig, standard penetration test ”"N” values were recorded
during drilling and sampling operations. Values obtained for the top
stratum ranged from 3 to 6 blow counts. Correlating these blow counts with
shear strength, the shear strength of materials found at the project site
are estimated to be 400 to 1,000 psf which correlates with pocket
penetrometer tests run on selected clay samples.

Soils beneath the impervious top stratum are generally medium to fine sands
. (SP). Standard penetration test values for these materials range from 3 to
35 (disregarding the 45 obtained in B1-89-10 in the clayey, sandy gravel),

FOUNDATTONS FOR _OTHER STRUCTURES

Five structures are proposed to be built as part of this project: three
water control structures, a pump plant, and a bridge. Two of the water
contrel structures are located in the perimeter levee (one in each WMU to
allow independent water control in each area) at stations 95+80 and 79+50,
with the third in the intermediate levee (allowing flow between the wetland
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management areas) at station 4+25A. The pump plant is located at station
8+00B. The bridge will be located near station 114400 and will cross Clear
Creek. Site-specific borings have been taken for each of the structures to
determine the engineering characteristics of the foundation materials.
Detailed descriptions of soils encountered are shown on boring logs (see
plates 7 and 8 of the main report). The boring does not show undesirable
or soft material. The unsuitable material which might not have been
encountered by these borings will be replaced with appropriate fill if
encountered. The replacement material will be placed and compacted to
obtain a density equal to the adjacent undisturbed foundation. A dewater-
ing system may be required to maintain the excavation area(s) in dry
condition. Foundation design details of the proposed structures are given
in Appendix H,

SLOPE STABILITY

The proposed perimeter levee near station 61+50 was found to be the most
critical for slope stability analysis for the end of construction condi-
tion. Due to the low embankment heights and relatively firm foundation
conditions encountered during subsurface explorations, only a hand analysis
using slope stability charts was done. The chart used is shown on plate G-
2 and is from "An Engineering Manual for Slope Stability Studies” by Duncan
and Buchignani, published by the University of California, Berkeley.

Conservative shear strengths (UU) were assumed for the most critical
configuration of embankment height and foundation conditions to estimate
the stability of the embankment. Shear strength values assumed are shown
on plate G-1 and are based on tests conducted on the samples both in the
field and lab. The actual computations also are shown on plate G-1, along
with the location of the eritical failure surface. The computed minimum
factor of safety of 2.6 for the perimeter levee embankment for the end-of-
construction condition far exceeds the 1.3 required by EM 1110-2-1913,
"Design and Construction of Levees,” dated March 31, 1978, No slope
stability problems are anticipated.

UNDERSEEPAGE

The occurrence of any underseepage-related distress due to this project was
investigated. This included a study of the thickness and permeability of
the top impervious stratum, the engineering characteristics of the pervious
substratum, along with the lateral extent of the riverward and landward
impervious blankets. Project operation also was taken into account.

The first item of concern is seepage from the northern WMU. Natural ground

surface is in the vicinity of 462 to 463 MSL; the water elevation in the
pond will be at elevation 464 MSL. The thickness of the impervious top
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stratum based on borings in the area is from 7 to 25 feet thick. By
inspection, no problems due to underseepage are expected.

The second 1tem of concern is seepage from the southern WMU. Natural
ground surface in this vicinity is elevation 464 to 465 MSL; the water
elevation in the pond will be at elevation 466 MSL. The thickness of the
impervious top stratum based on borings in the area is from 8 to 40 feet
thick. By inspection, no problems due to underseepage are expected.

Since the levees will be constructed from adjacent impervious materials,
through-seepage will not be a problem. Depth of excavation during bor-
rowing operations will be limited to ensure that no open entrance to the
underiying sand stratum is created.

SETTLEMENT

The same level section that was analyzed for slope stability also was
deemed most critical with respect to settlement. A settlement analysis was
made using information contained in "Foundation Analysis and Design” by
Joseph Bowles, 3rd Edition, 1982, Settlement prediction for the highest
perimeter levee is 13 inches; the analysis is shown on plate G-3. Addi-
tionally, analyses were performed on “typical” levee section (plate G-4).
For a 5-foot-high perimeter levee, the estimated settlement is 9 inches,

To account for this estimated settlement, as well as any unexpected
settlement, a shrinkage allowance of 15 percent of the levee height will be
provided in the specifications.

To ensure against no excessive settlement after construction, site-specific
settlement analysis was performed for the water control structures. This
analysis was performed to determine height of surcharge load versus time
for 3, 6, 9, and 12 months. Six months is the minimum practical time to
expect settlement to be achieved, which theoretically will require a
surcharge depth of 2.1, 8.2, and 6.3 feet for stations 4+25A, 79+50, and
95480, respectively. The results of this investipgation are shown on

plate G-10.

It is recommended that settlement plates also be used to ensure that a

minimum of 85 percent of the expected settlement has taken place before
construction of the structures.

SLOPE PROTECTION

Both levee embankments will be grass seeded since a heavy timber growth is
evident on both sides of the levee. Therefore, it is anticipated that
grass protection will be adequate against wave wash. From stations 121+63
to 46+51 and stations O+00B to 72+17B, the profile of the levee will be
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placed on a steeper gradient than the natural river flood preofile to ensure
that overtopping occurs from the downstream end. Also, the water control
structures have been designed to allow sufficient inflow into the units
during a flood event that will result in a head differential of only 0.7
foot at overtopping. This will preclude the need for additional scour
protection.

BORROW MATERTAL

Material for construction of all the levees involved in this project will
be obtained from adjacent ditch cuts or from borrow scraped from adjacent
crop fields., A 15-foot minimum area between the toe of the embankment and
the ditch excavation will remain relatively undisturbed and in place. The
depth of the excavation will be controlled to ensure that the impervious
top stratum remaing In place, thus not creating an open entrance for
seepage to the underlying sand materials. (See plate G-5 for typical
section.)

Bagsed on information obtained from the boring logs regarding the materials
in the area, this material should be suitable for use in levee construc-
tion. Due to the relative low heiphts and flat slopes of the embankments
needed for this project, the semi-compacted method of material placement is
recommended. It is not necessary to incur the expense of drying the nmate-
rials to optimum moisture content, although for some reaches of embankment
construction drying back of the adjacent materials may be required.
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APPENDIX J
MECHANICAL. AND ELECTRICAL CONSIDERATIONS

PURPOSE AND SCOPE

The purpose of this appendix is to present the preliminary design of the
pump station for the Bay Island, Missouri, project. Pump manufacturers’
engineering information for standard catalog units were used to develop the
design presented in this appendix. Pump sizing and layout are based on the
efficient operation of the station, ease of normal maintenance, and the
flooding requirements determined by the Missouri Department of Conservation
(MDOC) for each particular Wetland Management Unit (WMU).

GENERAL

A pump station containing one submersible propeller-type pump is proposed
for the Bay Island project. The function of the pump station will be to
discharge river water into the non-forested WMU for the purposes of
creating a flooded marsh in this region and the interconnected forested WMU
to the north of the non-forested WMU. The flooded marshes then would be '
utilized by wintering or nesting waterfowl,

The pump station will be located on the southern end of the non-forested
WMU and will be protected from the main channel of the river and associated
debris. The pump station will draw water from the side chute west of
Zeigler Island and be constructed integrally with the sediment deflection
levee.

The pump unit is sized to complete a flooding sequence of the forested WMU
in 15 days; thus, the most restrictive flooding requirement set by the MDOC
will be met. Manual operation of the pump unit will be utilized for
setting and maintaining water elevations in the non-forested and forested
WMU's. Water elevation in the forested WMU will be further controlled via
an intermediate stop log water control structure located between the units,
as well as stop log structures located adjacent to Clear Creek. All
necessary power and control equipment for the pump unit will be located
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outside of the pump station. Pump unit removal will be accomplished
through one of two secured sealed equipment access hatches located on top
of the pump station and directly overhead of the pump unit discharge tube.
Hand-cleanable trash racks will be provided at the intake pipe entrance for
protection of the pump impeller against large debris. Dewatering of the
sump for maintenance purposes will be via a portable sump pump after
isolating the sump from the river by the use of a portable dam at the
intake pipe entrance,

STATION FEATURES

The pump station structure will consist of cast-in-place concrete sections.
The pump station will be fed by a 122-foot-long (approximate) 24-inch
reinforced concrete intake pipe from Zeigler Chute passing through the
sediment deflection levee and entering the sump region wall., One 6,000-gpm
submersible propeller-type pump with motor will be utilized to floocd the
WMU’s. The discharge from the pump will enter a 30-foot-long (approximate)
cast-in-place sloped concrete channel, approximately 5 feet wide, which
passes through the remainder of the sediment deflection levee enroute to
the non-forested WMU. Access to the sump region will be by an embedded
ladder through the second equipment access hatch. System head computations
and an example pump selection are shown on plates J-1 through J-9. The
estimated annual operating energy cost of $1,020 is shown on plates J-10
and J-11,

OPERATION

The pump unit will be completely manually operated, except for the
automatic pump shutoff protection capability for a low sump level
condition. . The automatic pump shutoff protection capability will be
accomplished with two redundant float switches located in the sump. The
float switches contacts will open (de-energizing the pump) at a sump water
level elevation of 455 feet, 10 inches. The selected setpoint maintains an
adequate margin of protectlon for the pump and motor according to the pump
minimum submergence requirement,

ELECTRICAL

The submersible pump at the station will be operated by a directly attached
electric motor. Power will be provided by the Missouri Rural Electric
Cooperative (REC) of Palmyra, Missouri. Missouri REC is interconnected
with Northeast Power Cooperative and Associate Electric which have coal-
fired and hydroelectric generating plants. These utilities are considered
to be a reliable source of power,
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Three medium voltage power systems are available within the area: 7.2KV-2
phase, 12.5KV-3 phase, and 7.2KV single phase. .The 7.2KV-2 phase and
12.5KV-3 phase lines are located 5 miles from the site; therefore, 5 miles
of new power line will have to be constructed for direct utilization of 2-
phase or 3-phase power. The 7.2KV single-phase line can be tapped within
one-quarter mile of the pump station location. Utilization of the 7.2KV
single-phase power option seems to be the most cost effective, Near the
pump station, the 7.2KV line will be transformed down with a 37.5KV
transformer to 240V single phase, which in turn will be converted to 480V
3-phase, using a power phase converter. The transformer, kilowatt-hour
meter, power phase converter, and pump control panel will be mounted on a
2-pole platform structure located approximately 40 feet from the pump
station. Cables to the pump station will be installed in underground
conduit.

