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Chapter 1: Introduction 

 

1.0 Purpose and Scope  

The Department of Health Office of Drinking Water (DOH) developed this Water System 

Design Manual to establish uniform concepts for water system design and a framework 

for state-licensed engineers to consistently review design documents. This manual is for 

Group A public water systems regulated under the federal Safe Drinking Water Act and 

state law (Chapter 246-290 WAC.) We developed separate Group B Water System 

Design Guidelines 331-467, which are so small that only state law regulates them 

(Chapter 246-291 WAC).  

- 

This manual provides guidelines and criteria for design engineers to use in preparing 

portions of planning documents (WAC 246-290-100), project reports (WAC 246-290-

110), construction documents (WAC 246-290-120), and source approval documents 

(WAC 246-290-130). This manual also clarifies engineering document submittal and 

review requirements. Most of the requirements in this manual appl y to Group A water 

systems of all sizes. However, some of the design guidelines, such as the information on 

demand estimation and capacity analysis in chapters 3 and 4, focus more on water 

systems serving fewer than 1,000 connections. 

 

 

1.1 Safety, Risk, and Reliability  

Our mission is to work with others to protect the health of the people of Washington 

state by ensuring safe and reliable drinking water. We believe water system owners, 

operators, and design engineers share this mission. 

 

This manual identifies design requirements and design standards for ensuring safe and 

reliable drinking water sources and facilities. Where this manual doesnõt simply restate a 

regulatory requirement , it reflects our best thinking on what constitutes the basis for 

designing a safe, reliable, and sustainable water systemñone that does not result in 

exhausted water sources, empty reservoirs, premature equipment breakdowns, 

contamination, low service pressures, or destructive pressure surges. While establishing 

these standards, we attempted to balance the reduction of risk against the added cost 

to provide that reduced risk and the capacity of water systems to maintain the 

associated physical and human infrastructure. The State Board of Healthõs view of a 

water supplierõs responsibility to provide reliable water service is in WAC 246-290-420. 

 

http://www.doh.wa.gov/Portals/1/Documents/Pubs/331-467.pdf
http://www.doh.wa.gov/Portals/1/Documents/Pubs/331-467.pdf
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A Washington state-licensed professional engineer must  direct all water system design 

work and all design documents must  bear the professional engineerõs seal, date, and 

signature (WAC 246-290-040). Our state-licensed professional engineers review 

engineering documents with a focus on risk reduction and public health protection. In 

reviewing engineering documents, we intend to ensure compliance with regulatory 

standards. We also strive to share our collective experience to promote  construction and 

operation of appropriate, safe, reliable, and sustainable public water supply systems. Our 

ultimate goal is to help the design engineer and water system owner build a project that 

will be safe and reliable now and into the future.  We do this by asking questions, exploring 

risk versus available resources in the design phase, and helping water system owners and 

design engineers identify potential consequences of operational failure (e.g. contamination 

leading to illness, effects of health advisories, permit restriction, or legal liability).  

 

Design engineers need to know what we think are appropriate design standards, but 

they also need flexibility to approach the unique design circumstances they face. We 

encourage design engineers to consider various alternatives and options, as long as the 

selected approach does not conflict with regulation. If the designerõs selected approach 

differs from o ur standards, we expect the design engineer to justify their design 

decisions for us. 

 

We are interested in hearing from readers who believe we misjudged the balance point 

between cost and public health protection.  Please contact one of our regional offices 

with any comments or questions. We periodically review and update our design 

guidance as appropriate. 

 

 

1.2 Appl ying the Group A Rule  

Our Group A Rule applies to all water systems that regularly serve 15 or more service 

connections or 25 or more people per day for 60 or more days per year. Definitions of 

Group A public water system types (community, nontransient noncommunity, transient 

noncommunity ) are in WAC 246-290-020. A water system, such as that serving people 

within a large building, is not subject to our rules if the buildingõs water system meets all 

the following criteria:  

1. It consists only of distribution or storage facilities without source or treatment 

facilities. 

2. It obtains all its water from another regulated water system. 

3. It is not an interstate passenger conveyance carrier. 

4. It does not sell water directly to any person. 

http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/OfficesandStaff
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EPA issued pol icies to clarify whether the Safe Drinking Water Act applies in certain 

situations. Based on our review of these policies: 

¶ Submetering individual dwelling units with in a larger multifamily building does 

not trigger regulation (chapter 246-290 WAC). We do not consider apartment 

owners who install meters (submeters) and bill their tenants for actual water 

consumption as water systems subject to regulation.  

¶ Installing treatment within a building that serves 25 or more people per day for 

60 or more days per year does trigger regulation (chapter 246-290 WAC). 

However, depending on the purpose and type of treatment, and the size and 

type of population served , we may not require regulation of the building as a 

public water system. Please contact one of our regional offices for guidance. 

 

We have policies to clarify and interpret state drinking water regulations.  When we 

published this manual, we had a number of policies that may influence water system 

design and planning. We attempted to reference our policies in applicable sections of 

this manual. Because we may add new policies and revise or rescind existing policies, we 

encourage you to review our policy webpage to determine whether any current policies 

apply to your design.  

 

Many water systems were built before the current minimum design requirements were 

established in chapter 246-290 WAC. Design engineers must  use the most recent 

standards and guidelines when designing new facilities or in planning expansion of an 

existing system (WAC 246-290 Part 3). 

 

 

1.3 òMustó versus òShouldó 

Throughout this manual we use òmust,ó òwill,ó òshall," or òrequired ó when design 

practice is sufficiently standardized to permit specific delineation of requirem ents, or 

where safeguarding public health justifies definitive criteria or action (such as state 

statute or rule requirements). Design engineers have an obligation to satisfy the criteria 

in such instances. 

 

òShouldó or òrecommendó indicate procedures, criteria, or methods that represent our 

view of best practices and can be approached with some degree of flexibility . Design 

engineers need to explain the basis of the altered approach or, in specific circumstances, 

why another approach may be more applicable. 

 

 

http://water.epa.gov/lawsregs/guidance/sdwa/upload/wsg_H26.pdf
http://water.epa.gov/lawsregs/guidance/sdwa/upload/wsg_H26.pdf
http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/OfficesandStaff
http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/RegulationandCompliance/Policies
http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/RegulationandCompliance/Policies
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1.4 Engineering Requirements  

Only Washington state-licensed professional engineers qualified and experienced in 

design of drinking water systems may design water systems in our state (Chapter 18.43 

RCW and WAC 246-290-040). There is a limited exception for federal employees who 

practice engineering in Washington state for the federal government and who possess a 

valid professional engineerõs license from another state (RCW 18.43.130(6)). 

 

Engineers are professionally bound to perform work only within their own fields of 

competence (WAC 196-27A-020(2)). Complex drinking water projects usually require 

structural, electrical, mechanical, and other licensed professional engineers.  

 

 

1.5 Minimum System Design Requirements  

Design engineers must  use good engineering practice (as determined by the 

Washington State Professional Licensing Board) in all aspects of water system design 

(WAC 246-290-200). The design engineer must  consider the water system operation 

under a full range of expected demands (minimum to maximum) and emergency 

conditions (WAC 246-290-420). òEmergencyó means a natural or man-made event that 

causes damage or disrupts normal operations and requires prompt action to protect 

public health and safety. Examples include fires, power outages, water main breaks, 

water system component or treatment process failures, floods, or recent evidence of 

contaminated drinking water.  

 

 

1.6 Other Referenced Documents and Standards  

We cite various waterworks-related laws, guides, standards, and other documents in this 

manual to provide appropriate references. These references form a part of this manual, 

but it is not our intent to duplicate them. If references are not available, this manual 

defines the appropriate design procedures. 

 

There are some waterworks industry standards and guidance documents, such as those 

from the American Water Works Association (AWWA), the American Society of Civil 

Engineers (ASCE), and Recommended Standards for Water Works (commonly called the 

Ten State Standards). If information in this manual conflicts with any referenced 

material, this manual should take precedence for purposes of designing water system 

facilities to meet our requirements. We will request that the design engineer provide 

adequate justification for deviation from  guidelines in this manual when submitting the 

project design to us for review and approval. 
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Where applicable, all water system designs also must  comply with locally adopted 

national model codes such as the International Building Code and Uniform Plumbing 

Code (WAC 246-290-200). 

 

See Appendix C for a list of professional organizations and agencies with established 

standards and criteria referenced within this manual or the regulations. 
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Chapter 2: Project Reports and Construction Documents 

 

2.0 General Engineering Project Submittal Requirements  

Chapter 2 provides information to assist design engineers in preparing complete 

engineering documents to submit for our review and approval. Complete, concise, accurate 

submittals enable us to work efficiently and to meet our target review timeframe. We strive 

to complete our initial review of project reports and construction documents within about 

30 days. Incomplete submittals will delay the formal star t of our review process. 

 

Incomplete project submittals will result in delayed project review and may result in 

increased review fees (due to the need for multiple reviews). We will return significantly 

incomplete or inaccurate submittals  to engineers without reviewing them . This manual 

includes submittal checklists for many common projects. We suggest you reference 

them before submitting your final design to us for approval.  Doing so will help ensure 

timely and efficient review of your submittal.  

 

A complete submittal: 

1. Includes a completed Project Approval Application Form (DOH 331-149). 

2. Addresses all relevant elements identified in regulation and this manual. 

3. Articulates information clearly, concisely, and logically.  

 

 

2.1 Project Reports , Construction Documents , and  Planning 

Requirements  

Water systems satisfy planning requirements in Chapter 246-290 WAC by preparing a 

water system plan (WSP) or a small water system management program (SWSMP). The 

conditions under which a water system must  prepare a WSP or WSP amendment for our 

review and approval are in WAC 246-290-100. Water systems not required to prepare a 

WSP must  develop and implement a SWSMP (WAC 246-290-105). 

 

These planning documents provide a structured process for water systems to: 

1. Identify present and future needs. 

2. Set forth means for addressing those needs. 

3. Demonstrate the operational, technical, managerial, and financial capacity to 

achieve and maintain compliance with all relevant local, state, and federal plans 

and rules. 

http://www.doh.wa.gov/Portals/1/Documents/Pubs/331-149.docx
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4. Demonstrate sufficient physical capacity and water rights for current and future 

needs. Together these comprise system capacity. 

 

The water system planning requirement links closely with water system design. Water 

systems preparing a WSP must  assess system capacity, identify deficiencies, and where 

needed establish an improvement plan necessary to maintain system capacity (WAC 

246-290-100). Water systems preparing a SWSMP must  assess its infrastructure and list 

improvements associated with current and anticipated infrastructure deficiencies (WAC 

246-290-105). Design engineers should reference information in a WSP or SWSMP when 

preparing a project report for new facilities or modifications to existing  facilities. 

 

If a water system contemplates preparing a project report or construction documents 

and the project is not included in a current, approved WSP, the water system and design 

engineer should contact one of our regional offices for guidance on specific planning 

requirements associated with the project. 

 

A water system may combine project reports (but not construction documents) with a 

WSP (WAC 246-290-100(3)). If all the information required for a project report (WAC 

246-290-110) is in the water systemõs approved WSP, a separate project report is not 

required. 

 

 

2.2 Submitt ing  Project Reports and Construction Documents  

Unless a project is otherwise exempt from the project report or construction document 

submittal process (WAC 246-290-125), a water system proposing to construct any new 

water system, or expand or improve a water system, must  first submit a project report 

(WAC 246-290-110) and construction document (WAC 246-290-120 and Policy J.21) to 

us for review and approval. Sections 2.8 and 2.9 describe exceptions to this requirement. 

 

Design engineers should plan to submit engineering documents to us for our approval 

in paper form. At this time exceptions could be made, in advance, for small documents 

(small file size) to be submitted electronically.  Design engineers should consult with the 

appropriate DOH review engineer prior to consi dering an electronic submittal. 

 

If the construction documents will be part of a bidding package , we recommend design 

engineers submit construction documents in time to complete the review before bid 

solicitation starts. We expect to take about 30 calendar days to review construction 

documents, measured from the date we receive a complete submittal. If the design 

http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/OfficesandStaff
http://www.doh.wa.gov/portals/1/documents/4200/p-j21.pdf
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engineer fails to obtain approval prior to soliciting bids, the water system may have to 

solicit new bids or deal with  significant change orders or contract amendments. 

 

If the initial review results in a comment letter requiring an additional submittal and 

review cycle before approval, the approval timeline will extend significantly and may 

result in additional review fees. Comments requiring resubmittal usually involve: 

¶ Incomplete submittals, where basic requirements of the submittal are not met  

¶ Errors and/or omissions 

¶ Lack of clarity or consistency in the design 

¶ Insufficient evidence or justification that the project objective(s) will be met  

 

Anyone who constructs improvements to a water system without getting required prior 

written approval from us , is subject to administrative penalties (WAC 246-290-050(7). 

Contact one of our regional offices if you are uncertain whether the planned project 

requires prior written approval . 

 

 

2.3 Relationship between Project Approval and Operating 

Permit  

Every Group A public water system must  obtain an annual operating permi t (see 

Chapter 246-294 WAC). Operating permit designations reflect compliance or approval 

status, or both. Project report and construction document approval does not change a 

water systemõs operating permit designation. However, the approval of a WSP or 

SWSMP, and the approval of construction documents and completion of the associated 

construction may satisfy requirements necessary to maintain or improve a water 

systemõs compliance or approval status, and therefore maintain or change the water 

systemõs operating permit designation.   

 

 

2.4  Project Reports  

A project report describes the basis for a project and includes calculations to show how 

the project will meet its objectives (WAC 246-290-110). Design engineers usually 

prepare the project report before pre paring construction documents. See Section 2.5 

and WAC 246-290-120 for construction document requirements. Project reports must  

reflect good engineering criteria and practices (WAC 246-290-200). 

 

http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/OfficesandStaff
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If you wish to receive a stamped and signed òDepartment of Health Approvedó project 

report from us, you need to submit an additional project report and request that the 

additional report be stamped, signed, and returned.  

 

The rest of Section 2.4 outlines the minimal items that should be in all project reports. 

For specific project requirements, see the appropriate chapter of this manual or the 

applicable sections of Chapter 246-290 WAC. The level of detail in the project report 

should reflect the complexity of the project. We created checklists for several project 

types (see Appendices) that detail our expectations for project report and design 

submittal content.  

