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DIETERICH FLOOD CONTROL STUDY

Village of Dieterich
Effingham County, lllinois

|. PURPOSE AND AUTHORITY

This report documents the findings of a flood control study for the Village of
Dieterich, lllinois. This study identifies the sources and extent of the existing flood problems, and to

evaluate alternatives for reducing future flood damages.

The lllinois Department of Natural Resources/Office of Water Resources (OWR) is granted the
authority to conduct flood control surveys and studies for all watersheds of the state through the

Flood Control Act of 1945, 615 ILCS 15, lllinois Compiled Statutes.

Il. WATERSHED DESCRIPTION

The Village of Dieterich, lllinois is in the eastern most part of Effingham County, approximately 110
miles northeast of St. Louis, Missouri and 80 miles southwest of Terra Haute, Indiana (Refer to
Figure 1). Dieterich is located about 10 miles southeast of Effingham, lllinois along lllinois Route 33.
There are two interstate highway systems close to Dieterich. Interstate 57 is located about 10 miles

to the east and runs north and south. Interstate 70 is located about 10 miles to the north and runs

southwest to northeast.

The Village of Dietrerich has a population of 617 based on the 2010 census figures. Land use outside
the Village limits is primarily agricultural and wooded areas. Land use within the Village limits is

mostly residential with some commercial and industrial development. (Refer to Figure 2).
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Dieterich Creek flows north to south through the eastern part of the village of Dieterich. It begins
about 3.5 miles northeast of Dieterich and flows into Bishop Creek which is tributary to the Little
Wabash River. The drainage area of Dieterich Creek located north of the Village is about 3.9 square
miles. The drainage area for Dieterich Creek within the Village is about 0.2 square miles. Dieterich

Creek flows through the Village for a distance of about 3,742 feet or 0.7 miles.

For this study, the watershed was divided into 6 subareas. (Refer to Figure 3). The total Dieterich
Creek watershed area studied was approximately 5.99 square miles. Dieterich Creek has a slope of
about 7.0 feet per mile through the study area which commences about 1.1 miles north of Dieterich
Village limits and extends to about 0.6 miles downstream of the Village. Dieterich Creek conveys flow
to the south through Dieterich, beneath the lllinois Route 33 bridge and 5 additional roadway bridges.
Farmland, consisting primarily of row crops, is located northeast of the Village, and is designated as
Subareas “A”, “B1”, and “B2”. These subareas have a total combined drainage area of 3.9 square
miles. Runoff from this area enters Dieterich Creek and these flows continue to the south through
Dieterich. There is a small channel that conveys flow from sub-basin B2, which has a drainage area
of 0.21 square miles. This channel flows from the west and outlets to Dieterich Creek just north of
Elm Street. A second channel conveys flow from sub-basin C1, which has a drainage area of 0.16
square miles within the Village limits. This channel outlets into Dieterich Creek about 350 feet north of

Church Street. (Refer to Figure 1).

l1l. FLOOD PROBLEM

A. Description

The drainage system in the Village of Dieterich consists of roadside ditches and a small channel that
convey flows which eventually drain into Dieterich Creek. The Village does not have any storm sewer
system but does have a sanitary sewer system. Flows from cropland north of Dieterich flow into
Dieterich Creek and are conveyed south through the eastern part of the Village. A 2-year frequency

runoff event will exceed the bank full conditions in some locations but does not cause any structure

damages.
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Flows generated by runoff from the approximate 3.9 square mile drainage area upstream of the
Village of Dieterich will exceed the channel capacity of Dieterjch Creek for the 5, 10, 25, 50, and
100-year frequency runoff events at all locations through the Village. These runoff events cause
structural damages within the Village. The 100-year frequency event causes damages to 29
structures in the Village. The primary cause of flooding is the limited capacity of Dieterich Creek.
Also. some of the roadway bridge structures which cross the Creek generate increases in water

surface elevations. Construction within the flood plain of Dieterich Creek results in structure flooding.

