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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 WACQ).

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 apply 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 doesn’t simply restate a
regulatory requirement, it reflects our best thinking on what constitutes the basis for
designing a safe, reliable, and sustainable water system—one 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 Health's view of a
water supplier’s responsibility to provide reliable water service is in WAC 246-290-420.
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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 engineer’s 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 designer’s selected approach
differs from our 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 Applying 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 building’s water system meets all
the following criteria:

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

It obtains all its water from another regulated water system.
It is not an interstate passenger conveyance carrier.
4. 1t does not sell water directly to any person.
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EPA issued policies to clarify whether the Safe Drinking Water Act applies in certain
situations. Based on our review of these policies:

e Submetering individual dwelling units within 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.

e 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 “Must” versus “Should”

Throughout this manual we use “must,” “will,” “shall," or “required” when design
practice is sufficiently standardized to permit specific delineation of requirements, 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.

“Should” or “recommend” 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.
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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 engineer’s 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). "Emergency” 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 start 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 331-149 (PDF).

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.
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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 system'’s approved WSP, a separate project report is not
required.

2.2 Submiitting 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 considering 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
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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:

e Incomplete submittals, where basic requirements of the submittal are not met
e Errors and/or omissions

e Lack of clarity or consistency in the design

e 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 permit (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 system’s 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
system'’s compliance or approval status, and therefore maintain or change the water
system’s 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 preparing 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).
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If you wish to receive a stamped and signed "Department of Health Approved” 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 components.
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 project’s effect on neighboring water systems.
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
24.38.

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 applies 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 11 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
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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:

e Installing reverse osmosis or gaseous chlorination, or adjusting pH
unintentionally increasing corrosivity, leading to increased levels of lead and
copper.

e Installing a new source that has a higher pH, unintentionally precipitating 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

|dentifying the design criteria 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 distribution 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 11



an increase in the water system’s 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 Washington’'s water rights permitting program. Our role
is limited to ensuring design engineers include water rights information with their
submittals and sharing that information with Ecology. If a water system'’s 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 include a statement
such as:
DOH's 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 municipalities and special purpose districts.
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2.4.8 Operations and Maintenance Considerations

If the design engineer expects a project to add considerably to the water system’s
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) or—if creating a new water system—a
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:
e All surface water source development.
o All water system storage facilities greater than 0.5 million gallons.

e New transmission lines longer than 1,000 feet and more than 12 inches in
diameter located in a new right of way.

e 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 “"Department of Health Approved” set of
construction documents from us, you need to submit an additional complete set of
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construction documents and request that the additional set be stamped, 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:

e All the information and project specifications necessary to construct the project,
including all of its components in their proper location and orientation;
demonstrate compliance with applicable regulations; follow standard practices;
and satisfy the project’s objectives and the owner's needs.

e Alocation plan indicating the location of the water system.

e A service-area map showing the service-area boundary and the location of each
project element.

e Name of the project.

e Name of the legal water system owner.

e Scale.

e North arrow, where applicable.

e Date.

e Name, address, and phone number of the design engineer or consultant firm.
e Revision block with the initials of the design engineer and drafter.

e The stamp and signature of the design engineer. See Washington's engineering
registration requirements (WAC 246-290-040).

e Location of all applicable easements, right of ways, and property lines within the
project area.

e Location of all existing aboveground and underground utilities and structures
within the project impact area.

e 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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e Seismic design standards for the location where the facility will be built.

If the construction document submittal 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 “preliminary” but we will not approve them.

2.5.2 Project Specifications
Project specifications submitted for our review and approval should include:

e 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 project’s objectives and owner's needs.

e Name of the project.

e Name of the municipality, association, individual, or other entity that legally owns
the water system.

e Date.

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

e The stamp and signature of the design engineer. See Washington's engineering
registration requirements in WAC 246-290-040.

e A provision for the contractor to submit shop drawings for review by owners and
design engineers.

e 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.

e A summary of the means and methods for maintaining water service throughout
the construction period, if necessary.

e 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 “significant” and, therefore, subject to our approval:
e Change in treatment process.
e Change in type of chlorination or disinfection process used.
e Change in elevations of tank or booster stations.
e Change of materials that are in direct contact with finished water.
e Change in control systems or control strategies.
e Change in size for a storage tank.
e 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 “significant” on the record drawings (“as-built"). 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:

e Reservoirs
e Skid-mounted pump stations
e Packaged water treatment plants
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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 assembilies.

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 “valve” 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 Submiittal 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:

e Reservoirs

e Booster pump facilities
e Transmission mains

e Pipe linings

e 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 331-149 (PDF). 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 planner 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).
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Figure 2.1

New Source of Supply — Project Development Flowchart
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Figure 2.2
Distribution System — Project Development Flowchart
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Water Treatment — Project Development Flowchart
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2.91

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 distribution-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 construction
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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e 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.

e Geotechnical considerations, such as bearing strength and seismic
considerations.

e Water system-specific water quality concerns affecting treatment, such as
coliform testing, chlorine residuals, pH, disinfection byproducts, and contact
time requirements.

e Security elements.

2. Booster Pump Stations:

e Performance specifications for booster pumps, overload capacity, and
minimum shutoff heads.

e Electrical specifications, control strategies, and mechanisms.

e Pipe material, construction standards, and specifications for internal BPS
piping.

e Specifications or standards for meters, control valves, and other
appurtenances.

e General structural and construction specifications and standards for BPS
housing.

2.9.2 Rescinding Submittal Exception Authority

We will rescind a water system'’s 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 approval 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).
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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 system 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 following enclosures:
e Aninvoice for the review fee, if we did not already send it.
e A Water Facilities Inventory Form, if project completion will change any
information on the form. We will ask the water system to update and return the
inventory form after completing the project.

e 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 it's 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 certifies construction according to the DOH-approved
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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 project 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&l). 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).
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For detailed safety information, contact L&l or visit www.Ini.wa.gov/safety/default.asp.
The website has information on:

e Asbestos

e Confined spaces

e Excavation and trenching
e Fall protection

e Guardrails

e Ladders

e Lead

e Lockout/Tagout

Contact information for L&l 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 consumers’ 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 designer’s 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 design 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 determine 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.

e ERUwpp is the amount of water a typical full-time single-family residence consumes
during high demand. 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).

e ERUapp value approximates the average daily demand of a typical full-time single-
family residence. The ERUapp 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 system'’s supply must produce. In order of preference, the information
sources for estimating consumer’s 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 design’s 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 usage
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 nearest gauging station.

3.2.2

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 ERUapp and ERUwmpp values higher, to account
for the hotter, drier summers that will inevitably follow.

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

cases, it would be inappropriate to dismiss the data as "worst case” 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 isn't 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.

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

We prefer that design engineers estimate ERUmpp based on consumptive use. If
consumptive use data is unavailable or considered invalid, then design engineers can
use source meter data to estimate ERUwmpp if all customers are single-family residential,
all residences are occupied full time, and the design engineer acknowledges that the
ERUwmpp 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 part-time
equivalent residential units in service at any time (WAC 246-290-221(1)). “Full-time” is a
permanent place of residence. "Part-time” 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 “full-time” without sufficient water
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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 primary 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 times 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 records. 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 ERUmpp 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
ERUwmbp 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 nature of the development. Population densities differ 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 “inclining block
rates” versus “declining block rates.” Both require using individual meters. For “flat
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rates,” 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 system’s 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 system's
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.

3.24 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 ERUapp and ERUwmpp for residential connections
(WAC 246-290-221(3)). Limitations on using water demand estimating criteria in
Appendix D:

e ERUapp reflects consumptive use data (it does not include DSL), and therefore
ERUmbp generated under Appendix D excludes DSL.

e 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.

e 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 2 acre should undertake a
detailed estimate of ERUmpp. 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
“used.” 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 system. 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 "used.” We consider ADD to be
the system-wide average daily production requirement needed to meet the
consumptive demands of all types of connections; other intentional uses not associated
with a connection; and the water lost through leakage or illicit uses. When we use the
term “ADD" 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 system’s source and treatment capacity; to
assess the adequacy of the water system’s 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 ERUmpo and ERUapp.

Design engineers must assess the adequacy of the water system’s 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 month’s average day demand (MMADD).

Based on our analysis of 79 water systems in Washington, we recommend the following
MDD to MMADD ratio:

e 1.65 for systems serving fewer than 1,000 people

e 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 ERUmpp.

In general, the lower limit for ERUmpp 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 records, at least two years of data) to
support an ERUmpp 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 ERUmpp. Divide the total peak-day water
use for the multifamily connection(s) by the water system-specific ERUvpp to determine
the number of ERUs multifamily connections contribute.

In a few isolated cases in Western Washington, the ERUwmpp has been as high as 2,000
gpd per connection. In Eastern Washington, the ERUwmpp 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 ERUmpp = 2x ERUapp 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 state’s design
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guidance manuals (WSDSHS 1973; WSDSHS 1983) known as the “Red Book” and “Blue
Book,” 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:
e Applies to water systems with significant residential demand.

e 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. “N" is the number of connections only if there is no distribution system
leakage and all connections are single-family homes.

e Check to be sure that ERUmpp times “N” equals total maximum daily source
production.

e The ERU value is ERUwmpp. It is not appropriate to apply the ERUapp value to
Equation 3-1.

Equation 3-1: Determine PHD
PHD = (ERUwmpp /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
ERUvpp = 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
15-50 3.0 0
51-100 2.5 25
101 - 250 2.0 75
251 -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 Changes 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 engineer’s 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 ERUapp and
ERUwmpp from one year to the next. If the data is scattered, without any clear trend, then
apply the highest ERUapp and ERUmpp value within the study period to the design unless
one of the following:

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

e The highest ERUapp and ERUwmpp 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 operating
conditions. Applying an average of past normal operating conditions to future
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customers by definition excludes some normal operating conditions. Generally,
engineers should not average water demand data spanning a period of several years to
determine ERUapb and ERUwmpp for the built-out or planning year condition.

If production or consumption data reflect a clear trend toward higher or lower ERUapp
and ERUwmpp with time, factor such trends into determining the selected design ERUapp
and ERUwmpp 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 system'’s 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 primary 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:

e Commercial facilities like retail or wholesale businesses, restaurants, hotels, office
buildings, and car washes.

¢ Industrial customers that require process water.

e Public facilities like schools, public hospitals, governmental offices, parks,
landscaped roads, and cemeteries.

e Other large users, like farms with irrigated crops.

e 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 “transient
noncommunity” or “nontransient noncommunity” 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:

e Actual water use information correlated to the expected future uses (for an
expanding nonresidential system)

¢ Values from an analogous nonresidential water system
e Values from Table 3-2

e 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 owner’s 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 “units” (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 watering 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:

e 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.

e 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.

e 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.

e National Forest Service. FSH 7409.11 - Sanitary Engineering and Public Health
Handbook, Chapter 40 — Drinking Water System Design and Construction, last
revised October 1, 2004.

o 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’

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 sf?
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) 22 -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 sg. 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

' Table adapted from Design and Construction of Small Water Systems (AWWA, 1984) and Planning for an Individug
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:
e Type of farm.
e Number and type of animals it produces.
e Type of crops it grows.
e Weather conditions.
e Geographic location.
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3.6.4 Recreational Development Demand

“"Recreational development” 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 @ 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 1-3
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 owner’s authority
to enforce water use consistent with design assumptions and on the owner’s plans to
respond to water shortages.

Design engineers can use Table 3-2 and other design references such as the UPC fixture
method and Ecology’s 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:

e No less than 140 gpd per site or lot.
e Full (site) occupancy.

e 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
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3.6.5 Anticipating Changes in Demand: Systems with Mostly Nonresidential
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 engineer’s 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 minimum
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 Distribution 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 estimate peak hourly demand (PHD) and MDD for
the built-out condition. Equation 3-3 is from WAC 246-290-820:
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Equation 3-3:

DSL =TP-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 aren’t 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 “lost” through DSL is no longer available for customer service.
As such, DSL reduces a water system'’s 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:

e Number of service connections.

e Length of water mains.

e Average operating pressure.

e 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 state's water resources by a growing population, natural resource
interests, and a vibrant economy is steadily increasing. The Department of Ecology
manages the state’s 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 system'’s water right permit, certificate, or claim.

3.10 Source Adequacy and Reliability

The water system design frames the operational expectations and establishes the
system’s 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 during 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
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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 watershed's 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 system'’s 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 this 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 Groundwater 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:

e Water-shortage response activities, such as accessing alternative water supplies
and notifying us.

e Long-term adequacy of water rights for meeting the water system’s growth
expectations.

e Conservation as a mitigating practice to reduce the frequency or degree of
curtailment.

e 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 power 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 normal, anticipated system demands.

7. Afactor 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.

e Mostly or entirely confident: FS = 1.10 to 1.15
e Somewhat confident: FS = 1.15 to 1.25
e Mostly uncertain: FS = 1.25to 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 /2 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, ERUapp, and ERUmpp
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Solution:

1. Reference information in Appendix D.

2. Mostly confident in Appendix D ADD information. Apply FS to ERUapp of 1.10

3. ERUapp = [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 ERUmpp. Select an ERUwmpp to ERUapp 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. ERUmpp = 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,
“N,” 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 4-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 Va-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, ERUapp, and ERUwmbp 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 ERUapp. 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 — DSL = 18.7 MG/yr. — 1.9 MG/yr. = 16.8
MG/yr.

6. ERUapp = [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 ERUwmpp. 2.5 MG x 1.10 =
2.75 MG

8. Maximum monthly consumption = Max monthly production — DSL (monthly
volume)

2.75 MG - [1.9MG +12] = 2.6 MG
9. ERUmpp = [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

Water System Design Manual
DOH 331-123, June 2020 55



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, ERUapp, and ERUmpp

Solution:

1. Reference information in Appendix D.

2. Mostly confident in Appendix D ADD information. Apply FS to ERUapp of 1.10
3. ERUapp = [8,000 + 9] + 200 = 1,090 gpd x 1.1 = 1,200 gpd
4

. Determine ERUwmpp. Select an ERUmpp to ERUapp 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. ERUmpp = 1,200 x 2 x 1.3 = 3,120 gpd

7. lrrigation of 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 x43,560) = 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 irrigation = 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, “N,” supplied by sources
a. 100 SFHs = 100
b. DSL=44
¢. 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, “N” = 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 "-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, ERUapp, and ERUwmpp for the proposed expanding water system.

Solution:

1.

Mostly confident in the water system’s annual production and bimonthly
consumption data. Apply a FS = 1.10.

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

DSL was calculated at 15 percent.
a. DSL =20 MG/yr x 0.15 = 3 MG/yr.

Use annual consumption of 60 permanent homes to estimate ERUapp. Data
does not reflect a trend toward lower peak bimonthly consumption over time.
Use 9 MG x 1.10 = 10 MG

a. ERUapp = 10 MG = 60 homes + 365 days = 457 gpd

Use peak bimonthly consumption of 60 permanent homes to estimate ERUmpp.
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. ERUmpp = 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
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 ERUapp 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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¢. Community park irrigation: Use 180 gpd per 1,000 sf (Table 3-2) and
assume 100 days of irrigation.

i. 180 x (2 x43,560) + 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 =48 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 ERUmpp 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

Park irrigation MDD is 15,681. Use 16,000 gpd
RV park: 140 gpd/unit x 100 units = 14,000 gpd
DSL = 4.8 MG + 365 = 13,000 gpd

Future system-wide MDD = 345,000 gpd. The system is predominantly
residential.

-~ o a0

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 Noncommunity 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 months 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 system'’s 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 system’s estimated ADD: [3.5 MG x 1.4] + 213 days (7 months) =
23,000 gpd.

3. The existing system’s MDD can be estimated as follows:

a. [0.7MGx 14] =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 system’s PHD is estimated as (54,000 +1440) x 2.8 peaking factor
(see Figure 3-1 and Equation 3-2) = 105 gpm
5. Maximum daily demand of proposed 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. lrrigation 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
¢. 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) ERUmpp based on full-time occupancy.
(2) ERUapp based on full-time occupancy.
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Approach

Estimate ERUmpD

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).
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).
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.
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.
Calculate ERUwmpp 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 ERUmpp will reflect DSL since
source production data was used.

Estimate ERUapp:

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.

For all remaining homes, calculate the average daily consumption per residence.
This is the ERUapp-ruLLTive Value based on consumption of the homes considered
likely to be occupied full time.

3. Apply the ERUapp-ruLLtive to all homes to determine system ADD.

From these ERUapp and ERUmpp the design engineer can assess the capacity of the
system based on full-time occupancy.
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Example Solution for MDD fyiL1ivE:

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.

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.

July’s 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.

September’s 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.

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.

700 x 1.15 = 800 gpd per residence. This value includes DSL, since the primary
data was source production.

MDD based on full-time occupancy is 800 gpd x 200 = 160,000 gpd.

Example Solution for ADD ruLLTiME:

1. Total yearly production for 2011, 2012, and 2013 was 15 MG, 17 MG, and 20
MG

2. Areview of 2011, 2012, and 2013 consumption data reveals the following:

Year | Homes < 100 gpd Homes = 100 Total consumption | ERUapp for homes 2
consumption gpd consumption | at homes = 100 gpd | consuming 100 gpd
4+ months for at least 8 for at least 8 for at least 8
months months months
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 confident 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 ruumme = 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
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Chapter 4: Water System Capacity Analysis

4.0 Introduction

The goal of every water system design should be adequate service capacity that reliably
meets consumer demands with safe drinking water. This chapter presents concepts and
tools to help you determine the service capacity of a water system. It presents service
capacity analysis based on the physical limitations of the water system and legal and
contractual limitations, such as water rights and intertie agreements.

Design engineers must assess the capacity of each system component, such as source,
treatment, storage, transmission, or distribution, individually and in combination with
each other (WAC 246-290-222). The goal is to provide water of adequate quality,
quantity, and pressure during minimum supply and maximum demand scenarios.

Chapter 4 relies heavily on information and guidance presented in Chapter 3 where we
introduced the concept of the equivalent residential unit (ERU). Capacity evaluations
consider how much water the system can reliably produce and how many connections it
can reliably serve with a quantity of water usually expressed in ERUs. While engineers
evaluate water system capacity in ERUs, we record capacity as the total number of
approved connections on the Water Facilities Inventory form (WFI). See Attachment A at
the end of this chapter for assumptions made in the conversion between excess capacity
expressed as ERUs and approved connections.

Water systems should establish and maintain a water budget to monitor remaining
service capacity, expressed in either gallons per day or ERUs, so that the water system
does not exceed physical capacity limitations and legal water use restrictions. Design
engineers should be able to explain to the water system’s governing body and system
operator how they determined the system'’s service capacity. They also should be able to
identify the limiting factor(s) and provide guidance on appropriate ways to track service
capacity as the type and number of connections change over time.

We divided this chapter into two parts to distinguish between predominantly residential
water systems and predominantly nonresidential systems. This is important because
equivalent residential units cannot be used to assess the physical capacity of
predominantly nonresidential systems.

1. Capacity Analysis for Residential Systems: Focuses on systems where
residential demands comprise a significant portion or all of the demand.
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2. Capacity Analysis for Nonresidential Systems: Focuses on systems where

residential demands comprise an insignificant portion of total demand.

The Drinking Water Operating Permit Rule establishes criteria to determine water
system service adequacy, including the maximum number of allowed connections
(Chapter 246-294 WACQ). If a water system exceeds its maximum number of allowed
connections, its operating permit status will change from green to “category blue.”
(WAC 246-294-040(2)(c)). You can find additional information on operating permits in
our fact sheet on this subject (DOH 331-168).

Part 1: Capacity Analysis for Residential Systems

4.1

General Expectations

Design engineers must analyze water system service capacity in planning documents
(WAC 246-290-100) and in certain project reports and engineering documents (WAC
246-290-110(4)(f)). The following examples illustrate when to complete an engineering
analysis of physical capacity.

4.2

4.21

An existing water system does not have DOH approval, and seeks a green
operating permit.

An existing water system, without an approved planning document, seeks an
increase in the number of approved connections without the need for new source
or storage infrastructure.

Project construction is complete, but the constructed project components differ
from the design we approved.

A non-expanding water system wishes to provide service to a type of connection
not identified in its planning document, or any previous project approvals.

ERUs, Connections, and Population

ERUs

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). In Chapter 3,
we explain how to calculate this unit value of demand. The physical capacity analysis
must assess the water system'’s ability to supply the maximum day demand (MDD) for
the entire water system and verify that the water system can maintain adequate
distribution system pressure under peak hourly demand (PHD) and under MDD plus fire
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flow conditions where it provides fire flow (WAC 246-290-230). Physical capacity
determinations for residential systems must be reported in ERUs (WAC 246-290-222(2)).

Many water systems serve a mixture of single and multifamily dwellings, commercial and
industrial customers, and other users. The ERU is a tool to translate non-single-family
residential demand into an equivalent value of demand on the system’s infrastructure.

Although it is important to establish an appropriate ERU value, and we express water
system service capacity in ERUs, water system owners and operators think in terms of
“number of connections.” And, they report connections on their Water Facilities
Inventory form.

4.2.2 Connections Served

Each single-family home, each dwelling unit in a multifamily building, and each
nonresidential building the water system serves is a connection.

This manual considers an accessory dwelling unit (ADU) a separate connection if the
ADU is physically separate from the main residence. If the ADU is physically within the
main residence, the ADU is not a separate connection.

The following examples illustrate application of “connection”:

e A system serving eight duplexes and two single-family homes serves 18 dwelling
units. Each dwelling unit is a connection.

e A system serving eight single-family homes, each with an accessory dwelling unit
incorporated into the main structure of the home, serves a total of eight dwelling
units, and therefore eight connections.

e A system serving eight single-family homes, each with an accessory dwelling unit
built as a separate structure on the same parcel, serves a total of 16 dwelling
units, and therefore 16 connections.

e For noncommunity water systems: Each recreational campsite, RV site, and
overnight unit in a hotel or motel is a connection. For institutional facilities,
commercial businesses, industrial properties, schools and other nonresidential
service connections, each building with water service is a connection.

e For community water systems: Each direct service connection to nonresidential

users such as campgrounds, RV parks, hotels, motels, businesses, and industrial
parks is a connection.
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The number of connections is important. We use it to:

e Determine the system classification (Group A or Group B) and type (community
or noncommunity)

e Calculate the annual operating permit fee for Group A community systems.
e Describe excess service capacity (see Chapter 4 Attachment A).

The number of ERUs is important. We us it to calculate service capacity.

4.2.3 Population Served

When designing water systems, engineers need to consider the number of people that
have access to piped water for human consumption. The population served is either the
residential (people living in a residence) or nonresidential (tourists, customers,
employees) customers entering the premises and given the opportunity to access tap
water.

For design purposes, assign at least 2.5 residents to each dwelling unit. If a proposed
system serves 10 or more dwelling units, we will review the design under the approval
standards for Group A public water systems (see WAC 246-291-200). For design
purposes, each residence must be considered a full-time residence unless there are
formal restrictions established that prevent full-time use (WAC 246-290-221 (2)).

4.3 Applying the Concept of Equivalent Residential Units in
Design

Most small water systems serve at least some and often only single-family residences.
Single-family residential customers have a typical demand pattern. Nonresidential
customers (such as an industry or business) may have demand patterns significantly
different than single-family homes. See Section 3.6 for more information on estimating
nonresidential demands.

Engineers must evaluate and design a water system by first translating nonresidential
and multifamily consumer demands into an equivalent number of single-family
residences that system serves or will serve (WAC 246-290-222). We created a few simple
examples that illustrate how to apply the concept of ERUs in service capacity analyses.

Example 1: Basic ERU Conversion
A water system serves 100 single-family homes, a school, and a small business.
After analyzing metered consumptive data for full-time occupied single-family
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homes, the engineer determines that the ERUmpp value for this system is 800 gpd.
The estimated MDD of the school during the same high-demand period is 8,000
gpd, and the estimated MDD for the business is 1,600 gpd.

As summarized below, the 102 service connections this system supplies represent
112 ERUs.

e 100 homes = 100 ERUs
e School = 8,000 gpd + 800 gpd per ERU = 10 ERUs
e Business = 1,600 gpd + 800 gpd per ERU = 2 ERUs

Example 2: ERUs Associated with Multifamily Residences

A water system serves 200 single-family homes and 500 multifamily dwellings.
After analyzing metered consumptive data for full-time occupied single-family
homes, the engineer determines that the ERUmpp value for this system is 700 gpd.
This water system also serves 50 apartment buildings serving 500 multifamily
dwellings. The engineer estimates that the MDD of the 50 apartment buildings
during the same high-demand period is 210,000 gpd.

As summarized below, the 250 service connections this system supplies represent
500 ERUs.

e 200 homes = 200 ERUs
e Multifamily dwellings = 210,000 gpd + 700 gpd per ERU = 300 ERUs

Example 3: ERUs Associated with Nonresidential Customers

A water system serves 1,000 single-family homes, 50 small commercial
businesses, and a food processing plant. After analyzing metered consumptive
data for full-time occupied single-family homes, the engineer determines that the
ERUwmpp Vvalue for this system is 600 gpd.

The estimated collective MDD of the 50 commercial businesses is 60,000 gpd,
and the estimated MDD of the food processing plant is 360,000 gpd during the
same high-demand period.

As summarized below, the 1,051 service connections this system supplies
represent 1,700 ERUs.

e 1,000 homes = 1,000 ERUs
e Commercial Businesses = 60,000 gpd + 600 gpd per ERU = 100 ERUs
e Food Processor = 360,000 gpd + 600 gpd per ERU = 600 ERUs
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The above examples are for illustrative purposes and do not account for ERUs
associated with distribution system leakage (DSL). See Section 3.1 about the importance
of factoring DSL into service capacity assessment.

4.4 Determining Water System Capacity

The following steps represent an approach for determining the physical capacity of a
predominantly residential water system. Engineers may propose another approach
supported by system-specific information and engineering justification. Engineers may
summarize their capacity analysis information on Worksheet 4-1 (at the end of this
chapter), or a similar form.

4.41 Step 1: Water Demands

Design engineers must estimate water demands (WAC 246-290-221). For systems
serving different customer classes, you should create separate estimates for residential
and nonresidential customers. For existing systems, design engineers should quantify
MDD, ADD, ERUmpp and ERUapp by using actual water consumption records. In
designing a new water system, you may use water use from an analogous water system
or the approach described in Appendix D. You should use Equation 3-1 to estimate
PHD.

4.4.2 Step 2: Source Capacity

All water systems must have sufficient source capacity to meet MDD (WAC 246-290-
222(4)). If total permanent and seasonal source capacity cannot satisfy total
consumptive demands plus DSL, do not use the equations shown later in this chapter.
Instead, the design engineer will need to perform an alternate analysis. Design
engineers proposing to use storage to meet MDD should consult with the regional
engineer on specific requirements before pursuing such a design.

In general, the total daily source capacity must be able to reliably provide sufficient
water to meet the MDD for the water system (WAC 246-290-222(4)). If sources cannot
meet or exceed PHD, then equalizing storage must be provided to meet diurnal
demands that exceed source capacity (WAC 246-290-235(2)). See Chapter 7 for
equalizing storage requirements. Sources must also meet minimum reliability
requirements (WAC 246-290-420). See Chapter 5 for design guidance for sources.
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Base total system source capacity on the capacity of permanent and seasonal sources
(WAC 246-290-222). Design engineers cannot include emergency sources, including
emergency interties, in the total source capacity calculations (WAC 246-290-222(3)).

Design engineers should document the approach used to assess source-based service
capacity into the physical capacity analysis and all related assumptions: data acquired to
determine full- and part-time residential, nonresidential, and non-revenue water
demands; identifying DSL; and the source adequacy and reliability issues described in
Section 3.10.

Design engineers should refer to the following information to determine source
capacity. The most limiting element establishes the source-based service capacity.

e Water rights

e Pumping tests and groundwater reliability

e Surface water (watershed) reliability

e Installed pump capacity

e Intertie capacity (if used regularly to meet demands)
e Treatment capacity

We describe each of these source capacity-limiting factors below.

4.4.2.1 Water Rights

This section recognizes that water rights have a legal bearing on water system capacity
determinations. Engineers must consider this limitation because water rights may limit
the annual withdrawal (Qa) and instantaneous withdrawal (Qi) of water that a water
system can legally withdraw from drinking water sources (WAC 246-290-110 and -130).
Use ADD in assessing water right limitations associated with Qa. Use MDD in assessing
water right limitations associated with Qi.

Although water rights place a regulatory/legal limit rather than a physical limit on the
amount of water legally available for service, design engineers must address this
important issue. Engineers must complete a Water Rights Self-Assessment Form for all
new sources and projects that increase water system physical capacity or the approved
number of connections (WAC 246-290-110(4)(e) and 130(4)(a)).

We do not have the authority to evaluate water right documents. Design engineers
should contact the Department of Ecology about issues related to water rights before
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submitting a capacity analysis to us. See contact information for Ecology’s Water
Resources Program in Appendix C.

4.4.2.2 Pumping Tests and Groundwater Reliability

A pumping test analysis determines the capacity of the well(s) to provide a reliable
supply of the water needed to meet service demands. When evaluating well capacity,
the design engineer should consider each of the following:

e Historical pumping records.
e Water quality issues.

e Pumping Test Procedures (Appendix E). If wells are close in proximity then it may
be necessary to analyze the collective withdrawal capacity with multiple wells
operating at once, to understand the level of interference between operating wells.

e Seawater Intrusion (Section 5.5.4).
Engineers must provide their analysis of pump-test results to us (WAC 246-290-130).

4.4.2.3 Surface Water (Watershed) Reliability

Design engineers must analyze the reliability of a new surface water supply as part of
source approval (WAC 246-290-130(3)(c)). They often use hydrologic models for this
purpose. The determined “safe yield” identifies the volume of water expected during
critical dry periods. In planning for drinking water supplies, consider the safe yield as the
1-in-50 year or 1-in-100 year low flow, or a 98 or 99 percent level of annual water
supply reliability (Prasifka 1988, Connecticut DPH 2006). Design engineers should define
the expected inadequacy of supply during the return low-flow period, and address the
expected water supply deficiency in a water shortage response plan. See Section 3.10.

A hydrologic assessment is an involved process described in more detail in several
professional publications (AWWA 2007, Chow et al. 1988, Maidment 1993). In general,
the safe yield analysis consists of many elements including:

e Developing a record of the spring or river flow. This usually requires multiple
years of daily flow records.

e Diversions for other uses.
e Mandatory minimum flows for natural resource protection or other purposes.

e Available reservoir storage given other competing demands, such as flood
control and hydroelectric power generation.

e Precipitation patterns.
e Evaporation and evapotranspiration rates.
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Over time, changes in land use patterns, vegetation coverage, climate, and precipitation
patterns may require a water system to reevaluate the safe yield to ensure a reliable and
adequate water supply in the future. Water systems also must identify how to manage
their customer demand as part of an overall water shortage response plan (WAC 246-
290-100(4)(f); WAC 246-290-420).

4.4.2.4 Installed Pump Capacity

Unless we provide advanced approval to use finished water storage to meet MDD,
source-pumping capacity must be sufficient to meet MDD (WAC 246-290-222(4)).
Design engineers should consider each of the following when evaluating installed pump
capacity:

e Metered source production and water system demand records.

e System head conditions when pumping to storage or distribution, and when
pumping from wells with significant seasonal changes in dynamic (pumping)
water levels.

e Pump curve(s).
e Pump controls and logic.

e An engineering analysis that verifies pump performance under actual system
head conditions.

4.4.2.5 Interties

Nonemergency interties with neighboring approved water systems can provide
additional source capacity for evaluating source-based service capacity. The engineer
should evaluate each nonemergency intertie to determine its limitations. It is important
to consider elements such as hydraulic limitations, water quality, and legal restrictions
associated with water rights, or conditions on the purchase contract that define service
restrictions. Section 5.9 provides further discussion and guidance on interties.

4.4.2.6 Treatment Capacity

A treatment capacity analysis determines whether any installed treatment processes
limit the water system'’s source production capacity. When applying water treatment,
such as filtration or blending to one or more sources, the net treatment plant
production in combination with other untreated sources must be able to reliably supply
at least the MDD while meeting all water quality performance requirements (WAC 246-
290-222(5)).

Design engineers must translate nominal treatment plant capacity to net treatment
plant capacity by deducting water volume and the time devoted to backwash and filter
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to waste (filtration), and other required limitations on production necessary to maintain
treatment efficacy (blending) (WAC 246-290-222(5)).

4.4.2.7 Determining ERUs based on Source Capacity

The engineer needs to evaluate the capacity of each individual source a water system
uses. The overall water system source-capacity is the sum of the reliable production
capability from each source, excluding emergency sources.

The amount of water that any source may provide is the product of its delivery rate and
the amount of time it is used for service.

Equation 4-1: Individual Source Capacity

Vi = (QiXt)

Where:
V; = Total volume for source “j” over a 24-hour period (excluding emergency
sources)
Q; = Delivery rate of source (gallons per unit time)
t; = Time that source “j" delivered flow (Q) over a 24-hour period. We

recommend assessing daily source capacity based on 20 hours of pumping
per day (1,200 minutes per day). See Section 3.10.

Engineers should base the design flow-rate (Q)) for each source on any limiting factor
that might restrict the peak-flow rate during maximum demand periods (such as well,
stream, or aquifer capacity; installed pumping capacity; intertie capacity; treatment
limitations and net treatment production; and/ or legal limitations such as water right
limits).

Engineers should base the time (t)) for each individual source on the period it can be, or
is, used over a 24-hour period during maximum demand periods. For example, a pump
may be restricted to operate for only a designated amount of time each day, or a
treatment plant may produce water for only certain periods each day.

To determine maximum source-production capacity, it is clear that pumping for the full
1,440 minutes a day will provide the highest estimate for water system capacity,
expressed in ERUs. However, it may not be practical or advisable to operate source
pumps continually for 24 hours, even during peak-demand periods. We recommend
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assessing daily source capacity based on 20 hours (1,200 minutes) of pumping in a 24-
hour period, to provide a factor of safety to the assessment.

When engineers know the specific delivery-rate and operation-time of delivery for each
source, they can use Equation 4-2 to determine total source capacity (the total quantity

of water available over a specified period from all sources except emergency sources).

Equation 4-2: Total Source Capacity

Vr - 3 Qi) - ZVi
Where:
> = Summation
j = Individual source designation, excluding emergency sources
Vr = Total volume of water delivered from all nonemergency sources over a 24-
hour period.

Engineers can use Equation 4-3 to determine ERUs based on source capacity, and
Equations 4-4a and 4-4b to determine the service capacity based on water right
limitations.

Equation 4-3: ERU capacity based on source capacity

o Vr
ERUwmbp

Where:
N = Number of ERUs based on the ERUmpp value
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Equation 4-4a: ERU capacity based on water rights (Qi)

N = —Qi
ERUwmbn/1440

Where:
N = Number of ERUs based on the ERUmpp value

Equation 4-4b: Water system capacity based on water rights (Qa)

NJE—
[ERUAappb X 365]

Where:
N = Number of ERUs based on the ERUapp value

Engineers may summarize their source capacity analysis information on Worksheet 4-1
(at the end of this chapter), or a similar form. Alternately, design engineers may estimate
the average daily demand of each demand component separately (single-family
residential, multifamily, commercial, and so forth) plus DSL.

4.4.3 Step 3: Capacity Based on Storage

The design engineer must consider each of the following storage elements when
determining the total storage volume requirement (WAC 236-290-235), whether the
element relates directly to system capacity or not:

e Operational storage (0S). Adequate OS is important for efficient and reliable
operation of sources. The design engineer must identify and provide adequate
OS (WAC 246-290-222), but OS is not directly related to system capacity.

e Equalizing storage (ES). ES volume is based on PHD demand requirements. See
Equation 4-6. To calculate ES volume, multiply the differential between
operational source capacity and PHD times 150 minutes (2.5 hours). ES relates
directly to system capacity.

e Standby storage (SB). SB allows a water system to maintain adequate pressure
in the event of a mechanical, electrical or water quality issue with a source of
supply, pumping or treatment system. See Equation 4-7. Detailed
recommendations are in Section 7.1.1.3. SB volume is based on consumer
expectations. ES and SB storage design calculations are exclusive of one another.
SB relates directly to system capacity.
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Fire suppression storage (FSS), if applicable. The local fire authority establishes
FSS and fire-flow rate and duration, generally based on land use. Engineers can
partially address FSS volume by developing multiple sources (or multiple pumps
in a single source, if applicable. See Section 5.11.2); emergency interties (see
Section 5.9.2) and back-up power generation (see Section 5.11.1); and “nesting”
SB and FSS (see Section 7.1.1.4). FSS does not relate directly to system capacity.

