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Section I Executive Summary 
The University of Iowa Senior Design student group is pleased to submit this design report to the 
City of Bloomfield for the enhancement of the Lake Fisher Recreation Area. The purpose of this 
project is to expand and improve recreational opportunities within the park through targeted 
infrastructure upgrades, diversified amenities, and enhanced support for tourism and community 
use. 

Located just west of Bloomfield in Davis County, Iowa, the Lake Fisher Recreation Area 
encompasses approximately 322 acres of green space, including an 82-acre man-made lake. The 
park currently provides fishing, boating, hiking, camping, 
and general outdoor recreation opportunities. The City 
seeks to build upon these existing features by investing in 
facilities that promote outdoor recreation, eco-tourism, and 
community engagement while preserving the ecological 
integrity of the lake and its surrounding environment. 

This Senior Design group, based in Iowa City, Iowa, is a 
student-led team composed of ten members specializing in 
various civil and environmental engineering disciplines. Our 
team’s collective expertise includes site development, utility 
coordination, structural design, water quality assessment, 
stormwater management, watershed analysis, cost 
estimation, and architectural visualization. This 
multidisciplinary background equips us to deliver a resilient, 
accessible, and environmentally responsible transformation 
of the Lake Fisher Recreation Area. 

To accommodate growing visitor demand, six new energy 
efficient cabins have been designed for the northwest 
portion of the park. These units offer both single-family and 
multi-family lodging options, with several featuring shared patio spaces to support group 
gatherings. The existing RV Park has been redesigned to improve circulation, capacity, and safety 
through the addition of pull-through parking spaces. A new RV dump station is included in the 
redesign. The two existing pavilions were retained, as they were in good condition and could 
continue to provide visitors with locations to gather. In addition, a new venue suitable for gatherings 
such as weddings has been proposed for the south end of the lake.  

Figure 1. 1 Aerial image of 
  

Figure 1.1 Aerial image of Lake Fisher 
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Recreational amenities have been significantly expanded throughout the site, including a new ADA-
compliant trail that encircles the lake. This trail begins at a trailhead located on the south side of 
the site and directly connects to all major points of interest throughout the park. Fitness workout 
areas have been incorporated along the trail to provide diverse exercise options, and new gravel 
biking trails were designed to support both recreation and organized events. Two new beaches—
one on the west side and one on the south side—provide swimming and relaxation opportunities, 
with recommended beach volleyball courts. 

Additional recreational improvements include a full 
basketball court, two tennis courts adaptable for 
pickleball, and a redesigned softball complex with a 
new playing surface and expanded spectator seating. 
A green playground and three outdoor workout areas 
have been designed along the trail to support youth 
recreation and physical activity. A two-section dog 
park, separating large and small dogs, has been 
incorporated near the tennis and basketball courts 
and will serve as Bloomfield’s only designated dog 
park. Enhancements to the existing frisbee golf 
course include added trees and upgraded tee boxes. 

Improvements to lake access for boating, fishing, and kayaking were also incorporated. At the 
existing boat ramp, an expanded parking area improves traffic flow for vehicles and trailers, and the 
adjacent dock has been updated with multiple mooring stalls for temporary boat tie-off. This will 
provide easy access for boaters until a larger, more permanent boat ramp can be constructed. 
Three kayak launches have been strategically located on shores to support non-motorized 
watercraft. A future boat ramp is proposed near the existing water treatment plant, complete with 
an additional kayak launch to meet anticipated demand. Enhancements to the existing fishing 
jetties—including the addition of a fish-cleaning station on the southwest shore—improve 
shoreline access and convenience for anglers. 

Figure 1. 2 Enhanced recreation area with tennis, 
pickleball and basketball courts 
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To improve visitor comfort and eliminate reliance on portable restrooms, three permanent restroom 
facilities have been incorporated into the design. One facility is integrated into the pavilion near the 
existing softball field, another 
with shower and laundry 
facilities is located adjacent to 
the redesigned RV park, and a 
third is positioned near the south 
end of the lake to support trail, 
venue, and beach users. 
Outdoor shower stations were 
included at each beach. All 
restroom facilities, along with 
wastewater from the cabins and 
RV dump station, will be served 
by onsite septic systems. 

Environmental considerations played a central role in the design. Erosion control measures have 
been developed to stabilize the shoreline and reduce wave-induced erosion. A comprehensive 
stormwater analysis identified high-water levels and flow paths to guide resilient design decisions. 
Water quality sampling was conducted to identify contaminants of concern within the lake. The 
planting of wetlands is proposed in the southwest and southeast lake inlets to provide wildlife 
habitat, support contaminant removal, prevent erosion, and enhance visual appeal. The team also 
evaluated strategies for managing overpopulated fish species.  

To provide the city with current and accurate topographic data of the park, a high-resolution drone-
based topographic survey was performed in collaboration with Seiler Geospatial. This survey 
provided current elevation data to support accurate site design for all trails, structures, and parking 
lots. 

Project implementation is organized into four construction phases. 

Phase One includes installation of utilities, the restroom and septic system for the existing 
pavilion, temporary parking improvements at the existing boat ramp, construction of the lake-
encircling trail, installation of the west-side dock, softball spectator seating, frisbee golf upgrades, 
tree planting, erosion control, and fish population management. The estimated cost for the 
construction of Phase One is $ 2,114,721.00. 

 
Phase Two includes the construction of two cabins, the recreation area and associated parking, 
the RV park including the dump station, restrooms, and septic systems, establishment of wetlands 

Figure 1.3 Rendering of the Venue on the south side of the lake 
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and native grasses, one beach, the dog park, and gravel biking trails. The estimated cost for the 
construction of Phase Two is $ 2,754,731.00. 

 
Phase Three comprises construction of all structures on the south side of the lake, two more 
cabins, the second beach, improvements to the southwest fishing jetties and addition of the fish-
cleaning station, and upgrades to the parking area near the existing west pavilion. The estimated 
cost for the construction of Phase Three is $ 1,989,246.00. 

 
Phase Four includes the remaining softball field improvements, construction of the permanent 
east boat ramp, the remaining two cabins, and the workout areas along the trail. The estimated cost 
for the construction of Phase Four is $ 1,305,962.00 

 

The estimated total cost of construction for the Lake Fisher Recreation Area improvements is     
$8,164,660.00. This total cost includes a 40 percent contingency for each phase because the 
design provided in this report is a 60 percent design and due to expected unknown complications 
during construction. A detailed breakdown of this estimate is provided in Section VII of this report. 

 

In addition to this engineering design report, the project deliverables include detailed plan sets, a 
cost estimate for construction and design services, and a final presentation to stakeholders.  
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Section II Organization Qualifications and Experience 

1. Organization Location and Contact Information  
Department of Civil & Environmental Engineering  
University of Iowa  
103 South Capitol Street  
Iowa City, IA 52242  

2. Organization and Design Team Description  
This Senior Design group is a student-led team within the Senior Design Capstone Course. The 
team consists of ten members specializing in diverse areas of civil and environmental engineering. 
Areas of expertise include site development, structural design, environmental analysis, utility 
mapping, cost estimation, and architectural visualization.  

 

Our team is proficient in industry-standard software, including Civil 3D, Revit, HEC-RAS, and 
RISA3D, to ensure the development of high-quality deliverables. Each member has been assigned a 
defined role tailored to their area of expertise:  

• Carson Merten – Project Manager, Civil/Structural design  

Oversees project delivery, including scheduling, design coordination, and client communication. 
Provides technical oversight in civil and structural engineering design, including site development, 
utility mapping, structural analysis, and Revit modeling.  

• Luke Althaus – Structural Designer  

Specializes in structural analysis, modeling, and design of structures. Contributes to overall site 
layout and integration with civil works.  

• David Verastegui – Structural Designer  

Provides advanced structural analysis and modeling using RISA3D and Revit to ensure code 
compliance and structural integrity.  

• John Crane – Multi-Disciplinary Designer   

Brings a cross-disciplinary background in civil, structural, and environmental engineering. Supports 
integration across design elements and addresses project needs as required.  

• Fernando Carrillo – Civil Designer  
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Focuses on ADA-compliant trail design, utility mapping, and sited development. Ensures accessibility 
and compliance with standards.  

• Thomas Holzapfel – Civil Designer  

Responsible for site development and utility coordination. Provides design expertise for ADA-
compliant trails, roads, and parking systems.  

• Elise McKee – Environmental Engineer  

Contributes to water distribution modeling, stormwater evaluation, environmental impact analysis, 
and utility coordination.  

• Kristin Stein – Environmental Engineer  

Specializes in water quality assessment, erosion control strategies, and preparation of 
environmental documentation.  

• Dylan Seiffert – Environmental Engineer  

Assists with environmental sampling, design of water distribution systems, and the integration of 
sustainable engineering practices.  

• Idris Kecira – Architect, Structural Designer  

Produces architectural renderings and visualizations aligned with engineering designs. Provides 
support for structural analysis and design documentation. 
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Section III Design Services 

1. Project Scope 
The City of Bloomfield has partnered with the team to enhance the Lake Fisher Recreation Area, 
located just west of Bloomfield, Iowa. In response to this request, the team designed new cabins, 
boat ramps, recreational areas—including playgrounds and sports courts—trails, restrooms, a dog 
park, and an expanded RV park. These improvements also created a need for a comprehensive 
stormwater runoff model, water quality control initiatives, erosion management strategies, and 
septic system design. The team has taken on each of these tasks and provided the following 
summary of work. 

 

  

Figure 3.1 Site layout showing all major elements included in the scope 

A total of six cabins were designed, each containing two bedrooms. The cabins were developed for 
multi-use purposes such as family gatherings, hunting lodging, or weekend getaways. Design 
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considerations included foundational design, structural analysis, and aesthetics. In addition, year-
round use was considered as requested by the City.  

The park’s two existing pavilions were maintained in the final design. To improve accessibility, an 
expanded parking area was added near the northernmost pavilion adjacent to the proposed 
recreation area. Additionally, an attached restroom has been designed for the existing pavilion near 
the softball field, along with another expanded parking area at that location. Per the City’s request, 
a dedicated venue space was added at the southern end of the lake to accommodate large family 
events, gatherings, and weddings. This venue was not included in the original scope of services but 
will act as a nice addition to further enhance the use of the park.  

The City has requested improvements to the existing boat ramp. The team first recommends 
increasing parking at the existing ramp to accommodate the expected increase in visitors to the 
lake. This existing boat ramp will continue to be used until the adjacent abandoned water plant is 
demolished. Following demolition of the water plant, that area will be utilized for the construction 
of a larger and more accessible permanent boat ramp and dock. Docks with kayak launches have 
been proposed at three locations around the lake to accommodate non-motorized vessels.  

To attract families and younger visitors, new recreational amenities were designed for the northwest 
side of the lake. These include two multi-use sport courts striped for tennis and pickleball, as well 
as a full basketball court. Additionally, green playgrounds—play areas that incorporate natural 
materials and elements—were designed at the City’s request to encourage outdoor physical 
activity and learning for young children. 

To further improve recreational opportunities, a new accessible trail system around the lake was 
developed, with a trailhead located on the south side of the lake. The trail meets all Americans with 
Disabilities Act requirements and adheres to SUDAS standards. It was intentionally routed to create 
connectivity between all major site features and can be used for walking, running, and biking. 
Following discussions with the client, three outdoor workout areas were added along the trail to 
promote additional physical activity. Although not part of the original project scope, these features 
strengthen the recreational value of the site. In addition to the Class A compacted stone pathways, 
gravel biking trails were also included to provide an alternative option for visitors. 

Improvements were also made to the existing RV park. The design expands the area to 
accommodate ten RVs, adds gravel pads for stability, and provides adequate space for vehicles to 
safely and comfortably turn around. 

Northwest of the lake, a new dog park has been designated. The space includes separate areas for 
small and large dogs, each equipped with prefabricated dog playground equipment. 
Recommendations for equipment providers were specified. 
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As a result of the planned development, stormwater runoff must be modeled and compared to the 
pre-development conditions. The team carried out models for the one year to 500-year storm to 
understand the flood risks and potential impacts of different storm events. Additionally, the NRCS 
method was utilized to estimate peak flows and develop hydrographs at the outlet point of the lake. 
This information was taken into consideration when implementing erosion control features.  

Due to the expected larger volume of runoff entering the lake after development, preventative 
erosion control features were implemented into the design. Additionally, measures were taken to 
improve the significant existing erosion issues on the southern shoreline of the lake. Such features 
include the planting of native species in the area and implementation of rip rap to stabilize the soil.  

Ensuring safe swimming, fishing, and water sports is a primary goal of the Lake Fisher Recreation 
Area improvements. To protect recreation and ecological health, the team evaluated the lake’s 
existing water quality, testing contaminants such as industrial chemicals, pesticides, and nutrients 
including nitrogen and phosphorus. In response to identified concerns, watershed management 
practices—such as native plantings and constructed wetlands—were recommended to improve 
long-term water quality. 

To accommodate the expected increase in visitors, three restroom facilities were included in the 
design. Two will be located on the northwest side of the lake to serve park users, while the third, 
located on the south side, will support guests using the venue. Showers and a small laundry facility 
with two washers and two dryers were also added to the RV Park Restrooms for multi-day visitors. 

Waste generated from restrooms, RVs, laundry machines, showers, and cabins will drain to septic 
tanks. The design for Lake Fisher includes five separate septic tanks and associated leach fields. All 
sizing criteria, material specifications, and leach field size calculations for the septic tank were 
done according to Iowa Administrative Code 567 Chapter 69.  

In the final stages of design, all necessary potable water and septic piping were incorporated into 
the engineering drawings. Iowa codes and standards guided decisions on pipe diameter, material, 
and slope. Existing underground utility maps provided by the City were also utilized to avoid 
conflicts with existing infrastructure. 
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2. Work Plan 

 

Figure 3.2 Summary of work completed by the team 
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Section IV Constraints, Challenges and Impacts 

Constraints  
Several notable constraints were present in this project. One constraint encountered during the 
trail design and site layout process was the presence of the City’s designated burn yard located 
within the project area. This area is used periodically for controlled burning of vegetation and 
debris, producing smoke that can be a nuisance to individuals in the area. Due to the unpredictable 
timing, duration, and intensity of these burns, the trail alignment and beach location had to be 
intentionally routed away from this zone to ensure public safety and reduce the likelihood of 
negative impacts on visitors and the environment.  

Another important constraint was the property line along the northwest corner of the project site. 
This portion of the site was intended to be developed more heavily; however, the property boundary 
directly abuts an active gun club. Due to this limitation, the design team had to condense several 
planned features—including the recreation areas with basketball and pickleball courts—into a 
much smaller footprint than originally envisioned. This required careful spatial planning to ensure 
safety, maintain adequate separation between activities, and still provide functional, high-quality 
amenities within the restricted space. 

A further constraint was the need to maintain ADA compliance across all components of the park. 
Ensuring accessible routes, appropriate slopes, compliant surfaces, and inclusive access to 
amenities required careful coordination throughout the design process. These requirements 
influenced trail grading, ramp locations, recreation area layouts, and beach access features, 
ensuring that all visitors—regardless of mobility—could safely and comfortably use the park. 

The final constraint was the preservation of the existing pavilion. Constructed by the local Amish 
community, the pavilion was valued for its craftsmanship and cultural significance. Rather than 
removing it, the project was constrained to make additions and modifications while maintaining the 
original structure. This requirement influenced the surrounding layout and design decisions, 
ensuring that new features integrated seamlessly with the existing pavilion without compromising 
its integrity or character. 

 

Challenges 
Grading throughout the site presented another notable challenge. The lake lies moderately below 
much of the existing grade, making it difficult to provide safe and functional connections to the 
waterfront. Ensuring that all trails, ramps, and access points complied with ADA requirements 
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while accommodating the significant changes in elevation required careful planning and design. 
The grading strategy needed to balance accessibility, safety, and site stability, while also integrating 
seamlessly with surrounding trails, recreation areas, and beach access points. 

In the northwest portion of the site, the presence of the Isaac Walton Shooting Range introduced an 
additional challenge for the placement of several planned recreation amenities, including the 
proposed dog park. Regular firearm activity at the range has the potential to create elevated noise 
levels and intermittent disturbances, which could negatively impact the experience of park users in 
this area. To mitigate these concerns, the design incorporates strategic tree plantings intended to 
function as a natural sound buffer, reducing both noise transmission and visual exposure to the 
range. While these plantings do not eliminate the issue entirely, they provide a practical and 
sustainable measure to improve user comfort and enhance the overall suitability of the northwest 
corner for recreational use. 

Designing the waterfront structures posed an additional challenge due to fluctuating water levels. 
The bank-full elevation was 820 ft, while the design low water elevation was 818 ft, requiring careful 
consideration to ensure usability across this range. All docks, boat ramps, and beach areas were 
designed to accommodate both high and low water conditions while maintaining ADA-compliant 
access. This required precise elevation planning, structural adjustments, and material selection to 
ensure that all visitors—regardless of mobility—could safely and comfortably access the waterfront 
under variable water level conditions. 

The addition of several new structures with restroom facilities introduced a challenge related to the 
placement of septic systems. Each structure required a septic tank and associated leach field, 
which could not interfere with existing structures or site features. Furthermore, the size of the leach 
fields imposed additional constraints, as no buildings, trails, or other improvements could be 
placed on top of them. Careful coordination of structure locations, utility layouts, and surrounding 
site elements was necessary to ensure proper system function, maintain regulatory compliance, 
and avoid conflicts with existing amenities and infrastructure. 

 

Societal Impact 
An important societal consideration for this project was the unique demographic composition of 
the community, which includes a significant Amish population. To ensure the recreational facilities 
serve all residents equitably, the design intentionally incorporates features that support their 
customary modes of transportation and park use. This includes providing adequate hitching posts 
as well as shaded areas and accessible water sources for horses near key gathering points. 
Because the Amish community frequently utilizes the softball complex and often attends games in 
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large numbers, additional spectator seating was also incorporated into the design to accommodate 
these gatherings comfortably. These enhancements not only improve accessibility and usability for 
Amish residents but also foster inclusivity and strengthen the park’s role as a shared community 
space. 

Due to the project being located within a smaller community with limited financial resources, 
careful consideration was given to the long-term affordability of the proposed improvements. To 
ensure the City can implement the design without exceeding its available budget, the project was 
intentionally organized into clearly defined phases. This approach allows the community to 
prioritize essential elements first, while deferring more discretionary features until additional 
funding becomes available. By structuring the work in manageable stages, the design supports 
responsible fiscal planning, maximizes the impact of local investment, and provides the flexibility 
needed for the City to continue enhancing the park as resources permit.  

During the evaluation of existing site amenities, it was determined that the current shelter 
structures remain in good condition and continue to serve the needs of park users effectively. 
Although the City expressed openness to potential renovations, the design team elected to retain 
the shelters in their present form—aside from the planned addition of a restroom facility at the 
softball shelter—in order to minimize unnecessary costs and maintain the functional integrity of the 
existing buildings. In doing so, the project also subtly honors the craftsmanship of the Amish 
community members who originally contributed to the construction of the pavilion near the softball 
field. Preserving these structures acknowledges their role in shaping the park’s history and reflects 
an appreciation for the traditional building methods that have long supported recreation in the area.  
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Section V Alternative Solutions That Were Considered 

1. Site Layouts 
To ensure a clear understanding of all team and client perspectives, the team was divided into three 
groups, each tasked with developing an alternative site layout. This approach allowed the team to 
explore multiple configurations that addressed the client’s requirements while considering existing 
site constraints. Within each group, the placement, dimensions, and quantities of the requested 
features were discussed. Following this, the team held an internal design review and a subsequent 
meeting with the client to evaluate the advantages and limitations of each alternative. Figures 5.1, 
5.2, and 5.3 present the layouts submitted by each group for internal and client feedback. 

 

Figure 5.1 Layout alternative 1 
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Figure 5.2 Layout alternative 2 

 

Figure 5.3 Layout alternative 3 
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Following both internal and client feedback, the team was able to refine the design in a more 
targeted manner to meet the City’s requests while remaining within the site’s constraints. 

The team and the City agreed that the majority of the design should focus on the northwest portion 
of the park. This area proved to be the most versatile, accessible, and spacious portion of the park. 
Alternative 2 was the only concept that incorporated the southernmost end of the site; this area 
was initially considered for a dog park but was later revised to a venue in response to the City’s 
input. Alternatives 2 and 3 also proposed extending the trail to the east side of the park, a feature 
that was further refined in the final design despite fewer amenities being placed on the east side. 

An additional consideration for all groups was the existing burn yard on the west side of the site. 
Because the burn yard may be active two to three times per month during peak periods, park 
features in that area were intentionally limited to avoid conflict with operations. 

Once a general layout was agreed upon internally and with the client, the design team advanced 
the level of detail for each site feature. Tasks were assigned to team members based on technical 
expertise and workload, with some features requiring collaboration from multiple designers. Team 
members responsible for interdependent features coordinated regularly to ensure consistent 
design assumptions across the site. The specific considerations for each feature and the 
corresponding engineering analyses are detailed in Section VI. 
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2. Cabins 

 

Figure 5.4 A Frame Trio 100 A-Frame Cabin 

In considering designs for the cabins, initial ideas included “A-Frame” or log cabin structures, but 
their designs were ultimately less versatile than a typical stud wall construction which contractors 
are more familiar with. This reduces cost, construction waste, and build times. A more standard 
design also allows us as designers to focus on optimizing other facets of the cabin design, notably 
the energy efficiency of each residence which would allow them to operate into the cold winter 
months efficiently and at minimal cost to the operator. 

 

Figure 5.5 Southland Log Cabin 
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A two-bedroom design with a joined kitchenette and living room was selected for its appeal to both 
families as well as hunters who would be renting out these cabins. This design balances a need for 
privacy without significantly reducing square footage and giving renters access to the basic 
amenities that one might expect when staying multiple days away from home. 

Lastly, for a platform framing system of trusses supported by stud walls over a wood frame floor 
with a crawl space was selected for its resistance to wear incurred by the freezing and thawing 
ground as well as for its capacity to serve as storage space for the park should that be necessary. 

3. Venue 
During the design phase, multiple location and structural concepts were evaluated for the 
proposed venue. The initial concept envisioned an amphitheater with a semi-circular configuration 
and a scenic backdrop. This design was considered well-suited for presentations, performances, 
and concerts. However, following client input, the focus shifted from an amphitheater to a more 
traditional venue structure. The amphitheater had originally been planned near the recreation area, 
positioned along the lakefront to take advantage of the natural setting. While this location offered 
aesthetic appeal, it was later identified as a potential site for a septic system or leech field required 
for the recreation area restrooms. This constraint necessitated reconsideration of the location. 
Subsequently, the design transitioned to a open-air style venue, relocated to the south peninsula. 
This placement provided a distinct feature within the park while maintaining separation from the 
recreation area, thereby establishing the venue as a stand-alone facility dedicated to hosting 
events. The amphitheater concept had incorporated a concrete half-bowl structure to enhance 
acoustics, but its lack of a roof presented significant limitations. Events would have been 
vulnerable to weather disruptions, and the proximity to the lake introduced potential flooding risks. 
In contrast, the revised venue design features a flat, roofed structure constructed on elevated 
ground, effectively mitigating these concerns and ensuring greater reliability for year-round use. All 
proposed concepts were carefully measured and reviewed to confirm spatial feasibility, optimize 
land use, and align with the client’s requirements. 

4. Restrooms 
A restroom design for the RV Park restroom first included a shower area connected directly to the 
main restrooms. This design was changed to separate shower and restroom areas. Changes were 
made due to the desire to lock the shower area separate from the restrooms, allowing only the 
users of the RV park to have access to the showers. Along with that, the first design did not include 
an area for laundry. To further incentivize visitors to the RV park, a laundry area has been included in 
the design to increase convenience.  Lastly, the utility room was made larger and more centralized. 
A centralized utility room gives the largest buffer between mechanical equipment and the 
elements. Preventing utility failure as well as reducing maintenance costs. To increase the amount 
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of green and sustainable infrastructure on site, solar panels were added to the restrooms. This 
necessitated a larger mechanical room to house the equipment. 

5. RV Park 
The main goal was to expand the RV park while keeping it easily accessible. The first iteration 
included a central through-lane and added additional lanes on each side. These new lanes were set 
at a 45-degree angle relative to the main through-lane. Initially, all angled lanes faced the same 
direction; however, this would have required one-way traffic through the park. 

To resolve this, the lots were reoriented, to opposite directions on either side of the through-lane. 
The central through-lane was extended and new through-lanes were added along both sides, 
ensuring full accessibility throughout the expanded layout. 

6. Trails 
Initially, the trail was located only on the west side of the site, as no development was planned on 
the east side. One of the first major revisions made was to have the west-side trail branch off to 
connect directly to the existing shelter and then run along the road to serve the recreation areas. 
The trail was also rerouted to pass through the land bridge on the southeast side of the site, and it 
was shifted closer to the lake on the east side. 

Once development on the east side was confirmed, we redesigned the trail network to allow users 
to walk, run, and bike around the entire lake, creating a continuous loop. A branch on the west side 
was added to provide direct access to all major site features, reducing the need for users to drive 
and park. The idea to route the trail through the land bridge originated from the client, and a 
subsequent site visit confirmed that this was feasible. Initially, the trail had been aligned to cross 
the existing road on the southeast side based on an aerial image that showed what appeared to be 
a mowed path, which was assumed to be a trail. A site visit revealed that this was a corridor for 
electrical poles and that the adjacent slopes were quite steep, making ADA compliance difficult. As 
a result, the alignment was shifted closer to the road and lake, where grades were more 
manageable. 

7. Boat Ramps and Docks 
The boat ramp and dock facilities underwent numerous design iterations throughout the project. 
The initial concept focused on replacing the existing dock with an upgraded structure while leaving 
the current boat ramp unchanged, as it had recently undergone maintenance. However, after 
meeting with the client, reviewing alternative concepts, and conducting the team’s own site 
assessment, it became clear that providing multiple access points would better serve the lake. 
Early alternatives included adding a single dock on the west side of the lake near the existing 
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parking area. As the project evolved and the southern portion of the lake was identified as a 
suitable location for a venue and trailhead, the associated utility requirements ultimately guided 
the development of the current dock layout. Additionally, a dock was incorporated into the north 
fishing jetty to provide convenient access for the nearby cabins and RV sites. 

