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by the ADD of a given year. The average day and maximum day production along with 
the respective peaking factor for 2018 through 2023 is shown in Table 2-5.  
 

TABLE 2 -5 
 

Maximum Day to Average Day Ratio 
 

Year 
Average Day 

Production (gpd) 
Maximum Day 

Production (gpd) 
Max Day 

Peaking Factor 
2018 243,115 468,000 1.93 
2019 228,439 583,000 2.55 
2020 179,781 506,000 2.81 
2021 239,193 516,000 2.16 
2022 211,518 451,000 2.13 
2023 237,694 653,000 2.75 

Average Ratio 2.39 
 
From Table 2-5, the maximum day peaking factor has fluctuated between 1.93 and 2.81 
over the last 6 years while the average factor was 2.39. This characteristic ratio will be 
used to determine maximum day demand in the water demand projections at the 
conclusion of this chapter. 
 
Consumption History 
 
The �&�L�W�\�¶�V water consumption from 2018 through 2023 for each customer class is shown 
in Table 2-6. 
 

TABLE 2 -6 
 

Metered Consumption by Customer Class(1) (MG) 
 

Year 
Single-Family 

Residential 
Multi -Family 
Residential Commercial RV Parks State Park Total 

2018 20.96 1.09 22.09 2.92 3.44 50.50 
2019 21.14 0.96 28.42 3.83 3.37 57.73 
2020 21.86 1.09 16.53 4.89 2.61 46.99 
2021 21.39 1.02 17.22 5.72 3.70 49.06 
2022 19.45 0.92 16.20 4.34 3.03 43.94 
2023 20.45 1.17 19.09 4.59 3.04 48.34 

Average 20.88 1.04 19.92 4.38 3.20 49.43 
(1) Includes totals of inside and outside city limits. 
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Single-family residential (SFR), multi-family residential (MFR), and State Park 
consumption has stayed relatively steady over the last 6 years except for 2020 when the 
restrooms were closed for COVID. Commercial consumption peaked in 2019, was lower 
between 2020 and 2022, and rebounded slightly in 2023, reflecting the changing of 
ownership and processing technique of the fish processing facilities in 2020. The RV 
parks have experienced growth over the period as a couple of the RV parks have 
expanded. Additionally, the Beacon RV Park does not currently have anyone living there 
but there is a large leak after their service meter, which the RV park is paying for. 
 
Distrib ution System Leakage 
 
Distribution system leakage (DSL) is defined as the difference between metered source 
production and all authorized water usage. All non-metered or untracked water is simply 
considered DSL, whether it is resulting from actual leakage in the distribution system or 
is caused by some other factor such as un-metered usage, theft or inaccurate meters. DSL 
from 2018 through 2023 is summarized in Table 2-7. 
 

TABLE 2 -7 
 

Historical Distribution System Leakage 
 

Year 

Metered 
Production, 

MG 

Metered 
Consumption, 

MG 

Filtered 
Backwash 

(MG) 

Total 
Accounted 
for Water 

(MG) 

Distribution 
System 
Leakage 

(MG) 

Distribution 
System 
Leakage 

(%)  

3-Year 
Rolling 
Average 

2018 88.74 50.50 2.73 53.23 35.51 40.0% -- 
2019 83.38 57.73 3.02 60.76 22.62 27.1% -- 
2020 65.80 46.99 3.99 50.97 14.83 22.5% 29.9% 
2021 87.31 49.06 3.05 52.11 35.19 40.3% 30.0% 
2022 77.20 43.94 3.26 47.20 30.01 38.9% 33.9% 
2023 86.76 48.34 3.92 52.26 34.50 39.8% 39.6% 

(1) Authorized consumption is the sum of WTP backwash and metered consumption. 
 
Table 2-7 shows that DSL has hovered between 24 and 41 percent over the last 6 years. 
While most years were around 40 percent, DSL in 2018 and 2019 was 28 and 24 percent, 
respectively. The current 3-year running average as of 2023 is 40.7 percent. The City is 
not in compliance with the Water Use Efficiency Rule and a Water Loss Control Action 
Plan will be detailed in Chapter 4 to address the high DSL.  It should be noted that City 
has recently installed a new flow meter at Indian Creek reservoirs and at the WTP and it 
was seen that the old meters were inaccurate and there may be less DSL than reported. 
 
The forecasted projections at the end of this chapter will assume 92,000 gpd of DSL, 
equivalent to the average daily loss for the last 3 years. 
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will match the projected growth rates described in Table 2-12. Yearly DSL will be held 
constant at 92,000 gallons per day, which corresponds to the average day DSL over the 
past 3 years. Filter backwash is projected to make up 4.2 percent of total production as 
that was the average filter backwash to total production ratio over the last six years. 
Maximum day production will be determined by multiplying the computed average day 
production by the 2.39 peaking factor determined in Table 2-5, while peak hour demand 
will be determined by multiplying MDD (in gpm) by the peak hour peaking factor of 1.77, 
as determined in Table 2-11. 
 
Water demand projections for the 10- and 20-year planning periods are presented in 
Table 2-13. 
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TABLE 2 -13 
 

Water Demand Projections 
 

Year Population 

  Average Day Consumption by Customer Class DSL 

Total System 
ERUs(2) 

Filter 
Backwash(3) 

(gpd) 
ADD(4) 
(gpd) MDD (5) (gpd) PHD(6) (gpm) SFR(1) (gpd) 

MFR (1) 
(gpd) 

Commercial(1) 
(gpd) 

RV Parks(1) 
(gpd) 

Cape 
Disappointment 

State Park(1) 
(gpd) Total (gpd) 

DSL 
(gpd) DSL (%) 

2024 1,282 59,157 3,390 55,182 13,328 8,768 139,826 92,000 38% 2,016 10,164 241,990 578,356 711 
2025 1,297 59,841 3,430 55,821 13,482 8,870 141,444 92,000 38% 2,030 10,234 243,678 582,390 716 
2026 1,312 60,534 3,469 56,467 13,638 8,972 143,080 92,000 37% 2,044 10,306 245,387 586,474 721 
2027 1,327 61,235 3,510 57,120 13,796 9,076 144,737 92,000 37% 2,059 10,379 247,116 590,607 726 
2028 1,342 61,944 3,550 57,782 13,956 9,181 146,414 92,000 37% 2,073 10,452 248,866 594,791 731 
2029 1,358 62,663 3,591 58,452 14,118 9,288 148,111 92,000 37% 2,088 10,527 250,638 599,025 736 
2030 1,374 63,389 3,633 59,130 14,281 9,396 149,829 92,000 36% 2,103 10,602 252,431 603,311 742 
2031 1,390 64,125 3,675 59,816 14,447 9,505 151,568 92,000 36% 2,118 10,678 254,247 607,649 747 
2032 1,406 64,870 3,718 60,511 14,615 9,615 153,328 92,000 36% 2,133 10,756 256,084 612,040 752 
2033 1,422 65,623 3,761 61,214 14,785 9,727 155,110 92,000 36% 2,149 10,834 257,943 616,484 758 
2034 1,439 66,386 3,805 61,925 14,957 9,840 156,913 92,000 35% 2,164 10,913 259,825 620,983 763 
2035 1,455 67,158 3,849 62,646 15,131 9,954 158,738 92,000 35% 2,180 10,993 261,731 625,536 769 
2036 1,472 67,940 3,894 63,375 15,307 10,070 160,585 92,000 35% 2,196 11,074 263,659 630,145 775 
2037 1,489 68,731 3,939 64,113 15,485 10,187 162,455 92,000 35% 2,213 11,156 265,611 634,810 780 
2038 1,507 69,532 3,985 64,860 15,665 10,306 164,348 92,000 34% 2,229 11,239 267,586 639,531 786 
2039 1,524 70,342 4,031 65,616 15,848 10,426 166,263 92,000 34% 2,246 11,323 269,586 644,311 792 
2040 1,542 71,163 4,078 66,381 16,033 10,548 168,202 92,000 34% 2,263 11,408 271,610 649,148 798 
2041 1,560 71,993 4,126 67,155 16,220 10,671 170,165 92,000 34% 2,280 11,494 273,659 654,045 804 
2042 1,578 72,833 4,174 67,939 16,409 10,795 172,152 92,000 33% 2,297 11,581 275,733 659,001 810 
2043 1,597 73,684 4,223 68,733 16,601 10,922 174,163 92,000 33% 2,314 11,669 277,832 664,017 816 
2044 1,615 74,545 4,272 69,536 16,795 11,049 176,198 92,000 33% 2,332 11,758 279,956 669,095 822 
2045 1,634 75,417 4,322 70,349 16,991 11,178 178,258 92,000 33% 2,350 11,848 282,107 674,235 829 
2046 1,653 76,299 4,373 71,172 17,190 11,309 180,343 92,000 32% 2,368 11,940 284,284 679,438 835 

(1) Assumes an annual growth rate equivalent to the annual growth rates (Table 2-12) 
(2) Total Consumed ERUs = (Total Customer Consumption + DSL) / ERUADD definition (Table 2-8). 
(3)  Filter Backwash = 4.2 percent of Average Day Production (ADD) 
(4) Average Day Production (ADD) = Total Customer Consumption + DSL + Filter Backwash 
(5) Maximum Day Production (MDD) = ADD * 2.39 MDD Peaking Factor (Table 2-5). 
(6) PHD = MDD * 1.77 Peak Hour Peaking Factor (Table 2-11). 
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CHAPTER 3 
 

SYSTEM ANALYSIS 
 
OBJECTIVE  
 
�:�D�W�H�U���V�\�V�W�H�P���S�O�D�Q�Q�L�Q�J���L�Q�F�O�X�G�H�V���D���F�D�U�H�I�X�O���D�Q�D�O�\�V�L�V���R�I���D���Z�D�W�H�U���X�W�L�O�L�W�\�¶�V���D�E�L�O�L�W�\���W�R���P�H�H�W��
minimum level of service standards for existing and future customers. In this chapter, 
design standards are presented which identify criteria that are applicable to the City of 
�,�O�Z�D�F�R�¶�V water system. A water quality and facility analysis will then compare the 
existing water quality and system facilities to these design standards. Based on this 
comparison, water system deficiencies will be identified and recommendations to 
improve compliance with the required standards are developed. Proposed improvement 
projects to address system deficiencies are presented in Chapter 7. 
 
