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1. Project Introduction 

1.1  Location 
The project is in Anchorage, Alaska, located 10 miles south of downtown. It is accessible from 

the New Seward Highway, with the entrance located just pass the Rabbit Creek exit and across 

from the Rabbit Creek Rifle Range entrance. It has 0.5 miles of boardwalk, accessible bathrooms 

and designated parking at the main entrance. 

Figure 1: Location of Potter Marsh 

Boardwalk 

1.2 Introduction 
Potter Marsh is located at the south end of the Anchorage Coastal Wildlife Refuge and is a well-

known birding area. The marsh came about when the Alaska Railroad embankment was built in 

1917. The embankment blocked saltwater flow while also containing the freshwater from Rabbit 

Creek, Little Rabbit Creek, and Little Survival Creek. Now many migratory birds along with 

other wildlife, from moose to salmon, frequent the 564-acre area. In 1985, a 1,500-foot-long 

boardwalk was built along the Seward Highway so people could view and enjoy the variety of 

animals while conserving the natural habitat.  

The Alaska Department of Fish and Game (ADF&G) maintains the Potter Marsh Wildlife 
Viewing Boardwalk area and has recognized the need to improve the outdated structural 
components, fix shifting foundations, and redesign the overall 1985 boardwalk section. The team 
at Extron pursued a goal to analyze four design alternatives based on ADF&G requests and 
provide 35% design documents for the selected alternative including boardwalk structures, 
environmental and hydraulic analyses, and cost estimations. 

 

1.3 Existing Conditions 
Many of the problems with the boardwalk are visible such as loose railings, shifted joists, rot, 

and frostjacked piles. The boardwalk has exceeded its intended lifespan, does not meet all 

current codes and lacks certain design features that improve visitor experience. Some examples 
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of this are a lack of a distinct destination at the end of the boardwalk, as well as a lack of 

emphasized viewing areas that encourage visitors to linger in notable locations. 

 

FIGURE 2: EXISTING CONDITIONS 

Since the land is a bog, there are several environment conditions to take note of. The area is a 

flood zone AE meaning it is at high risk of flooding, and the risk is amplified by the ground 

conditions and the topography. According to the Natural Resources Conservation Service, 

referenced in Appendix B, the soil falls under hydrologic class D which has a low infiltration 

rate. Additionally, the marsh is very flat, which reduces runoff. However, this terrain 

characteristic adds to the experience of visiting Potter Marsh so one can see its entirety.  

1.4 Design Criteria 
The design criteria chosen are conceived with the following outcomes in mind. 

1. Experience: A new boardwalk design should engage the visitor and be able to 

accommodate the many people who tour Potter Marsh since its Anchorage’s most popular 

wildlife viewing site.  

a. Features: Design should consider off-shoot viewing boardwalks and platforms, and an 

elevated wildlife viewing tower to add to the visitor’s experience. 

b. Safety: The boardwalk should be built according to the current codes and standards that 

emphasize safety. This will consider handicap accessibility and boardwalk stability. 

c. Noise Reduction: The new design alternatives should consider rerouting to get visitors 

further from the existing highway and railroad and deeper into the marsh’s environment. 

2. Environmental & Water Impact: Any design should preserve the core area of the marsh’s 

wildlife habitat.  

3. Possible Complications: Each alternative will pose its own possible complications that will 

need to be addressed if selected. 

4. Cost: The new design will provide the best visitor experience for a given level of 

investment. 
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5. Time of Construction: The construction of the alternatives must be able to be scheduled in 

such a way as to minimize its effect on the environment and the visitor's experience. 

Four alternatives were researched in order to find the most effective design for the Potter Marsh 

Boardwalk. Layouts and details are described in the following sections.  

1.5 Environmental Impact 
There are several factors that must be taken into consideration when constructing in a marsh, 

especially a wildlife sanctuary. The greatest of these are avoiding disruptions to local flora and 

fauna. Fortunately, the construction season taking place during the winter does help mitigate 

some of these concerns. The vast majority of animal activity in this particular marsh happens 

during the warmer months. The remaining concerns from flora and fauna can be dealt with, in 

this case, by routing the new boardwalk in such way that it doesn't interfere with nesting or 

feeding areas. 

Another consideration is moving construction equipment in and around the marsh. The vast 

majority of construction equipment could not be used in a marsh due to the lack of solid ground. 

