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1.0 EXECUTIVE SUMMARY/INTRODUCTION

1.1. PROJECT OVERVIEW

Larsen Consulting Group, inc. (LCG) was retained by the City of Bethel to prepare a design
study report (DSR) evaluating the feasibility of extending the water main system in the City
Subdivision area to serve multiple institutions along the Chief Eddie Hoffman Highway.

By including the City's major institutions located on the Institutional Corridor as customers in
the community water system, the City stands to gain additional revenue while the institutions
can eliminate costly operation and maintenance expenses for their individual on-site water
systems. The additional revenue gained by the City could help reallocate the cost of operating
the water system among a wider base of customers, increase operating and maintenance
efficiency and make it more affordable for all.

The purpose of this Concept Design Report is to present background project information,
initial survey research, conceptual level plans, design considerations, and a preliminary cost
estimate for constructing a new water main loop and associated booster pum p station and water
storage tank in order to serve the Institutional Corridor along Chief Eddie Hoffman Highway.

1.2, CoSTESTIMATE

A preliminary cost evaluation, based on the concept level plan layouts, was performed for
two preferred alternatives, both of which provide water service to the Institutional Corridor. The
primary difference between the two aiternatives considered is the size of the water storage tank
and booster pump station. Alternative #1 consists of a 355,000 gallon storage tank and a 1,200
square foot booster pump station designed for the immediate water services associated with the
Institutional Corridor. The second Alternative (#2) looks at installing the infrastructure needed to
support the long term expansion into this area of the City, with a 655,000 gallon water service
tank and a 3,000 square foot booster pum p station.

The cost evaluation summary, found in Appendix F, includes project administration,
engineering design, construction management and a 20% contingency on construction cost.
The total estimated project cost in Year 2010 dollars for the recommended alternatives are as
follows:

> Alternative #1. 355,000 gallon water tank and 1,200 ft2 booster station = $11,708,450
> Alternative #2: 655,000 gallon water tank and 3,000 ft2 booster station = $14,417 880
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20 BACKGROUND

The City of Bethel currently bills approximately 1,631 customers for water and sewer
services (1,376 hauled and 255 piped) and operates two water treatment facilities. Existing
components associated with expansion into the Institutional Corr idor include the following:

2.1. CiTy SuBDIVISION WATER TREATMENT PLANT (CSWTP)

The City Subdivision Water Treatment Plant (CSWTP) currently provides water for the City's
water truck-haul operations, the City's governmental offices, and piped services to 180
properties within City Subdivision through three Loops (A, B & C). The City Center Water
Treatment Plant (CCWTP), originally constructed to support the City's governmental offices,
was decommissioned and replaced by the City Subdivision piped water and sewer system when
it became operable.

21.1. Water Source

The CSWTP utilizes a groundwater source for its raw water supply, with the wellhead
located inside the building. The well, comprised of a 10-inch diameter steel casing, was drilled
to a depth of approximately 500 feet. Within the casing, a Grundfos 385-S400-4 6-inch
diameter 40 HP submersible turbine pump was installed at about 210 BGS and can supply
water at about 400 GPM. The City Subdivision WTP was intended to have an exterior back-up
well but no water was found at the drill rig's maximum depth so the well was eventually filled
with sand, plugged with grout, capped, and abandoned. No other back-up well sources have
been implemented.

2.1.2. Treatment Methodology

The City Subdivision WTP was constructed in 1999, Water treatment primarily targets the
removal of iron and manganese and provides disinfection. Raw water from the well is heated
and mixed with potassium permanganate before being filtered, chiorinated and fluoridated. The
plant has three 9' diameter greensand pressure filters, two 30 Hp backwash pumps, and
operates at a constant 400 gallon per minute (gpm) capacity.

2.1.3. Plant Capacity

The water treatment capacity of the existing CSWTP is 400 GPM with a water siorage
capacity of 505,000 gallons. According to the 2005 Master Plan prepared by CRW (CRW,
2005), the plant is currently operating at approximately 69 GPM average daily flow to serve the
existing piped system and truck-haul operations. There is ample treatment capacity at the
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CSWTP to serve additional expansion; however, the water storage tank capacity is limited to the
existing piped system (City Subdivision and City Center).

Further expansion of the water distribution system from the CSWTP would require additional
water storage to account for fluctuations in flow, to provide additional dedicated reserves
against possible interruption in supply and to accommodate fire-fighting requirements. Water
distribution modeling completed for the 2005 Master Plan(CRW, 2005) shows that the CSWTP
can support a piped water distribution system to serve development east of Ridgecrest Drive
(Mission Lake area, the "Avenue" area, Harbor areas, and the development around the new
YKHC offices) as well as development around the Hospital. However, additional water storage
tanks, booster pump stations, circulation pumps, and water heating systems would be needed
to serve these areas and will be discussed in Section 4.0.

2.1.4. Water Storage

Currently, there is a 60 foot diameter by 24 feet high, 505,000 gallon steel storage tank
located adjacent to the treatment plant. Thermal siphons and air duct vents w ere installed in the
soils below the tank in order to freeze the underlying soils for the foundation. Tank storage
capacity is sufficient for the needs of the existing system only and can store several days’ worth
of the existing average daily flow of approximately 100,000 gallons per day, as well as meet
peaking demands and fire flow requirements.

21.5. Electrical Systems

The electrical requirements for the proposed additions to the existing Bethel water treatment
plant consist of providing power to (2) new 5 HP circulation pumps for freeze protection of the
new proposed water line. Based on as-builts dated February 1999 the existing facility has 115
amps (A) of spare capacity at 480 volts (V) 3-phase. With the water circulation pum ps operating
as lead/lag, where only one pump can operate at any time, there is space in the existing motor
control center MCC-A for (1) breaker to feed the controller for these pumps. There is aiso
adequate space and capacity on the existing Panel ‘B’ at 208V if the pumps are unavailable at
480V. We assume that this will not require any upgrades to the service at this time.

2.1.8. Boller Equipment

Water in the existing tank is heated by circulating water through a heat exchanger located
inside the CSWTP building. Once initially heated by the treatment process, the water inside an
insulated storage tank requires relatively little additional energy to maintain a constant
temperature due to its heat capacity.
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The existing water treatment boiler plant will be used to heat the water line between the
existing water treatment plant and the new booster station. The existing boiler plant heating
mains will be connected to a new double wall heat exchanger. Water transferred to the booster
station will be heated via the heat exchanger prior to being pumped to the new hooster station.
A domestic water circulation pump will also be provided to continuously circulate the water
between the booster station and w ater treatment facility when the tank is not being filled.

2.2. TRUcK HAUL FACILITIES

One exterior water truck filling station with 5 HP pumps is located at the CSWTP. With the
City's water truck fleet, this truck fill facility, along with the two at the Bethel Heights WTP,
provide water distribution for most consumers in Bethel. A fleet of water trucks are empioyed to
distribute water. Trucks and equipment specifications are designed by the City and are typically
Ford Sterling L TS500's with an estimated design life of 5 to 10 years. Truck components
include a 3,500 to 4,000 gallon capacity tank, chassis, motor, cab, heavy duty suspension,
pumps, hoses, valves, and monitoring equipment.

2.3. EXISTING DISTRIBUTION

Water lines served by the City Subdivision WTP consist of water mains and service lines.
Currently there are three water main loops; Loop A, Loop B and Loop C, which serve buildings
in the City Subdivision. The water mains are aboveground 6-inch diameter HDPE pipe,
featuring insulated arctic pipe construction. Certain sections of the water main have a 1/2-inch
diameter HDPE circulating glycol line located below the 6-inch diameter water line, which are
used for heating the circulating water line. Each lot is served by the water main via a service
line, which stubs off the main lines through a service box. Both water and sewer service lines
are usually contained in one arctic pipe. The water service has a 1-inch diameter HDPE supply
and return line, contained inside of a carrier pipe. The water from the service line runs through
a water service box that feeds the house or is circulated back into the water main. Leveling
sleepers (4x12 pressure-treated timbers) provide the primary support for the aboveground water
mains. The timbers are typically secured to the ground with a "Duckbill" style earth anchor while
the arctic pipe is secured in place by a steel strap that wraps around the CMP and attaches to
the leveling sleeper.
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3.0 INSTITUTIONAL CORRIDOR

For purposes of this study, the Institutional Corridor can be defined as the area along Chief
Eddie Hoffman Highway, beginning near the Alaska State Fish and Wildlife facility and ending
up at the Public Health Service building, including many of the City of Bethel's major support
institutions and covering appr oximately 0.8 mile.

3.1. COMMERCIAL INSTITUTIONS

There are currently seventeen facilities associated with the Institutional Corridor. Each
facility has unique functions, existing water systems and future demand requirements. This list
includes several potential facilities along the corridor that are being addressed for future water

demands. Details of each institution are as follows:

» YKHC - 40 housing units. This facility has been slated for demolition and is tc be
replaced by an 18-bed long-term care facility.

> YKHC - Hospital. This facility has its own well and a 100,000 gallon water storage tank
on site. 50,000 gallons of this is dedicated fire water storage. The well equipment and
storage tanks are old, however, and are in need of replacement.

YKHC — Annex. This facility is served by the Hospital Well.

YKHC - Outpatient Hostel. This facility is served by the Hospital Well.

YKHC — Keys Recelving Home. This facility is served by the DHHS Well.

Alaska DHHS - Youth Detentlon Facility. This facility is served by the DHHS Well.

vV ¥V V VvV V

Alaska DHHS - Corrections Facllity. This Facility has its own well and three ten-
thousand gallon fire water storage tanks. The well equipment and storage tanks are old,
however, and are in need of replacement.

» YKHC - Housing. This facility has been slated for demolition and is to be replaced by a
32-bed pre-maternal facility.

AVCP Pacifica House. This facility has its own well.
YKHC Sobering Center. This future facility will have hauled water.

US Post Office. This facility has hauled water.

vV VvV V V¥

Alaska Public Health Service. This facility has hauled water.
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YKHC - Main Administration Office. This facility is served by the Hospital Well.
Alaska State Fish and Wildlife. This facility has hauled water.

YKHC Special Needs Housing. This facility has hauled water.

v ¥V Vv V

YKHC Warehouse. GCurrently, there is no water at this building but it will eventually
need a sprinkler system only.

» Crowley Warehouse. Currently, there is no water at this building but it will eventually
need a sprinkler system and domestic water.

3.2, WATER USAGE

Each of the identified institutions have unique water demands based on functionality and
history of water usage. Table 3.1 outlines the average water usage of the various facilities
along with the anticipated future improvements. Appendix C contains spreadsheets detailing
the water usage for most of the identified properties for the period of September 1, 2008 through
August 31, 2009.
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Table 3.1 - Current and Future Water Usage

Annual Water Usage (gallons

Water Service per year) Notes
YKHC ~ 18-Bed Long Term Care 173.500 Based on 18 beds times 26.4 gallons
Facility ! per bed per day
YKHC — Hospital 12,776,440 TW;:Lw:(h Fire Protection Storage
YKHC — Annex Served by Hospital Well
YKHC - Qutpatient Hostel Served by Hospital Well
YKHC - Keys Receiving Home Served by DHHS Well
Alaska DHHS - Youth Detention
Faciiity Served by DHHS Well
Alaska DHHS ~ Corrections 2 507.800 Well with Fire Protection Storage
Facility e Tanks
YKHC Housing — 32-Bed Pre- 308,500 Based on 32 beds times 26.4 gallons
Maternal Facility ' per bed per day
AVCP Paclfica House 995,040 Well
YKHC - Sobering Center 52,000 Future Development - Hauled Water
US Post Office 78,000 Hauled Water
Alaska Public Health Service 65,000 Hauled Water
Alaska State Fish and Wildlife 268,200 Hauled Water
YKHC - Special Needs Housing 240,900 Hauled Water
YKHC — Warehouse Sprinkler system only in future
Crowley Warehouse 71,175 Sprinkler and domestic water in future

Totals 17,536,655 gals/year
With 10% estimated growtharelg 18,290,210.5 galsiyear
82,850 gals/day
36.70 gals/min
~ — Institutional Corridor
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3.3. SUMMARY OF EXISTING EASEMENTS AND ROWS ALONG THE CORRIDOR

Plats for the Institutional Corridor area were researched for this project to determine the
locations and dimensions of recorded utility easements and existing right of ways. Currently
there are several existing plats and recorded documents that control the property along the
Institutional Corridor, but there are areas where there are no recorded easements. Additional
research, such as Title Searches and Reports should be commissioned prior to design
implementation to verify whether or not easements are available along the f ull alignment.

Appendix B contains the existing ROW documents along Chief Eddie Hoffman Highway,
along with other applicable plats.

In addition, the land identified as a potential site for a new water storage tank and booster
pump station, Lot 2 of the Wave Center Subdivision, is currently owned by Tunista Properties,
Inc. and is managed by Calista Corporation. A lease or purchase agreement with them would
have to be entered into by the City in order to move forward with this proposed expansion. A
copy of the Plat and legal documents can be found in Appendix B.
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4.0 CONCEPTUAL ALTERNATIVES

It has been determined through various studies and planning efforts that progressive,
phased elimination of the truck haul delivery system is a primary City objective. The 2005
Master Plan (CRW, 2005) identified two options for meeting this goal: ten VWater Treatment
Plants spread around the City versus three Water Treatment Plants with ten booster pump
stations. Evaluations showed that the second option was recommended due to significantly
lower capital costs as well as operations and maintenance costs.

The booster pump stations would eventually provide interim truck haul operations along with
up to three circulating water loops to serve the surrounding areas. Water storage tanks for peak
water demand, dedicated reserves for potential supply interruption and fire flow would be
located near these booster stations. This report will make recommendations that will fit in to this
“Backbone” type of piped water system layout that was identified in the 2005 master planning
effort.

This report has identified two alternatives: sizing the water storage tank and booster pump
station for the initial Institutional Corridor facilities versus installing the infrastructure needed to
support the long term expansion into this part of the City. Key design issues considered in this
Conceptual Report are: CSWTP capacity, water main alignment, and booster pump station and

water storage design.

Designs of key elements include the following parameters:

4.1. WATER MAIN LooP

Evaluation of velocity and headloss for a variety of flow rates for both the line going from the
CSWTP to the water storage tank as well as the proposed circulating loop around the corridor
can be found in Appendix D.

According to these calculations, for the line running between the CSWTP and the proposed
water storage tank, a 6-inch diameter pipeline running approximately 5,400 lineal feet will be
sufficient to convey the required flows while maintaining headloss at acceptable levels. It is
recommended that this line be heat traced for freeze protection, since it is not a looped system.

At this conceptual level, it appears that 3Hp circulati on pumps installed in the CSWTP will be
required to transfer this flow to the proposed storage tank. More detailed design in the future
will be needed to confirm the pump selection.

] 9 Institutional Corridor
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For the approximately 8,600 lineal foot of iooped water main along Chief Eddie Hoffman
Highway, preliminary hydraulic analysis shows that an 8-inch diameter pipeline will require flows
of 300 and 395 gallons per minute for average and peak flows, respectively, through the system
in order to maintain a desired velocity of two feet per second while maintaining headloss at
acceptable levels. In addition, an 8-inch line will allow for expansion of the loop in subsequent
projects and will be sufficient for fire flow requirements. Consequently, it is recommended that a
water loop in the institutional corridor be constructed of 8-inch HDPE arctic insulated pipe.