B. Historic Events and Damages

The Village has experienced four recent flood events. The most recent one occurred in June 2013
following a 3.5 inch rainfall over a 12-hour period. This flood followed a severe wind

storm that brought down tree limbs that eventually lodged in the channel at the Railroad Bridge and
created additional increases in flooding upstream. Another flood occurred February 2009, when an
apartment complex, located at 303 East Maple Street, had to be evacuated due to rising flood water.
Other floods also occurred June 2008, and July 2000. In July 2000, 5 structures including that same
apartment complex, flooded. Damage Survey forms were submitted for this flood event by the Village

with a total of $49,260 in damages reported.
V. GENERALIZED STUDY PROCEDURES

The watershed under consideration does not have stream gauging stations to provide historical or
factual stream flow information. Therefore, synthetic methods were utilized to arrive at estimates of
discharges for various frequency storm events, at strategic locations being studied. The US Army
Corps of Engineers' HEC-1 computerized watershed hydrology model was used. Hydrographs (flow
rates in relation to time) for the 2, 5, 10, 25, 50, and 100-year frequency flood events were calculated
for each sub-watershed which inciuded the use of various hydrologic parameters. These include
area, time of concentration (TC), a storage coefficient (R), and runoff curve number (CN).

(See Table 1).



SUB-BASIN AREA (SQ. ML) TC (Hour) R CN
A 243 2.03 1.35 82.5
Bl 1.29 2.42 1.61 85.2
B2 0.21 1.8 1.2 | 84.6
Cl1 0.41 1.22 0.81 85.4
C2 0.14 0.79 0.53 85.3
D 1.51 2.1 1.4 84.3
Table 1

A 100-year flood event has a 1% chance of occurring every year. Hydrographs were routed and

combined as necessary to obtain storm hydrographs and peak discharges at strategic locations.
(Refer to Appendix A).

A. Hydrologic Modeling

a. General

The US Army Corps of Engineers' HEC-1 computerized watershed hydrology model was used to
develop a hydrologic model for the Dieterich Creek watershed. The HEC-1 model simulates the
surface response of a drainage basin for a given rainfall and distribution to develop flood
hydrographs. The model has the capability of routing the hydrographs and combining the runoff
from multiple subareas. The subareas were delineated using United States Geological Survey

(USGS) 7.5 minute Quadrangle Maps and field investigations.

b. Design Storms
The lllinois State Water Survey Bulletin 70, Frequency Distributions and Hydroclimatic
Characteristics of Heavy Rainstorms in lllinois, (Table 13) was used to select rainfall amounts for
the 2, 5, 10, 25, 50, and 100-year frequency events. ISWS Circular 173, Time Distributions of
Heavy Rainstorms in lllinois, (Table 3) was used to determine rainfall distribution based on the
duration selected for the event. The Huff First Quartile distribution, for heavy rainfall at a point,
was selected. Although five frequency events were modeled and analyzed, the 6 hour, 100-year
7




event was considered the design storm. The design HEC-1 model simulates the runoff from a

5.56 inch rain distributed over a 6 hour period.

c. Unit Hydrographs

The Clark unit hydrograph method was selected to compute a synthetic unit hydrograph for each
subarea. The time of concentration (Tc) for each basin and the storage coefficient R was
computed using the USGS Water Resource Investigation 82-22 method. The SCS curve number

loss rate was the chosen loss rate method for the HEC-1 model.

For the HEC-1 model along the existing stream, the Modified Puls channel routing method was
used. The storage volume versus discharge relationship was obtained from the hydraulics model.
lterations were performed to balance the HEC-1 and the HEC-RAS hydraulic models until

insignificant changes (determined to be 5% difference or less) in computed discharges resulted.

B. Hydraulic Modeling
The US Army Corps of Engineers' HEC-RAS version 5.03 program was used to develop a
hydraulic model from downstream of Dieterich Blacktop to upstream of the Village limits. Cross

section information for the model was obtained from 2009 OWR field surveys.

The HEC-RAS model was started at section number 0, which is a channel section located
3,496 feet downstream of Dieterich Blacktop Road. The slope area method was used to estimate
the starting water surface elevation, assuming the slope of the energy grade line was similar to the

bed slope.

Field inspections and ground photographs were used to determine ground cover within the
channel and the overbanks. The manning “n” values were selected based on these inspections.
Discharges were obtained from the 6-hour duration HEC-1 model for the 2, 5, 10, 25, 50, and
100-year frequency events. The 6-hour duration was determined to be the critical in that it

resulted in the highest discharge values.