 

2.4.1  Project Description  

A complete and accurate project description provides us with valuable information 

about the project basis, orients us for an efficient design review, and serves as an 

important part of the overall design record.  The project report must summarize the 

following general project  description information (WAC 246-290-110 (4)(a)), unless a 

WSP describes it adequately: 

1. Why you propose the project and the problem or problems it will address. 

2. The recommended alternative (if applicable per Section 2.4.3), proposed 

construction schedule, estimated project cost, and financing method. 

3. The relationship of the project to other water system component s. 

4. A statement of change in the physical capacity of the water system and its ability 

to serve customers, if applicable. 

5. A copy of the environmental impact statement or determination of non -

significance, or an explanation why the State Environmental Policy Act (SEPA) 

does not apply to the project. See SEPA Chapter 246-03 WAC. See Section 2.4.9 

for information on SEPA. 

6. Source development information, if applicable. 

7. The type of treatment, if applicable. 

 

2.4.2  Planning  

This section discusses the relationship between planning and engineering document 

submittal and review. Planning is an important element in project design.  If an approved 

WSP or SWSMP does not adequately address the following, the project report must 

address them (WAC 246-290-110 (4)(b)): 

1. General project background, with population and water demand forecasts.  
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2. A service area map. Municipal water suppliers must  identify their retail service 

area and their general service area on this map (WAC 246-290-106). 

3. A description of the projectõs effect on neighboring water systems. 

4. Local requirements, such as flow rates and duration of fire flow.  

5. Additional management responsibilities, such as those in WAC 246-290-105, 415, 

and Chapter 246-292 WAC, Water Works Operator Certification. Also, see Section 

2.4.8. 

6. A project implementation and construction schedule, including project phasing, if 

applicable. 

7. Estimated capital and operating costs, and financing method, if applicable. 

8. A Water Rights Self-Assessment Form, if it appl ies to the type of project proposed.  

9. Confirmation of local government consistency (WAC 246-290-108 and Policy 

B.07).  

 

2.4.3  Analysis of Alternatives  

A comparison of alternative solutions helps to ensure the completed project meets the 

project objectives (see WAC 246-290-110(4)(c)). These objectives may include minimum 

life cycle costs, maximum efficiency and reliability, least lifetime maintenance, shortest 

implementation schedule, or some combination of these outcomes.  A poor or 

nonexistent analysis of alternatives may result in the design failing to meet the project 

objectives, expensive or unreliable operations, or noncompliance with operating 

requirements. To the extent possible, design engineers should match engineering 

solutions to the problem and the capacity of the water system to properly operate and 

maintain the infrastructure. 

  

2.4.4  Water Quality  

Water quality should be the most important consideration in every water system design.  

Design engineers should consider how every design element would influence quality 

and public health. The project report must include a review of water quality as it relates 

to the purpose of the proposed project, including results of raw and finished water 

quality analyses conducted by a laboratory accredited to analyze drinking water 

compliance samples in Washington state (WAC 246-290-110(4)(d)). If the project 

involves water treatment or a filtration pilot study, see Chapter 1 1 and applicable 

sections of Chapter 246-290 WAC. 

 

Design engineers should consider water system design holistically, so that correcting 

one water quality problem (e.g., replacing a source, adjusting pH, adding a chemical 

http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/PublicationsandForms/Forms#waterrights
http://www.doh.wa.gov/portals/1/documents/4200/p-b07.pdf
http://www.doh.wa.gov/portals/1/documents/4200/p-b07.pdf
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disinfectant) does not lead to new or amplified water quality problems with the source 

or in the distribution system.  Examples of such problems include: 

¶ Installing reverse osmosis or gaseous chlorination, or adjusting pH 

unintentiona lly increasing corrosivity, leading to increased levels of lead and 

copper. 

¶ Installing a new source that has a higher pH, unintentionally precipitati ng iron 

and manganese in the distribution system . 

¶ Installing a new source with a high level of disinfectant byproduct  (DBP) 

precursors, unintentionally forming  higher levels of DBPs in the distribution 

system. 

  

2.4.5  Engineering Calculations  

By submitting key calculations and referring to appropriate data residing elsewhere, you 

support our ability to review the design efficiently . We want to ensure that the design 

approach complies with the design criteria (Section 2.4.6). The project report must  

include relevant technical considerations necessary to support the project, such as a 

physical capacity analysis, hydraulic analysis, and sizing justification (WAC 246-290-

110(4)(f)). For guidance on ways to analyze the physical capacity of a water system, see 

Chapter 4. For guidance on hydraulic analysis, see Chapter 6. 

  

2.4.6  Design Criteria  

Identifying the design c riteria allows us to understand the overall project objective, 

project constraints, and minimum project requirements.  The project report must  

describe specific design criteria (WAC 246-290-110(g) and (h)), such as: 

1. Design and construction standards, including performance standards, 

construction materials and methods, process control, and basis of sizing criteria, 

as applicable. 

2. Locally adopted design standards relevant to the project, such as fire flow 

requirements and minimum pressure throughout the distri bution system. 

Consult the appropriate chapters of this manual to determine whether we require any 

additional engineering and design information  for your project . 

 

2.4.7  Water Rights and Other Legal Considerations  

Design engineers should address legal considerations, such as land ownership and water 

rights, early in project design because they can affect the viability of a project.  In 

preparing the project report, engineers  must  address water rights if the project involves 

a new, replacement, or modification to a source; increased withdrawal from a source; or 



 

Water System Design Manual     

DOH 331-123, June 2020      12 

 

an increase in the water systemõs physical capacity or service area (WAC 246-290-

110(4)(e)). Design engineers should do so by completing a Water Rights Self-Assessment 

Form and submitting it with the project report.  We encourage design engineers and 

water systems to review their water right self-assessment with the Department of 

Ecology before  submitting documents to us for approval.  

 

Department of Ecology directs Washingtonõs water rights permitting program. Our role 

is limited to ensuring design engineers include water rights information with the ir 

submittals and sharing that informati on with Ecology. If a water systemõs water rights 

self-assessment indicates that, when complete, a project will exceed its water right 

instantaneous or annual withdrawal limit, we may return the submittal and suggest the 

water system consult with Ecology before resubmitting. 

 

Water rights also play a key role in adequacy determinations Ecology and local 

governments make. Our project-related correspondence (e.g., letter to acknowledge 

receipt of the submittal and our  letter approving the submittal) will incl ude a statement 

such as: 

DOHõs approval of your water system plan does not confer or guarantee any right 

to a specific quantity of water. The approved number of service connections is 

based on your representation of available water quantity. If the Washington 

Department of Ecology, a local planning agency, or other authority responsible for 

determining water rights and water system adequacy determines that you have use 

of less water than you represented, the number of approved connections may be 

reduced commensurate with the actual amount of water and your legal right to use 

it. 

 

We will include such a statement in our correspondence unless, on a case-by-case basis, 

our engineer determines that the project has no association with water resources, water 

availability, or the approved number of connections.  For example, installing a chemical 

injection treatment system to an existing source, replacing an existing water main, or re-

coating the interior of a reservoir have no association with water resources, water 

availability, or approved connections. 

 

Project reports must  also identify other legal issues, such as ownership, rights-of-way, 

sanitary control area, and restrictive covenants (such as water-related restrictions 

recorded on titles or deeds). Certain projects also may require coordination with the 

local boundary review board or Washington Utilities and Transportation Commission 

(WAC 246-290-110(4)(i)). Boundary review boards exist in most Washington counties. 

They guide and control growth of municipalitie s and special purpose districts. 

 

http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/PublicationsandForms/Forms#waterrights
http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/PublicationsandForms/Forms#waterrights
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2.4.8  Operations and Maintenance Considerations  

If the design engineer expects a project to add considerably to the water systemõs 

operational and maintenance responsibilities (such as reservoir, booster pump, source of 

supply, and water treatment projects), the project report must  include the following (see 

WAC 246-290-110(4)): 

1. Describe the routine operations tasks and frequencies. 

2. Describe the preventive maintenance tasks and frequencies. 

3. Identify the estimated annual operations and maintenance costs (energy, 

equipment, labor) and life-cycle costs. Include costs in an updated water system 

budget. 

4. Explain whether the project triggers a requirement for a new or higher -level 

certified operator (Chapter 246-292 WAC) orñif creating a new water systemña 

satellite management agency (Chapter 246-295 WAC and Policy B.05)). 

 

2.4.9  State Environmental Policy Act Requirements  

Before construction, SEPA requires certain types of projects to have an environmental 

impact statement, a SEPA determination of non-significance, or a document explaining 

why SEPA does not apply to the project (see WAC 246-03-030(3) and Policy A.03). 

 

These requirements apply to: 

¶ All surface water source development. 

¶ All water system storage facilities greater than 0.5 million gallons. 

¶ New transmission lines longer than 1,000 feet and more than 12 inches in 

diameter located in a new right of way. 

¶ Major extensions to existing water distribution systems that will use pipes more 

than 12 inches in diameter and increase the existing service area by more than 1-

square mile. 

 

 

2.5 Construction Documents  

Construction documents, such as detailed design drawings and specifications, must  

identify how a specific project will be constructed to satisfy the requirements and 

conditions established in the project report or the WSP (WAC 246-290-120). See Section 

2.4 and WAC 246-290-110 for project report requirements.  

 

If you wish to receive a stamped and signed òDepartment of Health Approvedó set of 

construction documents from us, you need to submit an additional complete set of 

http://www.doh.wa.gov/portals/1/documents/4200/p-b05.pdf
http://www.doh.wa.gov/portals/1/documents/4200/p-a03.pdf
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construction documents and request that the additional set be st amped, signed, and 

returned. 

 

All construction documents should conform to the established standards of the 

engineering profession. Approval of construction documents shall be in effect for two 

years from the date of our approval, unless we determine the need to withdraw 

approval sooner. The design engineer should contact us if construction completion 

exceeds the two-year approval window, to request an extension of time for the 

approval. We may apply additional design conditions before approving such an 

extension.  

 

2.5.1  Design Drawing Requirements  

Design drawings submitted for our review and approval  should be legible and include: 

¶ All the information  and project specifications necessary to construct the project , 

including all of its components in their pro per location and orientation ; 

demonstrate compliance with applicable regulations ; follow standard practices; 

and satisfy the projectõs objectives and the ownerõs needs. 

¶ A location plan indicating the location of the water system.  

¶ A service-area map showing the service-area boundary and the location of each 

project element. 

¶ Name of the project. 

¶ Name of the legal water system owner. 

¶ Scale. 

¶ North arrow, where applicable. 

¶ Date. 

¶ Name, address, and phone number of the design engineer or consultant firm. 

¶ Revision block with the initials of the design engineer and drafter.  

¶ The stamp and signature of the design engineer. See Washingtonõs engineering 

registration requirements (WAC 246-290-040). 

¶ Location of all applicable easements, right of ways, and property lines within the 

project area. 

¶ Location of all existing aboveground and underground utilities and structures 

within the project impact area.  

¶ The 100-year flood elevation within the project area, where applicable. The 

design must  protect pump stations, wells, reservoirs, and treatment plants built 

with state revolving loan funds from a flood two feet higher than the 100 -year 

flood elevation  (WAC 246-296). 
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¶ Seismic design standards for the location where the facility will be built. 

 

If the construction document submi ttal is for our review and comment , but not our 

approval, stamp the submission Preliminary: For Review Only . Be sure to 

communicate this to our regional staff at the time of submission.  If we review and 

comment on preliminary documents, we will charge for the review by applying our fee 

regulation (WAC 246-290-990). We may review and comment on documents identified 

as òpreliminaryó but we will not approve them. 

  

2.5.2  Project Specifications  

Project specifications submitted for our review and approval should  include: 

¶ All information, complemented by the design drawings, necessary to describe the 

means, methods, and standards necessary to purchase, install, and test project 

components to satisfy the projectõs objectives and ownerõs needs. 

¶ Name of the project. 

¶ Name of the municipality, association, individual, or other entity that legally owns 

the water system. 

¶ Date. 

¶ Name, phone number, and address of the design engineer. 

¶ The stamp and signature of the design engineer. See Washingtonõs engineering 

registration r equirements in WAC 246-290-040. 

¶ A provision for the contractor to submit shop drawings for review by owners and 

design engineers. 

¶ A detailed description of all equipment and water system start -up testing, 

disinfection and inspection (final acceptance) procedures (required by WAC 246-

290-120(4)(c)). Cut-sheets of a product or material may not substitute for 

technical specifications. 

¶ A summary of the means and methods for maintaining water service throughout 

the construction period, if necessary. 

¶ Certification of components in substantial contact with potable water under 

ANSI/NSF Standard 61 is required (WAC 246-290-220). 

 

2.5.3  Design Changes after Project Approval  

Changes to an approved design could significantly alter the means, methods, objectives, 

components, and even outcome of the project. Water systems must  submit each 

change order that significantly alters the scope of the project, drawings, or specifications 
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to us for review and approval (WAC 246-290-120(4)(d)). Contact the regional office 

when in doubt about the need to submit design changes after approval.  

 

Examples of changes considered òsignificantó and, therefore, subject to our approval: 

¶ Change in treatment process. 

¶ Change in type of chlorination or disinfection process used. 

¶ Change in elevations of tank or booster stations. 

¶ Change of materials that are in direct contact with finished water. 

¶ Change in control systems or control strategies. 

¶ Change in size for a storage tank. 

¶ Change in designated pumping capacity. 

 

Examples of insignificant change orders include minor adjustments to valve and piping 

locations, piping configurations, security fencing materials, and a different pump model 

with the same pumping characteristics. Design engineers may note changes not  

considered òsignificantó on the record drawings (òas-builtó). For guidance on whether a 

particular change order is significant, contact the appropriate regional office.  

 

If we do not approve significant changes to the approved project design , the engineer 

cannot certify construction completion according to the approved design.  See Section 

2.13 for requirements to certify construction completed according to DOH-approved 

construction documents.  

  

2.5.4  Contractor -Supplied Design Components  

Construction documents a design engineer submits to us for our review may refer to 

construction drawings and specifications that the contractor  needs to provide. If so, the 

owner must  submit these contractor drawings and specifications to us for review and 

approval before construction begins  (WAC 246-290-120(4)). We will apply the 

professional engineering requirements of WAC 246-290-040 to contractor -supplied 

drawings and specifications. 

