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CHAPTER 3 
 

SYSTEM ANALYSIS 
 
INTRODUCTION 
 
The purpose of this chapter is to determine if the existing water system facilities are able 
to supply sufficient quality and quantity of water to meet existing and projected demands.  
In this section, three major planning components will be analyzed: 
 

• Water Quality Analysis 
• Water System Component Analysis 
• Water System Summary of Deficiencies 

 
The design and construction standards identify the standards that apply to the City’s 
water system facilities.  The system component analyses compare the various design 
standards to the City’s existing facilities.  Based on these analyses, a summary of 
deficiencies is provided.  Recommended improvements, project costs, and prioritization 
of recommended improvements are presented in Chapter 8 of this plan. 
 
WATER SYSTEM STANDARDS 
 
The City complies with water quality standards established by the Washington State 
Department of Health. 
 
Design standards established by the Washington State Department of Health are used to 
evaluate the City’s water system in this Chapter. 
 
The City currently has no construction standards for its water system.  This plan adopts 
construction standards as described in Chapter 7 and found in Appendix E. 
 
WATER QUALITY ANALYSIS 
 
Introduction 
 
Group A public community water systems must comply with the drinking water 
standards of the federal Safe Drinking Water Act and its amendments.  The Washington 
State Department of Health (DOH) adopted the federal standards under WAC 246-290, 
which became effective April 27, 2003.  This chapter describes the water quality 
parameters necessary to ensure the delivery of safe potable drinking water to the City’s 
customers.  This chapter also evaluates the City’s efforts to comply with required 
regulations and testing requirements. 
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The quality of the source water for its drinking water system is of primary concern to the 
City.  The City has historically provided a high quality of drinking water to its service 
area and currently complies with all water quality monitoring requirements.  The City’s 
water quality monitoring program meets the sampling frequency prescribed by DOH 
regulations.  The City publishes a consumer confidence report titled the Annual Drinking 
Water Quality Report in an effort to keep consumers informed as to the quality of both 
their water supply and water delivery systems. 
 
The following water quality issues are discussed in this chapter: 
 

• Description of both current and future drinking water quality regulations, 
as they apply to the City’s water system; 

 
• Evaluation of the City’s drinking water quality; and 

 
• Schedule for future water quality monitoring. 

 
The Safe Drinking Water Act (SDWA) of 1974, amended in 1986 and 1996, established 
specific roles for the federal government, state government, and water system purveyors, 
with respect to water quality monitoring.  The U.S. Environmental Protection Agency 
(EPA) is authorized to develop national drinking water regulations and oversee the 
implementation of the SDWA.  State governments are expected to adopt the federal 
regulations and accept primary responsibility or “primacy” for administration and 
enforcement of the Act.  Public water system purveyors are assigned the day-to-day 
responsibility of meeting regulations by incorporating monitoring, recording, and 
sampling procedures into their operation and maintenance programs. 
 
Water Quality Standards 
 
Table 3-1 lists drinking water regulations, the affected contaminants, and indicates which 
regulations require the City to conduct monitoring or take other action.  Existing State 
law contains regulations for bacteriological contaminants, inorganic chemicals and 
inorganic physical parameters (IOCs), volatile organic chemicals (VOCs), synthetic 
organic chemicals (SOCs), radionuclides, and total trihalomethanes (TTHMs). 
 
The implementation schedules for the proposed new regulations are subject to revision 
and the City should continue to stay informed regarding regulatory deadlines. 
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TABLE 3-1 
 

Drinking Water Regulations(1) 
 

Drinking Water Regulation(1) Contaminants Affected(2) City Action 
Bacteriological Coliform Monitoring 
Residual Disinfectant Total Free Chlorine Monitoring 
Consumer Confidence Report Reporting Only Reporting 
Inorganic Chemicals and Physical 
Parameters IOCs Monitoring 

Arsenic Rule Arsenic Monitoring 
Volatile and Synthetic Organic 
Compounds VOCs, SOCs Monitoring 

Asbestos Asbestos Monitoring 
Lead and Copper Rule Lead, Copper Monitoring 
Radionuclide Rule Radionuclides Monitoring 
Disinfectants/Disinfection Byproducts 
Rule (Stages I and II) 

TTHMs, HAA5,  
Chlorite, Bromate 

Monitoring and 
Planning 

Groundwater Rule Bacteriological Planning 
Surface Water Treatment Rule Microbial Contaminants Not Applicable 
Information Collection Rule Bacteriological Not Applicable 
Filter Backwash Recycling Rule Bacteriological Not Applicable 
Interim Enhanced Surface Water 
Treatment Rule Bacteriological Not Applicable 

Long-Term 1 Enhanced Surface 
Water Treatment Rule Bacteriological Not Applicable 

(1) Drinking water regulations as of November 2006. 
(2) TTHM = total trihalomethanes; HAA5 = five haloacetic acids; IOCs = inorganic chemical and 

physical characteristics; VOCs = volatile organic chemicals; SOCs = synthetic organic 
compounds. 

 
Minimum standards for water quality are specified in terms of Maximum Contaminant 
Levels (MCLs).  Primary MCLs are based on chronic and/or acute human health effects.  
Secondary MCLs are based on factors other than health effects, including aesthetics.  
MCLs are specified in WAC 246-290 and described further in the following pages and 
tables.  The following sections discuss the applicable water quality regulations, analysis 
of the City’s compliance with these regulations, and a summary of anticipated future 
regulations.  A water quality monitoring schedule is presented at the end of this section. 
 
Consumer Confidence Report 
 
This new rule was finalized on August 19, 1998.  The Consumer Confidence Report Rule 
requires community water system purveyors to prepare and distribute an annual report of 
water quality analyses to their customers.  The City is required to submit the report to its 
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customers by the 1st of July each year.  The City’s report is included in their annual June 
newsletter and a copy of the most recent CCR is provided in Appendix F of this Plan. 
 
Bacteriological 
 
Introduction 
 
Coliform bacteria is a general category of bacteria routinely monitored in potable water 
systems.  Not all coliform bacteria are pathogenic but they are relatively easy to identify 
in laboratory analysis and represent an indicator organism.  This means that if coliform 
bacteria are detected, then pathogenic organism may also be present.  Bacterial 
contamination of a potable water system can cause a number of waterborne diseases, so 
coliform analysis is strictly monitored and regulated by the DOH. 
 
The Coliform Monitoring Rule specifies two types of violations, “nonacute MCL” and 
“acute MCL.”  A purveyor is required to notify both the DOH and system consumers if 
either MCL violation occurs.  A violation of bacteriological MCLs occurs during routine 
sampling when: 
 

• Coliform is detected in more than one sample in a single month (nonacute 
MCL); 

 
• Coliform is present in a set of repeat samples collected as a follow-up to a 

sample with fecal coliform or E. coli presence (acute MCL); or 
 

• Fecal coliform or E. coli is present in a repeat sample after coliform was 
detected in the routine sample (acute MCL). 

 
Monitoring Requirements and Analysis 
 
The City monitors for bacteriological contaminants in accordance with its Water Quality 
Monitoring Plan.  The number of required monthly samples is provided annually from 
DOH on the Water Quality Monitoring Report.  The City is required to collect one 
sample per month. 
 
The City had two samples from 2003 to 2007 that tested positive for coliform.  One test 
found coliform with E. coli absent.  Another test found coliform with E. coli present.  In 
both cases the follow-up sample was negative for coliform.  Under DOH rules, if 
follow-up samples show no coliform, the City is in compliance and no additional action 
is required. 
 
Residual Disinfectant 
 
According to WAC 246-290-300, systems providing disinfection treatment shall measure 
residual disinfectant concentration within the distribution system when taking routine or 
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repeat coliform samples.  The City complies with this requirement and records chlorine 
residuals along with coliform sampling results.  The City’s chlorination goal is to 
maintain a detectable residual chlorine concentration within the distribution system.  
Chlorine residual concentrations are monitored during bacteriological sampling and if no 
chlorine is detected, City staff flushes the local distribution mains. 
 
In 2010 the City was required by DOH to provide a CT of 6 in its disinfection process 
within 120 days of completing its microscopic particle analysis (MPA) sampling.  That 
requirement is discussed in more detail under the treatment system analysis. 
 
Inorganic Physical and Chemical Characteristics 
 
Introduction 
 
This category includes several inorganic elements and compounds.  Many of the 
inorganic chemicals include elemental metals such as mercury, arsenic, and iron.  Some 
non-metallic constituents such a chloride, fluoride, and sulfate are also included.  
Physical properties that affect water quality in this category include turbidity, specific 
conductivity, total dissolved solids, and color. 
 
WAC 246-290-310 specifies primary and secondary MCLs for inorganic physical and 
chemical characteristics.  Primary MCLs are based on health effects, and secondary 
MCLs are based on non-health factors, such as aesthetics.  Three chemicals, lead, copper, 
and sodium do not have primary or secondary MCLs, but are required to be monitored 
along with other IOCs.  Lead and copper are regulated under the Lead and Copper Rule, 
described in detail later in this chapter.  Primary and secondary MCLs for inorganic 
chemical and physical characteristics are summarized in Tables 3-2 and 3-3, respectively. 
 
Monitoring Requirements and Analysis 
 
Groundwater sources must be sampled for inorganics once every 3 years, unless a 
monitoring waiver is granted by DOH.  Nitrate samples are required annually and nitrite 
samples are required once every 3 years.  Because nitrates and nitrites are included in 
Inorganic Chemical (IOC) sampling, additional individual samples are not required in 
years when an IOC is taken from the source. 
 
Inorganic water quality analysis for the City’s three active sources is summarized in 
Table 3-4. 
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TABLE 3-2 
 

Primary Water Quality Standards – Inorganic Chemical Characteristics 
 

Chemical Primary MCL 
Antimony (Sb) 0.006 mg/L 
Arsenic (As) 0.01 mg/L 
Asbestos 7 million fibers/liter (length >10 microns) 
Barium (Ba) 2.0 mg/L 
Beryllium (Be) 0.004 mg/L 
Cadmium (Cd) 0.005 mg/L 
Chromium (Cr) 0.1 mg/L 
Copper (Cu) 1.3 mg/L (Action Level) 
Cyanide (HCN) 0.2 mg/L 
Fluoride (F) 4.0 mg/L 
Lead (Pb) 0.015 mg/L (Action Level) 

Mercury (Hg) 0.002 mg/L 
Nickel (Ni) 0.1 mg/L 
Nitrate (as N) 10.0 mg/L 
Nitrite (as N) 1.0 mg/L 
Selenium (Se) 0.05 mg/L 
Sodium (Na) 20 mg/L (EPA recommendation) 

Thallium (Tl) 0.002 mg/L 
Source:  WAC 246-290-310. 

 
TABLE 3-3 

 
Secondary Water Quality Standards – Inorganic  

Chemical and Physical Characteristics 
 

Chemical/Characteristic Secondary MCL 
Chloride (Cl) 250.0 mg/L 
Fluoride (F) 2.0 mg/L 
Iron (Fe) 0.3 mg/L 
Manganese (Mn) 0.05 mg/L 
Silver (Ag) 0.1 mg/L 
Sulfate (SO4) 250.0 mg/L 
Zinc (Zn) 5.0 mg/L 
Color 15 Color Units 
Hardness None Established 
Specific Conductivity 700 µmhos/cm 
Total Dissolved Solids (TDS) 500 mg/L 

Source:  WAC 246-290-310. 
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Arsenic 
 
Introduction 
 
Arsenic is an inorganic chemical that has received significant attention due to recent rule 
revisions.  Long-term exposure to low concentrations of arsenic in drinking water can 
lead to skin, bladder, lung, or prostate cancer.  Noncancerous effects of ingesting arsenic 
at low levels include cardiovascular disease, diabetes, and anemia, as well as 
reproductive, developmental, immunological, and neurological effects.  The most recent 
change to MCL for Arsenic of 0.01 mg/L went into effect in January 2006.    
 