Several dock design alternatives were evaluated over the course of the project. Initially, pile-
supported docks were considered, but the team ultimately shifted toward a floating dock system. 
This option offered greater flexibility and aligned with the client’s preference for a low-maintenance 
solution. Temporary pole-anchored floating docks were also explored as an alternative; however, 
this option was dismissed due to the need for recurring winter removal and maintenance. 

For much of the project timeline, the existing boat ramp was deemed adequate and was not 
scheduled for modification. This changed when the client informed the team that a significant 
portion of infrastructure on the east side of the lake would be removed. This includes a 
decommissioned water treatment plant with two unused lime pits. This created an opportunity to 
design a larger, more functional boat ramp with increased parking capacity and improved turning 
radii to better accommodate vehicles towing large boats. 

8. Beaches and Sand Volleyball 
The beaches underwent numerous revisions over the course of the project. The initial plan featured 
a single beach on the lower west side of the lake; however, the client noted that smoke from the 
nearby burn pit frequently affected this area. To address this concern, the team explored relocating 
the beaches further north to avoid smoke and provide closer access to the parking area. A second 
beach on the south side of the lake was also considered to promote increased activity in that area. 
These iterative alternatives ultimately informed the development of the final beach design. 

The design process also considered the lake’s low water level, which required significant grading. 
Early concepts included a retaining wall to manage the elevation difference, but by adjusting the 
trail alignment down to the beach, the need for stairs or a retaining wall was eliminated. Various 
amenities were debated, including full showers and restrooms, but the final plan incorporated only 
a small beach shower. Similarly, sand volleyball was initially considered for removal due to space 
constraints from grading, but the design was modified to accommodate the volleyball area. These 
successive iterations reflect the project’s exploration of alternatives before arriving at the final, 
functional beach layout. 
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9. Recreational Area 
In the initial concept, the team planned for three full-size basketball courts and six pickleball 
courts, all located on the west side of the site. After confirming the projected number of users, the 
number of courts were reduced to better match demand and create a more efficient use of space. 
The design was revised to one full-size basketball court and two courts designed to function as both 
pickleball and tennis courts. To keep the cabins more secluded and preserve a quieter setting for 
overnight users, the positions of the rec area and the cabins were swapped, moving the recreation 
facilities away from the cabins and closer to other active-use areas on the site. 

10. Dog Park 
The dog park was originally planned as a single large area on the south side of the site, on the 
peninsula where the trailhead parking is now located. After further consideration, the dog park was 
relocated to the northwest portion of the site, closer to the main cluster of development, so users 
can access more amenities within a concentrated area. The dog park was also divided into a larger 
area and a smaller field to give owners options based on their dog’s size and comfort level. 

11. Workout Areas 
The workout areas were originally conceived as a single pad with four pieces of equipment 
manufactured by Kompan, located next to the shelter on the west side to complement the other 
recreational amenities and the green playground. 

After receiving client feedback, this concept was expanded from one workout area to three, and the 
locations were adjusted to better align with the trail network. This allows visitors to use exercise 
equipment conveniently while walking or running through the site and creates a more versatile and 
accessible fitness experience. The design team also focused on incorporating more calisthenics 
equipment, which supports more social interaction and efficient usage of the space. These 
changes were made to better support the City’s goal of increasing activity options and social 
gathering areas for young people. 

12. Green Playground 
Time was spent researching, initially, as there was a need to find a dependable playground 
equipment manufacturer and designer that fit the criteria of the City. The main criteria were that it 
implemented natural elements into the aesthetics and material of the equipment, and that it 
promoted learning opportunities for children. We had considered a common design incorporating a 
mostly metal swing set and tower following the already existing layout, but more specialized 
manufacturers were researched to fully realize the client’s vision. 
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Natural Playgrounds Company, a playground design company that does work across the United 
States providing wood playground features, was contacted. This manufacturer was selected based 
on the level of safety their products provide by meeting all ASTM, CPSC, and licensing 
requirements. Their designs also possess the educational element that the client was looking for. 

A preliminary playground design was then developed to receive a quote on their services. The 
design involves 2 pads to incorporate features for both physical activity and learning separately. 
Considerations and alterations made to the playground design were based on the placement of 
features in relation to each other to avoid intersecting fall zones. A minimum of 6 feet of space in all 
directions was provided for features that could potentially cause injury. 

13. Stormwater Analysis 
To decide how to evaluate the lake and watershed area affecting the lake, USGS StreamStats was 
used. In this application, there were many locations that could be selected as the watershed outlet. 
Figure 5.4 below is an example of the different watersheds that could be used to break up one 
larger watershed for the area draining into the lake.  

 

Figure 5.4 6 Site subwatersheds 

 

To get an accurate representation, the lake must not be considered as a part of the watershed, 
because the flow through the lake is generally much slower than on land as well as there is a 
specific outlet device in the lake that limits the outflow. It was decided that one single watershed 
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should be used for this evaluation, and the lake area will be eliminated from it for all area, slope, 
and longest flow path calculations resulting in the watershed shown in the Final Design Section VI. 

The two main options—the NRCS Storm Data and NOAA Atlas 14—were considered as resources 
for gathering storm data. The NRCS Storm Data can be specified by selecting a county, and the 
NOAA Atlas 14 data is specified by selecting a rain gauge. It was found that there is a rain gauge on 
the Fisher Lake Recreation Area site shown below in Figure 5.5. 

 

Figure 5.5 7 NOAA Atlas 14 rain gauge location. 

 

Due to the proximity of the gauge to the site, it was determined that this resource would be the most 
accurate for use in modeling. 

The final major determination to be made for the stormwater model was the dimensions of the 
outlet structure shown in Figure 5.6.  
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Figure 5.6 8 Existing outlet structure. 

It was assumed that the top of the outlet structure is at an elevation of 820ft, the same elevation as 
bank full. It was estimated that the height of the outlet from the top to the top of the inlet weir is 2ft, 
meaning that the permanent pool of the Lake is located at 818 feet of elevation. It was also 
estimated that the two sides of the inlet start as a two-sided weir 3ft long on each side, with 2ft 
between the sides. Then, once the water rises to 820ft, the left and right sides are engaged and are 
6ft long each. The discharge pipe is 3ft in diameter. These assumptions were used to calculate the 
discharge of the structure for each elevation from 818ft to 840ft.  

14. Erosion Control 
When determining potential alternatives for erosion control, chapter seven of the Iowa SUDAS 
Design Manual was consulted. Alternatives such as compost blankets and filter berms were 
considered. However, due to the temporary nature of such solutions, it was determined that native 
wildflowers and rip rap erosion control measures were most suitable for the site.  

15. Water Quality Analysis 
During the early phase of design for this project, it was discussed that taking several samples on 
different days at sampling locations throughout the lake would be helpful to develop average 
constituent concentrations within the lake. With the knowledge that the Iowa Department of 
Natural Resources was performing a complete, multi-year study on the watershed and the lake 
itself it was determined that sufficient data would soon be available to draw conclusions on the 
water quality within the lake. Thus, the six samples were collected at various locations surrounding 
the lake for the purposes of comparison to IDNR data. 
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16. Wetlands 
A complete constructed wetland was initially considered to assist in pollutant removal. The original 
design was to include microtopography to increase biological uptake of pollutants by plants, 
increase the time of concentration, and decrease flow velocity. Following the evaluation of the 
current sediment forebays, the outlet structures on the south road, and the variability in lake depth 
south of 212th Street on the SW side of the lake it was determined that a complete constructed 
wetland design was not feasible. A similar situation was encountered on the SE side of the lake. 
Thus, it was determined that a smaller area of wetland plants could be planted on the SW and SE 
inflow areas to protect against erosion, provide habitat, assist in pollutant reduction, and enhance 
the area visually. This option was determined to require a lower cost, less maintenance, and 
decreased access requirements while still providing the same benefits, however to a lesser degree. 

17. Septic Tank Design 
The original design included three septic tanks. However, it was realized that the resulting leach 
fields were too large to fit into the allotted space, it was concluded that five septic tanks would be 
necessary. Each of the five septic tanks has an associated leach field. As nothing can be 
constructed on a septic tank or its leach field, the team determined that these areas can be used to 
plant native grasses and wildflowers, which help to improve ecosystem health, soil health, and 
beautification of the area.  

18. Fish Population 
After communicating with the City to determine their goals in terms of the lake’s ecological health it 
was determined that several fish species were negatively impacting the health of both the lake and 
the more desirable fish species. The initial solution to this issue was to recommend physical 
removal of the species negatively impacting the lake and stocking a greater number of predator 
species which are more desirable to anglers. Following communications with the IDNR, it was 
determined that a complete removal of all fish species within the lake by chemical means would be 
optimal. This would be followed by a restocking of desirable fish species and allowing several years 
for the populations to rebound. 
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Section VI Final Design Details 

1. Watershed and Stormwater Evaluation 
The Fisher Lake Recreation 
Area sits inside a 1,422-acre 
(2.2-square-mile) watershed. 
Any rain that falls in this area 
eventually drains into Lake 
Fisher and then out through 
the main spillway. Figure 6.1 
shows how water flows 
downhill from the highest 
points (yellow) to the lowest 
point at the lake (blue).  

Not all rain makes it to the lake 
as some soaks into the 
ground. This process, called 
infiltration, helps protect the 
Recreation Area and the dam 
by reducing how much water reaches the lake during storms. How much water infiltrates depends 
on the type of soil and how the land is being used. 

The watershed contains three soil groups—B, C, and D—which differ in how well they absorb water. 
Group B soils absorb water the best, while Group D absorbs the least. Their locations are shown in 
Figure 6.2 using data from the USDAs Web Soil Survey. Water surfaces (red) have no infiltration. 

Figure 6. 1 Watershed flow paths. 
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Land use also affects how much water runs off. The watershed includes farmland, pastures, roads, 
small reservoirs, homes, grasslands, and wooded areas. This information was provided by the 
Multi-Resolution Land Characteristics Consortium. Hard surfaces like roads, houses, and concrete 
don’t allow much infiltration, while fields and grasslands absorb water well. These areas are shown 
in Figure 6.3 (red = poor infiltration, green = good). 

Figure 6. 2 Watershed Hydrologic Soil Groups 
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Soil type and land use are combined to 
calculate a curve number (CN) for each 
small section of land. A weighted 
average of all these values gives one CN 
for the whole watershed: 83.68. This 
number was used in stormwater models 
to estimate how much rainfall becomes 
runoff and how much soaks into the soil. 

Another important value is the time of 
concentration, which is how long it 
takes water from the farthest point in the 
watershed to reach the Lake. Using 
USGS StreamStats, the longest flow 
path was found to be 9,660 feet and 
shown in Figure 6.4. Using the Kirpich 
method and the slope from 
StreamStats, the time of concentration 
is 61.6 minutes. This converts to a lag 
time of 36.97 minutes, which is needed 

for HEC-HMS modeling. 

 

 

 

Figure 6. 4 Watershed longest flow path 

Figure 6. 3 Watershed land use 
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HEC-HMS is software used to estimate how much water flows into and out of the lake during 
storms. It uses information such as watershed area, curve number, lag time, lake storage curves, 
spillway flow curves, the base lake level, and rainfall for the design storms. More details are in 
Section V and Appendix J.  

Storms ranging from the 1-year, which has a 100 percent chance of happening per year, to the 500-
year, which has a 0.2% chance of happening per year, were modeled. NOAA Atlas 14 was used to 
obtain the precipitation depths for a typical 24-hour storms for each design year. The 1- and 2-year 
storms stay within the Lake’s banks. The 100-year storm must safely pass through the spillway, and 
the 500-year storm is used to test the limits of the system. 

The most important outputs from HEC-HMS are the peak inflow, peak outflow, and the highest 
water level the lake reaches during each storm. These values are compared to existing ground 
elevations and to planned site features to understand potential impacts. 

The team also compared pre-development and post-development conditions. The planned project 
adds 8.0 acres of gravel and 0.88 acres of concrete, slightly raising the curve number from 83.68 to 
83.73. This small increase is within typical model uncertainty but does mean slightly more runoff 
will occur. Both conditions were modeled for completeness. 

To combat the increase in curve number, and therefore runoff, there are multiple elements that can 
be added. The one considered in this proposal is planting native grasses and plants as well as 
adding trees. This increases the infiltration of the soil on and around where these plants are planted 
by restoring the landscape, and because the plants also use the water through their roots. The 
areas the team decided to add these plants are the leach fields for the septic tanks, as regulations 
state that no structures can be built on it, and the disk golf area, since adding trees was requested 
by the City and it adds more difficulty and interest to the course. By planting native plants, the area 
planted will reduce in curve number by 5, and by planting trees, each 100 ft2 surrounding each tree 
will reduce in curve number by 10. The proposed added plants result in a new curve number of 
83.72. This is a 0.01 reduction from the post-development curve number and could easily be 
reduced more by planting more native plants and trees. However, this reduction is again well within 
the model uncertainty. 

It was found that the post-development watershed conditions are almost identical to pre-
development conditions. A comparison of the model results is shown in Table 6.1. Overall, the 
added development does not increase the peak flow into the lake or the peak water level, which are 
key factors for preventing downstream flooding and protecting the dam. 

 

Table 6. 1 Pre- and post-development Inflows, outflows, and Peak Elevation 
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 Design 
Storm 

Peak Inflow (cfs) Peak Discharge (cfs) Peak Lake 
Elevation (ft) 

Pre-
Development 

1-yr 981.2 43.3 819.5 

2-yr 1286.6 49.6 820.0 

10-yr 2369.5 66.9 821.6 

100-yr 4470 89.9 824.5 

500-yr 6187.6 103.9 826.7 

Post-
Development 

1-yr 983.7 43.3 819.5 

2-yr 1289.3 49.6 820.0 

10-yr 2372.7 66.9 821.6 

100-yr 4477.4 89.9 824.5 

500-yr 6200.9 104 826.7 

 

For reference, the lake banks sit at an approximate elevation of 820 ft, and normal water level is 
approximately 818 ft. Based on the contour mapping in Figure 6.5, the southwest road is at 
elevation 824 ft, and the southeast road and dam embankment are at 828 ft. 

 

Figure 6. 5 Site contour map 
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As shown in Table 6.1, the 1- and 2-year storms keep water within the lake’s banks before and after 
development. During the 100-year storm, the water level rises high enough to cover the southwest 
road, but it is still safely passed through the existing outlet with no risk of overtopping the dam. Even 
with the 500-year storm event, the lake and outlet structure perform well, with a peak water level of 
826.7 ft, which is still 1.3 ft below the top of the dam and the southeast road. 

With the proposed improvements implemented, the peak inflow of water into the lake does 
increase slightly. This makes sense, as the increased impervious area is preventing the current 
amount of rainfall from absorbing into the soil, and this rainfall is instead entering the lake. The 
exact increase in percentage and cfs is show in Figure 6.6 below.  

 

Figure 6. 6 Peak inflow change from pre-development to post-development in percent increase and cfs. 

 

Additionally, the peak discharge from the lake does not change from pre-development to post-
development, which was the most important criteria to target for. This means that the flow out of 
the lake and into the receiving stream is not increasing. The speed of the water is a main contributor 
to erosion potential. With our proposed design, we are not increasing the erosion potential and 
concern downstream through the water speed. Since the peak inflow increases slightly, and the 
peak discharge does not, the peak storage of the lake increases as well. However, this increase is 
not significant enough to impact the peak elevation of the lake as discussed above.  
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However, our design does increase the total discharge volume. The volume is given from the model 
in inches, which is the total depth in inches over the entire Lake area that is being discharged. 
These results are shown in Figure 6.7 and compared to pre-development discharge volume.  

 

Figure 6. 7 Lake discharge volume 

 

To make sense of this graph, for example, the 1-year storm, the discharge volume was increased by 
0.18 inches, which would be 0.18 inches over the entire 82-acre lake or 1.23 ac-ft of increased 
water volume discharging from the pre-development conditions. This is a 14.1 percent increase in 
discharge volume. This increase in volume without an increase in discharge flowrate means that the 
water is being discharged from the lake over a longer period of time in our proposed design than in 
the current, pre-development conditions. This could potentially have impacts on the erosion 
potential in the streams downstream of the lake as they would be conveying the peak flow, or a 
higher-than-normal flow, for a longer period of time. However, because the discharge volume for 
the pre-development conditions is already very low, the increased discharge volume is also a 
relatively small amount.  
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2. Septic Tanks 
A total of five septic tanks and associated leach fields were required to accommodate wastewater 
generated by the newly developed cabins, restrooms, and RV dumping stations.  

The first of the five septic tanks was designated for RV waste and was located near the existing RV 
park. This tank was designed to handle flows of approximately 2,500 gallons per day, calculated by 
multiplying the ten RV units by 250 gallons per day per RV in accordance with IAC 567 Chapter 69. 
The tank measured 13.9 feet in length and eight feet in width, with a baffle height of six feet. The 
inlet pipe elevation was set at six feet, with the tee extending upward to 6.5 feet and downward to 
5.333 feet. The outlet pipe elevation was 5.75 feet, with the tee extending up to 6.5 feet and down to 
4.75 feet. The associated leach field comprised approximately 14,700 square feet, utilizing 24 
distribution pipes at 70 feet per pipe. 

The second septic tank was designated to receive wastewater from the cabins. This system was 
sized to handle approximately 900 gallons per day, representing the estimated flow rate from six-
bedroom residences. The tank measured 12.03 feet long and five feet wide, with a baffle height of 
four feet. The inlet pipe height was set at four feet, with the tee extending up to 4.5 feet and down to 
3.33 feet. The outlet pipe height was 3.75 feet, with the tee extending up to 4.5 feet and down to 
2.75 feet. The leach field for this system totaled approximately 4,800 square feet, consisting of six 
pipes at 100 feet per pipe. 

The third septic tank received waste from the restrooms located at the south end of the lake. The 
estimated wastewater flow to this tank was 4,340 gallons per day, calculated based on the number 
of parking spaces, with each parking space assigned a design flow of 20 gallons per day. The tank 
dimensions were 20.18 feet in length and twelve feet in width, with a baffle height of four feet. The 
inlet pipe height was four feet, with the tee extending to 4.5 feet and down to 3.33 feet. The outlet 
pipe height was 3.75 feet, with the tee rising to 4.5 feet and extending downward to 2.75 feet. The 
leach field area totaled 25,500 square feet, using 29 pipes at 100 feet per pipe. 

The fourth septic system was designed to treat waste generated at the existing shelter which was 
retrofit with a restroom. The design flow for this tank was approximately 700 gallons per day, 
calculated based on the available parking spaces. The tank measured 10.70 feet long and five feet 
wide, with a baffle height of 3.5 feet. The inlet pipe was set at a height of 3.5 feet, with the tee 
extending upward to four feet and downward to 2.83 feet. The outlet pipe height was 3.25 feet, with 
the tee extending up to four feet and down to 2.25 feet. The corresponding leach field area was 
approximately 3,900 square feet, consisting of five pipes at 100 feet per pipe. 

The final septic tank was designated for the new restrooms containing showers and laundry 
facilities. The estimated daily flow to this tank was 2,620 gallons per day, calculated based on the 
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number of laundry machines and total parking spaces in accordance with IAC 567 Chapter 69 and 
guidance from Maricopa County. The tank measured 14.59 feet long and eight feet wide, with a 
baffle height of six feet. The inlet pipe elevation was six feet, with the tee extending to 6.5 feet and 
down to 5.333 feet. The outlet pipe height was 5.75 feet, with the tee rising to 6.5 feet and extending 
to 4.75 feet. The leach field area totaled 15,600 square feet, incorporating 18 pipes at 100 feet per 
pipe. An engineering drawing detailing the dimensions of each septic tank has been provided in 
Figure 6.10. 

The EPA provided a reference figure for a traditional septic tank, and an additional diagram of a 
conventional septic system was included for context. The total volume of each tank was designed 
at twice the expected daily sewage flow to ensure a minimum solids-settling time of two days. The 
primary settling compartment length, where influent first entered, was set to 0.65 times the total 
tank length, and each tank length was designed to be at least 1.5 times the tank width in 
accordance with IAC 567 Chapter 69. 18-inch manholes were designed to allow access to the tanks 
for maintenance purposes. The total length of distribution piping required for each leach field was 
determined using percolation rates for a silty loam soil with moderate structure. According to the 
Web Soil Survey, this soil type was the predominant classification at Lake Fisher. All leach field 
pipes were installed within three-foot-deep trenches spaced six feet apart. Each distribution pipe 
was specified as 4-inch diameter PVC installed at a slope of 1 percent. 

IAC 567 Chapter 69 guidance was followed to ensure the septic tank construction materials were 
suitable to prevent environmental contamination. The tanks installed at the Lake Fisher Recreation 
Area are to be constructed of a vibrated and reinforced special concrete mix with a wall thickness 
of 2.5 inches, a water-to-cement ratio of 0.45, a density of 650 pounds per cubic yard, and a 
minimum 28-day compressive strength of 4,000 psi. The tank bottom is to be constructed at a 
thickness of three inches, and the tank top is to be four inches thick and reinforced with 3/8-inch 
steel rods arranged on a six-inch grid. Reinforcing bars will be provided with a minimum concrete 
cover of one inch. All inlet and outlet ports were designed using heavy-duty Schedule 40 PVC. 
These can be purchased from vendors including PVC Pipe Supplies or Core & Main.  
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Figure 6. 8 Septic tank example. 
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Figure 6. 9 Septic system example. 

 

Figure 6. 10 Septic system dimensions detail. 
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3. Erosion Control  
According to the Iowa DNR, erosion control has been identified as a significant concern at Lake 
Fisher. The erosion control practices implemented in this design were intended to address existing 
erosion issues while also preventing additional erosion expected to result from increased runoff 
following site development. At the time of assessment, the majority of erosion concerns were 
located along the south shoreline of the lake, detailed in Figure 6.11. To stabilize soils in these 
areas, the team recommended establishing a three-foot buffer of native wildflowers. This measure 
represented an improvement over the existing grass cover, as native wildflowers possess deeper 
root systems and greater capacity for long-term soil stabilization. The recommended seed mix was 
the Standard Forb Mix, which could be obtained from the Allendan Seed Company in Winterset, 
Iowa or an equivalent provider. Seeding practices were recommended to follow the procedures 
outlined in Section 9010 of the Iowa SUDAS Manual. 

To mitigate anticipated erosion associated with increased stormwater runoff into the lake, the 
design also recommended the installation of riprap along the banks of the outlet stream located on 
the north side of the lake, detailed in Figure 6.12. Although flow increases were expected 
throughout the lake system, the outlet conveyed the most concentrated discharge, making it the 
location most susceptible to erosion and therefore the priority for protection measures. 

 

Figure 6. 11 South Shoreline 

 



 
 

39 
 
 
 

 
 

  

 

 

Figure 6. 12 Outlet Stream 

 

4. ADA-Compliant Trail System 
An interconnected trail system complying with the Americans with Disabilities Act (ADA) and 
SUDAS design standards in conjunction with AASHTO, was designed in AutoCAD Civil3D to allow 
for accessible travel methods to all areas of Lake Fisher Park. Specifically, a shared use path was 
designed to go around Lake Fisher, intended for recreational and fitness purposes. The beginning of 
this path is marked by a trailhead along with parking on the south side of the site. More details of 
the trailhead site and its design can be found below. This accessible shared use path branches off 
into sidewalks to increase connectivity and allow proper access to all proposed site features. Using 
specifications in the SUDAS Design Manual Chapter 12 – Pedestrian and Bicycle Facilities, the 
shared path was designated as a Type 3, as the path will primarily serve as a recreation and fitness 
benefit. Given the lower volume of expected users, the width of this path was set at its minimum 
allowable value of 10 feet to accommodate two-way traffic. While a recommended surface 
thickness of 5” is given by SUDAS, the design proceeded with a 6” thick pavement to serve 
occasional emergency vehicles in the case that a user requires assistance. For cross slopes, a 1.5% 
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slope is recommended, but per Section 12B-2 – Shared Use Path Design, SUDAS recommends 
increasing this value if the path will be unpaved, as ours is anticipated to be, to allow for draining 
water off the path, thus the value was increased to 2%. Following the previously mentioned SUDAS 
section/chapter, the shared use path was ensured to be separated by at least 6 feet at any section 
that runs along the existing park road. Given that the path is expected to be an unpaved surface, the 
design speed was set at 12 mph, giving a respective horizontal curve minimum radius of 27 feet, per 
Table 12B-2.01 and Table 12B-2.02 in SUDAS Chapter 12 Section 12B-2. Vertical alignments were 
ensured to comply with the proper stopping sight distance and minimum length requirements for 
each respective curve per equations 12B-2.02 and 12B-2.01. These alignments were set to follow 
the existing ground as much as possible to minimize cut and fill, while complying with the grade 
requirements in Table 12B-2.04. Finally, there are areas in which the trail is forced to cross the 
existing gravel road to adhere to the previously mentioned restrictions, and in these sections the 
path is paved 20 feet wider, per figure 12B-2.06. Design of all connecting sidewalks adhered to the 
same design requirements, aside from the width which was adjusted to lower values depending on 
the location. While design was done in a manner to allow for evaluation of all material types such 
as concrete, asphalt, and a compacted granular fill, the recommended material for all proposed 
trails is Class A compacted stone. The cost for this material is significantly lower than concrete and 
asphalt and is typical for nature trails. Material quantity estimations were calculated via volume 
tables in Civil3D. All figures related to the trail design can be found in Appendix A of this report. 