 

Examples of contractor-supplied design and construction documents that require DOH 

approval: 

¶ Reservoirs 

¶ Skid-mounted pump stations  

¶ Packaged water treatment plants 

 

http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/OfficesandStaff
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2.6 Coordination with Local Approving Authorities  

Construction projects may be subject to local permits or approvals. Compliance with our 

requirements does not guarantee compliance with local rules. Water systems must  

ensure that their  projects follow local approval processes (WAC 246-290-108; WAC 246-

290-120). Design engineers can usually get information on the local approval process 

from county building departments and environmental health programs.  

 

 

2.7 Design and Review Process  

Figures 2.1, 2.2, and 2.3 reflect a typical process flow-path for design and review of three 

general project types. Refer to general and specific project submittal checklists in 

Appendix A.3 for more detail. 

 

 

2.8 Submittal Exceptions for Miscellaneous Components and 

Distribution Mains  
 

2.8.1  Categorically Exempt  

For the following types of projects, we do not require water systems to submit project 

reports or construction documents to us for review and approval (WAC 246-290-125(1)): 

1. Installing hydrants, valves, fittings, meters, and backflow prevention assemblies. 

2. Repairing a water system component or replacing it with a component of similar 

capacity and materials described in the original approved design. For the 

purposes of replacing distribution mains, similar capacity includes up to one 

standard pipe size larger. 

3. Maintaining or painting surfaces not contacting potable water.  

 

For the following components installed under the òvalveó submittal exception, at a 

minimum the design and specifications must  meet the following standards: 

1. Automatic air -vacuum relief values installed in the distribution system : Must 

meet WAC 246-290-200(1)(c). See Chapter 6 for guidance on installation 

requirements. 

2. Backflow prevention assemblies : Must meet WAC 246-290-200(1)(g). 
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2.8.2  Exempt Distribution Main Projects  

Water systems may elect not to submit project reports or construction documents for 

new distribution mains or larger-capacity replacement mains if they meet the following 

conditions (WAC 246-290-125(2)): 

1. The water system has a currently approved WSP that includes standard 

construction specifications for distribution mains and a hydraulic capacity analysis 

of the basic transmission and distribution main configuration for the water 

system. 

2. The water system maintains a completed Construction Completion Report for 

Distribution Main Projects (DOH 331-147) on file for each such project. 
 

 

2.9 Submittal Exception: Distribution -Related Projects (not 

Distribution Mains)  

For distribution -related projects larger and more complex than a distribution main 

project, you may use the more extensive Submittal Exception Process under WAC 246-

290-125(3) if the design meets each condition. Eligible projects are limited to: 

¶ Reservoirs 

¶ Booster pump facilities 

¶ Transmission mains 

¶ Pipe linings 

¶ Tank coatings 

 

Water systems that meet the eligibility criteria (WAC 246-290-125(3)) and intend to 

follow the submittal exception process must  make an initial written request to us on the 

Project Approval Application Form (DOH 331-149). If you intend to apply for this 

submittal exemption, you should discuss the desired scope of exemption and planning 

document requirements during the preplan conference with the regional p lanner and 

engineer. 

 

There is no submittal exception for source of supply (such as new or redeveloped wells 

or springs, refurbished wells, surface water intakes, interties) or water quality treatment 

projects (such as chlorination, corrosion control, filtration, iron, and manganese removal, 

UV, and ozonation). 

http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/PublicationsandForms/Forms#engineering
http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/PublicationsandForms/Forms#engineering
http://www.doh.wa.gov/Portals/1/Documents/Pubs/331-149.docx
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2.9.1  Design and Construction Standards for Reservoirs and Booster Pump 

Stations  

To qualify for the submittal exception , the water system must  include design and 

construction standards for di stribution -related projects in an approved WSP (WAC 246-

290-100(5)(b)). 

 

The following items should be part of the WSP narrative:  

1. Reservoirs: 

¶ General location of tank sites. 

¶ Overflow and base elevations. 

¶ Map of service area indicating elevations of service connections. 

¶ Basis for sizing the storage volumes needed. 

¶ Hydraulic analysis of the water system or individual pressure zones evaluating 

the storage improvements. 

¶ Level control and alarms. 

2. Booster Pump Stations (BPS):  

¶ General location of BPS site(s). 

¶ Sizing basis for BPS capacity (flow and head) needed. 

¶ Hydraulic analysis of the water system or pressure zones evaluating the effect 

of BPS operation. 

¶ Flow, pressure, and process control. 

 

The WSP standard specifications should include : 

1. Reservoirs 

¶ Standard tank details, including level controls, high and low level alarm, 

external level indicator, access hatch, vent, drain, overflow (include sizing) 

drain and outfall, screens, and access ladder. 

¶ Material specifications for tank construction together with constru ction 

specifications (concrete, steel, other). ANSI/NSF Standard 61 certified 

materials for all surfaces in substantial contact with the water. 

¶ Specifications for all coatings, including application, curing, and ANSI/NSF 

compliance. Water quality testing needed before activating tanks, such as 

volatile organic chemicals, if applicable (see Appendix G). 

¶ Leakage testing and disinfection procedures per AWWA C652 (include 

chlorinated water disposal specifications). 
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¶ Site piping plans (generic). Also include isolation valving, type and location of 

sample taps, provision to improve circulation in tanks (reduce stagnation), and 

piping material specifications for pipes under the foundation slab, in the tank 

or in the yard. 

¶ Geotechnical considerations, such as bearing strength and seismic 

considerations. 

¶ Water system-specific water quality concerns affecting treatment, such as 

coliform testing, chlorine residuals, pH, disinfection byproduct s, and contact 

time requirements. 

¶ Security elements. 

2. Booster Pump Stations:  

¶ Performance specifications for booster pumps, overload capacity, and 

minimum shutoff heads. 

¶ Electrical specifications, control strategies, and mechanisms. 

¶ Pipe material, construction standards, and specifications for internal BPS 

piping. 

¶ Specifications or standards for meters, control valves, and other 

appurtenances. 

¶ General structural and construction specifications and standards for BPS 

housing. 

  

2.9.2  Rescinding Submittal Exception Authority  

We will rescind a water systemõs eligibility for submittal exceptions (WAC 246-290-

125(2) and (3)) if the water system fails to maintain compliance with the eligibility criteria 

or conditions. At that point, the water system must  submit all engineering documents 

(project reports and construction documents) to us for appr oval until it re -establishes 

compliance with the eligibility criteria  (WAC 246-290-125). 

 

 

2.10 Resolving  Disputed Department of Health  Review Decisions  

When our review engineer and the water system or consultant cannot reconcile a 

difference, the water system or consultant may formally appeal our decision. We 

established internal processes for these circumstances. Contact the appropriate regional 

office for a complete description of the Brief Adjudicative Proceeding (BAP) process (see 

Chapter 246-10 WAC).  

 

 

http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/OfficesandStaff
http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/OfficesandStaff
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2.11 Review Fees and Invoice  

We charge fees for reviewing project documents. These fees are set in rule (WAC 246-

290-990) and may change periodically. After we complete a detailed review, we send an 

approval letter or review letter to the water s ystem with an invoice for the review fee. 

We send a copy of the letter to the design engineer.  A fee estimator worksheet is on our 

water system design webpage. 

 

The rule sets most of the planning and engineering document review fees . These fixed 

fees cover the cost of reviewing the initial submittal and one re-submittal, if we do not 

approve the initial submittal the first time. If documents require more than one re-

submittal, we will charge an additional fee for each subsequent review. 

 

We assess an hourly fee for some of the fee-for-service activities listed in WAC 246-290-

990. We will charge the rate indicated in the rule for each hour spent on the hourly fee-

for-service activity. To minimize the cost and review time, design engineers should 

ensure each submittal is as complete and accurate as possible. Use the Project Submittal 

Checklists in the Appendices. 

 

 

2.12 Project Approval Letter and Construction Completion  

When construction documents meet all requirements, we will send an approval letter to 

the system owner, with copies to the design engineer and others, as appropriate. A 

typical construction -document approval includes the followin g enclosures: 

¶ An invoice for the review fee, if we did not already send it. 

¶ A Water Facilities Inventory Form, if project completion will change any 

information on the for m. We will ask the water system to update and return the 

inventory form after completi ng the project. 

¶ A Construction Completion Report Form (DOH 331-121). 

 

 

2.13 Construction Completion Report Forms  

There are three types of Construction Completion Report Form. Each form is used in 

different circumstances, so itõs important to know the difference. 

1. Construction Completion Report Form (DOH 331-121). Use this form in the normal 

process of submitting documentation for a project that underwent our design 

review and approval; it certif ies construction according to the DOH-approved 

http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/WaterSystemDesignandPlanning/SystemDesign
http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/PublicationsandForms/Forms#engineering
http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/PublicationsandForms/Forms#engineering
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design. This form applies to WAC 246-290-120(5). We will send it with the 

construction approval document referenced in Section 2.12.  

2. Construction Completion Report Form for Distribution Main Projects (DOH 331-

147). Use this form only for distribution main projects not requiring prior written 

approval from us. The water system does not have to submit this form to us 

following construction completion. However, the water system must  maintain a 

completed form on file and make it available to us upon request. This form 

applies to the submittal exception process (see Section 2.8 and WAC 246-290-

125(2)). 

3. Construction Completion Report Form for Submittal Exception Process (DOH 331-

146). Use this form only for distribution -related projects not requiring prior 

written approval from us. Distribution -related projects include booster pump 

stations, reservoirs, internal tank coatings, and transmission mains. The water 

system must  submit this report to us after constructing a new reservoir  or 

booster pump station, but only maintain a completed form on file for other 

distribution -related projects (WAC 246-290-125(3)(f)). This form applies to the 

submittal exception process (see Section 2.9 and WAC 246-290-125(3)). 

 

If the completed projec t changes any information on the Water Facilities Inventory (WFI), 

the water system is responsible for submitting an updated WFI with the signed 

Construction Completion Report. 

 

 

2.14 Record Drawings  

The engineer who manages construction or inspection typically provides record 

drawings to the water system when the project is complete. The water system must  

maintain a complete set of record drawings and provide them to DOH on request (WAC 

246-290-120(4)(e)). 

 

 

2.15 Safety  

Improperly designed facilities could  put employees, contractors, and the public at risk. If 

someone gets hurt, the water system could face a lawsuit or citations and penalties from 

the Washington State Department of Labor and Industries (L&I). Design engineers 

should be aware of the full scope of state and federal regulation governing safe working 

environments (Washington Industrial Safety and Health Act, 49.17 RCW; Occupational 

Safety and Health Act). 

 

http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/PublicationsandForms/Forms#engineering
http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/PublicationsandForms/Forms#engineering
http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/PublicationsandForms/Forms#engineering
http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/PublicationsandForms/Forms#engineering


 

Water System Design Manual     

DOH 331-123, June 2020      26 

 

For detailed safety information , contact L&I or visit www.lni.wa.gov/safety/default.asp. 

The website has information on:  

¶ Asbestos 

¶ Confined spaces 

¶ Excavation and trenching 

¶ Fall protection 

¶ Guardrails 

¶ Ladders 

¶ Lead 

¶ Lockout/Tagout 

 

Contact information for L&I and Occupational Safety and Health Administration (OSHA) 

is in Appendix C. 
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Chapter 3: Estimating Water Demands 

 

3.0 Applicability  

Design engineers use water demand estimates to design new water systems or 

additions to existing water systems. To size any water system or its component parts, an 

engineer must  estimate water system demand and consumersõ consumption (WAC 246-

290-221). This chapter provides basic, conservative water-demand design criteria 

engineers may use if they lack information that is more appropriate. 

 

Design engineers using historical water use records to design future water system 

facilities should attempt to validate the information. Given the many variables that affect 

consumer demand (see Section 3.2), design criteria based on historical data should 

include a reasonable margin of safety. The more detailed the historical demand records 

are, the longer the period that data covers, and the greater the designerõs confidence in 

the validity of that data, the smaller the margin of safety needs to be.  This basic concept 

applies to every recommendation in this chapter. 

 

This chapter  has three parts:  

1. Residential Demand Estimates : Focuses on water systems where residential 

demands comprise a significant portion or all of the demand.  

2. Nonresidential Demand Estimates : Focuses on water systems where residential 

demands comprise an insignificant portion of total demand.  

3. General Considerations : Covers issues that apply to both residential and 

nonresidential demand estimates. 

 

 

3.1 Demand versus Consumption  

It is important for d esign engineers to differentiate between the productive 

requirements of a water system and total consumptive demand. The difference in these 

two values includes the volumetric loss through distribution system leakage (DSL). The 

rule defines DSL percentage (WAC 246-290-820(2)) and the industry uses Equation 3-3 

to determi ne DSL volume. For some existing water systems, DSL may be substantial 

enough that ignoring its contribution to productive requirements would create a 

meaningful deficit in design . Such a deficit might constrain the ability  to operate within 

approved design parameters. When designing new water systems, we expect design 

engineers to consider the future state of the distribution system, and make an 

appropriate allowance for DSL.  
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Part 1 : Residential Demand Estimates  
 

3.2 Consumer Demand  

An equivalent residential unit (ERU) is central to the evaluation and design of water 

systems with significant residential demand. An ERU is a system-specific unit of measure 

used to express the amount of water consumed by a typical full-time single-family 

residence (WAC 246-290-010). This value is particular to the existing water system that 

derived it. In this manual, we refer to an ERU value reflecting various demand scenarios. 

¶ ERUMDD  is the amount of water a typical full -time single-family residence consumes 

during high dem and. It approximates the maximum daily demand of a typical full -

time single-family home. It is the ERU value used in a physical capacity assessment 

(see Chapter 4). 

¶ ERUADD value approximates the average daily demand of a typical full-time single-

family residence. The ERUADD value may be used in assessing factors bounded 

annually, such as a water supply safe annual yield and a water right annual volume 

(Qa). 

