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CITY OF CUPERTINO 
AGREEMENT FOR LEASE OF 

REAL PROPERTY (WATER SYSTEM) 

 
This Agreement for Lease of Real Property (Water System) (“Lease”) is entered 

into on  , by and between the City of Cupertino (“City”), and 
San Jose Water Company, a California Corporation (“Lessee”) (individually, a 
“Party” and collectively, the “Parties”). 

 
RECITALS 

 
A. Prior to City’s incorporation in 1955, and continuing thereafter, the 

Cupertino area was provided with water service by investor-owned private utility 
companies. 

B. From about 1960 until October 1, 1997, in the areas not already served by 
the private water companies, City provided water service to approximately 4,200 
(currently approximately 4,600) metered customers in the service area described in 
Exhibit A attached hereto (“Service Area”). 

 
C. As a result, Cupertino has been served by three roughly equal-size water 

systems: a City-owned system within the Service Area and two other systems owned and 
operated by investor-owned utilities. 

 
D. Within the Service Area, City is the owner of certain real property, 

easements and rights of way and those certain reservoirs, pipes, wells, pumps and 
appurtenant facilities (including without limitation buildings, pump houses, sheds and 
other structures) constituting all of City’s water system (“Water System”) as generally 
depicted in the Water System Map attached as Exhibit B hereto. 

E. City has no legal obligation to provide public water service to its residents 
and desires to allow those services to be provided City-wide exclusively by investor- 
owned utilities. 

F. The Lessee has been operating the Water System since 1997 pursuant to a 
lease agreement with the City (“1997 Lease”). The term of the 1997 Lease will expire on 
September 30, 2024. 
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G. Pursuant to the requirements of Public Utilities Code section 10061, the City 
issued a Request for Proposals on July 31, 2023 (“RFP”) and received one responsive 
proposal from qualified water system operators. During a public hearing on July 16, 2024, 
which was scheduled and noticed pursuant to Public Utilities Code section 10061 and 
Government Code section 6066, the City Council examined the proposals and staff 
recommendations, and found that Lessee was the best qualified operator to continue to 
provide equal or better service to the customers of the Water System for just 
compensation as specified herein. 

 
H. Following expiration of the 1997 Lease and as of the Effective Date, the 

Lessee will continue operating the Water System in accordance with the terms of this 
Lease. 

I. As consideration for the valuable property, rights, and privileges granted 
under this Lease by the City, acting in its proprietary capacity, to Lessee, the Parties 
mutually agree that the reasonable just compensation will be comprised of the one-time 
Concession Fee, the Annual Investment Rent, and the annual Franchise Fee, as further 
specified herein. 

 
NOW, THEREFORE, in consideration of the mutual promises and covenants 

contained herein and for good and valuable consideration, the receipt of which is hereby 
acknowledged, the Parties agree as follows: 

 
TERMS AND CONDITIONS 

Article 1 – Definitions 
 

The following definitions apply to capitalized terms used in the Lease, including the 
recitals and exhibits hereto, unless otherwise specified: 

1997 Lease has the meaning given in the Recitals. 

Annual Investment Rent means the annual rent for the Water System to be paid by 
Lessee to the City, the proceeds of which will be allocated by the City to fund Capital 
Improvement Projects.  The initial Annual Investment Rent shall be $1,800,000, and shall 
be adjusted annually as described in Section 2.5(B) (Annual Investment Rent). 

Asset Management Plan means the 2019 Water Distribution System Asset Management 
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Plan, as updated by the memorandum dated December 8, 2021 (“2021 Memorandum”), 
prepared by Kayuga Solution, attached as Exhibit C to this Lease, as may be amended 
from time to time. 

 
AWWA Handbook means the most current version of the Water Distribution Systems 
Handbook as published by the American Water Works Association. 

Capital Improvement means any physical addition, betterment, replacement, or 
improvement to the Water System, excluding Maintenance or Repair, which will either 
enhance the Water System’s overall value, increase its useful life, improve its 
performance or adapt it to new uses. 

 
Capital Improvement Plan means the plan developed by the Parties and approved by 
the City for Capital Improvement Projects to be implemented by Lessee, attached hereto 
as Exhibit D, and which may be amended from time to time by the Parties as further 
specified in Section 3.4 (Capital Improvements), herein. 

 
Capital Improvement Project means a project for construction of a Capital Improvement 
pursuant to a City-approved design, and includes all physical requirements for the 
project, including, as applicable, related demolition and removal of existing components 
in accordance with Laws, and which is subject to City reimbursement for Project Costs as 
more particularly described in Section 3.4 (Capital Improvements). 

City means the City of Cupertino. 
 

Concession Fee means the one-time fee more particularly described in Section 2.5 
(Compensation) herein. 
 
Consequential Damages means any special, indirect, consequential, or incidental 
damages arising out of or relating to this Lease that do not flow directly and immediately 
from an injurious act but that result indirectly from an action or failure to act, such as 
revenue losses, loss of use, cost of capital, debt service, loss of profit on related contracts, 
administrative costs, loss of bonding capacity, lost opportunity, claims of taxpayers and 
other indirect damage, whether arising out of breach of this Lease, tort (including 
negligence) or any other theory of liability. 
 
Construction Cost Index means the most current version of the Construction Cost 
Index for San Francisco published by Engineering News Record. 
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County means Santa Clara County. 

CPUC means the California Public Utilities Commission. 
 

Customer means a retail customer of the Water System served by a physical connection 
to the Water System. 

 
Director means the Director of the City’s Public Works Department, unless otherwise 
indicated by the context. 

 
Effective Date means the date that the Lease becomes effective as more particularly 
described in Section 2.2 (Term) herein. 

Environmental Laws means any Federal, State or local laws or any regulations 
promulgated pursuant to such laws, as such laws or regulations may from time to time 
be amended, applicable to the Water System, groundwater or the utility services, 
regulating or imposing liability or standards of conduct concerning or relating to (1) the 
protection of human health or the environment, (2) the regulation, use or exposure to 
Hazardous Substances or (3) the operation, Maintenance, construction, Repair or 
rehabilitation of the Water System. 

 
Force Majeure Event has the meaning set forth in Section 7.5 (Force Majeure) herein. 

 
Franchise Fee means the annual fee more particularly described in Section 2.5 
(Compensation) herein. 

 
Hard Costs mean the reasonable direct costs for construction of a Capital Improvement 
Project, including but not limited to labor, equipment, materials, permitting, traffic control 
and inspection, but excluding costs for planning, design, project management, 
administration, or other such “soft” costs. 
 
Hazardous Substance means any solid, liquid, gas, odor, heat, sound, vibration, 
radiation or other substance, material or waste which is defined as contaminant, 
pollutant, dangerous substance, toxic substance, hazardous waste, hazardous material, 
hazardous substance, extremely hazardous waste, restricted hazardous waste, residual 
waste, solid waste or similar term which is or becomes regulated by applicable 
Environmental Laws (as defined herein) or which is classified as hazardous or toxic under 
applicable Environmental Laws (including, without limitation, hydrocarbons, petroleum, 
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gasoline, diesel fuel, crude oil or any products, other petroleum hydrocarbons, 
polychlorinated biphenyls, asbestos, and urea formaldehyde foam insulation, or their by-
products or fractions thereof). 

Indemnified Person has the meaning given Section 3.11(B) (Indemnity). 

Laws means all applicable laws, rules, regulations, ordinances, directives, covenants, 
easements and restrictions of record, permits, and requirements of any applicable fire 
insurance underwriter or rating bureau, relating in any manner to the Water System or 
the groundwater, including, but not limited to, SWRCB Permit; the SCVWD Contract and 
any amendments thereto; and the foregoing items pertaining to: (1) industrial hygiene, 
(2) environmental conditions on, in, under or about the Water System or the 
groundwater, including soil and groundwater conditions, (3) the use, generation, 
manufacture, production, installation, maintenance, removal, transportation, storage, 
spill or release of any Hazardous Substance or storage tank, and (4) prevailing wage 
requirements, payment bond requirements, working hours and workers compensation 
insurance, unemployment insurance benefits, Federal Insurance Contributions Act laws, 
and business license requirements now in effect or which may hereafter come into effect, 
and whether or not reflecting a change in policy from any previously existing policy. 

 
Lease means this Agreement for Lease of Real Property (Water System), including all 
exhibits attached hereto or incorporated herein, and as amended by any duly executed 
amendments, if any. 

 
Lessee has the meaning given in the Recital and includes its officers, assigns, and 
successors. 

Maintain or Maintenance means routine maintenance activities or actions, other than 
Capital Improvements, to keep an asset in good working order so that it will operate as 
required under this Lease. 

 
Maintenance Plan means the Maintenance Plan attached as Exhibit E hereto, as may be 
amended from time to time. 

Operating Standards means, collectively, the operation-related requirements in this 
Lease, including the exhibits hereto, the applicable standards in the most current AWWA 
Handbook or other applicable water operation standards, and requirements of Laws. 
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Project Costs means all Hard Costs and Soft Costs, as defined, in connection with Capital 
Improvement Projects.  

Rates means the rates, surcharges, surcredits, and other service charges or fees and 
penalties that Lessee may impose on Customers for the water services provided pursuant 
to this Lease. 

Regulatory Cap means the maximum benchmark for rates charged to Customers as more 
particularly described in Section 4.1 (Customer Rates) herein. 

 
Repair means activities or actions, other than Capital Improvements, to restore an asset 
to the condition and level of service required by this Lease after an asset has failed or has 
been damaged. 

 
RFP means the Request for Proposals issued by the City on or about July 31, 2023, for 
leasing the Water System pursuant to Public Utilities Code section 10061. 

SCVWD means the Santa Clara Valley Water District (also known as “Valley Water”). 
 

SCVWD Contract means the contract between the City and SCVWD for a supply of 
treated water, a copy of which is attached hereto as Exhibit F. 

 
Section means a numbered section of this Lease, unless otherwise indicated by the context. 

Service Area has the meaning given in the Recitals. 

Soft Costs means all other costs and expenses paid or incurred in connection with Capital 
Improvement Projects which are not Hard Costs, including costs for planning, design, 
project management, administration, and construction management. Except as set out in 
Section 3.4(J) (Lessee’s Responsibilities), the City will pay for all soft costs up to 24% of 
the total Hard Costs. 

State means the State of California. 
 

SWRCB means the State Water Resources Control Board. 

SWRCB Permit means the SWRCB Domestic Water Supply Permit 68-43, as amended, 
which is incorporated herein by reference. 
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Term means the existing term of this Lease as more particularly described in Section 2.2 
(Term) herein, including any duly authorized and executed extensions thereto, if any. 

Water System has the meaning given in the Recitals. 

 
Article 2 – Lease of Water System 

 
2.1 Lease. City hereby leases to Lessee, and Lessee hereby leases from City, the Water 

System as described in Exhibit B. Except as specifically set forth in this Lease, the 
Water System is leased in an “as is” condition. City also grants a concession to 
Lessee to provide water service within the Service Area, and in connection 
therewith, to use, possess, operate, manage, Maintain, Repair, rehabilitate, expand, 
and improve the Water System in exchange for those Rates Lessee establishes in 
accordance with and pursuant to this Lease. In conveying this interest in 
governmental property to a private party, neither City nor any of its agents has 
made any representation or warranties with respect to the Water System except as 
specifically set forth in this Lease. 

2.2 Term. The term of this Lease will commence on October 1, 2024_ (“Effective 
Date”) and will continue for a period of 12 years, unless terminated earlier as 
otherwise provided in Article 6 herein (“Term”). Notwithstanding the foregoing, 
if mutually agreed, the Parties may extend the Term for an additional period of up 
to eight years, for a total Term of up to twenty years. For the Term to be extended, 
one of the Parties must provide written notice to the other Party requesting 
extension of the original Term no later than 180 days prior to expiration of the 
original Term, and subject to mutual agreement on the duration and conditions for 
any such extension, the Lease will be amended to so extend the Term. 

2.3 Use of Water System. At all times during the Term, Lessee will use the Water 
System for the purpose of furnishing potable water service, including water 
service for fire protection, to all Customers in accordance with the applicable 
Operating Standards relating to service, subject to the provisions of this Lease. 
Provision of water from the Water System outside of the Service Area is prohibited 
unless authorized in writing in advance by the Director. 

(A) Property. Lessee will not retire, sell, transfer, convey, dispose of, or encumber 
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any real property or personal property of the Water System without City’s duly 
authorized prior written permission. 

(B) City’s Right to Use. City retains the full right to use or continue to use any 
portion(s) of the Water System, including easements, tanks, pump station, wells, 
buildings, and appurtenances, for any legal purpose which does not interfere with 
Lessee’s use of the Water System to furnish water service to Customers. 

 
(C) Development. City reserves the right to approve future developments to be 
served by the Water System subject to available water supply and applicable Laws, 
including the requirements of the SWRCB Permit and provisions of the SCVWD 
Contract. Notwithstanding the foregoing, all connections to the Water System 
required for future developments shall be performed by Lessee or by a contractor 
approved by Lessee at the sole expense of the developer.  Lessee shall not be 
responsible or liable for any cost associated with such connections. 

 
2.4 Title. City retains title to the Water System. Lessee will not own the Water System 

or any part thereof or any interest therein during the Term of this Lease, including 
ownership of any Capital Improvements made during the Term. Title to all Capital 
Improvements, improvements from Maintenance or Repair, or improvements 
installed for City-approved development made during the Term will vest in City 
upon acceptance by or beneficial use by City, whichever occurs first. No such 
vesting of title of any improvement will alter or limit Lessee’s obligations for 
Repair and Maintenance of the Water System as set forth herein. 

2.5 Compensation. As bargained-for consideration for the benefits it derives from this 
Lease, Lessee will pay the City the amounts set forth below. The Parties agree and 
acknowledge that the following payments to City are not levies imposed by City 
on Lessee in its governmental capacity, but rather voluntary payments as fair and 
reasonable compensation for a valuable interest in the Water System and the use 
of City’s property and resources related to the Water System. The Parties further 
agree and acknowledge that the amounts to be paid pursuant to this Section were 
determined by a fair and competitive procurement process and good faith 
negotiation. The following payments will be legally incident on Lessee and the 
legal duty to pay will remain with Lessee regardless of how Lessee opts, in its sole 
discretion, to fund the payments. 

(A) Concession Fee.  Lessee will pay the City a one-time Concession Fee of 
$22,100,000 within 30 days following the Effective Date of this Lease. The 
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Concession Fee is consideration for Lessee’s right to sell water from the Water 
System. Except as set out in Section 6.2 (Termination of Lease for Convenience), 
the Concession Fee is not a security deposit and is not refundable. The Concession 
Fee may be used to fund Capital Improvement Projects or for any other legal 
purposes the City desires. 

(B) Annual Investment Rent. Upon the Effective Date and on each anniversary 
of the Effective Date each year thereafter during the Term, Lessee will pay to City 
as Annual Investment Rent, the sum of $1,800,000, subject to an annual adjustment 
based on the Construction Cost Index for the San Francisco Bay Area, applied on 
a cumulative basis (i.e., after the Effective Date, by adjusting the prior year’s 
Annual Investment Rent). City will notify Lessee in writing at least 30 days prior 
to the date that the Annual Investment Rent is due of the adjusted amount 
pursuant to the Construction Cost Index, along with a calculation evidencing the 
adjusted amount. The Annual Investment Rent will be used, up to the amount 
recommended in the approved Capital Improvement Plan, to reimburse Lessee for 
the completion of City-approved Capital Improvement Projects, and excess 
amounts which have not been reimbursed to Lessee in any year will be carried 
forward to reimburse Capital Improvement Projects in the following year, in each 
case as further specified in Section 3.4 (Capital Improvements) and the Capital 
Improvements Plan. In the event that Lessee is due reimbursements to which the 
City agreed (in writing), were undisputed, due and payable, for Capital 
Improvement Projects from the previous year, the Annual Investment Rent will be 
reduced by any amount owing to Lessee for such Capital Improvement Projects in 
satisfaction of the amounts owing to Lessee and any remaining amount will be a 
debt due and payable from the City to Lessee. 

 
(C) Franchise Fee. As consideration for the City’s costs to administer this Lease, 
including the concession and franchise rights granted herein, Lessee will pay City 
an annual Franchise Fee, due the first year by November 1, 2025, and annually 
thereafter during the Term. The amount of the Franchise Fee will be equal to two 
percent of Lessee’s annual gross receipts from Customers for the preceding year 
from the use, operation and possession of the Water System (with the total 
prorated for the final year of the Term if less than a 12-month period). The Parties 
agree that this constitutes fair and reasonable compensation for City 
administration of this Lease and the franchise conferred herein. 

 
2.6 Net Lease. This Lease will be deemed and construed to be a “net lease” and Lessee 
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hereby agrees that the Annual Investment Rent is an absolute net return to City 
free and clear of any expenses, charges or setoffs other than as set forth in this 
Lease. 

2.7 Taxes and Assessments. Lessee will pay all taxes, assessments, fees, levies, 
charges, license or permit fees and other governmental charges of any kind or 
nature which are levied, charged, assessed or imposed during the Term of this 
Lease upon or against the Water System or the groundwater or the leasehold estate 
created hereby or which may be imposed upon any taxable interest of Lessee 
acquired pursuant to the Lease. Without limiting the generality of the foregoing, 
Lessee acknowledges that this Lease may create a possessory interest which may 
be subject to property taxation and that Lessee may be subject to the payment of 
property taxes levied on such interest. Any such tax will be the sole responsibility 
of Lessee. 

2.8 Liens and Encumbrances. Lessee agrees to keep the Water System free and clear 
of all liens, security interests and encumbrances except for those consented to in 
writing and duly authorized by City. Lessee agrees to promptly pay all amounts 
due for materials, parts, labor, water, power and other consumables and supplies 
furnished at Lessee’s instance or request upon or to the Water System and to keep 
the Water System free and clear of all liens resulting from such payment 
obligations. Lessee agrees to require that any contractor performing work on City-
owned property pursuant to a contract in excess of $25,000, will provide a payment 
bond in conformance with the requirements of Civil Code section 9550, as may be 
amended from time to time. 

 
 

Article 3 – Operation of Water System 
 

3.1 General. In addition to the requirements of this Lease, Lessee will operate the 
Water System in accordance with the Operating Standards. Lessee will, at its own 
expense, manage and operate the Water System and pay all costs and expenses of 
operating the Water System as specified herein, including, but not limited to, the 
costs of all water, utilities, Maintenance, Repair, and Capital Improvements, and 
all public charges, taxes and assessments of any nature whatsoever. City is not 
responsible for payment of any costs or expenses of any kind or character in 
connection with or related to the operation of or improvements to the Water 
System except and only to the extent as expressly set forth in this Lease (including, 
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but not limited to, City’s payment and reimbursement obligations set forth in this 
Lease). 

3.2 Maintenance. At all times during the Term, Lessee will Maintain the assets of the 
Water System in good working order consistent with the requirements of the 
current Maintenance Plan, and consistent with the Operating Standards. Within 
10 days of the anniversary of the Effective Date each year, Lessee will submit 
proposed revisions, if any, to the Maintenance Plan for City’s review and approval. 
If requested by City, Lessee must revise and resubmit the proposed revised 
Maintenance Plan within a reasonable time period after request, such period to be 
no less than 3 weeks, but not more than 6 weeks, unless mutually agreed upon 
otherwise. Upon approval by the Director, the revised Maintenance Plan will 
supersede any prior version. All Maintenance will be provided in accordance with 
the approved Maintenance Plan to ensure the Water System remains in good 
condition and at Lessee’s sole expense. Maintenance work is not subject to 
reimbursement by City pursuant to Section 3.4 (Capital Improvements), below. 
However, Maintenance work is subject to the requirements of Section 3.4(F) (True-
Up of Capital Improvement Reimbursements) pertaining to contractors. 

3.3 Repair. Lessee is solely responsible at Lessee’s sole expense for the prompt Repair 
of any assets of the Water System during the Term to ensure safe and effective 
operation of the Water System. If Lessee fails to effectuate any Repair on a timely 
basis, City reserves the right, but not the obligation, to have the Repair made at 
Lessee’s expense, such amount to be based on the documented costs incurred by 
City. Repair work is not subject to reimbursement by City pursuant to Section 3.4 
(Capital Improvements), below. However, Repair work is subject to the 
requirements of Section 3.4(G) (Contractors) pertaining to contractors. 

3.4 Capital Improvements. Lessee will be responsible for Capital Improvements to 
be designed, constructed, and completed during the Term in accordance with the 
terms of this Lease and the Asset Management Plan, and as further specified in the 
current Capital Improvement Plan and as required by Laws. The parties may 
update the Asset Management Plan on an annual basis to reflect Capital 
Improvement Projects completed during the prior year and to reflect the current 
needs of the Water System or as otherwise set out in clause (B) below. 

(A) Capital Improvement Plan. The Capital Improvement Plan in effect on the 
Effective Date of this Lease will include a five-year Capital Improvement Plan 
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approved by City, which also includes a list of Capital Improvement Projects 
which are to be prioritized for completion during the first three years of the Term. 
Within 10 days of the anniversary of the Effective Date each year, Lessee will 
submit proposed revisions (including in accordance with clause (B) below), if any, 
to the current five-year Capital Improvement Plan for City’s review and 
approval, which approval shall not be withheld. Subject to clause (B) below, 
proposed revisions must be consistent with the current needs of the Water System, 
the Asset Management Plan, and the Operating Standards. If requested by City, 
Lessee must revise and resubmit the proposed revised Capital Improvement Plan 
within a reasonable time period after request, such period to be no less than 3 
weeks, but not more than 6 weeks, unless mutually agreed upon otherwise. 