It appears that 5 Hp circulation pumps installed in the proposed booster pump station will be
required to transfer this flow around the new loop. In addition, booster pum ps for fire flow will be
required to meet the 1,500 gallons per minute proposed flow, which will be achieved by
delivering 750 gallons per minute through the system from both the supply and return piping
under such an event. More detailed system analysis and design in the future will be needed to
fine-tune the pump selection. Other design parameters, such as the required pressures for the
existing sprinkler systems currently installed in some of the buildings and existing fire storage
tanks, will need to be taken into careful consideration during the design process.

It is recommended that all water main piping meet VSW/ANTHC specifications for pre-
insulated pressure water mains using SDR 11 HDPE carrier pipe and aluminum jacket casing
material. The installation of isolation, drain and air release valves in this mainline, as required,
is also recommended.

Drawings 24 in Appendix A show conceptual level alignments. This route will transfer
treated water from the SCWTP to the proposed water storage tank approximately 5,350 feet
away. From there it will flow through the booster pump station circulation pumps and out along
the Chief Eddie Hoffman Highway Right of Way until just past the Alaska State Fish and Wildlife
building, where it will loop back to the Booster pump station along the opposite side of the road.
This loop will entail approximately 8,600 lineal feet of water pipe, with approximately 25 road
crossings and 600 pile foundations.

This alignment will not only pick up the currently identified Institutions, but will also allow for
expansion into adjacent residential areas in future infrastructure development projects.

4.2. WATER SERVICES

New water services sizes will vary, depending on the water requirements of the facility.
Variations include 1" HDPE circulating supply and return lines housed inside 4" x 12" arctic
insulated carrier pipes, 2" HDPE circulating supply and return lines housed inside 6" x 15" arctic
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insulated carrier pipes, 4° HDPE supply with 1" return lines or 6" HDPE supply with 1" return

lines. Larger facilities with existing sprinkler systems will require 6-inch services. Table 4.1

outlines a preliminary estimate of the water service types and approximate length of service for

each of the identified facilities.

"
Table 4.1 - Water Service Connections
1” Supply & 2” Supply & 4” Supply & 6" Supply & 1”
Potential Client Return Retum 1" Retum Return
YKHC — 18-Bed Long Term Care 100’ 309’
Facility
YKHC — Hospital 311
YKHC — Annex
YKHC - Outpatient Hostel
YKHC - Keys Receiving Home 340
Alaska DHHS - Youth Detention 248’
Facility
Alaska DHHS - Corrections Facility 85’
YKHC Housing — 32-Bed Pre- 238’
Maternal Facility
AVCP Pacifica House 206’ o
YKHC — Scbering Center 50’
US Post Office 10
Alaska Public Health Service 121
YKHC - Main Administrative Office 280’
Alaska State Fish and Wildlife 102’
YKHC Warehouse 38
Crowley Warehouse 60’
Totals 223’ 50’ 926’ 1,567

Pitoriface type of connections should be installed at the mainline for all 1" and 2" diameter
service lines. It is recommended that circulation pumps be installed inside all of the facilities

LCG..
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receiving water service to ensure suitable freeze protection through adequate flow velocities.
The various institutions would be responsible for operating and maintaining these circulation
pumps, which will lower the velocities required in the mainline. This in turn will reduce the
pumping horse power requirements, which will decrease capital output, annual electrical

consumption costs, and overall operation and m aintenance costs for the City.

4.3. PILE FOUNDATIONS

Warm, ice-rich permafrost (just slightly below 32 degrees F), as found in Bethel, is
particularly susceptible to thawing and even small changes to the thermal regime of an area
containing warm permafrost can result in significant thawing and subsequent loss of soil
strength; often resulting in significant ground settiements.

As such, water and sewer utilities in the Bethel area are typically supported by foundations
which are designed to reduce the potential for utility damage as a result of permafrost thawing
and subsequent settlement. These foundations typically consist of steel H- piles driven into the
permafrost or thawed soils. Driven H-piles, installed during specific times of the year to
minimize impact to the warm permafrost, are the recommended alternative.

4.4. WATER STORAGE

Mathematical modeling and a cost benefit analysis were performed as part of the
preparation of previous studies in order to determine the most efficient and effective option for
expanding the City of Bethel's water system (CRW, 2008). it was determined that a “Backbone”
System, consisting primarily of three water treatment plants and ten booster pump stations is
the most efficient and cost-effective configuration for expanding piped water to the citizens of
Bethel and the requirements for water storage will proceed along these lines.

Two aiternatives have been identified for water storage associated with this approach.
Alternative #1, which is designed to serve only the facilities along the Institutional Corridor,
would construct a 355,000 gallon welded or bolted steel water storage tank. This insulated tank
would have the capacity to meet peak water demand, would provide dedicated reserves for
potential supply interruption and provide enough capacity for fire flow requirements for these
facilities.

Alternative #2 would construct a 655,00 gallon bolted or welded steel water storage tank on the
same lot. This storage tank has been sized with the same parameters as Alternative #1, except
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that it also adds the additional capacity for future expansion into the subdivisions to the south
and northwest of the corridor site, where an additional 485 developable lots have been
identified. Drawing 5 in Appendix A shows a conceptual layout of the water storage tank and
booster pump station, while Drawing 1 identifies the expansion areas associated with
Alternative #2.

Previous studies (CRW, 2005) had suggested using a fire flow requirement of 500 gallons per
minute for two hours as a minimum flow. For the purposes of this study, we are utilizing a
minimum fire flow of 1,500 gallons per minute for two hours, as recommended by Appendix B of
the 2006 International Fire Code (IFC, 2006), for minimum fire flow for buildings in urban areas.
Additionally, the Alaska State Fire Marshall and the City of Bethel Fire Department have
requested this flow rate for fire-fighting capacity and reserves. While we understand that rural
Alaska has unique socio-economic, geographic and climatic constraints that many times require
a relaxing of urban standards with regards to fire flow and domestic water use, we recommend
planning for these standard fire flows in this part of Bethel. The corridor area houses some of
the essential social and health institutions in the City, including the Corrections Facility and the
Hospital, with associated support buildings, which must be adequately protected from fire
hazards.

Table 4.2, below, outlines the water storage requirements for each Alternative.

Table 4.2 - Water Storage

Peaking Volume + Fire Flow + Outage Requirements
ALT #1 2(52,850 ) + 180,000 + 1(52,850) = 338,550 gal
54’¢ by 20’ high Bolted Tank = 354,981 gal

Peaking Volume + Fire Flow + Outage Requirements
ALT #2 2(147,425) + 180,000 + 1(147,425) = 622,275 gal
65'¢ by 26’ high Bolted Tank = 655,612 gal

It has been suggested to purchase the lot located west of the existing SCWTP for a new water
storage tank to support the peak demands and fire flow of the new Institutional Corridor water
main. However, in moving more in concert with the Master Planning efforts of creating a
“Backbone” system, we have identified a lot along Chief Eddie Hoffman that could house both a
new water storage tank along with a booster pump station. The 2005 Master Plan identifies this
location as the Nunvak Booster Station and Water Storage Tank. This property, Lot 2 of Wave
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Center Subdivision, is currently owned by Tunista, Inc. and a purchase or lease agreement
would need to be entered into by Tunista and the City of Bethel. Other lots in this vicinity could
be analyzed for suitability should this lot not be available, or if a suitable agreement cannot be
worked out between the parties.

Either alternative would require the installation of either thermal siphons and air duct vents
installed in the soils below the tank in order to freeze the underlying soils for the foundation or
the installation of thermo-piles. Detailed design will need to analyze these options and
recommend a preferred alternative.

4.5. WATER TREATMENT PLANT RENOVATIONS

New circulations pumps with associated equipment such as flow meters, temperature and
pressure gauges, etc. will need to be installed in the CSWTP to circulate water approximately
5,350 feet to the proposed water storage tank on Chief Eddie Hoffman Highway. Initial
calculations indicate a 5 Hp pump would be sufficient to transfer the flow over this distance
while maintaining adequate flow to prevent freezing.

The required average flow for the institutions along the corridor is approximately 36.70
gallons per minute, as shown in Table 3.1. Since the plant is currently operating at
approximately 69 gallons per minute average daily flow and has a water treatment capacity of
400 gallons per minute, there is sufficient capacity at the plant and modifications to the
treatment system will not be required. In addition, there is sufficient flow to accommodate the
potential expansion into the future development areas, as shown on Drawing 1 in Appendix A.
These areas will require additional flows of approximately 66 gallons per minute, which will stilt
leave the plant at close to 43% of its design capacity. Peaking flow requirements for both
Alternatives will be handled by the water storage tank reserves.

Due to the fact that the proposed expansion covers many of Bethel's most sensitive
institutions, it is recommended that a back-up water source be provided for the CSWTP. The
new well will most likely be comprised of a 10-inch diameter steel casing, drilled approximately
500 feet and equipped with a 6-inch diameter 40 -50 HP submersible turbine pump.
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4.6. BOOSTER PUMP STATION

As mentioned previously, the 2005 Master Plan (CRW, 2005) identifies a Backbone type of
development as the preferred option for water service expansion. Two alternatives have been
identified for booster pump station construction in line with this approach.

Alternative #1 would construct a 1,200 square foot booster pump station that would serve as
a heated facility to house only the circulation and booster pumps and mechanical and electrical
equipment for just the 17 identified facilities associated with the Institutional Corridor.

Alternative #2 would construct an approximately 3,000 square foot booster pump station.
Initially, this building would house the equipment identified in Alternative #1 associated with the
Institutional Corridor. Eventually, this building could be utilized to house circulation and booster
pumps for several water main loops in this area. Buildings to be served would include those in
the subdivisions to the south and northwest of the site, where approximately 485 additional lots
have been identified. In addition, truck haul facilities could eventually be located here to serve
other outlying areas until piped expansion reaches them as well. The portion not utilized initially
would be only roughed in and sealed off from the 1,200 ft2 required for the initial corridor phase.
The cost estimates for this alternative only include the equipment for servicing just the
Institutional corridor facilities.

The square footages identified for these booster stations are approximate. More detailed
design will fine-tune the required area for a more cost-effective solution. Construction can be
either stick built wood--framed construction or a pre-manufactured metal building. Foundation
system alternatives include thermo-syphons installed in the pad for refrigeration or a thermo-pile
type of foundation. Both options will need to be analyzed and detailed during the design
process and a preferred alternative recom mended.

4.7. MECHANICAL CONSIDERATIONS

The building mechanicatl and plumbing design will conform to the following guidelines:

> 2006 International B uilding Code

» 2006 International M echanical Code

> 2006 International Fire Code

» 2006 Uniform Plumbing Code

Institutional Corridor
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Design conditions for determining building loads and equipment sizing will be in accordance
with climatic conditions as outlined by ASHRAE and local experience. Specific conditions to be

used are:
» Winter Design, Outside: 40 F
» Winter Design, Inside: +60 F
» Summer Design, Outside: +74 F

4.7.1. Plumbing

Domestic hot water and cold water piping mains wilt be Type 'L’ copper with lead free solder
fittings for sizes 3" and smaller; and schedule 40 steel for larger sizes. Piping will be specified
to be insulated with preformed fiberglass semi-rigid insulation. Waste and vent piping will be
no-hub cast iron pipe. The waste system vent will be routed through the roof.

Domestic hot water will be generated using a 10 gallon, 120 volt, 2000 watt electric heater.
Plumbing fixtures will consist of a service sink and emergency eye/face wash. The service sink
will be a wall mounted cast iron sink with a service sink type faucet. The eye/face wash will be
a wall mounted unit with a tempering valve.

Floor drains will be provided as necessary in the booster station. All floor drains will be
provided with trap primers. A reduced pressure principle backflow preventer will be provided on
the water service for the pump station.

A 1000-gallon fuel oil tank storage will be provided to supply fuel for the heating boilers.
Fuel from the storage tank will be pumped to a 50-gallon day tank located inside of the booster
station. The boilers will be connected to the day-tank. Schedule 40 stee! pipe with threaded
joints will be used for fuel oil piping.

4.7.2. Heating

The heating plant will consist of fuel oil fired cast iron boilers. Boilers will be selected to
include two boilers each sized at 100% of the total heating and ventilation load. The boilers will
operate in a lead / fag configuration such that if one boiler fails the other will operate to provide
heat for the water booster station. Each boiler will have its own circulator pump for
primary/secondary pumping into the main building heating loop. The boilers will be vented to
the exterior via a vent routed through th e roof.
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The main heating system pumps will circulate hydronic fluid to the unit heaters used to the
heat the facility; and to the heat exchangers used to heat the water storage tanks and water
service mains. The pumping system will consist of two heating pumps, an expansion tank, air
separator, and glycol fill pump. There will be two heating glycol pumps for redundancy; if one
pump fails, the second pump will automatically start.

Hydronic piping will be type 'L’ copper with soldered fittings. The piping will be insulated
with preformed fiberglass semi-rigid insulation.

A glycol fill tank will be provided. The hydronic heating solution will consist of inhibited
propylene glycol and water mixed 50-50. The solution will be pre-mixed by the manufacturer
and shipped to the site in sealed barr els.

The exterior domestic water storage tank, under both Alternative #1 and #2, will be heated
via a double walled heat exchanger and circulating pumps. Water from the tank will be
continuously pumped through the cold side of the heat exchanger and back to the tank. Heated
glycol from the boiler system will be circulated through the hot side of the heat exchanger.
There will be two tank water circulating pumps for redundancy; if one pump fails, the second
pump will automatically start.

The domestic water mains being routed out of the booster station will also be heated by the
boiler system. Domestic water will be pulied out of the domestic water mains heated up and
then injected back into the piping system. A double walled heat exchanger will be utilized with
domestic water on the cold side and heated gly col on the hot side.

Hydronic unit heaters will be provided to heat the pump station interior spaces.

4.7.3. Ventilation

Ventilation for the pump station will be provided by a ventilation fan and an undampered
relief opening. Combustion air for the boilers will be via the relief opening. Arctic hoods will be
utilized for all ventilation intakes and relief air openings.

4.7.4. Controls

A direct digital control system will be provided for the facility. All mechanical systems will be
controlied by the DDC system. Internal alarms generated by the DDC system will be
transmitted to the owner's office in Bethel via the phone lines.

Institutional Corridor
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4.7.5. Testing and Balancing

A contractor specializing in the balancing and testing of mechanical systems will accomplish
the testing and balancing. The contractor will verify system operation, control integration and
adjust the systems to the design flow rates. The balancing contractor will be proficient in the
use of the latest computer technology for integrating with the direct digital control systems. All
balance points will be marked in the field on the balance valves and dampers as well as
included in the balancing report that will become part of the operation and maintenance manual.

4.7.6. Equipment
Required mechanical equipment under each Aliternative are detail ed below:

Mechanical Equipment — Alternative #1
| Boiler B-1 and B-2: QOil Fired, 212,000 Btuh Output, Weil-McLain WGQ-6.
Boiter Pumps GP-1 and CP-2: 20 Gpm, 8 Ft Head, 1/25 h.p., Taco 0014,
_ System Circulation Pumps CP-3 and CP-4: 20 Gpm, 25 Ft Head, 1/3 h.p. Taco 1400-45.

Unit Heater UH-1,2,3,4: 8400 Btuh, 400 Cfm, 1/30 h.p., Rittling RH-18.

WTP to Storage Heat Exchanger HX-1: 110,000 btu transferred, 180 EGT, 140 LGT, 40 EWT, 80 LWT,
Double Wall Brazed Plate and Frame. (Located in existing WTP.)

Tank Heat Exchanger HX-2: 6,600 btu transferred, 180 EGT, 140 LGT, 40 EWT, 80 LWT, Doubile Wall
Brazed Plate and Frame.

Domestic Service Loop Heat Exchanger HX-3: 160,000 btu transferred, 180 EGT, 140 LGT, 40 EWT, 80
LWT, Double Wall Brazed Plate and Frame.