Monitoring Requirements and Analysis 
 
The Arsenic Rule makes monitoring requirements consistent with monitoring for other 
IOCs.  Groundwater sampling for arsenic is required once every 3 years.  Any system 
that has a sampling point monitoring result exceed the MCL must increase the frequency 
of monitoring at that sampling point to quarterly sampling.  Compliance with the MCL 
would be based on the running annual average of the samples.  Systems triggered into 
increased monitoring would not be considered in violation of the MCL until they have 
completed 1 year of quarterly sampling.  However, if any sample result will cause the 
running annual average to exceed the MCL at any sampling point, the system is out of 
compliance with the MCL immediately.  
 
Inorganic chemical testing in 2012 at the Dry Creek Well and Reservoir Wells showed all 
samples were well below the MCL for arsenic. 
 
Iron and Manganese 
 
As shown in Table 3-4, iron has been detected in some of the City’s sources and 
manganese has been detected in all of the City’s wells.  However, the last time these 
parameters exceeded secondary water quality standards was in 1998 when the Park Well 
had iron measured at 1.2 mg/L and manganese at 0.1 mg/L.  Prior to 1998, there were 
reported exceedances of the iron MCL in the Reservoir Well (0.360 mg/L in 1995) and 
the manganese MCL in the Maple Street Well (0.132 mg/L in 1989).  There have been no 
exceedances of the iron and manganese secondary MCLs since 1998.   
 
As Table 3-4 indicates, iron and manganese levels are generally well below the MCLs.  It 
is worth noting that iron and manganese are found in the source water, because as the 
City chlorinates its sources iron and manganese oxides will tend to form and eventually 
precipitate out downstream of the chlorine injection point.  Iron and manganese will also 
add to the chlorine demand. 
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TABLE 3-4 
 

Inorganic Source Water Quality (1) 

 

Parameter MCL Average Range Exceedance?
Primary Regulated 

Fluoride 4.0 mg/L 0.24 0.23-0.24 N 
Nitrate – N 10.0 mg/L 0.21 0.17-0.24 N 

Secondary Regulated 
Iron 0.3 mg/L 0.090 0.0128-0.168 N 
Manganese 0.05 mg/L 0.0212 0.0212 N 
Chloride 250 mg/L 5.18 3.48-6.88 N 
Sulfate 250 mg/L 6.92 6.85-6.99 N 
Zinc 5.0 mg/L 0.702 0.702 N 

State Regulated 
Sodium 20 mg/L (2) 11.8 10.5-13.1 N 
Hardness None Established 72 70.5-73.5 N 
Conductivity 700 µmhos/cm 208.5 205-212 N 
Turbidity 1 NTU 0.45 0.45 N 
TDS 500 mg/L 155 148-162 N 

State Unregulated 
Lead 0.015 mg/L 0.00133 0.0006-0.0098 N 
Copper 1.3 mg/L 0.02246 0.0031-0.0698 N 
(1) Those parameters that were not detected in any well are not shown in this table. 
(2) EPA has established a recommended limit of 20 mg/L for consumers with dietary restrictions 

related to sodium intake. 
(3) Results shown are for samples taken between January 2009 and September 2014.  
 
Taste and Odor 
 
The City occasionally has reports of tastes and odors from its sources that have been 
traced to the presence of hydrogen sulfide.  These reports tend to be seasonal.  DOH has 
no records of taste and odor complaints for the City of Bingen water system and will not 
require action unless persistent and significant taste and odor reports occur. 
 
Volatile Organic Compounds and Synthetic Organic Compounds 
 
Introduction 
 
VOCs are manufactured, carbon-based chemicals that vaporize quickly at normal 
temperatures and pressures.  VOCs include many hydrocarbons associated with fuels, 
paint thinners, and solvents.  This group does not include organic pesticides, which are 
regulated separately as SOCs.  VOCs are divided into the two following groups: 
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1. Regulated VOCs that have been determined to post a significant risk to 
human health. 

 
2. Unregulated VOCs for which the level of risk to human health has not 

been established. 
 
There are currently 21 regulated VOCs and 33 regulated SOCs.  A list of these 
compounds and their MCLs is included in Tables 3-5 and 3-6. 
 
Monitoring Requirements and Analysis 
 
Per DOH requirements, SOCs and VOCs must be sampled once every 3 years, unless a 
waiver is in place.  The most commonly detected VOC in the City’s wells over the last 
6 years has been naphthalene.  Naphthalene is an unregulated compound.  This 
compound is tested for, but no MCL has been established by the EPA.  DOH assesses the 
health risks associated with the presence of unregulated contaminants and advises the 
purveyor of any actions required to address possible health risks.  Ten samples at the Park 
Well have detected presence of naphthalene since 2008.  In 2010 and 2011 seven samples 
detected naphthalene levels ranging from 22.7 µg/L to 36.0 µg/L.  Since 2011 the highest 
detected sample was 5.5 µg/L.  One sample at the Reservoir Well in April 2009 detected 
a total trihalomethane concentration of 6.9 µg/L which is well under the MCL of 80 
µg/L.  No samples since 2008 have found detectable levels of any SOC in the City’s 
wells. 
 

TABLE 3-5 
 

Regulated Synthetic Organic Chemicals 
 

Synthetic Organic Chemical Federal Regulation Primary MCL (mg/L)(1) 
Arochlor Phase II 0.002 
Aldicarb Phase II(2) 0.003 
Aldicarb sulfone Phase II(2) 0.003 
Aldicarb sulfoxide Phase II(2) 0.004 
Atrazine Phase II 0.003 
Carbofuran Phase II 0.04 
Chlordane Phase II 0.002 
Dibromochloro-propane Phase II 0.0002 
2,4-D Phase II 0.07 
Ethylene dibromide Phase II 0.00005 
Heptachlor Phase II 0.0004 
Heptachlor epoxide Phase II 0.0002 
Lindane Phase II 0.0002 
Methoxychlor Phase II 0.04 
Polychlorinated biphenyls (PCBs) Phase II 0.0005 



Gray & Osborne, Inc., Consulting Engineers 

3-10  City of Bingen 
January 2015  Water System Plan DRAFT 

TABLE 3-5 – (continued) 
 

Regulated Synthetic Organic Chemicals 
 

Synthetic Organic Chemical Federal Regulation Primary MCL (mg/L)(1) 
Pentachlorophenol Phase II 0.001 
Toxaphene Phase II 0.003 
2,4,5-TP Phase II 0.05 
Benzo(a)pyrene Phase V 0.0002 
Dalapon Phase V 0.2 
Di(2-ethylhexyl) adipate Phase V 0.4 
Di(2-ethylhexyl) phthalate Phase V 0.006 
Dinoseb Phase V 0.007 
Diquat Phase V 0.02 
Endothall Phase V 0.1 
Endrin Phase V 0.002 
Glyphosate Phase V 0.7 
Hexachlorobenzene Phase V 0.001 
Hexachloro Cyclopentadiene Phase V 0.05 
Oxamyl (vydate) Phase V 0.2 
Picloram Phase V 0.5 
Simazine Phase V 0.004 
2,3,7,8-TCDD (dioxin) Phase V 3x10-8 

(1) 40 CFR 141.61(c); adopted by State Board of Health. 
(2) Delayed; reproposal of MCLs for aldicarb compounds expected in the future. 
 

TABLE 3-6 
 

Regulated Volatile Organic Chemicals 
 

Volatile Organic Chemical Federal Regulation Primary MCL (mg/L)(1) 
Vinyl Chloride Phase I 0.002 
Benzene Phase I 0.005 
Carbon Tetrachloride Phase I 0.005 
1,2-Dichloroethane Phase I 0.005 
Trichloroethylene Phase I 0.005 
para-Dichlorobenzene Phase I 0.075 
1,1-dichloroethylene Phase I 0.007 
1,1,1-Trichloroethane Phase I 0.2 
cis-1,2-Dichloroethylene Phase II 0.07 
1,2-Dichloropropane Phase II 0.005 
Ethylbenzene Phase II 0.7 
Monochlorobenzene Phase II 0.1 
Ortho-Dichlorobenzene Phase II 0.6 
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TABLE 3-6 – (continued) 
 

Regulated Volatile Organic Chemicals 
 

Volatile Organic Chemical Federal Regulation Primary MCL (mg/L)(1) 
Styrene Phase II 0.1 
Tetrachloroethylene Phase II 0.005 
Toluene Phase II 1 
Trans-1,2-Dichloroethylene Phase II 0.1 
Xylenes (total) Phase II 10 
Dichloromethane Phase V 0.005 
1,2,4-Trichloro-benzene Phase V 0.07 
1,1,2-Thrichloro-ethane Phase V 0.005 

(1) 40 CFR 141.61(a); adopted by State Board of Health. 
 
Asbestos 
 
Introduction 
 
Asbestos is the name for a group of naturally occurring, hydrated silicate minerals with 
fibrous morphology.  Included in this group are chrysotile, corcidolite, amosite, and the 
fibrous varieties of anthophyllite, tremolit, and actinolite.  Most commercially mined 
asbestos is chrysotile.  Asbestos’ flexibility, strength, and chemical and heat resistance 
properties that have adapted it to many uses including building insulation, brake linings, 
and water pipe. 
 
In recent years, there has been much concern with the health risks associated with 
asbestos.  Several studies and case histories have documented the hazards to internal 
organs as a result of inhalation of asbestos fibers.  Data is limited on the effects of 
ingestion of asbestos fibers or on the effects of inhalation exposure from drinking water.  
Ingestion studies have not caused cancer in laboratory animals, although studies of 
asbestos workers have shown increased rates of gastrointestinal cancer. 
 
Monitoring Requirements and Analysis 
 
Asbestos is listed as a primary inorganic contaminant; however, it is not routinely 
included in IOC samples for public water systems.  Asbestos monitoring is to be 
conducted every nine years unless a waiver is applied for and granted by DOH. 
 
According to the Water Quality Monitoring Report for the year 2013, approved by DOH 
on March 7, 2013, the City has been granted a waiver on asbestos sampling through 
2019. 
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Lead and Copper 
 
Introduction 
 
In 1991, the EPA promulgated the Federal Lead and Copper Rule.  The State of 
Washington adopted this rule in 1995, with minimal changes.  The Lead and Copper Rule 
is intended to reduce the tap water concentrations of lead and copper that can occur when 
corrosive source water causes lead and copper to leach from water meters and other 
plumbing fixtures.  Possible treatment techniques to reduce lead and copper leaching 
include pH adjustment by addition of caustic soda or soda ash to the source water prior to 
distribution. 
 
Monitoring Requirements and Analysis 
 
Based on the requirements of the EPA Lead and Copper Rule (40 CFR 141), lead and 
copper monitoring had to be completed for two consecutive 6-month monitoring periods.  
If lead and copper action levels were not exceeded, then the number of samples was 
reduced to one-half the original number for three consecutive annual periods.  The City 
was able to maintain compliance with the action level and sampling has been reduced to 
once every 3 years. 
 
Ninety percent of the distribution system lead samples collected according to the 
procedures outlined in WAC 246-290 must have concentrations below the “Action 
Level” of 0.015 mg/L.  Similarly, 90 percent of the copper samples must have 
concentrations less than 1.3 mg/L.  Systems exceeding the action levels are required to 
provide public notification and implement a program for reducing lead and copper levels. 
 
The City last collected lead and copper samples September 16, 2014.  Distribution system 
samples were taken at 10 locations.  The results of the lead and copper testing conducted 
in 2014 are shown in Table 3-7.  As shown, all of the lead and copper sample results 
indicate concentrations below the action levels. 
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TABLE 3-7 
 

Lead and Copper Testing Results(1) 

 
Parameter 2011 

Lead 
Action Level (mg/L) .015 
Maximum Concentration (mg/L) .0013 
90th Percentile Concentration (mg/L) .0010 
Number of Samples Taken 10 
Number of Samples Exceeding Action Level 0 
Copper 
Action Level (mg/L) 1.3 
Maximum Concentration (mg/L) 0.0146 
90th Percentile Concentration (mg/L) 0.0117 
Number of Samples Taken 10 
Number of Samples Exceeding Action Level 0 

(1) Ten samples taken on September 16, 2014. 
 
Radionuclides and Radon 
 
Introduction 
 
Radionuclides include radioactive substances occurring naturally in subsurface waters.  
Regulated substances include radium-226, radium-228, uranium, and gross alpha and 
beta particles.  Table 5-8 summarizes radionuclide MCLs as defined by EPA’s 
Radionuclide Rule, WAC 246-290-310(7), and 40 CFR 141.66. 
 