Waiting for winter for the ground to freeze mostly solves this, but deep snow can still be an 

obstruction. The best way around this is the creation of temporary ice roads, which, if done 

correctly, have no lasting environmental effects once the roads melt away. 

An additional consideration for this project, in particular, is noise pollution. Due to the nature of 

construction in a marsh, all of the foundations must be pile foundations. Because of the close 

proximity to the Turnagain Arm, the subterranean noise generated by driving piles could disrupt 

local wildlife, such as beluga whales, who have a sensitivity to sound. 

As with all projects, there are several permits that have to be applied for and gained before 

construction. The needed permits depend on a variety of factors, including the area in which the 

construction is happening, the presence of endangered or protected wildlife, and the source of 

funding. One permit that this project will require for certain is the US Army Corp of Engineers 

Fill Permit, due to the construction happening in a wetland. Additional permits that would be 

required are a Floodplain Development Permit, Fish Habitat Permit, and perhaps an Eagle Take 

Permit if there is an occupied nest close enough to the project area. 

1.6 Hydrological Impact 
Several hydrologic calculations were performed on the area of interest: floodplain level, 

outgoing velocity, rainfall intensity, and peak-runoff. All calculations mentioned can be found in 

Appendix B. Equations were obtained from the third edition of Water-Resources Engineering by 

David A. Chin.  

First explored was the floodplain level. The base flood elevation for zone AE, which the 

boardwalk is located in, is 16 ft above sea level for 100-year storm according to Federal 

Emergency Management Agency (FEMA).  Volumes of the floodplain, boardwalk, and piles 

were found from the Alternative 4 Design. This design was used in calculations as it would 

increase the floodplain the most. The volume of the proposed boardwalk was added to the 
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volume of Zone AE to find if the added structure increased the floodplain height. The results 

show that there is negligible impact. 

Second, the outflow velocity was found using the steady-state continuity equation. Inflow 

maximum values (Estes, 1987) were used as the culverts should still preform at peak flow. The 

result was 0.25 ft/s for velocity heading out of the marsh via the three culverts under the Seward 

Highway.  

Third, rainfall intensity, was found for the Anchorage area. "Many drainage districts require that 

the performance of drainage systems be analyzed for a standard 24-h storm with a specified 

return period, typically on the order of 25 years" (Chin, 2013, p. 422). Therefore, 25 years was 

used for the annual series and 24 hours was used for the rainfall duration. This resulted in a 

rainfall intensity of 0.9 inches per hour.  

Lastly, peak-runoff was found using the rational method and the Natural Resources Conservation 

Service Technical Report 55 (NRCS-TR55) Method. Using the rational method, runoff was 

about 73 cubic feet per second. By the NRCS-TR55 method, peak runoff was 66 cubic feet per 

second. Both calculations can be viewed in Appendix B. The results are consistent with the 

geotechnical report which indicates a high runoff potential for the site since the hydrologic soil 

group D has a low infiltration rate. 

1.7 Structural Analysis 
    Preliminary models for the various super structural components were designed using RISA 3D 

software. The main boardwalk and platform concepts were designed to merge aesthetically and 

structurally with the existing 2008 boardwalk. The boardwalk sections are 8ft wide, allowing 

ease of passage for visitors walking in opposite directions, with space for wheelchair 

accessibility. Ramped sections of the boardwalk were designed with a maximum slope of 1:12 as 

required by the 2010 ADA Standards for Accessible Design. The 25ft elevated viewing tower 

was designed with wrap-around stairs and two small deck viewing opportunities at 9.25 ft and 

14.5ft above the boardwalk with a larger platform at 18 ft above the boardwalk (25 ft above 

ground level). For the Rabbit Creek crossing point and salmon viewing area, a 40-ft long donut-

shaped bridge was designed to span the length of the creek bed, allowing visitors to peer both 

into the center gap and over the outside edges of the structure for wildlife viewing. Modules for 

the structural designs are explored in Section 3 of this document. 

Live loads on any likely places of assembly, including the viewing tower, platforms, and salmon 

viewing bridges, were considered 100psf on flat surfaces as required in ASCE 7-16, or the 

equivalent of a densely packed group of people. Live loads on both the staircases and the 

boardwalk sections unlikely to be used at assembly areas were considered to be 60psf (ASCE 7-

16). 