SYSTEM DESIGN STANDARDS 
 
STATE STANDARDS 
 
The Washington State Department of Health (DOH) relies on various publications of 
standards, agencies, and the utility itself to establish design criteria.  The following is a 
brief description of three of the most widely recognized performance and design 
standards: 
 

WAC 246-290, Group A Public Water Systems, Washington State 
Department of Health (May 2024) 
 
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, Washington State Department of Health 
(June 2020) 
 
Significant revisions to the Water System Design Manual 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.  
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Water System Planning Guidebook, Washington State Department of  
Health (August 2020)  
 
The Water System Planning Guidebook outlines planning requirements as well as 
a process framework for water systems to create a WSP that best fits their size 
and needs. Significant revisions to the former Water System Guidebook were 
adopted in August 2020. 
 

CITY STANDARDS  
 
DOH relies on the City itself to establish design criteria.  The following gives a brief 
description of the referenced City design standards: 
 

City of Ilwaco Standard Water System Standards 
 
These standards include detailed specifications for materials and workmanship for 
installation of water main extensions, including piping installation details, thrust 
blocking, in-line valves, fire hydrants, air release valves, service connections of 
various types, sample stations, blowoffs, and pavement restoration applicable to 
developer extensions.  A copy of these standards is contained in Appendix D. 

 
SYSTEM CAPACITY STAN DARDS 
 
The City uses the DOH Water System Design Manual as a guide for establishing water 
system capacity standards.  Table 3-1 lists the recommended standards from the DOH 
Manual with regard to each standard for general facility design. 
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TABLE 3 -1 
 

General Facilities Requirements 
 
Standard DOH Water System Design Manual (June 2020) City of Ilwaco Water System Standard 

Average Day and 
Maximum Day Demand 

Average Day Demand (ADD) per ERU (ERUADD) and 
Maximum Day Demand (MDD) per ERU (ERUMDD) 
should be determined from metered water use data if 
available. 

ADD = Calculated from Metered Monthly Production Data  
MDD = 2.39 * ADD; with 2.39 being the maximum day 
peaking  
factor (See Table 2-5) 

Peak Hour Demand 

Peak hour demand in gallons per minute is estimated 
using the following equation: 
 
PHD = (ERUMDD/1440)[(C)(N) + F] + 18 

C = Coefficient from DOH Table 3-1 
N = Number of connections, ERUs 
F = Factor from DOH Table 3-1 

PHD = 1.77 * MDD; with 1.77 being the maximum day 
peaking  
factor (See Table 2-11, which takes the average of the DOH 
formula  
across 5 years)  

Storage Capacity 

Water systems must account for and provide storage 
equal to the sum of:  
 
Operational Storage = Volume sufficient to prevent 
excessive pump cycling.  
Equalizing Storage = (PHD �± QS) *(150 mins)  
Standby Storage = (N)(SBi)(Td)  
Fire Suppression Storage = (FF)(tm) 

Same as DOH Water System  
Design Manual.  
 
Standby storage and fire suppression storage are nested 
 
*See storage capacity analysis  
 

Minimum System 
Pressure 

The system shall 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.  

Maximum System 
Pressure 

Working pressure in the distribution system should be 
limited to 80 psi unless the design engineer can justify 
the need for higher pressure and verify that the pipe 
material is appropriate for the design working pressure.  

Pressure reducing valves in the water service pipe are required 
when street main pressure exceeds 80 psi per City of Ilwaco 
Development Standards, Chapter 7.   
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TABLE 3 -1 �± (continued) 
 

General Facilities Requirements 
 
Standard DOH Water System Design Manual (June 2020) City of Ilwaco Water System Standard 

Fire Flow Standards 

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), 
whichever is greater. 

Ilwaco sets flow requirements of 500 gpm for single-family 
residential and 3,000 gpm for Multi-Family/Commercial/ 
Industrial flows in the City Center Zone 

Minimum Pipe Sizes 
The diameter of a transmission line shall 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. 

Valve Spacing 
Sufficient valving should be placed to keep a minimum 
number of customers out of service when water is turned 
off for maintenance or repair. 

Valves every 1,000 feet, three valves at every tee and four at 
every cross unless otherwise directed by the City.  Valves on 
each end of an easement or at each end of a water main in an 
easement. 

Source Reliability  
Minimum requirement is to supply MDD in 24 hours of 
pumping. Supply of MDD in 20 hours of pumping is 
recommended. 

Since the City has a single source of supply and no interties, the 
City has adopted a source reliability criteria of supplying MDD 
in 20 hours of pumping 

 



Gray & Osborne, Inc., Consulting Engineers 

City of Ilwaco 3-5 
Water System Plan Update September 2025 

WATER QUALITY STANDA RDS 
 
The City�¶�V��water system is a public water supply system regulated by the Washington 
State Department of Health Drinking Water Regulations, WAC 246-290, the latest 
edition of which is dated May 13, 2024, as well as sections of Code of Federal 
Regulations (CFR) Title 40, Parts 141 and 143, adopted by reference in WAC 246-290.  
The City has a surface water supply, so surface water supply regulations apply. 
 
Group A public community water systems must comply with the drinking water 
standards of the Federal Safe Drinking Water Act and its amendments.  DOH adopted the 
updated Federal Standards under WAC 246-290.  Furthermore, since the City of  
Ilwaco receives water from a surface water source, the Groundwater Rule applies.    
 
Table 3-2 lists existing drinking water regulations.  The table also indicates whether or 
not the regulation is applicable to the City of Ilwaco.  Existing state law contains 
regulations concerning bacteriological contaminants, disinfection by-products (DBPs), 
inorganic chemicals and inorganic physical parameters (IOCs), volatile organic chemicals 
(VOCs), synthetic organic chemicals (SOCs), and radionuclides.   
 

TABLE 3 -2 
 

Existing Drinking Water Regulations 
 

Rule Regulated Contaminant Sample Location City Action  
Surface Water Treatment Rule Microbial Contaminants Source Monitoring 
Long-Term 1 Enhanced Surface Water 
Treatment Rule Bacteriological Source Monitoring 

Long-Term 2 Enhanced Surface Water 
Treatment Rule Bacteriological Source Monitoring 

Inorganic Chemicals (IOC), and Physical 
Parameters IOCs Source Monitoring 

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

Per- and Polyfluoroalkyl Substances PFAS Source Monitoring 
Radionuclides Rule Radionuclides Source Monitoring 
Revised Total Coliform Rule Coliform �± Distribution System Distribution Monitoring 
Disinfectants/Disinfection  
Byproducts Rule (DBPR) (Stage 1 and 2) 

TTHMs, HAA5, Chlorite, 
Bromate(1) Distribution Monitoring 

Asbestos Rule Asbestos Distribution Monitoring 
Lead and Copper Rule Lead, Copper Distribution Monitoring 

Revised Lead and Coper Rule Lead, Copper Distribution 
Monitoring and 

Inventory submitted 
by October 2024 

Residual Disinfectant Total Free Chlorine Distribution Monitoring 
Consumer Confidence Report Reporting Only N/A In compliance 

(1) TTHM = Total Trihalomethanes; HAA5 = Five Haloacetic Acids;  
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WATER QUALITY REPORT ING 
 
WAC 246-290-72001 requires the City to distribute a Consumer Confidence Report 
(CCR) annually to each customer.  The City issues a report annually titled Ilwaco Water 
Department CCR that contains water quality data from the previous year.  The 2023 issue 
of this report is included in Appendix F.  General water quality monitoring requirements 
are summarized in The Water Quality Schedule for year 2024 available in Appendix G.  
The City has obtained several water quality monitoring waivers, which affect the 
monitoring requirements.  Table 3-11 �V�X�P�P�D�U�L�]�H�V���W�K�H���&�L�W�\�¶�V���P�R�Q�L�W�R�U�L�Q�J���U�H�T�X�L�U�H�P�H�Q�W�V���D�V��
shown on the Water Quality Monitoring Schedule for the year 2024. 
 

TABLE 3 -3 
 

Source Monitoring Requirements and Waivers  
 
Monitoring Parameter Sampling Requirement Sampling Location 

Nitrate One sample every year Source 
IOC One sample every 9 years Source 
VOC One sample every 6 years Source 
Herbicides, SOC 515.2 One sample every 9 years Source 
General Pesticides, SOC 525.2 State waiver thru Dec. 2025 for no samples Source 
Arsenic One sample every 9 years Source 
Gross alpha One sample every 6 years Source 
Radium 228 One sample every 6 years Source 

Coliform Two samples/month until Aug 2024 
Three samples/month post-Aug 2024 

Distribution System 

Lead and Copper 10 samples between Jan. 2023 �±Dec. 2025 Distribution System 
 
The following sections evaluate the record of water quality for the City.  The water 
quality analysis is divided into five categories: 
 

�x Source Water Quality; 
�x Finished Water Quality; 
�x Distribution System Water Quality; 
�x Water Quality Reporting; and  
�x Water Quality Complaints.   

