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Abstract 

 

The goal of this project was to design an environmental research facility with an adequate 

fire protection system and to improve the wastewater treatment on the summit. This project 

assessed building and wastewater treatment needs for the extreme weather conditions on the 

summit of Mount Washington in New Hampshire. Two separate structural frames using 

structural steel and concrete were designed, and the structural steel frame was recommended as 

the best option. An INERGEN® fire protection system was selected for the proposed research 

facility. The current package wastewater treatment plant’s influent and effluent characteristics 

were analyzed. Recommendations were made to modify the processes of the current wastewater 

treatment plant and to improve influent characteristics. 
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Capstone Design 

 

This project fulfills the requirements of a major design experience. Through the 

demonstration of knowledge and experience acquired in earlier course work and independent 

learning and through the incorporation of engineering standards, this project addressed realistic 

constraints and design considerations including economics, constructability, environmentalism, 

and health and safety, as well as social and political aspects. 

An important consideration for this project was the economic feasibility for the State 

Park. The costs associated with the project must be covered by revenue from the Park sales on 

the summit. It was important to minimize the costs using a cost analysis for both the building 

design and the wastewater treatment plant recommendations.  

This project addressed the environmental concerns raised by the Park staff about the 

current wastewater effluent characteristics, especially nitrates, not meeting the NH discharge 

requirements. The project considered ways to improve the current treatment process to reduce 

effluent concentrations to meet the NH discharge requirements and to protect the sensitive alpine 

research area located downhill from the plant.  

The constructability of the project addressed the feasibility of the design and construction 

of both the research facility and the wastewater treatment plant. The summit of Mount 

Washington presents a number of natural challenges to constructability including an extremely 

small construction season, cold temperatures, high winds and fog. This project addressed these 

conditions by considering the ease of construction when choosing building materials. The 

proposed research facility was designed to minimize excavation and alteration of the historic 

views of the mountain. 

The social and political issues of constructing a building on the summit of Mt. 

Washington impacted height and aesthetics of the building. The building height was limited, as 

persons in surrounding towns do not want to see a tall structure on the summit. The State Park 

managers wanted the building to fit the natural surroundings of the summit and resemble the 

other buildings on the summit. This project incorporated all these constraints into the design of 

the facility.   

In order to address health and safety considerations, a structural analysis of the research 

facility was performed in order to assure that the building is able withstand the harsh summit 
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conditions. The building was designed to comply with the following safety and fire codes:  

NFPA 101: Life Safety Code, NFPA 1: Fire Code 2009, International Building Code 2009, 

Building Code Requirements for Structural Concrete (ACI 318-05).The wastewater treatment 

plant recommendations considered a need for increased safety of the Park managers traveling to 

the plant in the dangerous weather. Since local fire departments do not have access to the 

summit, a fire protection system was designed to extinguish a fire in the shortest time possible. 

NFPA documents used in the research and design were NFPA 13: Automatic Sprinkler Systems 

Handbook 2010 and NFPA 750: Standard on Water Mist Fire Protection Systems 2010. 

!
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1 Introduction 

 

The Mount Washington summit in North Conway, NH is a popular attraction for hikers 

and tourists as well as a location for valuable research on the mountain’s unique conditions and 

environment. While a large number of tourists visit the summit in the summer, extreme weather 

conditions prevent such visits during the winter. Providing a wastewater treatment system to 

accommodate variable visitor usage while meeting discharge requirements in the cold weather is 

a constant challenge for park staff. In addition, a new building to pursue the ongoing research on 

the mountain is much needed. A building on the summit must be able to withstand extreme 

precipitation and wind conditions. Fire protection systems are also important because there is no 

access for fire trucks on the Auto Road leading to the summit. 

The purpose of this project was to design a two-story research facility to be constructed at 

the summit of Mount Washington as well as to analyze their current wastewater treatment plant 

and recommend solutions to help meet the current discharge permits. 

This project was divided into two distinct sections: the building and the wastewater 

treatment plant. The building design includes the structural design of the beams, girders, floors, 

columns, and foundation along with a sprinkler system design. A variety of structural building 

materials were considered to combat the unique weather conditions of the summit, as well as the 

overall constructability of each design. The wastewater treatment plant design includes an 

analysis of various package wastewater treatment plants taking into account the summit’s unique 

weather, as well as large seasonal and daily changes in flow. A recommendation for the building 

design and treatment plant design are provided based on cost, constructability, and maintenance. 

  



2 

 

2 Background 

 

The location of the “World’s Worst Weather” is on the summit of Mt. Washington in 

northern New Hampshire. With yearly snow accumulations over 300 inches and wind gust 

speeds over 200 mph along with the elevation and remoteness of the summit, the design of any 

facility on Mt. Washington needs to account for the unique features of the summit. The specific 

needs of the state park must be addressed in the building design in addition to the weather. This 

chapter discusses the history and needs of the State Park, as well as the design constraints for the 

proposed new research facility and wastewater treatment plant. 

 

2.1 Mount Washington State Park 

 

Mount Washington is located in northern NH about 90 miles northwest of Portland, 

Maine, 180 miles north of Boston and 210 miles southwest of Montreal (see Figure 1). The 

mountain is part of the Presidential Range, which forms a ridgeline about 12 miles long and 

includes the highest peak in the Northeast at 6,288 ft. It is the highest point in the United States 

east of the Mississippi River and north of the Carolinas with the only peak in the Northeast that 

exceeds 6,000 ft. (Mount Washington Observatory 2010b). 
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Figure 1: Mount Washington (Mount Washington Observatory 2010b) 

 

As part of the Appalachian Trail, the mountain brings many hikers, some long distance, 

to enjoy the views the summit has to offer of the surrounding White Mountains, and of peaks in 

Maine, Vermont, Quebec, and even New York on a day with ideal conditions. The summit can 

also be reached by visitors by the Cog Railway, which is about 3 miles long, or via the 8 mile 

trip up the Auto Road (see Figure 2). On the top of the mountain there is the Sherman Adams 

Summit Building, the Tip Top house, the Yankee Building, the WMTW-TV Station and towers, 

and the Stage Office, as shown in Figure 3 (Mount Washington Observatory 2010b). 

 

Mt. 
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Figure 2: Map of Mount Washington (Mount Washington Observatory 2010b) 

 

 

Figure 3: Map of Summit (Mount Washington Observatory 2010b) 
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2.1.1 History of the Park 

 

Mount Washington has attracted many visitors since the first summit house was built in 

1852. Soon after this house was built, the Carriage Road and the Cog Railway were constructed 

on opposite sides of the mountain to allow more visitors of all ages and abilities to reach the 

summit. With more visitors came more buildings, but not without the challenges due to the 

unique location and the weather conditions at the summit. For example, all of the buildings, 

besides the Tip Top House, burned in a fire in 1908 due to the lack of available water for 

firefighting. The Mount Washington Observatory, originally housed in the Stage Office and now 

in the Sherman Adams Building, was established in 1932 and has since kept a daily record of the 

weather. 

On February 9, 2003, a fire broke out in a former WMTW television building. The 

building at the time of the fire also housed the WHOM radio station transmitters and other 

broadcasting equipment. The fire started in the WMTW building and then spread to the Yankee 

power building next to it. Both buildings were completely destroyed in the blaze (see Figure 4). 

Since the fire destroyed the electricity generator in the building, the electricity was cut off for the 

entire summit and every person had to be evacuated (Cheshire County DX ARC 2003). 
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Figure 4: WMTW Building after Fire (Cheshire County DX ARC 2003) 

 

The summit sees about 300,000 people each summer. During the harsh winters, the 

number of visitors to the mountain is close to none, besides the park rangers who maintain the 

buildings and the wastewater treatment plant (Mount Washington Observatory 2010b). 

 

2.1.2 Existing Buildings 

 

Currently, there are four working buildings on the summit of Mount Washington, as 

shown in Figure 3. The Sherman Adams Summit Building was built in 1979 to replace the 

previous summit building (Mount Washington Observatory 2010a). It is made of concrete and 

serves as the mountain’s main visitor center. The building includes many amenities for visitors 

including an observation tower, restroom facilities, a post office, a food court, water fountains, 

and a museum. The Sherman Adams Building also houses the Mount Washington Observatory 

and the living quarters of its crew (Mount Washington Observatory 2010a).  

The Tip Top house was constructed in 1853 when it served as a hotel. Today, the stone 

building is the oldest building on the summit, and it was the only building that survived the 1908 
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fire. Recently renovated, the 2,350 square foot structure is open to the public where it serves as a 

reminder of the observatory’s past (Mount Washington Observatory 2010a).   

The current Stage Office was built in 1976 to replace its predecessor. The original Stage 

Office, which recorded the record wind speed of 231 miles per hour in 1934, served as the 

original home of the Mount Washington Observatory (Mount Washington Observatory 2010a). 

The current building was made as a likeness of its predecessor and is equipped with chains that 

help hold its roof in place during the intense storms that frequently hit the summit. The interior 

of the building houses restrooms and a gift shop for tourists.  

The summit also has numerous broadcasting towers that serve several state and federal 

agencies, as well as two FM radio stations, WHOM and WPKQ. The Yankee Building houses 

the majority of the broadcast equipment (Mount Washington Observatory 2010a). One of the 

other broadcast buildings, the WMTW-TV building, burned down in the fire of 2003. Previously, 

it held the station’s equipment, electrical generators and living quarters for WMTW staff.   

 

2.1.3 Existing Wastewater Treatment Plant 

 

The wastewater treatment plant for the mountain is located about 300 feet below the 

Sherman Adam’s Visitor Center. During the tourist season of the summer, approximately 

300,000 visitors come to this building, and this generates over 500,000 gallons of wastewater a 

year. Seasonal visitation trends have a large impact on wastewater flows. On a busy summer day, 

the average flow of wastewater is about 5,000 gallons. On a typical winter day, the only 

wastewater generated is from the few staff members on the mountain. 

Prior to the 1940’s, wastewater was disposed of via a pipe on the east side of the 

mountain. In the 1940’s, an icing research laboratory was established on the mountain. During 

this time, waste from the mountain was put into a containment system consisting of wells and 

holding tanks that were periodically emptied by a tanker truck. Several decades later there was a 

need to improve this system because of increased numbers of tourists and waste. The New 

Hampshire Bureau of Public Works along with input from the New Hampshire Department of 

Environmental Services (DES) selected a package wastewater treatment plant from the company 

Lifewater Engineering, in Fairbanks, Alaska. This company was chosen based on the company’s 
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experience with extremely cold climates. The system is called the Extreme Sewage Treatment 

Plant, or ESTP (Personal communication, Pelchat 2010). 

In the system designed for Mount Washington, the sewage flows from the Sherman 

Adams Building through heated pipes to the package treatment plant. The process begins with 

screening which removes the larger particles. This screened wastewater is then pumped to an 

anoxic tank to allow for denitrification. The anoxic tank has a mixer and a sensor, which 

measures the dissolved oxygen. In order to keep the dissolved oxygen concentration low, a 

carbon source called microCg is added. Microbial degradation of the microCg consumes oxygen 

and the microCg also provides a carbon source and electron donor for the denitrifying bacteria 

(Personal communication, Pelchat 2010). 

After the anoxic tank, the wastewater is treated aerobically with an active sludge process 

in a bioreactor tank. The detention time in this tank is about 15 hours and there are sensors that 

monitor the dissolved oxygen, total suspended solids, and pH. The mixed liquor is then pumped 

through four tubular membrane filters in series. When about 600 gallons of treated water 

accumulates in the storage tanks at the end of the filters, the effluent is discharged in batches 

through a UV disinfection system and then onto the ground near the plant. Heated and insulated 

pipes make it possible to discharge the water in the winter. The excess sludge is either put into 

underground holding tanks to be removed by a truck or in a sludge bag. In addition, recirculation 

of the flow from some of the tanks in the treatment process is done in order to accommodate the 

large fluctuations in flow during the season and between seasons (Personal communication, 

Pelchat 2010). 

 

2.1.3.1 Current Treatment Challenges 

 

There are many challenges to treating wastewater at the summit. First, the plant 

experiences significant daily and seasonal variations in the flow of the wastewater due to 

visitation trends. The majority of visitors come to the summit in the summer months and there 

are barely any in the winter. In addition, during the summer months, a clear and relatively warm 

day will bring more visitors than a foggy and cold day. This poses a challenge for the living 

organisms in the treatment system because of changes in flow and organic matter concentrations.  
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The operation of the plant for 365 days a year is the responsibility of the four staff 

members on the summit, who must also manage the many other maintenance aspects on the top 

of the mountain. Maintenance is especially difficult in the winter months because the extremely 

strong winds and cold temperatures make the plant difficult to access. Much of the current 

maintenance involves filters clogging and pumps failing. According to Diane Holmes (2010), a 

park staff member, the filters need a lot of maintenance and must routinely be taken out and 

cleaned. If one of the pumps fails, there is no secondary pump that can be turned on and 

treatment must temporarily stop. If maintenance needs to be done, there is no fresh water 

available at the treatment system to clean the system or for the staff to clean up afterwards 

(Personal Communication, Holmes 2010). 

The treatment plant is located about 300 ft. away from the laboratory on the summit. 

Collecting samples is dangerous during the stormy weather that occurs throughout the fall, 

winter, and spring months. Once samples are collected, they must be brought back up to the 

small make-shift laboratory in the Yankee Building. Effluent must be tested to make sure it is 

meeting discharge requirements from the NH Department of Environmental Protection. The 

current treatment plant does not always meet these requirements. When the effluent 

concentrations exceed the limits, they can have an impact on the alpine research area located 

below the treatment plant (Personal Communication, Holmes 2010). 

 

2.1.4 Current Water Supply 

 

The State Park currently has one working well to supply all the water needs for the 

summit. The well only draws a limited amount of water when in use. During the winter and 

spring, the well draws 3-5 gallons per minute (gpm); whereas during the summer and fall it 

draws 10-12 gpm. When flows are low as in the winter and spring, the well can only be run for 

short durations because the chances of drying up the well, damaging the pump, and/or 

contaminating the well are greater (Personal Communication, Emberley 2010). Typically, the 

water pump runs between 30 minutes and 8 hours at a time (Holmes 2010).  

The summit stores water in several tanks to ensure that if flows from the well are low, 

water can still be provided to the buildings. Five tanks, each with a 2,470 gallon capacity (12,350 

gallon total), are inside the Sherman Adams building. During the summer months when the 
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weather is warmer, two outside tanks each with a 20,000 gallon capacity (40,000 gallons total) 

are used. Each of the inside and outside tanks is kept as full as possible at all times (Holmes 

2010). 

 

2.1.5 Needs of the Park 

 

The State Park on the summit of Mount Washington is in need of a building to replace 

the old WMTM TV-8 building that was destroyed by fire. The new building would serve as an 

environmental research facility for the state park and would need to fit the footprint of the 

previous building (Personal Communication, Pelchat 2010). 

The park has several requirements for this new building. A garage or airlock large 

enough for a snow cat to fit in will need to be linked to the new facility to allow for safe 

debarkation in the winter months. A kitchen, bathrooms, storage facilities and sleeping areas are 

required. Other areas within the building could include a lounge and study areas, as well as a 

conference room. Diane Holmes stated that the wastewater treatment laboratory should be 

located inside of this new building because the current laboratory is located in the Yankee 

building, which is too far from the current treatment plant. Due to problems with the treatment 

system in place on the summit, the staff has requested a new treatment facility to replace the old 

system and for it to be adjacent to or in the floor plan of this new building. The new facility 

should be simple for the park staff to maintain, while also reducing effluent concentrations to the 

acceptable limits as stated in the New Hampshire discharge permit. The treatment facility must 

also be able to operate under the extreme conditions on the summit (Personal Communication, 

Holmes 2010). 

The building’s roof should have space for radio and observatory equipment as well as an 

area for visitors to enjoy the views of the southern and western portions of the mountains. A 

ramp should be constructed to the roof so that visitors can access the observation area without 

having to walk through the interior of the building.   

The park is also in need of a second observation tower in addition to the existing tower 

on top of the Sherman Adams building. Therefore, a second tower will be erected on the roof of 

the new building.   
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The fires of 1908 and 2003 are prime examples demonstrating the need for fire protection 

systems to be installed in the new building. Firefighting capabilities are minimal due to the 

weather on the summit, the limited availability of water, and the lack of personnel. In the event 

of fire, the state park rangers attempt to extinguish the fire. Only two fire fighter suits and 

breathing apparatuses are available to the crew.  Fire hoses can help extinguish a fire in the 

Sherman Adams building but no hoses and water connections are available in the Yankee 

building. There is only one well on the summit that can be used for water and this well produces 

a flow that is too small to adequately fight a fire. Fire trucks cannot access to the summit because 

it is too hazardous for a truck to drive up the Auto Road, regardless of the weather. Fire 

protection systems need to be installed to protect the equipment being housed in the building and 

the people residing in the building (Personal Communication, Pelchat 2010). 

 

2.2 Design Constraints 

 

Design constraints help to focus a project. Constraints can include how much the sponsor 

or client is willing to spend on a new building to where the building is located and what it should 

look like. Other critical design constraints include building and fire codes and discharge permits. 

The codes and permits are standards established by the state to protect life and the environment 

from harm. 

 

2.2.1 Budget 

 

Through communication with Diane Holmes, acting Mt. Washington State Park 

Manager, a budget was established for the design of the environmental research facility and 

wastewater treatment plant. This budget was set at ten million dollars. This covers the entire cost 

of design and construction. However, NH legislation mandates that every New Hampshire State 

Park must be a self-supporting entity.  Mt. Washington does not receive state funding to help 

with repairs or for upgrades. Revenue comes from food concessions, sales in the gift shop, and 

donations.  
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2.2.2 Building Code 

 

Building codes are regulations that ensure the safe design and construction of a building. 

These mandatory codes provide the minimum design conditions. Because Mt. Washington is in 

the state of New Hampshire, the New Hampshire State Building Code governs the aspects of the 

design. The State of New Hampshire has adopted the International Building Code (IBC) 2009 as 

its current building code. The code went into effect in April 2010(Reed Construction 2010). 

Everything about a building from its design and construction to demolition and removal has to be 

done according to the provision of IBC 2009 (State of New Hampshire 2002). Some IBC 

regulations include material types, building heights and areas, and means of egress (International 

Code Council Inc 2009).To incorporate realistic constraints on this project, the design of the 

building was completed according to the IBC 2009. 

 

2.2.3 Fire Protection 

 

The State of New Hampshire adopted NFPA 1, 2009 Edition, as its state fire code. As 

with the building codes, the fire code went into effect in April 2010(National Fire Protection 

Agency 2009). As stated in Chapter 1.2 of NFPA 1, “the purpose of this code is to prescribe 

minimum requirements necessary to establish a reasonable level of fire and life safety and 

property protection from the hazards created by fire, explosion, and dangerous 

conditions”(National Fire Protection Agency 2009).This statement reflects the desire of the state 

park to have a building with fire protection systems suitable to protection expensive equipment 

and lives that are housed in the building. The new building was designed with sufficient means 

of fire protection using NFPA 1.  

 

2.2.4 Accessibility Guidelines for Buildings and Facilities 

 

The Americans with Disabilities Act (ADA) was signed into law in 1990. The ADA 

requires all new construction after 1993 to be designed and constructed with certain public 

accommodations for people with disabilities (U.S. Architectural and Transportation Barriers 

Compliance Board 1991). The requirements for building design are listed in the Accessibility 
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Guidelines for Buildings and Facilities of ADA. The research facility was designed based on 

these requirements.  

 

2.2.5 Discharge Permits 

 

The groundwater discharge permit (Appendix B) from the Water Division of the New 

Hampshire Department of Environmental Services (NHDES) allows for the discharge and 

infiltration of up to 5,000 gallons per day of tertiary treated disinfected wastewater at the 

summit. The Mount Washington treatment plant cannot violate the groundwater Ambient 

Groundwater Quality Standards adopted by the DES at the boundary of the discharge zone. The 

discharge must also not cause any degradation to the groundwater. (NH DES 2009) 

The treated effluent must meet the criteria in Table 1 before it is discharged. The 

continuous flow (gpd), ammonia, biological oxygen demand (BOD5), total Kjeldahl nitrogen 

TKN), and total suspended solids (TSS) in the influent are required by the discharge permit to be 

monitored daily. Fecal coliform samples are taken weekly. If the treatment system fails to meet 

these discharge limits, then the two 5,000 gallon tanks on the site can be used for sewage storage. 

 

Table 1: Wastewater Discharge Criteria (The State of New Hampshire Department of 

Environmental Services 2009) 

 

Parameter Effluent Limit Frequency 

pH 6.0 – 9.0 Weekly average 

BOD5  Weekly average 

Nitrate  Weekly average 

TSS  Weekly average 

Fecal Coliform Zero counts/100 ml Per sample 
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2.2.6 Summit Watershed 

 

According to Seth Prescott of the State of New Hampshire Department of Resources and 

Economic Development, the old containment system was on US Forest Service land. One of the 

goals for the current package treatment system was to get the system off of that land and onto the 

park’s land (Personal Communication, Prescott 2010). Another consideration that influenced the 

placement of the existing plant was which watershed would receive the effluent from the plant. 

The alpine garden was a concern for the current plant because that area is used for research. 

Figure 5 is a contour map, from Stantec Consulting Services, found in the application for the 

discharge permit for the current treatment system (The State of New Hampshire Department of 

Environmental Services 2009). As seen from the contours in the figure, the effluent from the 

current location of the treatment system will eventually reach the sensitive alpine research area. 

It is important to have the new treatment plant in a location where discharge is not affecting the 

alpine research area. 
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Figure 5: Lifewater Systems Treatment Location Contour Map (The State of New 

Hampshire Department of Environmental Services 2009) 
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2.2.7 Site Geology 

 

Mount Washington, along with the other mountains in the Presidential Range, is a part of 

the White Mountain batholith. This large geological feature makes up most of the White 

Mountains in northern New Hampshire, covering over 1000 square kilometers. The structure of 

the basolith consists of igneous rock, 97 percent of which is granite, quartz syenites, or syenites. 

Mount Washington is located in the eastern portion of the batholith. The make-up of the rock in 

this area is mainly comprised of Moat volcanic rocks. These rocks include trachyte, tuff, 

breccias, alkali, rhyodyte and comendite, all of which are types of granite (Creasy and Fitzgerald 

1999). 

The geology of the summit of Mount Washington is important to consider in the design 

of the research facility. More specifically, the location of bedrock influences the design of the 

building’s foundation. Bedrock lies at a depth of three to eight feet beneath the summit area of 

Mount Washington. The shallowest depths are located around the actual summit and near 

“Goofer Point,” an area on the south side of the summit overlooking the Lake of the Clouds hut. 

Covering the bedrock is a layer of very large (one half to three cubic yards) boulders. This 

generality was confirmed during the construction of the Sherman Adams Building in the 1970s. 

Isolated pockets of sandy, stony, reworked glacial till known as “diamict” can also be found at 

bedrock level, although these are generally rare (Fowler 2010). Due to the relatively shallow 

depth of bedrock at the summit, only one story of the facility was designed to be below grade. To 

limit the amount of excavation work, the existing foundation hole from the previous building 

was used.  

 

2.3 Weather Challenges 

 

One of the major challenges in designing facilities for the summit of Mt. Washington is 

the weather. Weather affects everything from the flows of the wastewater treatment plant to the 

wind, snow, and impact loads on the structures. Table 2 is a summary of the effects weather has 

on building design and the indoor wastewater treatment system.  
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Table 2: Summary of Weather Effects 

 

Type of Weather 
Effect on Building 

Features 
Effect on Building Design 

Effect on Wastewater 

Treatment 

Temperature Insulation Type Material choice Bacterial Processes 

Wind Overhangs Increases design loads Not Applicable 

Precipitation Roof, materials Increases design loads Not Applicable 

Rime Effects negligible 
Increases impact loads due to 

falling 
Not Applicable 

Fog Effects negligible Constructability Not Applicable 

Falling Ice Window strength Impact loads Not Applicable 

 

 

2.3.1 Temperatures 

 

According to the Mount Washington Observatory, the average temperatures on the 

summit of the mountain during the year range from 5.2 to 48.7 degrees Fahrenheit, without 

accounting for wind chill (see Table 3).With the wind chill, values commonly drop below -100 

degrees Fahrenheit. Summers average in the mid-forties, while winter temperatures are 

commonly in the single digits. The record low was recorded in 1934 as -47 degrees Fahrenheit. 

The cold temperatures are enhanced not only by the strong winds, but also by the amount of 

snow and fog that the mountain receives (Mount Washington Observatory 2010c). 

Cold temperatures on the top of the mountain have an impact on building features as well 

as construction and design aspects. With the cold temperatures, it is important that the new 

research facility be properly insulated and designed to retain heat in the winter. During the 

construction phase, temperature extremes make it difficult to properly cure concrete. If the 
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temperature is too close to freezing, then hydration of the concrete slows to nearly a standstill 

causing it to be weaker. Generally, the temperature should not drop below 50 degrees Fahrenheit 

while the concrete is curing (Portland Cement Association 2010; Uggerholt 2010). 

 

Table 3: Temperatures (Fahrenheit) averaged over the period from 1971-2000(Mount 

Washington Observatory 2010c) 

 

Month 

Average 

Daily 

Maximum 

Average 

Daily 

Minimum 

Monthly 

Average 

Record High 

(Year) 

Record Low 

(Year) 

January 14.0 -3.7 5.2 47 (1995) -47 (1934) 

February 14.8 -1.7 6.6 43 (1981,1999) -46 (1943) 

March 21.3 5.9 13.6 54 (1998) -38 (1950) 

April 29.4 16.4 22.9 60 (1976) -20 (1995) 

May 41.6 29.5 35.6 66 (1977) -2 (1966) 

June 50.3 38.5 44.4 72 (2003) 8 (1945) 

July 54.1 43.3 48.7 71 (1953) 24 (2001) 

August 53.0 42.1 47.6 72 (1975) 20 (1986) 

September 46.1 34.6 40.4 69 (1999) 9 (1992) 

October 36.4 24.0 30.2 59 (1938) -5 (1939) 

November 27.6 13.6 20.6 52 (1982) -20 (1958) 

December 18.5 1.7 10.1 47 (2001) -46 (1933) 

YEAR 33.9 20.4 27.2 72 (1975) -47 (1934) 

 

 

As a result of the extremely cold temperatures starting in beginning of the fall season, the 

numbers of hikers and tourists who visit the mountain decreases significantly from the summer 

months. The seasonal variations in the number of visitors result in large wastewater flow 

fluctuations between the summer and winter months at the summit. A treatment plant on the top 

of the mountain must be designed to accommodate these fluctuations. The current treatment 

plant handles these flow fluctuations by including re-circulating tanks in the system. In addition, 
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the freezing temperatures in the winter decrease the effectiveness and efficiency of traditional 

biological treatment methods. Currently, the surface discharge from the treatment plant is able to 

melt the snow and infiltrate into the ground. The ability to have a surface discharge in the winter 

is necessary for this facility. 

 

2.3.2 Wind 

 

Mount Washington is located in the middle of converging storm tracks, mainly from the 

South Atlantic, the Gulf region, and the Pacific Northwest. The Presidential Range acts as a 

barrier to winds from the west. As a result of the temperature differences between the Northeast 

and the Atlantic Ocean, low-pressure systems develop along the coastline in the winter causing 

winds that exceed hurricane force almost one third of the days in a year. The average wind 

speeds on the mountain range from the mid 20’s to mid 40’s miles per hour. However, it is not 

uncommon to see peak gusts over 100 miles per hour, as shown in Table 4.Peak gusts occur from 

many different directions but the prominent wind direction is from the west (Mount Washington 

Observatory 2010c). 
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Table 4: Wind (MPH) averaged over the period from 1971-2000(Mount Washington 

Observatory 2010c) 

 

 

Extreme winds pose a significant challenge to building on the summit. Strong winds can 

exert significant loads on a building, and magnitudes of wind loads vary with geographical 

locations, heights above the ground, types of terrain surrounding the buildings, and other factors. 

The strong winds on Mount Washington come from many different directions, and this poses a 

design concern for features like the faces of the building and the roof. The final design must take 

into consideration strong winds from all directions and not just the predominant direction from 

the west. Extreme winds of hurricane force are capable of taking a roof off of a building. Wind 

forces also act as pressures on vertical surfaces facing the wind, and pressures or suction on 

sloping surfaces facing the wind. Suction occurs on flat, vertical, and sloping surfaces facing 

away from the wind. Various loads and combinations of loads could occur on the building. The 

largest wind load and effect that is predicted to occur in the worst case was used for analysis and 

design (McCormac 2008). 

 

Month 
Mean Wind Peak Gusts 

Speed (MPH) Predominant Direction Speed Year Direction 

January 46.3 W 173 (1985) NW 

February 44.5 W 166 (1972) E 

March 41.6 W 180 (1942) W 

April 36.1 W 231 (1934) SE 

May 29.7 W 164 (1945) W 

June 27.7 W 136 (1949) NW 

July 25.3 W 154 (1996) W 

August 25.1 W 142 (1954) ENE 

September 29.1 W 174 (1979) SE 

October 33.8 W 161 (1943) W 

November 39.7 W 163 (1983) NW 

December 44.8 W 178 (1980) NW 

YEAR 35.3 W 231 (1934) SE 
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2.3.3 Precipitation 

 

The summit of Mount Washington experiences various types of precipitation throughout 

the year. As seen in Table 5, the summit has a yearly average of 101.9 inches of total 

precipitation, with a high of 130.1 inches in 1969 and low of 71.34 inches in 1979. As shown in 

Table 6, in the winter the summit averages between 48 and 55 inches of snow or ice per month, 

and yearly snowfall averages 314.8 inches. The highest snowfall in one month was 172.8 inches 

in 1969 with a yearly total in 1968-69 of 566.4 inches. The record for snowfall in a twenty-four 

hour period is 49.3 inches (Mount Washington Observatory 2010c). 