 

5. Workout Areas 
Three designated workout areas were placed alongside the multi-use trail to increase opportunities 
for visitors to exercise and socialize. Each piece of equipment and bench is to be sourced from 
Kompan, a reliable exercise equipment designer and manufacturer (or an equivalent 
manufacturer). The areas were designed at various sizes with varying pieces of workout equipment, 
accommodating multiple groups of people looking to exercise and socialize at the park. These are 
designed to support teens, adults, seniors, and wheelchair users looking to improve their health in 
an outdoor space. The dimensions of the areas allow for a safe and comfortable workout space, 
and each area is spaced out from the others to provide a variety of stopping points for users along 
the trail. The pieces of equipment within each workout area are spaced adequately based on 
Kompan’s recommendations to ensure safety for the users. Wood chips are to be used as the 
flooring material to enhance comfortability and aesthetics. A depth of 12 inches is to be used for 
the wood chips to meet playground safety requirements for shock absorption. Material quantities 
and costs for the equipment were provided by Kompan and their partner, Crouch Recreation. The 
overall dimensions of these sites are noted in Figure 6.13.  
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Figure 6. 13 Workout Areas Dimensions 

Overall dimensions for Areas 1, 2, and 3 are designed to be 23’ X 36’, 20’ X 32’, and 15’ X 20’ 
respectively. The dimensions and materials specifications for each of the workout features and 
benches are provided by Kompan and can be found in Appendix H of this report. This information is 
also available on their website. Kompan is based in Odense, Denmark, and provide equipment for 
parks in 20 countries across Europe, North America, Asia/Pacific and the Middle East. Their 
equipment is highly customizable in terms of color and aesthetics. Crouch Recreation is a park 
designer and developer based in Omaha, Nebraska, and represents Kompan. Crouch Recreation is 
able to distribute the equipment to Bloomfield and assist the park development with help from The 
Henley Group as the installers. The Henley Group are based in Davenport, Iowa. 

 

6. Green Playground 
The plan for the green playground was developed shortly after getting in contact with Natural 
Playgrounds Company, a playground manufacturer and designer. Its general placement was 
designed to be near the shelter on the west side of the park, which allows for adequate visibility and 
supervision for families. The playground is separated into two areas, with Area 1 being dedicated to 
learning, and Area 2 being designed for physical activity. The design services provided by Natural 
Playgrounds Company are highly customizable in addition to their prefabricated features. The team 
was able to interpret the details and dimensions of each feature listed on their website to create a 
preliminary drawing of an adequately spaced playground. The guiding principle of this design was to 
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pay attention to the fall zones of each feature, which are displayed in Figure 6.14. This approach 
applied more to Area 2 due to it being dedicated to physical activity. A depth of 12 inches is to be 
used for the wood chips to meet playground safety requirements for shock absorption. 

 

Figure 6. 14 Green Playground Dimensions 
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The overall dimensions of Areas 1 and 2 are 25’ X 20’ and 59’ X 53’ respectively. The dashed lines 
within Area 2 refer to fall zones to take note of on certain features such as the deck or the balance 
beam. Features that have a risk of injury due to falls must have 6 feet of space for clearance, which 
greatly reduces the risk of additional collisions from falls. 

The details regarding the materials and dimensions of each feature in the playground can be found 
in Appendix G. This information is provided by Natural Playgrounds Company and can be found on 
their website. There is a large amount of variability for each feature based on design requests, such 
as making features smaller or larger based on the age of users. The documents on their website are 
also highly beneficial for understanding the maintenance of their products. Most of their products 
are made of wood which means they require specific treatment and maintenance procedures year-
round with the changing temperatures and weather conditions. These maintenance procedures are 
also detailed in Appendix G. 

  

7. Rec Area 
The recreational court area consists of one full-size high school basketball court and two adjacent 
courts designed for dual use as both tennis and pickleball courts, responding to client input that 
existing courts in town are frequently in use and that additional, flexible court space would better 
serve the community. The basketball court is sized to NFHS high school standards with an 84-foot 
by 50-foot playing area and a surrounding safety buffer for a total paved footprint of approximately 
104 feet by 70 feet, while each dual-use court is dimensioned to standard tennis court guidelines 
with a 36-foot by 78-foot playing area; pickleball lines are then overlaid using a 20-foot by 44-foot 
playing area and recommended clearances to allow efficient shared use of the same paved 
surface. The overall layout, sizing, and striping can be see in Figure 6.15 below. Additionally, the 
existing frisbee golf course was improved through the addition to trees as obstacles and tee boxes 
to better mark the location of each starting location. 
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Figure 6. 15 Recreational Courts Dimensions 

 

8. Beaches and Sand Volleyball 
New beach areas were proposed on the south and west sides of Lake Fisher to provide designated 
swimming and shoreline recreation spaces. Each beach will include an adjacent sand volleyball 
court, and both sites are designed to tie directly into the existing trail system while accommodating 
high-use recreational activity. Small beach showers will be installed at each location to allow users 
to rinse off before returning to the parking areas. 
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Figure 6. 16 Beach locations 

Both beaches will consist of a 1-ft-deep layer of washed recreational sand placed directly on the 
prepared beach surface. The beach grades will be constructed to maintain a 10% slope from the 
upland edge toward the water, except within the sand volleyball areas. To support consistent 
recreational use during fluctuating lake levels, sand will extend approximately 10–15 ft into the 
water at each beach, creating a fully sanded near-shore zone and a smooth transition into the 
lakebed. 
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Trails connecting to the beaches will be graded to transition from higher surrounding terrain down 
to the lake’s lower shoreline elevation while maintaining ADA-compliant slopes. Due to steep 
existing contours, these connections require precise, constrained alignment, resulting in a tight 
grading corridor that achieves compliance without the need for stairs or retaining structures. 

Each beach will include a sand volleyball court positioned outside of the 10% sloped zone to 
ensure proper playability. Courts will measure 60 ft by 30 ft and will utilize the same washed 
recreational sand as the main beach areas. 

9. Boat Ramp 
A dual-lane boat launch facility was designed on the east side of the lake to accommodate 
increased boating activity anticipated after park improvements, including higher-volume fishing 
tournaments and general recreational use. The ramp layout follows the Iowa DNR’s recommended 
launch geometry and construction standards, modified to reflect the site’s existing grades, 
shoreline conditions, and water-level variability. All ramp and dock components were drafted and 
graded in AutoCAD Civil3D to ensure accurate slab placement, elevation control, and ADA-
compliant access to the floating dock system. 

The launch facility will consist of two parallel concrete ramps separated by an ADA-accessible 
pedestrian sidewalk that provides continuous access from the parking lot to the gangway and 
floating dock. Ramp slabs were designed with progressively increasing grades to improve trailer 
submergence and launching efficiency at both design low water and bank-full conditions. The slabs 
start from 4% meeting at the parking lot and end at 16% finishing in the water. Reinforcement, slab 
thicknesses, connection types, and crushed-stone bedding depths follow standard DNR and 
SUDAS recommendations and are summarized in the Appendix K. All slab connections were 
detailed to ensure structural continuity and accommodate differential settlement along the 
shoreline. 
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Figure 6. 17 Boat ramp section slopes and side profile with detail locations 

The central sidewalk follows the ramp profile until transitioning to a cast-in-place concrete 
abutment, which provides the support and elevation control necessary for the gangway hinge 
connection. Both the sidewalk and gangway were designed to maintain slopes less than 1:12 
between low-water elevation and bank-full elevation, ensuring year-round ADA compliance 
regardless of fluctuating lake levels. The selected gangway and floating dock modules are pre-
manufactured aluminum units designed to withstand variable loading and water level changes 
while maintaining accessible widths in accordance with ADA and SUDAS pedestrian standards. 

 

Figure 6. 18 Boat ramp plan view 
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To protect the shoreline and maintain long-term stability of the launch surface, Class E riprap was 
placed along both exterior ramp edges and in the zone between the ramps and dock abutment. The 
final configuration will allow two boats to launch simultaneously while maintaining safe pedestrian 
circulation, durable access, and compliance with all relevant DNR and SUDAS design guidance. 

 

Figure 6. 19 Cross Sectional View of Boat Ramp  

 

10. Docks 

Dock System 
All proposed docks for Lake Fisher Park are based on designs provided by AccuDock, a 
manufacturer specializing in ADA-compliant recreational docking systems. AccuDock was selected 
for its extensive experience with accessible kayak launches, durable floating platforms, and 
systems engineered to remain stable throughout winter conditions. Their prefabricated ADA-
compliant kayak launch, featuring integrated handrails and step-down assistance, addresses a key 
user need for improved accessibility and ease of entry. 
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The docks utilize high-density polyethylene (HDPE) floating components to provide the necessary 
buoyancy, freeze-thaw resistance, and flexibility to accommodate seasonal ice movement. All 
proprietary hardware and connection details will be installed according to manufacturer 
specifications. Given the custom requirements of the waterfront access discussed with the client, 
it is recommended to use either AccuDock custom docks or an alternative manufacturer offering 
equivalent performance and similar customization capabilities. 

Existing Dock Retrofit  
The existing dock is currently located on the east side of the lake adjacent to the existing boat ramp. 
It currently features a straight dock with 3 fingers each 12’ from the base of the dock. It is a floating 
dock design with poles being used to anchor the dock in place which need to be removed each 
winter. The connection to land is a 4’ wide gangway with a roller on top of a concrete abutment. The 
retrofits will include adding a 25’x16’ ADA accessible kayak launch with a 6’ wide ADA compliant 
transition plate. This will allow kayak launching abilities without needing to construct a whole new 
dock. The next retrofit will include removing the poles and switching to concrete anchor 
attachments and utilizing 4 concrete anchors to secure the dock in place. This will allow the dock to 
stay in over the winter by allowing small amount of movement so the ice will not damage the dock. 
The only required winter maintenance will be detaching the gangway from the dock and moving it 
landside.  

 

Figure 6. 20 Existing dock retrofits 
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Dock 1 – Cabin/RV Area Access Dock 
Dock 1 is located on the northwest fishing jetty and connects directly to the shared-use trail 
system, providing boating and kayak access for cabin and RV users. The dock includes a 12 ft × 18 ft 
ADA-compliant kayak launch, two boat slips sized for standard recreational vessels, and a 6 ft × 25 
ft gangway designed to maintain ADA accessibility under both high- and low-water conditions. 

The gangway connects to a 4 ft × 6 ft × 1 ft concrete abutment using a hinged joint as illustrated in 
Appendix K. Dock 1 utilizes Accudock’s HDPE floating modules combined with concrete anchoring 
to allow movement under ice pressure, enabling the structure to remain in place year-round. All 
required dock-to-gangway and gangway-to-abutment hardware will follow the manufacturer’s 
engineered connection system. 

 

Figure 6. 21 Dock 1 Drawing  
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Dock 2 – West Dock 
Dock 2 is located on the west side of the lake near the primary parking area and serves as a small 
kayak launch and recreational swimming dock adjacent to the beach. It connects to the trail 
system via a 4 ft × 6 ft concrete abutment with a hinged connection. An 18 ft ADA-compliant 
gangway accommodates seasonal water-level changes while maintaining accessible slopes. 

This dock is a floating HDPE system designed to remain in the water during winter months. It 
features an Accudock kayak launch integrated into a “strong-arm” structural layout, enabling 
secure support without the use of traditional anchors. 

 

Figure 6. 22 West dock drawing 

 

Dock 3 – Venue Dock 
Dock 3 was designed as the largest of the three dock systems and was intended to provide 
functional access and gathering space for the venue area. It contains two 16-ft-wide boat slips to 
accommodate multiple guest vessels, along with a standard Accudock ADA-compliant kayak 
launch. The right wing of the dock was designed as a trail-connected overlook area to support 
photography, seating, and small gatherings related to events. 

This dock will utilize HDPE floating modules and will be secured with concrete anchoring to allow 
flexibility under ice loading. It will be connected to the upland trail system using two 32-ft 
gangways, each tied to separate 4 ft × 6 ft concrete abutments. All components, including railings 
and potential benches on the right wing, maintain ADA compliance throughout expected water-
level fluctuations. 
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Figure 6. 23 Venue dock drawing 

 

11. Dog Park 
The dog park on the northwest corner of the park area was split into a large dog area, and a small 
dog area. This was done for both safety purposes and to increase draw and availability to the 
people of Bloomfield and beyond. The design for the dog park is shown below in Figure 6.24. 
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Figure 6. 24 Dog park location and sectioning 

 

The large dog section was designed to have an area of 1 acre as suggested by AARP Livable 
Communities. This was done to prevent overcrowding while also allowing visitors to safely control 
their dogs. Several dog agility obstacles were included such as a jump over, jump hoop, weave 
poles, and paws table. Benches and a water fountain were provided to allow access to water and 
comfort to both the owners and the dogs in both the large and small dog enclosure. The small dog 
zone was designed to have an area of 0.2 acres. To enter the dog park, there will be a double fence 
entrance to prevent the dogs inside of the park from being let out while a new dog is entering. Trees 
are proposed to be planted surrounding the dog park on the north and south side in order to provide 
shade and separate the park from the road. A new parking lot was also designed by the dog park to 
provide quick access. Finally, a waste removal supply stand was provided and includes a container 
for waste disposal bags, and a small trash can.  
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12. Parking Lots 

Trailhead Parking 
The trailhead parking lot on the south peninsula of Lake Fisher was designed to serve the venue, the 
beach, and visitors using the trail system. The number of parking spaces was selected based on the 
anticipated demand for these combined uses. The venue’s estimated seating capacity is 200 
people. According to Iowa SUDAS Section 8C-1.01, the closest applicable classification for 
determining minimum parking requirements is a church or theater, which requires 0.4 parking 
spaces per seat. This results in a minimum of 80 required spaces. 

However, because the lot must also accommodate beachgoers and trail users, the team 
determined that providing parking closer to the venue’s full seating capacity would be more 
appropriate. Using the Civil 3D built-in parking tool and applying the required stall size of   9’ × 17.5’ 
per the ITE Guidelines for Parking Facility Location and Design, the lot layout was developed. 
Parking lots are typically designed with a width at least twice the stall length; the resulting overall 
lot dimensions are approximately 183 ft × 375 ft. 

With these dimensions, the projected parking count ranged between 201 and 300 spaces. Based on 
Iowa SUDAS Section 8C-1.02, this range required 7 ADA-accessible parking stalls. The final design 
provides 217 total spaces, including 7 ADA-accessible stalls. Spaces are arranged along the 
perimeter and in two double-sided interior rows. A swept-path analysis confirmed that a garbage 
truck can safely maneuver through the lot without encroaching on any parking stalls. 

For every parking lot the surface will by 6” granular surfacing, class A compacted gravel. To indicate 
each individual stall there will be concrete stoppers and for ADA accessible stalls there will be ADA 
signs.  
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Figure 6. 25 South peninsula parking lot 

Similar to the trailhead parking lot, the design of the remaining parking areas follows the same 
overall logic. All standard parking stalls measure 9 ft × 17.5 ft and meet the ITE Guidelines for 
Parking Facility Location and Design. These additional parking areas serve the recreational zone, 
the existing pavilion, and the new East Boat Ramp. 

 

Recreation Area Parking 
The recreational area parking lot was designed to support the basketball court, two 
tennis/pickleball courts, and the restroom facility. No minimum number of required stalls exists for 
this type of amenity grouping, as such an estimated 21 stalls— including one ADA-accessible stall 
per Iowa SUDAS 8C-1.02—were provided. This estimate was based on anticipated usage: 
approximately 10 users for the basketball court, 4 users for the tennis/pickleball courts, and an 
additional 7 users for restroom and trail access. 
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Figure 6. 26 Recreation area parking 

 

Existing Pavillion Parking 
The parking lot serving the existing pavilion and softball field was designed similarly to the current 
lot but expanded to accommodate increased attendance. Although the original layout only 
included stalls on the west side, the new configuration adds parking on the north and south sides. 
The final layout includes 25 stalls, with one ADA-accessible stall provided per Iowa SUDAS 8C-1.02. 
An additional area including hitching post was designed to serve the Amish community. 

 

Figure 6. 27 Existing pavilion parking 
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East Boat Ramp Parking 
The East Boat Ramp parking lot required a different design approach to account for the larger 
vehicles and trailers typically used by boaters. On the north side, six standard 9 ft × 18 ft stalls are 
provided, while the south side includes 9 ft × 40 ft stalls suitable for vehicles pulling trailers. The 
layout also incorporates a 40-ft maneuvering aisle to allow large trailers adequate space to turn and 
back into place. 

 

Figure 6. 28 East Boat Ramp Parking 

 

13. RV Lot 
The primary objective for the RV lot was to expand the available capacity while improving site 
accessibility and circulation. To achieve this, a 30-ft two-way through lane was introduced along 
the north–south axis of the existing site. Five RV stalls were positioned on each side of this central 
lane. The east-side stalls were set at a 45° angle oriented to the northeast, while the west-side 
stalls were set at a 45° angle oriented to the southwest. This angled configuration maximizes the 
number of stalls within the constrained site area and provides improved maneuverability for large 
RVs. 

Each stall measures 80 ft in length and 18 ft in width, providing ample space for modern 
recreational vehicles and trailers. All stalls include electrical and water hookups, benches, as well 
as dedicated campfire areas for evening use. To save on costs, instead of a sewer system a RV 
dump station will be placed to the northwest of the campground providing easy access from every 
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stall. There will also be a restroom near the site with showers for the campers. Stalls are spaced 
approximately 50 ft apart to ensure adequate separation and user privacy. 

The east-side stalls were designed to connect directly to an exit lane to facilitate efficient outbound 
movement. On the west side, the existing access road was realigned to allow each stall to connect 
through to the roadway, improving circulation and reducing the need for backing maneuvers. 

The material of the surface was selected as 6” granular surfacing, class A compacted gravel. See 
below for the layout and swept-path analysis. 

 

Figure 6. 29 Swept Path Analysis of Layout 
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14. Cabins  

 

Figure 6. 30 Cabin Renders 

When designing the cabin structures, the client indicated a preference for a natural wood 
appearance that blended seamlessly with the surrounding landscape. This aesthetic preference 
guided the overall design concept and informed the selection of materials, finishes, and structural 
components. The cabins will be intended for year-round use, with one of their primary functions 
being to provide comfortable and durable accommodation for hunters and traveling families during 
the winter season. To meet this goal, the design focused on creating energy-efficient spaces 
capable of withstanding cold temperatures while preserving an inviting interior atmosphere. 

The project consisted of a total of six identical cabins organized on a site that would allow for 
incremental additions to the site depending on observed demand. Structural design considerations 
followed the National Design Specification (NDS) for Wood Construction published by the 
American Wood Council, ensuring compliance with industry standards and best practices. All 
major framing components were analyzed for bending, shear, and compression under typical 
environmental and occupancy loading 
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• Roof System: The roof framing utilized Southern Pine No. 1 roof trusses composed of 2x12 
top chords, 2x8 bottom chords, and 2x6 webs, selected after confirming their capacity to 
support dead, live, snow, and wind loads. Of note for this design is the use of both rigid and 
fiberglass batt insulation to achieve higher than standard insulation values which can not 
only decrease heating costs in the winter but possibly be designed to meet standards to 
receive additional grant money.  

• Floor System: Because the cabins were designed with a crawl space to protect the 
structure from moisture and insulate the interior, the floor joists were designed using 
Southern Yellow Pine No.2, 2x10 lumber. These joists provide both the strength and 
stiffness necessary for long-term residential use. 

• Wall Framing: Exterior walls were framed with Southern Pine No. 2, 2x6 studs. This stud 
size is standard for residential construction also allows for sufficient insulation thickness to 
support winter occupancy. 

These selections ensure that each cabin meets the structural requirements for year-round living 
while delivering the natural wood aesthetic desired by the client. Comprehensive calculations for 
these components are documented in Appendix N. 

In addition to the primary framing, the cabins feature exposed timber beams at the porch and entry 
areas to emphasize the outdoor, rustic character. These are both functional structural elements 
and provide an eye-catching decorative element to the 6 structures. Structural analysis confirmed 
that 8x8 Southern Pine No. 2 posts and appropriately sized beams provide more than sufficient 
support for roof overhangs and porch loads. Full calculations for these elements are included in 
Appendix N. 

Each cabin rests on a reinforced concrete foundation designed to ensure long-term durability. The 
USDA Soil Survey identified the site soil as sandy loam with an allowable bearing pressure of 2,500 
psf. Based on structural analysis (Appendix I), the footings for each cabin were designed as square 
spread footings measuring 3 feet by 3 feet, resulting in a bearing pressure of 1,120 psf and a factor 
of safety of 2.2. 

Overall, the cabin design successfully integrates structural integrity with the natural wood aesthetic 
envisioned by the client. By combining exposed timber elements, insulated framing, and a durable 
foundation system, the final design provides comfortable, reliable lodging suitable for hunters and 
other guests throughout the year. 
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15. Venue 
When designing the venue, the client requested that it resemble the pavilion at Honey Creek Park. 
This served as the primary inspiration for the overall concept. The goal was to create a large, open 
space that could accommodate a variety of events while maintaining a natural and inviting 
aesthetic. To achieve this, the design incorporated wide-span timber trusses paired with 
substantial timber columns and girders, ensuring both structural integrity and visual appeal. The 
trusses were designed to span 45 feet, supported by robust timber elements that complement the 
open layout. 

Structural design considerations were guided by the National Design Specification (NDS) for Wood 
Construction published by the American Wood Council, ensuring compliance with industry 
standards and best practices. Each truss component was carefully analyzed for strength and 
performance under expected loads: 

• Top Chords: After completing tensile and bending checks, Southern Pine Grade 1, 2x6 
dimensional lumber was selected for its strength and durability. Each truss requires 
approximately 48 feet of this material. 

• Bottom Chords: Compression checks indicated that Southern Pine Select Structural, 2x8 
lumber was the most suitable choice. Each truss uses 45 feet of this grade. 

• Web Members: Evaluated for both tensile and compressive strength, the webs utilize 
Southern Pine Grade 2, 2x4 lumber, totaling 60 feet per truss. 

These selections ensure that the trusses meet all structural requirements while maintaining the 
desired aesthetic. Detailed calculations for all truss members are provided in Appendix C. 

 

Figure 6. 31 Venue trusses 

 

In addition to the trusses, the girders and columns were designed using timber to preserve the 
natural aesthetic throughout the park. Oversized timbers were chosen intentionally to create a 
visual effect reminiscent of a forest canopy, reinforcing the connection between the venue and its 
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surroundings. Structural analysis confirmed that 10x10 Southern Pine Grade 2 columns provide 
more than sufficient support for the anticipated loads. Girders were incorporated to reduce spacing 
between trusses while allowing columns to remain separated, preserving the open design without 
compromising stability. Full column and girder calculations are included in Appendix C along with 
the venue calculations. 

 

 

Figure 6. 32 The Venue located on the south peninsula 

 

The flooring consists of a 6-inch concrete slab, reinforced with #5 rebar spaced at 24 inches in both 
directions, meeting industry standards for durability and load-bearing capacity suitable for 
concerts, weddings, and other large gatherings. For the foundation, each column required a square 
footing to distribute loads effectively and prevent settlement. Using the USDA Soil Survey, the 
allowable bearing pressure of the loam soil was determined to be 43.5 psi. Based on structural 
calculations (see Appendix C), the square footings were sized at 6 feet by 6 feet, resulting in a 
bearing pressure of 11.7 psi and providing a factor of safety of 3.7. This ensures that the foundation 
system is robust and capable of supporting the venue under all anticipated conditions. Thorough 
calculations for the foundation design are provided in Appendix I. 

Overall, the design successfully integrates structural performance with aesthetic considerations, 
creating a venue that is both functional and visually appealing. The use of natural timber elements 
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and open spans reflects the client’s vision while adhering to engineering standards for safety and 
reliability. 

 

16. Restrooms 

Recreational Area Restroom 
The primary considerations for the restroom facility near the recreational area were year-round 
usability and energy efficiency, while also enhancing the overall appeal of the campsite. To make 
the restrooms a key attraction, the design includes not only standard restrooms but also laundry 
facilities and spacious showers. This provides RV users with access to larger, more comfortable 
showers than those typically found in their vehicles, as well as the convenience of on-site laundry 
services, eliminating the need for trips to off-site laundromats. 

 

 

Figure 6. 33 Recreation area restroom layout 

A major design priority was ensuring the restroom building operates efficiently and sustainably. The 
exterior walls will be constructed using 12-inch CMU (Concrete Masonry Unit) block, which offers 
excellent insulation properties for year-round thermal performance while also providing structural 
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support for the roof system. To further enhance sustainability, the roof will feature a 5-kW solar 
power system, ideally suited for the building’s east-west orientation and 3/12 slope. Based on 
irradiance data for Bloomfield, the system will utilize 330-watt panels, requiring a total of sixteen 
panels to achieve the desired capacity. Additional battery storage can be incorporated, with options 
such as 300 Ah batteries available for approximately $500 each. All lighting within the restroom will 
utilize LED fixtures, significantly reducing energy consumption. Other energy-efficient features 
include an electric heating system, electric water heater, and air hand dryers, all of which can be 
powered primarily by the solar system and supplemented by the municipal grid during periods of 
low solar irradiance. 

 

Figure 6. 34 Recreation area restroom rendering 

 

The restroom layout was designed to accommodate a high volume of users while meeting 
accessibility standards. It includes two urinals and six stalls, along with one ADA-compliant stall in 
the family restroom. The family restroom also features an ADA-compliant shower and a baby 
changing station. Plumbing will be centralized within interior partition walls to prevent freezing 
during cold weather and to simplify maintenance. A dedicated utility room will house the HVAC 
system, plumbing components, solar storage batteries, and the power transformer, ensuring 
efficient organization and accessibility. 

Structural integrity will be achieved through reinforced CMU walls and a concrete slab foundation. 
The 12-inch CMU block walls will be reinforced with #5 rebar every 16 inches vertically and every 24 
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inches horizontally. The floor slab will consist of a standard 6-inch concrete slab reinforced with #5 
rebar spaced at 24 inches in both directions. A spread footing system was selected for its simplicity 
and effectiveness in distributing loads. The total footing area will be 560 square feet, resulting in a 
bearing pressure of 7.517 psi, which was well below the allowable limit and provides a factor of 
safety of 5.8. 