 
SOURCE WATER QUALITY  
 
As described in Chapter 1, the City has a single surface water source with a dam that 
impounds water from Indian Creek, a tributary of the Bear River. As the raw water is 
conveyed to the water treatment plant, water treatment chemicals are added and vary 
�E�D�V�H�G���R�Q���W�K�H���Z�D�W�H�U�¶�V���W�X�U�E�L�G�L�W�\�����$�I�W�H�U���W�K�H���F�K�H�P�L�F�D�O���Ddditions, the water flows to the 
treatment units where it goes through a clarifying process. After it goes through the 
filtration system, the water is collected by the underdrain and flows to the clearwell. 
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Due to the filtering effect of riverbed gravels, the treatment plant influent waters have an 
average turbidity below 0.3 NTU.   
 
Surface Water Source Monitoring 
 
Monthly water treatment reports include basic raw water data, including raw water 
turbidity, temperature and pH.  These tests are conducted from a raw water line and may 
be different from water quality data for water taken directly from Indian Creek. 
 
Surface Water Treatment Regulatory Requirements 
 
Description 
 
�7�K�H���&�L�W�\�¶�V���'�U�L�Q�N�L�Q�J���:�D�W�H�U���7�U�H�D�W�P�H�Q�W���)�D�F�L�O�L�W�\�����'�:�7�)�����F�X�U�U�H�Q�W�O�\���P�H�H�W�V���D�O�O���U�H�T�X�L�U�H�P�H�Q�W�V 
of the Surface Water Treatment Rule, the Long Term 1 Enhanced Surface Water 
Treatment Rule, and the Long Term 2 Enhanced Surface Water Treatment Rule 
(LT2ESWTR).   
 
Under the Surface Water Treatment Rule, filtered water systems must meet certain 
removal criteria for Giardia lamblia and viruses. Purveyors are required under WAC 246-
290-630 to provide 3-log (99.9 percent) removal of Giardia lamblia and 4-log removal 
(99.99 percent) removal of viruses. The removal is attained with a combination of 
filtration and disinfection. Disinfection is used in addition to filtration to provide 
additional Giardia and virus inactivation to comply with the requirements.  The 
LT2ESWTR is intended to provide additional protection against Cryptosporidium by 
requiring purveyors with susceptible raw water supplies to provide additional treatment.  
The rule required purveyors serving less than 10,000 people to measure E. coli levels in 
their raw water for one year to determine their susceptibility to Cryptosporidium.  For 
systems using a river as their primary source, if the average E. coli concentration was 
greater than 50 E. coli/100 mL, then the system is required to monitor their raw water for 
Cryptosporidium depending upon the level of Cryptosporidium in the source water.    
 
Monitoring Requirements and Analysis 
 
The City of Ilwaco�¶�V���K�L�V�W�R�U�L�F�D�O���U�D�Z���Z�D�W�H�U���F�R�O�L�I�R�U�P���G�D�W�D���Z�D�V���U�H�Y�L�H�Z�H�G���E�\���W�K�H���'�H�S�D�U�W�P�H�Q�W��
of Health and the City was not deemed to be a high-risk system. Therefore, no additional 
treatment is required to meet LT2ESWTR and the City is in compliance with these 
treatment rules.  
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Inorganic Chemical and Physical Water Quality 
 
Inorganic chemical and physical (IOC) water quality monitoring results are summarized 
in Table 3-4.  All samples are taken before treatment.  The Maximum Contaminant Level 
(MCL) for all inorganic chemical and physical water quality parameters for which there 
are MCLs is listed in the right hand column.  In most cases the detected chemicals and 
physical parameters are below the MCL, with the exception color, which was above the 
MCL limits. 
 

TABLE 3 -4 
 

Inorganic Chemical Sampling Results(1) 

 
Location Raw Water Line  

Sample Date 1/14/2019 MCL  
Primary Contaminants 
Arsenic ND 0.01 
Barium 0.0110 2.0 
Cadmium ND 0.005 
Chromium ND 0.1 
Mercury ND 0.002 
Selenium ND 0.05 
Beryllium ND 0.004 
Nickel ND 0.1 
Antimony ND 0.006 
Fluoride(2) ND 4.0 
Nitrate-N 0.38 10.0 
Total Nitrite/Nitrate 0.38 10 
Secondary Contaminants 
Iron ND(5) 0.3 
Manganese ND(5) 0.05 
Silver ND 0.1 
Chloride 9.86 250.0 
Sulfate 0.77 250.0 
Zinc ND 5.0 
Sodium(3) 7.05 None 
Hardness (mg/L as CaCO3)  14.9 None 
Conductivity (mmho/cm) 70.3 700.0 
Color (color units) 20 15.0 
Total Dissolved Solids 35.7 500 
Lead(4) ND None(4) 

Copper(4) 0.0440 None(4) 
(1) All results mg/L unless otherwise noted.   
(2) Fluoride has both a primary and secondary MCL. Concentrations above the secondary MCL 

(2.0 mg/L) cause aesthetic problems, while concentrations above the primary MCL 
(4.0 mg/L) are a public health concern.   

(3) Sodium does not have an MCL, but EPA has established a level of 20 mg/L as a level of 
concern for individuals on a low sodium diet. 

(4) The standards for Lead and Copper are distribution system action levels based on 
90th percentile distribution sample values. 

(5) Sample taken 3/21/2023. 
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Arsenic 
 
Description 
 
Long-term exposure to low concentrations of arsenic in drinking water can lead to skin, 
bladder, lung, or prostate cancer.  Non-cancer effects of ingesting arsenic at low levels 
include cardiovascular disease, diabetes, and anemia, as well as reproductive, 
developmental, immunological, and neurological effe�F�W�V�������7�K�H���(�3�$�¶�V���$�U�V�H�Q�L�F���0�&�/���L�V��
0.01 mg/L.   
 
Monitoring Requirements and Results 
 
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 is 
based on the running annual average of the samples.  Systems triggered into increased 
monitoring are not considered in violation of the MCL until they have completed 1 year 
of quarterly sampling.  However, if any sample result causes the running annual average 
to exceed the MCL at any sampling point, the system is out of compliance with the MCL 
immediately.   
 
Arsenic results from the most recent testing is shown in Table 3-4. As shown, arsenic was 
non-detected.  
 
Nitrite  
 
Nitrite is an additional IOC sample that must be taken. These samples are required in 
years when complete inorganic chemical samples are not required. Table 3-5 summarizes 
additional nitrite and nitrate monitoring results. 
 

TABLE 3 -5 
 

Nitrate Monitoring Results 
 

Location Plant s/t  
Sample Date 3/27/2024 3/21/2023 3/17/2022 12/29/2021 MCL  
Nitrate 0.29 0.28 0.42 0.43 10 

 
There are no IOCs that are over the MCL limit besides color. The City of Ilwaco is in 
compliance with standards for IOCs. 
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Volatile and Synthetic Organic Chemical Water Quality 
 
Description 
 
Volatile organic compounds (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 or herbicides, which are regulated separately as synthetic 
organic compounds (SOCs). VOCs are divided into the two following groups: 
 

1. Regulated VOCs that have been determined to pose a significant risk to 
human health. 
 

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

 
Monitoring Requirements and Analysis 
 
�7�K�H���&�L�W�\�¶�V���V�D�P�S�O�L�Q�J���U�H�T�X�L�U�H�P�H�Q�W�V���I�R�U���9�2�&�V���D�U�H���V�K�R�Z�Q���L�Q���W�K�H���:�D�W�H�U���4�X�D�O�L�W�\���0�R�Q�L�W�R�U�L�Q�J��
Schedule. Indian Creek currently has a six-year waiver through at least December 2025.  
Table 3-6 shows the detected VOCs from the last sampling period. 
 

TABLE 3 -6 
 

Volatile Organic Compounds Sampling Results(1) 

 

Location 
Indian Creek 2 

Reservoir 

SRL (2) MCL  
Sample Date 10/4/2023 

VOC Sample Result 
Chloroform 5.3 0.5 N/A(3) 

Bromodichloromethane 9.4 0.5 N/A(3) 
Dibromochloromethane 8.4 0.5 N/A(3) 
Bromoform 1.5 0.5 N/A(3) 
Total Trihalomethane 24.6 N/A(3) 80.4 

(1) Results are given in mg/L. All other VOC constituents were not detected. 
(2) SRL = State Reporting Limit. 
(3) N/A = Not Applicable (No requirement given) 
 
�7�K�H���&�L�W�\�¶�V���V�D�P�S�O�L�Q�J���U�H�T�X�L�U�H�P�H�Q�W�V���I�R�U���6�2�&�V�����K�H�U�E�L�F�L�G�H�V���D�Q�G���S�H�V�W�L�F�L�G�H�V�����D�U�H���V�K�R�Z�Q���L�Q���W�K�H��
Water Quality Monitoring Schedule.  The City has a 3-year waiver through at least 
December 2025 requiring no samples to be tested for pesticides. Pesticides were last 
sampled in September 2006. The City also have a nine-year waiver through December 
2031 requiring one sample of herbicides. Herbicides were last tested for in October 2015. 
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No SOCs were detected in either of these samples and no VOCs were over the MCL 
limit . The City of Ilwaco is in compliance with the standards for VOCs and SOCs.  
 
Per- and Polyfluoroalkyl Substances (PFAS) 
 
PFAS have become an increased concern for groundwater contamination in recent years. 
The substances are used to manufacture heat-, grease-, oil-, stain-, and water-resistant 
materials and are commonly found in consumer goods such as clothing, nonstick 
cookware and food packaging, as well as fire retardants and surfactants.  PFAS are 
resistant to heat and chemical degradation and can build up in people, animals and the 
environment over time.  The chemicals in the group known as PFAS may lead to negative 
health effects, including cancer, liver damage, and negative effects on developing babies.  
PFAS are typically found in groundwater near military bases, airports, and local fire 
departments.    
 