Dead storage (DS). DS is the volume of stored water not available to all
consumers at the minimum design pressure (WAC 246-290-230(5) and (6)). DS
does not relate directly to system capacity.

The water system design must satisfy the minimum storage requirements of WAC 246-
290-235. Elements to consider when determining minimum storage requirements
include:

The number of sources.

Source capacity.

ERUabp, ERUmpbp, and peak-hourly demands.
Local fire-suppression requirements.

The level of service and manner used to achieve reliability requirements
described in (WAC 246-290-420).

Adequacy of storage in specific pressure zones.
Power grid reliability.
Pressure requirements in the distribution system.

4.4.3.1 ERUs Based on Equalizing Storage

Equalizing storage must be available when determined necessary based on available, or
designed source pumping capacity (WAC 246-290-235(2)). Equation 4-5 is the result of
combining Equation 3-1 with Equation 7-1, allowing a solution for needed ES given a
number of ERUs (N value). Key concepts associated with the use of Equations 4-5 and 4-

6:
[ ]

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. “N" 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 ERUwmpp times “N” equals total maximum daily source
production.

The ERU value is ERUmpp. It is not appropriate to apply the ERUapp value.
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Equation 4-5:

ES = K%J[(c)m )+ F]+18 —Qs}(lSO)

Where C = Coefficient associated with ranges of ERUs (see Section

34.2)

N = Number of ERUs based on the ERUwmpp value

F = Factor associated with ranges of ERUs (see Section

34.2)

Qs = Sum of all installed and active supply source capacities
except emergency supply, in gpm.

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

Equation 4-5 is derived by combining these two equations:

Determine PHD (see Section 3.4.2)
PHD = (ERUnmpp /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 the ERUnpp value
F = Factor Associated with Ranges of ERUs
ERUvpp =  Maximum Day Demand per ERU (gallons per
day)

Determine ES (see Section 7.1.1.2)
ES = (PHD - Qs)(150 minutes)

Where:
ES = Equalizing storage component, in gallons
PHD = Peak hourly demand, in gpm
Qs = Sum of allinstalled and active supply source capacities except

emergency supply, in gpm.

If the calculated ES volume is greater than the available ES volume, then there is not
sufficient ES for the number of ERUs.

Equation 4-6 allows design engineers to solve for the number of ERUs (N) that a given
volume of ES can supply. This approach applies to the most common method for
controlling reservoir level, known as a “call-on-demand” system, which calls on the
source(s) at a preset reservoir level(s).
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Restating Equation 4-5 to solve for N, one can solve for N given available ES:

Equation 4-6:
N = 1/C[(1440)/(ERUwmbp)(ES/150 + Qs — 18) — F]

Procedure for solving for N based on available ES (using Equation 4-6):

1. Calculate available ES. The water system must maintain a 30-psi pressure in the
distribution system under PHD when ES is depleted (WAC 246-290-230(5)).

Determine the ERUvpp and Qs.

3. Select the lowest N value calculated from among Equation 4-3 (source capacity)
and Equation 4-4 (water rights).

4. From Table 3-1 select the appropriate values for both C and F for the N value
determined in Step 3.

5. Use Equation 4-6 and solve for N.

6. If the resulting value of N lies outside the range associated with the C and F
values selected in Step 4, repeat the calculation using Equation 4-6 by using a
different set of values for C and F. Continue until the value for N lies within the
range of ERUs associated with the values for C and F selected. After completing
these iterative calculations, the final value for N equals ERUs that a given
equalizing storage volume can supply.

4.4.3.2 ERUs Based on Standby Storage

Standby storage is a volume of finished water a water system reserves to maintain a
certain level of service if one or more permanent or seasonal source of supply becomes
partially or completely unavailable for use.

Water systems must provide standby storage in an amount necessary to maintain
reliable water service (WAC 246-290-235(3) and WAC 246-290-420). We recommend SB
volume equal to the MDD for the pressure zone(s) served (i.e., T¢ =1 day) and adjust SB
volume based on redundant sources and other factors (see Section 7.1.1.3). To satisfy
WAC 246-290-235 and -420, we recommend that water systems provide a minimum
standby storage volume of 200 gpd per ERU regardless of such factors.

At times, design engineers may consider SB nested within FSS. See Chapter 7 for detail
on recommended sizing of the SB storage component, particularly when a water system
has multiple sources (or multiple pumps in a single source. See Section 5.11.2), an
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emergency intertie (see Section 5.9.2), and/or back-up power generation (see Section
5.11.1).

Equation 4-7:

N = Number of ERUs based on the ERUwpp value

SB = Total volume of water in standby storage component (gallons). See Section
7.1.1.3.
SB; = Selected volume of standby storage to meet water system-determined

standard of reliability in gallons per day per ERU (number of ERUs based on
the ERUmpp value)

ta = Number of days selected to meet water system-determined standard of
reliability.

Manipulate Equation 4-7 to solve for SB when you design new or expand water systems
and you know the number of ERUs (N).

Engineers may enter tabulated results for Equations 4-6 and 4-7 on Worksheet 4-1, or a
similar form.

4.4.4 Step 4: Capacity Based on Distribution Facilities

Design engineers must use a hydraulic analysis when evaluating distribution system
capacity (WAC 246-290-230(1)). In most cases, DOH will require a well-documented
hydraulic model. For some small, simple systems, DOH may accept manual calculations.
Chapter 6 discusses transmission and distribution system design in detail.

Design engineers typically evaluate distribution systems under two conditions:
e Peak hour demand (PHD) (WAC 246-290-230(5))
e Maximum day demand (MDD) plus fire flow, if applicable (WAC 246-290-230(6))

Use a hydraulic analysis to determine whether the size of distribution system
components are adequate to provide residual pressure at the customer meter or
property line according to the water system’s adopted standards, or the following
minimum residual pressures, whichever is greater:
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e At least 30 psi for new water systems or additions to existing water systems
under PHD conditions (WAC 246-290-230(5)).

e At the approved design pressure, but not less than 20 psi, under PHD for existing
systems (WAC 246-290-420(2)).

e At least 20 psi under demands that include MDD and fire flow (WAC 246-290-
230(6).

4.4.4.1 ERUs Based on Maintaining Adequate Residual Pressure under PHD
Conditions

A water system must be able to provide PHD and (if applicable) maximum day demand
plus needed fire flow while maintaining compliance with certain minimum pressure
requirements throughout the distribution system (WAC 246-290-230(5)).

Engineers determine distribution adequacy on a pressure zone basis. The physical
capacity of the distribution system is based solely on the ability of the water
system to deliver the PHD while maintaining 30 psi or the approved design
pressure throughout the system. \When physical capacity limitations exist within a
specific part of the distribution system, and until a solution is in place, design engineers
should:

e Identify and report hydraulic deficiencies in PHD capacity to the water system
and local planning and building department.

e Prioritize capital improvements to address deficiencies in delivering PHD within a
reasonable timeframe.

e Help the water system identify and document operational steps that mitigate
hydraulic deficiencies, so that distribution system pressure will not be less than 20
psi at any service connection during PHD conditions.

4.4.4.2 Fire Flow Effects on Capacity

While design engineers usually size distribution system facilities to meet fire flow demands,
the number of connections that a water system can serve is independent of fire flow
demands. Therefore, inadequate fire flow capacity does not limit the number of approved
ERUs or connections. It is up to the local fire authority to decide whether to restrict
development based on fire flow capacity. As part of the design analysis, you should:
e Identify and report hydraulic deficiencies in fire flow capacity to the local fire
authority, the water system, and local planning and building department. .
e Prioritize capital improvements to meet potential fire flow demands within a
reasonable period, and coordinate these improvements with the local fire
authority.

Water System Design Manual
DOH 331-123, June 2020 82



e Help the water system and local fire authority to prepare operational plans that
reflect hydraulic deficiencies in providing fire flow.

You must design distribution systems so that at least 20 psi can be maintained
throughout the distribution system under fire flow conditions during maximum day
demand (WAC 246-290-230(6)).

4.4.5 Step 5: Factoring DSL into Capacity Analysis

Distribution system leakage (see Section 3.8) exerts as real a demand on sources,
storage, and distribution systems as actual customers. Evaluating water system capacity
without considering the productive and distributive requirements associated with DSL
will overstate water system capacity.

There are several ways to apply DSL to a water system capacity analysis:

e Express DSL as a separate demand on the water system, and express DSL in terms
of ERUs based on ERUwmpp (see Section 3.12 examples and Chapter 4 Attachment
A). We recommend this option. It offers the advantage of making clear the
number of ERUs unavailable to the water system because of DSL, and so
provides the basis to compare the cost and effort involved in increasing service
capacity by (1) increasing infrastructure capacity; (2) decreasing consumer
demands (ERUwmpp and ERUapp); and (3) reducing DSL.

e Spread out DSL equally among all customers on an ERU basis. Design engineers
may take this approach if the existing system serves only (or almost only) full-
time single-family homes. This approach inserts DSL into the derived ERUwmpp and
ERUapbp values.

4.4.6 Step 6: Determine Limiting Criteria and Water System Service
Capacity in ERUs

Attachment A provides an example of determining system capacity for a mixed use,

predominantly residential water system. The example presumes defined values for

ERUapp, ERUmbp, system-wide ADD and MDD, and PHD. Refer to Chapter 3 for guidance

on determining water system demand values.

We recommend that design engineers summarize the element(s) that limit water system
capacity as well as the capacity of each system element (e.g., source production, water
rights, storage, pumping). This information would inform water system managers when
and which water system element to address to maintain water system capacity in
support of their growing communities.
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Part 2: Capacity Analysis for Nonresidential Systems

Nonresidential water systems do not lend themselves to analysis using ERUs as a
common measure of demand. We recommend that design engineers analyze
nonresidential water systems by identifying the composite ADD, MDD, and PHD for
each customer or customer class. Section 3.6 provides guidance on determining water
demand for nonresidential systems.

4.5 Methodology to Determine Water System Capacity

The following steps represent an approach for determining a predominantly
nonresidential water system'’s physical capacity. Engineers may propose another
approach supported by system-specific information and engineering justification.

4.51 Step 1: Water Demands

Design engineers must estimate water demands (WAC 246-290-221). For systems
serving different customer classes, you should create separate estimates for residential
and nonresidential connections. For existing systems, design engineers should quantify
MDD and ADD using actual water consumption records. In designing a new water
system, water use from an analogous water system or the approach described in
Appendix D may be used. Engineers should use Equation 3-1 to estimate PHD for the
residential portion of demand. For the nonresidential PHD, refer to Sections 3.5.2, 3.6,
and 3.6.2.

4.5.2 Step 2: Source Capacity

All water systems must have sufficient source capacity to meet MDD (WAC 246-290-
222(4)). If total permanent and seasonal source capacity cannot satisfy total
consumptive demands plus DSL, do not use the equations shown later in this chapter. In
that case, the design engineer must perform an alternate analysis. Design engineers
proposing to use storage to meet MDD should consult with the regional engineer on
specific requirements before pursuing such a design.

In general, the total daily source capacity must be able to reliably provide sufficient
water to meet the MDD for the water system (WAC 246-290-222(4)). If sources cannot
meet or exceed PHD, then equalizing storage must be provided to meet diurnal
demands that exceed source capacity (WAC 246-290-235(2)). See Chapter 7 for
equalizing storage requirements. Sources also must meet minimum reliability
requirements (WAC 246-290-420). See Chapter 5 for design guidance for sources.
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Base total system source capacity on the capacity of permanent and seasonal sources
(WAC 246-290-222). Design engineers cannot include emergency sources, including
emergency interties, in the total source capacity calculations (WAC 246-290-222(3)).

Design engineers should document the approach they use to assess source-based
service capacity into the physical capacity analysis and all related assumptions: data
acquired to determine full- and part-time residential, nonresidential, and nonrevenue
water demands; identifying DSL; and the source adequacy and reliability issues
described in Section 3.10.

Design engineers should refer to the following information to determine source
capacity. The most limiting element establishes the source-based service capacity.

e Water rights

e Pumping tests and groundwater reliability

e Surface water (watershed) reliability

e Installed pump capacity

e Intertie capacity (if used regularly to meet demands)
e Treatment capacity

We describe each of these source capacity-limiting factors below.

4.5.2.1 Water Rights

This section recognizes that water rights have a legal bearing on water system capacity
determinations. Engineers must consider this limitation because water rights may limit
the legal annual withdrawal (Qa) and instantaneous withdrawal (Qi) a water system can
make from drinking water sources. Use ADD in assessing water right limitations
associated with Qa. Use MDD in assessing water right limitations associated with Qi.

Although water rights place a regulatory/legal limit rather than a physical limit on the
amount of water legally available for service, design engineers must address this
important issue. Engineers must complete a Water Rights Self-Assessment Form for all
new sources and projects that increase water system physical capacity or the approved
number of connections (WAC 246-290-110(4)(e) and 130(4)(a)).

We do not have the authority to evaluate water right documents. Design engineers
should contact the Department of Ecology about issues related to water rights before
submitting a capacity analysis to us.
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4.5.2.2 Pumping Tests and Groundwater Reliability

A pumping test analysis determines the capacity of the well(s) to reliably supply the
water needed to meet service demands. When evaluating well capacity, the design
engineer should consider each of the following:

e Historical pumping records.

e Water quality issues.

e Pumping Test Procedures (Appendix E). If wells are close in proximity then it may
be necessary to analyze the collective withdrawal capacity with multiple wells
operating at once, to understand the level of interference between operating
wells

e Seawater Intrusion (Section 5.5.4)

Engineers must provide their analysis of pump-test results to us (WAC 246-290-130).

4.5.2.3 Surface Water (Watershed) Reliability

Design engineers must analyze the reliability of a new surface water supply as part of
source approval (WAC 246-290-130(3)(c)). They often use hydrologic models for this
purpose. The determined “safe yield” identifies the volume of water expected during
critical dry periods. In planning for drinking water supplies, the safe yield is the 1-in-50
year or 1-in-100 year low flow, or a 98 or 99 percent level of annual water supply
reliability (Prasifka 1988, Connecticut DPH 2006). Design engineers should define the
expected inadequacy of supply during the return low-flow period, and address the
expected water supply deficiency in a water shortage response plan. See Section 3.10.2.

A hydrologic assessment is an involved process described in more detail in several
professional publications (AWWA 2007, Chow et al. 1988, Maidment 1992). In general,
the safe yield analysis consists of many elements, including:

e A record of the spring or river flow. Multiple years of daily flow records are
usually necessary.

e Diversions for other uses.
e Mandatory minimum flows for natural resource protection or other purposes.

e Reservoir storage that can be used given other competing demands such as
flood control and hydroelectric power generation.

e Precipitation patterns.
e Evaporation and evapotranspiration rates.
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Over time, changes in land use patterns, vegetation coverage, climate, and precipitation
patterns may necessitate the reevaluation of the safe yield to ensure a reliable and
adequate water supply in the future. Water systems must also identify how to manage
their customer demand as part of an overall water shortage response plan (WAC 246-
290-100(4)(f); WAC 246-290-420).

4.5.2.4 Installed Pump Capacity

Unless we provide advanced approval to use finished water storage to meet MDD,
source-pumping capacity must be sufficient to meet MDD. Design engineers should
consider each of the following when evaluating installed pump capacity:

e Metered source production and water system demand records.

e System head conditions when pumping to storage or distribution, and when
pumping from wells with significant seasonal changes in dynamic (pumping)
water levels.

e Pump curve(s).
e Pump controls and logic.

e An engineering analysis that verifies pump performance under actual system
head conditions.

4.5.2.5 Interties

Nonemergency interties with neighboring approved water systems can provide
additional source capacity for evaluating source-based service capacity. The engineer
should evaluate each nonemergency intertie to determine its limitations. It is important
to consider elements such as hydraulic limitations, water quality, and legal restrictions
associated with water rights, or conditions on the purchase contract that define service
restrictions. Section 5.9 provides further discussion and guidance on interties.

4.5.2.6 Treatment Capacity

A treatment capacity analysis determines whether any installed treatment processes
limit the water system’s source production capacity. When applying water treatment
such as filtration or blending to one or more sources, the net treatment plant
production in combination with other untreated sources must be able to reliably supply
at least the MDD while meeting all water quality performance requirements (WAC 246-
290-222(5)).

Design engineers must translate nominal treatment plant capacity to net treatment
plant capacity by deducting water volume and the time devoted to backwash and filter
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to waste (filtration), and other required limitations on production necessary to maintain
treatment efficacy (blending) (WAC 246-290-222(5)).

4.5.2.7 Determining Capacity based on Source of Supply

The engineer needs to evaluate the capacity of each individual source a water system
uses. The overall water system source-capacity is the sum of the reliable production
capability from each source, excluding emergency sources.

The amount of water that any source may provide is the product of its delivery rate and
the amount of time it is used for service.

Equation 4-1: Individual Source Capacity

Vi = (QiXt)

Where:
V; = Total volume for source “j” over a 24-hour period (excluding emergency
sources)
Q; = Delivery rate of source (gallons per unit time)

un

t; = Time that source “j" delivered flow (Q)) over a 24-hour period. We
recommend assessing daily source capacity based on 20 hours of pumping
per day (1,200 minutes per day). See Section 3.10.

Engineers should base the design flow-rate (Q)) for each source on any limiting factor
that might restrict the peak-flow rate during maximum demand periods (such as well,
stream, or aquifer capacity; installed pumping capacity; intertie capacity; treatment
limitations and net treatment production; and legal limitations such as water right
limits).

Engineers should base the time (t) for each individual source on the period it can be, or
is, used over a 24-hour period during maximum demand periods. For example, a pump
may be restricted to operate for only a designated amount of time each day, or a
treatment plant may produce water for only certain periods each day.

To determine maximum source-production capacity, it is clear that pumping for the full
1,440 minutes a day will provide the highest estimate for water system capacity.
However, it may not be practical or advisable to operate source pumps continually for
24 hours, even during peak-demand periods. We recommend assessing daily source
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capacity based on 20 hours (1,200 minutes) of pumping in a 24-hour period, to provide
a factor of safety to the assessment.

When engineers know the specific delivery-rate and operation-time of delivery for each
source, they can use Equation 4-2 to determine total source capacity (the total quantity of
water available over a specified time period from all sources except emergency sources).

Equation 4-2: Total Source Capacity
Vr - 3 Qi) - ZVi

Where:
> = Summation
j = Individual source designation, excluding emergency sources
Vr = Total volume of water delivered from all nonemergency sources over a 24-

hour period.

4.5.3 Step 3: Capacity Based on Storage

The design engineer must consider each of the following storage elements when
determining the total storage volume requirement (WAC 236-290-235), even when the
element does not relate directly to system capacity:

e Operational storage (0S). Adequate OS is important for efficient and reliable
operation of sources. The design engineer must identify and provide adequate
OS (WAC 246-290-222), but OS is not directly related to system capacity.

e Equalizing storage (ES). ES volume is based on PHD demand requirements. See
Equation 4-6. To calculate ES volume, multiply the differential between
operational source capacity and PHD times 150 minutes (2.5 hours). ES relates
directly to system capacity.

e Standby storage (SB). SB allows a water system to maintain adequate pressure
in the event of a mechanical, electrical or water quality issue with a source of
supply, pumping, or treatment system. See Equation 4-7. Detailed
recommendations are in Section 7.1.1.3. SB volume is based on consumer
expectations. ES and SB storage design calculations are exclusive of one another.
SB relates directly to system capacity.

o Fire suppression storage (FSS), if applicable. The local fire authority establishes
FSS and fire flow rate and duration, generally based on land use. Engineers can
partially address FSS volume by developing multiple sources (or multiple pumps
in a single source, if applicable; see Section 5.11.2); emergency interties (see
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Section 5.9.2), and back-up power generation (see Section 5.11.1); and “nesting”
SB and FSS (see Section 7.1.1.4). FSS does not relate directly to system capacity.

e Dead storage (DS). DS is the volume of stored water not available to all
consumers at the minimum design pressure (WAC 246-290-230(5) and (6)). DS
does not relate directly to system capacity.

The water system design must satisfy the minimum storage requirements of WAC 246-
290-235. Elements that define minimum storage requirements include:

e The number of sources.

e Source capacity.

e MDD, ADD, and PHD.

e Local fire-suppression requirements.

e The level of service and manner used to achieve reliability requirements
described in WAC 246-290-420.

e Adequacy of storage in specific pressure zones.
e Power grid reliability.
e Pressure requirements in the distribution system.

4.5.3.1 Equalizing Storage

Equalizing storage must be available when determined necessary based on available, or
designed, source pumping capacity (WAC 246-290-235(2)).

4.5.3.2 Standby Storage

Standby storage is a volume of finished water a water system reserves to maintain a
certain level of service if one or more permanent or seasonal source of supply becomes
partially or completely unavailable for use. See Section 7.1.1.3 for recommendations on
SB for some types of nonresidential water systems.

4.5.4 Step 4: Capacity Based on Distribution Facilities

Design engineers must use a hydraulic analysis when evaluating distribution system
capacity (WAC 246-290-230(1)). In most cases, DOH will require a well-documented
hydraulic model. We may accept manual calculations for some small, simple systems.
Chapter 6 discusses transmission and distribution system design in detail.

Design engineers typically evaluate distribution systems under two conditions:
e Peak hour demand (PHD) (WAC 246-290-230(5))
e Maximum day demand (MDD) plus fire flow, if applicable (WAC 246-290-230(6))
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Use a hydraulic analysis to determine whether the size of distribution system
components can adequately provide residual pressure at the customer meter or
property line according to the water system'’s adopted standards, or the following
minimum residual pressures, whichever is greater:

e At least 30 psi for new water systems or additions to existing water systems
under PHD conditions (WAC 246-290-230(5))

e At the approved design pressure, but not less than 20 psi, under PHD for existing
systems (WAC 246-290-420(2))

e At least 20 psi under demands that include MDD and fire flow (WAC 246-290-
230(6).

4.5.4.1 PHD Conditions

A water system must be able to provide PHD and (if applicable) maximum day demand
plus needed fire flow while maintaining compliance with certain minimum pressure
requirements throughout the distribution system (WAC 246-290-230(5)).

Engineers determine distribution adequacy on a pressure zone basis. The physical
capacity of the distribution system is based solely on the ability of the water
system to deliver the PHD while maintaining 30 psi or the approved design
pressure throughout the system. \When physical capacity limitations exist within a
specific part of the distribution system, and until a solution is in place, design engineers
should:

e Identify and report hydraulic deficiencies in PHD capacity to the water system
and local planning and building department.

e Prioritize capital improvements to address deficiencies in delivering PHD within a
reasonable timeframe.

e Help the water system identify and document operational steps that mitigate
hydraulic deficiencies, so that distribution system pressure will not be less than 20
psi at any service connection during PHD conditions.

4.5.4.2 Fire Flow Conditions

Design engineers must consider fire conditions, if applicable (WAC 246-290-230). The
local fire authority decides whether to restrict development based on fire flow capacity.
As part of the design analysis, you should:

e Identify and report hydraulic deficiencies in fire flow capacity to the local fire
authority, the water system, and local planning and building department.
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e Prioritize capital improvements to meet potential fire flow demands within a
reasonable period, and coordinate these improvements with the local fire
authority.

e Help the water system and local fire authority to prepare operational plans that
reflect hydraulic deficiencies in providing fire flow.

You must design the distribution system so that at least 20 psi can be maintained
throughout the distribution system under fire flow conditions during maximum day
demand (WAC 246-290-230(6)).

4.5.5 Step 5: Factoring DSL into Capacity Analysis

Distribution system leakage (see Section 3.8) exerts as real a demand on sources,
storage, and distribution systems as actual customers. Evaluating water system capacity
without considering the productive and distributive requirements associated with DSL
will overstate water system capacity. Engineers must include DSL when estimating
system-wide ADD and MDD (WAC 246-290-820).

4.6 Documenting Nonresidential Water System Capacity

The capacity of nonresidential systems should reflect existing customer demands and
assumptions about future customers and their demand pattern. Express capacity as the
nonresidential system'’s ability to supply MDD and PHD reliably to a specific set of
existing or planned buildings and population. We will hold the nonresidential water
system owner accountable for operating within the approved capacity of the system as
documented in the approved design documents.

4.7 Examples of Nonresidential Water System Capacity Analysis

The following examples illustrate the concepts presented in this chapter. They do not
represent a recipe for completing a capacity assessment of a new, expanding, or existing
nonexpanding nonresidential water system.
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Example 1: Port District (expanding)

Given:

A port district owns an existing water system that serves one industrial and four
commercial customers. DOH approved the system is to serve five nonresidential
connections. Currently, we consider this system “built-out.”

A single deep well turbine pump supplies the system. The total source capacity is 6.0
MGD, based on 20 hours of pumping and a pumping capacity of 5,000 gpm. A variable
frequency drive modulates flow from the deep well turbine pump to match system
demand. The port's water right allows groundwater withdrawal of 5,000 gpm and 4,500
ac-ft. per year. The system has no storage and no treatment. Distribution system piping
is looped 12- and 16-inch ductile iron pipe. The system supplies one industrial
connection and four commercial connections. See water demand information below:
User ADD | MDD | PHD Source of information
ADD and MDD taken from source meter readings.
Therefore, it includes DSL. Includes factor of safety.
PHD based on information taken from a data logger

Industrial 17 3.0 3,500 installed at the industrial connection service meter.
Includes factor of safety.

All 2.3 3.8 4,100

Al . 04 0.6 450 PHD estimated. Includes a factor of safety.
Commercial
Implied DSL | 0.2 0.2 150 DSL estimated.

The port district receives notice from the industrial customer. Proposed process changes
will increase the facility’'s ADD by 0.2 MGD, MDD by 0.5 MGD, and PHD by 500 gpm. The
port agrees to amend its contract with the industrial customer.

At the same time, the port commissioners decide to subdivide unused port land to increase
the number of customers. The port is willing to construct storage to improve reliability and
provide fire suppression, but it is not willing to construct a new source of supply. The
district's budget for water system improvements is $2.5 million. The undeveloped land may
support a maximum of 10 industrial and commercial building sites.

The district intends to market the new industrial and commercial sites based on the
availability of “an abundant water supply.” The commissioners want to maximize the
number of new sites, and to promise prospective leasees a minimum MDD and PHD for
each new site in keeping with the "abundance” marketing theme.

The local fire marshal determined fire flow requirements are 3,000 gpm for 3 hours, and
that fire suppression storage may be nested with standby storage.
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Find:

The number of sites the port can develop and the volume/flow of water should be
marketed and reserved for each new site.

Solution:
1. Revised ADD, MDD, and PHD of existing system after industrial customer
changes:
a. System ADD =2.3 + 0.2 = 2.5 MGD
b. System MDD = 3.8 + 0.5 = 4.3 MGD
c. System PHD = 3,500 + 450 + 150 + 500 = 4,600 gpm

2. Remaining available water rights, ADD, and MDD:
a. 5,000 -4,600 = 400 gpm (Qi)
b. [4,500 af/yr. x 326,000 gallons per af] — 2.5 MGD x 365 = 555 MG per year (Qa)
¢. Remaining available ADD: 555 MG + 365 = 1.5 MGD
d. Remaining available MDD (20 hours pumping): 6.0 - 4.3 = 1.7 MGD
e. Remaining available MDD (24 hours pumping): 7.2 - 4.3 = 3.9 MGD
3. Preliminary design and engineering cost estimate indicate a 1.0 MG elevated

reservoir is the maximum size an engineer can design and construct for less than
$2.5 million.

4. The following table explores options for new building site use and water supply
allocation based on proposed commercial and industrial water supply contracts:

Option Commercial Industrial Total
ADD | MDD | PHD | ADD | MDD | PHD | ADD | MDD | PHD
10 Commercial sites 1.0 1.5 1,000 0 0 0 1.0 1.5 1,000
1 Industrial & 8 Comm 0.8 1.2 800 0.7 1.2 2,000 1.5 2.4 2,800
2 Industrial & 3 Comm 0.3 0.45 300 14 24 4,000 1.7 2.9 4,300

5. Operational storage requirements are minimal, given the variable frequency drive
on the source pump. Allocate 0.05 MG to OS. The remaining storage is available
for equalizing, standby, and fire suppression storage.

6. The following table summarizes the capacity evaluation for each option:
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pumped 24 hours
per day

Option Source Capacity | Water Right Storage
10 Commercial Adequate to Qa and Qi OS = 0.05 MG
sites supply MDD adequate Fire flow = 0.54 MG
ES = [(4,600 + 1,000) — 5,000] x 150 = 0.09
MG
SB = Not promised in service contracts
Storage needed: 0.68 MG
1 Industrial & 8 | Adequate to Qa and Qi OS = 0.05 MG
Comm supply MDD if adequate Fire flow = 0.54 MG
pumped 22+ ES = [(4,600 + 2,800) — 5,000] x 150 = 0.36
hours per day MG
SB = Not promised in service contracts
Storage needed: 0.95 MG
2 Industrial & 3 | Adequate to Qa and Qi OS = 0.05 MG
Comm supply MDD if adequate Fire flow = 0.54 MG

ES = [(4,600 + 4,300) — 5,000] x 150 = 0.58
MG

SB = Not promised in service contracts
Storage needed: 1.18 MG

7. For each option, the existing 12- and 16-inch looped distribution system is not a
limiting factor. Hydraulic modeling indicates: (1) At the bottom of ES during PHD,
pressure at all points along the distribution system should be greater than 30 psi;
(2) At the bottom of fire suppression storage during MDD plus needed fire flow,
pressure at all points along the distribution system should be greater than 20 psi.

8. Conclusions: The port commissioners may:

a. Select the first option (10 new commercial connections), which leaves a supply
and storage cushion if customers exceed their allotted MDD and PHD water

supply.

b. Select the second option (1 new industrial and 8 new commercial
connections), but this leaves no supply or storage cushion, and assumes a
22+-hour per day pumping duty to meet MDD.

c. Not select the third option (2 industrial and 3 commercial connections)
without changing the assumptions about contracted MDD and PHD for each
customer, or increasing the budget to construct a larger reservoir.

9. To illustrate, assume the port selects the second option. In that case, our approval
letter will specifically reference the following information:

a. Approved for 14 nonresidential connections.

b. The port district needs to operate within the approved design parameters.
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Example 2 - Youth Camp (expanding and increasing use)

Given:

An existing youth camp supplied by:

e Asingle well producing 18 gpm with greensand filtration for iron/manganese
removal that is 90 percent efficient.

e A 20,000-gallon ground level storage tank.

e A booster pump station consisting of two 40-gpm pumps that can in parallel
deliver about 70 gpm to the distribution system. Under peak demand, the pumps
and distribution system can deliver only at 25 psi at the recreation center (north
end of system) and camp director's home (south end of system).

The camp water system:

e Originally approved in 1969 for 15 cabins and the dining hall, based on providing
20 psi during PHD. There have been no approvals since 1969.

e Currently has a “Blue” operating permit, since it is operating outside its design
approval.

e Consists of 2- and 3-inch PVC water mains and no service meters.
e Is not required to provide fire suppression (per the local fire authority).

e Serves a dining hall, recreation center, lakeside bathhouse, individual homes for
the camp director and the chief maintenance superintendent, common toilet and
shower building, and 34 primitive cabins without water service, for a total of 40
structures.

e lrrigates a ball field.

The camp:
e Has a local permit approving maximum occupancy of 220 persons.
e Operates from late May until early September.
e Holds a water right for 4 ac ft. per year (Qa) and 20 gpm (Qi).

Existing water system demand information:
e Estimated MDD is 15,000 gpd, including DSL and a factor of safety, based on the
last 3 years of source production information.
e Estimated PHD is 40-50 gpm.

e Annual source production is 0.75 MG, including a factor of safety, based on the
last 3 years of source production information.
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Find:

The board of directors want to expand the period of operation, from early April until late
October, to cater to other visitor groups on weekends during non-summer months. The
camp also wants to increase the approved occupancy to 300, to include campers,
administrators, and camp counselors.

Determine whether the existing water system has the capacity to support the directors’
vision and, if not, identify the improvements needed to do so.

Solution:

1. Source treatment capacity is 18 gpm x 20 hours per day x 0.9 = 19,000 gpd
2. Remaining available water rights, MDD, and PHD:
a. Remaining available Qa: [4 af x 326,000 gallons per af] — 0.75 MG = 0.55 MG
b. Remaining available Qi: 20 gpm - 18 gpm = 2 gpm
c. Remaining available MDD: 19,000 — 15,000 = 4,000 gpd
d. Remaining available PHD: 70 gpm — 50 gpm = 20 gpm
3. Each additional overnight camper or counselor: 50 gpd per camper (Table 3.2)
4. 4,000 gpd excess MDD + 50 gpd per camper = 80 new campers

5. 80 new campers will require construction of 10 new rustic cabins, conversion of
the recreation center into a dual use dining and recreation facility, and
construction of a second toilet and shower building, comprising a total 40
(existing) + 10 + 1 = 51 structures — 49 nonresidential and 2 residential.

6. PHD estimated at (19,000 + 1,440) x 4.5 = 59 gpm (eq. 3-2). Use 60 gpm.
a. Existing booster pump capacity (in gpm) is considered sufficient
7. Storage analysis of expanded systems:

a. OS = 20 minutes of source off to allow for filter backwash and well pump "off"
cycle for pump protection = 20 minutes x 60 gpm = 1,200 gallons

b. ES required = [60 gpm — (18 x 0.9)] x 150 = 6,600 gallons
c. DS =12 inches of tank bottom = 2,000 gallons

d. Remaining SB available: 20,000 - 1,200 - 6,600 — 2,000 = 10,200 gallons. This
provides for 35 gallons per camp occupant if the well pump or treatment
process is removed temporarily from of service.

8. Annual withdrawal will increase by:

a. 80 additional summer occupants x [(50 gpd per occupant) + 0.9)] x 100 days
= 0.44 MG
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b. 0.55-0.44 = 0.11 MG remains available for group weekend retreats in the
spring and fall. Assume 16 weekends annually = 35 days per year total.

c. 110,000 gallons = X occupants x [(50 gpd per occupant) + 0.9)] x 35 days; X =
60 occupants, or about 1 to 2 occupants per cabin.

9. The camp must replace the two booster pumps to deliver a PHD of at least 60
gpm and maintain at least 30 psi throughout the distribution system.

10. Our approval letter will specifically reference:

a. Approval to serve 49 nonresidential and 2 residential structures, with a
maximum occupancy of 300 persons

b. The camp must operate within the approved design parameters: Not to
exceed 300 occupants during the summer camping season; not to exceed 50
occupants during the spring and fall; and manage supply requirements so it
does not exceed 19,000 gpd during any time of year.

Example 3 — Concert and Catering Venue (expanding and increasing use)

Given:
A winery with a food service permit. The winery gets potable water from:

e A permit-exempt well with a rated capacity of 15 gpm at 100 ft total dynamic
head (no water right and no source meter).

e A 5,000-gallon ground level storage tank.

e Avariable frequency drive booster pump with a rated maximum capacity of 40
gpm at 30 psi (no meter on booster pump).

The winery's potable water system supplies:
e Asingle-family home.

e A combined retail sales building and tasting room with approved occupancy up
to 40 people.

e Three production buildings with drinking fountains and wash sinks for 8
employees.

e Picnic area (irrigated by nonpotable irrigation system) with restroom, covered
seating, and food-prep sink facilities for up to 20 guests.

e A total of 6 nonresidential connections and 1 residential connection.

Existing water system demand information:

e No measured production or consumption data available.
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Estimating MDD: Including the single-family home, sales and tasting room based

on maximum occupancy and two groups per day, employees, the picnic area

restroom, and food prep results in an estimated MDD = 2,000 gpd. See Table 3.2.

The winery owner seeks to expand operations by developing an outdoor concert venue,
a full-service RV park, and expanding food preparation from only prepackaged items to
include hot and cold hors d'oeuvres.

Find:

The number of RV sites the system can develop.
The total occupancy the existing water system facilities accommodate at the new

concert venue.

Solution:

1.

Remaining available maximum daily well withdrawal: 5,000 — 2,000 = 3,000
gallons

2. Using the fixture method, current PHD is estimated at 24 gpm

Remaining booster pumping capacity = 40-24 = 16 gpm
Storage analysis:

a. OS is minimal. Use 400 gallons.

b. DS is bottom 9 inches of reservoir = 600 gallons

¢. Remaining volume (4,000 gallons) allocated to ES. Maximum PHD supported
by 4,000 gallons of ES. ES = 4,000 = (PHD — 15) x 150. PHD = 41 gpm.

d. The owner decides no SB is necessary. The winery and concert venue will shut
down if the well or booster pump fails.

