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1.0 -  Introduction and Background 
1.1  Introduction 

The City of Greenhorn, Oregon, has used two springs as their water supply since 1903. Due to suspected 
contamination concerns, the City has recently only relied on one spring source. The springs have 
historically been able to keep pace with the limited residential water system demands that are placed 
on the system. However, should the full development potential of the City of Greenhorn be realized, 
some improvements to the system are likely needed to meet the anticipated demands. The City also has 
had some positive total coliform tests in the recent past, which could require some system 
improvements to resolve. Because of these needs, the City desired to develop a study to outline system 
needs and recommended water system improvements. The City engaged Anderson Perry & Associates, 
Inc., to complete a Water System Study (WSS) to evaluate water system needs.  

A WSS was first prepared for the City of Greenhorn in 2007. The 2007 WSS was never finished, and some 
improvements to the water system were completed in 2009. 

The purpose of this WSS is to outline the water system needs to provide service for full development of 
available residential building lots for the City of Greenhorn, Oregon. This WSS evaluates the existing 
water supply, storage, and distribution systems; evaluates alternatives for improving the City’s water 
system; and presents detailed cost estimates for completing the improvements using the public bid 
process.  

1.2  Background Information 

1.2.1  Community and Regional Setting 

The City of Greenhorn is located on the western border of Baker County in northeastern Oregon 
(see Figure 1). An aerial photo of the City of Greenhorn area is shown on Figure 2. The northwest 
portion of the City is actually located in neighboring Grant County. Greenhorn is quite isolated, 
located approximately 55 miles west of Baker City, the county seat of Baker County. Initially, gold 
exploration was the main economy of the Baker County area. Later, agriculture, ranching, and 
logging became the primary economy. More recently, tourism has also become a significant part of 
the local economy. 

Greenhorn was first inhabited in the 1860s as miners prospected the nearby area for gold. The City 
was incorporated in 1903 and continued as a viable community until 1942 when gold mining efforts 
were significantly reduced as a result of World War II. Based on the July 2014 Portland State 
University population estimate for Greenhorn, which is the most recent estimate available, there 
are two residences in Greenhorn, with very few to none occupied year-round.  

The elevation of the City of Greenhorn is 6300 feet above mean sea level. This high elevation 
provides Greenhorn the distinction of being the highest incorporated city in Oregon. The City is 
surrounded by National Forest, specifically the Wallowa-Whitman National Forest to the east and 
the Malheur National Forest and private forestlands to the west. The North Fork John Day 
Wilderness Area is located just northwest of the City. 
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1.2.2  Water System History 

The City of Greenhorn’s water system was reportedly developed in 1903 when the City was 
founded. The City’s water right was established in 1910 at 1 cubic foot per second (cfs), which is 
448.8 gallons per minute (gpm). The entire water system is gravity fed. Water is currently purged at 
the lowest elevation point of the system to avoid freezing and to help keep water throughout the 
system as fresh as possible.  

Water for the City of Greenhorn is currently provided by two springs located on U.S. Forest Service 
(USFS) property northwest of the City; however, since 2000 the City has only utilized the west spring 
due to water quality concerns for the east spring. Spring water travels approximately 1,700 feet 
downhill via a 4-inch diameter high density polyethylene (HDPE) pipe installed in the mid-1980s to a 
buried 2,600-gallon concrete storage tank installed in 2009. The tank has a 4-inch overflow for 
excess water not utilized by the City. This tank was installed in 2009 to replace an undersized 1,100-
gallon HDPE tank reportedly installed in 1989. Also included in the 2009 construction was the 
installation of a 2-inch diameter HDPE 200-pounds-per-square-inch pipeline from the tank 
approximately 1,800 feet to the City’s distribution system. This replaced an older 2-inch diameter 
HDPE line. The distribution system consists of 2-inch diameter water main lines and 3/4-inch 
diameter service lines to the City’s cabins and homes used by full- and part-time residents. 

The Oregon Health Authority - Drinking Water Services has regulatory responsibility over the City of 
Greenhorn’s water system. The regulatory situation for the City’s water system is described in more 
detail in Section 2.0 of this WSS. 

1.2.3  Water Rights 

The City of Greenhorn holds certificated municipal water rights issued by the State of Oregon for the 
two springs serving the City. A copy of the Certificate of Water Right and the original Application for 
a Permit to Appropriate the Public Waters of the State of Oregon are presented in Appendix A of 
this WSS. The City’s water right data is summarized on the following table. 

TABLE 1-1   
WATER RIGHTS 

Source Priority Date Permit No. 
Allowed Volume 

(cfs) 
Allowed Volume 

(gpm) 
Twin Springs November 7, 1910 504 1.00 448.8 

The allowed water right of 1.00 cfs, or 448.8 gpm, exceeds the distribution system’s ability to deliver 
water to the City’s users.  

1.2.4  Water System Operational Permit 

The City of Greenhorn’s twin spring water supply sources are located on USFS property. As a result, 
the City has a Special Use Permit with the USFS outlining the terms and conditions for use of the 
spring water supply sources. A copy of the Special Use Permit is presented in Appendix B of this 
WSS. The Permit indicates it covers a land area of 1.73 acres in the NW 1/4 of the SW 1/4 of  
Section 9, Township 10 South, Range 35 East of the Willamette Meridian. The Permit also states it is 
issued for the following purpose: 



City of Greenhorn, Oregon 
Water System Study Section 1.0 

12/22/2015  Anderson Perry & Associates, Inc. 
G:\Clients\Greenhorn\1199-197\WSS\Study.docx  Page 1-3 

“Two spring developments and a 25 ft. by 3,023 ft. right-of-way for a 4-inch water transmission line 
from the spring southeasterly across the National Forest to private land. The pipeline as constructed 
is deemed the centerline of the right-of-way.” 

1.3  Study Goals 

The City of Greenhorn has key goals they hope to accomplish upon completion of the 2007 and this 
WSS. The goals are summarized hereafter. 

1.3.1  Recommended Spring Collection Improvements 

Evaluate alternatives to address spring collection deficiencies. 

1.3.2  Storage Tank Installation Assessment 

Assess the 2009 installation of a new storage tank for potential water quality impacts to the system 
and needed improvements.  

1.3.3  Recommended Spring-to-Tank Transmission Line Improvements  

Evaluate alternatives to replace the transmission line between the springs and the storage tank. 

1.3.4  Measurement of Actual Spring Output   

Obtaining more recent and reliable spring flow measurements was a key goal for the 2007 WSS.  

1.3.5  Maximum Residential Dwelling Capacity  

There is a current maximum on available residential lots, as discussed in Section 2.0 of this WSS. A 
key goal of the 2007 WSS was to determine if full residential development could be supported by 
the current water supply springs, and, if not, what the maximum residential development would be 
for the current spring capacity.  

1.3.6  Recommended Distribution Improvements  

A goal of the WSS is to determine what improvements are needed to the distribution system to 
provide improved service.  

1.3.7  Recommendations to Avoid Potential Freezing  

There are sections of the water system that are not adequately protected from potential freezing. A 
goal of the 2007 WSS was to identify what improvements are needed to help avoid freezing in the 
water system.  

1.3.8  Cost Estimates for Recommended System Improvements  

The WSS is to include cost estimates for completing all recommended improvements.



 

12/22/2015  Anderson Perry & Associates, Inc. 
G:\Clients\Greenhorn\1199-197\WSS\Study.docx  Page 2-1 

2.0 -  Water System Requirements 
2.1  Introduction 

This section of the Water System Study (WSS) outlines the various requirements for the water system. 
These requirements include defining and establishing the service area, the service population, 
regulatory requirements, water system demands, and water system design criteria. These items 
establish the criteria that the water system should meet. By establishing these criteria, the needed 
improvements to satisfy water system requirements can be defined and recommended.  