Monitoring Requirements and Analysis 
 
�,�Q���:�D�V�K�L�Q�J�W�R�Q���6�W�D�W�H�����'�2�+�¶�V���3�)�$�6���U�X�O�H���W�R�R�N���H�I�I�H�F�W���L�Q���-�D�Q�X�D�U�\�������������D�Q�G���H�V�W�D�E�O�L�V�K�H�G���V�Wate 
action levels (SAL) for five PFAS commonly found in drinking water (WAC 246-290-
315(4)).  The rule will require water systems to monitor all active, permanent, and 
seasonal sources beginning in 2023 and no later than 2025.    
 
In March, 2023 the EPA established federal regulatory levels for six PFAS, including the 
five PFAS regulated by Washington State.  The EPA Maximum Contaminant Levels 
(MCLs) are more stringent than those established by Washington State, thus adhering to 
federal MCLs will achieve compliance with both regulations.  State Action Levels and 
EPA MCLs as well as 2024 sample results are displayed in Table 3-7. 
 

TABLE 3 -7 
 

PFAS Monitoring (1)(2) 
 

Sample Date 8/21/2024  
SRL(3) MCL  Compound Sample Results 

PFOA ND 10 ng/L 4.0 ng/L 
PFOS ND 15 ng/L 4.0 ng/L 
PFHxS ND 65 ng/L 

Hazard Index = 1.0 
PFNA ND 9 ng/L 
PFBS ND 345 ng/L 

HFPO-DA (Commonly known as 
GenX Chemicals) ND N/A 

(1) One nanogram per liter (ng/L) is equal to part per trillion (ppt) 
(2) The PFA Hazard Index (HI) is made up of a sum of fractions. Each fraction compares the amount 

of four PFAs measured to the level determined not to cause health effects. HI can be found using 
the following equation: PFHxSmeasured/9 + PFNAmeasured/10 + PFBSmeasured/2000 + GenXmeasured/10. 

(3) SRL = State Reporting Limit. 
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The City conducted tests at Indian Creek and results yielded no detectable levels of PFAs 
in the samples. The City is in compliance with the standards for PFAs. 
 
Radionuclides 
 
Radionuclides include radioactive substances occurring naturally in subsurface waters.  
Regulated substances include radium-226, radium-228, uranium, and gross alpha and 
�E�H�W�D���S�D�U�W�L�F�O�H�V�������5�D�G�L�R�Q�X�F�O�L�G�H���0�&�/�V�����D�V���G�H�I�L�Q�H�G���E�\���(�3�$�¶�V���5�D�G�L�R�Q�X�F�O�L�G�H���5�X�O�H���D�Q�G�� 
WAC 246-290.  
 
As shown on the Water Quality Monitoring Schedule, all sources require one sample for 
radionuclides every 6 years.  The City has completed all radionuclide testing required 
through December 2025.  Results of radionuclide testing are shown in Table 3-8. 
 

TABLE 3 -8 
 

Radionuclide Testing 
 
Sample Location: Well Treatment Plant Tap Sample Type: Post-Treatment/Finished 

Sample Date Units Gross Alpha Radium 228 
7/6/2022 pCi/L ND ND 

 
Results for the radionuclide tests are below the state reporting limits of 1.0 pCi/L for 
Radium 228 and 3.0 pCi/L for Gross Alpha. All previous tests before this date were also 
below the state reporting limit. The City of Ilwaco is in compliance with the standards 
for radionuclides.  
 
PERFORMANCE OF WATER  TREATMENT PLANT  
 
The performance of the water treatment plant or finished water is defined by the water 
that has been treated but not yet in the distribution system. The following section outlines 
�W�K�H���&�L�W�\�¶�V���V�D�P�S�O�L�Q�J���R�I���I�L�Q�L�V�K�H�G���Z�D�W�H�U�� 
 
Turbidity  
 
To meet the requirements of the Surface Water Treatment Rule, Long Term 1 Enhanced 
Surface Water Treatment Rule, and Long Term 2 Enhanced Surface Water Treatment 
�5�X�O�H�����W�K�H���&�L�W�\�¶�V���'�:�7�)���P�X�V�W���P�H�H�W���F�H�U�W�D�L�Q���W�X�U�E�L�G�L�W�\���S�H�U�I�R�U�P�D�Q�F�H���U�H�T�X�L�U�H�P�H�Q�W�V�������6�L�Q�F�H���W�K�H��
DWTF uses direct filtration, the DWTF must produce water that is less than 0.3 NTU in 
95 percent of the measurements taken each month and must produce water that is less 
than 1.0 NTU at all times. 
 
Finished water turbidity is reported on Water Treatment Plant Monthly Reports. Each day 
that the water treatment plant operates, the operators report a turbidity measurement for 
each 4-hour period that the plant operates. Water Treatment Plant Monthly Reports were 
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reviewed for the time period from January 2018 through December 2023. The finished 
water turbidity during the data period never exceeded the 1.0 NTU.  All samples were 
below 0.3. NTU values typically ranged from 0.01 to 0.1 NTUs. No SWTR violations 
were noted during this period.  
 
Disinfection 
 
�7�R���P�H�H�W���W�K�H���U�H�T�X�L�U�H�P�H�Q�W�V���R�I���W�K�H���6�X�U�I�D�F�H���:�D�W�H�U���7�U�H�D�W�P�H�Q�W���5�X�O�H�����W�K�H���&�L�W�\�¶�V���'�:�7�)���P�X�V�W��
provide at least 1 log (90 percent) inactivation of Giardia lamblia cysts through 
disinfection.  The performance in meeting this requirement is measured by determining 
on a daily basis whether the DWTF has provided adequate chlorine residual and contact 
time (CT) to during peak flows to provide 1 log inactivation of Giardia lamblia.  On a 
daily basis, operating staff compare the CT provided to the CT required and determine an 
inactivation ratio.  An inactivation ratio of greater than 1 means that the DWTF has 
provided a least 1 log inactivation of Giardia lamblia cysts.  Reviewing water treatment 
plant monthly reports from January 2018 to December 2023, the City has always 
provided an inactivation ratio of at least 1.0.  
 
Corrosion Control (pH) 
 
The City of Ilwaco adjusts the pH of its finished water by adding sodium hydroxide to 
reduce corrosion of pipes in the distribution system. In 2018 and the beginning of 2019, 
pH levels typically ranged from 6.7 to 7.3, with the lowest pH level recorded in that time 
span being 6.6. The second half of 2019, DWTF staff adjusted pH levels to between 7.9 
and 8.5. From 2020 to 2023, the City has adjusted and maintained a finished water pH 
between a typical range of 7.6 to 8.1. The City targets a finished water pH of 7.6 to 8. 
 
DISTRIBUTION SYSTEM WATER QUALITY  
 
Delivered water quality applies to a number of water quality monitoring requirements for 
the water distribution system. Monitoring of delivered water quality is necessary because 
some water quality parameters have been demonstrated to change in the distribution 
system, or even in the plumbing of buildings. Chlorine residual decays in the distribution 
system, coliform bacteria can grow or can be introduced into the distribution system, 
disinfectant byproducts develop in the distribution system, asbestos is released into the 
distribution system from asbestos-concrete pipes, and water that is excessively corrosive 
can dissolve lead and copper from building plumbing. For these reasons, distribution 
system or delivered water quality monitoring is required. The following sections 
summarize delivered water quality monitoring by the City. 
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Revised Total Coliform Rule 
 
Description 
 
Coliform bacteria describe a broad category of organisms routinely monitored in potable 
water supplies.  Though not all coliform bacteria are pathogenic in nature, they are 
relatively easy to identify in laboratory analysis and they represent an indicator organism.  
If coliform bacteria are detected, then pathogenic organisms may also be present.  
Bacterial contamination in a water supply can cause a number of waterborne diseases, so 
these tests are strictly monitored and regulated by the DOH.    
 
WAC 246-290 establishes bacteriological testing requirements for public water systems. 
Compliance with this rule is based on the presence/absence of total coliforms.  The 
number of routine samples required depends on the system size.    
 
The Revised Total Coliform Monitoring Rule specifies each total coliform positive 
routine sample must be tested for the presence of E. coli; if any total coliform positive 
sample is also E. coli positive, then the sample must be reported to the state by the end of 
the day.  If a routine sample is positive for total coliform, repeat samples are required.     
 
Within 24 hours of learning of the total coliform positive sample result, at least three 
repeat samples must be collected and analyzed for total coliform.  One repeat sample 
must be collected from the same tap as the original sample, one repeat sample must be 
collected within five service connections upstream, and one repeat sample must be 
collected within five service connections downstream.  If one or more repeat sample is 
positive for total coliform, the sample must be analyzed for E. coli.  If the total coliform 
positive sample is positive for E. coli, the sample must be reported to the state.  Another 
set of repeat samples must then be collected unless an assessment has been triggered and 
the state has been notified. 
 
Monitoring Requirements and Analysis 
 
The number of coliform samples required per monitoring period is based on the 
population served during the monitoring period. Each monitoring period is a calendar 
month. The City was required to take two distribution system coliform samples per 
month up until August 2024. As the population is expected to increase, the city is 
required to take 3 distribution system coliform samples per month from September 2024 
and throughout 2025�����$���F�R�S�\���R�I���W�K�H���&�L�W�\�¶�V���&�R�O�L�I�R�U�P���0�R�Q�L�W�R�U�L�Q�J���3�O�D�Q�����&�0�3�����L�V���L�Q�F�O�X�G�H�G��
in Appendix G.  
 