Demand of proposed new uses:

a. Assume each RV site consumes 140 gpd.

b. Assume each concert goer/food patron consumes 10 gpd.

Remaining MDD = 3,000 = (RV x 140) + (Patron x 10). Possible solutions:

a. 10 RVs and 150 patrons

b. 15 RVs and 90 patrons

PHD, assuming the owner selects 10 RV sites and up to 160 additional patrons for
concerts.

a. Using Figure 3.1, Equation 3.2, and Table 3.2, the PHD for the 10 RV sites is
estimated at 15 gpm. Total PHD = 24 + 15 = 39 gpm
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8. Continue to assume the owner selects the first option. In that case, our approval
letter will specifically reference the following:

a. Approved for 16 nonresidential connections and 1 residential connection, with
a maximum occupancy of 200 visitors at any time.

b. The winery owner must operate within the approved design parameters: Not
to exceed 200 visitors (total) at any time; and manage supply requirements so
it does not exceed 5,000 gpd (total).
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WORKSHEET 4-1
ERU Capacity Summary

Specific Single-Family Residential Connection Criteria (measured or estimated demands)

Average Day Demand (ADD):
Maximum Day Demand (MDD)

gpd/ERU

gpd/ERU

Water System Connections Correlated to ERUs

Service Classification

Total MDD for the
classification, gpd

Total # Connections in
the classification

ERUs

Residential

Single-family

Multifamily

Nonresidential

Industrial

Commercial

Governmental

Agricultural

Recreational

Other (specify)

DSL

N/A

Other (identify)

Total existing ERUs (Residential + Nonresidential + DSL + Other) =

Service Capacity as ERUs and Gallons Per Day

Water System Component (Facility)

ERU Capacity for Each
Component

GPD Capacity for Each
Component

Source(s)

Treatment

Equalizing Storage

Standby Storage

Transmission

Water Rights (Qa and

Qi)

Other (specify)

Water System Service Capacity (ERUs) =
(based on the limiting water system component shown above)

Notes:

e Capacity determinations are only for existing facilities that are operational for the water system.
e Not shown above are distribution system limitations (Section 4.5.4) on ERUs because these are location-specific
within the distribution system. These limits not expected to limit the ERU capacity of the entire water system.
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Attachment A: Documenting Capacity Evaluation (Example)
This example shows how to document the results of a water system'’s service capacity
evaluation. See Section 3.12 for examples that show how to derive these values.

Average Day Demand
Maximum Day Demand

ERUapp
ERUmbD

425 gpd/ERU
725 gpd/ERU

Water System Connections Correlated to ERUs

. cge us Total for the Total # Connections in
Service Classification pe e epe o ERUs
classification, gpd the classification
Residential
Single-family 101,000 (MDD) 139 139
Multifamily 5,000 (MDD) 10 7
Nonresidential
Industrial 150,000 (MDD) 1 207
Commercial 20,000 (MDD) 3 28
Governmental 10,000 (MDD) 1 14
Agricultural N/A N/A
Recreational 5,000 (MDD) 2 7
Other (specify) N/A
DSL 35,000 gpd N/A 48
Totals 326,000 gpd 156 connections 450 ERUs

Service Capacity as ERUs and Gallons Per Day

Water System Component ERU Capacity for Each Gallons/GPD Capacity for
(Facility) Component Each Component
Source(s) 496 360,000 gpd
Treatment No treatment provided No treatment provided
Equalizing Storage 501 53,000 gallons
Standby Storage 600 180,000 gallons
Local standard = 300 gal/ERU
Transmission >600 Determined ample
Water Rights (Qa and Qi) 705 for Qa 330 ac-ft. per year (0.3 MGD)
496 for Qi 250 gpm (0.36 MGD)
Water System Service Capacity (ERUs) = 496

(based on the limiting water system component shown above)

In this example, the water system demonstrates an excess capacity of 46 ERUs (496 —
450 = 46). We assume each future connection will use water consistent with an ERU. The
example assumes that the addition of new connections will not result in an increase in
the system'’s current DSL (i.e., build-out rather than expansion of the distribution
system).
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Following these two assumptions, we will translate and record the reported capacity as
an approved number of connections, consistent with WAC 246-290-222.

Using the above example, we would record capacity information on the water system's
WEFI as shown in the table below. The “DOH Calc” service connection total (bottom line)
includes single-family residential connections, multifamily residential units, recreational
service connections, and other types of connections. Total service connections do not
include the multifamily buildings themselves (the calculation includes only each dwelling
unit within such buildings).

The excess service capacity is reflected as the difference of the two numbers on the
“total service connection” line (156 + 46 = 202).

Service Catego Current
9o System Est. Calc Approved

Total Residential Connections
Full-time Single-family Residences (Occupied >= 180 139
Days a Year)
Part-time Single-family Residences (Occupied < 180 0
Days a Year)
Multifamily Residential Buildings (Apartments, ]
Condos, Barracks, Dorms, etc.)
Full-time Residential Units (Occupied >= 180 Days a 10
Year)
Part-time Residential Units (Occupied < 180 Days a 0
Year)
Recreational Services and/or Transient
. 2 2 0
Accommodations
Other Nonresidential Services (Institutional, Industrial,
. . 5 5 0
Commercial, or Agricultural)
Total Service Connections 156 202

Our approval letter will include a statement such as:

We based the number of approved connections on an assumption that each future
connection will use water consistent with an average single-family residence your water
system supplies. Other types of new connections, such as apartments, businesses, or
parks may use more or less water than an average single-family residence.

You must permit additional new connections in a manner that recognizes all new
connections added and the water demands associated with each new connection. Your
process must ensure an accurate assessment of the remaining service capacity available,
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expressed as ERUs, so your system does not exceed physical capacity and water right
limitations.

Our approval of your (water system plan or project report) does not confer or
guarantee any right to a specific quantity of water. We based the approved
number of service connections on your representation of available water quantity.
If the 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, we may reduce the number
of approved connections commensurate with the actual amount of water and your
legal right to use it.
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Chapter 5: Source of Supply

5.0 Introduction

Safe and reliable drinking water begins with the source of supply. Each public water
system has an obligation to secure drinking water from the highest quality source
feasible (WAC 246-290-130(1)) with sufficient capacity to meet customer demands (WAC
246-290-222(4) and WAC 246-290-420). Meeting this obligation is challenging given our
state’s limited water resources and the variety of potential contaminant sources in our
environment.

Water resources in Washington present a significant challenge to drinking water
systems seeking to develop new or expanding supplies. We urge design engineers to
consult with Ecology before investing significant time and resources into water supply
planning and design. Some water right limitations may preclude the development of a
new drinking water source. See Section 5.12 for guidance on water resource issues
related to new or expanding sources of supply.

Our natural and man-made environments pose significant risks of source water
contamination. Technology makes it possible to provide treatment to virtually any water
source and produce high quality drinking water. However, we believe complex
technology in ill-equipped hands creates an unacceptable level of public health risk.
When evaluating a new source of supply—especially one that needs treatment—design
engineers should consider the long-term technical, managerial, and financial capacity of
the water system to maintain and operate the facility to protect the health of their
customers.

This chapter offers guidance on evaluating different drinking water supplies and
presents topics that design engineers must consider when designing a new or modified
drinking water source.

5.1 Drinking Water Contaminants

All sources used as a public drinking water supply must meet water quality standards,
known as maximum contaminant levels (MCLs), set by EPA or the state (WAC 246-290-
310). If despite a thorough alternatives analysis the selected source water requires
treatment, then the source design must include the appropriate treatment needed to
reliably meet applicable water quality standards (WAC 246-290-130(5), 250, and Part 6).
See Chapter 10 for guidance on treatment plant design.
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Primary drinking water contaminants can affect human health. Acute contaminants such
as viruses, E. coli, Giardia, Cryptosporidium (microbial), and nitrate and nitrite (chemical)
may cause illness with short-term exposure. Depending on the concentration, longer-
term exposure to organic and most inorganic contaminants, and radionuclides may
cause illness. Each regulated chemical and radiological contaminant has a drinking water
MCL. Microbial drinking water contaminants have an assigned drinking water treatment
technique requirement (disinfection or disinfection and filtration) instead of a MCL.

Regulations for secondary contaminants address aesthetic concerns, such as imparting
an unwanted taste, odor, or appearance to the water. They are not currently based on a
risk to human health. There is on-going research into human health effects associated
with certain secondary contaminants, such as manganese, which may someday lead to
establishing a new enforceable primary drinking water standard (Kondakis et al. 1989;
Ljung 2007).

5.1.1 Initial Sampling Requirements for New Sources

New drinking water sources must meet the applicable water quality standards for acute
and chronic contaminants prior to entry to the distribution system (WAC 246-290-
130(3)(g)). The minimum initial water quality testing varies by:

e Type of water system.

e Location within the state.

e Type of source (groundwater or surface water).
e Susceptibility of the source to contamination.

Engineers should collect initial water quality samples from new groundwater sources at
the end of the pump test (see Section 5.5.3), so that samples reflect the water quality in
the aquifer, and are not an artifact of well construction. You may need to sample other
water quality parameters during the pump test; for example, you may need to monitor
chloride levels during the pump test when a well is at risk for seawater intrusion (see
Section 5.5.4).

The minimum initial required source water quality testing described under WAC 246-
290-130(3)(g) includes the following.

e Bacteriological: All new source approval requires collection of a coliform sample.
We may require additional bacteriological sampling for some groundwater
sources and all surface water sources prior to source approval (WAC 246-290-
300(a); 300(e); -630(16)(b); -640).
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¢ Inorganic chemicals (I0Cs) and physical parameters: All new source approval
requires collection of a complete IOC sample.

e Volatile organic chemicals (VOCs): All new source approval requires collection
of a complete VOC sample.

e Radionuclides: New source approval for community systems requires collection
of a gross alpha and radium 228 sample. Depending on the initial results of that
test, we may require additional radionuclide testing for radium 226 and uranium.

e Synthetic organic chemicals (SOCs) and soil fumigants: New source approval
for community and nontransient noncommunity systems may require collection
of SOCs depending on the vulnerability of sources in certain parts of the state.
These are usually in agricultural areas, where SOCs and soil fumigants are or were
used. We will inform the water system if source approval requires SOC or soil
fumigant sampling.

e When we published this manual, we considered adding a new contaminant
standard called a state action level (SAL). If DOH adopts a SAL for a previously
unregulated contaminant, we will require some or all new sources to sample for
that contaminant at the time of source approval.

In addition, we strongly recommend the following water quality testing to develop a
more complete understanding of the source water quality and minimize the risk for
unpleasant surprises that can lead to expensive treatment steps or decrease consumer
confidence in the water supply.

o Alkalinity: Alkalinity, together with pH, enables calculation of dissolved inorganic
carbon and provides valuable information about the corrosivity of a source.

¢ Ammonia: Ammonia combines with chlorine to form chloramines, which can
make the water taste and smell—and affect the corrosivity of the treated water.
Knowing the ammonia concentration of the new source will be useful if the water
system treats the new source with chlorine.

e Bromide: High concentrations of bromide can lead to higher concentration of
disinfection byproducts. Knowing the bromide concentration of the new source
will be useful if the new source undergoes disinfection treatment, or if the new
source of supply combines with a residual disinfectant currently maintained in the
distribution system.

e pH: An accurate measurement is essential to understanding the corrosivity of a
source. Collecting an accurate measurement of pH can be challenging because
the pH of water can change rapidly when exposed to air. Accuracy requires that
the pH sample be analyzed in the field with a properly calibrated amperiometric
probe.
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e Phosphate: The level of phosphate in the water supply may be of interest to
municipal wastewater managers if the wastewater treatment discharge permit
includes phosphate limits, and can affect the removal of other contaminants.

e Silica: High levels of silica can cause etching and staining of glassware and
consumer complaints, and can affect the removal of other contaminants.

o Sulfide: Hydrogen sulfide can impart an objectionable odor at very low
concentrations, which will affect consumer acceptance of the water.

e Total organic carbon: TOC combines with chemical disinfectants to increase
disinfection byproducts. It can also decrease the effectiveness of treatment
processes. Knowing the TOC concentration of the new source will be useful if the
new source undergoes disinfection treatment, or if the new source of supply
combines with a residual disinfectant currently maintained in the distribution
system. Higher concentrations can color the water and decrease consumer
acceptance.

5.1.2 Detecting Primary Drinking Water Contaminants

Initial sampling may reveal concentrations of one or more primary contaminants close
to, but not exceeding the contaminant MCL. Based on decades of observing water
quality trends in existing groundwater sources, we know that water quality can change
over time due to natural and man-made influences (declining aquifer, farming and
fertilizer practices, development). Two of our state’s most common primary
contaminants, nitrate and arsenic, vary seasonally or over multiple years for some
sources.

For that reason, when a primary contaminant is measured at 75 percent or more of the
MCL, the design engineer should describe in the new source project report (see Chapter
2) how the water system will handle exceeding a primary drinking water standard. The
project report should carefully consider the following:

e Space for treatment facilities.

e Disposal of treatment waste.

e Construction and operational costs.

e Operating requirements, including level of operator certification.

5.1.3 Exceeding the Primary Drinking Water MCL

If an initial sample from a new source indicates a primary chemical or radiological
contaminant above the MCL, we usually require resampling of the source until follow-up
results are definitive with respect to compliance with the MCL. Because of the potential
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for seasonal changes, the required follow-up sampling may occur over a period of
months.

If test results confirm an MCL exceedance and the water system intends to develop the
source, the new source design submittal must include physical treatment, blending, or
other mitigation to ensure that the water entering the distribution system meets the
MCL except as noted below:

For contaminants that have MCLs based on chronic health risks, such as arsenic, we will
not require treatment for transient noncommunity water systems unless we determine
that the level of the contaminant poses an unacceptable risk to those the water system
serves.

See Appendix F for recommended raw water sampling of elements, compounds, or
physical characteristics that may affect treatment efficacy. The design engineer should
review the water quality characteristics of other drinking water sources in the vicinity
and develop a sampling plan to ensure that this information can be collected while the
appropriate equipment is on-site. See Chapter 10 for treatment guidance.

Coliform contamination detected at a groundwater source will trigger a source
treatment requirement. Microbial contaminants may be introduced while developing a
new groundwater source or modifying an existing one. To ensure representative source
sampling, design engineers should specify best practices in well development, well
completion, and in the handling and disinfection of drilling equipment. In addition,
water systems must ensure proper disinfection and testing is performed before the well
is put into service (WAC 246-290-451). New or modified sources should be purged,
disinfected, flushed, and sampled according to the latest AWWA C654 specification for
well disinfection.

5.1.4 Secondary Contaminants

We regulate secondary contaminants, such as iron and manganese, for aesthetic
reasons. We consider it a best practice for all new sources to meet secondary drinking
water standards. If an initial sample from a new source indicates a secondary
contaminant above the secondary MCL, we may require resampling of the source until
follow-up results are definitive with respect to compliance with the secondary MCL.
Because of the potential for seasonality, required follow-up sampling may occur over a
period of months.

If test results confirm a secondary MCL exceedance, the system intends to develop the
source, and the source supplies a new community or nontransient noncommunity water
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system, the new source design submittal must include physical treatment, blending, or
other actions to ensure that the water entering the distribution system meets the MCL
(WAC 246-290-320(3)(d)). See Chapter 10 for treatment guidance.

Existing water systems may avoid treatment for exceeding a secondary MCL if they
document that consumers accept the water quality effects and reject the cost of
meeting the secondary standard. The design engineer must document construction and
operating costs and document consumer acceptance in order to avoid the requirement
for treatment. See Appendix F for additional guidance on secondary contaminants.

5.1.5 Groundwater Source Construction-Related Contaminants

Inadequate well development and flushing following construction may result in high
turbidity or detection of chemical residuals used in the well drilling process. Collecting
initial water quality samples at the end of the pump test will help ensure that sample
results reflect the water quality in the aquifer, and are not the result of well construction.

The design engineer should be aware of the risk certain construction materials and
practices pose to detection of organic chemicals. Low-level detection of organic
contaminants may be the result of residuals associated with well development and
construction. It is possible to introduce organic contaminants such as tetrahydrofuran
and 2-butanone (components in PVC glue) and toluene (component in lubricants)
during well construction. Such construction-related contamination, even in very small
concentrations, can result in a significant increase in organic chemical monitoring
requirements.

High turbidity in a new well or spring is often an indicator of one or more consequential
issues, including:

e Poor source development. Inadequate well cleaning following construction may
result in high turbidity, and indicate the need to redevelop the source. Collect
initial water quality samples at the end of the pump test, so that samples reflect
the water quality in the aquifer, and are not a result of well construction.

e Iron or manganese. These common inorganic contaminants will cause turbidity
and, in most cases, require treatment to remove them from newly developed
sources if they exceed the secondary MCL.

e Groundwater under the direct influence of surface water.High turbidity
measured in wells developed close to lakes, rivers, and springs may indicate
direct surface water influence. Conduct additional testing of these types of
sources to determine whether there is significant microbial risk from surface
water contaminants. See Section 5.7 for additional requirements.
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5.1.6 Source Sample Taps

For successful operations, and the ability to demonstrate compliance with drinking
water quality standards, engineers must put sample taps in proper locations. Among the
attributes of a good sample tap:

e The sample tap outlet faces downward.
e |tisin aclean, secure, accessible location.

e ltis atleast 12 inches above the floor or ground level. When taps are lower than
that, water containing coliform bacteria can backsplash into the sample bottle.

e Itis where the volume of water flushing from the tap for 5 minutes can easily
drain away.

e Itis smooth-nosed, without internal or external threads (Ten State Standards
2012).

For more information on good sample tap design and location, see DOH 331-436.

All drinking water sources must have sample taps to meet the water quality monitoring
requirements of WAC 246-290-300. Sample taps must be:

e At the source, prior to any treatment. Install the sample tap as close to the source
as practical.

o After treatment, before entering the distribution system. If there are multiple
treatment processes, install sample taps after each unit process. You should
install sample taps to allow for adequate mixing between any chemical addition
and the sampling location.

See sampling requirements for reservoirs and distribution systems in chapters 6 and 7
and WAC 246-290-300.

5.2 Source Protection

Location is a key factor in securing the highest quality source feasible. In analyzing a
source location, design engineers should consider the measures necessary to establish
and maintain sanitary or watershed control, physical protection, and barriers to
contamination (e.g., surface intake depth, completed well and annular seal depth).
Careful consideration of alternatives will reduce, and often eliminate current and future
treatment requirements. See DOH 331-106.

The design engineer must describe and document the adequacy of source water
protection in each source approval submittal. These requirements protect against
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existing or potential sources of contamination (WAC 246-290-135(2)). Required
documentation includes:

e Sanitary control area. The submittal must include dimension, a description of
existing land use and natural features, and documentation of legal control
around each proposed source. The design engineer must provide the rationale
and a description of factors considered in establishing the sanitary control area.
Such factors should include but not be limited to the unique source design,
hydrogeologic setting, and land use.

e Wellhead Protection Program (WHPP). Water systems must determine the
location of all potential contaminant sources or activities, and then notify those
property owners of the potential to affect the drinking water source (WAC 246-
290-135(3).

e Susceptibility assessment. A completed source susceptibility assessment as part
of a wellhead protection program (WAC 246-290-135(3)).

e Covenants. Water systems must exercise legal control over the SCA, through
either fee-simple ownership or other legal means such as restrictive covenants.
The source approval packet must include signed and recorded copies bearing
the auditor’s file number. (WAC 246-290-135(2(e) and (f).

e Watershed control program. Surface water sources and confirmed GWI sources
must develop and implement a watershed control program (WAC 246-290-
135(4)).

We created several guidance publications on source water protection, including:
e Covenants for Public Water Supply Protection (DOH 331-048).
e Source Water Protection Requirements (DOH 331-106).
e Sanitary Control Area Protection (DOH 331-453).

For a more complete list of groundwater submittal requirements, see Appendix A.3.2.
For watershed protection requirements for new surface water supplies, see Chapter 11.

5.3 Distribution Water Quality Effects from New or Modified
Sources

Water systems must include in the project report how proposed projects could

potentially affect water quality in the distribution system (WAC 246-290-110(4)(d)).

Blending a new source with existing sources, constructing an intertie, installing

treatment, or replacing an existing source with a new one can create water quality
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problems in the distribution system. These distribution system water quality effects may
include:

e Accumulated inorganic contaminants released from pipe walls.
e Increased metal corrosion.
e Increased disinfection byproduct formation.

e Effects on the ability to maintain a disinfection residual (Taylor et al. 2005; Kippin
et al. 2001).

For example, iron or manganese can precipitate after introducing water from a new or
modified source with higher dissolved oxygen levels. An increase in hardness and silica
levels can lead to water quality issues in the distribution system, such as staining and
etching. Changes in flow direction and water age can release scales and accumulated
sediments from pipes in the distribution system (Friedman et al. 2010; Hill et al. 2010).
These mobilized scales and sediments can contain metals such as arsenic, chromium,
and lead (Peng et al. 2012). Design engineers should identify how the water system will
address such issues. Common approaches include:

e Bench scale studies.
e Pipe loop studies with new or existing distribution system materials.
e Enhanced monitoring and flushing programs.

Decreasing water’s oxidation-reduction potential increases instability of pipe scales,
making them more prone to release into the distribution system. Factors that contribute
to this problem include:

e Decreased disinfectant residual.
e Decreased dissolved oxygen.

e Decreased alkalinity.

e Decreased pH.

Design engineers must evaluate how a change in treatment or introduction of a new
permanent or seasonal source may affect compliance with the Lead and Copper Rule (40
CFR 141.81(b)(3)(iii); 141.86(d)(4); and 141.90(a)(3)). This evaluation is especially
important for water systems assigned optimum water quality parameters under the Lead
and Copper Rule and proposing to develop a new source. The design engineer should
review the water quality characteristics of other drinking water sources near the
proposed source, and develop a sampling plan to ensure that new source water quality
information can be obtained while the appropriate equipment is on-site as the well is

Water System Design Manual
DOH 331-123, June 2020 114



being developed. Examples of new source characteristics that could increase corrosivity,
lead, and copper solubility, and cause other distribution system issues include:

e Change in pH, alkalinity, and dissolved inorganic carbon.

e Increase in the chloride-to-sulfate mass ratio from sources with elevated
concentrations of chloride ions.

We may require water systems that introduce a new source of supply to restart lead and
copper distribution system monitoring (40 CFR 141.86(d)(4)(vii)). See Section 10.1.3 for
information on addressing changes in treatment to an existing source.

Lastly, introducing a new source can affect the way that water flows in a distribution
system. Changes in the direction of flow and velocities can mobilize particles in the
distribution system leading to customer complaints, and changes in disinfectant
demand. As a result, the design engineer and water system should assess the potential
for changes in distribution system hydraulics and take steps to mitigate

5.4 Source Water Quantity and Reliability

The source or sources for a water system must be able to meet the water system’s
maximum day demand (MDD) (WAC 246-290-222(4)). For reliability purposes, supply
sources should be able to replenish depleted fire suppression storage within 72 hours
(or sooner if required by the local fire authority) while concurrently supplying the MDD
of the water system. For wells and other pumped sources, we recommend establishing
source water quantity based on pumping no more than 20 hours per day. See Sections
3.10 and 4.4.2 for additional guidance.

After deciding the new source’s capacity, design engineers should check that the
reservoir overflow capacity is sufficient to discharge the combined sources of supply
available to the reservoir without damage to property or surcharging the reservoir
structure. These source of supply to a reservoir include discharges from all wells,
interties, pressure reducing valves, and booster pump stations that serve the pressure
zone in which the reservoir is located.

5.5 Wells

Most of the source development projects in our state are drilled wells and well fields
(see the Well Field Designation Guideline in Appendix B.1). See Chapter 2 and Appendix
A for guidance on preparing a project report and the construction documents for a new
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well. See Appendix E for well pumping test standards. See Policy M.01 for requirements
on pitless units and well caps.

The design engineer should use a pump test or hydrogeologic analysis to determine
how reliable groundwater or aquifers will be over time. We expect pumping tests to run
at a flow-rate greater than or equal to the maximum design pumping rate (WAC 246-
290-130(3)(c)(iii)).

Design engineers may reference well source development data from nearby sources as
supplemental evidence that water quantity is adequate to meet design criteria. If the
aquifer setting is well characterized and quantified, and hydrogeologic information is
adequate to establish a sustainable pumping rate, then the engineer may submit a
hydrogeologic report to justify the proposed pumping rate. A licensed hydrogeologist
should prepare the report. It should include a detailed analysis of the well, aquifer, and
local conditions including effects on nearby sources of supply.

5.5.1 Steps to Take Before Drilling a Well

Taking these steps before drilling the well will help you develop the highest quality
source feasible and facilitate a quick and efficient design review process.

Before drilling a well, you must:

e Obtain a notice of intent to construct a well from the Department of Ecology
(WAC 173-160-151).

e Ensure that a licensed well driller will drill the well and that well construction is
done according to chapter 173-160 WAC.

e Obtain a well site inspection by state or local health jurisdiction staff (WAC 173-
160-171(3)(c)).

Before drilling a well, you should:

e Prepare and submit for DOH review and endorsement the well pumping test
plan. While developing the pump-testing plan, refer to Appendix E.

e Evaluate the possibility of obtaining alternate sources of supply through interties
with neighboring water systems or already developed wells.

e Conduct a preliminary hydrogeologic assessment, which includes preparing a
Wellhead Protection Potential Contaminant Source Inventory.

e Contact DOH to learn the parameters used to delineate groundwater under the

direct influence of surface water (GWI). You must have a determination of the
GWI status prior to source approval (WAC 246-290-130(3)(d)). If a well meets our
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criteria for a potential GWI (for example, less than 50 feet deep and within 200
feet of a surface water body), you will need data to determine whether the source
connects hydraulically to surface water, and to what extent. See Section 5.7 for
additional information used to evaluate potential GWI sources.

e Obtain a legal right through an ownership option or recorded covenant to
prevent potential sources of contamination from locating within the standard
sanitary control area (normally a 100-foot radius around the well).

Before drilling, you should make sure that the water system can control land use within
the sanitary control area (SCA) (100-foot radius around the well) through fee-simple
ownership, a protective covenant, or other mechanism—and have DOH or the local
health jurisdiction conduct a well site inspection. During the well site inspection, you
should identify any limits on controlling the entire SCA and give the state or local health
representative a map of the SCA. With these items, you should talk to the representative
about evaluating the site conditions. Be sure to allow time to identify possible mitigation
measures, such as a deeper surface seal during well construction.

5.5.2 Documenting Wellhead Protection

The SCA must have a radius of 100 feet, unless justification demonstrates that a smaller
area can provide an equivalent level of source water protection (WAC 246-290-135). The
justification should address geological and hydrological data, well construction details,
mitigation measures, and other relevant factors necessary to ensure adequate
protection of source water quality. Major factors influencing a decision to allow a
smaller than standard SCA include depth of the screened interval and “confinedness” of
the water-bearing zone. We may require a larger SCA, additional mitigation measures,
or both if land use, or geological or hydrological data support such a decision.

Before we can approve the proposed source, the water system must be able to provide
the dimensions, location, and legal documentation of the SCA (WAC 246-290-135(2)).
We require the water system to “control” the SCA to prevent any potential source of
contamination from being constructed, stored, disposed of, or applied within the
sanitary control area. To ensure the water system can control the SCA, we require it to
own the SCA outright, or to have the right to exercise complete sanitary control of the
land through other legal provisions restricting the use of the land, such as a duly
recorded declaration of covenant.

To evaluate the appropriateness of a proposed drilling location, you should conduct a
preliminary susceptibility assessment, complete a preliminary WHPA delineation and
initial contaminant inventory, and map the findings.
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A preliminary susceptibility assessment will give design engineers and DOH information
to evaluate the suitability of the proposed well site before drilling a well and before
expending significant resources. It may be helpful to ask DOH for guidance on
conducting a preliminary susceptibility assessment before selecting a potential well site.
The assessment should help you understand the influence variables, such as length of
well screen or open hole, have on WHPA delineation. The assessment can identify the
benefit of developing the well in a confined versus unconfined aquifer.

The minimum standard for delineating the wellhead protection area is the “Calculated
Fixed Radius” method. We encourage you to use more sophisticated and accurate
methods of delineation, such as analytical or numerical modeling to ensure a higher
level of source protection. See our Wellhead Protection Program Guidance Document
(DOH 331-018) for further explanation of these methods. The WHPA delineation should
identify the 6-month, and the 1-, 5- and 10-year time of travel boundaries. Conduct a
survey for potential sources of groundwater and source water contaminant in the WHPA
area. More information is on our Source Water Protection webpage.

5.5.3 Groundwater Pumping Tests

Design engineers can use pump tests to assess how reliably groundwater can meet the
demands of a projected population over time. See Appendix E for detailed guidance on
pumping tests. The design engineer must ensure the pumping test provides sufficient
data to achieve its objectives (WAC 246-290-130(3).

The objective of the pumping test is to acquire data identifying the source’s safe yield
and maximum design pumping rate, to establish well pump-depth setting, and to size
and select the well pump. Factors that could influence reliability include low-flow
conditions, fracture-flow conditions, aquifer of limited areal extent, seawater intrusion,
effects of concurrently pumping multiple wells, and seasonal variability.

The timing of a pump test may be more or less important to determining safe yield,
depending on the aquifer setting. Seasonal and annual climate conditions have less
influence on groundwater than surface water, except in sensitive settings such as
shallow alluvium aquifers and in some areas where localized recharge “lenses” occur.
The design engineer should determine whether a proposed groundwater source is in a
sensitive setting and design the pump test accordingly.

After the pumping test, design engineers must compile the following data into a project
report, and submit it to us as part of the source approval documentation (WAC 246-
290-130(3)(c)):
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e All items for source approval, if applicable.
e A time-drawdown graph (on standard and semi-log paper).

e An analysis and discussion of applicable hydraulic parameters (such as
transmissivity, hydraulic conductivity, storativity), as appropriate, to support the
objectives of the pumping test.

e A map and description (1/4, 1/4, section, township, range) accurately indicating
the well location and the land surface elevation to the nearest foot. Locate
observation wells with distances to the nearest foot.

o A well report.

The end of the aquifer pump test is a good time to collect the water quality samples
required for source approval.

5.5.4 Seawater Intrusion

Wells or well fields developed close to seawater may be vulnerable to seawater
intrusion. Seawater intrusion caused by over-pumping the basal (freshwater) lens
degrades groundwater quality by drawing chloride (from seawater) into the remaining
fresh groundwater. Department of Ecology rules prohibit degradation of the state’s
groundwater. We recommend that water systems have a hydrogeologist or qualified
engineer assess the potential for seawater intrusion and oversee well testing. See
Appendix E for guidance on developing sources vulnerable to seawater intrusion. Wells
at risk for intrusion include wells located:

e Within 2 mile of the shoreline and pump water from a depth below sea level.

e Within %2 mile of a groundwater source with chloride concentrations over 100
mg/L.

The design engineer should avoid supply sources at risk for seawater intrusion. Ecology
may condition water right permits to provide for reduced pumping rates or may even
require a water system to abandon sources if seawater intrusion threatens senior water
right permits. In addition, several counties have policies or ordinances affecting water
systems in areas vulnerable to seawater intrusion. We recommend that the design
engineer contact Ecology and the local health jurisdiction for current policies or rules on
developing wells where seawater intrusion may be a concern.

5.6 Spring Sources

A design engineer submitting a spring source for approval must identify (WAC 246-290-
130(3) and -135):
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e The safe yield of the spring.
e Water quality meets all applicable drinking water standards.

e Measures to protect the sanitary control area and water quality of the spring
supply from contamination at all times.

5.6.1 Spring Source Safe Yield

It may be difficult to determine the safe yield of flow from a spring. Pumping test
procedures usually do not apply to springs because the recharge is unidirectional and
associated only with the flow delivered at the ground-surface interface. Therefore, to
measure spring-flow quantity, design engineers should use actual flow records (with
weirs or other mechanisms capable of measuring surface flows) during high- and low-
flow conditions over a variety of seasonal conditions. At minimum, we recommend
measuring spring flows at least monthly for at least 12 months (Meuli & Wehrle, 2001).

Because drought conditions often influence spring flows, it is appropriate to estimate
the flows that would prevail during drought. You should collect precipitation data along
with measured spring flows. Compare spring-flow data with precipitation data from
previous years to estimate the safe yield and minimum flows from the spring. Appendix
C includes climatological organizations (NOAA, Office of State Climatologist, Western
Regional Climate Center) with data that may help you determine how current-year
precipitation compares with historic weather patterns.

In evaluating the safe yield of a spring source, we recommend that the design engineer
use the 50-year low-rainfall year. Spring flows are inherently uncertain and subject to
significant changes in precipitation patterns. To the extent possible, correlate spring
discharge (or daily capacity if pumped) to the 50-year drought and establish the design
yield on that basis. If accurate rainfall and spring discharge data are not available, apply
a safety factor to the “usual” or "average” known capacity of the spring to estimate yield
during very dry periods.

5.6.2 Spring Source Water Quality

Because springs are potential GWI sources (see Section 5.7), the design engineer must
establish whether the spring source is GWI (WAC 246-290-130(3) and -640). The content
of the project report for a spring must address groundwater or surface water source-
approval, depending on the outcome of the GWI determination.

Spring sources are at significant risk of surface contamination. Springs that have a
greater degree of seasonal fluctuation in flow have a higher the risk of contamination
(Meuli & Wehrle, 2001). Engineers must design the spring catchment and conveyance
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systems to minimize the risk of direct surface water infiltration; otherwise, we will
consider the spring source a surface water supply subject to all applicable sections of
WAC 246-290 Part 6.

In many cases, we will require springs not otherwise subject to the requirements of the
surface water treatment rule to provide CT6 disinfection treatment (4-log virus
inactivation) before the first connection (WAC 246-290-451(4)) and WAC 246-290-
640(4)). We also may require sanitary protection of the source beyond the minimum 200
feet required in WAC 246-290-135.

In general, unique geological conditions will dictate the steps design engineers will
follow when developing a spring source. Design engineers should tailor their design and
construction activities to protect the spring, and the areas above the spring, from
surface contamination.

e Construction materials must not create an opportunity for water quality
problems (WAC 246-290-220).

e The design should provide surface water runoff diversions.

e Designs for spring collectors and catchment facilities must prevent infiltration of
contamination (WAC 246-290-130(3)).

e Designs must provide protection from vandalism (fencing, lockable hatches, and
other security measures) (WAC 246-290-130(3)).

e Requirements for screening vents or other openings appropriate to the spring are
similar to those for distribution reservoirs (see WAC 246-290-235).

The design engineer can get guidance and specific details on spring development,
sanitary protection, and water quality considerations from the references listed at the
end of this chapter (AWWA 1999; USEPA 1991; Meuli & Wehrle, 2001).

5.7 Groundwater under the Direct Influence of Surface Water

Groundwater under the direct influence of surface water (GWI) is any water beneath the
surface of the ground with one of the following:

1. Significant occurrence of insects or other macro organisms, algae or large
diameter pathogens such as Giardia lamblia.

2. Significant and relatively rapid shifts in water characteristics such as turbidity,
temperature, conductivity, or pH, which closely correlate to climatological or
surface water conditions (WAC 246-290-010).
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Water systems with sources confirmed to be GWI must comply with the filtration and
disinfection requirements for surface water sources (WAC 246-290, Part 6).

Water systems must evaluate all potential GWI sources to determine whether additional
treatment is necessary (WAC 246-290-640). Potential GWI sources include (WAC 246-
290-010):
e Wells with a first open interval less than 50 feet below the ground surface and are
located within 200 feet of surface water.

e Springs.
e Infiltration galleries.
e Ranney wells.

While reviewing source approval information, we may determine that a source other
than those listed above is potentially GWI, and subject to the GWI evaluation process.
An example of such a source is a well located on a bluff above a nearby stream. The
depth to the first open interval may be greater than 50 feet as measured from the top of
the casing, but be less than 50 feet as measured from the stream’s high water elevation.
We may add additional criteria to evaluate potential GWI sources based on recent
research (Stokdyk et al. 2019)

We will not approve a new potential GWI source before a proper evaluation. Figure 5-1
at the end of this chapter outlines the evaluation process for potential GWI sources. The
project report must document the details of the GWI evaluation, including how you will
simulate anticipated source withdrawal conditions for new (not yet in service) potential
GWI sources (WAC 246-290-130(3) and -640). For planning purposes, design engineers
should schedule at least 18 months to complete the GWI evaluation process.