Ventilation Fan VF-1: 1200 Cfm, 1.20 in static, explosion proof motor, spark resistant fan construction,
3/4 h.p., Cook 150SQN-HP.

Water Heater WH-1: 10 Gallon tank, 9 gph at 90 F Rise, 120 Volt, 2000 watt element, Bradford White M-
1-6U6SS.

Service Sink, P-1: Cast iron service sink, Kohler Bannon.

Eye/face Wash, EW-1: Wall-mounted eye/face wash, tempering vaive, Haws 7360BT.

Fuel Oil Storage Tank, FST-1: 1000 gallon, double wall, above-grade, skid mounted.

[ Fuel Oil Day Tank, DT-1: 50 galion, rupture basin, duplex pumps.

Mechanical Equipment — Alternative #2

Boiler B-1 and B-2: Oil Fired, 242,000 Btuh Output, Weil-McLain WGO-6.

Boiler Pumps CP-1 and CP-2: 23 Gpm, 8 Ft Head, 1/25 h.p., Taco 0014.

System Circulation Pumps CP-3 and CP-4: 23 Gpm, 25 Ft Head, 1/3 h.p. Taco 1400-45.

Unit Heater UH-1,2,3,4: 17,600 Btuh, 630 Cfm, 1/15 h.p., Rittling RH-33.

WTP to Storage Heat Exchanger HX-1: 110,00 btu transferred, 180 EGT, 140 LGT, 40 EWT, 80 LWT,
Double Wall Brazed Piate and Frame. (Located in existing WTP.)

Tank Heat Exchanger HX-2: 13,500 btu transferred, 180 EGT, 140 LGT, 40 EWT, 80 LWT, Double Wall
Brazed Plate and Frame.

Domestic Service Loop Heat Exchanger HX-3: 160,000 btu transferred, 180 EGT, 140 LGT, 40 EWT, 80
_LWT, Double Wall Brazed Plate and Frame.
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Ventilation Fan VF-1: 3000 Cfm, 1.20 in static, In-line fan, 2.0 h.p., Cock 165SQN-B.

Water Heater WH-1: 10-Gallon tank, 9 gph at 90 £ Rise, 120 Volt, 2000-watt element, Bradford White M-
1-6UBSS.

Service Sink, P-1; Cast iron service sink, Kohler Bannon.

Eye/face Wash, EW-1;: Wall-mounted eye/face wash, tempering valve, Haws 7360BT.

Fuel Oil Storage Tank, FST-1: 1000 gallon, double wall, above-grade, skid mounted.

Fuel Oil Day Tank, DT-1: 50 gallon, rupture basin, duplex pumps.

Institutional Corridor
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Table 4.3 outlines the heating requirements for the various components associated with each

Alternative.
Table 4.3 - Heating Requirements
Length of Main
Component Length
WTP to Storage Tank 5,334 ft
Chief Eddie Hoffman Highway Loop 8,567 ft
Assumed Heat Loss
Water Mains 50 BTU/day/ft
Building 10 BTU/hr
Storage Tank 0.3 BTU/gal/day
Water Main Calculations
Component Results
WTP to Storage Tank (5,344’) (50 BTU/day/ft) = 267,200 BTU/day

Chief Eddie Hoffman Highway Loop

(8,567’) (50 BTU/day/ft) = 428,350 BTU/day

Water Storage Tank Calculations

Alternatives Results
Alt #1 (354,981 gal) (0.3 BTU/gal/day) = 106,494 BTU/day
Alt #2 (655,612 gal) (0.3 BTU/gal/day) = 196,684 BTU/day

Booster Pump Station Calculations

Alternatives Resulits
Alt #1 (3,000 sf) (10 BTU/hr/sf) = 30,000 BTU/hr
Alt #2 (1,200 sf) (10 BTU/hr/sf) = 12,000 BTU/hr

Total Requirements
Alt #1 Alt #2
Water Mains 267,200/24 = 11,133 BTU/hr 267,200/ 24 = 11,133 BTU/hr
428,350 /24 = 17,848 BTU/hr 428,350/ 24 = 17,848 BTU/hr

WST 106,494 / 24 = 4,437 BTU/hr 196,684 / 24 = 8,195 BTU/hr
Booster Station 12,000 BTU/hr 30,000 BTU/hr
TOTAL 45,418 BTU/hr 67,176 BTU/hr

Institutional Corridor
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4.8. ELECTRICAL CONSIDERATIONS

The electrical design will conform to the following codes and guidelines:
> 2006 International B uilding Code

» 2006 International Fire Code

> 2008 National Electrical Code

» The llluminating Engineers Society (IES) of North America Lighting Handbook 9th Ed.
4.8.1. Power Distribution

The proposed booster station will require a new electrical service and systems for operation.
Assuming a 50HP booster pump is required for service, Alternative #1 will require a minimum
400A service at 208V, 4-wire, 3-phase. For Alternative #2, the minimum service size will be
B600A at the same voltage. These services will both require current transformer cabinets for

metering the building. Primary line extensions will have to be coordinated with local utility as
required.

4.8.2. Lighting

The lighting for the booster station will utilize fluorescent sources with T8 lamps where ever
possible.  Exterior fixtures will utilize puise width metal halide building fixtures. IES
recommended lighting levels for a maintenance work station should be provided.

4.8.3. Telecommunication

The telecommunication will consist of a single telephone line for building maintenance to
use for convenience purposes. It does not appear that any security systems are required at this
time.
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5.0 DESIGN CONSIDERATIONS

5.1. GEOTECHNICAL INVESTIGATIONS

The City of Bethel is located in a western region of Alaska known as the Yukon-Kuskokwim
Delta, and is situated adjacent to the Kuskokwim River. The soils in the area are typically
characterized by thick, fluvial deposits of interbedded fine sand and silt. Discontinuous
permafrost conditions persist throughout the area, and shallow permafrost conditions have been
repeatedly documented throughout the City of Bethel, including along the Chief Eddie Hoffman
Highway corridor. Shallow permafrost (as it pertains to this evaluation) can be defined as any
permafrost which occurs at depths less than five feet below the existing ground surfacs.
Shallow permafrost is usually observed in undisturbed areas, where the organic tundra mat has
insulated the permafrost surface from additional thermal inputs. Once an area is disturbed,
permafrost surface depths can increase significantly as thawing occurs. Permafrost in the
Bethel area can be classified as "warm permafrost” which refers to permafrost with
temperatures ranging between approximately 30-32 degrees F. Warm permafrost is particularly
susceptible to thawing, and even smail changes to the thermal regime of an area containing
warm permafrost can result in significant thawing and subsequent loss of soil strength; often
resulting in significant ground settlements.

A full geotechnical investigation will be essential for this project prior to full design. Such
investigations are necessary to determine cost-effective design parameters for the water tank
and booster pump station foundations as well as for the piling and other support systems. It will
also provide confirmation to the funding and regulatory agencies that competent study of the
site has been performed in concert with the design and will provide soils information for
construction bids so that potential contractors will know what the subsurface conditions are prior
to bidding the project.

A preliminary geotechnical report was prepared for this project by Northern Geotechnical
Engineering and is attached in Appendix G. Results of this initial evaluation indicate that both
shallow and warm permafrost conditions likely exist within the proposed project alignment, and
that further subsurface explorations will need to be conducted along the proposed alignment
and at the tank site in order to better characteriz e the nature and extent of the existing soils.

. » 22 Institutional Corridor
. LCG \ Feasibility Study
SN

City of Bethal



5.2. SURVEYING

Surveying must be performed to provide topographic and horizontal location of the existing
lines and right of way. Detailed information will be required at road crossings so that elevations
can be established for design. Additionally, suitable easements and rights-of-way must be
confirmed or established, as necessary.

Establishment of right-of-way and platting can be a time consuming project component and
should be started as soon as possible. The surveying can be done at any time of the year but
will be most efficient when the weather, ground surface, and snow conditions are ideal. Cold
weather and darkness slow productivity and deep show requires digging to make
measurements.

5.3. PERMITTING REQUIREMENTS

Various Agency permits will be required to be obtained during the design process and prior
to construction activities, as follows:

5.3.1. OPMP Coastal Project Questionnaire

A Coastal Project Questionnaire (CPQ) is required for all proposed projects located in or
potentially affecting coastal areas in Alaska. Bethel lies in a coastal area and therefore
completion of a CPQ will be required and the completed documentation sent to the Office of
Project Management and Permitting (OPMP). OPMP would then forward the guestionnaire to
the following:

» Alaska Department of Environmental Conservation (AD EC)
» Alaska Department of Fish and Game

> Alaska Department of Natural Resources (ADNR)

» Affected local coastal communities

» Other interested members of the public

Required permits will be identified based on responses to questions posed in the CPQ for
permitting agencies at both state and district levels.
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5.3.2. ADEC Approval to Construct and Operate

Projects that modify an existing Class A or Class B Public Water System must apply for an

Approval to Construct from the Alaska Department of Environmental Conservation (ADEC).

Because of the mutual proximity of water and sewer mains, a separation distance waiver will

also be required for these facilities. After construction, an Approval to Operate permit will need
to be requested from ADEC by the City with a submittal of record drawings.

5.3.3. ADOT/PF Utility permit

For the crossing located within Ridgecrest Drive and any other State property, a utility permit

will need to be issued by ADOT/PF. A utility permit is essentially a legal agreement made

between the State and the local municipality to defile the rights and responsibilities of each party
with regard to operating a facility within State rights of way.

5.4. DESIGN CRITERIA

Design Parameters

Component Parameters
Mean Annual Temperature 29.1 °F
Mean Minimum Temperature 0°F
88% Design Temperature -46 °F
Mean Annual Precipitation 16 inches
Mean Annual Snowfall 85 inches

Design Thawing Index

3,200 °F — days

Design Freezing Index

4,400 °F — days

Design Wind Speed (3 sec gusts) 120 miles per hour
Seismic Load Per current edition of IBC
Ground Snow Load 40 PSF

Active Layer Depth 2 -7 feet

Presence of Permafrost

Generally continuous

LCG..
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Deslign Criteria

Component Criteria
Design Period 20 Years {2030)
Piped Water 65 gallons/capita/day (GCPD)
Fire Flow 1500 GPM (minimum — 750 gpm both ways)

. Residual Pressure

20 PSIG (minimum)

Hydrant Spacing

500 feet (minimum)

‘ Water Storage

Reserve Volume

3-day supply of Average Daily Demand (ADD)

Fire Supply

2-hour duration at 1500 GPM (minimum)

Equalization Volume

Max Daily Demand (MDD) less 8 hours of well
pump output

Water Distribution (for local systems)

Water Demand Peaking Factors

Maximum Day Demand (MDD)

PHD +1.75

Peak Hour Demand (PHD)

125 + (1.2 x (N-50)), where N is the number of

Minimum Pressure

dwellings served (per ADEC design criteria.)
20 PSIG

Maximum Pressure

100 PSIG

Minimum Pipe Diameter

8 inches

Pressure Pumps

Design based on peak hourly demand (PHD)
with step-up pressure and hydro pneumatic
system to efficiently accommodate fluctuations
in water distribution demand.

Maintain temperature of return water from

Lot S L] distribution system @ 45 to 55 °F.
Bolted or welded steel tank with vertical side
shells.
Minimum 5 inches of insulation on exposed
tank surfaces.

Water Storage Tank

Tank inlet and outlet shall be located to
minimize short-circuiting.

Tank inlet shall provide pinch valve diffusers at
pipe end to improve circulation of stored water.

Circulation Systems

Size system to meet peak hourly demands.

Locate circulation pumps on return ends of
loops.

Emergency Standby Generator

Required as back up for power outages.

General

Provide floor-mounted, powered, alternating
backup for major equipment components

Circulation Loops

Provide between 1 — 2 ft/sec flow rate for
water distribution loop circulation.

LCG.
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6.0 ENGINEER'S COST ESTIMATE

The two alternatives evaluated for cost considerations both deliver potable water to the
Institutions along the Chief Eddie Hoffman Highway. Alternative #1 would size the water
storage tank and booster pump station for the initial Institutional Corridor facilities. Alternative
#2 would install the infrastructure needed to support the long term expansion into this part of the
City, as suggested in previous planning ef forts.

New funding is required for survey, geotechnical investigations, design and bidding services,

project construction and site inspection and adm inistration services.

A cost breakdown for each Alternative is included in Appendix F. These cost estimates are
based on previous estimates performed for the Bethel area, with expected escalations of future
construction and materials costs. The cost evaluation includes project administration,
engineering design, construction management and a 15% contingency on construction cost.
The contingency takes into account design and construction details not foreseen at this
conceptual feasibility study level. The total estimated project cost in Year 2010 dollars for the

recommended alternatives are as follows:
» Alternative #1: 355,000 gallon water tank and 1,200 ft2 booster station = $11,708,450

> Alternative #2: 655,000 gallon water tank and 3,000 ft2 booster station = $14,417,880
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7.0 CONCLUSIONS AND RECOMMENDATIONS

7.1. GENERAL

The primary goal of this design study report was to evaluate the feasibility of extending
piped water service to the Institutions along the Chief Eddie Hoffman Highway corridor.

This will be an important and strategic project that can be accomplished cost-effectively with
minimal disturbance to the terrain and without disruption to Bethel's existing water treatment
and distribution sy stems.

7.2. MASTER PLAN COMPATIBILITY

The 2005 Water and Sewer Master Plan Update (CRW, 2005) reflects a preferred general
distribution expansion plan that features circulating transmission lines which extend from three
regional water treatment plants to remote storage and distribution facilities, or booster pump
stations. The transmission lines would fill water storage tanks at these facilities and the booster
stations would provide pressure and circulation pumps to distribute the water into separate
circulating water loops as well as serve as local truck fill facilites. Development of this
Institutional Corridor study has been conducted with this planning strategy .

7.3. RECOMMENDED ALTERNATIVE

Because treated water storage reservoirs or tanks tend to be quite large and expensive, a
fairly distant planning horizon is recommended to avoid the premature need for expansion. n
addition, much of the capital construction costs of buildings can be attributed to mobilization,
labor force and shipping costs. Thus, the costs of building a larger structure and only finishing
out and utilizing a portion of it initially is more cost-effective than building a smaller building and
adding on in future projects.

Therefore, based on anticipated population growth in Bethel, preliminary cost estimates and
the desire to expand the City’s infrastructure in a manner consistent with the overall plan for
development, this study recommends moving forward with Alternative #2: a 655,000 gallon
storage tank and a 3,000 ft2 building.

A preliiminary economic analysis was performed, included in Appendix E, to look at the
operation and maintenance costs of the two Alternatives as well as to estimate the potential
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annual income to the City. Table 7.1 outlines the two alternatives with respect to capital costs,
annual operation and maintenance costs and the present worth of each option. It also looks at

the potential income for the City from both the Institutional Corridor properties as well as from

residences located in future development areas within this area.

This analysis substantiates the benefits of Alternative #2 in that while the present worth of

this Alternative is slightly higher than Alternative #1, the potential payback to the City in

increased revenue from water service sales is considerably higher and can substantially

contribute to the City's ability to continue its expansion of the piped water system into more

areas of the City through increased revenues.

Table 7.1 — Alternatives Matrix

Alternative

Capital Cost

Annual O&M
Costs

Present
Worth
(2030)

Services
Revenue

Future
Services
Revenue

Advantages/
Disadvantages

ALT #1

$8,937,742

$ 159,261

$ 18,331,451

$ 40,188

$ 40,188

Lower Capital
costs.

No room for
expansion into
future
development
areas.