 

Table 5: Precipitation (water equivalent, inches) averaged over the period from 1971-

2000(Mount Washington Observatory 2010c) 

Month Average Maximum Monthly 

(Year) 

Minimum Monthly 

(Year) 

Maximum in 24 hours 

(Year) 

January 8.52 18.23 (1958) 1.29 (1981) 4.85 (1986) 

February 7.33 25.56 (1969) 0.98 (1980) 10.30 (1970) 

March 9.42 15.98 (1977) 2.15 (1946) 6.45 (1999) 

April 8.43 15.21 (1988) 2.19 (1959) 8.30 (1984) 

May 8.21 19.00 (1997) 1.78 (1951) 4.60 (1967) 

June 8.36 16.00 (1973) 2.43 (1979) 6.50 (1973) 

July 8.02 16.59 (1996) 2.69 (1995) 7.37 (1969) 

August 8.08 20.69 (1991) 2.46 (1996) 6.63 (1991) 

September 8.55 15.47 (1994) 2.74 (1948) 5.38 (1985) 

October 7.66 28.70 (2005) 0.75 (1947) 11.07 (1996) 

November 10.49 19.56 (1983) 2.31 (1939) 6.07 (1968) 

December 8.84 17.95 (1973) 1.49 (1955) 8.64 (1969) 
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The design considerations for precipitation center on the snow and rain roof loads for the 

structure. Roof snow loads are influenced by the quantity of snow that falls on Mount 

Washington during the course of the year. In addition to this base number, roof snow loads are 

influenced by the pitch of the roof as well as the roof’s thermal qualities and exposure to 

precipitation (Steel Building Guide 2007).  Snow drifting and sliding were considered as both 

produce variations in snow load values across the roof surface which could result in overloads on 

sections of the roof.  

 

Table 6: Snow, ice pellets, hail (inches) averaged over the period from 1971-2000(Mount 

Washington Observatory 2010c) 

Month Record Mean Maximum Monthly (Year) Maximum in 24 Hours (Year) 

January 50.4 94.6 (1978) 24.0 (1978) 

February 48.2 172.8 (1969) 49.3 (1969) 

March 51.0 98.0 (1970) 27.4 (1969) 

April 40.8 110.9 (1988) 27.2 (1988) 

May 11.3 95.8 (1997) 22.2 (1967) 

June 1.2 8.1 (1959) 5.1 (1988) 

July Trace 1.1 (1957) 1.1 (1957) 

August 0.3 2.5 (1965) 2.5 (1965) 

September 2.2 7.8 (1949) 7.7 (1986) 

October 14.0 78.9 (2005) 25.7 (2005) 

November 40.4 86.6 (1968) 25.0 (1968) 

December 55.0 103.7 (1968) 37.5 (1968) 

 

Rain loads are also important to consider in the design of a structure. Since rain does not 

accumulate in the same manner as snow, it is necessary to design roofs to properly drain rain 

water. However, the roof should be designed to withstand loads from accumulated rain in the 

event that these drainage methods are block or disabled. Additionally, ponding, the accumulation 

of water due to the deflection of roofs, should be considered in the determination of rain loads. 
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The most important factor in considering the effects of precipitation in a design for the 

summit is the combined effects of both rain and snow. Often in late winter and early spring 

storms, snow storms can quickly change to rain storms. Since snow has accumulated on the roof, 

rainwater drainage systems will not operate optimally. In addition, rain will be absorbed by the 

snow, saturating it with water and increasing the overall load on the roof. Finally, ponding will 

be one of the major problems in these mixed precipitation storms. As rain falls onto water 

saturated snow, it puddles. This gathering of rainwater on top of the snow will increase the 

overall load on the roof of the structure. This combined load of the rain and snow will increase 

the deflection of the roof, further contributing to the ponding effect and possibly creating serious 

problems for the structural integrity of the facility. 

 

2.3.4 Rime Ice 

 

One unique type of precipitation that occurs at the summit is known as rime ice. Rime is 

a type of white or milky opaque white ice that forms on the outside of both natural and manmade 

structures. It closely resembles frost found inside of freezers (Federal Aviation Administration 

1975). Usually found in aviation, rime is very common during the colder months at the summit, 

growing quite thick at times. The formation of rime ice happens when super cooled water 

droplets strike an object at or below the freezing temperature of water. Rime is most often caused 

by freezing drizzle or fog. Other conditions that aid in the formation of rime include small 

droplet size as well as the dispersion of fusion heat from the freezing water (Federal Aviation 

Administration 1975). Rime is unique in that it forms winwardly (into a blowing wind) rather 

than leewardly. While rime ice may grow thickly on buildings, its weight is negligible, causing 

no structural stress (Federal Aviation Administration 1975). The formation of rime ice is 

inevitable in the winter on the summit, but the formation of the rime ice on building features like 

the walls, roof, windows, and doors, were not considered for this building design. However, 

falling rime ice from the towers adjacent to the new building was considered because it may 

produce significant impact loads due to the high winds. 
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Figure 6: Rime Ice at the Summit 

 

2.3.5 Falling Ice 

 

Since Mount Washington is the second highest elevation on the Eastern seaboard, it 

serves as a radio transmitter for numerous entities, including the Secret Service, Department of 

Defense, and local and regional radio stations. Several radio towers, as shown in Figure 7,have 

been constructed on the summit for the purpose of rebroadcasting the radio signals further. 

However, during the winter, the radio towers pose a major threat. Rime ice builds up on the radio 

tower and their associated support wires. Ice can accumulate over a foot thick. During the 

frequent strong winds, ice chunks crack and fall down to the surrounding area underneath and 

around the tower. When the WMTW building was original constructed, the summit workers 

quickly found that the building was not designed adequately enough to support the impact of the 

falling ice from the towers. The falling ice slammed into the building, shook the building and 

even caved in portion of the roof. An I-beam was placed along the ridge of the roof to prevent 

further structural damage. 
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Figure 7: Radio Tower on Mt. Washington Summit 

 

Since the proposed location of the environmental research facility is in the location of the 

old WMTW building adjacent to the two radio towers as seen in Figure 8, the impact loads from 

falling rime ice in strong wind were taken into account to ensure the structural integrity of the 

building and safety of the occupants. Building features such as canopies and types of windows 

and doors need to be taken into account for the safety of the people around the outside of and 

inside the building during the winter. However, design of doors and windows was not a part of 

the scope of this project. 
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Figure 8: Location of the Old WMTW Building and Proposed Location of the Research Facility 

 

2.3.6 Fog 

 

Fog occurs often on the summit. Mount Washington currently has 303 foggy days a year, 

which leaves approximately 60 days for construction (Court and Gerston 1966). This poses a 

major obstacle during the construction phase of this project. Many aspects of construction are 

affected by fog. The delivery of construction materials such as concrete and steel up the Mount 

Washington Auto Road poses a danger in foggy condition. Not only is the road narrow but a 

foggy day could cause accidents from driving off the road or motorists not seeing each other in 

the road. The use of cranes will be limited in foggy days as communication between crane 

operators and workers on the ground needs to be unimpeded to ensure the right placement of 

beams and the safety of the workers on the ground.  
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3 Methodology 

 

This Major Qualifying Project focused on the preliminary design of a research facility 

building and a recommendation for wastewater treatment plant improvements for the top of 

Mount Washington. There was also a focus on fire protection aspects of the research facility due 

to the unique location of the prospective building. 

 

3.1 Schedule 

 

The project was conducted over a period of eight months, as shown in Figure 9. During 

the first three months, the background research was completed, including a site visit to the 

summit of Mount Washington on September 18, 2010. During this visit park managers Diane 

Holmes and Chris Uggerholt were interviewed to obtain information on the site layout and park 

needs. The project team was given a tour of the buildings as well as the wastewater treatment 

plant. Pictures were taken of the layout of the mountain and the site of the burned down building 

and the wastewater treatment plant. After the site visit, the scope of the project was determined. 

From October to January, the floor plan, structural, foundation, and fire protection designs for 

the research facility building were developed. Wastewater treatment options were also analyzed 

and compared. A cost analysis was performed on both the proposed building and treatment plant 

to ensure that the expenses were within the State Park’s budget. In February, the group finalized 

the report. 
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Figure 9: MQP Schedule 
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3.2 Research Facility Building Design 

 

The design of the environmental research facility building was completed in several 

sections. These sections include the floor layout of each level; the structural design of beams, 

girders, columns and floor slabs; foundation design; and fire protection design. 

 

3.2.1 Floor Layout 

 

The first phase of the design process for the summit research facility was to develop a 

floor plan for the building. The overall size of the building was fixed at 77 feet by 34 feet, as the 

new facility had to fit on the footprint of the previous building. Mike Pelchat, the Mount 

Washington State Park manager, provided a rough sketch of the building’s layout and the types 

of rooms that would address the needs of the State Park. 

The team then drafted floor layouts using AutoCAD 2010. The project team designed the 

room sizes according to the proportions in the initial sketch provided by Mr. Pelchat. The team 

also researched appropriate room sizes, corridor, stair, and ramp widths as well minimum egress 

and door requirements using the NFPA 1: Fire Code, NFPA 101: Life Safety Code, the 

International Building Code 2009, and the Americans with Disabilities Act (ADA). The floor 

plan was then used to facilitate the structural design through the designation of tributary areas as 

well as the appropriate placement of the building’s girders and columns.  

 

3.2.2 Design Process 

 

The main summit research facility was designed as a two-story building. Residents in the 

communities surrounding Mount Washington prefer that buildings on the summit do not exceed 

one-story as taller structures would disrupt the look of the summit from the base. Based on this 

opinion, the building was designed so that one story is underground, leaving only a single story 

visible. Coring samples at the building location were not available. Therefore, it was assumed 

that bedrock lies at sufficient depth to allow for a single story below grade. The remains from the 

previous building’s foundation are one story below the ground, allowing for the existing 
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excavation to be used in the construction of the story below grade.  A depth of 10 feet is needed 

to place one story below grade.  

Two alternative designs were evaluated: reinforced concrete and non-composite 

structural steel. Each structural option was evaluated based on the 3 criteria: cost, transportation 

of materials to the summit, and constructability. Each criterion was ranked on a scale of one to 

five, with five being the highest. The design with the highest total number was the most 

appropriate and was recommended. 

The building was designed in accordance with the International Building Code (IBC 

2009) as well as ASCE7-10.ASCE7-10 was adopted in the IBC as part of the structural design 

codes.  ASCE7-10, as stated in the document’s scope, “provides minimum load requirements for 

the design of buildings and other structures.” ASCE7-10 was followed to ensure that sufficient 

design loads were taken in account during the proportioning of all structural components of the 

facility (International Code Council Inc 2009).  

The design process was as follows: the roof and observatory tower were designed first, 

followed by the first floor and garage. The foundation design for the structural steel frame was 

completed once all sections were designed.  

 

3.2.2.1 Design Loads 

 

Once the materials were selected, the first step in the structural design process was to 

determine the loads that apply forces onto the structural members of the building. There are 

seven different loads that could be applied to a building: dead (D), live (L), roof live (Lr), snow 

(S), rain (R), wind (W), and seismic (E). Falling ice was accounted for with an increase in live 

load.  

Dead loads are the weight of all the materials of construction of the building. This 

includes the walls, roof, ceiling, mechanical, electrical, and plumbing (MEP).The different wall 

types and materials for the roof and first floor were selected first. The dead load values used for 

the building materials were determined from Design of Wood Structures (Breyer et al. 2007). 

The types of material used for the interior and exterior construction and their associated dead 

load values are listed in Table 7. The interior and exterior walls were designed for the same 



31 

loads. Concrete block was added to the exterior walls dead load for added protection from the 

elements and windows.  

 

Table 7: Dead Load Values 

Component Load (psf) Material 

Roof 

2.4 galvanized steel-18 gage corrugated 

1.5 insulation fiberglass 

12 stone decking 

Ceiling 

6 Mechanical, Electrical, Plumbing 

1 
drop ceiling (channel suspend 

system) 

Floor 

12 cement finish per inch 

6 Mechanical, Electrical, Plumbing 

1 drop ceiling 

1.5 insulation 

Wall (wall 

area) 

0.9 wood studs 16" on center 

5 gypsum wall board 

30 concrete block outside wall 

8 windows 

1.5 insulation 

 

 

 The snow loads were calculated using Equation 7.3-1 of ASCE 7-10 as shown in 

Equation 1. 

 

! " #$%& & ' !      (Equation 1) 

 

where Ce=Exposure Factor, Ct=Thermal Factor, Is=Importance Factor, and pg=ground snow load. 
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The exposure factor and thermal factor were determined from Table 7-2 and 7-3 of ASCE 

7-10, respectively.  The importance factor was determined using Table 1.5-2 with the Risk 

Category from Table 1.5-1. The ground snow load in the area of Mt. Washington was a site-

specific special case snow load according to ASCE 7-10; therefore no value was given. However, 

the US Army Corps of Engineers published a paper on specific ground snow loads for various 

locations in New Hampshire (Tobiasson et al. 2002) and these ground snow loads for Mt. 

Washington were used to calculate the snow load. Actual values can be seen in section 2.3.3 and 

spreadsheets can be seen in Appendix G. 

The simplified approach to seismic loads was able to be used because Mt. Washington is 

located in region of the United States that experiences very few earthquakes and those 

earthquakes that occur are small in magnitude.  

To calculate the seismic factor, first the site class was determined. Mt. Washington is 

considered site class A, hard rock, according to Table to 20.3-1 of ASCE 7-10.  The risk category 

III based on the use of the building was determined from Table 1.5-1 of ASCE 7-10. Using the 

risk category, the importance factor (Ie), and the location of the building, USGS U.S. Seismic 

“DesignMap” Web Application was used to determine the maximum spectral response 

acceleration parameters (SMS and SM1), site coefficient (Fa ,Fv , FPGA), mapped  acceleration 

parameters (Ss and S1), design spectral response acceleration parameters (SDS and SD1), and peak 

ground acceleration (PGA)(United States Geological Survey 2010).Using the given values and 

Table 11.6-1 and 11.6-2 of ASCE 7-10, the Seismic Design Category (SDC) was determined as 

A. This means that the earthquake lateral forces on the building are only a function of the weight 

of the building. Equation 1.4-1 from section 11.7 of ASCE 7-10was used to calculate the seismic 

force, Fx (see Equation 2). 

 

" #$#(       (Equation 2) 

 

where Wx is the dead load of each level of the structure. The values for all the variables can be 

seen in Appendix J. Because a SDC A building yields such small earthquake design loads 

compared to the wind and live loads, the combination equations incorporating earthquake loads 

were not used.  
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Design live loads for a structure are based on use of the building and the occupancy. 

ASCE 7-10, Table 4-1 of ASCE 7-10 defines minimum uniformly distributed live loads for 

various building types and occupancies. To account for impact loads from ice and other debris on 

the roof of the structure, the roof live load was increased by 100%. A 100% increase in live load 

to account for impact loads is usually done for elevators and the dynamic effects that may result 

from them (section C4.6 in ASCE 7-10). 

Winds loads were determined using the envelope procedure for enclosed low-rise 

buildings. The risk category, III, was determined from Table 1.5-1 of ASCE 7-10. Based on the 

maximum wind speed data (V) from Table 4, the basic wind speed of 185 mph was used. Then 

five wind load parameters were calculated as follows from the provisions of ASCE 7-10:  

 

 Kd, wind directional factor: Table 26.6-1 
 Kzt, exposure factor: Section 26.7   
 Topographic factor: 26.8  
 GCpi, enclosure classification and internal pressure coefficient: Section 26.10 and 

26.11 
 Velocity pressure coefficient: Table 28.3-1 using the height of the building.  

Using the above parameters and coefficients, the velocity pressure (qz) was calculated 

using Equation 3:  

" $##)*+ )   (Equation 3) 

  

Once the external pressure coefficient (GCpf) from Fig. 28.4-1 was determined, the 

design wind pressure (p) was calculated using Equation 4: 

 

" , -   (Equation 4) 

 

where qh is the velocity pressure determined from Figure 28.4-1 for both load cases A and B. 

Input values can be seen in the spreadsheets in Appendix H. 

 

 

 

 



34 

Load and Resistance Factor Design (LRFD) was used for both the reinforced concrete 

and structural steel framing options. According to ASCE 7-10, seven different load combinations 

need to be analyzed, and the design of the structural elements is based on the combination 

producing the largest effect. The seven load combinations are listed below.  

 

 1.4D 
 1.2D +1.6L +0.5(LR or S or R) 
 1.2D +1.6(LR or S or R) + (L +0.5W) 
 1.2D +1.0W +L +0.5(LR or S or R) 
 1.2D + 1.0E +L +0.2S 
 0.9D +1.0W 
 0.9D +1.0E 

 

3.2.3 Concrete Structural Design 

 

This section details the processes used to design the concrete structural frame of the 

environmental research facility. The frame includes the slabs of the first floor and roof, the 

beams for both levels, and the interior and exterior columns. The garage frame is also included in 

this section since it was solely designed as a concrete structure. 

 

3.2.3.1 Floor and Roof Slabs 

 

The roof and floor slabs were designed based on methods from Reinforced Concrete 

Design as shown in Figure10 (Wang et al. 2007). Each slab was designed as a one-way slab 

where reinforcement primarily runs in one direction in the concrete.  
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Figure 10: Roof Slab Design Flowchart 

 

The first step was to determine the span length of each slab based on the girder spacing. 

Then values for concrete and steel strength (f`c and fy) were chosen. The values given in Table 8 

show the strengths of the materials used in the design process. The concrete strength of 3000 psi 

was chosen to account for the batching of concrete on the summit in inclement weather. The 

steel strength value is an average steel strength value used in structural engineering. 

After the loads were calculated as mentioned in Section 3.2.2.1, a slab thickness was 

chosen based on the minimum thickness of slab, h, which was determined from ACI 318-05 

Table 9.5(a). The limits of the reinforcement ratio ) were calculated and a one-half 

 was used to help control deflection. Deflection in beams is acceptable up to certain values 

which are given in Table 1604.3 of the IBC (International Code Council Inc 2009).Even with 

acceptable deflection limits, the bending of beams and the sway of a building can cause people to 
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feel uncomfortable. This value was chosen to limit deflection while not overdesigning the beams 

and slabs. 

 

Table 8: Material Strengths 

Concrete Strength (f’c) 3000 psi 

Reinforcing Steel 

Strength (fy) 
60,000 psi 

 

 

The dead and live loads were used to compute the moments in the slab at the support and 

midspan locations. The ACI coefficient method was used to calculate the moments in the slab. 

As an alternative to frame analysis. ACI 318-05 Section 8.3 states that either method is an 

approved method for determining moments. Each position, support and middle, for slabs with 

one end and both ends continuous have various ACI moment coefficients used to determine the 

corresponding moments Mu. The ACI moment coefficients were taken from Table 8.4.1.of 

Reinforced Concrete Design (Wang et al. 2007; American Concrete Institute 2005). 

 The area of steel (As) calculated has to be greater than the minimum As or else the 

minimum area steel should be used as the design area value. 

taken from ACI 7.12.2.1. Using Table 3.9.6 from Reinforced Concrete Design, an area of steel 

larger than the calculated As is used (Wang et al. 2007). 

Shrinkage and temperature reinforcing is needed in the concrete slab. This reinforcing is 

placed perpendicular to the main reinforcing. The area of steel is calculated in a similar manner 

to the minimum area of steel calculated in the above paragraph. The steel reinforcement and the 

concrete slabs were designed for ease of construction.  

 

3.2.3.2 Beams 

 

The next step in the building design process was to calculate the dimensions, areas of 

steel and the shear requirements for the beams that support the roof, first floor, and garage. The 

design process can be seen in Figure 11.ACI coefficients used to calculate the maximum positive 
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and negative moment were taken from Table 8.4.1.of Reinforced Concrete Design (Wang et al. 

2007). These calculated dead and live load moments were then factored to find. . After was 

determined, the geometric dimensions (b,d) were chosen. Dimensions b and d were chosen such 

that the height of the beam (h) would be 1.5 or 2 times greater than b. The height, h is d plus a 

given amount of concrete cover and half the reinforcing beam diameter. 

 

 

 

Figure 11: Interior Beam Design Flowchart 

 

Once the required area of steel was calculated, the size of the bar and the number of bars 

per layer were specified so that the actual area of steel is close to the required area of steel that 

was calculated. Table 3.9.1 from Reinforced Concrete Design was used to aid in the selection of 

the appropriate steel section. The number of bars was checked to ensure they would fit the width 
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of the beam with the appropriate cover. This was done with the aid Table 3.9.3 from Reinforced 

Concrete Design (Wang et al. 2007). 

The beams were designed for shear reinforcement. The applied shear force and shear 

capacity of the concrete section were calculated, and the required shear capacity of steel was 

determined. From the required shear capacity of the steel, the spacing requirements for #3 

vertical stirrups were calculated. 

The design of the exterior beams was similar to the design of the interior beams in 

section. The design process can be seen in Figure 12. The lateral wind forces, dead loads, and 

live loads were entered into RISA 2D, and the negative and positive moments were calculated. 

RISA 2D is a computer program that calculates the axial, shear, and moment forces on a given 

set of members. Data on the loads applied to the member are entered, and the resulting support 

reactions and member forces are computed and graphed for the user. Using the computed 

moments along the major axis of the beam, the associated reinforcing area was calculated.   
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Figure 12: Exterior Beam Design Flowchart 

 

As with the interior beams, each exterior beam was designed with shear reinforcing. The 

applied shear and shear capacity of the concrete beam were calculated, and the required shear 

capacity of steel was determined. From the required shear capacity of the steel, the spacing of the 

steel stirrups was calculated. A consistent steel stirrup size (3# bar) was used throughout the 

design. 

Each interior and exterior beam’s deflection was checked was to see if it complied with 

Section 1604.3 of the IBC (International Code Council Inc 2009). Each beam needed to have a 

deflection that was within the limits specified in Table 1604.3 of the IBC. In this case the 

deflection had to be less than L/240, with L being the length of the beam. Just the concrete cross 

section was used to check deflection since adding steel rebar makes the beams stiffer in tension.  
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3.2.3.3 Columns 

 

The function of the columns is to transfer dead, live, and other loads down into the 

foundation. The column design process is shown in Figure 13. Rectangular columns were used in 

this design. Column lateral dimensions (b,h) were determined from the width of the beams 

connected to each face of the column. The columns needed to be equal in width or wider than the 

beams since it facilitates formwork construction at beam-column joints and ensures that all of the 

longitudinal reinforcing steel in the beam can extend into the column for proper transfer of 

bending moment. 

The interior columns are a part of the gravity system only and therefore only needed to be 

designed to withstand axial compression. The exterior columns were designed as part of the 

lateral force resisting system. To determine the size and reinforcement of those columns, the 

moments and axial loads were determined with RISA 2D. Column interaction equations were 

used to calculate the amount of steel reinforcement needed (MacGregor and Wight 2005). The 

shear capacity in the column was calculated and checked against the applied shear to ensure 

adequate shear resistance. Lateral ties serving as shear stirrups were placed throughout the length 

of the column. This was also completed for the Lateral Force Resisting System, which added 

lateral loads in the RISA 2D analysis.  
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Figure 13: Column Design Flowchart 

 

 

3.2.4 Steel Structural Design 

 

The first component of the steel structure to be designed was the gravity resisting system. 

The gravity resisting system comprises the slab, beams and columns in the interior of the 

building. The system’s primary job is to resist the gravitational loads of the building, enabling 

the building to be used safely. It was also important to design the roof slab to withstand 

potentially damaging impacts from falling ice. 
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3.2.4.1 Beams 

 

A systematic approach was taken in the design of beams to resist gravity. As can be seen 

in the beam design flow chart (Figure 14), the beam layout and spacing needed to be created in 

order to evaluate the building’s gravity loads. Next, gravity loads for the building were 

determined based on a combination of dead, live and snow loads. The beams’ tributary areas 

were used to determine gravity loads in pounds per foot format to aid in easy calculation of 

shear, moment and deflection. Table3-2 in the AISC Manual, displaying beam’s strength in 

bending, was consulted in the selection of a trial beam. Once the beam had been selected, it was 

checked to see if it had adequate strength in bending by comparing the beam’s maximum 

allowable moment capacity to the actual moment force that it had to resist. Beams found to be 

inadequate were resized and checked a second time.  
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Figure 14: Steel Beam Design 

 

If the beam was determined to have adequacy in bending resistance, it could then be 

checked to have adequacy in shear, as shown in the design flowchart. Table 3-2 was again 

consulted to determine a beam’s shear capacity. If the beam’s shear capacity was greater than its 

calculated shear load, then the beam could then be evaluated for adequacy in deflection.  

Beams were checked for adequacy in both construction and service deflection. 

Construction deflection accounts for the unfactored loads subjected to the beam during the 

construction of the building, while service deflection includes the service (unfactored) live load 

that the beam would have to withstand. The beam could not deflect more than Length/360 inches 
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or it was deemed unacceptable. Several beams failed this particular evaluation and thus needed 

to be resized as shown in the design flowchart. New sections were chosen based on their moment 

of inertia, as an increased moment of inertia helped to increase both deflection and bending 

resistance. Once a given beam was determined to have adequacy in bending, shear and deflection 

(both service and construction), the beam design was complete.   

 

3.2.4.2 Columns 

 

Columns in the gravity load resisting system are responsible for transferring gravitational 

loads axially to the building’s foundation. Figure 15 outlines the steel column design. First, the 

column’s tributary load was calculated by multiplying the tributary area by its tributary load in 

pounds per foot. The result was an axial force in pounds. A trial size column was then selected 

based upon the size of the load that is to be supported by the column. In selecting the column 

trial size, a slenderness ratio (KL/r) of 75 was assumed in order to get an approximate required 

area of steel. Based on this required area, a trial size for the column was selected. Once selected, 

the column’s actual slenderness ratio was calculated using a K value of 1.0, in turn enabling an 

accurate calculation of the column’s maximum axial load capacity. A K value of 1.0 was used 

because the gravity columns were part of a gravity resisting system rather than a moment 

resisting system. Table 4-22 of the AISC manual was consulted in order to determine the 

available strength for each column based upon the column’s slenderness ratio and grade of steel. 

Once the column’s maximum load capacity is established, it can be compared to the column’s 

axial design load. If the column’s capacity is sufficient, the design is complete. However, if this 

failed, columns needed to be resized and the process was repeated, as seen in the column design 

flowchart.  
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Figure 15: Steel Column Design 

 

3.2.4.3 Lateral Design 

 

Functionally, the intent of the Lateral Force Resisting System (LFRS) is to gather lateral 

forces acting on the building and transfer them to the building’s supporting foundation. Some 

portions of the LFRS required certain considerations before design could begin. First, the type of 

LRFS had to be chosen. Given the steel frame structure, there were two possible options: a rigid, 

or moment frame and a laterally braced frame. A moment frame was selected to serve as the 

LRFS in order to maximize the functional space of the building, rather than losing some of the 
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interior building space to bracing. Columns were assumed to be pinned to their footings. In the 

design of the moment frame, the initial requirement for the sizing of the members was their role 

in the gravity load resisting system; then, the effects of the lateral load were investigated.  The 

intent of the design of the LFRS is to satisfy AISC requirements for building stability and 

strength.  

The first step in the design of the LFRS, as seen in the design flow chart Figure 16, was 

to select trial members. Members selected had to have sufficient bending, shear and deflection 

capacity to support their designated gravity loads. Members chosen also had to be sufficiently 

rigid with relatively high moments of inertia to resist the lateral loads that the building would be 

subjected to on the summit of Mount Washington. In general, the columns in the LFRS were of 

more importance to the resistance of lateral forces than the corresponding girders, so sufficiently 

high moments of inertia were important in the selection of the frame’s columns.  
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Figure 16: Lateral Force Resisting System Design 

 

Once trial members were selected, the frame was analyzed using RISA-2D, a structural 

analysis computer program. The computer program yielded moment and axial forces in the 

frame’s columns due to both gravitational forces and lateral forces. Lateral forces reflected the 

wind design loads appropriate to the summit of Mount Washington. Wind loads were chosen for 

the lateral loads over seismic forces, as the high winds on the summit created much larger loads 

than any potential loads due to seismic activity. Once the structural analysis was completed and 

the axial and moment forces were established for each column in the frame, the frame’s analysis 
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was continued according to the effective length method in order to determine second-order 

effects.  

After the members were selected and structural analysis was compete, the frame’s B1 and 

B2 moment amplifiers were calculated. The B1 and B2 amplifiers were calculated in place of a 

rigorous second order analysis, as allowed for by the AISC. The amplifiers were calculated 

simultaneously for each column in the frame using an Excel spreadsheet. Following the 

determination of the moment amplifiers, the required second-order strength values, Pr and Mr 

were calculated. These values reflected the required axial forces and amplified moments for the 

design of each column to resist the combined axial and lateral loads. The column’s available 

axial strength could then be calculated using Table 4-1 of the AISC manual.  

After calculating the member’s axial compressive strength, evaluation of the story’s 

columns could begin using the AISC interaction equations. First, the ratio of Pr/Pc was calculated 

in order to determine which of the two interaction equations to use. If the ratio was greater than 

or equal to 0.2, then equation H1-1a was to be used. If not, H1-1b would be used to evaluate the 

columns. This distinction can be seen in the LFRS design flowchart. The final step in the lateral 

design would be to evaluate the interaction equations using the information previously calculated 

in the effective length method as well as the column’s axial and bending capacities. If the result 

of the interaction equation yielded a value less than 1, the design was satisfactory and no 

adjustments or resizing had to be made, as the flowchart outlines.  