We do not require potential GWI sources determined not to be GWI to meet the
treatment requirements for surface water sources. However, potential GWI sources
determined to be in hydraulic connection with surface water must provide minimum
CT6 disinfection before entering the distribution system (WAC 246-290-451(4), WAC
246-290-640(4), and Policy F.12)). For additional guidance on evaluating potential GWI
sources, see the references at the end of this chapter (WSDOH 2003a; WSDOH 2003b).

5.8 New Surface Water Supplies

Because it may be difficult to secure necessary permits from natural resource agencies
and other involved parties, it can take many years to develop a new surface water
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supply. For example, new surface water sources trigger a detailed environmental review
requirement under the State Environmental Protection Act (SEPA).

In addition to treatment, the design engineer should consider the unique features of
surface sources when evaluating them for the drinking water supply. Often, several
competing beneficial uses (agriculture, fisheries, and other resource demands) affect the
long-term reliability of surface sources. Water rights may be very difficult to secure. A
secured water right may be so restricted during some periods, that little or no portion of
the source can be used to supply drinking water (see Interruptible Water Rights, Section
5.12.2). The reliability of a surface source is more uncertain than groundwater because it
relies so heavily on precipitation levels (rain and snow), and is vulnerable to reduction in
withdrawal due to low stream flow.

Surface water sources also are more vulnerable to contamination than protected
groundwater supplies. Design engineers should thoroughly assess the vulnerability of
the source to natural disasters (floods, wildfires, and landslides) and human activities
(waste disposal, spills, and runoff from agricultural activities). New surface sources must
conduct detailed source water monitoring to assess the degree of microbial risk. High-
risk sources require a higher level surface water treatment (WAC 246-290-630(16)(b); 40
CFR 141.702(f)).

Surface water supplies normally require conventional, direct, slow sand, diatomaceous
earth filtration, or an approved alternative treatment technology and must comply with
the Surface Water Treatment Rule and WAC 246-290, Part 6. See detailed design criteria
in WAC 246-290, Chapter 10 of this manual, and the Recommended Standards for Water
Works (Ten State Standards 2012). Introducing a new surface water supply may cause
water quality changes in the distribution system. Engineers must evaluate the potential
for such changes in a project report (See Section 5.3).

Design engineers planning to submit new or modified surface water treatment designs
must first perform a pilot study to evaluate alternatives (WAC 246-290-250; WAC 246-
290-676(3)). Section 10.3 provides detailed guidance on treatment predesign and pilot
studies. In some cases, design engineers may need DOH and natural resource agencies
to approve the intake facilities before initiating the pilot study.

Design engineers can help to ensure an efficient and orderly review of their surface
water treatment proposals by meeting with our regional office staff to establish specific
design requirements.
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Water systems should develop surface sources with full knowledge that some reductions
in service capacity may result over time as low rainfall years, low snowpack years, or
drought conditions occur. Water systems will need to compare historic hydrological
data against customer service expectations to gauge the adequacy of the source.

5.8.1 Surface Water Safe Yield

Yield from a surface water source depends on climatic influences from year to year.
Design engineers can use flow measurements and hydrologic assessments with an
appropriate factor of safety to measure the “safe yield” of a surface water source.
However, when defining expectations for long-term service, engineers should base the
reliability of flow from these sources on years with the lowest precipitation levels.

In general, the safe yield of a surface water reservoir is the reliable withdrawal rate a
watershed provides through the critical drought period. We recommend using a 98
percent level of reliability, equivalent to a 50-year drought, for surface supplies. We used
various references to develop this recommendation (Prasifka 1988; HDR 2001; City of
Seattle, 2013). Engineers should address instream flow reservations and other natural
resource effects when assessing the safe yield of the water resource during drought.

Appendix C includes climatological organizations with data that may help engineers
determine how current-year precipitation compares with historic weather patterns.
Appendix C also includes a link to Department of Ecology's stream flow database.

5.9 Purchased Water and Emergency Interties

Interconnections (interties) between water systems are an alternative to developing new
supply sources. Interties can help provide a level of reliability difficult to secure
otherwise.

A design engineer considering an intertie to augment supply sources must satisfy the
requirements of WAC 246-290-100 and -132. These requirements exist to ensure the
wholesaling and consecutive systems have the physical and legal capacity to sell and
purchase the expected volume and flow of water. Planning and engineering documents
submitted to support constructing a new or expanding consecutive system must include
the intertie agreement. There are different standards for emergency interties and
purchased water (nonemergency interties).

Designs should include provisions for verifying water meter accuracy, and collecting
water quality samples by staff from both water systems at the intertie. You should
consider provisions for continuous online instrumentation. See Section 10.4.2.
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5.9.1 Reliability of Purchased Water (Nonemergency Interties)

New and existing public water systems may purchase their water supply in whole or in
part from another water system. The design engineer must assess the reliability of a
purchased water agreement, and demonstrate how the intertie improves overall system
reliability (WAC 246-290-132 (3)(a)(v)). Water systems must satisfy the requirement to
provide an adequate quantity and quality of water in a reliable manner (WAC 246-290-
420 (1)).

A design engineer submitting a new or renewed wholesale water agreement that raises
reliability concerns (see list below) must submit a viable plan identifying an alternative
water supply. That supply must satisfy the requirement to provide an adequate quantity
and quality of water in a reliable manner (WAC 246-290-420 (1)) if an intertie agreement
is terminated. When submitting the agreement, the design engineer must also submit
evidence that the wholesaler's service capacity assessment reflects its full allocation of
water, storage, and/or booster-pumping capacity to the consecutive system (WAC 246-
290-222).

Terminating the water supply according to provisions written into a purchased
wholesale water agreement is not an abnormal operating condition. To improve
reliability, we believe wholesale water agreements should not be subject to termination
except for customary reasons (e.g. failure to pay). The criteria below reflect this principle.

Recommended attributes of a wholesale water agreement:
e How and when charges are calculated and billed.
e When payment is due, and what happens if payment is past-due.

e Description of whether or how much standby storage and/or fire suppression
storage is available to the consecutive system.

e Adherence to cross connection control requirements at the point of service.
e How the water rate(s) is adjusted over time.

e Absolute and seasonal limits on instantaneous flow and annual volume.

e Limits on type and place of use.

e Impact of a declared emergency or natural disasters.

Attributes of a wholesale water agreement that raises reliability concerns:
e Date-based termination clause (e.g., “this agreement is valid for 10 years").

e Needs-based termination clause (e.g., “this agreement may be terminated at any
time due to unforeseen circumstances that result in a limited water supply that
will be allocated to in-city customers”).
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e Short-term unilateral termination clause (e.g., “this agreement may be terminated
after 30 days’ notice by either party”).

A consecutive system purchasing water through an intertie may need to treat the
purchased water to maintain compliance with drinking water standards (e.g.,
maintaining a free chlorine residual in the consecutive system'’s distribution system) or
to avoid distribution system water quality effects such as those described in Section 5.3.
A consecutive system also may incur additional sampling requirements, such as for
disinfection byproducts and Ground Water Rule triggered sampling.

We may approve planning and engineering documents based on the following types of
purchased water agreements. These agreements fall into a spectrum of risk to
interruption, from practically no risk of interruption to near certain risk of termination.

o Regional Water Supply Agreement (very reliable). A consortium of water systems
receives its water supply from commonly held and proportionally owned source and
transmission infrastructure. Member systems operate and maintain this shared
infrastructure. In these cases, there is little to no increased risk of interruption in
supply to any individual member.

e Bought-In Wholesale Capacity Agreement (very reliable). A single utility
wholesaler permits one or more other water systems to buy-in to the wholesaler’s
supply and transmission infrastructure, similar to a retail water customer paying a
system development charge to a water system for the privilege of receiving water
service. This investment ensures the participating water systems receive a
proportional or fixed share of the supply, but does not give them a say in the
operation or maintenance of those supplies. In these cases, there is little to no
increased risk of interruption in supply to any of the participating water systems.

e Purchased Wholesale Water Supply Agreement (Poor reliability). A single utility
wholesaler agrees to sell water to one or more consecutive water systems. There is
no ownership stake held by any of the consecutive systems. The wholesale
agreement may not be renewable and/or may be terminated at the option of the
wholesaler (such contracts are common). As a result, there is a greater risk of supply
interruption.

¢ Reserve Infrastructure Agreement (Variable reliability). A wholesaler makes a
portion of its capacity (source water, stored water) available to a consecutive system
for use as a reserve source, thus saving the consecutive system from the full cost of
investing in its own standby infrastructure. The wholesaler should account for the
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transfer of standby capacity in its own planning. The intertie valve should be
automatic. The risk of interruption in standby reserve capacity (e.g., providing fire
suppression flow or storage, or providing standby storage) depends on the content
of each agreement.

5.9.2 Emergency Interties

An emergency intertie can often be a cost-effective way to reduce the risk of supply
interruption. Because of the difference in design approval requirements, it is important
to establish the difference between an emergency intertie and a nonemergency intertie.

If the intertie satisfies all of the following criteria, it is an emergency intertie:

e The consecutive system’s own source(s) of supply, booster pumps, and reservoirs
can meet the maximum daily demand (MDD) and peak hourly demand (PHD)
while maintaining the design standards of WAC 246-290-230 without
supplemental supply delivered through the intertie.

e The challenges the two parties intended to address with the emergency intertie,
and documented in the intertie agreement, are limited to one or more of the
following:

o Temporary failure of one or more nonemergency source where the remaining
sources of supply cannot maintain 20 pounds per square inch (psi) during
PHD throughout the consecutive system'’s distribution system.

o Fire where the consecutive system’s own system cannot meet the fire
suppression requirement (flow rate and duration) combined with MDD while
maintaining 20 psi throughout the distribution system.

o Water quality emergency.

The original circumstances and associated design intent of the intertie may change with
time. In the transition from an “emergency use intertie” to a "nonemergency intertie,”
the design engineer should make sure that the water system meets all the applicable
requirements of WAC 246-290-132.

RCW 90.03.383 addresses intertie approvals intended to resolve emergent public health
concerns, short-term emergencies, and drought emergencies. RCW 90.03.383 (2) states
an "emergency-use intertie” does not trigger a requirement to change the upstream
water system’s water right, and does not require a place-of-use change. As stated in
Section 4.4.2, designers cannot include emergency sources, including emergency
interties, in the total source capacity calculations (WAC 246-290-222(3)).
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5.10 Unconventional Sources

Many watersheds are limited in their capacity to supply water for growth and
development while maintaining sufficient stream flow. Consequently, design engineers
may look to unconventional sources such as rainwater collection and seawater
desalination to develop into drinking water supplies. Before approving an
unconventional source, the design engineer must complete a thorough alternatives
analysis to determine the highest quality source feasible for the water system (WAC
246-290-130).

5.10.1 Rainwater Collection

For DOH, rainwater is surface water, subject to all the requirements of the Surface Water
Treatment Rule. Collected rainwater often has significant fecal contamination and other
contaminants (Ahmed et al. 2012; Birks et al. 2004; Lye 2002; Osterholt et al. 2007;
Hoque et al. 2003). Any public drinking water system that uses collected rainwater must
provide treatment, including filtration and disinfection in compliance with the Surface
Water Treatment Rule. Surface water treatment design requirements, ongoing
operations and maintenance requirements, and daily monitoring and monthly reporting
requirements are in WAC 246-290 Part 6. Design submittal requirements for rainfall
catchment are significant. See Appendix F.7.

Rainwater is slightly acidic and low in dissolved minerals. These qualities make it
corrosive to metals and other materials. The rooftop collection material and coating
systems must meet ANSI/NSF Standard 61 or NSF Standard Protocol P151 to reduce the
risk of chemical contaminants (WAC 246-290-220). In addition, the water system may
have to install corrosion control treatment to overcome rainwater’s natural corrosivity.

Rainwater collection systems intended for nonpotable uses are a cross-connection
control hazard, especially if the system delivers rainwater through dedicated internal
plumbing. Therefore, any water system providing service to a building with a rainwater
collection system must protect the water distribution system from contamination by
cross connections (WAC 246-290-490).

Reliance on rainwater is problematic due to drought and extended dry periods that
occur even in the wettest parts of this state. Washington has less rainfall during the
summer, which is the period of greatest water demand for most water systems. The
design engineer for a rainfall collection system must evaluate rainfall, usage patterns,
and water storage thoroughly to ensure a reliable supply (WAC 246-290-130(3)). See
Appendix F.8 for guidance on assessing adequacy of rainfall collection as a drinking
water supply.
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As with any surface water supply, the safe yield of a rainfall catchment system is the
sustainable rate of water withdrawal from the cistern through the critical drought
period. We recommend using a 98 percent level of reliability, equivalent to a 50-year
drought, for rainfall catchment systems. Rainfall varies in Washington on an annual,
seasonal, and regional basis. This supply variability makes reliance on rainwater
collection as the sole source of potable water supply impractical for nearly all public
water systems.

5.10.2 Trucked and Hauled Water

We will not approve trucked or hauled water as a permanent drinking water supply to
new or existing public water systems. We do not recognize trucked water as a reliable
permanent source of supply. Trucked water in unpressurized conditions poses an
increased health risk. We acknowledge the need to use trucked or hauled water as a
temporary, last-resort measure to meet basic public health requirements in response to
an emergency, but only for the period a public water system lacks access to an adequate
and safe drinking water supply. See DOH 331-063.

5.10.3 Desalination

Desalinating seawater or brackish groundwater is technically feasible and may be the
only option available in some situations. Design engineers should consult with us before
initiating a desalination project, and should contact other county, state, and federal
agencies early in the design process to identify potential permitting issues. See Chapter
10 and Appendix F.6 for design guidance associated with brackish water and seawater
desalination.

5.10.4 Aquifer Storage and Recovery

Aquifer storage and recovery (ASR) increases existing groundwater supplies by
artificially recharging and storing groundwater. ASR is a water resource strategy
designed to take water when it is available and store it in an aquifer deemed
appropriate for later withdrawal and beneficial use. Several water systems in Washington
implement ASR, including the Sammamish Plateau Water and Sewer District and the
cities of Walla Walla, Yakima, and Kennewick.

We do not have primary responsibility to oversee or approve ASR projects. The
Department of Ecology implements the ASR permitting process (Chapter 90.03 RCW)
with standards for review established in Chapter 173-157 WAC. The permitting process
is challenging, and requires applicants to provide documentation, including
demonstration through actual and/or modeled hydrogeologic conditions:
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e The recoverable percentage of water pumped into the aquifer. For the
applicant, the economic feasibility of the project usually depends on the
adequate recoverable volume of water. Successful ASR applicants own the right
to use the recoverable portion of the water they store underground.

e ASR must not degrade groundwater quality. There could be negative effects
associated with pumping treated surface water or reclaimed water into an
aquifer; and ASR projects must comply with state water quality standards
(Chapter 173-200 WACQ).

In addition to meeting Ecology’s permitting requirements, ASR projects developed to
augment an aquifer’s capacity to supply drinking water, must eventually satisfy public
drinking water source requirements. Design engineers pursuing a drinking water-related
ASR project should concurrently satisfy all applicable sections of Chapter 246-290 WAC.

5.11 General Source Design Considerations

We consider several other design elements associated with new or existing drinking
water sources when reviewing design documents and subsequent reports.

5.11.1  Power Supply Reliability

To avoid the attendant risk of backflow contamination when some or all of the
distribution system depressurizes, design engineers must consider the reliability of the
power supply grid if the proposed system has no provision to maintain pressure during
a power outage (WAC 246-290-001, -200).

The supply source(s) for a water system must be able to meet the water system’s MDD
(WAC 246-290-221). See our water supply reliability recommendations in Sections 3.10,
5.4, and 5.8. We consider a reliable power supply as defined below:

e Frequency: On average, three or fewer power outages occur per year based on
data for the three previous years, and no more than six outages occur in a single
year. Power loss for 30 minutes or more qualifies as an outage.

e Duration: On average, outages last less than four hours based on data for the
three previous years, and no more than one outage exceeded eight hours during
the same timeframe.

If a power supply to a source, pump station, or treatment plant cannot meet the
minimum standards described above, then we consider the power supply unreliable and
the water system must take further reliability measures (WAC 246-290-420(4)). Section
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3.2 of the Recommended Standards for Water Works contains additional design
guidelines on this issue.

If the water system power supply is unreliable, the design engineer should consider one
or more of the following measures:

e Make in-place auxiliary power available (auto transfer capable)

o |If there are two or more sources, connect each to a different electrical substation
e Construct and maintain adequate gravity standby storage (see Chapter 7)

e Connect to two independent primary public power sources

5.11.2  Criteria for Multiple Sources or Multiple Pumps per Source

We encourage water systems to have multiple supply sources. Multiple sources help to
ensure operational reliability if a mechanical, electrical, treatment, or structural problem
causes a source to fail. Multiple sources may offset recommended standby storage (SB)
volumes.

We recognize that multiple pumps for a single source may be more reliable than a
single-pump. However, we do not consider a single source with multiple-pumps to be as
reliable as multiple sources. Design engineers should address the following criteria when
seeking approval to consider multiple pumps in a single well as equivalent to multiple
sources for evaluating a reduction in SB volume (see Section 7.1.1.3).

e Itis possible to take each pump out of service without depressurizing the water
system. Water systems should consider establishing an emergency on-call service
contract with a qualified repair or service entity to minimize down time.

e The well design includes an alarm to signal a pump failure.

e The submittal includes an operational plan to address repairs and minimize
downtime (WAC 246-290-415).

e The well(s) should be easy to access for repairs and pump removal.

For further consideration, bear in mind the risk of contaminating a single well with
multiple pumps. A second pump in the well addresses mechanical failure of a single
pump, but two pumps cannot overcome contamination of the source. Consider the
need for an expanded, more robust sanitary control area for a multiple pump source.
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5.12 Water Resource Analysis and Water Rights

As part of the source approval process, the engineer must do a water resource analysis
to study and address water rights issues (WAC 246-290-130(3)). A water resource
analysis must evaluate opportunities to obtain or optimize the use of sources already
developed, or other ways to meet water needs (WAC 246-290-100 (4)(f) and 110(4)(c)).

Water supplies for Group A water systems must conform to state water right laws (WAC
246-290-130(3)(b) and (4)(a)). Water systems that submit new source development or
other growth-related projects for our review and approval (WAC 246-290-100(4) or
110(4)(e)) must include a Water Rights Self-Assessment Form (WAC 246-290-130(4)(a)).
We review the information provided on this form to ensure the water system has
adequate water rights to meet the projected increased ability to provide service.

5.12.1 Temporary Water Rights
The Department of Ecology issues temporary water rights for two reasons:
e Short-term use with an associated expiration date.

e Water use while an application for a traditional water right is pending review and
final decision.

We will not increase an existing water system'’s service capacity solely because it secures
a temporary water right. We may approve a new public water system based on a source
of supply with a temporary water right under the following conditions:

1. Water service is prohibited to any permanent structure or permanent use.

2. The financial planning section of the design submittal or project report reflects
the expiration date and the inability to renew the temporary water right, and the
local government land-use decision reflects and supports the temporary use.

3. The title of the property the temporary water right serves reflects the limitations
and attributes of the temporary water right, and includes a DOH-approved
disclaimer.

5.12.2 Interruptible Water Rights

Design engineers considering a new or expanding public water system dependent on
interruptible water rights must demonstrate the water system has access to an
uninterruptible instantaneous supply sufficient to meet basic maximum daily demand
requirements, and an uninterruptible volumetric supply sufficient to satisfy the system'’s
nondiscretionary average daily water demands (WAC 246-290-230). We consider access
to an adequate uninterruptible supply to include:
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e An uninterruptible instantaneous supply equal to at least 350 gallons per day
(gpd) per ERU (WAC 246-290-221 (4)) (See Baseline Residential Water Demand in
Appendix D).

e A volumetric supply sufficient to serve at least 200 gpd per ERU during the entire
period of interruption.

During the entire period of interruption, the water system must remain capable of
providing the fire flow the local fire control authority determined necessary (WAC 246-
290-221(5)).

The water system must submit a plan for temporary demand curtailment during the
design period of interruption (WAC 246-290-420 (1)). If the temporary demand
curtailment plan does not describe a credible and enforceable plan to limit demand, we
may seek in the design an increase in the maximum daily demand (MDD) and/or an
increase in average daily demand (ADD).

We recommend planning to mitigate the maximum duration of an interruption based
on a 50- year low-flow for the supply source(s). Design engineers should ask Ecology for
the estimated duration of interruption based on a 50-year low flow in the source(s) of

supply

5.12.3 Leased Water Rights

A water lease from a federal agency, such as Bureau of Reclamation, is irrevocable and
renewable in perpetuity. Consequently, we consider federal leases reliable and
appropriate for approval of a new or expanding water system.

However, we do not recognize other leased water right contracts as a reliable source of
supply. These arrangements risk a permanent water supply interruption if the owner
revokes or does not renew the lease, or the water system cannot obtain a permanent
water right before the lease contract expires.

In most circumstances, the design engineer must demonstrate service capacity based
on the ability to supply 350 gallons per day per ERU under a non-leased water right(s)
(WAC 246-290-221 (4) and 246-290-420 (1)). In addition, the water system must submit
a plan for permanent demand curtailment (WAC 246-290-420 (1)). If the permanent
demand curtailment plan does not describe a credible plan to limit demand, we may
require the engineer to use a greater maximum daily demand (MDD) and/or a greater
average daily demand (ADD) in the water system design.
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5.13 Placing a New or Modified Source into Service

Before a new or modified source can be placed into service, it must be properly
inspected, disinfected, and tested (WAC 246-290-120(4) and -451(1)). Design engineers
usually use the WSDOT/APWA standard specifications (Division 7) and AWWA C6571-
Standard for Disinfecting Water Mains to define pressure, leakage, and disinfection
standard practices (WSDOT/APWA 2016; AWWA 2014) for pipelines installed as part of a
new or modified source. AWWA C654-Standard for Disinfection of Wells is the
disinfection and testing standard for new or modified wells (WAC 246-290-451(1))
(AWWA 2013). The specific standards used for the project should clearly identify:

e Inspection and flushing requirements.

e Pressure and leakage testing methods.
e Disinfection and bacteriological testing methods.

The new or modified source may be placed into service only after the water system
properly disinfects it according to industry standards, testing results show the water
from it is safe to drink, and the engineer in charge of the project submits a Construction
Completion Form to DOH (WAC 246-290-120(5); WAC 246-290-125(2)(b)).
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Acronym Key for Figure 5-1

CT Chlorine Concentration x Time

GW Groundwater

GWI Groundwater under the direct influence of surface water
MPA Microscopic Particulate Analysis

SW Surface water
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Figure 5-1 Evaluating Potential GWI Sources
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Chapter 6: Transmission and Distribution Main Design

6.0 Introduction

The proper design is vitally important to ensure that transmission and distribution mains
reliably and efficiently convey safe drinking water to consumers. The essential design
objectives for transmission and distribution systems are assessing hydraulic capacity
under various flow conditions, facilitating best management practices in the operation
of the piping system, and providing for the buried infrastructure’s long-term physical
resiliency.

Good design begins with good planning. Chapter 3 provides the basis for assessing
water demands, and Chapter 4 describes the relationship between water infrastructure,
water supply requirements, and water system capacity. Design engineers should
integrate the transmission and distribution system design into the water system'’s overall
design.

The design engineer’s responsibility does not end with ensuring that the system will
deliver the design flow to consumers at a useful pressure immediately after completing
construction. Water systems will count on the continuous use of these new pipes for
many decades. To promote such longevity, the design engineer should carefully
consider selection of pipe material, size, location, and bedding; and evaluate the need
for measures such as:

e Cathodic protection and polyethylene encasement to protect against corrosion.
e Vacuum relief and surge mitigation to protect against destructive surge forces.
e Restrained flexible joint pipe to provide resiliency against ground movement.

e Cross-connection control at point of service to high health hazard premises (see
WAC 246-290-490).

Operators naturally seek to apply best management practices in the operation and
maintenance of their distribution systems. That means pipeline design should facilitate
operators’ efforts, and include provisions for:
e Sampling stations at representative locations in the distribution system.
e Isolation valves and looped pipe to facilitate maintenance while minimizing
service disruption.
¢ Flushing facilities and looped pipe needed to minimize water age and enable
clearing the distribution system of settled particulates.
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This chapter provides guidance on the size, materials, facility location, and other design
factors required to achieve the design objectives listed above. The following definitions
apply to this chapter:

Transmission mains convey water from the source, treatment, or storage facilities to
the distribution system.

Distribution mains deliver water to individual customer service lines and provide water
for fire protection through fire hydrants, if applicable.

6.1 Hydraulic Analysis

Design engineers must use a hydraulic analysis to size and evaluate a new or expanding
distribution system (WAC 246-290-230(1)). All but the simplest distribution systems
require a computer model for an accurate assessment. Hydraulic analyses take four
steps (Cesario 1995; AWWA 2017):

1. Collect data. Hydraulic analysis data include physical data on pipes, pumps,
reservoirs and valves, and operational data on flows and facility operations.

Develop the model. Use the data collected to develop a hydraulic model.

3. Calibrate the model. Calibration involves comparing model results with field
observations. It is an essential step in developing a useful model (Walski 2000).

4. Analyze the distribution system. Use the calibrated model to analyze the
distribution system to determine whether the existing system can meet minimum
pressure requirements; if not, modify the pipe network to determine the
improvements needed to meet minimum requirements. You should analyze
distinct pressure zones separately.

Besides assessing a pipe network’s capacity to deliver required flow-rates while meeting
minimum and maximum pressure standards, use a hydraulic model to assess:

e Unidirectional flushing.

e Water quality in the distribution system.
e Water age.

e Water velocity.

e Hydraulic transients (water hammer).

e Reservoir siting and optimal geometry.

We require a detailed hydraulic analysis as part of a system'’s water system plan (WAC
246-290-100). We also may ask a water system for an analysis on an “as needed” basis
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(to resolve an operating problem for example) (WAC 246-290-110(2) and (4)(f)). In all
cases, systems must maintain minimum pressures (Chapter 246-290 WAC, Part 3).

6.1.1 Data Collection
Collect the following information to construct an initial model:

e Actual diameter and length of each pipe used in the model. See discussion of
“skeletonization” below.

e Pipe type and age (to determine “"C" roughness coefficient).

e Parameters that vary with time (pump rates, reservoir levels, discharge pressures,
and demand patterns).

e Reservoir geometry and design levels (operating, equalizing, standby, fire
suppression, and dead storage elevations) and whether a pressure zone is “open”
or “closed” as defined in Chapter 8.

e Schematic of key distribution system elements, such as reservoirs and booster
pump stations, to identify the operational scenarios that should be analyzed.

e Pump curves used in hydraulic simulations should represent the actual pump
characteristics of the unit. Over time, pump impellers wear and can change the
pump characteristics. Design engineers should determine whether the pump
curves are still representative of the installed pumps or whether the curves need
to be redrawn based on in-service pump flow and pressure testing.

e Operational rules for all major water system components. For example, get
answers to the following questions. The answers are especially critical when
running extended-period simulations:

o Under what conditions do operators turn on a pump, open or close a
control valve, or adjust a pressure-regulating valve?

o Do reservoir level probes or pressure sensors control the pumps?

o What are the corresponding on-off levels or pressures? Do pumping
schedules change to minimize power costs?

o Are all facilities available, or are some off-line for maintenance or repair?

e Node elevations taken from the best source possible (topographic survey, Google
Earth). Use ground level elevations at nodes, rather than pipe elevations, because
pressure measurements usually are taken close to ground level. In steep terrain,
accurately locating the node is critical to an accurate elevation, and therefore to
the hydraulic model results. A 10-foot variance from actual elevation will result in
a 4-psi inaccuracy before any other modeling inaccuracies come into effect.
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“Skeletonization” is the deliberate exclusion of distribution piping from the model. It
simplifies model construction and speeds up the analysis. With increased computational
power, skeletonized models are rarely developed (Speight et al. 2010). See detailed
information on skeletonized model criteria in other guidelines (AWWA 2017, USEPA
2006). Design engineers should state whether they skeletonized the computer model,
and if so provide justification and assessment of the skeletonized model in relation to
the needed level of accuracy.

6.1.2 Hydraulic Model Development
Hydraulic model development involves both:

1. Defining the physical attributes that comprise the distribution system (sources,
pipes, reservoirs, valves, and pump stations). See Section 6.1.1.

2. Identifying and allocating customer demand.

Allocating customer demand probably is the most important and difficult part of
modeling (Speight et al. 2010). Typical data sources used to estimate current and future
demand allocation include customer usage records, especially for large customers;
distribution system leakage estimates; zoning information; projected land use; and fire
flow requirements. From this information, it is possible to estimate maximum day
demands, peak hour demands, and fire flow demands, and to allocate those demands to
nodes within the model. When creating extended period simulation models, develop
diurnal demand curves for each pressure zone.

6.1.3 Hydraulic Model Calibration

Calibration is an essential part of developing a useful hydraulic model. The calibration
process involves comparing modeled or predicted results with field measurements. This
process is necessary for the computer model to provide accurate and reliable results.
Calibration often involves a trial and error process of adjusting the physical attributes
and other information until there is satisfactory agreement between the field data and
modeled results. Among reasons for discrepancies between field data and modeled
results are:

e Erroneous model parameters (pipe roughness values and node demand
distribution).

e Erroneous network data (pipe diameters and lengths).
¢ Incorrect network geometry (pipes connected to the wrong nodes).

e Errors in boundary conditions (incorrect pressure-regulating valve settings,
unknown closed valves, tank water levels, and pump curves).
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e Errors in historical operating records (pumps starting and stopping at incorrect
times).

e Equipment measurement errors (improperly calibrated pressure gauges).

e Measurement error (reading the wrong values from measurement instruments).

e Field data collection error (moving too quickly from one field point to another
without allowing the water system to stabilize between readings).

The level of effort needed to calibrate the model varies depending on the end use. The
design engineer should identify the end use of the computer model’s output and
confirm that calibration and/or accuracy is sufficient for that use. A poorly calibrated
model may result in inadequate fire flow, pressure problems, incorrect pipe sizing, or
other issues with significant repercussions.

Design engineers may use various criteria to evaluate model accuracy. The most
common are:

e Absolute pressure difference. Measured in psi.

e Relative pressure difference. Measured as the ratio of the absolute-pressure
difference to the average-pressure difference across the water system.

Relative pressure difference is the preferred criterion. Simulations over extended periods
involve comparing predicted to observed flow rates, pressures, and tank water levels.

It often takes a repetitive process to eliminate errors, especially when modeling larger
water systems. It is most difficult to calibrate very old and corroded distribution systems,
and water systems with little or no information.

There are no standard national or industry-adopted criteria for calibrating a hydraulic
network model. Engineers can use the references and guidelines in Table 6-1 while
calibrating hydraulic models. See the end of this chapter for recommended references
on calibrating network distribution models (AWWA 2017; Bhave 1988; Cesario, 1995;
Ormsbee and Lingireddy 1997; Speight et al. 2010; Walski 2000).

When calibrating extended-period simulation (EPS) models, the engineer should start
with a steady-state hydraulic analysis for pipe roughness, elevations, and demand
distribution (Walski et al. 2003). As part of developing an EPS model, engineers will need
to develop a diurnal demand curve for the water system or pressure zone(s) they are
analyzing. See Section 6.1.5 for information on EPS modeling.
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Table 6-1: Industry Criteria for Calibrating Hydraulic Models

Accuracy of Readings Accuracy.of Flow Reference
Readings
Hydraulic grade line of model is within 5 to
10 ft. of field data. N/A AWWA 2017
Water levels within 3 to 6 feet.
+ 5% of maximum head loss for 85% of
readings + 5%, where flow
>10 % of the total WRc 1989
+ 7.5% of maximum head loss for 90% of demand
readings
Predict the hydraulic grade line to within 5
to 10 ft. at model calibration points during N/A Walski et al. 2003
peak demands, such as fire flows

Note: 2.31 feet of head is equal to 1 psi.

Here are some data issues design engineers (“modelers”) should consider in calibrating
hydraulic models:

1. Water systems that use a supervisory control and data acquisition (SCADA)
system should confirm the calibration of devices used to measure tank levels,
pressures, and flows for selected locations.

2. Without a SCADA system, water systems should manually track reservoir
levels during flow and pressure tests, paying particular attention to the time
they take each level reading.

3. Re-set demand allocation. For small water systems, it may be possible to
gather source and individual meter readings before and after flow tests, and
estimate the volume used during the tests. A reasonable way to check the
model is to impose actual water system demand and flow-test data in a
simulation, and then compare predicted residual pressures to those actually
measured.

4. Because there may be uncertainty about pipe-roughness values in older
distribution systems, we recommend that engineers adjust operational,
consumption, and network data before they adjust pipe-roughness values.
Adjust pipe roughness values for whole classes of pipe (e.g., change C for all
cast iron pipe 40 years and older to 75). If known, use the effective pipe
diameter (as opposed to the nominal diameter) in very tuberculated pipe.
Pipe diameter can vary significantly in older pipe, even within the same pipe,
and may be irregular and random due to build-up (tuberculation) or
corrosion.
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5. Pipe-roughness values significantly affect water system flows and pressures
during peak hour demands and fire flows. Procedures for hydrant flow tests
are in Installation, Testing and Maintenance of Fire Hydrants (AWWA 2006a).
Criteria to identify deficiencies in pipe segments are in Computer Modeling of
Water Distribution Systems (AWWA 2017). They include:

e Velocities greater than 5 fps
e Head losses greater than 10 feet per 1,000 feet

e Large-diameter pipes (16 inches or more) with head losses greater than
3 feet per 1,000 feet

The accuracy of the calibrated model declines as changes occur in the actual water
distribution network. The engineer should recalibrate the model when adding major
new facilities to the network system, when peak hour demand or maximum daily
demand exceeds that used in the model, or when operational procedures change
significantly.

6.1.4 Hydraulic Model Analysis

Engineers can use the calibrated model to analyze the existing distribution system and
various scenarios of proposed improvements to arrive at the most cost efficient,
effective solution. The hydraulic analysis should clearly identify how the engineer
developed and calibrated the model, and summarize the output. The following items
should be in the hydraulic model discussion. These items also are in the hydraulic
analysis checklist in Appendix A.3.4.

1. Develop a diagram showing all nodes (junctions) used and a corresponding
written summary of assumed supply and demand flows for each condition that
will be evaluated. Larger scale diagram sheets may be necessary to accurately
show proper location and functions of all control valves and pump station
facilities.

2. Explain all assumptions used for the model, including friction factors for the pipes
and operating conditions of sources, storage reservoirs, booster pumps, and
valves. For additions to existing water systems, compare computer model results
to actual field measurements, and document that the model was calibrated
accordingly.

3. Using a system contour map, identify the minimum pressure results found at the
highest elevations and other critical areas in each pressure zone of the system
under flow conditions found in item 5 (below).

4. Enter pump curves for the proposed source and booster pumps into the program
to indicate how the system will respond to varying flow conditions.
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5. Steady-state flow conditions must include each of the following (see WAC 246-
290-230(5) and (6)):
a. PHD in each pressure zone and throughout the water system, under
conditions that deplete all equalizing storage volume and assume all sources

are operating. The resulting pressures must meet the requirements listed in
Section 6.2.2.

b. Highest demand fire-suppression flows, such as commercial zones or
industrial complexes (>1,000 gpm fire flows, for example), during MDD. The
design engineer must evaluate the water system and each pressure zone
under conditions that deplete designed fire-suppression volume and
equalizing storage. The resulting pressures must conform to Section 6.2.2 with
respect to values and locations. Design engineers must evaluate water
systems subject to the Water System Coordination Act assuming the largest
capacity pump used to supply fire flow is out of service (WAC 246-293-640;
WAC 246-293-660).

The distribution system design must provide adequate capacity under a
variety of flow conditions (WAC 246-290-230). Water systems must operate
their distribution systems so that 20 psi is available at the flowing hydrant(s)
and positive pressure is maintained at all times under fire-flow conditions
(WAC 246-290-420). That means design engineers should assess the flow
available from a hydrant operating down to 20 psi on residual pressure
elsewhere in the distribution system—even if that flow exceeds the local fire
authority requirements..

A fire department may not know the effect it can have at distant points from
the flowing hydrant when drafting it down to 20 psi. Design engineers should
evaluate the potential that firefighting equipment may cause very low water
system pressure at sites distant from the hydrant(s) in use. These low
pressures may present a public health concern due to an increased risk for
contamination from cross connections and pathogen intrusion. Options may
include discussing water system constraints with fire protection authorities,
color-coding fire hydrants to indicate limitations, placing orifice plates or
other devices that restrict flow rates, following stringent disinfection O&M
procedures after similar events, and informing users of precautions they can
take to provide additional protection after a fire flow event.