(B) Revisions to Capital Improvement Plan. In the event that (i) unexpected Capital 
Improvement Projects become necessary or the required Capital Improvement 
Projects, which in either case, result in investments beyond the Annual Investment 
Rent being required, or (ii) Capital Improvement Projects are delayed due to an 
uninsurable Force Majeure Event, the existence of Hazardous Substances (other 
than caused by the negligence of Lessee) or City fault; or (iii) an uninsurable Force 
Majeure Event, the existence of Hazardous Substances or City fault occurs that has 
a material impact on the performance of Capital Improvements, then Lessee shall 
submit proposed revisions to the five-year Capital Improvement Plan together 
with adjustments to the Annual Investment Rent for City’s review and approval, 
in its reasonable discretion. Upon approval by City, the revised Capital 
Improvement Plan will supersede any prior version.  If the City does not approve, 
Section 6.6 (Dispute Resolution) will apply to resolve the form of Capital 
Improvement Plan to be complied with by Lessee. .  

(C) Minimum Annual Investment Rent. Subject to reimbursement under Section 
3.4(D) (Reimbursable Costs), each year during the Term, Lessee is solely 
responsible for investing a minimum of the Annual Investment Rent in 
construction of Capital Improvement Projects consistent with the requirements of 
the current Capital Improvement Plan.  

 
(D) Reimbursable Costs. Lessee will be solely responsible for the cost to design, bid, 
and manage any Capital Improvement Project. However, provided that Lessee has 
fully complied with the requirements of this Lease as it relates to the Capital 
Improvement Project, including this Section, City will reimburse Lessee for Project 
Costs expended on approved Capital Improvement Projects as set forth below, 
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with the total annual reimbursement capped at the amount of the Annual 
Investment Rent paid by Lessee for that one-year period. City’s reimbursement 
obligation will not exceed the amount recommended in the 2021 Memorandum 
with the Asset Management Plan and based on documented Project Costs for 
construction of the Capital Improvement Projects. In addition, City’s 
reimbursement obligation is limited to City-approved Capital Improvement 
Projects that are completed in accordance with the requirements of this Lease and 
accepted by City.  

(E) Standards. The design and construction of Capital Improvement Projects 
must be consistent with the requirements of this Lease, the Asset Management 
Plan, the Operating Standards, and Laws (in effect at the time of the Capital 
Improvement Project), and will provide a minimum design life of ten years for 
pumps, mechanical and electrical equipment, 40 years for above-ground buildings 
and structures, and 50 years for underground pipes and lines, measured, in each 
case, from City acceptance of the relevant Capital Improvement Project. The plans 
or design for any Capital Improvement Project is subject to the timely and 
reasonable review and approval by the Director pursuant to the authority set forth 
in Section 2.28.040 of the Cupertino Municipal Code, or as otherwise required for 
purposes of design immunity pursuant to Government Code section 830.6. 

(F) True-Up of Capital Improvement Reimbursements. Following the completion of 
each Capital Improvement Project, Lessee and City will confer in good faith 
regarding any true-up of City’s reimbursement obligation that may be necessary 
or appropriate based on the total Project Costs for each project, including for any 
increase in Project Costs due to City directed-change or City fault, the existence of 
Hazardous Substances (other than caused by the negligence of Lessee) impacting 
a Capital Improvement Project or uninsurable Force Majeure Events.  

 
(G) Contractors. Lessee may contract with qualified, licensed design 
professionals or contractors for design and construction of Capital Improvement 
Projects or for Maintenance or Repairs. Lessee’s contracts for construction must 
require that the contractor comply with Laws and must warranty its work for a 
period of at least one year following City’s acceptance of the work. Lessee’s 
contracts with design professionals and contractors must include requirements for 
insurance and indemnity that are satisfactory to the City’s risk manager, which 
may include naming the City as an additional insured. Lessee is solely responsible 
for any such contracts, and any default by a contracting party will not relieve the 
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Lessee of its obligation to complete the Capital Improvements in accordance with 
this Lease. 

 
(H) Cost Estimates. A minimum of 30 days prior to beginning any work on a 
Capital Improvement Project, Lessee will submit to the City an itemized schedule 
of anticipated Project Costs for each Capital Improvement Project for City review 
and approval. 

 
(I) Progress Meetings and Reports. During construction of any Capital 
Improvement Projects, designated representatives for Lessee and City will 
participate in regularly scheduled construction progress meetings, as agreed upon 
between the Parties. At least five days before each such progress meeting, Lessee 
will provide City with a summary report for each such Capital Improvement 
Project regarding progress of construction, including payments to date as a 
percentage of the total project, the percentage of the project that is complete, and 
the following: 
 

(1) updates regarding estimated and actual Project Costs; 
 

(2) update and narrative with respect to progress schedules; 
 

(3) overview of the work currently being performed; 

(4) narrative of any expected upcoming issues or changes in the design; 
and 

 
(5) an updated list of any outstanding issues and action items. 

 
(J) Lessee’s Responsibilities. Lessee is solely responsible for obtaining or providing 
all necessary services in connection with planning, design, direction, inspection, 
and supervision for each Capital Improvement Project, all necessary permits from 
applicable regulatory agencies (including City permits), for providing all 
materials, supplies, and equipment required for the completion, start-up, testing, 
commissioning, and performance of each Capital Improvement Project. Lessee is 
solely responsible for ensuring that all Capital Improvement Projects are 
constructed in compliance with applicable Laws, including prevailing wage and 
payment bond requirements. CEQA and NEPA approval documentation will be 
prepared by the Lessee. All Soft Costs for preparation of CEQA / NEPA 
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documentation shall be reimbursable and not subject to the 24% cap of Hard Costs 
as provided in the definition of Soft Costs. 

 
(K) Documents. Within 30 days following completion of each Capital 
Improvement Project, Lessee will provide to City, in electronic form, and make 
available for review by City, a set of “as-built” plans for each Capital Improvement 
Project completed; all manuals required for operation and maintenance of the 
components of the Capital Improvement Project; and copies of warranties issued 
by the manufacturer of the equipment and materials installed as part of the Capital 
Improvement Project. 

(L) Invoicing. Lessee must submit detailed monthly invoices to City for 
reimbursement for eligible Project Costs it has incurred for work completed 
during the preceding month on Capital Improvement Projects pursuant to this 
Section. Upon request by City, Lessee will promptly provide documentation to 
substantiate any of the costs for which it seeks reimbursement. The City will make 
payments on all undisputed amounts within 30 days after receiving a detailed 
invoice and any requested documentation. Within such 30 days period after 
receipt of a detailed invoice, if City disputes all or any portion of the invoice, City 
shall promptly provide Lessee reasonably detailed reason(s) for any disputed 
portions of such invoice and withhold the disputed amount, and Section 6.6 
(Dispute Resolution) shall apply.  

 
3.5 SWRCB Permit. Lessee is responsible for compliance with the terms of the SWRCB 

Permit and administration of the SWRCB Permit. 
 

3.6 Customer Services. Lessee is solely responsible for satisfying all Customer service 
obligations associated with Lessee’s provision of water service as set forth herein 
and consistent with the Operating Standards. 

(A) General Requirements. Lessee’s Customer service obligations include, but are 
not limited to, issuing detailed billing statements to all Customers for services 
provided; payment processing; responding to Customer inquiries on water 
service, bills, leaks or other concerns; collecting payments; processing applications 
for new or transfer of service; collection of Customer deposits for new service; 
collection of construction meter deposits; and investigation of Customer 
complaints. 
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(B) Drought Education. Lessee will provide ongoing drought education, by 
providing billing inserts about water conservation during drought, holding water 
conservation workshops and any other mutually agreed upon activities, to 
Customers consistent with Lessee’s standard drought education programs 
provided to similarly situated customers and will enforce drought-related 
restrictions on water use as required by Laws or recommendations of SCVWD, 
including any City-wide requirements imposed by the City acting in its 
governmental capacity. Lessee will submit an annual written report on drought 
education to City within 10 days of the anniversary of the Effective Date for each 
year during the Term. The report must summarize Lessee’s efforts to educate 
Customers and to enforce any applicable drought- related restrictions. The annual 
report must illustrate the effectiveness of Lessee’s efforts in one or more summary 
tables or graphs showing the change in annual water use by residential and by 
commercial Customers.  

 
(C) Confidentiality. Lessee will use all commercially reasonable efforts to keep all 
Customer information confidential, whether received from City or developed 
during the Term, and in compliance with Laws.  

3.7 Emergency Services. Lessee is solely responsible for maintaining 24-hour on-call 
responses to emergency calls or Customer inquiries; providing an emergency or 
natural disaster operations plan; maintaining an emergency communications 
system; providing or having immediate access to equipment required to perform 
emergency repair work to vital Water System equipment and water mains, 
including providing emergency backup generator at the Mann Pumping station 
or anywhere else that may be needed to ensure uninterrupted delivery of potable 
water to Customers. 

3.8 Water Quality Testing. Lessee is solely responsible for performing or causing to 
be performed by a laboratory certified by the State, any and all water sampling, 
analysis, testing and reporting as required by Laws governing water sources, 
distribution mains or Customer premises, including Laws of the U.S. 
Environmental Protection Agency, State Department of Health Services and Office 
of Drinking Water, and the County Environmental Health Department. This 
obligation includes, but is not limited to: scheduling and collecting water samples 
to test for microbiological, inorganic and organic constituents; transportation to 
certified lab; preparation of monitoring plans; sample collection training; reporting 
to appropriate regulator(s); record keeping; analysis interpretation; special or 
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emergency sample collection and analysis; emergency notification to affected 
Customers, if required; preparation and distribution of any and all published and 
distributed Customer reports on water quality; management of a cross-control 
program; new well or water source sampling and analysis; response to Customer 
inquiries on water quality issues; conducting annual system survey with State 
Department of Health Services; obtaining permits and compliance with any air 
district with jurisdiction over the Water System; providing hazardous materials 
control program, and ensuring any required operator certification is in compliance 
with Laws. 

 
3.9 Other Services. Lessee is solely responsible, at its own expense, for implementing 

any City, County, SCVWD, State or federal water conservation program as 
established by mandate or law during the term; maintaining distribution system 
maps and plat maps; preparing any required urban water management plans; and 
in general, doing all such acts and performing all such services as required to 
operate the Water System as required by this Lease. All maps, plans and records 
required by this Section and/or through the operation, Maintenance and 
improvement of the Water System will be transmitted to City at a minimum 
frequency as specified in Section 3.10 (Reports). 

 
3.10 Reports. In addition to the reporting requirements specified elsewhere in this 

Lease, including for Capital Improvement Projects set forth in Section 3.4 
(Capital Improvements), Lessee will provide City with written reports related to 
Lessee’s operation of the Water System, as specified herein. 

(A) Annual Summaries. Each year during the Term, within 10 days of the 
anniversary of the Effective Date, Lessee will submit summary reports regarding 
activities during the preceding year, for the following: 

(1) Annual Operations Report: General status of overall operation, 
expenditures and revenue of the Water System including priority needs and 
concerns. 

 
(2) Annual Maintenance Report: Maintenance completed, in progress, and 
scheduled, including compliance with the current Maintenance Plan. 

 
(3) Annual Repair Report: Repairs completed, in progress, and needed. 
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(4) Annual Report on Capital Improvement Projects: Capital Improvement 
Projects planned, in progress, and completed, including compliance with 
the current Capital Improvement Plan. 

(5) Annual Report on Developer-funded Expansions to Water System: 
Summarize status of all developer-funded expansions to the Water System, 
including percentage of completion and pertinent comments relative to the 
project. 

 
(6) Annual Customer Service Report: List Customer service requests and 
complaints, including the number of calls received by issue (e.g., general, 
lack of water, billing, water quality, etc.) and resolution of each such 
Customer request or complaint. 

(7) Annual Water Quality Report: Water quality analysis of 
microbiological testing, including quantity of water delivered to all 
Customer types, quantity of water delivered from SCVWD, quantity of 
water delivered from each well site, estimated annual amount of Water 
System loss, number of water quality tests completed, number of water 
quality samples testing positive for coliform and action taken, results of 
annual water quality tests for all constituents tested and action taken for 
any constituent testing out of range. 

 
(B) Periodically. In addition to any other reporting requirement set forth herein, 
Lessee will provide any additional report or information that is reasonably 
requested by City to ensure operation and Maintenance of the Water System in 
compliance with this Lease. Any water quality testing positive for coliform or 
constituent exceeding testing range is to be immediately reported to the City. 

(C) End of Term. Within 30 days following expiration of the Term or early 
termination of the Lease, whichever occurs first, Lessee will provide City with an 
updated version of all of the annual reports specified above. This provision will 
survive expiration or termination of the Lease. 

 
3.11 Hazardous Substances. 

 
(A) Release of Hazardous Substances. Lessee will not cause or permit to occur any 
release, generation, manufacture, storage, treatment, transportation, or disposal 
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of Hazardous Substance on, in, under, or from the Water System or the 
groundwater or any portion of it in violation of Laws. If Lessee does cause any 
release or disposal of any Hazardous Substance on, in, or under the Water 
System or any portion of it, Lessee, at its own cost and expense, will immediately 
take such action as is necessary to detain the spread of and remove the Hazardous 
Substance as required by applicable Law. Lessee will promptly notify City of any 
release or disposal (of which Lessee has knowledge) of any Hazardous Substance 
on, in, under or from the Water System or the groundwater. If Hazardous 
Substances other than those caused or released by Lessee exist or occur on, in, 
under or from the Water System or the groundwater, Lessee shall not be 
responsible for the costs of any action to address, remediate, characterize, 
remove, treat, dispose, transport or handle such Hazardous Substances and the 
costs thereof shall be reimbursed to Lessee from City or deducted from any 
amounts owing from Lessee to City.  Lessee is responsible for ensuring all water 
delivered from the water system is free of Hazardous Substances 

(B) Indemnity. Lessee will indemnify, defend with counsel acceptable to City and 
hold harmless City and its officers, agents and employees (each such person and 
entity being referred to as an "Indemnified Person") from and against all losses, 
liabilities, obligations, penalties, claims, litigation, demands, defenses, costs, 
judgments, suits, proceedings, damages (including consequential damages), 
disbursements or expenses of any kind (including attorneys’ and experts’ fees and 
expenses and fees and expenses incurred in investigating, defending, or 
prosecuting any litigation, claims, or proceeding) that may at any time be imposed 
upon, incurred by, asserted, or awarded against City in connection with or arising 
from or out of: (1) any Hazardous Substance, on, in, under, or affecting all or any 
portion of the Water System or the groundwater caused or released by Lessee, 
excluding any unknown pre-existing Hazardous Substance or any Hazardous 
Substance released, generated or disposed by City; (2) any material breach of any 
covenant or agreement of Lessee contained or referred to in this Section relating to 
Hazardous Substances for which Lessee is responsible under this Lease; (3) any 
violation or claim of violation by Lessee of any Laws; or (4) the imposition of any 
lien for the recovery of any costs for environmental cleanup or other response costs 
relating to the release or threatened release of Hazardous Substance, excluding 
any unknown pre-existing Hazardous Substance or any Hazardous Substance 
released, generated or disposed by City. The expiration or termination of this 
Lease and/or the termination of Lessee’s right to possession will not relieve Lessee 
from liability under any indemnity provisions of this Lease as to matters occurring 



City of Cupertino 
Agreement for Lease of Real Property (Water System) 

Page 23 

Privileged and Confidential – City internal review only 

 
62847373.v1 

or accruing during the Term by reason of Lessee’s occupancy of the Water System 
and the groundwater. 

3.12 Water Supply. The Water System is supplied with water pursuant to the SCVWD 
Contract. Lessee will not modify or take water supply wells serving the Water 
System out of permanent service without the express written permission of the 
Director. Lessee will purchase water pursuant to and comply with requirements 
of the SCVWD Contract and will immediately notify City if any provision of the 
SCVWD Contract is violated by Lessee. 

3.13 City Access. City and City’s agents have the right to enter the Water System at 
any time in the case of an emergency, and otherwise at reasonable times and on 
reasonable prior notice for the following purposes: (i) to determine whether the 
Water System is in the condition as required by this Lease and whether Lessee is 
complying with its obligations under this Lease, (ii) to serve, post, or keep posted 
any notices required or allowed by Laws or under this Lease, and (iii) as City may 
otherwise reasonably deem necessary. In connection with any City access, City 
shall (i) comply with Lessee’s reasonable safety rules, (ii) not unreasonably 
interfere with or adversely impact Lessee’s operations, Maintenance, Repair or 
Capital Improvement Project activities; and (iii) be liable for any damage to the 
Water System arising out of such access or City actions.  

3.14 City Inspection and Oversight. Lessee, upon written request of City or City’s 
agent providing reasonable notice, will permit City or City’s agent to conduct a 
comprehensive inspection of the Water System, including, but not limited to, field 
inspections; Maintenance and Repair records and reports; Customer complaint 
records; and Capital Improvement Projects, schedules, and plans, in order to 
assess the condition of the Water System.  In connection with any City inspection 
and oversight, City shall (i) comply with Lessee’s reasonable safety rules, (ii) not 
unreasonably interfere with or adversely impact Lessee’s operations, 
Maintenance, Repair or Capital Improvement Project activities; and (iii) be liable 
for any damage to the Water System arising out of such access or City actions. 

 
Article 4 – Customer Rates and Billing 

 
4.1 Customer Rates. Lessee, in its sole and exclusive discretion, will be responsible 

for setting, levying, and providing notice of any and all of the Rates that Lessee 
will require for water service to be delivered to the Customers. Notwithstanding 
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the foregoing, City reserves the right to impose and collect fees for new or 
expanded water service connections on the Water System, including connection 
fees and development impact fees. 

(A) Regulatory Cap. The Rates levied by Lessee on Customers must not exceed the 
lowest cumulative rates, surcharges, surcredits and other service charges or fees 
and penalties approved and/or authorized by the CPUC and in effect on Lessee’s 
CPUC regulated water system located in the City (“Regulatory Cap”). The Parties 
agree that this Regulatory Cap affords Lessee with sufficient flexibility to establish 
Rates while ensuring the Customers are subject to just, reasonable, and 
nondiscriminatory Rates. The Regulatory Cap does not include the “Surcharge to 
Fund Public Utilities Commission Reimbursement Fee,” an administrative fee 
imposed by the CPUC tariffed systems. 

 
(B) Modifications. Lessee will notify City of any proposed modifications to 
Lessee’s Rates at least 30 days prior to their effective date and provide 
documentation to demonstrate that the proposed Rates will be at or below the 
Regulatory Cap. 

 
(C) Compliance. City, acting in its regulatory capacity, may confirm that Lessee is 
in compliance with this Article. In the event of a discrepancy, City may request 
additional information for clarification, which Lessee must provide within 15 
business days. If, in City’s reasonable determination, Lessee’s Rates exceed the 
Regulatory Cap and Lessee cannot demonstrate that its Rates are in compliance, 
City may direct Lessee to revise its Rates to achieve compliance with this Article, 
and to further require that Lessee provide a refund and/or credit to Customers 
equal to the difference between the Rates charged and the revised Rates. 

(D) City’s Rights. Provided that Lessee is in material compliance with this Article, 
City will have no authority or obligation to impose, set, modify, approve, 
or provide notice of the Rates levied by Lessee on Customers.  Notwithstanding 
the foregoing, the City reserves the right to impose and collect fees for new or 
expanded water service connections on the Water System such as connection fees 
and development impact fees.  

(E) CPUC Orders. If the rates used to establish the Regulatory Cap are reduced 
or increased by order of the CPUC, Lessee will reduce or increase its Rates 
consistent with the CPUC order. 
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(F) City’s Facilities. No charge will be made for water delivered to fire 
department facilities or for firefighting activities in the City. All other City 
properties using water service will be charged the same Rates as other Customers. 

 
(G) Water Rationing. In the event of mandatory water rationing imposed by Laws, 
Lessee will impose water conservation measures or mandatory water rationing on 
its Customers and, if required by Laws, will provide timely education and if 
needed, proactively assess penalties on Customers that violate such Laws. 

4.2 Customer Billing and Collections. Lessee is solely responsible for submitting 
billing statements to and collecting all Rates and taxes from Customers for water 
received through the Water System. Lessee may propose payment and credit rules 
substantially similar to those imposed on customers of its CPUC-regulated tariffed 
water system in the City. City will have no responsibility for billing or collecting 
Rates from Customers. Lessee will retain the proceeds from all Rates for water 
services provided during the Term of the Lease. 

(A) Utility Users Tax. Notwithstanding the foregoing, at all times during the 
Term, Lessee will, at its sole expense, bill and collect from Customers on behalf of 
City any additional amounts which City, in its regulatory capacity, may assess as 
a utility users tax on any Customers and will promptly pay all such amounts to 
City. 

(B) Unpaid or Delinquent Accounts. Lessee is solely responsible for the collection 
of unpaid or delinquent Customer accounts, at Lessee’s sole expense. City will 
have no responsibility for collection of unpaid or delinquent Customer accounts.  

(C) Transition Periods. With respect to Customer payments for water services 
provided prior to the Effective Date of the Lease, Lessee will cooperate with City 
to determine the amount payable to the prior lessee pursuant to the 1997 Lease 
and will promptly tender payment of that amount as specified by the Director. 
With respect to payments due for water services provided prior to expiration or 
termination of the Lease, Lessee will cooperate with City to determine the amount 
payable for such services prior to expiration or termination of the Lease, and the 
Director will arrange for payment of that sum to Lessee. 