TABLE 3-8 
 

Radionuclide MCLs 
 

Radionuclide MCL 
Combined Radium -226 and -228 5 pCi/L 

Uranium 30 μg/L 
Gross Alpha (excluding uranium and radon) 15 pCi/L 
Gross Beta 4 millirem/year 

 
Monitoring Requirements and Analysis 
 
WAC 246-290-300(10) and 40 CFR 141.26 require two radionuclide samples once every 
3 years from each source.  A gross alpha particle activity measurement may be 
substituted for the required radium-226 and radium-228 analysis provided that the 
measured gross alpha particle activity does not exceed 5 pCi/L at a confidence level of 
95 percent. 
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Though a radon MCL was included in the originally proposed Radionuclide Rule, it was 
determined that a radon MCL will now be issued as a separate rule.  In November of 
1999, EPA proposed a preliminary radon MCL of 300 pCi/L.  EPA is considering an 
alternative MCL of 4,000 pCi/L if states or water purveyors implement a multimedia 
mitigation program aimed at reducing household indoor-air health risks from radon gas 
from soil as well as tap water.  The date for publication of the final Radon Rule is 
unknown at this time.  
 
The City collected radionuclide samples for radium in September 2010.  The result was 
below the detection level.  In 2006 and 2007, radionuclide samples were taken, the results 
contained levels of Radium 228 measured at 1.0 pCi/L and 1.68 pCi/L.  Both of these 
samples were from the Dry Creek well on November 14, 2006 and June 19, 2007, 
respectively.  In both cases the measured level was below the MCL for radium. 
 
GWI DETERMINATION 
 
The Department of Health requires groundwater sources to be investigated for potential 
influence by surface water.  This influence can be seen in temperature, conductivity, and 
pH changes.  The primary risk from groundwater under the influence of surface water 
(GWI) is microbial contamination.  WAC 246-290-640 designates the rules for 
determination of surface water influence of groundwater sources.  This rule requires 
monitoring of the source until a determination has been made.  This determination 
decides the level of disinfection that is necessary to ensure safe drinking water. 
 
When the DOH determines a potential GWI source the owner of that source is required to 
provide the DOH with the data necessary to determine the GWI status of the source.  This 
includes water quality data, documentation of source construction characteristics, 
hydrogeology data, distance to surface water and water quality results from nearby 
surface waters.  This is used by the DOH to determine if the source is hydraulically 
connected to surface water.  If it is hydraulically connected the purveyor must secure the 
services of a professional engineer to direct further evaluations and actions regarding the 
source.  In addition, disinfection in accordance with WAC 246-290-451 is required.  To 
further investigate the nature of the source MPA according to a DOH-approved schedule 
will be carried out. 
 
There are two designations used by the Washington State Department of Health for 
groundwater influenced by surface water:  groundwater under the direct influence of 
surface water and groundwater hydraulically connected to surface water.  The latter 
designation is used only by the State of Washington.  GWI water sources must be treated 
to the same level as a surface water source.  Hydraulically connected sources must be 
disinfected to a CT of 6 mg-min/L. 
 
Per its letter dated April 16, 2008, DOH designated the City’s groundwater source No. 3 
(Reservoir Well) as groundwater in hydraulic connection to surface water per 
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WAC 246-290-640.  The City was required to perform a MPA per 
WAC 246-290-640(4)(c) on the Reservoir Well. 
 
The first MPA sample was taken from the Reservoir Well on May 5, 2008.  The result of 
the first round of sampling indicated a risk factor of 1 which means a low risk of surface 
water contamination.  Follow-up sampling was performed in September 10, 2008, per 
DOH direction and the second MPA sample also indicated a risk factor of 1. 
 
The MPA results were used by the DOH to make a final determination of the GWI status.  
In its letter to the City dated February 11, 2010, DOH requires the City to provide a CT 
of 6 mg-min/L for this well.  Further discussion of the CT requirements is found in the 
Treatment section of this chapter.     
 
DISINFECTANTS AND DISINFECTION BYPRODUCTS RULE 
 
Introduction 
 
WAC 246-290-300(7) requires purveyors of public water systems that provide water 
treated with chemical disinfectants to monitor for disinfectants and disinfection 
byproducts.  The Disinfection/Disinfectants Byproduct Rule (D/DBP Rule) establishes 
residual disinfectant concentrations and maximum contaminant levels for disinfection 
byproducts. 
 
Trihalomethanes (THMs) and HAA5 are a group of organic compounds that can be 
formed as a result of drinking water disinfection by chlorine and are; therefore, often 
referred to as disinfection byproducts.  TTHMs include the sum of the concentrations of 
four disinfection byproducts: chloroform, bromoform, bromodichloromethane, and 
dibromochloromethane. 
 
Monitoring Requirements and Analysis 
 
Stage 1 of the D/DBP Rule was published in November 1998 and became effective in 
2000.  Under Stage 1 of the D/DBP Rule, the MCLs for TTHM and HAA5 is 
80 micrograms per liter (µg/L) and 60 µg/L, respectively, and are based on the running 
average of two annual samples.  Systems are required to prepare and implement a 
disinfection byproducts monitoring plan.  The Stage 1 D/DBP Rule remained in effect for 
compliance until October 1, 2013.  
 
The City performs D/DBP sampling at the last fire hydrant on the Port of Bingen’s 
distribution system.  Samples for TTHM and HAA5 samples have been taken since 2006.  
Test results for HAA5 indicate a levels ranging from below the detection limit to 
8.5 μg/L.  Test results for TTHM indicate levels ranging from below the detection level 
to 24.6 μg/L.  All test results are well below the respective MCLs.   
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Stage 2 of the D/DBP Rule was published in January 2006 and compliance with the new 
regulations went into effect on October 1, 2013.  Under Stage 2 of the D/DBP Rule, the 
MCLs for TTHM and HAA5 remain 80 µg/L and 60 µg/L, respectively; however, 
compliance with the MCL is based on the running annual average of each individual 
sample instead of the running annual average of all samples combined.  The number of 
samples taken is dependent on the population served.  Systems serving between 500 and 
9,999 people must collect two samples per year and systems serving between 10,000 and 
99,999 people must collect four samples per quarter.  The City of Bingen falls within the 
first category (500 to 9,999 population served). 
 
On August 7, 2008, the City received a 40/30 certification.  This certification is granted 
to systems for which all Stage 1 D/DBP sample results are below 40 µg/L for TTHM and 
30 µg/L for HAA5 and have no monitoring violations.  Qualification for 
40/30 certification was based on 2 consecutive years of sampling beginning no later than 
January 2005.  The City received 40/30 certification in April 2008 since the TTHM and 
HAA5 levels described above are well below the 40 µg/L and 30 µg/L limits, 
respectively.   Stage 2 of the D/DBP Rule began on October 1, 2013.   
 
DESIGN STANDARDS 
 
Performance and design criteria typically address the sizing and reliability requirements 
for source, storage, distribution, and fire flow.  WAC 246-290 contains general criteria 
and standards that must be followed in development of public water systems.  In addition, 
Washington State Department of Health (DOH) has published its 2009 Water System 
Design Manual that provides more specific guidance for water system design.  The 
design standards for the following subjects are discussed in the order shown below: 
 

• General Facility Standards 
 

1. Average and Peak Day Demand 
2. Peak Hour Demand 
3. Storage Requirements 
4. Fire Flow Rate and Duration 
5. Minimum System Pressure 
6. Minimum Pipe Sizes 
7. Backup Power Requirements 
8. Valve and Hydrant Spacing Recommended Standard 
9. Other System Policies 
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DOH relies on various publications, agencies and the utility itself to establish design 
criteria.  The following gives a brief description of three of the most widely recognized 
performance and design standards. 
 

• WAC 246-290, Group A Public Water Systems, Washington State 
Board of Health (July 2009). 
This is the primary drinking water regulation utilized by the Washington 
State Department of Health (DOH) to assess capacity, water quality, and 
overall compliance with drinking water standards. 

 
• Water System Design Manual (WSDM), Washington State 

Department of Health (DOH) (December 2009). 
Significant revisions to the former DOH Sizing Guidelines have recently 
been adopted.  These standards will serve as guidance for the preparation 
of plans and specifications for Group A public water systems in 
compliance with WAC 246-290. 

 
Table 3-9 lists the DOH Water System Design Manual guidance and the City of Bingen’s 
policies with regards to each standard for general facility requirements. 
 

TABLE 3-9 
 

Water System General Facility Requirements 
 

Standard 
DOH Water System Design Manual 

(June 1999) City of Bingen Standard 
Average Day 
and 
Maximum 
Day Demand 

Average Day Demand (ADD) should be determined 
from previous metered water use data.  Maximum Day 
Demand (MDD) is estimated at approximately 2.0 times 
the average day demand if metered data is not available. 

ADD = Metered Production 
Data  
MDD = Metered Production 
Data    
 

Peak Hour 
Demand 

Peak hour demand is determined using the following 
equation: 
      PHD = (MDD/1440)[(C)(N) + F] + 18 

C = Coefficient from DOH Table 5-1 
N = Number of connections, ERUs 
F = Factor of range from Table 5-1 

System wide peak hour 
demand was calculated using 
the formula: 
 
PHD = MDD x 1.63 

Source Capacity must be sufficient to meet MDD and 
recommended sufficient to replenish fire suppression 
storage in 72 hours. 

Same as DOH Water System 
Design Manual, Chapter 7. 
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TABLE 3-9 – (continued) 
 

Water System General Facility Requirements 
 

Standard 
DOH Water System Design Manual 

(June 1999) City of Bingen Standard 
Storage The sum of: 

Operational Storage Volume sufficient to prevent pump 
recycling. 
Equalizing Storage VES = (QPH – QS) * 150 
Standby Storage  
VSB = (2 * ADD * N) – tm * (QS – QL) 
Fire Suppression Storage VFSS = NFF * T 

ADD = average day demand, gpd/ERU 
N = number of ERUs 
QPH = peak hour demand, gpm 
QS = capacity of all sources, excluding emergency 
sources, gpm 
QL = capacity of largest source, gpm 
tm = daily pump source run time, min (1440) 
NFF = needed fire flow, gpm 
T = fire flow duration, min 

Same as DOH Water System 
Design Manual, using the 
formulas provided in the 
manual, Chapter 9. 

Minimum 
System 
Pressure 

The system should be designed to maintain a minimum 
of 30 psi in the distribution system under peak hour 
demand and 20 psi under fire flow conditions during 
MDD. 

Same as DOH Water System 
Design Manual, Chapter 8. 

Fire Flow 
Standard 

The minimum fire flow shall be determined by the local 
fire authority or WAC 246-293 for systems within a 
critical water supply service area (CWSSA). 

Bingen is not in a CWSSA.  
City standards have been 
developed by local fire 
authority. 

Minimum 
Pipe Sizes 

The diameter of a transmission line should be 
determined by hydraulic analysis.  The minimum size 
distribution system line shall not be less than 6 inches in 
diameter. 

Same as DOH Water System 
Design Manual. 

Reliability 
Recommenda
tions 

• Multiple pumps which can provide MDD when the 
largest pump is out of service 

• Minimum 20 psi always maintained 
• Automatic shut-off at intake, should pressure <10 

psi 
• Backup power equipment for pump stations unless 

there are two independent public power sources 
• Provision of multiple storage tanks 
• Standby storage equivalent to ADD x 2, with a 

minimum of 200 gpd/ERU 
• Low and high level storage alarms 
• Looping of distribution mains when feasible 
• Pipeline velocities not >8 fps at PHD 
• Flushing velocities of at least 2.5 fps for all 

pipelines 
• Internal and external corrosion protection for all 

lines 

Same as DOH Water System 
Design Manual, Chapter 5.7 
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TABLE 3-9 – (continued) 
 

Water System General Facility Requirements 
 

 
Standard 

DOH Water System Design Manual 
(December 2009) City of Bingen Standard 

Valve 
Spacing 

Sufficient valving should be placed to keep a minimum 
of customers out of service when water is turned off for 
maintenance or repair.  As a general rule, valves on 
distribution mains of 12 inches and smaller should be 
located every 1,000 feet.  Fire hydrants on lateral should 
be provided with their own auxiliary gate valve. 

