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1.0 Introduction 

The Mossy Brae Water District (District) serves approximately 50 single family homes in a 
residential neighborhood located south of Lake Oswego, adjacent to the Tualatin River. The sole 
water source for the District is a single 195 foot deep well which has an instantaneous water right 
of 0.1 CFS  (45 gpm), see ​Appendix A​ for details regarding the well. Water is stored in a 12.65-foot 1

diameter elevated welded steel tank with a nominal storage capacity of approximately 32,400 
gallons. The ground elevation at the base of the tank is approximately 230 feet . The tank is 2

raised about 5 feet above the ground on legs and the top of the tank is roughly 40 feet above 
ground level, equating to a maximum hydraulic grade line of 270 feet.  
 
Water from the tank feeds a single pressure zone which ranges in elevation from 220 feet to 115 
feet. The topography is such that the tank is located near the highest elevation within the service 
area, adjacent to 19510 SW Ecotopia Lane. The terrain generally slopes away from the tank to the 
south and west. With the tank full, static pressures in the system range from 21 psi in the upper 
services to 67 psi in the lower services . The distribution system consists primarily of 6-inch 3

diameter ductile iron main except for a section of smaller main along SW Ecotopia Lane and there 
are four fire hydrants serving the community. See ​Appendix B​ for a map of the District’s drinking 
water system.  
 
A third party condition assessment of the existing steel tank performed in 2011 recommended 
that the tank’s coating system be replaced. Rather than allocate funds towards rehabilitating the 
existing tank, the District has considered replacing the tank in its entirety for the following 
reasons: 1) based on the year of construction, the tank will likely not meet current building codes 
which include seismic performance; 2) the tank does not currently provide or is very close to not 
providing the minimum required pressure for at least one customer in the upper portion of the 
service area except when completely full; 3) the tank is likely undersized, which is to be 
determined herein; 4) the wall thickness of the tank was measured in 2011 and based on an 
assumed rate of corrosion performed by an unknown third party at that time, failure was 
projected to occur in 2031; 5) a portion of the existing tank is located within the public 
right-of-way of SW Stafford Road based on a professional survey completed in 2007, a copy of 
the survey is included as ​Appendix C​. In May of 2019, the District requested that Grayling 
Engineers assess its water system and make recommendations for possible water tank 
replacement alternatives. 

1 While a recent pumping test has not been performed, historically the well is reported to have been 
capable of producing the maximum instantaneous water right during normal pump operation.  
2 Elevations discussed herein are based on the North American Vertical Datum of 1988. 
3 Precise elevations of existing services unknown, static pressures shown are approximate. 
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2.0 Planning 

2.1 Water Demands 

This section establishes the planning criteria by which a replacement tank will be sized. Available 
monthly water production records from April 25, 2018 through March 4, 2019 were analyzed to 
determine existing water demands. These records, included in ​Appendix D​, were used to 
calculate average day demand (ADD). Maximum day demand (MDD) and peak hour demand 
(PHD) were then estimated by referring to Sections 3.4.1 and 3.4.2 of the Washington State 
Department of Health’s 2019 ​Water System Design Manual  (​WSDM​). ​Table 1​ summarizes the 4

planning data that is used to size a replacement tank. 
 

Table 1.​ Planning Data 

Description Value 

Number of Connections¹ 50 

Average Day Demand (gpd)² 9,684 

Maximum Day Demand (gpd)³ 33,342 

Maximum Day Demand (gpm)³ 23 

Peak Hourly Demand (gpm)³ 87 
1. Current number of active service connections based on billing information provided by Hiland Water. 
2. Calculated based on historical records. 
3. Calculated using the 2019 Washington State Department of Health ​Water System Design Manual​. 

2.2 System Pressure 

Under Oregon Administrative Rule 333-061-0025(7), water suppliers are responsible for 
“...maintaining a pressure of at least ​20 pounds per square inch (psi)​ at all service connections at 
all times.”  
 
This minimum system pressure is achieved in municipal drinking water systems in one of two 
ways: 1) via an open system, where system pressure is provided by gravity storage located at an 
appropriate elevation, 2) via a closed system, where system pressure is provided by booster 
pump(s). It is typically preferable to use an open system as this option is more reliable and less 
expensive to operate. However, an open system requires that the tank be located at an elevation 
high enough to provide the minimum 20 psi to all service connections under all flow conditions. 
Design is based on the “worst case” flow scenario. Per the ​WSDM​, the “worst case” is either 
assumed to be PHD, or MDD + Fire Flow (FF), whichever is greater. As shown in ​Table 1​, PHD is 
87 gpm and MDD is 23 gpm.  
 