Local ownership of the power source will be on the load side of the
kilowatt-hour meter. The Government, through its contractor, will pay for
connection charges pertaining to the power line, transformer, kilowatt-hour
meter, and power converter, The Missouri REC will own and maintain the
medium voltage service, transformer, and meter.

The pump station will have motor loads of approximately 30 KW, which
includes a 30 HP submersible pump motor and a 0.75 HP portable sump pump.

Load and short circuit analyses for the pump station are shown on plates J-

12 through J-18. An electrical one-line diagram and details are shown on
plate 27 of the main report.
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I. PURPOSE

The purpose of this appendix is to present an overview of the process used
for quantification of benefits for this specific project. The method was
applied by an interagency team composed of staff from the Missouri
Department of Conservation (MDOC), the U.S. Fish and Wildlife Service
(USFWS), and the U.S. Army Corps of Engineers.

II. BACKGROUND

The need for quantification of EMP-HREP outputs has been discussed by
various agencies assoclated with the EMP as a project performance
evaluation tool, a project ranking tool, and a project planning tool.

This application involves quantification solely for the purpose of project
planning.

The benefits to be derived from habitat rehabilitation and enhancement
projects are not readily convertible to actual monetary units as is
customarily required for traditional benefit-cost analyses. A method of
quantification is needed to adequately evaluate project features for
planning, design, and administrative purposes.

Measurable changes in habitat value can be described by suitability
indices, habitat units, animal numbers, or animal use days.

The selected approach is referred to as a habitat unit (HU) accounting
methodology. Several similar methodologies exist at this time, such asg
Habitat Evaluation Procedures (HEP), which was developed by the USFWS as an
impact assessment tool; Habitat Evaluation System (HES), which was
developed by the Corps of Engineers also as an impact assessment method;
and Habitat Management Evaluation Method (HMEM), which was developed by the
Bureau of Reclamation. Of the three methodologies referenced, HEP is
likely the most familiar to all participants in the EMP,




TIT. METHODOLOGY

For this project, HU's were chosen as the unit of comparison for project
features or alternative plans. HU'’s are derived from multiplication of
habitat acreages by habitat suitability indices (HSI's). HSI's result from
numeric ranking of site characteristics at sample sites throughout a given
project area. Numeric ranking was done using the Wildlife Habitat
Appraisal Guide (WHAG) field data sheets and computer program developed by
the MDOC and the Soil Conservation Service.

This project did not involve aquatic habitat and therefore no aquatic
enhancement goals. The Rock Island District Corps of Engineers is
currently working with the MDOC, the USFWS, and the Corps of Engineers
Waterways Experiment Station to develop an aquatic habitat appraisal guide
methodology similar in function to WHAG. No aquatic methodology has been
completed as of this date. A draft aquatic appraisal guide has been
distributed for agency review and response to MDOC.

HU’s may be averaged and annualized for specific target years to project
anticipated changes in habitat values over time. The HU represents a
measure of available habitat based on acreage and estimated habitat
quality.

Computer results are provided for estimated total HU's, HSI's, and animal
numbers. After existing conditions are determined, the Bay Island study
team reviewed the habitat appraisal guides to determine where habitat
quality can be improved. HU's were annualized for target years using the
USFWS's HEP 80 program in order to evaluate changes in project features
over time. As an example, initially, pin oak plantings will have little
value as forest habitat but gain value over the 50-year period of analysis.
As the overall project matures, forest evaluation characteristics such as
stems per acre, percent canopy closure, snags per acre, and cavity trees
per acre are assumed to change in a relatively predictable succession. It
is the rate of succession that is then used to select target years for
project evaluation.

Habitat quality ratings can be improved by: 1) increasing acreages for
particular habitat types that may be limited or lacking; 2) altering a
limiting factor, such as unpredictable water levels; 3) altering a
management strategy such as cropping practice, or cover crop composition;
or 4) a combination of the preceding, depending on management goals, target
species requirements, or available funds.

For the Bay Island, Missouri, project the project goal was enhancement of
wetland values for migratory waterfowl. Therefore, the study team selected
the appraisal guides for wetland habitats, and selected the mallard as a
target species or species of emphasis. The WHAG study team was comprised
of staff from the MDOC, the USFWS, and the Corps of Engineers. Prior to
site sampling, the study team reviewed aerial photography, topographic
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maps, and preliminary design drawings to select representative sample sites
for WHAG application.

During site sampling, assumptions were developed regarding existing
conditions and projected post-project conditions, relative to limiting
factors and management practices.

IV. ASSUMPTIONS

a. Water levels throughout the project area are unpredictable during
waterfowl migrations. Lack of shallow water over and within wetland food
resources (crops and mast-producing forested areas) limits wetland value
during migrations.

b. Forest values regarding mast production limit wetland values during
waterfowl migrations.

c. Current cropping practices are sufficient to provide an alternate
food source to naturally occurring moist soil species during waterfowl
migrations,

d. Alternatives evaluated represent all available options to modify
habitat suitability for migratory waterfowl, as represented by the resource
categories of forested wetland, non-forested wetland, cropland, and
grassland.

e. Target years of 0, 1, 15, and 50 will be sufficient to annualize
HU’s and to characterize habitat changes over the estimated project life.

f. The mallard is a suitable species of emphasis and adequately
characterizes life requisite requirements of the migratory waterfowl group
for the purpose of incremental analysis of this project.

g. The Canada goose, green heron, wood duck, beaver, northern parula,
and prothonotary warbler are suitable species for comparative evaluation of
overall wetland values and changes in wetland values resulting from project
construction,

V. RESULTS

Ten features or alternatives originally were evaluated relative to stated
objectives. These included: a. no action; b. water level management in
three increments defined by impoundment capability (1,165 acres; 2,240
acres; and 3,405 acres in tandem subunit operation); c¢. sediment
deflection; d. Clear Creek snagging and excavation; e. interior
excavation; and f. Cover management in three increments defined by
strategy (1, pin oak planting; 2, clearing and passive vegetation
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management; and 3, clearing and active vegetation management). Following
consideration of the overall goal, Alternatives D and E were determined to
be unresponsive to enhancement of wetland values. Analysis of these
alternatives using WHAG would reveal no change in HSI's or HU's for the
target group of migratory waterfowl. Water level management and sediment
deflection originally were considered to be one alternative or feature for
the purpose of this analysis. This was due to the anticipated need for
sediment reduction in long-term maintenance of wetland values. However,
reconsideration of sediment deflection as a separable cost item resulted in
its analysis as a separable habitat enhancement alternative. Therefore,
seven action alternatives or features originally were analyzed using
appraisal guide methodology: B, Bl, B2, and C, and F, Fl, F2. Summarized
results of WHAG application are provided as attachments to this appendix,

As currently proposed, water control will be provided to cropped areas,
forested wetlands, and non-forested wetlands. Cropland, which will show no
succession over time, was not considered for target year selection.
Forested wetlands, including mast species plantings, are assumed to show
definite successional changes, but not within the first several years.,
Non-forested wetlands are likely to succeed to forested wetlands over the
50-year period of analysis, as sedimentation eliminates remaining shallow
(less than 10 inches) areas. Evaluation target years were selected by the
study team to be 0 (existing conditions), 1 (post-construction), 15, and 50
(project life).

Analysis of sediment deflection as a separate alternative or feature
revealed a potential overall reduction in annualized HU output due to
anticipated filling of existing non-forested wetlands and conversion to
early stage forested wetland. However, only minimal incremental changes in
habitat values due to sediment reduction alone could be identified.

Water level management alone is estimated to increase habitat sultability
by over 60 percent and provides the greatest overall improvement in wetland
habitat values. '

Increasing mast tree dominance through pin oak planting and release of
existing pecans was estimated to further increase wetland values by a
relatively slight margin.

Conversion of forested wetland to non-forested wetland also provides a
slight increase in wetland values, as does conversion of forested wetland
to cropland.