6. Provide an explanatory narrative to accompany graphic figures. The narrative and
figures should address:

a. Low and high-pressure areas in each pressure zone.
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b. ldentify whether each zone has adequate equalizing and fire suppression
storage.

c. Identify capacity limitations within pressure zones. See Sections 4.4.4.1 and
454.1.

d. Corrective measures and demonstration that corrective measures resolve
deficiencies identified in the analysis.

6.1.5 Extended Period Simulation

Larger, more complex water systems should consider doing extended period simulation
(EPS) (typically a multiple of 24 hours), using model conditions such as ADD, MDD, and a
worst-case fire flow event with appropriate hourly peaking factors during the day. EPS
also may apply to water systems with limited source capacity and greater reliance on
storage facilities to meet demand. Water systems need EPS to understand the effects of
changing water usage over time, cycles of draining and filling reservoirs, or the way
pumps or valves respond to changes in demand.

As part of developing an EPS model, it is necessary to develop a diurnal demand curve
for the water system or pressure zone being analyzed (Cesario 1995). The shape of the
diurnal demand curve will vary between water systems and even between pressure
zones within a water system. It isn't appropriate to take a diurnal demand curve from a
textbook and apply it to an EPS model. Several publications explain how to develop a
diurnal demand curve (AWWA 2017; Walski 2003).

6.1.6 Hydraulic Transients (Water Hammer)

Before completing the design or hydraulic assessment, the design engineer should be
confident that the water system is safe from excessive water hammer conditions.
Furthermore, transmission mains designed to operate at velocities greater than 10 feet
per second (10 fps) must have a hydraulic transient analysis in conjunction with the
hydraulic analysis described above (WAC 246-290-230(9)). Factors that make
distribution systems vulnerable to hydraulic transients include:

e Long dead-end pipe segments.

e High velocity (greater than 5 ft./sec).

e Pipeline profiles with sharp changes in slope that create high points (AWWA
2017).

e Closed systems (Chapter 8 defines a closed system).

There are various computer programs available to the design engineer. Many programs
designed to perform hydraulic analysis also do transient analyses. It is important to
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select a model that matches the complexity of the facility. During facility start-up, the
engineer should verify modeled results by gradually generating more and more severe
conditions. This approach can show the water system works, as predicted, prior to
generating the worst-case design conditions.

6.2 Sizing Pipelines

When sizing water system mains, engineers should consider many factors including
pumping costs, future water system demands, land use, friction losses, flow velocities,
and water quality. These factors interrelate, so designers should recognize the influence
of each when selecting optimum piping arrangements. Engineers must design
transmission lines, distribution facilities, water sources, pumping facilities and storage
facilities so that, together, they meet minimum demand—including needed fire flow if
applicable—and pressure requirements described in WAC 246-290-230.

6.2.1 Sizing Procedures

Many engineering textbooks, reference books, and design manuals include procedures
for sizing water system distribution and transmission lines. There also are many common
computer programs available to aid in the design of complex water systems.

6.2.2 Minimum Size

Engineers must use a hydraulic analysis to determine the minimum size of a
transmission or distribution main (WAC 246-290-230(1) and (9)). The hydraulic analysis
must address the parameters outlined in Section 6.1. In general, the main sizes need to
provide the flow rates required to serve the anticipated land use near the water system
as characterized in the water system plan and the local land use plan. All new and
replaced distribution mains must be at least 6 inches in diameter, unless a hydraulic
analysis justifies another size (WAC 246-290-230(2)).

Any pipeline designed to provide fire flow must be at least 6 inches in diameter (WAC
246-290-230(3)). Design engineers must consider at least two demand scenarios when
using a hydraulic analysis to size water mains and other water system facilities (WAC
246-290-230(5) and (6)).
e First, the water system must be able to deliver the peak hourly demand at the
required pressure of 30 psi at every existing and proposed service connection.

e Second, if the water system provides fire flow, the distribution pipelines must be
able to deliver the maximum day demand (MDD) rate, in addition to the needed
fire flow, at the required pressure of 20 psi throughout the distribution system.
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Design of transmission mains must provide a minimum of 5 psi at the ground surface
above the pipeline under maximum design flow conditions, except when the
transmission main is located adjacent to a reservoir and the normal operation of the
reservoir provides less than 5 psi (WAC 246-290-230(9)).

6.2.3 Peak Hourly Demand

Distribution pipelines must be able to deliver enough water to meet peak hourly
demand (PHD) at 30 psi at every existing and proposed service (WAC 246-290-230(5)).
PHD is the maximum rate of water use expected to occur in a defined service area,
excluding fire flow. Unless there are accurate water demand records identifying PHD, the
designer should use the equations in Chapter 3 to estimate PHD. If there is more than
one pressure zone, the engineer must estimate PHD separately for each zone (WAC
246-290-235(5)).

6.2.4 Fire “Suppression” Flow

The local fire protection authority or county fire marshal usually determines minimum
fire flow requirements (WAC 246-290-221(5)). The design engineer should always
confirm the fire suppression requirements associated with a given water system design
with the local fire protection authority. Where fire suppression is required, fire
suppression flow plus maximum daily demand usually controls the size and layout of
distribution systems. That is why it is so important to confirm the fire flow requirements.

Typically, the fire protection authority is the town or city fire chief, or county fire marshal
in unincorporated areas. Some incorporated areas may contract for fire protection
services with a district or the county. Local fire protection agencies may reference
standards the Insurance Service Office (ISO) established to determine needed fire flow.
As an example of these standards, ISO’s 2014 Guide for Determination of Needed Fire
Flow standards for 1- and 2-family dwellings not exceeding 2 stories in height for a
duration of 1 hour:

Distance Between Buildings Needed Fire Flow
More than 30 feet 500 gpm
21 to 30 feet 750 gpm
11 to 20 feet 1,000 gpm
0 to 10 feet 1,500 gpm

The design engineer should discuss optimal fire hydrant spacing with the water system
and local fire officials. See Appendix C to get contact information for the Office of the
State Fire Marshall and Washington Surveying and Rating Bureau.
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In designing a new water system, or expansion of service from an existing system,
design engineers may wish to consult with the local fire protection authority and
coordinate with local building officials on ways to minimize needed fire flow to
accommodate any physical capacity constraints of the water system.

6.2.5 Minimum Distribution System Pressure

New water systems and additions to existing water systems must be able to provide
PHD at no less than 30 psi at all service connections throughout the distribution system
when all equalizing storage is depleted (WAC 246-290-230(5)). The water system must
meet this minimum pressure at all existing and proposed service meters or along
property lines adjacent to mains if no meters exist.

Many water systems recognize that the 30-psi standard is not optimal for modern
appliances and sprinkler systems. Design engineers should check performance
standards with the local water system, as local standards might be more stringent. At 10
gallons per minute, the friction loss through a typical °/s-inch meter and ¥4-inch service
line from water main to a home (assuming the total distance is 60 feet) is over 10 psi.
Assuming 5 to 10 feet of elevation gain from the water main to the first floor of the
home, only about half of the 30 psi at the water main is available for use inside the
home.

During fire suppression events, the water system must be able to provide 20-psi
minimum pressure at ground level at all points throughout the distribution system. The
water system must be able to provide this minimum pressure under fire-flow conditions
plus the MDD rate when all equalizing and fire-flow storage is depleted (WAC 246-290-
230(6)).

We may approve water systems supplying existing customers, or designs for additions
to existing water systems, to use individual-service booster pumps to provide minimum
design pressure required under WAC 246-290-230 if the individual pumps are:

e Intended for interim use only.
e Managed and controlled by the water system, not the customer.

See Chapter 8 for specific design guidelines on individual-service booster pump
stations.

6.2.6 Maximum Velocity

We recommend a maximum velocity of no more than 8-feet per second (fps) under PHD
conditions, unless the pipe manufacturer specifies otherwise. Maximum velocities
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greater than 8 fps may occur under fire-flow conditions, for short main sections, or
piping in pump and valve station facilities. Excessive velocities may reduce pipe service
life, cause excessive energy consumption, and increase the risk of damaging hydraulic
transients. In addition, unplanned high velocity flow may scour interior pipe surfaces and
cause water quality problems for consumers.

Engineers should conduct a hydraulic transient (water hammer) analysis for distribution
piping designed to exceed 5 fps during PHD or fire-flow conditions (AWWA 2017), and
must do so when a transmission main is designed to operate at 10 fps or more (WAC
246-290-230(9)). See Section 6.1.6 for a discussion on modeling transient conditions and
Section 6.2.8 for surge control.

6.2.7 Excess Pressure

When designing a water main, it is important to consider the type of pipe used and the
pressure needs of the water system. Excessive water system pressure can increase the
risk of pipe failure and result in increased distribution system leakage. Working pressure
in the distribution system should be limited to 80 psi unless the design engineer can
justify the need for higher pressure (to reduce capital and/or pumping costs, increase
fire flow reliability, or for other reasons), and verify that the pipe material is appropriate
for the design working pressure. See Section 6.4.8 for recommendations on individual
pressure-reducing valves.

6.2.8 Surge and Transient Control

Many factors influence hydraulic surges and transient conditions (water hammer),
including main size, length, profile and construction materials. See Section 6.1.6 for an
analysis of transient conditions. Engineers should base pipe pressure tests and thrust
restraint on the maximum transient conditions, including an appropriate safety factor.

We recommend that water systems consider installing facilities that enable real-time
monitoring of distribution system pressures to understand the occurrence of hydraulic
transients and the associated risk of contamination through backsiphonage. Consider
designing continuous pressure monitoring and SCADA reporting in booster pump
stations, reservoir vaults, and PRV vaults.

There are many ways to provide surge control, including:
e Open surge tanks and pressurized surge tanks.
e Surge anticipator valves, vacuum relief valves, and regulated air release valves.
e Optimize the main size and alignment.
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e Electric soft-start or -stop and variable speed drives for pumps.

e Electric interlocks to prevent more than one pump from starting at the same
time.

e Slow opening and closing valves.
e Increase the polar moment of inertia of the rotating pump or motor assembly.

e Reduce flow velocity.

It may be necessary to combine methods. Engineers should take care to avoid a
hydraulic-prevention strategy from causing a secondary water hammer equal to or
worse than the original design.

Reliability of the surge protection facility is important. If appropriate, the design should
provide redundancy for essential equipment such as vacuum relief valves. Surge tanks
and similar components should have early warning alarms to notify operators. The
design should not allow the pumping system to operate if the surge protection facilities
are not operable.

6.2.9 Assessing Water Quality Effects on the Existing Distribution System

Changes in the physical or chemical environment in a distribution system may
destabilize tubercles and introduce their chemical and biological communities into the
water column. In Chapter 5 (Section 5.3) and Chapter 10 (Section 10.13) we describe the
need to assess the effect of adding a new source or treatment process on distribution
system water quality. The assessment should address concerns that chemical changes to
the water in the distribution system (pH, dissolved oxygen, oxidation/reduction
potential) may destabilize the tubercles, thus suspending corrosion byproducts,
adsorbed metal ions, and biofilm or microbial contaminants.

For the same reasons, design engineers should assess the effect associated with
replacement or addition of distribution system water mains on flow direction and
velocity. These physical changes can shear tubercles from pipeline inner walls, resulting
in suspension of chemical and biological contaminants into the distribution system.
Water systems should clean existing pipe segments found to be vulnerable to
tuberculation shearing before activating the new pipeline(s).

6.3 General Design Considerations for Mains

Design engineers should consider the location, depth, pipe material, and bedding from
the perspective of future access, resiliency, and physical protection of the pipeline. These
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basic design elements are especially important because buried pipelines are out of sight
for their entire service life.

6.3.1 Installation

Design pipelines within a public corridor or established easement. Specify installation
according to established standards such as Washington State Department of
Transportation (WSDOT/APWA Division 7) and AWWA. Use the information in and
reference the latest edition of AWWA Standards such as C651 (Disinfection), C600 (DI
pipe installation), C605 (PVC pipe installation), and ASTM standards such as F2620
(HDPE joining).

You also may find the following AWWA Manuals of Practice useful in preparing
construction documents for the installation of transmission and distribution mains:

e AWWA M9: Concrete Pressure Pipe (AWWA 2008).

e AWWA M11: Steel Water Pipe — A Guide for Design and Installation (AWWA
2004).

e AWWA M23: PVC Pipe Design and Installation (AWWA 2002, AWWA 2005a).
e AWWA M41: Ductile-lron Pipe and Fittings (AWWA 2009a, AWWA 2010).
e AWWA M55: PE Pipe Design and Installation (AWWA 2006b).

6.3.2 Depth of Pipe Burial

Design pipelines below the frost line measured in the most severe winters; otherwise,
design freeze protection. When determining proper depth, engineers should evaluate
temperature variations in the area, especially in Eastern Washington and mountainous
areas. The minimum fill depth over the top of the pipe is usually 36 inches. The design
engineer may justify another depth (for example, to avoid underground obstructions or
rocky conditions).

If providing less than 36 inches of cover, engineers should consider and document the
following in the project report:

e Pipe load and pipe strength.
e Freeze protection.
e Vulnerability to damage from future excavation.
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6.3.3 Special Design Considerations

The design should protect pipes above ground from freezing (such as bridge crossings)
and secure pipes at river crossings or subject to tidal action. The engineer should
consider:

e Pipe thrust restraints whenever pipelines leave the soil.

¢ Underground thrust blocking whenever a pipe changes direction (such as a
bend) or unbalanced thrust forces exist (pressure and momentum).

6.3.4 Separation from Nonpotable Conveyance Systems

Appropriate separation between potable and nonpotable pipelines protects public
health and safety. Pipeline failure or leaks can result in pipeline contamination that
jeopardize public health and safety. Nonpotable conveyance systems include piping that
carries:

e Sanitary or industrial sewage

e Reclaimed water

e Irrigation supply from nonpotable sources
e Storm drains

e Petroleum products (oil, refined products)
e Natural gas

We do not consider a driveway culvert a nonpotable pipeline requiring special
consideration.

Backflow of leaked content from a nonpotable conveyance system, or complete pipe
failure of nonpotable piping can contaminate the potable water system. Pipeline
designers can increase potable pipeline reliability by selecting proper pipe materials,
wall thickness, pipe joint and thrust restraint systems, pipe bedding, and internal and
external corrosion control, and adequate separation between pipelines.

Adequate separation minimizes incidental damage during the repair or replacement of
potable water lines and pipelines. Adequate separation also ensures sufficient room to
repair leaks and replace broken sections. Finally, separation reduces the potential for
pipeline failure that a leak or failure of its neighboring pipeline could cause.

The following recommendations apply to pipelines of 24-inch diameter or less. Larger

pipelines create more concerns and, therefore, require additional consideration.
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Standard industry guidance calls for a minimum of 10-foot horizontal separation
between the outer walls of potable and nonpotable pipelines in parallel installations,
and a minimum of 18-inch vertical separation (potable water line above) between the
invert of the potable water line and the crown of the nonpotable line at pipeline
crossings (Ten State Standards, WAC 246-290-200).

We recognize that actual conditions can make it impossible to comply with these
standards. If the design of a new or replacement water main cannot provide the
standard 10-foot horizontal separation, design engineers should consult Pipeline
Separation Design and Installation Reference Guide (WSDOE and DOH 2006). Provisions
allow for parallel potable and nonpotable installations to be as close as 4-feet
horizontally if they meet certain conditions. Design engineers should provide
justification, and demonstrate that the conditions for a pipe separation less than 10-feet
are met in the project report.

If the potable line is closer than 18 vertical inches from the nonpotable line at the point
of crossing, or the potable line must cross under the nonpotable line, the potable line
should be encased with ductile iron or steel pipe designed to withstand a minimum
static pressure of 150 psi extending at least 10 feet to either side of the crossing.
Additional measures may be necessary to mitigate the risk posed by crossing an existing
nonpotable line, especially when it is located above the new water line.

If the water system receives permission to do so, mitigation of close parallel or crossing
installations may be applied to the nonpotable line. This may include encasing the
nonpotable pipe with pressure grouting, concrete, or controlled density fill.
Surrounding nonpotable or potable pipes in concrete makes future repair or access
extremely difficult. For this reason, we recommend the use of casing pipes instead.
Designers should include project-specific information and justification, permission to
work with the nonpotable pipe, and appropriate direction in the water system’s pipe
repair SOPs in the project report.

6.3.5 Separation from Other Potential Sources of Contamination

Design engineers should thoroughly evaluate water main installations on a case-by-case
basis if they are near other potential sources of contamination. This may include a
facility if a failure at the facility would subject the water in the main to toxic or
pathogenic contamination. Other potential sources of contamination include storage
ponds, land disposal sites for wastewater or industrial process water containing toxic
materials or pathogenic organisms, and solid waste disposal sites.
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Designers should not install water mains closer than 10 feet from a septic tank, drain
field, or any other on-site wastewater treatment or disposal component. The
measurement should be from the outer wall of the water main to the outer boundary of
the drain field bed or exterior face of any other on-site component.

Design engineers and water systems should take precautions before selecting materials
for a pipeline in an area with soils known or suspected to be contaminated with lower-
molecular-weight organic solvents or petroleum products. Certain pipe materials,
especially polyvinyl chloride (PVC), polyethylene (PE and HDPE), and polybutylene (PB),
are susceptible to permeation by such contaminants (Holsen et al. 1991; Ong et al. 2008,
Cheng et al. 2012). Elastomeric gaskets made of ethylene propylene diene monomer
(EPDM) used to join ductile iron pipe are susceptible to permeation as well. However,
nitrile-butadiene rubber (NBR) is resistant to permeation by organic solvents and
petroleum products, so ductile iron pipe with these types of gaskets should be used if
potential permeation is an issue (Cheng et al. 2012).

Designers and water systems should ask the pipe manufacturer about the risk of
permeation of pipe walls and jointing material in such areas.

6.3.6 Pipe Materials

Various materials are available for distribution and transmission pipes. Engineers base
their material selection on factors such as life-cycle cost (capital and maintenance),
reliability, special design considerations, water system preference or familiarity,
conformance with existing materials, and certification under ANSI/NSF Standard 61. The
design engineer must use established standards, such as AWWA or the American
Society for Testing and Materials (ASTM), when justifying the class of pipe selected
(WAC 246-290-200(1)).

Any selected material that will have substantial contact with drinking water supplies
must be certified to meet ANSI/NSF Standard 61 (WAC 246-290-220(1)). This applies to
coatings, liners, or any joining materials used. “Substantial contact” means the potential
for contaminants to enter the drinking water. Factors to consider are the total area of
exposure, volume, length of time water is in contact with material, and level of public
health risk.

6.3.7 External Corrosion Control

Engineers should consider protection from external corrosion in areas where corrosive
soils are prevalent or when pipelines are exposed. This protection is especially true for
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bridge crossings in salt-water (coastal) environments or other harsh environments. This
protection also may be necessary in colder locations where salt is used to de-ice roads.

Engineers should also evaluate and, if appropriate, protect metal pipes from corrosion
due to stray electrical currents in the soil. This usually occurs when metal pipes are near
Or Cross:

e Major oil or natural gas pipelines protected by impressed current
e Light rail guideway

The AWWA Manual of Practice M27 on external corrosion control has detailed
information on:

e Assessing the potential for corrosion of buried and exposed water mains.
e Protecting buried water mains.
e Selecting coating material for exposed pipes (AWWA 2014a).

6.3.8 Location of Pipes in Geologically Vulnerable Areas

Earthquakes and landslides have caused water mains to fail, leading to depressurization
of distribution systems, boil water advisories, and significant service disruptions (Tanaka
1995; Ballantyne et al. 2009; WMD-EMD 2014). Although transitory seismic waves and
strong ground shaking can cause some buried pipelines to fail, buried pipelines are at
most risk when they are subjected to permanent ground displacements. The most
common causes of permanent ground displacement are

e Liquefaction and lateral spread.
e Landslide.

e Settlement.

e Fault rupture.

e Subsidence or uplift.

To meet state and local requirements, engineers must address geologic risk (seismic
and unstable slopes) when designing water systems (WAC 246-290-200), assessing
existing water mains, and installing new water mains.

Engineers should prioritize making transmission and distribution systems that serve
water for essential services earthquake-resilient, so that these pipelines remain
functional after seismic events. Essential services include medical facilities; power plants;
fuel refining, storage, and distribution facilities; food production, storage, and
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distribution facilities; emergency response command and communication centers; and
emergency shelters.

Engineers can reduce or mitigate seismic risk by:

e Identifying where pipeline alignments cross through regions of potential
permanent ground displacement or strong ground shaking intensity.

e Using seismic-resistant pipe systems that can accommodate expected permanent
ground displacements and strong ground shaking.

e Using flexible couplings that permit differential movement when pipelines
attached to structures, such as tanks and vaults, move differentially with respect
to the ground.

e Providing adequate support and bracing to structures that support above-ground
pipelines.

e Installing redundant facilities and/or looped piping.

e Using appropriate valving to isolate vulnerable areas.

e Installing pipe within a reinforced pipe tunnel.

e Encasing with polyethylene.

The Washington State Department of Natural Resources has geologic hazard maps
designers can use to identify seismic and other geologic hazards. Some pipes, such as
butt-fused HDPE (AWWA 2015a), molecularly oriented PVC (AWWA 2009b), and seismic
joint ductile iron pipe, are much less prone to failure in earthquakes and landslides
(Water Supply Forum 2015). You also can consider using specialized, flexible expansion
joints that can accommodate significant ground motion, especially near where water
mains enter structures such as reservoirs and booster pump stations.

Design guidelines available from the American Lifelines Alliance can be useful in
selecting and designing water mains in areas with significant geologic risk (ALA 2001;
ALA 2005). In areas with the potential for permanent ground displacement or strong
ground shaking, you may need to seek the services of a qualified geotechnical engineer
or other professional qualified to assist in selecting materials and other design aspects.

6.3.9 Layout of Mains

Engineers should plan and design water mains in segmented grids and loops located in
the established right-of-way or utility easement. Distribution mains should be looped, if
possible, to avoid as many dead ends as possible. Looping may not always be practical
due to topography, geology, pressure-zone boundaries, unavailable easements, or
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locations of users. If water systems cannot avoid dead ends, they should provide blow-
offs to allow adequate flushing of those mains. See Section 6.4.3.

6.3.10 Protection Against Cross-Connection

Water systems must protect their distribution systems from contamination through
cross connections with any source of nonpotable liquid, solid, or gas that could
contaminate the potable water supply by backflow (WAC 246-290-490). Design engineers
should incorporate provisions that enable their water system clients to meet their
regulatory obligations and to follow best management practices upon project
completion. Backflow assemblies should be installed so that they can be readily tested,
inspected, and maintained. Reduced pressure assemblies should not be installed in
places that are vulnerable to flooding such as underground vaults. The following
manuals provide detailed definitions, descriptions, and best practices for cross-
connection control (CCC):

e Manual of Cross-Connection Control (USC FCCCHR 2009). See Appendix C for USC
Foundation for CCC contact information.

e Cross Connection Control: Accepted Procedure and Practice Manual (PNWS-
AWWA, 1996).

e Cross-Connection Control for Small Water Systems (WSDOH 2004).

e Recommended Practice for Backflow Prevention and Cross-Connection Control
(AWWA 2015b).

It is important to determine CCC requirements during the planning phase of any water
system project to avoid the expense and difficulty of retrofitting an existing facility or
device to accept backflow protection. Engineers should consult with the water system’s
cross-connection control specialist (CCS) to be sure the design addresses the system’s CCC
requirements.

Basic CCC design considerations include:

1. Increased head loss. Backflow prevention assemblies increase head loss. Look for
the head loss curve for a backflow prevention assembly in the manufacturers’
assembly specifications.

2. Premises with high health-hazard cross connections listed in Table 9 of WAC 246-
290-490(4). The design engineer should consult with the water system to
determine whether it will connect a new water main to any existing Table 9
premises and, if so, consult with the CCS on the appropriate CCC strategy for
each such prospective service connection.

3. Cross connection requirements within water treatment facilities (see Section 10.9).
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4. Premises served by rainwater collection systems, private wells, reclaimed water, or
any other nonpotable supply (see Section 5.10.1).

5. Overflow and drain pipes from storage tanks (see Section 7.4.3 and 7.4.4).

. Pump-to-waste and air-vacuum relief valve discharge. Pump to waste must be
fitted with an appropriate air gap (WAC 246-290-490).

7. Individual booster pumps. Design engineers must ensure that the facility design
prevents individual booster pumps from negatively affecting distribution system
water quality (see Section 8.4.1).

All backflow assemblies used to protect the public water system must be on the
approved assemblies list developed by the USC Foundation for Cross-Connection
Control and Hydraulic Research (WAC 246-290-490).

6.4 Appurtenant Design Considerations

The selection and location of pipeline appurtenances such as valves, instrumentation,
flushing and sampling stations enable operators to optimally manage the distribution
system and maximize consumer value. Engineers should consider the following as part
of the overall distribution and transmission main appurtenant design.

The State Building Code Council (SBCC) administers our state’s code adoption process.
Contact information for SBCC is in Appendix C.

6.4.1 Valves

Designers should place enough valves to minimize the number of customers out of
service when the water system needs to isolate a location for maintenance, repair,
replacement, or additions. Spacing of distribution system isolation valves should be 800
feet or less (AWWA 2008) unless the grid geometry or low housing density justify
greater spacing.

6.4.2 Vacuum Relief and Air Release Valves

The engineer must ensure the distribution system is protected from backflow
contamination as a result of the intended operation of the vacuum relief or combination
vacuum/air relief valve (WAC 246-290-490). The design should not provide a pathway
for distribution system contamination; for example, through backsiphonage from an air-
vacuum relief valve with a vent located inside an undrained pit or a pump-house drain
line. The vent on these valves should be equipped with an appropriate air gap above the
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highest possible water level. The design must not create pathways that could introduce
contaminated water through backsiphonage.

High points of distribution or transmission lines where air can accumulate should have a
way to vent the air. Venting options include an automatic air release valve, combination
vacuum relief/air release valve, or manually operated devices. We recommend using a
manual air relief valve or other manual means of venting air (fire hydrant, flushing
hydrant, some types of service connections) wherever possible in lieu of an automatic
valve (See Ten-State Standards).

Vacuum relief may be necessary at any point along a water pipeline where column
separation could occur due to a negative pipeline transient pressure wave. See Sections
6.1.6 and 6.2.8. A sudden increase or decrease in flow may cause such events. The
location where a vacuum relief valve is needed may be near or far from the cause of the
transient wave (e.g., sudden booster pump station or source pump failure, rapidly closed
valve, large and sudden pipeline break).

Vacuum relief may be necessary near a reservoir. To isolate the only reservoir serving a
system or pressure zone, the water system may need a vacuum relief valve on the
system side of the reservoir isolation valve (see Chapter 7). Water systems also may
need vacuum relief to support vertical turbine pump operations. When a vertical turbine
pump shuts down, water falls out of the pump column, and air is introduced on the
pump side of the pump check valve to allow the pump column to return to atmospheric
pressure.

If a valve is installed in a vault, the vault should be rated for appropriate vehicular
loading whenever there is any possibility of traffic around the vault. The interior of the
vault should provide at least a 2-foot clearance around the valve. The air inlet and
discharge vents should be located outside the valve vault at least 18 inches above
finished grade.

Weep holes located below grade in the vent discharge line should be avoided. Design
options include locating both the valve and the discharge vent above grade in an
insulated secure box. Extreme freezing installations may require vent inflow preventers
to protect against backflow from flooded vaults.

Each vent should have a screened downward-facing vent opening (some valves may
have multiple vents). Proper drainage away from the vent outlets is necessary. During
valve operation some water discharge will occur through the vent. If the internal valve
does not seat properly, there will be continuous water discharge.
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6.4.3 Flushing Valves, Blow-offs and Hydrants

To allow sufficient flushing and proper disinfection of distribution mains, engineers
should install blow-offs, automatic flushing stations, or hydrants at low points and dead-
ends in the distribution system. They should be designed to achieve a minimum velocity
of 3.0 fps in the main for scouring purposes. To meet these criteria, small water systems
with larger pipes may need to consider design allowances that enable them to add
temporary pumping or storage facilities.

6.4.4 Fire Hydrants

You should check with the local fire protection authority to make sure that the make
and model of any proposed fire hydrant is acceptable; there are multiple types of dry
barrel fire hydrants (AWWA 2005b; AWWA 2006a). The Water System Coordination Act
defines standard fire hydrants (WAC 246-293-650(3)):

“All fire hydrants shall conform to American Water Works Association
specifications for dry barrel fire hydrants. Each hydrant shall have at
least two hose connections of 22 inches diameter each and one
pumper connection.”

New hydrants must be installed off mains at least 6-inches in diameter. The local fire
protection authority must approve existing hydrants connected to a water main less
than 6 inches, and the hydraulic analysis must demonstrate that the flow available at the
hydrant meets the fire protection authority’s standards (WAC 246-290-230(4)). Residual
pressure requirements described in WAC 246-290-230 (6) apply to hydrants installed on
undersized water mains.

Other types of "hydrants” not designed to provide fire flows, such as flush valves,
standpipes, blow-offs, or nonstandard, smaller volume hydrants without pumper ports
may be placed on smaller mains (less than 6 inches in diameter).

Designers should provide all fire hydrants with their own auxiliary gate valve. Auxiliary
gate valves are a safety item on hydrants, and most, if not all, water systems require them.

6.4.5 Sampling Stations

Every water system must develop and follow a coliform monitoring plan (WAC 246-290-
300(3)(b)). See coliform monitoring plan guidance: DOH 331-036 and DOH 331-240.
Design engineers should put sampling stations in locations where water systems can
collect representative water quality samples from the distribution systems. We
recommend the following sampling station features:
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Use distribution piping, not household plumbing.
2. The sampling location should be in an active part of the distribution system.

3. The water system should have control (ownership) of the location or sample
station.

4. The sample tap should be in a lockable enclosure and be otherwise protected
from the weather and tampering.

5. A dedicated standpipe with a smooth-nosed sample tap is preferable.

To protect samples from potential contamination and false positives, engineers should
not use stop-to-waste designs without first considering operations and maintenance,
drainage, and security. Designs should provide adequate protection from freezing, such
as using connections for a hand evacuation pump or using continuous flow sampling
stations. See Section 5.2.6 for more information on desired sample tap attributes.

6.4.6 Yard Hydrants

Water systems may not install yard hydrants that drain the riser into the ground for any
purpose without installing appropriate cross-connection control to protect the
distribution system from contamination. The riser weep hole drain presents a risk of
contamination to the distribution system through a cross connection with contaminated
groundwater. If you choose to use a yard hydrant without cross-connection control
protection, the Uniform Plumbing Code requires you to use a model that does not drain
into the ground. We accept yard hydrants that conform to American Society of Sanitary
Engineering Standard 1057 (ASSE 2012) because they do not drain into the ground.

6.4.7 Angle, Curb or Meter Stops

Water systems should install separate angle, curb, or meter stops for each individual
service connection. They allow water systems to close individual customer connections
temporarily without interrupting service to other customers. We do not recommend
supplying multiple water service connections from a single tap.

6.4.8 Individual Pressure-Reducing Valves

When a water system anticipates that pressure at the customers’ point of use will exceed
80 psi, it should recommend that those customers install and maintain an individual
pressure-reducing valve (PRV) as described in the Uniform Plumbing Code (IAPMO
2015). A water system should not install a PRV for an individual customer unless it has a
written agreement with the customer showing who is responsible for required PRV
maintenance, repair, or replacement. The design engineer should check for local
ordinances or service agreements on PRV use.
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6.4.9 Automatic Control Valves

The most common type of automatic control valve used in a distribution system is a
pressure reducing valve. Other types include altitude valves (usually associated with an
atmospheric reservoir) and combined pressure reducing or pressure sustaining valves
(used when maintaining a predetermined minimum upstream pressure is more
important than delivering all the flow needed downstream of the valve).

Engineers usually install these valves in undrained underground vaults. Therefore, they
may be subject to flooding from high groundwater or storm water infiltration. Designers
should be sure to protect installations that include any atmospheric vents installed as
part of the valve's hydraulic control system from backsiphonage. See Section 6.4.2 for
vent, vault, and drain standards.

6.5 Construction Documents for Pipelines

Design engineers must submit most construction documents—construction drawings
and specifications intended for construction of water system infrastructure—to us for
review and approval before construction begins (WAC 246-290-120). See Chapter 2.
Construction documents include all the information the contractor needs to construct
the improvements. Nothing of consequence should be left out of construction
documents or left to the contractor’s assumptions. We will not approve construction
documents unless they provide enough detail to inform the contractor of his
requirements with respect to:

e Approved materials.

e Sequence, location, and orientation of construction.
e Testing requirements.

e Submittal requirements for owner’s approval.

The checklists in Appendix A.3.3 include specific guidance on information design
engineers should provide in construction documents for pipelines

To ensure the finished pipeline operates successfully, it is important for the water
system'’s representative to observe construction, including pipe and appurtenance
handling; trench excavation, preparation, and backfilling; separation from other utilities;
thrust restraint; disinfection; and testing. When the project is complete, a licensed
professional engineer (usually the design engineer) must certify that construction
conformed to approved construction documents, and the water system must submit the
certification to DOH (see Section 6.6).
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6.5.1 Construction Specifications for Pipelines

Construction specifications must meet commonly accepted technical standards, such as
AWWA, WSDOT/APWA, or equivalent (WAC 246-290-200(1)(d)). Attention to detail is
important to ensure the identified specifications include all required information. The
referenced specifications may require some case-by-case determinations. Specifications
must thoroughly describe the materials, means, and methods for satisfying the
requirements and conditions of the project (WAC 246-290-120(1)).

Water systems may include standard construction specifications in their water system
plan or make them available as a separate document. The standard specifications should
include materials, and construction or installation details the water system considers
standard for construction and maintenance.

6.6 Placing a Water Main into Service

Before placing a new transmission or distribution main into service, the contractor must
properly inspect, disinfect, and test it (WAC 246-290-120(4)). Engineers often use the
WSDOT/APWA standard specifications (Division 7) and AWWA C651 - Standard for
Disinfecting Water Mains to define pressure, leakage, and disinfection standard practices
(WSDOT/APWA 2016; AWWA 2014b). The specific standards used for the project should
clearly identify:

e Inspection and flushing requirements.
e Pressure and leakage testing methods.
e Disinfection and bacteriological testing methods.

A water main cannot be placed into service until it is flushed and properly disinfected,
test results show that the water from it is safe to drink, and the engineer in charge of the
project submits a Construction Completion Form to DOH (WAC 246-290-120(5); WAC
246-290-125(2)(b)). To ensure meaningful bacteriological results, collect coliform
samples after you flush the water main and chlorine residuals return to background
levels. For water systems with current, approved water system plans that include
standard construction specifications for distribution mains, design engineers can use the
Construction Completion Form for Distribution Main Projects (DOH 331-147) and keep it
on file. For all other projects, design engineers must submit a complete Construction
Completion Form (DOH 331-121) to DOH.
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Chapter 7: Reservoir Design and Storage Volume

7.0 Introduction

Adequate finished water storage provides multiple advantages to a water system.
Storage can reduce excessive pump cycling; reduce sizing requirements for supply
sources, treatment works, and transmission or distribution piping; and provide a reserve
for fire-fighting and continued system pressure despite a temporary loss of supply. This
chapter discusses water reservoirs that operate at atmospheric pressure. See Chapter 9
for guidance on pressurized storage.

The objective of reservoir design is to provide the water system with adequate and
resilient water storage facilities that protect the quality of stored water. Public health
protection requires thorough consideration of each reservoir design element, adhering
to appropriate construction standards, and implementing best reservoir management
and operating practices.

Historically, Washington'’s sanitary surveys revealed defects in reservoir design,
construction, or maintenance that threaten the safety of the drinking water supply.
Similar observations occurred throughout the country. In 2015, EPA indicated that it
might amend the Revised Total Coliform Rule with specific inspection requirements for
finished water storage facilities (USEPA 2015). At this time, the issue of regulating
storage reservoir maintenance remains undecided, but the driving force behind it is
clear: Poorly designed, constructed, and maintained reservoirs present a significant risk
for distribution system contamination.

This chapter provides guidance for:
e Reservoir Sizing (Section 7.1).

e Geometry, elevation, and integration with existing and future facilities (Section
7.2).

e Location and site considerations (Section 7.3).

e Construction materials and design elements (Section 7.4).
e Operational constraints and considerations (Section 7.5).
e Reservoir water quality and sampling access (Section 7.6).
e Placing a reservoir into service (Section 7.7).