 

For most water systems, consumer consumption accounts for a significant majority of 

water that the systemõs supply must produce. In order of preference, the information 

sources for estimating consumerõs consumption are: 

1. Actual metered records, if the design engineer considers that data complete and 

accurate (see WAC 246-290-221(1)). 

a. Information on water production should be available from every existing Group A 

public water system. The requirements to install and maintain source meters and 

to read source meters at least once per month (WAC 246-290-100, -105, and -

496, and WAC 173-173-060) have been in place for many years. 

b. Most community water systems have service meters. As of January 2017, all 

community water suppliers with 15 or more connections must  install service 

meters, and must  calculate and report distribution system leakage (WAC 246-

290-820). We consider this primary consumptive data for an individual water 

system most applicable for projecting future consumer consumptive use if the 

data is complete and accurate, and the design engineer takes into account full-

time and part -time consumers when evaluating this data. 

2. Comparable metered data from an analogous water system, if the system serves all 

or almost all full -time residential customers. For elements we consider important 

when considering consumptive data from an existing system in the design of  a new 

one, see WAC 246-290-221(3)(a) and Section 3.2.3. 

3. The consumer demand criteria presented in this chapter and in Appendix D. 
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The design engineer should assess the degree of confidence in the validity of available 

data. The smaller the degree of confidence, the larger the designõs margin of safety 

needs to be. 
 

3.2.1  Evaluating Actual Water Demand  

The analysis of historical water demand should include these considerations: 

 

1. Use actual water demand information.  Base additional services on actual water 

demands. Water systems cannot justify new services solely by committing to 

implement a water -use efficiency program. See Section 3.8. 

2. Use multiple years of data.  Base the historical water production and consumption 

analysis on meter readings covering at least two, but preferably more years. The 

meter readings should include daily production metered data for the peak usag e 

period and weekly or monthly usage during the rest of the year. Most community 

water systems experience peak demand from June through September. Other water 

systems, such as ski resorts, may experience peak demand during the winter. 

For most water systems, the historical water use analysis must  quantify distribution 

system leakage and total authorized consumption (WAC 246-290-820). See Section 

3.8 for information on distribution system leakage and authorized consumption.  

Keep in mind system-wide ADD and MDD production data include consumption plus 

distribution system leakage as defined in WAC 246-290-820. 

3. Correlate data with occupancy.  Water demand data must  be correlated with the 

number of full - and part-time residential service connections actually in use when 

the data was collected (WAC 246-290-221(1)). To quantify residential demands more 

clearly, the analysis should separate industrial, commercial, or other water demands 

from residential demands. 

4. Anticipate changes that might increase demand.  The analysis should address 

potential changes in demand (see Section 3.5). 

5. Normalize data based on climatic conditions.  Review rainfall and temperature 

data to verify their effect on water system demand. Rainfall and cool weather usually 

decrease water demand; and hot, dry weather usually increases water demand 

(unless a system imposes drought restrictions). Appendix C includes climatological 

organizations (NOAA, Office of the State Climatologist, and Western Regional 

Climate Center) with data that may assist with determining how current-year 

precipitation compares with historic weather patterns.  

Design engineers should compare water demand data to historical climate 

information to determine if it is necessary to adjust historical demand data up or 

down. Summer temperature and precipitation data from the Office of the 
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Washington State Climatologist will tell whether the data period was an unusually 

wet/cool summer, average, or what was considered a hot/dry summer. Visit 

http://www.wrcc.dri.edu/summary/Climsmwa.html , and use the statewide map to get 

precipitation and temperature data for the nea rest gauging station. 

a. Water production and consumption data over wet/cool summer(s).  In such 

cases, it would be appropriate to look at an expanded period of metered -use 

data, or adjust the calculated ERUADD and ERUMDD values higher, to account 

for the hott er, drier summers that will inevitably follow.  

b. Water production and consumption data over hot/dry summer(s).  In such 

cases, it would be inappropriate to dismiss the data as òworst caseó unless the 

rainfall and temperature represented conditions approaching  a two-standard 

deviation difference from the mean as measured over many years. A hot, dry 

summer that isnõt a statistical anomaly is considered a normal operating 

condition . In addition , under this condition, engineers must  design water 

system facilities to meet performance standards in WAC 246-290 Part 3. 

  

3.2.2  Full -Time and Part -Time Single -Family Residential Users  

We prefer that design engineers estimate ERUMDD based on consumptive use. If 

consumptive use data is unavailable or considered invalid, then design engineers can 

use source meter data to estimate ERUMDD if all customers are single-family residential, 

all residences are occupied full time, and the design engineer acknowledges that the 

ERUMDD value includes consumption and DSL. When customers occupy homes 

intermittently, dividing total production by the total number of homes may significantly 

underestimate future demand, as part-time customers become full-time customers.  

 

Water demand design data must  correlate to the number of full -time or par t-time 

equivalent residential units in service at any time (WAC 246-290-221(1)). òFull-timeó is a 

permanent place of residence. òPart-timeó is a vacation home, used only seasonally, such 

as on holidays or weekends. The rule makes this distinction because water systems 

designed only for part -time residences may convert gradually over time to full -time 

residences (due to retirement, changing housing markets, and other factors). 

 

We will not approve a water system for part-time residential use unless obligatory 

covenants or other binding agreements prohibit full -time occupancy. Water systems 

designed only for part -time residences cannot expect to provide service levels adequate 

for full -time occupancy. Future demand assigned to each proposed residential dwelling 

unit must  reflect full -time occupancy (WAC 246-290-221 (2)). Give the same 

consideration to each existing part-time residence. This concept reduces concerns 

associated with part-time residents changing to òfull-timeó without sufficient water 

http://www.wrcc.dri.edu/summary/Climsmwa.html
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supply and delivery facilities. This concept also applies to part-time versus full-time 

multifamily  residences. 

 

Obtaining source meter records over any selected period is relatively straightforward. 

However, determining occupancy levels during that same period can be quite difficult. 

Water systems can use the following approaches to correlate source meter data with 

estimated occupancy levels. Each of these approaches has shortcomings, so we 

recommend using more than one to achieve an appropriate safety factor based on the 

degree of uncertainty. 

¶ Survey customers.  Very small water systems with about 50 or fewer connections 

may be able to use a survey to estimate daily or weekly occupancy for a short period 

of time when they can rigorously take meter readings. If the prim ary capacity 

limitation is associated with MDD, the survey could focus on the expected peak-

demand period of summer. 

¶ Service meter records.  Many water systems have service meters, and all municipal 

water suppliers must  install meters on their direct service connections (WAC 246-

290-496(2)). Water systems usually read service meters monthly, bimonthly, or 

quarterly. The frequency of meter reading limits the outcome of this method. In one 

comprehensive study, median indoor residential water use ranged from 54  to 64 

gallons per capita per day for several communities throughout the United States 

(Mayer et al. 1999). When water use for a residence falls significantly below this 

range, residents probably occupy the dwelling intermittently. Reviewing service 

meter records may help you select the time to use an intensive meter-reading 

program to correlate demand with occupancy.  

¶ Assume full occupancy on holidays. For some small recreational water systems, it 

may be reasonable to assume full occupancy during certain ti mes of the year, such 

as Memorial Day or Labor Day weekends. Other water systems may be able to 

assume full occupancy on other days. Meter readings on those days, especially if the 

water system assumes high demands will occur, could help to estimate peak day 

demand. You should supplement this approach with a customer survey on these 

target weekends. 

¶ Demand patterns.  Demands that vary significantly between billing periods could 

indicate an intermittently occupied residence. 

¶ Tax, voting, and other public reco rds. These may help to determine occupancy 

levels. However, there are several shortcomings to using public records to estimate 

occupancy. For example, people who live part-time in Washington and part -time in a 

warmer climate appear as full-time residents on assessor and voting records. Rental 

properties are another example. Similar to vacation homes, the assessor sends tax 
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records for rental properties to owners at their primary residences. Renters may not 

register to vote where they reside. 

 

When using service meter records to establish the ERUMDD value, be sure to account for 

any part-time uses that occurred during the record -keeping period (such as the 

maximum month). You should use only residences occupied full time during the time of 

metered data collection. Be sure to confirm the correlation between meter information 

and the various types of service (residential versus nonresidential) when determining the 

ERUMDD value for the water system. 

 

3.2.3  Analogous Water Systems  

Lacking metered water-use records, engineers may use comparable water use data from 

an analogous water system (WAC 246-290-221(3)) to design a new water system. 

Because existing water systems must have and read source meters (WAC 246-290-221), 

there is generally no need to look elsewhere for appropriate production or demand 

information. We consider analogous system information, when available, the best 

information to use when  designing a new water system. 

 

To be analogous, water systems must  have similar characteristics (WAC 246-290-

221(3)(a)). Characteristics include: 

1. Population and development pattern.  Demographics are the vital statistics of 

human populations such as size, growth, density, and distribution. Demographics 

change with the natur e of the development. Population densities diff er from single-

family to multifamily residences, from housing provided for families to housing 

provided for single occupancy, and from individual lots to mobile home park 

developments. 

2. Lot size. A major factor in water use related to larger lot sizes is in the irrigated area 

(lawns, gardens, and agricultural uses). However, it is possible to Xeriscape (use 

native flora, rockery, and pavement) multi-acre tracts with very little need for 

supplemental irrigation.  

3. Climactic zone.  Climate significantly effects water use. High temperatures and low 

precipitation usually lead to an increase in water use. To be analogous, water 

systems should have similar monthly and average annual temperature and 

precipitation. In areas where freezing temperatures are prevalent in winter, high 

demands may occur if users allow faucets to run to prevent freezing. You can also 

expect water demand to increase during the winter for water systems serving winter 

use activities, such as a ski resort. 

4. Cost of water service.  Water pricing structure relates to the use of òinclining block 

ratesó versus òdeclining block rates.ó Both require using individual meters. For òflat 
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rates,ó meters are often absent and analogous water demands are more difficult to 

predict. To be analogous, the existing and proposed water systems should provide 

the same level of metering and have similar rate structures. 

5. Water conservation standards.  The analogous water systemõs conservation 

practices should be the same as the proposed water system. These practices include, 

but are not limited to, alternate day watering schedules, installing low -water-use 

fixtures, toilet-tank displacement devices, leak detection, and water demand 

reduction programs. Water use restrictions should mirror  voluntary or mandatory 

curtailment measures requested of analogous water system consumers. These may 

be in community covenants, bylaws, local ordinances, or on property deeds. It is very 

important to determine whether the restrictions are enforceable. A legal opinion may 

be necessary to determine equivalent enforceability. 

6. Soil type and community landscape standards.  Soil types and landscaping can 

affect irrigation demands. Moisture retention and evaporation losses from sands and 

gravels differ from loams, silts, and clays. When designing a water system, engineers 

should check with the local Cooperative Extension office to determine and evaluate 

variables that may affect water demand. For example, water demands for 

landscaping vary largely between natural flora and more water-dependent plants. 

7. Maintenance practices.  Engineers should consider the analogous water systemõs 

maintenance practices. These practices include the seasonality, frequency of, and 

volume of water used for line flushing, exercising hydrants and valves, and cleaning 

tanks. 

 

There are more reasons for water-use patterns to vary between water systems. 

Sociological factors play a role. It is nearly impossible for a design engineer to predict 

the mind-set or water use ethic of consumers on a new water system. When basing a 

water system design on characteristics analogous to another water system, we 

recommend conservative water demand estimates. A safety factor is appropriate even if 

the proposed water system has the same enforceable water use efficiency practices and 

use restrictions as the identified analogous water system. It may be wise to discuss this 

design approach with the regional engineer early in the design phase of a project. 

 

3.2.4  DOH Default Water Demand Design Criteria (Appendix D)  

Residential demand is the largest portion of total demand for most water systems. The 

design engineer with adequate historical service or source meter records can usually 

estimate residential demands with reasonable accuracy. It is also important for 

engineers to estimate nonresidential demands related to industrial, commercial, and 

similar types of uses. 
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For new water systems or existing systems with inaccurate or insufficient records, and 

without  analogous system information to draw from, the design engineer may use the 

information in Appendix  D to estimate ERUADD and ERUMDD for residential connections 

(WAC 246-290-221(3)). Limitations on using water demand estimating criteria in 

Appendix D: 

¶ ERUADD reflects consumptive use data (it does not include DSL), and therefore 

ERUMDD generated under Appendix D excludes DSL. 

¶ The information in Appendix D does not specifically address commercial and 

industrial demands. Design engineers should use information in Table 3-2 for 

nonresidential consumer demand. 

¶ Appendix D data does not adequately represent large-lot irrigation demands.  

Engineers designing new water systems that intend to serve residents who will use 

the public water system to irrigate  lots greater than ½ acre should undertake a 

detailed estimate of ERUMDD. We recommend applying a value of 350 gallons per day 

to address in-house domestic demand (see Section 3.4.1) plus a detailed assessment 

of irrigation demand based on estimated irrigation demands in Table 3 -2 or other 

published reference specific to the area, climate, and soil type. 

 

 

3.3 Water System Demand  

Maximum daily demand  (MDD) is the highest actual or estimated quantity of water that 

is, or is expected to be, used over a twenty-four hour period, excluding unusual events or 

emergencies (WAC 246-290-010 defines).  

 

For the purposes of this manual, we take a broad view of MDD as it applies to the term 

òused.ó We consider MDD to be the system-wide peak daily production requirement 

necessary to meet the consumptive demands of all types of connections; other 

intentional uses not associated with a connection; and the quantity of water lost 

through leakage or illicit uses. When we refer to MDD in this manual, we mean the 

maximum daily source production/treatment required within a 24 -hour period to meet 

all these withdrawals from the distribution sy stem. Fire suppression is not a component 

of MDD. Engineers must  design water system source and treatment so that together 

they can satisfy the maximum daily demand (WAC 246-290-222).  

 

Average daily demand  (ADD) is the total quantity of water used from all sources of 

supply as measured or estimated over a calendar year divided by 365 (WAC 246-290-

010).  
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We take a broad view of ADD as it applies to the term òused.ó We consider ADD to be 

the system-wide average daily production requirement ne eded to meet th e 

consumptive demands of all types of connections; other intentional uses not associated 

with a connection; and the water lost throu gh leakage or illicit uses. When we use the 

term òADDó in this manual we mean the source production/treatment required to meet 

all these withdrawals from the distribution system during an entire year divided by 365.  

 

Design engineers using advanced analysis of complex demand scenarios may need to 

analyze the component elements of MDD or ADD separately. For example, identifying 

demand by customer class (such as MDD residential, MDD commercial). 