(D) Survival. The provisions of this Section will survive expiration or 
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termination of the Lease. 

 
Article 5 – Insurance and Indemnity 

 
5.1 Insurance. During the Term of this Lease, Lessee, at its own cost and expense, will 

maintain insurance, issued by a carrier or carriers acceptable to City, as set forth 
in this Section. 

 
(A) Policies and Limits. The following insurance policies and limits are required for 
this Lease: 

 
(1) Commercial General Liability (“CGL”). Commercial general liability 
insurance in the single limit amount of not less than $10,000,000 which 
amount may be satisfied by any excess liability insurance carried by Lessee, 
written on an occurrence basis. Such insurance shall include coverage for 
injury (including death) or damage to persons and/or property arising out 
of the operations of Lessee pursuant to this Lease. The policy will include 
coverage for liability assumed under this Lease for personal injury, 
property damage and all other insurable claims as an “insured contract” for 
the performance of Lessee’s indemnity obligations under this Lease. 

(2) Workers’ Compensation Insurance. Workers’ compensation insurance, or 
a certificate of self-insurance, insuring against liability under the Workers’ 
Compensation Insurance and Safety Act now in force in the State, or any 
act hereafter enacted as an amendment or supplement thereto or in lieu 
thereof. Such insurance will fully cover all persons employed by Lessee in 
connection with its operations under this Lease for claims of death or bodily 
injury arising in connection with their employment by Lessee pursuant to 
its operations under this Lease. 

(3) Automobile Liability Insurance. Automobile (vehicle) liability insurance 
on an occurrence basis for bodily injury and/or property damage in a single 
limit amount of not less than $2,000,000.  

 
(4) Pollution Liability Insurance. Pollution liability insurance on a claims 
made basis, providing coverage of at least $2,000,000 for all liability arising 
out of sudden, accidental and gradual pollution and remediation, and loss 
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arising out of claims for bodily injury, death, property damage, or 
environmental damage caused by pollution conditions.  

(5) Cyber Liability Insurance. Cyber liability insurance with limits of at 
least $2,000,000 per occurrence. Coverage must be sufficiently broad to 
respond to the duties and obligations of Lessee under this Lease, including, 
but not limited to, claims involving infringement of intellectual property, 
including infringement of copyright, trademark, trade dress, invasion of 
privacy violations, information theft, damage to or destruction of electronic 
information, release of private information, alteration of electronic 
information, extortion, and network security. The policy must provide 
coverage for breach response costs as well as regulatory fines and penalties, 
and credit monitoring expenses with limits sufficient to respond to these 
obligations. 

(B) Endorsement. Lessee’s CGL policy, automobile liability policy, pollution 
liability policy, and cyber liability policy must contain an endorsement in favor of 
City and its officers, agents and employees listing them as additional insureds. 

(C) Review.  The Parties will periodically review the required insurance for the 
purpose of mutually agreeing on increases in the minimum limits, which may be 
reasonable and customary for similar facilities of like size and operation. 

(D) Insurers. All insurance must be affected under policies issued by insurers of 
recognized responsibility, licensed or permitted to do business in the State, and 
with an AM Best rating of A.VII or otherwise as mutually agreed between the 
parties.  

(E) Cancellation or Changes. All policies of insurance issued by the respective 
insurers must provide that such policies will not be canceled or materially changed 
without at least 30 days’ prior written notice to Lessee and to City. Evidence of all 
renewed or new policies, together with evidence of payment, will likewise be 
deposited with City prior to expiration dates of expiring or non- renewed policies. 

(F) Minimum Limits. The limits of insurance required by this Lease or as carried 
by Lessee will not limit the liability of Lessee nor relieve Lessee of any obligation 
under this Lease. 
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(G) Waiver of Subrogation. Lessee will cause the general liability and worker’s 
compensation insurance policies obtained by it to provide that the insurance 
company waives all rights of recovery by way of subrogation against City in 
connection with any damage covered by any policy. 
 
5.2 Indemnity. To the full extent permitted by Laws, Lessee will indemnify, 
defend with counsel proposed by Lessee and acceptable to City, and hold harmless 
the Indemnified Parties from and against all liability, loss, claims, obligations, 
penalties, demands, suits, litigation, legal or administrative proceedings, defenses, 
proceedings, judgments, damages (including consequential damages), expenses, 
costs (including, without limitation, reasonable attorneys’ fees and all costs and 
fees of litigation and its threat) of any kind or nature, including any challenge to 
the validity of this Lease or any portions thereof  (collectively, “Liability”) to the 
extent arising out of or in connection with Lessee’s negligent acts or omissions or 
willful breach of this Lease during the Term in relation to this Lease, including, 
but not limited to, Liability arising from any failure by Lessee to comply with Laws 
or the requirements of this Lease. In the event that Liability is caused in whole or 
in part by the concurrent negligent or intentional wrongful acts or omissions of an 
Indemnified Party, then this obligation to indemnify shall be comparative and 
each Party shall indemnify the other to the extent that such Party's negligent or 
intentional wrongful acts or omissions were the cause of such Liability.  The 
obligations in this Section will survive expiration or termination of this Lease with 
respect to any Liability arising during the Term of the Lease. If this Lease or any 
portion hereof is declared invalid, each Party waives any claim it may have against 
the other in connection therewith. 

 
Article 6 – Default, Termination, and Expiration 

 
6.1 Default. If City determines that Lessee is in default of any of the material 
provisions of this Lease, City will notify Lessee in writing of the default and afford 
Lessee a reasonable opportunity to cure the default unless immediate action is 
required due to an emergency that threatens imminent danger or injury or death 
to persons or damage or destruction of property. 

 
(A) Default. The occurrence of any of the following constitute a default by 
Lessee: 
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(1) If Lessee fails to operate, Maintain, or Repair the Water System or any 
portions thereof in accordance with this Lease, where such failure 
continues, or Lessee has not diligently commenced reasonable steps to cure 
such failure for 14 days following receipt of written notice from City 
specifying the failure or such other time specified in the written notice. 

 
(2) If Lessee fails to make any payment to City or to any third party 
required by this Lease as and when due, where such failure continues for 
60 days following receipt of written notice from City specifying the failure. 

 
(3) If Lessee fails to obtain and maintain any insurance coverage required 
by this Lease, where such failure continues for seven days following receipt 
of written notice from City specifying the failure. 

(4) If Lessee materially breaches or fails to perform any of its other 
covenants or agreements in this Lease, where such breach or failure 
continues, or Lessee has not diligently commenced reasonable steps to cure 
such failure, for 14 days following receipt of written notice from City 
specifying the failure or such other time specified in the written notice. 

 
(5) Lessee’s financial capacity to operate the Water system is impaired in any 

of the following manners: (a) Lessee is or becomes bankrupt or insolvent or 
makes any general arrangement or assignment for the benefit of creditors; 
(b) Lessee becomes a “debtor” as defined in 11 U.S.C. section 101 or any 
successor statute thereto (unless, in the case of a petition filed against 
Lessee, the same is dismissed within 90 days); (c) a trustee or receiver is 
appointed to take possession of substantially all of Lessee’s assets or of 
Lessee’s interest in this Lease and possession is not restored to Lessee 
within 60 days; or (d) if a writ of attachment or execution is levied on, or 
there is a judicial seizure of, substantially all of Lessee’s assets or of Lessee’s 
interest in this Lease and such seizure is not discharged within 60 days. 

(B) Notice and Cure. Upon receipt of written notice of default from City, if Lessee’s 
default is not cured or Lessee has not diligently commenced reasonable steps to 
cure the default within the time period specified in such written notice of default, 
then City may at its option, avail itself of any remedies listed below, which are 
non-exclusive and cumulative with any remedies now or later allowed by Laws or 
provided for elsewhere in this Lease: 
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(1) City’s Right to Cure Lessee’s Default. In the event of a default by Lessee, 
if Lessee is not taking prompt and reasonable efforts to cure the default, 
following the time specified in the written notice to Lessee, City may elect 
to cure the default at Lessee’s cost, provided that Lessee has not provided 
City notice that it will need additional time to cure the default, unless 
immediate action is necessary to ensure uninterrupted operation of the 
Water System. Lessee will promptly reimburse City for its costs. 

(2) Emergency Corrective Action. Notwithstanding any provision of this 
Section to the contrary, if a default or failure to perform by Lessee poses an 
immediate threat to public health, safety, or property, City will notify 
Lessee, and if Lessee fails to take corrective action within the time specified 
in such notice, City may take all necessary action at Lessee’s expense, 
including Maintenance of or Repairs to the Water System or portions 
thereof. Lessee will promptly reimburse City for its costs. 

(3) Lessee’s Right to Possession Not Terminated. In the event of a default by 
Lessee, if Lessee is not taking prompt and reasonable efforts to cure the 
default, following the time specified in the written notice to Lessee (which 
shall be no less than the time periods set forth in Section 6.1(A) (Default)), 
City may take control of the Water System and relet the Water System and 
the groundwater, or any part of it, to third parties on Lessee’s account. 
Lessee will be liable immediately to City for all reasonable costs City incurs 
in reletting the Water System and the groundwater. Reletting may be for a 
period shorter or longer than the remaining Term of this Lease. Lessee will 
pay to City any amounts due under this Lease on the dates such amounts 
are due, less the rent or other amounts City receives from any reletting. No 
act by City allowed by this paragraph will terminate this Lease unless City 
notifies Lessee that City elects to terminate this Lease. 

(4) Termination of Lessee’s Right to Possession. In the event of a default by 
Lessee, if Lessee is not taking prompt and reasonable efforts to cure the 
default, following the time specified in the written notice to Lessee (which 
shall be no less than the time periods set forth in Section 6.1(A) (Default)), 
City may elect to terminate Lessee’s right to possession of the Water System 
and the groundwater. No act by City other than giving formal written 
notice to Lessee pursuant to this paragraph will terminate this Lease. Acts 
of Maintenance, efforts to relet the Water System and the groundwater or 
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the appointment of a receiver on City’s initiative to protect City’s interest 
under this Lease (other than the appointment of a receiver to perform all of 
Lessee’s obligations hereunder) will not constitute a termination of Lessee’s 
right to possession. On termination, City has the right to recover from 
Lessee any amount necessary to compensate City for all actual damages 
directly caused by Lessee’s default. 

 
(5) Interest on Past Due Amounts.  

 
(i) If City, at any time, by reason of Lessee’s default, pays any sum 
or does any act that requires the payment of any sum, the sum paid 
by City will be due immediately from Lessee to City at the time the 
sum is paid, and if not paid within 15 days of notice, will bear 
interest at the rate of the 90-Day AA Financial Commercial Paper 
Interest Rate, from the date the sum is paid by City until City is 
reimbursed by Lessee. 
 
(ii) If payment of any undisputed amount from City to Lessee is 
made after the 30th day following the proper submission of an 
undisputed and properly completed invoice, then payment shall 
include interest on the amount owing, at the rate of the 90-Day AA 
Financial Commercial Paper Interest Rate, from the 30th day after the 
payment was due until the date of payment.  

(6) Survival. The provisions of this Section will survive expiration or 
termination of the Lease. 

(7) Consequential Damages. To the fullest extent permitted by applicable 
laws, except as otherwise specified in this Lease and excluding claims 
associated with patent infringement or intentional breach of confidentiality 
requirements, neither Party shall be liable to the other Party for punitive 
damages or Consequential Damages. 

(8) Limitation of Liability.  Notwithstanding anything else to the contrary 
herein, Lessee’s aggregate liability under this Lease to the City shall not 
exceed an amount equal to the Annual Investment Rent in the prior 12 
month period. 
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6.2 Termination of Lease for Convenience. The City may terminate the Lease for 
convenience prior to the expiration of the Lease upon ninety (90) days written 
notice to the Lessee. The amount of Lessee’s payment obligations with respect to 
the Annual Investment Rent, pursuant to Section 2.5(B) (Annual Investment Rent), 
and Franchise Fee, pursuant to Section 2.5(C) (Franchise Fee) will be prorated 
based on the effective date of the termination for convenience. Following a 
termination of the Lease for convenience, City shall pay to Lessee all pro-rated 
amounts (including a pro-rated reimbursement of the Concession Fee based on the 
remaining term of the 12-year initial term of the Lease) owing under the Lease at 
the time of such termination for convenience. Lessee shall also be entitled to 
compensation for all work performed on or prior to the effective date of the 
termination for convenience, including work on Capital Improvement Projects.  
Lessee’s obligations under the terms of this Lease, including any amendments 
hereto, will remain in full force and effect through the effective date of the 
termination, unless otherwise specified in the termination notice. 

6.3 Termination by Lessee. Lessee shall have the right to terminate this Lease for 
cause, by declaring a breach should City fail to comply with any material 
provisions of this Lease.  City shall be deemed in breach of this Lease if it fails to 
comply with any material provision of the Lease, including but not limited to 
failure to make payments in accordance with the Lease. Lessee shall provide City 
with reasonably prompt written notice setting forth in sufficient detail the reasons 
for the written notice declaring it believes that a breach has occurred. City shall 
have thirty (30) calendar days from receipt of the written notice declaring the 
breach (or such longer period as the Lessee may grant in writing) within which to 
cure the alleged breach or such longer period determined by Lessee if the breach 
is not curable within that time period. Upon such termination, Lessee shall be 
entitled to receive payment for work executed, and reasonable costs incurred by 
reason of such termination on the same basis as for a termination for convenience. 

6.4 Surrender Upon Expiration or Termination. Upon expiration or termination of 
the Lease, Lessee agrees that it will surrender to City the Water System in in a state 
of repair that is consistent with the applicable Operating Standards. Within 30 
days following expiration or termination of the Lease, Lessee will provide City 
with an updated Water System map (ArcGIS or equivalent), the accuracy of which 
Lessee cannot provide verification to the extent information was or is provided by 
City or third parties or to the extent of changes of such information with the 
passage of time, showing spatial location of all surface and subsurface assets 
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including all asset types, age, diameter and to the extent known by Lessee. This 
Section will survive expiration or termination of the Lease. 

6.5 Transition Period. Lessee will reasonably cooperate with, and not take any 
affirmative actions to hinder in any way, City’s efforts to operate, lease, or sell the 
Water System. All records required under this Lease will be made current by the 
Lessee at the frequency previously defined or as reasonably requested by City. All 
Customer billing information will be kept current and provided to City during the 
last 12 months of the Term. 

6.6 Dispute Resolution. If a dispute, controversy, or claim arising out of or relating to 
this Lease, including its formation, validity, binding effect, interpretation, 
performance, breach, or termination (a "Dispute") arises between the Parties 
regarding interpretation or implementation of the terms and conditions of this 
Lease, including the exhibits hereto, the representatives of the Parties who have 
primary responsibility for operation of the Water System and administration of 
this Lease will engage in best efforts to resolve the Dispute informally. If the Parties 
are unable to resolve a Dispute informally, the Party seeking redress may submit 
an informal written claim to the City, specifying the nature of the claim, the 
applicable Lease provisions, a summary narrative of the events leading to the 
claim, and the remedy sought to resolve the claim. Within 30 days thereafter, the 
Director will arrange to meet and confer in person or by videoconference with 
Lessee, in a further attempt to informally resolve the claim. If, within 30 days 
following the initial attempt to meet and confer, the claim is not resolved, the 
Parties agree to submit the Dispute to mediation with an experienced third-party 
neutral in an effort to resolve the claim by compromise, with each Party to share 
equally in the mediator’s fees and each Party to bear its own legal fees, if any. City 
and Lessee will mutually agree to a mediator selected in accordance with the 
Commercial Mediation Rules of the American Arbitration Association (“AAA”). 
Mediation will be scheduled to ensure the mutual availability of the selected 
mediator and all of the individuals that each Party requires to represent its 
interests. The Parties will share the costs of the mediation equally. Good faith 
compliance with the informal Dispute resolution provisions set forth in this 
Section is a condition precedent to filing a claim pursuant to the California 
Government Code or to otherwise initiating legal proceedings with regard to the 
Dispute. The provisions of this Section will survive expiration or termination of 
the Lease.   
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Article 7 – Miscellaneous Provisions 
 

7.1 Recitals. The Parties agree that the recitals to this Lease are true and correct and 
are hereby made part of this Lease. 

 
7.2 Notice. Any notice required by or given pursuant to the Lease, including notice 

of any changes to the contact information in this Section, must be in writing and 
sent to the other Party by U.S. Mail or a reliable overnight delivery service, with 
postage prepaid and return receipt requested. For the convenience of the Parties, 
copies of Notices may also be given by email to the email address given below. 
Notice is deemed effective on the date of delivery shown on the receipt or date of 
delivery of the email. A copy of any notice given to the City must also include 
simultaneous transmission of a PDF copy of the notice to the Director. Notice for 
each Party must be given as follows, unless a different address is later designated 
for such purpose by written notice to the other Party: 

City: City of Cupertino, City Clerk 
10300 Torre Avenue 
Cupertino, CA 95014 
Email: cityclerk@cupertino.gov 

 
Copy to: Director of Public Works (via email) 

Lessee: San Jose Water Company 
Attention: John Tang 
110 W. Taylor Street 
San Jose, CA 95110 
408-279-7933 
Email: John.tang@sjwater.com 

7.3 Compliance with Laws. Except as otherwise provided in this Lease, Lessee will, 
at Lessee’s sole cost and expense, diligently and in a timely manner, comply in all 
material respects with all Laws. Lessee shall notify City in writing (with copies of 
any documents involved) of any threatened or actual claim, notice, inquiry, 
citation, warning, complaint or report with respect to which it obtains knowledge 
pertaining to or involving any alleged failure by Lessee to comply with any Laws 
in its operation of the Water System. 
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7.4 Nondiscrimination. Discrimination against or segregation of any person or group 
of persons in the leasing, transferring, use, or enjoyment of the Water System, on 
account of sex, race, color, creed, national origin, ancestry, religion, citizenship 
status, age, marital status, medical condition, mental or physical disability, sexual 
orientation, veteran status or any other characteristic protected by Laws is strictly 
prohibited. Lessee must comply with all applicable Laws prohibiting 
discrimination. Lessee cannot establish or permit any practice of discrimination or 
segregation. 

7.5 Force Majeure. 
 

(A) Force Majeure Event. Lessee’s obligations under this Lease will be suspended 
only to the extent that and only for the duration in which the performance of its 
obligations is prevented or hindered by acts of nature; war; epidemic or pandemic; 
riots; civil insurrection; acts of civil or military authority taken to protect public 
health and safety; fires; floods; earthquakes or other natural phenomena; labor 
strikes, accidents or incidents;  change in law or standards; or other cause of the 
same or other character which are beyond the reasonable control of Lessee (“Force 
Majeure Event”). 

(B) Notice. In the event of a suspension due to a Force Majeure Event, Lessee will 
promptly notify the City in writing of such suspension and the cause and 
estimated duration of such suspension. Lessee will be excused from fulfilling its 
obligations under the Lease only to the extent that the Force Majeure Event has 
prevented Lessee from fulfilling its obligations, and only until such time that the 
Force Majeure Event has ceased to prevent performance or other remedial action 
is taken, at which time Lessee will promptly notify City in writing of the 
resumption of its obligations under this Lease. If Lessee is unable to fulfill any of 
its obligations by reason of a Force Majeure Event, Lessee will exercise due 
diligence to reasonably remove such inability within a reasonable time period and 
to mitigate the effects of the Force Majeure Event. The relief from performance will 
be of no greater scope and of no longer duration than is required by the Force 
Majeure Event. 

7.6 Assignment. Lessee may not assign its rights or obligations under this Lease, in 
part or in whole, or sublet the Water System or any portion thereof, without City’s 
written consent. City agrees to provide consent where such assignment relates to 
an upstream reorganization or transfer of direct or indirect interests in Lessee so 
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long as no change occurs in the entity with ultimate power to direct or control or 
cause the direction or control of the management of Lessee. 

 
7.7 Governing Law and Venue. This Lease will be governed by California law and 

venue will be in the Santa Clara County Superior Court, and no other place. Lessee 
waives any right it may have pursuant to Code of Civil Procedure section 394, to 
file a motion to transfer any action arising from or relating to this Lease to a venue 
outside of the County. 

7.8 Waiver. City’s waiver of a breach by Lessee of any term, covenant or condition 
contained in or granted by this Lease will not operate as a waiver of any 
subsequent breach of the same or any other term, covenant or condition hereof. 

 
7.9 Integration. This Lease, including the exhibits hereto, which are incorporated by 

this reference, constitute the final, complete, and exclusive terms of the agreement 
between the Parties with respect to the Lease of the Water System, and supersede 
all other oral or written provisions. 

7.10 Amendment. No amendment or modification of this Lease or any of the exhibits 
hereto will be binding unless it is in a writing duly authorized and signed by the 
Parties. Any amendment to the Term or to the provisions of Section 2.5 
(Compensation) are subject to City Council approval, with the exception of annual 
adjustments to the Annual Investment Rent. Amendments to the Capital 
Improvement Plan, Maintenance Plan, and update of Asset Management Plan are 
subject to approval by the City’s Director without further City Council 
approval. 

 
7.11 Interpretation. The terms of this Lease have been negotiated by the Parties and 

the language used in this Lease will be deemed to be the language chosen by the 
Parties to express their mutual intent. This Lease will be construed without regard 
to any presumption or rule requiring construction against the Party causing such 
instrument or any portion thereof to be drafted, or in favor of the Party receiving 
a particular benefit under this Lease. 