Calculations for snow, wind and seismic loads can be found in Appendix C following guidelines 

given by ASCE 7-16. Snow load calculations yielded a 33.6psf load throughout all flat 

superstructure surfaces. Wind loads were calculated using a 50-year gust of 155 mph 

(librarystage.municode.com/ak/anchorage), and yielded horizontal loads of approximately 
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115psf for the tower, and 85psf for all other structural segments. Wind loads are greatly 

impacted by the railing design and size of joists and beams.  

Seismic loads yielded differing values for each structural component, as the weight of the 

structure is critical. Seismic loads were applied horizontally to the deck area in the RISA 3D 

software. The boardwalk received a load of approximately 85plf, the donut bridge approximately 

110plf, and the platform approximately 85plf. The viewing tower was loaded with a 2.9kip 

seismic load.   

 Key member calculations for shear, moment, deflection and buckling capacities can be found in 

Appendix C. All structures use A992 steel and Douglas fir timber with composite railing 

finishes. Additionally, all handrails and deck were designed to be aesthetically uniform to the 

existing 2008 boardwalk which meets current building codes.         

2. Alternatives 

2.1  Alternative 1 

2.1.1 Description and Experience 
Alternative 1 provides no changes and keeps the current boardwalk. The experience offered by 

the current boardwalk lacks in several areas. Its proximity to the highway and railroad leads to 

loud noises that can disrupt visitors experience. The linear nature of the boardwalk and lack of 

dedicated viewing platforms limits the ability of visitors to interact with the marsh. While not 

unsafe, the current guard rails do not meet modern building codes. In addition to this there are 

loose nails and gaps between boards that could pose a tripping hazard as the boardwalk continues 

to deteriorate. 

2.1.2 Environmental Impact 
This alternative will have no additional environmental impacts as there is no construction. 

However, there may be some impacts due to maintenance depending on the extent of the 

maintenance needed. 

2.1.3 Hydrological Impact 
There will be no hydrology impact for this alternative as there will be no changes to the site. 

2.1.4 Foundation Design 
Due to the frost heaved foundations and general wear, the current boardwalk decks are 

dilapidated, and the handrails are loose. As more frost heave occurs, the boardwalk will interfere 

with handicap accessibility and could become unsafe for visitors due to damaged handrails or 

boardwalk planks.  

2.1.5 Cost 
While there are no costs due to construction there are maintenance cost associated with the use of 

the old boardwalk which are expected to increase as the boardwalk keeps aging. 

2.1.6 Time of Construction 
There is no time of construction associated with this alternative. 
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2.2  Alternative 2 
 

2.2.1 Description and Experience 
Alternative 2 proposes that a new boardwalk 

deck be designed and constructed utilizing the 

existing foundation. The experience offered by 

this alternative is very similar to that of 

Alternative 1, except for safety. The new decking 

and railings would all meet current building 

codes and would be in much better condition. 

This combined with the leveling of the deck, 

caused by trimming the frost heaved piles, would 

result in an improved visitor experience. 

2.2.2 Environmental Impact 
This alternative will have minimal environmental 

impact due to reuse of the existing pile 

foundations and the proximity to the highway reducing construction traffic through the marsh 

itself. Though minimal, construction for Alternative 2 will impact wildlife and vegetation, 

including sedge species, waterfowl, moose, fish, 

and land birds, some of which frequent the marsh 

during all seasons. We would expect the wildlife 

and vegetation to make a fast and full recovery, especially with a winter season, non-invasive 

construction plan.  

2.2.3 Hydrological Impact 
Since the location of piles will be reused along with the same area of the walk, no calculations or 

estimations for the hydrology is needed for this alternative. This is assuming the build design of 

the old walk is adequate for the hydrology of the area. 

2.2.4 Foundation Design 
This alternative will likely face complications when reusing the existing piles from the old 

boardwalk because of frost heave and settling of the soils within the marsh. The boardwalk may 

deteriorate faster with the use of the already-heaving piles.   

2.2.5 Cost 
Cost for this option would be the lowest of the three alternatives that involve construction. While 

initial construction costs would be low the potential for additional maintenance after construction 

would add to the cost thus rendering this option potentially almost as expensive as a new 

boardwalk. 

FIGURE 3: ALTERNATIVE 2 ALIGNMENT 
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Cost: $1,488,000 

2.2.6 Time of Construction 
This alternative has the shortest construction time, not counting Alternative 1. This is because no 

new additional foundations need to be installed and no new features need to be constructed. This 

alternative in particular benefits from a close proximity to the highway in terms of construction. 