The City currently takes three samples a month for all months except for July and 
August, which the City takes two samples.  The City has taken all required samples, and 
had only one exceedance of total coliform on January 2, 2024. Follow up tests were taken 
the next day as per the Revised Total Coliform Rule, with all tests resulting in the 
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absence of total coliform and E coli. Therefore, the City is in compliance with the 
Revised Total Coliform Rule. 
  
Disinfectant and Disinfection Byproduct Rule 
 
Description 
 
WAC 246-290-300(6) requires purveyors of public systems that provide water treated 
with chemical disinfectants to monitor for disinfectants and disinfection byproducts 
(D/DBP).  The D/DBP Rule establishes residual disinfectant concentrations and MCLs 
for disinfection byproducts.  Trihalomethanes (THMs) and haloacetic acids (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.  Total THMs 
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 
�P�L�F�U�R�J�U�D�P�V���S�H�U���O�L�W�H�U�������J���/�����D�Q�G�����������J���/�����U�H�V�S�H�F�W�L�Y�H�O�\�����D�Q�G���L�V���E�D�V�H�G���R�Q���W�K�H���U�X�Qning annual 
average of two annual samples.  Systems are required to prepare and implement a 
�G�L�V�L�Q�I�H�F�W�L�R�Q���E�\�S�U�R�G�X�F�W�V���P�R�Q�L�W�R�U�L�Q�J���S�O�D�Q�������7�K�H���&�L�W�\�¶�V���G�L�V�Lnfection byproducts monitoring 
plan is included in the Water Quality Monitoring Plan. The Stage 1 D/DBP Rule 
remained in effect for compliance until October 1, 2013.  
 
Stage 2 of the D/DBP Rule was published in January 2006 and compliance with the new 
regulations began on October 1, 2013.  Under Stage 2 of the D/DBP Rule, the MCLs for 
�7�7�+�0���D�Q�G���+�$�$�����U�H�P�D�L�Q�����������J���/���D�Q�G����������g/L, respectively; however, compliance with 
the MCL is based on the running annual average of each individual sample site 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.  �,�O�Z�D�F�R�¶�V���Z�D�W�H�U���V�\�V�W�H�P���V�H�U�Y�H�V��������-9,999 
people so they are required to collect two samples per year. 
 
Samples were collected at the point of maximum residence time at the intersection of 
Lamontay Place and Ilahee Place. Recent samples were collected on March 27, 2024.  
Results of the most recent disinfection byproduct sampling are shown in Table 3-9.   
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TABLE 3-9 
 

THM and HAA5 Sample Results 
 

Sample Date 
TTHM Concentration 

(ug/L) 
HAA5 Concentration 

(ug/L) 
MCL  80 60 

1/17/2018 48.5 51.4 
4/19/2018 34.3 29.5 
8/15/2018 50.3 53.8 
10/2/2018 61 25.9 

2018(1) 48.5 40.2 
3/29/2019 32.5 20.6 
6/4/2019 46 20.3 
8/7/2019 41.5 16.3 

12/10/2019 93 68.4 
2019(1) 53.3 31.4 

2/12/2020 27.5 8.1 
6/10/2020 40.3 20.3 
10/13/2020 67.6 20.2 

2020(1) 45.1 16.2 
1/12/2021 34.4 33 
3/2/2021 24.4 7.4 
6/1/2021 36.7 12.4 
9/7/2021 68.8 45 

12/29/2021 49.9 32.9 
2021(1) 42.8 26.1 

3/2/2022 29.7 6.9 
6/14/2022 34.6 13.3 
9/7/2022 50.5 14.7 
12/6/2022 52.3 19.5 

2022(1) 41.8 13.6 
3/7/2023 37.7 8.1 
12/5/2023 52.4 29 

2023(1) 45.1 18.6 
(1) Locational running annual average. 
 
There was one exceedance of HAA5 and TTHM that occurred in December 2019 but the 
running annual average was below the MCL. Additionally, all samples before and after 
December 2019 were reported below the Maximum Contaminant Level (MCL). The City 
of Ilwaco is in compliance with the standards for THM and HAA5. 
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Asbestos 
 
Description 
 
There has historically 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. �%�H�F�D�X�V�H���W�K�H���&�L�W�\�¶�V���V�\�V�W�H�P���V�W�L�O�O��
contains asbestos-cement (AC) water lines, it must monitor asbestos in accordance with 
40 CFR 141.23 (b). One sample in an area with AC pipe is required every 9 years. The 
City conducted asbestos sampling in 1999, 2009, and 2018. Results from their last three 
tests are displayed in Table 3-10. 
 

TABLE 3 -10 
 

Asbestos Sample Results(1) 

 
Date Sample Result SAL MCL  
1999 ND 

0.20 7.0 2009 ND 
2018 ND 

(1) All units are in million fibers per liter (MFL). 
 
There have been no detections of asbestos in their last three samples. The City of Ilwaco 
is in compliance with the standards for asbestos. 
 
Lead and Copper Monitoring 
 
Lead and copper monitoring is to determine if lead or copper are leaching out of 
customer service lines at a rate that is a health concern.  The rule states that if 90 percent 
of the representative samples do not exceed the action levels for lead or copper, then the 
system is in compliance and no further action is required.  The action level for lead is 
0.015 mg/L and the action level for copper is 1.3 mg/L.  The latest round of lead and 
copper sampling was completed in January 2022, which consisted of 20 samples.  The 
highest level of lead was 0.0040 mg/L, the 90th percentile for lead was not detectable 
amounts of lead, and all other samples were not detectable amounts of lead.  The highest 
level of copper was 0.0550 mg/L and the 90th percentile level for copper was 
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0.0440 mg/L.  The City is on a reduced sampling schedule of one round of samples every 
3 years.  Table 3-11 �V�X�P�P�D�U�L�]�H�V���W�K�H���&�L�W�\�¶�V���O�H�D�G���D�Q�G���F�R�S�S�H�U���P�R�Q�L�W�R�U�L�Q�J���U�H�V�X�O�W�V for 2022. 
 

TABLE 3 -11 
 

Lead and Copper Monitoring Results 2022 Testing 
 

Lead 
Sample Date 1/11/2022 
Action Level, mg/L 0.015 
State Reporting Level, mg/L 0.001 
Maximum Concentration, mg/L 0.004 
90th Percentile Concentration, mg/L ND(1) 

Number of Samples Taken 20 
Number of Samples Exceeding Action Level 0 

Copper 
Sample Date 1/11/2022 
Action Level, mg/L 1.3 
State Reporting Level, mg/L 0.02 
Maximum Concentration, mg/L 0.0550 
90th Percentile Concentration, mg/L 0.0440 
Number of Samples Taken 20 
Number of Samples Exceeding Action Level 0 

(1) Non Detectable amount of contaminant. 
 
�)�U�R�P���W�K�H���&�L�W�\�¶�V���P�R�V�W���U�H�F�H�Q�W���O�H�D�G���D�Q�G���F�R�S�S�H�U���W�H�V�W���U�H�V�X�O�W�V�����Q�H�L�W�K�H�U���W�K�H������th percentile 
concentration nor the maximum concentration test samples for both lead and copper 
exceed the action level limit. The City is in compliance with the standards for Lead 
and Copper. 
 
Revised Lead and Copper Rule 
 
The Revised Lead and Copper Rule (RLCR) set by the EPA will take effect in 
October 2024.  It will focus on the creation and maintenance of a lead service line 
inventory where the water purveyor is required to test the service line on both the 
purveyor and customer sides of the meter with the ultimate goal of replacing all lead 
service lines.  The inventory is required to be submitted by October 2024.  Water systems 
will be required to identify and make public the locations of lead service pipes.  The rule 
�Z�L�O�O���D�O�V�R���I�R�F�X�V���D�Q�G���H�V�W�D�E�O�L�V�K�L�Q�J���D���³�W�U�L�J�J�H�U���O�H�Y�H�O�´���I�R�U���H�D�F�K���F�R�Q�W�D�L�Q�P�H�Q�W�������7�K�H���(�3�$���K�D�V���D�O�V�R��
signaled its intent to emphasize testing for lead and copper in schools and child care 
facilities. 
 
The City of Ilwaco completed this inventory before October 2024 and had a number of 
service lines made of unknown materials. These were noted for follow up investigation 
and customers were notified. 
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Residual Disinfectant 
 
Description 
 
According to WAC 246-290-300, systems providing surface water disinfection treatment 
or receiving water that has been disinfected, shall measure residual disinfectant 
concentration within the distribution system daily.  A disinfectant residual must be 
maintained throughout the distribution system.   
 
Monitoring Requirements and Analysis 
 
Water in the distribution system must maintain a residual disinfectant concentration of at 
least 0.2 mg/L. City staff report a consistent chlorine residual of 1.6 to 0.7 mg/L. 
 
WATER QUALITY COMPLA INTS 
 
The City handles water quality complaints pursuant to their policy for dealing with 
�F�R�P�S�O�D�L�Q�W�V���D�V���G�H�V�F�U�L�E�H�G���L�Q���&�K�D�S�W�H�U���������,�Q���W�K�H���F�D�V�H���R�I���µ�G�L�U�W�\�¶���Z�D�W�H�U���F�R�P�S�O�D�L�Q�W�V�����W�K�H���Z�D�W�H�U��
operator will generally check the validity of the complaint by performing an on-site 
�L�Q�Y�H�V�W�L�J�D�W�L�R�Q���D�Q�G���I�O�X�V�K���Z�D�W�H�U���P�D�L�Q�V���L�I���D�S�S�U�R�S�U�L�D�W�H�����7�K�H���&�L�W�\�¶�V���U�R�X�W�L�Q�H���Z�D�W�H�U���P�D�L�Q���I�O�X�V�K�L�Q�J��
program generally keeps water quality complaints to a minimum.  