VI. DISCUSSION

Results of WHAG application for seven alternatives were compared as
increments to costs assoclated with implementation of each alternative
plan. This incremental analysis is discussed in the Detailed Project
Report in Section 6 - Evaluation of Alternatives.
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Water level control is the key limiting factor in wetland values for the
project area. Levee construction for impoundment provides the largest
single increase in habitat suitability for migratory waterfowl. Three
impoundment sizes were considered. These are noted as Alternatives B, B1,
and B2. WHAG application revealed the greatest benefits from tandem
operation of two units versus operation of either single smaller unit.
Therefore, the WHAG study team determined that tandem unit water level
control should remain as part of any selected plan for the study area.

Cover management, specifically Alternative F - Selective Thinning and Pin
Oak FPlanting, represents a measurable increase in habitat value when
analyzed separately and in conjunction with water level control. In
addition to consideration of HU analysis results, the WHAG study team
recognized the general dominance of silver maple-elm association forest at
the project site and recommended the inclusion of thinning and pin oak
planting in the selected plan.

Cover management in the form of clearing forested wetlands to create non-
forested wetlands, Alternative F1, or clearing forested wetlands and
actively planting moist soil food plants, Alternative F2, also increased
habitat value over water level control. Projected HU output increased
measurably from existing conditioms to pin oak planting, to clearing, to
clearing and active planting as the highest potential improvement in cover
management. '

VII. CONCLUSION

HU accounting using WHAG or HEP appears to provide adequate quantification
necessary to portray planning and design rationale of habitat enhancement
projects.

During early planning and design, the sediment deflection portion of this
project was presumed to be a necessary feature, based on the intuitive
Jjudgment of the interagency planning team. Following clarification of the
project goal and potential enhancement for the Bay Island area, WHAG
application revealed that sediment deflection, in fact, did not provide
significant benefit as measured in HU's for the species of emphasis.

Removal of the sediment deflection portion of the proposed project resulted
in substantial savings without measurably reducing the total potential HU
output of the project.

Based on this application of WHAG, it appears that HU accounting has the
potential to form a sound basis for alternative evaluation and output
optimization. Further application of this methodology and refinement
should be pursued in the interest of non-traditional projects and thelr
success.
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PROJECT NAME
FLLANNING CONDITION

ALTERNAT IVE

AVAILABLE HABITAT (ACRES) EY SFECIES AND MAXIMUM NUMEER IF HAERITAT RATED 1.0

BAY ISLAND HREF

WITHOUT PROJECT

A

MAX IMUM
SFECIES ACRES  NUMBER
MALL ARD ¢EO 2,£00.0
CANADA GDOUSE 131 524.0
ILEAST EITTERN 21 10.5
LESSER YELLOWLEGS 21 4z2.0
MUSKRAT 21 £1.0
KING RAIL 21 2.1
GREEN-BACKED HERCN 540 108.0
WOOD DUCK 519 26.0
EEAVER 519 26.0
AMERCIAN COOT 21 4.z
NORTHERN FARULA 519 287.5
FROTHONGOTARY WARBLER 519 Z07.8

FROJECTED ANIMAL NUMBERS AND MEAN HSI's

TYOQO

SFECIES ANIMAL NUMEERS MEAN HSI TOTAL HARBITAT UNITS
MALL ARD 366.9 C.14 1.7
CANADA GOOSE 53.4 0.10 13.4
LLEAST BITTERN &.2 0.5% 12.5
LESSER YELLOWLEGS 0.0 0.10 Q.0
MUSKRAT 0.0 0.10 0.0
KING RATL 0.7 0.34 7.2
GREEN-BACKED HERON 22.8 0.21 113.%
WoD DUCK 9.8 0,38 197.0
CEAVER .5 0.37 i90.8&
AMERCIAN COOT 0.0 0.10 0.0
NUORTHERN FARULA 124,1 0.82 Z62.2
PROTHONGTARY WARBLER Z5.4 0.12 &3.6

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOO LOW TO MAKE RELIABLE DENSI’

FROJECTIONS




FROJECT NAME BAY ISLAND HREF

FLANNING CONDITION WITHOUT PROJECT TY1S

ALTERNATIVE A

AVAILAELE HABITAT (ACRES) BY SPECIES AND MAXIMUM NUMEER IF HARITAT RATED 1.0

MAX IMUM
SFECIES ACRES NUMEER
MALL ARD &850 Z,&600.0
CANADA GIOOSE 124 436.0
LEAST EITTERN 14 7.0
LESSER YELLOWLEGS 14 28.0
MUSERAT 14 14.0
K ING RAIL 14 1.4
GREEN-BACKED HERON 540 108.0
WoOD DUCHK B2& 26.3
EEAVER 526 26.3
AMERCIAN COOT 14 Z.8
NORTHERN PARULA S52a 263.0
FROTHONOTARY WARELER 824 £210.4

- PROJECTED ANIMAL NUMBERS AND MEAN HMSI's

SPECIES ANIMAL NUMEERS MEAN HSI TOTAL HABITAT UNITS
MALL ARD 366.9 C.14 ?1.7
CANADA GOOSE £0.¢ 0.10 12.7
LEAST RITTERN 2.9 0.55 T.7
LESSER YELLOWLEGS ¢.0 0.10 0.0
MUSERAT 0.0 ©.10 0.0
KING RAIL 0.4 0.30 4.2
GREEN-EBACKED HERON 22.3 0.21 111.7
WOoD DUCK 10.0 Q.38 199.6&
EEAVER 9.7 Q.37 193.3
AMERCIAN COOT 0.0 0.10 0.0
NORTHERN PARULA 135.9 .52 zZ7r1.&
FROTHONOTARY WARELER 25.8 ¢.12 &“4.4

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS T20 LOW TO MAKE REL IABLE DENSI”
FROJECTIONS




FROJECT NAME BAY ISLAND HREF

FLANNING CONDITION WITHOWT FROJECT TYSH0

ALTERNATIVE _ A

AVAILAELE HAEBITAT (ACRES) ERY SFECIES AND MAXIMUM NUMBER IF HAEITAT RATED 1.0

MAK I MUM
SFECIES ACRES NUMEER
MALLAKD &S50 Z,600.0
CANADA GOOSE 110 440.0
LEAST BITTERN O 0.0
LESSER YELLOWLEGS 0 0.0
MUSERAT O 0.0
KING RAIL 0 G.0
GREEN-EACKED HERON D40 105.0
WOOD DUCK 540 7.0
EEAVER 540 £7.0
AMERCIAN COOT O 0.0
NGRTHERN FARULA 540 Z70.0
FROTHONOTARY WARBLER 540 2140

PROJECTED ANIMAL NUMBERS AND MEAN HSI's

SPECIES ANIMAL NUMEERS MEAN HSI TOTAL HABITAT UNITS
MALLARD 3E6.9 Q.14 ?1.7
CANADA GOOSE 45.0 0.10 11.3
LEAST BITTERN 0.0 0.10 0.0
LESSER YELLOWLEGS 0.0 0.10 0.0
MUSKERAT G.0 .10 0.0
KING RAIL 0.0 0.10 0.0
GREEN-EBACKED HERON Z5.3 Q.23 126.5«
WOoD DUCK 10.% Q.40 218.0=
BEAVER 10.% 0.40 Z17.4
AMERCIAN COOT 0.0 0.10 0.0
NORTHERN PARULA 135.0 0.50 Z70.0 «
PROTHONOTARY WARBLER 31.2 0.1% 78.3

If MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOO LOW TO MAKE RELIAELE DENSI

FROJECT IONS
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FROJECT NAME BAY ISLAND HREF
FLANNING CONDITION TANDEM TYODL1

ALTERNATIVE . E

AVAILAELE HABITAT (ACRES) EY SPECIES AND MAXIMUM NUMEER IF HAEITAT RATED 1.0

MAX IMUM
SFECIES ACRES NUMEER
MALL ARD 425 Z,500.0
CANADA GUOSE 145 530,00
LEAST BITTERN 19 2.5
LESSER YELLOMWLEGS 19 38.0
MUSKRAT 19 19.0
KING RAIL 19 1.9
GREEN-BACKED HERON Ez4 104.8
WOUD DUCK 505 25.3
BEAVER 505 28,3
AMERCIAN COOQT 19 3.5
NCORTHERN PARULA 505 262.5
FROTHONOTARY MWARBLER 505 202,00

FPROJECTED ANIMAL NUMBERS AND MEAN HSI‘s

SFECIES ANIMAL NUMBERS MEAN HSI TOTAL HAEITAT UNITS
MALLARD 1,553.9 0.62 seg8.5
CANADA GOOSE 8%.0 0.15 22.32
LEAST BITTERN 0.0 0.10 0.0
LESSER YELLOWLEGS 0.0 0,10 0.0
MUSKRAT 0.0 0.10 ¢.0
FING RAIL 0.0 c.10 0.0
GREEN-EACKED HERON 24.3 0.23 121.4
WooD DUCK 11.1 0.44 . 2z2.7
EEAVER 11.1 0.44 2Z1.5
AMERCIAN COOT 0.0 - 0.19 0.0
NORTHERN PARULA 120.5 0.5z Z&0.9
PROTHONOTARY WARELER 24.7 0.12 6l1.%

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOO LOW TO MAKE RELIABLE DENSI"
FROJECTIONS
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FROJECT NAME BAY ISLAND HREF

FLANNING CONDITION TANDEM TY1S

ALTERNATIVE <)