4 This document was recommended as a source of guidance for design by the Oregon Health Authority. 
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As for FF, ideally, the system would be designed to provide a minimum fire flow of 1,000 gpm for 
60 minutes based on Appendix B of the ​2014 Oregon State Fire Code . However, based on 5

conversations with the local fire authority, a replacement tank would only need to provide FF and 
fire suppression storage in-kind with the existing tank. Since the original design parameters of 
the water system are unknown, an FF value of 500 gpm was assumed. This FF value was used in 
a previous engineering report prepared for the District in 1979 which is included as ​Appendix E​. 
Therefore the MDD + FF value of 523 gpm will be the assumed design flow.  

3.0 Engineering  Calculations  

This section describes the calculations used for sizing a new water storage tank as well as a 
booster pump station. 

3.1 Tank Sizing 

The required volume of water to be stored in a water system consists of up to five components: 
Operational Storage (OS), Equalizing Storage (ES), Standby Storage (SB), Fire Suppression 
Storage (FSS), and Dead Storage (DS). Using planning data listed in ​Section 2​ of this report and 
the equations and guidance found in the ​WSDM​, the required storage volumes for each of the 
five components were determined and are described in the following sections. 

Operational Storage 

Operational storage is the volume of water stored between the normal on/off setting for the 
source, the well pump in this case. Using the pump cycling formula found in the ​WSDM​, the 
minimum operational volume is determined as follows: 
  

OS​ = 2.5 * Q = 2.5 * 45 = 113 gallons 
 
Where, 
OS = Operational storage volume in gallons 
Q = Source production capacity in gpm (limited to water right of 45 gpm) 

 
Because this is a very small volume, the limiting factor for determining the OS in reality will be the 
minimum spacing between the pump-off / pump-on float switches. Additionally, it is desirable to 
increase the operational storage volume to promote water turnover and therefore water quality. 
For the purposes of this analysis the operational storage volume is assumed to be ​1,000 gallons​.  

5 Assumes all houses served are one- and two-family dwellings having a fire flow calculation area not 
exceeding 3,600 square feet. 
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Equalizing Storage 

Equalizing storage satisfies peak demands that exceed source capacity. Using the formula found 
in the ​WSDM​, the minimum equalizing storage volume is as follows: 
 

ES​ = (PHD - Qs) * 150 = (87 - 45) * 150 = ​6,300 gallons  
 
Where, 
ES = Equalizing storage volume in gallons, existing condition 
PHD = Peak hour demand in gpm, existing condition 
Qs = Source production capacity in gpm (limited to water right of 45 gpm) 

 
The equalizing storage numbers shown above are calculated based on existing demands. 
However, there are an estimated 18 additional parcels within the District’s service area that have 
the potential to be developed, which would result in a total of 68 water service connections 
under buildout conditions. Assuming the average daily demand per customer remains constant, 
this would result in a buildout PHD of 108 gpm. Once again, referring to the ​WSDM​ for guidance, 
the buildout equalizing storage requirements were calculated as follows: 
 

ES​BO​ = (PHD​BO​ - Qs) * 150 = (108 - 45) * 150 = ​9,450 gallons  
 
Where, 
ES​BO​ = Equalizing storage volume in gallons, buildout condition 
PHD​BO​ = Peak hour demand in gpm, buildout condition  6

Qs = Source production capacity in gpm (limited to water right of 45 gpm) 

Standby Storage 

Standby storage provides water during abnormal operating conditions, such as during 
maintenance activities and emergencies. Examples of emergencies include well pump failure and 
electrical outages. Using the standby storage formula found in the ​WSDM​, the minimum standby 
storage volume was calculated as follows: 
 

SB​ = (N) (SB​i​) (T​d​) = (50) (194) (2) = ​19,400 gallons  
 
Where, 
SB = Standby storage volume in gallons, existing condition 
N = Number of residential service connections, existing condition 
SB​i​ = Unit standby volume in gallons per day per service connection (assumed to be equal 

to the ADD per service connection value of 194 gpd ) 
T​d​ = Number of days selected to meet the standard of reliability (assumed to be 2 days) 