Same as DOH Water System 
Design Manual. 

 
CONSTRUCTION STANDARDS 
 
Construction standards set forth the actual materials and construction standards that 
contractors, developers, and the City must follow when constructing water system facility 
improvements.  Water system construction standards are outlined in Chapter 7 of this 
Plan and are included in Appendix E. 
 
SYSTEM COMPONENT ANALYSIS 
 
The following section evaluates the existing water system facilities.  They are analyzed 
based on their capacity, physical conditions, and performance capabilities relative to 
existing and projected growth conditions. 
 
SOURCE OF SUPPLY ANALYSIS 
 
A description of the City’s sources of supply was presented in Chapter 1.  According to 
Department of Health Design Standards, source production capacity must be sufficient to 
supply the maximum day demand (MDD).  Projections for MDD as well as average day 
demand (ADD) must also comply with the maximum instantaneous and maximum annual 
withdrawal limitations of associated water rights. 
 
Water Rights Analysis 
 
All appropriations of water for public use within Washington State must be made in 
accordance with existing water rights and the established procedures that govern their 
implementation and use.  The City’s water rights are discussed in Chapter 1 and are 
summarized in Table 3-10.  A water rights self assessment is included in Appendix G.  
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TABLE 3-10 
 

Existing Water Rights(1) 
 

Certificate 
Number Priority Date 

Instantaneous 
Withdrawal(2) 

(gpm) 

Annual 
Withdrawal(3) 

(ac-ft/year) 
G4-01205C(4) July 20, 1970 130 185 
G4-01175C(5) May 6, 1970 50 80 
G4-25406C(6) July 27, 1977 260 420 
G4-28360C(7) December 23, 1983 140 226 
G4-33106(8) November 21, 2013 200 223 

Total Water Right Capacity 580 450 
(1) The City has submitted change applications for all of its water rights.  These 

have been numbered CG4-01175C; CG4-01205C; CG4-25406C; and 
CG-28360C. 

(2) The total instantaneous withdrawal amount is 580 gpm. 
(3) The total maximum withdrawal amount shall not exceed 450 ac-ft/year. 
(4) G4-01205C is additive for the instantaneous amount of 130 gpm.  It is an 

alternate primary right (not supplemental) for up to 185 ac-ft/yr.  This certificate 
authorizes the use of two wells:  Maple Street well and Dry Creek well. 

(5) G4-01175C is additive for the instantaneous amount of 50 gpm.  It is an 
alternate primary right for up to 80 ac-ft/yr; 185 ac-ft/yr maximum between it 
and G4-01205C. 

(6) G4-25406C is additive for the instantaneous amount of 260 gpm.  It is an 
alternate primary right for up to 420 ac-ft/yr. 

(7) G4-28360C is additive for the instantaneous amount of 140 gpm.  The annual 
quantity is divided as follows; 30 ac-ft/yr is additional primary right to bring the 
total yearly volume under all existing rights to a maximum amount of 
450 ac-ft/yr and 196 ac-ft/yr is alternate. 

(8) G4-33106 is non-additive to the previous four certificates for the instantaneous 
amount of 200 gpm and annual amount of 223 af/y.  Information from Report of 
Examination for Water Right Application on file with DOE and in Appendix B 
of this Plan.  

 
The groundwater rights associated with the Maple Street Well (Certificate G1-01205C) 
are issued as a supplemental and alternate supply to the primary water rights at the 
Reservoir, Park, and Dry Creek Wells. 
 
Table 3-11 compares the maximum recorded pumping rate from the City’s wells to the 
maximum instantaneous withdrawal allowed under the City’s existing water rights.  As 
shown in Table 3-11, the Park Well is generally not capable of exceeding its maximum 
instantaneous withdrawal limitations.   
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TABLE 3-11 
 

2013 Instantaneous Production Water Rights Analysis 
 

Source (No.) 

Maximum 
Recorded 
Pumping 
Capacity 

(gpm) 

Maximum 
Instantaneous 

Withdrawal Allowed 
Under Existing 
Water Rights 

(gpm) 

Surplus/ 
(Deficit) 
(gpm) 

Maple Street Well (S02) 0 130 130 
Reservoir Well (S03) 92 50 (42) 
Park Well (S05) 133 260 127 
Dry Creek Well (S06) 144 140 (4) 
Total 369 580 211 

 
In Table 3-12, the annual production for the City’s Wells over the last 7 years of use are 
compared to the allowed average annual withdrawal designated by existing water rights.  
As shown in Table 3-12, the annual production for each of the wells is within the 
maximum annual withdrawal water right. 
 

TABLE 3-12 
 

Historical Annual Production Water Rights Analysis 
 

Year 

Dry Creek Well 
(Water Right 
226 ac-ft/yr) 

Reservoir Well 
(Water Right 
80 ac-ft/yr ) 

Park Well 
(Water Right 
420 ac-ft/yr) Total 

Annual 
Production(1)

(ac-ft/yr) 

Total 
Annual 
Surplus

(ac-ft/yr)

Annual 
Production 
(ac-ft/yr) 

Surplus 
(ac-ft/yr) 

Annual 
Production
(ac-ft/yr) 

Surplus
(ac-ft/yr)

Annual 
Production
(ac-ft/yr) 

Surplus
(ac-ft/yr)

2007 88 138 44 36 74 346 206 244 
2008 84 142 45 35 70 350 198 252 
2009 86 140 41 39 62 358 189 261 
2010 59 167 43 37 71 349 174 276 
2011 66 160 43 37 31 389 141 309 
2012 18 208 44 36 6 414 68 382 
2013 34 192 46 34 40 380 119 331 

(1) Total annual withdrawal under all existing rights shall not exceed 450 ac-ft/yr. 
 
Table 3-13 compares the projected average annual withdrawal requirement (projected 
production) with existing water rights.  As shown in Table 3-13, based on projected 
annual withdrawal requirements, the City will not require additional annual withdrawal 
water rights through the year 2034. 
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In order to protect the City’s ability to continue using the City of White Salmon as a 
water supply, the City submitted a water rights change application to recognize the City 
of White Salmon’s Wells No. 1 and No. 2 as additional points of withdrawal for water 
rights certificate G-4-01205C (Maple Street Well, Source 02).  The City has provided 
additional information by the Department of Ecology via a study done by a 
hydrogeologist to demonstrate hydraulic connectivity between the Maple Street Well at 
the City of Bingen and Wells No. 1 and No. 2 at the City of White Salmon.  The new 
water right grants Bingen a 20 percent interest in the Region Well Field with a non-
additive instantaneous rate of withdrawal of 200 gpm (223 acre-ft annually).  This new 
water right was approved by Department of Ecology on October 2, 2014, but does not 
change the City’s total instantaneous or annual water withdrawal rates. 
 

TABLE 3-13 
 

Projected Average Annual Withdrawal Water Rights Analysis 
 

Year 

Projected Annual 
Withdrawal  

(ac-ft/yr) 

Maximum Annual 
Withdrawal Rate(1)

(ac-ft/yr) 

Water Rights 
Surplus 
(ac-ft/yr) 

2014 254 450 196 
2015 255 450 195 
2016 257 450 193 
2017 259 450 191 
2018 260 450 190 
2019 262 450 188 
2020 264 450 186 
2021 266 450 184 
2022 267 450 183 
2023 269 450 181 
2024 271 450 179 
2025 273 450 177 
2026 275 450 175 
2027 276 450 174 
2028 278 450 172 
2029 280 450 170 
2030 282 450 168 
2031 284 450 166 
2032 286 450 164 
2033 288 450 162 
2034 290 450 160 

(1) Note that total annual water rights are not affected by the new water right G4-33106. 
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Source Production Capacity Analysis 
 
Table 3-14 shows the range of flow and run times for each of the wells, and the 
corresponding maximum day production for the year 2013.  This table assumes that the 
Dry Creek and Reservoir wells are operated 24 hours per day and are maintained to 
produce up to the instantaneous demand allowed by their water right.  The Park well is 
assumed to only be capable of maintaining a maximum pumping rate for up to 20 hours, 
based on the Golder Associates Report from March 2006.   
 

TABLE 3-14 
 

Maximum Day Source Production  
(Basis: Year 2013 – No Intertie Usage) 

 

Well 

Historical 
Pumping 
Capacity 

(gpm) 

Historical 
Pump Run 

Time 
(hours) 

Maximum Day 
Pump Capacity 

(gpm) 

Maximum Day 
Production 

(gpd) 
Reservoir (S03) 92 - 50 (1) 72,000 
Park (S05) 88 – 117    4 – 20 133 (2) 159,600 
Dry Creek (S06) 108 – 175  4 – 20 140 (3) 201,600 
Total   323 433,200 
(1) Reservoir well capacity limited to 50 gpm based on water rights shown in Table 3-10, assumed to 

run 24 hours on a peak day. 
(2) Park well capacity based on Water Production Reports provided by the City, and run time of 

20 hours based on 2006 Golder Associates Pump Testing Report. 
(3) Dry Creek well capacity limited to 140 gpm based on water rights in Table 3-10, assumed to run 

24 hours on a peak day. 
 
The City completed an evaluation of the capacity of the Dry Creek and Park Wells in 
conjunction with the rehabilitation of each well completed in 2005.  A report prepared by 
Golder Associates dated March 22, 2006, suggests that the long-term capacity of the Park 
Well may be significantly less than 117 gpm if it is pumped continuously for more than a 
day.  The recommended well management scheme presented by Golder Associates 
suggests that the Dry Creek Well could be pumped at 118 gpm for 20 hours per day from 
July to September (141,600 gpd), while the Park Well could be pumped at 58 gpm for 
20 hours per day during the same period (69,600 gpd).  Therefore, the Golder analysis 
suggests that the pumping rates shown in Table 3-14 cannot be sustained for long periods 
and the City should consider these limitations in the actual operation of its wells. 
 
Using Table 3-14 as a basis for pumping capacity, Table 3-15 compares the maximum 
day production capacity of the City’s three sources to the projected maximum day 
production requirements through the year 2034.  As shown in Table 3-15, the City has 
adequate source capacity to serve the projected maximum day demands of the system 
through 2034.    
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TABLE 3-15 
 

Source Production Capacity Analysis 
No Reduction in Distribution System Leakage 

 

Year 

Maximum Day 
Production 
Capacity(1) 

(gal/day) 

Projected 
Maximum Day 
Production(2) 

(gal/day) 

Production 
Surplus/(Deficit) 

(gal/day) 

2014 433,200 368,900 64,300 
2015 433,200 371,300 61,900 
2016 433,200 373,800 59,400 
2017 433,200 376,200 57,000 
2018 433,200 378,600 54,600 
2019 433,200 381,100 52,100 
2020 433,200 383,700 49,500 
2021 433,200 386,100 47,100 
2022 433,200 388,700 44,500 
2023 433,200 391,300 41,900 
2024 433,200 393,900 39,300 
2025 433,200 396,600 36,600 
2026 433,200 399,200 34,000 
2027 433,200 401,900 31,300 
2028 433,200 404,700 28,500 
2029 433,200 407,500 25,700 
2030 433,200 410,200 23,000 
2031 433,200 413,000 20,200 
2032 433,200 415,800 17,400 
2033 433,200 418,700 14,500 
2034 433,200 421,500 11,700 

(1) The sum of maximum day production values from Table 3-14. 
(2) From Table 2-15 – assumes no reduction in distribution system leakage. 