AVAILAELE HAEITAT (ACRES) EY SPECIES AND MAXIMUM NUMBER IF HAEITAT RATED 1.0

MAX IMUM
SPECIES ACRES  NUMEER
MALL ARD 625 2,800.0
CANADA GOOSE 138 552.0
LEAST EITTERN 1z &.0
LESSER YELLOWLEGS 12 24.0
MUSKRAT 1z 12.0
KING RAIL 12 1.2
GREEN-BACKED HERON 524 104.8
WOOD DUCK 512 5.6
EEAVER 512 26.6
AMERCIAN COOT 12 z.4
NORTHERN PARULA E12 ZE6.0
PROTHONDOTARY WARBLER 512 204.8

PROJECTED ANIMAL NUMBERS AND MEAN HSI‘s

SPECIES ANIMAL NUMEBERS MEAN HSI TAUTAL HAEITAT UNITS
MALLARD 1,853.32 0.62 Iee.3
CANADA G3OSE 85.32 0.1%5 £1.3
LEAST BITTERN 0.0 0.10 .0
LESSER YELLOWLEGS Q.0 .10 0.0
MUSKRAT 0.0 0.10 Q.0
KING RAIL 0.0 0.10 0.0
GREEN-EACKED HERON Z24.5 .23 122.4
WD DUCK 11.3 0.44 £25.7
BEAVER 11.2 O.44 ZE4. 6
AMERCIAN COOT 0.0 0.10 0.0
NORTHERN FARULA 132.3 0.8z 264.5
FROTHONOTARY WARBLER £5.1 0.12 2.7

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOO LOW TO MAKE RELTABLE DENS I

FROJECT IONS
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FROJECT NAME BAY ISLAND HREF

FLANNING CONDITION TANDEM TYSO

ALTERNATIVE B

AVAILAELE HAEITAT (ACRES) EY SPECIES AND MAXIMUM NUMEER IF HABITAT RATED 1.0

MAX TMUM .
SPECIES ACRES NUMEBER
MALLARD &5 £,500.0
CANADA GOOSE 126 8504.0
LEAST BITTERN o 0.0
LESSER YELLOWLEGS 0 0.0
MUSERAT G 0.0
KING RAIL 0 0.0
GREEN-EACKED HERCON 5z4 i04.¢2
WODD DUCK 524 26.2
EEAVER &z4 2é.2
AMERCIAN COOT O 0.0
NORTHERN PARULA 5Z4 262.0
FROTHONOTARY WARELER 5zZ4 209.6

PROJECTED ANIMAL NUMBERS AND MEAN HSI’s

SFECIES ANIMAL NUMEERS MEAN HSI TOTAL HABITAT UNITS
MALL ARD 1,825.6 0.5 406.4
CANADA GOQSE 3.8 Q.16 19.7
LEAST EITTERN 0.0 .10 0.0
LESSER YELLOWLEGS 0.0 0.10 0.0
MUSKRAT 0.0 0.10 0.0
KING RAIL 0.9 0.10 0.0
GREEN-BRACKED HERON Z5.9 0.25 129.3
WOOD DUCK 14.1 0.54 £31.8
BEAVER 10.7 Q.41 £13.3
AMERCIAN COOT 0.0 0.10 0.0
NORTHERN PARULA 144.1 0.55 g8s.2
29.%9 c.14 4.7

FROTHONOTARY WARELER

IF MEAN HSI EQUALS .1, THEN HAEITAT QUALITY IS TOO LOW TO MAKE RELIABLE DENSI
FROJECTIONS '
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FROJECT NAME BAY ISLAND HREF
FLANNING CONDITION LOWER UNIT TYOO

ALTERNATIVE Bl

AVAILAELE HABITAT (ACRES) EBY SFECIES AND MAXIMUM NUMEER IF HARITAT RATED 1.0

MAX IMLIM
SFECIES ACRES NUMBER
MALLARD 155 &EQ.O
CANADA GODSE 71 34,0
LEAST BITTERN O 0.0
LESEER YELLOMWLEGS o 0.0
MUSKRAT o 0.0
KING RAIL o 0.0
GREEN-EACKED HERON 74 14,8
WOOoD DUCK 74 3.7
EEAVER T4 2.7
AMERCIAN COQT 0 0.0
NORTHERN PARULA T4 3T.0
FROTHONDOTARY WARBLER T4 296

PROJECTED ANIMAL NUMBERS AND MEAN HSI‘g

SFPECIES ANIMAL NUMEERS MEAN HSI TOTAL HAEBITAT UNITS
MALLARD 154.4 0.23 38.6
CANADA GOOSE 37.3 .10 C
LEAST EBITTERN .0 Q.10 0.0
LESSER YELLOWLEGS Q.0 0.10 0.0
MUSKRAT 0.0 0.10 0.0
K ING RAIL 0.0 0.10 0.0
GREEN-EACKED HERON 2.0 0.20 14.2
WOOD DUCK 1.4 0.38 Z8.1
EEAVER 1.4 Q.37 7.2
AMERCIAN COOT 0.0 .10 0.0
NORTHERN PARULA i9.1 0.5z 38.2
FPROTHONOTARY WARBLER 3.6 0.12 9.1

IF MEAN HSI EQUALS .1, THEN HARITAT QUALITY IS TOO LOW TD MAKE KRELIABLE DENSI
FROJECTIONS

L-12




FROJECT NAME

FLANNING CONDITION

ALTERNATIVE

BAY ISLAND HREF

LOWER UNIT
Bl

AVAILABLE HABITAT (ACRES) BY SFECIES AND MAXIMUM NUMEER IF HAERITAT RATED 1.0

MAXIMUM
SFECIES ACRES NUMEER
MALL ARD 142 G96.0
CANADA GOOSE 96 384.0
LEAST EITTERN () 0.0
LESSER YELLOWLEGS ) 0.0
MUSERAT 0 0.0
KING RAIL 0 0.0
GREEN-EACKED HERON &% 1.8
WQoD DUCK &9 3.5
EEAVER &9 3.5
AMERCIAN COQT o 0.0
NORTHERN PARULA &9 34.5
FROTHONOTARY WARBLER 6% 27.6

FROJECTED ANIMAL NUMBERS AND MEAN HSI's

SPECIES ANIMAL NUMBERS MEAN HSI TOTAL HABITAT UNITS
MALLARD 4z25.5 0.71 106.4
CANADA GOOSE 60.4 0.14 i8.1
LEAST BITTERN 0.0 .10 0.0
LESSER YELLOWLEGS 0.0 C.10 0.0
MUSHRAT 0.0 ¢.10 0.0
KING RAIL 0.0 G.10 0.0
GREEN-BACKED HERON 3.3 0.z24 14.3
WOOD DUCK 1.5 0.44 0.4
LEAVER 1.5 0.44 30.3
AMERCIAN COOT. 0.0 0.10 Q.0
NORTHERN FARULA 17.8 0.5z 35.7
FROTHONOTARY WARBLER 3.4 0.12 8.5

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOO LOW TO

FROJECTICONS

MAKE RELIAELE DENSI®




PROJECT NAME EAY ISLAND HREP
FPLANNING CUONDITION LOWER UNIT OUTER TYOO

ALTERNATIVE El

AVAILAELE HAEITAT (ACRES) BY SPECIES AND MAXIMUM NUMEER IF HARITAT RATED 1.0 .

. MA I MM
SFECIES ACRES NUMEER
MALLARD 485 1,%40.0
CANADA GOOSE 40 150.0
LEAST BITTERN £1 10.9
LESSER YELLUOMWLEGS zZ1 4Z.0
MUSKERAT Z1 £1.0
KING RAIL 21 2.1
GREEN-EACKED HERON 466 3.2
WOOD DUCK 445 Z2.3
CEAVER 445 ZZ.3
AMERCIAN COOT 21 4.2
NORTHERN FARULA 445 22Z.5
FROTHONOTARY WARELER 445 173.0

FROJECTED ANIMAL NUMBERS AND MEAN HSI's
SPECIES ANIMAL NUMEBERS MEAN HSI TOTAL HAEBITAT UNITS
MALLARD £12.5 0.11 53.1
CANADA GOOSE 15.2 .10 4.0
LEAST BITTERN E.2 0.89 12.5
LESSER YELLOWLEGS 0.0 0.10 0.0
MUSERAT 0.0 0.1¢ 0.0
FKING RAIL . 0.7 0.34 T.Z
GREEN-BACKED HERUON 1.8 0.z21 2.1
WD DUCK 2.4 0.328 158,%
EBEAVER 2.z 0.37 163.6
AMERCIAN COOQT 0.0 Q.10 0.0
NORTHERN PARULA 116.0 0.52 Vi
FROTHONQTARY WARBLER 21.8 0.12 54.5

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TDQ LOW TC MAKE RELIAELE DENSI

FROJECT ICNS

L-14




FROJECT NAME

FLANNING CONDITION

ALTERNATIVE

AVAILARBLE HAEITAT (ACRES)

BAY ISLAND HREF

Bl

LOWER UNIT OUTER

MAM EMUM
SPECIES ACRES NUMEBER
MALLARD 425 1,940,0
CANADA GOOSE 40 150,0
LLEAST EITTERN z1 10,5
LESSER YELLOWLEGS 21 4Z2.0
MUSERAT z1 z1.0
KING RAIL z1 2.1
GREEN-BACKED HERON 466 3.2
WOCD DUCK 445 2.3
EEAVER 445 z2z.3
AMERCIAN COQOT 21 4,z
NORTHERN PARULA 445 ZzE.5
PROTHONOTARY WARELER 445 178.0