6 Calculated using Equation 3-1 from the ​WSDM​ with a buildout service count of 68. 
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The standby storage numbers shown above are calculated based on existing demands. Standby 
storage requirements under buildout conditions were calculated as follows: 
 

SB​BO​ = (C​BO​ / C​E​) * SB = (68/50) * 19,400 = ​26,384 gallons 
 
Where, 
SB​BO​ =Standby storage volume in gallons, buildout condition 
C​BO​ = Number of buildout connections 
C​E​ = Number of existing connections 
SB = Standby storage volume in gallons, existing condition 

Fire Suppression Storage 

As mentioned in ​Section 2.2​, ideally fire suppression storage (FSS) would be sized to meet the 
the ​2014 Oregon State Fire Code , which is 60,000 gallons. However, based on conversations 7

with the local fire authority, a replacement tank would only need to provide FSS in-kind with the 
existing tank. It is assumed that the standby storage volume under buildout conditions (SB​BO​) 
would exceed the existing FSS. If it is also assumed that the FSS is nested within the SB​BO​, the 
FSS can be ignored for tank sizing purposes​. These assumptions should be re-verified with the 
local fire authority at the time of design if the District does decide to construct a new tank. 

Dead Storage 

Dead storage is the volume of stored water which is ​not​ available to all consumers at the 
minimum required pressure of 20 psi under a MDD + FF condition. If water is being pumped out 
of the tank, dead storage would be the water below the top of the outlet pipe. For the purposes 
of this report the height of an outlet pipe for a tank feeding pump station is assumed to be 8 
inches. Therefore, ​dead storage is assumed to be 8 inches high within a pumped storage tank​. 
Within a gravity tank, the dead storage would be all water below a minimum elevation required to 
provide sufficient pressure. Based on a preliminary modeling effort, ​dead storage is assumed to 
be all water below an elevation of 258 feet  within a gravity storage tank​. 8

   

7 Assumes all houses served are one- and two-family dwellings having a fire flow calculation area not 
exceeding 3,600 square feet. 
8 Assumes existing buried water mains in SW Ecotopia Lane have been replaced with 6-inch CL 52 ductile 
iron pipe. Also assumes an individual booster pump is provided for the water service located at 19510 SW 
Ecotopia Lane. 
 

 
1915A Page 5 Mossy Brae Water District 
March 2020  Tank Replacement Analysis 

DocuSign Envelope ID: 0FD10109-514F-446F-86D8-6E933C3724B1



 

Total Usable Storage 

The total minimum required usable storage values, comprised of the OS, ES, and SB for the water 
system under existing and buildout conditions are shown in ​Table 2​. FSS is assumed to be 
nested within the standby storage volume and is therefore not shown. Because dead storage is a 
tank-specific property, it is also not included in ​Table 2​.  
 

Table 2.​ Calculated Usable Water Storage Volumes 

Storage Description 
Existing 

Condition 
Buildout 

Condition 

Operational Storage 1,000 1,000 

Equalizing Storage 6,300 9,450 

Standby Storage 19,400 26,384 

Total Required Usable Storage 26,700 36,834 

 
The ​total required usable storage volume of 36,834 gallons​ associated with the buildout 
condition will be used for assessing tank replacement alternatives. 

3.2 Booster Pump Sizing 

Per ​WSDM​ recommendations, a pump station serving a closed system should be designed to 
provide the PHD with the largest pump out of service. Using the buildout PHD value of 108 gpm 
and based on a preliminary modeling effort it is anticipated that a new booster pump station 
would include two 3 HP pumps for day-to-day demands, with each capable of providing 108 gpm. 
The 3 HP pumps would likely be equipped with variable frequency drives. Additionally it is 
anticipated that a single 7.5 HP pump would be included to meet a fire flow demand of 500 gpm.  

4.0 Potential Tank Locations  

Grayling Engineers was tasked with reviewing two alternative tank locations in addition to the 
existing tank site. As discussed in ​Section 2.2​, determining an appropriate elevation to site a tank 
is a key step if a gravity storage tank is selected. To determine the topography of the region, 
Lidar data was downloaded from the Oregon Department of Geology and Mineral Industries’ 
website​. Contour information is accurate to within plus or minus one foot based on 
accompanying metadata. Utilizing the Lidar data, the figure included as ​Appendix F​ was created 
which shows the approximate bare earth ground elevations in and around the District’s service 
area.  
 