Finally, if the columns were deemed adequate by the interaction equations, they could be 

evaluated for sway. Column information was again added to RISA, and was once again subjected 

to lateral wind forces to determine the lateral sway of the building. If the sway was less than 

1/400th the height of the building, or 0.3 inches, the columns were adequate in sway.  

While designing the LFRS, it was discovered that the design aids in Table 4-1 did not 

calculate the available strength in axial compression for any section smaller than W12x40. 

Therefore, using the sections provided in Table 4-1 would be excessive in this design due to the 

small design loads. Therefore, the column’s strength in axial compression was manually 

calculated using information from Table 4-22 and Table 1-1. Also during the lateral design 

process, the initial column selections were unsatisfactory. W10x12s were initially chosen 

because the gravity loads were small and excessive compressive strength was not necessary. 

However, these initial sections did not have sufficient moment capacity to satisfy the 
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requirements for combined axial and bending strength. As a result, larger sections needed to be 

selected and evaluated. After an iterative process, W10x22s were tested and found to be 

sufficient. 

 

3.2.5 Observatory Tower Design 

 

The observatory tower was designed using a similar process as that of a reinforced 

concrete beam. As shown in Figure 17, the first step in the process was to calculate the factored 

lateral and gravity loads and choose initial dimensions for the thickness of the wall and tower 

diameter. RISA 2D was then used to analyze the axial, shear, and moment forces acting on the 

tower. The combined stress equation for wall stresses was used to determine if the concrete had 

sufficient strength to withstand both axial and moment forces. Overall geometry of the wall was 

used to determine area and section modulus for evaluating stresses. Wall stresses need to be less 

than or equal to 0.3575 times the strength of the concrete (f’c) (American Concrete Institute 

2005).This value is based on the Empirical Design Method. If the stress calculation yields a 

result more than 0.3575f’c then new dimensions need to be chosen. If it is less than 0.3575f’c 

then the steel reinforcement needs to be calculated next. Minimum reinforcement was designed 

for since the concrete had greater amounts of strength than the axial and moment forces. ACI 

318-05 was used to calculate both vertical and horizontal reinforcing steel. The shear strength of 

both the concrete and the steel reinforcing also needed to satisfy certain limits. If the applied 

shear was greater than half the shear strength of the concrete, then steel shear reinforcement 

would have been needed. However, the shear strength of the concrete was more than adequate, 

so shear steel reinforcement was not needed.  
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Figure 17: Observatory Tower Design 
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3.2.6 Foundation Design 

 

A proper foundation for the building was part of the deliverables outlined in the project proposal. 

Given the relatively small loads created by the building and the geology at the summit, column 

base plates anchored to spread footings were deemed sufficient to act as a foundation.  

 

3.2.6.1 Column Base plates 

 

Column base plates aid in the transfer of the column’s axial load to the foundation. The 

approach taken is outlined in the flowchart seen in Figure 18. First, a column was selected for the 

base plate to support. Next, the design load for the base plate is chosen based upon structural 

analysis and the computation of design loads. As seen in the flowchart, the next step was to 

determine the stress in the column using both the column’s axial load and its area of steel. This 

stress can then be compared to the design aid in Table 4-22 of the AISC manual, showing critical 

stress in compression for the axial member. If the axial stress is more than the maximum 

allowable, the column should be resized. Next, the base plate area was calculated using an 

assumed ratio between the areas of the base plate pedestal. The baseplate size was approximated 

using bearing stresses. The bearing capacity of concrete beneath the baseplate was adjusted to 

reflect the beneficial confinement provided by the surrounding area of the footing. Once the 

baseplate area was established, the values B and N were calculated, yielding the dimensions of 

the baseplate. The B and N values correspond to the length and width of the column base plate, 

respectively. Following the establishment of the overall base plate geometry, the plate’s required 

thickness was calculated to limit the plate bending stresses. 
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Figure 18: Column Baseplate Design 

 

The goal in designing column baseplates for this building was to design one that would 

be considered typical for each column, meaning that only one baseplate would be designed that 

would satisfy the strength requirements for every column in the frame. Following this idea, 

W10x22 sections were chosen for the baseplate design as they were the largest columns in the 

structural frame. Additionally, the design load used was 90.2 kips, as this was the largest axial 

load found within the structural design.  
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3.2.6.2 Footings 

 

The purpose of the building’s footings is to transfer the total reaction forces from each 

column to the ground. The design of the footings used in this project is outlined in the flowchart 

in Figure 19. The required footing area was first calculated using the unfactored load carried by 

the column the footing is to support. Dimensions were chosen in order to create a square footing 

with adequate area. The footing designed was a square footing, so the length and width of the 

footing would be the same. Footing depth was chosen based upon a standard footing depth of 24 

inches. Once the dimensions of the footing have been chosen, the depth was checked against 

both one and two way shear forces. As seen in the flowchart, the footing must be resized if it is 

found insufficient in either shear case. Upon the completion of the shear check, the footing must 

be also checked to ensure that the load from the column is being properly transferred to the 

footing. This calculation will also show if any excess axial force will need to be carried by 

reinforcement. As shown in the flowchart, the footing needs to also be designed for resistance to 

moment force. First, the moment force Mu and coefficient of resistant Rn were calculated. The 

moments calculated represent those in the footings created by the combination of upward acting 

forces from the earth beneath the footing as well as the downward acting axial force in the 

columns. The calculated moment forces are at their highest at footing’s face. Using this moment 

force, both the required and minimum areas of steel were calculated. The final step in the design 

of the footings was to select the number of reinforcing steel bars to be placed within the footing 

in order to adequately protect against the moment force created by the column’s axial load.  
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Figure 19: Footing Design 

 

Similar to the design of a typical column base plate, the goal of the footings design 

process was to create a typical footing that could be used for every column in the structure. As a 

result, the highest axial force in the structure was used as a design load, like in the baseplate 

design. A pedestal was not needed in conjunction with the column baseplates because of the 

building’s relatively small axial loads as well as the building’s change in elevation. The typical 

baseplate size was however increased to a 13.5” square in order to better transfer the column’s 

axial load to the footing. When calculating the required and minimum area of steel to resist 



55 

moment forces, the required area was substantially lower than the minimum area of steel 

required. Thus, the minimum was used as a guide when selecting reinforcement.  

 

3.2.7 Fire Protection 

 

A fire protection system needed to be chosen to protect the new environmental research 

facility on Mt. Washington. The system needed to be able to extinguish a fire or suppress it long 

enough until the park rangers could extinguish it themselves. The layout of the building was 

designed first in order to know the exact area the sprinkler system needed to cover. Multiple fire 

suppression systems were researched specifically to minimize the usage of water on the summit. 

NFPA 13: Automatic Sprinkler System Handbook and NFPA 750: Standard on Water Mist Fire 

Protection System were used to research the requirements for standard and water mist fire 

protection systems respectively.  Standard sprinkler systems use large droplets of water to 

extinguish the fire. Their primary means of suppression is to cool the fire and the surrounding 

combustibles. A water mist system uses extremely fine water droplets to cool the fire but also to 

push the oxygen away from the fire, thereby stifling it. The standard sprinkler system uses large 

amount of water, several hundred gallons a minute. A water mist system uses several hundred 

gallons or less over the entire time the system is in use, which is a minimum of 30 minutes. 

In the process of researching the best fire protection system for the environmental 

research facility, several companies specializing in the design for water mist suppression systems 

were contacted. These companies and their recommendations of systems were researched online.  

Randy Edwards was contacted in regards to Marioff’s HI-FOG Water Mist suppression system. 

Mr. Edwards is the Eastern Regional Manager of Marioff Inc. He was able to provide 

information about water mist fire suppression systems as well as the advantages and 

disadvantages of using them. Several manuals of the HI-FOG system were received by email and 

reviewed. Contact information for Mr. Edwards can be seen in Appendix C. 

Steven Pelletier, an Engineered Systems Manager for Tyco Fire Suppression and 

Building Products, was contacted as well. He provided information about the Tyco Water Mist 

system Aquasonic. He also recommended the INERGEN® fire protection system as a less costly 

alternative to the water mist fire suppression systems. Through email he provided numerous data 
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sheets, manuals, and brochures about the INERGEN® system. Contact information for Mr. 

Pelletier can be seen in Appendix C. 

Fire protection systems costs were researched using email communication to Mr. 

Edwards and Mr. Pelletier. They were able to provide data sheets on their companies’ respective 

systems as well as prices for the water mist and INERGEN® systems. The final fire protection 

analysis was completed using the 2010 INERGEN® Quick Quote spreadsheet given by Steven 

Pelletier.  

 

3.2.8 Cost Analysis 

 

The total cost of the structural framing and foundation materials, which included steel, 

concrete, and rebar, was calculated using the amount of material designed and the price per unit 

of material. The price per unit of material was found using 2009 National Construction 

Estimator.  

The interior finishing and construction cost estimates were completed using Square Foot 

Costs 2008 by RSMeans and the layout of the building (RSMeans 2007). The research facility 

was to have the same kind of rooms that would be present in a residential home. These types of 

rooms include living room, kitchen, bedrooms, and bathrooms. Therefore, in Square Foot Costs 

2008, the square foot values for a 2-story residential house were used. The exterior of the 

building was assumed to be made of concrete block for insulation and protection purposes.  

Both the structural steel and concrete designs costs were totaled and the difference 

between the two was calculated to show which design was more cost effective.  

 

3.3 Wastewater Treatment Plant 

 

Gathering data and observations on the Lifewater ExtremeSTP™ was necessary to 

complete a data analysis and to gain a full understanding of the operational problems that the 

Park managers were experiencing with the plant. Information was gathered through personal 

communications with the Park managers, NH DES, and others. A correlation analysis was done 

on the treatment plant data using Excel to determine whether there were any relationships among 
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monitored water quality parameters. Then, treatment recommendations were evaluated based 

effluent characteristics, cost, ability to be transported to the summit, and manageability. 

 

3.3.1 Personal Communications 

 

Personal communications were used to gather data on the current wastewater system. 

Richard H. Emberley, father of Richard Emberley, co-author of this MQP, and a wastewater 

treatment operator at Water System Operators Inc. in Henniker, NH, was contacted because of 

his knowledge of the plant on the summit and connections to individuals who are also 

knowledgeable about the plant. Richard H. Emberley and the project team visited the site on 

September 18, 2010. During the site visit, State Park Managers Diane Holmes and Chris 

Uggerholt were interviewed about the current Lifewater system. In addition to the contacts 

established on this site visit, Richard H. Emberley suggested interviewing others who are 

knowledgeable about the current system and who were responsible for the decision to purchase it 

for the State Park. Table 9is a list of people who were interviewed via phone or email 

communication. From these contacts, the team gathered information on the wastewater treatment 

plant and its function, as well as influent and effluent flows and water quality monitoring data. 

Full contact information and interview notes can be found in Appendix C. 
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Table 9: Interview Contacts 

Contact Company Job Title City, State 

Richard H. 

Emberley 

Water System 

Operators Inc. 

Wastewater treatment 

operator 
Henniker, NH 

Kenneth Kessler 

Department of 

Environmental 

Services 

Operations, WWTF 

Technical Assistance, 

Complaint Response 

Concord, NH 

Mike Pelchat 
Mount Washington 

State Park 
State Park Manager North Conway, NH 

Diane Holmes 
Mount Washington 

State Park 
State Park Manager North Conway, NH 

Seth Prescott 

Department of 

Resources and 

Economic 

Development 

Public Works Manager Concord, NH 

Jobie Chase 

Bureau of Public 

Works and 

Construction 

Project Manager Concord, NH 

Dennis Tupick 

White Mountain 

Communication 

Corporation 

Contractor Randolph, NH 

RobertTsigonis 
Lifewater 

Engineering 
President Fairbanks, Alaska 

 

 

Data on the current Lifewater wastewater treatment plant were obtained from the NH 

Department of Environmental Services through Richard H. Emberley. Mr. Emberley and the 

DES have been in contact with the park staff while they have been learning to manage the new 

Lifewater plant. The information included the influent and effluent flows from November 2009 

through October 2010 as well as water quality characteristics on days when samples were taken. 

Water quality parameters measured included pH, total suspended solids, fecal coliforms, 
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biological oxygen demand, total nitrate, total nitrite, total ammonia, total Kjeldahl nitrogen, and 

mixed liquor suspended solids. There was also a section of notes for each month with comments 

from the State Park Managers related to the samples taken that day. In August 2010, data were 

obtained for the time period from the beginning of operation on the summit in November 2009 

through August, 2010. Data from September and October 2010 were obtained in December 

2010. 

 

3.3.2 Discharge Permit Violations 

 

The discharge permit for Mount Washington State Park was found on the NH 

Department of Environmental Services website (2009) and can be reviewed in Appendix B. Data 

from the current plant were used to determine the number of violations per month for each water 

quality parameter by comparing the data to the discharge permit requirements. The permit was 

also used to determine the wastewater treatment monitoring violations, like failure to take 

weekly or daily samples. 

 

3.3.3 Treatment Plant Data Analysis 

 

First, the data were received from the Department of Environmental Services (see 

Appendix D). They were graphed using Excel to determine whether there were any apparent 

trends between flows and water quality parameters. When no trends were observed, a correlation 

analysis was done using the Analysis Toolpak in Microsoft Excel to determine whether there 

were any quantitative relationships between the flow and water quality parameters in the data. 

Pearson’s method of correlation analysis is a statistical test to determine a linear relationship 

between two pairs of data. The correlation coefficient, r, is a value of the linear relationship 

between the data pairs, and it ranges from -1.00 to 1.00, where the negative sign indicates a 

negative correlation and zero indicates no correlation. The -value is a measure of the type 1 

error, or the probability that a statistical test will generate a false-positive error. The value that is 

commonly used in research is 0.05, which is a 95% confidence level.  

Each monitored parameter was evaluated for correlation to every other monitored 

parameter. The absolute values of the correlation coefficients from Excel were compared to the 



60 

critical values of the Pearson Product-Moment correlation coefficient (see Table 10) based on the 

number of paired data points (n) and an "value of 0.05 (A =  in Table 10). If the correlation 

coefficient from Excel was greater than or equal to the critical tabled value, the parameters were 

correlated. 

 

Table 10: Critical Values of the Pearson Product Moment Correlation Coefficient 

 
n 0.20 0.10 0.05 0.02 0.01 
3 0.951 0.988 0.997 1.000 1.000 
4 0.800 0.900 0.950 0.980 0.990 
5 0.687 0.805 0.878 0.934 0.959 
6 0.608 0.729 0.811 0.882 0.917 
7 0.551 0.669 0.754 0.833 0.875 
8 0.507 0.621 0.707 0.789 0.834 
9 0.472 0.582 0.666 0.751 0.798 
10 0.443 0.549 0.632 0.715 0.765 
11 0.419 0.521 0.602 0.685 0.735 
12 0.398 0.497 0.576 0.658 0.708 
13 0.380 0.476 0.553 0.634 0.684 
14 0.365 0.458 0.532 0.612 0.661 
15 0.351 0.441 0.514 0.592 0.641 
16 0.338 0.426 0.497 0.574 0.623 
17 0.327 0.412 0.482 0.558 0.606 
18 0.317 0.400 0.468 0.543 0.590 
19 0.308 0.389 0.456 0.529 0.575 
20 0.299 0.378 0.444 0.516 0.561 
25 0.265 0.337 0.396 0.462 0.505 
30 0.241 0.306 0.361 0.423 0.463 
35 0.222 0.283 0.334 0.392 0.430 
40 0.207 0.264 0.312 0.367 0.403 
45 0.195 0.248 0.294 0.346 0.380 
50 0.184 0.235 0.279 0.328 0.361 
100 0.129 0.166 0.197 0.233 0.257 
200 0.091 0.116 0.138 0.163 0.180 

 

A nitrogen analysis was also done on the data to determine whether the season has an 

effect on the influent total Kjeldahl nitrogen. The dates of operation were graphed against 

influent and effluent total Kjeldahl nitrogen to determine whether there were any noticeable 
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patterns with the seasons. Because of limitations in the number of data points, a correlation 

analysis could not be done on the data. 

 

3.3.4 Evaluation of Treatment Alternatives 

 

Various alternatives for improving wastewater treatment on Mount Washington were 

evaluated based on four criteria: 

 

 Effluent characteristics 

 Cost 

 Manageability 

 Transportation to the summit 

 

First, effluent characteristics of the current plant were analyzed to determine whether any 

improvements were necessary. If a certain water quality parameter was not meeting the treatment 

plant discharge permit requirements, then improvements were suggested to improve that 

parameter. Other treatment systems were also evaluated based on their ability to reduce effluent 

concentrations and the cost of their product. 

Funding for the treatment system must come from only the State Park revenues; 

therefore, the costs of improvements to the Lifewater system or a new treatment plant must be 

within the Park’s operating budget. Costs of improvements to the current system were estimated 

based on whether they were high, medium, or low cost. Estimates for a new treatment plant were 

based off of previous costs estimates from bids in 2008, and by contacting companies with 

potentially feasible treatment systems. Another factor that was evaluated was costs associated 

with transporting system improvements or a new system to the summit because the 

transportation up the mountain road can be difficult and dangerous. 

The plant must also be manageable for the park staff because they must balance running 

the State Park with running the plant. NH state law requires licensing of all wastewater operators 

who are responsible for a wastewater facility. The operator in charge oversees the daily operation 

of the wastewater treatment facility and is accountable for all plant operational duties, record 

keeping, and reporting(NH DES , 2010).The park staff were trained by the NH Department of 
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Resources and Economic Development (DRED) staff to be level 1 certified wastewater treatment 

operators, and the Department of Environmental Services (DES) provided the training to level 2 

(Personal Communication, Prescott 2010). State law requires all wastewater operators who are 

responsible for of a wastewater facility to be licensed. Since the park managers are also 

managing the rest of the park year round, the plant must be simple to run. Information about the 

manageability of the current plant was obtained from interviews and email communication with 

Mr. Pelchat, Ms. Holmes, and Mr. Kessler.  

Each treatment option was evaluated based on the four criteria ranked on a scale of one to 

three, with three being the best option. Alternatives with the higher total numbers were 

appropriate solutions. 

 

3.4 Deliverables and Conclusions 

 

Several deliverables were provided to the State Park as follows: a structural and 

foundation design; a sprinkler design recommendation; a recommendation for wastewater 

treatment modifications; a recommendation for alternative treatment plants; and an expected cost 

analysis of the entire design, building, and wastewater treatment solutions. 



63 

4 Results: Structural Design and Fire Protection 

 

This section presents the results of the design and analysis work performed to complete 

this project. The criteria for determining the floor plan are detailed along with the reinforced 

concrete and structural steel building designs. Design layouts for each type of construction show 

sizes of beams and columns.  

 

4.1 Structural Building Design 

 

Two separate structural designs using either reinforced concrete or structural steel were 

completed. Each design used the same floor layout and had to support the same (dead load 

values will be different) gravity and lateral loads. This section summarizes the results for each 

design along with the floor layout and load analysis.    

 

4.1.1 Floor Layout 

 

The layout of the research facility was based upon a sketch provided by Mike Pelchat at 

Mount Washington. The sketch detailed the types of spaces needed in the new building. The 

layout was designed in accordance with the International Building Code (IBC), and addressed 

criteria for various aspects of the building. Compliance of the building layout with the IBC, ADA, 

and NFPA 101is summarized in Table 11. 

 

 

 

 

 

 

 

 

 

 



64 

Table 11: Building Layout Dimensional Criteria 

Feature Results Reference 

Ramps 
Minimum slope of 1/12 (feet) 

Minimum width of 30” 
IBC 1010.2 

Corridors 

No Obstructions 

Clear pathway from exit to 

exit 

Minimum height of 84” 

Minimum width 60” 

IBC 1018.3 

IBC 1018.6 

 

NFPA 101:24.2.6.2 

ADA A4.2.1 

Doors 
Minimum Height of 80” 

Minimum width of 32” 

IBC 1008.1.1 

NFPA 101:7.2.1.2.3.2 

Landings 

Must be at least the same 

width as corresponding stairs 

Minimum length of 44” 

IBC 1008.1.6 

Stairs Minimum width of 48” 
IBC 1009.1 

ADA 4.3.11.3 

Ceiling Height Minimum height of 84” 
NFPA 101: 7.1.5.1 

NFPA 101:24.2.6.2 

Number of Means of Escape 
Two primary means 

No secondary means 

NFPA 101: 26.2.1.3 

NFPA 101: 24.2.2.1.2 (2) 

 

The building was designed to provide sleeping accommodations for a maximum of 12 

people. According to NFPA 101: 26.1.1.1, the building would be classified as a Lodging or 

Rooming House. The building was designed with two primary means of escape because each 

story has an area of more than 2000 ft2 and the travel path for primary means of escape is more 

than 75 ft. (NFPA 101:26.2.1.3). Since the building was designed with an approved automatic 

sprinkler system, a secondary means of egress was not needed for each bedroom and living area 

(NFPA 24.2.2.1.2 (2)). Figures 20-23 show cross sections of the research facility design. 
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Figure 20: Basement Floor Layout 

 

 

 

Figure 21: First Floor Layout 
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Figure 22: Longitudinal View 

 

 

Figure 23: Lateral View 

 

4.1.2 Design Loads 

 

The dead load consisted of values such as the weight of the concrete slab and beams, the 

walls, and the insulation. A table of dead load values assumed in the design of the building is 

provided in Table 7.  Each of these values was applied in the design of the various structural 

components. Dead load calculations can be seen in Appendix E. 

Live loads were determined using ASCE 7-10: Table 4-1. Live loads for the floors and 

corridors were also taken as 100 psf since the building is to be used as a public building. Since 
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the roof of the building was to be used as an observation deck, the live load value was also taken 

as 100 psf as an assembly area for a roof. The snow load value was calculated as 30.2 psf. 

According to the USGS, this value is low due to the strong winds on the summit (United States 

Geological Survey 2010). The wind does not allow the snow to remain on the roof for extended 

periods of time.  Because this value was less than the roof live load value, the roof live load of 

100 psf was used to design the roof support system. Live load and snow calculations can be seen 

in Appendix F and G.  

The wind loads on the transverse and longitudinal sections of the building were 

calculated by means of ASCE 7-10: Section 28.4. The values and their associated areas of 

influence as determined by ASCE 7-10can be seen in Appendix H and I respectively.  These 

values were inserted in the load combination equations to determine the maximum values. The 

maximum values were from the following combination equations  

 

Roof: 1.2D +1.6(LR or S or R) + (L or 0.5W) 
Ground Floor: 1.2D +1.6L +0.5(LR or S or R) 

!

These equations governed because the roof live load and live load were almost double the 

wind load.  

 Since the earthquake loads were not as large as the live loads and winds loads, their 

associated load combinations were not consideration. Calculation of the earthquake loads can be 

seen in Appendix J. 

 

4.1.3 Concrete Structural Design 

 

Two structural designs for the summit research facility were completed using two 

separate materials: concrete and steel. The concrete structural design is discussed in the 

following sections, whereas the steel structural design is discussed in Section 4.1.4.  

 

4.1.3.1 Concrete 
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Concrete is a mixture of cement, aggregates, water and admixtures. Concrete has a high 

compressive strength but weak tensile strength; therefore concrete needs to have steel reinforcing 

placed inside the beams and columns to provide sufficient tensile strength(Wang et al. 

2007).Concrete is relatively inexpensive building material, easy to transport, and easy to make. 

Reinforced concrete has to be mixed either on-site or at a concrete mix plant and delivered to the 

construction site. When the Sherman Adams building was originally built, a concrete mixing 

plant was constructed on the summit to expedite the process of placed concrete (Pelchat 2010). 

Because concrete flows like a liquid it can be placed and formed in any shape desired. This 

makes it a desirable construction material. However concrete has to cure for 14 days before the 

forms holding the concrete in place can be removed and loads can be carried on it. Different 

admixtures can be added to the concrete mix design to ensure that it cures in any climate and 

temperature range (Wang et al. 2007). An important concrete characteristic is that it is fire-

resistant. A building with a concrete structural frame will be structurally safe in the event of a 

fire. Concrete can be used throughout the structural frame for members including columns, 

beams, and slabs.  

 

4.1.3.2 Slab 

 

Each slab was designed to be a consistent thickness to minimize construction time. The 

overall slab thickness was 6.5 inches for the first floor and roof slabs and 7.5 inches for the 

garage slab. This was calculated based on the overall length the slab was spanning. This also 

provides a 3 hour fire resistance rating for the floors (IBC2009: Table 721.2.2.1). The cover for 

each slab was .75 inches. This is a 4 hour fire resistance rating (IBC2009: Table 721.2.3(1)). The 

area of steel was designed only using #3 bars to minimize the cost of materials. The spacing per 

foot width of the roof, first floor and garage slabs are shown in Tables 12. The location of the 

slab is identified by 4 letters and numbers corresponding to the 4 corners of the slab. The letters 

and numbers, and their locations can be seen in Figure 24 or 25. Since the beam layout is the 

same for both first floor and roof, Figure 24 applies to both. Temperature reinforcement was 

designed to run perpendicular to the direction of the reinforcing bars. Temperature reinforcing 

can be seen in Table 13. Figure 26 shows the location of the positive and negative reinforcing in 
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each slab. The positive reinforcing is the top steel in the slab and the negative is bottom steel in 

the slab. Spreadsheets and sample calculations can be seen in Appendix K, L. 

The garage building is located near the research facility. Column B5 of the research 

facility and column A1 of the garage are adjacent to each other. The buildings were designed as 

unconnected structures to allow for the construction of them to occur at different times.  

 

 

 

 

Figure 24: Building Grid Layout 
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Figure 25: Garage Grid Layout 

 

 

 

Figure 26: Slab Reinforcing Layout 
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Table 12: Spacing of#3 Rebar per Foot of Slab Width (in) 

#$%&$'(')! *$+,)-$'!
.&,+-'/!

0(/,)-1(! 2$3-)-1(!

4$$5!.6,7!

#89:89#;9:;! <=>! ?!

#;9:;9#<9#<! @! @!

#<9:<9#>9:>! <=>! ?!

A89#89A>9#>! @! @!

B89A89BC9AC! ?! @!

BC9AC9B<9A<! @! @!

B<9A<9B>9A>! @! @!

D-E3)!D6$$E!.6,7!

#89:89#;9:;! ?! F!

#;9:;9#<9#<! @! @!

#<9:<9#>9:>! ?! F!

A89#89A>9#>! @! @!

B89A89BC9AC! @! @!

BC9AC9B<9A<! @! @!

B<9A<9B>9A>! @! @!

:,E,/(!.6,7! B89#89B;9#;! F! >=>!
 

Table 13: Spacing of #3 Temperature Reinforcing per Foot of Slab Width (in) 

Temperature reinforcement 

Garage Roof/First Floor 

8 9 

 

 

4.1.3.3 Beams 

 

Two different zones of beams were calculated: interior and exterior. The only difference 

between the two is that exterior beams are part of the lateral force resisting system. Tables 14 

and 15 summarize the results of the calculations of both the interior and exterior beams of the 

roof system. Table 16 summarizes the first floor beams, whereas Table 17 summarizes the 

garage beams. The cross-section dimensions, length, and the number and type of steel rebar for 

each beam are identified in each table. The identification numbers and letter can be seen in 

Figures 24 and 25. A cross section of a typical beam with the placement of the rebar is show in 
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Figure 27.  The number of reinforcing bars changes from beam to beam but the general 

placement is the same throughout. b is the width of the beam, h is the height, and c is the cover. 

In all the beams the cover is 1.5 inches. This provides a 4 hour fire-resistance rating. The shear 

reinforcement spacing is given for each beam in Table 14-17. Figure 28 shows a side view of the 

beam with positive reinforcing on the top of the beam and negative reinforcing on the bottom of 

the beam. Spreadsheets and sample calculations can be seen in the Appendix M, N, O, and P. 

 

 

 

Figure 27: Typical Beam Cross Section 

 

Figure 28: Beam Side View 



73 

Table 14: Roof Interior Beams 

Member 
Length 

(ft.) 
Size(bxh)(in.) 

Steel Shear Stirrup  

Negative Positive Spacing (in) 

F1-F3, E1-E3, D1-D3, F4-F5, 

D4-D5, E4-E5 
13 8X18 2#8 2#8 

3 

D3-D4, E3-E4, F3-F4 8 8X12 2#6 2#6 3.5 

D3-E3, E3-F3, D4-E4, E4-E5 13 8X16 2#8 2#8 3.5 

C3-D3, F3-G3, C4-D4, F4-G4 13 10X16 2#8 2#8 4 

C3-C4 8 6X12 2#5 2#5 4 

C1-C3, C4-C5 13 10X16 3#6 2#6 4 

B1-B2 7 8X12 2#6 2#6 5 

B2-B3, B3-B4 8 8X14 2#7 2#7 5 

B4-B5 11 10X16 2#7 2#7 4.5 

A2-B2 17 10X18 2#8 2#8 6.5 

A3-B3 17 10X18 2#9 2#9 5 

A4-B4 17 10X20 2#9 2#9 5 
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Table 15: Roof Exterior Beams 

Member 
Length 

(ft.) 
Size(bxh)(in.) 

Steel 
Shear 

Stirrup 

Negative Positive Spacing (in) 

G1-G3 13 10X16 2#7 2#9 6.5 

G3-G4 8 8X12 2#8 2#3 4.5 

G4-G5 13 10X16 2#7 2#7 6.5 

A5-B5 17 10X16 2#11 2#9 2.5 

B5-C5 8 10X16 2#10 2#7 2 

C5-D5 13 10X16 2#8 2#7 3.5 

D5-E5 13 10X16 2#8 2#7 3.5 

E5-F5 13 10X16 2#8 2#7 3.5 

F5-G5 13 10X16 2#8 2#8 3 

A1-A2 7 10X16 2#6 2#8 5 

A2-A3 8 10X16 2#8 2#7 5 

A3-A4 8 10X16 2#8 2#5 4.5 

A4-A5 11 10X16 2#8 2#8 2.5 

A1-B1 17 10X16 2#9 2#7 5.5 

B1-C1 8 10X16 2#8 2#9 2 

C1-D1 13 10X16 2#8 2#9 4 

D1-E1 13 10X16 2#8 2#9 3 

E1-F1 13 10X16 2#8 2#9 3.5 

F1-G1 13 10X16 2#8 2#8 3 
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Table 16: First Floor Interior Beams 

Member 
Length 

(ft.) 
Size(bxh)(in.) 