FROJECTED ANIMAL NUMEERS AND MEAN HSI;S

TYol

BY SFECIES AND MAXIMUM NUMEER IF HAEITAT RATED 1.0

SFECIES ANIMAL NUMEERS MEAN HSI TOTAL HABITAT UNITS
MALL ARD z12.5 0.11 53.1
CANADA GOOSE 16.2 0.10 4.0
LEAST BITTERN é.2 0.5% 12.5
LESSER YELLOWLEGS Q.0 0.10 0.0
MUSKRAT 0.0 0.10 0.0
KING RAIL 0.7 0.34 7.2
GREEN-EACKED HERON 19.8 0.21 99.1
WOSD DUCK 8.4 0.38 168.5
EEAVER 8.2 . 0.37 163, 6
AMERCIAN COOT 0.0 0.10 0.0
NORTHERN PARULA 115.0 0.82 22%.9
z1.8 0.12 54.5

FROTHONOTARY WARELER

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOO LOW TC MAKE RELIABLE DENSI-

FROJECTIONS

L-15



FROJECT NAME BAY ISLAND HREP

FLLANNING CONDITION LOWER UNIT OUTER TY1a

ALTERNATIVE Bl

AVAILAELE HARBITAT (ACRES) EY SFECIES AND MAXIMUM NUMEBER IF HAEITAT RATED 1.0

MAX I MUM
SPECIES ACRES  NUMEER
MALLARD 455 1,940.0
CANADA GOOSE 33 132.0
LEAST EITTERN 14 7.0
LESSER YELLOWLEGS 14 28.0
MUSKRAT 14 14,0
KING RAIL 14 1.4
GREEN-EACKED HERCN 456 93.2
WOOD DUCK 452 zz.6
EEAVER 452 2z.6
AMERCIAN COOT 14 2.2
NORTHERN PARULA 457 226.0
PROTHONOTARY WARELER 452 120,28

FPROJECTED ANIMAL NUMEBERS AND MEAN HSI's

SFECIES ANIMAL NUMEERS MEAN HS1 TOTAL HAEBITAT UNITS
MALLARD Z1Z.5 G.11 3.1
CANADA GULOSE 13.4 0.10 3.=
LEAGCT DITTERN d. 0.55 7.7
LESSER YELLAOWLEGS 0.6 0.10 0.0
MLSERAT 0.0 0.10 0.0
FiNG fail 0.4 0.30 s
GRECH-BACRED HERON i7.4 O.21 ST
WG DICH 2.8 C.23 171.6&
DEAVER .3 0,357 14601
AMERCT AN COOT 0.0 G.10 O.0
NORTHERRN FARLULA 116.8 0.52 £22.5
FROTHGMNOTARY WARBLER ZZ. % 0.1z 55,4

Moad HS51D BEQUALS L1,

I
FRGIECTIONS

THEN HABITAT QUALITY IS Too

Lo 7O MAKE RELIAELE DENGSIT



FROJECT NAaME BAY ISLAND HREF
FLANNING CONDITION LOWER UNIT OUTER TYSO

AL TERNATIVE B1

AVAILAELE HAEITAT (ACRES) BY SFECIES AND MAXIMUM NUMEER IF HAEITAT RATED 1.0

MAXIMUM
SFECIES ACRES NUMEER
MALLARD 485 1,940.0
CANADA GUOOSE 19 T&6.0
LEAST BITTERN 0 0.0
LESSER YELLOWLEGS o 0.0
MUSKRAT 0 0.0
KING RAIL 0o 0.0
GREEN-BACKED HERON 4é6 93.Z
WOOD DUCK 484 Z£3.3
EEAVER ' 464 £3.3
AMERCIAN COOT o Q.0
NORTHERMN FARULA 4&6 £33.0
FROTHONOTARY WARBLER 464 186.4

FROJECTED ANIMAL NUMBERS AND MEAN HSI's

SPECIES ANIMAL NUMEERS MEAN HSI TOTAL HAEITAT UNITS
MALL ARD Z212.5 0.11 5Z.1
CANADA GOOSE 7.8 0.10 1.%
LEAST BITTERNM ¢.0 C.10 G.0
LESSER YELLOWLEGS 0.0 0.10 0.0
MUSKRAT 0.0 0.10 0.0
KING RAIL 0.0 0.10 0.0
GREEN-BACKED HERON 1g.4 0.20 . 3.2
WOCD DUCK a.s8 0.38 176.9
EEAVER g.6 0.37 171.3
AMERCIAN COOT 0.0 0.10 0.0
NORTHERN FARULA 120.4 0.52 Z240.8
FROTHONQTARY WARBLER Z2Z2.8 0.1 _ 57.1

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOD LOW TO MAKE RELIAELE DENSI
FROJECTIONS
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FROJECT NAME BAY ISLAND HRE#

PLANNING CONDITION UFPER UNIT TY D

ALTERNATIVE B2

AVATLABLE HAEITAT (ACRES) BY SFECIES AND MAXIMUM NUMEER IF HARITAY RATED 1.0

MAXIMUM
SFECIES ACRES NUMEER
MALL ARD 240 960.0
CANADA GOOSE 20 50.0
LEAST BITTERN 14 7.0
LESSER YELLOWLEGS 14 Z£8.0
MUSERAT 14 14.0
KING RAIL 14 1.4
GREEMN-BACKED HERCN 234 46.8
WOoD DUCK 220 11.0
EEAVER 220 11.0
AMERCIAN COOT 14 2.8
NORTHERN PARULA 220 110.0
FROTHONOTARY WARBLER 220 88.0

PROMECTED ANIMAL NUMBERS AND MEAN HSI’s

SPECIES ANIMAL NUMEGERS MEAN HSI TOTAL HARITAT UNITS
MALLARD 101.8& 0.11 5.5
CANADA GOOSE e.1 0.10 2.0
LEAST EBITTERN 4.1 0.5% 2.3
LESSER YELLOMWL.EGS 0.0 0.10 0.0
MUSKERAT 0.0 0.10 0.0
KING RAIL 0.5 0.34 4.8
GREEN-BEACKED HERON 10.2 0.22 £0.8
WOOD DUCK 4.2 0.38 83.5
EEAVER 4.0 0.37 g0.9
AMERCIAN COOT 0.0 C.10 Q.0
NORTHERN FARULA 54.8 Q.82 113.7
FROTHONGTARY WARBLER 10.8 0.12 Z7.0

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOO LOW TO MAKE RELIABLE DENSI®

FROJECTIONS




FROJECT NAME BAY ISLAND HREP
FPLANNING CONDITION UFPER UNIT TYO1
ALTERNATIVE B2

AVAILABLE HARITAT (ACRES) EY SPECIES AND MAXIMUM NUMBER IF HABITAT RATED 1.0

MAXIMUM
SFECIES ACRES NUMEER
MALLARD 222 89Z.0
CANADA GOOSE 37 148.0
LEAST BITTERN 14 7.0
LESSER YELLOWLEGS 14 28.0
MUSERAT 14 14.0
KING RAIL 14 1.4
GREEN-BACKED HERCN Z17 43.4
WOOD DUCK 203 10.1
EEAVER 203 10.1
AMERCIAN COOT 14 2.8
NORTHERN FPARULA Z03 101.5
FROTHONOTARY WARBLER Z03 s1.2

PROJECTED ANIMAL NUMBERS AND MEAN HSI‘s

SPECIES ANIMAL NUMEBERS MEAN HSI TOTAL HABITAT UNITS
MALLARD 525.2 0.5% 131.3
CANADA GOOSE 20.5 0.14 5.1
LEAST BITTERN 0.0 0.10 0.0
LESSER YELLOWLEGS 0.0 0.10 0.0
MUSKRAT 0.0 0.10 0.0
KING RAIL 0.0 0.10 0.0
GREEN-BACKED HERON 9.9 0.23 49.4
WOOD DUCK 4.5 0.44 §9.5
EEAVER 4.5 0.44 €9.0
AMERCIAN COOT 0.0 0.10 0.0
NORTHERN FARULA 52.4 0.52 104.9
PROTHONOTARY WARBLER 9.9 0.12 4.9

IF MEAN HSI EQUALS .1, THEN HARITAY QUALITY IS TOO LOW TO MAKE RELIABLE DENSI?
FROJECTIONS
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" FROJECT NAME BAY ISLAND HREF

FLANNING CONDITION UPFER UNIT TY15

ALTERNATIVE B2

AVAILAELE HAEBITAT (ACRES) EY SFECIES AND MAXIMUM NUMEER IF HABITAT RATED 1.0

. MAXIMUM
SFECIES ACRES NUMBER
MALLARD zZz 8vz.0
CANADA GOOSE 3z 128.0
LLEAST EITTERN 4 4.5
LESSER YELL OWLEGS v 18.0
MUSKRAT k4 Z.0
KING RAIL Y 0.%
GREEN-BACKED HERON 217 432.4
WOOD DUCK 208 10.4
EEAVER z0g 10.4
AMERCIAN COOT 4 1.2
NORTHERN FARULA 208 104.0
FROTHONOTARY WARBLER 20z g83.&