 

 

3.4  Estimating Water System Demands  

Engineers need to establish water demand estimates, with an appropriate factor of 

safety, to assess the adequacy of the water systemõs source and treatment capacity; to 

assess the adequacy of the water systemõs water rights; and to size pumping equipment, 

transmission lines, distribution mains, and water storage facilities properly.  

 

Water systems must  read source meters at least monthly (WAC 246-290-100(4)(b), 

105(4)(h), and WAC 173-173-060). Design engineers must  use metered production 

records to quantify MDD and ADD for most water systems (WAC 246-290-221). For new 

water systems without metered data, design engineers can use analogous water system 

data or the information in Appendix D to estimate the ERU MDD and ERUADD. 

 

Design engineers must  assess the adequacy of the water systemõs water right, especially 

the attributes of annual volume (Qa) and instantaneous withdrawal (Qi) (WAC 246-290-

110(4)). Qa is associated with ADD, and Qi is associated with MDD. See examples in 

Section 3.12. 

  

3.4.1  Maximum Day Demand  

Ideally, the water system can provide the design engineer with daily production records 

from each source of supply. A design engineer who can only rely on monthly source 

meter records will need a peaking factor to estimate the system-wide MDD from the 

maximum monthõs average day demand (MMADD).  

 

Based on our analysis of 79 water systems in Washington, we recommend the following 

MDD to MMADD ratio : 

¶ 1.65 for systems serving fewer than 1,000 people 

¶ 1.35 for systems serving 1,000 to 100,000 people 
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We recommend using an MDD to MMADD ratio between 1.35 and 1.65 for water 

systems near the 1,000-person threshold. Appendix D.3 describes the results of this 

analysis in more detail. For new water residential-only systems without metered data, 

design engineers can use analogous water system data or the information in Appendix 

D.1 to estimate the ERUMDD. 

 

In general, the lower limit for ERUMDD is 350 gallons/day/residential connection (WAC 

246-290-221(4)). This demand estimate is consistent with the Department of Ecology on 

household water uses for developments that prohibit irrigation. There may be some 

projects with sufficient verified information (meter recor ds, at least two years of data) to 

support an ERUMDD value of less than 350 gallons per day. The data may only be used in 

support of expansion for that specific water system (WAC 246-290-221(4)). 

 

Multifamily residences typically use less water per dwelling than separate single-family 

residences. Water uses for multifamily residences vary from water system to water 

system. They are usually specific to a given water system, but not always applicable to 

another water system. Engineers should view multifamily -metered consumption data 

apart from single-family data when calculating ERUMDD. Divide the total peak-day water 

use for the multifamily connection(s) by the water system-specific ERUMDD to determine 

the number of ERUs multifamily connections contribute. 

 

In a few isolated cases in Western Washington, the ERUMDD has been as high as 2,000 

gpd per connection. In Eastern Washington, the ERUMDD for some water systems has 

been as high as 8,000 gpd per connection. Design engineers should recognize that 

some water systems are outside the norm and will have much greater water demand, 

and that our assumptions about ERUMDD = 2x ERUADD may result in a significant shortfall 

in supply during built -out peak day demand. 

 

3.4.2  Peak Hourly Demand  (PHD)  

Engineers need PHD estimates to size equalizing storage, distribution mains, and some 

pumping facilities. They must  design a water system to provide PHD while maintaining a 

minimum pressure of 30 psi throughout the distribution system (WAC 246 -290-230(5)). 

Engineers can develop and use water system-specific diurnal demand curves to estimate 

PHD (AWWA 2012). Engineers usually need multiple diurnal demand curves because 

demand changes seasonally (AWWA 2012). 

 

Design engineers may use Equation 3-1 to determine PHD for systems with 

predominantly residential demands. This equation is consistent with the maximum 

instantaneous demand values presented in previous editions of the stateõs design 
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guidance manuals (WSDSHS 1973; WSDSHS 1983) known as the òRed Bookó and òBlue 

Book,ó respectively. Equation 3-1 accounts for the ranges of PHD to MDD ratios 

reported as a function of water system size and by various water systems in Washington. 

 

Key concepts associated with the use of Equation 3-1: 

¶ Applies to water systems with significant residential demand. 

¶ N is the number of ERUs supplied by all sources. DSL has an associated number 

of ERUs (see examples in Section 3.12 and Worksheet 4-1). Therefore, N includes 

DSL. òNó is the number of connections only if there is no distribution system 

leakage and all connections are single-family homes.  

¶ Check to be sure that ERUMDD times òNó equals total maximum daily source 

production.  

¶ The ERU value is ERUMDD. It is not appropriate to apply the ERUADD value to 

Equation 3-1. 

 

Equation 3 -1: Determine PHD  

 

PHD = (ERUMDD  /1440) [(C)(N) + F] + 18  

 

Where  PHD = Peak Hourly Demand, total system (gallons per minute) 

C = Coefficient Associated with Ranges of ERUs 

N  = Number of ERUs based on MDD 

F = Factor Associated with Ranges of ERUs 

ERUMDD  = Maximum Day Demand per ERU (gallons per day) 

 

Table 3-1 identifies the appropriate coefficients and factors to substitute into Equation 

3-1 for the ranges of single-family residential connections: 

 

Table 3-1 

Number of ERUs (N)  C F 

15 ð 50 3.0 0 

51 ð 100 2.5 25 

101 ð 250 2.0 75 

251 ð 500 1.8 125 

> 500 1.6 225 

 

PHD relates to the hydraulic ability of a distribution system to accommodate a range of 

ERUs. A PHD evaluation determines the physical capacity of the whole water system, not 

each specific ERU. Engineers can use this equation to estimate the peak-hourly flow for 
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the whole water system, or a specific pressure zone, after determining the number of 

ERUs. 

 
 

3.5 Anticipating Change s in Demand: Systems with Mostly  

Residential Demand  

Water demand estimates should address anticipated changes as a water system 

matures. An analysis should address how future water-use patterns may change. For 

example, vacation lots may become retirement homes, or be sold as permanent 

residences in a phased plan for development. 

 

The analysis should consider commercial activities associated with full build-out of the 

development or community.  Base MDD and PHD estimates for water systems serving 

general commercial and business needs on the appropriate application of analogous 

system data, Table 3-2, and the UPC fixture method (see Appendix D.2). 

 

Adjustments to any established design criteria should reflect actual or anticipated 

conditions. These adjustments should provide a realistic margin of safety for reasonably 

anticipated increases in demand. For some projects, future water system demand, or 

standby or fire suppression storage needs may exceed the engineerõs initial estimate. 

This could occur when a water system experiences higher-than-expected growth, 

changing uses among existing customers, has historical supply reliability problems, or 

experiences higher or lower service demand due to changing economic and 

demographic influences. 

 

3.5.1  Referencing Data  from Prior Years   

Using meter data from several prior years will result in calculating different ERUADD and 

ERUMDD from one year to the next. If the data is scattered, without any clear trend, then 

apply the highest ERUADD and ERUMDD value within the study period to the design unless  

one of the following : 

¶ The design engineer can show that the data is unreliable or incomplete . 

¶ The highest ERUADD and ERUMDD value is based on an unrepeatable event, such 

as a chronic failure of the reservoir level control, widespread installation of new 

landscaping requiring especially heavy irrigation, or use of the water supply to 

assist with dust control during an unusually active construction season. 

 

Good water system design provides water systems with the capacity to supply the 

volume of safe drinking water their customers demand during all normal operatin g 

conditions. Applying an average of past normal operating conditions to future 



 

Water System Design Manual     

DOH 331-123, June 2020      39 

 

customers by definition excludes some normal operating conditions. Generally, 

engineers should not average water demand data spanning a period of several years to 

determine ERUADD and ERUMDD for the built -out or planning year condition.  

 

If production or consumption data reflect a clear trend toward higher or lower ERUADD 

and ERUMDD with time, factor such trends into determining the selected design ERUADD 

and ERUMDD value while not extrapolating below the lower limit of the data set.  

 

In evaluating data, design engineers should exercise caution when water production 

data spans a period of imposed water use restrictions. A water systemõs decision to 

impose water use restrictions in response to drought conditions can artificially skew 

demand data lower. The National Drought Mitigation Center has historical drought 

information. Contact information is in Appendix C.  

  

3.5.2  Commercial, Industrial, and Public Facilities  

Engineers can base MDD and PHD estimates for industrial water systems on customer 

contracted volumes (gpd or gpm), defined process needs, and/or analogous system 

data. Existing industrial and commercial users may have data logging capacity on their 

service meters, providing the design engineer with pr imary data on MDD and PHD that 

would be useful in designing for expansion of the system. 

 

The analysis should address how future water-use may evolve without any change in the 

number of structures or spaces. For example, a concert venue may become more 

popular than anticipated, a second shift may be added to a place of work, the irrigation 

or recreational water demands on the system may increase as the clientele of a facility 

change, or a change in facility use may change water demand (e.g., a warehouse 

becomes a brewery and restaurant). 
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Part 2 : Nonresidential Demand Estimates  

 

3.6 Estimating Nonresidential Water System Demand  

Nonresidential water demand is the water users other than single or multifamily 

residential units consume. These users include: 

¶ Commercial facilities like retail or wholesale businesses, restaurants, hotels, office 

buildings, and car washes. 

¶ Industrial customers that require process water. 

¶ Public facilities like schools, public hospitals, governmental offices, parks, 

landscaped roads, and cemeteries. 

¶ Other large users, like farms with irrigated crops. 

¶ Recreational users like campgrounds, RV parks, ski resorts, and seasonal rental 

units. 

 

We classify water systems that consist solely of these types of users as òtransient 

noncommunityó or ònontransient noncommunityó water systems (see WAC 246-290-

020). The ERU model does not apply to these types of water systems. 

 

Design engineers should use different approaches to determine water demands for 

nonresidential customers because these types of customers do not follow residential 

water use patterns. Applying the principles of Section 3.2, use the following sources of 

information to estimate ADD, MDD, and PHD for nonresidential uses: 

¶ Actual water use information correlated to the expected future uses (for an 

expanding nonresidential system) 

¶ Values from an analogous nonresidential water system 

¶ Values from Table 3-2  

¶ Fixture unit analysis based on Uniform Plumbing Code guidelines (see Appendix 

D.2 for guidance) 

 

In evaluating data, design engineers should exercise caution when water production 

data spans a period of imposed water use restrictions. A water system ownerõs decision 

to impose water use restrictions in response to drought conditions can artificially skew 

demand data lower. Using artificially low production and demand data to design an 

expansion to the system would permanently lock in constrained water use conditions. 
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3.6.1  Procedures for Estimating Nonresidential Demands  

Design engineers can base ADD and MDD estimates for new  nonresidential water 

systems on similarly sized analogous facilities or water systems. Table 3-2 offers 

reasonable estimates of daily water demands for a variety of uses. Design engineers can 

create a reasonable estimate for MDD by multiplying the number of òunitsó (e.g., 

resident, RV, bed, patron, etc.) or maximum anticipated use (e.g., airport passengers, 

vehicle visits) the water system serves times the unit water demand value in Table 3-2. 

Table 3-2 does not account for outdoor wate ring needs and fire protection 

requirements associated with uses listed. 

 

Design engineers may find other information sources more valuable than Table 3-2. The 

designer should review several information sources to ensure compliance with local 

codes and to provide for an adequate factor of safety in the design. Recommended 

resources include the: 

¶ Uniform Plumbing Code  (UPC). Under Appendix A of the UPC, engineers can 

total the number of water supply fixtures in a building and convert it to an 

estimated peak water system demand. Local jurisdictions may require a water 

system to use the UPC to estimate demand. 

¶ Department of Ecology . Engineers should consult any specific water-demand 

estimates Ecology prepared to see if they reflect adjustments for the proposed 

water-use efficiency practices. 

¶ American Water Works Association (AWWA) . Design engineers should consult 

AWWA for information on recently developed or updated demand estimates. If 

the design engineer cannot find pertinent information through other sources, 

refer to AWWA guidelines in Table 3-2 and the UPC. 

¶ National Forest Service.  FSH 7409.11 - Sanitary Engineering and Public Health 

Handbook, Chapter 40 ð Drinking Water System Design and Construction, last 

revised October 1, 2004. 

¶ DOH Regional Office . If information in Table 3-2 does not appear to apply to 

the project, design engineers can contact us to determine appropriate criteria 

that may apply on a case-by-case basis. 
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Table 3-2: Guide for Maximum Daily Nonresidential Water Demand 1 

Type of Establishment  Water Used ( gpd)  

Airport  (per passenger) 3 - 5 

Bathhouse  (per bather) 10 

Boardinghouse  (per boarder) 50 

 Additional kitchen requirements for nonresident boarders  10 

Camp  

 Construction, semi-permanent (per worker) 50 

 Day, no meals served (per camper) 15 

 Luxury (per camper) 100 - 150 

 Resort, day and night, limited plumbing (per camper)  50 

 Tourist, central bath and toilet facilities (per person) 352 

Cottage, seasonal occupancy (per resident) 50 

Club  

 Country (per resident member) 100 

 Country (per nonresident member present) 25 

Factory  (gallons per person per shift) 15 - 35 

Highway rest area  (per person) 5 

Hotel  (per person) 50 

Institution other than hospital  (per person) 75 - 125 

 Hospital (per bed) 250 - 400 

Lawn and Garden  (per 1,000 sq. ft., applied at 2-inches per week) 180 gpd per 1000 sf3 

Laundry , self-serviced (gallons per washing per customer) 50 

Livestock  Drinking  (per animal)  

 Beef, yearlings  20 

 Brood Sows, nursing 6 

 Cattle or Steers 12 

 Dairy 20 

 Dry Cows or Heifers 15 

 Goat or Sheep 2 

 Hogs/Swine 4 

 Horse or Mules 12 

Livestock Facilities   

 Dairy Sanitation (milk room) 500 

 Floor Flushing (per 100 sq. ft.) 10 

 Sanitary Hog Wallow 100 

Motel   

 Bath, toilet, and kitchen facilities (per bed space) 50 

 Bed and toilet (per bed space) 40 

Park  

 Overnight, flush toilets (per camper) 252 

 Trailer/RV no sewer connection (per trailer) 252 

 Trailer/RV connected to sewer (per trailer) 1404 

Picnic  

 Bathhouses, showers, and flush toilets (per picnicker) 20 
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Type of Establishment  Water Used ( gpd)  

 Toilet facilities only (gallons per picnicker) 10 

Poultry  (per 100 birds)  

 Chicken 5 - 10 

 Ducks 22 

 Turkeys 10 - 25 

Restaurant   

 Toilet facilities (per patron) 7 - 10 

 No toilet facilities (per patron)  2 ½ - 3 

 Bar and cocktail lounge (additional quantity per patron)  2 

School   

 Boarding (per pupil)  75 - 100 

 Day, cafeteria, gymnasiums, and showers (per pupil) 25 

 Day, cafeteria, no gymnasiums or showers (per pupil) 20 

 Day, no cafeteria, gymnasiums or showers (per pupil) 15 

Service station  (per vehicle) 10 

Store  (per toilet room)  400 

Swimming pool  (per swimmer)  

 Maintenance (per 100 sq. ft.) 10 

Theater   

 Drive-in (per car space) 5 

 Movie (per auditorium seat)  5 

Worker   

 Construction (per person per shift) 50 

 Day (school or offices per person per shift) 15 

Footnotes  
1 Table adapted from  Design and Construction of Small Water Systems (AWWA, 1984) and Planning for an Individual 

Water System (Assn for Vocational Instructional Materials, 1982), unless otherwise noted. 
2 Add the 25-35 gpd per camper value to the 25 gpd where trailer/RV is without a sewer connection. 
3 U.S. Bureau of Reclamation, Argimet, 2015, for Eastern Washington locations. 
4 WSDSHS. 1983. Sizing Guidelines for Public Water Supplies, Washington State Department of Social and Health 

Services, Olympia, WA. 