7.12 Severability. If any provision of this Lease is held to be illegal, invalid, or 
unenforceable, in part or in whole, such provision or portion thereof will be 
excluded from the Lease and the remaining provisions of the Lease will remain in 
full force and effect. 
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7.13 Execution in Counterparts. This Lease may be executed in any number of 
counterparts, each of which will be an original, but all of which together will 
constitute one instrument. 

7.14 Authorization. Each individual signing below warrants that he or she is 
authorized to do so by the Party that he or she represents, and that this Lease is 
legally binding on that Party. If Lessee is a corporation, signatures from two 
officers of the corporation are required pursuant to Corporations Code section 313. 

 
 

[Signature page follows] 
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The Parties agree to this Lease as witnessed by the signatures below. 
 

CITY OF CUPERTINO 

 
By:    Date:   

Pamela Wu, City Manager 
 
 

ATTEST: 
 
 

By:    Date:   
Kirsten Squarcia, MMC, City Clerk 

 
APPROVED AS TO FORM: 

 
 

By:    Date:   
Christopher Jensen, City Attorney 

 
 
 

LESSEE:   
 
 

By:   Date:   
<Name>, <Title> 

 
By:   Date:   

<Name>, <Title> 
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List of Exhibits: 
 

Exhibit A – Service Area 
Exhibit B – Water System 
Map 
Exhibit C – Asset Management Plan 
Exhibit D – Capital Improvement Plan 
Exhibit E – Maintenance Plan 
Exhibit F – SCVWD Contract 

 
 
 
 



EXHIBIT A 
Service Area 



"' f 
~ ,,, 

C'> 

\ 
11., 

"~~ 
vi.1' 

<>~ 
<o'\ 

i ~ ----'-'.:;. h 

. ~-., '.r~ • ( u -
CJ 
Ir 

HOCESTEA~ RD 

C 

~ 
m ..,.oo ?c ::, 

LeNDeNDEl'tRY DR LeRNEWAY 

u f] 
~

. ~4 ... ' 

cl.. . ·· <ll • 

' ~T~. °'~ - I..... ~ ~ t ..J i! ~~ ~ ...J 0-t:i 

i 
w (') 

z 
F 

z 

~ 
:::; 
...J 

"' ~ a z 
2 c( 
a w 

/!! ,,s 3: ~ 
2 67 !" ii: "' z :5 

C a: 
ILi 
u. 
..I 
0 

~ I PRUN¾ o 
<( Gl!"Aife· 

::i 

o,.,+ :i: 1- ~ ~ 
I- ... ~ 

UJ 

~ 
• "' < ~ ll! 

C 
z CALIFORNIA WATI:R 

SERVICE 
== z 

~ 

~ 0 - ~ It' a: 0 ,.. 0 . 
I.I.. 0 \ , ~ < .!s: " 
z ;111 _;1 ' ;pj .., . t I 

z 

f 

Q 

CUPERTINO WATER 

>-w 

~ Li 

< ., 

SCOFIELD DR 

-z zu~! 
WHEATeNORw .._ 

~ 

VALLCe />-'f'~ 

STEVENS CREEK BLVD 

w ,,p~ .., ~ 0 ~ -r • /k ~ i••. 
a: a ~ Q;"' ::.lll 

o t ~, •"'""" I! ~ ~to' • 
. , "' 0 > • ~ • ., ~ • 
• • ,,., .. v " ! ~ • , • • ~ 0 • • • - • •• ~ .ii· 

~- . ~ ~ ··~·" • • • ""' ~·· .c 

vol Leased to San Jose Water until 2024 
SHELLY Dl't 

~ 

•~ < o"\, ~ • • ""°""" O • ~ 
:a~ ';.'" di_,, C!J ~---- '; II , ~ t 1- <.. 3 ~="' ~ ....._ ~ I :t. • <' " - 2 -~/;, ~ ~ COWMWS ·- 0 q.e m :-- , • g •• ~· • • • • > & 

. -- • * m1 ~,o, ~• ,/' if SAN • i! z ~· • 

85 

..... " . JOSE WA'tlaR I"'' CIIJ i ,,~¥-:'ct_ "./ ~ SERVICE %0 ~ ... "'>','-l f • o ,.I''""""'•'- • :, \ I• I AV£ 

r. SAA" LN ,., , ~ ' 
-,: r •· -1 /1l""·~ ... .1 

.- I ► ;,.... 

"<!EN S~NGS-0 
~ ,, 

i0 '"' 1::7 
,, _ -- -~ 

'! b.; .. -.,~ .... 

~ 
& 
"' t}-

f 

RAJNBew Dl't 

?c 
:t 

~ 
~ 

City ,of Cupertino 
Water Service Areas 

I . 0.25 • • s 1 . "' I 
_ Miles _ 

PROS l'"ECT RD I 

n-- ---------... 



EXHIBITB 
Water System Map 



EXHIBITl 

,,.: 

cllo liJ --
-=-

Systooi Map 



EXHIBIT C 
Asset Management Plan 



CITY OF CUPERTINO 
WATER DISTRIBUTION SYSTEM 
ASSET MANAGEMENT PLAN 



Table of Contents 

1 Introduction .......................................................................................................................................................... 1 

1.1 What is an Asset Management Plan for Cupertino Municipal Water System? ............................................ l 

1.2 Key Components of the Asset Management Plan ........................................................................................ 2 

2 What Does the City Own? ..................................................................................................................................... 8 

3 What is the Replacement Cost of the Assets? ... ...... .. ......... ..................................................... ........... ......... ....... 13 

4 What is the Current Condition of the Assets? .................................................................................................... 15 

5 How Should the Assets be Prioritized? .................... .. .............................. ...................................... ..................... 29 

6 What are the Recommended Levels of Service? ................................................................................................ 34 

6.1 Environmental, Organizational, and Financial Sustainability Levels of Service .......................................... 34 

6.2 Asset Performance Levels of Service .......................................................................................................... 36 

6.3 Customer Service Levels of Service ..................................................... ..................... .................................. 37 

6.4 Regulatory Compliance Levels of Service ......................................... .......................................................... 38 

7 What is Needed to Sustain the Delivery of Services? ................................... ................. .................................... .40 

7.1 Condition and Age Based Analysis .................................... ..... .......... ................................................ ......... .40 

7.2 Level of Service Analysis ............................................................................................................................ .48 

7.3 Efficiency Analysis .... ... ............. ....................... .......................................................................................... .49 

7.4 Analysis Summary ........ ....... ..... .......................... .. ................................................... ........................ .. ....... .. 50 

7.5 10-Year and 20-Year CIP Summary ............................................................................................................ 52 

Figures 
Figure 1-lAsset Hierarchy ................................ ....... ............... ............................................................. ......... 3 

Figure 1-2 Decay Curve ................................................................................................................................. 4 

Figure 1-3 Risk Matrix ................................................................................................................................... 5 

Figure 1-4 Life Cycle Cost Logic Illustration .................................................................................................. 6 

Figure 1-5 IRIS (Infrastructure Reinvestment Intelligence System) ................................................... ... ........ 7 

Figure 3-1 Replacement Cost of Mains, Valves, Hydrants, and Meters ...................................... ............... 13 
Figure 3-2 Water Distribution Facilities Replacement Cost.. .... .. .... ......................................................... ... 14 

Figure 4-1 Condition Profile for the Water System Condition Profile .......................... .. ........................ .... 15 

Figure 4-2 Condition Profile for Water Mains, Water Services, Meters, Hydrants, lnterties, and Others .15 

Figure 4-3 2019 Pump Station, Reservoirs, and Wells Condition Profile .................................................... 16 

Figure 4-4 Water Main Installation by Decade ........................................................................................... 16 

Figure 4-5 Water Main Installation History by Decade ............................................................................... 17 

Figure 4-6 Valve Installation Profile by Decade .......................................................................................... 20 

Figure 4-7 Valve Condition Profile ...................................................................... .... .. .............................. .... 20 

Figure 4-8 Hydrant Installation Profile by Decade ...................................................................................... 21 
Figure 4-9 Hydrant Condition Profile ...................................... .................................................................... 21 

Figure 4-10 Water Service Installation Profile by Decade ................ .... ...................... .. .............................. 22 

Figure 4-11 Water Service Condition Profile at SO-Year Useful Life ........................................................... 23 

l<AVUGA SOLUTION 



Figure 4-12 Water Service Condition Profile at 65-Year Useful Life ............................................................................ 23 

Figure 4-13 Water Service Condition Profile at 80-Year Useful Life ............................................................................ 24 
Figure 4-14 Water Meter Installation Profile by Decade ............................................................................................. 25 

Figure 4-15 Water Meter Condition Profile ................................................................................................................. 25 

Figure 4-16 Mann Pump Station Condition Profile ...................................................................................................... 26 

Figure 4-17 Storage Tanks Condition Profile ............................................................................................................... 27 
Figure 4-18 Flowering Pear Well and Franco Court Well Condition Profile ................................................................. 27 

Figure 5-1 Water Main CoF Scores .............................................................................................................................. 30 

Figure 5-2 Asset Criticality Profile ................................................................................................................................ 32 

Figure 5-3 Risk Matrix .................................................................................................................................................. 33 

Figure 7-1 Water Distribution Asset Replacement and Rehabilitation Profile (100 Years) ........................................ .42 
Figure 7-2 Water Distribution Asset Replacement and Rehabilitation Profile (20 Years) ........................................... 43 

Figure 7-3 Total 20-Year Condition-Based Replacement and Rehabilitation Profile by Asset Type ............................ 43 

Figure 7-4 Water Distribution Asset Replacement and Rehabilitation Profile (10 Years) ........................................... 44 

Figure 7-5 Total 10-Year Condition-Based Replacement and Rehabilitation Profile by Asset Type ........................... .44 
Figure 7-6 20-Year Replacement Profile for Water Mains ................................................. ......................................... .45 

Figure 7-7 20-Year Replacement Profile for Water Mains - Probabilistic ................................................................... 46 

Figure 7-8 20-Year Replacement Profile for Water Services and Meters ............... ..................................................... 46 
Figure 7-9 20-Year Replacement Profile for Water Services and Water Meters - Probabilistic ................................ .47 

Figure 7-10 10-Year Water Consumption Trend ......................................................................................................... .48 

Figure 7-11 Long-Range Water System Needs - Condition/Age, Level of Service, and Efficiency-100 Years ........... 50 
Figure 7-12 Long-Range Water System Needs - Condition/Age, Level of Service, and Efficiency- 20 Years ............. 51 

Figure 7-13 Long-Range Water System Needs - Condition/Age, Level of Service, and Efficiency-10 Years ............. 51 

Tables 
Table 1-1 Asset Classes .................................................................................................................................................. 3 

Table 1-2 Condition Assessment Score and Description ........................................................................ ....................... 4 
Table 2-1 Water Distribution Asset Inventory ................................ ................................................................ ...... ......... 8 

Table 2-2 Water Main Inventory by Material ................................................................................................................ 9 

Table 2-3 Water Main Inventory by Size ....................................................................................................................... 9 
Table 2-4 Mann Pump Station Asset Inventory ........................................................................................................... 10 

Table 2-5 Storage Tank Asset Inventory ...................................................................................................................... 11 

Table 2-6 Well Asset lnventory .................................................................................................................................... 12 

Table 3-1 Water Facility Total Asset Replacement Cost .............................................................................................. 14 
Table 4-1 Water Main Useful Life Scenario Summary ................................................................................................. 19 

Table 4-2 Water Service Useful Life Scenario Summary .............................................................................................. 24 

Table 4-3 Mann Station Assets in Need of Replacement or Rehabilitation ................................................................. 26 
Table 4-3 Flowering Pear Well and Franco Court Well Assets in Poor Condition ............. , .......................................... 28 

Table 5-1 Water Main CoF Scoring ..................................................... ......................................................................... 30 

Table 5-2 Water Distribution CoF by Asset Class ......................................................................................................... 31 

Table 5-3 Water Facilities CoF by Asset Class .............................................................................................................. 31 

Table 6-1 Level of Service Importance Ranking ........................................................................................................... 34 

Table 6-2 Environment, Organization, and Financial Sustainability Levels of Service ................................................. 35 

Table 6-3 Asset Performance Levels of Service ........................................................................................................... 36 

Table 6-4 Customer Service Levels of Service ............................................................................................... '. .............. 38 

Table 6-5 Regulatory Compliance Levels of Service .................................................................................................... 39 

Table 7-1 Management Strategies .............................................................................................................................. .40 

l<AVUGA SOL.UTION 



Table 7-2 Water Management System R&R Summary ................................................................................................ 45 

Table 7-2 20-Year Water Main R&R Summary ......... ..... ... ......................................... ......... .. .............................. ... ...... 46 

Table 7-4 20-Year Water Services and Water Meter R&R Summary ........................................................................... 47 

Table 7-10 Level of Service CIP Recommendations ................................................................. ................... ...... ...... ... . .49 

Table 7-11 Efficiency CIP Recommendations .............................. .. ................. ....... ................. .......................... .. .... .... .. 50 

Table 7-12 Long Range Water System Needs Summary .............................................................................................. 50 

Table 7-13 2019 to 2028 CIP Summary ......................................................................................... .............................. 52 

Table 7-14 2029 to 2038 CIP Summary ....................................................................................................................... 53 

Appendices 
Appendix A: Asset Inventory of Pump Station, Storage Tanks, and Wells 
Appendix B: Hydraulic Analysis Report 
Appendix C: SJWC 2015 Pipeline Consequence of Failure Study 

l<AVUGA SOt UTJQr,..J 



1 Introduction 

The City of Cupertino (City) is working to investigate its water system. The City is served by three different systems: 

one owned and managed by California Water Service Company, one owned and managed by San Jose Water 

Company (SJWC), and one owned by the City. The City's water system is currently being operated and maintained 

by SJWC. This service is part of a 25-year concession between the City and SJWC that began in 1997. 

The City's water system covers approximately 3.7 square miles and has nearly 60 miles of pipelines, 3 storage tanks, 

and just under 4,400 water services. Before the end of the concession agreement with SJWC in 2022, the City will 

need to gain a thorough understanding of its water system to assist them in the decision in the following business 

cases: 

• The City takes over the operations, maintenance, management and customer interactions of the water 

system 

• The City negotiates and renews the concession agreement with the lessee responsible for all operation 

and customer interaction responsibilities, and the City establishes a defined capital expenditure schedule 

for system improvements that is paid by lessee 

• The City negotiates and renews the concession agreement with a lessee that is responsible for all 

operation and customer interactions, and the City establishes a defined capital expenditure schedule for 

system improvements to be paid by City 

• The City sells the City-owned water system 

In an effort to help the City make an informed business decision, the City has contracted Kayuga Solution and its 

team (i.e., Hanson Associates, Charles Marr Consulting, MR Valuation Consulting) to perform comprehensive water 

system asset planning and valuation. The goal of the project is to develop an asset management plan that provides 

a comprehensive understanding of the current and future asset needs, asset risk profile, appropriate levels of service, 

cost to provide that level of service, and financial and resource requirements to sustain the delivery of those services. 

The asset management plan will provide an understanding of the City's current and future infrastructure needs for 

the water system assets. As system conditions change in the future, a periodic re-inspection and update of this asset 

management plan is recommended. 

1.1 What is an Asset Management Plan? 

An asset management plan is a long-range planning document that provides a framework for understanding the 

assets owned by the City, services it provides, risks it assumes, and financial investments it requires. Development 

of an asset management plan requires answers to the following questions: 

• What does the City own and manage? 

• What is the current state of the assets? 

• What are the immediate asset maintenance, rehabilitation, and replacement needs? 

• What are longer-term asset investment needs with respect to aging assets, capacity, level of service, etc.? 

• What is the risk associated with asset failure? 

• What are the appropriate levels of service? 

• What is required to sustain 'the delivery of service? 

o Financial requirements 

o Resource requirements 
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o Risk vs. investment analysis 

• What is the cost of service? 

An asset management plan is a living document. It is meant to grow and change with the organization and system 

for which it is written. With new and/or replaced assets, an asset management plan should be updated periodically 

to reflect the asset risk profile and continually monitor the financial plan required to sustain the delivery of services. 

1.2 Key Components of an Asset Management Plan 

The following section introduces and defines the key components and methodology used to develop the asset 

management plan. 

Asset Register 

The asset register establishes the data foundation of the asset management plan by consolidating and documenting 

all assets owned and managed. The development of the asset register required establishing the following key 

elements: 

• Asset Definition - Helps to define what is an asset versus what is not an asset. With the asset 

definition established, the City is able to separate assets from components and manage them 

accordingly. 

• Asset Hierarchy- Organizes the thousands of assets in the asset register. With the asset hierarchy, 

the City is able to easily find assets and support asset management decisions at any level within the 

asset hierarchy. 

• Asset Classes - Groups the assets to allow the City to characterize the life-cycle behavior of the assets 

in the register. An asset class is developed by grouping assets with similar characteristics, such as 

type, function, useful life, material, and size. Asset classes are used to help model the life-cycle costs 

of the assets. 

• Asset Data Standards - Identifies the data attributes required to support asset management 

decisions. 

Asset Definition 

An asset was established as something that is owned and managed by the City, has a value, and is critical for the 

delivery of water distribution services. An asset is identified at a level at which a work order is typically generated . 

The initial step in developing an asset register was to consolidate all previously existing asset data in the various 

information systems (e.g., Geographic Information System (GIS), Excel spreadsheets, engineering drawings). Once 

the data was consolidated, a data gap analysis was performed to determine which assets or asset attributes (e.g., 

size, material) were missing. This data gap analysis provided the foundation for the data collection and correction 

part of the project. The data gap was filled by visiting the assets and collecting missing assets and missing attributes. 

Asset Class 

Assets are grouped into classes to more efficiently model and manage the assets. An asset class generally refers to 

a group of assets that behave similarly. Grouping the assets into these classes allows easier modeling of life-cycle 

behavior. The following table lists the City's asset classes. 
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Table 1-1 Asset Classes 

Asset Classes 

Building HVAC I Main Casing 

Control Panel Hydrant 
I 

Meter 

Driveway Instrumentation Motor 

Fencing Lifting Equipment I Pavement 

Filter I Lighting I Pump 

Generator Main I SCADA 

Asset Hierarchy 

The hierarchy for the organization of the assets is presented in the Figure 1-1. 

The assets are organized by City, Water System, and Sub-Systems. 

Replacement Cost 

Asset management best practice estimates the future financial needs based 

on current-year asset replacement cost. In many cases, escalation of the initial 

purchase cost does not properly reflect the replacement cost. As such, each 

asset in the asset register was assigned a replacement cost in 2019 dollars. 

This replacement cost estimates the budget required to replace the asset with 

a like, in-kind asset. The replacement cost incorporates material, labor, 

removal, and other costs associated with replacing the asset. It should be 

noted that the replacement cost does not include any changes to capacity or 

level of service. In addition, the replacement cost does not represent costs 

associated with delivering a CIP project, which typically include the following: 

• Engineering/design/project management 

• Demolition and removal 

• Permit 

• Contractor overhead/profit 

• Contingency 

• Traffic control 

• General conditions 

Typically, an additional 30% to 50% is added to the replacement cost to 

represent CIP project costs. In the asset management plan, all costs are 

represented as replacement cost. The individual replacement costs for the 

assets are then summed to create a tota l estimated replacement cost for the 

management system. 
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Condition 

Condition is one of the best indicators for estimation of immediate and/or future maintenance, repair, and 

replacement work. General condition assessment (e.g., visual, touch, sound) was performed for accessible assets. 

For inaccessible assets, condition was estimated based on age. No forensic or detailed condition assessment work 

was involved. 

A condition scale of 1 to 5 (Table 1-2) was utilized to represent the general condition of the asset. Compared to a 

more complex scale (e.g., 1 to 10, 1 to 100), this simple scale greatly limits the subjectivity associated with the 

assessment of the cond ition score from one inspector to another. 

Table 1-2 Condition Assessment Score and Description 

Condition Score Description 

1 Excellent: New or nearly new 

2 / Very Good: Not new, but in very good condition 

3 Good: Good or as expected based on age 

4 / Poor: Poor or recommended replacement in near-term 

5 Failed/Critical: Failed or nearing failure, needs immediate attention 

In many cases where the asset was not visible (e.g., buried assets) or the condition could not be determined (e.g., 

pipes, electrical), age was used as the main indicator of the condition of the asset. Utilizing age and decay curve, the 

condition of an asset is estimated. The figure below illustrates the various decay curves available to represent the 

deterioration of assets. It is expected that decaying characteristics of most assets can best be represented by an 

exponential curve. Kayuga utilized the Late Decay (1.5) curve to estimate asset condition in the City's asset 

management plan . This curve is widely used by many utilities and municipalities in this geographic area (i.e., Santa 

Cla ra Valley Water District, City of Livermore) as it represents a more conservative view of an asset's decay. For 

example, a linear decay curve of an asset with a condition rating of 3 is estimated to have 63% life consumed . The 

same asset with the same condition utilizing the Late Decay (2) curve is estimated to have 78% life consumed. 

- L,1te Uetay ( L S) 

- u te Decay 12) 

- l..ltcDeuy(3) 

- Lat" Decay (d) 

- Late Dcc.1y jS) 

-une4r Decay 
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- E•rlyDocav (0.3-33) 

- fa rly Oeaiy (O. ]t;) 
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°"' ""' "''' JO!< 60% '°" """ IOOS 

Percent of Useful life Consumed 

Figt1re 1-2 Decay Curve 
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Risk 

Risk is used for effective, transparent prioritization of limited resources (e.g., budget, availability of staff) . Under 

limited resources, the City should address the assets with the highest risk scores before addressing the lower-risk 

assets. The two main components of risk are Probability of Failure (PoF) and Consequence of Failure (CoF). PoF 

indicates the estimated time until the asset fails to function at the established levels of service. CoF provides an 

indication of the impact of the asset failure considering the triple bottom line factors of sustainability: economic, 

social, and environmental. Every asset in the asset register is assigned a risk score. For some assets, redundancy was 

considered to offset the risk. 