U.S.G.S. StreamStats peak discharges were obtained for the 2,5,10,25,50 and 100 year frequency
runoff events. The 90% minimum and 90%maximum confidence limits StreamStats peak discharges
were plotted at five locations along Dieterich Creek. The OWR HEC1 existing conditions peak |
discharges used were also plotted and compared with the StreamStats peak discharges at these
locations. The OWR Peak discharges plotted within the limits of the 90% confidence limits at each
frequency at each location and relatively close to the StreamStats discharge values. They also

Therefore, the OWR discharges used in this study are considered to be reasonably accurate.

The US Army Corps of Engineers HEC-RAS version 5.03 backwater model utilizes surveyed bridge,
channel, and floodplain cross section information. The survey data datums used were NAD 83 and
NAVD 88. This survey data is used to compute water surface profiles when a discharge is input into
the HEC-RAS model. An existing conditions HEC-RAS model was thus developed based on all the
survey information. The HEC-RAS hydraulic model defines the limits of the study area for Dieterich
Creek and commences about 2,500 feet downstream (south) of S. Main Street. The model continues
upstream through the Village and extends about 5,375 feet upstream (north) of East EIm Street.

(See Figure 4).

The HEC-RAS model was calibrated using the June 7, 2008 flood event in the Village of Dieterich.
HEC1 discharge were developed using the precipitation records from the Effingham hourly
precipitation gage for this storm event. The National Weather Service AHPS doppler radar
precipitation analyéis for the date of the flood was reviewed. The analysis shows that that Dieterich
received the same amount of precipitation over the majority of the watershed as was received at
Effingham. The precipitation from the gage record was input into the HEC1 model to generate
discharges for the flood event. These discharges were input into the existing conditions HEC-RAS

model and the resulting water surface elevation was calculated.
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The elevations from the HEC-RAS model were then compared to reported high water mark elevations
at several locations within the Village. These high water elevations matched fairly closely to the
elevations from the HEC-RAS model. Thus, the model was considered to be réasonably accurate. A
list of the high water mark elevations ahd HEC-RAS model elevation comparisons is shown in

Table 2 below.

Dieterich High Water Calibration
June 7, 2008 Flood Event

Location HEC-RAS High Water Mark | HEC-RAS Model | Difference In
SECNO Elevation (FT) Elevation (FT) Elevation (FT)

EJ Water office 4154.359 578.00 578.37 0.37

108 Main St.

109 E. Section St. | 4850.423 579.7 579054 -0.16

20 Inches in

Garage

106 N. Vine St. 5456.605 580.50 580.95 0.45

303 maple St. 5838.502 581.35 581.66 0.31

Inside Apartments

Table 2

The synthetic discharges computed using the Existing Conditions HEC-1 model were input into the
Existing Conditions HEC-RAS model for the entire range of storm frequencies. This hydraulic model
provided the flood frequency-elevation information for existing conditions. (See Appendix B). Once
the HEC-RAS model was finalized, the 100-year floodplain was delineated on the plan map using the
100-year profile elevations from this model. (See Figure 5). Similar hydrologic and hydraulic modeling

was completed for the project alternatives to determine project benefits by reducing flood elevations.

11
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V. DAMAGES MODEL

IDNR Damages computer model, was used to calculate damages based on the 100,50,25,10,5,
and 2 year frequency discharges. The first floor and low water entry elevations were surveyed for all
structures in the floodplain. All the structures were identified by structure type and input into the

damage model along with their first floor and low water entry elevations.

The damage model used US Army Corps of Engineers depth-damage curves to determine structure
and contents damages. The depth of flooding was determined from the first floor elevations and the
water surface elevations computed from HEC-RAS. Based on this depth of flooding, damages are
calculated for each structure using the depth-damage curves. Existing conditions average annual
damages, the average amount of damages caused by flooding each year, were computed to be
$9,104 per October 2016 values. There was a total of 29 structures damaged based on the OWR
analysis. Refer to Figure 5 for a map showing the Existing Conditions flood plain and damaged
structures. These structures include 14 residences, 12 garages or storage buildings, 1 church, and
1 apartment building. (See Figure 6). A damage summary table is provided below in Table 3. See

Appendix D for a list of the structure data.