As mentioned in ​Section 3.1​, the lowest water elevation at which water can be provided while still 
maintaining the required 20 psi residual is 258 feet. Ideally, the base elevation of a proposed 
gravity storage tank would be situated several feet higher than 258 feet, to an elevation closer to 
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270 feet in elevation. This additional elevation would act as a buffer for maintaining the minimum 
system pressure as well as help account for additional frictional losses which may be introduced 
into the system with the additional piping associated with the new tank. There are not, however, 
any properties within the District’s service area with a ground elevation of 270 feet. In light of this 
fact, areas outside of the service area were considered. However, based on the assumed cost 
and difficulty associated with securing property rights and performing construction, these areas 
were deemed non-viable based on preliminary conversations with the District. Therefore, for the 
purposes of this investigation only locations within the District’s service area were considered.  
 
In addition to the property where the existing tank is located, which is identified as ​Site A​ in 
Appendix F​, two additional properties were identified as potential future tank locations which are 
identified as ​Site B​ and ​Site C​. The implications of constructing a new tank at each of these three 
sites is discussed below. 

Site A, Existing District Property 

Address:​ No Situs 
 
Taxlot Number: ​21E21BD02100 
 
County Requirements:​ Based on discussions with the Clackamas County Planning and Zoning 
Division, the property owned by the District where the tank is currently located is zoned as 
“Non-Conforming Use”. Constructing a new tank within the boundaries of this property would 
require “Alteration of a Non-Conforming Use” which is a Type II land use application process. 
While there are no definitive setback requirements associated with this land use category, the 
County would request that as much setback be maintained as reasonably possible. 
 
Advantage:​ Constructing a new tank at Site A would be the most desirable from a property 
acquisition standpoint since the District already owns the property.  
 
Disadvantage:​ The property boundaries are already set and the existing pump house and water 
tank are occupying a portion of the property, therefore space is very limited. Prior to construction 
of a new tank on this site, the existing tank would need to be demolished. In order to maintain 
water service during construction, the District would need to provide a temporary water system. 
Because of the limited space available at Site A, it is assumed that a cost effective new tank 
meeting the buildout usable storage requirement discussed in ​Section 3.1​ cannot be built at this 
site. Therefore, Site A will only be associated with rehabilitation of the existing tank. 

Site B, Adjacent to District Property 

Address:​ 19510 SW Ecotopia Ln, West Linn, 97068 
 
Taxlot Number: ​21E21BD01200 
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County Requirements:​ Based on discussions with the Clackamas County Planning and Zoning 
Division, siting a tank at this location would require either an easement or a new parcel to be 
created and a “Conditional Use” permit would need to be applied for via a Type III land use 
application process. The County would require a minimum setback of 30 feet from County 
right-of-way as well as a 10 foot setback from property lines for above ground structures located 
on this property.  
 
Advantage:​ Constructing a new tank at Site B would allow for a larger tank to be built than what 
is possible on Site A. Locating a new tank at Site B would also be desirable as it limits the amount 
of piping that would need to be installed from the well to the new tank and from the new tank to 
the distribution system.  
 
Disadvantage:​ Because of the topography, it is not cost effective to build gravity storage at Site 
B. Therefore only pumped storage will be considered at this location. Additionally, because of 
setback requirements, the tank would likely be constructed in a portion of the existing private 
owner’s property that is deemed more valuable than other portions of the property.  

Site C, North of District Property 

Address:​ No Situs 
 
Taxlot Number: ​21E21BD02300 
 
County Requirements:​ The same County requirements that apply to Site B also apply to Site C. 
 
Advantage:​ Because this property is currently undeveloped, constructing a new tank at Site C 
would allow for a larger diameter tank to be built than what is possible on either Site A or Site B. 
Site C is also desirable because it allows for either a gravity storage tank or a pumped storage 
tank to be constructed on the property.  
 