That is because a crane could be used to place the new deck sections directly from the highway, 

limiting the necessity of moving equipment on the marsh itself which would require the creation 

of temporary ice roads. 

 

2.3  Alternative 3 
 

2.3.1 Description and Experience 
Alternative 3 proposes an entirely new boardwalk, including foundations, whose alignment is 

shifted further into the marsh compared to the current design. In addition, the nonlinear design of 

this alternative encourages visitor interaction both with each other and their environment. The 

primary new features of this alternative design include an off shoot ending in a doughnut shaped 

viewing platform at a popular salmon viewing area and a viewing tower. These modules can be 

viewed in Section 3.1. The new features and distance from the highway/railroad will improve 

visitor experience while the new construction will meet all current building codes. 

2.3.2 Environmental Impact 
The primary environmental concerns in this alternative come from two sources. The first is the 

construction of temporary ice roads in Potter Marsh, and the second is the effects of driving new 

FIGURE 4: ALTERNATIVE 3 ALIGNMENT 
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piles. Because the vast majority of the wildlife activity takes place during the summer and the 

construction season for this project is in the winter, the construction should minimally interfere 

with the wildlife. The impacts concerning the feeding and nesting areas would be addressed 

while planning the route of the ice roads and equipment.  

2.3.3 Hydrological Impact 
The addition of new piles would increase the base of the floodplain, some of which would be 

offset by the removal of the piles from the original foundation. However, the increase would be 

considerably small, much less than the thousandth of a foot as in Alternative 4.  

2.3.4 Foundation Design 
The marsh’s ice must be thick enough to support construction machinery and personnel for the 

foundations. The reliance on thick ice can be reduced by using drilled piles, which require less 

equipment. Parts of the tower or viewing platforms may be preassembled and airlifted into the 

marsh, as field welding and/or crane construction (if necessary) may not be feasible.  

2.3.5 Cost 
This alternative has the second highest initial construction cost. The new alignment would have 

to be constructed from the ground up. In addition, the entire structure including foundation from 

the old boardwalk would need to be removed. The demolition of the old boardwalk adds 

considerable cost to the project as with Alternative 2. However, the proposed viewing tower and 

salmon platform in this alternative increase cost as well. 

Cost: $2,860,000 

2.3.6 Time of Construction 
Time of construction is the second highest regarding this alternative because it includes 

demolition and new construction. Removal of the old boardwalk may pose challenges unforeseen 

in the initial plans due to its age. Additionally, the new boardwalk, viewing tower and salmon 

platform will be constructed from the ground up which takes manpower and time, while also 

necessitating the creation of temporary ice roads on the marsh. The new boardwalk and 

structures will be erected over the course of one winter, weather permitting. This construction 

timeline will minimize visitor impact as winter is the least active period for community members 

and wildlife alike. The 2008 boardwalk section will remain open to visitors and be unaffected by 

construction of the new boardwalk.  
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2.4  Alternative 4 

 

2.4.1 Description and Experience 
This alternative is similar to Alternative 3, with two major additions. First, changing the salmon 

viewing platform to a doughnut shaped bridge. Second, an additional length of boardwalk 

connecting the salmon viewing area the main boardwalk after the viewing tower. The latter 

difference would give visitors two different experiences coming to and from the parking area. 

2.4.2 Environmental Impact 
The primary environmental concerns in this alternative are identical to those found in Alternative 

3, with the addition of the nesting and feeding area concerns from the additional length of 

boardwalk. 

2.4.3 Hydrological Impact 
The hydrological impact from this alternative is almost identical to that of Alternative 3, only to 

a greater degree due to extra piles and the extension of the boardwalk. Though the increase to the 

floodplain is still of no significant amount. The original floodplain without a new build is 16ft 

while with the boardwalk in this alternative, the floodplain increases to 16.001ft.  

2.4.4 Foundation Design 
As with Alternative 3, the marsh’s ice must be thick enough to support construction machinery 

and personnel for the foundations. This alternative would use drilled piles, which require less 

FIGURE 5: ALTERNATIVE 4 ALIGNMENT 
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equipment. Parts of the tower or viewing platforms may be preassembled and airlifted into the 

marsh, as field welding and/or crane construction (if necessary) may not be feasible. 