Average Annual Damages (AAD) are the amount of damages that occur each year.

Frequency # Structures Structure Contents Total
Damages Damages Damages

100 Year 29 $119,837 $37,956 $157,793

50 Year 25 $73,576 $23,141 - $96,717

25 Year 21 $38,854 $11,512 $50,366

10 Year 10 ~ $8,513 $2,434 $10,947

5 Year 4 $1,992 $565 $2,556

2 Year 0 $0 | $0 $0

Total AAD | | $8,302

Table 3

13
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VI. ALTERNATIVES INVESTIGATED

A total of eight alternatives were investigated which are discussed below. Alternatives included
reservoir detention, levees, and various channel improvements that are described below.
Alternative 1 - Small Reservoir

Alternative 2 - Large Reservoir

Alternative 3 - 100 Year Levee

Alternative 4 - 50 Year Levee

Alternative 5 - 25 Year Levee

Alternative 6 - Virginia St. Bridge/Channel Improvement

Alternative 7 - Virginia St. Bridge Removal/Channel Improvement

Alternative 8 - Virginia St. Bridge Removal/Channel Improvement With Weirs

Alternative 1 - Small Reservoir

Construction of an earthen embankment to create an inline reservoir upstream of Dieterich to
impound runoff and reduce discharges that flow through Dieterich was investigated. This would be a
gravity in gravity out design reservoir, with a low level outlet. The reservoir would be constructed

upstream of the Village in the upper watershed area to store runoff. (See Exhibit 1).

However, due to the storage volume required and the flat topography upstream of the Village, the
reservoir would be required to have a large surface area. The 100 year pool elevation would be
582.5 feet and peak storage would be 149 acre feet. Land rights for the reservoir would be difficult to
obtain because of the large area required. Storage which reduces runoff downstream through the

Village would reduce flooding in the Village.

The land rights costs for such a reservoir were determined to be greater than $548,289. Once
structure embankment costs were determined, the total project cost would exceed $833,399. This
cost does not include an emergency spillway, principle spillway or low level outlet structure costs

which would likely be significant. Total annual benefits generated by this reservoir project were only

15



Dieterich C1

W\
@

& i 1
\ x Rocky Ford Sportsman
i
3 o S ‘i Lluu S Lake
¢ oy
N \’
E1100THAVE . =1 (‘“J /' E 1100TH AVE
o
i '
)/ £ (}R: 1500TH__AVE
¥ L
N )
\1'
I"'\
o N
/ SRR
: ] o 3 RS
7.o% ' e

§
,"\J | l,t ,/)
{\wz,/ 5
12
‘N
2 g -.K.,,g 0
4 I
3 CENTER 5 - E CENTER ST ~
pon, 8
| i; | ESECTIONST. N\ E1000THAVE |
E'SECTION'ST |
AT 7 jmmaculate Conception iy gt
i Cem-” f E 1400TH
e Dleterlclﬁ[ W

_/\/

)
fiiy B 4
o : A
54 (; i et Legend
g {
= \ i
e \\‘ o D Proposed Reservoir 100 Year Pool

N

B . 0 0.5 1 A
Dieterich oemesw memmmmw ) Miles
Alternative 1 ILLINOIS
Small Reservoir Office of

Water Resources
July 6, 2020
DEPARTMENT OF
NATURAL
RESOURCES

Exhibit 1. 16




about $3,390. This is a high cost Alternative that only generates a 37 percent reduction of $3,390
from $9,104.33 in the total amount of average annual damages. No detailed analysis of this

alternative was performed because it was cost prohibitive.

Alternative 2 - Large Reservoir

An earthen embankment would be constructed to create an inline reservoir upstream of Dieterich that
is larger than Alternative 1. This would be a gravity in gravity out design reservorir, with a low level
outlet. The reservoir would be constructed upstream of the Village in the upper watershed area to
store runoff. Construction of the embankment to a higher elevation would provide more storage than
Alternative 1. The 100 year pool elevation would be 584.3 feet and peak storage would be 323 acre
feet. This Reservoir significantly reduced discharges in Dieterich Creek and result in lower water
surface elevations that through Dieterich. However, the larger storage requires more land rights than

Alternative 1. It also would require more embankment material. (See Exhibit 2).