  

3.6.2  Commercial, Industrial and Public Facility Demand  

Water demands for commercial, industrial, and public facility categories range widely 

from less than, to significantly more than, a single-family residence. This is especially 

true for large farm irrigation needs or commercial and industrial processes. 

 

Engineers can base MDD and PHD estimates for industrial water systems on customer 

contracted volumes (gpd or gpm), defined process needs, and/or analogous system 

data. Existing industrial and commercial users may have data logging capacity on their 

service meters, providing the design engineer with primary data on MDD and PHD that 

would be useful in designing for expansion of the system. If data is available and verified 

as accurate, it may be possible to develop a diurnal curve for each existing large 

nonresidential customer. This curve could help quantify PHD and identify when PHD 
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occurs in relation to other large and small users. Using this approach, design engineers 

could estimate a system-wide PHD based on a summation of individual large user PHD 

plus various other class-wide PHD, taking into account the time of day when each peak 

demand occurs. 

 

Design engineers can estimate MDD and PHD for water systems serving general 

commercial and business needs by appropriately applying analogous system data, Table 

3-2, the UPC fixture method (see Appendix D.2), and/or other reference documents on 

nonresidential water use. To estimate water demands, designers should use these 

planning guides together with documented water -use records for existing facilities 

within the water system, or comparable uses at other water systems. 

 

The design engineer should identify the specific existing, known, and planned buildings 

and building sites that comprise the current and future customers of a commercial, 

industrial, or public facility water system. A table summarizing the MDD and PHD of 

each building will assist us in summarizing the scope of our design approval. The design 

engineer should also provide an estimate of the total maximum daily population served.  

 

Chapter 4 discusses documenting physical capacity for water systems serving primarily 

commercial, industrial, and/or public facilities. 

 

3.6.3  Farming and Crop Irrigation Demand  

Engineers should consult with the local Cooperative Extension office when determining 

water-use estimates for farms. It may be possible to find water -use records for various 

farm practices in the area. Table 3-2 provides some water-use references by type and 

number of livestock. Irrigation needs can be extremely variable and may require 

additional investigation.  View an index of local extension offices at 

http://extension.wsu.edu/locations . 

 

Some variables that influence water demands for farming and crop irrigation are:  

¶ Type of farm. 

¶ Number and type of animals it produces. 

¶ Type of crops it grows. 

¶ Weather conditions. 

¶ Geographic location. 

 

http://extension.wsu.edu/locations
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3.6.4  Recreational Development Demand  

òRecreational developmentó applies to facilities that individuals and families intend to use 

for vacations or holidays away from their normal place of residence. There is a full spectrum 

of recreational development types . Some are simple campsites suitable for tents or trailers 

in a manner similar to a state campground, while others may be an elaborate community of 

rustic housing equipped with most, if not all, the amenities of urban living.  The design 

engineer should identify in the design submittal the specific buildings (e.g., camp lodge, 

bath/shower, and dining hall) , designated locations (e.g., camp sites, RV sites), and the total 

maximum daily population the system expects to serve. 

 

Recreational developments may be eligible for reduced water system design criteria if they 

meet certain conditions. Reduced design criteria will apply only to sites intended solely for 

recreational occupancy. No permanent residential dwelling or structure, no matter how 

small, how simple, or how rustic, is permitted on a site designated for recreational uses. 

Engineers must  design recreational development water systems that will serve residential 

dwellings not otherwise restricted from full -time occupancy consistent with demand values 

associated with permanent residences (WAC 246-290-221(2)). 

 

We will consider reduced-design criteria if the project report and construction 

documents for a recreational development can demonstrate all of the following:  

1. There are clearly defined sites for each occupant. Recreational developments can 

define sites by surveyed lot lines, permanent site markers, or surveyed-site 

centerlines drawn on a map that identifies the location of each site. 

2. The acknowledged purpose of the recreational development is to provide space 

for short-term, transient, or seasonal use only. 

3. Residential dwellings are restricted from full -time occupancy. 

4. We received satisfactory documentation of claims made with respect to items 1ð3 

above. This may include a notation of the restrictions on the face of the plat, in 

covenants filed with the plat, or in individual deeds. 

 

Ownership and operation of recreational developments vary along a wide spectrum. 

Some recreational developments operate on a membership basis while others sell 

facilities lot-by-lot, as in an ordinary residential plat. Recreational development water 

system owners that receive approval for reduced design criteria must operate their 

system within the approved design parameters. Ownership concentrated in a single 

decision-maker will have greater flexibility and capacity to ensure consumer demands 

do not exceed the design assumptions. Diffuse ownership (such as each lot owner in an 

association) may limit the ability to restrict customer demands during operation.  In 

responding to designs submitted for a recreational development water system under 
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diffused ownership, we may request additional documentation on the ownerõs authority 

to enforce water use consistent with design assumptions and on the ownerõs plans to 

respond to water shortages. 

 

Design engineers can use Table 3-2 and other design references such as the UPC fixture 

method and Ecologyõs wastewater flow tables (WSDOE 2008) to provide daily water use 

estimates for typical recreational and other nonresidential facilities.  

 

No matter  the source of information, the design engineer should base the MDD for 

recreational development water systems serving structures with internal plumbing 

suitable for short-term occupancy (such as overnight transient accommodation RVs and 

cabins) on all  of the following : 

¶ No less than 140 gpd per site or lot. 

¶ Full (site) occupancy. 

¶ All other water uses including swimming pools, irrigation, water features, and 

commercial buildings. 

 

The maximum daily demand to peak hourly demand peaking factor values in Figure 3.1 

apply to water systems serving recreational demands. We derived the two curves in 

Figure 3.1 from Equation 3-1, applying 140 gpd and 300 gpd estimated maximum daily 

demand per recreational unit. The graph reveals that differences in recreational unit 

MDD have little bearing on the peaking factor.   

 

After identifying the unit MDD and the number of units , the designer can estimate the 

total estimated MDD. Using the graph and Eq. 3-2 below, designers can then estimate 

the system-wide PHD.  

 

Equation 3 -2: 

 

 PHD recreational  = (MDD ·1440) x PF 

 

Where  PHD = Peak hourly demand, total system (gallons per minute) 

MDD  = Maximum daily demand, including DSL, total system 

(gallons per day) 

PF = MDD to PHD peaking factor, from Figure 3.1 
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Figure 3.1  

Recreational Water System  

Maximum Daily Demand to Peak Hourly Demand Peaking Factor  

 
 

3.6.5  Anticipating Changes in Demand : Systems with Mostly  Non residential 

Demand  

Water demand estimates for noncommunity systems should address anticipated 

changes as a water system matures and business needs change. Changes in future water 

demands likely will reflect changes nonresidential facilities make in the type and level of 

business they do. 

 

The analysis should address how future water-use may evolve without any change in the 

number of structures or spaces. For example, a concert venue may become more 

popular than anticipated, a place of work may add a second shift, the irrigation or 

recreational water demands on the system may increase as the clientele of a facility 

change, or a change in facility use may change water demand (e.g., a warehouse may 

become a brewery and restaurant). 

 

Adjustments to any established design criteria should reflect actual or anticipated 

design conditions. These adjustments should provide a realistic margin of safety for 

reasonably anticipated demand increases. For some projects, water system demand, 

standby storage and/or fire suppression storage needs may exceed the engineerõs initial 
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estimate. This could occur when a water system experiences higher-than-expected 

growth  or higher or lower service demand due to changing economic and demographic 

influence. It also could occur when uses change among existing customers. 
 
 

Part 3: General Considerations 
 

3.7 Establishing Needed Fire Flow  

The local fire protection authority or county fire marshal usually determines minim um 

fire flow requirements (WAC 246-290-221(5)). Design engineers should always confirm 

the fire suppression requirements associated with a given water system design with the 

local fire protection authority or county fire marshal.  

 

 

3.8 Factoring Distribut ion System Leakage (DSL) in Design  

Water use efficiency (WUE) requirements apply to municipal water suppliers. In general, 

municipal water suppliers are community water systems with 15 or more residential 

service connections. Some noncommunity water systems that serve water in a 

residential manner to 25 or more people at least 60 days per year (such as a second 

home community) are municipal water suppliers. We make this determination on a case-

by-case basis. For more information on WUE requirements, see the Water Use Efficiency 

Guidebook (DOH 331-375) or contact the appropriate regional planner. 

 

Municipal water suppliers must  meet certain leakage standards to minimize water lost 

through distribution system leaks. Most municipal water suppliers that lose more than 

10 percent of the water they produce through DSL must  take action to reduce their 

leakage (WAC 246-290-820). 

 

Design engineers cannot use projections of water savings resulting from future leak 

detection and repair, or from future implementation of planned WUE measures, when 

establishing the design criteria for an expanding water system (WAC 246-290-221). 

 

Design engineers must  establish sizing criteria that account for water system demands 

during the highest demand periods, including DSL (WAC 246-290-222). The design 

information should be sufficient to es timate peak hourly demand (PHD) and MDD for 

the built -out condition.  Equation 3-3 is from WAC 246-290-820:  

 
  

https://fortress.wa.gov/doh/eh/dw/publications/publications.cfm?action=pubdetail&PubId=381
https://fortress.wa.gov/doh/eh/dw/publications/publications.cfm?action=pubdetail&PubId=381
http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/OfficesandStaff
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Equation 3 -3: 

 

DSL = TP ð AC 

 

Where:  

DSL = Distribution system leakage (gallons per day) 

TP = Total water produced and purchased over a full year, divided by 365 

(gallons per day) 

AC = Authorized consumption over a full year, divided by 365 (gallons per day).  

 

Authorized consumption  is the volume of metered and unmetered water that 

consumers and other authorized users use. Authorized uses include, but arenõt limited 

to, firefighting  and training, flushing water mains and sewers, street cleaning, and 

watering of parks and landscapes. These volumes may be billed or unbilled. 

 

Water system production òlostó through DSL is no longer available for customer service. 

As such, DSL reduces a water systemõs ability to serve customers. A water system can 

increase its ability to serve more customers by reducing DSL. Some DSL will occur, even 

in very well maintained and managed water systems. For most water systems, it is 

impractical to eliminate all DSL (AWWA 2006). DSL is a demand component of every 

water system, and designers should include it with the water system capacity 

assessment. See Chapter 4. 

 

For water systems, several factors influence the real water losses that are part of DSL, 

including: 

¶ Number of service connections. 

¶ Length of water mains. 

¶ Average operating pressure. 

¶ Infrastructure condition (Thornton 2002; AWWA 2006). 

 

Because these factors are independent of demand, DSL is more likely to be consistent 

on a volume basis than on a percentage basis throughout a given year. Engineers can 

use the most recent three-year average annual volume of DSL and divide by 365 to 

identify a daily DSL volume. 
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3.9 Water Resource Issues  

Competition over the stateõs water resources by a growing population, natural resource 

interests, and a vibrant economy is steadily increasing. The Department of Ecology 

manages the stateõs water resources, implementing a regulatory program for allocation 

of those resources, and enforcing its provisions. 

 

For designs involving new or expanding sources, or increases in water system capacity, 

engineers must  address water rights as a part of a submittal to us (WAC 246-290-

100(4)(f), 105(4)(e), 110(4)(e), 120(7), 130(3), and 132(3)(b)). In these submittals, the 

engineer must complete a Water Rights Self-Assessment Form as part of the water rights 

analysis unless noted otherwise. Ecology uses the project information on this form to 

assess whether the project and its associated water system demands match certain 

limits specified on a water systemõs water right permit, certificate, or claim.  

 

 

3.10 Source Adequacy and R eliability  

The water system design frames the operational expectations and establishes the 

systemõs adequacy and reliability to meet consumer demands. State rules require water 

systems to maintain a minimum level of service during normal (nonemergency) 

operating conditions (WAC 246-290-420). Consumers have a reasonable expectation to 

an adequate supply of water not just during average conditions but also during high 

demand periods. Design assumptions about source adequacy and reliability have a 

significant effect on the ability of the water system to meet future regulatory obligations 

and consumer expectations. 

 

3.10.1 Design and Operating Requirements  

Design engineers must  design water systems to provide at least 30 psi throughout the 

distribution system du ring peak hourly demand conditions  (WAC 246-290-230). Water 

systems must  operate with pressure throughout the distribution system maintained at 

or above the approved design pressure (WAC 246-290-420). A system affected by 

periodic drought or administrative  restriction on withdrawal may have to impose 

restrictions on demand to maintain pressure. 

 

3.10.2  Surface Water Source Reliability  

The reliability of a surface water source depends on environmental factors such as 

rainfall, snowpack, and runoff rates during drought conditions.  Climate change may 

amplify these factors, making it even more important for design engineers to consider 

the need for resiliency in the face of changing conditions over the life of the water 

http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/PublicationsandForms/Forms#waterrights
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system. Source reliability also may depend on legal restrictions to withdraw water, or on 

the design and maintenance of the source infrastructure, such as a raw water 

impoundment.  We can express source reliability by how frequently a water system 

expects normal demand to go unmet, such as a one-in-50 year or even a one-in-100 

year drought.  