 

 

2.4.5 Cost 
The final alternative is the most expensive option as it is the most complicated design also. This 

alternative and the latter share the same cost considerations. However, Alternative 4 adds 500 

linear feet of boardwalk closing the loop and exchanging the salmon platform into a viewing 

bridge. The additional structure being the viewing tower remain the same.  

Cost: $3,536,000 

2.4.6 Time of Construction 
Time needed for this alternative is nearly the same as alternative 3. Demolition of the old 

boardwalk and construction of the new facility is largely the same. Adding more linear feet of 

boardwalk in this alternative increases the time of construction proportionally to the added 

amount of new boardwalk.  

Alternative 4 offers more flexibility with construction phasing due to the boardwalk loop and 

other features. If a single winter is not sufficient for construction, access to and erection of the 

viewing tower and salmon viewing bridge will be the first priority. The completion of the 

boardwalk loop may be extended into the following winter if necessary or desired.  

3. Conclusion and Recommendation 

Considering the design criteria discussed in this document, Alternative 4 is the recommended 

alternative. The purpose of the Potter Marsh Boardwalk Rebuild Project is to increase the 

usability and popularity of the facility, which a completely new boardwalk with additional 

structures, as proposed in Alternative 4, will achieve. This alternative allows visitors to 

experience a boardwalk loop, viewing tower, platforms, and improved salmon viewing area to 

enhance visitor experience.  

Alternative 4 is, however, the most expensive alternative. Though Alternative 3 includes a 

viewing tower and platforms for a slightly lower cost and construction time, the boardwalk loop 

adds an experiential aspect that is well worth the cost. Alternative 4 will provide the Anchorage 

community with a desirable destination for decades to come. 
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3.1  Design Modules 
 

3.1.1 Boardwalk 
The boardwalk design represents a typical 10-foot section 

of boardwalk decking, including associated railing and 

piles, as seen above. Modular design for this boardwalk 

gives the client freedom to align the boardwalk to specific 

paths along the marsh as it guides visitors to critical areas 

where wildlife is more prominent. The boardwalk was also 

designed to have a maximum slope of 8% following the 

disability act. This allows the boardwalk to change in 

elevation to portray more dramatic experience as people 

walk along the path. The lower height of the boardwalk is 

designed as a deterrent for large animals like moose from 

wandering into the highway. Handrails were designed in 

accordance to the international building code in such a way 

that it is aesthetically pleasing, safe, and follows the 

guidelines. The boardwalk is designed to withstand the 

maximum live load, snow load, wind load and seismic load.  

The cost of the boardwalk per square footage is $200. The cost of labor is incorporated as twice 

the cost of the square footage. The material calculation and more can be found in Appendix A 

Table A.2.1. 

 

3.1.2 Viewing platform 
This represents the viewing decks that visitors would 

find at the end of the off shoots that can be found 

along the boardwalk route, including associated 

railings and piles as seen in Figure 7. The viewing 

platforms will have interpretive panels and scopes. It 

provides an area for visitors to stop, gaze at the 

wildlife and read information about them. This 

hexagon shape is chosen for aesthetic purposes. It 

mimics the 2018 boardwalk and creates a unified 

look.  

The cost of the platforms is calculated using 

the material cost and adding twice the material cost to 

account for the labor which comes out to be $51,600 

per platform. The material take off can be found in 

Appendix A Table A.2.4. 

 

FIGURE 6: BOARDWALK MODEL 

FIGURE 7: VIEWING PLATFORM MODEL 
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3.1.3 Viewing bridge 
The viewing bridge, otherwise called the doughnut bridge, is designed to be a cantilever bridge 

with a cavity in the center. Its purpose is to increase the capacity of salmon viewers and provide 

alternative paths for passerby. The opening is also 

to allow for sunlight to reach the fish and 

vegetation underneath. The handrail mimics that of 

the boardwalk and the shape is consistent with the 

viewing platforms to provide a unified design. 

The cost of the viewing bridge is calculated 

using the material cost and adding twice the 

material cost to account for the labor. The cost 

comes out to be $65,000. The material take off can 

be found in Appendix A Table A.2.2.  

 

3.1.4 Viewing tower 
 

The purpose of the tower is to provide an elevated 

view of the marsh for the visitors. It has a height of 

25ft provides for an interesting destination that incorporates interpretive panels and scopes. The 

bridge is designed to be connected directly in the boardwalk alignment and has three levels of the 

view accessible by stairs. 