We do not intend to establish any particular reservoir design approach. See the
references at the end of the chapter for more information on reservoir design (AWWA
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2008, 2013; Ten State Standards 2012; Kirmeyer et al. 1999; Martel et al. 2002; Walski
2000).

71 Reservoir Sizing

To ensure the reservoir under design provides the level of service that the community
expects over the lifetime of the facility, water systems must plan for population and land
use changes (WAC 246-290-. Engineers design storage facilities to serve the needs of
the community for a planned number of years, or to accommodate full water system
build-out (for a particular subdivision, planned development, or as a condition of plat
approval). The design life for a properly maintained concrete and steel reservoir is at
least 50 years.

The following design guidance applies to the specific area(s) the reservoir under design
will serve. This area may be the entire water system, where the designer intends to use
one reservoir to serve all customers, or it may be a discrete pressure zone. For the
purpose of this section, see Section 7.1.3 for definitions of “supply pumps,” “supply,” and
“source.”

711 Storage Components

The design engineer must consider the five storage components discussed in Section
4.4.3 and listed below (WAC 246-290-235(3)):

1. Operational storage (OS).

2. Equalizing storage (ES).

3. Standby storage (SB).

4. Fire suppression storage (FSS), if applicable.
5. Dead storage (DS), if applicable.

Figure 7-1 illustrates and Table 7-1 describes a typical cross section of reservoir storage
components.

7.1.1.1 Operational Storage

Operational storage (OS) supplies the water system while the pumps supplying the
reservoir are in “off” status (WAC 246-290-010). This volume will vary according to the:

1. Sensitivity of the water level sensors controlling the supply pumps.

2. Geometry of the reservoir between the designated pump-off and pump-on water
level set points.
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Designers can use various water level sensors to signal pump-off and pump-on levels,
including float switches, ultrasonic sensors, and pressure switches. Some level sensing
devices can detect water level changes as small as a fraction of an inch. Others require
more than a foot. Tank designers should account for the type of level sensor when
determining the vertical dimension needed for proper operation of the device, reservoir,
and supply pumps.

The OS volume should be sufficient to avoid source of supply pump cycling in excess of
the pump motor manufacturer's recommendation. In general, design engineers should
limit the supply pump motors to no more than six starts per hour unless the pump
motor manufacturer permits more frequent cycling. To limit pump starts to no more
than six per hour, OS volume can be conservatively calculated as the pump supply
capacity (in gpm) times 2.5 minutes. Typically OS is substantially smaller than the
remaining volume of the tank.

Operational storage volume does not apply to:
e Service capacity analysis (see Chapter 3).
e Water systems operating under a continuous supply mode (see Section 7.1.1.2).

When considering total storage volume needed, the design engineer should allow for
seasonal changes in reservoir operational levels intended to reduce:

¢ Disinfection byproduct formation or to address other effects of extended water
age. It may be necessary to adjust pump-on and pump-off levels and/or expand
OS as a percentage of total reservoir operational volume.

e The potential for ice formation. It may be necessary to increase OS to improve
circulation. An ice cap inside a reservoir can cause significant structural damage,
damage to the internal coating system, and destruction of the level control
system.
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Figure 7-1: Reservoir Storage Components
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Table 7-1: Reservoir Storage Component Cross-Section Diagram

High Level Alarm. Overflow above pump off elevation

Pump(s) Off

Pump(s) On

Operational Storage (OS) Component
Not part of ES.

Not applicable for continuous pumping systems.
Minimum OS volume for pump protection can be conservatively calculated as the

pump supply capacity (in gpm) times 2.5 minutes.

OS = Operational storage component (gallons).

Maintain 30 psi

Equalizing Storage (ES) Component
For call-on-demand:

ES = (PHD - Qs)(150 min.), but in no case less than zero.
ES = Equalizing storage component (gallons).

PHD = Peak hourly demand (gpm).

Qs = Total of all permanent and seasonal sources (gpm).

See Section 7.1.1.2 for sizing criteria for continuous pumping operations.

Maintain 20 psi
(required)

(required)
Low Level Fire Suppression Storage (FSS) Component
Alarm For Single Sources: FSS = (FF)( t i)

FSS = Fire suppression storage component (gallons).

FF = Needed fire flow rate, expressed in gpm as specified by fire authority or the
Coordination Act, whichever is greater.

t m = Duration of FF rate, expressed in minutes as specified by fire authority.

Maintain 20 psi
(recommended)

Standby Storage (SB) Component
SB = (N)(SB)(Tq)

SB = Total standby storage component, or its equivalent, in gallons.
N = Number of ERUs based on the ERUmpp value

SBi = Locally adopted unit SB volume in gallons per day per ERU (number of ERUs
based on the ERUwpp value)

Ta = Number of days selected to meet water system-determined standard of reliability

We recommend a minimum SB volume of at least 200 gallons per ERU.

Dead Storage (DS)
Portion of a gravity reservoir that does not provide required minimum pressure.
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7.1.1.2 Equalizing Storage

The water system must provide equalizing storage (ES) when source pumping capacity
cannot meet the peak hourly demand (WAC 246-290-235(4)). New water systems and
additions to existing water systems must be able to provide PHD at no less than 30 psi
at all service connections throughout the distribution system when all equalizing storage
is depleted (WAC 246-290-230(5)). The water system must meet this minimum pressure
at all existing and proposed service meters or along property lines adjacent to mains if
no meters exist.

Many water systems recognize that the 30-psi standard is not optimal for modern
appliances and sprinkler systems. Design engineers should check performance
standards with the local water system, because local standards may be more stringent.

Several factors influence ES volume, including demand, source capacity, and the mode
of supply. Two modes of supply operation are.

1. Call-on-Demand (common): Engineers often use this mode of operation to
estimate ES. Call-on-demand operations use ES to supply the daily peak period of
demand. Engineers should use Equation 7-1 to estimate minimum ES
requirements unless actual water use records indicate a more applicable volume.
Water systems with multiple sources may need to provide ES in excess of
Equation 7-1 depending on the mode of operation.

Equation 7-1:

ES = (PHD - Qs )(150 minutes), but in no case less than zero

Where:
ES = Equalizing storage component, in gallons
PHD = Peak hourly demand, in gpm, as defined in Chapter 3
of this manual
Qs =

Sum of all installed and active supply source capacities
except emergency supply, in gpm. See Section 7.1.3 for
definition of sources as it applies to this equation.

2. Continuous Supply (unusual): Engineers apply this approach to situations
where reservoirs fill continuously over a period of time that does not necessarily
coincide with the peak demand period, such as filling a reservoir during the night
when the cost of energy can be lower. The volume of ES using this mode of
operation can be significant because water systems use it to meet longer periods
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of demand. ES sizing with continuous source pumping will require developing a
maximum day demand (MDD) diurnal curve for the pressure zone(s) the reservoir
supplies. Diurnal demand varies due to the pressure zone size, season, and type
of demand (residential, commercial, industrial, and recreational). After developing
the MDD diurnal curve, the design engineer can calculate the required ES by
determining the difference between supply and demand. As a general guideline,
the volume of ES needed using constant pumping is about 10 to 25 percent of
the MDD (Walski 2000).

The engineer may eliminate ES only if the combined capacity of the supply sources
meets or exceeds the PHD for the water system, or pressure zone, while providing 30-
psi pressure at each existing and proposed service connection.

7.1.1.3 Standby Storage

Water systems intend SB volume to provide continued water supply during abnormal
operating conditions, such as structural, electrical, mechanical, or treatment process
failure; or source contamination (WAC 246-290-420). Engineers should use these
standby storage guidelines for community water systems and noncommunity water
systems, such as schools and health care facilities, where service disruptions would have
significant effects on those served.

The degree to which engineers incorporate standby storage into reservoir design is a
direct reflection of the consumers’ expectations of water service during abnormal
operating conditions. The water system governing body, representing the interests of
the community, is in a position to determine the cost and benefit associated with
providing a given level of reliability. Engineers should size SB volume based on locally
adopted standards for water supply under emergency or abnormal operating conditions
as outlined in Equation 7-2.

Equation 7-2:
SB = (N)(SBi)(Ta)

Where:
SB = Total standby storage component, or its equivalent, in gallons.
N = Number of ERUs based on the ERUmpp value.
SBi = Locally adopted unit SB volume in gallons per day per ERU (number of

ERUs based on the ERUmpp value).
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Ta = Number of days selected to meet water system-determined standard of
reliability.

The lower elevation of the SB component should produce no less than 20 psi at all
existing and proposed service connections throughout the distribution system during
PHD conditions.

We recommend SB volume equal the MDD for the pressure zone(s) served (i.e., Tq =1
day) and adjust SB volume based on factors listed below.

Water systems with a single source

Engineers should pay special attention to SB volume for water systems with only one
source. Temporary loss of a water system'’s single source leaves only storage as a back-
up supply. Design engineers should consider SB volume greater than MDD if the
system'’s only source is vulnerable to flooding or other extreme weather events,
extended power failures, or source treatment process failure; or if the transmission main
from source to distribution is vulnerable to natural hazards (see Section 7.3.1). Design
engineers considering the storage needs of water systems with only one source of
supply should perform an all-hazards assessment. This assessment should evaluate the
probability and duration of events that may lead to temporary loss of the system'’s only
source of supply.

Water systems with multiple sources

It may be appropriate for design engineers to consider SB volume less than MDD if
multiple sources provide mechanical, electrical, treatment, and transmission redundancy
and resilience to a single contamination event. Section 7.1.3 lists what we consider to be
continuously available sources of supply for reservoir design purposes.

Design engineers may justify a reduction of SB volume based on one or more of the
following:

1. The water system and the local fire authority allow for nesting SB and FSS
volumes, where the FSS volume is greater than the SB volume. See Section
7.1.14.

2. Two or more sources have permanent on-site auxiliary power that starts
automatically when the primary power feed is disrupted. With the largest of these
sources out of service, the remaining sources plus SB volume can maintain at
least 20 psi throughout the distribution system under PHD conditions.

3. Two or more sources receive power from two electrical substations, so that failure
of one substation will not interrupt the power supply to the source as

Water System Design Manual
DOH 331-123, June 2020 178



documented in writing by the power utility. With the largest of these sources out
of service, the remaining sources plus SB volume can maintain at least 20 psi
throughout the distribution system under PHD conditions.

4. Sources are located in different watersheds, wellhead protection areas, or
aquifers.

5. Converting dead storage to standby storage by providing mechanically
redundant booster pumping capacity with permanent on-site auxiliary power that
starts automatically when the primary power feed is disrupted.

Even for pressure zones with multiple sources of supply and with other reliability
measures as outlined above, we recommend SB volume of at least 200 gallons per ERU.

Water systems serving non-critical uses

If a loss of water-supply event occurs, certain types of noncommunity water systems
could shut down without affecting public health and welfare. See Section 7.1.5 for
additional design guidance for such systems.

7.1.1.4 Fire Suppression Storage

The local fire protection authority or county fire marshal determines a fire flow
requirement for water systems. This fire suppression storage (FSS) level depends on the
maximum flow rate and duration. Water systems the local fire authority require to
provide fire flow must build and maintain facilities, including storage reservoirs, capable
of meeting fire flow requirements while maintaining 20 psi pressure throughout the
distribution system (WAC 246-290-221(5)).

For water systems supplied through gravity storage, the bottom of the FSS component
must be at an elevation that produces no less than 20 psi at all points throughout the
distribution system under the MDD rate plus fire flow conditions (WAC 246-290-230(6)).

Water systems with a single source

The minimum FSS volume for water systems served by a single source of supply is the
product of the required flow rate (expressed in gpm) multiplied by the flow duration
(expressed in minutes). See Equation 7-3.

Equation 7-3:
FSS = (FF)(tm)
Where:
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FF = Required fire flow rate, expressed in gpm, as specified by fire protection
authority

tm = Duration of FF rate, expressed in minutes, as specified by fire protection
authority

Water systems with multiple sources
Design engineers may justify a reduction of FSS volume based on meeting all of the
following conditions:

1. Exclude the capacity of the largest producing supply source from the calculations.
2. Each source of supply (excluding the largest source) is:

a. Supplied by permanent on-site auxiliary power that starts automatically when
the primary power feed is disrupted.

b. Capable of operating for the full duration of the maximum fire at the source’s
designated flow rate.

3. Maintain at least 20 psi under needed fire flow plus MDD conditions throughout
the distribution system for the full duration of the maximum fire.

4. The engineer obtains the local fire protection authority’s written consent for the
design approach taken.

Consolidating Standby and Fire Suppression Storage (nesting)

Design engineers may consolidate or nest SB and FSS volumes with the larger of the two
volumes being the minimum available, if the local fire protection authority does not
require them to be additive (see WAC 246-290-235(4)). The reservoir project report must
include the written consent of the local fire protection authority.

Stand Alone Fire Suppression Storage

Supply to a dedicated, stand-alone fire suppression storage tank must be fitted with an
approved air gap (WAC 246-290-490). The rule considers all components downstream of
the air gap nonpotable. Design engineers may not interconnect them with the potable
water system without appropriate cross-connection control. Design engineers should
consult a certified cross-connection control specialist. See Section 6.3.10.

7.1.1.5 Dead Storage

Dead storage (DS) is the volume of stored water not available to all consumers at the
minimum design pressure (WAC 246-290-230(5) and (6)). The reservoir and water
system capacity analysis should clearly identify the DS volume. Dead storage is never
included in a capacity analysis. DS is always below the top of the outlet pipe silt stop. DS
in pumped-storage reservoirs includes the volume below the top of the pump suction
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pipe or the net positive suction head requirement of the withdrawal pumps, whichever is
higher in elevation.

7.1.2 Storage Used for Treatment Purposes

Occasionally, water systems use storage near or adjacent to a source of supply for public
health protection and treatment efficacy including:

e Disinfection contact time.
e Filter backwashing.
e Other treatment purposes.

As a result, water systems may need to maintain certain minimum water volumes in the
reservoir for treatment to be effective. Engineers cannot use the minimum volumes
required for treatment purposes in capacity determinations. These volumes are, in effect,
dead storage. We recommend that treatment reservoirs (clearwells) operate
independent of distribution storage.

When a design uses a reservoir for both distribution storage and disinfection contact
time, engineers cannot use the OS and ES volumes to determine contact time because
water systems routinely use those volumes on a daily basis. Design engineers should
consider the risk that SB and FSS volumes will not be available for contact time. When a
reservoir will provide both storage and disinfection contact time, the design should
clearly identify and justify the basis for the volume of water used for disinfection contact
time, and any associated operational or control requirements and constraints (e.g., level
control and alarms).

7.1.3 Source Definition Used in Sizing New Reservoirs

Engineers may consider any source classified as “permanent” or “seasonal” when
designing new reservoir facilities if the source is continuously available to the water
system and meets, at a minimum, all primary drinking water standards (WAC 246-290-
010, 222(3), and 420(2) and (5)).

“Continuously available to the system” means all of the following:
1. The source is equipped with functional pumping equipment (and treatment
equipment, if required).
2. The system exercises the equipment regularly to ensure its integrity.
3. Water is available from the source year round.
4. The source activates automatically based on preset parameters (reservoir level,
water system pressure, or other conditions).
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For designing new reservoir facilities, we consider the following as sources:

1. Each pump in a booster pump station (pumps installed in parallel, not series)
pumping into the zone that particular reservoir serves.

Each independent, parallel treatment train in a water treatment facility.

Each well, or well field comprised of wells, constructed according to the Minimum
Standards for Construction and Maintenance of Wells (chapter 173-160 WAC)
and capable of pumping concurrently as justified by actual pump test records.

4. Each pump installed in a large capacity, large diameter well if the water system
can take each pump out of service without interrupting the operation of any
other pump.

5. An emergency intertie, if it meets all the following conditions:
e Itis equipped with an automatic valve.

e There is an intertie agreement that specifically includes provision of SB, FSS, or
both.

e The supplying and receiving distribution systems have sufficient hydraulic
capacity to deliver the allocated flow at no less than the minimum pressure
required by WAC 246-290-230. If the intertie requires booster-pumping
facilities, then each pump installed in parallel constitutes a source.

6. A pressure reducing valve between pressure zones within the same water system
if both of the following is affirmed:

e Adequate volume is available in the upper zone's storage facilities.

e The distribution system (from the upper zone through the PRV to the end use
in the lower zone) has the hydraulic capacity to deliver the allocated flows to
meet or augment peak hour flows or fire flows, at no less than the minimum
pressure required by WAC 246-290-230.

Design engineers should use the actual installed capacity of the facilities and equipment
when determining physical capacity based on storage requirements.

7.1.4 Storage for Consecutive Water Systems

A "consecutive water system” purchases some or all of its water supply from another
regulated water system (see Section 5.9). A consecutive water system may use the
storage available from the supplying water system to satisfy the requirements of
Chapter 7 if it meets these conditions:
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1. The wholesale water agreement between the supplying water system and the
consecutive water system defines the quantity of ES, SB, and FSS the supplying water
system specifically reserved for the consecutive water system. See Section 5.9.1.

2. The engineer can demonstrate that both the supplying and consecutive water
systems can satisfy the hydraulic design criteria described in Sections 6.2.2 and 6.2.5.

3. The local fire protection authority approves the amount of FSS allocated for each
system.

7.1.5 Storage for Noncommunity Water Systems

The storage volumes certain kinds of noncommunity water systems need may be
significantly less than those for community water systems. These types of systems
include:

e RV parks

e Campgrounds

e Fairgrounds

e QOutdoor concert grounds

e Restaurants

e Noncritical commercial and institutional uses

For equalizing storage (ES), engineers should follow the approaches outlined in Section
7.1.1.2 to provide 30 psi during PHD under normal operating conditions. They should
follow the guidance in Section 7.1.1 to provide operational storage (OS), fire
suppression storage (FSS), and dead storage (DS).

If a source failure, power failure, or similar loss of water-supply event occurs,
noncommunity water systems could shut down without affecting public health and
welfare. As a result, we have no specific design guidelines for standby storage.

The source capacity for a public water system should be able to satisfy the maximum
day demand (MDD) with no more than 20 hours of pumping. We strongly recommend
against constructing and reserving finished water storage to compensate for supply
capacity less than MDD. However, in rare cases applicable to transient noncommunity
water systems with relatively few days of demand in excess of source capacity, it may be
appropriate to use storage to meet MDD.

Design engineers should consider the effects of a relatively large storage volume held
for a long period to compensate for supply capacity less than MDD. Such large volumes
may lead to water quality issues associated with stagnant water including the loss of
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chlorine residual, biological growth in the reservoir, and the formation of disinfection
byproducts. See Section 7.6.

7.2 Geometry, Elevation, and Integration with Existing and
Future Facilities

The operation of a finished water storage reservoir should be compatible with the
unique features of the water system’s sources, booster pumps, transmission and
distribution piping, and service area topography. Incorrectly siting a reservoir may result
in the full reservoir capacity being unavailable to the system (e.g., operating elevation
too high so it doesn't fill, or too low and requiring an altitude valve to hydraulically
isolate the tank from the water system).

Selecting tank geometry is also important to maintaining water quality. Improper tank
geometry may prevent adequate mixing or promote thermal stratification (e.g., tanks
that are much taller than they are wide with a single inlet or outlet demonstrate
significant stratification. See Section 7.6.

7.2.1 Establishing Overflow Elevations

When establishing overflow elevations for reservoirs designed to provide gravity water
service, consider:

1. Consistency with other facilities and plans
The tank overflow elevation should be consistent with other storage facilities the
water system uses or plans to use. The design engineer should consider the
overflow elevation of existing or proposed facilities at other nearby water systems
if there are or might be gravity interties.

2. Consistency with pressure requirements and limits
The tank overflow elevation should be consistent with pressure requirements and
pressure limitations within the existing and future water-service area. The design
engineer should consult elevation data in addition to information received from
the water system hydraulic analysis described in Section 6.1.

3. Consistency with source capacity
Design engineers should evaluate tank elevation and tank geometry with source
equipment discharge-head characteristics to ensure sources meet our source
capacity requirements.

4. Maintaining levels

Use altitude valves to prevent over-filling reservoirs constructed with different
overflow elevations within the same pressure zone.
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The overflow elevation should be far enough above the pump-off control level to
remove any risk of regular overflow occurring during routine reservoir operations.
Similarly, there should be sufficient “freeboard” space between the maximum water
surface elevation during the design peak overflow and the wall-to-roof joint.

In very cold climates, ice formation may threaten reservoirs. The overflow should be far
enough above the pump-off level so that ice cannot block its function, especially
because ice formation might affect the pump-reservoir level control system. See Section
7.4.4 for additional overflow design guidance.

7.3 Location and Site Considerations

Deciding where to construct a new reservoir can be a difficult design consideration.
Many competing factors and interests may come into play, with each influencing cost,
operability, and maintainability. Some may even influence project feasibility. The project
report should adequately discuss site considerations, including:

1. Parcel size sufficient to build and maintain the facility, and to construct future
storage to meet projected growth, if needed.

Zoning compliance, building code compliance, and community acceptance.
Distance to the existing distribution and transmission system.

Integration or connectivity with existing SCADA system.

SEPA analysis (if over 0.5 million gallons).

Need for new distribution and transmission pipelines to meet pressure standards.
Existing ground-surface elevation and site drainage.

Site vehicle access.

Disposal of reservoir overflow.

= ©® NV A WP

0. Geotechnical engineering field investigations including:
a. Site drainage.
b. Foundation design requirements.
c. Soil type and soil-bearing strength.
d. Groundwater table elevation.
e. Soil stability, liquefaction, or slope failure analysis.
11. Availability of Power.
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7.31 Natural Hazard Considerations

Natural hazards and disasters could damage reservoirs and may even cause catastrophic
failure. Engineers should site reservoirs to minimize vulnerability to damage from natural
disasters, such as:

e Avalanche
e Earthquake

e Flood

e Landslide
e Tree fall
e Tsunami

e Windstorm

To meet state and local requirements, engineers must address geologic risk (seismic
and unstable slopes) when designing reservoirs (WAC 246-290-200). Engineers can use
the Washington State Department of Natural Resources’ (DNR) geologic hazard maps to
identify seismic and other natural hazards. DNR contact information is in Appendix C.

Engineers should prioritize making reservoirs that serve water for essential services
earthquake-resilient, so that they continue to serve water after seismic events. Engineers
should follow the guidance in ASCE 7 while designing reservoirs for medical facilities;
power plants; fuel refining, storage, and distribution facilities; food production, storage,
and distribution facilities; emergency response command and communication centers;
and emergency shelters.

Engineers can reduce or mitigate seismic risk by:

e Being aware of permanent ground displacement or intense ground shaking
intensity (e.g., in fault zones) that may affect the reservoir and designing the
reservoir to accommodate these hazards

¢ Installing valves water systems can use to prevent tanks and reservoirs from
completely draining if there is excessive pipeline damage. You should coordinate
isolation strategies that may limit or prevent water conveyance with the fire
department.

e Using flexible couplings on pipelines connected between elements that may
move differentially (such as buried piping connected to a tank or reservoir).

Various design guidelines highlight the multiple seismic vulnerabilities of reservoirs (ALA
2001; AWWA 2011b). In areas with the potential for significant ground motion, design
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engineers may need to seek the services of a qualified geotechnical engineer or other
professional qualified to assist in the design.

7.4 Construction Materials and Design Elements

The basic design concept (standpipe versus in-ground; vendor-purchased plastic
product versus constructed in-place) and the materials the design engineer chooses to
construct the reservoir directly affects the function, reliability, operability, and integrity
of the facility. Engineers construct the vast majority of reservoirs are with reinforced
concrete or steel. AWWA offers detailed standards for steel and reinforced concrete
reservoirs:

e D-100: Welded Carbon Steel Tanks for Water Storage (AWWA 2011b)
e D-103: Factory-Coated Carbon Steel Tanks for Water Storage (AWWA 2009a)

e D-110: Wire- and Strand-Wound Circular Prestressed Concrete Water Tanks
(AWWA 2004)

e D-115: Tendon-Prestressed Concrete Water Tanks (AWWA 2006)

A new reservoir is expensive to build and, depending on the type of reservoir, can be
expensive to maintain. Water systems will count on the reservoir for reliable service for
decades. Design engineers must identify operations and maintenance requirements and
their associated cost over the life of the reservoir when evaluating design alternatives
(WAC 246-290-110(4)). The least expensive alternative to construct may require a
significant level of maintenance and a short asset life, resulting in the costliest
alternative on a life-cycle cost basis.

The design engineer must evaluate the water system’s technical, managerial, and
financial capacity to properly operate and maintain the new reservoir (WAC 246-290-
110(4)), and ensure the new reservoir continuously functions to provide safe and reliable
drinking water to the public.

Certain reservoir design concepts, such as those listed below, pose specific contaminant
risks including lack of resilience, construction gaps, bird and animal infestation,
contamination by chemical wood preservatives, joint and seal failure, cracking, and
embrittlement (e.g., ultraviolet light, heat or cold, or chemical degradation). In addition,
these designs may not lend themselves to installing all the proper appurtenances
necessary for effective reservoir operation and maintenance (see Section 7.4.2). We
recommend against pursuing any of the following concepts for new reservoir designs.

e Wood stave tanks.
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e Corrugated or other thin wall metal silos commonly used for grain storage.
e Concrete basin — wood truss roof tanks.

e Floating roof or covers.

e Precast panels used as finished storage roofing.

e Plastic or polyethylene tanks.

e Retrofitting existing reservoirs with plastic, interior liners.

Regardless of the construction material and design concept, all reservoir submittals
must include the site-specific design information required in chapter 246-290 WAC, Part
3. Some circumstances justify the design engineer calling for the vendor or contractor to
submit shop drawings for various construction and/or appurtenant details. If so,
engineers must submit the vendor’s or contractor’'s shop drawings to DOH for review
and approval before the engineer and the water system approve them (WAC 246-290-
120). Additional guidance on site-specific design requirements appears throughout this
chapter.

7.41 Partially Buried and Underground Reservoirs

Special design considerations for partially buried and below-grade reservoirs improve
water system reliability and prevent contamination of stored water. Engineers should

consider backup power supplies, grading surrounding soils, and other design aspects
described in the following sections.

The following recommendations apply to partially buried and underground reservoirs:
1. Locate outside the 100-year flood plain.

2. Water systems should grade the area to a distance of at least 50 feet surrounding
a partially buried or below-grade reservoir to prevent standing water near the
reservoir.

3. When the reservoir bottom is below the normal ground surface, it should be
above the groundwater table. If this is not possible, special design considerations
should include providing perimeter foundation drains to daylight and exterior
tank sealants. These are necessary to keep groundwater from entering the tank
and to protect the reservoir from potential flotation forces when the tank is
empty.

4. Partially buried or underground reservoirs should be at least 50 feet from sanitary
sewers, drains, standing water, and similar sources of possible contamination. If
gravity sewers are within 50 feet of the reservoir, engineers should use the same
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type of pipe used for water mains. These pipelines should be pressure tested
according to AWWA or WSDOT/APWA standards for water mains.

5. Engineers should remove nearby trees and large vegetation to a distance of at
least 50 feet for buried or partially buried concrete reservoirs to prevent root
penetration. They also should secure easements to allow grounds maintenance
and periodic tree removal.

6. The top of the reservoir should be at least 2 feet above normal ground surface,
unless special design considerations address maintenance issues and prevent
surface contamination.

7.4.2 Piping and Appurtenances - General

Engineers should design all reservoir appurtenances to be water tight and safe from
freezing and ice damage, which will interfere with proper functioning (such as tank level
controls, riser pipes, overflows, and atmospheric vents). Engineers must design these
appurtenances to prevent entry by birds, animals, insects, excessive dust, and other
potential sources of external contamination (WAC 246-290-235(1)).

Engineers should use seismically appropriate pipe materials and pipe joints for all pipes
located within the reservoir, directly below the reservoir, and within 20 feet outside of
the reservoir foundation. Engineers should evaluate these pipelines for corrosion
potential and install corrosion mitigation, as appropriate. These pipelines will be difficult
and expensive to repair or replace after the reservoir is in place. The location of the inlet
and outlet pipes can also affect the quality of the stored water (See Section 7.6).

Design engineers should provide design information for the following reservoir
appurtenances. See Appendix A.3.5 for reservoir design submittal checklist.

7.4.3 Reservoir Drains

Reservoir designs must include drain facilities that drain to daylight or an approved
alternative that is adequate to prevent cross-connection contamination (WAC 246-290-
235(1)). The facility should be able to drain the full contents of the tank without water
entering the distribution system or causing erosion at the drainage outlet. Any
connection to storm sewers or sanitary sewers must have a properly designed air gap or
other feature to prevent cross contamination. Drain lines may discharge directly to a
dedicated dry well if the drywell design and construction protect against backflow into
the reservoir or distribution system.

Other design considerations:

e Drainage discharge should not threaten the integrity of the reservoir foundation.
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o |If the topography makes a drain to daylight unrealistic, the reservoir design
should include another way to empty the reservoir completely, such as a sump
pump.

e The reservoir drain should be separate from the outlet pipe to minimize the risk
of a cross connection and prevent sediment from entering the distribution
system.

e Establish an easement for drainage path (if applicable).

7.4.4 Reservoir Overflows

The reservoir overflow must be capable of discharging the full inlet supply potential
without surcharging the reservoir roof (see Section 7.2.1). The following factors will
determine the height that water reaches above the overflow invert or weir elevation:

e The design overflow rate.

e Size, location, and configuration of the reservoir overflow inlet.
e Overflow pipe diameter, length, and slope.

e Overflow outlet facilities.

Every reservoir design must include an overflow pipe with atmospheric discharge and
suitable means to prevent cross-connection contamination (WAC 246-290-235(1)).
Poorly protected and maintained overflow pipes are often a route for contamination of
reservoirs (AWWA and EES, Inc. 2002; NRC 2005). Key design features to minimize the
risk that birds, insects, and other sources of contaminants enter reservoirs through
overflow pipes:

Properly screened or otherwise secured. To prevent the entry of insects, birds, and
other sources of contamination, the overflow discharge outlet must have a
corrosion-resistant 24-mesh screen or a securely closing mechanical device, such as
a duckbill valve, or both (WAC 246-290-235(1)). In addition, the overflow design
needs to protect against vandalism, hydraulic restrictions on mechanical devices such
as duckbill valves, clogging by debris and ice, and the force of hydraulic loads on the
screening or mechanical device an overflow event might cause. To provide structural
strength to the 24-mesh screen, we recommend that a 4-mesh screen be used as
support. The 4-mesh screen should be made of stainless steel wire at least 0.047
inches in diameter. The overflow outlet may need to be oversized to account for flow
restrictions caused by the 24-mesh screen.
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Easy to observe and maintain. Overflow lines should extend downward to an
elevation of 12 to 24 inches above ground level and discharge into a splash plate,
rocked area, or suitably above the grate of a catch basin.

Protected against cross connections. Any connection to a storm drain or sanitary
sewer must include an air gap or other feature to prevent cross contamination (WAC
246-290-235(1)).

Other design considerations:
e Overflow discharge should not threaten the integrity of the reservoir foundation.
e The overflow and reservoir drain may share a single discharge.
e Establish an easement for overflow drainage path (if applicable).

7.4.5 Reservoir Atmospheric Vents

Every reservoir design must include an atmospheric vent (WAC 246-290-235(1)). An
overflow may not serve as an atmospheric vent. Poorly designed and maintained vents
and screens are often a route for contamination of reservoirs (AWWA and EES, Inc. 2002;
NRC 2005). Key design features for reservoir vents include:

1. Proper screening to prevent entry of contaminants.

2. Properly secured and sealed to the structure to prevent entry of contaminants.

3. Properly hooded to prevent entry of contaminants.

4. Easy to observe and maintain.

5. Maintain acceptable internal tank pressure under all possible operating conditions.

Properly screened

Acceptable design approaches include covering the screened area with a 4-mesh
corrosion-resistant screen backed with a 24-mesh corrosion-resistant insect screen, or
approved equal. To provide structural strength to the screen, we recommend the 4-
mesh screen material be at least 0.047 inches in diameter and constructed of stainless
steel or other noncorrodible metal.

Properly secured

The vent-roof connection and the vent structure itself should be strong enough to
withstand the design wind speed for which the overall reservoir structure was designed.
We recommend connecting the vent to the roof with a bolted pipe flange or welded
saddle. Vent openings should never be used to facilitate water level measurement or be
installed as an integral part of the roof hatch access structure.
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Properly hooded

Vent design must prevent the entry of precipitation that contacts any surface that may
be contaminated (e.g., bird feces) (WAC 246-290-235). Examples of unacceptable vent
designs include those with the potential for allowing:

e Animals to nest directly on the vent screen.

e Rain splatter off the roof to enter the reservoir vent (e.g., roof vent with screened
opening only a few inches above the roof without an adequate “"hood” over the
vented area).

e Roof run-off to enter the vent (e.g., screened opening at the roofline).
e Rain falling through the vent opening (e.g., turbine roof ventilators).

Eliminating the risk of precipitation entering the reservoir may provide some basic
protection against vandalism. Certain reservoir vent designs provide strong barriers
against vandalism, such as those with extensive and resilient hoods, multiple screens,
and rigid structural design.

Easy to observe, access, and maintain

Screened openings should be observable, to confirm the integrity of the screen fully
protecting the reservoir from contamination. To reduce maintenance, all vent
components should be constructed of corrosion-resistant materials.

Maintain acceptable internal tank pressure

In addition to preventing contamination, the screened vent opening should be high
enough above the roof to prevent blockage by accumulated ice and snow. We
recommend every part of the screened vent opening be at least 24 inches above the
roof (or covering earth) for partially buried and underground reservoirs, and at least 12
inches above the roof for an elevated tank with controlled access.

The design engineer should ensure enough vent capacity to limit the pressure drop
(during tank draw) and pressure increase (during tank fill) under all operating conditions
so that internal tank pressure remains within the manufacturer’s design limits. Large
welded steel tanks are most vulnerable to structural damage from inadequate venting.
But the design engineer must ensure all tank types, including rigid bolted steel,
fiberglass, and concrete tanks have adequate ventilation under fill and draw conditions
to avoid the risk of drawing in groundwater or stagnant roof water (WAC 246-290-
235(1)).

The design engineer should obtain from the vent manufacturer a flow rate versus
pressure drop (in inches of water) curve. This curve should be used to estimate the
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pressure drop at the worst case outflow condition (e.g., broken transmission main). The
resulting drop in internal pressure should be within the design limits for the tank. If the
tank manufacturer did not specify design limits (e.g., cast-in-place concrete reservoir),
we recommend a design pressure drop of no more than one inch of water (0.033 psi or
about 5 psf).

Designers should provide a pressure-vacuum-screened vent or a separate pressure-
vacuum-relief mechanism on tanks vulnerable to structural damage (e.g., steel tanks) in
case snow, ice, frost, or another substance blocks the screen (AWWA, 2011b).

See Sanitary Protection of Reservoirs - Vents DOH 331-250 for guidance on reservoir
vents.

7.4.6 Access Hatches

All reservoirs must be equipped with a weather-tight hatch sized for human entry (WAC
246-290-235(1)(c)). Except for reservoirs that can be isolated from the distribution
system without disrupting consumer service, the access hatch should be installed on the
roof, thus allowing access while the tank remains in service. A roof hatch should be
framed at least four inches above the surface of the roof at the opening, fitted with a
solid weather-tight cover that overlaps the frame opening and extends down around
the frame at least two inches, hinged on one side, and lockable from the side (not top)
of the cover. There should be a durable gasket at the point of contact between the
hatch cover and hatch frame.

For partially buried and underground reservoirs, the roof access hatch should be
constructed at least 24 inches above the top of the roof or covering earth, whichever is
higher. See Ten State Standards, WAC 246-290-200.

We caution design engineers on the use of "gutter” style hatches. Typically constructed
on a raised concrete curb, these hatches have an internal gutter beneath the cover that
drains to an external outlet. The cover system itself is not waterproof. A noncorrodible
screen should cover the drain outlet, to prevent animals or insects from entering the
internal gutter. The gutter and screen should be cleaned on a regular basis; otherwise
drainage may back up into the internal gutter and spill over into the reservoir. These
types of hatches must be well constructed and maintained (i.e., include maintenance in
reservoir standard operating procedures) to minimize the risk of contamination (WAC
46-290-235(1)).
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See Sanitary Protection of Reservoirs - Hatches DOH 331-249 for guidance on reservoir
hatches.