2.2  Service Area of Population 

2.2.1  Service Area and Land Use 

The City of Greenhorn, Oregon, currently consists of only residential development. Future 
development within the City is anticipated to be residential in nature. The City indicated there is a 
total of 31 property owners and that further subdividing and development is not anticipated. While 
there are areas within the current City limits that could potentially be developed to provide 
additional residential lots, such as the extreme southern and northern areas, development of these 
areas is not anticipated. For the 31 property owners, there are currently 18 developed lots and 13 
vacant available lots. Not all developed lots are served by the water system.   

The City limits encompass an area approximately 0.5 mile from north to south and approximately 
0.25 mile from east to west, as shown on Figures 1 and 2. For the purpose of this WSS, only the 
current water system service area and the currently owned parcels (the 31 property owners within 
the City of Greenhorn) are included in the service area. If the City intends to develop additional area 
beyond the current 31 property owners, then this WSS will need to be revised to account for the 
additional water system demands that would be placed on the limited water system.  

2.2.2  Population and Planning Period 

To estimate future demands that may be placed on a municipal water system, a determination of 
the population to be served must be made. Population projections are usually made on the basis of 
an annual percentage increase estimated from past growth rates, tempered by future expectations. 
It is difficult to accurately predict the population of a small community over any extended period of 
time, especially a community as small as Greenhorn. The addition or deletion of just a few residents 
could significantly affect the population and the overall water system needs. In addition, there are 
only part-time residents in Greenhorn, many who only reside there two to four weeks per year. 

A review of past federal Census data shows no official data is available for 1960 through 1990. The 
2000 and 2010 federal Census indicated the population of Greenhorn was 0. The population for the 
City of Greenhorn has been estimated annually by the Center for Population Research and Census at 
Portland State University (PSU). This agency is the official source of population data available in 
Oregon between the official Census data generated at the beginning of each decade. PSU does not 
project future population increases for individual cities within the state. Therefore, no official future 
projection is available for Greenhorn. The data presented hereafter was obtained from publications 
provided by PSU. 
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TABLE 2-1   
POPULATION DATA 

Year Population 
1978 through 1999 3 
2000 through 2003 0 
2004 through 2014 2 

Projecting a future population estimate from the data shown on the preceding table is difficult at 
best. A more feasible approach would be to base the potential future population of Greenhorn on 
the available property ownership while assuming a density (number of people) per parcels owned. 
The City currently has 31 total property owners, with 13 of these currently served by one or more 
water system connections. The City actually has 18 water service connections, but some temporary 
residents have several connections; therefore, the actual number of active connections serving part-
time residents is 13. Greenhorn periodically has part-time and temporary residents and can 
sometimes have a significant number of people present on a given weekend. To account for these 
temporary residents and their connections and also allow for full build-out potential for the 31 
property owners, a future population of 62 was assumed for the basis of the analysis in this WSS. 
The design population of 62 accounts for 31 property owners, with two people assumed per 
ownership. However, it should be recognized that actual growth would likely fall below these 
figures. 

2.3  Regulatory Requirements 

2.3.1  General 

According to the Oregon Health Authority - Drinking Water Services (DWS), the City of Greenhorn is 
not subject to the federal regulatory requirements under the Safe Drinking Water Act because it is 
currently classified as a “state-regulated” public water system. A state-regulated water system has 
between 4 and 14 permanent connections or serves 10 to 24 people. Since the City of Greenhorn 
currently has 13 permanent water system connections and serves only part-time residents for two 
to four weeks per year, the system is currently considered a state-regulated system but could 
potentially become a federally regulated water system. However, it is unlikely Greenhorn will 
develop or have permanent residents to reach the level required to become a federally regulated 
water system. At this time, the DWS does not have a current file nor has the DWS made a visit to the 
City of Greenhorn to inspect the water system. The DWS indicated that as a state-regulated water 
system, sampling requirements for the water supply sources includes the following: 

• Quarterly bacteriological test  
• Annual nitrate test  
• One-time inorganic chemicals 

If, in the future, there are 15 or more permanent water connections serving residents, or 25 or more 
people occupying homes in Greenhorn for six or more months of the year, the City’s water system 
will become a federally regulated water system. If this occurs, the system would be classified as 
“non-transient non-community” (NTNC).  The potential exists for the City’s system to eventually 
become a federally regulated community system; therefore, the applicable regulations are 
summarized hereafter for completeness. If the City of Greenhorn’s water system becomes a NTNC 
system, it would come under the jurisdiction of two water quality regulating agencies. The first is 
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the U.S. Environmental Protection Agency (EPA) and the second is the DWS. The State of Oregon 
assumed responsibility in February 1986 for enforcement of the Federal Safe Drinking Water Act 
(SDWA). Therefore, the City of Greenhorn will likely continue to deal with the DWS as the principal 
regulating agency. 

2.3.2  Regulatory History 

The SDWA was originally passed by Congress in 1974 to protect public health by regulating the 
nation’s public drinking water supply. The law was amended in 1986 and 1996 and requires many 
actions to protect drinking water and its sources (rivers, lakes, reservoirs, springs, and groundwater 
wells). The primary regulations associated with the SDWA address requirements concerning trace 
minerals, compounds, and micro-organisms that may affect the health of water consumers. The 
SDWA provides for monitoring, testing requirements, reporting, recordkeeping, and public 
notification procedures in the event of non-compliance.  

The 1986 amendments to the SDWA included provisions for wellhead protection, new monitoring 
for certain substances, filtration for certain surface water systems, disinfection for certain 
groundwater systems, and restrictions on lead content in pipe solder and plumbing. 

The 1996 amendments to the SDWA included provisions for consumer confidence reporting, 
stronger protection for microbial contaminants and disinfection byproducts, operator certification, 
lowering maximum contaminant levels (MCLs), and source water assessments. 

Enacted in 1981, the Oregon Drinking Water Quality Act established statutes, which have been 
amended periodically, and subsequent administrative rules to enforce, at a minimum, the federal 
SDWA requirements. The DWS administers and enforces drinking water quality standards for public 
water systems in the State of Oregon. The agency focuses resources in the areas of highest public 
health benefit and promotes voluntary compliance with state and federal drinking water standards. 
The DWS also emphasizes prevention of contamination through source water protection, provides 
technical assistance to water system owners, and provides water system operator training. They 
also work closely with public water systems to make sure public notification is made in accordance 
with regulatory guidelines, when required. If the City is unaware of their compliance status or in 
need of regulatory guidance, it is recommended that the regional DWS office be contacted. 

Following is a list of regulations that have been enacted in the past five years: 

1. Reduction of Lead in Drinking Water Act, which requires any new installation or purchase of 
materials used in potable locations to be “lead-free.”  Lead-free has been redefined as “(A) 
not containing more than 0.2 percent lead when used with respect to solder and flux; and 
(B) not more than a weighted average of 0.25 percent lead when used with respect to the 
wetted surfaces of pipes, pipe fittings, plumbing fittings, and fixtures.”  This law was enacted 
on January 4, 2014. Oregon requires drinking water components to be National Sanitation 
Foundation/American National Standards Institute Standard 61 compliant in order to meet 
the intent of this law. 