 
SYSTEM COMPONENT ANA LYSIS 
 
The following sections evaluate the existing water system facilities in terms of their 
capacities, physical conditions, and performance capabilities.  Facilities are evaluated 
relative to existing and projected requirements based on growth and demand projections 
from Chapter 2.  An overview and general description of the system is presented in 
Chapter 1. 
 
WATER RIGHTS ANALYSI S 
 
As shown in Table 1-�������W�K�H���&�L�W�\�¶�V���W�R�W�D�O���Z�D�W�H�U���U�L�J�K�W�V���D�U�H���F�X�U�U�H�Q�W�O�\�������������F�I�V�����R�U���������������J�S�P����
of instantaneous supply and 732 acre-ft of annual supply. Table 3-12 compares the 
existing water rights to the projected annual average and maximum day demand for the 
20-year planning period.   
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TABLE 3 -12 
 

Water Rights Projection Analysis  
 

Year 

Annual Withdrawal Qa  Instantaneous Withdrawal Qi 
Authorized 
by Water 

Right 
(ac-ft/yr)  

Projected 
Production 
(ac-ft/yr) (1) 

Surplus/ 
(Deficit) 
(ac-ft/yr)  

Authorized 
by Water 

Right 
(gpm) 

Projected 
Peak Day 

Production 
(gpd)(2) 

Surplus/ 
(Deficit) 

(gpd) 
2024 

732 

270 462 

1,046 

401 645 
2025 272 460 403 642 
2026 274 458 406 640 
2027 276 456 409 637 
2028 278 454 412 634 
2029 280 452 415 631 
2030 282 450 418 628 
2031 284 448 421 625 
2032 286 446 424 621 
2033 288 444 427 618 
2034 291 441 431 615 
2035 293 439 434 612 
2036 295 437 437 609 
2037 297 435 440 605 
2038 299 433 444 602 
2039 302 430 447 599 
2040 304 428 451 595 
2041 306 426 454 592 
2042 309 423 457 588 
2043 311 421 461 585 
2044 314 418 465 581 
2045 316 416 468 578 
(1) Annual production corresponds to projected average day production for a given year (see 

Table 2-13) multiplied by the number of days in a given year. 
(2) Peak day production corresponds to the projected maximum day production for a given year (see 

Table 2-13). 
 
The above water rights analysis indicates that the City has adequate annual and 
instantaneous water rights through 2045. 
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Water Rights ERU Capacity 
 
Instantaneous water rights ERU capacity is determined based on ERUMDD and annual 
water rights ERU capacity is determined based on ERUADD. See below for the 
calculations and results. 
 

Instantaneous Water Rights (ERUs)  = �s�á�r�v�x���C�L�I���Û�@�:�4���à�Ü�á�è�ç�Ø�æ

�5���Û�â�è�å
�A�Û���@

�6�8���Û�â�è�å�æ

�5���×�Ô�ì
�A
J �t�y�v���C�L�@���'�4�7 

= 5,487 ERUs 

Annual Water Rights (ERUs)  =  �y�u�t��
�Ô�Ö�å�Ø�?�Ù�ç��

�ì�Ø�Ô�å
�Û�@�7�6�9�á�=�4�4���Ú�Ô�ß�ß�â�á�æ

�5���Ô�Ö�å�Ø�?�Ù�ç
�A�Û���@

�5���ì�Ø�Ô�å

�7�:�9���×�Ô�ì
�A
J �s�s�w���C�L�@���'�4�7 

= 5,683 ERUs 

 
SOURCE CAPACITY ANAL YSIS 
 
According to section 3.10 of the DOH 2020 Water System Design Manual, source 
production capacity must be sufficient to supply maximum day demands. Maximum day 
and average day demands must also comply with the maximum instantaneous and 
maximum annual withdrawal limitations of associated water rights. The following source 
capacity criteria have been analyzed in accordance with the DOH Water System Design  
Manual (WSDM):  
 

�x Criteria 1 (Required by WSDM):   The source or sources for a water 
�V�\�V�W�H�P���P�X�V�W���E�H���D�E�O�H���W�R���P�H�H�W���W�K�H���Z�D�W�H�U���V�\�V�W�H�P�¶�V���P�D�[�L�P�X�P���G�D�\���G�H�P�D�Q�G�� 

  
�x Criteria 2 (Recommended by WSDM):  Sources capable of supplying 

the MDD of the system with 20 hours of pumping. 
 
�x Criteria 3 (Recommended by WSDM):  Permanent and seasonal sources 

are capable of replenishing depleted fire suppression storage within a 
72-hour period while concurrently supplying the maximum day demand of 
the system. 

 
The City plans to meet Criteria 2 from the WSDM. 
 
�7�K�H���&�L�W�\�¶�V���F�X�U�U�H�Q�W���D�Q�G���S�U�R�M�H�F�W�H�G���D�E�L�O�L�W�\���W�R���P�H�H�W���H�D�F�K���R�I���W�K�H�V�H���F�U�L�W�H�U�L�D���R�X�W�O�L�Q�H�G���D�E�R�Y�H���D�U�H��
analyzed in upcoming Tables 3-13 and 3-14.  
 
Criteria 2 �± 20-Hour Pumping 
 
The water systems ability to meet maximum day demand through the 20-year planning 
period is summarized in Table 3-13. The projected maximum day demand for each 
respective year is from Table 2-13 where it is referred to as maximum day production. 
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TABLE  3-13 
 

Ilwaco Source of Supply Analysis: Criteria 2 
Supply Maximum Day Demand in 20 Hours of Pumping 

 

Year 

20-Hour Source 
Pumping 

Capacity(1) 
(gpd) 

Projected Peak Day 
Production(2) 

(gpd) 

Production 
Surplus/(Deficit) 

(gpd) 
2024 

1,198,000 

578,356 619,644 
2025 582,390 615,610 
2026 586,474 611,526 
2027 590,607 607,393 
2028 594,791 603,209 
2029 599,025 598,975 
2030 603,311 594,689 
2031 607,649 590,351 
2032 612,040 585,960 
2033 616,484 581,516 
2034 620,983 577,017 
2035 625,536 572,464 
2036 630,145 567,855 
2037 634,810 563,190 
2038 639,531 558,469 
2039 644,311 553,689 
2040 649,148 548,852 
2041 654,045 543,955 
2042 659,001 538,999 
2043 664,017 533,983 
2044 669,095 528,905 
2045 674,235 523,765 

(1) Present source capacity from the Indian Creek impoundment dam (1,042 gpm) converted to gpd. 
The source capacity is converted to gpd and multiplied by 20/24 to indicate the source is only 
running for 20 hours out of a 24 hour day and 4.17 percent of water is removed due to filter 
backwash run time. 

(2) Projected maximum day demand is from Table 2-13. 
 
As shown in Table 3-13, the City has the ERU capacity to maintain Criteria 2 through the 
20-year planning horizon. Criteria 1 of supplying maximum day demand in 24 hours of 
pumping does not have to be calculated as the City meets Criteria 2 of supplying 
maximum day demand in 20 hours of pumping.  
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Criteria 3 Source Analysis �± Fire Suppression Replenishment 
 
�7�K�H���&�L�W�\�¶�V���U�H�T�X�L�U�H�G���I�L�U�H���V�X�S�S�U�H�V�V�L�R�Q���V�W�R�U�D�J�H��is 540,000 gallons and is further discussed in 
the upcoming storage capacity analysis section. In order to replenish this volume in 
72 hours, 180,000 gpd or 125 gpm must be pumped for three days. Table 3-14 
summarizes the water systems ability to meet this requirement along with MDD. 
 

TABLE  3-14 
 

Ilwaco Source of Supply Analysis: Criteria 3 Supply Maximum Day Demand in 
24 Hours of Pumping Plus Replenish Fire Suppression Storage in 72 Hours 

 

Year 

Maximum Day 
Demand Plus 

Replenish Fire 
Suppression in 

Storage in 72 Hours(1) 
(gpd) 

Projected Peak 
Day 

Production(2) 
(gpd) 

Surplus/(Deficit) 
(gpd) 

Surplus/(Deficit) 
(gpm) 

2024 758,356 

1,500,000 

741,644 515 
2025 762,390 737,610 512 
2026 766,474 733,526 509 
2027 770,607 729,393 507 
2028 774,791 725,209 504 
2029 779,025 720,975 501 
2030 783,311 716,689 498 
2031 787,649 712,351 495 
2032 792,040 707,960 492 
2033 796,484 703,516 489 
2034 800,983 699,017 485 
2035 805,536 694,464 482 
2036 810,145 689,855 479 
2037 814,810 685,190 476 
2038 819,531 680,469 473 
2039 824,311 675,689 469 
2040 829,148 670,852 466 
2041 834,045 665,955 462 
2042 839,001 660,999 459 
2043 844,017 655,983 456 
2044 849,095 650,905 452 
2045 854,235 645,765 448 
(1) 180,000 gpd is required to replenish fire suppression storage in 72 hours; this is added to the 

projected maximum day demand from Table 2-13. 
(2) Present source capacity from the Indian Creek impoundment dam (1,042 gpm) converted to gpd.  
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Assuming 24-�K�R�X�U���S�X�P�S�L�Q�J�����W�K�H���&�L�W�\�¶�V���F�X�U�U�H�Q�W���V�R�X�U�F�H�V���F�D�Q���P�H�H�W���U�H�S�O�H�Q�L�V�K���I�L�U�H��
suppression storage while meeting MDD throughout the 20-year planning horizon. 
 