FROJECTED ANIMAL NUMBERS AND MEAN HSI‘'s

SFECIES ANIMAL NUMEERS MEAN. HSI TOTAL HAEITAT UNITS
MALLARD _ £24.8 0.5% 131.2
CANADA GOOSE i1v.8 0.14 4.5
LEAST RITTERN 0.0 0.10 0.0
LESSER YELLOMWLEGS 0.0 0.10 0.0
MUSKRAT 0.0 0.10 0.0
KING RAIL 0.0 ¢.10 0.0
GREEN-EACKED HERON 10.0 0.23 S50.1
WD DUCK 4.6 0.44 1.7
BEAVER 4.6 Q.44 1.2
AMERCIAN COOT 0.0 0.10 0.0
NORTHERN PARLULA 53.7 0.52 107.5
PROTHONODTARY WARBLER 16.2 Q.12 Z£5.5

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOO LOW TO MAKE RELIABLE DENSI-
" PROJECTIONS



FRUOJECT NAME BAY ISLAND HREF
FLANNING CONDITION UPFER UNIT TYS0

ALTERNATIVE . B2

AVAILAEBLE HABITAT (ACRES) EY SFECIES AND MAXIMUM NUMBRER IF HAEITAT RATED 1.0

MAX IMUM
SFECIES ACRES NUMEER
MALL ARD 223 g89Z2.0
CANADA GOOSE 23 2.0
LEAST EITTERN o 0.0
LESSER YELLOWLEGS 0 0.0
MUBKRAT 0 0.0
KING RAIL 0 0.0
GREEN-BACKED HERON 217 43.4
WOOD DBUCK 217 10.%9
REAVER 217 10.%
AMERCIAN COOT o 0.0
NORTHERN FARULA 17 108.5
FROTHONOTARY WARELER Z17 26.38

PROJECTED ANIMAL NUMBERS AND MEAN HS1's

SPECIES ANIMAL NUMEERS MEAN HEIL TOUTAL HARITAT UNITS
MALLARD 624.2 Q.59 121.0
CANADA GOOSE 13.0 0.14 3.3
LEAST EITTERN 0.0 Q.10 0.0
LESSER YELLOWLEGS 0.0 0.10 0.0
MUSERAT ¢.0 0.10 0.0
KING RAIL 0.0 0.10 0.0
GREEN-BACKED HERON 10.3 0.24 G1.4
WoOD DUCK 4.8 0.44 25.7
EEAVER 4.8 0.44 98.2
AMERCIAN COOT 0.0 - 0.10 .0
NORTHERN FARULA 86.1 0.5z 112.1
FROTHONOTARY MWARBLER 10.6 0.12 26.5

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOOQ LOW TO MAKE RELIABLE DENSI-
FROJECTIONS
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FROJECT NAME

FLANNING CUNDITION

ALTERNATIVE

CAVAILABLE HARITAT (ACRES)

EBAY ISLAND HREF

B2

UFFER UNIT QUTER

MAX IMUM
SPECIES ACRES NUMEER
MALLARD 410 1,4640.0
CANADA GOOSE 111 444.0
LEAST EITTERN I 3.5
LESSER YELLOWLEGS 7 14.0
MUSERAT T 7.0
KING RAIL 7 0.7
GREEN-EACKED HERON 206 61.2
WD DUCK 9% 15.0
EBEAVER 9% 15.0
AMERCIAN CQOOT v 1.4
NORTHERN FARULA 299 14%.5
FROTHONOTARY WARBLER Z9% 119,48

PROJECTED ANIMAL NUMBERS AND MEAN HSI's

EY SFECIES AND MAXIMUM NUMEER IF HWARITAT RATED 1.0

SPECIES ANIMAL NUMBERS MEAN HSI TOTAL HAEBITAT UNITS
MALL ARD 245.0 0.16 &6.3
CANADA GOOSE 45.4 0.10 11.3
LEAST EITTERN Z.1 0.5% 4.1
LESSER YELLOMWLEGS 0.0 0.10 0.0
MUSKRAT 0.0 0.10 0.0
KING RAIL 0.2 0.34 Z.4
GREEN-BACKEED HERGN 12.6 0.21 632
WOOD DUCK 5.7 0.32 113.5
EEAVER 5.6 Q.37 109.9
AMERCIAN COOT 0.0 0.10 0.0
NORTHERN PARULA 7.2 0.5z 154, 5
14.7 0.1z Bh. G

FROTHONCOTARY WAREBELER

IF MEAN HSI EQUALS .1i,

FROJECTIIOINS

THEN HABITAT QUALITY IS TOO LOW TO MAKE RELIABLE DENSIY

L-22




FROJELT NAME EAY ISLAND HREP
FLANNING CONDITION UPPER UNIT QUTER TY 01-350

. ALTERNATIVE B2

-

AVAILAELE HAEBITAT (ACRES) EY SFECIES AND MAXIMUM NUMEER IF HABiTAT RATED 1.0

MAK T MUM
SPECIES ACRES NUMEER
MALLARD 410 1,640.0
CANADA GIIOSE 111 444.0
LEAST BITTERN 7 2.5
LESSER YELLOWLEGS 7 14.0
MUSKRAT 7 7.0
KING RAIL 7 0.7
GREEN-BACKED HERON 206 é1.2
WOOD DUCK 297 15.0
EEAVER £99 15.0
AMERCIAN COQT 7 1.4
NORTHERN PARULA 299 149 .5
FROTHONDOTARY WARBLER A 119.&

PROJECTED ANIMAL NUMEBERS AND MEAN HSI’s

(, SFECIES ANIMAL NUMBERS MEAN HSI TOTAL HAEITAT UNITS
MALLARD 265.0 Q.16 &é.3
CANADA GOOSE 45.4 0.10 11.2
LEAST BITTERN 2.1 0.59 4.1
H LESSER YELLOWLEGS 0.0 .10 0.0
! MUSERAT 0.0 0.10 0.0
EING RAIL 0.2 0.34 2.4
GREEN-EACKED HERON i1z.s 0.21 &2.2
WD DUCK 5.7 0.28 113.5
EBEAVER 5.5 ¢.37 109,29
AMERCIAN COOT 0.0 ©.10 0.0
NORTHERN PARULA T7.2 0.5z 154.5
FROTHONDTARY WARBLER 14.7 O.12 3é.6

s IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOO LOW TO MAKE RELIABLE DENSI
' FROJECTIONS

®



FROJECT NAME BAY ISLAND HREP
FLANNING CONDITION SEDIMENT DEFL @ 90% Tyol

ALTERNATIVE c

AVAILAELE HAEBITAT (ACRES) BY SFECIES AND MAXIMUM NUMEER IF HAEITAT RATED 1.0

MAM IMUM
SPECIES ACRES NUMEER
MALL ARD «dz = Z2,5638.0
CANADA GOOSE 1332 532.0
LEAST EBITTERN : Z1 10.5
LESSER YELLOWLEGS 21 42.0
MUSKERAT 21 1.0
KING RAIL 21 2.1
GREEN-EACKED HERON 538 107.6&
WOOD DUCK 517 5.9
EEAVER 517 25.%
AMERCIAN COOT Z1 4.2
NORTHERN FARULA 517 £58.5
PROTHONOTARY WARBLER 517 £06.8

FROJECTED ANIMAL NUMBERS AND MEAN HSI‘s

SFECIES ANIMAL NUMBERS MEAN HSI TOTAL HARITAT UNITS
MALLARD z57.8 0.14 g%.%
CANADA GODOSE 0.0« 0.10 0.0 -~
LEAST EITTERN 6.2 0.5% 12.5
LESSER YELLOWLEGS 0.0 0.10 0.0
MUSKERAT 0.0 0.10 0.0
KING RAIL 0.7 Q.34 7.2
GREEN-EACKED HERON Z2z.7 0.21 113.5
WCCoD DUCK “.8 0.38 198.2
EEAVER .5 0.37 170.0
AMERCIAN COOT 0.0 0.10 Q.0
NORTHERN FARULA 132.6 0.52 Z67.1
FROTHONOTARY WARBLER £5.3 0.1Z A3.3

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOO LOW TO MAKE RELIAELE DENSI-
FROGJECTIONS

L-24



FROJECT NAME BAY ISLAND HREF

FLANNING CONDITION SEDIMENT DEFL @ 0% TY1S5

AL TERNATIVE C

AVAILAEBLE HAEITAT (ACRES) EY SFPECIES AND MAXIMUM NUMEER IF HAEITAT RATED 1.0

MAX IMUM
SPECIES ACRES  NUMBER FAT Qs
MALLARD €4z z,568.0
CANADA GOUSE 132 £28.0
LEAST EITTERN 20 10.0
LESSER YELLOWLEGS 20 40.0
MUSHRAT 20 20.0
KING RAIL 20 2.0
GREEN-BACKED HERON 536 107.6
WOOD DUGK 518 25.%
BEAVER 518 25.9
AMERCIAN COOT 20 4.0
NORTHERN FARULA 518 289.0
PROTHONDTARY WARBLER 518 207.2

PROJECTED ANIMAL NUMBERS AND MEAN HSI‘s

SFECIES ANIMAL NUMBERS MEAN HSI TATAL HARITAT UNITS
MALL ARD 357.8 0.14 89.5
CANADA GOOSE 0.0 0.10 0.0
LLEAST BITTERN 5.% 0.5% 11.9
LESSER YELLOWLEGS 0.0 0.10 Q.0
MUSERAT 0.9 ©.10 0.0
KING RAIL 0.7 Q.24 6.9
GREEN-EACKED HERON Z2.6& 0.21 113.2
WOOD DUCK 2.8 0.38 126,68
EEAVER ¢.5 0.37 190.4
AMERCIAN COUOT 0.0 0.10 0.0
NORTHERN FARULA 132.8 0.5z 267 .6
PROTHONGTARY WARELER 5.4 0.12 £3.5