2. Stage 2 Disinfectants and Disinfection Byproduct Rule (D/DBPR), which focuses on public 
health protection by limiting exposure to disinfection byproducts. The D/DBPR specifically 
targets total trihalomethanes and five haloacetic acids, which can form in water through 
disinfectants used to control microbial pathogens. This rule applies to all community water 
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systems (CWSs) and NTNC water systems that add a primary or residual disinfectant other 
than ultraviolet light. Stage 2 of the D/DBPR was enacted in 2012 for large CWSs and NTNCs 
and in October 2013 for all CWSs and NTNC water systems.  

3. Unregulated Contaminant Monitoring Rule (UCMR). The EPA uses the UCMR program to 
collect data for contaminants suspected to be present in drinking water but that do not 
have health-based standards set under the SDWA. Every five years, the EPA develops a new 
list of UCMR contaminants, largely based on the Contaminant Candidate List. Oregon 
Administrative Rule 333-061-0043 requires CWSs to report detection of unregulated 
contaminants in their annual Consumer Confidence Report. 

2.3.3  Upcoming Regulatory Changes 

The following rule will be enacted in the near future: 

1. Revised Total Coliform Rule, which requires that total coliform samples be collected, 
according to a written sample site identification plan subject to state review and revision, by 
public water systems at sites that are representative of water quality throughout the 
distribution system. The rule goes into effect on April 1, 2016.  

2.3.4  Potential Regulatory Changes 

Following is a list of regulations that may be enacted in the future: 

1. Radon in Drinking Water Rule, which would attempt to reduce airborne and waterborne 
radon concentrations to limit exposure levels. This rule would apply to CWSs that use 
groundwater or mixed groundwater and surface water. 

2. Third Contaminant Candidate List (CCL3) Regulatory Determinations. The EPA has made a 
preliminary determination to regulate strontium. After public comment, the EPA is expected 
to release a final determination in 2015. The Fourth Contaminant Candidate List is currently 
in draft form and is expected to be published in 2015. 

3. Carcinogenic Volatile Organic Chemicals (cVOC) Rule. The EPA is developing a proposed 
national primary drinking water regulation for a group of 16 known cancer-causing 
compounds, including eight currently regulated cVOCs and up to eight from the CCL3. 

4. Perchlorate Rule. The EPA is developing a proposed national primary drinking water 
regulation for perchlorate. Perchlorate may cause adverse health effects. Scientific research 
indicates that this contaminant can disrupt the thyroid’s ability to produce hormones 
needed for normal growth and development.  

5. Hexavalent Chromium. The EPA currently regulates hexavalent chromium as part of the 
total chromium drinking water standard. New information on health effects has become 
available since the original standard was set, and the EPA is reviewing this information to 
determine whether new health risks need to be addressed. The State of California has 
already implemented a hexavalent chromium specific MCL. 
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6. Fluoridation. Fluoride MCLs may be lowered in the future as the health impacts of fluoride 
are fully realized. The current MCL of 4 parts per million could be reduced to 1 or less. This 
lower MCL could require systems with naturally occurring fluoride above the MCL to treat to 
reduce levels. 

7. Cybersecurity. Executive Order 13636: Improving Critical Infrastructure Cybersecurity, was 
established in February 2013. The order calls for the development of a voluntary, risk-based 
cybersecurity framework. The EPA will make an evaluation as to whether any additional 
authority and/or regulations to address cybersecurity in the water sector are needed. 

2.3.5  Regulatory Conclusions 

Currently, the City of Greenhorn has a state-regulated water system with sampling requirements for 
bacteriological, nitrates, and inorganic chemicals. Although the City of Greenhorn currently has a 
state-regulated water system serving very few people, the City's water system could potentially 
become federally regulated and would, therefore, be subject to several of these regulatory 
requirements in the future if additional water users are added to the system and use the system six 
or more months of the year. The City is urged to contact the Pendleton office of the DWS to inquire 
about the regulations the City must adhere to in order to keep their water system in compliance. 

2.4  Spring System Capacity 

The capacity of the City of Greenhorn’s spring supply system varies depending on the time of year. 
Unfortunately, the lowest system capacity is in the late summer and early fall period of the year, when 
water system demands are typically at their highest. To obtain a general idea of spring capacity, 
historical water use reporting forms from 1990 through 2014 were reviewed. These forms are prepared 
by the City and submitted annually to the Oregon Water Resources Department (OWRD). Copies of the 
annual forms from 1990 through 2005 and a Facility Water Use Report from 1990 through 2014 are 
included in Appendix C.  

The annual water use reporting forms from 1990 through 2005 show that the springs have varied in 
capacity from a low of about 10 gallons per minute (gpm) in October (1991, 1994, and 1995) to a high of 
75 gpm in June (1997). Comparing each month from year to year shows a significant variation in spring 
flow. For example, spring flows in August have varied from a low of 17 gpm in 1995 to a high of 47 gpm 
in 2002, nearly triple the flow when comparing the same month for different years. This wide variation 
in spring flow suggests the spring capacity is highly susceptible to precipitation and snow pack. The 
spring capacity has never been measured below 10 gpm. The water use summary form from 1990 
through 2014 shows similar annual water use over the entire 24-year period. Thus, it was assumed the 
spring flow data from 1990 through 2005 is still representative of the spring system capacity. 

To provide a better idea of the capacity of the spring sources, City of Greenhorn personnel conducted 
more recent flow monitoring. The monitoring was completed by measuring the tank overflow flow rate 
and measuring the end of distribution purge flow rate at the lowest part of the water system. These two 
figures were then combined to provide an idea of the spring capacity, assuming little to no water use 
was occurring. For the period from August 24 through November 7, 2006, the total spring flow ranged 
from a high of 26.1 gpm in late August to a low of 17.2 gpm in early November. This data fits within the 
wide range of flows reported on the OWRD forms. A summary of the data obtained from OWRD 
reporting forms is shown on Table 2-2 and City personnel measurements is presented on Table 2-3. It is 
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also recommended that the City perform weekly source flow measurements to develop a more reliable 
dataset on spring source capacity over time. 

TABLE 2-2   
SPRING FLOW DATA 

Historical Flow Data (1990 through 2005) 
Month Flow Range (gpm) 

June 38 to 75 
July 24 to 60 

August 17 to 47 
September 13 to 38 

October 10 to 25 

The above data were obtained from spring flow annual reports submitted to the OWRD. 

 
TABLE 2-3   

SPRING MONITORING FLOW DATA 
2006 Spring Flow Monitoring Data 

Date 
Overflow Flow 

Rate (gpm) 
Pressure Relief 

Flow Rate (gpm) 
Total Spring Flow 

(gpm) 
August 24, 2006 25 1.1 26.1 
August 31, 2006 23 1.1 24.1 

September 7, 2006 25 1.1 26.1 
September 27, 2006 15.5 1.0 16.5 

October 11, 2006 15.2 1.0 16.2 
October 19, 2006 16.4 1.0 17.4 

November 7, 2006 16.2 1.0 17.2 

The above data were obtained by the City at low demand periods to estimate total spring flow. Flow 
measurements were obtained using a 5-gallon bucket and a stopwatch. See the WSS text for an 
explanation of the water system configuration. 

2.5  Water System Demands 

2.5.1  Water Demands 

For the purpose of sizing the needed water system improvements and projecting future needs, 
future water demands can be estimated from past water use characteristics and population 
projections. Water use characteristics are usually expressed in terms of flow versus time. This allows 
components of the water system to be sized for the maximum demands that will be placed on them. 
The rates of water use that are important in evaluation of a water supply system are:   

 Average Daily Demand (ADD). The total amount of water used during a 1-year period 
divided by 365 days. 