 

Figure 6. 35 Alternative view of rendered recreation area restroom 

 

This design ensures the restroom facility is not only functional and accessible but also energy-
efficient and structurally sound, aligning with modern sustainability goals while enhancing the 
overall user experience at the RV park. 

Trailhead Restroom 
The primary considerations for the restroom facility near the venue were guest comfort, 
accessibility, and aesthetics, while also ensuring energy efficiency and structural integrity. To 
enhance the overall experience for guests, the restrooms will feature large mirrors and upscale 
finishes, creating a functional space suitable for formal and informal events. The layout includes 
two urinals, four stalls, and an ADA-compliant family restroom, ensuring accessibility for all guests 
and compliance with modern building codes. These accommodations were designed to handle 
high occupancy during large events while maintaining a clean and inviting atmosphere. 
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Figure 6. 36 Trailhead restroom layout 

 

The utility room, while no longer centralized, remains fully enclosed and insulated to protect 
equipment from environmental exposure. It will be constructed using 12-inch CMU (Concrete 
Masonry Unit) block walls with insulation, providing durability and thermal efficiency for the venue’s 
operational needs. This space houses essential systems such as HVAC components, plumbing 
connections, and electrical infrastructure, ensuring efficient organization and ease of 
maintenance. 

Structural integrity will be achieved through reinforced CMU walls and a concrete slab foundation. 
The restroom and utility areas utilize 12-inch CMU block walls, which offer excellent insulation 
properties for year-round thermal performance while providing robust structural support. The floor 
slab will consist of a standard 6-inch concrete slab reinforced with #5 rebar spaced at 24 inches in 
both directions, meeting industry standards for durability and load-bearing capacity. 
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Figure 6. 37 Rendering of trailhead restroom showing layout 

 

For the foundation, a spread footing system was selected to effectively distribute loads. Based on 
structural calculations, the total footing area is 395 square feet, resulting in a bearing pressure of 
6.55 psi, which is well below the allowable soil bearing capacity and provides a factor of safety of 
6.6.  
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Figure 6. 38 Alternative view of rendered trailhead restroom 

 

Existing Pavilion Restroom 
The restroom facilities for the existing pavilion near the softball field were designed with simplicity, 
accessibility, and durability as the primary considerations. As this is an existing structure intended 
for seasonal use only, no foundation modifications were required, and the design focused on 
providing essential amenities for visitors during events. 
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Figure 6. 39 Existing Pavilion restroom layout 

The restroom layout includes two urinals, one standard stall, and two ADA-compliant stalls—one in 
each restroom—ensuring compliance with accessibility standards and convenience for all users. 
The design prioritizes functionality and ease of maintenance, with finishes selected for durability 
rather than decorative features. 

Unlike previous designs, this restroom does not include a utility room or complex mechanical 
systems. The structure uses insulated stud walls with wood siding, offering a cost-effective and 
aesthetically pleasing solution that complements the surrounding park environment. This approach 
provides adequate thermal performance for seasonal use while maintaining durability against 
outdoor conditions. 
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Figure 6. 40 Rendering of Existing Pavilion restroom 

 

Lighting and ventilation systems are designed to meet standard requirements for comfort and 
safety during events. Plumbing is simplified to reduce maintenance needs and accommodate the 
limited operational period. 

This restroom design provides a practical and accessible solution for the pavilion, meeting ADA 
requirements and offering essential amenities for visitors. By using insulated stud walls with wood 
siding and eliminating unnecessary complexity, the facility ensures functionality and ease of 
maintenance while aligning with the seasonal nature of the venue. 

17. Fish Population Management  
Historically, the overpopulation of three fish species—Common Carp, Yellow Bass, and Gizzard 
Shad—has contributed to persistent water quality and ecological challenges within Lake Fisher. 
These species, identified by both the City of Bloomfield and the Iowa Department of Natural 
Resources (IDNR), negatively influence lake clarity, nutrient balance, and the stability of desirable 
fish populations. 

Common Carp are benthic feeders that disturb lakebed sediments while foraging. This activity 
resuspends solids and nutrients, leading to increased turbidity and elevated phosphorus levels. 
The resulting nutrient enrichment promotes algal blooms, which can restrict sunlight penetration, 
inhibit aquatic plant growth, and reduce dissolved oxygen concentrations. 
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Yellow Bass, a small predatory species known for rapid reproduction, prey on the young of more 
desirable fish species and compete directly with larger sport fish for forage. Their proliferation 
disrupts balanced predator–prey dynamics and hinders the establishment of a healthy, diverse 
fishery. 

Gizzard Shad further compound water quality issues by consuming zooplankton—the primary food 
source for juvenile game fish—and by feeding on bottom detritus. This behavior resuspends 
phosphorus-rich organic material, exacerbating the potential for algal blooms. Collectively, these 
impacts can reduce water quality to levels that increase the likelihood of periodic fish kills. 

Following consultation with the IDNR, the agency indicated that the only effective method for fully 
removing these overpopulated species is the application of rotenone. Rotenone is a plant-derived 
piscicide that interrupts the oxygen uptake mechanism in fish gills. The IDNR advised that, to allow 
Lake Fisher to achieve long-term ecological restoration, a whole-lake treatment using a sufficiently 
high concentration of rotenone would be necessary to eliminate the existing fish community. 

Such an intervention would be conducted under the IDNR’s ongoing Lake Restoration Program. 
During discussions with the IDNR, several considerations and constraints were identified. First, 
rotenone requires time to naturally break down within the water column, during which recreational 
use may be limited. Second, strict measures must be implemented to prevent rotenone discharge 
through the primary outlet structure to avoid impacts on downstream waterways. Third, a detailed 
fish restocking plan must be established to ensure the timely reintroduction of desirable sport and 
forage species following treatment. 

18. Water Quality 
A comprehensive water quality investigation was conducted to identify any constituents of concern 
within Lake Fisher. Five samples were collected from key hydrologic locations, including the 
southwest inlet, southeast inlet, the area north of the berm on the southeast shoreline, the west 
side of the lake, and the outlet at the north end. A map showing the sampling locations is provided 
in Appendix E.  

These samples were analyzed in collaboration with the Center for Health Effects of Environmental 
Contamination at the University of Iowa and evaluated for general water quality parameters, major 
ions, PFAS compounds, metals, pesticides, herbicides, insecticides, and fungicides. The results 
indicated no major water quality concerns for the lake as a whole. However, the southeast inlet 
exhibited the poorest water quality among the sampling locations, which was expected given that 
its sub watershed drains both agricultural land and a large urban area compared to other sub 
watersheds draining to the lake. This inlet demonstrated the highest concentrations of E. coli, 
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nitrate, ammonia, turbidity, PFAS, several metals, and the insecticide imidacloprid. All water quality 
data collected can be found in Appendix E. 

To improve overall water quality within Lake Fisher, a multi-faceted strategy is recommended. The 
first component involves the removal of overpopulated fish species that negatively affect lake 
clarity and nutrient dynamics, consistent with IDNR restoration guidance. The second focuses on 
enhancing natural treatment processes through the construction of wetlands at both major inlets, 
which will help remove contaminants, reduce sediment loading, and improve ecological function. 
The third recommendation emphasizes community engagement within the upstream watershed to 
communicate water quality goals and promote practices that reduce pollutant runoff into the lake. 

19. Wetlands 
The planting of wetland areas is recommended at both the southeast and southwest inlets of Lake 
Fisher. The primary design objectives include enhancing wildlife habitat, improving opportunities 
for hunting and fishing, and increasing the visual quality of the inlet areas. In addition to these 
ecological and recreational benefits, the selected vegetation will support pollutant removal through 
biological uptake and by providing surface area for microbial communities that facilitate 
biodegradation. 

Sediment capture ponds were originally constructed at these inlet locations in the 1990s. For the 
current design, the procedures outlined in Section 9.08 and Chapter 3 Section 6 of the Iowa 
Stormwater Management Manual (ISWMM) were applied to confirm that the existing sediment 
forebays and ponds provide adequate storage for the required Water Quality Volume (WQv) and 
Channel Protection Volume (CPv). Supporting calculations are provided in Appendix F. 

To improve water quality treatment prior to discharge into Lake Fisher, it is recommended that the 
sediment capture ponds be vegetated with plant species known for effective nutrient, metal, and 
pollutant removal. A table including common Iowa wetland species utilized for the removal of 
nutrients, sediment, and metals is included in Appendix F. 

Due to the nature of this wetland system, and the fact that pollutant removal is a secondary 
objective the anticipated removal of pollutants is significantly lower than had a complete 
constructed wetland been designed. Table 6.1 below shows a conservative estimate of pollutant 
removal based on the constructed wetland removal percentages provided in ISWMM chapter 4. 
Tables 6.2 and 6.3 below indicate the anticipated concentrations of contaminants before and after 
wetlands are implemented. 
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Table 6. 2: Conservative removal Percentages Based on ISWMM Ch. 4 

 

 

Table 6. 3: Common Pollutant Concentrations Prior to Wetland Addition 

 

 

Table 6. 4: Estimated Common Pollutant Concentrations Following Wetland Addition  

 

  

Design removal percentages 

SS (%) N(%) P(%) Pathogens (%) metals (%) 

20 10 10 10 20 
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Section VII Engineer’s Cost Estimate 
The cost estimate for the Lake Fisher project was developed primarily using data from the Iowa 
Public Works Service Bureau, Iowa DOT bid tabs, and quotes obtained directly from manufacturers. 
Given the overall scale and complexity of the project, as well as the fact that the design is currently 
at the 60% stage, a contingency of 40% was applied to account for potential unknowns and items 
not yet fully defined. The estimated cost for each project phase is summarized below, with detailed 
itemized cost tables for each design feature within each phase provided in Appendix O. 

Table 7. 1: Estimated cost for each phase and total project cost 

Phase Cost 

1 $ 2,114,721.00 

2 $ 2,754,731.00 

3 $ 1,989,246.00 

4 $ 1,305,962.00 

Total $ 8,164,660.00 
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Appendices  

Appendix A-Trails 
 

Trail Design Specifications 

 

Figure A. 1 Shared use path design speeds 
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Figure A. 2 Minimum radii for horizontal curves at lean angle 

 

 

Equation 1A 
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Equation 2A 

 

 

 

Figure A. 3 Allowable vertical alignments based on grade 

 

 

Figure A. 4 Schematic for crossings at unpaved surfaces 
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Appendix B-Septic Tanks 
Septic Tank Specifications 

 

Figure B. 1 Maximum Soil Loading Rates 
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Figure B. 2 Total Linear Feet of Leach Field Pipes 
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Figure B. 3 Soil Map 

 

 

Figure B. 4 Septic Tank Design Calculations 
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Appendix C-Venue 

Robot Calculations 
 

Below are all structural calculations completed during the design of the venue. 

 

Robot Load Inputs 
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System Designed for Analysis 
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Analysis Results 
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Analysis Results 
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Dead Loads 
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Live Loads 

 

Balanced Snow Load 
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Unbalanced Snow Load 
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Truss Design 
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Girder Design 
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Column Design 
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Cost Estimation 
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Appendix D-Restrooms 
 

Below are all structural and cost estimate calculations for the restrooms. 

RV Park Restroom 
Dead Loads 
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Live Loads 

 

Balanced Snow Load 
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Unbalanced Snow Load 
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Cost Estimation 
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Venue Restroom 
Dead Loads 
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Live Loads 

 

Balanced Snow Load 
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Unbalanced Snow Load 
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Cost Estimation 
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Softball Field Restroom 
Cost Estimation 
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Appendix E-Water Quality 
 

 

Figure E. 1 Water quality analysis sampling locations 

 

Table 1E: General water quality parameters 
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Table 2E: Ion Concentrations Within Lake Fisher 

 

 

Table 3E: PFAS Concentrations 

 

 

Table 4E.1: Concentrations of Metals 

 

Table 5E.2: Concentrations of Metals 

 

Table 5E: Concentrations of Detected Insecticides, Herbicides, Pesticides, and Fungicides  
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Table 6E. 1: Non-detected Insecticides, Herbicides, Pesticides, and Fungicides  

 

Table 6E. 2: Non-detected Insecticides, Herbicides, Pesticides, and Fungicides  

 

Table 6E. 3: Non-detected Insecticides, Herbicides, Pesticides, and Fungicides  
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Appendix F-Wetlands 
Table 1F: Removal Percentages for Common Pollutants from ISWMM Ch. 4 

 
SS (%) N(%) P(%) 

Pathogens 
(%) 

metals 
(%) 

Extended detention and wet 
detention basins 50-80 30-65 30-65 <30 50-80 

constructed wetlands 50-80 <30 15-45 <30 50-80 

 

Table 2F: Common Iowa Wetland Plant Species 

Plant type Plant recommendations Contaminant removal 

Emergent  

Broadleaf Cattails  Nutrient 

Softstem Bulrush Nutrient 

Hardstem Bulrush Nutrient 

Broadleaf Arrowhead Metals 

Soft Rush Metals 

Bottlebrush Sedge Nutrient 

Wool Grass Nutrient 

Shallow Marsh 
Pickerelweed Nutrient 

Blue Flag Iris Nutrient 

Submerged 
Coontail Nutrient/Metal 

Duck Weed Nutrient/Metal 

Buffer  

swamp milkweed Sediment 

Switch Grass Sediment 

Virginia Wild Rye Sediment 
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Figure F.1: calculations for ensuring existing SW inlet pond and sediment forebay are sufficiently sized 

 

Figure F.2: calculations for ensuring existing SE inlet pond and sediment forebay are sufficiently sized  
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Appendix G-Green Playground 

Drawing 

 

Figure G. 1 Green Playground drawing 
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Cost Estimate 
Table G 1: Cost estimation for Green Playground 
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Playground Feature Details 
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Appendix H-Workout Areas 

Drawing 

 

Figure H. 1 Plan view drawings of the three recommended workout areas 

 

Cost Estimate 
 

Table H 1: Cost estimate for workout areas 
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Workout Equipment Details 
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Figure H. 2 Multi net plan view 
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Figure H. 3 multi net dimensions  
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Figure H. 4 Parallel Bars plan view  

 

 

 

Figure H. 5 Parallel Bars dimensions 
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Figure H. 6 Push up bars plan view 
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Figure H. 7 Push up bars dimensions 
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Figure H. 8 pull up bars profile view 

 

 

Figure H. 9 Pull up bar area plan view 
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Figure H. 10 Bench profile view 
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Figure H. 11 Bench plan view 
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Figure H. 12 Combi 3 plan view 
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Appendix I-Foundation 
 

All foundation calculations are shown below. 
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RV Park Restroom 
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Venue Restroom 
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Appendix J – Watershed and Stormwater Evaluation 

Watershed Analysis 
Table  1J Watershed Area 

5756002 m2 

1422.289 ac 

2.222326 mi2 

 

 

Figure J. 1 Watershed soil types 
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Table 2J: Land use curve numbers 

  
HSG 

 

Land 
Cover B C D 

open Water 11 100 100 100 

Perennial Ice/Snow 12 100 100 100 

Developed, Open Space 21 61 74 80 

Developed, Low Intensity 22 75 83 87 

develop, Medium Intensity 23 85 88 92 

Developed, High Intensity 24 92 94 98 

Barren Land 31 86 90 94 

Decidious Forest 41 55 70 77 

Evergreen Forest 42 55 70 77 

Mixed Forest 43 55 70 77 

Shrub/Scrub 52 65 77 83 

Grassland/Herbaceous 71 61 74 89 

Pasture/Hay 81 61 74 80 

Cultivated Crops 82 78 85 89 

Woody Wetlands 90 86 91 94 

Emergent Herbaceous 
Wetlands 95 85 90 93 
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Table 3J:  Watershed curve number calculation 

Land 
Cover 

Hydrologic 
Soil Group 

CN AREA_1 
area 
fraction 

CN fraction 

52 D 83 21812.08 0.003789 0.31452433 

11 C 100 72.27 1.26E-05 0.00125556 

11 0 100 827.73 0.000144 0.01438029 

11 0 100 900 0.000156 0.01563585 

11 B 100 35.905 6.24E-06 0.00062378 

11 C 100 3467.674 0.000602 0.06024449 

11 D 100 491.076 8.53E-05 0.00853155 

11 C 100 2002.804 0.000348 0.03479505 

11 C 100 203.133 3.53E-05 0.00352906 

11 0 100 268219.9 0.046598 4.6598303 

11 C 100 11.699 2.03E-06 0.00020325 

11 C 100 133.952 2.33E-05 0.00232717 

11 0 100 1911.779 0.000332 0.03321366 

11 C 100 3361.813 0.000584 0.05840535 

11 C 100 0.144 2.5E-08 2.5017E-06 

11 0 100 899.856 0.000156 0.01563335 

11 D 100 1.545 2.68E-07 2.6842E-05 

11 C 100 23.821 4.14E-06 0.00041385 

11 0 100 3574.634 0.000621 0.06210272 

11 0 100 2088.239 0.000363 0.03627933 
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11 C 100 475.923 8.27E-05 0.00826829 

11 C 100 135.837 2.36E-05 0.00235992 

11 C 100 685.286 0.000119 0.01190559 

11 0 100 32085.18 0.005574 0.55742128 

11 C 100 1075.33 0.000187 0.01868189 

11 C 100 2504.951 0.000435 0.04351894 

11 C 100 549.253 9.54E-05 0.00954227 

11 D 100 173.214 3.01E-05 0.00300928 

11 D 100 0.027 4.69E-09 4.6908E-07 

11 0 100 2526.76 0.000439 0.04389783 

11 C 100 847.01 0.000147 0.01471525 

11 C 100 325.853 5.66E-05 0.0056611 

11 C 100 22.53 3.91E-06 0.00039142 

11 C 100 0.851 1.48E-07 1.4785E-05 

11 0 100 33903.76 0.00589 0.58901571 

11 C 100 0.591 1.03E-07 1.0268E-05 

11 D 100 998.367 0.000173 0.0173448 

11 0 100 2601.043 0.000452 0.04518836 

21 D 80 281.59 4.89E-05 0.00391369 

21 C 74 833.712 0.000145 0.01071832 

21 D 80 55.702 9.68E-06 0.00077418 

21 D 80 16.544 2.87E-06 0.00022994 

21 D 80 576.171 0.0001 0.00800793 

21 D 80 649.878 0.000113 0.00903235 
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21 D 80 653.349 0.000114 0.00908059 

21 C 74 246.651 4.29E-05 0.00317098 

21 D 80 413.548 7.18E-05 0.00574771 

21 D 80 486.452 8.45E-05 0.00676097 

21 D 80 550.68 9.57E-05 0.00765365 

21 D 80 349.32 6.07E-05 0.00485504 

21 D 80 1611.164 0.00028 0.02239282 

21 D 80 11736.47 0.002039 0.16311975 

21 C 74 858.778 0.000149 0.01104057 

21 D 80 4738.407 0.000823 0.06585692 

21 D 80 2685.026 0.000466 0.03731793 

21 D 80 26.254 4.56E-06 0.00036489 

21 D 80 1962.364 0.000341 0.02727399 

21 D 80 786.476 0.000137 0.01093086 

21 D 80 1325.61 0.00023 0.01842404 

21 C 74 425.55 7.39E-05 0.00547093 

21 D 80 892.047 0.000155 0.01239815 

21 D 80 7.953 1.38E-06 0.00011054 

21 C 74 900 0.000156 0.01157053 

21 D 80 12.105 2.1E-06 0.00016824 

21 D 80 887.895 0.000154 0.01234044 

21 D 80 697.251 0.000121 0.00969077 

21 D 80 619.061 0.000108 0.00860404 

21 D 80 3175.756 0.000552 0.04413836 
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21 C 74 10491.67 0.001823 0.13488237 

21 D 80 4808.334 0.000835 0.0668288 

21 C 74 900 0.000156 0.01157053 

21 D 80 184.151 3.2E-05 0.00255943 

21 D 80 715.849 0.000124 0.00994925 

21 C 74 624.086 0.000108 0.00802334 

21 D 80 1025.86 0.000178 0.01425795 

21 D 80 150.053 2.61E-05 0.00208552 

21 C 74 0.399 6.93E-08 5.1296E-06 

21 D 80 899.601 0.000156 0.01250314 

21 D 80 5317.315 0.000924 0.07390289 

21 0 100 3.203 5.56E-07 5.5646E-05 

21 D 80 55.843 9.7E-06 0.00077614 

21 C 74 7223.641 0.001255 0.09286818 

21 D 80 248.129 4.31E-05 0.00344863 

21 D 80 1551.871 0.00027 0.02156873 

21 C 74 199.606 3.47E-05 0.00256616 

21 D 80 546.071 9.49E-05 0.00758959 

21 0 100 28.829 5.01E-06 0.00050085 

21 C 74 4495.502 0.000781 0.05779483 

21 D 80 129.992 2.26E-05 0.0018067 

21 D 80 1008.827 0.000175 0.01402122 

21 D 80 195.818 3.4E-05 0.00272158 

21 C 74 900 0.000156 0.01157053 
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21 D 80 3758.615 0.000653 0.05223924 

21 D 80 17.74 3.08E-06 0.00024656 

21 C 74 5223.645 0.000908 0.06715594 

21 C 74 900 0.000156 0.01157053 

21 D 80 2.751 4.78E-07 3.8235E-05 

21 C 74 3597.249 0.000625 0.04624676 

21 C 74 649.85 0.000113 0.00835457 

21 C 74 250.15 4.35E-05 0.00321596 

21 D 80 346.846 6.03E-05 0.00482065 

21 D 80 553.154 9.61E-05 0.00768803 

21 D 80 11.045 1.92E-06 0.00015351 

21 D 80 6.261 1.09E-06 8.7019E-05 

21 D 80 882.694 0.000153 0.01226815 

21 C 74 1124.786 0.000195 0.01446041 

21 D 80 4024.31 0.000699 0.05593202 

21 C 74 5650.619 0.000982 0.07264518 

21 D 80 2812.167 0.000489 0.039085 

21 D 80 105.221 1.83E-05 0.00146242 

21 D 80 5182.613 0.0009 0.07203073 

21 C 74 900 0.000156 0.01157053 

21 D 80 63.176 1.1E-05 0.00087805 

21 D 80 836.824 0.000145 0.01163063 

21 D 80 2225.465 0.000387 0.0309307 

21 D 80 0.757 1.32E-07 1.0521E-05 
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21 D 80 2273.778 0.000395 0.03160218 

21 C 74 618.967 0.000108 0.00795753 

21 C 74 1463.571 0.000254 0.01881588 

21 D 80 1517.462 0.000264 0.0210905 

21 C 74 394.868 6.86E-05 0.00507648 

21 D 80 505.132 8.78E-05 0.0070206 

21 D 80 493.856 8.58E-05 0.00686388 

21 D 80 12.338 2.14E-06 0.00017148 

21 D 80 889.005 0.000154 0.01235587 

21 D 80 10.995 1.91E-06 0.00015281 

21 D 80 527.729 9.17E-05 0.00733466 

21 D 80 1789.586 0.000311 0.02487262 

21 D 80 1282.685 0.000223 0.01782744 

21 C 74 3350.674 0.000582 0.04307675 

21 D 80 239.505 4.16E-05 0.00332877 

21 C 74 9.821 1.71E-06 0.00012626 

21 D 80 37.15 6.45E-06 0.00051633 

21 D 80 77.914 1.35E-05 0.00108289 

21 D 80 1514.611 0.000263 0.02105087 

21 D 80 2085.389 0.000362 0.02898385 

21 C 74 291.933 5.07E-05 0.00375313 

21 D 80 608.067 0.000106 0.00845124 

21 D 80 438.574 7.62E-05 0.00609554 

21 D 80 345.748 6.01E-05 0.00480539 



 
 

178 
 
 
 

 
 

  

 

21 D 80 1578.848 0.000274 0.02194368 

21 D 80 344.919 5.99E-05 0.00479387 

21 D 80 394.623 6.86E-05 0.00548468 

21 D 80 1060.457 0.000184 0.0147388 

21 D 80 3003.962 0.000522 0.04175067 

21 D 80 100.956 1.75E-05 0.00140314 

21 D 80 545.746 9.48E-05 0.00758507 

21 D 80 1153.299 0.0002 0.01602917 

21 D 80 1594.857 0.000277 0.02216618 

21 D 80 205.143 3.56E-05 0.00285119 

21 D 80 682.685 0.000119 0.00948832 

21 D 80 217.315 3.78E-05 0.00302036 

21 D 80 3919.796 0.000681 0.05447942 

21 D 80 1643.254 0.000285 0.02283882 

21 D 80 4453.464 0.000774 0.06189663 

21 D 80 835.422 0.000145 0.01161114 

21 D 80 64.578 1.12E-05 0.00089754 

21 D 80 551.579 9.58E-05 0.00766614 

21 0 100 348.42 6.05E-05 0.00605316 

21 D 80 2470.114 0.000429 0.03433097 

21 D 80 240.492 4.18E-05 0.00334249 

21 0 100 30.489 5.3E-06 0.00052969 

21 D 80 6258.903 0.001087 0.08698959 

21 D 80 900 0.000156 0.01250868 
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21 D 80 390.993 6.79E-05 0.00543423 

21 D 80 509.007 8.84E-05 0.00707445 

21 D 80 299.175 5.2E-05 0.00415809 

21 D 80 600.825 0.000104 0.00835059 

21 D 80 900 0.000156 0.01250868 

21 D 80 960.945 0.000167 0.01335573 

21 0 100 104.23 1.81E-05 0.00181081 

21 D 80 764.873 0.000133 0.01063061 

21 D 80 135.127 2.35E-05 0.00187807 

21 D 80 33.709 5.86E-06 0.00046851 

21 C 74 866.291 0.000151 0.01113716 

21 D 80 18.6 3.23E-06 0.00025851 

21 D 80 207.078 3.6E-05 0.00287808 

21 D 80 674.322 0.000117 0.00937209 

21 D 80 51.663 8.98E-06 0.00071804 

21 D 80 848.337 0.000147 0.01179064 

21 D 80 400.108 6.95E-05 0.00556092 

21 D 80 499.892 8.68E-05 0.00694777 

21 D 80 900 0.000156 0.01250868 

21 D 80 433.938 7.54E-05 0.0060311 

21 D 80 198.473 3.45E-05 0.00275848 

21 D 80 267.588 4.65E-05 0.00371908 

21 D 80 52.6 9.14E-06 0.00073106 

21 D 80 535.36 9.3E-05 0.00744072 
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21 D 80 3720.357 0.000646 0.05170751 