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOO LOW TO MAKE RELIABLE DENSI
FROJECT IONS :

L-25




FROJECT NAME BAY ISLAND HREF

FLANNING CONDITION SEDIMENT DEFL @ 90% TYSO

ALTERNATIVE c

AVAILAELE HABITAT (ACRES) BY SPECIES AND MAXIMUM NUMEER IF HAEITAT RATED 1.0

MAX IMUM

SFECIES ACRES NUMEER
MALLARD &4z Z2,568.0
CANADA GCOSE 128 512.0
LEAST BITTERN 1& 2.0
LESSER YELLOMWLEGS 156 3Z2.0
MUSKERAT 1& 16.0
KING RAIL 1& 1.6
GREEN-EBACKED HERCON 28 107.4
WODD DUCK 8522 £6.1
BEAVER B2z Z2&.1
AMERCIAN COOT 16 3.2
NORTHERN FARULA 85z 261.0
GZ2 e,

FROTHONOTARY WARBLER

PROJECTED ANIMAL NUMBERS AND MEAN HSI's

TOTAL HABITAT UNITS

SPECIES ANIMAL NUMEERS MEAN HSI

MALLARD 257.8 0.14 g8%.5
CANADA GOOSE 0.0 0.10 0,0
L.EAST EBITTERN 4.7 0.59 ¢.5
LESSER YELLOMWLEGS 0.0 0.10 ¢.0
MUSERAT 0.0 0.10 0.0
KING RAIL 0.5 0.34 5.6
GREEN-BACKED HERON 2Z.4 0.21 11z.1
WCoD DUCK 9.9 0.38 123.1
EEAVER Yl 0.37 191.9
AMERCIAN COODT 0.0 0.10 0.0
NORTHERN PARULA 134.9 0.5z 269.7
FROTHONOTARY WARBLER Z5.6 0.12 GE3,.9

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOD LOW TO MAKE RELIAELE DENSIT
FROJECTIOQNS ’




FROJECT NAME BAY ISLAND HREF

PLANNING CONDITION PIN OAK TYOl

ALTERNATIVE F

AVAILAELE HARITAT (ACRES) EBY SPECIES AND MAXIMUM NUMBER IF HﬁBITAT RATED 1.0

MAXIMUM
SPECIES ACRES NUMEER
MALLARD 650 Z2,600,0
CANADA GOOSE 131 524.0
LEAST BITTERN Z1 10.5
LESSER YELLOWLEGS Z1 4Z.0
MUSKRAT 21 21.0
KING RAIL 21 2.1
GREEN-EBEACKED HERON 540 108.0
WCoOD DUCK 519 £6.0
EEAVER 519 2&.0
AMERCIAN COOQT 21 4.
NORTHERN FARULA g19 £59.5
FROTHONOTARY WAREBLER 519 207.6

PROJECTED ANIMAL NUMBERS AND MEAN HSI's

SFECIES ANIMAL NUMBERS MEAN HSI TOTAL HABITAT UNITS
MALL ARD 480.0 0.18 120.0
CANADA GOOSE &2.9 0.12 15.7
LEAST BRITTERN 0.0 Q.10 0.0
LESSER YELLOWLEGS 0.0 0.10 0.0
MUSKRAT 0.0 0.10 0.0
KING RAIL 0.0 0.10 0.0
GREEN-EACKED HERON 5.0 0.23 124.9
WOOD DUCK 11.4 0.44 228.8
EBEAVER it1.4 0.44 227.6
AMERCIAN COOT 0.0 - 0.10 Q.0
NORTHERN FARULA 134.1 0.5z Z68.2
FPROTHONOTARY WARBLER 25.4 0.12 &3.6

IF MEAN HSI EQUALS .1,

FROJECTIUNS

THEN HABITAT QUALITY IS TOO LOW TO MAKE RELIABLE DENSI®
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PROJECT NAME BAY ISLAND HREF
FLANNING CONDITION FIN DAk TYL1S

ALTERNATIVE F

AVAILABLE HABITAT (ACRES) &Y SPECIES AND MAXIMUM NUMBER IF HAEITAT RATED 1.0

MA T MUM
SFECIES ACRES NUMEER
MALLARD 650 Z2,600.0
CANADA GOOSE 114 455.0
LEAST BITTERN 14 7.0
LESSER YELLOWLEGS 14 £8.0
MUSKRAT 14 14.0
KING RAIL 14 1.4
GREEN-EACKED HERON pattala] 110.0
WOOD DUCK - 534 26.8
EEAVER 536 2&.8
AMERCIAN COOT 14 2.8
NORTHERN FPARULA LCT Y Z2e8.0
PROTHONOTARY WARBLER LTS £14.4

PROJECTED ANIMAL NUMBERS AND MEAN HSI's

SFECIES ANIMAL NUMEBERS MEAN HGI TOTAL HAEBITAT UNITS
MALLARD 80%.7 0.21 20z.4
CANADA GOOSE 55.1 0.12 13.&
LEAST BITTERN 0.0 0.10 0.0
LESSER YELLOWLEGS 0.0 0.10 0.0
MUSKRAT 0.0 0.1¢ 0.0
KING RAIL 0.0 0.10 Q.0
GREEN-BACKED HERGN 4.3 0.31 171.¢6
WOOD DUCK 2.5 0.35 190.0
EBEAVER 12.4 0.45 247 .9
AMERCIAN COOT 0.0 0.10 0.0
NORTHERN FARULA 130.7 0.49 Z61.3
PROTHONOTARY WARBLER Z5.1 0.12 a2 8

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOO LOW TO MAKE RELIABLE DENST

FROJECTIONS

L-28



o,

FROJECT NAME

FLANNING CONDITION

ALTERNATIVE

AVAILAELE HARITAT (ACRES)

BAY ISLAND HREP

F

FIN OAK

MAXIMUM
SFECIES ACRES NUMEER
MALLARD &80 Z2,600.0
CANADA GOOSE 100 400.0
LEAST EITTERN O 0.0
LESSER YELLOWLEGS 0 Q.0
MUSKRAT G 0.0
KING RAIL 0 0.0
GREEN-BACKED HERON S50 110.0
WOOD DUCK 550 £7.5
EEAVER 580 Z7.5
AMERCIAN COOT O 0.0
NORTHERN FARULA ==l Z75.0
FROTHONOTARY WARBLER 550 220.0

PROJECTED ANIMAL NUMBERS AND MEAN HSI‘s

TYS0O

EY SFECIES AND MAXIMUM NUMEER IF HAEITAT RATED 1.0

SPECIES ANIMAL NUMEERS MEAN HSI TOTAL HAEITAT UNITS
MALL ARD g8l&.8 0.31 204,7
CANADA GOOSE 4%.5 Q.12 12.4
LEAST EBITTERN 0.0 0.10 0.0
LESSER YELLOWLEGS 0.0 0.10 0.0
MUSKRAT 0.0 0.10 0.0
HKING RAIL 0.0 C.10 0.0
GREENM-EACKED HERCN 4.9 0.3 174.¢6
WD DUCK .8 Q.35 125.0
REAVER 1z2.7 0.44 Z64.4
AMERCIAN COOT 0.0 Q.10 0.0
NORTHERN FARULA 124.1 0.4% ZEE .1
FROTHONOTARY WAREBLER £5.7 c.12 &1.2

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOO LOW TO MAKE RELIAELE DENSI-

FROJECT IONS

L-29




FROJECT NAME BAY ISLAND HREP

FLANNING CONDITION CLEARING W PASSIVE MBMT TYOL

ALTERNAT IVE Fi

AVAILLAELE HAEBITAT (ACRES) BY SFECIES AND MAXIMUM NUMBER IF HAEITAT RATED 1.0

MAXIMUM
SPECIES ACRES NUMEER
MALLARD &50 Z,&00.0
CANADA GUOSE 171 £84.0
LEAST BITTERN &1 30.5
LESSER YELLQWLEGS 61 122.0
MUSKRAT &1 61.0
KING RAIL 41 6.1
GREEN-BACKED HERON 540 108.0
WORD DUCK 479 24.0
EEAVER 479 z4.0
AMERCIAN COOT 61 12.2
NORTHERN FARULA 479 239.5
FROTHONOTARY WARELER 479 121.&

FROJECTED ANIMAL NUMBERS AND MEAN HSI‘s

SFECIES ANIMAL NUMEERS MEAN HSI TOTAL HAEBITAT UNITS
mALL ARD g42.7 0.21 125.7
CANADA GOOSE 87.2 0.13 £1.8
LLEAST EITTERN 0.0 0.10 0.0
LESSER YELLOWLEGS 0.0 0.10 0.0
MUSKERAT 0.0 0.10 0.0
KING RAIL 0.0 0.10 G.0
GREEN-BACKED HERON Z22.9 0.22 119.5
WOOD DUCK 10.46 Q.44 Z11.&
EEAVER 10.5 0.44 210.1
AMERCIAN COOT G.0 0.10 0.0
NORTHERN FARULA 123.7 0.%92 Z47.5
23.5 0.12 58.7