 Peak Daily Demand (PDD). The maximum total amount of water used during any 24-hour 
period. 

 Peak Hourly or Peak Instantaneous Demand. A measure of the maximum flow of water for 
the maximum use hour of all available data. This is also sometimes estimated if hourly data 
is not available. 
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Water supply facilities are normally designed for PDD. A well would normally be sized for supplying 
the needed water during the PDD, without continuous 24-hour operation. For example, when water 
usage during high-use summer days requires a well to pump 18 hours or more per day to keep up 
with the demand, the addition of another supply source may be warranted. The City of Greenhorn’s 
spring system operating by gravity flow can provide 24-hour flow without taxing mechanical 
equipment. In this case, the 24-hour capacity of the spring system is taken into account when 
evaluating water supply and demands. Distribution components (booster pumps and distribution 
pipelines) are sized to deliver peak hourly demands so they can adequately accommodate surges in 
demand. Storage reservoirs are sized to make up the difference between water supply capacity and 
peak hourly water demands. Additional storage capacity (reserve) is usually provided in water 
storage reservoirs for both emergencies and fire suppression. 

To be utilized for projecting future water demands, past water use characteristics are normally 
converted to a per capita (per person) rate of use. This is done by dividing the average day by the 
number of people being served by the water system. These water demand rates would then be 
expressed as gallons per capita day (gpcd). This value multiplied by a population projected for some 
future year would then give the estimated total demand rate for that year. Since the City of 
Greenhorn is so small and the historic population has not demonstrated any measurable trend, a 
population projection will not provide a meaningful representation of the anticipated future 
population. A determination of the number of service connections would be more prudent when 
evaluating future water demands.  

Typical water demands in a city are greatly affected by outdoor watering activities. PDD normally 
occur in the summer during higher water use periods. Yards and extensive landscaping are not 
present for the structures in Greenhorn. Thus, the City does not normally experience these higher 
peak demands that can result from outdoor water use, such as prolonged yard watering. This needs 
to be considered when estimating water demands for Greenhorn. Published average day residential 
water demands for a single person, not considering irrigation uses for lawns, are typically in the 
following range: 

• 70 to 100 gpcd, meaning gallons per person per day 

To estimate water system demands, the total number of property owners must be considered, 
assuming a density of people per property owned. For the purpose of this WSS, it was assumed 
there are a total of 31 property owners, with a density of two people per ownership. It was also 
assumed the residential water system demand would be 100 gallons per person per day, the upper 
range of typical residential demands. This average water system demand occurs over a 24-hour 
period. Typically, the demands placed on the water system will be higher during daytime hours. For 
this purpose, it was assumed PDD will be 2.5 times higher than average day demands, meaning the 
24-hour demand of 100 gpcd will be compressed into a shorter time period, with peak flows 
occurring at key times of the day, such as in the morning hours and late afternoon hours. The 
anticipated water demands placed on the water system, at full development of 31 properties with 
two people per ownership, are summarized on Table 2-4. 
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TABLE 2-4   
SUMMARY OF DESIGN CRITERIA 

Residential Building Lot Availability 
 Current Active Properties 13 
 Total Property Ownership 31 
 Total Potential Build-out 31 
Population 
 Assume Two People per Ownership  
 Design Population at Full Development 62 
Water System Demands 
 ADD1 100 gpcd 
 Average Daily Flow (total gallons) 6,200 gallons 
 Average Daily Flow (gpm) 4.31 gpm 
 Peak Hourly Flow2 11 gpm 
 Supply Flow Required 11 gpm 
 Available Supply Flow3 13 to 60 gpm 
Storage 
 Emergency Reserve (Two Days)4 12,400 gallons 
 Fire Fill Reserve5 1,200 gallons 
 Total Required Storage 13,600 gallons 

1Assumes residential demands are 100 gallons per person per day. No demand allocation for 
yard watering. No commercial or other demands are anticipated. 
2Assumed to be 2.5 times ADD. 
3Based on historical and recent spring flow data. 
4Assumes a two-day emergency with no spring flow at ADD. 
5Fire fill reserve is to fill U.S. Forest Service (USFS) or other small fire trucks. 

The anticipated water system demands summarized on Table 2-4 show an average daily flow of just 
over 4 gpm with a peak daily flow of 11 gpm. This flow is equal to the lowest measured flow from 
the springs. The spring sources typically have more than 11 gpm capacity, so the springs appear able 
to meet anticipated PDD at full residential development. It is important to note that these 
anticipated demands do not include yard watering, do not assume a higher per ownership density 
than two people, nor do they include development of a commercial or other facility that would use 
water at higher than typical residential rates.    

2.5.2  Fire Demand 

Realistically, the City of Greenhorn’s water system does not have the ability to provide a meaningful 
fire flow. For comparison purposes, the typical recommended fire flows for residential areas within 
a City are in the range of 750 gpm to 1,000 gpm with a one- to two-hour duration. Unless the City 
installed a significantly larger reservoir and larger transmission and distribution system main lines, 
the system is limited to fire flows that are likely in the range of 50 gpm or so. For the purpose of this 
WSS, it was assumed full residential fire flows in the range of 750 to 1,000 gpm are not attainable 
and are not a requirement of the water system.  

It is recommended the City consider, as part of any proposed water system improvements project, a 
few new water flushing hydrants, which can also serve as small capacity fire hydrants, in the 
distribution system. The City could also consider purchasing some standard fire hoses and nozzles 
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that would at least provide some basic equipment for fighting fires. While the fire flow capacity of 
the water system is quite low, it can provide some basic fire protection. A fire truck fill station is also 
recommended for the ability to fill USFS or other small fire trucks. The water flushing hydrants, 
hoses, nozzles, and truck fill station would potentially help the City have the means to attempt to 
protect structures from a forest fire.  

2.6  Design Criteria 

In establishing design standards for a water system, primary consideration must be given to state and 
federal rules and regulations governing water quality and construction standards for water systems. 
These regulations, as previously stated, are set by both the EPA and the DWS. In addition to these public 
health and safety requirements, there are many other factors that control the design parameters for 
municipal water systems. The City must evaluate many other factors such as financial feasibility, 
philosophy and policies of the City Council, past system performance and service, and expectations of 
water users. All of these factors are important and can influence the standards by which water system 
improvements are made. 

There have been many assumptions made herein to estimate the anticipated water system demands 
(the design criteria) to help evaluate what improvements need to be made to the water system. It is 
important these assumptions are understood, especially the limitations the assumptions placed on the 
water system and future development of the City. These assumptions are summarized on Table 2-4 and 
are outlined hereafter for completeness. 

 No yard watering is anticipated. 

 Thirty-one property owners represent total build-out capacity. 

 Two people per ownership is the anticipated population density, resulting in 62 people. 

 No commercial or other non-residential demands are considered.  

 Reservoir sizing has been determined assuming a two-day emergency at ADD. This is discussed 
in more detail in Section 3.0 of this WSS. 

Table 2-4 presents a summary of the water system design criteria for evaluating the existing water 
system and developing improvements to satisfy present and future needs. The applications of these 
criteria are discussed further in Section 3.0 of this WSS, which address the water supply, storage, and 
distribution system facilities. Table 2-4 presents the design criteria based on an estimated service 
population of 54 and the estimated ADD and PDD. Storage volumes are derived from calculations 
presented in Section 3.0 of this WSS. The design criteria presented on Table 2-4 are used as base 
information in later sections of this WSS for evaluating existing and future system needs and capability.
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3.0 -  Water System Improvement 
Alternatives 
3.1  General 

Section 3.0 of this Water System Study (WSS) summarizes the current condition of the City’s water 
system components as well as recommended improvements. Cost estimates for the recommended 
improvements are presented in Section 4.0 of this WSS. The water supply, storage, and distribution 
systems are discussed in detail hereafter. 