ERU Source Capacity Analysis 
 
Based on Criteria 2 and 3 outlined in the previous sections, the systems source capacity 
can be summarized in terms of supported ERUs as shown in Table 3-15. 
 

TABLE  3-15 
 

Source ERU Capacity 
 

Criteria  
Maximum 

Storage Capacity 
ERU 

Capacity Deficit Year 
Criteria 2 �± MDD w/20-hour 
pumping 1,198,000 4,365 Beyond 20-year 

Criteria 3 �± Replenish Fire Flow in 
72 hours w/MDD 

1,500,000 5,465 Beyond 20-year 

 
Table 3-15 shows that Criteria 2 represents the lowest ERU capacity of 4,365 ERUs. 
Source capacity will therefore be defined by the ERU capacity of Criteria 2. 
 
Source Condition 
 
The Indian Creek Dam was constructed in 1987 and 1988.  The reservoir was initially 
filled in the fall and winter of 1988.  The dam is an earthen embankment structure.  
Sometime after construction, the hydraulically operated upper and lower intake sluice 
gates stopped working. 
 
The City installed a modified intake on the lower sluice gate shortly after construction 
due to the faulty hydraulic operators.  This intake was intended to draw water from the 
middle of the water column to access higher quality water.  The water quality did not 
appear to match the expected results following installation of the modified intake.  In 
2011, the City worked with divers to install a plenum and an updated intake structure.  
The water quality did not appear to match the expected results following installation of 
the second version of the modified intake.  It was suspected that the upper sluice gate was 
allowing water in from a lower water level then the modified. 
 
The City found that the upper sluice gate was stuck in a partially open condition.  In June 
2021, the City inspected the condition of the gates using a diver.  A dye test confirmed 
that the upper sluice gate was stuck in the open position.  In July 2021, the City had the 
diver return and manually closed the upper sluice gate. The gate was confirmed to be 
closed by dye testing.  Closing the upper sluice gate resulted in an improvement in water 
quality. 
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STORAGE ANALYSIS  
 
The City of Ilwaco owns and operates five storage reservoirs that serve the water system. 
There is one steel and one glass fused reservoir in City Center (City Center Reservoirs 1 
and 2, respectively) that each have an overflow elevation of 157 feet and provide service 
to City Center (157 zone), Upper City Center (230 zone), and Lakeview Estates Zone 
(317 zone). There are two concrete reservoirs located in Indian Creek that each have an 
overflow elevation of 160.5 feet and provide service to Indian Creek (160 zone). There is 
one on-grade steel bolted reservoir located in Discovery Heights with an overflow 
elevation of 339 feet that provides service to Discovery Heights (339 zone), Coastal 
Ridge (547 zone) and Cape Disappointment (269 zone). 
 
Storage requirements for the City are determined by applying the design standards 
outlined in the DOH Water System Design Manual, October 2019.  The storage volume 
recommended according to this guidance document is based on the sum of the following:  
 

�x Operational Storage (OS); 
�x Equalizing Storage (ES); 
�x Standby Storage (SB); 
�x Fire Suppression Storage (FSS); 
�x Dead Storage (if any). 

 
Storage Capacity Analysis 
 
Equalizing Storage 
 
Equalizing storage is typically used to meet diurnal demands which exceed the average 
day and maximum day demands.  The volume of equalizing storage required depends on 
peak system demands, the magnitude of diurnal water system demand variations, the 
source production rate, and the mode of system operation.  Sufficient equalizing storage 
must be provided in combination with available water sources and pumping facilities 
such that peak system demands can be satisfied.  
 
Equalizing storage is calculated using equation 7-1 from the DOH Water System Design  
Manual, but in no case should it be less than zero: 
 

ES = (PHD �± QS) x 150 minutes 
 
Where: 
 

ES = Equalizing storage component, gallons 
PHD = Peak hourly demand, gpm 
QS  = Total source of supply capacity, excluding emergency sources, gpm 
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Standby Storage 
 
Standby storage is provided in order to meet demands in the event of a system failure 
such as a power outage, an interruption of supply, or break in a major transmission line.  
The amount of standby storage is based on the reliability of supply and pumping 
equipment, standby power sources, and the anticipated length of time the system could be 
out of service.  
  
Standby storage is calculated using Equation 7-2 from the DOH Water System Design  
Manual:  
 

SB = (N)(SBi)(Td) 
 
Where: 
 

SB = Total standby storage component, gallons 
N = Number of ERUs for the design year 
SBi  = Locally adopted unit SB volume in gallons per day per ERU  
Td  = Number of days selected to meet water system-determined standard of  
  reliability  

 
The DOH Water System Design Manual also discusses provisions for modifying the 
standby storage requirement based on various factors related to water system reliability.  
With these reliability measures considered, the DOH recommendation for a minimum 
standby storage volume is 200 gallons per ERU. The applicable standard for required 
standby storage volume selected by the City is the following:  
 

SBi   =   ERUMDD   =  274 gpd/ERU  
Td       =   1 day  

 
Fire Suppression Storage 
 
Fire suppression storage is provided to ensure that water 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 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) at all water service connections. 
 
Fire suppression storage is calculated using the following equation: 
 

FFS = FF*Tm 
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Where 
 

FFS = Volume of fire suppression storage component, gallons 
FF = Fire flow rate, gpm 
Tm = fire flow duration, minutes 

 
DOH Note: The standby storage component or the fire suppression storage component, 
�Z�K�L�F�K�H�Y�H�U�� �Y�R�O�X�P�H�� �L�V�� �V�P�D�O�O�H�U���� �F�D�Q�� �E�H�� �H�[�F�O�X�G�H�G�� �I�U�R�P�� �D�� �Z�D�W�H�U�� �V�\�V�W�H�P�¶�V�� �W�R�W�D�O�� �V�W�R�U�D�J�H��
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)). 
 
Minimum fire flows are given in Ilwaco Municipal Code 15.86.060.C, which states that 
the flow required to all buildings other than single dwellings shall be determined by the 
Universal Fire Code and that no hydrant shall provide less than 500 gpm at 20 psi. The 
maximum fire flow required in the City Center commercial/industrial area is 3,000 gpm 
for 3 hours. The buildings in the proposed commercial development in Discovery Heights 
are anticipated to have automatic sprinkler systems and require a fire flow of 1,500 gpm 
for 3 hours. The City has a goal to provide 1,000 gpm in residential areas. �7�K�H���&�L�W�\�¶�V��
typical fire flow requirements are summarized in Table 3-16.   
 

TABLE  3-16 
 

Typical Fire Flow Requirements 
 

Zoning 
Fire Flow Required 

(gpm) 
Duration  
(hours) 

Single-Family Residential 500 1 
City Center �± Multi-Family/Institutional/ 
Commercial/Industrial 3,000 3 

 
For purposes of this analysis, fire suppression storage is based on the current maximum 
fire flow requirement of its pressure zone. The City of Ilwaco will continue to nest 
standby and fire suppression storage.  
 
Dead Storage 
 
Dead storage is the volume of the reservoir that cannot be utilized because minimum 
system pressures would be below the 20 psi minimum during a fire flow event or 30 psi 
during peak hour demand.   
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Methodology for Distribution of Demands to Each Reservoir 
 
Demands for each reservoir is distributed by the percentage of total active meters in each 
zone and is further broken down by the five customer classes: single-family residential, 
multi-family residential, commercial, RV parks, and State parks. These percentages are 
used to determine how much water usage is in each zone.   
 
Water demand for each reservoir is a combination of the zone(s) that the reservoir serves. 
An example of this is the City Center Reservoirs 1 and 2. These two reservoirs serve all 
of the City Center zone in addition to the Upper City Center zone, and Lakeview Estates 
zone, Discovery Heights zone and Coastal Ridge zone.   
 
Projections for future reservoir demands were determined based on growth occurring 
uniformly across the service area, with each reservoir continuing to serve the same 
proportion of total residential, multi-family, commercial, RV parks and state parks 
demands. Year 2023 data was used to evaluate the present storage condition of the 
reservoirs.  Table 3-17 shows the storage analysis for years 2024, 2035, and 2045.     
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TABLE 3 -17 
 

Storage Analysis 
 

Year 
OS 

(gal) 
ES 

(gal) 
SB 

(gal) 
FSS 
(gal) 

Total Required 
Storage (Assumes 

SB and FSS Nested) 
(gal) 

Total 
Storage 

(gal) 

Dead 
Storage 

(gal) 

Available 
Storage 

(gal) 

Surplus/ 
(Deficit) 

(gal) 
Indian Creek Reservoirs 1 and 2 

2024 30,000 0 17,000(1) 60,000 90,000 339,000 0 339,000 249,000 
2035 30,000 0 18,200(1) 60,000 90,000 339,000 0 339,000 249,000 
2045 30,000 0 19,600(1) 60,000 90,000 339,000 0 339,000 249,000 

City Center Reservoirs 1 and 2 
2024 102,000 0 491,600 540,000 642,000 1,000,000 0 1,000,000 460,000 
2035 102,000 0 532,200 540,000 642,000 1,000,000 0 1,000,000 460,000 
2045 102,000 0 574,400 540,000 676,400 1,000,000 0 1,000,000 425,600 

Discovery Heights Reservoir 
2024 30,000 0 79,500 60,000 109,500 412,000 3,000 409,000 299,500 
2035 30,000 0 85,500 60,000 115,500 412,000 3,000 409,000 293,500 
2045 30,000 0 91,700 60,000 121,700 412,000 3,000 409,000 287,300 

(1) Includes backwash water. 
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The City does not have any deficiencies in the 20-year planning horizon for its storage 
facilities. 
 