ALT #2

$11,006,017

$ 163,701

$ 21,971,065

$ 40,188

$ 768,154

Provides capacity
for expansion into
future
development.

Higher initial
capital costs.
Significant
potential revenue.

LCG..
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Verify
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@ File Online
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JFile Online
Online Orders
« Register for Online
Orders
<+ Order Good Standing
Name Registration
v Register a Business
Name Online
«Renew a Business Name|

Department of Commerce

Date: 12/30/2009

Filed Documents

(Click above to view filed documents that are available.)

Entity Name History
Name Type
TUNISTA, INC, Legal
Tunista Properties, Inc. Prev Legal
" Business Corporation Information
AK Entity #: 28207D
Status: Active - Good Standing
Entity Effective Date: 10/22/1982
Primary NAICS Code: 531390: Other Activities Related to Real
Estate
Home State: AK
Principal Office Address: 301 Calista Ct #A
Anchorage AK 99518
Expiration Date: Perpetual
Last Biennlal Report Filed Date: 1/26/2009
Last Blennial Report Filed: 2010
gk, Il
Registered Agent e
sl

O P
i Agent Name;s 7
ice Address: 3

CALISTA CORPORATION
301 Calista Ct #A

AN

Anchorage AK 99518 A
Malling Address; . s
Principal Office Address: 307 Calista CT#A '

Anchorage AK 99518
Officers, Directors, 5% or more Shareholders, Members or Managers
Name: Dixie Retherford
Address: 301 Calista Ct#a

Anchorage AK 98518
Title: President
Owner Pct: 0
Name: Dixie Retherford
Address: 301 Calista Ct #a

Anchorage AK 88518
Title: Director
Owner Pct: 0

12/30/2009

https://myalaska.state.ak.us/business/soskb/Corp.asp?243708



Name: Felix P Hess
Address:; 301 Calista Ct#a
Anchorage AK 99518
Title: Vice President
Owner Pct: 0
ST o e D e 8 O g
Name: Felix P Hess
Address: 301 Calista Ct #a
Anchorage AK 99518
Title: Director
Owner Pct: 0
Name: Joann Werning
Address: 301 Calista Ct #a
Anchorage AK 99518
Title: Secretary
Owner Pct: 0
Name: Joann Werning
Address: 301 Calista Ct #a
Anchorage AK 99518
Title: Treasurer
Owner Pct: 0
Name: Joann Werning
Address: 301 Calista Ct #a
Anchorage AK 99518
Title: Director
Owner Pct: 0
- »rea
Officers & Directors

E-mail the Corporations Staff (907) 465-2550

https://myalaska.state.ak.us/business/soskb/Corp.asp?243708 12/30/2009
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BR-0208(8) [ -l

MONUMENT SUMMARY SHEET

A0 4s 1t 0 e £

i R el v b cra T

i RECOVERED CORNERS - BRIDGE AVENUE WORK [MEM ‘ WORK REQUIRED PAY ITEM MO.
LOGATION MONUMENT TYPE NORTHING FASTING STATION OFFSET WORK  ITEM s REVERENCE WONUMENT L eain
1] 4 REPLACE PRMARY MONUMINT 842 15)4
w s T tross Cap Won b Core 119zes? | 24713848 23041219 ooy mr | v 2 (ST wOTE 2) 3 REPLICE SCONDARY T e ssztr)
L Wk 20 W 10 USS 3230 Heber with M Cop. 1162589 33011233 483,13 81 T | ok oorot,.
W2 MCA TR D AIS 18 Habor wih N Cop 11917437 24817 181 104.8) RT s NSTALL 614(1)
| L' B% A _ROW wO 10 USS 3230 #abor_«ih N Cop __t1oses2y 23010039 42080 K i ety o Gt T
WGl UC4 TR D ATS 1348 | _Rebor witn 41 Cop. ___veasna 24833172 12008 KT -
ML 2 DA 13 USS 3230 AkR S 12358508 24804426 79808 LT
i) VANGER LAKE ROXD = % Mot 1218470 | 2280.431 BAT U | 13 (SEE WOTE 3)
Mo L7 BLX 6 USS §3790 Kabar 12153282 2390.483 S3RI| 1S HOTE_ 3
NEL 8 @ 4 USS g300 Rador 12457628 24532.08) | 29240 1
WL B& 6 USS JI760 Bebor 1az8ee8) 23029001 13618 Lt
— =1 302900 SE— o
[ SwComateey w5 3290 | woabwe 11977964 _BnSIT i 24890 11 HORIZONTAL _CONTROL:
—— — S 4 LOCAL GIOUND COORDINATE SYSTEM BASED UPON A COMPASS ADJUSTED TRAVERSE
PERFORMED BY AKDOT FOR OTHIR PROJKECTS I THE AREA. AN ENCASED BRASS CAP
LOMMENT, LOCATED ©.00 FTET MOHT OF S1ATION 230.1719 aT THE MTERSECTION
OF BRIDGL AVE. AND ALDER ST. HAS COORONATES OF N 2972657 € 24738477
ROM SAD MONULINT an CHCASED BRASS CAP MOMUMMENT LOCATED AT THe
WTCASICTION OF BADOE AVE AMD SECOMD AVE. BEART S 34° 46° 266 W 33002
FEET (S 54° %0 30° W 33804 FEET BLM RECORD PER USS 3230 A 8 Bl AND MAS
COORDINATES OF N §777GA64 € 244375247 SAWU LINE 1S THE BASIS OF BLARINGS
RECOVERED CORNERS - HANGER LAKE ROAD / EAST AVENUE
LOCATION MONUMENT TYPE NORTHING EASTING STATION OFFSET WORK  ITEM NOTES
= S
_E L2 8 uST J1700 | Angle oe 12282068 25207.468 esras | ey L WHLTHER LISTED OR NOT, ALL MONUMENTS CR PROPLRTY -
— 11/7 Dioww Cop Mon in Cana 12193252 25026000 1z 87 23681 | « MARKERS/CORNERS OR ACCESSORES WHICH WILL BE copy
o o 5 | o i T TN B S BT DM O AT
He n=1 —— $ Beam Cop Won in Lowe 11777688 24437528 1 N (ST AL N AND RECORDED (AS 34.65040] = _,?_7:.9.—
S — | |0 ottEy _Eied  we
2. THIS PONT WAS REPLACED WITH & 3 /4 ALUMINUN MONUMENT. BETHEL
3 TS POWT WAS REPLACED WITH A 5/8" REHAN WiTh A 2° AL CAP
4 THIS POWT IS SET BELOW FINISH GRADE
INSTALL PROJECT CENTERLINE MONUMENTS
— T
LOCATION MONUMENT TYPE NORTHING EASTING STATIC WORK  ITEM
_’Ciml A Primery In Cose 12018 642 24773843 230483 5 8 £ I ) S gt_:
PT_B80CE AT Primery in Caue S 1203888 2850983 | e 8| s 8 [ o |
DRIOCH AT/ WAGTR LAKE RO INTERSICTION Primory o Cose . 12133722 | 15047.895 2031300 B | 5. 86 _— I - N
N0 O PROUC, WROGE AVE Vrimory e Cava 12180.563 31im.ar 2730 B | 5.6 _ 27755 ADOCD PROMTT CANTDNLNE LOWARNTS. | o
BECTUING OF PROJCE. |UNCER AXE RO Primory o Cose V1241397 25012983 | 120300 n| 58 (2/mres| REVECD STATION OF3C15, Tx
. VPrmary \n Cane B 12007832 23052 884 13093 6 A | 5 8 oars | preTay -
- vrimory in Cose . MBS | asoenare 102 6w s 6
| LND O PROUECT, MANGER LUE RO | Prmgry i~ Case 11951 483 251 19,881 15050.0 W[ 3.8 STATE OF ALASKA

) DEPARTMENT OFETRANSPORTATION
PUBLIC FACILITIES

KIGHT OF Way MAR
ALASKA PROJECT NO.

BR-0208{8)
814388
SETHEL BROWN SLOUGH 8RIDGE
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City of Bethal Cugtomer History
Rapart Dats(s): D9101/2008 ' 08/34/2009

Page: 3
Sep 17. 2005 0%:24am

Report Criteriz’
Customar Cust No = 163201, 243101, 198302, 163101

1993.02 AVCP PACIFICA HOUSE 220 STATE WELL SWMTR

Melsred Services:

WAMTR Current Rete Table: 1993 Waler - Metared Non-8ift

Pariod Read Dats Meter Id BegRead  Eny Read Usage Demand  Muliplier Amaunt Status
09/30/2008 0B/25/2008 DH1220 317,780 395,900 78.120 0000 1.0000 00
10/31/2008  10/27/2008 DH1220 3e5.900 500,630 105.030 0000 1.020¢ 00
11/30/2008  11/25/2008 DH1220 500,930 586,220 85.2¢80 ' 0000 1.0000 Q00
12/31/2008 12/24/2008 DH1220 386,220 §55,200 68,070 0000 1.0000 o3}
01/31/2009  01/27/2009 DH1220 655,290 725,620 70,330 0000 1 0000 G0
02/28/2089 02/25/2009 DH1220 725,620 792,830 G7.010 0000 10000 00
03/31/2008  (03/25/2000 DH1220 792,820 858,92C 56.290 000D 1.0000 Qo0
04/30/2009  04/28/200¢ DH1220 858,920 938,760 78,840 0000 1.0000 €0
05/31/2008  03:22/2008 DH1220 §38.760 1.001.260 62.500 0006 1 0000 0
06/30/2008  06/24/2009 DH1220 1.001,2660 1.095.410 Q4 150 0000 1.0000 00
077312002 07/27/2009 DH1220 1,085.410 1.189.2% 103.870 0000 1 0000 00
03/31/2008  98/26:200¢ DH1220 1,189,280 1.312.820 113.540 .0000 7 000G .00

995.040 .00

1631.01 US FISH & WILDLIFE HEADGTRS 807 STATE METERED

Metered Services:

WAMTR Curreni Rata Tabia: 1998 Water - Meterad Non-Biil

Pariod Read Date Meter id Beg Read End Read Usage Demand Muliplier Amount Slatus
00/30/2008 03/26/2008 ODHSO7 15.688,300 15.706.200 18,000 .0000 1.0000 .00
10/31/2008  1Q/27/2008 DHa07 15.706,300 15.723.400 17,100 coca 7 0000 .00
11/30/2008  11/25/2008 DH&07 13,723,400 15,738,400 15.000 Qcoo 1 0000 00
12/31/2008  12/24/2008 DHSCT 15.738,400 15,752,700 14,300 [s]oRul] 1.0000 .Go
01/31/2008  D1/27/200¢ DHBAGT 15,752,700 *5.770.000 17.300 .0000 1.0000 .00
02728/2009  02/24/200% DHEO7 15.770.000 15,785,000 15,000 0000 1.0000 00
03/31/2009 ©3/25/200¢ DHSC7 15.785.000 15,604,000 15,000 0000 1.0000 .20
04/30/2008  0&/28/2009 DHBG7 15,804,000 15825000 21.0C0 anoo 1 0000 [o[0]
05/31/2008  05/22/2009 OHSC7 15,825,000 18,547,202 22.200 0Qoe i 0000 00
06/30/2009  08/24/2008 DH8D7 15,647,200  15891.200 44 000 0000 1 0000 .00
Q07/31/2009  07/27/200¢ DHAC? 12.861,200 15.828.300 35,109 0000 10000 Re¢]
068:31:20N¢  08/25/2008 DHYCT 13 926,300 15.858 0000 7 0009 .0¢

S0 30.200

268,200

a0




ity of Bethat Cuslomer Hislery Page: 2
Rapoil Date(s): 08/01/2008 to 08;21/2009 Sep 17, 2002 G9:24am

1832.01 YICHG MAIN HOSPITAL 900 STATE METERED

NMetered Ssrvizes:

WAMTR Curreni Rale Table: 1909 Water - Meterad Non-Biil

Period Read Date Mater td Beg Read End Reatd Usage Demtand  Mudipliar Amount Status
09/30/2008  09/26!2008 OH300 123,718,000 124.736.000 1.018.000 0000 1.0000 00
10/31/2008  10/27/2008 DHSC0 124.736.000 125.824.000 1.088.000 0000 1.0000 00
11730/2008  11/25/2008 DHICO 125,824,000 128,829,000 1,005,500 6000 1.000G 00
12/31/2008  12/24:2006 DHI00 126,829,000  127.921,000 1,0€2.000 000G 1.0000 00
01/31/2008  01/27/2008 DHIGO 127,921.000 128,520,000 529.000 0000 1.0000 00
02/26/200@  02i24:2003 DHIC0 122,520,000  129.706,000 1.168.000 .0000 1.0000 00
03/31/2002  03/25'2004 DHI00 129,708,000 130,985,000 1,279,000 .0200 1 0000 oo
04/30/2002  04/26/2009 DHSQ0 130,985,000 132,318,000 1,333,000 0000 1 0000 ae
©5/31/2009  05/22/2008 DHS00 132,318,600  133.208.000 890.000 L0900 10000 00
03/30/200¢  08/24/2008 DHO00 133.208,000 134.311,000 1.103.000 0000 10000 00
07/31/2008  07:/27/2009 DHS00 124,311,000 135,2408.000 1.087,000 .D000 1.0000 00
0B/31/2008  08/26/2008 DHY00 135,408.000 135,494,440 1.085.440 .0000 1 0060 00

12,776,450 00
2431.01 YUKON KUSKOKWIM CORRECTIONAL 10004 STATE METERED

Metared Services:

WAMTR Current Rale Table: 1998 Water - Matared Non-Sill
Petiod Read Date Mater Id Bag Read End Read Usage Oemand Muliplier Amaunt Stalus

09/30/2008 09/26/2008 DH1000A 58,0358.20C 38,241,700 203.500 .0000 1.0000 .00
10/21/2008  10727/2008 DH1000A 58.241.700  58.462,100 220.400 0Coo 1.0020 00
11/30/2008  11/25:2008 OH1000A 58,462,100 58,853,500 197,400 0000 1.0000 Q0
12/31/2008  12/24/2008 DH1QU0A 58,656,500 58,853,100 192.600 0000 1.0000 .00
01/31/2008  01/27/200¢ DH10004A 58.853.100 53,091,300 232,200 0000 1.000C Qo
02/28/2008  02/24/2009 OH1000A 5¢.091.300 58.285.400 194,100 0000 1 0000 o0
03/31/2009  03725/2009 DH1000A 5¢.285400 59,488,400 203.000 0000 1.0000 .20
04/30/2009 04/28/2008 DH1000A 59,468,400  58,698,1G0 209.700 .0000 1 0000 00
G35/31/2003 05222008 DOH10004 50,698,100 53.864.400 165,300 0000 1 0000 [els]
06/20/2003 06/24/20089 DH1000A 59.864.400 60,091,400 227.000 Q000 1 0000 00
07/31/2008  07/27/2009 DH1000A 60,091,400  60,331.300 242,100 0000 1.0020 oo
(8/37/2009  08/26/2009 DHIOUWOA 80,331,500  60,548.000

214,500 0000 10000 .0C

]
a

07.600 a0




City of Baihe!