7.4.7 Roof Drainage

The reservoir roof should be well drained. The reservoir roof should slope at least 2
percent (Ya-vertical-inch per horizontal foot). To avoid possible contamination,
downspout pipes must not enter or pass through the reservoir (WAC 246-290-490).

7.4.8 Reservoir Security

Design engineers should apply a multilayered strategy to protect reservoirs and other
water system facilities:

1. Deter: Perimeter fencing is a common means of deterrence. If the reservoir site
looks hard to break into, most trespassers will move on to a more easily
accessible site.

2. Detect: Video surveillance, intrusion monitors, and other sensors signal
unauthorized access to a facility.

3. Delay: Layers of gates, locks, and perimeter fencing make it more difficult for an
unauthorized person to gain entrance.

4. Respond: Detection and delay technologies should communicate with each
other, and the responders. Security guards and local law enforcement often
respond to unauthorized intrusions. It can help to have a solid relationship with
responders, so they understand the importance of water system facilities.

Detailed guidelines on specific physical security features are available (ASCE 2004; ASCE
2006; Oregon Health Authority 2009). These guidance documents provide design
recommendations to improve security at reservoirs and other water system facilities.

7.5 Operational Constraints and Considerations

Every new reservoir design should meet all applicable Occupational Safety and Health
Act (OSHA) and Washington Industrial Safety and Health Act (WISHA) requirements,
especially fall protection issues such as ladders, guardrails, and safety devices. Engineers
also should consider the following reservoir construction and operational issues:

1. Disposal of chlorinated water after construction and disinfection.
2. Disposal of tank drain-line outflow and tank overflow stream.

3. Effect on water system operation when the new reservoir is taken off-line for
maintenance or cleaning.
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The Department of Labor and Industries (L&) is the state agency that implements
WISHA workplace safety standards. L&l contact information is in Appendix C.
7.51 Reservoir Valves

The reservoir design must include a way to isolate the tank for maintenance (WAC 246-
290-235(1)). Engineers can meet this requirement by providing an isolation valve(s) on
the reservoir inlet and outlet piping. In addition, there must be a combination air-
release/vacuum-relief valve on the distribution side of the outlet piping isolation valve if
there is no other atmospheric reservoir in the pressure zone to keep negative pressure
from building in the distribution system (WAC 246-290-490) when the outlet valve is
closed.

7.5.2 Reservoir Level Control

All new reservoirs should have a control system to maintain reservoir water levels within
a preset operating range (OS). Design engineers should include the normal high- and
low-water surface elevations that define this operating range in the design. The water
system should install a high- and low-level alarm system to notify operation personnel
directly.

Cable-supported float switches are vulnerable to ice damage, which can render them
inoperable. Where potential freezing conditions exist, design engineers should evaluate
alternate ways to control and monitor the tank level.

7.5.3 Backup Power Facilities

We recommend that water systems operating pumped storage reservoirs (reservoirs
that can only supply a distribution system in whole or in part through a booster pump
station) have onsite backup power facilities. See Chapter 8 for booster-pump design
guidelines. We recommend backup power facilities that start through an automatic
transfer switch if a power supply interruption occurs. A manual transfer may be sufficient
if it can occur within a reasonable time according to established operating procedures.
Maintaining pressurized conditions in the distribution system during a power outage
minimizes the risk of backflow or cross connection contamination.

7.6 Reservoir Water Quality and Sampling Access

Long detention times and inadequate mixing can degrade water quality in reservoirs.
Stagnant conditions provide an opportunity for chemical and microbial contamination
of the stored water. Therefore, engineers must design distribution reservoirs to maintain
water circulation, prevent stagnation and, in some cases, provide disinfection contact
time (WAC 246-290-235(1)).
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For reservoirs with a nominal residence time of 3 to 5 days during the summer, design
engineers should conduct a mixing and water age analysis of the proposed reservoir
design, such as computational fluid dynamic modeling. Such modeling will guide on the
design of inlet-outlet piping and valves, as well as setting operational levels. Chemical
contamination also can occur in newly constructed reservoirs and those with protective
coatings. See Appendix G.

Reservoirs must include access for water quality monitoring (WAC 246-290-235(1)(c)).
At a minimum, this access should include a smooth-nosed sample tap on the reservoir
side of the reservoir isolation valve(s). This valve will facilitate sample collection after
construction and maintenance, and as part of a system assessment after detecting
contaminants or vandalism. In addition, design engineers should consider providing the
means to conduct water quality monitoring at the inlet and within the reservoir,
including on-line measurement of chlorine residual, pH, and temperature, where
feasible. Temperature probes and piping to collect samples at various reservoir depths
provide operational capacity to monitor reservoir water quality (Friedman et al. 2005).

We recommend installing a sample tap in the valve vault on the tank side of the
isolation valve.

7.6.1 Water Circulation and Stagnation

Poor water circulation and long detention times in reservoirs can lead to loss of
disinfectant residual, microbial growth, sediment accumulation, formation of disinfection
byproducts, taste and odor problems, and other water quality issues (AWWA and EES
2002; NRC 2005). A properly designed reservoir can minimize the potential for these
problems.

Engineers should evaluate the following design features to improve reservoir water
quality:
1. Orient inlet and outlet to promote mixing. Poorly mixed reservoirs can lead to

stagnant zones where the water age exceeds the average water age in the facility.
A properly designed inlet promotes mixing. Water entering the reservoir can
create a jet that entrains ambient water effectively mixing the reservoir (Grayman
and Kirmeyer 2000). For effective mixing, the inlet flow must be turbulent and
have a long enough path for mixing to develop. You should consider the ability
to provide long fill and draw cycles, and thus promote reservoir mixing, as part of
the design process.

Reservoirs that float on the water system, especially those with single inlet-outlet
designs, probably won't have sufficient inflow to mix the reservoir adequately.
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Special valve arrangements, using one or more check valves on a single inlet-
outlet pipe, can be used to promote mixing. Some reservoirs may need specialty
mixers to prevent stagnation.

2. Minimize temperature differences in the reservoir. Temperature differences as
small as 1°C can cause thermal stratification, especially in tall tanks with large
diameter inlets located near the bottom. To decrease the potential for thermal
stratification, locate the inlet off the bottom of the reservoir and increase the inlet
momentum (defined as velocity times flow rate). To increase inlet momentum,
decrease the diameter of the inlet pipe. Longer fill cycles also promote mixing by
increasing the time for circulation patterns to develop.

3. Increase the frequency of reservoir turnover. Although not an absolute
standard for stored water, there is a high risk for water quality problems to
develop when reservoir turnover time exceeds five days, especially in warmer
months. As a starting point, complete turnover of reservoir water should occur at
least every three to five days (Kirmeyer et al. 1999).

4. Site reservoir to promote turnover. Reservoirs located at the edge of a
pressure zone, or beyond, have longer detention times than those within the
pressure zone (Edwards and Maher 2008). Distribution system models that
evaluate water age and water system hydraulics can be useful in evaluating
reservoir sites.

5. Evaluate other engineering considerations. Temperature gradients in the
stored water cause thermal stratification. For this reason, some water systems
apply light or reflective protective coatings to the tops of their reservoirs. Tall,
narrow standpipes are more prone to thermal stratification than reservoirs with
roughly equal height and diameter (Grayman and Kirmeyer 2000).

7.6.2 Tank Materials in Contact with Potable Water

All additives, coatings and compounds that will substantially contact drinking water,
such as those listed below, must have ANSI/NSF Standard 61 certification (WAC 246-
290-220). Contractors should apply these materials carefully, according the
manufacturer’'s recommendations. To avoid unnecessary public health concerns and
consumer complaints on aesthetic qualities, the design engineer should address the
following concerns:

1. For concrete tanks, use appropriate form-release agents, concrete surface
sealants, and admixtures. See Appendix G for guidance on water quality concerns
associated with concrete in contact with potable water.
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2. For steel tanks, consider the materials used to prepare the surface of the tank,
and the painting or coating water systems used to protect against corrosion.
Engineers should provide cathodic protection as necessary (especially for
underground or partially buried tank installations).

3. Reservoir membrane liners, plastic tanks, fiberglass tanks, or other materials that
substantially contact drinking water must be ANSI/NSF Standard 61 certified
(WAC 246-290-220).

4. Itis important to follow the manufacturer’s instructions when applying protective
coatings. Temperature, ventilation, and the thickness of the applied layers affect
the time required to cure coatings and the potential for contaminants to leach
into the water. If there is any concern over the curing of the coatings and
materials, or leaching from the reservoir liner, we may require additional water
quality monitoring from the reservoir before it goes into service. Appendix G
includes additional guidance on testing materials that leach.

1.7 Placing a Reservoir into Service

Before placing a reservoir into service, it must be properly tested, inspected, and
disinfected (WAC 246-290-120(4)). The specifications for the reservoir design should
clearly identify:

1. Curing of coatings. All coatings in contact with potable water must be certified
under ANSI/NSF Standard 61 (WAC 246-290-220). A plural component coating,
or a 100 percent solids coating, may be able to be disinfected and placed back
into service within 48 hours. Other coating systems typically need at least 7 days
and likely more time to cure, depending on temperature, humidity, and air
movement within the reservoir prior to disinfection. You will need to verify that
the requirements for drying time listed on the manufacturer’s product data sheet
that are needed to achieve curing are met (ANSI/AWWA D102-17). Following
disinfection, you should conduct additional water quality testing (AWWA 20113;
Ten State Standards 2012). This water quality testing includes analyses for taste,
odors, VOCs, pH, and conductivity to make sure water is palatable and meets
drinking water standards before serving it to customers.

2. Disinfection and bacteriological testing requirements. There are a few
different standard approaches for disinfecting a reservoir, such as filling the
reservoir with chlorinated water so that, at the end of the soak period, the system
can maintain a chlorine residual of at least 10 mg/L. Another approach is to spray
all surfaces with a solution containing at least 200 mg/L of available chlorine as
described in AWWA C652 Standard for Disinfection of Water Storage Facilities
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(AWWA 2011a). At the end of the disinfection period and after chlorine residuals
return to acceptable concentrations for distribution, the water system must
collect and analyze a coliform sample (WAC 246-290-120(4)). If coliform are
present, additional disinfection and bacteriological testing will be necessary.

3. Leakage testing. Standards for leak testing reservoirs and reservoir roofs vary
depending on the type of material used to construct the reservoir (AWWA 2004;
AWWA 2006; AWWA 2009a; AWWA 2011b). Regardless of the materials used in
construction, engineers should identify specific methods for testing and criteria
for passing.

Only after the reservoir has been cleaned, tested, and disinfected, and testing results
shows that the water quality from it is acceptable may it be placed into service. Water
systems must submit a Construction Completion Report Form (DOH 331-121) to DOH
within 60 days after they complete a reservoir project and before they place the
reservoir into service (WAC 246-290-120(5)).
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Chapter 8: Booster Pump Station Design

8.0 Introduction

Many water systems need booster pumping facilities to maintain adequate pressure due
to treatment, topography, or high design flows. In these water systems, booster pumps
are an integral part of the distribution system—Ilike the water mains—that must be
adequate and reliable. Inadequate or unreliable booster pumping facilities leave a water
system vulnerable to inadequate pressure, customer complaints, and a distribution
system at risk of contamination.

Booster pumps work with pressure tanks, reservoirs, variable frequency drives, and
control valves to maintain a consistent pressure range in the distribution system. This
chapter describes requirements for minimal design pressures and reliability standards
(WAC 246-290-230 and 420) and offers design guidance on booster pump station:

e Pumping system capacity.
e Location and site considerations.
e Material selection, piping, and appurtenances.

The objective of booster pump station design is to provide the water system with
adequate and resilient water pumping facilities that protect the quality of water in the
distribution system while delivering needed supply to consumers over a wide range of
operating conditions. To protect public health, it is important to consider each booster
pump design element thoroughly, follow appropriate construction standards, and
implement best management and operating practices.

8.1 Booster Pump Station Capacity

In general, the booster pump station, and any other supplies to the zone—wells, other
pressure zones, and storage reservoirs—must be able to meet minimum demand and
pressure requirements (WAC 246-290-230(5) and (6)). The demand conditions include
the maximum daily demand (MDD), peak hourly demand (PHD), and fire flow for the
area the pump station serves, and the supplying pressure zone(s). See Chapter 3 for
guidance on estimating demand.

One of the key factors in sizing a booster pump station is the storage available in the
pressure zone the booster pump station serves. If there is gravity storage in the pressure
zone, this manual calls the zone an open system because there is a water surface open
to the atmosphere. If there is no finished water reservoir in the pressure zone, this
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manual calls that part of the distribution system a closed system. The process of sizing
booster pump stations for open and closed systems varies slightly as described in the
following subsections.

We recommend that engineers design booster-pumping facilities to accommodate at
least the next 10 years of water system development, and preferably, the period
associated with full water system build-out for its service area. Variable frequency drive
pumps are particularly well suited to accommodate growth (see Appendix B.3).

Each reservoir overflow should be able to discharge the combined pumping capacity of
all sources without damage to the reservoir or downstream property. An open system
booster-pump station is a source of supply to a reservoir. Design engineers should
ensure existing reservoir overflow capacity could safely discharge the added supply from
the new or expanded pump station.

8.1.1 Open System Booster Pump Station Sizing Guidelines

For open systems with adequate equalizing storage, the minimum discharge capacity of
the booster pump station(s)—plus the supply from other sources—is at least the MDD
of the pressure zone and any sequential zones served (WAC 246-290-230). In addition, a
booster pump station must not create low pressure in any supplying zone during peak
demand periods such as when fighting fires (WAC 246-290-420). Table 8-1 summarizes
specific design requirements.

Table 8-1
Summary of Hydraulic Analysis Conditions for Open System Booster Pump Stations
Supplying Pressure Zone(s) Pump Station Discharge Pressure Zone
Demand Pressure Discharge Demand Pressure
Scenario | Conditions Requirement Conditions Requirements

1 PHD Maintain 30 psi min. MDD MDD xiar:”ta'” 30 psi

2 MDD + FF2 | Maintain 20 psi min. MDD’ MDD xiar:”ta'” 30 psi

3 MDD Maintain 30 psi min. | MDD + FF'"2 | MDD + FF miar:”ta'” 20 psi

T Or pump station operating capacity, whichever is greater.

2 FF (fire flow): The largest pump supplying the supplying pressure zone (scenario 2) and the largest pump
supplying the discharge pressure zone (scenario 3) must be assumed to be out of service for water systems
located within a Public Water System Coordination Act area, where pumping supplies fire flow.

Water System Design Manual
DOH 331-123, June 2020 203



If an open booster pump station is the sole supply to a pressure zone, the pump station
design must supply the MDD of the pressure zone(s) with all pumps in service (WAC
246-290-230), and should be able to supply the average day demand (ADD) with the
largest pump out of service. If multiple sources supply a pressure zone, consider all of
them when assessing the size and number of pumps needed to satisfy the MDD and
ADD standard described above. If the booster pump station is a critical part of the water
system, the engineer should consider designing additional mechanical redundancy and
hydraulic capacity into the pump station.

8.1.2

The pumps in a closed system booster pump station supply the entire flow and pressure
the service area requires. Because state rules require the water system to provide PHD at
no less than 30 psi at all service connections throughout the distribution system, the
engineer must design a closed system pump station to meet this requirement (WAC
246-290-230(5)).

Closed System Booster Pump Station Sizing Guidelines

For reliability purposes, the booster pump station should be able to meet the PHD when
the largest capacity booster pump is out of service. Because the service area of a closed
system pump station depends entirely on the continuing operation of the pump station,
the engineer must consider standby power facilities (WAC 246-290-420). In addition, a
closed system pump station must be able to meet the fire flow requirements the local
fire marshal defined. Where fire flow is required, the pumping system must be able to
maintain a minimum of 20 psi at ground level at all points in the distribution system
while supplying MDD plus needed fire flow (WAC 246-290-230(6)). Table 8-2
summarizes these design requirements.

Table 8-2
Summary of Hydraulic Analysis Conditions for Closed System Booster Pump Stations
Supplying Pressure Zone Pump Station Discharge Pressure Zone
Demand Pressure Discharge Demand Pressure
Scenario | Conditions Requirement Conditions Requirements
1 PHD M.amtam 30 psi PHD' PHD M.amtam 30 psi
min. min.
5 MDD + FF2 M.amtam 20 psi PHD' PHD M.amtam 30 psi
min. min.
3 MDD M.amtam 30 psi MDD + FE'2 MDD + EF Mamtam 20 psi
min. min.

T Or pump station operating capacity, whichever is greater.
2FF (fire flow): The largest pump supplying the supplying pressure zone (scenario 2) and the largest pump
supplying the discharge pressure zone (scenario 3) must be assumed to be out of service for water systems
located within a Public Water System Coordination Act area, where pumping supplies fire flow.
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8.1.3 Fire Flow Requirements for Pump Stations in Coordination Act Areas

New booster pump stations in an area governed by the Public Water System
Coordination Act (Chapter 246-293 WAC), must be able to meet fire flow with the
largest capacity booster pump out of service (WAC 246-293-660(1)). Open-system
booster pump stations can use reservoir storage in the pressure zone supplied to meet
fire flow requirements. The remaining pumps, in conjunction with supply from the
reservoir, must be able to maintain a minimum of 20 psi at ground level at all points in
the distribution system while supplying MDD plus needed fire flow (WAC 246-290-
230(6)).

In general, you should be cautious using a closed booster pump station if fire flow is
required because a closed booster pump station is less reliable than gravity storage. A
new booster pump station serving a closed system should be designed with back-up
power operated by an automatic transfer switch if power outages exceed the threshold
standards in WAC 246-293-660(1).

8.1.4 Flow Control for Booster Pump Stations

There are often wide variations in diurnal demand in the pressure zone(s) served by a
pump station. There are several ways to meet these demand fluctuations, including:

Constant speed pumps with pressure tanks. This design approach is most often used
for small, closed pressure zones. In these pump stations, pressure switches start and
stop the pumps as demand increases and decreases. Pressure tanks maintain system
pressure within a fixed range and limit pump cycling. Additional information on sizing
pressure tanks with constant speed pumps is in Chapter 9.

Variable frequency drives (VFDs). This design approach offers many advantages,
including energy savings, improved pressure and flow control, and elimination of
pressure transients associated with abrupt start/stop of single-speed pumps. Flow
control is provided through a feedback loop from a pressure sensor on the pump
discharge to the VFD controller governing pump motor rotational speed (and therefore
flow). See Appendix B.3 for more information on VFDs. For closed booster pump
stations, a pressure tank still is necessary to minimize pump cycling under very low flow
conditions.

A jockey pump for low flow conditions. Designers can use a small pump, commonly
called a “jockey pump,” to meet demand during low flow conditions. Water systems use
a jockey pump with larger pumps to meet peak demands. For closed booster pump
stations, a pressure tank still is necessary to minimize pump cycling.
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Cycle control valves with a pressure tank. These specialized pressure regulating valves
keep a constant downstream pressure over a wide range of flows. A pressure tank still is
required for closed pressure zones served by pumps stations that use these valves to
accommodate the need for pump cycling control under very low flow conditions.
Additional information on cycle control valves is in Appendix B.2.

8.2 General Booster Pump Station Site Considerations

Booster pump station designs must comply with state or locally adopted building,
mechanical, electrical, and land use codes (WAC 246-290-200(b)). The contents of these
codes, not to mention local ordinances, exceed the scope of this manual. Overall, you
should review locally adopted codes and ordinances that could affect the siting and
design of a booster pump station in a project report. These considerations include, but
are not limited to:

e Zoning compliance, building code compliance, and community acceptance.

Noise can be an issue for pump stations located near parks or residences. The
maximum permitted sound level can be as low as 45 dBA in residential areas at
night (WAC 173-60-040).

e Operator access, equipment maintenance, and safety. The pumps and other
mechanical equipment need periodic maintenance. As such, the pump station
design should make it easy to inspect, operate, and maintain the equipment:

o Beware of creating permit-required confined spaces. Booster pump stations in
below grade vaults or other permit-required confined spaces (defined in
Chapter 296-809 WAC) can create operations and maintenance issues. See
Appendix C for Department of Labor and Industries contact information.

o Provide adequate space around mechanical equipment and electrical
equipment. We recommend at least 36 inches clearance between piping,
pumps, and other mechanical equipment. Electrical codes govern the
minimum clearance in front of electrical panels; these clearances are at least
36 inches and can be 60 inches or more for high voltage panels (Sanks et al.
1998; AWWA/ASCE 2012).

o Facilitate removing and installing heavy valves and equipment. Any piece of
equipment that weighs more than 100 pounds should be accessible by crane
or other lifting assistance. Other means of access include large doorways or
roof hatches to facilitate removing heavy equipment directly into a truck.
Areas where the operator will walk or perform maintenance should be clear of
overhead obstructions to a height of at least 7 feet (Sanks et al.1998).
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o Hearing protection and other measures to protect people in the pump station
is required when the noise exceeds 85 dBA (Chapter 296-817 WACQ).
e Geotechnical engineering field investigations, including:
o Site drainage
o Soil type and soil-bearing strength
o Groundwater table elevation
o Soil stability, liquefaction, and/or slope failure analysis

e Electrical power supply

o Reliability: Engineers should assess the reliability of the power supply and the
need for standby generators. See Section 5.11.1.

o Sizing: While deciding where to site very large pump stations and pump
stations in rural areas, engineers should consider the capacity of the electrical
grid and the need for required upgrades in the local electrical service.

Engineers should address many other items as part of pump station design. See
additional items highlighted in Checklist A.3.6 in Appendix A.

8.2.1 Natural Hazard Considerations

Natural disasters could damage pump stations to the point that they fail to operate.
Engineers should design and locate pump stations to minimize vulnerability to damage
from:

e Avalanches
e Earthquakes
e Floods

e Landslides
e Tree falls

e Tsunamis

e Windstorms
e Wildfire

To meet state and local requirements, engineers must address geologic risk (seismic
and unstable slopes) when designing pump stations (WAC 246-290-200). The state
Department of Natural Resources (DNR) has geologic hazard maps that identify seismic
and other natural hazards. DNR contact information is in Appendix C.

Engineers should prioritize making booster-pump stations that serve water for essential
services earthquake resilient, so that the booster pumps remain functional after seismic
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events. Essential services include medical facilities; power plants; fuel refining, storage,
and distribution facilities; food production, storage, and distribution facilities;
emergency response command and communication centers; and emergency shelters.
You should follow the requirements in ASCE 7 to design earthquake resilient pump
stations. And, the water system should have an onsite emergency power source or be
able to operate with a portable emergency power source (ASCE 7).

You can reduce or mitigate seismic risk by:

e Being aware of permanent ground displacement or intense ground shaking (in
fault zones) that could affect the pump station and designing the pump station
to accommodate these hazards.

e Bracing and/or anchoring pump station piping, motor control centers, cranes and
other equipment needed for pump station operation.

e Using flexible couplings on pipelines connected between elements that may
move differentially.

Various design guidelines highlight the multiple seismic vulnerabilities of piping and large
mechanical equipment in some pump stations (ALA 2002; ALA 2004). In areas with potential
for significant ground motion, you may need to seek the services of a professional qualified
to assist in the design of pipe bracing, equipment support, and other aspects of design.

8.3 Booster Pump Station Design Details

The design of a booster pump station must comply with state and locally adopted
national model codes (WAC 246-290-200(b)). The details of these building, electrical,
and mechanical codes are beyond the scope of this manual. The design of all but the
simplest pump stations may require the involvement of licensed professionals with
detailed knowledge and experience with the codes (WAC 197-27A-020(2)). This section
and Checklist A.3.6 in Appendix A provide further guidance on basic pump station
design elements.

Meters and gauges
To help ensure that pumps perform as designed, each pump should have:

e A pressure gauge between the pump and the discharge check valve
e A compound gauge on its suction side; and

e A way to meter the discharge.
Each booster pump station should have a meter capable of measuring the total water
pumped and pumping rate.
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Valves

Each pump should have valves adequate to permit satisfactory operation, maintenance,
and equipment repair. There should be an isolation valve on the suction and discharge
side of each booster pump. Other appurtenances should include:

e A check valve on the discharge side of each booster pump.

e End connections for booster pumps, pressure vessels, and large equipment
should have flexible flanged coupling adapters, or dismantling joints for larger
units and threaded unions for smaller units. They will simplify maintenance and
provide flexibility in installation.

e Pump control valves and surge anticipation valves, as needed, to prevent
destructive hydraulic transients during normal and emergency pump starts or
stops.

o Air relief valves at any high points in the piping.

Controls and Alarms

The pump station design should include an alert to the operator if a pump failure or
abnormally high or low pressure occurs. One approach is to have a visible external alarm
light (with a battery backup). If practical, the pump-station alarm system should connect
to an auto-dialer to notify the operator, water system owner, and other key personnel of
any unusual conditions or unauthorized entry.

Piping Material

The strength, stiffness, ductility, and resistance to water hammer or pump cycling make
steel and ductile iron the most suitable choices for exposed piping in pump stations
(Sanks et al. 1998). Plastic pipe such as PVC and HDPE are prone to fatigue failure from
pump cycling, become brittle at low temperatures, or lose strength at temperatures that
can occur normally in pump stations. For those reasons, if considering the use of PVC or
HDPE pipe inside a booster pump station, approach with caution and proceed only with
approval from the water system owner. The design should also address special
anchoring or support requirements for equipment and piping.

Piping Connections

Engineers should use seismically appropriate pipe materials and connections for all
pipes located within the pump station, directly below it, and within 20 feet of the pump
station foundation. It will be difficult and expensive to repair or replace these pipes if
they fail after the pump station is in place. Therefore, engineers should evaluate these
pipes for corrosion potential and include appropriate corrosion mitigation.
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Taps on the discharge piping

Booster pump stations are convenient places to provide water quality monitoring and, if
necessary, provide booster chlorination or other water quality adjustments. You should
consider installing at least two taps on the common discharge line:

e A sample tap to allow for monitoring water quality.
e A tap to allow for booster disinfection in an emergency.

Access for pipe cleaning and condition assessment tools

As distribution pipes age, they gradually accumulate solids and suffer from corrosion. As
a result, it may be useful to install a pig-launch or other access point on the pump
station discharge piping.

8.4 Individual Booster Pumps

An individual booster pump station may not be installed to serve a property on a new
water system or an addition to an existing water system (WAC 246-290-230(5)).

Existing water systems may need to install individual service booster pumps to meet
minimum pressure requirements for specific connections. Engineers must submit such
designs to DOH for approval (WAC 246-290-125). The water system, not the consumer
is responsible for individual booster pumps installed because the minimum 30 psi
standard in WAC 246-290-230(5) cannot be met. Water systems may only use individual
booster pumps on an interim basis, typically less than 10 years, and they must manage
and control any individual booster pumps (WAC 246-290-230(8)). The water system
should evaluate vulnerabilities in the distribution system until it can make upgrades that
eliminate such low-pressure areas and the associated need for individual booster
pumps.

If the pressure in the distribution pipeline meets the minimum requirements of WAC
246-290-230(5), a water system may allow installation of individual booster pumps to
serve customers who want additional pressure. For example, developers may install
booster pumps to serve structures built at significant elevations above the service
meters. The water system should approve the design, installation, and operation of such
individual booster pumps. Moreover, the water system must ensure the booster pumps
do not adversely affect pressure in the rest of the distribution system (WAC 246-290-
230 and 420), and address all cross-connection control concerns (WAC 246-290-490).
Building owners are responsible for booster pumps installed where water systems meet
the minimum 30 psi standard in WAC 246-290-230(5). Systems may allow them on a
permanent basis.
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8.4.1 Cross-Connection Control for Individual Booster Pumps

When designing or installing an individual service booster pump, the engineer should
recognize that the location the individual booster pump will serve is a cross-connection
hazard. Under normal circumstances, pressure on the downstream side of the individual
service booster pump is higher than system pressure. However, the check valve could
fail or leak, causing water from the premises to backflow through the pump and into the
distribution main. Therefore, a cross-connection control specialist must assess the
degree of hazard for facilities that use booster pumps and approve the installation of an
acceptable backflow assembly (WAC 246-290-490(4)(e)(iii)).

Special consideration should be given for booster pumps within multistory buildings
given the higher pressures in these structures relative to the distribution system, internal
storage in some cases, and greater potential for a multitude of uses, including high
health cross connection hazards that require premises isolation (PNWS-AWWA 1996).

Water that enters the consumer’s premises is “used water.” Therefore, any piping
arrangement that allows pressure relief must not be directed back into the distribution
system (WAC 246-290-490(2)(k)).

8.5 Placing a Booster Pump Station into Service

Engineers should consider field-testing pumps to ensure they are installed properly and
able to deliver their rated performance. A field pump test consists of measuring the
pump discharge, pressure or head, power input, and speed. Engineers then use this
information to determine whether there are operational issues with the pumps as
outlined in AWWA E103- Standard for Horizontal and Vertical Line-Shaft Pumps (AWWA
2007).

Before a booster pump station can be placed into service, it must be properly tested,
inspected, and disinfected (WAC 246-290-120(4)). The specifications for the pump
station should clearly identify the disinfection and bacteriological testing requirements.
The WSDOT/APWA standard specifications (Division 7) and AWWA C651 - Standard for
Disinfecting Water Mains can be used for this purpose (WSDOT/APWA 2016; AWWA
2014). Water systems must submit a Construction Completion Report Form (DOH 331-
121) to DOH within 60 days after they complete a pump station project and before they
place the pump station into service (WAC 246-290-120(5)).
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Chapter 9: Pressure Tanks

9.0 Introduction

A pressure tank contains pressurized air and water. The compressed air acts as a cushion
to exert or absorb pressure as needed. There are two types of pressure tanks. Bladder
tanks have some type of membrane separating the air from the water.
Hydropneumatic tanks allow air-water contact.

Pressure tanks work with pumps in closed systems (see Chapter 8) to maintain pressure
within a selected range without requiring continuous pump operation. This chapter
offers design guidance on:

e Pressure tank sizing

e Department of Labor and Industries standards

e Pressure tank type selection and appurtenances

The objectives of pressure tank design are to avoid premature pump failure due to
excessive cycling and to protect the quality of water in the distribution system by
reliably maintaining distribution system pressure within the design operating range. The
needed number and size of pressure tanks depends on how the pump discharge rate is
controlled. Control options include:

e Variable frequency drives
e Single-speed pumps with on-off pressure switches
e Cycle control valve with downstream pressure set point

Pressure tanks are not appropriate for providing equalizing, standby, or fire-protection
storage. If such storage is required, design engineers should select ground or elevated
storage as described in Chapter 7.

9.1 Pressure Tank Sizing

The portion of pressure-tank volume that can be usefully withdrawn between pumping
cycles while maintaining 30 psi pressure throughout the distribution system under peak
hour demand (PHD) conditions (WAC 246-290-230(5)) is referred herein as withdrawal
capacity. The procedure for selecting or sizing bladder tanks differs from that used for
hydropneumatic tanks.
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9.1.1 Bladder Tank Sizing

Bladder tank sizing depends on the number of “selected-size” tanks needed to provide
pump protection. Bladder tanks are assumed to be pre-charged with air to a pressure of
about 5 psi below the low operating (pump-on) pressure for the system. Design
engineers need to call out this stipulation in the design specifications.

Design engineers may use Equation 9-1 to determine the number of bladder tanks of a
certain gross volume, based on the pump-on and pump-off pressure settings for single-
speed pumps controlled by a pressure switch. See Section 9.1.5 for an alternative
pressure tank design approach based on use of a cycle control valve or variable
frequency drive pumping system.

Equation 9-1: T > (R)(Qy)

(Nc)(VB)
Where:
R = 15(P; + 14.7)(P> + 14.7) (or refer to Table 9.1)

(P1-P2)(P2+9.7)

Ve = The gross volume of an individual bladder tank in gallons (“86-gallon
tank,” for example).

Ts = The number of bladder tanks of gross volume Vg

P1.P2 = Pressures selected for water system operation in psig (gauge pressures). P1
corresponds to the pump-off pressure and P2 to the pump-on pressure

Nc = Number of pump operating cycles per hour. This should be the maximum
number of pump motor starts per hour as recommended and documented
by the pump or motor manufacturer. Without such information, design
engineers should use no more than six cycles per hour.

Q = Pump delivery capacity in gallons per minute at a midpoint of the selected

pressure range. Determine this by examining pump curves or tables. If this
value is not used, the designer should use the Q, that occurs at P> (pump-
on).

9.1.2 Bladder Tank Design Procedures

The following is a step-by-step procedure for designing bladder-tank pressurized
storage systems used in connection with single-speed pumps with on-off pressure
switches. See application of these procedures in Example 9-1 in Section 9.6.
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1. Based on water system hydraulic requirements, select the operating range of
pressure, P; (pump-off) and P2 (pump-on). P2 pressure must satisfy minimum
system pressure requirements (WAC 246-290-230).

2. Select the operating cycles per hour, Nc. The value for N¢should not exceed six
cycles per hour unless the pump manufacturer justifies a larger value. For
multiple pump installations, Ne may be increased if an automatic pump
switchover system is installed to automatically alternate pumps.

3. Determine the delivery capacity, Qp, for the midpoint of the operating pressure
range [(P1 + P2)/2]. The pump capacity at P2 pressure must meet system
demand and pressure requirements (WAC 246-290-230 and 420).

4. Select an appropriate gross volume, Vg, for each bladder tank (bladder tank size).
This volume should be available from bladder tank manufacturers. We
recommend limiting individual bladder tank sizes to no more than 220 gallons
gross volume.

5. Calculate the value of R. For convenience, Table 9.1 gives R-values for several
commonly used pressure ranges.

6. Use Equation 9-1 (see above).

Round up the value determined in Step 6 to the nearest whole number. This is
the number of tanks, each with the selected volume, Vs, to be used for pump
protection.

8. See Appendix A.3.7 for further design recommendations.
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Table 9-1
R Values for Various Pressure Tank Ranges

P; pump-off pressure

P2 pump-on 55 psi 60 psi 65 psi 70 psi
pressure
35 psi 58.1 49.8 443
40 psi 61.7 52.6
45 psi 65.2
50 psi 86.4
60 psi

9.1.3 Hydropneumatic Tank Sizing Equations (bottom outlet)

Horizontally-Oriented Tanks

Design engineers may use Equation 9-2 to determine the gross volume of a
hydropneumatic tank they will install horizontally, based on the pump-on and pump-off
pressure settings for single speed pumps controlled by a pressure switch.

See Section 9.1.5 for an alternative pressure tank design approach based on use of a
cycle control valve or variable frequency drive pumping system.

Equation 9-2:
Ve Pit147  15Q0 (MF)
P1-P2 Nc

Vertically-Oriented Tanks

Design engineers may use Equation 9-3 to determine the gross volume of a
hydropneumatic tank they will install vertically, based on the pump-on and pump-off
pressure settings for single-speed pumps controlled by a pressure switch.
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Equation 9-3:

Where:
Vi

P4, P2

Nc

Qp

MF

9.1.4

_ Pi+14.7 X15 Qr (MF)
Pi-P2 Nc

Vi + 0.0204 D?

Total tank volume in gallons.

Pressures selected for water system operation in psig (not absolute
pressures). P1 corresponds to the pump-off pressure and P2 to the pump-on
pressure.

Number of pump operating cycles per hour. This should be the maximum
number of pump-motor starts per hour as recommended and documented
by the pump or motor manufacturer. Without such information, design
engineers should use no more than six cycles per hour.

Pump delivery capacity in gallons per minute at the midpoint of the selected
pressure range. Determine this by examining pump curves or tables. If this
value is not used, the Qp that occurs at P> (pump-on) should be used.

Tank diameter in inches.

A multiplying factor related to tank diameter to include the volume needed
to maintain a six-inch water seal above the tank inlet-outlet installed at the
bottom of the tank. See Table 9-3. Use this factor only for sizing a horizontal
tank. MF for vertically-oriented tanks equals 1.

Hydropneumatic Tank Design Procedures

The following is a step-by-step procedure for designing horizontally or vertically
oriented hydropneumatic pressurized storage systems used in connection with single-
speed pumps with on-off pressure switches. See application of these procedures in
Example 9-2 in Section 9.6.

1. Based on water system hydraulic requirements, select the operating range of
pressure, P; (pump-off) and P2 (pump-on). P2 pressure must satisfy minimum
system pressure requirements (WAC 246-290-230).

2. Select the operating cycles per hour, Nc. The value for N¢should not exceed six
cycles per hour unless the pump manufacturer justifies a larger value. For
multiple pump installations, Nc may be increased if an automatic pump
switchover system is installed to automatically alternate pumps.