Steel Shear Stirrups 

Negative Positive Spacing (in) 

F1-F3, E1-E3, D1-D3, F4-F5, 

D4-D5, E4-E5 
13 10X20 2#8 2#8 

4 

D3-D4, E3-E4, F3-F4 8 8X12 2#6 2#6 3 

D3-E3, E3-F3, D4-E4, E4-E5 13 10X16 2#8 2#8 3.5 

C3-D3, F3-G3, C4-D4, F4-G4 13 10X18 2#8 2#8 4.5 

C3-C4 8 8X14 2#5 2#5 6 

C1-C3, C4-C5 13 10X18 2#6 2#6 4.5 

B1-B2 7 8X12 2#6 2#6 4 

B2-B3, B3-B4 8 10X16 2#7 2#7 8 

B4-B5 11 10X18 2#7 2#7 4.5 

A2-B2 17 12X20 2#8 2#8 7.5 

A3-B3 17 10X18 2#9 2#9 4 

A4-B4 17 10X20 2#9 2#9 4 

 

Table 17: Garage Beam 

Member 
Length 

(ft.) 
Size(bxh)(in.) 

Steel Shear Stirrups 

Negative Positive Spacing (in) 

Exterior 

A1-B1, B1-C1, 

C1-C2, C2-C3, 

A3-B3, B3-C3, 

A1-A2, A2-A3 

15 10X18 2#8 2#8 4.5 

Interior 
B1-B2, B2-B3, 

A2-B2, B2-C2 
15 10X18 2#7 2#9 2 
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4.1.3.4 Columns 

 

The columns support the slab and beam system and transfer their associated forces into 

the foundation. The roof columns are separated into two zones as the beams were: interior and 

exterior. The interior columns span 2 stories: first floor and roof. The interior columns support 

the gravity loads, whereas the exterior columns support both the gravity and lateral loads. Tables 

18, 19, and 20 show the column size, steel reinforcement, tie size, and tie spacing of the interior, 

exterior, basement and garage columns. Each of the basement columns, columns that support the 

first floor interior columns and the first floor slab, were determined to be identical to the first 

floor columns. Figure 24 and 25 shows the location of the column’s corresponding to the 

member letters. A typical cross section of a column is shown in Figure 27. The width (b), length 

(h) and cover distance (c) are also shown in Figure 29. Three inches of cover was used for each 

column. The fire resistance rating for the column sizes of 10, 12, and 14 in2 are 2, 3, and 4 hours 

respectively (IBC2009: Table 721.2.4). Spreadsheet and sample calculations can be seen in the 

Appendix Q and R.  
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Figure 29: Typical Column Cross Section 

 

Table 18: Interior and Basement Columns 

Member 
Size 

(bxH)(in.) 

Reinforcing 

Steel 
Ties 

Tie 

Spacing(in.) 

F3,F4,D3,D4 10X10 4#5 #4 10 

E3,E4 10X10 4#5 #4 10 

C3, C4 10X10 4#5 #4 10 

B2 12X12 4#6 #4 12 

B3 12X12 4#6 #4 12 

B4 14X14 4#7 #4 14 
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Table 19: Exterior Columns 

Member 
Size 

(bxh)(in.) 

Reinforcing 

Steel 
Ties 

Tie 

Spacing(in.) 

G1 12X12 4#6 #4 10 

G3 12X12 4#6 #4 10 

G4 12X12 4#6 #4 10 

G5 12X12 4#6 #4 10 

F5 10X10 4#5 #4 10 

E5 10X10 4#5 #4 10 

D5 10X10 4#5 #4 10 

C5 10X10 4#5 #4 10 

B5 10X10 4#5 #4 10 

A5 12X12 4#6 #4 10 

A4 10X10 4#5 #4 10 

A3 10X10 4#5 #4 10 

A2 10X10 4#5 #4 10 

A1 12X12 4#6 #4 10 

B1 10X10 4#5 #4 10 

C1 10X10 4#5 #4 10 

D1 10X10 4#5 #4 10 

E1 10X10 4#5 #4 10 

F1 10X10 4#5 #4 10 

 

Table 20: Garage Columns 

Member 
Size 

(bxh)(in.) 

Reinforcing 

Steel 
Ties 

Tie 

Spacing 

(in.) 

A1, B1, C1,A2, B2, 

C2, A3, B2, C3 
14X14 4#7 #4 14 
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4.1.4 Steel Structural Design 

  

When considering the design of the summit research facility, the structural steel framing 

has certain advantages and disadvantages. The advantages for selecting a steel framed structure 

are centered around construction considerations at the summit of Mount Washington. A steel 

structure is pre-fabricated, that is beams and columns are created to the project’s specifications 

offsite and shipped to the construction zone. The actual construction of the steel framed building 

involves connecting the members. Thus, a steel frame structure can be erected relatively quickly; 

a major advantage in a setting that has an extremely short construction season. In addition, steel 

is the dominant building material in the northeastern United States so experienced steel 

fabricators and construction companies are relatively easy to find.  

However, there are a few disadvantages to choosing a steel frame building. The first is 

that all the prefabricated members need to be transported to the building site, meaning they 

would have to be transported up a dangerous, windy mountain road. The second downside to 

choosing a steel frame is cost. Structural grade steel is more expensive than concrete, thus a steel 

frame building would have a higher material cost. In addition, transportation of steel members 

and the labor costs of erecting a steel frame structure at the summit of Mount Washington would 

further increase the overall cost of the project. However, disadvantages due to cost are offset in 

this particular situation by steel’s construction speed in an environment that has a very small 

construction season.  

 

4.1.4.1 Beams 

 

Beams were designed according to the procedure outline in section 3.2.4.1 of this report. 

Shown below are structural layout drawings (Figures 30 and 31) depicting the beam selection 

and placement for the gravity force resisting system. Spreadsheet and sample calculations can be 

seen in Appendix S and T. Floor and roof slabs were poured onto metal decking that was puddle 

welded to the tops of the frame’s beams.  
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Figure 30: First Floor Steel Layout 

 

 

 

Figure 31: Roof Steel Layout 
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4.1.4.2 Columns 

 

Columns in the gravity force resisting system were designed according to the procedure 

outlined in Section 3.2.4.2 of this report. Columns that were part of the moment frame lateral 

force resisting system were designed in accordance with the procedure outlined in Section 

3.2.4.3 of the paper. Below are structural layout drawings (Figures 32 and 33) that show the 

selection and placement of all columns in the steel structure. Spreadsheet and sample 

calculations can be seen in Appendices U, V, and W. Additionally, the building’s moment 

frames that served as its Lateral Forces Resisting System (LFRS) can be seen in Figures 34, 35, 

and 36.   

 

 

Figure 32: Roof Exterior and Interior Column Layout 
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Figure 33: First Floor Interior Column Layout 

 

Figure 34: Longitudinal LFRS 

 

 

Figure 35: Latitudinal LFRS 
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Figure 36: Alternate Latitudinal LFRS 

 

4.1.5 Observatory Tower Design 

 

The observatory tower was designed as a 20-ft tower with a 17-ft outside diameter. An 

overall cross section of the tower can be seen in Figure 37.The roof thickness and slab on grade 

thickness were both assumed to be 1ft thick with #3 rebar spaced 9 inches throughout. This was 

chosen because it was the same thickness as the walls and also it provides a 4 hour fire-resistance 

rating (IBC 2009: Table 721.2.1.1). The walls were calculated to be 1-ft thick. This can be seen 

in Figure 38. According to ACI 318-05 section 14.3.4, the reinforcing steel needs to be placed in 

two layers, with a minimum cover on either side of two inches. The horizontal and vertical 

reinforcing steel were calculated using ACI 318-05section 14.3.2 and 14.3.3 respectively. The 

reinforcing bars and spacing for vertical reinforcement shall be No. 3 spaced 10 inches apart; 

whereas the horizontal reinforcement shall be No. 3 spaced 6 inches apart. This can be seen in 

Figure 38. To satisfy section 14.3.7 of ACI 318-05, two No. 5 bars shall be placed around all 

windows and opening to ensure proper minimum reinforcing. Spreadsheet and sample 

calculations can be seen in Appendices X and Y. 
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Figure 37: Observatory Tower Cross Section 
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Figure 38: Cross Section of Observatory Tower Wall 

 

4.1.6 Foundation Design 

 

The design of the interior footings was done in accordance with Section 3.2.6.2 of this 

report. Shown below in Figures 39 and 40 are two design sketches of the footings including 

dimensions, reinforcement and spacing. Spreadsheet and sample calculations can be seen in 
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Appendix Z. Additionally, column baseplates were designed in accordance with Section 3.2.6.1 

of this report. Their dimensions can be seen in the design sketch provided in Figure 40.  

 

 

Figure 39: Typical Interior Footing 

 

 

Figure 40: Typical Column Footing Plan View 

4.1.7 Cost Analysis 

 

After both the concrete and structural steel designs were completed, the cost analysis on 

each of the designs was performed. For the concrete design, the total volume of concrete used 
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and the length of rebar imbedded in the concrete were calculated. The total volume was then 

multiplied by the cost per square yard of concrete (Craftsman Book Company 2008). The total 

length of rebar was also calculated for each size of beam and multiplied by the cost per linear 

foot of steel. These results can be seen in Table 21.The cost spreadsheets can be seen in 

Appendices AA and BB. 

For the steel design, the total weight of all the W-shape sections was calculated. Also 

added in the cost of the steel was the steel decking used to support the concrete floors. The total 

weight of the steel was multiplied by the cost of steel per ton. The steel decking cost was 

calculated using the total area and the cost per square foot. The concrete cost of the floor was 

calculated using the volume of the concrete and the cost per cubic yard of concrete. The results 

can be seen in Table 21.The costs spreadsheets can be seen in Appendix CC. 

The tower, foundation footings, and garage were all designed using concrete and 

therefore are identical in each design. The costs are exactly the same in for both the steel and 

concrete options in Table 21.The cost spreadsheets can be seen in Appendices DD, EE, AA, BB,  

The total finishings (including construction and transportation) of the building were 

estimated using the 2008 Square Foot Costs (RSMeans 2007).We assumed that the 

environmental research facility was best represented by a two-story residential house and this 

provided a base for estimating the finishing costs on that assumption. 2008 Square Foot Costs 

only cover houses up to 3800 square feet and since the research facility has an area of 6500 

square feet a trendline needed to be calculated to determine the cost of a building that size. Since 

the building was designed with a concrete block (see Table 7) exterior wall the cost per square 

foot column was used (as shown in Appendix JJ). The graph in Figure 41 was drawn using these 

data. 
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Figure 41: Finishing Cost Per Square Foot (RSMeans 2007) 

 

A trendline was chosen that best fit the data and an equation of the line was calculated.  

 

" (+*)$( $    (Equation 5) 

 

The square footage of the building (6500) was substituted for x and the square foot cost 

of the building was yielded as y. This was calculated as $70.66 per square foot.  The total cost 

for the entire finishings was then calculated. The same volume was assumed for both the 

concrete and structural steel designs and can be seen in Figure 41. 
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Table 21: Cost Analysis of Concrete and Structural Steel Designs 

Concrete Design Structural Steel Design 
Tower $9,000 Tower $9,000 
Garage $4,000 Garage $4,000 
Rebar $14,000 Rebar $42,000 

Concrete $6,000 Concrete $8,000 
Finishings $460,000 Finishings $460,000 
Foundation $3,000 Foundation $3,000 
Total Cost $496,000 Total Cost $526,000 
Location 

Multiplier X5 Location 
Multiplier X5 

New Total Cost $2,480,000 New Total Cost $2,630,000 
 

  

In an email communication Jobie Chase indicated that the cost of all construction the Mt. 

Washington summit is five times more expensive than elsewhere (Chase 2010). This is shown in 

the new total cost row of Table 21. The price difference between the two designs is $150,000. 

 

4.1.8 Structural Design Evaluation 

 

The structural steel and reinforced concrete structural designs were evaluated on four 

separate criteria: cost, transportation, weather factors, and constructability. Each criterion was 

ranked on a scale of one to five, with five being the best option available and one being the worst 

option. The design with the highest score would be the option recommended. The highest 

possible attainable score was a 15.  

 

Table 22: Evaluation Matrix of Structural Designs 

Designs Cost Transportation Constructability Total 

Structural 

Steel 
3 3 4 10 

Reinforced 

Concrete 
4 3 1 8 
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We are recommending the structural steel design based on the evaluation matrix in Table 

22 and for several reasons. The first reason is that steel is able to be erected quicker than 

concrete and at full supporting strength as soon as it’s put in place and connected. Concrete takes 

several days to cure to the strength that it can support its own weight and other loads. With 

buildable days being limited due to the extreme weather, a fast construction of the supporting 

frame is the most important consideration. Although, the cost of the steel frame is approximately 

$150,000 more, this is only a 6% cost increase and the time saved in construction may offset 

these material costs.  

 

4.2 Fire Protection Design 

 

A standard automatic sprinkler system was the first fire protection system researched to 

provide fire suppression for the environmental research laboratory. A standard automatic 

sprinkler system is one that requires a reliable water source to provide the flow rate and volume 

of water needed to suppress the fire. Most residential and city buildings with this type of 

sprinkler system use the city or town’s water main. NFPA 13 section 23.2.1.1 states that “a 

connection to a reliable waterworks system shall be a water supply source.” The summit of Mt. 

Washington however, does not have a reliable water supply (see Section 2.1.4). As mentioned in 

Section 2.1.4, during the winter the well only provides 3-5 gallons per minute in the winter and 

can only be run for short durations in the winter (Personal Communication, Emberley 2010). 

Even though the summit may have the needed water supply at a given time, it cannot reliably 

provide the needed water supply all the time. If a fire were to ignite in the winter and the water 

supply were to run out, the fire could destroy the entire building. Therefore a standard automatic 

sprinkler system would not work in this building and location. 

To try and minimize the amount of water used by the fire protection system in the 

environmental research facility, water mist systems were researched next. Water mist systems 

use around 90% less water than a standard automatic sprinkler system (Marioff Inc. 2011). Water 

mist systems use high pressures to create a fine mist of water that prevents oxygen from getting 

to the fire, prevents radiative heat from heating up the surrounding objects, and cools the 

temperature of the fire and the room. Water mist systems, such as Tyco Aquasonic and Marioff 

HI-FOG, use 50-800 gallons of water to suppress a fire. A standard sprinkler system uses 
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anywhere between 500-8000 gallons depending on the size of the building to extinguish a fire. 

These systems each use water tanks, separate from the main water supply and can be easily 

stored in a building room (Edwards 2011; Pelletier 2011) 

However, two problems arise with water mist systems. The first problem is that as of 

February 2011, water mist systems are only designed for a Light Hazard building classification. 

The environmental research facility was designed to be a multipurpose building with sleeping 

quarters, workshop area, library, and conference room, which classifies the building as an 

Ordinary Hazard classification. Steven Pelletier, Engineered Systems Manager, from Marioff 

Inc. indicated that in the next year an Ordinary Hazard water mist system was going to be on the 

market from Marioff Inc.(Personal Communication, Pelletier 2011)The second problem is that 

they are expensive, costing two to three times more than the INERGEN® system to be discussed 

next. With the State Park having to raise the money themselves with no help from the State, it is 

important that the system has the lowest possible cost while still providing sufficient protection. 

These two reasons make water mist systems not the best option for the State Park.  

The final fire suppression system researched was the Ansul INERGEN® System. What 

makes this system different from the other two is that this system uses inert gases instead of 

water to suppress fires. The gases completely flood the room and extinguish the fire by the 

displacing oxygen. There are also many other factors that make this system the best choice for 

the environmental research facility on Mt. Washington. One factor is that the concentrations of 

the gases used in the INERGEN® System are safe for humans and the environment. The gas 

used to extinguish the fire is a combination of 40% argon, 52% nitrogen, and 8% carbon dioxide 

(Ansul 2006). These gases are already present in the air humans breathe at different 

concentrations. Once used for fire suppression, these gases easily disperse back into the 

environment. The second factor is that there is no property damage with the use of gases (Ansul 

2008). With water-based suppression systems, property is damaged from the intentional and 

accidental activation of the sprinklers. With the INERGEN® System this is not the case. 

Although the INGERGEN® system only functions between 32PF and 130PF, this is not a 

problem since the buildings on the summit of Mt. Washington are insulated and heated 

throughout the winter.  

The INERGEN® System incorporates a fire detection system called the AUTOPULSE®. 

Key features of this system are thermal heat and flame detectors, smoke detectors, and a 
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computer unit to specifically determine the start of a fire and suppress it before it can grow 

(Ansul 2006). The INERGEN® system is a self-designed, proprietary system in that only 

representatives of Ansul design and install the INERGEN® system. When a system is bought, 

Ansul covers everything from the design process until the system is ready to be used by the 

building and the owner. This process and system is significantly less than a water mist system 

making it affordable for the State Park (Pelletier 2011).  

 

4.2.1 Fire Protection System Cost Analysis 

 

The INERGEN® system is a relatively inexpensive solution for fire protection. 

According to NFPA 1 section 13.3.2.17.1 and 13.3.2.17.3, an automatic or alternative method of 

fire protection needs to be designed and installed throughout the entire building. The total square 

footage and volume of the building is 5,979 ft2 and 55,608 ft3 respectively. Using the 2010 

INERGEN® Quick Quote spreadsheet given by Steven Pelletier, the following prices for design, 

installation and equipment were developed, as seen in Table 23.INERGEN® Quick Quote 

spreadsheets for First Floor, Basement, and Garage can be seen in Appendices FF, GG, and HH. 

Table 23: Cost Analysis of INERGEN® Fire Protection System 

INERGEN® System $ 135,000 

Turnkey Installation $ 350,000 

Total $ 485,000 

 

A turnkey installation refers to the hardware, design, submittals, installation, and 

miscellaneous materials for the installation of the INERGEN® system. The average cost of a 

turnkey installation is $6.25 per cubic foot of building volume (Pelletier 2011). 
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The 2010 INERGEN® Quick Quote spreadsheet required several pieces of information to 

be entered into it in order for the prices to be output. Data entered included: 

 

 Area 

 Volume 

 Support measures for gas cylinders. 

 Gas cylinder size 

 Number of exits per room 

 Type of detection and detector 

 UL or ULC listed 

 Heat Detector temperature 

 

The data above is the only information necessary for the Quick Quote spreadsheet to be 

run. Values selected were based on the designed layout of the building. The area and volume 

refer to the size of the rooms being protected. The actual sizes and dimensions can be seen in 

Figure 20 and 21. The number of exits refers to the exits from each room. The support measures 

for the gas cylinders come in either single row or double. For this design, double rows none back 

to back were chosen to keep the cylinders confined to a small area. The gas cylinders size chosen 

was 439 ft3 since that is the default size used. The number of cylinders to be used is 43. This 

system would need roughly 60 square feet of space. This could easily fit in one of the room in 

the basement of the new facility. Cross zone thermal detectors were chosen to help prevent 

accidental activation. This system’s components are Underwrites Laboratory and FM Global 

listed and approved. The heat detectors temperature was chosen to be 140PF. No machinery or 

equipment that would raise the temperature of the room above 140 PF is expected to be placed in 

the facility. 

A water mist system could have been used in this situation, however as stated in section 

4.2, water mist systems are more expensive. They are around two to three times more expensive 

than the INERGEN® fire protection system. Based on the INERGEN® cost analysis, a water 

mist system in the same size building would cost close to $1.5 million. With cost being a major 

concern for the State Park, the INERGEN® system is the best choice for this scenario. 
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The INERGEN ® System recommended is an effective solution for fire protection for the 

research facility. Even with the lack of firefighting help from surrounding towns, the building 

will be safe from a devastating fire that would completely destroy the building, as in the case of 

the 2003 fire that destroyed the previous building. 
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5 Results: Wastewater Treatment 

 

This section describes the operational problems and permit violations of the Lifewater 

treatment plant on the summit. The results of the data analysis and evaluation of the effluent 

nitrates are detailed. Wastewater improvement alternatives are also described to improve effluent 

wastewater characteristics and meet the New Hampshire discharge permit requirements. 

 

5.1 Current Lifewater System 

The following sections detail the Lifewater ExtremeSTP™ current wastewater treatment 

process on the summit of Mount Washington. Operational problems with the plant and discharge 

permit violations are discussed. Influent and effluent wastewater characteristics were analyzed to 

provide insight on the operational problems of the plant. Since the effluent nitrate concentrations 

were a concern for the NH DES and the Park Staff, the nitrate data were examined for apparent 

trends or correlations with other plant data. 

 

5.1.1 Description of Plant 

 

The ExtremeSTPTM sewage treatment plant for Mount Washington (see Figure 42) is a 

membrane bioreactor that is housed in a 40-foot long, insulated enclosure and can be remotely 

controlled. Wastewater flows by gravity from the Sherman Adams Building to the plant, where 

the process begins with fine screening. Next, the flow moves to the anoxic tank where 

denitrification takes place (T-1 in Figure 42). The flow into this tank comes from the fine 

screening and a metered flow off the membrane circulation loop. The anoxic tank is always kept 

at the same level of water, so when there is not enough flow from the fine screening, the flow 

from the membranes is increased. Therefore, keeping the anoxic tank at a constant level 

maintains constant flow to the bioreactor. Denitrification requires anoxic conditions. Since 

dissolved oxygen (DO) is high in both the flow from the screening and the membranes, a carbon 

source is added to the anoxic tank to increase the biological oxygen demand (BOD5) and reduce 

the DO to less than 0.5 mg/L (Lifewater Engineering 2009). 

The bioreactor (T-2 in Figure 42) is where the activated sludge process takes place. When 

the bioreactor is at full capacity, the excess mixed liquor will enter the surge tank (T-3). The 
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purpose of the surge tank is to dampen the changes in flow. Aeration also takes place to prevent 

the solids from settling. During normal operation, the air is directed to the bioreactor tank rather 

than the surge tank. The aerobic zone is supposed to reduce the amount of carbon and nitrify the 

influent. The mixed liquor DO concentration decreases as it passes through the surge tank, which 

helps keep the DO concentration in the anoxic tank low when the mixed liquor is returned from 

the membrane loop (Lifewater Engineering 2009). 

Next, the membrane pump sends the wastewater from the surge tank to four tubular 

membranes in series. Permeate from the membranes flows to the permeate tank (T-4), but most 

of the mixed liquor is sent back to the bioreactor, and a portion to the anoxic tank to be used for 

denitrification. After the membranes, a tank (T-4) is used to store the permeate before it is 

discharged. Some of the permeate is used to flush the fine screen at the beginning of the process, 

mix chemicals, and help suppress foam in the bioreactor. The excess permeate then moves to the 

UV disinfection unit (UV) and is then discharged (Lifewater Engineering 2009). 

 

 

Figure 42: Process Flow Schematic (Lifewater Engineering 2009) 



97 

 

Tables 24 and 25 show expected influent and effluent characteristics of the Extreme STPTM plant 

according to the Operation and Maintenance manual provided by Lifewater. 

 

Table 24: Expected Influent Loading to Extreme STPTM (Lifewater Engineering 2009). 

Flow, Average (Summer) 2,000 GPD 

Flow, Average (Winter) 200 to 300 GPD 

Flow, Peak Daily 7,000 GPD 

BOD5 450 mg/L 

TSS 300 mg/L 

TKN 190 mg/L 

 

Table 25: Expected Effluent Characteristics from Extreme STPTM (Lifewater Engineering 

2009). 

pH 6.5 – 8.0 

Total Nitrogen !"20 mg/L 

Nitrates ! 10 mg/L 

BOD5 ! 10 mg/L 

TSS ! 10 mg/L 

Fecal Coliform 0 

 

 

5.1.2 Operational Problems 

 

Through email and phone communication with Kenneth Kessler, the wastewater 

treatment facilities technical assistant (NHDES), the project team learned about difficulties with 

operation of the current treatment plant. According to Mr. Kessler, the plant has an overall lack 

of process control data. For example, recycling of the nitrified product back to the anoxic zone 

only occurs on an intermittent schedule when the surge tank reaches the preprogrammed level. 
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This means that denitrification happens intermittently as well (Personal Communication, Kessler 

2010). 

Mr. Kessler noted that another problem of this current system is the inability to gain 

access to the compartments of the treatment plant to check conditions. There is very little 

operational data about the conditions in the various tanks. Data tracking relies on fixed probes in 

the aerated zone (T-2)for monitoring DO, pH, and suspended solids. However, sometimes the 

probes give negative readings in the 100’s, which are erroneous. The conditions in the anoxic 

zone are not monitored, and there is no practical way of obtaining the information while the 

system is operating. Mr. Kessler could only get into one of the access ports in the anoxic zone 

when the system was shut down. When the plant is operating, there is a thin layer of solids on the 

surface of the tank that would spill out if the tank was opened (Personal Communication, Kessler 

2010). 

Data from the current Lifewater wastewater treatment plant were obtained from the NH 

Department of Environmental Services through Richard H. Emberley. The information included 

the influent and effluent flows from November 2009 until October 2010 as well as water quality 

characteristics on days when samples were taken. Notes from the Park Managers related to any 

observations or failures were also included. Table 26 shows a compiled list of the relevant 

operational notes, the number of occurrences, and whether the occurrence was due to a failure, 

regular maintenance, or another reason. 

 

Table 26: Compiled Operational Notes from Wastewater Treatment Plant November 

2009 – October 2010 
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The Operation and Maintenance manual from Lifewater provides information on cleaning 

and maintenance of the plant. Cleaning the plant is recommended prior to an extended period of 

inactivity to increase the membrane productivity (Lifewater Engineering 2009).Regular 

maintenance includes the following (Lifewater Engineering 2005): 

 

 Clean the UV bulb every 3 to 4 months 

 Clean the fresh air filter every 3 to 4 months 

 Check and replace the return air filter every 3 to 4 months 

 Clean the blower housing every 3 to 4 months 

 Replace the UV bulb every 1 to 2 years 

 Pump sludge from the unit every 2 to 5 years  

 

The manual indicates that the plant is simple to operate and requires minimal 

maintenance. According to the operational notes in Table 26, the plant was offline 28 times over 

a one-year period and 18 of these times was because of a failure. The 8 times that the treatment 

plant was offline for other reasons was due to a lightning storm and a resulting power outage 

after the storm for 8 days. The press screen, auger shaft, and the carbon pump were each replaced 

once. The UV bulb and the air compressor both failed once. It was also noted that the 

membranes were cleaned a total of 16 times since the plant’s installation. Based on the operation 

notes from the park managers, it was estimated that 8 of these 16 cleanings were regular 

maintenance. Information about the membrane cleaning in the Operation and Maintenance 

manual for the Lifewater plant states that there is a clean-in-place system where pressurized 

water from the permeate tank is used to mix the chemicals needed to clean the membranes 

(Lifewater Engineering 2009). The manual does not mention the frequency of cleaning needed, 

but similar membranes of this type are cleaned every one to three months (Yacubowicz and 

Naworski 2005).  
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5.1.3 Permit Violations 

 

Data on flow as well as influent and effluent characteristics were obtained for two months 

in 2009 and 10 months in 2010. Water quality parameters that were measured include pH, total 

suspended solids, fecal coliforms, biological oxygen demand, total nitrate, total nitrite, total 

ammonia, total Kjeldahl nitrogen, and mixed liquor suspended solids. These data are shown in 

Appendix D. The data were compared to the treatment plant discharge permit to determine the 

number of permit violations each month. 

Mr. Kessler notes that the BOD, TSS, and fecal coliform measurements from the effluent 

have generally met the discharge requirements (Personal Communication, Kessler 2010). The 

main concern of the park staff and the NH Department of Environmental Services has been the 

inability of the plant to meet the discharge requirements for nitrogen removal. Data were 

available from November 2009 through October 2010. As shown in Table 27, the plant had 41 

permit violations based on effluent quality, 24 of which were because the plant exceeded the 

nitrate limit of 10 mg/L. Water quality violations were highest in August 2010 with 11 

violations, while September and October had the second highest number of violations, with 7 

each. There were no violations of pH or BOD5 during either of these years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



101 

Table 27: Discharge Effluent Water Quality Violations 2009-2010 

 
 

In New Hampshire, when a wastewater treatment plant is not meeting the required limits 

set by the discharge permit, the Department of Environmental Services administers fines. First, 

the DES issues a Notice of Proposed Fine informing the violator and proposing a dollar amount 

for the fine. Next, the violator must either pay the fine within the date specified on the notice, 

which is no less than 25 days from the notice of the proposed fine, or s/he has the opportunity to 

have a hearing and settle the case to reduce or eliminate the fine. At this hearing, the violator 

explains why the fine should not be imposed. The Commissioner of the Department of 

Environmental Services decides whether the fine should be imposed based on the evidence 

presented by the hearing officer on the rationales against the fine. The fine can be reduced in 

certain circumstances, including if the violations occurred despite good faith efforts to comply. If 

a fine is still imposed after the hearing, the violator will need to pay the fine within 30 days of 

the commissioner’s decision, or according to the date specified in the decision (NH DES 2006). 