The following formula is used to calculate the risk score: 

• ••=• 
With each asset's risk score calculated, assets were plotted in the following risk matrix. The risk-based strategy 

should be to manage the high-risk zone (red zone) before moving down to medium (yellow zone) and low risk zones 

(green zone). 

Life-Cycle Cost 

~IGli 

P,uo.biityol 
r-. 

,ow 

Medium Risk 

,ow Comequffl(t at r ail#e lllGH 

Figure 1-3 Risk Matrix 

In order to predict the future replacement and rehabilitation need of all assets, a life-cycle cost analysis is performed . 

The life-cycle cost analysis is a calculation of costs required to support the set of activities (e.g., rehabilitation, 

replacement) that are needed to sustain the delivery of an asset's services during the life of an asset or for the 

planning horizon (e.g., 10, 20, or 100 years). The useful life (e.g., 10, 20, 30 years) was estimated for each asset. Life

cycle cost analysis is performed for each asset in the asset register. For every year of the planning horizon, the life

cycle analysis will calculate which asset needs a refurbishment or replacement activity and how much it will cost.to 

perform the needed activity. As noted previously, replacement costs do not include costs associated with delivering 

a CIP project (e.g., engineering, project management, contingency, insurance). When al l the activity costs are 
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summed for each year, the overall replacement and rehabilitation budget for the year will be established. The life

cycle cost analysis drives the estimation of the future financial needs to sustain the delivery of the assets. Comparing 

and contrasting the life-cycle cost results against the current asset replacement and rehabilitation spending, 

sustainability of the future financial plan can be assessed . 

Life-cycle cost calculation takes place in the form of a life cycle cost logic or management strategy. A management 

strategy characterizes the life-cycle behavior of an asset (e.g., how it will decay, how long it will last, necessary 

refurbishment during the life of the asset, when refurbishment is needed, how much refurbishment will cost). 

Every asset is assigned a management strategy. The following figure illustrates the relationship between asset 

condition, management activities, and life-cycle cost. After the installation, asset condition will deteriorate with 

time. In order to raise the condition to an acceptable level, an investment in the form of maintenance or 

rehabilitation will be required. At the end of its useful life, the asset will need to be replaced, and the cycle will 

repeat. 

LifeCycleCostlSl 

Figure 1-4 Life Cycle Cost logic Illustration 

The life-cycle cost assessment allows the City to proactively manage the assets. The City will be able to predict which 

assets are nearing the end of useful life and proactively plan for replacement of high-risk assets to prevent failure. 

Reacting to a high-risk asset failure after they have occurred typically results in the highest expense. With life-cycle 

cost analysis, the City will also have an understanding of the work and investment required for future years and 

proactively plan ahead to minimize risk and costs. These estimations will be used to prepare the budget and 

resources required to sustain the delivery of services. When budget and resource limitations exist, the City will be 

able to prioritize the needs by risk to ensure the budget is first spent on high-risk assets. In essence, the City will be 

able to ensure that minimum funds are spent to maximize risk reduction. 

IRIS {Infrastructure Reinvestment Intelligence System) 

Life-cycle cost calculation can be very tedious and time consuming. It is especially difficult when the calculations 

need to be performed for thousands of assets, year-by-year, asset-by-asset. For this reason, the City utilized Kayuga 

Solution's asset management planning tool, IRIS (Infrastructure Reinvestment Intelligence System), which 

incorporates the developed asset register and performs the life cycle cost and risk assessment work. 

IRIS is an asset management dashboard that utilizes the asset data and performs asset management calculations 

and analyses presented in the City's asset management plan. It is a planning tool the City can use to project the 
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future maintenance, rehabilitation, and replacement needs, understand its high-risk assets, understand the cost of 

ownership, calculate the appropriate budget required to mitigate the high-risk assets, and identify assets estimated 

to require rehabilitation or replacement year-by-year, asset-by-asset. The figure below illustrates a sample view of 

the IRIS dashboard. 
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Figure 1-5 IRIS {Infrastructure Reinvestment Intelligence System) 

Long-Range Planning of Asset Replacement and Rehabilitation Needs 

- iwit.,t!"-aq,o 

■w,.i«~• 

Based on the life cycle cost analysis, the long-range financial needs of asset replacement and rehabilitation profile is 

generated. Life cycle cost analyses were performed for a 100-year, 20-year, and 10-year horizon to evaluate the 

replacement and rehabilitation needs of the assets. A 100-year planning horizon provides a comprehensive view of 

asset replacement; by the 100th year, each asset (e.g., main, valve, pump) will be replaced at least once within the 

100-year planning horizon. Every year, those assets requiring replacement or rehabilitation are identified and 

summed to generate the replacement profile. 
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2 What Does the City Own? 

As part of the asset management plan development process, a comprehensive asset inventory was performed . All 

facilities (e.g., pump station, storage tanks, wells) were visited and their assets inventoried. Hydrants and system 

valves were visited and their location (i.e., GPS coordinate) was recorded. Where assets are not visible (i.e., mains, 

services, valves), a thorough analysis of as-built drawings and available GIS data was performed. Water main, valve, 

service, and meter data were initially provided by SJWC. Where the initial GIS data did not match the as-built drawing 

or on-site verification, Kayuga updated the initial GIS data to provide the City with a more comprehensive and current 

water distribution asset database. 

Asset Inventory 

The City owns 12,244 assets including nearly 60 miles of pipelines and just under 4,400 services. The water system 

also includes 3 water storage tanks, 2 wells, and a pump station. The following tables summarize the water 

distribution assets for the Cupertino Leased Area water system. The provided GIS data also included pipes from 

water main to hydrants and small sections of pipes to blow off and air release valves al l identified in the table below. 

Table 2-1 Water Distribution Asset Inventory 

Asset Class Number of Assets Length (miles) 

Hydrants 399 

Mains (4" to 20" diameter) 1,094 57.6 

Main Casing 1 

Air Release/Vent Valves 30 

Blow Off Valves 86 

lnterties 4 

Line Valves 810 

Zone Valves 12 

Hydrant & Service Valves I 455 
' 

Hydrant Pipe 400 1.5 

Blow Off Pipe 
I 

8 >1 

Air Release Pipe 9 >1 

Services 4,382 11.5 

Fire Services 29 

Meters 4,382 

Sampling Stations 8 

lnterties 4 
- -- -Total 12,113 70.6 
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Table 2-2 Water Main Inventory by Material 

Diameter (in) Length (mi) Percent of Total 

AC 33.7 59% 

Cl 1 2% 

CIP 0.5 >1% 

DICL 15.4 27% 

DICLZ 0.4 >1% 

FKCL 2.7 5% 

PVC 0.1 >1% 
.. 

s 1.2 2% 

ws 0.8 
I 

1% 

WSCL 1.7 3% 

Total 57.6 100% 

Table 2-3 Water Main Inventory by Size 

Diameter (in) Length (mi) Percent of Total 

2 
I 

0.6 1% 

3 0.1 >1% 
I 

4 3.1 5% 
I 

6 19.1 33% 
... 

8 21 37% 

10 5.8 10% 

12 3.1 5% 

14 1.5 3% 

16 0.9 2% 

18 1.4 2% 

20 0.9 2% ! 

- - ... -- -
Total 57.6 100% 
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A summary of the facility assets at the pump station, reservoirs, and wells is shown in the following tables. A 

comprehensive list of assets in each facility can be found in Appendix A. Piping to the facilities is accounted for in 

the water mains. Note that the PRV at the pump station is accounted for with the valves. 

Table 2-4 Mann Pump Station Asset Inventory 

Pump Station Asset Class Number of Assets 

Mann Pump Station 74 

I Building 1 

Control Panel 8 

I Fencing 1 

Generator 2 

I HVAC 1 

Instrumentation 6 

I Lifting Equipment 1 

Motor 5 

l Pavement 2 

Pump 5 

l SCADA 1 

Sump Pump 2 

I Tank 1 

Valve 35 
J 

I Vault Structure 3 
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Table 2-5 Storage Tank Asset Inventory 

Storage Tank Asset Class Number of Assets 

Mercedes Road Storage Tanks 
j 

23 

Building 1 

Control Panel 3 

Fencing 1 

Generator 1 

Instrumentation 2 

' 1 Pavement 1 

SCADA 1 

Site 1 

Tank 2 

Valve 10 

Cristo Rey Storage Tank 13 

Driveway 1 

Fencing 1 

Pavement 1 

SCADA 1 

Tank 1 

Valve 7 

Vault Structure 1 
I 
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Table 2-6 Well Asset Inventory 

Well Asset Class Number of Assets 

Flowering Pear Well 13 

Control Panel 2 

Fencing 1 

Filter 1 

Instrumentation 1 

Motor 1 

Pavement 1 

Pump 1 

SCADA 1 

Valve 3 

Well Casing 1 

Franco Court Well 12 

Control Panel I 1 

Fencing 1 

Instrumentation 1 

Lighting 1 

Motor 1 

Pavement 1 
I 

I Pump 1 

I 
SCADA 1 

Valve 3 

VFD 1 

Well Casing 1 
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3 What is the Replacement Cost of the Assets? 

In total, there are 12,224 assets in the water system. The replacement cost for each asset was estimated. The 

replacement cost does not represent a project cost that includes engineering, management, insurance, contingency, 

etc., costs. In many cases, project costs can add an extra 30% to 50% to the replacement cost. The sum of all 

individual asset replacement costs for the City's water distribution system is approximately $91.6 million in 2019 

dollars. 

The assets were further distributed into categories based on the asset hierarchy. The sum of all replacement costs 

for mains, services, interties, valves, hydrants, meters, is approximately $79.0 million. 

Water Mains, $46,017,36 

Water Main Casing, S 10,000 

Serw-ices. $23.875,944- --------------------~ 

~ & ZoneVatve. S16,300 

[ -~Air Release Valves. $44,537 ----- ----..._ Air Vent Valve, S7.000 

·---- -----...____,Blow Off Valve, S 176,995 

---~ rants, S2,562,960 
lnterties. S60.000 

Line Valves, S 1,441,000 

·------------M. eters. S-4.829,065 

perational Zone Valve. S,4, 700 

-- Sampling Station. $16,000 

Figure 3-1 Replacement Cost of Mains, Valves, Hydrants, and Meters 
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The sum of all asset replacement costs (Figure 3-2) in the pump station, storage tanks, and wells totaled $13.0 million. 

Table 3-1 provides a summary of replacement costs by facility. It should be noted that a replacement cost does not 

equal CIP project cost. CIP projects cost can typically be 30 to SO percent more than replacement cost estimate. 

Pump Statioo. S2,B9,655 

• ReserviOll. $8,668,394 

• Wells, $1.51) ,530 

Toul= $12.519,579 

.---------w,ell~ S1,511,S30 

Reserviors, SB,668,394-----

- - Pump Station, $2,339,6SS 

Figure 3-2 Water Distribution Facilities Replacement Cost 

Table 3-1 Water Facility Total Asset Replacement Cost 

Facility Replacement Cost 

Cristo Rey Storage Tank $3,182,190 

Mercedes Road Station 
I 

$5,486,204 

Mann Pump Station $2,339,655 

Flowering Pear Well 
I 

$746,275 

Franco Court Well $765,255 
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4 What is the Current Condition of the Assets? 

Condition is one of the best indicators for estimation of immediate and/or future maintenance, repair, and 

replacement work. During the asset inventory process, the condition of each visible asset was assessed and recorded 

utilizing the condition assessment scale introduced in Table 1-2. It should be noted that main objective of the 

condition assessment process is to highlight assets in poor and failed condition (i.e., Poor, Failed/Critical). These 

poor-condition assets will be included in the 20-year CIP recommendations (Chapter 7). 

Where assets are not visible, age was used as the main indicator of the condition of the asset. When installation 

information was not available, assumptions were made based on neighboring assets or nearby developments (e.g., 

construction year of neighboring houses). There is a possibility that the mains were installed long before parcel 

development; however, the actual installation year was unknown. In some cases, the historical record of water main 

break data was utilized. Where the work report indicated the cause of the main break was due to corrosion, aging 

pipe, or poor condition, the condition score of the pipe segment where the water break occurred was updated to 

reflect the poor condition. 

4.1 System Level Condit ion Profile 

High-level condition profiles are provided below. These high-level profiles will be followed by specific asset analysis 

in the following sections. 

Water System (Total) 

Figure 4-1 provides an overview of the estimated current 

condition of the water system. This condition profile 

includes all assets. It is estimated that about 6% of all assets 

fall under Poor to Failed/Critical condition. The sum of 

replacement cost of these assets equates to about $12.6 

million. 

Water System (Water Mains, Water Services, Meters, 

Hydrants, lnterties, and Others) 

The estimated current condition profile for water mains, 

water services, valves, hydrants, meters, interties, and 

others assets are shown in Figure 4-2. Approximately 6% 

of the assets are identified in poor and failed/critical 

condition. The total replacement cost of these assets is 

about $8.8 million. 
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Figure 4-1 Condition Profile for the Water System 

Condition Profile 

• Excellent: 37% 
Ve,y Good: 43% 

Good: 14% 

• Pooc 5% 

• Failed/Critical: 1% 

Figure 4-2 Condition Profile for Water Mains, Water Services, 
Meters, Hydrants, lnterties, and Others 
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Water System (Pump Station, Reservoirs, Wells) 

Figure 4-3 provides an overall condition profile for pump 
station, reservoir, and well assets. At these facilities, 
approximately 23% of the assets are identified as Poor or 
Failed/Critical condition. The total replacement cost of 
these assets is about $4 million. Details of assets in need of 
replacement or rehabilitation will be discussed in the 
following sections. 

a fxtellonc3" 
Vo,yGood:-

· - s,i.,. . Poo,:ZJ'lf, 

• F a;Jed,ICritiaJ: O'l6 

Figure 4-3 2019 Pump Station, Reservoirs, and Wells 
Condition Profile 

4.2 Asset Level Condition Profile 

Key representative asset level condition profiles are presented in the following sections. The condition profiles are 

either represented as current percentage of Poor and/or Failed/Critical assets or as replacement needs for the next 

10 years. 

Water Mains 

The following installation profile shows the decade the water mains were installed or last replaced . When installation 

information was not available, assumptions were made based on neighboring assets or nearby developments (e.g., 

construction year of neighboring houses). The oldest water mains were estimated to have been installed in the 1950s 

and 1960s. The following figure presents the age by decade of the water mains with respect to total length. It is 

estimated that about 38% of the water mains are now over 50 years old. It should be noted that older pipes may 

potentially exist in the City. According the City's Lease Water System Inspection Technical Report1, the City has a 

logbook that dates the water mains back to 1916. It stated that the City's water system was originally constructed 

in 1916 and then expanded in 1938 and 1950s. Unfortunately, no historical as-built drawings could be found to verify 

this claim. The oldest pipe in the GIS data showed to be constructed in the 1950s. 

Figure 4-4 Water Main Installation by Decade 

1 SPF Water Engineering, "Final Technical Report: Leased Water System Inspection," 2017. 
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The figure below provides a map of the water main installation profile by decade. 

Decade 

- - , .... 
--1060s 

-- 19·70, 

- ,NOt 
__ ,_ 
---
--2010. 

Figure 4-5 Water Main Installation History by Decade 

Estimates of pipe useful life play a key role in the asset management analysis for underground pipelines. According 

to a comprehensive study conducted by Utah State University2 on water main break rates in the USA, the average 

age of failing water mains is approximately 50 years old. This number is well below what is usually recommended by 

most of the pipe manufacturers. The study also found that the break rate of asbestos cement (AC) pipe significantly 

increased by 43% after reaching 50 years of age. The study concluded that AC pipe installed in the 1960's may be 

near its end of life. In addition, the study indicated that an average expected life of a newly installed pipe is 84 years. 

Typical new installation pipe materials included ductile iron (DI), PVC, HDPE, concrete steel cylinder (CSC), polyvinyl 

chloride (PVCO), and steel. 

A similar study conducted by the US EPA3 stated that post World War II cast iron (Cl) pipe average service life is 

about 75 years. The US EPA study provided the following expected service lives for different pipe materials : 

• AC pipe 15 inch or greater - 85 years 
• AC pipe 4 inch or smaller - 40 years 

• DI pipe - 87 years 
• Reinforced concrete pipe - 140 years 

• Concrete - 130 years 
• Cl pipe - 75 years 

2 Folkman, Steven . "Water Main Break Rates in the USA and Canada: A Comprehensive Study." Utah State University 
Buried Structures Laboratory (2018). 
3 "Primer on Condition Curves for Water Mains." US Environmental Protection Agency. EPA/600/R-13/080 (2013). 
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In addition, a recent study by the Sustainable Solutions4 stated that the following useful lives: 

• PVC pipe -100 years 
• DI - 50 years 
• HDPE- 50 years 

Multiple water main useful life scenarios were developed and modeled to gain understanding of anticipated water 

main replacement needs for the next 10 years. Careful analysis of the scenario results can yield a better 

understanding of future water main replacements . 

Scenario 1 - US EPA Useful Lives 

A simulation of expected water main replacements was performed utilizing the US EPA pipe useful life presented 

above. For those pipe materials not identified by US EPA, a useful life of 84 years was used. This number is based on 

the Utah State University research presented above. Based on this analysis, it is expected that 10-year water main 

replacement will be about $1.4 million or about 3% of the total water mains. This value represents the pipes currently 

identified in the leak data to be in poor condition. 

Scenario 2- Conservative {100-Year Useful Life) 

This scenario provides a conservative look at the water main pipe replacement needs. All pipes were assigned a 100-

year useful life. From the water main data, the earliest water main installation recorded in the City was 1954. With 

a 100-year analysis, the earliest water main replacement will in the mid-2050's, out of the 10-year water main 

replacement window. Similar to Scenario 1, the 10-year water main replacement is expected to be about $1.4 million 

(3%) for the replacement of identified poor condition pipes. 

Scenario 3 -Aggressive (65-Year Useful Life) 

This scenario is developed to represent the worst-case scenario. All pipes were assigned a useful life of 65 years. In 

reviewing the water leak work data, the representative age of all pipes identified as structurally in poor condition 

was about 65 years. Based on this analysis, it is expected that the city has to replace about 17% of the total water 

mains worth $7 million. 

Scenario 4 - Hybrid (65-Year Useful Life for AC Pipes and US EPA Useful Lives for Other Pipe Materials) 

This hybrid scenario was designed to provide a more representative view of the City's water main replacement needs. 

As indicated in Scenario 3, the representative age of water mains identified to be poor condition was 65 years. Closer 

review of poor condition water mains revealed that they are mostly asbestos cement (AC) pipes. In this scenario, all 

AC pipes were assigned a 65-year useful life while other pipe materials were assigned useful life identified by the US 

EPA. This assumption is supported by the Utah State University study5. The study revealed that, for AC pipes, the 

frequency of leaks increased by 43% after 50 years. In another words, after the 50 th year, the AC pipe decay curve 

(Figure 1-2) rapidly falls, indicating that there is little service life left before failure. A majority of AC pipes in the City 

were installed in the 1950's, 1960's, and 1970's. Based on this analysis, it is projected that the City will need to spend 

4 "Life Cycle Assessment of PVC Water and Sewer Pipe and Comparative Sustainability Analysis of Pipe Materials." 
Sustainable Solutions Corporation (2017). 
5 Folkman, Steven . "Water Main Break Rates in the USA and Canada: A Comprehensive Study." Utah State University 
Buried Structures Laboratory (2018) . 
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about $6.6 million in the next 10 years. This equates to about 16% of the total water mains. 

Scenario 5 - San Jose Water Company Useful Life 

This scenario uses water main useful lives recommended by SJWC. According to SJWC, life expectancy is 85 years for 

AC, 110 years for Cl and 70 to 85 years for WS mains. The remaining mains are estimated conservatively to have a 

100-year useful life. Based on this analysis, it is expected that the City has to replace about 4% of the total water 

mains worth $2.9 million within the next 10 years. 

Water Main Useful Life Scenario Summary 

The summary of scenario results is provided in table below. Although it is difficult to predict exactly when the water 

mains will fail and how much budget is required to replace them, the scenarios provide an expectation between the 

worst-case and the best-case scenarios. The conservative and aggressive scenarios establish the two extreme 

numbers. From there, both the hybrid and SJWC numbers incorporate system knowledge in the analysis. From the 

scenarios, the City may expect to spend about $3 to $6.6 million for water main replacement in the next 10 years. 

Table 4-1 Water Main Useful Life Scenario Summary 

Scenarios Assumption 10-Year Projection 

DI US EPA Useful Lives a Con~;~ative 

II~ 
~ sive 

. - H~1:ir1d 

II San Jose Water 

Company 

Valves 

]i Water main useful life based on US EPA study 

All water main useful life set to 100 years 

]1 All water main useful lif~ set t~- 6~~ears 

65-year useful life for AC pipes and US EPA useful lives 

for other pipe materials 

Useful life and replacement cost based on SJWC 

recommendation 

$1.4 million 

$1.4 million 

$7.0 million 

$6.6 million 

$2.9 million 

Similar profiles were constructed for valves. The following figure shows the installation profile of the water valves 

by decade. Like with the mains, assumptions were made based on neighboring assets when installation information 

was not available. Similar to water mains, 31% of valves are over 50 years old . 
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Figure 4-6 Valve Installation Profile by Decade 

The figure below presents the condition profile for water system valves (i.e., air release, air vent, blow off, line, 

zone). It was assumed that the water system line valves would be replaced when the main is replaced . As such, the 

installation year and useful life were set to be the same as the nearest main. Valves on AC pipes were set to 65 years 

and valves on other pipe materials were set to US EPA recommended years. Data analysis show that about 10% of 

the valves are in Poor and Failed/Critical condition. In the next 10 years, it is anticipated that the City will need to 

spend about $160,000 to replace aging valves. 