3. Determine the delivery capacity, Qp, for the midpoint of the operating pressure
range [(P1 + P2)/2]. The pump capacity at P2 pressure must meet system
demand and pressure requirements (WAC 246-290-230 and 420).
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When multiple pumps will be pumping through a pressure tank, the Qp can be
based on the largest pump.

For either vertical or horizontal tanks, select a tank diameter (in inches) that suits
the space available in the pump house.

For a horizontal tank, refer to Table 9-3 for the multiplying factor, MF, needed to
accommodate the required water seal. The MF in this table is calculated to
provide a 6-inch water seal above the tank inlet-outlet installed at the bottom of
the tank. If a vertical tank is to be used, the additive value for the water seal
volume can be calculated directly and is already included in Equation 9-3.

Calculate the necessary tank volume by incorporating the parameters above into
the appropriate sizing equation. The tank is subject to the American Society of
Mechanical Engineers (ASME) code construction requirements identified in
Section 9.2.

7. Check the calculated volume requirement with any commercial tank size table
(see Table 9-2) to see if a tank that meets the necessary volume at the selected
diameter is available. If a tank that provides the necessary volume at the diameter
selected is not available, or cannot be fabricated, select another tank diameter
and repeat the sizing calculations until the design is satisfied. This may also be
necessary if the pump house layout will not accommodate the length needed.

8. See Appendix A.3.7 for further design recommendations.

Table 9-2
Pressure Tank Dimensions'

Dimensions, Capacities and Tappings

Dimensions, Inches Tappings, FPT?
Tank Capacity Outside Shell Approximate | Relief> |Blowdown*| Water
Model Gallons Diameter | Length Overall In & Out®
Number Length
A B C R S W
144 36 14 48 58 ¥s 1
145 44 14 60 70 ¥4 1
164 48 16 48 59 ¥s 1
165 58 16 60 71 Ya 1
166 69 16 72 83 ¥s 1
184 62 18 48 60 2! 1Va
185 75 18 60 72 ¥s 1Va
186 88 18 72 84 ¥a 1Va
204 77 20 48 62 1 1Va
205 93 20 60 74 1 1Va
206 109 20 72 86 1 1Va
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Dimensions, Capacities and Tappings

Dimensions, Inches

Tappings, FPT?

Tank Capacity Outside Shell Approximate | Relief>* | Blowdown*| Water
Model Gallons Diameter | Length Overall In & Out®
Number Length

A B C R S W

244 113 24 48 64 1 1Va

245 137 24 60 76 1 1Va

246 160 24 72 88 1 1Va

247 184 24 84 100 1 1a
304 186 30 48 67 1 2
305 223 30 60 79 1 2
306 260 30 72 91 1 2
307 296 30 84 103 1 2
308 333 30 96 115 1 2
309 370 30 108 127 1 2
365 330 36 60 82 1 2
366 383 36 72 94 1 2
367 436 36 84 106 1 2
368 489 36 96 118 1 2
369 542 36 108 130 1 2
3610 594 36 120 142 1 2
426 533 42 72 96 1a 2 2
427 605 42 84 108 1Ya 2 2
428 677 42 96 120 1Va 2 2
429 749 42 108 132 1a 2 2
4210 821 42 120 144 1a 2 2
4211 893 42 132 156 1Ya 2 2
4212 965 42 144 168 1a 2 2
4213 1,037 42 156 180 1Va 2 2
4214 1,110 42 168 192 14 2 2
486 712 48 72 100 1Va 2 3
487 806 48 84 112 1a 2 3
488 900 48 96 124 1Va 2 3
489 994 48 108 135 1Ya 2 3
4810 1,089 48 120 148 1a 2 3
4811 1,183 48 132 160 1Ya 2 3
4812 1,277 48 144 172 1a 2 3
4813 1,371 48 156 184 1Va 2 3
4814 1,465 48 168 196 1a 2 3
548 1,160 54 96 126 12 2 3
5410 1,398 54 120 150 172 2 3
5411 1,517 54 132 162 12 2 3
5412 1,636 54 144 174 172 2 3
5413 1,755 54 156 186 12 2 3
5414 1,874 54 168 198 12 2 3
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Dimensions, Capacities and Tappings

Dimensions, Inches Tappings, FPT?
Tank Capacity Outside Shell Approximate | Relief>* | Blowdown*| Water
Model Gallons Diameter | Length Overall In & Out®
Number Length
A B C R S W
5415 1,993 54 180 210 12 2 3
5416 2,112 54 192 222 11/ 2 3
6010 1,750 60 120 154 12 2 3
6012 2,044 60 144 178 112 2 3
6014 2,338 60 168 202 12 2 3
6016 2,632 60 192 226 112 2 3
7210 2,609 72 120 160 12 3 4
7212 3,032 72 144 184 12 3 4
7214 3,455 72 168 208 112 3 4
7216 3,878 72 192 232 1> 3 4

Above data is based on use of Elliptical Heads with 2" max SF.

! Table for example only. You may use any commercial table.
2 "FPT" means female pipe thread.
3 "Relief” means size of FPT provided for installation of pressure relief valve.
4 "Blowdown" means size of FPT provided for tank drain.
> “Water in and out” means size of FPT provided for water inlet and outlet connections to tank.

Table 9-3
Multiplying Factors Ensuring a 6-inch Water Seal Depth in a Horizontal Pressure Tank
(Use with Equation 9-2)

Tank Nominal Multiplying Factor
Diameter, inches MF = V¢/(V-Ve)
12 2.00
16 152
20 134
24 1.24
30 117
36 112
48 1.08
54 1.06
60 1.05
12 1.04
84 1.03
96 1.03
120 1.02

Note: Use linear interpolation to determine MF values for
diameters between those shown. Use an MF of 1.02 for horizontal
tanks with diameters of 120 inches, or more.
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9.1.5 Reduced Pressure Tank Sizing

Designs using variable frequency drive (VFD) pumping systems or pump cycle-control
valves (CCV) will reduce the pressurized storage needed to protect pumps from over-
cycling while maintaining adequate pressure in the distribution system. The criteria used
to size pressure tanks serving a closed pumping system employing a VFD or CCV differs
from the approach described in Sections 9.1.1 through 9.1.4.

CCVs and VFDs deliver water within the controlled pressure range at much lower flow
rates than a standard design approach. Therefore, the size and/or number of pressure
tanks required for water systems using a CCV or VFD will be lower than those required
for single-speed pumps with on-off pressure switches (see sections 9.1.1 through 9.1.4).
For more information on CCVs and VFDs, see appendices B.2 and B.3.

Cycle Control Valves

Engineers may use a pump cycle-control valve (CCV) to control the pressure in a
distribution system. The CCV is intended to extend run time with minimal pressurized
storage. It will maintain constant downstream pressure (i.e., the valve's set point) until
demand downstream of the valve falls below the valve's prescribed low-flow level. At
that point, the pressure will rise to the pressure switch pump-off set point. The valve is
mechanically prevented from restricting flow past its preset minimum.

Depending on the model used, the control valve will stop pump operation at a preset
threshold flow of as little as 1 or 2 gpm. At flows higher than that threshold, the valve
will open or close in response to water system demands while the pump operates
continuously. Design engineers who choose to use a CCV should include the head loss
through the valve when determining the friction loss within the pump house.

The CCV is designed to keep the pump operating nearly all the time. For most water
systems water demand will be very low during nighttime hours, resulting in prolonged
pump operation at the upper end of its pump curve. If the manufacturer did not design
the pump and motor for prolonged operation at that point on the pump curve, the
pump will operate at low energy efficiency and at risk of premature failure. We
recommend design engineers consult directly with the pump vendor or manufacturer to
make sure the pump and motor are compatible with the intended operating conditions.
Refer to Appendix B.2 for additional design information.
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Variable Frequency Drives

A VED is an electronic controller that adjusts the pump motor speed by modulating
frequency and voltage. VFDs match motor speed and therefore pump output to specific
water demand through a pressure control feedback loop to the variable frequency
controller. Refer to Appendix B.3 for additional design information.

9.2 Labor and Industries Standards for Pressure Tanks

Pressure vessels, including bladder tanks greater than 37.5 gallons in gross volume,
must be constructed according to ASME standards (RCW 70.79.080 (5)). The ASME
standard is intended to promote a safe environment and protect against property
damage, injury, and death caused by an abrupt failure of the tank.

General Agreement

In 2011, Washington Department of Labor and Industries (L&) added to a list of
proposed changes to RCW 70.79.080 an exemption for non-ASME bladder tanks used in
public water systems. When legislation is in conflict with practices that meet the intent
of the rule (in this case, safe operation of bladder tanks used in public water systems),
L&I can enter into a general agreement with another agency until such time as the
legislation is changed. Design engineers are responsible for addressing all applicable
L&l requirements at the time of pressure tank design. Refer to current L&I rules and
legislation.

An agreement between L&I and DOH requires that design of non-ASME bladder tank
systems conform to the standards shown in DOH 331-429. The agreement does not
apply to hydropneumatic tanks. All hydropneumatic tanks must be constructed
according to the latest ASME specification code (RCW 70.79.080), regardless of size.

All pressure tanks greater than 37.5 gallons gross volume must have a properly sized
and installed ASME Section VIII pressure relief valve (WAC 296-104-316). Pressure tanks
smaller than 37.5 gallons gross volume must have a properly sized and installed
pressure relief device manufactured according to a recognized national standard, and
design engineers must provide the specifications and certification to DOH. We strongly
recommend the use of an ASME Section VIII PRV for pressure tanks smaller than 37.5
gallons gross volume. Pressure relief valves protect a pressure vessel from over-
pressurization due to a failure in the pump control system, or intense heating of the
water (e.g., during a fire), and pressure surge.
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No isolation valves should be located between the pressure relief valve and the pressure
tank. The potential for closure of the isolation valve during normal operations would
negate the intended function of the pressure relief valve. For other design requirements
and guidance, see Pressure Relief Valves on Pressure Tanks (DOH 331-429).

The maximum allowable working pressure for a tank is on the nameplate attached to
the tank. For nonstandard pressure vessels, engineers can determine the maximum
allowable working pressure with the L&l formula in WAC 296-104-405. A properly sized
ASME PRV should have a relieving capacity sufficient to prevent pressure in the vessel
from rising more than 10 percent or 3 psi above the maximum design set pressure of
the pressure relief valve, whichever is greater.

L&l contact information is in Appendix C.

9.3 Locating Pressure Tanks

Pressure tanks should be located above normal ground surface and be completely
housed. Buried pressure tanks are subject to floatation due to high groundwater, and
could allow external corrosion to go undetected. L&l standards require at least 18
inches of clearance around the tanks for proper inspection, maintenance, and repair
access (WAC 296-104-260). It may not always be practical to provide this much
clearance all the way around a pressure tank. Therefore, L&l developed a Boiler/Pressure
Vessel Clearance Variance Request form (F620-041-000). It is available from the L&l
Boiler/Pressure Vessel website (http://www.Ini.wa.gov/forms/pdf/F620-041-000.pdf).

9.4 Piping

Pressure tanks should have bypass piping to permit the water system to operate while it
is being repaired or painted. Process control elements such as a pressure switch or
hydraulic valves should not be located such that they are isolated during bypassed
operations. Sampling taps should be provided before and after the pressure tank(s).

9.5 Hydropneumatic Pressure Tank Appurtenances
Good engineering design includes the following appurtenances:

e An automatic pressure relief valve safely discharging to a building drain (with
installed air gap) or outside of the building.

¢ No valves may be between the PRV and the pressure tank.
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e Float switch controlling water surface elevation (needed to avoid water logging
the tank).

e Air compressor and air filter. If the compressor is oil lubricated, only food-grade
oil may be used as a lubricant. The air compressor should be located and air filter
should be specified to ensure capture and compression of healthy air quality and
ease of air filter inspection, maintenance, and replacement.

e Sight glass or other tank level indicator.
e Tank drain, pressure gauge, and pressure switch.
e Vertical and lateral support appropriate for soil conditions and seismic risk.

e Access hatch 24 inches in diameter allowing inspection of the interior, with clearance
of at least 5 feet between hatch and adjacent structures (WAC 296-104-260).

9.6 Pressure Tank Sizing - Examples
Below, two examples illustrate design guidance provided in Sections 9.1.1 through 9.1.4.

Example 9-1: Bladder Tank Sizing

For a mid-pressure range pumping rate, Qp, of 40 gpm, a selected cycling of 6 cycles per
hour, a bladder tank gross volume of 86 gallons, and a selected pressure range of 60/80,
determine the required number of 86-gallon tanks as follows:

Qp =40; N =6; Vs =86
Using Table 9-1 for P»/P; = 60/80, R = 76.1
Using Equation 9-1:

Ts > (R)(Qp)
(Ne)(Ve)
To>  (761(40) _ 4
(6)(86) '

Select six 86-gallon bladder tanks for pump protection, pre-charged to 55 psi (5 psi
below pump-on pressure).

Example 9-2: Horizontal Hydropneumatic Tank Sizing
1. Assume a small water system with the following:

a. 50 connections.
b. Peak hourly demand (from water system meter information) = 103 gpm.
c. Well capacity is 60 gpm.
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d. Booster pump draws from ground level atmospheric storage and pumps into
horizontal pressure tank with bottom outlet.

e. Desired pressure range is 40/60 psig (minimum/maximum).
Booster pump capacity is 110 gpm at 40 psig and 55 gpm at 60 psig.
g. Booster pump capacity is 96 gpm at 50 psig [(P1 + P2)/2] as determined from
the manufacturer's pump curve.
2. The pump cycling will be limited to no more than six cycles per hour.

3. Minimum water seal of 6 inches is required.

4. Pertinent data summarized:
P1 =60 P2 = 40 Qp =96 Nc=6
5. Select a trial tank diameter of 42 inches. Using Table 9-3, the multiplying factor,
MEF, is 1.10 (by interpolation between the 36-inch and 48-inch tank sizes).
6. Substituting these values in the horizontal tank equation, Equation 9-2,

_ P1+147 X15 Qp (MF)
P1-P2 Nc

Vi

_60+147 15(%) (1.10)
20 6

V: = 986 Gallons

This is the minimum volume that will satisfy the 6-inch seal-depth requirement
for a 42-inch diameter vessel. The tank selected from commercial charts will need
to be equal to or greater than this volume.

Vi

7. A commercial tank table (see Table 9-2) shows there is a 42-inch tank with a
volume of 965 gallons. This volume is close to the required 986 gallons, but it will
not give a 6-inch water seal under the operating conditions stipulated. Therefore,
if a tank with a 42-inch diameter is to be used, the next larger tank of 1,037
gallons is the one to select.

If a 48-inch diameter tank had been selected, a minimum volume of 968 gallons would
be calculated. For this example, Table 9-2 shows a 994-gallon tank is available and
acceptable. Note that the 48-inch tank would be about four feet shorter than the 42-
inch tank. That may be an important consideration when placing a tank in limited space.
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Chapter 10: General Water Treatment

10.0 Introduction

Effective and reliable water treatment is essential to protect public health and promotes
consumers’ confidence in the water they receive. This chapter includes general
information on treating groundwater, seawater, and surface water. Because there are
many unique aspects and regulatory requirements associated with the design of surface
water treatment facilities, we provide detailed guidance on surface water treatment in
Chapter 11.

Regulation describes enforceable drinking water standards as treatment techniques,
action levels, or maximum contaminant levels (MCL). These standards form the
minimum treatment objectives for any water treatment design. Consumer and water
system expectations may exceed minimum regulatory requirements. As such, we
encourage design engineers to develop designs that focus on providing a greater level
of public health protection than just meeting regulatory standards. Providing this higher
level of public health protection is called optimization. Voluntary programs that focus on
optimized treatment include the AWWA Partnership for Safe Water and EPA Area Wide
Optimization Program. These and similar programs adopted in Washington state have
developed water quality optimization goals related to arsenic, disinfection, and surface
water treatment.

Public notification that explains potential health risks to consumers may be required
when treatment disruptions occur (WAC 246-290-71001). When evaluating water
treatment alternatives, design engineers should consider the full range of source water
characteristics, availability of skilled operators, capital and operational costs, and water
system acceptance of the treatment technology.

Considering these factors, alternatives such as consolidating with a nearby system,
improving source water protection, or abandoning and replacing the contaminated
source, often are better long-term approaches to protect public health than
constructing a treatment facility. If treatment is the best long-term solution, we
structured this chapter to help design engineers select and design a treatment process
that is appropriate for the community’s needs and resources, protects public health, and
supports consumer confidence in the water system.
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The overall structure of the chapter is as follows:
e Alternatives Analysis (Section 10.1)
e Treatment Technologies (Section 10.2) including:
Disinfection
Fluoridation
Corrosion Control
pH Adjustment

o O O O O

Chemical and Radiological Contaminants
e Predesign Studies (Section 10.3) including pilot studies
e Project Reports (Section 10.4) including identifying
o Design Criteria
o Process Control -Monitoring, Instrumentation, and Alarms
o Start-up, Testing Procedures and Operations
e Construction Documents (Section 10.5)
e Treatment Chemicals (Section 10.6)
e Cross-Connection Control for Water Treatment Facilities (Section 10.7)
e Water Treatment Plant Wastewater Disposal (Section 10.8)
e Placing a Water Treatment Plant into Service (Section 10.9)

The water-treatment design process usually involves more steps than designing
reservoirs, pump stations, and other types of projects. Figure 2-3 outlines the general
design and review process for water treatment projects. In most cases, the design
process begins with an assessment of treatment alternatives.

10.1 Alternatives Analysis

A water treatment facility is a major capital investment with high life-cycle costs and a
potential risk to the public if the treatment processes fail to operate as intended.
Therefore, the engineer must evaluate all appropriate and applicable alternatives, and
justify the selected option in reports submitted to DOH for approval (WAC 246-290-
110(4)()).

This chapter includes information design engineers can use to screen potential
treatment alternatives prior to undertaking an in-depth analysis. The engineer should
cover the following items in the analysis of alternatives and consult detailed guidance in
professional references (AWWA/ASCE 2012a; Kawamura 2000b):
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e Current and future capacity needs.

e Source water quality.

e Secondary impacts of treatment.

e Operations and maintenance considerations.
e Waste disposal and management.

e Life cycle costs.

e Site considerations.

Point-of-use (POU) and point-of-entry (POE) treatment is not a viable option to comply
with drinking water standards in Washington. We limit the use of POU and POE
treatment because their application is incompatible with existing regulatory
requirements (WSDOH 2007). A limited exception to this restriction applies to
noncommunity water systems that use a POE treatment device to treat all the water
entering a single-building water system.

10.1.1 Source Water Quantity

The finished water quantity objectives are tied closely to the water system’s expectations
of future capacity requirements. See Chapter 4 for details on estimating future water
system capacity needs. Design engineers should clearly define future water supply
expectations before beginning preliminary evaluation of water supply and treatment
alternatives.

The safe yield of any potential water source is the quantity of water—annual, seasonal,
and daily—reliably available to the treatment facility. Water rights are another limiting
factor. See Chapter 5 for recommendations on establishing an appropriate value for a
supply's safe yield.

The design engineer should carefully consider the efficiency of any proposed treatment
process against supply limitations and expected supply needs. Some water treatment
processes, especially adsorption and filtration processes, need to be backwashed
periodically or otherwise regenerated. Engineers need to consider the amount of water
the treatment process requires to backwash, regenerate, rinse, and/or filter to waste
when determining the maximum daily treatment capacity and raw water supply
requirements.

10.1.2 Source Water Quality

Water systems must use the highest quality sources feasible (WAC 246-290-130(1)).
Source water and finished water quality objectives form the basis for selecting treatment
process alternatives for evaluation. The extent and availability of source water data may
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affect preliminary screening of alternatives and the duration of the predesign study. We
recommend that the design engineer contact one of our regional offices to discuss
source water monitoring needs in light of available source-water quality data. The
design engineer should collect the data necessary to evaluate the efficacy of viable
treatment technologies.

Engineers can use a limited source water sampling program to characterize groundwater
wells. However, we caution against relying on a single source-water sample because
doing so may fail to reveal important changes in water quality over the course of a year.
For example:

e Nitrate in groundwater may fluctuate seasonally due to rainfall, irrigation
practices, and other land use practices.

e Arsenic concentration in groundwater supplies may vary due to seasonal changes
in aquifer level.

e Determining the potential for disinfection byproducts associated with addition of
chlorine in coastal groundwater may require analysis over a period of months
due to seasonality. An extended suite of unregulated water quality parameters
such as ammonia, bromide, total organic carbon, dissolved organic carbon, and
chloride could cause byproducts.

Design engineers should consider an extended source water-sampling program to
characterize surface water. Surface water quality is highly variable due to changing
weather conditions, primarily rainfall patterns and snowmelt conditions. Chapter 11
(Section 11.1.3) provides guidance on source water sampling in support of evaluating
surface water. Appendix F provides guidance on groundwater treatment-process
alternatives.

10.1.3 Secondary Effects of Water Treatment

Water systems must review how proposed projects could potentially affect water quality
in the distribution system (WAC 246-290-110(4)(d)). Source changes, or a new or
significantly modified treatment process can affect distribution system water quality.
These water quality effects could:

e Release accumulated organic and inorganic contaminants from pipe walls.

e Increase corrosion of metals.

e Influence the ability to maintain a disinfection residual (Taylor et al. 2005; Kippin
et al. 2001).
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Design engineers should identify how the water system will address such issues.
Common approaches include:

e Bench scale studies.
e Pipe loop studies with new or existing distribution system materials.
e Enhanced monitoring and flushing programs.

Design engineers must specifically address how a change in treatment may affect
compliance with the Lead and Copper Rule (40 CFR 141.81(b)(3)(iii); 141.86(d)(4); and
141.90(a)(3)). Some treatment changes that could increase corrosivity, make lead and
copper more soluble, and cause other distribution system issues include:

e Introducing a disinfectant. Disinfectants can affect corrosivity, metal release, or
both (Schock and Lytle 2011). For example, the initial introduction of chlorine can
increase the release of copper (Stone et al. 1987). Corrosion rates of both mild
steel and copper were found to be higher in the presence of free chlorine than in
its absence (Pisigan and Singley 1987).

e Changing residual disinfectant. Changing the type of residual disinfectant can
change the oxidation-reduction potential within the distribution system. This
change can increase the risk of destabilizing pipe scales and the release of
inorganic compounds. For example, switching from free chlorine to chloramine as
a residual disinfectant can lead to significant lead release (Edwards and Dudi
2004; Boyd et al. 2008).

e Switching coagulant chemicals. Changing coagulants can increase the chloride
to sulfate mass ratio, causing an increase in lead release (Edwards and
Triantafyllidou 2007; Nguyen et al. 2010).

¢ Installing additional treatment. For example, installing ion exchange can
change the pH, alkalinity, and chloride-to-sulfate mass ratio increasing lead and
copper release at the tap (Nguyen et al. 2010).

We may require water systems that change treatment or introduce a new source of
supply to complete additional rounds of lead and copper tap sampling (40 CFR
141.86(d)(4)(vii)).

10.1.4 Operations and Maintenance Considerations
While analyzing treatment alternatives, the design engineer should consider:

o Expected operational capability of the water system. This depends on the
system’s size. Smaller water systems often can't provide the same level of
operational capability as large water systems. Engineers should select technology
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appropriate for the anticipated level of expertise, time, and resources the water
system will devote to operating the treatment facility.

e Operator certification. Water systems must be able to meet certification
requirements that apply to the proposed treatment technology (WAC 246-292-
050). The design engineer should make a preliminary determination of the
operator certification level for any proposed treatment facility using DOH'’s
Purification Plant Criteria Worksheet. Include operator staffing for multiple shift
operations as appropriate.

e Plant staffing. The design engineer and public water system should work
together with an experienced certified water treatment plant operator to estimate
staffing needs. Staffing needs will vary depending on the size, complexity, and
degree of treatment process automation. See Section 10.4.3 for additional
information.

e Operator safety. Design engineers should minimize, to the extent practical, the
use of hazardous materials (caustic soda, gaseous chlorine, and acid), confined
spaces, and fall hazards.

o Reliability and ease of operation. Some treatment processes are simpler and
inherently more reliable than others and require less work from operators.
Engineers should consider treatment process stability and complexity, especially
for smaller systems with part-time or contract operators.

10.1.5 Treatment Plant Waste Disposal

Water treatment plants that remove contaminants will have backwash water that needs
to be disposed of properly. The Department of Ecology is the lead permitting agency for
all water treatment plant wastewater discharges such as sludge, backwash water
discharged to waste, ion exchange waste streams, and membrane reject water. Most
water treatment plant waste discharges are permitted under either a National Pollutant
Discharge Elimination System (NPDES) permit (general or individual), or a state waste
discharge permit.

Water systems developing water treatment proposals should evaluate waste-product
issues early because they could significantly affect the cost or feasibility of a proposed
approach or technology. See Section 10.8 for detailed information on waste disposal
considerations.

10.1.6 Life Cycle Cost Analysis

Designers must include estimated capital and annual operating costs in the project
report for any proposed treatment project (WAC 246-290-110). Preliminary cost
estimates should have the detail and accuracy water systems need to make decisions
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about treatment system alternatives. Preliminary construction cost estimates should
approach an accuracy of plus-or-minus 30 percent (AWWA 2012b).

Capital costs: Location, capacity, site constraints, water system hydraulics, and source
water quality all affect capital costs. They can vary significantly from facility to facility.
Engineers can sometimes use cost curves to develop preliminary construction costs for
specific treatment processes and then adjust them for inflation and local conditions.
Engineers can also use price quotes from equipment manufacturers, local construction
experience, and information from similar projects to develop preliminary construction
costs.

Operations and maintenance costs: A water treatment facility’s operations and
maintenance (O&M) costs include labor, power, maintenance, repair, supplies, and
services. Engineers can prepare preliminary O&M cost estimates with methods similar to
those used for construction costs. However, lack of published data may make detailed
component cost assessments necessary to evaluate alternative treatment methods for
small water systems.

10.1.7 General Water Treatment Plant Site Considerations

Water treatment plant designs must comply with state or locally adopted building,
mechanical, electrical, and land use codes (WAC 246-290-200(b)). The contents of these
codes, not to mention local ordinances, exceed the scope of this manual. Overall, you
should review locally adopted codes and ordinances that could affect the siting and
design of a treatment facility in a project report. These considerations include, but are
not limited to:

e Zoning compliance, building code compliance, and community acceptance.

Noise can be an issue for treatment plants located near parks or residences. The
maximum permitted sound level can be as low as 45 dBA in residential areas at
night (WAC 173-60-040).

e Operator access, equipment maintenance, and safety. The pumps and other
mechanical equipment need periodic maintenance. As such, the treatment plant
design should make it easy to inspect, operate, and maintain the equipment:

o Beware of creating permit-required confined spaces. Treatment plants in
below grade vaults or other permit-required confined spaces (defined in
Chapter 296-809 WAC) can create operations and maintenance issues.

o Provide adequate space around mechanical equipment and electrical
equipment. We recommend at least 36 inches of clearance between piping,
pumps, and other mechanical equipment. Electrical codes govern the
minimum clearance in front of electrical panels; these clearances are at least
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36 inches and can be 60 inches or more for high voltage panels (Sanks et al.
1998; AWWA/ASCE 2012f).

Facilitate removing and installing heavy valves and equipment. Any piece of
equipment that weighs more than 100 pounds should be accessible by crane
or other lifting assistance. Other means of access include large doorways or
roof hatches to facilitate removing heavy equipment directly into a truck.
Areas where the operator will walk or perform maintenance should be clear of
overhead obstructions to a height of at least 7 feet (Sanks et al. 1998).

Hearing protection and other measures to protect people in the treatment
plant is required when the noise exceeds 85 dBA (Chapter 296-817 WAC).

e Geotechnical engineering field investigations including:

©)

©)

©)

©)

Site drainage

Soil type and soil-bearing strength
Groundwater table elevation

Soil stability, liquefaction, slope failure analysis

e Electrical power supply

©)

10.1.71

Reliability: Engineers should assess the reliability of the power supply and the
need for standby generators. See Section 5.11.1.

Sizing: While evaluating where to site water treatment facilities engineers
should consider the capacity of the local electrical distribution system.

Natural Hazard Considerations

Natural disasters could damage treatment plants to the point they fail to operate.
Engineers should design and locate treatment plants to minimize vulnerability to
damage from:

e Avalanches

e Earthquakes

e Floods

e Landslides

e Tree falls

e Tsunamis

e Windstorms
e Wildfires

To meet state and local requirements, engineers must address geologic risk (seismic
and unstable slopes) when designing treatment plants (WAC 246-290-200). The state
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Department of Natural Resources has geologic hazard maps that identify seismic and
other natural hazards.

Engineers should prioritize making treatment plants that serve water for essential
services earthquake resilient, so that treatment plants remain functional after seismic
events. Essential services include medical facilities; power plants; fuel refining, storage,
and distribution facilities; food production, storage, and distribution facilities;
emergency response command and communication centers; and emergency shelters.
You should follow the requirements in ASCE 7 to design earthquake resilient treatment
plants. And, the water system should have an onsite emergency power source or be able
to operate with a portable emergency power source (ASCE 7).

You can reduce or mitigate seismic risk by:

e Being aware of permanent ground displacement or intense ground shaking (in
fault zones) that could affect treatment plant facilities and design those facilities
to accommodate those hazards.

e Bracing and/or anchoring treatment plant piping, motor control centers, cranes
and other equipment needed for treatment operation.

e Anchoring chemical containers used for treatment and water quality testing, so
they do not spill.

e Designing for seismically generated waves in treatment basins that may damage
submerged or partially submerged equipment and baffles. Damaged equipment
or baffles may sink to the bottom of the basin and jam automated sludge
scraping equipment.

e Using flexible couplings on pipelines connected between elements that may
move differentially.

Various design guidelines highlight the multiple seismic vulnerabilities of piping and
large mechanical equipment in some treatment plants (ALA 2002; ALA 2004). In areas
with the potential for significant ground motion, you may need to seek the services of a
professional qualified to assist in the design of pipe bracing, equipment support, and
other aspects of design.

10.1.8 Variances

Under a set of very specific criteria, a water system may qualify for a variance from
compliance with certain drinking water standards. A variance allows a water system
serving fewer than 10,000 people to install treatment and be considered in compliance
while at the same time exceeding a drinking water standard. DOH will not consider
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variances for compliance with the coliform MCL, a treatment technique requirement, or
any surface water treatment requirement (WAC 246-290-060(2)).

To date, we haven't granted a variance from a primary MCL or treatment technique. A
small system may receive a variance under a particular national primary drinking water
regulation only if:

1.
2.
3.

10.2

The contaminant wasn’t regulated prior to January 1, 1986 (See 40 CFR 142.304).
EPA identified an applicable variance technology.

The water system actually installs, operates, and maintains the specific
technology in question.

The water system provides extensive public notification as described in federal
regulations (See 40 CFR 142.308).

Treatment Technologies

This section and the tables at the end of this chapter provide information about many of
the more common treatment technologies for:

Disinfection (Section 10.2.1; Table 10-7)

Disinfection byproducts control (Section 10.2.2; Table 10-11)
Fluoridation (Section 10.2.3)

Corrosion control (Section 10.2.4; Table 10-8)

pH Adjustment (Section 10.2.5)

Inorganic chemical (I0C) removal (Section 10.2.6; Table 10-9)

Volatile organic chemical (VOC) and synthetic organic chemical (SOC) removal
(Section 10.2.7; Table 10-10)

Radionuclides removal (Section 10.2.8)
Emerging contaminants (Section 10.2.9)

We discuss treatment technologies for surface water in Chapter 11.

Instead of removing a contaminant, it may be appropriate to blend sources to achieve
compliance with a drinking water standard. DOH considers blending a form of
treatment. We require a project report and construction documents for any blending
project. The engineering analysis for blending should include:

An analysis of the water quality from the sources under consideration,
including any seasonal water quality changes that could affect the blending
strategy.
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e A description of the blending strategy, including calculations of flow and
finished water quality, monitoring, controls, and alarm or shutdown conditions.

e A preliminary design and schematic that shows piping, control valves,
monitoring points, and other important features.

Water systems usually use blending to address inorganic and organic contaminants. In
some cases, they use both blending and physical treatment to address contaminants of
concern. Water systems cannot use blending to address microbial risks.

Most of the treatment technologies in Tables 10-7 through 10-11 are widely used with
established control and monitoring strategies. For alternative technologies without such
extensive design and operating experience, we usually require more analysis and pilot
testing to establish the design parameters, process control, and technology-specific
monitoring strategies. Given the additional engineering and analysis that may be
required, design engineers should check with one of our regional offices before
proceeding with an alternative technology.

10.2.1 Disinfection

The design approach to disinfection treatment will differ depending on the intended
purpose of the application. In some cases, engineers use primary disinfection, which
addresses microbial risk in the source water. In other cases, engineers use secondary
disinfection, which addresses microbial risks in the distribution system. Some systems,
including all surface water systems, must provide both primary and secondary
disinfection treatment (Chapter 246-290 WAC, Part 6; WAC 246-290-250(4)); and WAC
246-290-451). Disinfection requirements for surface water sources are in Chapter 11.

Disinfection is the most common form of potable water treatment in Washington. Water
systems treat more than half of the state’s 8,000 Group A drinking water sources with a
disinfectant. Of those, more than 90 percent are treated with hypochlorite, commonly
called free chlorine. For that reason, this section focuses on free chlorine used as a
primary or secondary disinfectant. Water systems also use free chlorine as an oxidant in
processes that remove inorganic contaminants. See Section 10.2.1.4 for information on
the use of chlorine as an oxidant.

Adding or changing a chemical disinfectant will change water chemistry and could
generate secondary effects beyond DBP formation. These secondary effects may cause
significant water quality changes in the distribution system, such as release of corrosion
byproducts due to changes in oxidation-reduction potential. See Sections 5.3 and 10.1.3
for further details.
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Additional information on disinfectants is in Table 10-7. Performance criteria for
groundwater and seawater disinfection are in Chapter 246-290 WAC, Part 5. Information
specific to primary and secondary disinfection of surface water supplies is in Chapter 11.

10.2.1.1 Source Water Quality

Design engineers must evaluate source water quality in the design of any primary or
secondary disinfection system (WAC 246-290-110). Some water quality parameters, such
as iron, manganese, natural organic matter, dissolved organic carbon (DOC), ammonia,
and sulfide exert a chlorine demand. If there is natural ammonia in the source water, it
can cause multiple challenges including difficulty maintaining a free chlorine residual
and taste and odor problems. Chemical disinfectants such as ozone, chlorine, chlorine
dioxide, and chloramines produce disinfectant byproducts (DBPs). Some source waters,
especially those with high concentrations of natural organic matter, can form DBPs at
levels of public health concern. In addition to understanding chlorine or other
disinfectant demands of the source water, design engineers should assess the potential
for disinfectant byproducts to form when adding or changing a chemical disinfectant.

When designing treatment that includes adding chlorine as a disinfectant or oxidant,
engineers should analyze the following source water-quality parameters:

e Ammonia: To assess the efficacy of chlorine as a disinfectant and oxidant.

e DOC: To assess the potential to form HAA and THM. We found values less than
1.0 mg/l of DOC unlikely to result in exceedances of the TTHM MCL.

e Bromide and chloride (in coastal groundwater sources): To assess brominated
HAA and THM formation. The highest proportions of brominated HAA and THM
formation can be expected from sources with relatively low DOC concentrations
and higher [Br] levels (i.e., high [Br]]/[DOC] ratios).

We found that results from total formation-potential tests for THMs and HAA5 do not
correlate with regulatory TTHM and HAADS test results in distribution systems studied at
length. Therefore, we recommend that design engineers use discrete DOC and bromide
test results when assessing future DBP formation.

For guidance on source water information useful in the design of a new chlorination
system, see Appendix F.1.

10.2.1.2 Primary Disinfection of Groundwater Sources

Unanticipated environmental conditions, or other factors beyond the water system'’s
control, may adversely affect source water quality at any time. Engineers should account
for primary disinfection in the design of each groundwater source. Retrofitting an
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operational source, pump house, or transmission facilities after-the-fact can be
expensive and disruptive to water system operations.

If we determine that a groundwater source is vulnerable to microbiological
contamination or water quality data confirms E. coli contamination, then a water system
must provide continuous primary disinfection of the source (WAC 246-290-451 or -453,
respectively).

The design of primary disinfection with free chlorine must provide a CT equal to or
greater than 6 without exceeding the total chlorine maximum residual disinfectant level
(MRDL) of 4 mg/L. Calculate the CT value by multiplying the free chlorine residual
concentration (“C,” in mg/l) by the chlorine contact time (“T", in minutes). CT6 applies
where the treated water temperatur