Disadvantage:​ Due to the distance from the well, constructing a tank at Site C would require the 
greatest amount of piping and conduit to be installed as well as a new electrical service if 
pumped storage is selected. Due to the steep terrain, it is anticipated that a new tank constructed 
on this property would need to be partially buried, or a small retaining wall would need to be 
constructed on the uphill side of the tank. 
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5.0 Tank Design 

5.1 Configuration 

Any of the following styles of tank can feed a distribution system via gravity or supply water to a 
booster pump station which then feeds the distribution system. 

Reservoir 

Reservoirs are storage tanks which have a greater diameter than height. They are typically 
constructed at the ground level. 

Standpipe 

Standpipes have a greater height than diameter and are typically constructed at the ground level. 
They are typically constructed when a site with an appropriate ground elevation cannot be 
obtained and the additional elevation in the standpipe is needed to provide adequate water 
elevation to maintain minimum system pressure. Therefore, they tend to have a large amount of 
dead storage. 

Elevated  

Elevated or pedestal tanks are used when standpipes are not economically viable due to the 
required height or when the additional dead water storage volume poses a water quality 
concern. Based on the topographic and water storage characteristics of the District’s system, 
elevated tanks and pedestal tanks were considered to be too expensive and are not included in 
this evaluation.  

5.2 Materials / Methods of Construction 

The three most common materials / methods used in the construction of water storage tanks in 
the size range anticipated for the District are welded steel, bolted steel, and cast-in-place 
reinforced concrete. 

Welded Steel 

Welded steel is a common construction material for tanks ranging from 20,000 to over 1,000,000 
gallons. Steel is suitable for both ground level storage reservoirs or tall standpipes. Because 
welded steel tanks are custom fabricated, designs are easily modified to tailor the tank to a 
particular project. Properly designed and maintained steel tanks can easily have a service life of 
75+ years. Steel tanks do require recoating every 20 to 30 years to maintain adequate protection 
against corrosion. While welded steel tanks are often considered the most robust option, they 
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also carry the highest price tag of the three options. Welded steel tanks are not recommended 
for buried applications due to corrosion concerns. 

Bolted Steel 

Bolted steel tanks are well suited for remote areas where skilled labor or portland cement 
concrete are difficult to access. Bolted steel tanks typically come in premanufactured dimensions 
and are protected with either an epoxy or glass fused coating. Individual steel panels are shipped 
from the manufacturer directly to the job site where they are erected with mechanical fasteners. 
The joints are made water-tight with either a gasket or liquid sealant. Bolted tanks can be difficult 
to modify, and repair of the glass fused coatings is usually marginally effective. The bolted joints 
can be a prominent source of leaks. Manufacturers of bolted tanks estimate a service life of 40+ 
years with proper maintenance. Bolted steel tanks are not recommended for buried applications 
due to corrosion concerns. 

Cast-in-Place Reinforced Concrete 

Cast-in-place (CIP) reinforced concrete tanks can be constructed in a variety of ways. For the size 
of tank considered for this project, the walls would be formed using pre-manufactured slip forms 
which limits the available dimensions. The walls of this style of tank are typically poured in 5 foot 
tall courses after reinforcing steel is placed. A properly designed and maintained concrete 
reservoir is estimated to have a service life of 75+ years. Concrete tanks are able to be partially 
buried. 

5.3 Cost 

Table 3​ lists the relative costs associated with these three materials / methods of construction. 
These numbers are based on construction of a 26-foot diameter by 15-foot tall water storage tank 
on a simple concrete foundation. These costs are for comparison purposes only and do not 
include design, site piping, surveying, property acquisition, etc.  
 

Table 3.​ Tank Style Cost Comparision 

Welded Steel Bolted Steel 

Cast-in-Place 
Reinforced 
Concrete 

$417,000 $155,000 $88,000 

6.0 Description of Alternatives 

In addition to reconditioning the existing water storage tank, three tank replacement alternatives 
were considered. Below are descriptions of the four alternatives. It is assumed that with each of 
these alternatives, the existing buried water mains within SW Ecotopia Lane will be replaced with 
6-inch CL 52 ductile iron pipe from the intersection with SW Pattulo Way to 375 feet to the north.  
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Alternative 1: Site A, Rehabilitation  

Under this alternative, the existing 32,400 gallon tank would be rehabilitated via abrasive 
blasting and recoating. Additionally, an intertie would be constructed with the adjacent Shadow 
Wood water system and a booster pump station would be installed adjacent to the existing tank. 
As discussed in ​Section 3.2​, the booster pump station would likely include three pumps: two 
pumps equipped with variable frequency drives to meet domestic water demands, and a single 
constant speed pump to meet fire flow demands.  
 