 
The projected maximum day production shown in Table 3-15 is based on no reductions in 
distribution system leakage, calculated as a fixed volume of the 2012 DSL based on a 
three year average level of 35.8 percent.  The Water Use Efficiency requirements 
instituted by DOH requires the City to meet a DSL standard of 10 percent or have a water 
loss control action plan.  Assuming the City meets this standard in the next three years, as 
shown in Table 3-16, the City would not experience a projected deficit any time in the 
20-year planning period. 
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TABLE 3-16 
 

Source Production Capacity Analysis  
Meeting Distribution Leakage Standard 

 

Year 

Maximum Day 
Production 
Capacity(1) 

(gal/day) 

Projected 
Maximum Day 
Production(2) 

(gal/day) 

Target Annual 
DSL Met 
(percent) 

Production 
Surplus/(Deficit)

(gal/day) 

2014 433,200 278,900 20% 154,300 
2015 433,200 264,700 15% 168,500 
2016 433,200 265,900 10% 167,300 
2017 433,200 267,200 10% 166,000 
2018 433,200 268,600 10% 164,600 
2019 433,200 269,900 10% 163,300 
2020 433,200 271,200 10% 162,000 
2021 433,200 272,600 10% 160,600 
2022 433,200 273,900 10% 159,300 
2023 433,200 275,300 10% 157,900 
2024 433,200 276,600 10% 156,600 
2025 433,200 278,100 10% 155,100 
2026 433,200 279,300 10% 153,900 
2027 433,200 280,800 10% 152,400 
2028 433,200 282,200 10% 151,000 
2029 433,200 283,500 10% 149,700 
2030 433,200 284,900 10% 148,300 
2031 433,200 286,400 10% 146,800 
2032 433,200 287,800 10% 145,400 
2033 433,200 289,300 10% 143,900 
2034 433,200 290,600 10% 142,600 

(1) The sum of maximum day production values from Table 3-14. 
(2) Assumes reduction in distribution system leakage shown. 
 
Source Evaluation:  Drilling a New Well vs. Purchasing Water from White Salmon 
 
As part of the water system analysis, Gray & Osborne was requested by the City to 
evaluate the potential to develop a new well to improve water system reliability.  This 
evaluation is to include a cost analysis comparing developing a new well for the City of 
Bingen versus purchasing water from the City of White Salmon to meet future water 
needs.  The cost of treatment for taste/odor control will be incorporated into the cost 
analysis to help the City determine if hydrogen sulfide removal for taste and odor control 
is cost effective; this analysis will use information from taste/odor control pilot study 
report completed by Gray & Osborne in August 2013. 



Gray & Osborne, Inc., Consulting Engineers 

3-26  City of Bingen 
January 2015  Water System Plan DRAFT 

 
Developing a new well would involve hydrogeological studies that are beyond the scope 
of the Water System Plan, but would be needed to identify a site for the well and 
determine the capacity for a new well.  A preliminary assessment for such an evaluation 
is provided in Appendix H, in the form of a technical memo that considers both the 
engineering and technical issues associated with the development of a new groundwater 
sources, as well as the associated regulatory issues.  The evaluation presented below 
assumes that development of a new well is a viable alternative without investing the 
resources needed to perform the in-depth study needed to determine if a new well is a 
cost effective alternative to purchasing water from the City of White Salmon.  The 
evaluation also assumes that treatment to remove hydrogen sulfide is part of a solution 
that would allow the City of Bingen to produce all of its drinking water from sources 
under the City’s sole ownership and control.  A copy of the Taste and Odor Pilot Study 
performed by Gray & Osborne in 2013 is included as Appendix I for reference. 
 
Table 3-17 shows the estimated cost for the City to purchase water from White Salmon 
for the 20-year planning period.  The City has an agreement with White Salmon which 
outlines a base annual cost plus a monthly usage fee per 1,000 gallons.  Costs for 2014 
through 2017 were determined from the existing Water Purchase Agreement provided in 
Appendix C and future costs were estimated by increasing both base and monthly fees by 
3 percent each year, per discussions with the City.  Total projected demand was taken 
from Table 2-14.  The fraction of total demand which will be satisfied by purchasing 
water from White Salmon was estimated to be 63 percent based on the average percent 
purchased from White Salmon over the last three years.  Based on Table 3-17, the total 
estimated present worth cost for the City to purchase water from White Salmon over the 
20-year planning period is $3,500,000. 
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TABLE 3-17 
 

Cost of Purchasing Water from White Salmon Over the Next 20 Years 
 

Year 

Total 
Projected 
Demand 
(gallons) 

White 
Salmon 
Water 

Demand(1) 
(gallons ) 

Price per 
1,000 gallons 
(3% increase 

per year) Base Cost 
Total Annual 

Cost(2) 

Jan-Aug 14 55,115,000 34,964,108 $1.60 $33,000 $115,515 Sept-Dec 14 27,557,500 17,482,054 $1.52 $16,500 
2015 83,220,000 52,793,488 $1.57 $33,990 $116,876 
2016 83,767,500 53,140,814 $1.61 $35,010 $120,567 
2017 84,315,000 53,488,139 $1.66 $36,060 $124,850 
2018 84,862,500 53,835,465 $1.71 $37,142 $129,190 
2019 85,410,000 54,182,790 $1.76 $38,256 $133,677 
2020 85,994,000 54,553,271 $1.81 $39,404 $138,359 
2021 86,541,500 54,900,597 $1.87 $40,586 $143,159 
2022 87,125,500 55,271,077 $1.92 $41,803 $148,167 
2023 87,709,500 55,641,558 $1.98 $43,058 $153,346 
2024 88,293,500 56,012,038 $2.04 $44,349 $158,703 
2025 88,877,500 56,382,519 $2.10 $45,680 $164,243 
2026 89,461,500 56,753,000 $2.17 $47,050 $169,973 
2027 90,082,000 57,146,635 $2.23 $48,462 $175,950 
2028 90,702,500 57,540,271 $2.30 $49,915 $182,133 
2029 91,323,000 57,933,907 $2.37 $51,413 $188,529 
2030 91,943,500 58,327,542 $2.44 $52,955 $195,144 
2031 92,564,000 58,721,178 $2.51 $54,544 $201,987 
2032 93,184,500 59,114,814 $2.59 $56,180 $209,065 
2033 93,841,500 59,531,604 $2.66 $57,866 $216,447 
2034 94,462,000 59,925,240 $2.74 $59,602 $224,020 
Total $3,409,900 
Total Rounded Up(3)(4) $3,500,000 

(1) From Table 2-14. 
(2) 63 percent of total projected demand, based on Table 2-5 average of 2011-2013.  
(3) Costs in 2014 dollars.  
(4) Costs do not include potential upgrades to White Salmon Water System discussed in Appendix J. 
 
The alternative to continuing to purchase water from White Salmon would be for the City 
of Bingen to develop a new well and use only its own sources to provide water to its 
customers.  This alternative will require treatment of all sources for taste and odor 
problems because of the presence of hydrogen sulfide in the City’s sources.  The Taste 
and Odor Pilot Study performed by Gray & Osborne in 2013 determined that the most 
effective treatment method was packed tower aeration with carbon dioxide with an 
estimated present worth cost of $783,400 over 20 years.  This cost was included in the 
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assessment of the cost of developing a new well.  In addition to a new treatment system, 
developing a new well will also require a hydrogeologic study to determine the ideal 
location of the well.  Other costs of drilling a new well include drilling the well, 
equipping the well, and extending water mains to connect the new well to the existing 
system.  These estimated costs are summarized in Table 3-18.  The estimated present 
worth cost to develop a new well in the City of Bingen is $2,000,000.   
 

TABLE 3-18(1) 

 

City of Bingen Potential New Well Source Costs 
 

Item Cost(2)

Water Treatment (Taste & Odor Study) $435,400 
Water Treatment (Additional cost for Future Source)(3) $120,000 
Present Value of 20 year O&M cost for Treatment System  $285,000 
Additional Present Value of 20 year O&M cost for Treatment System $22,000 
Present Value(4) – Hydrogeologoic, Well Drilling, Well equipping, and 
Water Main  $740,000 

Present Value – 20-year Power & Labor $371,000 
Total $1,973,400 
Total Rounded Up $2,000,000 

(1) Table 4 from well memo, Appendix H. 
(2) Costs are in 2014 dollars.  
(3) Assumes expansion of system discussed in Taste and Odor Pilot Study by 100 gpm. 
(4) Two year project.  
 
Based on this preliminary analysis, the recommended approach for the City of Bingen is 
to continue to purchase water from the City of White Salmon.  The City of White Salmon 
has identified improvements to its water system that it believes are needed to serve the 
City of Bingen (see Appendix J).  The City of Bingen has not agreed to these costs and 
requires further study of the proposed improvements for any cost sharing arrangement.  
Although the alternative to have White Salmon provide water service to Bingen is more 
expensive than the development of an additional well along with odor and taste removal 
treatment, it is the least risk alternative and considered the more reliable approach 
because it lacks the technical and regulatory uncertainties associated with developing a 
new groundwater source, and the expense and challenges of owning and operating a 
treatment system.   
 
STORAGE ANALYSIS 
 
Introduction 
 
The nominal volume of a water reservoir is generally taken as the amount of water the 
reservoir could hold if filled all the way to the top of the reservoir wall.  However, 
practically speaking a reservoir cannot be filled to the top of the wall, and a reservoir also 
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cannot, under normal operational conditions, be drained completely.  Therefore, there is a 
need to determine how much of a reservoir volume is effective storage and how much 
effective storage a water system needs.  The DOH Water System Design Manual 
identifies the following components of reservoir storage volume: 
 

• Operational Storage 
• Equalizing Storage 
• Standby Storage 
• Fire Suppression Storage 
• Dead Storage 

 
A reservoir’s effective storage volume is the nominal volume less operational storage and 
dead storage.  This volume must be large enough to accommodate the requirements for 
equalizing storage, standby storage and fire suppression storage. 
 
Operational Storage (Vos) 
 
Operational storage is the volume of water that flows in and out of a reservoir during 
normal system control cycling.  Reservoirs typically operate with a maximum water level 
at which all source pumps are turned off, and a minimum level at which all source pumps 
are turned on.  The amount of water that flows into and out of the reservoir between these 
two levels depends on the particulars of the operations control levels and the dimensions 
of the system reservoirs. 
 
The City operates its wells using its SCADA system.  The wells are cycled by the 
SCADA system and turn on and off based on the level in the Old Reservoir.  The lead 
pump turns on at 29 feet and the lag pump turns on at 28.5 feet.  The third pump will turn 
on at 28 feet.  Pumps are turned off at 30 feet.  A high level alarm sounds at 31.5 feet and 
a low level alarm sounds at 20 feet.  For the purpose of this analysis, operational storage 
is based on the overflow level to lag pump call level, a differential depth of 3.5 feet (32 to 
28.5 feet) in the two reservoirs, which is equivalent to 47,655 gallons. 
 
Equalizing Storage (Ves) 
 
Equalizing storage is the amount of water needed to meet peak system demand for a 
period of time that the system demand exceeds the system source capacity.  The DOH 
Water System Design Manual recommends that this volume be estimated as PHD minus 
source capacity for 150 minutes, but not less than zero.   
 
Equalizing storage is calculated using the following equation: 
 

VES = (QPH – QS)150 minutes 
 
  



Gray & Osborne, Inc., Consulting Engineers 

3-30  City of Bingen 
January 2015  Water System Plan DRAFT 

Where: 
 

VES   = Equalizing storage component (gallons) 
QPH = Peak hourly demand (gpm) 
QS   = Total source of supply capacity, excluding emergency sources (gpm) 

 
QPH is equal to the projected peak hour production in gpm from Table 2-15.  Total source 
capacity, excluding emergency sources is assumed to be the total maximum capacity of 
the Park, Reservoir, and Dry Creek wells (323 gpm).  The equalizing storage for 2014 is 
18,926 gallons.   

 
Standby Storage (Vsb) 
 
Standby storage is water held in reserve for emergency situations, such as temporary loss 
of a water source.  The DOH Water System Design Manual recommends that this volume 
be estimated as 2 days of average day demand for the water system, less the amount of 
water that can be produced by the water system in one day with the largest source of 
supply out of service, but not less than 200 gallons per ERU. 
 
Standby storage is calculated using the following equation: 
 

SBTMS = (2 days)(ADD)(N) – tm(Qs – QL) 
 
Where: 
 

SBTMS   = Total standby storage component for a multiple source system 
(gallons) 

ADD  = Average day demand for the system (gpd/ERU) 
N = Number of ERUs 

 Qs =  Sum of all installed and continuously available source of supply  
  capacities, except emergency sources (gpm) 
QL  =  Capacity of the largest single source serving the system (gpm) 
tm  =  Maximum time remaining sources will be allowed to pump per day 

 
Standby storage requirements will vary according to the number of connections and is a 
function of source capacity and reliability.  The assumed total source capacity, 323 gpm, 
is based on Table 3-14.  The largest single source that is assumed to be out of service is 
the Dry Creek Well (140 gpm).  The analysis assumes that the White Salmon interties are 
not a component of source capacity.  Standby Storage for 2014 is 189,480 gallons.   
 