Since the installation of the Lifewater system on Mount Washington in 2009, the New 

Hampshire Department of Environmental Services has not fined the State Park for the violations 

of the discharge permit. This is due to the unique conditions on the mountain and the time 

required for the staff to learn how to operate the plant successfully through trial and error. In 
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addition to the effluent limits, the permit also requires weekly testing, but this is physically 

difficult to do during the winter months because of the weather. Mr. Kessler noted that the DES 

could issue an administrative order for the State Park to conduct a study on the treatment plant 

and take action complying with the requirements of the permit with a proposed timeframe for 

compliance. Therefore, if the Lifewater plant continues to produce effluent in violation of the 

discharge permit requirements, there are three possible scenarios. First, the State Park could be 

fined and pay the fines. However, Mr. Kessler notes that the DES is unlikely to impose a 

monetary fine on the Park due to the unique conditions of the plant and the location. Second, the 

State Park could implement upgrades to the treatment system or install an alternative system. 

Third, the State Park could present a study that is convincing to the DES that the requirements of 

the current permit are unreasonable and that the discharge is not negatively impacting the 

environment as they are currently operating. 

 

5.1.4 Treatment Plant Data Analysis 

 

Data on the Lifewater treatment plant on the summit of Mount Washington were 

analyzed to determine whether there are any apparent trends or correlations among the data. 

Flow, influent wastewater quality, and effluent wastewater quality data were obtained from the 

NH Department of Environmental Services for November 2009 through October 2010. The 

influent flow to the treatment plant was compared to each of the water quality parameters by 

graphing these data over time and qualitatively observing trends. An example graph of influent 

flow and effluent nitrates is shown in Figure 43. The remaining graphs are shown in Appendix II. 

These graphs do not demonstrate any apparent trends between water quality characteristics and 

influent flow. This may be because of large gaps in the data due to the difficulty of obtaining 

samples. For example, considering flow and nitrogen in Figure 43, there are 302 data points for 

the flow over a 10-month period in 2010, but there are only 33 data points for effluent nitrates. 
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Figure 43: Lifewater ESTP Treatment Influent Flow vs. Effluent Nitrates 

 

A correlation analysis was performed on the data collected from the treatment plant to 

determine if the water quality parameters were statistically related to one another. There were 

forty-five possible correlations. Table 28 shows the number of pairs of data for each set of 

variables. Flow in and flow out had 351 paired data points. However, there were large gaps in 

many other variables, and the number of paired data points ranged from 1 to 82 (NA indicates 

that a correlation is not applicable where the parameter is being correlated with itself).Table 29 

shows the critical correlation coefficients, which are based on the number of paired data points 

and the alpha value (0.05).A minimum of two paired data points is necessary to determine a 

critical value. A correlation analysis was performed in Excel and Table 30 shows the output. The 

absolute values of the correlation coefficients were compared to the critical values. The eight 

paired parameters that were statistically correlated are highlighted in yellow in Table 30: flow in 

and out of the treatment system; flow in and pH out; flow out and pH out; fecal coliform and pH 

out; BOD5 in and total suspended solids in; BOD5 out and flow in; and BOD5 out and flow out. 
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The only parameters that were inversely correlated were flow out of the treatment system and 

total nitrates. 

 

Table 28: Pairs of Data for Correlation Analysis 

 

Table 29: Critical Correlation Coefficients Based on Pairs of Data 

 

Table 30: Correlation Analysis for Existing Treatment Plant Data 
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5.1.5 Evaluation of Nitrate Problem 

 

Mr. Kessler indicated that the nitrate discharge violations might be due to the food 

service business on the summit in the Sherman Adams Building (Personal Communication, 

Kessler 2010). From May through October, there are 300,000 visitors to the top of the mountain. 

The business uses “Santimine 150”, a quaternary ammonia and benzyl methyl ammonium 

chloride monohydrate compound to clean and disinfect the pots, pans, dishes and utensils. This 

process involves filling and draining a three-compartment sink filled with these chemicals. 

According to Diane Holmes, Park Manager, 14 to 21 of these tablets can be used in a day during 

the summer months depending on how busy food service is that day(Personal Communication, 

Kessler 2010). 

Quarternary compounds such as cleaning disinfectants are toxic to all living organisms, 

such as those in the activated sludge process. Alkyldimethylbenzel ammonium chloride is widely 

used in cleaning products and is a strong catalyst that speeds up the hydrolysis of esters and 

amides, both of which are found in living organisms(Cogent Solutions , 2010)Mr. Kessler 

suggests that the use of the Santimine product in the Sherman Adam’s kitchen may be the cause 

of the high nitrates in the effluent during the summer months because the compound contains 

nitrogen and because it kills the microorganisms in the treatment plant. The project team 

attempted to gather information on the chemical make-up and nitrogen content of Santamine 

150. However, Santimine and Poison Control could not disclose detailed information on the 

nitrogen content of these tablets because the information is proprietary. 

Data from the Department of Environmental Services were analyzed to determine 

whether there are any apparent trends among influent and effluent total Kjeldahl nitrogen (TKN) 

and the dates of operation (see Figure 44). No trends between the time of year and influent TKN 

were observed. This may be due to the few data points available. Based on the wastewater 

characterization in the 2008 Advanced Design Engineering Report for the treatment plant, the 

influent TKN was expected to be 190 mg/L. However, the average TKN from the monitoring 

data is 212 mg/L and the median value is 215 mg/L (Stantec 2008). 

 



106 

 

Figure 44: Lifewater ESTP Treatment Total Kjeldahl Nitrogen v. Dates of Operation 

  

As seen in Figure 44, 8 of the 12 data points for the influent are higher than 200 mg/L 

and therefore higher than the predicted wastewater characterization for the current Lifewater 

design and operation. Higher TKN values in the influent may be due to a design error and an 

underestimation of the influent TKN. 

 

5.2 Wastewater Improvement Alternatives 

 

The main concern of the Department of Environmental Services in NH and the park 

managers on Mount Washington is the nitrogen concentration in the wastewater treatment plant 

effluent. Therefore, alternatives were investigated for improving the current nitrogen removal 

process, and for monitoring in the Lifewater treatment plant. According to the NH DES, one 

alternative is that the State Park could present a convincing study to the DES that the 

requirements of the current permit are unreasonable and that the discharge is not negatively 

impacting the environment as they are currently operating (NH DES 2006).  
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Other alternatives include dilution of the influent, changes to the configuration of the 

tanks in the plant, additional monitoring of the treatment facility, and environmentally friendly 

disinfectants. Each of these alternatives is discussed in the following sections. 

 

5.2.1 Dilution 

 

The influent TKN values may be large because of the low water flow entering the plant 

and the use of the nitrogen containing disinfectant for washing dishes in the Sherman Adam’s 

building. The treatment plant was designed to treat 190 mg/L of TKN but the average summer 

influent is about 213 mg/L. The average summer influent summer flow is about 2,230 gallons a 

day and the 213 mg/L of TKN would need to be diluted by 11% to meet the design value of 190 

ml/L. To accomplish this, an additional 264 gallons/day on average would be needed. Dilution 

would also increase the amount of water that the system would need to process and therefore 

decrease detention times in the various tanks. However, diluting that influent is not 

recommended. Fixtures have already been installed to minimize the water use on the summit 

because there can only be minimal withdrawals from the well. Diluting the influent would reduce 

the concentration of TKN entering the plant; however, it is not practical for the Park. 

 

5.2.2 Alternative Treatment Configuration 

 

A second option is to increase the retention time in the anoxic tank to allow for more 

denitrification. This could be accomplished by an arrangement known as the Bardenpho process, 

proposed by Dr. James L. Barnard in1970, who has designed many nutrient removal plants for 

South Africa and Canada (van Haandel and van der Lubbe 2007). The current configuration of 

the Lifewater plant is an anoxic tank leading to an aerobic tank with recycle loops back to the 

anoxic tank for further denitrification. In the Bardenpho process, an anoxic tank is placed before 

and after the aerobic (bioreactor) to remove nitrogen, like the current configuration, as seen in 

Figure 45. Most of the nitrate is removed in the first anoxic reactor, and the remaining nitrate, 

which would normally leave the plant if not recycled back to the first anoxic tank, is further 

reduced in the second anoxic tank. After the second anoxic tank, the water passes to an optional 

second aerobic tank, and then to the settler. The optional aerobic reactor is smaller than the other 
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tanks, and its purpose is to provide re-aeration so that the sludge remains aerated and the excess 

nitrogen is removed (van Haandel and van der Lubbe 2007). 

 

 

Figure 45: Bardenpho Configuation (van Haandel and van der Lubbe 2007) 

 

This process was installed in a 1.4 million gallon per day treatment plant in Palmentt, 

Florida in 1979 (EIMCO Water Technologies 2010). It was the first Bardenpho process 

treatment facility in North America. The plant has experienced ranges in flow from 0.89 to 1.6 

million gallons a day and changed in influent concentrations but the plant has still produced high 

quality effluent (EIMCO Water Technologies 2010) 

A disadvantage of the Bardenpho configuration is that it can be difficult to balance the 

amount of organic material with the nitrate concentration so that there is the least amount of 

either in the effluent. Another disadvantage to this process would be the addition of another tank 

in the small and already complicated layout of the existing plant. The Park Managers do not have 

the time to monitor a complicated treatment process. The final disadvantage of this configuration 

is the cost of a new tank. There has already been over $500,000 invested into the current 

treatment process and modifications could be costly. However, modifications will be less costly 

than purchasing a new treatment system. 

 

5.2.3 Improved Monitoring 

 

Before a decision is made on improvements to the wastewater treatment system, more 

comprehensive data on the current system should be obtained. The current wastewater discharge 

permit requires daily monitoring of the influent flow, weekly monitoring of the influent and 
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effluent ammonia, BOD5, TKN, and TSS, as well weekly monitoring of effluent fecal coliforms. 

According to data from the DES, flow is monitored most days, but monitoring for water quality 

parameters is not done weekly, as required by the discharge permit. Better monitoring 

capabilities would provide more accurate data for analysis and would aid in future decisions 

regarding the plant. Water quality monitoring recommendations can be seen in Table 31 

 

Table 31: Water Quality Monitoring Recommendations 

Parameter Permit Requirement Current Monitoring Ideal Monitoring 

pH Not specified  Daily 

BOD5 Weekly  Weekly 

Nitrate Weekly  Weekly 

TSS Weekly  Weekly 

Fecal Coliform Weekly  Weekly 

 

 

First, moving the package plant so that it is adjacent to the proposed research facility 

would ensure that the physical monitoring of the Lifewater plant could continue in dangerous 

winter conditions, and the effluent would not be discharging to the sensitive alpine region. 

Currently, the samples that are collected by the Park managers are shipped off the mountain to 

laboratory for analysis because the Park lacks the equipment and space to test on site. To address 

this issue, a laboratory is included in the research building design and will allow for space to 

carry out on-site testing. Therefore, the Park managers could not only access and monitor the 

treatment plant in bad weather, but they could also collect more data to meet the discharge 

permit requirements for monitoring. The Park would also be helping to protect the sensitive 

alpine research area, which is currently downhill of the surface discharge of the Lifewater plant. 

If the Lifewater plant was located adjacent to the proposed research facility, the 

complicated treatment process would be easier to constantly monitor by a Park staff member. 

The plant was designed to be simple to run in theory but the treatment is complicated because of 

the unconventional design and recycle loops. Actual operation on the Mount Washington’s 

summit has required the Park staff to spend many hours learning and monitoring the process, 
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while also managing all other aspects of running the State Park. Therefore another suggestion is 

to acquire an additional Park staff member with wastewater experience to run the plant. 

A more complete analysis could be accomplished with better ways to monitor the 

supplemental of carbon (microCg), water quality parameters throughout the treatment, recycle 

rates, and sludge waste. High TKN values in the effluent may occur because there is not enough 

biological mass or carbonaceous material in the influent to fully convert the ammonia that enters 

the plant. Better monitoring and knowledge of when to increase the amount of microCg would 

improve denitrification and reduce TKN concentrations in the effluent. Increased denitrification 

could also be accomplished by increasing the recycle rate from the bioreactor back to the anoxic 

tank. However, too much recycle could add too much dissolved oxygen into the anoxic tank and 

prevent further denitrification. Therefore, it would be beneficial to monitor this recycled stream 

with a dissolved oxygen probe. It would also be helpful for the Park managers to be able to 

determine the amount of sludge to remove or waste, and how often to do this.  

 

5.2.4 Natural Disinfectants 

 

A final option for managing the high influent TKN would be to use an alternative 

disinfectant method in the Sherman Adams building kitchen. The current disinfectant that is 

being used to clean the dishes in the summer months contains nitrogen, which adds to the 

influent levels, and the product contains quaternary ammonia, which is toxic to the 

microorganisms in the treatment process. According to the Food Safety Division of the New 

Hampshire Department of Health and Human Services there are several acceptable alternatives 

to the current disinfectant. These include chlorine at 50 – 100 parts per million (ppm), or iodine 

at 12.5 – 25 ppm (New Hampshire Department of Health and Human Services 2010). These 

alternatives would decrease the influent nitrogen content because they do not contain nitrogen. 

However, these practices would still kill the microorganisms in the plant that are needed for the 

denitrification process. An alternative method of disinfecting is storing the dishes and utensils in 

heated drawers at 160° F for 15 seconds, or 140° F for 10 minutes to disinfect. Boiling utensils 

and dishware would also safely disinfect and would produce no nitrogen. 
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5.3 Treatment Plant Alternatives 

 

If resources allowed, the State Park could purchase an entirely new package treatment 

plant to replace the Lifewater plant. This option would be more costly for the Park than the 

modifications and recommendations detailed in Section 5.2 due to the remote location of the site, 

the limited access of the Auto Road, and the difficult weather. According to Mr. Chase, a project 

manager at the Bureau of Public Works and Construction, work and materials for a construction 

project on the summit can cost up to five times more than a project elsewhere (Chase 2010). Bids 

from the previous treatment plant project ranged from $497,400 to $1,055,000, which included 

the package plant and construction costs (Chase 2010). It is suggested that further treatment 

plants be researched only if the minor modifications recommended in Section 5.2 have been 

made to the current plant accompanied by well-documented data and observations, but the results 

show that there are no improvements in effluent characteristics (Chase 2010)(Chase 2010). 

 

5.3.1 SaniBrane 

 

SaniBrane was one of the companies considered in 2008 when the wastewater treatment 

plant project was up for bid. The SaniBrane® Membrane Bioreactor was developed by 

Sanitherm, Inc. and the company has successfully installed over 300 plants. According to the 

website, the treatment systems have been successful in “remote, hostile and unforgiving sites” all 

over North America (Sanibrane 2009). The company is based in Canada but there are 

representatives in both the United States and Canada. 

The company has a container treatment system that was previously researched for Mount 

Washington. The container system is a compact and self-contained treatment system. It can be 

set up and operating within a few hours of installation, and no building is required. According to 

Sanibrane, the system is very low maintenance and in most cases produces an effluent that is of 

better quality than the regulated effluent values. The size options for containers include 4,000, 

8,000, 12,000, and 16,000 gallons per day. The container size that would be most appropriate for 

the summit’s flow of about 6,000 gallons a day in the summer would be the company’s 8,000 

gallon per day tank (30 m3/d), which is a 48-foot long container. The container system comes 

with flow equalization, treatment tanks, heat, lights, and controls. There are also other options 
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available depending on the mountain’s requirements. The approximate cost of this system, based 

on the prices from 2008, is $495,000 - $545,000 and this cost does not include costs associated 

with transporting the plant and installing it (Sanibrane 2009). 

 

5.3.2 Enviroquip 

 

Enviroquip, located in Austin TX, was another company that was considered in 2008 for 

the summit. The MPAC System is a pre-engineered Enviroquip® membrane bioreactor system. 

The approximate cost of the plant, not including transportation and installation costs in 2008 was 

between $495,000 and $545,000. According to the company website, the plant is easy to operate 

and maintain and it provides reliable treatment. The plant uses Kubota® membrane products 

which have been used in over 2,500 installations around the world. Remote control capabilities 

for monitoring and optimization are also available. The MPAC model comes with fine screening, 

an anoxic zone, a pre-aeration zone, a MBR zone, equipment skid, control panels, aeration 

systems, and recycle and permeate pump systems. The company also provides after sale support 

by staying in contact with operators, and providing ongoing technical training through 

workshops and site visits (Enviroquip 2009).Table 32 shows the treatment’s achievable values 

according to the website. These values are below those of the current NH groundwater discharge 

permit for the Park. 

 

Table 32: Enviroquip MPAC Treated Effluent Quality (Enviroquip 2009) 

Parameters Achievable Values 

BOD5 Not Detectable 

Total Nitrogen < 3.0 mg/L 

Ammonia < 0.3 mg/L 

Phosphorus < 0.03 mg/L 

Fecal Coliforms Not Detectable 

Total Suspended Solids Not Detectable 
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5.3.3 Seapoint 

 

Seapoint, located in Boxford, MA, produces pre-engineered, wastewater treatment 

package plants for municipal, commercial, government, marine and military use. The Seapoint 

Container Unit (C-Series) is a self-contained treatment system that produces effluent that is high 

quality and reusable. The sizes of the treatment system range from 5,000 to 30,000 gallons per 

day, so the Park could purchase a plant of a similar size to the current Lifewater plant. The plant 

is a membrane bioreactor with ultraviolet disinfection, a PLC control system, insulation, 

duplexed plumps and blowers. Similar to the current plant, the Seapoint workspace in the 

container can be heated. According to the Seapoint website, the plant can achieve the limits 

listed in Table 33, which are below the NH groundwater discharge permit for the Park (Seapoint 

2010).The cost of this treatment plant would be $25-$30 per gallon for a small 6,000 gallon tank 

with an additional 0.50 cents per gallon for heating in a cold climate. That would make the total 

price of the plant in the range of $153,000-$183,000 (Personal Communication, Seapoint 2011). 

Table 33 shows the treatment’s achievable values according to the website. 

 

Table 33: Seapoint Treated Effluent Quality (Seapoint 2010) 

Parameter Achievable Value 

BOD5  

Total Suspended Solids  

Total Nitrogen  

Fecal Coliform Not Detectable 

 

 

5.4 Evaluation of Wastewater Alternatives 

 

The proposed options for improving the wastewater system for the Park were evaluated 

based on their ability to meet the evaluation criteria established in section 3.3.4. These criteria 

were the ability to improve effluent characteristics, cost, and manageability for the Park 

managers, as well as the ability for the option to be transported to the summit. The criteria were 
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ranked on a scale from 1 to 3, with 3 being comparatively a better option and 1 being a lesser 

option. Thus, the highest attainable score was 12. The matrix can be seen in Table 34. 

 

Table 34: Evaluation Matrix for Wastewater Alternatives 

Recommendations Effluent 

Characteristics 

Cost Manageability Transportation Totals 

Dilution 2 3 2 3 10 

Alternative 

Configuration 

3 2 1 2 8 

Improved 

Monitoring 

3 3 3 3 12 

Alternative 

Disinfectants 

2 3 3 3 11 

Sanibrane Plant 3 1 2 1 7 

Enviroquip Plant 3 1 2 1 7 

Seapoint Plant 3 1 2 1 7 

 

 

According to the evaluation matrix criteria, improved monitoring is highly recommended 

for the State Park with an overall score of 12. Better monitoring would provide more accurate 

operational and effluent readings, providing the Park managers and the DES with a better 

understanding of how to meet the discharge permit and if there are further steps that need to be 

taken to reduce the effluent more. The cost of this recommendation is very low in comparison to 

some of the other recommendations. Improved monitoring would make managing the plant 

easier and less time consuming for the Park managers. More monitoring equipment could be 

easily brought up the mountain Auto Road. Additionally, if more monitoring was used in 

conjunction with using alternative disinfectants in the Sherman Adams food service kitchen, this 

would be a minimal cost solution until further analysis could be done on more data. 

If monitoring was improved and an alternative disinfectant was also used, but no 

significant changes to the effluent quality were noticed, then the Park should possibly consider 
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an alternative configuration. A different configuration, like the Bardenpho, would be more costly 

than the solutions described above, but it would be less costly than purchasing an entirely new 

treatment plant. The purchase of a new plant is not recommended unless improved monitoring, 

accurate testing, and less costly modifications are done and there is no significant change to the 

discharge quality or manageability of the current plant. 
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6 Conclusions and Recommendations 

 

Two separate structural designs for the environmental research facility were completed 

using reinforced concrete and structural steel. The structural steel design was chosen as the 

recommended design for its constructability characteristics. Buildable days on the summit of Mt. 

Washington are limited to approximate 60 days a year so rapid construction is necessary. A 

structural steel frame is the easiest to construct in these conditions. With the steel design, interior 

footings will be used as a foundation along with the existing exterior retaining wall. In addition 

to the research facility, an observatory tower and garage were designed as reinforced concrete 

structures. It is recommended that the retaining wall be rehabilitated due to the fire damage. 

Due to the lack of a reliable source of water, an INERGEN® fire protection system is 

recommended for the facility. The INERGEN® system uses a mixture of environmentally safe 

gases to extinguish a fire. Unlike water suppression, gas suppression will not damage property 

inside the building and the concentration of the gases is low enough that people inside the 

building will not be harmed during activation of the system.  

The operational data from the current Lifewater treatment plant on the summit were 

analyzed to determine correlations among water quality parameters. Treatment alternatives were 

discussed to improve effluent nitrate characteristics. The most cost effective and manageable 

suggestion to reduce the effluent nitrate concentrations was determined to be an alternative 

disinfectant in the food service kitchen, increased monitoring, and more accurate testing during 

operation of the plant.  

 The total cost analysis for each recommendation is shown in Table 35. The total cost is 

$3,115,000. This is approximately $7 million under the estimated $10 million budget proposed 

by the State Park. The cost of the building includes the cost of the reinforced concrete tower and 

garage.  
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Table 35: Total Cost Analysis 

Component Recommended Alternatives Cost 

Building Structural Steel Frame $2,630,000 

Fire Protection System INERGEN® $ 485,000 

Wastewater Treatment Monitoring and Disinfectant Change Negligible 

Total  $3,115,000 

 

The following suggestions include future studies, related to this project, which would be 

beneficial to the State Park. Due to the fire damage, the foundation may not be structurally safe 

to use for the designed building. A study should be conducted on the feasibility of reusing the 

existing foundation. An analysis of the impact loads on the summit structures could be 

completed to determine the exact increase in loads on the structural frame. Other alternatives 

such as foaming extinguishing agents could be researched for fire protection.  

Research on the effects of quatinary ammonia on the wastewater treatment process would 

help determine if the disinfectant used in the kitchen facilities in the Sherman Adams Building is 

a major factor in the high nitrate levels in the effluent wastewater. Finally, the Park could 

conduct a study investigating the effects of the effluent discharge on the alpine research area 

downhill from the current location of the wastewater treatment plant.  
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1 Problem Statement 

 

Mount Washington’s summit is a popular attraction for hikers and tourists as well as a 

location for valuable research on the mountain’s unique conditions and environment. Extreme 

weather conditions cause a large amount of tourists to visit in the summer and close to none in 

the winter. Providing a wastewater treatment system to accommodate these flow variations while 

meeting discharge requirements in the cold weather is a constant challenge for park staff. In 

addition, a new building to pursue the ongoing research on the mountain is needed. A building 

on the summit must be able to withstand the loads such as precipitation and wind. Consideration 

for the building’s fire protection is also important due to no access for fire trucks on the Auto 

Road. 

 

2 Objective 

 

The purpose of this project is to design a two-story research facility to be constructed at 

the summit of Mount Washington as well as to design a working wastewater treatment plant, also 

to be housed on the mountain’s summit. A variety of structural building materials will be 

considered to combat the unique weather conditions of the summit, as well as the overall 

constructability of each design. The wastewater treatment plant’s design will also consider the 

summit’s unique weather, as well as large seasonal changes in flow. The project will make 

recommendations for the final design and construction of each design based upon economic 

feasibility, constructability and maintenance.   

 

3 Scope of Work 

 

This project is split up into two distinct sections: the building and the wastewater 

treatment plant. The building design will include the structural design of the beams, girders, 

floors, columns, and foundation. A sprinkler system design will also be included in the building 

design. Analysis of various package wastewater treatment plants will incorporate the wastewater 

treatment plant section. Both sections will be included within a cost analysis section. Each group 

member will contribute to each section of this project.       
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4 Background 

 

The location of the “World’s Worst Weather” is on the summit of Mt. Washington in 

northern New Hampshire. With yearly snow accumulations over 300 inches and wind gust 

speeds over 200 mph along with the elevation and remoteness of the summit, the design of any 

facility on Mt. Washington needs to account for the unique features of the summit. The specific 

needs of the state park must be addressed in the building design in addition to the weather.  This 

chapter will discuss the history and needs of the State Park, as well as the design constraints for 

the proposed new research facility and wastewater treatment plant. 

 

4.1 Mount Washington State Park 

 

Mount Washington is located in northern NH about 90 miles northwest of Portland, 

Maine, 180 miles north of Boston and 210 miles southwest of Montreal (see Figure 1). The 

mountain is part of the Presidential Range, which forms a ridgeline about 12 miles long and 

includes the highest peak in the Northeast at 6,288 ft. It is the highest point in the United States 

east of the Mississippi River and north of the Carolinas with the only peak in the Northeast that 

exceeds 6,000 ft (Mount Washington Observatory 2010b). 
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Figure 1: Mount Washington (Mount Washington Observatory 2010b) 

 

 

As part of the Appalachian Trail, the mountain brings many hikers, some long distance, 

to enjoy the views the summit has to offer of the surrounding White Mountains, and of peaks in 

Maine, Vermont, Quebec, and even New York on a day with ideal conditions. The summit can 

also be reached by visitors by the Cog Railway, which is about 3 miles long, or via the 8 mile 

trip up the Auto Road (see Figure 2). On the top of the mountain there is the Sherman Adams 

Summit Building, the Tip Top house, the Yankee Building, the WMTW-TV Station and towers, 

and the Stage Office, as shown in Figure 3 (Mount Washington Observatory 2010b). 

 

Mt. Washington 
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Figure 2: Map of Mount Washington (Mount Washington Observatory 2010b) 

 

 

 

Figure 3: Map of Summit (Mount Washington Observatory 2010b) 
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4.1.1 History of the Park 

 

Mount Washington has attracted many visitors since the first summit house was built in 

1852. Soon after this house was built, the Carriage Road and the Cog Railway were constructed 

on opposite sides of the mountain to allow more visitors of all ages and abilities to reach the 

summit. With more visitors came more buildings, but not without the challenges due to the 

unique location and the weather conditions at the summit. For example, all of the buildings, 

besides the Tip Top House, burned in a fire in 1908 due to the lack of available water for fire 

fighting. The Mount Washington Observatory, originally housed in the Stage Office and now in 

the Sherman Adams Building, was established in 1932 and has since kept a daily record of the 

weather.  

On February 9, 2003, a fire broke out in a former WMTW television building. The 

building at the time of the fire also housed the WHOM radio station transmitters and other 

broadcasting equipment. The fire started in the WMTW building and then spread to the Yankee 

power building next to it. Both buildings were completely destroyed in the blaze (see Figure 4). 

Since the fire destroyed the electricity generator in the building, the electricity was cut off for the 

entire summit and every person had to be evacuated (Cheshire County DX ARC 2003). 



6 

 

 

 

 

Figure 4: WMTW Building After Fire (Cheshire County DX ARC 2003) 

 

The summit sees about 300,000 people each summer. During the harsh winters, the 

number of visitors to the mountain are close to none, besides the park rangers who maintain the 

buildings and the wastewater treatment plant (Mount Washington Observatory 2010b). 

 

4.1.2 Existing Buildings 

 

Currently, there are four working buildings on the summit of Mount Washington, as 

shown in Figure 3. The Sherman Adams Summit Building was built in 1979 to replace the 

previous summit building (Mount Washington Observatory 2010a). It is made of concrete and 

serves as the mountain’s main visitor center. The building includes many amenities for visitors 

including an observation tower, restroom facilities, a post office, a food court, water fountains, 

and a museum. The Sherman Adams Building also houses the Mount Washington Observatory 

and the living quarters of its crew (Mount Washington Observatory 2010a).  
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 The Tip Top house was constructed in 1853 when it served as a hotel. Today, the stone 

building is the oldest building on the summit, and it was the only building that survived the 1908 

fire. Recently renovated, the 2,350 square foot structure is open to the public where it serves as a 

reminder of the observatory’s past (Mount Washington Observatory 2010a).   

The current Stage Office was built in 1976 to replace its predecessor. The original Stage 

Office, which recorded the record wind speed of 231 miles per hour in 1934, served as the 

original home of the Mount Washington Observatory (Mount Washington Observatory 2010a). 

The current building was made as a likeness of its predecessor. It is owned and operated by the 

Mount Washington Auto Road, and is equipped with chains that help hold its roof in place 

during the intense storms that frequently hit the summit. The interior of the building houses 

restrooms and a gift shop for tourists.  

The summit also has numerous broadcasting towers that serve several state and federal 

agencies, as well as two FM radio stations, WHOM and WPKQ. The Yankee Building houses 

the majority of the broadcast equipment (Mount Washington Observatory 2010a). One of the 

other broadcast buildings, the WMTW-TV building, burnt down in the fire of 2003. Previously, 

it held the station’s equipment, electrical generators and living quarters for WMTW staff.   

 

4.1.3 Existing Wastewater Treatment Plant 

 

The wastewater treatment plant for the mountain is located about 300 feet below the 

summit Sherman Adam’s Visitor Center. During the tourist season of the summer, approximately 

300,000 visitors come to this building, and this generates over 500,000 gallons of wastewater a 

year. Seasonal visitation trends have a large impact on wastewater flows. On a busy summer day, 

the average flow of wastewater is about 5,000 gallons. On a typical winter day, the only 

wastewater generated is from the few staff members on the mountain. 