21 D 80 4691.682 0.000815 0.06520751 

21 D 80 1297.544 0.000225 0.01803396 

21 D 80 502.456 8.73E-05 0.0069834 

22 B 75 355.735 6.18E-05 0.00463518 

22 C 83 269.454 4.68E-05 0.00388545 

22 0 100 186.765 3.24E-05 0.0032447 

22 D 87 650.773 0.000113 0.00983621 

22 C 83 249.227 4.33E-05 0.00359379 

22 B 75 322.991 5.61E-05 0.00420853 

22 D 87 2085.322 0.000362 0.03151893 

22 D 87 5804.705 0.001008 0.08773613 

22 C 83 2771.088 0.000481 0.03995834 

22 D 87 866.793 0.000151 0.01310128 

22 D 87 33.207 5.77E-06 0.00050191 

22 D 87 1628.972 0.000283 0.02462135 

22 C 83 171.028 2.97E-05 0.00246618 

22 D 87 900 0.000156 0.01360319 

22 C 83 900 0.000156 0.01297776 

22 D 87 86.842 1.51E-05 0.00131259 

22 D 87 3892.49 0.000676 0.05883365 

22 D 87 990.64 0.000172 0.01497318 

22 D 87 502.196 8.72E-05 0.00759052 

22 C 83 2508.788 0.000436 0.03617605 
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22 D 87 1188.438 0.000206 0.01796283 

22 D 87 4800.579 0.000834 0.07255911 

22 D 87 1224.004 0.000213 0.0185004 

22 D 87 2658.215 0.000462 0.04017801 

22 D 87 4666.187 0.000811 0.07052782 

22 D 87 29.109 5.06E-06 0.00043997 

22 0 100 227.329 3.95E-05 0.00394943 

22 D 87 0.408 7.09E-08 6.1668E-06 

22 C 83 1543.155 0.000268 0.02225188 

22 C 83 179.716 3.12E-05 0.00259146 

22 D 87 720.284 0.000125 0.01088685 

22 D 87 831.78 0.000145 0.01257207 

22 D 87 236.253 4.1E-05 0.00357088 

22 C 83 281.599 4.89E-05 0.00406058 

22 D 87 3962.815 0.000688 0.05989659 

22 D 87 255.586 4.44E-05 0.00386309 

22 D 87 518.552 9.01E-05 0.00783774 

22 C 83 1281.448 0.000223 0.01847813 

22 C 83 867.976 0.000151 0.01251598 

22 D 87 900 0.000156 0.01360319 

22 0 100 1007.263 0.000175 0.01749935 

22 C 83 792.737 0.000138 0.01143105 

22 D 87 900 0.000156 0.01360319 

22 C 83 692.416 0.00012 0.00998445 
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22 C 83 304.415 5.29E-05 0.00438958 

22 C 83 407.502 7.08E-05 0.00587607 

22 D 87 900 0.000156 0.01360319 

22 C 83 5733.662 0.000996 0.08267786 

22 0 100 321.084 5.58E-05 0.00557825 

22 C 83 1072.043 0.000186 0.01545857 

22 D 87 4427.414 0.000769 0.06691885 

22 D 87 2174.501 0.000378 0.03286684 

22 C 83 2027.127 0.000352 0.02923063 

22 C 83 50.289 8.74E-06 0.00072515 

22 D 87 3093.881 0.000538 0.04676295 

22 C 83 1715.384 0.000298 0.02473538 

22 D 87 2625.137 0.000456 0.03967805 

22 D 87 3856.184 0.00067 0.0582849 

22 C 83 6394.439 0.001111 0.09220609 

22 D 87 3218.269 0.000559 0.04864303 

22 C 83 87.008 1.51E-05 0.00125463 

22 D 87 812.992 0.000141 0.0122881 

22 D 87 793.177 0.000138 0.0119886 

22 D 87 336.215 5.84E-05 0.00508177 

22 D 87 670.608 0.000117 0.01013601 

22 D 87 10495.94 0.001823 0.15864251 

22 C 83 1311.551 0.000228 0.01891221 

22 C 83 10251.75 0.001781 0.1478275 
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22 D 87 4875.913 0.000847 0.07369775 

22 D 87 108.532 1.89E-05 0.00164042 

22 D 87 1827.722 0.000318 0.02762539 

22 D 87 13185.63 0.002291 0.19929625 

22 C 83 192.117 3.34E-05 0.00277028 

22 D 87 50.845 8.83E-06 0.0007685 

22 D 87 4985.027 0.000866 0.07534698 

22 D 87 5362.608 0.000932 0.08105398 

22 D 87 204.32 3.55E-05 0.00308823 

22 D 87 14.577 2.53E-06 0.00022033 

22 D 87 288.308 5.01E-05 0.00435768 

22 D 87 611.692 0.000106 0.00924552 

22 D 87 900 0.000156 0.01360319 

22 D 87 9266.618 0.00161 0.14006176 

22 D 87 813.16 0.000141 0.01229063 

22 D 87 2489.568 0.000433 0.03762897 

22 D 87 834.623 0.000145 0.01261504 

22 D 87 65.377 1.14E-05 0.00098815 

22 D 87 74.543 1.3E-05 0.00112669 

22 D 87 825.457 0.000143 0.0124765 

22 D 87 194.004 3.37E-05 0.0029323 

22 D 87 474.114 8.24E-05 0.00716607 

22 D 87 860.088 0.000149 0.01299994 

22 D 87 39.912 6.93E-06 0.00060326 
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22 D 87 111.434 1.94E-05 0.00168429 

22 D 87 511.618 8.89E-05 0.00773293 

22 D 87 175.091 3.04E-05 0.00264644 

22 D 87 798.763 0.000139 0.01207303 

22 D 87 900 0.000156 0.01360319 

22 D 87 6561.004 0.00114 0.09916733 

22 D 87 1578.128 0.000274 0.02385286 

22 D 87 900 0.000156 0.01360319 

22 D 87 5610.222 0.000975 0.08479658 

22 D 87 3094.486 0.000538 0.0467721 

22 D 87 6947.463 0.001207 0.10500852 

22 D 87 4147.828 0.000721 0.062693 

22 D 87 193.098 3.35E-05 0.00291861 

22 D 87 706.902 0.000123 0.01068458 

22 D 87 489.032 8.5E-05 0.00739155 

22 D 87 735.167 0.000128 0.0111118 

22 D 87 164.833 2.86E-05 0.00249139 

22 D 87 2.901 5.04E-07 4.3848E-05 

22 D 87 734.604 0.000128 0.01110329 

22 D 87 162.495 2.82E-05 0.00245606 

22 D 87 170.932 2.97E-05 0.00258358 

22 D 87 729.068 0.000127 0.01101961 

22 D 87 900 0.000156 0.01360319 

22 D 87 0.2 3.47E-08 3.0229E-06 
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22 D 87 899.8 0.000156 0.01360017 

22 C 83 530.59 9.22E-05 0.00765096 

22 C 83 369.41 6.42E-05 0.00532679 

22 D 87 900 0.000156 0.01360319 

22 D 87 26873.65 0.004669 0.40618597 

22 0 100 506.629 8.8E-05 0.00880175 

22 D 87 6800.265 0.001181 0.10278368 

22 D 87 2155.316 0.000374 0.03257686 

22 D 87 0.52 9.03E-08 7.8596E-06 

22 C 83 414.66 7.2E-05 0.00597929 

22 D 87 484.82 8.42E-05 0.00732789 

22 D 87 208.748 3.63E-05 0.00315515 

22 D 87 691.252 0.00012 0.01044804 

22 D 87 1431.161 0.000249 0.02163151 

22 D 87 1268.839 0.00022 0.01917807 

22 D 87 1375.523 0.000239 0.02079056 

22 D 87 32.033 5.57E-06 0.00048417 

22 D 87 1521.264 0.000264 0.02299338 

22 C 83 3384.63 0.000588 0.04880545 

22 D 87 18079.71 0.003141 0.27326859 

22 D 87 5097.81 0.000886 0.07705165 

22 D 87 2180.857 0.000379 0.03296291 

22 D 87 20594.39 0.003578 0.31127709 

22 D 87 11236.86 0.001952 0.16984129 
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22 D 87 1580.535 0.000275 0.02388924 

22 D 87 5948.724 0.001033 0.08991293 

22 C 83 4175.225 0.000725 0.06020562 

22 D 87 14.007 2.43E-06 0.00021171 

22 D 87 885.993 0.000154 0.01339148 

22 D 87 3472.63 0.000603 0.05248761 

22 D 87 8.971 1.56E-06 0.00013559 

22 D 87 118.401 2.06E-05 0.00178959 

22 D 87 900 0.000156 0.01360319 

22 D 87 4084.416 0.00071 0.06173455 

22 D 87 650.014 0.000113 0.00982474 

22 D 87 5884 0.001022 0.08893464 

23 D 92 195.688 3.4E-05 0.00312774 

23 D 92 1604.312 0.000279 0.02564223 

23 D 92 611.76 0.000106 0.00977795 

23 C 88 1188.24 0.000206 0.01816628 

23 C 88 656.624 0.000114 0.01003872 

23 C 88 205.419 3.57E-05 0.00314053 

23 0 100 937.957 0.000163 0.01629529 

23 C 88 230.272 4E-05 0.00352049 

23 0 100 1569.728 0.000273 0.02727115 

23 C 88 48.759 8.47E-06 0.00074545 

23 0 100 1751.241 0.000304 0.03042461 

23 D 92 166.475 2.89E-05 0.00266082 
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23 D 92 3433.525 0.000597 0.05487911 

23 D 92 900 0.000156 0.01438498 

23 D 92 12536.46 0.002178 0.20037426 

23 D 92 1262.212 0.000219 0.02017433 

23 D 92 7221.303 0.001255 0.11542037 

23 D 92 744.923 0.000129 0.01190634 

23 D 92 21.208 3.68E-06 0.00033897 

23 D 92 1033.869 0.00018 0.01652465 

23 D 92 167.538 2.91E-05 0.00267781 

23 D 92 140.633 2.44E-05 0.00224778 

23 D 92 92.651 1.61E-05 0.00148087 

23 D 92 807.349 0.00014 0.01290411 

23 D 92 1298.355 0.000226 0.02075202 

23 D 92 1385.417 0.000241 0.02214356 

23 D 92 484.158 8.41E-05 0.00773845 

23 D 92 217.049 3.77E-05 0.00346916 

23 D 92 198.793 3.45E-05 0.00317737 

23 D 92 39.779 6.91E-06 0.0006358 

23 D 92 860.221 0.000149 0.01374918 

23 D 92 71.158 1.24E-05 0.00113734 

23 D 92 1728.842 0.0003 0.02763263 

23 D 92 900 0.000156 0.01438498 

23 D 92 210.362 3.65E-05 0.00336228 

23 D 92 4882.226 0.000848 0.07803416 
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23 D 92 3907.412 0.000679 0.0624534 

23 D 92 74.167 1.29E-05 0.00118543 

23 D 92 2866.266 0.000498 0.04581243 

23 D 92 659.567 0.000115 0.01054207 

23 D 92 6.201 1.08E-06 9.9113E-05 

23 D 92 893.799 0.000155 0.01428587 

23 D 92 509.216 8.85E-05 0.00813896 

23 C 88 363.163 6.31E-05 0.00555218 

23 D 92 27.621 4.8E-06 0.00044148 

23 D 92 3600 0.000625 0.05753994 

23 D 92 3257.939 0.000566 0.05207267 

23 D 92 2435.933 0.000423 0.03893429 

23 D 92 4206.128 0.000731 0.06722787 

23 D 92 868.506 0.000151 0.01388161 

23 D 92 751.288 0.000131 0.01200807 

23 D 92 1048.712 0.000182 0.0167619 

24 0 100 900 0.000156 0.01563585 

24 D 98 1800 0.000313 0.03064627 

24 D 98 2413.667 0.000419 0.04109438 

24 D 98 1186.333 0.000206 0.02019816 

24 D 98 840.152 0.000146 0.01430418 

24 D 98 59.848 1.04E-05 0.00101895 

41 C 70 3987.185 0.000693 0.04848903 

41 0 100 1412.815 0.000245 0.02454507 
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41 C 70 1800 0.000313 0.02189019 

41 D 77 737.72 0.000128 0.00986873 

41 C 70 162.28 2.82E-05 0.00197352 

41 D 77 485.088 8.43E-05 0.00648919 

41 D 77 4481.408 0.000779 0.05994932 

41 C 70 22134.15 0.003845 0.26917818 

41 D 77 2904.955 0.000505 0.03886057 

41 D 77 6012.67 0.001045 0.08043353 

41 C 70 437.355 7.6E-05 0.00531877 

41 C 70 27580.77 0.004792 0.33541575 

41 C 70 3651.679 0.000634 0.04440887 

41 0 100 2387.429 0.000415 0.04147721 

41 D 77 4585.997 0.000797 0.06134844 

41 D 77 1838.504 0.000319 0.02459429 

41 D 77 450.351 7.82E-05 0.0060245 

41 C 70 2249.65 0.000391 0.02735849 

41 C 70 2700 0.000469 0.03283529 

41 0 100 312.184 5.42E-05 0.00542363 

41 0 100 843.938 0.000147 0.01466188 

41 D 77 2640.549 0.000459 0.03532352 

41 D 77 1038.365 0.00018 0.01389056 

41 C 70 11683.59 0.00203 0.14208667 

41 C 70 4914.753 0.000854 0.05976939 

41 C 70 18742.5 0.003256 0.22793166 
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41 D 77 324.12 5.63E-05 0.00433586 

41 C 70 221.404 3.85E-05 0.00269254 

41 C 70 690.235 0.00012 0.0083941 

41 D 77 378.247 6.57E-05 0.00505994 

41 D 77 441.172 7.66E-05 0.00590171 

41 C 70 6378.901 0.001108 0.07757521 

41 0 100 890.042 0.000155 0.01546285 

41 C 70 797.434 0.000139 0.00969777 

41 0 100 102.566 1.78E-05 0.0017819 

41 D 77 602.381 0.000105 0.00805826 

41 0 100 297.618 5.17E-05 0.00517057 

41 C 70 4850.104 0.000843 0.05898317 

41 C 70 235.749 4.1E-05 0.002867 

41 C 70 8308.885 0.001444 0.10104617 

41 0 100 3135.497 0.000545 0.05447352 

41 D 77 641.665 0.000111 0.00858377 

41 C 70 22370.72 0.003887 0.27205519 

41 D 77 4557.381 0.000792 0.06096564 

41 D 77 900 0.000156 0.01203961 

41 C 70 471.21 8.19E-05 0.00573049 

41 0 100 428.79 7.45E-05 0.00744944 

41 C 70 1113.085 0.000193 0.01353647 

41 C 70 351.609 6.11E-05 0.00427599 

41 0 100 2135.307 0.000371 0.03709705 
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41 D 77 534.541 9.29E-05 0.00715074 

41 D 77 2632.547 0.000457 0.03521648 

41 0 100 432.912 7.52E-05 0.00752105 

41 D 77 7.912 1.37E-06 0.00010584 

41 D 77 892.088 0.000155 0.01193376 

41 C 70 2586.056 0.000449 0.03144959 

41 D 77 381.132 6.62E-05 0.00509853 

41 C 70 3143.278 0.000546 0.03822609 

41 0 100 189.534 3.29E-05 0.00329281 

41 C 70 1193.175 0.000207 0.01451046 

41 D 77 429.069 7.45E-05 0.0057398 

41 C 70 1977.756 0.000344 0.02405192 

41 D 77 6056.462 0.001052 0.08101935 

41 D 77 243.537 4.23E-05 0.00325788 

41 C 70 900 0.000156 0.0109451 

41 C 70 362.502 6.3E-05 0.00440847 

41 C 70 537.498 9.34E-05 0.00653663 

41 D 77 770.631 0.000134 0.01030899 

41 C 70 1029.369 0.000179 0.01251838 

41 D 77 1429.961 0.000248 0.01912908 

41 0 100 370.039 6.43E-05 0.00642875 

41 C 70 936.233 0.000163 0.01138573 

41 C 70 5857.912 0.001018 0.07123935 

41 C 70 15705.86 0.002729 0.19100235 
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41 D 77 869.65 0.000151 0.0116336 

41 C 70 4530.35 0.000787 0.05509458 

41 D 77 679.264 0.000118 0.00908675 

41 D 77 2062.609 0.000358 0.02759222 

41 C 70 1758.127 0.000305 0.02138097 

41 D 77 3136.2 0.000545 0.04195402 

41 D 77 106.895 1.86E-05 0.00142997 

41 D 77 4856.904 0.000844 0.06497246 

42 D 77 892.105 0.000155 0.01193399 

42 D 77 7.895 1.37E-06 0.00010561 

43 D 77 531.904 9.24E-05 0.00711546 

43 D 77 368.096 6.39E-05 0.00492415 

52 D 83 1201.45 0.000209 0.01732459 

52 C 77 15.018 2.61E-06 0.0002009 

52 0 100 30.241 5.25E-06 0.00052538 

52 D 83 3239.477 0.000563 0.04671239 

52 D 83 13.813 2.4E-06 0.00019918 

52 C 77 899.782 0.000156 0.01203669 

52 C 77 0.218 3.79E-08 2.9163E-06 

52 D 83 900 0.000156 0.01297776 

52 D 83 443.864 7.71E-05 0.0064004 

52 C 77 1815.277 0.000315 0.02428358 

52 D 83 1340.859 0.000233 0.01933483 

52 D 83 806.848 0.00014 0.01163453 
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52 D 83 93.152 1.62E-05 0.00134323 

52 D 83 26.484 4.6E-06 0.00038189 

52 D 83 873.516 0.000152 0.01259587 

52 D 83 50.046 8.69E-06 0.00072165 

52 D 83 849.954 0.000148 0.01225611 

52 D 83 142.693 2.48E-05 0.00205759 

52 D 83 1655.199 0.000288 0.02386752 

52 D 83 2.109 3.66E-07 3.0411E-05 

52 D 83 4982.524 0.000866 0.07184665 

52 D 83 417.476 7.25E-05 0.00601989 

52 C 77 41.475 7.21E-06 0.00055483 

52 D 83 151.596 2.63E-05 0.00218597 

52 D 83 1606.929 0.000279 0.02317148 

52 C 77 900 0.000156 0.01203961 

71 C 74 900 0.000156 0.01157053 

71 D 89 876.219 0.000152 0.0135482 

71 C 74 23.781 4.13E-06 0.00030573 

71 C 74 646.599 0.000112 0.00831277 

71 D 89 181.724 3.16E-05 0.00280984 

71 C 74 71.678 1.25E-05 0.0009215 

71 D 89 68.844 1.2E-05 0.00106447 

71 D 89 1731.156 0.000301 0.02676734 

71 D 89 900 0.000156 0.01391591 

71 D 89 1125.676 0.000196 0.01740534 
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71 D 89 5189.391 0.000902 0.08023899 

71 D 89 432.499 7.51E-05 0.00668735 

71 D 89 3152.434 0.000548 0.04874332 

71 D 89 1779.898 0.000309 0.027521 

71 D 89 6223.963 0.001081 0.09623567 

71 D 89 96.138 1.67E-05 0.0014865 

81 D 80 503.278 8.74E-05 0.00699483 

81 C 74 108.047 1.88E-05 0.00138907 

81 D 80 1734.922 0.000301 0.02411288 

81 B 61 2089.292 0.000363 0.02214155 

81 0 100 3372.921 0.000586 0.05859833 

81 C 74 0.813 1.41E-07 1.0452E-05 

81 B 61 0.151 2.62E-08 1.6002E-06 

81 0 100 819.151 0.000142 0.01423125 

81 D 80 1305.138 0.000227 0.01813951 

81 C 74 6875.561 0.001195 0.08839321 

81 D 80 860.784 0.00015 0.01196364 

81 D 80 5244.571 0.000911 0.07289186 

81 C 74 17785.14 0.00309 0.2286484 

81 D 80 60.835 1.06E-05 0.00084552 

81 0 100 3909.45 0.000679 0.06791954 

81 D 80 2860.311 0.000497 0.03975413 

81 D 80 700.542 0.000122 0.00973651 

81 D 80 1092.696 0.00019 0.01518687 
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81 B 61 5368.586 0.000933 0.05689431 

81 0 100 1861.041 0.000323 0.03233218 

81 D 80 154.736 2.69E-05 0.0021506 

81 0 100 846.492 0.000147 0.01470625 

81 D 80 840.283 0.000146 0.0116787 

81 0 100 1789.076 0.000311 0.03108192 

81 D 80 1542.119 0.000268 0.0214332 

81 C 74 9197.668 0.001598 0.11824656 

81 D 80 15.298 2.66E-06 0.00021262 

81 0 100 2.199 3.82E-07 3.8204E-05 

81 C 74 882.503 0.000153 0.01134559 

81 0 100 540.706 9.39E-05 0.00939378 

81 C 74 3059.294 0.000531 0.03933073 

81 C 74 17758.68 0.003085 0.22830815 

81 D 80 2.557 4.44E-07 3.5539E-05 

81 0 100 2038.765 0.000354 0.03541981 

81 C 74 1604.414 0.000279 0.02062658 

81 D 80 137.516 2.39E-05 0.00191127 

81 0 100 58.07 1.01E-05 0.00100886 

81 C 74 4839.419 0.000841 0.06221627 

81 D 80 1630.626 0.000283 0.02266331 

81 0 100 1070.868 0.000186 0.01860437 

81 C 74 559.088 9.71E-05 0.00718772 

81 0 100 645.719 0.000112 0.01121819 
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81 C 74 3854.281 0.00067 0.0495512 

81 C 74 63.109 1.1E-05 0.00081134 

81 0 100 601.73 0.000105 0.01045396 

81 C 74 235.16 4.09E-05 0.00302325 

81 0 100 457.204 7.94E-05 0.00794308 

81 C 74 442.796 7.69E-05 0.00569265 

81 0 100 1253.68 0.000218 0.0217804 

81 C 74 3246.321 0.000564 0.04173517 

81 C 74 429.515 7.46E-05 0.00552191 

81 C 74 505.652 8.78E-05 0.00650074 

81 0 100 187.722 3.26E-05 0.00326133 

81 D 80 206.626 3.59E-05 0.0028718 

81 D 80 545.301 9.47E-05 0.00757889 

81 0 100 225.733 3.92E-05 0.0039217 

81 C 74 128.966 2.24E-05 0.00165801 

81 D 80 930.325 0.000162 0.01293016 

81 0 100 1146.09 0.000199 0.01991122 

81 C 74 1523.585 0.000265 0.01958743 

81 C 74 660.557 0.000115 0.00849222 

81 D 80 14601.9 0.002537 0.20294503 

81 D 80 7523.558 0.001307 0.10456644 

81 C 74 15272.29 0.002653 0.19634272 

81 D 80 5459.466 0.000948 0.07587858 

81 D 80 7192.308 0.00125 0.09996255 
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81 D 80 35632.06 0.00619 0.49523342 

81 D 80 4777.849 0.00083 0.0664051 

81 0 100 1420.509 0.000247 0.02467874 

81 D 80 1219.946 0.000212 0.01695546 

81 D 80 26834.27 0.004662 0.37295711 

81 D 80 21301.78 0.003701 0.29606353 

81 D 80 0.084 1.46E-08 1.1675E-06 

81 C 74 5800.034 0.001008 0.07456608 

81 D 80 5576.026 0.000969 0.0774986 

81 D 80 37600.39 0.006532 0.52259037 

81 C 74 2856.927 0.000496 0.03672907 

81 D 80 2656.145 0.000461 0.03691653 

81 B 61 526.535 9.15E-05 0.00558002 

81 C 74 42647.24 0.007409 0.54827913 

81 0 100 1631.017 0.000283 0.02833593 

81 C 74 9484.928 0.001648 0.12193961 

81 D 80 4367.493 0.000759 0.06070176 

81 D 80 187.015 3.25E-05 0.00259923 

81 0 100 717.345 0.000125 0.01246256 

81 D 80 16038.43 0.002786 0.22291062 

81 C 74 900 0.000156 0.01157053 

81 0 100 900 0.000156 0.01563585 

81 C 74 827.958 0.000144 0.01064435 

81 C 74 72.042 1.25E-05 0.00092618 
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81 D 80 5510.23 0.000957 0.07658413 

81 D 80 3459.371 0.000601 0.04808019 

81 D 80 3096.369 0.000538 0.04303499 

81 D 80 8787.431 0.001527 0.12213242 

81 D 80 25449.25 0.004421 0.35370724 

81 D 80 1173.121 0.000204 0.01630466 

81 D 80 16261.6 0.002825 0.22601237 

81 D 80 16155.2 0.002807 0.22453361 

81 D 80 4056.637 0.000705 0.05638131 

81 D 80 174.748 3.04E-05 0.00242874 

81 D 80 350.604 6.09E-05 0.00487288 

81 C 74 2104.019 0.000366 0.02704957 

81 C 74 10642.96 0.001849 0.13682738 

81 D 80 14631.42 0.002542 0.20335537 

81 C 74 12540.18 0.002179 0.16121838 

81 D 80 12840.08 0.002231 0.17845824 

81 D 80 9160.336 0.001591 0.12731526 

81 D 80 5316.295 0.000924 0.07388871 

81 D 80 3013.368 0.000524 0.0418814 

81 D 80 8239.658 0.001431 0.11451918 

81 D 80 20319.6 0.00353 0.28241268 

81 0 100 3557.28 0.000618 0.06180123 

81 C 74 7878.887 0.001369 0.10129212 

81 C 74 33771.18 0.005867 0.43416719 
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81 D 80 14496.58 0.002519 0.2014812 