Fire Suppression Storage (Vff) 
 
Fire suppression storage is provided to ensure that the volume of water required for 
fighting fires is available when necessary.  Fire suppression storage also reduces the 
impact of firefighting on distribution system water pressure.  The amount of water 
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required for firefighting purposes is specified in terms of rate of flow in gallons per 
minute (gpm) and an associated duration.  Fire flows must be provided at a residual water 
system pressure of at least 20 pounds per square inch (psi). 
 
Fire suppression storage is calculated using the following equation: 
 

FSS = (NFF)(tm) 
 
Where: 
 

FSS  = Required fire suppression storage component (gallons) 
NFF = Required fire flow rate, as specified by fire protection authority (gpm) 
tm  = Duration of FF rate, as specified by fire protection authority (minutes) 

 
The standby storage component or the fire suppression storage component, whichever 
volume is smaller, can be excluded from a water system’s total storage requirement 
provided that such practice is not prohibited by:  (1) a locally developed and adopted 
Coordinated Water System Plan; (2) local ordinance; or (3) the local fire protection 
authority or County Fire Marshal (reference WAC 246-290-235(4)).  The City’s current 
policy is to allow nesting of these components. 
 
This analysis assumes the City will provide the water storage capacity necessary to 
provide a fire flow of 1,500 gpm for 60 minutes.   
 
Table 3-19 compares the existing capacity of the City’s reservoirs with projected storage 
volume requirements.  With nesting of standby and fire flow storage the City requires a 
storage volume of 330,268 gallons in 2034, using the two reservoirs together. 
 
Minimum System Pressure and Dead Storage 
 
WAC 246-290-230(5) requires water systems to provide the peak hour flow at a pressure 
of 30 psi or higher when all equalizing storage is depleted.  Based on the operational set 
points of the Old Reservoir, 28.5 feet is the bottom of the Operational Storage Level.  
Since the overflow is at 295.9 feet, the bottom of the operational storage level is 
292.4 feet.   
 
Equalizing storage in year 2034 is 28,533 gallons, which comes from both reservoirs.  
This volume equates to 2.10 feet of water in each reservoir.  Accordingly, the bottom of 
Equalizing Storage is 290.30 feet.  Since 30 psi is equivalent to 69 feet of hydraulic head, 
there should be no connections above an elevation of 221.30 feet.  As shown on 
Figure 3-1, the City’s first connection on its main system is at 227.76 feet.  This 
connection is the only service above the 30 psi gradeline for the reservoirs.   
 
WAC 246-290-230(6) requires water systems to provide the maximum day demand flow 
at a pressure of 20 psi system pressure (46 feet of hydraulic head) when Fire Suppression 
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Storage and Equalizing Storage is depleted.  Per the DOH Water Design Manual, 
Standby Storage is included in the depleted storage volume that establishes the 20 psi 
grade line.  If nesting is not allowed, the bottom of the Standby Storage Level in year 
2034 is 268.13 feet and the 20 psi grade line is 222.13 feet. 
 
Table 3-19 assumes no dead storage exists in the City’s reservoirs.  The presence of the 
first connection at 227.76 feet places the bottom of the equalizing storage component at 
an elevation of 296.76, which is more than a foot above the overflow level of the Old 
Reservoir.  Technically, all of the City’s storage is dead storage based on the elevation of 
this first connection.  However, as Figure 3-2 shows, the connection at elevation 227.76 
is the only one on the main system that is above the 30 psi grade line of 221.30 feet.   
 
Per discussions with City staff, there have been no complaints of low pressures in the 
water system except in the far east end of the City Limits.  Customers here report 
experiencing low pressures when another customer in the area is using large amounts of 
water (i.e. irrigation, showering).  It has been the City’s policy that if a new customer 
would like to hook up in this area they must upgrade those lines.  There have been no 
complaints at the first connection near the Old Reservoir.  Data taken by the City at this 
residence (412 North Oak Street) between October 29 and November 25, 2008 show that 
the connection has water pressures between 27.5 psi and 30 psi as the Old Reservoir 
water levels ranged from 27.6 and 29.6 feet.  Because the first connection on the main 
system can be addressed through a small booster pump, it is assumed for this analysis that 
the City has no dead storage in its reservoirs.  Based on the assumption of no dead 
storage, Table 3-19 indicates that the City has a storage surplus through 2034 if fire flow 
is nested.  
 
Overflow Level of Sand Pit Reservoir 
 
The Sand Pit Reservoir is on the same hydraulic grade line as the Old Reservoir.  
Although the overflow level in the Sand Pit Reservoir is at 298.8, the maximum 
achievable level in the Sand Pit Reservoir is the overflow elevation in the Old Reservoir, 
295.9 feet.  This results in a loss of more than 16,300 gallons of storage in the Sand Pit 
Reservoir.  The City could regain this volume by installing a booster pump and a pressure 
reducing valve that would allow the full volume of the reservoir to be used. 
 
Condition of the Old Reservoir 
 
Based on an inspection by Liquivision in June 2006, the visible interior and exterior 
surfaces of Old Reservoir have experienced significant rusting and are in poor condition.  
There is a layer of sediment on the floor of the reservoir that made inspection of the 
reservoir floor impossible.  Photographs taken of the reservoir interior in June 2006 show 
significant rusting (between 50 and 100 percent of the surface) and, in some cases, 
flaking of several structural elements was apparent.  Liquivision recommended recoating 
both the interior and exterior of the reservoir.  However, proper surface preparation of 
areas with significant rusting may prove too difficult to recoat on the reservoir interior.  
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Because of the age of the reservoir and the apparent advanced deterioration of the interior 
structure, the City should consider replacing the Old Reservoir rather than investing 
resources in a recoating.  Costs for recoating versus replacement of the reservoir are 
discussed in Chapter 8.   
 
Because of the age and condition of the Old Reservoir, the City also needs to consider 
how the loss of that reservoir would impact water system operations.  As the analysis 
summarized in Table 3-19 indicates, the storage surplus with nesting currently is just over 
half the size of the Old Reservoir.  Losing the Old Reservoir would result in storage 
deficits and also play a potential role in the CT provisions that are discussed in the 
following section. 
 

TABLE 3-19 
 

Storage Analysis Summary 
 

Year Vos(1) Ves(2) Vsb(3) Vff(4) 
Total 

w/Nesting
Available 
Storage 

Surplus 
w/Nesting 

2014 47,655 18,926 189,480 90,000 256,061 424,045 167,984 
2015 47,655 19,365 192,480 90,000 259,499 424,045 164,546 
2016 47,655 19,821 195,480 90,000 262,956 424,045 161,089 
2017 47,655 20,260 198,480 90,000 266,394 424,045 157,651 
2018 47,655 20,698 201,480 90,000 269,833 424,045 154,212 
2019 47,655 21,155 204,480 90,000 273,289 424,045 150,756 
2020 47,655 21,629 207,680 90,000 276,964 424,045 147,081 
2021 47,655 22,068 210,680 90,000 280,402 424,045 143,643 
2022 47,655 22,543 213,880 90,000 284,077 424,045 139,968 
2023 47,655 23,018 217,080 90,000 287,752 424,045 136,293 
2024 47,655 23,492 220,280 90,000 291,427 424,045 132,618 
2025 47,655 23,986 223,480 90,000 295,120 424,045 128,925 
2026 47,655 24,460 226,680 90,000 298,795 424,045 125,250 
2027 47,655 24,954 230,080 90,000 302,688 424,045 121,357 
2028 47,655 25,465 233,480 90,000 306,600 424,045 117,445 
2029 47,655 25,976 236,880 90,000 310,511 424,045 113,534 
2030 47,655 26,469 240,280 90,000 314,404 424,045 109,641 
2031 47,655 26,981 243,680 90,000 318,316 424,045 105,729 
2032 47,655 27,492 247,080 90,000 322,227 424,045 101,818 
2033 47,655 28,022 250,680 90,000 326,357 424,045 97,688 
2034 47,655 28,533 254,080 90,000 330,268 424,045 93,777 

(1) Vos is based on 3.5 ft of operation storage in both reservoirs. 
(2) Ves is based on a peak hour demand in Table 2-15 and a total source capacity from Table 3-14. 
(3) Vsb is based on the DOH formula in Table 3-9. 
(4) Vff is based on providing 1,500 gpm for 60 minutes. 
 



Gray & Osborne, Inc., Consulting Engineers 

3-34  City of Bingen 
January 2015  Water System Plan DRAFT 

TREATMENT 
 
The City of Bingen treats all of its sources with a hypochlorination system located at the 
reservoir well.  It was installed in 2013 and replaced the old gas chlorination system.  
 
On July 1, 2004, the State of Washington adopted the International Fire Code and 
International Building code.  The 2012 Edition of the IBC adoption is codified under 
WAC 51-50-003 and the 2012 Edition of the IFC adoption is codified under WAC 51-
54A-003.  Under the IBC and IFC, requirements for use and storage of hazardous 
chemicals are based on hazard class and threshold quantities.  When a chemical is present 
in amounts greater than its threshold amount, the following requirements become 
necessary: 
 

• Fire protection (sprinklers) 
• Leak detection and containment 
• Setbacks from other buildings and public use areas 
• Ventilation 
• Alarms (for chemical leaks and fires) 
• Emergency power 

 
The IFC/IBC threshold quantity for sodium hypochlorite with a concentration greater 
than 5 percent is 500 gallons.  The City stores up to 318 gallons of hypochlorite.  
 
Based on current average day demand and depending on the amount of water coming 
from the City’s wells, the City uses between 1.92 and 3.67 gallons of 12.5 percent 
sodium hypochlorite per day.  Using a 53-gallon drum of 12.5 percent sodium 
hypochlorite would result in a drum change out approximately every 2 to 4 weeks with 
current water demands.  
 
Since the City is required to achieve a CT of 6 mg-min/L in its disinfection process, at a 
dose of 1.5 mg/L and a current estimated peak flow of 449 gpm, a CT volume of 
1,797 gallons is required.  If the projected peak flow of 513 gpm is used, the CT volume 
is 2,053 gallons.   
 
The Old Reservoir is a top fill-bottom draw tank that is expected to have a baffling 
efficiency (T10/T) of 10 percent.  Assuming the effective storage of the tank is based on 
an operating depth of 28.5 feet, the available storage volume in the Old Reservoir is 
228,890 gallons.  Ten percent of the available storage volume is 22,889 gallons.  The 
10-inch pipe between the Old Reservoir and the first connection is 179 feet, resulting in 
an additional CT volume of 730 gallons.  This results in a total available CT volume of 
23,619 gallons.  For a 1.5 mg/L dose, this results in a CT of 69 mg-min/L for 513 gpm 
and 79 mg-min/L at 449 gpm, both of which exceed the anticipated CT requirement of 
6 mg-min/L. 
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DISTRIBUTION SYSTEM HYDRAULIC ANALYSIS 
 
The development of a computer hydraulic model, which can accurately and realistically 
simulate the performance of a water system in response to a variety of conditions and 
scenarios, has become an increasingly important element in the planning, design, and 
analysis of municipal water systems.  The Washington State Department of Health’s 
WAC 246-290 requires hydraulic modeling as a component of water system plans. 
 
Hydraulic Modeling Software 
 
The City’s water system was analyzed using MWHSoft’s H2ONet hydraulic modeling 
software, which operates in an AutoCAD computer-aided design and drafting 
environment.  The H2ONet model was created from the City’s water system base map.   
 
The H2ONet model is configured with a graphical user interface.  Each water system 
element, including pipes, valves, pumps, and reservoirs, is assigned a unique graphical 
representation within the model.  Each element is assigned a number of attributes specific 
to its function in the actual water system.  Typical element attributes include spatial 
coordinates, elevation, water demand, pipe lengths and diameters, and critical water 
levels for reservoirs.  With attributes of each system element as the model input, the 
H2ONet software produces the model output in the form of flows and pressures 
throughout the simulated water system. 
 