Figure 4-7 Valve Condition Profile 

Hydrants 

.Excel~31% 

VefyGood: ] )<A. 

Good 26"1 

. Pooc .... 

ll, F;1ik-d/Crrtic.at• t 'JE, 

The following figure presents the installation profile of the hydrants by decade. Like the water mains and valves, 

some of the oldest hydrants were installed in the 1950s and 1960s. Currently, about 11% of hydrants are expected 

to be 50 years or older. 
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Figure 4-8 Hydrant Installation Profile by Decade 

The figure below presents the condition profile of the hydrants. Useful lives of hydrants have been stated to be 

anywhere between 40 years to 100 years. A 100-year useful life was used in this analysis as the previous condition 

assessment work (Technical Report of the Leased Water System Inspection, 2017) revealed the hydrants to be in 

good condition. In general, hydrants are visible and regularly tested and exercised; as such, hydrant condition tends 

to be more updated and managed compared to other buried assets. Cities and water providers near Cupertino (e.g., 

City of Livermore, Santa Clara Valley Water District) also utilized a 100-year life for hydrants. The following condition 

profile reveals the hydrants to be in good condition or better. 

• Excl!tlef'it 84% 

• Ve,yGood, 16% 

. Good,"" 

• Poor0% 

• Failed/Critial OS 

Figure 4-9 Hydrant Condition Profile 

In the next 10 years, fire hydrant needs were limited to maintenance activities (i.e., testing and paint) . During our 

field visit, numerous fire hydrants that are in need of repaint were identified. It was assumed that a typical per unit 

cost to sand blast, prime, and paint a fire hydrant is $125. At this rate, the total need for next 10 years was $44,500. 

No fire hydrant replacement needs were identified. 

Water Services 

The following figure presents the installation profile of the water services by decade. Like the mains, there were 

many services for wh ich the installation year was not available. As such, age assumptions were made based on 

neighboring assets or nearby developments (i .e., construction year of neighboring homes). Based on these 

assumptions, approximately 28% of services are estimated to be 50 years old or older. 
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Figure 4-10 Water Service Installation Profile by Decade 

Due to a thinner pipe wall , water services typically have shorter service life when compared to water mains. Multiple 

analyses were performed using varying water service life (i.e ., SO-years, 65-years, 80-years) to gain understanding 

of the expected condition and their resulting budget for replacement. These scenarios were developed based 

available data analytics and from similar projects from nearby areas (e.g., Livermore) . 

It is important to note that, due to lack of available data, the installation year of water services were estimated to 

be equal to neighboring assets (i.e., water main) or nearby developments (e.g., construction year of neighboring 

homes). It should also be noted that, as mentioned in the water main analysis section, that some water mains could 

be older than shown in the database. 

According to water service installation data from the past 20 years, over 450 services were replaced since 1997. This 

equates to about 10% of water services in the City. Further examination of the data revealed that the 53% of the 

replaced water services were connected to AC water mains where the average age was 43 years old. If water services 

were installed at the time of water main construction, it can be deduced that useful life of water services is about 

43 years. However, since the City is not experiencing daily water service breaks, the scenario analyses of the water 

service useful life were represented as SO-years, 65-years, and 80-years. 

Scenario 1 - SO-Year Water Service Life 

An expected useful life of 50 years was used to model the condition of water services. Using a SO-year useful life, it 

is estimated that about 44% of water services are in Poor to Failed/Critical condition . The total replacement cost of 

these water services equates to approximately $10.3 million . The Failed/Critical condition water services alone 

summed to approximately $6.9 million. Failed/Critical condition water services are estimated to have exceeded their 

expected lives. 
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Figure 4-11 Water Service Condition Profile at SO-Year Useful life 

Scenario 2- 65-Year Water Service Life 

An alternative analysis was performed using a 65-year useful life. In this analysis, it is assumed that water services 

will be replaced at the same time water mains are replaced. In the water main discussion above, it was concluded 

that reasonable expected useful life of an AC pipe is 65 years. As approximately 60% of the City's water mains are 

AC (Table 2-2), water service useful life was set to 65 years to assume that water services will be replaced at the 

same time. The following figure shows the water service condition profile based on 65-year life. In this scenario, 

services in Poor or Failed/Critical condition equated to 12% or approximately $2.7 million dollars . 

• b,ellerrt:29% 

• Very Good: 34._, 

• Good-26'"' 
. Poor. 100, 

• Failod/Critic.al: 2.%. 

Figure 4-12 Water Service Condition Profile at 65-Year Useful Life 

Scenario 3 - BO-Year Water Service Life 

Another scenario was developed simulating 80-year useful life for water services. With the earliest water service 

installation taking place in the 1950's, an 80-year useful life scenario will push any replacement need for the water 

services out of the 10-year planning window. As expected, no water services were identified to be in Poor or 

Failed/Critical condition. 
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Figure 4-13 Water Service Condition Profile at BO-Year Useful life 

Water Service Useful Life Scenario Summary 

The following table summarizes the water service scenarios. Water service data revealed the average life of the 

services that have been replaced was 43 years. In addition, the data showed that many services that were replaced 

were connected to AC pipes, the oldest pipes in the City. As water service pipe walls are thinner, it will be tough for 

water services to match the life of the water mains. Given this fact, if a reasonable useful life approximation of an 

AC pipe is 65 years, it will be realistic to assume that water service replacements may reach about $3 million within 

the next 10 years. 

Table 4-2 Water Service Useful life Scenario Summary 

Scenarios 10-Year Projection 

- I 
SO-Year $10.3 million 

- I 
65-Year $2.7 million 

- I 80-Year $0 

Water Meters 

The following figure presents the water meter profile of the services by decade. SJWC practices a 20-year water 

meter replacement program. In 2009, many of the meters (66%) were replaced. As such, water meters in the leased 

area are in very good condition. The average age the water meter is 8 years. 
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Figure 4-14 Water Meter Installation Profile by Decade 

The water meter condition profile is provided below. As expected, overall, the water meters are in excellent to very 

good condition. However, the analysis indicates that there is $36,000 worth of water meters requiring replacement. 

According to data, these are water meters that were those not replaced in the recent replacement projects. 

Figure 4-15 Water Meter Condition Profile 

Facility Condition Profiles 

• Excellent: 32% 

• Very Good: 67% 

. Good:O'lh 

• Pooc O'lh 

• failed/Critical: 196 

The following figures give an overview of the condition of the assets at the pump station, storage tanks, and wells. 

On-site inspection of the facility assets took place. All visible and accessible asset condition is based on visual 

inspection. For those assets not visible or accessible, the condition of the asset was estimated based on age. 

Mann Pump Station 

The following figure provides an overall asset condition profile for the Mann Pump Station. It was noted during 

inspections that the pump station is aging; original construction is estimated to have taken place in the 1980's. As 

shown in the figure, many assets have been replaced since original installation and were in good condition. About 

18% of the assets, however, were noted to be in Poor or Fa il ed/Critical condition. In particular, the emergency 

generators and electrical controls were noted to have likely exceeded their useful lives, and the ability of the 

generators to provide power when needed was questionable. In addition, pump number 3 is aging and is in need of 

replacement. The estimated total replacement cost of these assets is about $1.1 million . 
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Figure 4-16 Mann Pump Station Condition Profile 

A comprehensive list of assets requiring replacement or rehabilitation is provided in Table 4-4 below. 

Table 4-3 Mann Station Assets in Need of Replacement or Rehabilitation 

Asset Name Condition Replacement Cost 

Engine-Generator Set, Bus B Poor $360,000 

Engine-Generator Set, Bus A (Trailer Mounted) Poor $360,000 

Main Switch Board Poor I $100,000 

Automatic Transfer Switch. Bus B Poor $30,000 

Motor Control/Disconnect - Motor 1 Poor $30,000 

Motor Control/Disconnect - Motor 2 Poor $30,000 

Motor Control/Disconnect - Motor 3 Poor $30,000 

Motor Control/Disconnect - Motor 4 Poor $30,000 

Motor Control/Disconnect - Motor 5 Poor $30,000 

Booster Pump #3 Poor $100,000 

Booster Pump #3 Motor Poor $30,000 

Flow Meter Vault Sump Pump Poor $500 

Security fence Poor $11,375 

Reservoirs 

Figure 4-17 provides the condition profile for the storage tanks. It should be noted that this condition profile looks 

only at structural condition; any level of service recommendations (e.g., regulatory, seismic, water demand) will be 

included in the recommended CIP and future replacement and rehabilitation sections. As shown in the figures, the 

Cristo Rey Storage Tank is in very good condition as it was constructed in 2000. Mercedes Station Tank #2 was 

recently rehabilitated in 2018. Mercedes Station Tank #1 is currently out of service as the current water demand 
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does not require it. However, if t he water demand increases, Tank #1 will be required again. A full rehabilitation will 

be required if Tank #1 is to come back on line. In 2018, Tank #2 was rehabilitated for $1.5 million. Rehabilitation of 

Tank #1 should cost about the same. 

Cristo Rey Storage Tank 

Wells 

• bul~nrO'lC, 

• Very Good: 100'll, ·-... ·-... • h ~t<l: O'\ 

Mercedes Station Tank #1 

.fu:tllfntO,,. 

• .,.,.,Good- .. 

· -'"' 
. Poor:,~ 

• rai1«1:01& 

Figure 4-17 Storage Tanks Condition Profile 

Mercedes Station Tank #2 
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The condition profile of both Flowering Pear Well and Franco Court Well is presented in Figure 4-18 below. The 

overall condition of the wells is good as both wells were rehabilitated in 2015. At both wells, assets in need of update 

or replacement are electrical assets and fencing. The total replacement cost of assets in need is estimated to be 

about $51,000. 

Flowering Pear Well 

a c>1cellent0% 

I,. Very Good: 23% 

a Good: 54% 

• Poor 23'% 

• Failed/C.ritical: 0% 

Franco Court Well 

Figure 4-18 Flowering Pear Well and Franco Court Well Condition Profile 

• Excellent. 0% 

I\ Very Good: 17% 

III Good:67% 

• Poor: 17% 

• Failed/Critical: 0% 

A comprehensive list of assets identified at the wells to be in poor condition is provided below. The list is categorized 

based on on-site visual inspection and age-based estimation . These poor-condition assets will be included in the 20-

year CIP recommendations (Chapter 7). 
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Table 4-4 Flowering Pear Well and Franco Court Well Assets in Poor Condition 

Well Asset Name Condition Replacement Cost 

Flowering Pear 

I Fencing I $7,875 

Control panel $10,000 

I Transfer switch I $15,000 

Franco Court 

I Fencing I $3,150 

Motor controller $15,000 
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5 How Should the Assets be Prioritized? 

In order to prioritize the future needs for the water assets, a risk-based approach that incorporates Probability of 

Failure (PoF) and Consequence of Failure (CoF) was utilized. 

5.1 Probability of Failure 

The PoF score indicates the projected time until the asset fails to function as intended. PoF was represented by a 

score of O (new or very low probability of failure) to 1 (failed or very high probability of failure). An asset failure is 

represented by different failure modes (i.e., mortality, capacity, level of service, financial efficiency). 

For the mortality failure mode, asset condition score or age was the key factor in determination of the PoF score. 

For water mains, historical main breaks were also incorporated. 

For the capacity failure mode, hydraulic modeling work was performed to identify any capacity issues in the water 

system. The results of the hydraulic modeling indicate that the current system is capable of meeting current and 

future demand. However, field sample testing was lower than the hydraulic modeling capacity. The field results 

could be due to valve issues, leakage, or other issues; more investigation is required. For more information on the 

hydraulic modeling, refer to Appendix B. 

For the level of service failure mode, the need for changes to the system to support the service demand were 

incorporated in the asset failure. These included water pressure, water quality, regulatory, safety, and emergency 

concerns. 

For the efficiency failure mode, low efficiency (e.g., financial, energy) was the key factor for identifying asset failure. 

5.2 Consequence of Failure 

The CoF is a numerical measurement of the criticality of the asset, that is, the impact of the asset failure. Where 

applicable, the impact of failure was assessed with respect to the triple bottom line factors of sustainability: 

economic, social, and environmental. CoF scores were assigned on a scale of 1 (low criticality) to 5 (high criticality) . 

The CoF is used to help prioritize the asset under limited budget and resources. 

Prior to the asset management project, SJWC conducted a CoF analysis as documented in the 2015 Pipeline 

Consequence of Failure Study (Appendix C). The goal of the study was to rank each segment of the water pipeline 

from the highest to lowest consequence of failure . 

The following consequences were considered during the CoF evaluation : 

• Health and Safety 

o Potential water quality hazards due to contamination infiltration 

o Potential for injury due to flooding 

o Disruption to critical facility operations 

• Transportation 

o Disruption to traffic along high traffic volume roads 

• Business 

o Disruption to businesses 

• Systems Operations 
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o Water supply shortage due to transmission main damage 

o Water system facility disruption due to critical pipeline damage 

Based on the principles of asset management, the CoF methodology was concluded to be sound. The CoF scores for 

the water mains were incorporated into the asset management study. In some cases, the water main IDs had 

changed since the 2015 study. These changes are likely due to water main replacement. Where possible, the score 

from the study was applied to the new pipe ID; where the new and old pipe IDs could not be reconciled, the score 

from the neighboring pipe was applied. 

In order to make the main CoF scores consistent with facility asset CoF scores, the scores and ranking from the 2015 

study were normalized to the 1 to 5 scale as summarized in the following table. 

Table 5-1 Water Main CoF Scoring 

Pipe Rank % of Total Pipe Quantity % of Total Pipe Length CoF Score 

1 to 106 10% 8% 5 

107 to 212 I 10% 22% I 4 

213 to 530 32% 33% 3 

531 to 760 I 22% 27% I 2 

761-1061 I 27% 26% 1 
I 

The following figure illustrates the CoF scores for the water mains. Valves along the water mains (e.g., line valves, 

blow off valves, air release valves) were given the same CoF score as the highest-CoF main to which it is attached. 

Figure 5-1 Water Main CoF Scores 
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The remaining water distribution asset CoF scores are shown in the table below. As hydrants provide critical 

emergency services, they were given a CoF score of 5. Water meters and services were given scores based on size. 

The greater the disruption a water service failure would cause, the greater the economic consequence of a failure . 

Table 5-2 Water Distribution CoF by Asset Class 

Asset Class CoF 

Hydrant 5 

Hydrant Valves and Pipe 5 

lnterties 5 

Meters and Services~ 4 in 4 

Meters and Services between 1.5 and 3 in 2 

Meters and Services:,; 1 in 1 

The following table shows the CoF scores for the water facility assets. Facility assets were given CoF scores based on 

their importance to the overall facility's ability to function. As such, many of the major mechanical and electrical 

assets (e.g., pumps, motors, emergency generator, MCC) were given high CoF scores. 

Table 5-3 Water Facilities CoF by Asset Class 

Asset Class CoF Asset Class CoF 

Tank r 5 Flow Meter 4 

Motor 5 Level Sensor 4 

Pump I 5 Pressure Transmitter 
I 

4 

Generator 5 Intrusion Alarm 4 

SCADA 5 Sump Pump 4 

Vault Structure 5 Building 3 

Well Casing 5 I Strainer 3 

Level Switch 5 Gantry Crane 3 

Level Transmitter 5 Driveway/Pavement 2 

Local Control Panel 4 Exhaust Fan 2 

Transfer Switch 4 I Valve 2 
I 

Breaker Panel 4 Fencing 1 

Main Switch Board 4 Lighting I 1 
I -

Disconnect Switch 4 
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The following figure summarizes the percentage of critical assets. Figure 5-2 represents the asset criticality profile 

for all assets. Using the CoF assessment methodology summarized above, about 14% of all water system assets are 

considered to be critical (CoF ~ 4). 

CoF=1, Count=S,579-----------.. 

--------<"oF=S. Count=1,481 

'----------roF=4, Count=242 

--CoF=3, Count=650 

- CoF=2. Count=1.292 

Figure 5-2 Asset Criticality Profile 

5.3 Risk 

The following figu res show the resulting overall risk profiles for the water system. Th is profile incorporates both the 

Probability of Failure (PoF) and Consequence of Failure (CoF) scores to prioritize the assets. The assets in the red 

zone of the risk matrix are the highest risk assets. Under limited resources, assets in the red zone should take priority 

over others in terms of being replaced. 

There are 26 high-risk assets with a total estimated replacement or rehabilitation cost of approximately $3.8 million . 

These assets are composed of water mains, water distribution system valves, water services, emergency generators, 

and tank rehabilitation at Mercedes Road. It should be noted that, as mentioned in Section 4.3, that Mercedes 

Station Tank #1 is currently not operating as the current water demand does not require it. However, if the water 

demand returns to historical level (3 MGD), Tank #1 will need to be operating again. More discussion on the need of 

Tank #1 will be provided in the CIP section (Chapter 7) of this report. The high-risk assets will be included in the 20-

year CIP recommendations. The 148 assets in the medium risk (yellow zone) include water mains, water services, 

fire hydrants, and others. Under ideal conditions, all assets would be replaced as they reach PoF 1 at the top of the 

matrix; the replacement should be prioritized based on risk (red, yellow, and green) . 
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Figure 5-3 Risk Matrix 
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6 What are the Recommended Levels of Service? 

Levels of service are performance indicators expressed as specific, measurable outcomes with defined time 

constraints. Service levels support priorities expressed in strategic plans, budget objectives, and policy-maker 

direction. The City should use levels of service to describe a commitment to service delivery, sustainability and risk 

management, asset performance, and regulatory compliance. Service levels are measured on a regular basis to learn 

where the organization is meeting or exceeding its goals and where improvement is needed. Service levels also 

indicate the level of effort and likely costs the agency must incur to meet its goals. The International Organization 

for Standardization in its Asset Management Guidelines (ISO 55002:2014(E)) note that defining service levels help 

ensure that the organization's assets are meeting the needs of customers and other stakeholders. 

In order to develop levels of service for the City's water distribution system, four categories of indicators should be 

considered: 

1. Sustainability - Sustainability topics will include minimizing the environmental impact of water 

operations, providing adequate financial resources for operations and capital needs, and maintaining a 

data-driven, effective organization . 

2. Asset Performance - The asset performance section will identify actions required to obtain maximum 

performance and value from the community's investment in infrastructure. 

3. Customer Service - The customer service category will address rate payers' expectations for product 

quality and reliability and for responsive, effective assistance from water organization employees. 

4. Regulatory Compliance - Regulatory compliance will call out the responsibilities of the water agency to 

remain in compliance with the elements of the California Water Resources Control Board (WRCB) permit, 

state laws, and water regulations. 

The tables below contain 51 level of service measurements recommended for the City. The indicator's level of 

importance is ranked on the following scale. 

Table 6-1 Level of Service Importance Ranking 

Rank Description 

3 Critical 

2 I Important 

1 Useful 

The measurements that matched AWWA "Benchmarking Performance Indicators for Water and Wastewater (2016 

Edition)" are accompanied by the AWWA's benchmark numbers represented as high, median, and low percentiles 

of performance. Management and policy-makers often use these indicators to monitor performance and track the 

movement in the set direction. 

6.1 Environmental, Organizational, and Financial Sustainability Levels of Service 

The following table presents the recommended susta inability level of service to ensure stability by minimizing impact 

on the environment, maintaining an effective, productive organization, and ensuring that current and future 

financial obligations will be met. 
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Table 6-2 Environment, Organization, and Financial Sustainability levels of Service 

AWWA Performance Indicators 

What We Do What's Our Standard How We Criticality 75th Median 25th 

Measure Level Percentile Percentile 

Capital expenditures or funds 2.8% of NPV of pump station Auditor attests 3 2.80% 1.50% 0.60% 

reserved for pump station and rehabilitation/ replacement annually 

storage rehabilitation/ cost I I I I 
replacement 

.. 
Capital expenditures or funds 2.5% of NPV of well Auditor attests 3 2.5% 1.5% 0.3% 

reserved for well rehabilitation/ rehabilitation/ replacement annually 

replacement cost 

Capital expenditures or funds 2.1% of NPV of distribution Auditor attests 3 2.1% 0.9% 0.5% 

reserved for main and service piping rehabil itation/ annually 

line rehabilitation / replacement replacement cost 

Set billing rates at levels that Rates provide adequate Auditor attests 3 

support both routine operations funding for operations, current annually 

and planned capital capital projects, and reserve 

replacement and rehabilitation . funds as established by system 

Adjust rates annually. policy-makers 

Employees maintain required 100% I Quarterly 3 : 
certification levels review of 

training and 
' I testing records j 

Monitor and reduce water loss S4% AWWA water 2 3.3 5.9 14.3 

audit software 

Keep employee turnover rate S5% Human 
I 

2 5.8% 6.8% 9.6% 

low resources 
I 

! director attests 

Maintain at least a 2-day supply 4.86 MG System records 2 

in storage based on average annually and 

production for the previous 5 adjusted by the 

years UWMP 

High risk assets receive priority Funding for high risk asset Biennial policy- 2 

funding in replacement and replacement /rehabilitation not maker review of 

rehabilitation program less than 85% of planned work asset risk 

assessment and 

' ' CIP 

Adopt and regularly revise Management reviews and Annually 2 

standard operating procedures approves 

Increase annually use of 5% increase year over year System records 1 

recycled water for irrigation and annually 

other non-potable uses year 
I I over year I I 
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AWWA Performance Indicators 

What We Do What's Our Standard How We Criticality 75th Median 25th 

Measure Level Percentile Percentile 

Reduce electrical power costs ~2% Power bills and 1 

year over year and increase records of local 

alternative energy sources and power 

fuels. generation 

quarterly. Fuel 

consumption 

records 

quarterly 

Per capita water use steady to Per capita use does not exceed Customer billing 1 

declining a rolling two-year average records 

Make maximum use of grants 1 successful application every 3 Application 1 

and zero interest rate loans to years history 

support the water system 

Maintain at least a high-grade Annual review Rating agency 1 

bond rating 

Employees rate workplace as ~85% Biennial survey 1 

excellent or good 

6.2 Asset Performance Levels of Service 

From piping to pumps, a distribution system is asset-centric. The ability of underground and above ground assets to 

function properly facilitates delivery of potable water to customers. Establishing asset performance measurements 

will give management and policy-makers the guideposts needed to keep the organization's physical assets 

functioning at desired levels. A complete asset inventory, including criticality, will be instrumental in planning and 

executing preventive and corrective maintenance. Identification of critical assets and careful assessment of risk, 

updated routinely, will assure that limited resources are directed toward assets with the highest impact and 

probability of failure. 