3.2  Water Supply System 

As stated earlier, the City of Greenhorn obtains its municipal water supply from a system of two springs 
located approximately 0.5 mile northwest of the City. The two springs are roughly adjacent to each 
other (west and east).  

The east spring area is an unsecured area where spring water is collected from an old, mostly blocked 
mine shaft, which then flows through an old bathtub (spring box), before flowing through 4-inch high 
density polyethylene (HDPE) pipe to the new storage tank. The spring box has an unlocked wooden lid. 
As mentioned previously, the City has not used this spring source since 2000. A photo of the east spring 
box can be seen on Figure 3, Photo 1. The east source should be isolated from the drinking water system 
due to potential water quality concerns. The nature of the collection source being an open mine shaft 
leaves it highly susceptible to contamination, which would likely be classified as a surface water source 
by the Oregon Health Authority - Drinking Water Services (DWS), requiring additional treatment once 
the system is federally regulated. If the east source were to be used again as a drinking water source for 
the City of Greenhorn, significant improvements would be required. Flow data collected from 1990 to 
2006 did not include spring flow from the east source. Therefore, the spring capacity compared against 
future City full build-out demand analysis from Section 2.0 indicates that current and future demands 
can be supplied solely by the west spring source. However, it would be wise for the City to invest in 
improvements to the east spring source to provide additional supply capacity and redundancy. 

To bring the east spring source into compliance, the City will need to seal off the mine shaft entrance to 
ensure the spring water is considered groundwater and will need to construct a sealed spring box with a 
sealed and lockable lid for the spring outlet. Other needed improvements include an in-line flowmeter 
and screen unit to help remove any potential debris from the system.  The in-line screen and flowmeter 
would be installed in a small vault on the downstream exterior of the spring box to allow for easy access 
and maintenance without having to open the spring box lid.    

The west spring area is also an unsecured area where spring water is collected in the bottom of a 
concrete spring manhole structure, before flowing through 4-inch HDPE pipe and combining with the 
east spring pipe and continuing to the new storage tank. A photo of the west spring area can be seen on 
Figure 3, Photo 2. The manhole has a very heavy wood and steel lid resting on top and was unlocked at 
the time of the August 30, 2014, site visit. The lid required a truck-mounted hoist to remove it. Upon 
inspection, the manhole structure appeared to be in good condition; however, a near-surface water 
stream was observed trickling into the manhole structure between the ground and concrete. This water 
stream is likely surface water that has traveled down the outside surface of the manhole structure and 
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under the concrete spring box and was observed comingling with spring water before flowing into the 
tank feed transmission line. A photo of the inside of the west spring box can be seen on Figure 3,  
Photo 3. This surface water path leaves the water system susceptible to contamination and is likely the 
source of positive total coliform tests seen over the past couple of years.  It is recommended that the 
manhole structure be sealed between the ground and concrete to prevent surface water contamination. 
This would also prevent potential contamination from small animals and insects entering the spring box. 
It is also recommended to install fencing around the spring collection area in order to secure it from 
grazing and wild animals, as well as unwanted human contact.  

The spring box was observed to have an unscreened 4-inch transmission line outlet and two overflow 
outlets, of which one is screened. The overflows drain to daylight. It is recommended that a screen be 
installed on the transmission line outlet outside the spring box in a small vault to prevent debris and 
small animals from entering the system. An in-line flowmeter should also be installed in the exterior 
vault that would contain the screen unit. The second overflow should be removed and the spring box 
penetration sealed. 

It is also recommended that the west spring box lid be replaced by a metal lid that can be opened by a 
single operator. The lid should have a good lock and a seal so insects, small animals, other debris, etc., 
cannot enter the springs between the lid and the concrete structure. All of these recommended west 
spring improvements would provide a more secure and operator-friendly west spring supply source. 

The City indicates that the main transmission line between the springs and the tank may be leaking and 
needs replaced. Reportedly, the line was installed with bells uphill, leaving it susceptible to surface 
water infiltration. The current transmission line also has sections that are exposed to the elements (see 
Figure 3, Photo 4) and are susceptible to damage and freezing. It is recommended the springs to tank 
transmission line be replaced with a buried 4-inch polyvinyl chloride (PVC) or HDPE line.   

3.2.1  Water Supply Analytical Data 

In 1996, the City began voluntary quarterly sampling of the water system. Based on records 
provided by the City, the City sampled water from the distribution system in July 2000 for analysis of 
nitrate, nitrite, sulfate, total cyanide, fluoride, and 11 metals (antimony, arsenic, barium, beryllium, 
cadmium, chromium, mercury, nickel, selenium, sodium, and thallium). All of these constituents 
were either not detected or were detected at concentrations less than their corresponding EPA 
primary maximum contaminant levels. Constituents detected in the sample included nitrate, sulfate, 
fluoride, arsenic, barium, cadmium, chromium, and sodium. 

The City also provided records of total and fecal coliform sampling results for the period from 
December 1996 through April 2002. For this period, one sample was obtained from a faucet at a 
particular residence roughly on a quarterly basis. Fecal coliforms were detected in quarterly samples 
obtained in November 1997 and September 1998. Total coliforms were detected in quarterly 
samples obtained in February 1997; August 1997; November 1997; and March, June, and September 
1998. Since September 1998, quarterly samples obtained from the distribution system have been 
free of total and fecal coliforms.  

The City experienced some total coliform contamination in routine samples in 2009. The suspected 
source of the contamination was the storage reservoir, with suspected groundwater intrusion into 
the storage reservoir.  Bill Goss, P.E., from the DWS, inspected the water system on October 7, 2009, 
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and obtained two system samples from the reservoir overflow and from the Dale McLouth (mayor) 
residence.  Neither of these samples contained coliforms.  Bill Goss, P.E., prepared a summary letter, 
along with recommendations for the water system.  The recommendations prepared by Bill Goss, 
P.E., are consistent with the recommendations summarized in this WSS.   A copy of the  
November 13, 2009, letter from the DWS is included in Appendix D for reference. 

3.2.2  Water Quality and Regulations 

Because of the history of total coliform contamination and DWS regulations concerning spring 
sources, it is imperative for the City to eliminate coliform contamination in order to keep a 
groundwater classification and avoid costly treatment associated with a surface water source.  

3.3  Water Storage System 

3.3.1  Existing Water Storage System 

The City of Greenhorn’s existing water storage tank is located approximately one-third mile 
northwest of the City. The belowground tank was installed in 2009, consisting of a pre-cast concrete 
bottom stacked with concrete rings and a concrete top. The reservoir is approximately 6 feet in 
diameter and approximately 12 feet deep. The total volume is approximately 2,600 gallons. The tank 
provides distribution system pressures ranging from approximately 40 to 55 pounds per square  
inch (psi). Photos of the existing storage tank can be seen on Figures 3 and 4, Photos 5 and 6.  

Water enters the tank from a single inlet on the top and leaves the tank through a single outlet on 
the bottom. A tank discharge isolation valve was also installed. The tank has a 4-inch overflow that is 
routed downhill to daylight (see Figure 3, Photo 7) and is open at the pipe’s end. The tank also has 
buried perforated pipe surrounding the base, which routes infiltrating surface water away from the 
tank (see Figure 4, Photo 8). The tank also has a vent that appears to be properly sealed. It is 
recommended that the end of the tank overflow pipe have a flap valve installed to prevent small 
animals and insects from entering the tank. 