While this alternative does not create additional storage for the District directly, it would allow for 
access to the roughly 80,000 gallons  of gravity storage associated with the Shadow Wood water 9

system. While construction of a booster pump station is not absolutely necessary, it would allow 
for the District to utilize the entire 32,400 gallons of storage prior to having to rely on the Shadow 
Wood storage in emergency situations. Additionally, construction of a booster pump station 
would allow for the entire 32,400 gallons of storage to be conveyed to the Shadow Wood water 
system if needed, which creates a mutually beneficial relationship between the two water 
systems. 

Alternative 2: Site B, Pumped Storage 

Alternative 2 would involve the construction of a new 20-foot diameter by 25-foot tall standpipe 
at Site B along with a new booster pump station. The booster pump station would be similar to 
that described in Alternative 1. A 2-inch tank-fill pipe as well as electrical signal conduits would be 
constructed from the existing well house to the new tank. A new 8-inch water pipe would be 
constructed from the new tank to the existing 8-inch PVC water pipe running from the existing 
tank to SW Ecotopia Lane. It is anticipated that the electrical service serving the existing well 
house would be extended to the proposed booster pump station. The existing reservoir would be 
demolished once the new tank and booster pump station are operational. 

Alternative 3: Site C, Pumped Storage 

For Alternative 3 a 26-foot diameter by 15-foot tall reservoir and booster pump station would be 
constructed at Site C. The booster pump station would be similar to that described in Alternative 
1. A 2-inch tank-fill pipe as well as electrical signal conduits would be constructed from the 
existing well house to the new tank. An 8-inch water pipe would be constructed from the new 
tank to the water main in SW Ecotopia Lane. A new electrical service would be required for the 
booster pump station. The existing tank would be demolished once the new tank and booster 
pump station are operational. 

9 Number includes 20,000 gallons of storage capacity which is currently unavailable until tank repairs are 
made based on correspondence with Hiland Water which owns and operates the Shadow Wood water 
system. 
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Alternative 4: Site C, Gravity Storage 

Alternative 4 would involve construction of a 14-foot diameter by 45-foot tall standpipe on Site C. 
Based on available Lidar data, the ground elevation at the northeast corner of Site C is around 
250 feet. While the ground elevation is not ideal, it is 20 feet higher than the existing tank site. 
This would allow for the new tank to serve the entire service area via gravity. A 2-inch tank-fill 
pipe as well as electrical signal conduits would be constructed from the existing well house to the 
new tank. An 8-inch water pipe would be constructed from the new tank to the water main in SW 
Ecotopia Lane. The existing tank would be demolished once the new tank is operational. 

7.0 Alternatives Analysis 

This section describes the criteria used to evaluate each alternative and summarizes the results 
of the analysis.  

7.1 Evaluation Criteria 

Each of the four alternatives were reviewed based upon the following criteria: 
 
Level of Service​ - This criteria is associated with the ability of an alternative to provide adequate 
storage and meet anticipated demands while maintaining 20 psi to all service connections. This 
criteria also includes the ability of the proposed facilities to remain operational after a large 
seismic event. 
 
Property Acquisition​ - Each alternative was evaluated based on the anticipated difficulty with 
which temporary and permanent easements could be acquired. 
 
Property Constraints​ - Issues concerning property setbacks, topography, and constructability 
were considered.  
 
Permitting​ - Anticipated permitting challenges, costs, and schedule implications were 
considered.  
 
Capital Cost​ - A planning level construction cost estimate was prepared for each alternative and 
is included as ​Appendix G​. The cost estimates were prepared in accordance with the Association 
for the Advancement of Cost Engineering International (AACE International) guidelines. The 
estimates are considered as Class 4 with the end usage being concept screening for long-range 
planning with an expected accuracy range of -30 percent to +50 percent. For clarity, only 
cast-in-place reinforced concrete tanks are compared between the three tank replacement 
alternatives, Alternatives 2 - 4.  
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Operation and Maintenance​ - Both short-term and long-term operation and maintenance of each 
alternative was considered.  