Custanter History

Reopaort Dafefs): £9/0142008 io 08/39/2C09

Faga, 3

Sep 17,2009 06:24am

Grand Totals:

Mater - Metered
Watar Hauied
Walzr-Pipad Unmir
Sewar - Matered
Sewer Hauled
Conlract Water
Garbage
Pumphauge Water
Laodfdl
Sewar Piped Unmir
8§C Diacount
Coniract Sewer
Reconned Fee
NSF Foes
‘Waler XCalt
Sewai XEvac
Salag Tax
Panally
Ut Inspection Fees

Usage

Amaun

16.547 480

c o oo

<

O OO0 000000 O oo o

88388388588

Qo
20

.00

00

.00

00
00
00

.00

00
00

Raport Critenia:

Cusiomer.Cust No = 163201, 243101, 193302, 163101




APPENDIX D — HYDRAULIC MODELING



830.01 City of Bethel BETHEL INSTITUTIONAL CORRIDOR STUDY
Calculation of Velocity and Headloss

CSWTP TO WATER STORAGE TANK

Loop ID D, feet Length Area,f® G  Flow Flow,cfs V n vi2g Vg
CSWTP TO WST inches ft value gpm /s ft psi ft psi
AVERAGE DEMAND
MINIMUM VELOCITY OF 1 {Us

CSWTP 4 0.33 100 0.08726639 13§ 100 0.22 2.85 0.71 0.32 0.10 0.05

8 inch Pipes 54 0.45 17006 0.15804299 13§ 100 0.22 1.40 279 1.26 0.03 0.01
Min.Velocity 1 ft/s 54 0456 1800 0.15904298 135 100 0.22 1.40 2.95 1.33 0.03 0.01
54 0.45 1700 0.1590429¢ 135 100 0.22 1.40 279 1.28 0.03 0.01

WST 4 033 100 0.08726639 135 100 0.22 2.55 0.71 0.32 0.10 0.05

Totals 5400 9.84 4.48 0.29 0.13
Static
Totals

CSWTP 4 0.33 100 0.08726839 135 160 0.36 4.08 1.69 0.78 0.28 0.12

8 inch Pipes 7 0.58 1700 0.26725332 135 160 0.36 1.33 1.88 0.85 0.03 0.01
Min.Velocity 1 ft/s 7 0.58 1800 0.26725332 135 180 0.38 1.33 1.99 0.90 0.03 0.01
7 0.58 1700 0.26725332 135 160 0.36 1.33 1.88 0.85 0.03 0.01

WST 4 0.33 100 0.08726639 135 160 0.36 4,08 1.69 0.76 0.26 0.12

Totals 5400 9.13 411 0.80 0.27
Static
Totals

AVERAGE DEMAND
MINIMUM VELOCITY OF 2 ft/s

CSWTP 4 0.33 100 0.08726639 135 160 0.36 4.08 1.69 0.76 0.26 0.12

8 inch Pipes 54 045 1700 0.15904299 135 160 0.36 2.24 6.65 3.00 0.08 0.04
Min.Velocity 1 ft/s 5.4 0.45 1800 0.15904299 135 160  0.36 224 7.04 317 0.08 0.04
54 0.45 1700 0.15904299 135 160 0.36 224 6.65 3.00 0.08 0.04

WST 4 0.33 100 0.08726639 135 160  0.36 4.08 169 076 0.26 0.12

Totals 5400 2373 10.68 0.75 0.34
Static
Totals

CSWTP 4 0.33 100 0.08726639 135 270 0.60 6.88 4.44 2.00 0.74 0.33

8 inch Pipes 7 0.58 1700 0.26725332 135 270 0.80 2.25 495 223 0.08 0.04
Min.Velocity 1 ft/s 74 0.58 1800 0.26725332 135 270 0.60 2.25 5.24 2.36 0.08 0.04
7 0.58 1700 0.26725332 135 270 0.60 2.25 4.95 223 0.08 0.04

WST 4 0.33 100 0.08726839 135 270  0.60 6.88 444 200 0.74 0.33

Totals 5400 24.03 1082 171 0.77

Static
Totais

1/11/2010
Total Loss
feet psi
0.81 0.36
2.82 127
2.98 1.34
282 1.27
0.81 0.38
10.24 4,81
37.00 16.66
47.24 21.27
1.85 0.88
1.91 0.86
2.02 0.91
1.91 0.88
1.96 0.88
9.73 4,38
37.00 18.66
48.73 21.04
1.95 0.88
6.73 3.03
7.12 3.21
6.73 3.03
1.95 0.88
24.48 11.02
37.00 16.66
61.48 27.68
518 2.33
5.03 226
5.32 240
5.03 2,26
5.18 233
25.73 11.59
37.00 18.66
62.73 28.25



Loop
Instit. Corr.

BSTA
6 inch Pipes
Min.Velocity 1 ft/s

BSTA
Totals

BSTA
8 inch Pipes
Min.Velocity 1 ft/s

BSTA
Totals

BSTA
8 inch Plpes
Min.Velocity 1 fi/s

BSTA
Totals

BSTA
8 inch Pipes
Min.Velocity 1 f/s

BSTA
Totals

BSTA
6 inch Pipes
Min.Velocity 1 ft/s

BSTA
Totals

BSTA
8 inch Pipes
Min.Velocity 1 ft's

BSTA
Totals

BSTA
8 inch Pipes
Min.Velocity 1 f/s

BSTA
Totals

BSTA
8 inch Pipes
Min.Velocity 1 firs

BSTA
Totals

ID
inches

NN NS

BNNNS

B NN~ s

S NNNSD

D, feet

0.33
0.45
0.45
0.45
0.33

033
0.58
0.68
0.68
0.33

0.33
0.45
0.45

0.33

0.33
0.58
0.58
0.58
0.33

0.33

0.45
0.45
0.33

0.33
0.58
0.58
0.58
0.33

0.33
0.45
0.45
0.45
0.33

0.33
0.58
0.58
0.58
0.33

NEW LOOP ALONG CORRIDOR

Length  Area, ft' C Flow Flow,cfs V
ft value gpm f's
AVERAGE DEMAND
MINIMUM VELOCITY OF 1 ft/s
100 0.08726639 135 140 0.31 357
2800 0.15904299 135 130 029  1.82
2800 0.15904299 135 120 027 168
2800 015904299 135 110 024  1.54
100 008726639 135 100 022 255
8600
100 008726832 135 200 045 510
2800 026725332 135 190 042  1.58
2800 0.26726332 135 180 0.40  1.50
2800 0.26725332 135 170 0.38 142
100 008726639 135 160 0.36  4.08
8600
PEAK HOUR
MINIMUM VELOCITY OF 1 f/s
100 0.08726639 135 240 053  6.12
2800 0.15904299 135 195 043 273
2800 0.15904299 135 150 0.33 210
2800 0.15904299 135 105  0.23  1.47
100 008726639 135 60  0.13 153
8600
100 0.08726639 135 395 0.88 10.07
2800 0.26725332 135 350 078 291
2800 026725332 135 305 068 254
2800 026726332 135 260 058 216
100 0.08726639 135 215 048 548
8600
AVERAGE DEMAND
MINIMUM VELOCITY OF 2 fi/s
100  0.08726639 135 130 029  3.31
2800 0.15904299 135 120 0.27  1.68
2800 0.15904299 135 110 024  1.54
2800 0.15904299 135 100 022  1.40
100 0.08726639 135 90 020 229
8600
100 0.08726639 135 300 067 7.65
2800 028725332 135 200 085 241
2800 026725332 136 280 062 233
2800 026726332 136 270 0.0 225
100 0.08720639 135 260 0.58 6.63
8600
PEAK HOUR
MINIMUM VELOCITY OF 2 fi's
100 0.08726639 135 305 0.68 7.78
2800 0.15904299 135 260 0.58  3.64
2800 0.15904299 135 215 048  3.01
2800 0.15904299 135 170 038  2.38
100 008726639 135 125 028  3.19
8600
100 008726639 135 395 0.88  10.07
2800 0.26725332 135 350 078 291
2800 0.26725332 135 305 068 254
2800 0.26725332 135 260 0.58 216
100 0.08726639 135 215 048 548
8600

h
ft

1.32

6.44
5.48
0.71
21.40

2.55
4.26
3.85
3.48
1.69
15.81

3.57
15.80
9.72
5.03
0.27
34.40

8.98
13.18
10.29

7.60

292
42.89

1.15

6.44

6.48

4.59

0.58
18.24

5.40

8,72
8.16
4.14
35,72

6.57
26.90
18.93
12.26

1.07
64.73

8.98
13.18
10.21

7.60

292
42.89

0.59
3.36
290
247
0.32
9.64

1.16
1.92
1.73
1.66
0.76
7.12

1.61

7.12

4.38

2.26

0.12
15.49

4.04

4.60
3.42
1.3
19.31

0.52
2.90
247
2.07
0.26
8.21

243
4.19
3.93
3.67
1.87
16.08

2.51
1211
8.52
5.52
0.48
29.15

4.04
5.93
4.60
3.42
1.31
19.31

V429

0.20
0.05
0.04
0.04
0.10
043

0.40
0.04
0.03
0.03
0.28
0.77

0.58
0.12
0.07

0.04
0.84

1.68
0.13
0.10
0.07
0.47
235

0.94
0.21
0.14
0.09
0.16
1.63

1.58
0.13
0.10
0.07
0.47
235

Véi2g
psi

0.09
0.02
0.02
0.02
0.05
0.19

0.18

0.02
0.01
0.12
0.35

0.26
0.05
0.03
0.02
0.02
0.38

0.71

0.06
0.03
0.21
1.08

0.08
0.02
0.02
0.01
0.04
0.16

0.41
0.04
0.04
0.04
0.31
0.83

0.42
0.09

0.04
0.07
0.69
0.71
0.05
0.03

0.21
1.06

Total Loss
feet psi
1.52 0.68
7.51 3.38
6.48 2.92
5.52 2.48
0.81 0.36

21.83 9.83
285 1.33
4.29 1.93
3.89 175
3.50 1.67
1.95 0.88
16.57 7.48
4.15 1.87
15.92 747
9.79 4.41
5.06 2.28
0.31 0.14
35.24 15.87
10.56 4.75
13.31 5.99
10.31 464
7.67 3.48
3.38 1.52

45.24 20.37
1.32 0.59
6.48 292
5.52 2.48
4.62 2,08
0.66 0.30
18.60 8.38
8.31 284
8.39 423
8.80 3.96
8.23 a7
4.83 217
37.56 16.92
6.51 2.93
27.11 12.21
19.07 8.59
12.35 5.56
1.23 0.55
66.26 29.84
10.56 475
13.31 5.99
10.31 464
7.67 3.46
3.38 1.52
45.24 20.37



Loop
Instit. Corr.

BSTA
8 inch Pipes
Feed Both Ends
2 x 750 gpm

BSTA

Totals

BSTA
8 inch Pipes
Feed Both Ends
2 x 750 gpm

8STA

Totals

BSTA
6 inch Pipes
Feed Both Ends
2 x 500 gpm

BSTA

Totals

BSTA
8 inch Pipes
Feed Both Ends
2 x 500 gpm

BSTA

Totals

D
inches

54

54

SBNNNDS

ANNNS

D, feet

0.33
0.45
0.45
0.45
0.33

0.33
0.58
0.58
0.58
0.33

0.33
0.45
0.45
0.45
0.33

0.33
0.58
0.58
0.58
0.33

Length

ft

100
2800
2800
2800

100
8600

100
2800
2800
2800

100
8600

100
2800
2800
2800

100
8600

100
2800
2800
2800

100
8600

NEW LOOP ALONG CORRIDOR

Area,

0.08726639
0.15904299
0.15804299
0.15904299
0.08726639

0.08726639
0.26725332
0.26725332
0.26725332
0.08726639

0.08726639
0.15904299
0.15904299
0.15904299
0.08726639

0.08726639
0.26725332
0.26725332
0.26725332
0.08726639

C Flow Flow,cfs V
value gpm fus
FIRE FLOW

135 750 1.67 19.12
135 750 1.67 10.49
135 740 1.65 10.35
135 730 1.62 10.21
135 730 162 1861
135 750 1.67 19.12
135 750 1.67 6.24
135 740 1.65 6.16
135 730 1.62 6.08
135 730 1.62 18.61
135 500 1.1 12.75
135 500 y 1 7.00
135 490 1.09 6.86
135 480 1.07 6.72
135 480 1.07 12.24
135 500 1M 12.75
135 500 1.1 4.16
135 490 1.09 4.08
135 480 1.07 4.00
135 480 1.07 12.24

hy

psi

13.25
86.00
83.89
81.80
12.60
277.53

13.25
24.30
23.70
23.12
12.60
96.96

6.26
40.62
39.13
37.66

5.80
129.47

6.26
11.48
11.06
10.64

4523

V29

5.68
171
1.66
1.62
5.38
16.05

5.68
0.61
0.59
0.57
5.38
12.83

2.52

0.73
0.70
2.33
7.04

2.52
0.27
0.26
0.25
2.33
5.63

Vi2g
psi

2.56
0.77
0.75
0.73
242
7.23

2.56
0.27
0.27
0.26
242
5.78

1.14

0.33
0.32

3.17

1.14
0.12
0.12
0.11
1.06
2.53

Total Loss
feet psi
35.09 15.80
192.68 86.77
187.95 84.64
183.28 82.53
33.36 16.02
632.37 284.76
35.09 15.80
54.57 24.57
53.23 23.97
51.91 23.37
33.36 16.02
228.16 102.74
16.42 7.39
90.96 40.96
87.62 39.46
84.34 37.98
15.21 6.85
294, 54 132.64
16.42 7.39
25.76 11.60
24.81 1147
23.88 10.75
15.21 6.86
106.07 47.77



- APPENDIX E — ENGINEERING CALCULATIONS



CITY OF BETHEL
Institutional Corridor Study Operations and Maintenance Costs
Design Assumptions
SYSTEM DATA - BOOSTER PUMP STATION FACILITY
Booster Pump Station Building

Alt #1 1,200
Alt #2 3,000

Electrical Equipment
Water Main Circulation Pumps

Loop 1 5|hp
Water Main Pressure Pumps
Loop 1 10fhp
Water Storage Tank Circulation Loop Pump 5thp
Glycol Circulation Pump
Loop 1 1.5|hp
Glycol Plant Pump 1.5|hp
Glycol Process Pump 1lhp
Booster Pumps 50thp
Building Air Handler 15thp
Building Lights 0.5|watt/hr/sf
Heating Fuel Demand
Circulating Water Mains Quantity Heat Loss
Water Mains (avg for each subdv) | 15,510]ft 50{BTU/day ft
Buillding Heat (maintained @ 70 °F)
Alt #1 1,200 sf 10|BTU/hr sf
Alt#2 1,200 sf 10[BTU/hr sf
Water Storage Tank
Alt #1 355,000}gal 0.3|BTU/gal/day
Alt #2 655,000|gal 0.3{BTU/gal/day
OPERATIONAL COST DATA 3-phase/mo  price/kwh PCA/kwh  RCC/kwh
Cost per kwH [$ 41[$ 0.2823[$ 0.0061[% 0.0004| § 0.2888 /kwh
Cost per gallon of heating fuel S 4,96 |/gal
Administrative cost per service S 15.00 |/month
Burdened labor rate for a laborer (includes taxes & benefits) $ 30.00 |/hr
Burdened labor rate for an operator (includes taxes & benefits) $ 36.00 |/hr
OTHER ASSUMPTIONS No. of No. of Estimated
Labor Employees  Facilities hr/wk
Booster pump station/W&S mains - laborer | 1 1 20 | 20 hr/wk
Minor Parts and Supplies 30(% of labor
Expected Equipment Life
Pumps 10}yr
Heat exchangers 15{yr
Boilers 15|yr
System controls 15|yr
Inflation Rate 3%
Available Energy per Gallon of Heating Fuel 100,000(BTU/gal
Insurance S 15,000 |yr
USER DATA
Residential Services
Alt#1 - services
- |services
(future) 485
Commercial Services
17}services 19,290,211 |gal/year
17|services 19,290,211 |gal/year