On August 30, 2014, the storage tank was drained and entered for inspection. In general, the tank 
was found to be in good condition, and it appears to have been installed properly. There were no 
leaks observed between the concrete rings (see Figure 4, Photo 9). The tank looked structurally 
sound with no observed cracking. Some surface water rusting of exposed rebar was observed in a 
few concrete rings and at the floor and wall intersection. This rusting could lead to long-term 
structural tank issues as well as introduce iron-based bacteria into the system. Photos of the rusting 
can be seen on Figure 4, Photos 10 and 11. A small amount of sediment accumulation was observed 
in the bottom of the tank. It is recommended that the tank lid be replaced with a more operator-
friendly, sealable, lockable, hinged lid. A photo of the existing tank lid can be seen on Figure 4,  
Photo 12. 

3.3.2  Water Storage Design Parameters 

Water storage facilities are utilized to meet several purposes. Storage reservoirs are used to provide 
operational control for water supply facilities. When a reservoir drops a few feet from the full level, 
a signal can be activated to call for additional water supply. The amount of storage required for this 
type of control is called operating storage. Stored water must also be available to supply water 
during periods in which the demand for water exceeds the available water supply. This reserve is 
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called equalization storage. Fire reserve storage is also normally present to provide sufficient 
storage volume to fight fires. Lastly, a reserve is often provided for emergencies that may arise and 
interfere with production from water supply sources. Such emergencies could be created by power 
outages, mechanical equipment failure, or sudden water contamination. The amount of storage to 
be provided for an emergency depends on the likelihood and the impact of such an occurrence. The 
amount of emergency storage provided usually becomes a balance between what is needed and 
what can be afforded. This storage allowance is usually called emergency reserve. 

Emergency storage is usually provided for the minimum of a one- to three-day supply in the event of 
a power outage, mechanical problems, or other problems that would interrupt the reliable supply of 
water. In most cases, this would be the minimum amount of time to repair or replace a well pump 
or other equipment. The amount of emergency storage required is largely dependent upon the 
reliability of the water supply sources. The City of Greenhorn’s spring system operates by gravity 
flow, not needing mechanical equipment to operate. A failure of the water supply line could 
eliminate the springs as the City’s supply until the line could be repaired. Contamination of the 
spring source could eliminate the City’s water supply until the contamination is remediated. Based 
on the water supply capacity and reliability, a two-day emergency reserve would reasonably meet 
the City of Greenhorn’s emergency storage needs. To provide the one-day emergency reserve at the 
projected average use rates and population, a total emergency storage volume of 12,400 gallons 
would be required.  

Operating storage is normally provided to facilitate operation of mechanical equipment required to 
fill a storage tank. Since the City of Greenhorn’s storage tank is gravity fed from the springs and any 
unused water is overflowed to drain at the tank, an operating storage is not required.  

Equalization storage is normally provided to balance out the difference between peak hourly 
demand and water supply capacity during a peak day demand period. Since the springs continually 
flow into the storage tank and can meet the estimated peak hourly flow of 10 gallons per minute 
(gpm), an equalization storage is not required. 

Fire flow storage is normally provided to accommodate large flows for a short period in order to 
support firefighting efforts. As mentioned before, the City of Greenhorn’s water system does not 
have the ability to provide a meaningful fire flow. For comparison purposes, the typical 
recommended fire flows for residential areas within a City are in the range of 750 gpm to 1,000 gpm 
with a one- to two-hour duration. Unless the City installed a significantly larger reservoir and larger 
transmission and distribution system main lines, the system is limited to fire flows that are likely in 
the range of 50 gpm or so. For the purpose of this WSS, it was assumed full residential fire flows in 
the range of 750 to 1,000 gpm are not attainable and are not a requirement of the water system. 
However, a fire fill reserve of 1,200 gallons is recommended for the capacity to fill U.S. Forest 
Service or other small fire trucks in the event of a fire.  

In establishing design standards for a water system, primary consideration must be given to state 
and federal rules and regulations governing water quality and construction standards for water 
systems. These regulations are set by both the EPA and the DWS. In addition to these public health 
and safety requirements, there are many other factors that control the design parameters for 
municipal water systems. The City must evaluate many other factors such as financial feasibility, 
philosophy and policies of the City Council, past system performances and service, and expectations 
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of the water users. All of these factors are important and can influence the standards by which 
water system improvements are made.  

3.3.3  Recommended Storage Capacity 

It is recommended that the City maintain a storage volume of 13,600 gallons, if feasible and if 
growth occurs. A tank of this size could provide the design storage volumes for a population of 
62 people as summarized on Table 2-2.  

In 2009, the City of Greenhorn installed a new buried 2,600-gallon concrete storage tank. The new 
tank is in good condition and performing adequately with no major findings during the  
August 30, 2014, inspection. While it would be preferable to have additional storage for future 
development and growth, there are no recommended storage capacity improvements at this time. If 
the City begins to grow beyond its current 13 connections with additional development and 
residents, additional storage volume would be a wise investment. 

3.4  Distribution System 

3.4.1  Water Distribution System 

The pipe extending from the storage tank to the distribution system is approximately 1,800 feet of 
2-inch HDPE and was installed with the new storage tank in 2009. It was reportedly buried at a 
depth of about 20 inches. It is normally recommended that water lines are buried at a depth of at 
least 36 inches or more, depending on the severity of cold weather in the area. However, the 
continuous flow of the springs through the pipeline likely helps keep the line from freezing. 

The entire City is served by gravity flow and has distribution system pressures reportedly ranging 
from 40 to 55 psi.  The water main lines within the City of Greenhorn are 2-inch HDPE, and 2-inch 
PVC mains branch off from it, with service lines being 3/4-inch PVC. There is a main isolation valve 
with a wooden valve house at the end of the tank-to-distribution transmission line as well as an end-
of-distribution valve that controls the distribution purge flow. Photos of the start-of-distribution 
valve house and end-of-distribution purge valve can be seen on Figure 5, Photos 13 and 14. Each of 
the PVC distribution mains has an isolation valve where it comes off the main HDPE line. There are 
no hydrants on the system. 

None of the water users have water meters. A map of the existing distribution system is shown on 
the map at the end of this WSS. 

Because of the small size of the distribution system main lines and limited source and storage 
capacity, the City has very limited fire protection.  An alternative to costly upsizing of the storage 
reservoir and distribution main lines would be to install a few new water flushing hydrants 
throughout the City, which can also serve as a small capacity fire hydrant. Fire hose could be laid 
from these connections to nearly every residential location in the City, giving the City the ability to 
fight a residential fire. A truck fill station is also recommended within the distribution system to 
support firefighting efforts. A truck fill station would provide valuable capability to fill a fire tanker 
truck in the event of a fire, while providing water system protection through a required air gap. A 
conceptual drawing of a truck fill station can be seen on Figure 6. 
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The City of Greenhorn’s distribution system has some dead-end lines that could lead to water 
quality problems, primarily during periods of low water use. It is recommended increased system 
circulation be provided by connecting the mains on Worley Street and Phoenix Street with a new 2-
inch HDPE main line. The location of the proposed water line is shown on the map found at the end 
of this WSS.
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4.0 -  Summary of Recommended 
Improvements 
The recommended water system improvements for the water supply, storage, and distribution systems 
are summarized in detail in Section 3.0, including the reasoning for the improvements. This section of 
the Water System Study contains a summary of all recommended improvements, including estimated 
costs. 