81 D 80 2407.581 0.000418 0.03346185 

81 D 80 17132.87 0.002977 0.23812182 

81 0 100 3940.562 0.000685 0.06846005 

81 D 80 99169.05 0.017229 1.37830451 

81 D 80 1437.309 0.00025 0.01997649 

81 C 74 142.064 2.47E-05 0.0018264 

81 0 100 672.186 0.000117 0.011678 

81 C 74 85.75 1.49E-05 0.00110241 

81 D 80 96.285 1.67E-05 0.00133822 

81 C 74 591.708 0.000103 0.00760708 

81 0 100 212.008 3.68E-05 0.00368325 

81 D 80 24.882 4.32E-06 0.00034582 

81 D 80 875.118 0.000152 0.01216286 

81 D 80 1800 0.000313 0.02501736 

81 D 80 24.051 4.18E-06 0.00033427 

81 D 80 850.363 0.000148 0.0118188 

81 D 80 25.586 4.45E-06 0.00035561 

81 D 80 559.935 9.73E-05 0.00778228 

81 D 80 1240.065 0.000215 0.01723509 

81 C 74 790.114 0.000137 0.01015782 

81 D 80 109.886 1.91E-05 0.00152725 

81 D 80 307.239 5.34E-05 0.00427017 

81 D 80 50.572 8.79E-06 0.00070288 
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81 D 80 1442.189 0.000251 0.02004432 

81 D 80 1015.651 0.000176 0.01411606 

81 D 80 4384.349 0.000762 0.06093603 

81 D 80 14780.59 0.002568 0.2054286 

81 D 80 617.371 0.000107 0.00858055 

81 D 80 511.544 8.89E-05 0.00710971 

81 0 100 4930.512 0.000857 0.08565862 

81 D 80 6347.72 0.001103 0.08822401 

81 D 80 105.951 1.84E-05 0.00147256 

81 D 80 6001.523 0.001043 0.08341238 

81 0 100 4.787 8.32E-07 8.3165E-05 

81 D 80 718.726 0.000125 0.00998924 

81 D 80 181.274 3.15E-05 0.00251944 

81 D 80 2636.699 0.000458 0.03664625 

81 0 100 145.8 2.53E-05 0.00253301 

81 D 80 900 0.000156 0.01250868 

81 D 80 10534.07 0.00183 0.14640808 

81 C 74 76303.9 0.013256 0.98097399 

81 D 80 13656.84 0.002373 0.18981003 

81 C 74 17982.15 0.003124 0.2311811 

81 C 74 13733.67 0.002386 0.17656208 

81 0 100 901.728 0.000157 0.01566587 

81 D 80 5164.325 0.000897 0.07177655 

81 0 100 3174.411 0.000551 0.05514958 
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81 D 80 61092.73 0.010614 0.84909944 

81 D 80 26085.93 0.004532 0.36255628 

81 C 74 24731.68 0.004297 0.31795407 

81 D 80 29972.5 0.005207 0.41657386 

81 D 80 6149.112 0.001068 0.08546365 

81 D 80 2711.081 0.000471 0.03768006 

81 D 80 7367.708 0.00128 0.10240035 

81 D 80 67867.02 0.011791 0.94325213 

81 D 80 32212.51 0.005596 0.44770664 

81 D 80 8646.468 0.001502 0.12017324 

81 0 100 2533.836 0.00044 0.04402076 

81 C 74 9153.89 0.00159 0.11768374 

81 D 80 7446.789 0.001294 0.10349946 

81 0 100 1714.45 0.000298 0.02978543 

81 C 74 233.661 4.06E-05 0.00300398 

81 C 74 112.248 1.95E-05 0.00144308 

81 D 80 5482.551 0.000952 0.07619943 

81 D 80 801.813 0.000139 0.01114403 

81 D 80 41207.21 0.007159 0.57271984 

81 D 80 825.355 0.000143 0.01147123 

81 D 80 8254.973 0.001434 0.11473204 

81 D 80 11616.89 0.002018 0.16145774 

81 C 74 35526.22 0.006172 0.45673021 

81 0 100 963.29 0.000167 0.0167354 
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81 D 80 121132 0.021044 1.68355761 

81 D 80 9114.638 0.001584 0.12668012 

81 C 74 20608.81 0.00358 0.26494991 

81 D 80 7727.162 0.001342 0.10739624 

81 0 100 2701.515 0.000469 0.04693388 

81 D 80 8130.907 0.001413 0.1130077 

81 D 80 1049.617 0.000182 0.01458814 

81 D 80 5142.648 0.000893 0.07147528 

81 D 80 6476.652 0.001125 0.09001598 

81 D 80 14724.57 0.002558 0.20464996 

81 C 74 57443.46 0.00998 0.73850147 

81 D 80 109.644 1.9E-05 0.00152389 

81 D 80 4746.586 0.000825 0.06597059 

81 C 74 12832.06 0.002229 0.16497079 

81 C 74 17843.23 0.0031 0.22939517 

81 D 80 8631.743 0.0015 0.11996859 

81 0 100 2492.706 0.000433 0.0433062 

81 0 100 1673.365 0.000291 0.02907165 

81 D 80 12270.46 0.002132 0.17054138 

81 D 80 18.942 3.29E-06 0.00026327 

81 C 74 6149.855 0.001068 0.07906343 

81 D 80 9282.672 0.001613 0.12901555 

81 0 100 1397.505 0.000243 0.02427909 

81 0 100 911.925 0.000158 0.01584303 
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81 D 80 12616.44 0.002192 0.17534998 

81 D 80 21127.31 0.00367 0.29363863 

81 D 80 23997.58 0.004169 0.33353123 

81 D 80 807.324 0.00014 0.01122062 

81 D 80 20955.67 0.003641 0.29125312 

81 D 80 5653.277 0.000982 0.07857227 

81 D 80 9421.633 0.001637 0.1309469 

81 C 74 1081.66 0.000188 0.01390598 

81 0 100 5658.364 0.000983 0.09830372 

81 D 80 1988.536 0.000345 0.02763774 

81 D 80 7894.039 0.001371 0.10971558 

81 D 80 43379.62 0.007536 0.60291312 

81 D 80 25687.96 0.004463 0.357025 

81 0 100 961.466 0.000167 0.01670371 

81 D 80 18228.24 0.003167 0.25334579 

81 C 74 44228.55 0.007684 0.5686086 

81 D 80 85.014 1.48E-05 0.00118157 

81 D 80 15894.74 0.002761 0.22091366 

81 D 80 271945.4 0.047246 3.77964259 

81 D 80 20817.52 0.003617 0.28933304 

81 D 80 12148.32 0.002111 0.16884388 

81 0 100 1068.599 0.000186 0.01856495 

81 D 80 7789.206 0.001353 0.10825856 

81 0 100 3304.485 0.000574 0.05740938 
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81 D 80 34804.46 0.006047 0.48373098 

81 D 80 9510.533 0.001652 0.13218248 

81 C 74 94084.13 0.016345 1.20955925 

81 D 80 6862.967 0.001192 0.09538519 

81 D 80 3012.793 0.000523 0.04187341 

81 D 80 8437.068 0.001466 0.11726289 

81 D 80 7163.222 0.001244 0.0995583 

81 D 80 799.317 0.000139 0.01110934 

81 0 100 272.53 4.73E-05 0.00473471 

81 D 80 21215.5 0.003686 0.29486435 

81 C 74 11522.39 0.002002 0.14813356 

81 D 80 8255.363 0.001434 0.11473746 

81 C 74 58733.07 0.010204 0.7550809 

81 C 74 4477.971 0.000778 0.05756945 

81 D 80 20534.83 0.003568 0.28540409 

81 D 80 10841.29 0.001883 0.15067811 

81 D 80 5851.346 0.001017 0.08132514 

81 D 80 394.614 6.86E-05 0.00548456 

81 D 80 3267.521 0.000568 0.04541376 

81 D 80 16479.09 0.002863 0.22903518 

81 0 100 8707.887 0.001513 0.1512836 

81 D 80 12969.2 0.002253 0.18025285 

81 D 80 609.953 0.000106 0.00847745 

81 D 80 2090.047 0.000363 0.02904859 
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81 D 80 54.666 9.5E-06 0.00075978 

81 D 80 3590.104 0.000624 0.04989719 

81 D 80 1755.225 0.000305 0.02439506 

81 D 80 1216.258 0.000211 0.01690421 

81 D 80 355.876 6.18E-05 0.00494616 

81 D 80 3827.868 0.000665 0.05320176 

81 D 80 646.283 0.000112 0.00898239 

81 D 80 253.717 4.41E-05 0.00352629 

81 D 80 779.373 0.000135 0.01083214 

81 D 80 1020.627 0.000177 0.01418522 

81 D 80 2390.331 0.000415 0.0332221 

81 D 80 6246.608 0.001085 0.0868187 

81 0 100 443.445 7.7E-05 0.00770405 

81 D 80 158.6 2.76E-05 0.00220431 

81 D 80 4930.838 0.000857 0.06853143 

81 D 80 10579.96 0.001838 0.14704599 

81 D 80 5850.215 0.001016 0.08130942 

81 C 74 1640.051 0.000285 0.02108473 

81 D 80 250.295 4.35E-05 0.00347873 

81 D 80 41172.33 0.007153 0.57223512 

81 D 80 11634.95 0.002021 0.16170872 

81 D 80 10877.3 0.00189 0.15117847 

81 D 80 32448.68 0.005637 0.45098916 

81 0 100 458.77 7.97E-05 0.00797029 
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81 D 80 1857.949 0.000323 0.02582277 

81 C 74 3486.707 0.000606 0.04482561 

81 0 100 572.975 9.95E-05 0.00995439 

82 D 89 44.485 7.73E-06 0.00068783 

82 D 89 2344.391 0.000407 0.03624926 

82 D 89 38.72 6.73E-06 0.00059869 

82 D 89 3138.504 0.000545 0.04852793 

82 D 89 261.289 4.54E-05 0.00404008 

82 D 89 5779.244 0.001004 0.08935937 

82 D 89 1669.256 0.00029 0.02581024 

82 D 89 990.823 0.000172 0.01532022 

82 D 89 10199.39 0.001772 0.15770417 

82 D 89 31054.42 0.005395 0.48016716 

82 D 89 4255.543 0.000739 0.06579972 

82 D 89 420.751 7.31E-05 0.0065057 

82 D 89 23171.1 0.004026 0.35827435 

82 D 89 594.111 0.000103 0.00918622 

82 D 89 2105.889 0.000366 0.03256151 

82 D 89 97.893 1.7E-05 0.00151363 

82 D 89 802.107 0.000139 0.01240228 

82 D 89 33507.7 0.005821 0.51810017 

82 D 89 1998.24 0.000347 0.03089703 

82 D 89 10198.26 0.001772 0.15768667 

82 D 89 6227.041 0.001082 0.09628326 
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82 D 89 11799.33 0.00205 0.18244265 

82 D 89 2637.121 0.000458 0.04077548 

82 C 85 35.708 6.2E-06 0.00052731 

82 D 89 922.556 0.00016 0.01426467 

82 D 89 863.441 0.00015 0.01335063 

82 D 89 9438.591 0.00164 0.14594063 

82 D 89 70291.16 0.012212 1.08685042 

82 D 89 14404.91 0.002503 0.22273041 

82 C 85 256.644 4.46E-05 0.00378991 

82 D 89 3607.569 0.000627 0.05578067 

82 D 89 13811.73 0.0024 0.2135587 

82 D 89 18122.49 0.003148 0.28021208 

82 D 89 5473.343 0.000951 0.08462949 

82 D 89 18.337 3.19E-06 0.00028353 

82 D 89 788.694 0.000137 0.01219488 

82 D 89 111.306 1.93E-05 0.00172103 

82 D 89 22758.84 0.003954 0.35189986 

82 D 89 24143.51 0.004194 0.37330991 

82 D 89 131135.1 0.022782 2.02762686 

82 D 89 7608.949 0.001322 0.11765049 

82 D 89 23729.5 0.004123 0.36690836 

82 D 89 77928.29 0.013539 1.20493658 

82 D 89 45224.49 0.007857 0.6992665 

82 D 89 9852.57 0.001712 0.15234163 
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82 D 89 9318.718 0.001619 0.14408714 

82 D 89 19300.62 0.003353 0.29842852 

82 D 89 27927.03 0.004852 0.43181113 

82 D 89 191725.3 0.033309 2.96447928 

82 D 89 6028.257 0.001047 0.09320964 

82 D 89 9985.669 0.001735 0.15439962 

82 D 89 137911.2 0.02396 2.13240005 

82 D 89 3033.374 0.000527 0.0469024 

82 D 89 932.193 0.000162 0.01441368 

82 D 89 63214.61 0.010982 0.97743186 

82 D 89 5581.432 0.00097 0.08630078 

82 D 89 6983.217 0.001213 0.10797534 

82 D 89 218283.1 0.037923 3.37512006 

82 D 89 87957.02 0.015281 1.36000199 

82 0 100 2717.796 0.000472 0.04721673 

82 D 89 5676.272 0.000986 0.0877672 

82 D 89 2889.923 0.000502 0.04468434 

82 D 89 227506.5 0.039525 3.51773306 

82 D 89 689.124 0.00012 0.01065532 

82 D 89 4794.072 0.000833 0.07412652 

82 D 89 14.156 2.46E-06 0.00021888 

82 0 100 738.462 0.000128 0.01282943 

90 D 94 605.803 0.000105 0.00989324 

90 D 94 1909.512 0.000332 0.03118382 
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90 0 100 1984.685 0.000345 0.03448027 

90 D 94 309.004 5.37E-05 0.00504628 

90 D 94 1490.996 0.000259 0.02434913 

95 B 85 68.411 1.19E-05 0.00101024 

95 0 100 174.648 3.03E-05 0.00303419 

95 C 90 656.941 0.000114 0.01027183 

95 B 85 20.145 3.5E-06 0.00029749 

95 0 100 1301.751 0.000226 0.02261554 

95 C 90 478.104 8.31E-05 0.00747556 

95 0 100 518.799 9.01E-05 0.00901318 

95 C 90 381.201 6.62E-05 0.0059604 

95 C 90 783.461 0.000136 0.01225008 

95 0 100 1016.539 0.000177 0.0176605 

95 D 93 740.135 0.000129 0.0119584 

95 0 100 159.865 2.78E-05 0.00277736 

95 D 93 456.229 7.93E-05 0.00737131 

95 0 100 443.771 7.71E-05 0.00770971 

95 C 90 210.745 3.66E-05 0.00329518 

95 0 100 689.255 0.00012 0.01197454 

95 D 93 211.168 3.67E-05 0.00341185 

95 0 100 688.832 0.00012 0.0119672 

95 C 90 154.153 2.68E-05 0.00241031 

95 0 100 745.847 0.00013 0.01295773 

95 D 93 50.362 8.75E-06 0.0008137 



 
 

210 
 
 
 

 
 

  

 

95 D 93 2266.358 0.000394 0.03661765 

95 D 93 266.876 4.64E-05 0.00431193 

95 D 93 116.404 2.02E-05 0.00188074 

95 D 93 1069.284 0.000186 0.01727647 

95 D 93 40.228 6.99E-06 0.00064997 

95 0 100 1590.489 0.000276 0.02763183 

 

 

 

 

Table 4J:  SW longest flow path time of concentration calculation 

L 2946.234 m 

 
9659.783607 ft 

slope 0.00702 
 

tc 61.61404348 min 

 
1.026900725 hr 

tl 36.96842609 min 

 

Table 5J:  SE longest flow path time of concentration calculation 

L 1715 m 

 
5622.951 ft 

slope 0.0136 
 

tc 31.48869 min 
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tl 18.89322 min 

 

Fisher Lake Bathymetry Data 

 

Figure J. 2 Topographic map 
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Table 6J:  Fisher Lake bathymetry storage calculation 

elevation contour (ft) stage (ft) area (ac) 

incremental 
storage (ac-
ft) 

cumulative 
storage (ac-
ft) 

797.5 22.5 0 0 0 0 

798 22 0.5 1.7 0.425 0.425 

800 20 2.5 6.69 8.39 8.815 

802 18 4.5 13.6 20.29 29.105 

804 16 6.5 21.21 34.81 63.915 

806 14 8.5 29.41 50.62 114.535 

808 12 10.5 37.87 67.28 181.815 

810 10 12.5 48.34 86.21 268.025 

812 8 14.5 55.13 103.47 371.495 

814 6 16.5 60.71 115.84 487.335 

816 4 18.5 65.85 126.56 613.895 

818 2 20.5 70.09 135.94 749.835 

820 0 22.5 82.2 152.29 902.125 

 

Recreation Area Contours 
Table 7J:  Fisher lake recreation area elevation-area 

Elevation Area (ac) 

822 98.165 

824 108.8 



 
 

213 
 
 
 

 
 

  

 

826 120.154 

828 132.246 

830 144.121 

832 155.562 

834 178.651 

836 194.28 

838 210.577 

840 226.654 
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Precipitation Data 

 

Figure J. 3 NOAA Atlas 14 Depth-Duration-Frequency data 
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Table 8J: Comparison of precipitation depths in inches for NRCS and NOAA Atlas 14 

 
Design Storm Year 

 
1 2 5 10 25 50 100 

NRCS Storm 
Data - 3.3 4.2 4.8 5.6 6.2 6.8 

NOAA Atlas 
14 2.75 3.22 4.06 4.8 5.9 6.8 7.77 

 

Outlet Computations 

 

Figure J. 4 Measured outlet structure dimensions 
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Figure J. 5 Distance from outlet structure to discharge location 

 

 

Figure J. 6 Dam length 
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Figure J. 7 Outlet structure discharge calculations 
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Figure J. 8 Stage discharge relationship 
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1-year 

 

Figure J. 9 Plotted 1-yr storm discharge and storage 
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Figure J. 10 Tabulated information for 1-yr storm 

 

2-year 

 

Figure J. 11 Plotted 2-yr storm discharge and storage 
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Figure J. 12 Tabulated information for 2-yr storm 

 

5-year 

 

Figure J. 13 Plotted 5-yr storm discharge and storage 
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Figure J. 14 Tabulated information for 5-yr storm 

10-year 

 

Figure J. 15 Plotted 10-yr storm discharge and storage 
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Figure J. 16 Tabulated information for 10-yr storm 

25-year 

 

Figure J. 17 Plotted 25-yr storm discharge and storage 
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Figure J. 18 Tabulated information for 25-yr storm 

50-year 

 

Figure J. 19 Plotted 50-yr storm discharge and storage 
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Figure J. 20 Tabulated information for 50-yr storm 

100-year 

 

Figure J. 21 Plotted 100-yr storm discharge and storage 
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Figure J. 22 Tabulated information for 100-yr storm 

500-year 

 

Figure J. 23 Plotted 500-yr storm discharge and storage 
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Figure J. 24 Tabulated information for 500-yr storm 

 

 

Post-development HEC-HMS 
Table 9J:  increased impervious surfaces and curve number 

      
CN 

 

trails 
(ft3) everything else (ft3) 

total 
(ft3) total (ac) A B C D 

Gravel 110000 238300 
 

348300 7.995868 76 85 89 91 

Concrete 
 

38200 
 

38200 0.876951 98 98 98 98 

 

Table 10J: Post-development curve number calculation 

 
CN Area 

Pre-dev 83.68312 1422.289 

Post-dev 83.72746 
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1-year 

 

Figure J. 25 Plotted 1-yr storm discharge and storage 

  

Figure J. 26 Tabulated information for 1-yr storm 
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2-year 

 

Figure J. 27 Plotted 2-yr storm discharge and storage 

  

Figure J. 28 Tabulated information for 2-yr storm 
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5-year 

 

Figure J. 29 Plotted 5-yr storm discharge and storage 

  

Figure J. 30 Tabulated information for 5-yr storm 
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10-year 

 

Figure J. 31 Plotted 10-yr storm discharge and storage 

  

Figure J. 32 Tabulated information for 10-yr storm 
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25-year 

 

Figure J. 33  Plotted 25-yr storm discharge and storage 

  

Figure J. 34 Tabulated information for 25-yr storm 
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50-year 

 

Figure J. 35 Plotted 50-yr storm discharge and storage 

  

Figure J. 36 Tabulated information for 50-yr storm 
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100-year 

 

Figure J. 37 Plotted 100-yr storm discharge and storage 

  

Figure J. 38 Tabulated information for 100-yr storm 
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500-year 

 

Figure J. 39 Plotted 500-yr storm discharge and storage 

  

Figure J. 40 Tabulated information for 500-yr storm 

 

Table 11J:  Post-development peak inflow, peak storage, and discharge volume increase from pre-development 
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design year 
peak 
inflow 

% 
increase 

peak 
storage 

% 
increase 

discharge 
volume 

% 
increase 

1 2.5 0.254143 0.2 0.176523 0.18 14.0625 

2 2.7 0.209416 0.3 0.19802 0.25 15.06024 

5 3.1 0.166837 0.4 0.177069 0.42 17.72152 

10 3.2 0.134867 0.4 0.135044 0.71 23.50993 

25 3.4 0.107978 0.5 0.123274 1.29 31.93069 

50 3.4 0.089762 0.5 0.100442 1.8 36.96099 

100 7.4 0.165274 0.5 0.083445 2.4 41.59445 

500 13.3 0.214485 0.6 0.069808 4.07 50.30902 

 

 

Figure J. 41 Increase in peak inflow for pre- vs. post-development 
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Figure J. 42 Increase in peak storage for pre- vs. post-development 

 

Figure J. 43 Increase in discharge volume for pre- vs. post-development 
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Table 12J:  Total area and curve numbers for native planting and trees 

 
area (ft3) area (ac) delta CN CN 

Leach field 68700 1.57713499 -5 79 

Trees 3000 0.06887052 -10 74 

 

Table 13J:  Effect of planting natives and trees on curve number 

Postdev 83.7274618 

With 
Natives 83.7217486 
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Appendix K-Ramps and Docks 

 

Figure K. 1 Detail A 
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Figure K. 2 Detail B 

 

Figure K. 3 Detail C 
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Figure K. 4 DNR side profile example 

 

Figure K. 5 Groving detail from DNR 
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Figure K. 6 Notes from DNR 

 

Figure K. 7 Boat ramp alignments to design low of 818’ with at least 4’ of underwater depth at end 
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Figure K. 8 Boat ramp cross sections 

 

Figure K. 9 Boat ramp side profile 
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Figure K. 10 Boat ramp side profile and detail locations 

 

Figure K. 11 Boat ramp plan view 
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Figure K. 12 Gangway custom width view 
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Figure K. 13 Hinge connection to be featured on concrete abutments 
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Figure K. 14 Custom gangway specifications 1 
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Figure K. 15 Custom gangway specifications 2 
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Figure K. 16 Standard ADA compliant prefabricated Accudock kayak launch side view 

 



 
 

249 
 
 
 

 
 

  

 

 

Figure K. 17 Standard ADA compliant prefabricated Accudock kayak launch plan view 
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Figure K. 18 Dock 1/Northwest dock 

 

Figure K. 19 Westside dock 
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Figure K. 20 Dock 3/Venue Dock 

 

Figure K. 21 Existing dock retrofits 
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Appendix L-Parking Lots 

 

Figure L. 1 Number of parking spaces based on land use 
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Figure L. 2 Required number of ADA compliant parking spaces 

 

 

Figure L. 3 Southern peninsula parking area 
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Figure L. 4 Recreation Area parking lot 

 

Figure L. 5 Existing pavilion parking lot 
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Figure L. 6 East boat ramp parking lot 
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Appendix M-RV Campground 

 

Figure M. 1 RV parking area  
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Appendix N – Cabin Structural Calculations 
All structural calculations for the cabins are shown below. 
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Appendix O-Cost Estimate 

Phase 1 
Table 1O: Cost estimate for addition of water utilities 

Water Utilities 

Item 
Code Item Item Description Unit Unit Cost 

Quant
ity 

Total 
Cost 

Rounded 
Cost 

2554-
0112006 

WATER 
MAIN, 
TRENCHE
D, DIP, 6" 

WATER MAIN, 
TRENCHED, 
DUCTILE IRON PIPE 
(DIP), 6 IN. LF 

$6.00 10135 
$60,810.
00 

$61,000.0
0 

2554-
0207006 

VALVE, 
GATE, DIP, 
6" 

VALVE, GATE, DIP, 6 
IN. 