Institutional Corridor Study

P:\800-850\830 Bethel Institutional Corridor Feasibility StBdyh\Sokaiitt8ia\ O MEEAH_Subm\Appendices\Operation and Maintenance (Rage 1

revl Larsen Consulting Group
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Estimated Electrical Demand

BOOSTER PUMP STATION FACILITY Size Usage Annual Demand
Water Main Circulation Pumps (hp)* (hr/day) (kwh)
Loop 1 5 24 32,662
Water Main Pressure Pumps
Loop 1 10 6 16,331
Water Treatment Pumps
Water Storage Tank Circulation Loop Pumps 5 24 32,662
Glyco! Circulation Pumps
Loop 1 1.5 24 9,798
Glycol Plant Pump 1.5 24 9,798
Glycol Process Pump 1 24 6,532
Booster Pumps 50 1 13,609
Building Air Handler 15 10 40,827
Building Lights
Alt 81 10 6,000
Alt #2 10 15,000
Alt #1 Total for One Booster Pump Station 168,220
1. (1 hp=.7457 kw) Alt #2 Total for One Booster Pump Station 177,220

Estimated Heating Demand

BOOSTER PUMP STATION FACILITY Heat Quantity Annual Demand
Piped Mains Loss/unit (1000 BTU)
Water Loops 50 15,510 ft 283,058
Building Heat
10 1,200 sf 105,120
10 1,200 sf 105,120
Water Storage Tank Heat
0.3 355,000 gal 38,873
Alt #2 0.3 655,000 gal 71,723
Alt #1 Total for One Booster Pump Station 427,050
Alt #2 Total for One Booster Pump Station 459,900

Replacement Costs

BOOSTER PUMP STATION . . .
Water Main Circulation Pumps e Size Unit Cost Cost
Loop 1 1 5hp|[$  3000]$ 3,000
Water Main Pressure Pumps
loop 1 i & 10hp|$ 7,500 | § 7,500
Glycol Circulation Pumps
Loop 1 1 1.5hp|$ 1,200 | § 1,200
Glycol Plant Pump 1 1.5hp|$ 1,200 | $ 1,200
Glycol Process Pump 1 lhp|$S 1,000 | $ 1,000
Booster Pumps 1 50hp|[$ 60,000 |S$ 60,000
Heat Exchanger 2 BTU{S 12,000 |S$ 24,000
Boilers 2 BTU| $ 90,000 [ S 180,000
System Controls 1 lea|$S 25000|S$ 25,000
PUMP COSTS § 73,900
HEAT EXCHANGER COSTS $ 24,000
BOILER COSTS $ 180,000
SYSTEM CONTROL COSTS S 25,000

Institutional Corridor Study
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Estimated Annual Operations and Maintence Cost
BOOSTER PUMP STATION FACILITY Annual Cost
Administration

x 17 services $ 255
x 17 services - 255
(future) x 502 $ 7,530
Labor S 33,600
Minor Parts and Supplies $ 10,080
Electricity
S 49,081
Alt #2 S 51,680
Heating Fuel
S 21,182
$ 22,811
Insurance $ 15,000
Alt #1 Total Annual O&M Costs $ 129,452
Alt #2 Total Annual O&M Costs $ 133,681
REPAIR AND REPLACEMENT COSTS Life (yr) C(a:plttal Inflation Rate Annual Cost
os
Pumps 10 § 73,900 3% $ 7,612
Heat Exchangers 15 § 24,000 3% S 1,648
Boilers 15 $ 180,000 3% $ 12360
System Controls 15 § 25,000 3% S 1,717
Total Annual R&R Costs $ 23,336
RESERVE
5% of Annual O&M Costs
Alt#1 Total Annual Reserve $ 6,473
Alt #2 Total Annual Reserve $ 6,684
Alt #1 Total Annual Operating Cashflow| $ 159,261
Alt #2 Total Annual Operating Cashflow| $ 163,701
Estimated Annual Services Income Monthly
DATA - SERVICES INCOME Rate
Residential Water Servies $ 125.08
Residential Sewer Servies S 33.92
Commercial Water Services per 1000 gal S 25.00
Commercial Sewer Services per 1000 gal S 1749
SERVICES INCOME - WATER
Residential Annual Income
Alt #1 - services $ -
alt#2 - services S -
(future) 485 services $ 727,966
Comercial
Alt #1 19,290,211 gal/year $ 40,188
Alt #2 19,290,211 gal/year S 40,188
Alt #1 Total Annual Income $§ 40,188
Alt #2 Total Annual Income $ 40,188

Alt #1 Net Annual Cost| $ 119,073
Alt #2 Net Annual Cost| $ 123,514

Institutional Corridor Study
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Bethel Instututioal Corridor

Given
Annua! Interest Rate, i
Periods, n

Present Value, P
Future Value, F
Annuity, A

Future Value given Present Value
Present Value given Future Value
Annual Value given Future Value
Annual Value given Present Value
Future Value given Annual Value
Present Value given Annual Value

ALT#

2.7%
20

$ 8,937,742
$ -
$ 119,073

(FIP,i%.n)
(PIF,i%,n)
(AJF.i%,n)
(AIP,i%,n)
(FIA,1%,n)
(P/A,i%,n)

Excel Formulas
FV(rate,nper,pmt,pv,type)
PV(rate,nper,pmt fv,type)
PMT (rate,nper, pv,fv,type)
PMT (rate,nper,pv.fv,type)
FV(rate,nper, pmt,pv,type)
PV(rate,nper,pmt,fv,type)

Total Cost in Dollars for 2030
Total Cost in Dollars for 2010

Total Annual Cost in Dollars

Input

2.7

20

$ 8,937,742

$ &

$ 119,073

$ 15,227,783
3 -
$ .
$ 584,218
$ 3,103,668
$ 1,821,656

$ 18,331,451
$ 10,759,398
$ 703,291

Prepared by Dale McCoy
LCG

from 'OMB Table'

years

Present Value 2010 Dollars
Future Value 2010 Dollars
Annual Net Value 2010 Dollars

OMB 'Real Federal |
Treasury Intrest Rates

(Dec. 2009)
3-year 0.9
5-year 1.6
7-year 1.9
10-year 2.2
20-year 2.7
30-year 2.7

Source: www.whitehouse.gov/

omb/circulars_a094_a%94_appx-c/

Year CPl Inflation
Rate
2006 201.6
2007 2073 2.750%
2008 215.3 3.716%
2009 (Aug) | 216.33 0.476%

Source: ftp.bls.gov/pub/special.requests

[cpi/cpiai. txt
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Bethel Instututioal Corridor

Given
Annual Interest Rate, Jj
Periods, n

Present Value, P
Future Value, F
Annuity, A

Future Value given Present Value
Present Value given Future Value
Annual Value given Future Value
Annual Value given Present Value
Future Value given Annual Value
Present Value given Annual Value

ALT #2
2.7%
20
$11,006,017
3 =
$ 123,514
Excel Formulas
(F/P,i%,n) FV(rate,nper,pmt,pv,type)
(PIF i%,n) PV(rate,nper,pmt.fv,type)
(AJF.i%,n)  PMT(rate,nperpv,fv type)
(A/P,i%,n)  PMT(rate,nper,pv,fv,type)
(F/A,i%,n) FV(rate nper,pmt,pv.type)
(PIAI%,n)  PV(ratenper,pmt.fv.type)

Total Cost in Dollars for 2030

Input

2.7,

20

$ 11,006,017

$ =

$ 123,514

18,751,631

$
$
$ -
$ 719,411
$ 3,219,423
$ 1,889,597

$ 21,971,055

Total Cost in Dollars for 2010
Total Annual Cost in Dollars

$ 12,895,614
$ 842,925

Prepared by Dale McCoy
LCG

from 'OMB Table'
years

Present Value 2010 Doliars
Future Value 2010 Dollars
Annual Net Value 2010 Doliars

OMB ‘Real' Federal
Treasury Intrest Rates
(Dec. 2009)
3-year 0.9
5-year 1.6
7-year 1.8
10-year 22
20-year 2.7
30-year 2.7

Source: www.whitehouse.gov/
omb/circulars_a034_a94_appx-c/

Year CPI Inflation
Rate
2006 201.6
2007 207.3 2.750%
2008 215.3 3.716%
2009 (Aug) | 216.33 0.476%
Source: ftp.bls.gov/pub/special.requests
fepi/epial.tet
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APPENDIX F — ENGINEER’S COST ESTIMATE



Cost Estimate Prepared By: LCG

Date:03/08/10
INSTITUTIONAL CORRIDOR WATER SYSTEM
CITY OF BETHEL
ALTERNATIVE #1 - INSTITUTIONAL CORRIDOR
ITEM NO. ITEM UNIT QUANTITY UNIT PRICE AMOUNT
1 MOBILIZATION & DEMOBILIZATION 18 1 10% $697,45000
2 TRAFFIC CONTROL & PUBLIC RELATIONS LS 1 $40,000.00 $40,000.00
3 CONSTRUCTION SURVEYING LS 1 £35,000.00 $35,000.00
4 PREPARATION OF SWPPP Ls ; $15,000.00 §15,000.00
MAINTENANCE OF WATER
& = Ls ) $150,000.00 $150,000.00
6" x 15° PIPE, HDPE ARCTIC INSULATED
6 WATER MAIN LF 5,400 $190.00 $1,026,000 00
HEAT TRACE FOR 6* x 15° PIPE, HDPE ARCTIC
o i LF 5400 $50.00 $270.000.00
8" x 18" PIPE, HDPE ARCTIC INSULATED
8 . LF 8,600 $225.00 $1,935,000.00
9 AIR RELEASE VALVE IN MAIN LINE EACH 10 $4,000.00 $40,000.00
10 ISOLATION VALVE IN MAIN LINE EACH 10 $5,000.00 $50,000.00
11 ROAD CROSSING EACH 25 $25,000.00 $625,000.00
12 FIRE HYDRANT EACH 20 $5,675.00 $113,500.00
13 PIPESUPPORTS EACH 1,000 $800.00 $800,000 00
INSTALL WATER SERVICES WITH MAINLINE
14 AND BUILDING CONNECTIONS EACH 17 $15,000.00 $255,000.00
15 CIRCULATION PUMP SYSTEM (2 FUMPS) EACH ) $38,000.00 $38,000.00
16 REVISE CSWTP PIPING AND CONTROLS EACH $25,000.00 $25,000 00
17 BOOSTER PUMP SYSTEM (4 PUMPS) EACH $57,000.00 $57,000.00
HEATING SYSTEM FOR LOOP HEAT, WATER
18 STORAGE TANK AND BOOSTER STATION LA : LR S106,000.00
19 355000 STEEL WATER STORAGE TANK GAL 355,000 $2.00 $710,000.00
20 1,200 FT2 BOOSTER PUMP STATION FT2 1,200 $575.00 $690,000.00
21 WELL AT CSWTP EACH 1 $100,000.00 $100,000.00
TOTAL ALT #1 $7.771,950.00
CONTINGENCY AT 15% $1.165,792.50
TOTAL ALT #1 PLUS CONTINGENCY $8,937,742.50
VEY ADMIN - ALT #
BETHEL/USDA ADMINISTRATION (10%) $893,774.25
ENGINEERING (6%) $536,264.55
CONSTRUCTION MANAGEMENT (15%) $1,340,661.38
$2,770,700.18
TOTAL ALT 41 $11,708,442.68
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Prepared By: LCG
Date:03/08/10

Cost Estimate

ALTERNATIVE #2 - FUTURE TANK CAPACITY

ITEM NO, ITEM UNIT QUANTITY UNIT PRICE AMOUNT
1 MOBILIZATION & DEMOBILIZATION Ls ) 10% $860,950.00
2 TRAFFIC CONTROL & PUBLIC RELATIONS Ls i $40,000.00 $40,000.00
CONSTRUCTION SURVEYING Ls $35,000.00 $35,000.00
4 PREPARATION OF SWPPP Ls $15,000.00 $15,000.00
s MAINTENANCE OF WATER SERVICE/TEMPORAI Ls 1 $150,000.00 $150,000,00
6° x 15* PIPE, HDPE ARCTIC INSULATED
6 WATER MAIN LF 5,400 $190.00 $1,026,000.00
HEAT TRACE FOR 6" x 15" PIPE, HDPE ARCTIC
INSULATED WATER MAIN LF 5,400 $50.00 $270,000.00
8" x 18" PIPE, HDPE ARCTIC INSULATED
8 NS LF 8,600 $225.00 $1,935,000.00
9 AIRRELEASE VALVE IN MAIN LINE EACH 10 $4,000,00 $40,000.00
10 ISOLATION VALVE IN MAIN LINE EACH 10 $5,000.00 $50,000.00
11 ROAD CROSSING EACH 25 $25,000.00 $625,000.00
12 FIRE HYDRANT EACH 20 $5,675.00 $113,500.00
13 PIPESUPPORTS EACH 1,000 $800.00 $800,000.00
INSTALL WATER SERVICES WITH MAINLINE
D BUILDING COMMECTIONS EACH 17 $15,000.00 $255,000.00
15 CIRCULATION PUMP SYSTEM (2 PUMPS) EACH 1 $38,000.00 $38,000.00
16 REVISE CSWTP PIPING AND CONTROLS EACH 1 $25,000.00 $25,000.00
17 BOOSTER PUMP SYSTEM (4 PUMPS) EACH 1 $57,00000 $57,000.00
HEATING SYSTEM FOR LOOP HEAT, WATER
% STORAGE TANK AND BOOSTER STATION L2439, $100/000.00 iy
19 655000 STEEL WATER STORAGE TANK GAL 655,000 $2.00 $1,310,000.00
20 3,000 FT2 BOOSTER PUMP STATION 2 3,000 $575.00 $1,725,000.00
21 WELLAT CSWTP EACH 1 $100,000.00 $100,000.00
TOTAL ALT #2 £9,570,450.00
CONTINGENCY AT 15% $1,435,567.50
TOTAL ALT #2 PLUS CONTINGENCY $11,006,017.50
EN ERIN RV Al -
BETHEL/USDA ADMINISTRATION (10%) $1,100,601.75
ENGINEERING (6%) $660,361.05
CONSTRUCTION MANAGEMENT (15%) $1,650,902.63
$3.411.865.43
TOTAL ALT #2 $14,417,882.93
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December 11, 2009 2329-09

Larsen Consulting Group, Inc.
3710 Woodland Drive

Suite 2100

Anchorage, Alaska 99517

Attn: Andrea Stancliff, P.E.

RE: PRELIMINARY GEOTECHNICAL REPORT FOR THE INSTITUTIONAL
CORRIDOR FEASIBILITY STUDY, BETHEL, ALASKA.

Andrea,

Attached herewith is our preliminary geotechnical report for the project cited above. Our
evaluation of the proposed project is based entirely on: 1) available geotechnical
information for sites adjacent to the proposed project alignment; and 2) our own
experience dealing with permafrost soils in the Bethel area. Therefore, only general
conclusions and recommendations can be made at this time.

We greatly appreciate the opportunity to be of service to you. If you have any questions
regarding the material presented in this report, please contact our office at (907) 344-
5934.

Sincerely,

NORTHERN GEOTECHNICAL ENGINEERING, INC.

i) AP

Andy Smith Keith F. Mobley P.E.
Project Geologist President
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1.0 INTRODUCTION

This report presents the findings of a preliminary geotechnical evaluation performed as
part of feasibility study being conducted by Larsen Consulting group, Inc. (LCG) for the
City of Bethel at the Institutional Corridor Feasibility Study (ICFS) project located in
Bethel, Alaska. Northern Geotechnical Engineering, Inc. (NGE) obtained and evaluated
existing geotechnical data for several locations adjacent to the proposed project in order
to ascertain the general subsurface conditions adjacent to the proposed project in an effort
to develop recommendations for future geotechnical explorations; and ultimately develop
foundation recommendations for the proposed project.