 

We consider 98 percent source reliability an appropriate design standard for evaluating 

a watershedõs capacity. This implies that consumers should expect water system-

imposed restrictions on water use to occur on average once every 50 years. The design 

engineer should assess the duration of the once in 50 -year water supply restriction 

during the design and the water systemõs water shortage response plan should address 

it. Additional information on assessing the reliability of surface water supplies is in 

Chapter 5. 

 

If the design engineer adopts a lesser reliability standard, the system expects its 

consumers to accept a greater frequency of insufficient supply and more frequent 

mandatory demand curtailment. In th is context, reliability becomes a balance between 

consumer expectations and the cost of meeting such expectations. The design engineer 

should document and provide engineering justification for the source reliability factor 

selected. See Section 4.4.2.3. 

  

3.10.3  Ground w ater Source Reliability  

Groundwater source reliability depends on environmental factors , such as rainfall and 

hydrogeologic characteristics of the aquifer. Groundwater source reliability also may 

depend on legal restrictions to withdraw water , such as a Department of Ecology 

requirement to interrupt well withdrawal during low -flow periods in a nearby stream. As 

with surface water, we can express groundwater source reliability by how frequently a 

water system expects normal demand to go unmet, such as once-in-a-50 year, or even 

once-in-a-100 year interval interruption .   

 

For wells subject to interruption due to low stream flow, we recommend that designers 

use a once-in-50-year interval as the basis for establishing reliance on the source to 

meet normal water system demand. This implies that consumers should expect water 

system-imposed restrictions on water use to occur on average once every 50 years. 

 

The selected pump-test protocol (see Appendix E) should identify the aquifer safe yield. 

Based on the pump test protocol and quality of data, the design engineer should apply 

an appropriate factor of safety (e.g., multiply pump test results by 0.85) when calculating 
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safe yield to account for unknown hydrogeologic conditions and future climatic 

conditions. 

 

3.10.4  General Safety Factor and Contingency Planning  

We recommend against designs based on pumping 24-hours per day to meet future 

MDD. Designing or evaluating a system with some period of no pumping to satisfy 

projected MDD, provides a factor of safety and an increased ability to meet unexpected 

demands. We recommend assessing source capacity based on an assumption of 

pumping a source no more than 20 hours per day.  

Source adequacy and reliability are important long-range planning elements and water 

systems must  address them in water shortage response plans (WAC 246-290-100(4)(f) 

and -415(2)(d)). Plans to ensure long-range water system adequacy and reliability 

should address: 

¶ Water-shortage response activities, such as accessing alternative water supplies 

and notifying us. 

¶ Long-term adequacy of water rights for meeting the water systemõs growth 

expectations. 

¶ Conservation as a mitigating practice to reduce the frequency or degree of 

curtailment. 

¶ Water resource trends (such as declining aquifer levels, declining dry period 

stream flows, establishing in-stream flow requirements, and increasing salt water 

intrusion). 

 

3.10.5  Summary of Water Supply Reliability Recommendations  

Recommendations for source and water system reliability appear in various chapters of 

this manual. The following is a brief summary of our recommendations for water supply 

reliability. 

1. Two or more supply sources are available. 

2. Permanent and seasonal sources are capable of replenishing depleted fire 

suppression storage within 72-hours (continuous, 24-hour source pumping may 

be assumed for replenishment), or sooner if the local fire authority requires it, 

while concurrently supplying the MDD for the water system.  

3. Permanent and seasonal source capacity is enough to supply MDD in a pumping 

period of 20 hours or less. 

4. With the largest source out of service, the remaining permanent and seasonal 

sources can provide a minimum of ADD for the water system. 
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5. Source of supply pump stations have power connections to two independent 

primary public po wer sources, have in-place auxiliary power available (auto 

transfer capable), and/or maintain adequate gravity standby storage (see Chapter 

7). 

6. The firm watershed yield for surface water sources provides 98 percent reliability 

to meet nor mal, anticipated system demands. 

7. A factor of safety is applied to a well pumping test safe yield determination.  

 

3.11 Factor of Safety  

We support the design of robust and resilient water systems based on the best available 

demand data. Without  reliable and applicable demand information, we expect design 

engineers to apply their professional judgment and to document their assumptions.  

Despite using even the best available information, uncertainty about future conditions 

and validity of assumptions will persist. That is why we recommend using a factor of 

safety (FS) when designing water systems. 

 

Using an appropriate FS is common in the engineering profession. Below we describe in 

general terms the range of FS given the degree of confidence the design engineer has in 

the data, and the scope of design assumptions. 

¶ Mostly or entirely confident:  FS = 1.10 to 1.15 

¶ Somewhat confident: FS = 1.15 to 1.25 

¶ Mostly uncertain: FS = 1.25 to 1.5 

 

 

3.12 Example Exercises for  Estimating Water System Demand  

To illustrate the standards and concepts we describe in this chapter, we offer the 

following examples. These examples are not a recipe for design engineers. All reference 

to water rights assumes prior verification from the Department of Ecology. 

 

3.12.1 New Community Water System  

Known:  Planned 100-lot subdivision with ½ to 1 acre lots.  All lots will have single-family 

residential homes expected to have at least 3,000 square feet of living space. The 

subdivision is located in Benton County. Average annual rainfall for the project location 

is 9 inches per year. The soil is sand. 

 

Find: ADD, MDD, PHD, ERUADD, and ERUMDD 
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Solution:  

1. Reference information in Appendix D. 

2. Mostly confident in Appendix D ADD information.  Apply FS to ERUADD of 1.10 

3. ERUADD = [8 ,000 ÷ 9] + 200 = 1 ,090 gpd x 1.1 = 1,200 gpd 

4. Assume future DSL to be 10 percent of annual consumption. DSL = 1,200 x 100 

connections x 0.10 = 12,000 gpd 

5. Total system-wide ADD = annual consumption plus DSL. [1,200 gpd x 100] + 

12,000 gpd = 132,000 gpd. Use 130,000 gpd. 

6. Qa on the water right needs to provide at least 130,000 gpd x 365 days per year 

= 47.5 MG per year. (1 acre-foot = about 326,000 gallons. Therefore, 47.5 MG = 146 ac-ft.) 

7. Determine ERUMDD. Select an ERUMDD to ERUADD peaking factor of 2.0 as 

recommended in Appendix D. 

8. Mostly uncertain in Appendix D MDD to ADD peaking factor for Eastern 

Washington. Apply FS to peaking factor of 1.3. 

9. ERUMDD = 1,200 x 2 x 1.3 = 3,120 gpd 

10. Translate DSL into ERUs. 12,000 gpd · 3,120 = 3.8 ERUs. Total number of ERUs, 

òN,ó supplied by sources equals 100 + 3.8 = 104 

11. Total system-wide MDD = [3,120 x 100 connections] + 12,000 = 324,000 gpd 

12. Design source pumping capacity to meet MDD in 20 hours (Section 3.10.4): 

324,000 gpd ·1,200 min per day = 270 gpm  

13. Qi on the water right needs to provide at least 325,000 gpd ·1,440 = 225 gpm. 

Ideally, Qi is at least 270 gpm. 

14. Use Equation 3-1 to determine PHD 

PHD = [(3,120 ·1,440) x (2.5 x 104 +25)] +18 = 630 gpm. 

 

3.12.2  Expanding (Existing) Community Water System  

Known:  An existing 100-lot subdivision has ¼-acre lots. All services are single-family 

residential dwellings. The existing subdivision was fully built-out by the mid-1990s. 

Proposal is to add 200 additional single-family residential ¼-acre lots. All homes are 

primary residences, and occupied on a full-time basis. The existing system is in Klickitat 

County. 

 

DSL is indeterminable due to incomplete service metering. 

 

Most water systems record monthly source production.  The maximum monthly 

production for the past 10 years is as follows (from oldest to most recent):  4.1 MG, 3.4 

MG, 3.2 MG, 3.0 MG, 2.5 MG, 2.2 MG, 2.3 MG, 2.2 MG, 2.0 MG, and 2.5 MG. Further 
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investigation into oldest maximum monthly production data (4.1 MG) reveals two 

anomalies: Undetected failure of the reservoir control system, resulting in significant 

waste of water through a prolonged reservoir overflow; and a nearby wildfire that  the 

local fire authority suppressed by using the community water supply. 

 

Annual production for the past 10 years is as follows (from oldest to most recent): 26 

MG, 22 MG, 20 MG, 20 MG, 19 MG, 19 MG, 18 MG, 18 MG, 16 MG, 17 MG and 17 MG. 

Average climatic conditions prevailed during this period, and there were no restrictions 

imposed on water use. 

 

Find: ADD, MDD, PHD, ERUADD, and ERUMDD for the proposed expanding water system 

Solution:  

1. Discard first year data for monthly and annual source production volume. 

2. Apply a factor of safety of 1.10 to the annual and maximum monthly production 

data, based on a high degree of confidence in the remaining data set. 

3. Annual production data reflects a trend toward lower production with time.  Use 

17 MG per year to determine future ERUADD. 17 MG x 1.10 = 18.7 MG. 

4. Assume DSL to be 10 percent of annual production. DSL = 1.9 MG/year 

5. Annual consumption = Production ð DSL = 18.7 MG/yr. ð 1.9 MG/yr. = 16.8 

MG/yr. 

6. ERUADD = [16.8 MG/yr.] · 100 · 365 = 460 gpd 

7. Maximum monthly production for the past three years does not indicate any 

trend. Use high value = 2.5 MG/month to determine ERUMDD. 2.5 MG x 1.10 = 

2.75 MG 

8. Maximum monthly consumption = Max monthly production  ð DSL (monthly 

volume) 

2.75 MG ð [1.9MG ·12] = 2.6 MG 

9. ERUMDD = [2.6 MG x 1.65 peaking factor (see Section 3.4.1)] · 100 · 32 days 

between measurements = 1,340 gpd 

10. Translate existing DSL into ERUs. [1.9 MG/yr. · 365] · 1340 = 3.9 ERUs. Use 4 

11. Future DSL will be proportional to the number of lots served because the 

distribution system is expanding proportionately.   

12. Future number of ERUs = 300 + 12 = 312 

13. Total future system-wide ADD = [300 x 460 gpd] + [(1.9 MG x 3) · 365] = 

154,000 gpd. Use 155,000 gpd 
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14. Qa on the water right needs to provide at least 155,000 gpd x 365 days per year 

= 56.5 MG per year (173 ac-ft./yr.). 

15. Total future system-wide MDD = [300 x 1,340 gpd] + [(1.9 MG x 3) · 365] = 

418,000 gpd. 

16. Design source pumping capacity to meet MDD in 20 hours (Section 3.10.4): 

418,000 gpd ÷1200 min per day = 350 gpm 

17. Qi on the water right needs to provide at least 418,000 gpd ÷1440 = 290 gpm. 

Ideally, Qi is at least 350 gpm. 

18. Use Equation 3-1 to determine PHD 

PHD = [(1,340 ÷1 ,440) x (1.8 x 312 +125)] +18 = 660 gpm 

 

3.12.3  New Mixed -Use Community Water System  

Known:  Proposed new planned unit development with 100 1-acre single-family home 

lots, 2-acre community park, and a 100-unit RV park. The subdivision is in Benton 

County. Average annual rainfall for the project location is 9 inches per year. 

 

Find: ADD, MDD, PHD, ERUADD, and ERUMDD 

 

Solution:  

1. Reference information in Appendix D. 

2. Mostly confident in Appendix D ADD information.  Apply FS to ERUADD of 1.10 

3. ERUADD = [8 ,000 ÷ 9] + 200 = 1,090 gpd x 1.1 = 1,200 gpd 

4. Determine ERUMDD. Select an ERUMDD to ERUADD peaking factor of 2.0 as 

recommended in Appendix D. 

5. Mostly uncertain in Appendix D MDD to ADD peaking factor for Eastern 

Washington. Apply FS to peaking factor of 1.3. 

6. ERUMDD = 1,200 x 2 x 1.3 = 3,120 gpd 

7. Irrigation o f the 2-acre community park: Use 180 gpd per 1,000 sf (Table 3-2) 

and assume 182 days of irrigation per year. 

a. 180 x (2 x 43,560) ÷ 1,000 = 15,681 gpd x 182 days = 2.85 MG (annual) 

b. MDD for park irrigation is 15,681. Use 16,000 gpd. 

8. 100-unit RV park consumptive demand estimated at 140 gpd/unit (see Table 3-

2). Assume the RV park is 100% occupied during the spring, summer, and fall; 

closed during the winter months.  

9. Annual consumption. 

a. Single-family homes = 1,200 x 100 connections x 365 = 44 MG 
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b. Community park i rrigation = 2.85 MG 

c. RV park = 100 units x 140 gpd/unit x 100% occupancy x (365 x 0.75) = 3.8 

MG 

d. Total annual consumption = 50.6. Use 51 MG 

10. Average daily consumption = 51 MG ÷ 365 = 140,000 gpd  

11. Assume DSL to be 10 percent of annual consumption. DSL = 140,000 x 0.10 = 

14,000 gpd 

12. Total system-wide ADD = 140,000 + 14,000 = 154,000 gpd 

13. Qa on the water right needs to provide at least 154,000 gpd x 365 days per year 

= 56 MG per year (171 ac-ft./yr.) 

14. Translate DSL into ERUs. 14,000 gpd/3,120 = 4.4 ERUs 

15. Determine total number of ERUs, òN,ó supplied by sources 

a. 100 SFHs = 100 

b. DSL = 4.4 

c. Community park = 16,000 ÷ 3,120 = 6.4 

d. RV park = 100 units x 140 gpd/unit = 14,000 ÷ 3,120 = 4.4 

e. Total number of ERUs, òNó = 115. System is predominantly residential. 

16. Total system-wide MDD = (100 x 3,120) + 16,000 + 14,000 + 14,000 (DSL) = 

356,000 gpd  

17. Design source pumping capacity to meet MDD in 20 hours (Section 3.10.4): 

356,000 gpd ·1,200 min per day = 297 gpm. Use 300 gpm 

18. Qi on the water right needs to provide at least 356,000 gpd ÷ 1,440 = 247 gpm. 

Ideally, Qi is at least 300 gpm. 