Prior to the 1940’s, wastewater was disposed of via a pipe on the east side of the 

mountain. In the 1940’s, an icing research laboratory was established on the mountain. During 

this time, waste from the mountain was put into a containment system consisting of wells and 

holding tanks that were periodically emptied by a tanker truck. Several decades later there was a 

need to improve this system because of increased numbers of tourists and waste. The New 

Hampshire Bureau of Public Works along with input from the New Hampshire Department of 
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Environmental Services (DES) selected a package wastewater treatment plant from the company 

LIFEWATER Engineering, in Fairbanks, Alaska. This company was chosen based on the 

company’s experience with extremely cold climates. The system is called the Extreme Sewage 

Treatment Plant, or ESTP (Personal Communication, Pelchat 2009). 

In the system designed for Mount Washington, the sewage flows from the Sherman 

Adams Building through heated pipes to the package treatment plant. The process begins with 

screening which removes the larger particles. This screened wastewater is then pumped to an 

anoxic tank to allow for denitrification. The anoxic tank has a mixer and a sensor, which 

measures the dissolved oxygen. In order to keep the dissolved oxygen concentration low, a 

carbon source called microCg is added. Microbial degradation of the microCg consumes oxygen 

and the microCg also provides a carbon source and electron donor for denitrifying the bacteria 

(Personal Communication, Pelchat 2009). 

After the anoxic tank, the wastewater is treated aerobically with an active sludge process 

in a bioreactor tank. The detention time in this tank is about 15 hours and there are sensors that 

monitor the dissolved oxygen, total suspended solids, and pH. The mixed liquor is then pumped 

through four tubular membrane filters in series. When about 600 gallons of treated water 

accumulates in the storage tanks at the end of the filters, the effluent is discharged in batches 

through a UV disinfection system and then onto the ground near the plant. Heated and insulated 

pipes make it possible to discharge the water in the winter. The excess sludge is either put into 

underground holding tanks to be removed by a truck or in a sludge bag. In addition, recirculation 

of some of the tanks in the treatment process is done in order to accommodate the large 

fluctuations in flow during the season and between seasons (Personal Communication, Pelchat 

2009). 

 

4.1.3.1 Current Treatment Challenges 

 

There are many challenges to treating wastewater at the summit. First, the plant 

experiences significant daily and seasonal variations in the flow of the wastewater due to 

visitation trends. The majority of visitors come to the summit in the summer months and there 

are barely any in the winter. In addition, during the summer months, a clear and relatively warm 
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day will bring more visitors than a foggy and cold day. This poses a challenge for the living 

organisms in the treatment system because of changes in flow and organic matter concentrations.  

The operation of the plant for 365 days a year is the responsibility of the four staff 

members on the summit, who must also manage the many other maintenance aspects on the top 

of the mountain. Maintenance is especially difficult in the winter months because the extremely 

strong winds and cold temperatures make the plant difficult to access. Much of the current 

maintenance involves filters clogging and failing pumps. According to Diane Holmes (2010), a 

park staff member, the filters need a lot of maintenance and must routinely be taken out and 

cleaned. If one of the pumps fails, there is no secondary pump that can be turned on and 

treatment must temporarily stop. If maintenance needs to be done, there is no fresh water 

available at the treatment system to clean the system or for the staff to clean up afterwards 

(Personal Communication, Holmes 2010). 

The treatment plant is located about 300 ft away from the laboratory on the summit. 

Collecting samples is dangerous during the stormy weather that occurs throughout the fall, 

winter, and spring months. Once samples are collected, they must be brought back up to the 

small make-shift laboratory in the Yankee Building. Effluent must be tested to make sure it is 

meeting discharge requirements from the Department of Environmental Protection. The current 

treatment plant is often finding it difficult to meet these requirements. When the effluent 

concentrations exceed the limits, they can have an impact on the alpine research area located 

below the treatment plant (Personal Communication, Holmes 2010). 

 

4.1.4 Needs of the Park 

 

The State Park on the summit of Mount Washington is in need of a building to replace 

the old WMTM TV-8 building that was destroyed by fire. The new building would serve as an 

environmental research facility for the state park and would need to fit the footprint of the 

previous building. 

The park has several requirements for this new building. A garage or airlock large 

enough for a snow cat to fit in will need to be linked to the new facility to allow for safe 

debarkation in the winter months. A kitchen, bathrooms, storage facilities and sleeping areas are 

required. Other areas within the building could include a lounge and study areas, as well as a 
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conference room. Diane Holmes stated that mentioned the need for the wastewater treatment 

laboratory should be located inside of this new building because the current laboratory is located 

in the Sherman Adams building, which is too far from the current treatment plant. Due to 

problems with the treatment system in place on the summit, the staff has requested a new 

treatment facility to replace the old system and for it to be adjacent to or in the floor plan of this 

new building. The new facility should be simple to maintain for the park staff while also 

reducing their effluent concentrations to the acceptable limits as stated in the New Hampshire 

discharge permit. The treatment facility must also be able to operate under the extreme 

conditions on the summit. (Personal Communication, Holmes 2010) 

The building’s roof should have space for radio and observatory equipment as well as an 

area for visitors to enjoy the views of the southern and western portions of the mountains. A 

ramp should be constructed to the roof so that visitors can access the observation area without 

having to walk through the interior of the building.   

The park is also in need of a second observation tower in addition to the existing tower 

on top of the Sherman Adams building. Therefore, a second tower will be erected on roof of the 

new building.   

The fires of 1908 and 2003 are prime examples demonstrating the need for fire protection 

systems to be installed in the new building. Fire fighting capabilities are minimal due to the 

weather on the summit and the lack of personnel. In the event of fire, the state park rangers 

attempt to extinguish the fire. Only two fire fighter suits and breathing apparatuses are available 

to the crew.  Fire hoses can help extinguish a fire in the Sherman Adams building but no hoses 

and water connections are available in the Yankee building. There is no fire truck access to the 

summit because it is too hazardous for a truck to drive up the Auto Road, regardless of the 

weather. Fire protection systems need to be installed to protect the equipment being housed in 

the building and the people residing in the building. (Personal Commication, Pelchat 2010) 

 

4.2 Design Constraints 

 

Design constraints help to focus a project. Constraints can include how much the sponsor 

or client is willing to spend on a new building to where the building is located and what it should 

look like. Other critical design constraints include building and fire codes and discharge permits. 
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The codes and permits are standards established by the state to protect life and the environment 

from harm. 

 

4.2.1 Budget 

 

Through communication with Diane Holmes, acting Mt. Washington State Park 

Manager, a budget was established for the design of the environmental research facility and 

wastewater treatment plant. This budget was set at ten million dollars. However, NH legislation 

mandated that every New Hampshire State Park must be a self-supporting entity.  Mt. 

Washington does not receive state funding to help with repairs or for upgrades. Revenue comes 

from food concessions, gift shop, and donations.  

 

4.2.2 Building Code 

 

Building codes are regulations that ensure the safe design and construction of a building. 

These mandatory codes provide the absolute minimum design conditions. Because Mt. 

Washington is in the state of New Hampshire, the New Hampshire State Building Code governs 

the aspects of the design. The State of New Hampshire has adopted the International Building 

Code (IBC) 2009 as its current building code. The code went into effect in April 2010 (Reed 

Construction). Everything about a building from its design and construction to demolition and 

removal has to be done according to the provision of IBC 2009 (State of New Hampshire 2002). 

Some IBC regulations include material types, building heights and areas, and means of egress 

(International Code Council 2009). To incorporate realistic constraints on this project, the design 

of the building will be completed according to the IBC 2009. 

 

4.2.3 Fire Protection 

 

The State of New Hampshire adopted NFPA 1, 2009 Edition, as its state fire code. As 

with the building codes, the fire code went into effect in April 2010 (National Fire Protection 

Agency 2009). As stated in Chapter 1.2 of NFPA 1, “the purpose of this code is to prescribe 

minimum requirements necessary to establish a reasonable level of fire and life safety and 
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property protection from the hazards created by fire, explosion, and dangerous conditions” 

(National Fire Protection Agency 2009). This statement reflects the desire of the state park to 

have a building with fire protection systems suitable to protection expensive equipment and lives 

that are housed in the building. The new building will be designed with sufficient means of fire 

protection using NFPA 1.  

 

4.2.4 Accessibility Guidelines for Buildings and Facilities 

 

The Americans with Disabilities Act (ADA) was signed into law in 1990. The ADA 

requires all new construction after 1993 to be designed and constructed with certain public 

accommodations for people with disabilities (U.S. Architectural and Transportation Barriers 

Compliance Board 1991). The requirements for building design are listed in the Accessibility 

Guidelines for Buildings and Facilities of ADA. The research facility will be designed based on 

these requirements.  

 

4.2.5 Discharge Permits 

 

The groundwater discharge permit (GWP-199007007-S-003) from the Water Division of 

the New Hampshire Department of Environmental Services allows for the discharge and 

infiltration of up to 5,000 gallons per day of tertiary treated disinfected wastewater at the 

summit. The Mount Washington treatment plant cannot violate the Ambient Groundwater 

Quality Standards adopted by the Department in the groundwater, at the boundary of the 

discharge zone. The discharge must also not cause any degradation to the groundwater. (The 

State of New Hampshire Department of Environmental Services 2009). 

The treated effluent must meet the criteria in Table 1 before it is discharged. The 

continuous flow (gpd), ammonia, biological oxygen demand (BOD5), total kjeldahl nitrogen 

(TKN), and total suspended solids (TSS) in the influent are monitored daily and weekly. Fecal 

coliform samples are taken weekly. If the treatment system fails to meet these limits, then the 

two 5,000 gallon tanks on the site can be used for sewage storage. 
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Table 1: Wastewater Discharge Criteria (The State of New Hampshire Department of 

Environmental Services 2009)  

Parameter Effluent Limit 

pH 6.0 – 9.0 (average weekly) 

BOD5 !10 mg/l (average weekly) 

Nitrate !10 mg/l (average weekly) 

TSS !10 mg/l (average weekly) 

Fecal Coliform Zero counts/100 ml 

 

4.2.6 Summit Watershed 

 

According to Seth Prescott, State of New Hampshire Department of Resources and 

Economic Development, the old containment system was on US Forest Service land. One of the 

goals for the current package treatment system was to get the system off of that land and onto the 

park’s land (Personal Communication, Prescot 2010). Another consideration that influenced the 

placement of the existing plant was which watershed would receive the effluent from the plant. 

The alpine garden was a concern for the current plant because that area is used for research. 

Figure 5 is a contour map, from Stantec Consulting Services, found in the application for the 

discharge permit for the current treatment system (The State of New Hampshire Department of 

Environmental Services 2009). As seen from the contours in the figure, the effluent from the 

current location of the treatment system will eventually reach the sensitive alpine research area. 

It is important to have the new treatment plant in a location where discharge is not affecting the 

alpine research area. 
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Figure 5: LifeWater Systems Treatment Location Contour Map (The State of New 

Hampshire Department of Environmental Services 2009) 
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4.2.7 Site Geology 

 

Mount Washington, along with the other mountains in the Presidential Range, is a part of 

the White Mountain batholith. This large geological feature makes up most of the White 

Mountains in northern New Hampshire, covering over 1000 square kilometers. The structure of 

the basolith is made up of igneous rock, 97 percent of which is either granite, quartz syenites, or 

syenites. Mount Washington is located in the eastern portion of the batholith. The make-up of the 

rock in this area is mainly comprised of Moat volcanic rocks. These rocks include trachyte, tuff, 

breccias, alkali, rhyodyte and comendite, all of which are types of granite (Creasy and Fitzgerald 

1999). 

The geology of the summit of Mount Washington will be important to consider in the 

design of the research facility. More specifically, the location of bedrock will influence the 

design of the building’s foundation.  Bedrock lies at depth of three to eight feet beneath the 

summit area of Mount Washington. The shallowest depths are located around the actual summit 

and near “Goofer Point,” an area on the south side of the summit overlooking the Lake of the 

Clouds hut. This generality was confirmed during the construction of the Sherman Adams 

Building during the 1970s. Isolated pockets of sandy, stony, reworked glacial till known as 

“diamict” can also be found at bedrock level, although these are generally rare (Fowler 2010).  

 

4.3 Weather Challenges 

 

One of the major challenges in designing facilities for the summit of Mt. Washington is 

the weather. Weather affects everything from the flows of the wastewater treatment plant to the 

wind, snow, and impact loads on the structures. Table 2 is a summary of the effects weather has 

on building design and the indoor wastewater treatment system. 
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Table 2: Summary of Weather Effects 

Type of 

Weather 

Effect on Building 

Features 

Effect on Building Design Effect on Wastewater 

Treatment 

Temperature Insulation Type Material choice Bacterial Processes 

Wind Overhangs Increases design loads Not Applicable 

Precipitation Roof, materials Increases design loads Not Applicable 

Rime Effects negligible Increases impact loads due 

to falling 

Not Applicable 

Fog Effects negligible Constructability Not Applicable 

Falling Ice Window strength Impact loads Not Applicable 

 

4.3.1 Temperatures 

 

According to the Mount Washington Observatory, the average temperatures on the 

summit of the mountain during the year range from 5.2 to 48.7 degrees Fahrenheit, without 

accounting for wind chill (see Table 3). With the wind chill, values commonly drop below -100 

degrees Fahrenheit. Summers average in the mid forties, while winter temperatures are 

commonly in the single digits. The record low was recorded in 1934 as -47 degrees Fahrenheit. 

The cold temperatures are enhanced not only by the strong winds, but also by the amount of 

snow and fog that the mountain receives (Mount Washington Observatory 2010c). 

Cold temperatures on the top of the mountain have an impact on building features as well 

as construction and design aspects. With the cold temperatures, it is important that the new 

research facility be properly insulated and designed to retain heat in the winter. During the 

construction phase, temperature extremes make it difficult to properly cure concrete. If the 
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temperature is too close to freezing, then hydration of the concrete slows to nearly a standstill 

causing it to be weaker. Generally, the temperature should not drop below 50 degrees Fahrenheit 

while the concrete is curing (Portland Cement Association 2010; Uggerholt 2010) 
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Table 3: Temperatures (Fahrenheit) averaged over the period from 1971-2000 (Mount 

Washington Observatory 2010c) 

 

Temperatures (Fahrenheit)(°F) 

  Average 

Daily 

Maximum 

Average 

Daily 

Minimum 

Monthly 

Average 

Record High 

(Year) 

Record Low 

(Year) 

January  14.0 -3.7  5.2  47 (1995)  -47 (1934)  

February  14.8  -1.7  6.6  43 

(1981,1999)  

-46 (1943)  

March  21.3  5.9  13.6  54 (1998)  -38 (1950)  

April  29.4  16.4  22.9  60 (1976)  -20 (1995)  

May  41.6  29.5  35.6  66 (1977)  -2 (1966)  

June  50.3  38.5  44.4  72 (2003)  8 (1945)  

July  54.1  43.3  48.7  71 (1953)  24 (2001)  

August  53.0 42.1  47.6  72 (1975)  20 (1986)  

September  46.1  34.6  40.4  69 (1999)  9 (1992)  

October  36.4  24  30.2  59 (1938)  -5 (1939)  

November  27.6  13.6  20.6  52 (1982)  -20 (1958)  

December  18.5  1.7  10.1  47 (2001)  -46 (1933)  

YEAR  33.9  20.4  27.2  72 (1975)  -47 (1934)  

 

 

As a result of the extremely cold temperatures starting in beginning of the fall season, the 

numbers of hikers and tourists who visit the mountain decreases significantly from the summer 

months. The seasonal variations in the number of visitors result in large wastewater flow 

fluctuations between the summer and winter months at the summit. A treatment plant on the top 

of the mountain must be designed to accommodate these fluctuations. The current treatment 

plant accommodates for these flow fluctuations by having re-circulating tanks in the system. In 
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addition, the freezing temperatures in the winter decrease the effectiveness and efficiency of 

traditional biological treatment methods. Currently, the surface discharge from the treatment 

plant is able to melt the snow and infiltrate into the ground. The ability to have a surface 

discharge in the winter is necessary for this facility. 

 

4.3.2 Wind 

 

Mount Washington is located in the middle of converging storm tracks, mainly from the 

South Atlantic, the Gulf region, and the Pacific Northwest. The Presidential Range acts as a 

barrier to winds from the west. As a result of the temperature differences between the Northeast 

and the Atlantic Ocean, low-pressure systems develop along the coastline in the winter causing 

winds that exceed hurricane force almost one third of the days in a year. The average wind 

speeds on the mountain range from the mid 20’s to mid 40’s miles per hour. However, it is not 

uncommon to see peak gusts over 100 miles per hour, as shown in Table 4. Peak gusts occur 

from many different while the prominent wind direction is from the west (Mount Washington 

Observatory 2010c). 
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Table 4: Wind (MPH) averaged over the period from 1971-2000 (Mount Washington 

Observatory 2010c)

Wind (MPH) 

   Mean Speed  Predominant Direction  Peak Gust (Year)  Direction  

January 46.3 W 173 (1985) NW 

February 44.5 W 166 (1972) E 

March 41.6 W 180 (1942) W 

April 36.1 W 231 (1934) SE 

May 29.7 W 164 (1945) W 

June 27.7 W 136 (1949) NW 

July 25.3 W 154 (1996) W 

August 25.1 W 142 (1954) ENE 

September 29.1 W 174 (1979) SE 

October 33.8 W 161 (1943) W 

November 39.7 W 163 (1983) NW 

December 44.8 W 178 (1980) NW 

YEAR 35.3 W 231 (1934) SE 
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Extreme winds pose a significant challenge to building on the summit. Strong winds can 

exert significant loads on a building, and magnitudes of wind loads vary with geographical 

locations, heights above the ground, types of terrain surrounding the buildings, and other factors. 

The strong winds on Mount Washington come from many different directions, and this poses a 

design concern for features like the faces of the building and the roof. The final design must take 

into consideration strong winds from all directions and not just the predominant west. Extreme 

winds of hurricane force are capable of taking a roof off of a building. Wind forces also act as 

pressures on vertical surfaces facing the wind, and pressures or suction on sloping surfaces 

facing the wind. Suction occurs on flat, vertical, and sloping surfaces facing away from the wind. 

Various loads and combinations of loads could occur on the building. The largest wind load and 

effect that is predicted to occur in the worst case will be used for analysis and design (McCormac 

2008). 

 

4.3.3 Precipitation 

 

 The summit of Mount Washington experiences various types of precipitation throughout 

the year. As seen in Table 5, the summit has a yearly average of 101.9 inches of total 

precipitation, with a high of 130.1 inches in 1969. As shown in Table 5, in the winter the summit 

averages between 48 and 55 inches of snow or ice per month, with a high of 172.8 inches in a 

month. The record for snowfall in a twenty-four hour period is 49.3 inches with most other all 

time twenty-four hour totals between 22 and 27 inches (Mount Washington Observatory 2010c). 
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Table 5: Precipitation (water equivalent, inches) averaged over the period from 1971-2000 

(Mount Washington Observatory 2010c) 

 

Precipitation (Water Equivalent, inches) 

   Average Maximum Monthly 

(Year) 

Minimum Monthly 

(Year) 

Maximum in 24 hours 

(Year) 

January 8.52 18.23 (1958) 1.29 (1981) 4.85 (1986) 

February 7.33 25.56 (1969) 0.98 (1980) 10.30 (1970) 

March 9.42 15.98 (1977) 2.15 (1946) 6.45 (1999) 

April 8.43 15.21 (1988) 2.19 (1959) 8.30 (1984) 

May 8.21 19.00 (1997) 1.78 (1951) 4.60 (1967) 

June 8.36 16.00 (1973) 2.43 (1979) 6.50 (1973) 

July 8.02 16.585 (1996) 2.69 (1995) 7.37 (1969) 

August 8.08 20.69 (1991) 2.46 (1996) 6.63 (1991) 

September 8.55 15.47 (1994) 2.74 (1948) 5.38 (1985) 

October 7.66 28.70 (2005) 0.75 (1947) 11.07 (1996) 

November 10.49 19.56 (1983) 2.31 (1939) 6.07 (1968) 

December 8.84 17.95 (1973) 1.49 (1955) 8.64 (1969) 

YEAR  Maximum Yearly 

(Year) 

Minimum Yearly 

(Year) 

 

101.91 130.14 (1969) 71.34 (1979) 11.07 (1996) 

 

 

The design considerations for precipitation center on the snow and rain roof loads for the 

structure. Roof snow loads are influenced by the quantity of snow that falls on Mount 

Washington during the course of the year. In addition to this base number, roof snow loads are 

influenced by the pitch of the roof as well as the roof’s thermal qualities and exposure to 
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precipitation (Steel Building Guide 2007).  Snow drifting and sliding will also have to be 

considered. 
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Table 6: Snow, ice pellets, hail (inches) averaged over the period from 1971-2000(Mount 

Washington Observatory 2010c) 

 

 Snow, Ice Pellets, Hail (inches)) 

 Record Mean Maximum Monthly (Year) Maximum in 24 Hours (Year) 

January 50.4 94.6 (1978) 24.0 (1978) 

February 48.2 172.8 (1969) 49.3 (1969) 

March 51.0 98.0 (1970) 27.4 (1969) 

April 40.8 110.9 (1988) 27.2 (1988) 

May 11.3 95.8 (1997) 22.2 (1967) 

June 1.2 8.1 (1959) 5.1 (1988) 

July Trace 1.1 (1957) 1.1 (1957) 

August 0.3 2.5 (1965) 2.5 (1965) 

September 2.2 7.8 (1949) 7.7 (1986) 

October 14.0 78.9 (2005) 25.7 (2005) 

November 40.4 86.6 (1968) 25.0 (1968) 

December 55.0 103.7 (1968) 37.5 (1968) 

YEAR  Maximum Season Total  

314.8 566.4 (1968-69)  

 

  

Rain loads are also important to consider in the design of a structure. Since rain does not 

accumulate in the same manner as snow, it is necessary to design roofs to properly drain rain 

water. However, the roof should be designed to withstand loads from accumulated rain in the 

event that these drainage methods are block or disabled. Additionally, ponding, the accumulation 

of water due to the deflection of roofs, should be considered in the determination of rain loads. 

 The most important factor in considering the effects of precipitation in a design for the 

summit is the combined effects of both rain and snow. Often in late winter and early spring 

storms, snow storms can quickly change to rain storms. Since snow has accumulated on the roof, 



25 

 

 

rainwater drainage systems will not operate optimally. In addition, rain will be absorbed by the 

snow, saturating it with water and increasing the overall load on the roof. Finally, ponding will 

be one of the major problems in these mixed precipitation storms. As rain falls onto water 

saturated snow, it puddles. This gathering of rainwater on top of the snow will increase the 

overall load on the roof of the structure. This combined load of the rain and snow will increase 

the deflection of the roof, further contributing to the ponding effect and possibly creating serious 

problems for the structural integrity of the facility.   

 

4.3.4 Rime Ice 

 

One unique type of precipitation that occurs at the summit is known as rime ice. Rime is 

a type of white or milky opaque white ice that forms on the outside of both natural and manmade 

structures. It closely resembles frost found inside of freezers (Federal Aviation Administration 

1975). Usually found in aviation, rime is very common during the colder months at the summit, 

growing quite thick at times. The formation of rime ice happens when super cooled water 

droplets strike an object at or below the freezing temperature of water. Rime is most often caused 

by freezing drizzle or fog. Other conditions that aide in the formation of rime include small 

droplet size as well as the dispersion of fusion heat from the freezing water (Federal Aviation 

Administration 1975). Rime is unique in that it forms winwardly (into a blowing wind) rather 

than leewardly. While rime ice may grow thickly on buildings, its weight is negligible, causing 

no structural stress (Federal Aviation Administration 1975). The formation of rime ice is 

inevitable in the winter on the summit, but the formation of the rime ice on building features like 

the walls, roof, windows, and doors, will not be a consideration for this building design. 

However, falling rime ice from the towers adjacent to the new building will be a consideration 

because these may produce significant impact loads due to the high winds. 
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Figure 6: Rime Ice at the Summit 

4.3.5 Falling Ice 

 

Since Mount Washington is the second highest elevation on the Eastern seaboard, it 

serves as a radio transmitter for numerous entities, including the Secret Service, Department of 

Defense, and local and regional radio stations. Several radio towers, as can be seen in Figure 7,  
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have been constructed on the summit for the purpose of rebroadcasting the radio signals further. 

However, during the winter, the radio towers pose a major threat. Rime ice builds up on the radio 

tower and their associated support wires. Ice can accumulate over a foot thick. During the 

frequent strong winds, ice chunks crack and fall down to the surrounding area underneath and 

around the tower. When the WMTW building was original constructed, the summit workers 

quickly found that the building was not designed adequately enough to support the impact of the 

falling ice from the towers. The falling ice slammed into the building, shook the building and 

even caved in portion of the roof. An I-beam was placed along the ridge of the roof to prevent 

further structural damage.   

   

 

Figure 7: Summit Radio Tower 



28 

 

 

 

 

Since the proposed location of the environmental research facility is in the location of the 

old WMTW building adjacent to the two radio towers as seen in Figure 8, the impact loads from 

falling rime ice in strong wind will need to be taken into account to ensure the structural integrity 

of the building and safety of the occupants. Building features such as canopies and types of 

windows and doors need to be taken into account for the safety of the people around the outside 

of and inside the building during the winter.  

 

4.3.6 Fog 

 

Fog occurs often on the summit. Mount Washington currently has 303 foggy days a year, 

which leaves approximately 60 days for construction (Court and Gerston 1966). This poses a 

major obstacle during the construction phase of this project. Many aspects of construction are 

affected by fog. The delivery of construction materials such as concrete and steel up the Mount 

Washington Auto Road poses a danger in foggy condition. Not only is the road narrow but a 

Figure 8: Location of the Old WMTW Building and Proposed 

Location of the Research Facility 



29 

 

 

foggy day could cause accidents from driving off the road or motorists not seeing each other in 

the road. The use of cranes will be limited in foggy days as communication between crane 

operator and workers on the ground needs to be unimpeded to ensure the right placement of 

beams and the safety of the workers on the ground.  

 

4.4 Capstone Design 

 

This project fulfills the requirements of the culmination of a major design experience. 

Through the demonstration of the knowledge and experience acquired in earlier course work and 

the incorporation of engineering standards, this project address realistic constraints and design 

considerations including economics, constructability, sustainability, environmentalism, ethics, 

health and safety, as well as social and political aspects. 

 

4.4.1 Economic 

 

An important consideration for this project will be the economic feasibility for the 

mountain. Since the costs associated with the project will only be covered by revenue from the 

state park, it will be important to minimize the costs for the building design and the treatment 

plant. A cost analysis of the designs and materials will be done to minimize these costs and to 

provide a feasible solution for the park. 

 

4.4.2 Environmental 

 

This project will address the environmental concerns raised by the park staff about the 

current wastewater effluent not meeting the NH discharge requirements. The project will also 

take the location of the discharge into consideration because of the sensitive alpine research area 

located downhill from the current treatment plant. In addition to the environmental concerns of 

the wastewater treatment, the proposed research facility will be designed to minimize the amount 

of excavation and altering of the historic views of the mountain. 
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4.4.3 Sustainability 

 

Sustainability is a major issue for the state park. One way that this project will 

incorporate sustainability will be in regards to reusing the wastewater treatment plant effluent to 

help ease the usage of the one existing well that is on the summit. With only one clean well on 

the summit and with that well pumping out minimal flows, innovative ways to re-use water is 

needed for the new facility.  

 

4.4.4 Constructability 

 

The constructability of the project will address the feasibility of the design and construction of 

both the research facility and the wastewater treatment plant. The summit of Mount Washington 

presents a number of natural challenges to constructability including an extremely small 

construction season, cold temperatures, high winds and fog. This project will address these 

conditions by considering the ease of construction when choosing building materials and 

researching the most practical methods for construction at the mountain’s summit. 

 

4.4.5 Ethical 

 

Ethics and ethical discussions are a part of every design process. This project will be 

completed to the high standard of ethical integrity that WPI requires of its students. Ethical 

decisions will need to be made concerning what is in the best interest of the state park, 

environment on the summit, and the surrounding towns.   

 

4.4.6 Health and Safety 

 

In order to address health and safety considerations, a structural analysis of the research 

facility will be performed in order to assure that the building can withstand the harsh summit 

conditions. Additionally, all windows, doors and walls will be designed to withstand the impact 

of high velocity ice projectiles. The wastewater treatment plant will be designed to ensure that all 
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chemicals are properly stored and protected, and that all codes and discharge permits are being 

followed. 

 

4.4.7 Social and Political 

 

This project will deal with the social and political issues of constructing a building on the 

summit of Mt. Washington. Constraints that will need to be examined and followed are regarding 

the height and aesthetics of the building. The height of the design cannot be too large as the 

surrounding towns do not want to see a tall structure on the summit. The state park wants the 

building to fit the natural decorum of the summit and resemble the other buildings on the 

summit. This project will incorporate all these constraints into the design of the facility.   
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5 Methodology 

 

This Major Qualifying Project will focus on the design of a research facility building and 

a recommendation for a wastewater treatment plant for the top of Mount Washington. There will 

also be a focus on fire protection aspects of the research facility due to the unique location of the 

prospective building. 

 

5.1 Schedule 

 

The project will take place over a period of eight months. During the first three months, 

the background research was completed, including a trip to the summit of Mount Washington to 

gain firsthand experience and insight of the site layout and park needs. The scope of the project 

was also determined during this time. Throughout the months of October, November, December, 

and January, the floor plan, structural, foundation, and fire protection designs for the research 

facility building will be done. Various package treatment plants will also be analyzed and 

compared. A cost analysis will be done on both the proposed building and treatment plant to 

ensure that the expenses are within the state park’s budget. In C term, the group will finalize the 

report. A detailed timeline can be seen in Figure 9.  