Estimated costs for the improvements recommended herein have been prepared assuming the work is 
completed using the public bid process. The costs also include an additional 35 percent that includes 
administration, design engineering, construction engineering, legal fees, and a 10 percent construction 
contingency. Including these items is a requirement of funding agencies to ensure adequate funding is 
available, which includes a 10 percent contingency.  

4.1  Water Supply Improvements 

The recommended water supply improvements include the following: 

4.1.1  Existing Spring Improvements 

To maintain the springs as a secure source of water supply for the City, additional improvements 
should be made. These improvements include the following: 

• West Spring Source 

o Replace the concrete spring box lid with an operator-friendly lid that is easily 
opened, is lockable, and is sealed.  

o Seal the exterior of the connection between the concrete spring box to the block 
foundation for the spring to prevent exterior water intrusion. 

o Install a new vault on the spring outlet line with a flowmeter and in-line screen to 
facilitate flow readings and screen cleaning and maintenance. 

o Install fencing around the spring area to keep out livestock and wild animals from 
the area adjacent to the spring. 

o Install a screen on the main spring box overflow outlet, and remove and seal the 
protrusion for the secondary overflow pipe. 

 East Spring Source 

o Install a new vault for the spring source to include an operator-friendly lockable, 
sealed, lid. 

o Install a new vault on the spring outlet line to include a flowmeter and an in-line 
screen to facilitate flow readings and screen cleaning and maintenance. 

o Open the mine shaft entrance to facilitate construction of a wall to seal the mine 
shaft from all intrusion. The wall should include a sealed, lockable door to facilitate 
access. 
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The estimated cost for the existing spring improvements is $17,000 for the west spring, and $62,000 
for the east spring, as summarized on Figure 7. 

4.1.2  New Spring to Storage Tank Transmission Line   

A new 4-inch diameter polyvinyl chloride or high density polyethylene water line is recommended 
from the springs to the storage tank. The estimated construction cost for the new transmission line 
is $84,000, as summarized on Figure 8. 

4.2  Storage Improvements 

The recommended storage improvements include the following: 

4.2.1  Existing Tank Improvements 

The existing tank is in relatively good shape. Based on the August 30, 2014, inspection, 
improvements that should be completed to the new tank include installing a flap valve on the end of 
the tank overflow pipe and replacing the existing lid with a more operator-friendly, sealable, and 
lockable hinged lid. The estimated cost for the existing tank improvements is $3,700, as summarized 
on Figure 9. Additional storage capacity is preferred if financially feasible and if additional growth 
occurs. 

4.3  Distribution System Improvements 

The recommended distribution system improvements are as follows: 

4.3.1   Priority Improvements - New Water Flushing Hydrants/Connections 

Three water flushing hydrants, which can also serve as small capacity fire hydrants, are 
recommended throughout the distribution system. By purchasing several hundred feet of fire hose 
and the proper nozzles, the City would potentially have the means to fight a residential structure fire 
using only gravity flow from the new storage tank. The estimated cost for the new fire connections 
is summarized on Figure 10. 

4.3.2  Priority Improvements - Distribution System Valves 

It is recommended water system isolation valves be installed to facilitate isolation of some areas of 
the distribution system. The estimated cost for the recommended new valves is summarized on 
Figure 10. 

4.3.3  Additional Improvements - Distribution System Main Lines 

It is recommended a new water line be installed from Worley Street to Phoenix Street to provide 
looping to dead-end lines. The estimated cost for the recommended new distribution system line is 
summarized on Figure 10. 
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4.3.4  Additional Improvements - Truck Fill Station 

A truck fill station is recommended within the distribution system. A truck fill station would provide 
valuable capability to fill a fire tanker truck in the event of a fire, while providing water system 
protection through a required air gap. The estimated cost for the recommended truck fill station is 
summarized on Figure 10. 

4.3.5  Summary of Distribution System Improvements 

The recommended priority improvements, which include new valves, water flushing hydrants, and 
hoses has a total estimated cost of $15,600, as summarized on Figure 10. The additional 
improvements, which includes 2-inch main lines and a truck fill station, has a total estimated cost of 
$41,000, as summarized on Figure 10. 

4.4  Total Estimated Cost Summary 

4.4.1  Priority Recommended Improvements 

The recommended priority water system improvements include the west spring, reservoir, 
transmission line, valving, and water flushing hydrant/hose improvements. These are the minimum 
recommended improvements the City should complete, if possible. The total estimated cost for the 
priority recommended improvements is $120,300 as summarized on Figure 11. 

4.4.2  Additional Recommended Improvements 

If funding permits, it would be beneficial to the City to complete additional improvements to the 
water system. These additional improvements include the east spring, distribution system main line, 
and a truck fill station. The total estimated cost for the additional recommended improvements is 
$103,000 as summarized on Figure 11. 
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5.0 -  Project Financing and 
Implementation 
Section 5.0 of this Water System Study (WSS) provides basic financing information for the City’s water 
system. An implementation plan is also presented should the City desire to proceed with a water system 
improvements project. 

5.1  Introduction 

The City of Greenhorn has an initial connection fee of $350. There are no monthly charges for the water 
system. There are no water meters currently in the system.  

5.2  Project Funding 

The total estimated cost of the priority recommended water system improvements outlined in Section 
4.0, including a 10 percent construction contingency is $120,300, as summarized on Figure 11. 

5.3  Existing Debt Capacity of Water Department 

The City of Greenhorn has very little debt capacity within the current water user base. Effectively, there 
are only 13 permanent water users. If a typical municipal loan rate of 4 percent for 20 years is 
considered, each $5.00 increase in the monthly base rate, assuming 13 connections, represents 
approximately $10,600 in total debt capacity. Thus, a rate increase of $5.00 would yield a loan of about 
$10,600, a rate increase of $10.00 would yield a loan of about $21,200, etc. Typical monthly water costs 
required by many funding agencies prior to being considered for grant funds is in the range of $35 to 
$40 or more per month. Assuming $25 of the monthly rate would be available for debt service, the City 
could obtain a loan of approximately $53,000. This scenario is likely not financially feasible for the City of 
Greenhorn, due to the part-time nature of many of the City’s water system connections. Thus, 
implementation of any type of major improvement without using external funds, grant funds, and/or 
City reserves is not financially feasible for the City of Greenhorn. 

5.4  Project Implementation 

If the City desires to complete some or all of the water system improvements, the following action items 
and implementation steps need to be made by the City of Greenhorn. The steps outlined are general in 
nature and include the major steps and processes that need to be undertaken.  

5.4.1  Action Items 

1. The City will need to formally adopt the WSS. 

2. The City will need to select improvements to be completed. 

3. The City will need to initiate talks with Baker County for funding opportunities. 

4. The City may desire to hold public information meetings to inform its citizens of the needs 
and scope of the project, to answer questions, and to generate support for the project and a 
potential water rate increase. 
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5.4.2  Implementation Steps 

Should the City wish to proceed with a water system improvements project, the following 
implementation plan outlines the key steps the City would need to undertake to proceed with 
project implementation.  

 ITEM COMPLETION DATE 

1. Finalize the WSS November/December 2015 

2. Initiate Baker County Funding Meetings November/December 2015 

3. Finalize Project Funding December 2015 

4. Design and Bid Improvements Spring 2016 

5. Construct Improvements Summer 2016 

8. Close Out Project Fall 2016 

5.5  Conclusions 

The improvements outlined herein have been developed to meet the City of Greenhorn’s basic water 
system needs for the next 20 years or more while also considering available project funding. Water 
system improvements as outlined in this WSS will provide the City with a more reliable water system 
that would meet the needs of the City for many years to come. If additional growth begins to occur, it is 
recommended the City also consider additional storage capacity. 