The viewing tower cost $136,000 

including the cost of the material and 

cost of labor. The material take off is 

found in Appendix A Table A.2.3. 

 

 

 

 

 

 

 

 

 

FIGURE 8: VIEWING BRIDGE MODEL 

FIGURE 9: TOWER MODEL 
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3.2  Phasing 

 

FIGURE 10: SELECTED DESIGN ALTERNATIVE AND PHASING 

3.2.1 Phase 1 
Phase 1 incorporates the following modules: viewing decks, viewing bridge and viewing tower. 

The alignment meanders through the marsh, taking advantage of different locations like the 

salmon viewing area and Canada goose flats. However, the route in this phase will not provide 

the option to continue past the salmon viewing terminus toward the boardwalk terminal.  

The foundations required for this design are screw piles, identical to the additional alternatives. 

The project total includes all the cost associated with all the features and phases calculates to $4 

million. For more details, see Appendix A.  

 

3.2.2 Phase 2 
Shown in Figure 10 in blue is the alignment for the final phase to complete the selected 

alternative. It incorporates the loop and the following modules: viewing decks, viewing bridge 

and viewing tower.  

This design option exhibits all of the features requested by the client which ultimately increases 

the experience that the boardwalk can provide for its visitors. In order to provide a great 

experience, different types of visitors were considered. Toward the beginning of the walk, a 

viewing platform is included for those who would like to experience the walk but do not have the 
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time to complete it. Large viewing decks are to accommodate for large groups and the loop gives 

the visitors an all-encompassing path. 

Taking the west boardwalk will cut through the Canada goose area which comprise of 40-60 

nesting pairs. This path then leads to the salmon viewing bridge which has the capacity to hold a 

classroom of students for educational purposes. Continuing this route will lead to a choice 

between the boardwalk terminal or looping around to get to the viewing tower. 

 The foundation incorporated in this alternative is a screw pile design which is best suited for the 

conditions of the project location. The design calls for the boardwalk to be raised off the ground 

at least 8’ and up as needed. The advantage to using a screw pile design is the ease of 

installation. The equipment required to install screw piles are a fraction of the size compared to 

traditional pile driving equipment. Challenges regarding the foundation include the problem with 

heaving due to frost action in the area. To mitigate the probability of frost heaving the piles will 

be driven deep below the frost line. The expense saved using screw piles allows for deep 

installation below the frost line.  

The cost for this phase is $3.13 million which leads the project total cost to be $7.13.  For more 

details, see Appendix A. 
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Appendix 
 

Appendix A. Cost Calculation 

 

A.1 Cost of Alternatives 

Figure A.1: Cost of Alternatives 1, 2, 3 and 4  

 

 

A.2 Cost of Modules 
 

 

Figure A.2.1: Cost of Boardwalk 
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 Fig A.2.2: Cost of Bridge 

 

 Figure A.2.3: Cost of Tower 

 

Figure A.2.4 Cost of Platform 
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A.3 Cost of Options 

 

Figure A.3: Cost of Phase 1 and 2 
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Appendix B.  Hydrologic Analysis 

 

 

Figure B.1: Flood Map for Potter 

Marsh from FEMA 
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Figure B.2: Zone AE Perimeter and Area from FEMA 
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Figure B.3: Floodplain Level Calculations  

 

Figure B.4: Instream Flow from Alaska Department of Fish and Game 
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Figure B.5: Measurement of the Culverts  

 

 

Figure B.6: Outflow Velocity Calculations using Steady-State Continuity Equation 
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Figure B.7: Constants in Chen IDF Curve 
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Figure B.8: Rainfall Intensity Calculations 
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Figure B.9: Typical Runoff Coefficients 
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Figure B.10: Hydrologic Soil Group for Potter Marsh from the Natural Resource Conservation Service, USDA 
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Figure B.11: Curve Number 

 

 

Figure B.12: Table for Pond and Swamp Adjustment Factor 
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Figure B.13: Rainfall Type Distribution for the United States 
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Figure B.14: Parameters Used in Estimating Peak Discharge 
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Figure B.15: Length of the Flow 
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Figure B.16: Peak Runoff Calculations 

 

 

Appendix C. Structural Analysis 
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Member Calculation 
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