 

Figure 9: MQP Schedule for B and C Term 
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5.2 Research Facility Building Design 

 

The design of the environmental research facility building will be done in several 

sections. These sections include the floor layout of each level, the structural design of beams, 

girders, columns and floor slabs, foundation design, and fire protection design. Once the entire 

facility has been designed, a 3D model of the building will be drawn up using Revit.  

 

5.2.1 Floor Layout 

 

The first phase in the process of designing the research facility is to develop a floor 

layout of the new building. The size of the building has already been determined for us by the 

state park manager, Mike Pelchat. He has requested the building to be designed on the same 

foundational footprint of the previous building. Mike has provided us with a preliminary sketch 

of the type of rooms and layout that he would like to see. This initial sketch will be placed into 

Autocad.  

The design of the exact layout of the room and their dimensions based on three building 

codes: NFPA 1: Fire Code, International Building Code 2009, and the Americans with 

Disablilites Act (ADA). These codes will allow the project team to properly design the buildings 

layout with the proper means of egress and dimension of rooms to accommodate people with 

disabilities.  

 

5.2.2 Structural Design 

 

The main summit research facility will be designed as a two story building. However, due to 

recent political pressure from communities surrounding Mount Washington, the building will be 

designed so that one story will lie underground, leaving only a single story visible. It should be 

noted that at this time, coring samples do not exist, so it will be assumed that bedrock lies at 

sufficient depth to allow for a story below grade.  

The building will be designed in accordance with the International Building Code (IBC 2009) as 

well as ASCE 7. The project will encompass several alternative designs. These designs are 

necessary to both explore the cost alternatives of the design as well as to determine the design 
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most feasible for construction at the summit. A reinforced concrete design, as well as both 

composite and non-composite structural steel designs will be delivered.  

 

5.2.3 Foundation Design 

 

The design of a working foundation will be a part of the overall structural design delivered by 

the project. The principles of foundations designs will be explored through research with a goal 

of understanding the fundamentals of a foundation’s function and design methods. Alternative 

design formats will be discussed. A final foundation type will be selected and designed based 

upon the unique needs of the facility as well as the constraints provided by the building’s 

location.  

 

5.2.4 Fire Protection 

 

The project team will be designing the new building with a fire sprinkler system. This fire 

sprinkler system will need to be designed to extinguish the fire or suppress it long enough until 

the park rangers can extinguish it themselves. This sprinkler system will be designed according 

to NFPA 13: Automatic Sprinkler Systems Handbook. The layout of the building will need to be 

designed first in order to know the exact area the sprinkler system will need to suppress. We will 

also be looking into alternatives of fire suppressing agents and sprinkler systems. Research will 

need to be done on the available water supply at the summit and alternatives in suppressing 

agents of sprinkler systems for cold and extreme weather locations.   

 

5.2.5 Revit  

 

As a visualization aid for the state park managers, Revit will be used to create a 3D 

model of our building and wastewater treatment plant layout. These models can be used for 

future presentations that the park managers will give to show exact what the new building will 

look like in relation to other structures on the summit.   
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5.3 Wastewater Treatment Plant 

 

Research will be done to determine the best package wastewater treatment plant option 

for the summit of Mount Washington. It will be important to contact those responsible for 

choosing the current treatment option from LIFEWATER Systems to learn of other options that 

were possibly considered during the process. It will also be useful to investigate different 

treatment options that are used on other mountains with some of the same characteristics as 

Mount Washington.  

Various package treatment plants will be analyzed based on how effective they are at 

reducing effluent concentrations to meet the New Hampshire discharge permit requirements. 

Input from the park staff about the manageability of the plant will also be important to consider 

when choosing the best treatment solution for the park since the staff will be in charge of the 

operations of the plant once it is installed. 

 

5.4 Cost Analysis 

 

The costs of the research facility and the treatment plant will have to be within an 

estimated ten million dollar budget from the state park. Costs for the building will include those 

for materials, transportation of materials up to the summit, excavation, and labor. RSMeans is a 

publisher of reference books that contain costs of construction data. This will be used to estimate 

the costs of the construction of the proposed research facility. Costs for the treatment plant will 

be largely for the actual package plant, but there will also be some costs required to make the 

foundation. 

 

5.5 Deliverables and Conclusions 

 

Since the state park will be using this project as a base for which to start the process of 

design and construction of an environmental research facility, several deliverables need to be 

completed at the end of this project. These deliverables are as follows: a structural and 

foundation design; a sprinkler design layout and recommendations on the type of system; a 

recommendation for the best wastewater treatment option; a Revit 3D model of the facility; and 
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an expected cost analysis of the entire design. These deliverables will make the process of 

constructing the building on the summit hopefully easier for the state park.   
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Appendix B: Mt. Washington Wastewater Discharge 
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Appendix C: Contact Information 
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Appendix D: New Hampshire DES Wastewater 

Treatment Plant Data 
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NH DES Wastewater Engineering Bureau - Operations Section Mt. Washington State Park Wastewater Disposal Facility
P.O. Box 95, 29 Hazen Drive GWP-199007007-S-003
Concord, New Hampshire  03302-0095 Mike Pelchat

2009 Nov

R= Rain Total Total Total
or Flow pH Fecal Nitrate Nitrite MLSS

S= Snow In  (Gallons ) Coliform as N (1) as N (1) Bio-
INF. EFF. INF. EFF. INF. EFF. EFF. INF. EFF. EFF. EFF. INF. EFF. INF. EFF. Tank

(in.) TOTAL TOTAL SU SU mg/L mg/L #/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1 [S]

2 (M) 475 0
3 (T) 275 0
4 (W) 310 585
5 [T] 160 0
6 (F) 1,400 610
7 (S) 0
8 [S] 195 0
9 (M) 185 0

10 (T) 170 614 340 0 0 570.0 2.9 50.00 2.60 29.0 190.0 25.0
11 (W) 645 610
12 [T] 0
13 (F) 240 0
14 (S)

15 [S] 225
16 (M) 0
17 (T) 220 297
18 (W) 0
19 [T] 220 0 6.8
20 (F) 180 0
21 (S) 220 0
22 [S] 225 0
23 (M) 100 0 8.0 6.9 400 12 0 490.0 4.4 38.00 210.0 230.0 37.0
24 (T) 310 1,151
25 (W) 180 0
26 [T] 410 554 5.2
27 (F) 0
28 (S) 0
29 [S] 450
30 (M) 548 4.6

(T)

R= 0 1,400 1,151 8.0 6.9 400 12 570.0 4.4 50.00 2.60 210.0 230.0 37.0
6,345 5,419 8.0 4.6 340 490.0 2.9 38.00 2.60 29.0 190.0 25.0

S= 0 317 201 370 6 0 530.0 3.7 44.00 2.60 119.5 210.0 31.0 Detection Limits:
MAX 5,000 9.0 week 10 0 week 10 10.00 Ammonia = 0.05 mg/L
MIN 6.0 BOD = 1 mg/L TKN = 0.5 mg/L

FREQ 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk Nitrate = 0.5 mg/L TSS = 1 mg/L
NOTE:  Send by 15th of following month to NH Water Supply & Pollution Control Commission

PERMIT
1/discharge

Maximum (1)  0.0 value used in calculations when result is below 
detection limits:Min or (total)

Averages

Dump black water

Plant OFF line

Adjust Anoxic pump from 30 to 50 rpm

Sample testing DES lab

BioReactor pH 5.0 / hand held

BioReactor temp. 69 on meter 65

No Internet

Sample testing DES lab

Solids Bagged = 20#

Clean BioReactor DO Probe w/sir surge

Reboot 8 PM

Record special analyses, equipment breakdowns, sludge wasting, 
unusual events, etc.

Day of  (1) (1) as N (1) (1)
Week

Date Wastewater Total Additional Information:
and T.S.S. BOD5 Ammonia TKN

Facility:
Permit #:

Chief Operator: Signature:
Year: Month:
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NH DES Wastewater Engineering Bureau - Operations Section Mt. Washington State Park Wastewater Disposal Facility
P.O. Box 95, 29 Hazen Drive GWP-199007007-S-003
Concord, New Hampshire  03302-0095 Mike Pelchat

2009 Dec

R= Rain Total Total Total
or Flow pH Fecal Nitrate Nitrite MLSS

S= Snow In  (Gallons ) Coliform as N (1) as N (1) Bio-
INF. EFF. INF. EFF. INF. EFF. EFF. INF. EFF. EFF. EFF. INF. EFF. INF. EFF. Tank

(in.) TOTAL TOTAL SU SU mg/L mg/L #/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1 (T) 220 0
2 (W) 200 0
3 [T] 200 0
4 (F) 180 278 5.2
5 (S) 30 0
6 [S] 330 0
7 (M) 190 312 6.3 0 0 2.7 53.00 2.3
8 (T) 350 0
9 (W) 180 0

10 [T] 170 611
11 (F) 250 0
12 (S) 200 0
13 [S] 180 0 6.6
14 (M) 250 315
15 (T) 200 0
16 (W) 200 221
17 [T] 200 92 1600 19 0 780.0 2.9 13.00 93.0 240.0 9.5
18 (F) 100 1,127
19 (S) 120 0
20 [S] 260 0
21 (M) 140 0
22 (T) 130 0
23 (W) 130 0
24 [T] 120 0
25 (F) 200 0
26 (S) 270 0
27 [S] 170 293
28 (M) 205 570
29 (T) 155 0 920 0 2 510.0 1.2 3.60 320.0 3.4 5,100
30 (W) 200 0
31 [T] 400 0

R= 0 400 1,127 6.6 1600 19 2 780.0 2.9 53.00 93.0 320.0 9.5 5,100
6,130 3,819 5.2 920 510.0 1.2 3.60 93.0 240.0 2.3 5,100

S= 0 198 123 1,260 6 1 645.0 2.3 23.20 93.0 280.0 5.1 5,100 Detection Limits:
MAX 5,000 9.0 week 10 0 week 10 10.00 Ammonia = 0.05 mg/L
MIN 6.0 BOD = 1 mg/L TKN = 0.5 mg/L

FREQ 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk Nitrate = 0.5 mg/L TSS = 1 mg/L
NOTE:  Send by 15th of following month to NH Water Supply & Pollution Control Commission

PERMIT
1/discharge

Maximum (1)  0.0 value used in calculations when result is below 
detection limits:Min or (total)

Averages

Sample testing DES lab

Sugar 25 g

Sample testing DES lab

Sample testing DES lab

Cleaned membrane filters psi / 179

Record special analyses, equipment breakdowns, sludge wasting, 
unusual events, etc.

Day of  (1) (1) as N (1) (1)
Week

Date Wastewater Total Additional Information:
and T.S.S. BOD5 Ammonia TKN

Facility:
Permit #:

Chief Operator: Signature:
Year: Month:
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NH DES Wastewater Engineering Bureau - Operations Section Mt. Washington State Park Wastewater Disposal Facility
P.O. Box 95, 29 Hazen Drive GWP-199007007-S-003
Concord, New Hampshire  03302-0095 Mike Pelchat

2010 Jan

R= Rain Total Total Total
or Flow pH Fecal Nitrate Nitrite MLSS

S= Snow In  (Gallons ) Coliform as N (1) as N (1) Bio-
INF. EFF. INF. EFF. INF. EFF. EFF. INF. EFF. EFF. EFF. INF. EFF. INF. EFF. Tank

(in.) TOTAL TOTAL SU SU mg/L mg/L #/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1 (F) S= 1.90 340 0
2 (S) S= 3.00 160 313
3 [S] S= 3.60 365 852
4 (M) S= 0.10 245 318 13.00 13.0
5 (T) S= Tr 180 0
6 (W) 370 318
7 [T] 100 633
8 (F) S= Tr 370 1,200
9 (S) 300 0 7.3

10 [S] 300 0
11 (M) S= 0.20 400 298
12 (T) 400 291
13 (W) 300 299
14 [T] 325 575 11 2 3.3 1.20 8.9 2,800
15 (F) S= Tr 300 0
16 (S) 325 1,146
17 [S] S= Tr 350 560
18 (M) S= 1.10 340 289
19 (T) S= 1.70 60 0
20 (W) S= 1.80 240 0
21 [T] 280 292
22 (F) 365 288
23 (S) 130 284
24 [S] S= 0.10 335 0
25 (M) S= 0.10 0 0
26 (T) S= 1.10 210 0
27 (W) S= 1.10 270 0
28 [T] S= 2.50 250 0
29 (F) S= Tr 340 1,920
30 (S) 0 0
31 [S] S= 0.10 0 0

R= 0 400 1,920 7.3 11 2 3.3 13.00 13.0 2,800
7,950 9,876 7.3 11 2 3.3 1.20 8.9 2,800

S= 18.4 256 319 11 2 3.3 7.10 11.0 2,800 Detection Limits:
MAX 5,000 9.0 week 10 0 week 10 10.00 Ammonia = 0.05 mg/L
MIN 6.0 BOD = 1 mg/L TKN = 0.5 mg/L

FREQ 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk Nitrate = 0.5 mg/L TSS = 1 mg/L
NOTE:  Send by 15th of following month to NH Water Supply & Pollution Control Commission

PERMIT
1/discharge

Maximum (1)  0.0 value used in calculations when result is below 
detection limits:Min or (total)

Averages

clean sugar/water tank, moldy

DES lab test results

nitrate reading hand held 40.0 mg/L eff

nitrate reading hand held 18.0 eff

DES lab test results

Record special analyses, equipment breakdowns, sludge wasting, 
unusual events, etc.

Day of  (1) (1) as N (1) (1)
Week

Date Wastewater Total Additional Information:
and T.S.S. BOD5 Ammonia TKN

Facility:
Permit #:

Chief Operator: Signature:
Year: Month:
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NH DES Wastewater Engineering Bureau - Operations Section Mt. Washington State Park Wastewater Disposal Facility
P.O. Box 95, 29 Hazen Drive GWP-199007007-S-003
Concord, New Hampshire  03302-0095 Mike Pelchat

2010 Feb

R= Rain Total Total Total
or Flow pH Fecal Nitrate Nitrite MLSS

S= Snow In  (Gallons ) Coliform as N (1) as N (1) Bio-
INF. EFF. INF. EFF. INF. EFF. EFF. INF. EFF. EFF. EFF. INF. EFF. INF. EFF. Tank

(in.) TOTAL TOTAL SU SU mg/L mg/L #/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1 (M) S= 1.80 330 0
2 (T) S= 0.20 340 576
3 (W) S= 1.80 260 578
4 [T] S= 0.70 270 0 10 0 3.0 9.40 11.0
5 (F) 500 370
6 (S) 360 278
7 [S] S= T r 110 568
8 (M) S= 1.00 180 284
9 (T) 250 441

10 (W) S= 0.30 210 295
11 [T] 250 294
12 (F) S= T r 340 0
13 (S) S= T r 300 0
14 [S] S= 1.70 410 285
15 (M) S= 0.40 0 0
16 (T) S= 0.30 370 0
17 (W) S= 0.40 360 0
18 [T] S= 0.80 190 296
19 (F) S= 0.80 480 280
20 (S) 210 1,110
21 [S] S= 1.80 240 1,402
22 (M) S= T r 200 0 0 0 4.0 0.18 33.0
23 (T) S= T r 160 0
24 (W) S= 7.70 300 0
25 [T] S= 7.50 200 587
26 (F) S= 7.80 240 0
27 (S) S= 8.70 200 0
28 [S] S= 1.10 240 0

(M)

(T)

(W)

R= 0 500 1,402 10 4.0 9.40 33.0
7,500 7,644 3.0 0.18 11.0

S= 44.8 268 273 5 0 3.5 4.79 22.0 Detection Limits:
MAX 5,000 9.0 week 10 0 week 10 10.00 Ammonia = 0.05 mg/L
MIN 6.0 BOD = 1 mg/L TKN = 0.5 mg/L

FREQ 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk Nitrate = 0.5 mg/L TSS = 1 mg/L
NOTE:  Send by 15th of following month to NH Water Supply & Pollution Control Commission

1/discharge

T.S.S.
(1)

PERMIT

and
Day of  
Week

Maximum
Min or (total)

Averages

WastewaterDate

Record special analyses, equipment breakdowns, sludge wasting, 
unusual events, etc.

Additional Information:Total
Ammonia
as N (1)

(1)  0.0 value used in calculations when result is below 
detection limits:

Signature:
Month:

(1)
TKN

Facility:
Permit #:

Chief Operator:

BOD5

DES lab test results

(1)

Year:

DES lab results

cleaned membrane filters

restart plant
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NH DES Wastewater Engineering Bureau - Operations Section Mt. Washington State Park Wastewater Disposal Facility
P.O. Box 95, 29 Hazen Drive GWP-199007007-S-003
Concord, New Hampshire  03302-0095 Mike Pelchat

2010 Mar

R= Rain Total Total Total
or Flow pH Fecal Nitrate Nitrite MLSS

S= Snow In  (Gallons ) Coliform as N (1) as N (1) Bio-
INF. EFF. INF. EFF. INF. EFF. EFF. INF. EFF. EFF. EFF. INF. EFF. INF. EFF. Tank

(in.) TOTAL TOTAL SU SU mg/L mg/L #/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1 (M) S= 8.20 335 0
2 (T) 280 0
3 (W) 430 0
4 [T] S= 0.30 360 312
5 (F) 200 314
6 (S) 495 322
7 [S] 380 312
8 (M) 315 0
9 (T) 245 314

10 (W) 360 309
11 [T] 240 453
12 (F) S= Tr 290 1,499
13 (S) 265 297
14 [S] S= 7.20 425 288
15 (M) S= 10.40 380 0 8 0 3.0 14.00 5.0
16 (T) 260 0
17 (W) 220 288
18 [T] 230 1,048
19 (F) 250 0
20 (S) 260 584
21 [S] S= Tr 350 306
22 (M) 305 0
23 (T) S= 1.00 160 615
24 (W) S= 195 282
25 [T] 230 0
26 (F) 170 898
27 (S) 315 0
28 [S] 380 0
29 (M) 365 0
30 (T) 230 1,466
31 (W) 225 0

R= 0 495 1,499 8 3.0 14.00 5.0
9,145 9,907 8 3.0 14.00 5.0

S= 27.1 295 320 8 0 3.0 14.00 5.0 Detection Limits:
MAX 5,000 9.0 week 10 0 week 10 10.00 Ammonia = 0.05 mg/L
MIN 6.0 BOD = 1 mg/L TKN = 0.5 mg/L

FREQ 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk Nitrate = 0.5 mg/L TSS = 1 mg/L
NOTE:  Send by 15th of following month to NH Water Supply & Pollution Control Commission

PERMIT
1/discharge

Maximum (1)  0.0 value used in calculations when result is below 
detection limits:Min or (total)

Averages

DES lab results

Record special analyses, equipment breakdowns, sludge wasting, 
unusual events, etc.

Day of  (1) (1) as N (1) (1)
Week

Date Wastewater Total Additional Information:
and T.S.S. BOD5 Ammonia TKN

Facility:
Permit #:

Chief Operator: Signature:
Year: Month:
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NH DES Wastewater Engineering Bureau - Operations Section Mt. Washington State Park Wastewater Disposal Facility
P.O. Box 95, 29 Hazen Drive GWP-199007007-S-003
Concord, New Hampshire  03302-0095 Mike Pelchat

2010 Apr

R= Rain Total Total Total
or Flow pH Fecal Nitrate Nitrite MLSS

S= Snow In  (Gallons ) Coliform as N (1) as N (1) Bio-
INF. EFF. INF. EFF. INF. EFF. EFF. INF. EFF. EFF. EFF. INF. EFF. INF. EFF. Tank

(in.) TOTAL TOTAL SU SU mg/L mg/L #/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1 [T] S= 0.08 200 604
2 (F) 340 228
3 (S) 265 255
4 [S] 225 0
5 (M) 225 309
6 (T) S= Tr 285 309
7 (W) S= 0.49 255 621
8 [T] S= 0.22 120 0
9 (F) S= 0.02 150 310

10 (S) S= 3.40 200 299
11 [S] S= 0.90 300 0
12 (M) S= 1.90 270 191
13 (T) 150 0
14 (W) 210 597
15 [T] 170 303
16 (F) 200 290
17 (S) S= 7.90 170 289
18 [S] S= 4.30 225 0
19 (M) S= 3.00 190 288
20 (T) S= 0.26 155 289
21 (W) S= Tr 170 0
22 [T] S= 0.01 150 279
23 (F) S= 1.60 120 0
24 (S) 160 295
25 [S] 190 288
26 (M) 180 0
27 (T) S= 0.11 200 0
28 (W) S= 1.16 150 0
29 [T] S= 28.00 250 0
30 (F) 400 0

(S)

R= 0 400 621
6,275 6,044

S= 53.35 209 201 Detection Limits:
MAX 5,000 9.0 week 10 0 week 10 10.00 Ammonia = 0.05 mg/L
MIN 6.0 BOD = 1 mg/L TKN = 0.5 mg/L

FREQ 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk Nitrate = 0.5 mg/L TSS = 1 mg/L
NOTE:  Send by 15th of following month to NH Water Supply & Pollution Control Commission

PERMIT
1/discharge

Membranes being clean manually

Maximum (1)  0.0 value used in calculations when result is below 
detection limits:Min or (total)

Averages

Membranes plugged removed for cleaning

Membranes being clean manually

Membranes being clean manually

Record special analyses, equipment breakdowns, sludge wasting, 
unusual events, etc.

Day of  (1) (1) as N (1) (1)
Week

Date Wastewater Total Additional Information:
and T.S.S. BOD5 Ammonia TKN

Facility:
Permit #:

Chief Operator: Signature:
Year: Month:
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NH DES Wastewater Engineering Bureau - Operations Section Mt. Washington State Park Wastewater Disposal Facility
P.O. Box 95, 29 Hazen Drive GWP-199007007-S-003
Concord, New Hampshire  03302-0095 Mike Pelchat

2010 May

R= Rain Total Total Total
or Flow pH Fecal Nitrate Nitrite MLSS

S= Snow In  (Gallons ) Coliform as N (1) as N (1) Bio-
INF. EFF. INF. EFF. INF. EFF. EFF. INF. EFF. EFF. EFF. INF. EFF. INF. EFF. Tank

(in.) TOTAL TOTAL SU SU mg/L mg/L #/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1 (S) 233 0
2 [S] 257 0
3 (M) R= Tr 238 0
4 (T) S= 0.03 228 0
5 (W) S= 0.13 200 0
6 [T] 560 527
7 (F) S= 1.20 490 0
8 (S) S= 0.01 300 0
9 [S] S= 2.20 220 0

10 (M) S= 2.70 130 0
11 (T) 185 0
12 (W) 170 0
13 [T] 110 0
14 (F) 140 0
15 (S) S= 0.30 198 0
16 [S] S= 1.00 292 0
17 (M) 570 1,305
18 (T) 420 325
19 (W) 550 310
20 [T] R= 0.38 310 466
21 (F) S= Tr 490 861
22 (S) 700 401
23 [S] 2,020 2,225
24 (M) 2,250 2,202
25 (T) 870 547
26 (W) 860 1,626
27 [T] 510 553
28 (F) 640 517
29 (S) 950 517
30 [S] 2,600 2,844
31 (M) 3,000 2,867

R= 0.38 3,000 2,867
20,691 18,093

S= 7.57 667 584 Detection Limits:
MAX 5,000 9.0 week 10 0 week 10 10.00 Ammonia = 0.05 mg/L
MIN 6.0 BOD = 1 mg/L TKN = 0.5 mg/L

FREQ 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk Nitrate = 0.5 mg/L TSS = 1 mg/L
NOTE:  Send by 15th of following month to NH Water Supply & Pollution Control Commission

PERMIT
1/discharge

Maximum (1)  0.0 value used in calculations when result is below 
detection limits:Min or (total)

Averages

UV off-line, reset

Hand Held Nitrate 145.2, Increased MicroC-G to 6 min/hr

Cleaned membrane filters, gpm now 179.0 : UV bulb failed - ordered new one

Nitrate 4.6 :)

Hand held Nitrate 145.2 mg/L - Test Strips Nitrate 50 - Nitrite 3.0 - Ammonia 6.0

Filled hypochlorite tank

System on AUTO for summer

Nitrate 9.4

No remote control of PLC - new router being obtained

No remote / Hand held Nitrate 57.64 mg/L

No remote control of PLC - new router being obtained

Hand held Nitrate 94.60 / Increased MicroC-G

Switched to MicroC-G from cane sugar

No remote control of PLC - Lightning hit

No remote control of PLC - new router being obtained

No remote control of PLC - new router being obtained

No remote control of PLC - new router being obtained

Membranes being cleaned manually

Membranes being cleaned manually

Membranes being cleaned manually

Membranes being cleaned manually

Membranes reinstalled / plant on line

Record special analyses, equipment breakdowns, sludge wasting, 
unusual events, etc.

Day of  (1) (1) as N (1) (1)
Week

Date Wastewater Total Additional Information:
and T.S.S. BOD5 Ammonia TKN

Facility:
Permit #:

Chief Operator: Signature:
Year: Month:
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NH DES Wastewater Engineering Bureau - Operations Section Mt. Washington State Park Wastewater Disposal Facility
P.O. Box 95, 29 Hazen Drive GWP-199007007-S-003
Concord, New Hampshire  03302-0095 Mike Pelchat

2010 Jun

R= Rain Total Total Total
or Flow pH Fecal Nitrate Nitrite

S= Snow In  (Gallons ) Coliform as N (1) as N (1)
INF. EFF. INF. EFF. INF. EFF. EFF. INF. EFF. EFF. EFF. INF. EFF. INF. EFF. INF. EFF.

(in.) TOTAL TOTAL SU SU mg/L mg/L #/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
1 (T) R= 0.00 1,950 1,035
2 (W) R= 0.52 630 466
3 [T] R= 0.00 1,240 420 6.60 3 210.0 6.0 35.00 170.0 210.0 35.0 230.0 0

4 (F) R= 0.53 730 0
5 (S) R= 0.00 1,200 0
6 [S] R= 0.88 1,100 2,074 8.30

7 (M) R= 1.28 820 524
8 (T) S= Tr 1,110 1,322
9 (W) S= 0.40 1,070 786 7.94

10 [T] S= Tr 1,380 1,563 7.65

11 (F) S= Tr 520 524
12 (S) R= 0.36 1,300 1,331 6.40

13 [S] R= 0.01 1,950 2,048
14 (M) R= 0.00 1,650 1,550
15 (T) R= 0.14 1,000 1,034
16 (W) R= 0.00 2,200 2,353 7.10

17 [T] R= 0.00 1,100 1,001
18 (F) R= 0.98 900 1,058
19 (S) R= 0.00 3,000 2,316 7.60

20 [S] R= Tr 5,800 2,518 7.60

21 (M) R= 0.85 1,900 508
22 (T) R= 0.00 2,160 2,240 7.65

23 (W) R= 0.05 2,265 0 7.50

24 [T] R= 0.52 955 0 7.60

25 (F) R= 0.86 980 3,070 7.10

26 (S) R= Tr 3,350 1,414
27 [S] R= 0.22 3,100 4,189 6.60

28 (M) R= 0.04 3,500 2,524
29 (T) R= 1.00 1,100 2,353 60 0 0 210.0 3.0 11.00 140.0 19.0 33.0

30 (W) R= 0.10 2,700 2,684 7.00
[T]

R= 8.34 5,800 4,189 8.3 60 3 210.0 6.0 35.00 11.00 170.0 19.0 210.0 35.0
52,660 42,905 6.4 60 210.0 3.0 35.00 11.00 140.0 19.0 210.0 33.0

S= 0.4 1,755 1,430 60 0 2 210.0 4.5 35.00 11.00 155.0 19.0 210.0 34.0 0 Detection Limits:
MAX 5,000 9.0 week 10 0 week 10 10.00 Ammonia = 0.05 mg/L
MIN 6.0 BOD = 1 mg/L TKN = 0.5 mg/L

FREQ 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk Nitrate = 0.5 mg/L TSS = 1 mg/L
NOTE:  Send by 15th of following month to NH Water Supply & Pollution Control Commission

PERMIT
1/discharge

Hach nitrate 13.8, COD 72.0, hand held pH 6.87, increased MicroCG to 7min/hr

Maximum (1)  0.0 value used in calculations when result is below 
detection limits:Min or (total)

Averages

Hach nitrate 10.6
black plastic water pipe 1" diameter installed in holding tanks with sump pump to feed 
ESTP a 4gpm
decreased feed water from holding tanks to 2gpm

bypass plant to outside holding tanks

membranes run 24hrs straight
cleaned membrane filters, pumped surge to 1.5 inches, pumped bioreactor 20min to 
dose tank to hold sludge

press zone screen /auger failure again, toilet paper not moving through, compacted and 
hard as a rock, bypass plant into outside tanks until further notice
Hach 2800 nitrate <3.25, cleaning cycle reprogrammed by Jason at Lifewater used in PM

hand nitrate 33.2, add NaOH to bioreactor 0.9#

Hach 2800 nitrate 8.61

hand held nitrate 6.5

hand nitrate 145.2, increased MicorCG from 3min/hr to 6min/hr

Hach DR2800 nitrate 9.46 pH 7.0

Auger motor tripped out, toilet paper clog, back on line
Press zone screen bent, Auger shaft displaced, Auger and Screen taken offline and 
directed influent to outside storage tanks. Rest of plant online.
Parts on order to correct equipment failure of Press Zone and Auger Shaft. 
Influent/Effluent samples sent to DES lab. Screen damaged, bypass plant to outside 
Hand held pH 5.4 bioreactor eff nitrate 31.1 add 12# NaOH mixed with 5gal H2O to 
bioreactor pH 10.3
Repaired screen back on line 2PM

MLSS
Record special analyses, equipment breakdowns, sludge wasting, 

unusual events, etc.
Day of  (1) (1) as N (1) (1) (1)
Week

Date Wastewater Total Additional Information:
and T.S.S. BOD5 Ammonia TKN

Facility:
Permit #:

Chief Operator: Signature:
Year: Month:
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NH DES Wastewater Engineering Bureau - Operations Section Mt. Washington State Park Wastewater Disposal Facility
P.O. Box 95, 29 Hazen Drive GWP-199007007-S-003
Concord, New Hampshire  03302-0095 Mike Pelchat

2010 Jul

R= Rain Total Total Total
or Flow pH Fecal Nitrate Nitrite

S= Snow In  (Gallons ) Coliform as N (1) as N (1)
INF. EFF. INF. EFF. INF. EFF. EFF. INF. EFF. EFF. EFF. INF. EFF. INF. EFF. INF. EFF.