Model Assumptions 
 
Prior to the calibration of the hydraulic model, the basic layout of the water system is 
recreated within the model.  The lengths, diameters, and connection points of system 
piping are assigned using an updated base map of the water system.  The locations of 
water mains and normally closed valves are found on water system base maps, while the 
critical elevations of the City’s reservoirs are obtained from City officials.  The 
assumptions regarding the modeling of the City’s water sources, and the system demands 
are included in the following sections.  
 
System Demands 
 
A key element in the hydraulic modeling process is the distribution of demands 
throughout the water system.  Total demand on the system is based on the existing and 
projected demands from Chapter 2.  Existing demands were distributed uniformly 
throughout the water system. 
 
Five demand sets were used in the hydraulic analysis.   
 

• 2014 Average Daily Demands: These demands were used while 
calibrating the model. 
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• 2020 Peak Hour Demands:  These demands were used to verify the system 
is able to meet the DOH standards to supply domestic water at a minimum 
system wide pressure of 30 psi within the 6-year planning period. 

 
• 2020 Maximum Day Demands:  These demands were used to evaluate the 

system’s ability to meet the maximum day demands plus required fire 
flows at DOH’s requirement of 20 psi within the 6-year planning period. 

 
• 2034 Peak Hour Demands:  These demands were used to verify the system 

is able to meet the DOH standards to supply domestic water at a minimum 
system wide pressure of 30 psi within the 20-year planning period. 

 
• 2034 Maximum Day Demands: These demands were used to evaluate the 

system’s ability to meet the maximum day demands plus required fire 
flows at DOH’s requirement of 20 psi within the 20-year planning period. 

 
Model Calibration 
 
The calibration of a hydraulic model provides a measure of assurance that the model is an 
accurate and realistic representation of the actual system.  The hydraulic model of the 
City’s water system was calibrated using data obtained from fire hydrant tests at various 
locations throughout the water system.  Four fire hydrant tests and four static pressures 
were conducted, with the assistance of City personnel, on July 22, 2014.  During these 
tests, static and residual pressures were recorded as City staff opened hydrants and 
recorded the flow rate.  Field results were used to calibrate the hydraulic model through 
verification and adjustment of pipe type, sizes, roughness coefficients, and elevations. 
 
A description of each testing location is presented in Table 3-20. 
 

TABLE 3-20 
 

Fire Hydrant Testing Locations 
 

Test Number Node Number Testing Location 
1 JF-40 (Flow) SR 14 @ Big T’s 
 J68 (Pressure) SR 14 @ 500 Block 
2 JF-51 (Flow) Walnut and Humboldt 
 JF-52 (Pressure) Alder and Humboldt 
3 JF-28 (Flow) Cherry and Franklin 
 JF-30 (Pressure) Cedar and Franklin 
4 JF-28 (Flow) Franklin and Cherry 
 JF-29 (Pressure) Jefferson and Cherry 

 
The system conditions at the time of each test were recorded.  At the time of testing, the 
Old Reservoir was at an elevation of 29.2 feet and the Sand Pit Reservoir was at an 
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elevation of 27.9 feet.  During the testing the Dry Creek Well was pumping at 45.8 gpm, 
the Reservoir Well was pumping at 56.9 gpm, the Park Well was pumping at 55.7 gpm, 
and 80 gpm was coming through the SR 14 intertie.  The SR 141 and Old Line interties 
had been shut off because of a water main break in White Salmon that had just been 
discovered as the testing was going on. The system conditions at the time of testing were 
replicated in the hydraulic model during the calibration process. 
 
Using the system conditions for each hydrant test, the hydraulic model was used to 
generate static pressure and residual pressure at the measured hydrant flow rate.  The 
total system demand at the time of the hydrant tests was assumed to be the average day 
demand for 2014.  Model output was generated at points in the model equivalent to the 
locations of the hydrant tests. 
 
Model output for static pressure was generated by running the model at 2014 average day 
demands.  Model output for residual pressure was generated at each hydrant test location 
by placing an added demand equal to the measured hydrant flow rate and recording the 
resulting pressure.   
 
The system pressures and pipe flow rates determined in the hydraulic analysis are highly 
dependent on the friction loss characteristics established for each pipe.  The friction 
losses occurring in lengths of pipe and various valves are accounted for in the hydraulic 
model.  The friction factors for the pipes in the modeled system are adjusted throughout 
the calibration process until the model output best approximates the measured values.  
Hazen-Williams C-factors between 110 and 160 are used throughout the system.  These 
friction factors are typical values for most pipe and are generally conservative.  The 
friction factors for the pipe also compensates for system losses through valves and pipe 
fittings.   
 
The model output was produced for two data comparisons, static pressure and residual 
pressure.  The values measured in the hydrant flow tests are compared to the model 
output values in Table 3-21.  
 

TABLE 3-21 
 

Water System Modeling Calibration Results 
 

Test 
No 

Flow 
(gpm) 

Static Pressure (psi) Residual Pressure (psi) Difference of 
Static/Residual 

Differences Field Model Difference Field Model Difference
1 1,186 70 70 0 67 70 3 3 
2 1,021 67 66 1 63 65 2 1 
3 1,186 54 53 1 50 53 3 2 
4 1,186 48 48 0 45 48 3 3 

 
Hydraulic models are required to be within 5 psi of measured pressure readings for long 
range planning, according to the DOH Design Manual, Table 8-1.  Calibration of the 
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hydraulic model produced results that are within 1 psi of actual field test data for static 
pressure.  Modeled residual pressures are within 3 psi of measured field data.  
 
Model Input 
 
Model input assumptions have significant impacts on peak hour and fire flow results.  
Table 3-22 shows the levels of each reservoir during the three model scenarios. Reservoir 
levels for peak hour scenarios are equal to the sum of operational and peak hour storage 
for the corresponding year.  Reservoir levels for fire flow scenarios are equal to the sum 
of operational, equalizing, and fire flow storage for the corresponding year.   
 

TABLE 3-22 
 

Reservoir Levels Used in Model Scenarios 
 

Year 
Old Reservoir Sand Pit Reservoir 

2014 2020 2034 2014 2020 2034 
Reservoir Height (feet) 32 32 32 29.9(1) 29.9(1) 29.9(1)

Peak Hour Scenario Height (feet) 27.1 26.9 26.4 26.5 26.4 26.0 
Fire Flow Scenario Height (feet) 20.5 20.3 19.8 21.9 21.8 21.4 

(1) Working height of Sand Pit Reservoir, actual height is 32.8 feet based on survey data. 
 
Peak Hour Demand Modeling Results 
 
According to WAC 246-290, a water system must maintain a minimum pressure of 30 psi 
in the distribution system under peak hour demand conditions.  The City’s existing 
distribution system has been modeled under 2014, 2020, and 2034 peak hour demand 
conditions.  The pressures of these scenarios are presented in Appendix K.  Aside from 
the first connection below the Old Reservoir, the system is capable of meeting the 
minimum pressure requirements for peak hour demand conditions through the 20-year 
planning period. 
 
Fire Flow Modeling Results 
 
The DOH Water System Design Manual states that a water system should be designed to 
provide adequate fire flow under maximum day demand conditions, while maintaining a 
minimum pressure of 20 psi.  Table 3-23 provides available fire flow at all of the 
hydrants that do not meet the recommended minimum required flow at the City and at the 
Port.   
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TABLE 3-23 
 

Deficient Fire Flow Locations per Hydraulic Modeling 
 

Hydrant 
ID 

Required Fire 
Flow 
(gpm) 

Available Flow (gpm) 

2014 2020 2034 
City of Bingen 

JF-49 1,000 524 519 504 
Port of Klickitat at Bingen Point 

JF-65 1,500 1,440 1,438 1,432 
JF-66 1,500 1,478 1,476 1,470 
JF-67 1,500 1,436 1,434 1,428 

 
As shown in Table 3-23, hydraulic modeling indicates that there is one hydrant within the 
City limits that cannot meet the fire flow standard of 1,000 gpm.  The model indicates a 
deficiency of nearly 500 gpm, which is significant.  This hydrant is located just south of 
Bridgeview Court off of Oak Street (SR 141).  This hydrant is fed directly by the Dry 
Creek and Park Wells and its operation will depend on the operation of the wells to 
provide the required fire flow.  To provide reliable fire flow from this hydrant will 
require that it be connected to the water main on SR 141 when it is replaced in 2015.  The 
modeling shows that three hydrants at the Port may be below the fire flow standard of 
1,500 gpm for industrial areas by about 50 to 100 gpm.  This difference is relatively 
minor and the model has a slight margin of error. 
 
In the 2008 Plan, the hydraulic model indicated that there were four hydrants located 
along Humboldt Street on a 1.5-inch line that had significant fire flow deficiencies.  Flow 
testing in 2008 indicated that the line was larger than what was originally modeled.  
According to the City, the line was inspected during a Natural Gas pipeline installation, 
and is in fact a 6-inch-diameter PVC pipe.  The model was updated to reflect this and 
now these hydrants are indicating sufficient fire flow capabilities.  
 
CITY OF BINGEN SYSTEM DEFICIENCIES AND CAPACITY 
SUMMARY 
 
Existing and future system deficiencies are discussed below and summarized in 
Table 3-24. 
 
WATER RIGHTS AND SOURCE OF SUPPLY 
 
The City has adequate water rights from its own sources to meet current and projected 
average day and average annual demands.  The City has adequate water rights from its 
own sources for current and projected maximum day demands if all three of the following 
conditions are met: 
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1. Well capacities remain the same as 2013 operating levels, which totaled 
323 gpm. 

 
2. The City does not have to sustain 323 gpm for significant periods. 

 
If the distribution system leakage standard is not met and the City relies completely on its 
own sources of supply, the maximum day demand is projected to exceed the source 
capacity by the year 2032.  If the City’s sources are not adequate for maximum day 
demands, the City will need to use water from its interties with White Salmon. 
 
In order to continue using the City of White Salmon as a backup water supply, the City 
has received a new water right (G4-33106), as discussed in Chapter 2, which recognizes 
the City of White Salmon’s Wells No. 1 and 2 as additional points of withdrawal for 
water rights certificate G-4-01205C (Maple Street Well, Source 02).  This new 
groundwater right is non-additive to the City’s previous withdrawal limits, which are 
580 gallons per minute, instantaneous, and 450 acre-feet per year.  
 
Although the three active wells have adequate capacity to serve current and future needs 
if the DSL goal of 10 percent is met, it would benefit the City in the management of its 
water resources to have water level measuring capabilities at all of its wells.   
 
Additionally, the wells do not have emergency power capability.  The City’s operating 
staff would also like to have additional telemetering capabilities at all of its wells to 
include flow rate, totalized flows and water level in addition to pump operating status. 
 
According to an evaluation by Golder Associates, the Park Well is not able to produce to 
its instantaneous water right.  The City has sufficient capacity in the Park Well for 
projected demands during the planning period if water use efficiency goals are met.  
However, if the Park Well loses more of its capacity or if new demands occur, the City 
may need to redevelop this well at some point in the 20-year planning period. 
 
STORAGE 
 
By addressing the one service connection that cannot maintain 30 psi, the City will have 
adequate storage capacity during the planning period.  However, the age and condition of 
the Old Reservoir will require the City to consider either replacing that tank or taking it 
out of service and relying only on the Sand Pit Reservoir for storage.   
 
If the first alternative is considered, the City would have two options to consider: 
 

1. Removing the existing tank and constructing a new tank at the same site. 
 

2. Constructing a second reservoir next to the Sand Pit Reservoir and moving 
the disinfection system to the Sand Pit Reservoir site.   
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If the second alternative is chosen, additional piping would be required to direct water 
from the transmission line at the reservoir well site directly to the Sand Pit reservoir as 
well as build a new disinfection system at the Sand Pit Reservoir. 
 