BOOSTER PUMP STATION CAPACITY ANA LYSIS 
 
The City of �,�O�Z�D�F�R�¶�V��distribution system contains six booster pump stations, which pump 
water to both open and closed zones.  The city center booster station is not required to 
provide fire flow to the upper city center zone because it is within range of hydrants from 
the city center zone. 
 
According to the 2020 Water System Design Manual, to provide for satisfactory 
operation, the booster pump stations must meet the requirements of WAC 246-290-230. 
For an open system, booster pump station must be designed, at a minimum, to meet MDD 
of the pressure zone and any sequential zones served with all pumps in service. 
Additionally, the design should be capable of meeting ADD with the largest pump out of 
service. 
 
For a closed system, the booster pump station must be designed to meet PHD when the 
largest capacity booster pump is out of service. In addition, a closed system pump station 
must be able to meet the fire flow requirements, maintain a pressure of 20 psi at all 
ground level points in the zone, and supply MDD and fire flow. 
 
Table 3-18 and 3-�������D�Q�D�O�\�]�H�V���W�K�H���&�L�W�\�¶�V���H�[�L�V�W�L�Q�J���E�R�R�V�W�H�U���S�X�P�S���V�W�D�W�L�R�Q�V���I�R�U���R�S�H�Q��and 
closed zones.  
 

TABLE 3 -18 
 

Closed Zone Booster Pump Station Analysis 
 

Year 

Capacity 
w/Largest 

Pump Offline 
(gpm) 

PHD in 
Zone 
(gpm) 

Meets PHD?  
Surplus/(Deficit) 

(gpm) 

Largest FF 
Required 
in Zone  
(gpm) 

MDD in 
Zone 
(gpm) 

Meets MDD & 
FF? Surplus/ 

(Deficit) (gpm) 
City Center Booster Pump Station 

2024 
30 

7 Yes 23 
0(1) 

4 N/A 56 
2035 7 Yes 23 4 N/A 56 
2045 7 Yes 23 4 N/A 56 

Coastal Ridge Booster Pump Station 
2024 

120 
15 Yes 105 

500 
8 No (388) 

2035 16 Yes 104 9 No (389) 
2045 17 Yes 103 9 No (389) 

Lakeview Estates Booster Pump Station 
2024 

500 
16 Yes 484 

500 
9 No (9) 

2035 17 Yes 483 9 No (9) 
2045 17 Yes 483 10 No (10) 
(1) The city center booster station does not provide fire flow as the City Center Reservoirs provide fire 

flow to the hydrants located in the Upper City Center Zone. 
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Table 3-18 shows that the capacities of all of the closed zone booster pump stations are 
adequate to meet projected PHD through 2045; however, the Coastal Ridge and 
Lakeview Estates BPS cannot currently meet MDD and fire flow with their largest pump 
out of service. 
 

TABLE 3 -19 
 

Open Zone Booster Pump Station Analysis 
 

Year 

Capacity w/All 
Pumps Online 

(gpm) 

MDD in 
Zone(s) 
(gpm) 

Meets MDD? 
Surplus/(Deficit) 

(gpm) 

Capacity 
w/Largest 

Pump Offline 
(gpm) 

ADD in 
Zone(s) 
(gpm) 

Meets ADD? 
Surplus/(Deficit)  

(gpm) 
Baker Bay Booster Pump Station 

2024 
950 

397 Yes 553 
570 

166 Yes 404 
2035 426 Yes 524 178 Yes 392 
2045 459 Yes 491 168 Yes 402 

Spring Street Booster Pump Station 
2024 

1,000 
47 Yes 953 

500 
83 Yes 417 

2035 50 Yes 950 89 Yes 411 
2045 54 Yes 946 95 Yes 405 

 
Table 3-19 shows that the capacities of all of the open zone booster pump stations are 
adequate to meet projected ADD and MDD through 2045 should growth occur as 
projected. 
 
SYSTEM CAPACITY SUMM ARY 
 
The maximum ERU capacity of each component of t�K�H���&�L�W�\�¶�V���Z�D�W�H�U���V�\�V�W�H�P���P�X�V�W���E�H��
analyzed and compared to the projected ERUs determined in the projections and 
summarized in Table 2-13.  The system capacity of analysis is summarized in Table 3-20.  
 

TABLE 3 -20 
 

System ERU Capacity Summary 
 

Water System Component ERU Limit  Projected Deficit Year 
Instantaneous Water Rights 5,487 Beyond 2045 
Annual Water Rights 5,683 Beyond 2045 
Source Capacity 4,365 Beyond 2045 
Standby and Equalizing Storage 7,780 Beyond 2045 
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�6�R�X�U�F�H���F�D�S�D�F�L�W�\���L�V���W�K�H���&�L�W�\���R�I���,�O�Z�D�F�R�¶�V���O�L�P�L�W�L�Q�J���I�D�F�W�R�U���Z�L�W�K���D�Q���(�5�8���O�L�P�L�W���R�I����������������Based 
on current growth projections, the City is well-positioned to avoid any capacity 
limitations over the next 20 years. 
 
DISTRIBUTION SYSTEM HYDRAULIC ANALYSIS  
 
This s�H�F�W�L�R�Q���S�U�H�V�H�Q�W�V���L�Q�I�R�U�P�D�W�L�R�Q���R�Q���W�K�H���F�R�P�S�X�W�H�U���K�\�G�U�D�X�O�L�F���P�R�G�H�O���R�I���W�K�H���&�L�W�\�¶�V���Z�D�W�H�U��
system and the results of hydraulic analyses conducted to evaluate the existing and future 
capabilities of the water system. 
 
�7�K�H���:�D�V�K�L�Q�J�W�R�Q���6�W�D�W�H���'�H�S�D�U�W�P�H�Q�W���R�I���+�H�D�O�W�K�¶�V���:�$�&������6-290 requires hydraulic 
modeling as a component of water system plans. 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, is an important element in the planning, design, and 
analysis of municipal water systems.    
 
The operation of a water system involves dynamic interactions between various water 
system components, including source, storage, and distribution system facilities.  These 
interacti�R�Q�V���D�Q�G���W�K�H�L�U���H�I�I�H�F�W���R�Q���W�K�H���O�H�Y�H�O���R�I���V�H�U�Y�L�F�H���S�U�R�Y�L�G�H�G���W�R���W�K�H���&�L�W�\�¶�V���F�X�V�W�R�P�H�U�V���D�U�H��
dependent on the distribution and magnitude of water demands within the system and the 
performance characteristics of the water system facilities.  In addition to normal diurnal 
demands, infrequent demand events, such as fires, can significantly alter the normal flow 
patterns and pressures in the municipal water system and its components.  These factors 
must be considered in analyzing the ability of a water system to provide for future 
demands, while maintaining an adequate level of water service to customers. 
 
HYDRAULIC MODELING S OFTWARE  
 
The �&�L�W�\�¶�V���V�\�V�W�H�P���K�D�V���E�H�H�Q���P�R�G�H�O�H�G���X�V�L�Q�J��InfoWaterPro by Innovyze, which operates in 
an ArcGIS Pro environment. The model has been updated to include changes to water 
system components since the previous planning effort. The hydraulic modeling results are 
included in Appendix H. 
 
The hydraulic model is configured with a graphical user interface.  All water system 
elements, including pipes, control valves, pumps, source, and reservoirs are 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 modeling software produces the model output in the form of flows and 
pressures throughout the simulated water system.   
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MODEL CALIBRATION  
 
The model was calibrated using hydrant flow data from tests conducted in January 2025 
at five �O�R�F�D�W�L�R�Q�V���W�K�U�R�X�J�K�R�X�W���W�K�H���&�L�W�\�¶�V���Z�D�W�H�U���V�\�V�W�H�P�� The hydrant test locations are shown 
in Figure 3-1. These hydrant tests were compared against the modeled results that 
assumed present average day demand and pumping and reservoir data observed during 
the flow tests.  These real-world data were used to calibrate the hydraulic model through 
adjustment of the friction coefficient factors. Table 3-21 matches each flow test with its 
corresponding model node number and summarizes the field results, the calibrated model 
results, and the difference between the two after calibration. 
 
The DOH 2020 Water System Design Manual states that there is no standard national or 
industry-adopted criteria for calibrating a hydraulic network model, but it is generally 
acceptable for modeling results to be within 5 psi of the difference between the delta 
static pressure and delta residual pressure. The delta static pressure is the difference 
between the field and modeled pressures for the static scenario and the delta residual 
pressure is the difference between the field and modeled pressures for the residual 
scenario. 
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TABLE 3-21 
 

Calibration Results 
 

Test 
Pressure 

Node 
Flow 
Node 

Field Results Modeling Results 
Difference Between 

Model and Field 
Flow  

Pressure 
(psi) 

Hydrant 
Flow 
(gpm) 

Static 
Pressure(1) 

(psi) 

Residual 
Pressure(2) 

(psi) 

Static 
Pressure 

(psi) 

Residual 
Pressure 

(psi) 

�û�6�W�D�W�L�F��
Pressure 

(psi) 

�û�5�H�V�L�G�X�D�O��
Pressure 

(psi) 
1 226 228 56 1,256 64 59 64.3 57.5 +0.3 -1.5 
2 32 20 52 1,210 62 57 58.9 56.7 -3.1 -0.3 
3 122 282 23 805 12 11 7.4 7.4 -4.6 -3.6 
4 338 334 55 1,244 110 73 111.6 77.1 +1.6 +4.1 
5 310 180 33 964 34 31 35.5 31.3 +1.5 +0.3 
(1) Static pressure at the pressure hydrant as measured during testing, prior to the flow hydrant being opened. 
(2) Residual pressure at the pressure hydrant as measured during testing, after the flow hydrant was opened.  
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