19. Use Equation 3-1 to determine PHD 

a. PHD = [(3,120 ÷ 1,440) x (2.0 x 115 +75)] +18 = 680 gpm. 

 

3.12.4  Expanding Mixed -Use Community Water System  

Known:  Existing 100-lot subdivision built -out in the 1980s with 1-acre lots. The existing 

system is on Bainbridge Island. All services are single-family residential. 

 

The proposal is to add 200 additional single-family residential lots on ¼-acre lots, a 2-

acre community park, and a 100-unit RV park. 

 

The three-year average DSL was calculated at 15 percent. Monthly source production is 

recorded. Service meters are read every two months. Through a survey the water system 
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determined that 40 homes are currently used as seasonal residences (summer only), and 

60 homes are occupied on a full -time basis. 

 

Annual production for the past 5 years is as follows (from oldest to most recent): 16 MG, 

13 MG, 17 MG, 18 MG, and 16 MG. Annual consumption of the 60 permanent homes 

has been 7 MG, 7 MG, 8 MG, 9 MG, and 7 MG. 

 

Peak bimonthly consumption data for the past 5 years (from oldest to most recent):  4.3 

MG, 4.5 MG, 4.4 MG, 4.2 MG, 4.1 MG. The peak bimonthly consumption data of the 60 

permanent homes has been 2.7 MG, 2.8 MG, 2.6 MG, 2.5 MG, and 2.5 MG. 

 

Find: ADD, MDD, PHD, ERUADD, and ERUMDD for the proposed expanding water system. 

 

Solution:  

1. Mostly confident in the water systemõs annual production and bimonthly 

consumption data. Apply a FS = 1.10.  

2. Annual production and consumption data does not reflect a trend toward lower 

withdrawal over time. Use 18 MG. 18 x 1.10 = 19.8 MG. Use 20 MG 

3. DSL was calculated at 15 percent. 

a. DSL = 20 MG/yr x 0.15 = 3 MG/yr. 

4. Use annual consumption of 60 permanent homes to estimate ERUADD. Data 

does not reflect a trend toward lower peak bimonthly consumption ov er time. 

Use 9 MG x 1.10 = 10 MG 

a. ERUADD = 10 MG ÷ 60 homes ÷ 365 days = 457 gpd  

5. Use peak bimonthly consumption of 60 permanent homes to estimate ERUMDD. 

Data reflects a trend toward lower peak bimonthly consumption over time.  Use 

2.5 MG and peaking factor of 1.65 (see Section 3.4.1). 

a. ERUMDD = 2.5 MG x 1.10 ÷ 60 homes ÷ 60 days = 763 x 1.65 = 1,260 gpd.  

6. Translate existing DSL into ERUs. [3 MG/yr. ÷  365] ÷ 1,260 = 6.5 ERUs. 

7. Assume DSL is proportional to size of the distribution system. Future DSL will be 

1.6 times existing DSL because the distribution system is expanding by 60 

percent. Future DSL ERUs = 6.5 x 1.6 = 10 ERUs 

8. Future annual consumption: 

a. 100 existing single-family homes: 457 gpd/ERU x 100 x 365 = 16.7 MG 

b. 200 new homes: Use a 20% reduction in ERUADD because of smaller lot size 

supported by analogous system data (meeting the analogous system data 

standards in Section 3.2.3): 200 x 457 gpd/ERU x 0.8 x 365 = 26.7 MG 
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c. Community park irrigation:  Use 180 gpd per 1,000 sf (Table 3-2) and 

assume 100 days of irrigation. 

i. 180 x (2 x 43,560) ÷ 1,000 = 15,681 gpd x 100 days = 1.57 MG 

d. RV park: 140 gpd/unit (see Table 3-2). Assume the RV park is 80% 

occupied during the spring, summer, and fall; closed during the winter 

months. 

i. 100 units x 140 gpd/unit x 0.80 (occupancy) x 365 x 0.75 = 3 MG 

e. DSL = 3 MG x 1.6 = 4.8 MG 

f. Total future annual production requirement = 53 MG per year 

g. Future system-wide ADD = 53 MG · 365 = 145,000 gpd 

9. Qa on the water right needs to provide at least 53 MG per year. 

10. Future maximum daily consumptive demands: 

a. 100 existing single-family homes: 1,260 gpd/ERU x 100 = 126,000 gpd 

b. 200 new homes: Use a 30% reduction in ERUMDD because of smaller lot 

size supported by analogous system data (meeting the analogous system 

data standards in Section 3.2.3): 200 x 1,260 gpd/ERU x 0.7 = 176,000 gpd 

c. Park irrigation MDD is 15,681. Use 16,000 gpd 

d. RV park: 140 gpd/unit x 100 units = 14,000 gpd  

e. DSL = 4.8 MG ÷ 365 = 13,000 gpd 

f. Future system-wide MDD = 345,000 gpd. The system is predominantly 

residential. 

11. Future number of ERUs: 

a. Existing homes = 100 ERUs 

b. New homes = 176,000 ÷  1,260 = 140 ERUs 

c. Park = 16,000 ÷ 1,260 = 12.7 ERUs 

d. RV Park = 14,000 ÷ 1,260 = 11.1 ERUs 

e. DSL = [4.8 MG ÷ 365] ÷ 1,260 = 10.4 ERUs 

f. Total future ERUs = 274 ERUs 

12. Design source pumping capacity to meet MDD in 20 hours (Section 3.10.4): 

345,000 gpd/1 ,200 min per day = 288 gpm. Use 290 gpm 

13. Qi on the water right needs to provide at least 345,000 gpd ÷ 1 ,440 = 240 gpm. 

Ideally, Qi is at least 290 gpm. 

14. Use Equation 3-1 to determine PHD 

a. PHD = [(1,260 ÷ 1 ,440) x (1.8 x 274 +125)] +18 = 560 gpm 
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3.12.5  Expanding Non community Water System  

Known:  A single 120-gpm well (no storage) supplies an existing 200-unit RV park, 

convenience store, service station, a water park, and about  1 acre of irrigated lawn and 

garden. The existing facilities have been in service for the past two years. The park 

owner states the park is closed November 1 through April 1 each year. The park is in 

Spokane County. There are no residences. Average occupancy has been 80 percent 

during the 7 month s the park is open. 

 

Year 1 and year 2 annual water production was 3.0 MG and 3.5 MG, respectively. The 

well is metered and equipped with a variable speed drive submersible pump. The system 

has only pressurized storage. There are no service meters. 

 

Year 1 maximum monthly production was recorded as 0.6 MG, and year 2 was 0.7 MG. 

Anecdotally, the owner indicated that the system has always maintained at least 30 psi 

throughout the distribution system, even during extreme demand events.  

 

The owner wants to add 150 additional RV spaces, each with water and sewer 

connections, a laundromat, and another 1-acre of grassy area. 

 

Find: ADD, MDD, PHD  

 

Solution:  

1. Mostly uncertain about the water systemõs annual production and bimonthly 

consumption data. Apply a FS = 1.4 due to the limited amount of data, and 

certain variables still untested over an extended timeframe. 

2. The existing systemõs estimated ADD: [3.5 MG x 1.4] ÷ 213 days (7 months) = 

23,000 gpd. 

3. The existing systemõs MDD can be estimated as follows: 

a. [0.7 MG x 1.4] ÷ 31 = 31,600 gpd x 1.7 MMADD to MDD peaking factor for 

the RV park (see Section 3.4.1) = 54,000 gpd 

4. The existing systemõs PHD is estimated as (54,000 ö1440) x 2.8 peaking factor 

(see Figure 3-1 and Equation 3-2) = 105 gpm 

5. Maximum daily demand of propos ed new uses: 

a. MDD of each new RV space is estimated at 140 gpd (see Table 3-2) x 150 

= 21,000 gpd (full occupancy). 

b. MDD of laundromat based on an estimate that it will service 20% of RV 

occupants each day. MDD of the laundromat is 50 gals (See Table 3-2) x 

0.20 x 300 RV spaces = 3,000 gpd. 
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c. Irrigation to 1 -acre grassy park estimated at 180 gpd per 1,000 sf (See 

Table 3-2). 

i. [180 x 43,560] ÷ 1,000 = 7,840 gpd. Use 8,000 gpd 

 

6. Future Annual Consumption: 

a. 23,000 x 213 days/yr. = 5.5 MG 

b. 21,000 x 0.8 occupancy x 213 days/yr. = 3.6 MG 

c. 3,000 x 0.8 occupancy x 213 days/yr. = 0.5 MG 

d. 8,000 x 180 days irrigation/yr. = 1.4 MG 

e. Total = 11 MG 

7. Future MDD: 

a. 54,000 + 21,000 + 3,000 + 8,000 = 86,000 gpd 

8. Future PHD is estimated as (86,000 ÷ 1,440) x 2.5 peaking factor (see Figure 3-1 

and Equation 3-2) = 150 gpm  

9. Since there is no storage, source production must meet PHD. Design source 

pumping capacity must be at least 150 gpm 

10. Qi on the water right needs to provide at least 150 gpm 

11. Qa on the water right needs to provide at least 11 MG 

 

3.12.6  Assessing Full -  and Part -Time Residential Use  

Known:  The 200-home built -out community is a mixed primary and secondary home 

community. It is a summertime community, as indicated by comparing monthly source 

production data over the past 5 years. The peak month for production is July or August.  

 

Three wells supply the water system. The system has a single reservoir with an external 

gauge indicating reservoir level. All three sources are metered, and source meters are 

read every month. All homes have service meters, and service meters are read every two 

months. 

 

Fourth of July falls on a Saturday and Labor Day falls on September 7.  

 

Find:  (1) ERUMDD based on full-time occupancy. 

  (2) ERUADD based on full-time occupancy.  
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Approach  

Estimate ERUMDD  

1. Help the water system prepare a plan to read each source meter and the 

reservoir level on Friday, July 3 and on Friday, September 4 (preholiday 

condition) . 

2. Help the water system prepare a plan to read each source meter and the reservoir 

level on Monday, July 6 and on Tuesday, September 8 (postholiday condition). 

3. Help the water system identify a cohort of representative homes to do a drive -by 

survey during one of the afternoons and evenings of each study period. The 

number of homes surveyed should equal at least 25 percent of all homes. 

Determine the occupancy level of the entire community based on these 

observations. 

4. Calculate the 3-day system demand over Fourth of July weekend and 4-day 

system demand over Labor Day weekend. Select the highest average daily 

demand for these periods and apply a factor of safety to account for peaking 

during the days subject to data collection.  

5. Calculate ERUMDD based on the source production (plus or minus reservoir level) 

and occupancy. 

a. Multiply the number of homes (200) by the  percent occupancy determined 

from the survey. 

b. Divide the value determined in #4 above by the adjusted number of 

homes (reflecting occupancy). The calculated ERUMDD will reflect DSL since 

source production data was used. 

 

Estimate ERUADD: 

1. Review the bimonthly service meter records of each customer and select 

customers that have two or more two -month periods of consumption that is less 

than 100 gpd per residence. You can assume seasonal or intermittent occupancy 

for these homes. 

2. For all remaining homes, calculate the average daily consumption per residence. 

This is the ERUADD-FULLTIME value based on consumption of the homes considered 

likely to be occupied full time.  

3. Apply the ERUADD-FULLTIME to all homes to determine system ADD. 

 

From these ERUADD and ERUMDD the design engineer can assess the capacity of the 

system based on full-time occupancy. 
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Example Solution for MDD FULLTIME: 

1. The difference between source meter readings taken July 6 and July 3 was 

320,000 gallons. The difference in the reservoir level was 5,000 gallons less on 

July 6. Among the 200 homes, 70 were surveyed. Among the 70 surveyed, 63 

homes were observed to be occupied. 

2. The difference between September 8 and September 4 source meter readings 

was 460,000 gallons. The difference in the reservoir level was 10,000 gallons more 

on September 8. Among the 200 homes, 60 were surveyed. Among the 60 

surveyed, 48 homes were observed to be occupied. 

3. Julyõs 3-day period of use equates to: 

a. 325,000 gal (production  plus storage withdrawal) ÷ [(63·70 occupancy 

rate) x 200 homes x 3 days] = 600 gpd per occupied residence. 

4. Septemberõs 4-day period of use equates to: 

a. 450,000 gal (production  minus storage gain) ÷ [(48·60 occupancy rate) x 

200 homes x 4 days] = 700 gpd per occupied residence. 

5. Select the higher calculated daily production per residence: 700 gpd per home 

6. Mostly confident in the methodology and accuracy of the occupancy survey, 

reservoir level measurement, and source meter data. Apply a FS = 1.15.  

7. 700 x 1.15 = 800 gpd per residence. This value includes DSL, since the primary 

data was source production. 

8. MDD based on full-time occupancy is 800 gpd x 200 = 160,000 gpd. 

 

Example Solution for ADD FULLTIME: 

1. Total yearly production for 2011, 2012, and 2013 was 15 MG, 17 MG, and 20 

MG  

2. A review of 2011, 2012, and 2013 consumption data reveals the following: 

Year Homes < 100 gpd 

consumption  

4+ months  

Homes Ô 100 

gpd consumption 

for at least 8 

months  

Total consumption 

at homes Ô 100 gpd 

for at least 8 

months  

ERUADD for homes Ô 

consuming 100 gpd 

for at least 8 

mon ths  

2011 115 85 10.8 MG 349 

2012 105 95 10.6 MG 307 

2013 90 110 14.5 MG 362 

3. The results show no trend. Normal climatic conditions prevailed during this 

period. Select the higher calculated daily consumption per residence: 362 gpd 

per home 

4. Mostly confid ent in the assumptions on threshold for fulltime occupancy (100 

gpd per residence) and the accuracy of data collection. Apply a FS = 1.15.  
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5. ADD FULLTIME = 362 x 1.15 = 416 gpd per residence. This value excludes DSL, 

since the primary data was metered consumption. 

6. Assume DSL at 10 percent of existing production. Therefore, DSL = 20 MG x 

0.1 = 2 MG. 

7. Estimate of total annual production requirement under fulltime occupancy = 

(416 x 365 x 200) + 2 MG = 32 MG 

  




























































































































































































































































































































































































































































































































































































































































































































































































































































