Results of our evaluation indicate that both shallow and warm permafrost conditions
likely exist within the proposed project alignment, and that further subsurface
explorations may need to be conducted along the proposed alignment in order to better
characterize the nature and extent of the existing soils.

2.0 PROJECT DESCRIPTION

The ICFS project is a civil improvement project proposed to be conducted within the City
of Bethel, Alaska (Figure 1). A goal of the project is to supply select buildings located
along the Chief Eddie Hoffman Highway corridor with new potable water services. The
water main is proposed to run from the City Subdivision Water Treatment Plant (WTP)
located on Akiak Drive to selected buildings located on Chief Eddie Hoffman Highway
(Figure 2). The route of the proposed water line is currently unknown, but it will likely
run south from the WTP across an undeveloped portion of the city to Chief Eddie
Hoffman Highway, where it will then continue south along Chief Eddie Hoffman
Highway with services to the selected buildings.

The City of Bethel is located in a western region of Alaska known as the Yukon-
Kuskokwim Delta, and is situated adjacent to the Kuskokwim River. The soils in the
area are typically characterized by thick, fluvial deposits of interbedded fine sand and silt.
Discontinuous permafrost conditions persist throughout the area, and shallow permafrost
conditions have been repeatedly documented throughout the City of Bethel, including
along the Chief Eddie Hoffman Highway corridor. Shallow permafrost (as it pertains to
this evaluation) can be defined as any permafrost which occurs at depths less than five



City of Bethel—Institutional Corridor Feasibility Study 2329-09
LCG, Inc.
December 11, 2009

feet below the existing ground surface (bgs). Shallow permafrost is usually observed in
undisturbed areas, where the organic tundra mat has insulated the permafrost surface
from additional thermal inputs. Once an area is disturbed, permafrost surface depths can
increase significantly as thawing occurs. Permafrost in the Bethel area can be classified
as “warm permafrost” which refers to permafrost with temperatures ranging between
approximately 30-32°F. Warm permafrost is particularly susceptible to thawing, and
even small changes to the thermal regime of an area containing warm permafrost can
result in significant thawing and subsequent loss of soil strength; often resulting in
significant ground settlements.

As such, water and sewer utilities in the Bethel area are typically supported by
foundations which are designed to reduce the potential for utility damage as a result of
permafrost thawing and subsequent settlement. These foundations typically consist of
steel piles driven into the permafrost or thawed soils.

The objective of this geotechnical evaluation is to review existing subsurface data which
is relevant to the project and use the information to develop recommendations for future
geotechnical explorations, with the ultimate goal of developing foundation
recommendations and evaluating potential risk for the proposed project.

3.0 RELEVANT GEOTECNICAL INFORMATION

NGE obtained and reviewed available, relevant geotechnical information for areas
adjacent to the proposed project alignment in order to obtain some indications as to the
subsurface conditions which likely exist within the proposed project alignment. The
geotechnical information obtained by NGE consists of various forms of subsurface data,
including: existing borehole and test pit logs; penetrometer data; soil temperature data;
and laboratory testing results. The geotechnical information was obtained from NGE
archives, as well as from other sources (both public and private) including the State of
Alaska Department of Transportation & Public Facilities (AK DOT&PF) and other local
geotechnical engineering firms who have conducted subsurface explorations in the area
of the proposed project. A total of eight individual geotechnical investigations were
identified by NGE which contained information relevant to the proposed project (Figure
3).
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4.0 SUBSURFCE CONDITIONS

Based on the existing subsurface information reviewed by NGE, the project area is likely
underlain by a sequence of interbedded silty sand and silt of unknown thickness, but
extending to depths of at least 60 feet bgs. In previously undisturbed areas, the sand/silt
material may be overlain by several feet or peat/organics, especially in low-lying areas,
such as bogs, sloughs, and shallow ponds. Permafrost conditions likely exist in any
previously undisturbed areas at depths as shallow as 1-2 feet bgs. The permafrost likely
contains some visible ice (ice lenses); especially in organic soils and soils with high silt
contents, and/or in areas with readily available surface water (such as a pond or low-lying
area).

Temperature data collected at sites adjacent to the proposed project alignment indicate
that warm permafrost conditions likely exist, and any areas which have been previously
disturbed have likely experienced varying degrees of thawing. Previous explorations in
the area indicate that sites which have been previously disturbed are thawed to depths of
up to at least 50-60 feet bgs. However, it is uncertain as to: 1) when the sites were
initially disturbed; and 2) what the thermal state of the soils were prior to the disturbance.

Groundwater depths in the area are reported to range from the ground surface to depths of
up to at least 28 feet bgs. In areas of shallow permafrost, the groundwater is generally
perched above the top of the permafrost. In thawed areas the groundwater can be locally
perched on less permeable silt layers (or deeper permafrost), and average groundwater
depths in the thawed areas range between 15 and 20 feet bgs.

5.0 CONCLUSIONS

Currently, the project is in the initial research and design phase, and the alignment of the
proposed utility remains uncertain. However, it can be assumed that a portion of the
proposed utility alignment will likely be located within (or parallel to) the Chief Eddie
Hoffman Highway corridor/right-of way (ROW). The soils within and directly adjacent
to Chief Eddie Hoffman Highway have likely undergone varying degrees of thawing, as
evidenced by:
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e The undulating surface of Chief Eddie Hoffman Highway (prior to recent road
upgrades) which is an indication of significant differential settlement as a result of
permafrost thawing;

e Previous subsurface explorations conducted directly adjacent to Chief Eddie
Hoffman Highway which encountered thawed soils;

e Existing subsurface data from other previously disturbed areas near Chief Eddie
Hoffman Highway which indicate that presence of thawed soils.

The thaw bulb associated with Chief Eddie Hoffman Highway appears to have a limited
lateral extent, and shallow permafrost conditions have been encountered just outside of
the Chief Eddie Hoffman Highway ROW, where areas of undisturbed soils persist.

It can also be assumed that portions of the developed sites proposed to receive utility
service as part for this project have also undergone varying degrees of thawing, as a result
of site development. Thus (depending on the proposed alignment), portions of the
proposed utility services may be constructed on either: 1) thawed ground; 2) partially
thawed ground; or 3) shallow permafrost.

Based on the available subsurface information reviewed for this report, it can be assumed
that any portion of the proposed utility alignment which crosses previously undisturbed
ground will encounter shallow permafrost conditions, and the permafrost surface will
likely be at or immediately beneath the bottom of the surficial tundra mat.

Any disturbance to areas containing shallow permafrost (during utility installation) will
likely result in some level of thawing. The impact of utility installation on any existing
shallow permafrost can be reduced by conducting construction activities during winter
months.

It is assumed that the proposed utility will be located above ground and be supported by
pile foundations bearing on eithexr: 1) deep permafrost; or 2) thawed ground. Piles
founded in either soils condition will need to be designed to resist uplift forces generated
by seasonal frost jacking, wind, and seismic loads. Piles founded in permafrost will need
to be embedded to adequate depths so as to reduce the potential for future thawing
beneath the pile (as a result of ground disturbance, utility operation, climate change, ctc.).
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The type and method of pile installation should be sclected to minimize disturbance to the
existing permafrost,

Recent climate trends indicate a general increase of average annual temperatures over the
past 50 years. The warming climate trend is predicted to continue, and it remains
uncertain as to what impact the climate changes will have on permafrost soils. Some
permafrost in the area of the proposed project occurs at relatively shallow depth and is
considered “warm permafrost”, and is therefore sensitive to relatively small changes in
the thermal regime in which it exists. Removal of insulating cover (tundra) and increases
in average temperatures will almost certainly result in more rapid thawing of the
permafrost. Furthermore, climate change also influences the effectiveness of passive
permafrost protection measures such as thermopiles, thermosyphons, and insulation.
Therefore, potential climate change should always be considered when designing
foundation systems for permafrost soils.

6.0 RECOMMENDATIONS

Our evaluation of the proposed project is based entirely on: 1) available geotechnical
information for sites adjacent to the proposed project alignment; and 2) our own
experience dealing with permafrost soils in the Bethel area. Therefore, only general
conclusions and recommendations can be made at this time. Based on the information
available to us at this time, it is apparent that both: 1) shallow, warm permafrost; and 2)
thawed conditions, likely underlie the proposed alignment. However, additional
subsurface information will need to be collected in order to develop a more thorough
understanding of the soil conditions along the proposed utility alignment.

We recommend that a comprehensive geotechnical exploration program be developed
which focuses exclusively on the proposed utility alignment. Several borings should be
advanced along the proposed utility alignment with the goal of characterizing the soils
and soil conditions. The presence (or lack thereof) of permafrost will ultimately guide
the final foundation design, and it will be important to have representative subsurface
information along the entire length of the proposed utility alignment. Representative
samples should be collected during the exploration program and returned to an accredited
soils laboratory for further identification and analysis. Subsurface temperature data
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should also be collected at select sites along the proposed alignment to monitor
permafrost conditions and provide site specific temperature data for any thermal
modeling which may be conducted in conjunction with the geotechnical investigation.
Engineering recommendations for potential foundation systems can then be made based
off of the results of the field and laboratory effort.

The impact of a changing climate on permafrost is problematic and difficult to predict.
However, the impact of potential climate change on permafrost can be estimated using a
technique known as thermal modeling. Thermal modeling is a relatively inexpensive and
non-invasive way of predicting how a project and/or climate change may impact
permafrost soils. Thermal modeling allows the user to create a two-dimensional profile
model of the project using real-world site data including soil properties and historical
climatic data. The software uses a process known as finite-element analysis to predict
what the impact changing climate conditions may have on the permafrost at a given
location. Thermal modeling is a proactive method of predicting the impact that: 1)
climate change may have on permafrost; 2) a project may have on the permafrost; and 3)
proposed refrigeration/insulation systems may have on the permafrost.

Given the recent warming climate trend and the relatively high susceptibility of the
permafrost in the Bethel area to thawing; it may be beneficial to conduct some thermal
modeling as part of the geotechnical investigations to take a look at the potential impact
that the proposed project and/or climate change may have on the existing permafrost.

7.0 CLOSURE

Northern Geotechnical Engineering Inc. prepared this report exclusively for the use of
Larsen Consulting Group, Inc and their consultants for use in determination of the
feasibility of the proposed project. Northern Geotechnical Engineering, Inc. should be
notified if significant changes are to occur in the nature or design of the proposed project
in order that the conclusions and recommendations presented in this report may be
reviewed and, if necessary, modified to satisfy the proposed changes.

Due to the natural variability of earth materials, variations in subsurface conditions may

exist other than those identified during the course of the evaluation. The recommended
additional expiorations will reduce, but not eliminate, the uncertainty of the subsurface
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conditions along the proposed project alignment. Therefore, it is recommended that a
qualified geotechnical engineer be on-site during construction activities to provide
corrective recommendations for any unexpected conditions revealed during construction.
Furthermore, the construction budget should allow for any unanticipated conditions that
may be encountered during construction activities.

Northern Geotechnical Engineering Inc. conducted this evaluation following the standard

of care expected of professionals undertaking similar work in the State of Alaska under
similar conditions. No warranty expressed or implied is made.
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Table 1 - Available Subsurface Data Summary
Institutional Corridor Feasibility Study

Bethel, AK
Project 2329-09
Total Date of Permafrost Avg. Permafrost Temp i Groundwater
sli: Exploration ID | Engineer Ex?;:: :a‘!,lz:n Exploration | Exploration | depth (ft bgs) |Permafrost Range (°F) V’fc':k’ Depth
_ Depth (ft bgs) | Completion [, Bottom | TeMP (°F) [ Low High (ft bgs)