 



 

 

Figures 



FIGURE
CITY OF

GREENHORN, OREGON
WATER SYSTEM STUDY

LOCATION AND VICINITY MAPS 1

T. 10 S., R. 35 E., W.M.

GREENHORN

ROAD

GREENHORN

To Oregon Hwy. 7

John
Day

0  1000 1000 
SCALE IN FEET  

Jo
b 

# 
11

99
-1

97
-0

21
  N

ov
. 6

, 2
01

5 
 lb

au
er

VICINITY MAP

PROJECT
LOCATION

Sumpter
Greenhorn

C
IT

Y
 L

IM
IT

S



FIGURET. 10 S., R. 35 E., W.M.

GREENHORN

CITY OF
GREENHORN, OREGON

WATER SYSTEM STUDY

AERIAL MAP 2

CITY LIMITS

Jo
b 

# 
11

99
-1

97
-0

21
  D

ec
. 1

4,
 2

01
5 

 lb
au

er

0  300  300  
SCALE IN FEET  

GREENHORN

RO
AD

To Oregon Hwy. 7



FIGURE
CITY OF

GREENHORN, OREGON
WATER SYSTEM STUDY

PHOTOS 1 3
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visible.
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PHOTO 13 - Structure over main valve junction at 
transmission line connection point to the distribution 
system.

PHOTO 14 - Pressure sustaining valve at low point in 
distribution system.
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CITY OF
GREENHORN, OREGON

WATER SYSTEM STUDY

ESTIMATED COSTS - WATER 
SUPPLY IMPROVEMENTS

FIGURE
7

West Spring Improvements
1. Mobilization (7%) LS All Req'd 800 800$             
2. New Spring Box Lid LS All Req'd 3,800 3,800            
3. Seal Exterior/Interior LS All Req'd 600 600               
4. New Vault, Screen, Flowmeter LS All Req'd 6,500 6,500            
5. New Fencing LS All Req'd 700 700               
6. Overflow Piping Modifications LS All Req'd 200 200               

12,600$       

4,400            

Total Estimated Cost, West Spring Improvements 17,000$       

East Spring Improvements
1. Mobilization (7%) LS All Req'd 3,000 3,000$          
2. New Spring Vault Lid LS All Req'd 6,000 6,000            
3. New Outlet Line Vault with Screen and 

Flowmeter
LS All Req'd 2,000 2,000            

4. New Access Wall to Seal Mine Shaft LS All Req'd 35,000 35,000          

46,000$       

16,000          

Total Estimated Cost, East Spring Improvements 62,000$       

ESTIMATED COSTS
WATER SUPPLY IMPROVEMENTS

YEAR 2016 COSTS

ITEM DESCRIPTION UNIT
ESTIMATED
QUANTITY

UNIT
PRICE

TOTAL
PRICE

Subtotal Estimated Construction Cost
Administration, Legal, Design and Construction Engineering, Permitting, and 

Construction Contingency @ 35%

Subtotal Estimated Construction Cost
Administration, Legal, Design and Construction Engineering, Permitting, and 

Construction Contingency @ 35%
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ESTIMATED COSTS -
TRANSMISSION LINE

IMPROVEMENTS

FIGURE
8

1. LS All Req'd 4,000 4,000$             
2. LF 1,700 32 54,400             
3. EA 3 500 1,500               
4. EA 3 800 2,400               

62,300$           

21,700             

Total Estimated Cost, Transmission Line Improvements 84,000$           

ESTIMATED COSTS
TRANSMISSION LINE IMPROVEMENTS

YEAR 2016 COSTS

ITEM DESCRIPTION UNIT
ESTIMATED
QUANTITY

UNIT
PRICE

TOTAL
PRICE

Connection to Existing Line
4-inch Transmission Line
Mobilization (7%)

Subtotal Construction Cost

Administration, Legal, Design and Construction Engineering, Permitting, 
and Construction Contingency @ 35%

3-inch Valves
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ESTIMATED COSTS -

STORAGE RESERVOIR
IMPROVEMENTS

FIGURE
9

1. LS All Req'd 200 200$                
2. LS All Req'd 2,000 2,000               
3. LS All Req'd 500 500                  

2,700$             

1,000               

Total Estimated Cost, Storage Reservoir Improvements 3,700$             

ESTIMATED COSTS
STORAGE RESERVOIR IMPROVEMENTS

YEAR 2016 COSTS

ITEM DESCRIPTION UNIT
ESTIMATED
QUANTITY

UNIT
PRICE

TOTAL
PRICE

Administration, Legal, Design and Construction Engineering, Permitting, 
and Construction Contingency @ 35%

Mobilization (7%)
New Reservoir Lid, Lockable
Overflow Line Flap Valve

Subtotal Construction Cost
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ESTIMATED COSTS -

DISTRIBUTION SYSTEM
IMPROVEMENTS

FIGURE
10

Recommended Priority Improvements
1. Mobilization (7%) LS All Req'd 700 700$                
2. 2-inch Valves EA 8 650 5,200               
3. Water Flushing Hydrant with 

Auxiliary Valve EA 3 1,400 4,200               
4. Cotton Jacket, Rubber-Lined 

Fire Hose, and Nozzles
LS All Req'd 1,500 1,500               

11,600$           
4,000               

Total Estimated Cost, Priority Distribution System Improvements 15,600$           

Additional Improvements
1. Mobilization (7%) LS All Req'd 2,000 2,000$             
2. 2-inch Main Line LF 550 20 11,000             
3. Connection to Existing Line EA 2 500 1,000               
4. Truck Fill Station LS All Req'd 12,000 12,000             
5. Surface Restoration SY 450 $10 4,500               

30,500            

10,500             

Total Estimated Cost, Additional Distribution System Improvements 41,000$           

ESTIMATED COSTS
DISTRIBUTION SYSTEM IMPROVEMENTS

YEAR 2016 COSTS

ITEM DESCRIPTION UNIT
ESTIMATED
QUANTITY

UNIT
PRICE

TOTAL
PRICE

Subtotal Estimated Construction Cost
Administration, Legal, Design and Construction Engineering, Permitting, 

and Construction Contingency @ 35%

Subtotal Estimated Construction Cost
Administration, Legal, Design and Construction Engineering, Permitting, 

and Construction Contingency @ 35%
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SUMMARY OF ESTIMATED COSTS -
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FIGURE
11

Priority Recommended Improvements
7. West Spring Improvements 17,000$                  17,000$                   
8. Transmission Line Improvements 84,000                    101,000                   
9. Reservoir Improvements 3,700                      104,700                   
10. Valve and Water Flushing 

Hydrant/Hose Improvements
15,600                    120,300                   

120,300$                 

Additional Recommended Improvements
7. East Spring Improvements 62,000$                  62,000$                   
10. Distribution System Lines and Truck 

Fill Station
41,000                    103,000                   

103,000$                 

CUMULATIVE 
ESTIMATED 

CONSTRUCTION 

YEAR 2016 COSTS

Total Estimated Costs, Additional Recommended 
Water System Improvements (Year 2016 Costs)

SUMMARY OF ESTIMATED COSTS
WATER SYSTEM IMPROVEMENTS

FIGURE 
NO. DESCRIPTION

ESTIMATED 
CONSTRUCTION 

COST

Total Estimated Costs, Priority Recommended Water 
System Improvements (Year 2016 Costs)
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