The larger reservoir Alternative generated total annual benefits of $7,621. The land rights required
would be 146 acres and would cost an estimated $584,000. The total project cost for this reservoir
was $1,070,683 and did not include an emergency spillway, principle spillway or low level outlet
structure costs. These additional costs would likely be significant. In addition to the high cost, it is
typically difficult to obtain large amounts of land rights necessary for such reservoir projects. Due to
the large amount of lands rights requirements and excessive costs, this Alternative 2 was considered

to be cost prohibitive. Thus, no further detailed component cost analysis was performed.

Alternative 3 - 100 Year Levee

This alternative would consist of a100-Year Levee which would be constructed along both sides of
Dieterich Creek. The levee would protect structures from the 100 year flood event. It commences
along the upstream side of the railroad where it would tie into sufficiently high ground. The levee
currently would extend from near X-section 4850.423 near the railroad bridge to X-section 6570.809

located just north of East EIm St. The levee would have an average height of 4.65 feet and a length

17
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of about 2,084 feet on each side of the channel. The total amount of fill required for the levee would
be 13,442 cubic yards. The total right of way required would be about 3.7 acres. The average width
of the levee would be around 38 feet which includes a 10 foot top width and 3 to 1 side slopes.

(See Exhibit 3). |

This alternative will protect 25 structures from flooding at the 100 year frequency event and delivers a
considerable amount of benefits, but has significant costs associated with it. The average levee width
is 38 feet on each side of the channel and would be constructed through property owners’ yards
which could make land rights difficult to obtain. Also, the Levee alignment directly interfered with two
homes and one apartment complex. Thus, some type of concrete or sheet pile wall construction
would need to be designed and constructed in these specific areas to implement any of the Levee

Alternatives. This construction would add to the Levee Alternatives costs.

This Alternative would have a total first cost of $578,279.03 and the total annual cost would be
$24,138.99. The total annual benefits would be $8,267.02 which yields a benefit to cost ratio of 0.34.
Thus, OWR could provide $218,850.77 towards project construction which is the amount of the
capitalized benefits. This would require the Village to fund the remaining costs of $360,428.26.

(See Table 4).

Alternative 4 - 50 Year levee

This alternétive consists of a 50-Year Levee which would be constructed along both sides of Dieterich
Creek. The levee would protect structures from the 50 year frequency flood event. It would
commence along the upstream side of the railroad where it would tie into sufficiently high ground.
The levee currently would extend from near X-section 4850.423 near the railroad bridge to X-section
6570.809 located just north of East EIm St. The levee would have an average height of 4.0 feet and
a length of about 2,084 feet on each side of the channel. The total amount of fill required for the
levee would be 12,079 cubic yards. The total right of way required would be about 2.8 acres. The
average width of the levee would be around 34 feet which includes a 10 foot top width and 3 to 1 side

slopes. (See Exhibit 4).

19
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This alternative will protect 22 structures from flooding at the 50 year frequency flood event and
delivers a considerable amount of benefits. This alternative has significant costs associated with it,
even though costs are IQwer than Alternative 3 because the Ievée is not as high. The average levee
width is 34 feet on each side of the channel and would be constructed through property owners’ yards
which could make land rights difficult to obtain. Also, the Levee alignment directly interfered with two
homes and one apartment complex. Thus, some type of concrete or sheet pile wall construction
would need to be designed and constructed in these specific areas to implement any of the Levee

Alternatives. This construction would increase the Levee Alternatives costs.

This Alternative would have a total first cost of $446,868.42 and the total annual cost would be
$18,653.54. The total annual benefits would be $6,062.75 which yields a benefit to cost ratio of 0.33.
Thus, OWR could provide $159,764.31 towards project construction which is the amount of the
capitalized benefits. This would require the Village to fund the remaining costs of $287,104.11.