EAC
H 

$1,350.0
0 

31 
$41,850.
00 

$41,900.0
0 

2554-
0202200 

FITTINGS 
BY COUNT, 
DI, 6" 

FITTINGS BY 
COUNT, DUCTILE 
IRON, 

EAC
H 

$860.00 41 
$35,260.
00 

$35,300.0
0 

 

   

  Subtotal 
$138,200.
00 

 

 

Table 2O: Cost estimate for Existing Pavilion Restroom 
  

Existing Pavilion Restroom 

Item 
Code Item Item Description Unit Unit Cost 

Quant
ity 

Total 
Cost 

Rounded 
Cost 

-- 
Roof 
Assembly - SF 

$4.25 304 
$1,290.9
1 

$1,300.00 
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-- 
Exterior 
Walls - SF 

$6.50 494 
$3,208.4
2 

$3,200.00 

-- 
Partition 
Walls - SF 

$4.03 113 $456.54 $455.00 

-- Urinals - 
EAC
H 

$424.09 2 $848.19 $850.00 

-- Stalls - 
EAC
H 

$525.36 1 $525.36 $525.00 

-- ADA Stalls - 
EAC
H 

$595.90 2 
$1,191.8
1 

$1,200.00 

-- 
Restroom 
Sink - 

EAC
H 

$259.25 3 $777.74 $780.00 

-- Door - 
EAC
H 

$760.29 2 
$1,520.5
8 

$1,525.00 

-- 

Air Hand 
Dryer + 
Wiring - 

EAC
H 

$282.73 2 $565.46 $565.00 

-- 
Soap 
Dispenser - 

EAC
H 

$59.96 3 $179.89 $180.00 

-- 

Multi-Roll 
Toilet 
Paper 
Dispenser - 

EAC
H 

$71.66 3 $214.97 $215.00 

-- 
Medium 
Mirror - 

EAC
H 

$249.59 1 $249.59 $250.00 

-- 
Small 
Mirror - 

EAC
H 

$85.12 1 $85.12 $85.00 

-- Plumbing - 
EAC
H 

$4,467.4
3 

1 
$4,467.4
3 

$4,475.00 
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-- Lighting - 
EAC
H 

$191.95 4 $767.81 $770.00 

-- Electrical - SF 
$14.57 303 

$4,418.4
5 

$4,425.00 

-- 
Outdoor 
Lighting - 

EAC
H 

$116.40 4 $465.59 $465.00 

     

 Subtotal 
$21,265.0
0 

Table 3O: Cost estimate for Existing Pavilion septic system 
   

Existing Pavilion Septic 

Item 
Code Item Item Description Unit Unit Cost 

Quant
ity 

Total 
Cost 

Rounded 
Cost 

2102-
2710070 Excavation 

EXCAVATION, 
CLASS 10, 
ROADWAY AND 
BORROW CY 

$8.56 234 
$2,003.0
4 

$2,000.00 

-- Tanks 
Septic Tank, 1500 
Gallons or Less 

EAC
H 

$3,040.0
0 

1 
$3,040.0
0 

$3,050.00 

4010-A-
1004 

Pipes and 
Trenching 8" PVC Pipe LF 

$85.00 648 
$55,080.
00 

$55,000.0
0 

      
Subtotal 

$60,050.0
0 

Table 4O: Cost estimate for walking trails 
    

Walking Trails 

Item 
Code Item Item Description Unit Unit Cost 

Quant
ity 

Total 
Cost 

Rounded 
Cost 

2102-
2710070 Cut/Fill 

EXCAVATION, 
CLASS 10, 

CY 
$8.56 27500 

$235,400
.00 

$235,500.
00 
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ROADWAY AND 
BORROW 

2312-
8260050 

6" 
Granular 
Surface 

GRANULAR 
SURFACING ON 
ROAD, CLASS A 
CRUSHED STONE CY 

$77.00 3650 
$281,050
.00 

$281,000.
00 

2107-
0875000 

Compacti
on of 
Surfacing 

COMPACTION WITH 
MOISTURE AND 
DENSITY CONTROL CY 

$2.00 3650 
$7,300.0
0 

$7,300.00 

-- 
Park 
Benches 

ParkCatalog 6' 
Recycled Plastic 
Traditional Bench 

EAC
H 

$1,070.0
0 

5 
$5,350.0
0 

$5,350.00 

-- Bike Rack 
ParkCatalog 7 Bike 
Wave Rack 

EAC
H 

$800.00 1 $800.00 $800.00 

      
Subtotal 

$529,950.
00 

Table 5O: Cost estimate for West Dock 
     

West Dock 

Item 
Code Item Item Description Unit Unit Cost 

Quant
ity 

Total 
Cost 

Rounded 
Cost 

HD-
DOCK 

Floating 
Dock 
Segment 

18'x18' w/ Kayak 
Launch 

EAC
H 

$18,000.
00 1 

$18,000.
00  

$18,000.0
0  

ACC-
EDGE 

Edge 
Guard 

2-1/2" Roll Off 
Guard 

EAC
H $22.00 70 

$1,540.0
0  $1,550.00  

ACC-
308SF 

Safe 
Launch 
Platform - 

EAC
H $929.00 1 $929.00  $930.00  



 
 

281 
 
 

 
 

  

 
 

ACC-TRF 

ADA 
Transfer 
Platform - 

EAC
H 

$4,000.0
0 1 

$4,000.0
0  $4,000.00  

ACC-SR2 
Side 
Railing Kayak Accessory 

EAC
H $179.00 2 $358.00  $360.00  

CON-
UWI Connector 

Underwater Beam 
Connector 

EAC
H $299.00 1 $299.00  $300.00  

ATT-AC1 

Anchor 
Chain 
Brachet - 

EAC
H $130.00 10 

$1,300.0
0  $1,300.00  

Misc Ganway 6'x18' 
EAC
H 

$5,400.0
0 1 

$5,400.0
0  $5,400.00  

GAN-HP6 
Hinge 
Plate 6' Landside 

EAC
H $659.00 1 $659.00  $660.00  

GAN-CP6 
Hinge 
Plate 6' Dockside 

EAC
H $659.00 1 $659.00  $660.00  

GAN-CTA 
Control 
Arm 15' Heavy Duty 

EAC
H 

$1,800.0
0 1 

$1,800.0
0  $1,800.00  

GAN-HP3 
Hinge 
Plate 3' Landside 

EAC
H $369.00 1 $369.00  $370.00  

GAN-CP3 
Hinge 
Plate  3' Dockside 

EAC
H $369.00 1 $369.00  $370.00  

GAN-
COH 

Compensa
tion Float - 

EAC
H $999.00 2 

$1,998.0
0  $2,000.00  

-- 

Shipping 
Items to 
Site Shipping 

EAC
H 

$4,496.0
0 1 

$4,496.0
0  $4,500.00  

      
Subtotal 

$42,200.0
0  
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Table 6O: Cost estimate for softball seating 
     

Softball Seating 

Item 
Code Item Item Description Unit Unit Cost 

Quant
ity 

Total 
Cost 

Rounded 
Cost 

-- 
Softball 
Bleachers 

4 Row Low-Rise 
Aluminum 
Bleachers 

EAC
H 

$4,579.0
0 

4 
$18,316.
00 

$18,300.0
0 

      
Subtotal 

$18,300.0
0 

Table 7O: Cost estimate for frisbee golf upgrades 
    

Frisbee Golf Upgrades 

Item 
Code Item Item Description Unit Unit Cost 

Quant
ity 

Total 
Cost 

Rounded 
Cost 

-- Tee Marker 

StandardGolf Disc 
Golf Tee and 
Distance Marker 

EAC
H 

$129.00 18 
$2,322.0
0 

$2,325.00 

      
Subtotal $2,325.00 

Table 8O: Cost estimate for additional trees 
     

Tree Planting 

Item 
Code Item Item Description Unit Unit Cost 

Quant
ity 

Total 
Cost 

Rounded 
Cost 

2610-
0000120 TREES 

American Pillar 
Arbovitae 

EAC
H 

$35.00 130 
$4,550.0
0 

$4,550.00 

      
Subtotal $4,550.00 

Table 9O: Cost estimate for erosion control 
     

Erosion Control 
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Item 
Code Item Item Description Unit Unit Cost 

Quant
ity 

Total 
Cost 

Rounded 
Cost 

2507-
6800042 Rip-Rap 

REVETMENT, CLASS 
D TON 

$65.00 3853 
$250,412
.50 

$250,500.
00 

2507-
6800061 Rip-Rap 

REVETMENT, CLASS 
E TON 

$65.00 3853 
$250,412
.50 

$250,500.
00 

    

  Subtotal 
$501,000.
00 

Table 10O: Cost estimate for Existing boat ramp improvements    

Existing Ramp Enhancements 

Item 
Code Item Item Description Unit Unit Cost 

Quant
ity 

Total 
Cost 

Rounded 
Cost 

HD-
DOCK 

25'x16' 
ADA kayak 
launch 25'x16' 

EAC
H 

$25,560.
00  1 

$25,560.
00  

$25,600.0
0  

ACC-
EDGE 

Edge 
Gaurd 2-1/2" roll off guard 

EAC
H $22.00  83 

$1,826.0
0  $1,825.00  

ACC-
308SF 

Safe 
Launch 
Platform - 

EAC
H $929.00  1 $929.00  $930.00  

ACC-TRF 

ADA 
Transfer 
Platform - 

EAC
H 

$4,000.0
0  1 

$4,000.0
0  $4,000.00  

ACC-SR2 
Side 
Railing Kayak Accessory 

EAC
H $179.00  2 $358.00  $360.00  

CON-
UWI Connector 

Underwater Beam 
Connector 

EAC
H $299.00  1 $299.00  $300.00  
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ATT-AC1 

Anchor 
Chain 
Brachet - 

EAC
H $130.00  16 

$2,080.0
0  $2,075.00  

ATT-SSS 

Flat 
Surface 
Assembly - 

EAC
H $375.00  2 $750.00  $750.00  

Misc. 
Mini 
Gangway 6'x4' 

EAC
H 

$12,150.
00  1 

$12,150.
00  

$12,200.0
0  

GAN-HP6 
Hinge 
Plate 6'  

EAC
H $659.00  1 $659.00  $660.00  

GAN-RA 

Gangway 
Roller 
Assembly - 

EAC
H $299.00  2 $598.00  $600.00  

GAN-RP 

Roller Pad 
w/ 
Hardware - 

EAC
H $299.00  1 $299.00  $300.00  

GAN-TP6 
Transition 
Plate 6' 

EAC
H $799.00  1 $799.00  $800.00  

-- 

Concrete 
Anchors 
and Chain 

Concrete Anchors 
(Heavy Duty) 

EAC
H $180.00  5 $900.00  $900.00  

-- Shipping   
EAC
H 

$3,872.0
0  1 

$3,872.0
0  $3,875.00  

      
Subtotal 

$55,175.0
0  

Table 11O: Total estimated cost for Phase 1 
     

Lake Fisher Phase 1 Cost 

Item 
Code Item Item Description Unit Unit Cost 

Quant
ity 

Total 
Cost 

Rounded 
Cost 
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2533-
4980005 

Mobilizatio
n MOBILIZATION LS 

$137,301
.50 

1 
$137,301
.50 

$137,500.
00 

        
    

Design 
Features  

$1,373,01
5.00 

            
Continge
ncy 40% 

      

Phase 1 
Total 

$2,114,72
1.00 

 

Phase 2 
Table 12O: Cost estimate for two cabins and associated septic system 

2 Cabins and Septic 

Item 
Code Item 

Item 
Description Unit Unit Cost 

Quanti
ty Total Cost 

Rounded 
Cost 

-- 
Cabinets, 
Kitchen 

35-1/2" 
Wide, 24" 
Deep LF 

$212.40 10 $2,124.00 $2,125.00 

-- Countertops 

Square 
Edge, 
Separate 
Backsplash LF 

$25.33 10 $253.30 $255.00 

-- 
Sills, Pier Blocks, 
Floor Beams - SF 

$0.80 700 $560.00 $560.00 

-- 

Floor Joists 16" 
OC, R38 
Insulation, 3/4" 
OSB Subflooring 2x8 Joists SF 

$5.74 700 $4,018.00 $4,025.00 

-- Girders 
2 1/2x12 
3/8 Glu. LF 

$16.50 26 $429.00 $430.00 
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-- 

Layout, Backing, 
Blocking,Framin
g For Openings 

Studs, Sole 
Plates, 
Header/En
d Joists, 
Bracing SF 

$5.52 700 $3,864.00 $3,875.00 

-- 
Roof Truss 
Assembly 

Truss with 
2x6,8,12 
Web, 
Bottom, 
Top SF 

$2,394.5
7 

1 $2,394.57 $2,400.00 

-- Roof Sheathing 
Small Job + 
6 on 12 SF 

$0.40 700 $280.00 $280.00 

-- 
Doors, Prehung 
Exterior 

36x84, 
Rustic 

EAC
H 

$838.10 2 $1,676.20 $1,675.00 

-- Windows 12'x6' 
EAC
H 

$403.00 1 $403.00 $405.00 

-- Windows 8'x6' 
EAC
H 

$3,667.0
0 

1 $3,667.00 $3,675.00 

-- Windows 5'x6' 
EAC
H 

$4,317.0
0 

3 $12,951.00 $13,000.00 

-- Concrete Slab - SF $5.66 854 $4,833.64 $4,825.00 

-- Foundation - CY $670.00 14 $9,380.00 $9,375.00 

-- Painting, Interior 
3 Coats, 
Paint SF 

$4.10 700 $2,870.00 $2,875.00 

-- Shower Stalls 
Acrylic, 
48x35x72 

EAC
H 

$2,119.0
0 

1 $2,119.00 $2,125.00 

-- WC 

Floor 
Mounted, 
Residential 

EAC
H 

$615.40 1 $615.40 $615.00 
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-- Lavatories - 
EAC
H 

$381.00 1 $381.00 $380.00 

-- Kitchen Sinks 1 Bowl 
EAC
H 

$651.20 1 $651.20 $650.00 

-- 
Whole House 
Plumbing 

Single 
Story, Total 

EAC
H 

$4,813.0
0 

1 $4,813.00 $4,825.00 

-- Electrical - SF $14.57 700 $10,199.00 $10,200.00 

2102-
27100
70 Excavation 

EXCAVATIO
N, CLASS 
10, 
ROADWAY 
AND 
BORROW CY 

$8.56 318 $2,723.27 $2,725.00 

-- Tanks 

Septic 
Tank, 
Greater 
than 1500 
Gallons 

EAC
H 

$3,220.0
0 

1 $3,220.00 $3,225.00 

4010-
A-
1004 

Pipes and 
Trenching 8" PVC Pipe LF 

$85.00 881 $74,885.00 $75,000.00 

      
Subtotal 

$149,525.0
0 

      

Amount of 
Cabins 

2 

      
Total Cost 

$299,050.0
0 
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Table 13O: Cost estimate for recreation area 

 
 
Recreational Area (Courts, Restroom, Parking)  

Item 
Code Item 

Item 
Description Unit Unit Cost 

Quanti
ty Total Cost 

Rounded 
Cost 

-- Basketball Court 

Earthwork, 
Surfacing, 
Drainage, 
Lighting, 
and 
Fencing of 
Basketball 
Court LS 

$63,480.
00 

1 $63,480.00 $63,500.00 
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-- 

Dual 
Tennis/Pickleball 
Court 

Earthwork, 
Surfacing, 
Drainage, 
Lighting, 
and 
Fencing of 
Tennis 
Court LS 

$163,296
.00 

2 
$326,592.0
0 

$326,500.0
0 

2312-
82600
50 

6" Granular 
Surface 

GRANULAR 
SURFACIN
G ON 
ROAD, 
CLASS A 
CRUSHED 
STONE CY 

$77.00 441 $33,987.03 $34,000.00 

2107-
08750
00 

Compaction of 
Surfacing 

COMPACTI
ON WITH 
MOISTURE 
AND 
DENSITY 
CONTROL CY 

$2.00 441 $882.78 $885.00 

-- Concrete stops 

Precast 
Concrete 
Parking 
Wheel 
Stops 

EAC
H 

$200.00 21 $4,200.00 $4,200.00 

2524-
93250
01 

ADA Parking Sign 
R7-8 

TYPE A 
SIGNS, 
SHEET 
ALUMINUM SF 

$27.00 2 $40.50 $41.00 

-- Concrete Slab - SF $5.66 2113 $11,961.58 $12,000.00 

-- 
Columns/Found
ation - CY 

$670.00 44 $29,286.01 $29,300.00 
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-- Roof Assembly - SF $4.25 1647 $7,001.23 $7,000.00 

-- 
CMU Block 
Walls - SF 

$15.10 1238 $18,691.52 $18,700.00 

-- Partition Walls - SF $4.03 1087 $4,379.26 $4,375.00 

-- Urinals - 
EAC
H 

$424.09 2 $848.19 $850.00 

-- Stalls - 
EAC
H 

$525.36 6 $3,152.17 $3,150.00 

-- ADA Stalls - 
EAC
H 

$595.90 1 $595.90 $595.00 

-- Restroom Sink - 
EAC
H 

$259.25 7 $1,814.72 $1,825.00 

-- Laundry Sink - 
EAC
H 

$677.86 1 $677.86 $680.00 

-- Door - 
EAC
H 

$760.29 7 $5,322.02 $5,325.00 

-- 
Changing 
Station - 

EAC
H 

$349.19 1 $349.19 $350.00 

-- 
Air Hand Dryer + 
Wiring - 

EAC
H 

$282.73 5 $1,413.65 $1,425.00 

-- Soap Dispenser - 
EAC
H 

$59.96 7 $419.73 $420.00 

-- 
Multi-Roll Toilet 
Paper Dispenser - 

EAC
H 

$71.66 6 $429.94 $430.00 

-- Large Mirror - 
EAC
H 

$438.95 2 $877.89 $880.00 

-- Small Mirror - 
EAC
H 

$85.12 1 $85.12 $85.00 
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-- Robe Hook - 
EAC
H 

$18.63 4 $74.52 $75.00 

-- 
Shower Rod and 
Curtain - 

EAC
H 

$75.83 4 $303.34 $305.00 

-- Restroom Bench - 
EAC
H 

$263.24 2 $526.48 $525.00 

-- Plumbing - 
EAC
H 

$4,467.0
0 

1 $4,467.43 $4,475.00 

-- 
Electric Heating 
12.5kW - 

EAC
H 

$1,967.0
0 

1 $1,966.86 $1,975.00 

-- 
Electric Water 
Heater 50 gal - 

EAC
H 

$817.28 1 $817.28 $815.00 

-- Solar Cost 5kW - 
EAC
H 

$14,387.
00 

1 $14,387.10 $14,400.00 

-- Lighting - 
EAC
H 

$191.95 17 $3,263.18 $3,275.00 

-- Electrical - SF $14.57 1293 $18,845.76 $18,800.00 

-- Outdoor Lighting - 
EAC
H 

$116.40 8 $931.17 $930.00 

    

  Subtotal 
$562,091.0
0 

Table 14O: Cost estimate for Rec Area septic    

Recreational Restroom Septic 

Item 
Code Item 

Item 
Description Unit Unit Cost 

Quanti
ty Total Cost 

Rounded 
Cost 

2102-
27100
70 Excavation 

EXCAVATIO
N, CLASS 
10, 
ROADWAY 

CY 

$8.56 760.5 $6,509.88 $760.00 
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AND 
BORROW 

-- Tanks 

Septic 
Tank, 
Greater 
than 1500 
Gallons 

EAC
H 

$3,220.0
0 

1 $3,220.00 $3,225.00 

4010-
A-
1004 

Pipes and 
Trenching 8" PVC Pipe LF 

$85.00 2106 
$179,010.0
0 

$179,000.0
0 

  
Subtotal 

$182,985.0
0 

Table 15O: Cost estimate for wetlands 
      

Item 
Code Item 

Item 
Description Unit Unit Cost 

Quanti
ty Total Cost 

Rounded 
Cost 

2601-
26360
18 

WETLAND 
GRASS SEEDING 

WETLAND 
GRASS 
SEEDING 

ACR
E 

$7,000.0
0 

4 $28,000.00 $28,000.00 

  
Subtotal $28,000.00 

Table 16O: Cost estimate for planting of native grasses 
    

Item 
Code Item 

Item 
Description Unit Unit Cost 

Quanti
ty Total Cost 

Rounded 
Cost 

9010-
H-
1000 Natives 

Standard 
Forbs Mix 

ACR
E 

$6,000.0
0 

2.9 $17,400.00 $17,400.00 

    
  Subtotal $17,400.00 

Table 17O: Cost estimate for the dog park    
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Item 
Code Item 

Item 
Description Unit Unit Cost 

Quanti
ty Total Cost 

Rounded 
Cost 

 -- Park Benches 

ParkCatalo
g 6' 
Recycled 
Plastic 
Traditional 
Bench 

EAC
H 

$1,070.0
0 

2 $2,140.00 $2,150.00 

9060-
A Chainlink Fence   LF 

$36.50 1250 $45,625.00 $45,600.00 

-- Trash Can 

Tidy Up 
Trash 
Receptacle 
w/ Lid and 
Liner 

EAC
H 

$1,166.0
0 

1 $1,166.00 $1,175.00 

-- 

Doggie Bad 
Dispenser 
Station 

DOGIPOT 
Header Pak 
Pet Station 

EAC
H 

$464.00 2 $928.00 $930.00 

-- Fence Entrance - 
EAC
H 

$2,160.0
0 

4 $8,640.00 $8,650.00 

-- Gates - 
EAC
H 

$5,600.0
0 

2 $11,200.00 $11,200.00 

-- Water Fountain 

ADA Fido & 
Me Water 
Fountain 

EAC
H 

$5,980.0
0 

2 $11,960.00 $12,000.00 

-- Obstacle Course 

Park 
Warehouse 
Novide Dog 
Park Agility 
Course 

EAC
H 

$4,959.0
0 

1 $4,959.00 $4,950.00 

      
Subtotal $86,655.00 
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Table 18O: Cost estimate for west beach 
      

Item 
Code Item 

Item 
Description Unit Unit Cost 

Quanti
ty Total Cost 

Rounded 
Cost 

-- 
Sand 

Washed 
Recreation
al Sand CY 

$44.80 1780 $79,754.17 $80,000.00 

    
  Subtotal $80,000.00 

        
Table 19O: Biking Trails 

Item 
Code Item 

Item 
Description Unit Unit Cost 

Quanti
ty Total Cost 

Rounded 
Cost 

2312-
82600
50 

6" Granular 
Surface 

GRANULAR 
SURFACIN
G ON 
ROAD, 
CLASS A 
CRUSHED 
STONE CY 

$77.00 1606 
$123,662.0
0 

$123,500.0
0 

2107-
08750
00 

Compaction of 
Surfacing 

COMPACTI
ON WITH 
MOISTURE 
AND 
DENSITY 
CONTROL CY 

$2.00 1606 $3,212.00 $3,200.00 

    

  Subtotal 
$126,700.0
0 

        
Table 20O: RV Park 

Item 
Code Item 

Item 
Description Unit Unit Cost 

Quanti
ty Total Cost 

Rounded 
Cost 
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2312-
82600
50 

6" Granular 
Surface 

GRANULAR 
SURFACIN
G ON 
ROAD, 
CLASS A 
CRUSHED 
STONE CY 

$77.00 1429 
$110,002.2
0 

$110,000.0
0 

2107-
08750
00 

Compaction of 
Surfacing 

COMPACTI
ON WITH 
MOISTURE 
AND 
DENSITY 
CONTROL CY 

$2.00 1429 $2,857.20 $2,850.00 

-- Water Hookup 
RV Water 
Hookup 

EAC
H 

$700.00 10 $7,000.00 $7,000.00 

-- Electric Hookup 
RV Electric 
hookup 

EAC
H 

$1,200.0
0 

10 $12,000.00 $12,000.00 

-- Picnic Bench 

ProWood 
71-in 
Brown 
Southern 
yellow pine 
Rectangle 
Picnic 
Table 59" X 
71" 

EAC
H 

$400.00 10 $4,000.00 $4,000.00 

-- Campfire 

30 in. 
Outdoor 
Wood 
Burning 
Fire Pit with 
Cooking 
Grill 

EAC
H 

$100.00 10 $1,000.00 $1,000.00 
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  Subtotal 
$136,850.0
0 

        
Table 21O: RV Park Dumping Station/Septic 

Item 
Code Item 

Item 
Description Unit Unit Cost 

Quanti
ty Total Cost 

Rounded 
Cost 

2102-
27100
70 Excavation 

EXCAVATIO
N, CLASS 
10, 
ROADWAY 
AND 
BORROW CY 

$8.56 657 $5,619.64 $5,625.00 

-- 

Tanks 

Septic 
Tank, 
Greater 
than 1500 
Gallons 

EAC
H 

$3,220.0
0 

1 $3,220.00 $3,225.00 

4010-
A-
1004 

Pipes and 
Trenching 8" PVC Pipe LF 

$85.00 1818 
$154,530.0
0 

$154,500.0
0 

      
Subtotal 

$163,350.0
0 

        
Table 22O: Green Playground 

Item 
Code Item 

Item 
Description Unit Unit Cost 

Quanti
ty Total Cost 

Rounded 
Cost 

-- Hank Drum 
With Feet 
(Portable) 

EAC
H 

$537.95 
3 

$1,613.85 $1,625.00 

-- Wind Chimes - 
EAC
H 

$319.95 
1 

$319.95 $320.00 

-- Pedestal Pipes 
Mounted in 
Ground 

EAC
H 

$528.95 
1 

$528.95 $530.00 
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-- Musical Fences 6' 
EAC
H 

$1,499.9
5 1 

$1,499.95 $1,500.00 

-- Hollow Log 
4' Long 23" 
Interior 

EAC
H 

$2,899.9
5 2 

$5,799.90 $5,800.00 

-- Fort 
11' 
octagonal 

EAC
H 

$2,799.9
5 1 

$2,799.95 $2,800.00 

-- 
Sitting Stumps 
(set of 4) "steps" - 

EAC
H 

$269.95 
2 

$539.90 $540.00 

-- 
Picnic Table 
(child) - 

EAC
H 

$324.95 
2 

$649.90 $650.00 

-- Weather Station 
Below 3000 
ft 

EAC
H 

$1,394.9
5 1 

$1,394.95 $1,400.00 

-- 
Magnifying 
Station with Post - 

EAC
H 

$302.95 
1 

$302.95 $305.00 

-- Log Benches 

Whole Log 
Bench, on 
Log 
Supports 

EAC
H 

$309.95 

5 

$1,549.75 $1,550.00 

-- Chin Up Bars (2 bars) 
EAC
H 

$389.95 
1 

$389.95 $390.00 

-- Balance Beams 8' 
EAC
H 

$249.95 
1 

$249.95 $250.00 

-- Post Walk 5-12 yrs 
EAC
H 

$999.95 
1 

$999.95 $1,000.00 

-- 
Boulders and 
Rocks 

Boulder ~ 
24-30" 

EAC
H 

$379.95 
3 

$1,139.85 $1,150.00 

-- 
Spiderweb 
Climbing Net 

Spiderweb 
Horizontal 
Net 12' x 

EAC
H 

$2,699.9
5 1 

$2,699.95 $2,700.00 
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12' with 
Posts 