Table 6-3 Asset Performance Levels of Service 

AWWA Performance Indicators 

75th 25th 
What We Do What's Our Standard How We Measure Level Median 

Percentile Percentile 

High risk system valves ~99% Maintenance records 3 

exercised annually quarterly review 

Low risk system valves ~20% Maintenance records 2 

exercised annually quarterly review 

Hydrants tested 20% per year Maintenance records semi- 3 

annual review 

Asset inventory and 100% of assets Capital purchase and 3 

criticality database up to identified and maintenance records 

date criticality assessed reviewed annually 

Asset failures analyzed, 

I 
~99% Maintenance records 2 

and follow up actions annual review 

completed I 
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AWWA Performance Indicators 

75th 25th 
What We Do What's Our Standard How We Measure level Median 

Percentile Percentile 

Asset operation and 2'99% Maintenance records 1 

maintenance costs fully annual review 

tracked 

Operate a mechanical, Failures and impaired Report performance and 3 

electrical, performance decline replacement of equipment I 
instrumentation and year over year. Non- in program semi-annually I 
structural preventive compliant equipment ! 

' maintenance program replaced I 

I 
for all assets valued at I 

$5,000 or critical to I 

system operation 
I ... 

Tank cleaning and 100% Maintenance records 3 

inspection every 5 years 

including corrosion 

control 

Main or service line 2'95% Maintenance records 1 

breaks repaired within 6 

hours 

Adopt and revise a five- Policy-makers Annually 2 

year capital approve plan and 

improvement plan that revisions. Review 

reflects asset criticality progress. 

Testing of large meters Large meters - Maintenance records 2 

or aging meter groups annually 

Aging meters - 20% I 
annually I 

Conduct a leak detection Water loss declines Management report to 3 

program to reduce water year over year by at policy-maker annually. 

loss and identify failing least 5%. Failing 

pipe sections segments identified 

and prioritized for 

repair or replacement 

Breaks or leaks per 100 ~6 

I 
Maintenance records 3 6 13 25 

miles distribution pipe 

Maintain and update Biennially Management reports to 2 

system risk assessment policy-makers 

6.3 Customer Service Levels of Service 

Customer service indicators describe the actions the organization will take to ensure the satisfaction of the rate 

payers and consumers. These levels of service set out markers for staff and decision-makers to guide individual 

interactions, community outreach and information availability, and the quality and reliability of the product. 
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Table 6-4 Customer Service Levels of Service 

AWWA Performance Indicators 

What We Do What's Our Standard How We Measure Level 75th Median 25th 

Percentile Percentile 

Answer phone calls 90% of calls Phone system records 1 

promptly answered within 20 monthly 

seconds 

Total hold time -, 1 minute Phone system records 3 0.6 1 2 

monthly/ annual customer 

survey 

Percent of calls 3.6% Phone system records 2 3.6 6.5% 10.6% 

abandoned monthly 

Water quality complaints 3 Customer records 1.7 4.1 10.5 

per 1,000 customers 

Customer requests .:98% Customer management 2 

resolved within 1 software monthly/annual 

business day customer survey 

Minimum notice of 24 .:98% Notice and outage records 2 

hours for all planned quarterly 

shutdowns 

Minimum notice of 15 .:85% Notice and outage records 1 

minutes for all quarterly 

unplanned shutdowns 

Amount of time water is 99.90% Outage records quarterly 3 

available to all customers 

Unplanned outages per 1.38 Outage records quarterly 3 0.51 1.38 2.89 

year per 1,000 customers 

Customers able to use .:90% Annual customer survey 2 

desired payment 

methods for water bills 

Customers able to use .:95% Annual customer survey 2 

desired tools to learn 

about water system . I 
activities and issues 

Customers rate water .:90% Annual customer survey 3 

service excellent or good 

AWWA stakeholder .:90% Management review 2 92% 67% 42% 

outreach program 

! checklist I I 

6.4 Regulatory Compliance Levels of Service 

Regulatory compliance is required by provisions of federal and California law and by orders and resolutions of the 
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State Water Resources Control Board, California's primary water regulator. The indicators in th is section highlight 

the actions necessary to reliably deliver high-quality and safe drinking water, meet community fire flow demands, 

and secure future water supplies. 

Table 6-5 Regulatory Compliance levels of Service 

AWWA Performance Indicators 

75th 25th 
What We Do What's Our Standard How We Measure Level Median 

Percentile Percentile 

Remain in compliance with all 100% WRCB 3 100% 100% 100% 

permit requirements 

Provide fire flows required by 100% Annual testing in 3 

SCCFD conjunction with 

flushing program 

Urban Water Master Plan Every 5 years Management presents 3 

I completed results to policy-

makers 1. 

. 

Maintain backflow prevention All devices tested and in Test records. Location 3 

program in compliance with compliance. All program and required 

Title 17, Code of Regulations requirements met improvement reports. 

Annually. 

Maintain 0.2 free chlorine in 100% Sample testing records 3 
I I 

distribution system 
i 

Complete sanitary survey for Every 5 years Management presents 3 

well sites results to policy-

makers, 

Maintain system pressure ~95% Maintenance records 2 

between 40 and 70 PSI 

Flush system annually to 100% of dead ends and Maintenance records 2 

maintain water quality low flow areas; 

33% of other mains 
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7 What is Needed to Sustain the Delivery of Services? 

The next step in the asset management analysis is to investigate the current and future asset replacement and 

rehabilitation needs. The future needs of the water system were evaluated based on the following methods: 

• Condition and Age 

• Level of Service 

• Efficiency 

The condition and age-based analysis focuses on the physical mortality of the assets, including when the assets need 

replacement and how much it will cost. The level of service analysis investigates the current system's ability to 

continue delivery of services, including capacity and safety. The efficiency analysis evaluates the system for any 

efficiency recommendations. 

7.1 Condition and Age Based Analysis 

In order to estimate the long-term asset replacement and rehabilitation needs in terms of physical mortality, a life

cycle cost analysis was performed for each asset. As described in Section 1.2 of this report, each asset class was 

assigned a life cycle cost logic or management strategy (e.g., useful life, decay curve, rehabilitation activities) that 

includes the rehabilitation and replacement activities to best characterize the life cycle investment needs for the 

asset. The estimated useful life is based on industry standards/reference documents (e.g., AWWA, Water Research 

Foundation, US EPA, Utah State University) or similar projects nearby the City (e.g., City of Livermore, Santa Clara 

Valley Water District) . Assets in condition 4 or 5 that fail within the planning horizon are included in the long-term 

replacement needs. The following table summarizes the management strategies. 

Table 7-1 Management Strategies 

Useful 
Rehabilitatio Frequency Rehabilitation Frequency 

Asset Class Life Cost Cost 
(Years) 

n Activity (Years) Activity (Years) 

Air Release Valve 40 I 
Blow Off Valve 40 

Water Main - AC 65 ' 
Water Main - DI 87 

Water Main - Cl 75 

Water Main - 84 
FCKL, PVC, or WS 

Water Main 84 

Casing 

Line Valve, Same as 

Connected Main Main 

Water Service I 65 

Meter 20 

Sampling Station 100 

Fire Hydrant 100 Rehabilitation 15 $300 
(Paint) 
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Useful 

Life 
Rehabilitatio Frequency Rehabilitation Frequency 

Asset Class Cost Cost 

(Years) 
n Activity (Years) Activity (Years) 

Mann Pump Major 30 30% of cost Replace 15 $21,000 

• Station Building rehabilitation roofing 

Breaker Panel 30 

Control Panel 30 

Disconnect 15 

Switch 

VFD 15 
I 

Exhaust Fan 20 

Fence 20 I ; 

Flowmeter 20 

Gantry Crane 15 

Generator 30 

lntertie 100 I 

Intrusion Alarm 15 

Level Sensor I 10 

Level Switch 10 

Level Transmitter 10 

Lighting 30 

Motor 20 Rehabilitation 10 25% of 

replacement 
I I cost 

Pavement - 80 Rehabilitation 20 25% of 

Asphalt replacement 

cost 

Pavement- 80 Rehabil itation 20 25%of 

Concrete replacement 
I cost 

Unpaved Road Rehabilitation 2 25% of 

replacement 

cost 

Pressure 10 : I 
I 

Transmitter 
I 

Pump 40 Rehabilitation 20 
1

25% of 

replacement 

cost 

SCADA 15 ➔ 
I 

Strainer 15 
" 

Sump Pump 10 
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Reservoir Tank 125 Rehabilitation 35 $ 500,00 Drain and 7 $10,000 

(e.g., paint) 0 inspection 

Transfer Switch 30 

Facility Isolation so 
Valve 

Facility Check 35 

Valve 

Facility Air 25 

Release Valve 

Vault Structure 100 

The following figures show the long-range asset replacement and rehabilitation needs for the water system assets. 

Three planning horizons were utilized: 100 years, 20 years, and 10 years. A 100-year analysis provides a visualization 

of full replacement of all assets in the water distribution system (e.g., water main with 100-year life). For planning, 

a 20-year view provides a closer outlook of any upcoming spikes. A 10-year horizon will provide a more detailed 

information on what assets are anticipated to fail in the near future . 

100-Year R&R Analysis 

The result of a 100-year life cycle analysis is provided below. The total asset replacement and rehabilitation needs 

for the next 100 years is estimated to be $164.9 million. The average annual asset replacement and rehabilitation 

need is approximately $1.6 million in 2019 dollars. Inflated costs were not calculated as the long, 100-year, horizon 

exponentially increases the total replacement and rehabilitation sum. In addition, the City will never plan based on 

a 100-year planning horizon. 

In the first couple of years, most replacement and rehabilitation needs are for water mains, valves, services, and 

meters; the overdue replacements include water services that are estimated to need replacement and 

recommended replacements at the facilities (e.g., emergency generators). 

$6,000.000 

$4,000,000 

$2,000.000 

so 

2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 2080 2085 209-0 2095 2100 2105 2110 2115 2120 

Vear 

Figure 7-1 Water Distribution Asset Replacement and Rehabilitation Profile {100 Years) 
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20-Year R&R Analysis 

In addition, a 20-year replacement and rehabilitation analysis was conducted. The total replacement and 

rehabilitation need for the next 20 years is $37.1 million. The average annual needs over a 20-year horizon is 

approximately $1.9 million per year. 

S4,000,000 

~ "·~- --.1 •. -1_11 
$0 C 

2020 2025 2030 2035 

Year 

Figure 7-2 Water Distribution Asset Replacement and Rehabilitation Profile (20 Years) 

The following graph provides a closer look at Figure 7-3 by summarizing the 20-year age and condition-based needs 

by asset class or location. Note that level of service recommendations will be covered in the next section . Over the 

next 20 years, it is anticipated that water mains ($17.3 million), water services ($9.2 million), Mercedes Road and 

Cristo Rey reservoirs ($2.1 million), and Mann pump station ($2.4 million) will be the biggest needs. 

Water Mains, I ______ 
$17,376,126 r- ----

I Services, 
2_9,244,742 

Air Release Valves, 

$3,857 
., r-

.,/~ w Off Valve, 

/ / L $154,2 50 

,--~ 
-·..:;:- Fire Hydrant,, 

$233,100 

"-
jline 'valves, I 

-:::.::,- . 1 sso9,6oo i 

' ~ -~---
• Meters, $4,829,065 I 

Figure 7-3 Total 20-Year Condition-Based Replacement and Rehabilitation Profile by Asset Type 

The bulk of the R&R needs over the 20-year horizon for reservoirs is for Mercedes Road Station. These activities 

include the electrical building and system replacement, generator installation, tank rehabilitation/inspection, site 

rehabilitation, and replacement of various instruments and valves. 
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The future R&R over the 20-year horizon for Mann Pump Station includes generator replacement, pump and motor 

assembly replacements, tank rehabilitation/inspection, and building and site rehabilitation. 

10-Year R&R Analysis 

The analysis was repeated using a 10-year horizon to project the short-term needs. The total replacement and 

rehabilitation need for the next 10 years is $13.8 million. The average annual needs over a 10-year horizon is 

approximately $1.4 million per year. 

SJ,000.000 -----

S2,000.000 

Sl,000.000 

so < 

2020 2025 

Year 

Figure 7-4 Water Distribution Asset Replacement and Rehabilitation Profile (10 Years) 

The following figure presents a more detailed look of Figure 7-5 by summarizing the 10-year age and condition-based 

needs by asset class or location. Note that level of service recommendations will be covered in the next section. Over 

the next 10 years, it is anticipated that water mains ($6.7 million), water services ($3.0 million), Mercedes Road and 

Cristo Rey reservoirs ($1.9 million), and Mann pump station ($1.6 million) will be the biggest needs. 

Water Mains, 
$6,660,642 

~------. Fire Hydrants, I 
$114,300 . 

Line Valves, 
$140,200 

Figure 7-5 Total 10-Year Condition-Based Replacement and Rehabilitation Profile by Asset Type 

The bulk of the R&R needs over the 10-year horizon for reservoirs is for Mercedes Road Station . These activities 

include the electrical building and system replacement, generator installation, tank rehabilitation/inspection, site 

rehabilitation, and replacement of various instruments and valves. 
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The future R&R over the 10-year horizon for Mann Pump Station includes generator replacement, pump and motor 

assembly replacements, tank rehabilitation/inspection, and building and site rehabilitation. 

R&R Analysis Summary 

The following table summarizes the annual average for the different replacement and rehabilitation analyses. 

Table 7-2 Water Management System R&R Summary 

Analysis Type Total R&R Annual Average 

100-Year $165 million $1.6 million 

20-Year $37.1 million $1.9 million 

20-Year with 3% Inflation $50.9 million $2.5 million 
I 

10-Year $13.7 million $1.4 million 

10-Year with 3% Inflation $15.5 million 
I 

$1.5 million 

The following figures provide a closer look at when major replacement needs are projected for the water mains, 

water services, and water meters. 

Water Mains 

The following figure presents the projected water main replacement for the next 20 years. As discussed previously, 

a large portion of the water mains are aging and are estimated to need replacement in the near future. In particular, 

AC mains estimated to have been installed in the 1950's and 1960's will are estimated to need replacement. In the 

next 20 years, approximately $17.4 million worth of mains are estimated to need replacement, with an annual 

average need of approximately $869,000. 

S2,000,000 

S 1,000,000 ,o~.o~ p, 

so ( 

2020 2025 2030 2035 

Year 

Figure 7-6 20-Year Replacement Profile for Water Mains 

An additional analysis was conducted on the future main replacement needs using a probabilistic method. In this 

analysis, some mains are projected to fail earlier than their expected useful lives, while others are expected to fail 

later. Using this projection method, $9.4 million worth of mains are estimated to need replacement in the next 20 

years, with an annual average of $468,000. 
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Figure 7-7 20-Year Replacement Profile for Water Mains - Probabilistic 

The following table compares the water main replacement analyses. The actual water main replacement needs will 

likely fall between the two analyses. 

Table 7-3 20-Year Water Main R&R Summary 

20-Year, Probabilistic $9.4 million $468,000 

Water Services and Water Meters 

Replacement profiles of water services and water meters are presented below. Due to their shorter lives, it is 

projected that the greatest near future asset replacement needs will be water services and water meters. As shown 

in the figure below, approximately $14.1 million worth of services and meters will need replacement in the next 20 

years, with an annual average of $704,000. 

$3,000,000 

$2,000,000 r 
$1,000,000 

$0 < 

2020 2025 2030 2035 

Year 

Figure 7-8 20-Year Replacement Profile for Water Services and Meters 
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An additional analysis was conducted on the future water services and water meters replacement needs using a 

probabilistic method. In this analysis, some services and meters are projected to fail earlier than their expected 

useful lives, while others are expected to fail later. Using this projection method, $7.4 million worth of meters and 

services are estimated to need replacement in the next 20 years, with an annual average of $371,000. 

-~-
Sl.200,000 

I _J • 
$900,000 ---1 

$600,000 'fr 

$370,676 

Sl00,000 

$0 -,--- , .... ___. ~- --
2019 2022 2025 2028 2031 2034 2037 2040 

Year 

Figure 7-9 20-Year Replacement Profile for Water Services and Water Meters - Probabilistic 

The following table compares the water services and water meters replacement analysis. The actual replacement 

needs may fall between the two analyses. 

Table 7-4 20-Year Water Services and Water Meter R&R Summary 

Analysis Type Total R&R Annual Average 

20-Year $14.1 million I $704,000 

20-Year, Probabilistic $7.4 million I $371,000 

Backlog Analysis 

Analysis was performed to compare and contrast the projected asset replacement and rehabilitation work since the 

start of SJWC's operation in 1997 to actual work performed by SJWC. A life-cycle cost analysis was performed with 

start year of analysis set to 1997. A planning horizon of 21 years was used to project the asset replacement and 

rehabilitation needs from 1997 to 2018. According to the analysis, an estimated asset replacement and rehabilitation 

needs for the 21-year period was $10.3 million. From this value, assets identified with known install year between 

1997 and 2018 were removed. This assumes that those assets were installed under SJWC's management. The sum 

of all assets installed between 1997 to 2018 equated to $8.8 million. Taking $8.8 million from the projected $10.3 

million reveals a value of $1.5 million. In theory, $1.5 million should be the amount of backlog not addressed from 

1997 to 2018. However, the confidence level of $1.5 million is low. According to the City, SJWC reported having 

spent $5.73 million on asset rehabilitation and replacements since 1997. Based on this fact, the actual backlog of 

work could range from $1.5 million to $4.57 million. 
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7.2 Level of Service Analysis 

The Level of Service analysis investigates the need for changes to the system to support the service demand. A 

capacity analysis considering both the current and future demand for water services in the water system was 

performed as part of the asset management study. The demand includes fire flow demands. As identified in the 

Cupertino Leased Water System Capacity Analysis (2018), no excessive capacity issues were identified under current 

demand. 

The future demand analysis shows that the system demand trend has been decreasing in recent years due to the 

state-wide drought. In addition, limited or no growth is expected in the service area. As such, the system has the 

capacity to support future water demand. For more information about the water demand and capacity analysis, 

refer to the Cupertino Leased Water System Capacity Analysis (2018). 

If the water demand rises, it is recommended that the City bring the Mercedes Road Storage Tank #1 back in service. 

Figure 7-10 shows a 10-year history of average water consumption. Since 2008, the average water consumption in 

Cupertino has steadily declined due to drought and water conservation programs. However, after recent wet 

winters, the graph reveals the average water consumption rising again. In 2008, the average water consumption was 

3 MGD. In 2017, this value dropped to 2 MGD. At 2 MGD, the total capacity required is 3.3 MGD, using a design 

factor (maximum daily demand) of 1.5 and fire flow requirement of 0.3 MGD. Even with Mercedes Road Storage 

Tank #1 out of service, there is enough storage (4 MG) in the system to handle this load. However, as the graph 

shows, starting 2018 there is a bit of upward trend in water consumption. If this trend continues, when the average 

water consumption reaches 2.5 MGD, the total required storage capacity will reach over 4 MG. In 2018, the average 

water consumption was 2.26 MGD. The estimated cost to bring Mercedes Road Storage back in operation is 

approximately $1.92 million . This estimate includes rehabilitation, seismic upgrades, adding mixers, and other safety 

upgrades. This cost is reflected in Table 7-9. 
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Figure 7-10 10-Year Water Consumption Trend 

An additional recommended level of service is to develop an Urban Water Master Plan at an estimated cost of 

$250,000 every 5 years. 

Another recommended project is re lated to the chron ic low service pressure at Inspiration Heights. During the 

project and capacity investigation, it was found that 22 service locations have low pressure concerns. A closed water 
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service pressure zone should be investigated as a solution . This project includes the assessment and design, as well 

as the installation of a hydropneumatic tank, a small 24-hour pumping system and standby fire pumps, and a 

separate distribution piping system for an estimated $500,000. This project is recommended to be implemented 

within 5 years. 