7.2 Alternatives Analysis Results 

Each of the four alternatives was evaluated and given a score of 1 - 3 based on each of the 
established criteria categories, with 1 representing the lowest score and 3 representing the 
highest or most desirable score. ​Table 4​ summarizes the results of the evaluation scoring. 
 
Table 4.​ Alternatives Scoring Matrix 

Alternative 
Level of 
Service 

Property 
Acquisition 

Property 
Constraints Permitting 

Capital 
Cost 

Operation & 
Maintenance 

Average 
Score 

Alternative 
Rank 

1 2 3 2 2 2 1 2.00 2 

2 3 1 2 1 2 2 1.83 3 

3 3 2 3 1 1 2 2.00 2 

4 3 2 2 1 3 3 2.33 1 

 
A brief synopsis of the reasoning behind the scoring shown in ​Table 4​ is as follows: 

Level of Service 

All of the alternatives were given a score of 3 except for Alternative 1, which was given a score of 
2. The reasoning is that it is assumed that the District’s existing tank would fail during a large 
seismic event and it is unknown whether or not the Shadow Wood tanks would remain 
operational. Conversely, all of the new facilities associated with Alternatives 2 - 4 would be 
designed to meet current building codes and would likely withstand a large seismic event.  

Property Acquisition 

Alternative 1 was given the highest score as no additional property would need to be acquired. 
Alternative 2 was given the lowest score as it would require property acquisition from the 
property owner of Site B and has the greatest impacts to the value of the existing property. 
Alternatives 3 and 4 were each given a score of 2 because they do require property acquisition, 
but because Site C is undeveloped, there is more flexibility in tank placement and therefore less 
impacts to property value. 

Property Constraints 

A score of 2 was assigned to Alternative 1 because there is limited space to construct a new 
booster pump station within the existing property boundaries of Site A. Similarly, a score of 2 was 
given to Alternative 2 because there is limited available space at Site B. Alternative 3 was given a 
score of 3 since it could potentially be constructed anywhere on Site C, whereas Alternative 4 
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was given a score of 2 since it would need to be constructed near the northeast portion of the 
property in order to meet the elevation requirements associated with providing gravity storage.  

Permitting 

Alternative 1 was given a score of 2 because there will be County permitting involved in order to 
construct a new pump station on Site A as well as to construct a utility vault containing the 
proposed intertie in the County right-of-way. Alternatives 2 - 4 were each given a score of 1 
because they will involve a greater level of permitting complexity than that required for 
Alternative 1.  

Capital Cost 

Included in ​Appendix G​ are planning level capital cost estimates associated with each of the 
alternatives. Property acquisition is not included in any of the estimates, nor are any connection 
fees which may be associated with the Shadow Wood intertie for Alternative 1. The District will be 
responsible for establishing those values. Based on the estimates, Alternative 4 was given a 
score of 3, Alternatives 1 and 2 were given a score of 2 and Alternative 3 was given a score of 1. 

Operation and Maintenance 

Because Alternative 1 includes construction of both a booster pump station as well as an intertie 
with the Shadow Wood water system, this alternative is the most complex from an equipment 
operation and maintenance standpoint and was therefore given a score of 1. Alternatives 2 and 3 
include construction of a booster pump station and were given a score of 2. Because Alternative 
4 relies solely on gravity to provide system pressure it was given a score of 3. 

8.0 Selected Alternative 

After reviewing the information provided in this memorandum, the District selected a ​variation of 
Alternative 1​ as the preferred alternative. The District has decided that the best use of funds will 
be to rehabilitate the existing tank and construct a small booster pump station. The following is a 
summary of the improvements chosen by the District: 
 

● Removal and replacement of the interior tank coating system  10

● Cleaning and overcoating of the exterior tank coating system 
● Installation of a simplex booster pump station, primarily to increase system pressures for 

those services in the upper part of the water system   11

 
It is recommended that in addition to the selected improvements listed above that the District 
consider hiring a geotechnical engineer to investigate the existing tank foundation and make 

10 It is recommended that the existing tank coating system is tested for lead prior to hiring a contractor to 
determine if lead abatement will be required. 
11 It is not anticipated that the future simplex booster pump station will be able to provide fire flow. 
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recommendations for possible seismic performance improvements. It is also recommended that 
the District reconsider construction of an intertie with the adjacent Shadow Wood water system. 
Not only would the intertie provide a backup source of water in emergency situations, but it 
would also act as a temporary water source while the existing tank is taken out of service for 
rehabilitation. 