The City desires to install inlet and outlet valves on the Old Reservoir to allow it to be 
isolated.  This will also require the construction of CT piping because the first service 
connection occurs 179 feet from the Old Reservoir.  Based on average chlorine residual 
of 1.5 mg/L and a projected peak flow of 513 gpm for year 2034, CT piping would need 
to provide a contact volume of 2,052 gallons.  The existing 10-inch line from the Old 
Reservoir to the first connection provides 730 gallons of CT volume, thus an additional 
volume of 1,322 gallons is required.  This equates to 225 feet of 12-inch pipe or 100 feet 
of 18-inch pipe.  
 
TREATMENT 
 
To eliminate safety concerns and avoid significant regulatory requirements associated 
with continued use of chlorine gas, the City has replaced its gas chlorination system with 
a bulk sodium hypochlorite system.  The sodium hypochlorite system consists of six 
53-gallon storage containers, a feed pump and a backup pump.  The system was installed 
in 2013 and feeds a premixed solution containing 12.5 percent chlorine into the 
distribution system at a rate of 1.92 gpd with two wells running, or 3.67 gpd with all three 
wells running.  
 
The City should also consider connecting its chlorine analyzer to the SCADA system to 
ensure that an adequate dose is maintained to achieve a minimum CT of 6 mg-min/L 
assuming DOH imposes that requirement on the City.  Based on two MPA samples 
showing a risk factor of 1, it is assumed that the City will only be required to provide a 
CT of 6 mg-min/L versus higher levels of treatment. 
 
BOOSTER STATIONS 
 
A small booster station and pressure tank is needed to maintain 30 psi at the first service 
connection.  However, the resident at this house has not complained of low pressures and 
City tests indicate pressures drop 1 or 2 psi below 30 psi on occasion.  Gray & Osborne 
consulted with DOH on December 5, 2008, and it was determined that the City will not 
have to install this booster station as long as: 
 

• Pressures are maintained in the rest of the distribution system above 
30 psi, and 

 
• No further development is allowed that would cause other homes to be 

built at or above the 30 psi grade line shown in Figure 3-2. 
 
In order to fully utilize all storage in the Sand Pit Reservoir the City would need to install 
a booster pump on the reservoir inlet side and a pressure reducing valve on the reservoir 
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outlet side to enable the water level to go up to the overflow level of 298.8 feet (2.9 feet 
higher than the overflow at the Old Reservoir).    
 
As long as the Old Reservoir remains in service this booster station is not needed to 
provide required storage capacity.  If the Old Reservoir is taken out of service entirely 
and CT piping is provided for disinfection at the Old Reservoir site, then a booster pump 
would be needed at the Sand Pit Reservoir. 
 
DISTRIBUTION SYSTEM 
 
Because the Old Reservoir and Sand Pit Reservoir are hydraulically connected and there 
are no valves at the Old Reservoir that allow it to be isolated and drained, it is not 
possible to take the Old Reservoir out of service and keep the Sand Pit Reservoir 
operational.  To remedy this would require constructing a valve system at the Old 
Reservoir as well as CT piping since this reservoir would potentially supply most of the 
contact volume needed for a CT of 6 mg-min/L.  
 
Upgrades to portions of the distribution system piping are necessary in order to supply 
the minimum required fire flow through the 20-year planning period.  Approximately 
2,150 feet of 1-1/2-inch pipe would need to be replaced with 6-inch pipe. 
 
The 3-inch Old Line from White Salmon is being replaced from the meter to the last 
connection, a length of approximately 1,800 feet.  A section is also being replaced on 
Steuben Street.  These measures are also expected to help reduce DSL in the distribution 
system. 
 
Additionally, there is piping in the system that is made of asbestos cement that has 
reached the end of its design life and is due for replacement.  These locations are along 
Franklin, Cedar, Jefferson, and Maple Streets.  Pipe replacement will also aid in the 
reduction of distribution system leakage. 
 
METERING  
 
The City has an ongoing project to convert their water meter reading to an automated 
meter reading (AMR) system consisting of a meter transmitting units (MTUs) at each 
service meter and a mobile data collection system in a City vehicle.  The City is installing 
Dialog 3G meters manufactured by Master Meter.  These meters have a register and 
MTU that is constructed integral to the meter.  The City anticipates that this will 
significantly improve service meter reading accuracy and reduce the amount of 
nonrevenue water that is currently counted against distribution system leakage.  All City 
meters are to be converted to AMR by the end of 2015.  
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SDS Lumber East Water Meter 
 
There are two concrete meter vaults for water service to SDS Lumber, one at the east end 
of the SDS complex outside the fence and another at the west end of the complex inside 
the fence.  The east meter vault consists of two separate concrete vaults, one for the meter 
and backflow assembly and the other for the check valve.  The east end meter vault is a 
concrete structure 78-inches long x 50-inches wide x 56-inches deep, with a 36" x 34" 
metal hatch, and the check valve vault is a 48-inch-diameter concrete manhole with a 
24-inch-diameter entry; this vault is 57-inch deep.  The valve vault and meter vault are in 
satisfactory condition, but the 6-inch meter needs to be replaced and equipped with radio 
transmitter to be consistent with the City’s other water meters that are being converted to 
radio read automated meter reading technology.  Figures 3-3 and 3-4 show the check 
valve vault and meter/backflow assembly vaults for the East SDS water meter. 
 

 
 

FIGURE 3-3 
 

SDS Lumber East Check Valve 
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FIGURE 3-4 
 

SDS Lumber Meter and Backflow Assembly 
 
SDS Lumber West Water Meter 
 
The west end metering system for the SDS complex consists of three rectangular concrete 
vaults.  The check valve vault has a 24-inch-diameter entry with a 48-inch-diameter 
lower vault and is 57-inches deep.  The meter vault is 42-inches long x 42-inches wide x 
42-inches deep with a 36" x 34" metal hatch and has two 6-inch meters.  One meter is 
inactive and the other meter is active.  The backflow prevention assembly for this meter 
is in a separate concrete vault that is 81-inches long x 48-inches wide x 57-inches deep 
and is equipped with a 36" x 34" metal hatch.  The vault structures are all in satisfactory 
condition, but the active 6-inch meter needs to be replaced and equipped with radio 
transmitter to be consistent with the City’s other water meters that are being converted to 
radio read automated meter reading technology.  Figures 3-5, 3-6 and 3-7 show the check 
valve vault, meter vault and backflow assembly vault for the West SDS Lumber water 
meter. 
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FIGURE 3-5 
 

SDS Lumber West Backflow Assembly 
 

 
 

FIGURE 3-6 
 

SDS Lumber West Meters 
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FIGURE 3-7 
 

SDS Lumber West Check Valve 
 
Underwood Fruit Metering System 
 
The Underwood Fruit complex is served by a single compound meter with 2-inch and 
4-inch meters located in a rectangular concrete vault with dimensions of 105-inches long 
x 50-inches wide x 40-inches high.  The 2-inch meter is equipped with radio read 
technology but the 4-inch meter is not.  The compound meter is 33.5-inches long.  Access 
to this vault is via a 24-inch-diameter concrete manhole and requires confined space entry 
procedures to access both meters as the overall depth of the meter vault is 9'-3" and there 
is no ventilation of the vault.  The vault dimensions, lack of ventilation and narrow access 
way make reading both meters difficult and time-consuming for an average size worker.  
The vault, access way and compound meter all need to be replaced to make access to the 
meters safer and easier.  Photos of this vault are shown in Figures 3-8, 3-9, 3-10, 3-11 
and 3-12. 
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FIGURE 3-8 
 

Access Manhole to Underwood Fruit Meters 
 

 
 

FIGURE 3-9 
 

Safety Precautions for Entering Underwood Fruit Meter Vault 
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FIGURE 3-10 
 

4-Inch Meter 
 

 
 

FIGURE 3-11 
 

2-Inch Meter 
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FIGURE 3-12 
 

View of 2-Inch Meter from Above 
 

DEFICIENCY SUMMARY AND TIMELINE FOR CORRECTIONS 
 
Table 3-24 summarizes the deficiencies of the water system with respect to source of 
supply, water rights, storage, and booster station facilities and gives a timeline of when 
those deficiencies will occur.   
 

TABLE 3-24 
 

Timeline of Correcting Deficiencies 
 

Title Year 
Old Line Water Main Replacement 2015 
Meter Replacement Program 2008–2015 
Emergency Power System and Telemetry Upgrades 2021 
Underwood Fruit Vault Replacement 2016 
CT Piping and Old Reservoir Isolation 2021 
Update Water System Plan 2020 
Franklin Street Water Main Replacement 2022 
Cedar Street Water Main Replacement 2024 
Jefferson and Maple Street Water Main Replacement 2026 
Additional Well Development 2030 
Replace Old Reservoir 2032 
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Table 3-25 summarizes the capacity of the water system components using equations 
found in Chapter 6 of the DOH Water System Design Manual.  Two sets of capacities are 
shown.  The first set assumes distribution system leakage remains unchanged from the 
three year rolling average of 35.8 percent.  The second set assumes distribution system 
leakage is reduced to 10 percent.  As shown in Table 3-25, if the City does not reduce its 
DSL they will begin seeing storage capacity exceedances near the end of the 20-year 
planning period.  The limiting factor is the pumping capacity of the City’s wells.  The 
City has already recognized the need to supplement their wells and obtained water rights 
to the Regional Well Field giving them a 20 percent interest in the production of Wells 
No. 1 and No. 2.      
 

TABLE 3-25 
 

Water System Component Capacities 
 

Water System Component 
Capacity 

(ERU) 

Year 
Capacity is 
Exceeded 

Distribution System Leakage Unchanged at 35.8%(1) 
Annual Water Rights (450 ac-ft/yr) 1,545 Beyond 2034 
Instantaneous Water Rights (580 gpm)  1,973 Beyond 2034 
Peak Day 24-hour pumping (433,200 gpd) (2) 1,024 2030 
Average Day 20-hour pumping (271,200 gpd) (2) 1,043 2032 
Capacity-Related Storage w. Nesting >1,072 (3) Beyond 2034 
Distribution System Leakage Reduced to 10% (4)

Annual Water Rights (450 ac-ft/yr) 2,165 Beyond 2034 
Instantaneous Water Rights (580 gpm) (2) 2,766 Beyond 2034 
Peak Day 24-hour pumping (433,200 gpd) (2) 1,435 Beyond 2034 
Average Day 20-hour pumping (271,200 gpd) 1,462 Beyond 2034 
Capacity-Related Storage w/ Nesting >1,072 (3) Beyond 2034 
(1) Average Day Production ERU = 260 gpd; Maximum Day ERU = 423 gpd. 
(2) Accounts for S03, S05, and S06.  S05 assumed to only sustain max conditions for 20 hours.  
(3) When storage is calculated with nesting, there is still a significant surplus well past the 20 

year planning period.  
(4) Average Day ERU = 185 gpd; Maximum Day ERU = 302 gpd. 

 
Table 3-25 only accounts for the City’s groundwater sources in evaluating system 
capacity.  As shown in Appendix C, the City of Bingen has an agreement with the City of 
White Salmon to use up to 25 percent of water produced from White Salmon’s 
groundwater sources.  The City of Bingen has been reducing the amount of water it draws 
from its own wells and increasing its purchases from White Salmon in recent years 
because of taste and odor problems with their own wells. In 2012, the City of Bingen 
purchsed 59,383,571 gallons of water from White Salmon.  In a peak use month 
(January 2012), The City used 6,806,554 gallons from White Salmon, which equates to 
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219,566 gpd.  When normalized to peak day use with a DSL of 19.25 percent, this usage 
is equivalent to 419 peak day ERUs. 
 
As shown in Table 2-7, the City of Bingen had 862 ERUs at the end of 2012.  Based on 
the last 2 years of purchases, the City has been able to acquire water from White Salmon 
in an amount that equates to 419 ERUs.  Therefore, assuming the City of White Salmon 
can maintain this level of service, the City of Bingen is capable of serving a minimum of 
1,854 ERUs with its existing water system based on historical water purchases from 
White Salmon and peak day pumping from its own sources. 
 
If the City can improve its water use efficiency in accordance with DOH requirements 
discussed in the following chapter, the ERU basis will improve substantially and the City 
can reevaluate its system capacity.  The City has a set a three year rolling average goal of 
10 percent DSL by 2018.  If this goal is met, the City will have the capacity to serve up to 
1,462 ERUs without purchasing any water from the City of White Salmon. 
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