(in.) TOTAL TOTAL SU SU mg/L mg/L #/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
1 [T] S= 0.20 2,180 2,678
2 (F) R= 0.01 1,050 968 6.50

3 (S) R= 0.00 3,350 2,698
4 [S] R= 0.00 4,300 3,486
5 (M) R= 0.00 4,600 4,519
6 (T) R= 0.00 3,700 5,500 7.22

7 (W) R= 0.00 2,600 4,988 6.99

8 [T] R= 0.00 2,860 4,253 7.05

9 (F) R= 0.00 2,440 2,924 7.13

10 (S) R= 0.00 2,650 2,981
11 [S] R= 1.34 1,750 1,411
12 (M) R= 0.00 2,960 3,367
13 (T) R= 0.00 2,742 3,529
14 (W) R= 0.58 2,722 3,562 7.33

15 [T] R= 0.06 2,702 3,595 8.30 7.16 1900 0 2 980.0 6.0 5.30 43.0 16.0 230.0 28.0
16 (F) R= 0.01 2,683 3,628
17 (S) R= 0.00 2,663 3,661 7.30

18 [S] R= 0.10 2,643 3,693 7.30

19 (M) R= 0.00 2,623 3,726 7.87

20 (T) R= 0.34 2,604 3,759 7.03

21 (W) R= 0.48 2,584 3,792 7.84

22 [T] R= 1.17 2,564 3,825 7.75

23 (F) R= 0.74 2,545 3,858
24 (S) R= 0.05 2,525 3,891
25 [S] R= 0.17 2,505 3,924
26 (M) R= 0.31 2,485 3,957 7.51

27 (T) R= 0.00 2,466 3,990
28 (W) R= 0.00 2,446 4,023 7.79

29 [T] R= 0.21 2,426 4,056 7.20 110 0 2 260.0 6.0 4.40 120.0 220.0 57.0 2300

30 (F) R= 0.25 2,407 4,089 7.10
31 (S) R= 0.00 2,387 4,122

R= 5.82 4,600 5,500 8.3 7.9 1900 2 980.0 6.0 5.30 120.0 16.0 230.0 57.0
83,162 112,454 8.3 6.5 110 2 260.0 6.0 4.40 43.0 16.0 220.0 28.0

S= 0.2 2,683 3,628 1,005 0 2 620.0 6.0 4.85 81.5 16.0 225.0 42.5 Detection Limits:
MAX 5,000 9.0 week 10 0 week 10 10.00 Ammonia = 0.05 mg/L
MIN 6.0 BOD = 1 mg/L TKN = 0.5 mg/L

FREQ 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk Nitrate = 0.5 mg/L TSS = 1 mg/L
NOTE:  Send by 15th of following month to NH Water Supply & Pollution Control Commission

PERMIT
1/discharge

Nitrate 4.42, COD 1134?

Maximum (1)  0.0 value used in calculations when result is below 
detection limits:Min or (total)

Averages

Nitrate 8.44, ammonia 65.6

Nitrate 33, carbon pump failed, replaced 

Nitrate 33.0, carbon pump failed prior day

Nitrate 25.7, waste sludge 10 min

waste sludge 10 min, membranes plugged, switch to outside settling tanks

Nitrate 4.27

Clean membrane filters

Nitrate 1.56, COD 22.0

Nitrate 17.0, increase MicroCG to 8min/hr

Nitrate 16.8, Install/put on line new auger/press zone screen

waste sludge 20 min

Nitrate 33.4

Record special analyses, equipment breakdowns, sludge wasting, 
unusual events, etc.

Day of  (1) (1) as N (1) (1) (1)
Week

and T.S.S. BOD5 Ammonia TKN MLSS
Date Wastewater Total

Facility:
Permit #:

Chief Operator: Signature:
Year: Month:
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NH DES Wastewater Engineering Bureau - Operations Section Mt. Washington State Park Wastewater Disposal Facility
P.O. Box 95, 29 Hazen Drive GWP-199007007-S-003
Concord, New Hampshire  03302-0095 Mike Pelchat

2010 Aug

R= Rain Total Total Total
or Flow pH Fecal Nitrate Nitrite MLSS

S= Snow In  (Gallons ) Coliform as N (1) as N (1) Bio-
INF. EFF. INF. EFF. INF. EFF. EFF. INF. EFF. EFF. EFF. INF. EFF. INF. EFF. Tank

(in.) TOTAL TOTAL SU SU mg/L mg/L #/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1 [S] R= 0.00 5,150 3,347 7.03 6.02 58.6
2 (M) R= 0.00 4,360 4,961 7.81

3 (T) R= 1.44 2,940 6,486 7.50

4 (W) R= 0.89 2,400 2,598 7.50

5 [T] R= 0.85 2,875 2,717 6.85 11.30 44.8
6 (F) R= 0.03 2,500 2,994
7 (S) R= 0.02 3,500 3,243
8 [S] R= 0.00 5,500 3,558 6.70 14.50 42.8
9 (M) R= 0.01 4,700 5,656

10 (T) R= 0.43 3,100 5,026 7.20 10.50 44.4
11 (W) R= Tr 3,700 3,439 7.22

12 [T] R= 0.00 4,800 3,900 7.00 16.80 26.6
13 (F) R= 0.00 3,600 4,250 6.60 28 0 0 350.0 6.0 11.00 90.0 53.0 210.0 37.0
14 (S) R= 0.00 3,400 3,164 6.70 12.70 27.3
15 [S] R= 0.00 4,800 3,439
16 (M) R= 0.02 4,000 4,801 7.11

17 (T) R= 0.20 1,700 3,283
18 (W) R= 0.00 4,800 2,785 6.60 9.49 30.1
19 [T] R= 0.00 3,300 4,546 7.90

20 (F) R= 0.01 3,500 5,786 6.20 4.20 32.5
21 (S) R= 0.00 2,900 4,884
22 [S] R= 0.00 6,000 3,382
23 (M) R= 0.97 1,600 4,631 7.47

24 (T) R= 0.43 1,400 1,036 7.31

25 (W) R= Tr 3,100 2,835 7.30

26 [T] R= 1.02 1,000 1,549
27 (F) R= 0.10 2,100 2,334 6.90 2.20 14.4
28 (S) R= Tr 3,400 2,607
29 [S] R= 0.00 4,900 3,128
30 (M) R= 0.00 3,250 5,146
31 (T) R= 0.00 2,550 2,398 7.26

R= 6.42 6,000 6,486 7.9 28 350.0 6.0 16.80 90.0 58.6 210.0 37.0
106,825 113,909 6.2 28 350.0 6.0 2.20 90.0 14.4 210.0 37.0

S= 0 3,446 3,674 28 0 0 350.0 6.0 9.87 90.0 37.5 210.0 37.0 Detection Limits:
MAX 5,000 9.0 week 10 0 week 10 10.00 Ammonia = 0.05 mg/L
MIN 6.0 BOD = 1 mg/L TKN = 0.5 mg/L

FREQ 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk Nitrate = 0.5 mg/L TSS = 1 mg/L
NOTE:  Send by 15th of following month to NH Water Supply & Pollution Control Commission

PERMIT
1/discharge

Maximum (1)  0.0 value used in calculations when result is below 
detection limits:Min or (total)

Averages

waste sludge 5 min

DES Lab Report Pending

In house lab results

cleaned membranes, 169 gpm, In house lab results

Membrane rate down to 144 gpm

In house lab results

membrane rate 131, Largest water volume

waste sludge 5 min

In house lab results

DES Lab Report, in house nitrate test 17.0, DES test 11.0

In house lab results

Membrane rate down to 131gpm

In house lab results, highest volume Inf. Day

Cleaned Membrane Filters, 167 gpm, In house lab results

In house lab results

waste 10 min.

waste 10 min.

waste 10 min.

In house lab results

Record special analyses, equipment breakdowns, sludge wasting, 
unusual events, etc.

Day of  (1) (1) as N (1) (1)
Week

Date Wastewater Total Additional Information:
and T.S.S. BOD5 Ammonia TKN

Facility:
Permit #:

Chief Operator: Signature:
Year: Month:
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NH DES Wastewater Engineering Bureau - Operations Section Mt. Washington State Park Wastewater Disposal Facility
P.O. Box 95, 29 Hazen Drive GWP-199007007-S-003
Concord, New Hampshire  03302-0095 Mike Pelchat

2010 Sep

R= Rain Total Total Total
or Flow pH Fecal Nitrate Nitrite MLSS

S= Snow In  (Gallons ) Coliform as N (1) as N (1) Bio-
INF. EFF. INF. EFF. INF. EFF. EFF. INF. EFF. EFF. EFF. INF. EFF. INF. EFF. Tank

(in.) TOTAL TOTAL SU SU mg/L mg/L #/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1 (W) 2,000 2,231 7.3
2 [T] 1,900 2,095
3 (F) 1,700 1,815 6.5
4 (S) R= 2.08 1,900 1,875 6.2
5 [S] R= 0.63 2,800 1,719
6 (M) R= 0.21 4,500 3,786
7 (T) R= 0.09 6,000 4,361 7.4 8.11
8 (W) R= 0.04 2,400 5,660
9 [T] R= 0.11 1,700 2,359 6.5

10 (F) R= 1.42 1,000 820 6.2 12.80
11 (S) R= 0.05 1,100 1,046 7.0
12 [S] 4,100 3,254
13 (M) R= 0.02 1,600 2,762 6.7
14 (T) R= 0.13 900 1,838 7.4 5.33
15 (W) R= 0.42 1,200 1,487 6.6
16 [T] R= 0.21 650 290
17 (F) R= 0.50 1,550 1,998
18 (S) R= 0.16 1,100 1,152 6.6
19 [S] 4,100 3,044 7.5 ND 2 1200.0 3.0 16.00 160.0 25.0 380.0 30.0
20 (M) 1,800 2,519 6.8
21 (T) 2,000 2,155 6.4
22 (W) 2,150 2,470 6.4
23 [T] R= 0.07 1,050 1,124 6.9
24 (F) R= tr 1,900 1,923
25 (S) R= 0.47 1,500 850 7.0 10.50
26 [S] 3,500 3,621 7.0
27 (M) R= 0.01 2,000 2,644 7.1 16.90
28 (T) R= 0.25 1,600 1,430 6.4
29 (W) R= 0.53 900 1,153 6.9 ND 0 420.0 3.0 21.00 210.0 24.0 100.0 28.0
30 [T] R= 0.01 2,800 2,268

(F)

R= 7.41 6,000 5,660 7.5 2 1200.0 3.0 21.00 210.0 25.0 380.0 30.0
63,400 65,749 6.2 420.0 3.0 5.33 160.0 24.0 100.0 28.0

S= 0 2,113 2,192 1 810.0 3.0 12.95 185.0 24.5 240.0 29.0 Detection Limits:
MAX 5,000 9.0 week 10 0 week 10 10.00 Ammonia = 0.05 mg/L
MIN 6.0 BOD = 1 mg/L TKN = 0.5 mg/L

FREQ 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk Nitrate = 0.5 mg/L TSS = 1 mg/L
NOTE:  Send by 15th of following month to NH Water Supply & Pollution Control Commission

Maximum (1)  0.0 value used in calculations when result is below 
detection limits:Min or (total)

Averages

PERMIT
1/discharge

DES Lab Report.  In house Lab: nitrate 22.3  wasted 5 min sludge, 2 min TSS

DES Lab Report.  In house Lab: nitrate 7.92.  wasted 5 min sludge, 2 min TSS

samples to DES Lab, waiting for results

PLC failure - Reboot Computer, fixes problems

Sludge bagger @ 7.5 psi up from 3 psi when put online, wasted 5 min sludge, 2 min TSS

Pump Obs Black Water Tank

Air Compressor brake down. Plant shut down to fix for 3+ hours.  Clean Micro CG tank and refilled

Record special analyses, equipment breakdowns, sludge wasting, 
unusual events, etc.

Day of  (1) (1) as N (1) (1)
Week

Date Wastewater Total Additional Information:
and T.S.S. BOD5 Ammonia TKN

Facility:
Permit #:

Chief Operator: Signature:
Year: Month:
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NH DES Wastewater Engineering Bureau - Operations Section Mt. Washington State Park Wastewater Disposal Facility
P.O. Box 95, 29 Hazen Drive GWP-199007007-S-003
Concord, New Hampshire  03302-0095 Mike Pelchat

2010 Oct

R= Rain Total Total Total
or Flow pH Fecal Nitrate Nitrite MLSS

S= Snow In  (Gallons ) Coliform as N (1) as N (1) Bio-
INF. EFF. INF. EFF. INF. EFF. EFF. INF. EFF. EFF. EFF. INF. EFF. INF. EFF. Tank

(in.) TOTAL TOTAL SU SU mg/L mg/L #/100ml mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1 (F) R= 1.69 1,100 1,951
2 (S) R= 2.30 1,000 838 6.9 13.80 20.9
3 [S] 4,000 3,064 6.9
4 (M) 4,000 5,478 6.2
5 (T) R= 0.03 2,500 4,279 6.4
6 (W) R= 0.04 2,700 210 6.4
7 [T] R= 0.09 1,400 1,672
8 (F) R= 0.45 450 0
9 (S) S= 0.80 6.9 19.10

10 [S] 1,050 0 7.0
11 (M) 2,550 0 7.2 15.80 27.0
12 (T) 2,600 867 6.8 92 ND 0 350.0 3.2 7.40 220.0 23.0 240.0 77.0
13 (W) 2,000 3,313 6.5
14 [T] 2,000 2,681
15 (F) S= 0.20 1,200 2,489
16 (S) S= 5.30 400 0
17 [S] S= 2.80 300 0
18 (M) S= 0.60 265 0
19 (T) 225 535 6.6 24.10 13.5
20 (W) 325 0 6.8 18.90
21 [T] 285 558
22 (F) S= 1.60 300 0
23 (S) S= 0.80 205 0
24 [S] 305 527
25 (M) S= Tr 415 1,131 6.4
26 (T) R= 0.49 330 2,569 6.5
27 (W) R= 0.39 345 3,084 6.7 140 ND 0 530.0 2.0 7.10 210.0 42.0 110.0 41.0
28 [T] R= 0.21 170 3,306 6.5
29 (F) 130 3,947 7.1 16.40 30.7
30 (S) S= 2.20 150 240
31 [S] S= 2.30 200 0

R= 5.69 4,000 5,478 7.2 140 530.0 3.2 24.10 220.0 42.0 240.0 77.0
32,900 42,739 6.2 92 350.0 2.0 7.10 210.0 13.5 110.0 41.0

S= 16.6 1,097 1,425 116 0 440.0 2.6 15.33 215.0 26.2 175.0 59.0 Detection Limits:
MAX 5,000 9.0 week 10 0 week 10 10.00 Ammonia = 0.05 mg/L
MIN 6.0 BOD = 1 mg/L TKN = 0.5 mg/L

FREQ 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk 1/wk Nitrate = 0.5 mg/L TSS = 1 mg/L
NOTE:  Send by 15th of following month to NH Water Supply & Pollution Control Commission

PERMIT
1/discharge

Maximum (1)  0.0 value used in calculations when result is below 
detection limits:Min or (total)

Averages

Clean probes

Samples to DES Lab

MicroCG @ 7/min/hr

MicroCg @ 6/min/hr

DES Lab Report, Ken Kessler onsite visit.  Eff: Alk. 100.  Inf: PH 7.89, nitrate 7.21, 
ammonia<3.5. Alk. Anoxic tank: PH 8.08, nitrate 2.10. Alk.Bioreactor tank: PH 7.33, 

power outage @ 9:46 am

PLC failure, all pumps in off postion, microCg in 0/gpm.  Restarted all pumps, reset 
MicroCg to 8/gpm, to clear all problems had to reboot ESTP computer clearing previous 
lack of data due to previous day of resetting PLC

waste 7 min, pump obs balck water tank, MicroCg @ 8 min/hr

Record special analyses, equipment breakdowns, sludge wasting, 
unusual events, etc.

Day of  (1) (1) as N (1) (1)
Week

Date Wastewater Total Additional Information:
and T.S.S. BOD5 Ammonia TKN

Facility:
Permit #:

Chief Operator: Signature:
Year: Month:



 

 

 

 

 

 

 

 

Appendix E: Dead Loads 
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Appendix F: Live-Impact Loads 
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Appendix G: Snow Loads 

  



!"#$%&'(% )*+,%-../%"0.1%2.+34

56 78 54/ 490:'.;6
#9 <'& /=**>%9?5.493%+@.A9%,;99*B09%B0%1B034195,%C.=0,+B0.=4%+;9+4
#, D !**%4,;=E,=;94
F4 D'D -B4G%#+,96.;>
5/ (<'DHI 54/



 

 

 

 

 

 

 

 

Appendix H: Wind Loads 
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Appendix I: Load Case Drawings 

  



CHAPTER 28 WIND LOADS ON BUILDINGS—MWFRS (ENVELOPE PROCEDURE)

Main Wind Force Resisting System - Part 1 h < 60 ft.

Figure 28.4-1 | External Pressure Coefficients (GC,f)
Enclosed, Partially Enclosed Buildings Low-rise Walls & Roofs

Load Case A

Load Case B

Basic Load Cases

300



MINIMUM DESIGN LOADS

Main Wind Force Resisting System - Part 1
Figure 28.4-1 (cont.)
Endosed^artVattnEi

| External Pressure Coefficients {GCrf )
ic\os«d RuVVdMifcs

h < 60 ft.

Low-rise Walls & Roofs

Roof
Angle 8

(degrees)

0-5
20

30-45
90

Roof
Angle 6

(degrees)

0-90

LOAD CASE A
Building Surface

1
0.40
0.53
0.56
0.56

2
-0.69
-0.69
0.21
0.56

3
-0.37
-0.48
-0.43
-0.37

4
-0.29
-0.43
-0.37
-0.37

1E
0.61
0.80
0.69
0.69

2E
-1.07
•1.07
0.27
0.69

3E
-0.53
-0.69
-0.53
-0.48

4E
-0.43
-0.64
-0.48
-0.48

LOAD CASE B

1
-0.45

2
-0.69

Building Surface
3 4 5

-0.37 -0.45 0.40
6

-0.29
1E

-0.48
2E

-1.07
3E

-0.53
4E 5E 6E

-0.48 0.61 -0.43

Notes:
1. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
2. For values of 9 other than those shown, linear interpolation is permitted.
3. The building must be designed for all wind directions using the 8 loading patterns shown. The load

patterns are applied to each building corner in turn as the Windward Corner.
4. Combinations of external and internal pressures (see Table 26.11-1) shall be evaluated as required

to obtain the most severe loadings.
5. For the torsional load cases shown below, the pressures in zones designated with a "T" (IT, 2T,

3T, 4T, 5T, 6T) shall be 25% of the full design wind pressures (zones 1, 2,3,4, 5,6).
Exception: One story buildings with h less than or equal to 30 ft (9.1m), buildings two stories
or less framed with light frame construction, and buildings two stories or less designed with
flexible diaphragms need not be designed for the torsional load cases.

Torsional loading shall apply to all eight basic load patterns using the figures below applied at each
Windward Corner.

6. For purposes of designing a building's MWFRS, the total horizontal shear shall not be less than
that determined by neglecting the wind forces on the roof.

Exception: This provision does not apply to buildings using moment frames for the MWRFS.
7. For flat roofs, use 8 = 0° and locate the zone 2/3 and zone 2E/3E boundary at the mid-width of the

building.
8. The roof pressure coefficient (GCpl), when negative in Zone 2 and 2E, shall be applied in Zone

2/2E for a distance from the edge of roof equal to 0.5 times the horizontal dimension of the
building parallel to the direction of the MWFRS being designed or 2.5 times the eave height at the
windward wall, whichever is less; the remainder of Zone 2/2E extending to the ridge line shah1 use
the pressure coefficient (GC^ for Zone 3/3E.

9. Notation:
a: 10 percent of least horizontal dimension or 0.4h, whichever is smaller, but not less than either

4% of least horizontal dimension or 3 ft (0.9 m).
h: Mean roof height, in feet (meters), except that eave height shall be used for 6 < 10°.
6: Angle of plane of roof from horizontal, in degrees.

CaseATorsion Case B Torsion

Transverse Direction Longitudinal Direction

Torsional Load Cases
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Appendix J: Earthquake Loads 
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Appendix K: Slab Spreadsheet 
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Appendix L: Slab Sample Calculations 
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ôo
v\J
0Oo



^J-

w

a wj"sw<yo 2
Q

/

^J



o/- A/

t<~\

-- "Uf

~ -7

Us

W

^J

2
G

.w



II
I

-e-
J

j r-'V y

>

•

V)

t1' 1"
<VI

<?~

oo
vO

CM

tf c>
O

r

Ooo

Ofw

( ( C



I/'
9
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Appendix M: Beam Spreadsheets 
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Appendix N: Beam Sample Calculations 
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ô

o

V
'3

-+

1

^ o
^ v
„ *

«5 i*^ -b
^ -t?p : O
^ ,0

0

v

o

V
vi

1

»x

»

*>

-6

--Si.

of
X

V-

r*n
a

c c



V

\

X

y



 

 

 

 

 

 

 

 

Appendix O: Exterior Beam Spreadsheet 

  



!
"#

$%
&
'(
)*

+
,-

.-
,/

$%
01
23
4

&
#

,#
.-
5"

$%
01
23
4

()
67
8

".
9
2:

+;
8'
<2
;

".
"=

>
2:

4%
28
8?
3'
<2
;

@.
#/

9
2:

+7
;*

2:
(A
74

()
B?
*
:

+
"@

"@
A

"-
"@

C
4

@.
5"

"9
@/

2:
D=

C
4

@.
>9

#/
,9

2:
D=

<
"=

.5
5/

?4
7

?4
7

"E
'5

C
4

".
=
2:
D=

C
4

"
2:
D=

F
/=

1
F

-@
;

=.
>=

#9
=5

;
=.
#9

=5
,"

&
:

-5
.9
""

,"
$%
01
23
4

&
:

95
."
@=

-9
3A

2'&
:

99
.-
@5

"#
$%
01
23
4

(A
7(
14

3A
2'&

:
,/

.=
>=

"=
(A
7(
14

74
@.
@@

>/
#>

(A
7(
14

74
@.
@-

,5
@-

(A
7(
14

G)
42
%26

7

=E
/

!)
:H
'I
J%
78
2)
8'
K
28
<7

8

L
7H
;%
26
7

L
7H
;%
26
7'
&
)*

7:
%

G)
42
%26

7'
&
)*

7:
%



!"
#$
%
&'
(
)*
+,

-.
/+

/0!
'

1.
..

23
)

2,
)

.4
56

7
8

.4
--

)&
9:

/;
<.

=3
)

14
11

>
:<

4<
>-

?3
'%

@A
6>

4B
6

3)
%
2#
)/)
C*

'%
C+
,"

*
A

?$
D=
)2
3E

2,
)?
!D
=)
23
E?

3D
=)
23
E

3D
)&
E

-4
<B

B5
6

:-
4F
:.

F:
-1

4-
<6

1<
F4
>5

6<
5<

>4
6B

-5
5F

1
-B

4-
5B

56
-1

4-
<6

1<
>4
.1

<<
.B

B4
<5

>5
F>

<
-5

4<
-B

11
-1

4-
<6

1<
<4
:5

1B
B:

-1
41
F.

-F
6

-6
4>
6F

B:
-1

4-
<6

1<
:4
6-

16
56

::
45
6-

-F
>

-1
4F
BF

6
-1

4-
<6

1<
.4
56

1-
6B

56
4B
:B

:B
5

-:
4-
1F

.F
-1

4-
<6

1<
G-
4.
.5

:>
G6
>4
55

<5
54
6

--
4:
65

FF
-1

4-
<6

1<
G-
4F
F5

<5
G1
.4
:B

F:

3'
%
@A

>4
<B

F6
+,
H"
$I
,"

$+

J,
C@
H'
KC

L$
)H
C%

C&
+

?$
'%

)*
32
@&

?$
'3
$2

2"
H+



 

 

 

 

 

 

 

 

Appendix P: Exterior Beam Calculations 
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Appendix Q: Column Spreadsheets 
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Appendix R: Column Sample Calculations 
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Appendix S: Steel Design Simple Beam Spreadsheet 
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Appendix T: Steel Beam Sample Calculations 

  









 

 

 

 

 

 

 

 

Appendix U: Steel Column Design Spreadsheet 
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Appendix V: Gravity Column Sample Calculations 

  







 

 

 

 

 

 

 

 

Appendix W: Lateral Design Spreadsheet 
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Appendix X: Circular Tower Design 
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Appendix Y: Tower Design Sample Calculations 
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Appendix Z: Foundation Design Sample Calculations 

  















 

 

 

 

 

 

 

 

Appendix AA: Rebar Cost Analysis Spreadsheet 
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Appendix BB: Concrete Cost Analysis Spreadsheet 

  



! "#$% &%'()* +%,(*) -./01* -./02
3 4 54 56 56 78444449
6 4 57 4 :8666666 ;8:97:96
< 4 53 56 558::::3 58=5596<
< 5; 53 56 5<8<<<<< 78569954
5 3 57 4 < ;85<45<4
7 5; 53 56 5<8<<<<< 58;399:9
5 4 57 = <833333= ;85=74<
7 4 5< 4 38777777 ;8<3;9;:
5 5; 53 55 57877777 ;8<:73=:
5 5; 54 5= 7587: ;8=4=;6=
5 5; 54 5= 7587: ;8=4=;6=
5 5; 7; 5= 76835555 ;84=<<43

578;43<7

! "#$% &%'()* +%,(*) -./01* -./02
< 5; 5; 5; 389<<<<< 58;744;=
7 5; 5; 5; 389<<<<< ;8:5<<;6
7 5; 5; 5; 389<<<<< ;8:5<<;6
5 57 57 5; 5; ;86=;6=
5 57 57 5; 5; ;86=;6=
5 5< 5< 5; 56835555 ;8:;<55:

686;7<39

! "#$% &%'()* +%,(*) -./01* -./02
< 5; 54 5: 548=: 78=====4

! "#$% &%'()* +%,(*) -./01* -./02
4 5; 54 5: 548=: :8:::::3

! "#$% &%'()* +%,(*) -./01* -./02
9 5< 5< 5; 56835555 <8:6=;6=

+ > ?)'-@ A./0BC
== 6< ;8:<533= <85655=6

> + ?)'-@ A./0D* A./0BC
== 6< ;8:<533= 5; ;86=;6=

E#F#(%0G,*%F'HF0"%#I$

E#F#(%0JK*%F'HF0"%#I$

E#F#(%0AHL.I,$0

MHH10G,*%F'HF0"%#I$

MHH10G,*%F'HF0AHL.I,$

MHH10NL#/

DD0N+O"



! "#$% &%'()* +%,(*) -./01* -./02
3 34 35 36 37877777 48967:;:
3 < 3= < 98666666 483:;963
3 34 35 36 37877777 48967:;:
3 34 35 3; 3<8<<<<: 485::9<<
3 34 35 < <8<<<<<: 486=:=3<
3 34 35 36 37877777 48967:;:
3 34 35 36 37877777 48967:;:
3 34 35 36 37877777 48967:;:
3 34 35 36 37877777 48967:;:
3 34 35 ; ;8;;;;;< 48=<<455
3 34 35 < <8<<<<<: 486=:=3<
3 34 35 < <8<<<<<: 486=:=3<
3 34 35 33 3=8===== 4879=5;9
3 34 35 3; 3<8<<<<: 485::9<<
3 34 35 < <8<<<<<: 486=:=3<
3 34 35 36 37877777 48967:;:
3 34 35 36 37877777 48967:;:
3 34 35 36 37877777 48967:;:
3 34 35 36 37877777 48967:;:

:8447339

! "#$% &%'()* +%,(*) -./01* -./02
3 3= 3= 34 34 486;46;
3 3= 3= 34 34 486;46;
3 3= 3= 34 34 486;46;
3 3= 3= 34 34 486;46;
3 34 34 34 58:77777 48=9;=4=
3 34 34 34 58:77777 48=9;=4=
3 34 34 34 58:77777 48=9;=4=
3 34 34 34 58:77777 48=9;=4=
3 34 34 34 58:77777 48=9;=4=
3 3= 3= 34 34 486;46;
3 34 34 34 58:77777 48=9;=4=
3 34 34 34 58:77777 48=9;=4=
3 34 34 34 58:77777 48=9;=4=
3 3= 3= 34 34 486;46;
3 34 34 34 58:77777 48=9;=4=
3 34 34 34 58:77777 48=9;=4=
3 34 34 34 58:77777 48=9;=4=
3 34 34 34 58:77777 48=9;=4=
3 34 34 34 58:77777 48=9;=4=

98959<77

>?*%@'A@0"%#B$

>?*%@'A@0CAD.B,$
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Appendix CC: Steel Cost Analysis Spreadsheet 
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Appendix DD: Foundation Cost Analysis Spreadsheet 
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Appendix EE: Tower Cost Analysis Spreadsheet 
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Appendix FF: 2010 INERGERN® Garage Price 
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Appendix II: Wastewater Treatment Graphs 
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