-- Tree Decks 

12' 
Octagon 6' 
H 

EAC
H 

$7,166.9
5 

1 
$7,166.95 $7,175.00 

-- 
Net Climb for 
Decks 6' Deck 

EAC
H 

$999.95 
1 

$999.95 $1,000.00 

-- 

Embankment 
Slides (3 foot 
drop to 35 foot 
drop) 6' 

EAC
H 

$3,049.9
5 

1 

$3,049.95 $3,050.00 

-- 

Wood Protector 
and Preservative 
(1 gallon) Log Oil 

EAC
H 

$82.95 
1 

$82.95 $83.00 

-- 

Wood Protector 
and Preservative 
(1 gallon) 

Lumber 
Protector 
and 
Preservativ
e (1 gallon) 

EAC
H 

$65.95 

1 

$65.95 $66.00 

-- Shipping Total - LS 
$2,798.6
8 1 

$2,798.68 $2,800.00 

-- 
Wood Chip 
Surfacing - CY 

$40.00 
135.00 

$5,400.00 $5,400.00 

-- Design Services - LS 
$8,500.0
0 1 

$8,500.00 $8,500.00 

-- Contingency 
10% of 
Budget LS 

$10,000.
00 1 

$10,000.00 $10,000.00 

-- Labor 

45% of 
Budget 
excluding 
Contingenc

LS 

$44,000.
00 

1 

$44,000.00 $44,000.00 
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y (Crew 4-5, 
350 hrs) 

-- CPSI Inspection LS 
$1,000.0
0 1 

$1,000.00 $1,000.00 

      
Subtotal 

$105,584.0
0 

        
Table 23O: Lake Fisher Phase 2 Cost 

Item 
Code Item 

Item 
Description Unit Unit Cost 

Quanti
ty Total Cost 

Rounded 
Cost 

2533-
49800
05 Mobilization 

MOBILIZATI
ON LS 

$178,866
.50 

1 
$178,866.5
0 

$179,000.0
0 

2102-
27100
70 Cut/Fill 

EXCAVATIO
N, CLASS 
10, 
ROADWAY 
AND 
BORROW CY 

$8.56 
14223
7 

$1,217,548
.72 

$1,217,500
.00 

        
    

Design 
Features  

$1,788,665
.00 

            
Contingen
cy 40% 

      

Phase 2 
Total 

$2,754,731
.00 

 

Phase 3 
Table 24O: Venue 

Item 
Code Item 

Item 
Description Unit Unit Cost 

Quanti
ty Total Cost 

Rounded 
Cost 
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-- Concrete Slab - SF 
$5.66 8750 

$49,542.6
8 

$49,500.00 

-- 
Columns/Found
ation - CY 

$670.00 51 
$34,379.2
3 

$34,400.00 

-- Roof Assembly - SF 
$4.25 5775 

$24,550.4
3 

$24,600.00 

-- 
Decorative Wood 
Paneling - SF 

$4.29 5775 
$24,764.8
4 

$24,800.00 

-- Trusses - 
EAC
H 

$740.66 23 
$17,035.1
2 

$17,000.00 

-- 
Lumber 
Column/Girder - LF 

$21.94 440 $9,647.30 $9,650.00 

-- Lighting - 
EAC
H 

$131.34 21 $2,758.15 $2,750.00 

-- Electrical - SF 
$14.57 4455 

$64,921.5
6 

$65,000.00 

      
Subtotal 

$227,700.0
0 

        
Table 25O: Venue Parking 

Item 
Code Item 

Item 
Description Unit Unit Cost 

Quanti
ty Total Cost 

Rounded 
Cost 

2312-
82600
50 

6" Granular 
Surface 

GRANULAR 
SURFACIN
G ON 
ROAD, 
CLASS A 
CRUSHED 
STONE CY 

 $               
77.00  

1278 
 $                   
98,389.06  

 $         
98,500.00  
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2107-
08750
00 

Compaction of 
Surfacing 

COMPACTI
ON WITH 
MOISTURE 
AND 
DENSITY 
CONTROL CY 

 $                 
2.00  

1278 
 $                     
2,555.56  

 $           
2,550.00  

-- Concrete stops 

Precast 
Concrete 
Parking 
Wheel 
Stops 

EAC
H 

$200.00 217 
$43,400.0
0 

$43,400.00 

2524-
93250
01 

ADA Parking Sign 
R7-8 

TYPE A 
SIGNS, 
SHEET 
ALUMINUM SF 

 $               
27.00  

11 
 $                         
283.50  

 $              
285.00  

      
Subtotal 

 $       
144,735.00  

        
Table 26O: Venue Restroom 

Item 
Code Item 

Item 
Description Unit Unit Cost 

Quanti
ty Total Cost 

Rounded 
Cost 

-- Concrete Slab - SF $5.66 1208 $6,840.29 $6,850.00 

-- 
Columns/Found
ation - CY 

$670.00 31 
$20,600.7
3 

$20,600.00 

-- Roof Assembly - SF $4.25 879 $3,734.80 $3,725.00 

-- CMU Block Walls - SF 
$15.10 784 

$11,832.2
7 

$11,800.00 

-- Partition Walls - SF $4.03 458 $1,844.20 $1,850.00 

-- Urinals - 
EAC
H 

$424.09 2 $848.19 $850.00 
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-- Stalls - 
EAC
H 

$525.36 4 $2,101.44 $2,100.00 

-- ADA Stalls - 
EAC
H 

$595.90 1 $595.90 $595.00 

-- Restroom Sink - 
EAC
H 

$259.25 5 $1,296.23 $1,300.00 

-- Door - 
EAC
H 

$760.29 4 $3,041.15 $3,050.00 

-- Changing Station - 
EAC
H 

$349.19 1 $349.19 $350.00 

-- 
Air Hand Dryer + 
Wiring - 

EAC
H 

$282.73 5 $1,413.65 $1,425.00 

-- Soap Dispenser - 
EAC
H 

$59.96 5 $299.81 $300.00 

-- 
Multi-Roll Toilet 
Paper Dispenser - 

EAC
H 

$71.66 5 $358.29 $360.00 

-- Medium Mirror - 
EAC
H 

$249.59 2 $499.19 $500.00 

-- Small Mirror - 
EAC
H 

$85.12 1 $85.12 $85.00 

-- Plumbing - 
EAC
H 

$4,467.00 1 $4,467.43 $4,475.00 

-- 
Electric Heating 
12.5kW - 

EAC
H 

$1,967.00 1 $1,966.86 $1,975.00 

-- 
Electric Water 
Heater 50 gal - 

EAC
H 

$817.28 1 $817.28 $815.00 

-- Solar Cost 5kW - 
EAC
H 

$14,387.0
0 

1 
$14,387.1
0 

$14,400.00 
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-- Lighting - 
EAC
H 

$191.95 10 $1,919.52 $1,925.00 

-- Electrical - SF $14.57 605 $8,816.51 $8,825.00 

-- Outdoor Lighting - 
EAC
H 

$116.40 6 $698.38 $700.00 

    
  Subtotal $88,855.00 

        
Table 27O: Venue Septic 

Item 
Code Item 

Item 
Description Unit  Unit Cost  

Quanti
ty 

 Total 
Cost  

 Rounded 
Cost  

2102-
27100
70 Excavation 

EXCAVATIO
N, CLASS 
10, 
ROADWAY 
AND 
BORROW CY 

$8.56 1261 
$10,794.1
6 

$10,800.00 

-- 

Tanks 

Septic 
Tank, 
Greater 
than 1500 
Gallons 

EAC
H 

$3,220.00 1 $3,220.00 $3,225.00 

4010-
A-1004 

Pipes and 
Trenching 8" PVC Pipe LF 

$85.00 3492 
$296,820.
00 

$297,000.0
0 

      
Subtotal 

$311,025.0
0 

        
Table 28O: Trailhead 

Item 
Code Item 

Item 
Description Unit  Unit Cost  

Quanti
ty 

 Total 
Cost  

 Rounded 
Cost  
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-- 
Trailhead 
Signage 

Nu-Fram 
Signage 

EAC
H 

$5,000.00 1 $5,000.00 $5,000.00 

    
  Subtotal $5,000.00 

 
   

    

Table 29O: South Dock 

Item 
Code Item 

Item 
Description Unit  Unit Cost  

Quanti
ty 

 Total 
Cost  

 Rounded 
Cost  

HD-
DOCK 

Floating dock 
segment 20'x54' 

EAC
H 

$64,800.0
0 

1 
$64,800.0
0 

$65,000.00 

HD-
DOCK 

Floating dock 
segment 20'x18' 

EAC
H 

$21,600.0
0 

2 
$43,200.0
0 

$43,200.00 

HD-
DOCK 

Floating dock 
segment 4'x12' 

EAC
H 

$2,880.00 3 $8,640.00 $8,650.00 

PKG-
TRF2 

ADA Kayak 
Launch 12'x18' - 

EAC
H 

$11,520.0
0 

1 
$11,520.0
0 

$11,500.00 

ACC-
BSHD Bump Strip 4" 

EAC
H 

$19.00 320 $6,080.00 $6,075.00 

ACC-
CHD1
0 10" Cleat 

S-Style 
Aluminum  

EAC
H 

$40.00 6 $240.00 $240.00 

ACC-
RL3 Railing 

Heavy Duty 
Triple 
Aluminum  

EAC
H 

$75.00 100 $7,500.00 $7,500.00 

ACC-
308SF 

Safe Launch 
Platform - 

EAC
H 

$929.00 1 $929.00 $930.00 

ACC-
TRF 

ADA Transfer 
Platform - 

EAC
H 

$4,000.00 1 $4,000.00 $4,000.00 

ACC-
SR2 Side Railing 

Kayak 
Accessory 

EAC
H 

$179.00 2 $358.00 $360.00 
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-- 

Concrete 
anchors and 
chain - 

EAC
H 

$180.00 8 $1,440.00 $1,450.00 

CON-
UWI Connector 

Underwater 
Beam 
Connector 

EAC
H 

$299.00 1 $299.00 $300.00 

ATT-
AC1 

Anchor Chain 
Brachet - 

EAC
H 

$130.00 30 $3,900.00 $3,900.00 

Misc Gangway  6'x32' 
EAC
H 

$12,150.0
0 

2 
$24,300.0
0 

$24,300.00 

GAN-
HP6 Hinge Plate 6' Landside 

EAC
H 

$659.00 2 $1,318.00 $1,325.00 

GAN-
RA 

Gangway Roller 
Assembly - 

EAC
H 

$299.00 4 $1,196.00 $1,200.00 

GAN-
RP 

Roller Pad w/ 
Hardware - 

EAC
H 

$299.00 2 $598.00 $600.00 

GAN-
TP6 Transition Plate 6' Width 

EAC
H 

$799.00 2 $1,598.00 $1,600.00 

-- Shipping - 
EAC
H 

$20,233.0
0 

1 
$20,233.0
0 

$20,200.00 

      
Subtotal 

$202,330.0
0 

        
Table 30O: South Beach 

Item 
Code Item 

Item 
Description Unit  Unit Cost  

Quanti
ty 

 Total 
Cost  

 Rounded 
Cost  

-- 
Sand 

Washed 
Recreation
al Sand CY 

 $               
44.80  

1780 
 $                   
79,754.17  

 $         
80,000.00  
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  Subtotal 
 $         
80,000.00  

        
Table 31O: Existing Pavilion Parking Improvements 

Item 
Code Item 

Item 
Description Unit  Unit Cost  

Quanti
ty 

 Total 
Cost  

 Rounded 
Cost  

-- Water Trough 

Tarter Oval 
Versa 40 
with Spigot 

EAC
H 

 $             
180.00  

1 
 $                         
180.00  

 $              
180.00  

-- Hitching Post 

6' Wide x 6' 
Tall 
Hitching 
Post  

EAC
H 

 $             
199.95  

4 
 $                         
799.80  

 $              
800.00  

-- Horse Shelter 

ShelterLogi
c 12x24x9 
3-in-1 Run 
In Shelter 
Round 

EAC
H 

 $             
700.00  

1 
 $                         
700.00  

 $              
700.00  

    

  Subtotal 
 $           
1,680.00  

        
Table 32O: Northwest Dock 

Item 
Code Item 

Item 
Description Unit  Unit Cost  

Quanti
ty 

 Total 
Cost  

 Rounded 
Cost  

HD-
DOCK 

Floating dock 
segment 18'x35' 

EAC
H 

$37,800.0
0  1 

$37,800.0
0  $37,800.00  

HD-
DOCK 

Floating dock 
segment 4'x12' 

EAC
H $2,880.00  2 $5,760.00  $5,750.00  

PKG-
TRF2 

ADA Kayak 
Launch 12x18 - 

EAC
H 

$11,520.0
0  1 

$11,520.0
0  $11,500.00  
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ACC-
BSHD Bump Strip 4" 

EAC
H $19.00  160 $3,040.00  $3,050.00  

ACC-
CHD1
0 10" Cleat 

S-Style 
Aluminum  

EAC
H $40.00  4 $160.00  $160.00  

ACC-
EDGE Edge Gaurd 

2-1/2" Roll 
Off Guard 

EAC
H $22.00  39 $858.00  $860.00  

ACC-
308SF 

Safe Launch 
Platform - 

EAC
H $929.00  1 $929.00  $930.00  

ACC-
TRF 

ADA Transfer 
Platform - 

EAC
H $4,000.00  1 $4,000.00  $4,000.00  

ACC-
SR2 Side Railing 

Kayak 
Accessory 

EAC
H $179.00  2 $358.00  $360.00  

-- 

Concrete 
anchors and 
chain - 

EAC
H $180.00  4 $720.00  $720.00  

CON-
UWI Connector 

Underwater 
Beam 
Connector 

EAC
H $299.00  1 $299.00  $300.00  

ATT-
AC1 

Anchor Chain 
Brachet - 

EAC
H $130.00  24 $3,120.00  $3,125.00  

Misc Ganway 6'x25' 
EAC
H $9,000.00  1 $9,000.00  $9,000.00  

GAN-
HP6 Hinge Plate 6' Landside 

EAC
H $659.00  1 $659.00  $660.00  

GAN-
RA 

Gangway Roller 
Assembly - 

EAC
H $299.00  2 $598.00  $600.00  

GAN-
RP 

Roller Pad w/ 
Hardware - 

EAC
H $299.00  1 $299.00  $300.00  
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GAN-
TP6 Transition Plate 6' Width 

EAC
H $799.00  1 $799.00  $800.00  

-- Shipping - 
EAC
H 

$13,489.0
0  1 

$13,489.0
0  $13,500.00  

      
Subtotal $93,415.00  

        
Table 33O: 2 Cabins 

Item 
Code Item 

Item 
Description Unit  Unit Cost  

Quanti
ty 

 Total 
Cost  

 Rounded 
Cost  

-- 
Cabinets, 
Kitchen 

35-1/2" 
Wide, 24" 
Deep LF $212.40  

10 
$2,124.00  $2,125.00  

-- Countertops 

Square 
Edge, 
Separate 
Backsplash LF $25.33  

10 

$253.30  $255.00  

-- 
Sills, Pier Blocks, 
Floor Beams - SF $0.80  

700 
$560.00  $560.00  

-- 

Floor Joists 16" 
OC, R38 
Insulation and 
3/4" OSB 
Subflooring 2x8 Joists SF $5.74  

700 

$4,018.00  $4,025.00  

-- Girders 
2 1/2x12 
3/8 Glu. LF $16.50  

26 
$429.00  $430.00  

-- 

Layout, Backing, 
Blocking,Framing 
For Openings 

Studs, Sole 
Plates, 
Header/End 
Joists, 
Bracing SF $5.52  

700 

$3,864.00  $3,875.00  
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-- 
Roof Truss 
Assembly 

Truss with 
2x6,8,12 
Web, 
Bottom, 
Top SF $2,394.57  

1 

$2,394.57  $2,400.00  

-- Roof Sheathing 
Small Job + 
6 on 12 SF $0.40  

700 
$280.00  $280.00  

-- 
Doors, Prehung 
Exterior 

36x84, 
Rustic EA $838.10  

2 
$1,676.20  $1,675.00  

-- Windows 12'x6' EA $403.00  1 $403.00  $405.00  

-- Windows 8'x6' EA $3,667.00  1 $3,667.00  $3,675.00  

-- Windows 5'x6' EA $4,317.00  
3 

$12,951.0
0  $13,000.00  

-- Concrete Slab - SF $5.66  854 $4,833.64  $4,825.00  

-- Foundation - CY $670.00  14 $9,380.00  $9,375.00  

-- Painting, Interior 
3 Coats, 
Paint SF $4.10  

700 
$2,870.00  $2,875.00  

-- Shower Stalls 
Acrylic, 
48x35x72 

EAC
H $2,119.00  

1 
$2,119.00  $2,125.00  

-- WC 

Floor 
Mounted, 
Residential 

EAC
H $615.40  

1 
$615.40  $615.00  

-- Lavatories - 
EAC
H $381.00  

1 
$381.00  $380.00  

-- Kitchen Sinks 1 Bowl 
EAC
H $651.20  

1 
$651.20  $650.00  

-- 
Whole House 
Plumbing 

Single 
Story, Total 

EAC
H $4,813.00  

1 
$4,813.00  $4,825.00  
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-- Electrical - SF $14.57  
700 

$10,199.0
0  $10,200.00  

      
Subtotal $68,575.00  

      

Amount 
of Cabins 

2 

      
Total Cost 

$137,150.0
0  

        
Table 34O: Lake Fisher Phase 3 Cost 

Item 
Code Item 

Item 
Description Unit  Unit Cost  

Quanti
ty 

 Total 
Cost  

 Rounded 
Cost  

2533-
49800
05 Mobilization 

MOBILIZATI
ON LS 

$129,189.
00  

1 $129,189.
00  

$129,000.0
0  

2102-
27100
70 Cut/Fill 

EXCAVATIO
N, CLASS 
10, 
ROADWAY 
AND 
BORROW CY 

$8.56 70761 
$605,714.
16 

$605,500.0
0 

        
    Design 

Features  

 $    
1,291,890.
00  

            
Continge
ncy 40% 

      

Phase 3 
Total 

$1,989,246
.00  
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Phase 4 
Table 35O: Softball Field Improvements 

Item 
Code Item 

Item 
Description Unit 

Unit 
Cost 

Quantit
y Total Cost 

Rounded 
Cost 

-- 
Softball Field 
Improvements 

Resurfacing, 
Striping, 
Batters/Catc
hers Box 
Replacement
s LS 

 $     
390,270.
00  

1 
 $                 
390,270.0
0  

 $       
390,500.00  

    

  Subtotal 
 $       
390,500.00  

 
   

    

Table 36O: Permanent East Boat Ramp and Parking 

Item 
Code Item 

Item 
Description Unit 

 Unit 
Cost  

Quantit
y 

 Total 
Cost  

 Rounded 
Cost  

2312-
826005
0 

6" Granular 
Surface 

GRANULAR 
SURFACING 
ON ROAD, 
CLASS A 
CRUSHED 
STONE CY $77.00  42.26 $3,254.02  $3,250.00  

2507-
680006
1 Rip-Rap 

REVETMENT, 
CLASS E TON $90.00  5.12 $460.80  $460.00  

-- 
Class C 
Concrete 

ADA Parking 
Sign R7-8 SY $140.00  

260.25
57 

$36,435.8
0  $36,400.00  

fp0000
09  

Polyethylene 
Moisture 
Barrier  - SF $0.12  2604 $312.48  $310.00  
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2404-
777500
0 

Number 4 
Rebar 

REINFORCIN
G STEEL LB $1.50  1651.3 $2,476.95  $2,475.00  

2107-
087500
0 

Compaction of 
Surfacing 

COMPACTIO
N WITH 
MOISTURE 
AND DENSITY 
CONTROL CY $2.00  42.26 $84.52  $85.00  

2101-
085000
2 

Clearing/Grub
bing 

CLEARING 
AND 
GRUBBING 

ACR
E 

$7,111.1
1  0.125 $888.89  $890.00  

HD-
DOCK 

Floating Dock 
Segment 6'x30' 

EAC
H 

$12,960.
00  1 

$12,960.0
0  $13,000.00  

ACC-
BSHD Bump Strip 4" 

EAC
H $19.00  78 $1,482.00  $1,475.00  

ACC-
CHD10 10" Cleat 

S-Style 
Aluminum  

EAC
H $40.00  6 $240.00  $240.00  

ATT-
AC1 

Anchor Chain 
Brachet - 

EAC
H $130.00  4 $520.00  $520.00  

Misc Gangway 6'x22' 
EAC
H 

$9,000.0
0  1 $9,000.00  $9,000.00  

GAN-
HP6 Hinge Plate 6'  

EAC
H $659.00  1 $659.00  $660.00  

GAN-
CP6 Hinge Plate 6' Dockside 

EAC
H $659.00  1 $659.00  $660.00  

GAN-
COH 

Compensation 
Float - 

EAC
H $999.00  1 $999.00  $1,000.00  

-- 

Concrete 
Anchors and 
Chain - 

EAC
H $180.00  2 $360.00  $360.00  
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-- Shipping - 
EAC
H 

$3,872.0
0  1 $3,872.00  $3,875.00  

      
Subtotal $74,660.00  

        
Table 37O: 2 Cabins 

Item 
Code Item 

Item 
Description Unit 

Unit 
Cost 

Quantit
y Total Cost 

Rounded 
Cost 

-- 
Cabinets, 
Kitchen 

35-1/2" Wide, 
24" Deep LF $212.40  10 $2,124.00  $2,125.00  

-- Countertops 

Square Edge, 
Separate 
Backsplash LF $25.33  10 $253.30  $255.00  

-- 

Sills, Pier 
Blocks, Floor 
Beams - SF $0.80  700 $560.00  $560.00  

-- 

Floor Joists 16" 
OC, R38 
Insulation and 
3/4" OSB 
Subflooring 2x8 Joists SF $5.74  700 $4,018.00  $4,025.00  

-- Girders 
2 1/2x12 3/8 
Glu. LF $16.50  26 $429.00  $430.00  

-- 

Layout, Studs, 
Sole Plates, 
Header And 
End Joists, 
Backing, 
Blocking, 
Bracing, 
Framing For 
Openings   SF $5.52  700 $3,864.00  $3,875.00  
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-- 
Roof Truss 
Assembly 

Truss with 
2x6,8,12 
Web, Bottom, 
Top SF 

$2,394.5
7  1 $2,394.57  $2,400.00  

-- 
Roof 
Sheathing 

Small Job + 6 
on 12 SF $0.40  700 $280.00  $280.00  

-- 

Doors, 
Prehung 
Exterior 36x84, Rustic 

EAC
H $838.10  2 $1,676.20  $1,675.00  

-- Windows 12'x6' 
EAC
H $403.00  1 $403.00  $405.00  

-- Windows 8'x6' 
EAC
H 

$3,667.0
0  1 $3,667.00  $3,675.00  

-- Windows 5'x6' 
EAC
H 

$4,317.0
0  3 

$12,951.0
0  $13,000.00  

-- Concrete Slab - SF $5.66  854 $4,833.64  $4,825.00  

-- Foundation - CY $670.00  14 $9,380.00  $9,375.00  

-- 
Painting, 
Interior 3 Coats, Paint SF $4.10  700 $2,870.00  $2,875.00  

-- Shower Stalls 
Acrylic, 
48x35x72 

EAC
H 

$2,119.0
0  1 $2,119.00  $2,125.00  

-- WC 

Floor 
Mounted, 
Residential 

EAC
H $615.40  1 $615.40  $615.00  

-- Lavatories - 
EAC
H $381.00  1 $381.00  $380.00  

-- Kitchen Sinks 1 Bowl 
EAC
H $651.20  1 $651.20  $650.00  
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-- 
Whole House 
Plumbing 

Single Story, 
Total 

EAC
H 

$4,813.0
0  1 $4,813.00  $4,825.00  

-- Electrical - SF $14.57  700 
$10,199.0
0  $10,200.00  

      
Subtotal $68,575.00  

      

Amount 
of Cabins 2 

      
Total Cost 

$137,150.0
0  

        
Table 38O: Workout Areas 

Item 
Code Item 

Item 
Description Unit 

Unit 
Cost 

Quantit
y Total Cost 

Rounded 
Cost 

-- COMBI 3 - 
EAC
H 

$8,460.0
0  1 $8,460.00  $8,460.00  

-- 
PARALLEL 
BARS - 

EAC
H 

$1,600.0
0  1 $1,600.00  $1,600.00  

-- 
PUSH UP 
BARS - 

EAC
H 

$1,080.0
0  1 $1,080.00  $1,080.00  

-- 
PULL UP 
STATION - 

EAC
H 

$2,510.0
0  1 $2,510.00  $2,510.00  

-- Multi Net - 
EAC
H 

$1,650.0
0  1 $1,650.00  $1,650.00  

-- 

Agora Steel 
Bench with 
Backrest - 

EAC
H 

$2,700.0
0  4 

$10,800.0
0  $10,800.00  

-- 
Equipment 
Total - LS 

$26,100.
00  1 

$26,100.0
0  $26,100.00  
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-- Shipping Total - LS 
$3,732.0
0  1 $3,732.00  $2,000.00  

-- 
Wood Chip 
Surfacing - CY $40.00  66 $2,640.00  $2,640.00  

-- Labor 

45% of 
budget 
excluding 
contingency LS 

$45,100.
00  1 

$45,100.0
0  $25,000.00  

    
  Subtotal $81,840.00  

      
Amount 3 

      
Total Cost 

$245,520.0
0  

        
Table 39O: Lake Fisher Phase 4 Cost 

Item 
Code Item 

Item 
Description Unit 

Unit 
Cost 

Quantit
y Total Cost 

Rounded 
Cost 

2533-
498000
5 Mobilization 

MOBILIZATIO
N LS 

$84,783.
00  

1 $84,783.0
0  $85,000.00  

        
    

Design 
Features  

$847,830.0
0  

            
Continge
ncy 40% 



 
 

317 
 
 

 
 

  

 
 

      

Phase 4 
Total 

$1,305,962
.00  
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