1 TB-1 Dowl Boring 52.5 4/17/2002 = = == = = - 10.0

1 TB-2 Dowl Boring 52.5 4/16/2002 - = - = = - 9.0

1 TB-3 Dowl Boring 525 4/17/2002 = = = = - - 14.0

1 TB-4 Dowl Boring 315 4/16/2002 2.0 7 31.6 30.7 31.6 No | Not Encountered

1 B-1 NGE Boring 40.5 9/6/2003 19.0 ? 31.9 31.8 31.9 No 14.0

1 B-2 NGE Boring 40.0 9/6/2003 - = - = = = 14.0

1 B-3 NGE Boring 50.0 9/6/2003 = = = - = - 20.0

1 B-4 NGE Boring 25.5 9/7/2003 9.0 ? = = - No Not Encountered

1 B-5 NGE Boring 40.0 9/7/2003 3.0 ? 31.9 31.7 32.0 No | Not Encountered

1 B-6 NGE Boring 45.5 9/7/2003 37.0 ? 31.9 31.9 31.9 No 15.0

1 B-7 NGE Boring 51.0 9/8/2003 &, = o - = = 15.0

1 B-8 NGE Boring 50.0 9/8/2003 ~ = - - - = 24.0

1 B-9 NGE Boring 25.5 9/8/2003 9.0 31.9 31.9 32.0 No [ Not Encountered

1 B-10 NGE Boring 50.5 9/9/2003 - - - - = - 23.0

1 B-11 NGE Boring 50.5 9/9/2003 = = = ~ = - 16.0

2 B-1 S&WwW Boring 18.5 10/27/1998 2.0 7 ~ = = No [ Not Encountered

2 B-2 S&W Boring 20.9 10/27/1998 2.0 4 31.3 30.1 31.9 No Not Encountered

2 B-3 S&W Boring 20.5 10/27/1998 35 ? 31.7 314 319 No | Not Encountered

2 B4 S&W Boring 18.5 10/27/1998 5.0 ? = - = No 0.7

2 B-5 S&W Boring 19.5 10/28/1998 2.5 ? 31.8 31.7 31.9 Yes | Not Encountered

2 B-6 S&W Boring 19.5 10/28/1998 2.5 ? - - - Yes 4.0

2 B-7 S&W Boring 19.5 10/29/1998 2.5 ? = = = Yes | Not Encountered

2 B-8 S&W Boring 19.5 10/29/1998 2.0 7 - = - Yes 0.0

2 B-9 S&W Boring 20.0 10/30/1998 25 ? = = = Yes | Not Encountered

2 B-10 S&W Boring 20.0 10/30/1998 1.5 ? 314 30.7 318 Yes | Not Encountered

2 B-11 S&W Boring 20.5 10/30/1998 25 ? - - - Yes | Not Encountered

2 B-12 S&W Boring 19.5 10/30/1998 25 ? 31.4 304 31.7 Yes | Not Encountered

2 B-13 S&W Boring 39.0 10/30/1998 25 7 31.7 31.6 32.0 Yes | Not Encountered

3 TP-1 NGE Test Pit 1.7 1997 1.7 P 32.0 1l ? i Not Encountered

3 TP-2 NGE Test Pit 2.2 1997 2.2 ? 32.0 2.2 2 2 Not Encountered

4 B-1 S&W Boring 24.6 9/27/1974 2.0 ? = = = No 0.5

4 B-2 S&W Boring 26.0 9/28/1974 2.0 ] = - - Yes 1.0

4 B-3 S&W Boring 25.0 9/28/1974 25 ? = = B No 1.0

4 B4 S&W Boring 25.0 9/30/1974 2.0 2 - = - No 2.0

4 B-5 S&Ww Boring 25.0 9/30/1974 5.0 ? = = = No 5.0

4 B-6 S&W Boring 25.0 10/1/1974 1.0 ? = = - No 1.0

4 B-7 S&W Boring 25.0 10/1/1974 0.7 ? = = - Yes 2.0

4 B-8 S&W Boring 25.0 10/1/1974 0.5 ? - = = Yes 0.5

4 B-9 S&W Boring 30.0 10/2/1974 2.0 ? = = = No 2.0

4 B-10 S&W Boring 50.0 10/2/1974 2.5 ? 30.6 30.0 32.0 No [ Not Encountered

4 B-11 S&W Boring 25.0 10/2/1974 3.0 ? = = = No 0.6

4 B-12 S&W Boring 30.0 10/3/1974 3.0 ? = = = No 3.0

4 B-13 S&wW Boring 30.0 10/3/1974 2.9 4 = = = b 3.3

4 B-14 S&W Boring 27.0 10/3/1974 2.5 ? - - - No 1.5

4 B-15 S&W Boring 31.5 10/4/1974 = = = =, = = Not Encountered

4 B-16 S&W Boring 30.0 10/5/1974 2.0 ? 31.8 30.0 33.0 No 2.0

4 B-17 S&W Boring 30.0 10/6/1974 2.5 ? — ~ = Yes 25

4 B-18 S&W Boring 30.0 10/6/1974 0.8 ? = = = Yes 0.8

5 Boring 1 AK DOT&PF Boring 35.5 2/7/1982 = = = - = = 17.2

5 Boring 2 AK DOT&PF Boring 32.0 2/7/1982 0.0 ? - = = No Not Encountered

5 Boring 3 AK DOT&PF Boring 30.0 2/7/1982 - - = = - - Unknown

5 Boring 4 AK DOT&PF Boring 30.0 2/8/1982 - - - - - - Unknown

5 Boring 5 AK DOT&PF Boring 30.0 2/8/1982 = = = = = = Unknown

5 Boring 6 AK DOT&PF Boring 30.0 2/8/1982 - - - -~ - - Unknown

5 Boring 7 AK DOT&PF Boring 30.0 2/8/1982 s = = - - = Unknown

5 Boring 8 AK DOT&PF Boring 57.0 2/8/1982 - - - - = - 17.7

5 Boring 9 AK DOT&PF Boring 9.8 2/18/1982 B = - = - = Not Encountered

5 Boring 10 AK DOT&PF Boring 30.0 2/19/1982 — - - = = = 125

5 Penetrometer 1 | AK DOT&PF | Penetrometer 55.0 2/9/1982 - = = - = - Unknown

5 | Penetrometer 2 | AK DOT&PF | Penetrometer 41.0 2/18/1982 — = = = = = Unknown

6 Boring 1 AK DOT&PF Boring 32.0 7/10/1984 13.2 ? - = - No_ | Not Encountered
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Table 1 - Available Subsurface Data Summary
Institutional Corridor Feasibility Study

Bethel, AK
Project 2329-09
Total Date of Permafrost Avg. Permafrost Temp Groundwater
S,go Exploration ID | Engineer Ex;};g :a‘t’i:m Exploration | Exploration | depth (ft bgs) |Permafrost Range (°F) Vlls::le Depth
_ Depth (ft bgs) | Completion To Bottom | 7emP (°F) [ Low High (ft bgs)
6 Boring 2 AK DOT&PF Boring 25.0 7/10/1984 - - = = = = 10.5
6 Boring 3 AK DOT&PF Boring 29.5 7/10/1984 - - - = = - 12.5
6 Boring 4 AK DOT&PF Boring 29.0 7/11/1984 - - = = ~ - 14.1
6 Boring 5 AK DOT&PF Boring 32.0 7/11/1984 9.0 2 = = = No | Not Encountered
6 Boring 6 AK DOT&PF Boring 32.0 7/11/1984 2.0 2 - = = Yes Unknown
6 Boring 7 AK DOT&PF Boring 30.5 7/12/1984 - - = = = = 14.5
6 Boring 8 AK DOT&PF Boring 31.0 7/12/1984 - = ~ = = o 11.4
6 Boring 9 AK DOT&PF Boring 29.0 7/12/1984 - - = = = = 14.5
6 Boring 10 AK DOT&PF Boring 30.0 7/12/1984 - - = - = = 11.4
6 Boring 11 AK DOT&PF Boring 30.0 7/13/1984 - - = = = = 11.4
6 Boring 12 AK DOT&PF Boring 29.5 7/13/1984 = = = - = = 11.4
6 Boring 13 AK DOT&PF Boring 32.0 7/13/1984 9.0 ? - - = — Not Encountered
6 Boring 14 AK DOT&PF Boring 32.0 7/13/1984 = = = - = = 14.8
6 Boring 15 AK DOT&PF Boring 31.0 7/14/1984 = = - = = = 11.4
6 Boring 16 AK DOT&PF Boring 27.0 7/14/1984 ~ - - - - — 14.5
6 Boring 17 AK DOT&PF Boring 31.0 7/14/1984 - = = = = = 1.7
6 Boring 18 AK DOT&PF Boring 31.5 7/14/1984 S = = = = = 18.5
6 Boring 19 AK DOT&PF Boring 31.0 7/15/1984 = = = = = = 19.0
6 | Penetrometer 20 | AK DOT&PF | Penetrometer 40.0 7/15/1984 - - = - =, - Unknown
6 | Penetrometer 21 | AK DOT&PF | Penetrometer 40.0 7/15/1984 - - = - = - Unknown
6 | Penetrometer 22 [ AK DOT&PF | Penetrometer 40.0 7/15/1984 = = = = = = Unknown
6 | Penetrometer 23 | AK DOT&PF | Penetrometer 10.0 7/15/1984 - - = 5 = = Unknown
6 | Penetrometer 24 [ AK DOT&PF | Penetrometer 10.0 7/16/1984 - = - = = = Unknown
6 | Penetrometer 25 | AK DOT&PF | Penetrometer 10.0 7/16/1984 = - = = = = Unknown
6 | Penetrometer 26 | AK DOT&PF | Penetrometer 10.0 7/16/1984 = = = = = = Unknown
6 | Penetrometer 27 | AK DOT&PF | Penetrometer 7.0 7/16/1984 2.0 2 = = = = Unknown
6 Boring 28 AK DOT&PF Boring 30.0 7/16/1984 = = = - = - 18.0
7 B-1 Duane Miller Boring 30.0 1/3/2001 2.0 ? = = = Yes | Not Encountered
7 B-2 Duane Miller Boring 10.0 1/3/2001 = = = - = & 1.0
7 B-3 Duane Milier Boring 11.0 1/3/2001 = - = = = = Not Encountered
7 B4 Duane Miller Boring 11.0 1/3/2001 - - - - = = Not Encountered
{ B-5 Duane Miller Boring 30.0 1/3/2001 2.0 ? = - - Yes | Not Encountered
4 B-6 Duane Miller Boring 30.0 1/3/2001 1.5 ? = = ~ Yes | Not Encountered
7 B-7 Duane Miller Boring 30.0 1/4/2001 2.0 & = = = Yes | Not Encountered
7 B-8 Duane Miller Boring 15.0 1/4/2001 2.0 2 = = = Yes | Not Encountered
7 B-9 Duane Miller Boring 10.0 1/4/2001 = = = = = = 4.0
7 B-10 Duane Miller Boring 10.0 1/4/2001 - - - - - = Not Encountered
4 B-11 Duane Miller Boring 20.5 1/4/2001 - = = — - = 14.0
7 B-12 Duane Miller Boring 30.5 1/5/2001 = = = - = = 14.0
7 B-13 Duane Miller Boring 25.5 1/5/2001 - - o = - = 14.0
7 B-14 Duane Miller Boring 30.5 1/5/2001 = - - - = - 21.0
7 B-15 Duane Miller Boring 11.0 1/5/2001 6.5 ? = = = No | Not Encountered
7 B-16 Duane Miller Boring 9.5 1/6/2001 = = = - = = Not Encountered
7 B-17 Duane Miller Boring 15.0 1/6/2001 5.5 2 = = = No Not Encountered
d B-18 Duane Miller Boring 50.5 9/25/2001 - - - - - = 14.0
7 B-19 Duane Miller Boring 49.0 9/26/2001 = = = ot = = 19.0
7 B-20 Duane Miller Boring 64.0 9/27/2001 - - = ~ = = 14.0
7 B-21 Duane Miller Boring 49.0 9/28/2001 - - - - - - 14.0
7 B-22 Duane Miller Boring 49.0 9/29/2001 - - - - - = 14.0
7 B-23 Duane Miller Boring 40.5 9/29/2001 - - - - - = 14.0
4 BH-1 Golder Boring 13.0 8/20/2001 - - = -~ - - Not Encountered
7 BH-2 Golder Boring 16.5 8/20/2001 - - - - - - 13.5
7 BH-3 Golder Boring 24.0 8/20/2001 - - - - = = 23.0
7 BH-4 Golder Boring 29.0 8/21/2001 - - - = - - 26.0
7 MW-1 Golder Boring 31.5 8/20/2001 - - = = = = 28.0
7 MW-2 Golder Boring 26.5 8/21/2001 - = = = = = 22.0
7 MW-3 Golder Boring 25,5 8/21/2001 = = = = - = 21.0
7 MW-4 Golder Boring 20.0 8/21/2001 - £ = = = = 14.0
7 MW-5 Golder Boring 15.0 8/22/2001 - - = = = = 12.0
8 MW-1 US ACOE Boring 30.0 11/3/1993 28.5 ? - = = = 26.0
8 MW-2 US ACCE Boring 30.5 11/5/1993 29.0 d o= = & - 27.5
8 MW-3 US ACOE Boring 30.5 11/5/1993 - - - = = = 24.5
8 MW-4 US ACOE Boring 25.0 11/7/1993 = = = = = = 20.5
8 MW-5 US ACOE Boring 28.5 11/9/1993 = - = - 24.5
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Table 1 - Available Subsurface Data Summary
Institutional Corridor Feasibility Study
Bethel, AK
Project 2329-09

Sit T p Total Date of Permafrost Avg. Permafrost Temp Visible Groundwater
ID" Exploration ID | Engineer Exp’;‘;fazon Exploration | Exploration | depth (ft bgs) |Permafrost| Range (°F) - Depth
Depth (ft bgs) | Completion Top | Bottom Temp (°F) [ Low High (ft bgs)
8 MW-6 US ACOE Boring 25.5 11/10/1993 =: = = - = = 20.0
8 MW-7 US ACOE Boring 13.5 11/11/1993 - i = = ' " 10.0
8 MW-8 US ACOE Boring 14.5 11/12/1993 = = - = = = 9.8
8 MW-9 US ACOE Boring 27.0 11/14/1993 = = - = = - 25.0
8 MW-10 US ACOE Boring 17.5 11/14/1993 17.0 ? = = = v 13.5
8 MW-11 US ACOE Boring 27.0 11/15/1993 26.5 ? - = = = 24.3
8 MW-12 US ACOE Boring 26.5 11/18/1993 - - - = - = 24.5
8 MW-13 US ACOE Boring 255 11/19/1993 23.5 (4 = - . = Not Encountered
8 MW-14 US ACOE Boring 20.5 11/21/1993 17.5 4 - -~ - - Not Encountered
8 MW-15 US ACOE Boring 16.5 11/21/1993 14.5 7 = i = - 12.0
8 MW-16 US ACOE Boring 18.0 11/21/1993 - - - - - - 14.0
8 PHS 2 US ACOE Boring 25.5 11/4/1993 - - - - g — 24.0
8 PHS 3 US ACOE Boring 30.5 11/4/1993 = = = = = = 28.0
8 PHS 6 US ACOE Boring 255 11/7/1993 = = - - & 3 25.5
8 PHS 7 US ACOE Boring 25.5 11/7/1993 24.5 2 = = = = 19.0
8 PHS 9 US ACOE Boring 20.5 11/8/1993 - = = = - - 18.5
8 PHS 10 US ACOE Boring 25.5 11/8/1993 = = = = = = 24.0
8 PHS 12 US ACOE Boring 255 11/9/1993 - - = - - - 23.5
8 PHS 14 US ACOE Boring 25.5 11/10/1993 =l s E = = = 24.0
8 PHS 15 US ACOE Boring 155 11/11/1993 15.0 4 = = = = 10.0
8 PHS 17 US ACOE Boring 8.5 11/11/1993 — - - i - r 8.0
8 PHS 18 US ACOE Boring 10.5 11/11/1993 - = - - - = 10.3
8 PHS 19 US ACOE Boring 10.5 11/11/1993 = S = : = = 8.0
8 PHS 21 US ACOE Boring 25.5 11/12/1993 = - - = = = 24.0
8 PHS 24 US ACOE Boring 10.5 11/14/1993 10.0 ? ~ = = = Not Encountered
8 PHS 26 US ACOE Boring 20.5 11/15/1993 - = = o = = 18.0
8 PHS 27 US ACOE Boring 10.2 11/16/1993 = = = = = = 8.3
8 PHS 28 US ACOE Boring 25.5 11/16/1993 o - st - - = 24.0
8 PHS 29 US ACOE Boring 15.5 11/16/1993 - = = = = = Not Encountered
8 PHS 30 US ACOE Boring 5.5 11/16/1993 - = - = -~ - Not Encountered
8 PHS 31 US ACOE Boring 5.5 11/16/1993 - = = - i = Not Encountered
8 PHS 33 US ACOE Boring 20.5 11/17/1993 - - = = - = Not Encountered
8 PHS 36 US ACOE Boring 25.5 11/19/1993 = = -~ = - - 25.0
8 PHS 37 US ACOE Boring 10.5 11/19/1993 9.8 2 = - > = Not Encountered
8 PHS 42 US ACOE Boring 15.5 11/22/1993 i = - - had s 14.0
8 PHS 43 US ACOE Boring 18.5 11/21/1993 = & = - = - Not Encountered
8 PHS 44 US ACOE Boring 5.5 11/21/1993 > - = o - - Not Encountered
8 PHS 45 US ACOE Boring 5.5 11/21/1993 = = = = = = Not Encountered
8 PHS 46 US ACOE Boring 5.5 11/21/1993 = E = = = = Not Encountered
8 PHS 47 US ACOE Boring 5.5 11/21/1993 5 = =) = = = Not Encountered
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Customer Pump size 120708 L.C Flow, rated
Customer reference Stages 01 Head, rated
Item number - o Pump speed, rated 11,750 rpm Fluid density, rated / ma>
Service Based on curve number  : RC9912-1 Rev 0 Viscosity
Quantity of pumps 1 Efficiency 17991 % Cq/Ch/Ce [ANSIHI 9.6."
Quote number Power, rated 124 hp
Date last saved : 11 Jan 2010 5:37 PM NPSH required 16.06 ft
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Customer Pump size : 30707 LC Flow, rated
Customer reference Stages 1 Head, rated
Item number o Pump speed, rated : 1,750 rpm Fluid density, rated / ma>
Service Based on curve number : RC1957 Rev 0 Viscosity
Quantity of pumps 1 Efficiency 1 84.06 % Cg/Ch/Ce [ANSI/HI9.6.
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Customer Pump size : 30957 LC Flow, rated
Customer reference Stages | Head, rated
ltem number - Pump speed, rated : 3,500 rpm Fluid density, rated / ma>
Service Based on curve number ; RC9908-1 Rev 0 Viscosity
Quantity of pumps 1 Efficiency 17799 % Ca/Ch/Ce [ANSIHI 9.6
Quote number Power, rated : 56 hp
Date last saved : 11 Jan 2010 5:33 PM NPSH required 11468 ft
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