(See Table 4). |

Alternative 5 - 25 Year Levee

This Alternative consists of a 25-Year Levee which would be constructed along both sides of
Dieterich Creek. The levee would protect structures from the 25 year frequency flood event. It would
commence along the upstream side of the railroad where it would tie into sufficiently high ground.
The levee currently would extend from near X-section 4850.423 near the railroad bridge to

X-section 6570.809 located just north of East EIm St. The levee would have an average height of 3.3
feet and a length of about 2,084 feet on each side of the channel. The total amount of fill required for
the levee would be 7,942 cubic yards. The total right of way required would be about 2.4 acres. The
average width of the levee would be around 25 feet which includes a 10 foot top width and 3 to 1 side
slopes. (See Exhibit 5).

This alternative will protect 20 structures from flooding at the 25 year frequency flood event and
delivers a considerable amount of benefits. The costs are lower for this alternative than Alternative 4
because the levee is not as high. However, this alternative also has significant costs associated with

it. The average levee width is 25 feet on each side of the channel and would be constructed through
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property owners’ yards which could make land rights difficult to obtain. The Levee alignment also
directly interfered with two homes and one apartment complex. Thus, some type of concrete or sheet
pile wall construction would need to be designed and constructed in these specific areas to |
implement any of the Levee Alternatives. This construction would add to the Levee Alternatives

costs.

This Alternative would have a total first cost of $359,208.24 and the total annual cost would be
$14,994.36. The total annual benefits would be $5,043.03 which yields a benefit to cost ratio of 0.34.
Thus, OWR could provide $132,892.87 towards project construction which is the amount of the
capitalized benefits. This would require the Village to fund the remaining costs of $226,315.37.

(See Table 4).

It should be noted the levees discussed in these Alternatives would also need to be extended slightly
further upstream to tie off into sufficiently high ground which would increase the current cost estimate
and reduce the benefit to cost ratio. Of course, the benefits would remain the same as currently

calculated so the capitalized benefits amounts would be unchanged.

Alternative 6 — Virginia St. Bridge Replacement

This alternative consists of replacement of the Virginia Street bridge with triple 12" x 8" RC box
culverts. Additionally, the channel will be relocated to the east at Virginia Street based on the
alignment provided by the Village. This realignment will eliminate a large bend in the existing channel
which has been causing some erosion along the west channel bank near the existing Virginia Street
bridge structure. A supplemental 12’ x 9" RC box culvert would also be constructed at Section Street

to further reduce water surface elevations upstream. (See Exhibit 6).

This Alternative would have a total first cost of $687,623.23 and the total annual cost would be
$28.703.32. This is the highest cost Alternative investigated that was considered. The total annual
benefits would be $4,411 which yields a benefit to cost ratio of 0.15. The cost for the Village would
be $571,395.23 which is also the highest cost Alternative for the Village. (See Table 4).
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Alternative 7 - Close Virginia St./Channel Realignment

This alternative would consist of removal of the Virginia Street bridge and clqsure of Virginia Street.
The channel will still be relocated to the east at Virginia Street based on the alignment provided by
the Village. The only differences would be that no roadway bridge structure would be constructed to
replace the existing bridge and Virginia Street would be closed permanently. Therefore, the proposed
channel would be open cut through Virginia Street at a different location and the existing bridge
structure would no longer convey flow. Also, the supplemental 12" x 9’ RC box culvert that was to be
constructed at Section Street would be eliminated. The existing channel would be filled as part of
this Alternative. very similar to the Alternative 6 just discussed above. This alternative was

investigated at the request of the Village. (See Exhibit 7).

Due to the lower water surface elevations which result from the channel relocation and removal of the
Virginia Street bridge structure, the channel velocities increase upstream. In some channel reaches
the velocities increase beyond the scour velocity. Also, a 10 percent or higher increase in existing
scour velocities does occur. The scour velocity for the channel which is 5.0 feet per second, is based
on soil type and vegetative cover. As a result, the channel would need to be lined with RR3 Riprap

where these velocities occur, to protect the channel from erosion. The Riprap adds substantial cost.

This Alternative would have a total first cost of $416,039.23 and the total annual cost would be
$17,366.64. The total annual benefits would be $3,855.67 which yields a benefit to cost rati<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>