FROTHONOTARY WARELER

IF MEAN HSI EQUALS

FROJECT ICNS

o1,

THEN HABITAT QUALITY IS TOO LOW TO MAKE RELIAELE DENSI

L-30




PROJECT NAME BEAY ISLAND HREFP

PLANNING CONDITION CLEARING W PASSIVE MBMT TYL3

ALTERNATIVE Fl

AVAILAELE HABITAT (ACRES) EY SFECIES AND MAXIMUM NUMEER IF HAEITAT RATED 1.0

MAX T MUM
SFECIES ACRES NUMEER
MALL ARD &850 £,600.0
CANADA GOOSE 164 &56.0
LEAST BITTERN 54 Z7.0
LESSER YELLDWLEGS 54 108.0
MUSKRAT 54 54.0
KING RAIL 54 5.4
GREEN-BACKED HERCN 840 108.0
WOOD DUCK 436 Z4.3
LEAVER 426 Z4.3
AMERCIAN COOT 54 10.5
NCORTHERN PARULA 426 Z42.9
FROTHONOTARY WARELER 434 14,4

PROJECTED ANIMAL NUMEERS AND MEAN HSI's

SPECIES ANIMAL NUMBERS MEAM HSI TOTAL HAEITAT UNITS
MALL ARD &§34.0 0.32 203.5
CANADA GOOSE 82.4 0.13 £0.9
LEAST BITTERN _ 0.0 .10 0.0
LESSER YELLOWLEGS 0.0 0.10 0.0
MUSKE.RAT 0.0 .10 0.0
KING RAIL 0.0 0.10 0.0
GREEN-EBACKED HERON 31.9 Q.30 169.7
WOOD DUCK 2.6 0.38 172.9
EEAVER 11.4 0.47 ZET.T
AMERCIAN COOT 0.0 0.10 0.0
NORTHERN PARULA 115.5 0.4% Z238.9
PROTHONODTARY WARBLER 22.7 0.12 g&.2

IF MEAN HSI EQUALS

FROJECTIONS

.1,

THEN HABITAT QUALITY IS TOO LOW TCO MAKE RELIABLE DENSI
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PROJECT NAME BAY ISLAND HREFP

FLANNING CONDITION CLEARING W FASSIVE MGEMT

TyY20 .

AVAILABLE HAEITAT (ACRES) EY SPECIES AND MAXIMUM NUMEER IF HAEITAT RATED 1.0

ALTERNAT IVE Fl

MAX I MUM

SPECIES ACRES  NUMBER

MALL ARD &5Q 2,600.0

CANADA GUOOSE 110 440.0

LEAST EITTERN O 0.0

LESSER YELLOWLEGS 0 0.0

MUSKRAT 0 0.0

KING RAIL 0 0.0

GREEN-BACKED MERCN 540 108.0

WOOD DUCK 540 27.0

EEAVER : 540 27.0

AMERCIAN COOT 0 0.0

NORTHERN PARULA 540 270.0

FROTHONOTARY WARBLER 540 216.0

PROJECTED ANIMAL NUMBERS AND MEAN HSI's

SPECIES ANIMAL NUMEERS MEAN HSI TOTAL HAEITAT UNITS
MALLARD 1,270.5 0.49 217.6
CANADA GOISE 109.0 0.25 7.2
LEAST EITTERN 0.0 0.10 0.0
LESSER YELLOWLEGS G.0 0.10 0.0
MUSKRAT 0.0 0.10 0.0
KING RAIL : 0.0 0.10 0.0
GREEN-BACKED HERON 4z.2 0.39 210.%
WOOD DUCK 16.9 0.63 338.%
EEAVER 14.¢ 0.54 291.3
AMERCIAN COOT 0.0 0.10 0.0
NORTHERN PARULA 148.8 0.63 327.5
FROTHONOTARY WARBLER 35.1 0.16 37.5

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TGO LOW TO MAKE RELIABLE DENSI
FROJECT IONS :
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FRUJECT NAME

FLANNING CONDITION

ALTERNATIVE

AVAILAELE HAEITAT (ACRES)

BAY ISLAND HREP

Fz

MAXIMUM
SPECIES ACRES NUMEER
MALLARD &50 Z,600.,0
CANADA GOSE 171 E24,.0
LEAST BITTERN Z1 10.5
LESSER YELLOMWL.EGS z1 42.0
MUSKRAT 21 21.0
KING RAIL z1 Z.1
GREEN-EACKED HERON 500 1006.0
WOOD DUCK 479 Z4.0
EEAVER 47 £4.0
AMERCIAN COOT 21 4.2
NORTHERN PARUL A 47 E39.5
FROTHONOQOTARY WARRLER 47 191.6

PROJECTED ANIMAL NUMBERS AND MEAN HSI's

CLEARING W MS SFECIES MAINT TYOL

BY SFECIES AND MAXIMUM NUMEER IF HAEITAT RATED 1.0

SFECIES ANIMAL NUMEERS MEAN HSI TOTAL HABITAT UNITS
MALLARD GE2.9 Q.25 1&5.7
CANADA GOOSE 107.7 0.1& &%
LEAST EBITTERN 0.0 0.10 0.0
LESSER YELLUOWLEGS Q.0 0.10 ¢.0
MUSERAT Q.0 0.10 0.0
K ING RAIL 0.0 0.10 0.0
GREEN-EACKED HERON Z2.1 0.23 118.%
WooD DUCK 10.6 .44 211.2
BEAVER 10.5 G.44 210.1
AMERCIAN COOT 0.0 0.10 0.0
NORTHERN FARULA 123.7 .52 Z47.5
PROTHONOTARY WARBLER £3.5 0.12 52.7

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOO LOW TO MAKE RELIAELE DENSiT

FROJECTIONS
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FROJECT NAME BAY ISLAND HREF

PLANNING CONDITION CLEARING W MS SFECIES MAINT TY15
ALTERNATIVE F2

AVAILABLE HAEITAT (ACRES) BY SPECIES AND MAXIMUM NUMBER IF HAEBITAT RATED 1.0

MAK IMUM
SFECIES ACRES NUMEER
MALL ARD &0 2,600.0
CANADA GOOSE 154 £656.0
LEAST EITTERN 14 7.0
LESSER YELLUWLEGS 14 £3.0
MUSERAT 14 14,0
KING RAIL 14 1.4
GREEN-BEACKED HERON 500 100.0
WCIOD DUCK 435 24.32
BEAVER 456 Z4.3
AMERCIAN COOT 14 2.8
NORTHERN FPARULA 4545 243.0
FROTHONOTARY WARBLER 424 174.4

PROJECTED ANIMAL NUMEERS AND MEAN HSI‘s

SFECIES ANIMAL NUMEERS MEAN HGI TOTAL HAEITAT UNITS
MALL ARD ¥61.4 0.37 Z40.4
CANADA GOUOSE 104.9 .18 E6.2
LEAST BITTERN Q.0 0.10 ¢.0
LESSER YELLOWLEGS 0.0 0.10 0.0
MUSERAT 0.0 0.10 0.0
EING RAIL 0.0 0.10 0.0
GREEN-EACKED HERDN 1.1 0.31 155.7
WOOD DUCK 2.4 0.36 172.%
EEAVER 11.4 0.47 ZE2T.7
AMERCIAN COOT 0.0 0.10. 0.0
NORTHERN FARULA 118.5 0.4 2349
Z22.7 0.12 Bé.u

FROTHONOTARY WARBLER

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOO LOW TO MAKE RELIAEBLE DENSIT
FROJECTICONS
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FROJECT NAME BAY ISLAND HREP

FLANMING CONDITICN CLEARING W MS SFECIES MRINT TYS50

ALTERNATIVE F2

AVAILAELE HAEBITAT (ACRES) EY SFECIES AND MAXIMUM NUMEER IF HAGITAT RATED 1.0

MAXIMUM
SFECIES ACRES NUMBER
MALL ARD &S50 Z2,600.0
CANADA GOOSE 150 &00.0
LEAST EITTERN o 0.0
LESSER YELLAOWLEGS G 0.0
MUSERAT & 0.0
MING RAIL 0 0.0
GREEN-EACKED HERCON SO0 100.0
WO0D DUCK S00 Z5.0
EBEEAVER &S00 Z5.0
AMERCIAN COOT o 0.0
NCORTHERN PARULA 500 £50.0
FROTHONDTARY WARELER 500 Z00.0

FROJECTED ANIMAL NUMEERS AND MEAN HSI's

SFECIES ANIMAL NUMEERS MEAN HSI TOTAL HABITAT UNITS
MALLARD 1,004.3 0.2% z81.1
CANADA GOOSE v1.4 0.1% 2.
LEAST EITTERN ¢.0 0.10 0.0
LESSER YELLOWLEGS 0.0 Q.10 G.0
MUSERAT 0.0 0.10 0.0
KING RAIL 0.0 0.10 0.0
GREEN-BACKED HERON B2.0 .32 160.0
WOOD DUCK 12.8 0.55 Z75.6
EEAVER 10.% 0.43 217.1
AMERCIAN COOT 0.0 0.10 0.0
NORTHERN FARULA 1z21.2 0.63 Zez .5
FROTHONOTARY WARELER Z8.3 .14 70.4

IF MEAN HSI EQUALS .1, THEN HABITAT QUALITY IS TOG LOW TO MAKE RELIAEBLE DENSIT

FROJECT IONS
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