9.0 Funding Options 

Shown below are brief descriptions of agencies which might be able to assist with the funding of 
infrastructure projects associated with the Mossy Brae Water District. It should be noted that 
because the Mossy Brae Water District is a public utility, under Oregon law the District must pay 
prevailing wage rates to contractors for projects totaling over $50,000.  

9.1 Business Oregon Infrastructure Finance Authority (IFA) 

The IFA is likely the best source for securing funding for District projects. Business Oregon 
administers several funding programs for public agencies which include: 
  

● The Safe Drinking Water Revolving Loan Fund (SDWRLF) 
● The Drinking Water Source Protection Fund (DWSPF) 
● The Community Development Block Grant (CDBG) 
● The Oregon Special Public Works Fund (SPWF)  

Based on preliminary conversations with a Regional Development Officer from IFA, it is 
recommended that if the District is interested in receiving funding from one of the programs listed 
above, the District should first submit a ​Letter of Interest​ (LOI) which describes the proposed 
project and the amount of funds being requested. After this step a representative from the IFA 
would review the LOI and determine which funding option(s) are the best fit for a particular 
project. Based on the type of projects the District would be seeking to fund, it is likely that the 
SDWRLF would be the best fit. However, to be eligible for the SDWRLF the project must resolve 
existing or future non-compliance with state and federal drinking water standards. Projects 
involving consolidation, such as interties, are also more likely to receive funding through the 
SDWRLF. To receive funding through the SDWRLF it would likely be required that the District 
install individual customer service meters. Annual interest rates for the SDWRLF are currently at a 
historic low of approximately 2.07%. 

9.2 United States Department of Agriculture Rural Development (USDA RD) 

The goal of the USDA RD program is to provide loans, grants, and loan guarantees to help 
support the economic development of rural communities. Because the Mossy Brae Water District 
serves less than 10,000 people, the District is eligible to apply for funding from USDA RD. In 
order to qualify for grants or reduced interest loans, the District would need to show that the 
household median income (HMI) for the District’s customers is below $52,855, which is the 
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established threshold for the area. It is anticipated that the District would not meet this criteria, 
but would still be eligible for a traditional loan. Traditional loans secured through USDA RD are 
offered at below market annual interest rates (currently around 2.75%) and the maximum 
repayment period is 30 years. Based on correspondence with USDA RD, it is unlikely that they 
would be the best source of funding for the District based on the size of the loan the District 
would likely seek  simply because there are several requirements associated with the funding, 12

such as an environmental report (or assessment), bond counseling, and engineering feasibility 
study. 

9.3 Rural Community Assistance Corporation (RCAC) 

RCAC is a private non-profit organization that provides financial resources to improve rural 
communities. Rather than providing long-term loans for capital improvements, RCAC typically 
provides short-term loans (also known as bridge loans) with typical repayment terms of 2-3 years. 
These loans are typically used to fund pre-design and design phase efforts. Interest rates through 
RCAC are typically comparable to a private bank loan (currently around 5%). RCAC does issue 
some long-term loans, but because the requirements are the same as USDA RD and the interest 
rates aren’t as low, these loans are seldom utilized. 

9.4 National Rural Water Association (NRWA) 

NRWA provides funding for small water and wastewater utilities to help improve rural utility 
infrastructure. The maximum loan amount is $100,000 and the maximum repayment period is 10 
years. Currently annual interest rates are around 3%. While the application process for this loan is 
relatively simple compared to the other options described, if a project is slated to break new 
ground then an environmental impact report would need to be completed in accordance with the 
National Environmental Policy Act (NEPA) requirements.  
 

12 Loan amount assumed to be less than or equal to $400,000. 
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APPENDIX A 
Water Well Report 

& 
Certificate of Water Right 
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APPENDIX B 
Mossy Brae Water District System Map 
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APPENDIX C 
2007 Professional Survey of Existing Tank Site 
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APPENDIX D 
Water Source Production Records 
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APPENDIX E 
1979 Preliminary Engineering Report and Feasibility Study   
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APPENDIX F 
Service Area, Contours, Existing and Proposed Tank Sites 
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APPENDIX G 
Planning Level Capital Cost Estimates 
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