The connection/development of a SCADA monitoring system for the City is another recommended project. The 

priority of this recommendation varies based on whether the City chooses to operate the system or not. Even if the 

City does not operate the system, it will be helpful for the City to have the ability to monitor the status of the Leased 

Water System. This project is estimated to cost $300,000. This project is recommended to be implemented within 

10 years, or earlier if the City decides to operate the system. 

In addition, level of service includes the investigation of upgrades for regulatory, safety, and emergency concerns at 

the facilities. Seismic and emergency power upgrades for the storage tanks and wells were identified. The following 

table shows the recommended level of service upgrades for the facilities. 

Table 7-5 level of Service C/P Recommendations 

Year Asset / Location Activity Estimated Cost 

2019 Mercedes Road Station Site Thin foliage and create fire i $45,000 

break 
I 

2020 Mercedes Tank #2 Improve seismic stability with $308,000 

anchoring, foundation repair, 

flexible piping and other 

1 reinforcement 

2023 Flowering Pear Well 1 Install emergency generator $200,000 

2023 Franco Court Well Install emergency generator $200,000 

2024 Mann Pump Station Suction Tank I Improve seismic stability with $92,400 

I 
anchoring, foundation repair, 

I flexible piping and other 

reinforcement 

2025 SCADA Monitoring Office $300,000 

2029 Mercedes Tank #1 Improve seismic stability with $308,000 

anchoring, foundation repair, 

flexible piping and other 

reinforcement 

7.3 Efficiency Analysis 

The efficiency analysis examined opportunities for increased efficiency (e.g., financia l, energy) in the system. In the 

Recommended Levels of Service, reduce electrical power costs year over year and increase alternative energy 

sources and fuels was one of the recommendations. The following projects will also help to address th is level of 

service. The following table includes the specific recommendations for the VFD/soft start CIP recommendations for 

energy efficiency. 
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Table 7-6 Efficiency CIP Recommendations 

Year Asset Activity Estimated Cost 

2021 Mann Pump Station Install VFDs/Soft starts $150,000 

2023 I Flowering Pear Well I Install VFD/Soft start I $15,000 

2023 Franco Court Well Install VFD/Soft start $15,000 

7.4 Analysis Summary 

The following table summarizes the total water system needs, including the condition/age, level of service, and 

efficiency analyses. 

Table 7-7 Long Range Water System Needs Summary 

Analysis Type Total R&R Annual Average 

100-Year $166.8 million $1.7 million 

20-Year I $38.8 million $1.9 million 

20-Year with 3% Inflation $54.4 million $2.7 million 

10-Year I $15.3 million $1.5 million 

10-Year with 3% Inflation I $17.6 million I $1.8 million 

The following figures show the long-range replacement and rehabilitation profiles including the condition and age 

analysis, the level of service analysis, and the efficiency analysis . 
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Figure 7-11 Long-Range Water System Needs - Condition/Age, Level of Service, and Efficiency-100 Years 
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Figure 7-12 long-Range Water System Needs - Condition/Age, level of Service, and Efficiency-20 Years 
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Figure 7-13 long-Range Water System Needs - Condition/Age, level of Service, and Efficiency-10 Years 
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7.5 10-Year and 20-Year CIP Summary 

The following tables summarize the recommended CIP for the next 20 years considering the condition, level of service, and efficiency analyses. 

Water Mains 

Valves 

Meters 

Service line 

Fire Hydrants 

Cristo Rey Storage 

Tank 

Mercedes Station 

Mann Pump 

Station 

Flowering Pear 

Well I 

Franco Court Well 

SCADA 

Master Plan 

Low Pressure 

Project 

1¥ alve Location 

'] Project \~ 
~- 7· -- •• 
ilL-.., Total 

$35,6001-

$250,000 

s2,os6,soo 11 $4,s1s,9oo II s1,sss,100 

1<,,,,e,..,VLJG..A. ~(..JLl.J I ILJr--..1 

Table 7-8 2019 to 2028 CIP Summary 

$57,6001-

~~-! 
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Table 7-9 2029 to 2038 CIP Summary 

$84,000 

$250,000 

$1,184,900 $146,000 
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Appendix A 

Asset Inventory of Pump Station, Storage Tanks, and Wells 
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Cristo Rey Storage Tank 

Fencing Security Fencing 790 FT (LENGTH) 

Pavement Yard Pavement 4320 SQFT 

Vault Structure Vault Structure, Level Control Valve 12 FT (LENGTH) 

Tank Cristo Rey Storage Tank 2.051 MG 

Valve Tank Drain Valve #1 4 IN (DIA) 

Valve I Tank Drain Valve #2 GIN (DIA) 

Valve Tank Isolation Valve #1 12 IN (DIA) 

Valve Tank Isolation Valve #2 12 IN (DIA) 

Mann Pump Station 

Class Name Size 

F Fencing Security fence s f 325 FT (LENGTH) 

Pavement Concrete Pavement 702 SQFT 

Pavement Crushed Gravel Pavement 8550 SQFT 

Tank Suction Tank 0.4MG 

Valve Tank Isolation Valve (Emergency Connection) GIN (DIA) 

Valve Tank Inlet Air Release Valve 2 IN (DIA) 

Valve 1 Tank Main Inlet Check Valve 12 IN (DIA) 

Valve Tank Main Inlet Isolation Valve 12 IN (DIA) 

Valve Tank Bypass Upstream Isolation Valve I 8 IN (DIA) 
I 

Valve Tank Bypass Check Valve 8 IN (DIA) 

Valve Tank Bypass Upstream Isolation Valve I' 8 IN (DIA) 
I 

Instrumentation Pressure transmitter 
-- -·~ 

Instrumentation Tank level alarm 

Instrumentation Controller, suction tank level 

Building 1 Pump House 1400 SQFT 

Lifting Equipment Gantry Crane 0.75 TON (LOAD) 

Instrumentation Intrusion Alarm . 
HVAC Ventilation Fan 

Generator Engine-Generator Set, Bus B 

Generator Engine-Generator Set, Bus A 
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Class Name Size 

Control Panel Main Switch Board 

Control Panel I Automatic Transfer Switch. Bus B I 
Control Panel Motor Control/Disconnect - Motor 1 

Control Panel I Motor Control/Disconnect - Motor 2 I 
Control Panel Motor Control/Disconnect - Motor 3 

Control Panel I Motor Control/Disconnect - Motor 4 I 460VOLTS 

Control Panel Motor Control/Disconnect - Motor 5 460VOLTS 

Control Panel I Main Panel I 460VOLTS 

SCADA SCADA Controller and RTU 

Valve I Pump Suction/Tank Outlet Isolation Valve I 14 IN 

Valve Pump #3&4 Suction Supply Isolation Valve 14 IN 

Valve I Booster Pump #1 Suction Isolation Valve I 10 IN 

Pump Booster Pump #1 1,262 / 1,150 GPM 

Motor I Booster Pump #1 Motor I 100 HP 

Valve Booster Pump #1 Air Release Valve 0.5 IN 

Valve I Booster Pump #1 Check Valve I 8IN 

Valve Booster Pump #1 Discharge Isolation Valve 81N 

Valve I Booster Pump #2 Suction Isolation Valve I lOIN 

Pump Booster Pump #2 1,262 / 1,150 GPM 

Motor I Booster Pump #2 Motor I 100 HP 

Valve Booster Pump #2 Air Release Valve 0.5 IN 

Valve I Booster Pump #2 Check Valve I 8IN 

Valve Booster Pump #2 Discharge Isolation Valve 81N 

Valve I Booster Pump #3 Suction Isolation Valve I 8IN 

Pump Booster Pump #3 1050 GPM 

Motor I Booster Pump #3 Motor I 75 HP 

Valve Booster Pump #3 Air Release Valve 0.5 IN 

Valve I Booster Pump #3 Check Valve I 8IN 

Valve Booster Pump #3 Discharge Isolation Valve 8IN 

Valve I Booster Pump #4 Suction Isolation Valve I 8IN 

Pump Booster Pump #4 1262 / 1150 GPM 

Motor I Booster Pump #4 Motor • I 100 HP 

Valve Booster Pump #4 Air Release Valve 0.5 IN 
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Valve Booster Pump #4 Discharge Isolation Valve ' 81N 

Valve Booster Pump #5 Suction Isolation Valve 81N 

Pump Booster Pump #5 1600 GPM 

Motor I Boo~ter Pump #5 Motor I 100 HP 

Valve Booster Pump #5 Air Release Valve I 0.5 IN 

Valve I Booster Pump #5 Check Valve I 81N 

Valve Booster Pump #5 Discharge Isolation Valve I 81N 

Vault Structure PRV Vault 6 FT (LENGTH) 

Sump Pump PRV Vault Sump Pump 1.5 IN 

Valve I Pressure Regulating Valve #1 Upstream Isolation Valve I 81N 

Valve Pressure Regulating Valve #1 I 10 IN 

Valve Pressure Regulating Valve #1 Downstream Isolation Valve I 81N 

Valve Pressure Regulating Valve #2 Upstream Isolation Valve l 41N 

Valve I Pressure Regulating Valve #2 I 41N 

Valve Pressure Regulating Valve #2 Downstream Isolation Valve 41N 

Vault Structure Flow Meter Vault 5 FT (LENGTH) 

Sump Pump Flow Meter Vault Sump Pump 1.5 IN 

Instrumentation I Flow Meter I 81N 

Vault Structure Station Flow Meter Vault 

' 

5 FT (LENGTH) 

Instrumentation I Station Flow Meter IN 

Mercedes Road Storage Tanks 

Class Name Size 

Fencing Fencing 700 FT (LENGTH) 

Pavement Yard Paving 16092 SQFT 

Site Site 

Tank Tank #1 2MG 

. Instrumentation 1 Tank #1 Level Sensor ' I 

Valve Tank #1 Isolation Valve 20IN 

Valve Tank #1 Altitude Valve 20IN 

Valve Tank #1 Inlet Isolation Valve 

Valve Tank #1 Outlet Isolation Valve I 
I 
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Valve Tank #1 Air Release Valve 21N 

Tank Tank #2 (Undergoing Rehabilitation) 2MG 

Instrumentation Tank #2 Level Sensor 

Valve Tank #2 Isolation Valve 6IN 

Valve Tank #2 Outlet Isolation Valve 6IN 

Valve Tank #2 Altitude Valve 20IN 

Valve Tank #2 Air Release Valve IN 

Building Mercedes Station Electrical Shed 70 SQFT 

Control Panel Controller, Emergency Generator 

Generator Emergency Generator 

Control Panel Main Electrical Panel 240VOLTS 

Control Panel Electrical Sub-Panel 

SCADA Remote Terminal Unit, Mercedes Tank Sensor 

Flowering Pear Well 

Class Name Size 

Fencing Fencing 225 FT (LENGTH) 

Pavement I Yard Paving I 1800 SQFT 

Well Casing Flowering Pear Well 6IN 

Pump I Pump, Flowering Pear Well I 550GPM 

Motor Motor, Pump 75 HP 

Valve I Air Release Valve I 2IN 

Valve Isolation Valve, Auxiliary Line 8IN 

Valve I Isolation Valve, Well I 8IN 

Filter Sand Trap 8IN 

Instrumentation j Flow Meter I 
Control Panel Motor Controller 

Control Panel I Manual Transfer Switch I 
SCADA SCADA Controller and RTU 

I 
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Franco Court Well 

Class Name Size 

Fencing Fencing 90 FT (LENGTH) 

Pavement I Yard Paving 441 SQFT 
--

Lighting Lighting 

Well Casing I Franco Court Well 8IN 

Pump Well Pump 700GPM 

Motor / Pump Motor 75 HP 

Valve Air Release Valve 21N 
I 

Instrumentation / Flow Meter 8IN 

Valve , Check Valve 8IN 

Valve / isolation Valve 8 IN 

Control Panel Motor Controller .' 
SCADA / SCADA Controller and RTU 
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Appendix B 

Hydraulic Analysis Report 
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1 Introduction and Purpose 

The Cupertino Leased Water System Capacity Analysis was performed to support the Asset Management and 

Valuation investigation for the City of Cupertino. Cupertino owns a public water supply and distribution system, 

the operation and maintenance of which has been leased to the San Jose Water Company (SJWC) since 1997. The 

lease is for 25 years, and will end in 2022. The San Jose Water Company Service area and Cupertino's leased water 

system service area are shown in Exhibit 1. 

The City is performing its due diligence to determine system integrity and capacity. As part of the City's due 

diligence investigation, it contracted with consultants in recent years to begin the process of affirming the water 

system operation and maintenance activities meet the lease agreement requirements, and that operation of the 

system is in accordance with customary utility practice and within the Operator's standards of the other water 

systems it owns and operates. 

The capacity analysis is a recommendation in the Final Technical Report Leased Water System Inspection, by SPF 

Water Engineering (January 12, 2017). 
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2 Leased Water System 

The City of Cupertino's leased system serves the northwest third of its City boundary, as shown in Exhibit 2. The 

City has leased out its operation and maintenance to San Jose Water Company, which owns a separate water 

system serving the southern portion of the City. California Water Service Company serves the remainder of the City 

in the northeastern area of the city. 

The water system operates in a supply zone and two separate distribution pressure zones, and consists of City

owned groundwater well supply and imported water supply from the Santa Clara Valley Water District (SCVWD). 

SCVWD is a wholesaler for retail water utilities including SJWC and the City of Cupertino. The system serves 3.7 

square miles of the City and consists of approximately 60 miles of water pipelines (ranging in diameter from 2-inch 

to 20-inch); 4,554 customer service connections (as of 2017); three 2.0 million-gallon (MG) reservoirs at two 

reservoir sites (Mercedes and Cristo Rey); a forebay, five parallel booster pumps and imported water supply source 

at the Mann Drive Pump Station site with total rated capacity of approximately 6,000 gpm capacity; two off-site 

wells and Homestead Road/Stelling Road transmission system; and two regional pressure-reducing stations at the 

Mann Drive Pump Station site. These facilities serve, on average, 800 to 1,000 million gallons per year, and 

represent about two percent of the total water served by San Jose Water Company. 

2.1 Service Area and Applied Loading 

The leased system service area is virtually built-out and consists predominantly of residential land uses. The City's 

Community Vision 2040 general plan defines the following Special Areas and residential communities within the 

water service area of the leased system: 

Bubb Road (low-rise industrial and research) 

Monte Vista Village (residential, neighborhood commercial, public and industrial) 

Oak Valley Neighborhood (residential) 

Creston-Pharlap Neighborhood (residential, includes school) 

Inspiration Heights (residential, includes institution and Mercedes reservoirs) 

Monte Vista North (residential, schools) 

Garden Gate (residential) 

According to the general plan, limited or no growth is expected from these areas except for 42 acres of vacant 

privately-held land that could develop homes on a portion . This would still represent minimal increased demands in 

the future and not be significant for the model analysis. 
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2.2 System Demands 

The Annual Reports SJWC produces for the Cupertino Municipal Water System identifies average annual demands 

of the leased water system as follows: 

Table 2-1 - Average Annual Water Demands 

Land Use 
Year (million gallons per day) 

2013 2014 2015 2016 2017 

Residential 1.69 1.46 0.98 1.04 1.11 

Commercial 0.80 0.77 0.63 0.54 0.58 

Industria l 0.25 0.38 0.22 0.17 0.21 

Public 0.24 0.19 0.15 0.15 0.14 

0 th Other 0 00 I O 00 0.00 0.00 000 0.00 0 00 0.00 0 00 0.00 

Tota l MGD 2.99 2.80 1.98 1.91 2.04 

Totalgpm 2,077 1,945 1,377 1,324 1,419 

The trend seen here with lower demands in recent years is typical of what the industry has observed due to t he 

persistent state-wide drought. Since 2011, California has been in one of the most severe extended droughts on 

record. 

Peaking of demands is an important consideration in water model simulations for two reasons - fire flow analysis 

and peak demand analysis. Peaking information for the leased system was requested but not provided for the 

modeling investigation. 

First, fire flow simulation is standardized by the California Fire Code (CFC) and required to be analyzed during 

maximum-day normal demands. 'Maximum-day' represents the largest volume of water demanded by a water 

system over a 24-hour period. Typical for public municipal water systems, the maximum daily volume occurs in the 

summer time when irrigation demands are at their highest. Second, peak normal demands for public water systems 

occur for much shorter periods. For public municipal water systems, these peaks, commonly referred to as "peak

hour", occur during the early morning and early evening hours just before the work day begins and just after the 

work day ends, as people shower in the morning and use dishwashers and clothes washers in the evening. Depending 

on the size of the public water system and land use make-up, maximum-day demand factors could range from 1.5 

to 3.0 times average demand flow; and peak-hour factors could range from 2.5 to 5.0 times average demand flow. 

Considering the size of Cupertino's leased system, with a usage that can exceed 2.0 million gallons per day on 

average, the modeling study adopted 2.0 for the maximum-day factor and 4.0 for the peak-hour factor. 

2.3 General System Operation 

A current water master plan outlining system operation, including water supply and distribution characteristics, was 

not available for this study. The general operation was gleaned from provided documents, a phone interview, and 

e-mail correspondence with San Jose Water Company staff. 

The leased water system is supplied by imported water from the Santa Clara Valley Water District and groundwater 

from City-owned wells outside of the leased system service area . The Franco and Flowering Pear Wells are located 

within the City of Cupertino but outside the leased system service area adjacent to Homestead Road and Forge Way. 

l<AVUGA SOLU r JDN 

3 



Recent major improvements were done to the well systems' conveyance system, and should be capable of 

supporting any improvements to well operation and production capacity. The imported water supply is from a Santa 

Clara Valley Water District connection and meter at the Mann Drive Pump Station (MDPS) site. Both supply sources 

are designed to fill the Mann Drive Pump Station 400,000-gallon forebay. 

The forebay acts to supply stable suction hydraulics for the MOPS pumps. The leased water system operates in an 

"open" system with reservoirs at elevation to supply system pressure by gravity. MDPS pumps operate to maintain 

water levels in the reservoirs at approximate pad elevation of 600 feet, namely the Mercedes and Cristo Rey tanks, 

which have a total capacity of 6.0 million gallons (MG). Considering the total demands of the leased system and fire 

flow volume requirements, the leased system storage capacity should be adequate for "time-of-use" operation . 

Time-of-use refers to avoiding the need to operate system facilities like pumps and wells during peak electrical power 

costs. Pumping only during off-peak hours is the preferred operation of water utilities in order to minimize operating 

costs. However, SJWC staff indicated that in order to maintain water service pressures at the highest elevations of 

the system, the reservoir levels must be maintained at or near high water level at all times (approximately 630 feet 

elevation). Staff indicated that the pumps must turn on every two- to four- hours in order to maintain the water 

levels, depending on the time of year. This requires short and frequent pumping periods that could also significantly 

reduce pump life. 

SJWC staff also indicated that the primary source of supply is from Santa Clara Valley Water District imported water. 

Typically, local groundwater production that is not brackish (very low quality requiring reverse osmosis treatment) 

is more cost effective than paying for imported water. The City should investigate the cost of the two sources, 

considering water quality, conveyance, well improvements and pumping rights, and control of its own water supply. 

The lowest elevations at the northeast end of the service area are pressure-reduced to manageable pressures 

because static pressures at elevations below about 280 feet (elevation above mean sea level) are excessive and could 

be dangerous for maintenance and upkeep. Lowering pressures is also a very effective way of reducing water loss. 

The "Mann Regulated Zone" consists of approximately 250 residential connections. 
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3 Hydraulic Model and Field Testing 

The computer water model provided by SJWC staff was pre-loaded with 'average' demands totaling 1,682 gallons 

per minute (gpm), which is consistent with system demands from the Annual Reports. 

Another component of water demand and sizing of distribution facilities is fire flow. Standardized fire flows for 

different types of land uses are typically provided in Water Master Plans or other hydraulic analysis reports that 

were not available for this modeling study. Current fire flow requirements are listed in the California Fire Code (CFC) 

as high as 8,000 gpm at 20 psi, with reductions allowed when fire sprinkler systems are included in building 

construction. Invariably, large structures are conditioned for fire sprinklers regardless of construction materials used. 

The CFC allows for a reduction in fire flow requirements of up to 75 percent. Also, fire flow requirements for the 

purposes of the model analysis should consider that many of the structures within the City's service area were likely 

constructed at a time when the fire flow requirements were lower. With these considerations, and the limited 

expected development or redevelopment that could occur, it is reasonable to evaluate the leased system capacities 

at various locations based on land use with the fire flow requirements as stated in the Final Technical Report, and 

summarized in Table 3-1: 

Table 3-1 - Capacity Requirements 

Zoning 
Minimum Flow Minimum Duration Total Fire 

Rate (gpm) of Flow (hours) Storage (gallons) 

Single-family 
1,500 

Residential 
2 180,000 

Multi-family 
2,000 

Residential 
2 240,000 

All other 
2,500 2 300,000 

zoning 

The following is a summary of system demand loadings used for the computer model analysis: 

Table 3-2 - System Demand Loadings 

Note: 2*Avg = Max-day; 4.0*Avg = Peak-hour 

The lnnovyze modeling software (formerly MWH Soft) lnfoWater was used in a stand-alone version (no AutoCAD or 

Arcview platform) in instantaneous analysis mode. The scenarios selected were designed to analyze system capacity 

at different land uses throughout the service area. These scenarios were then field tested to va lidate system 

performance. Appendix A includes a graphic of the leased system water model. 
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The computer model includes the complete distribution system from the Mann Drive Pump Station to the Mercedes 

and Cristo Rey tanks. In all, nine simulation scenarios were performed for the purposes of hydraulic model analysis 

and establishing hydraulic bases for comparing with field flow testing: 

Scenario 1: 

Scenario 2: 

Scenario 3: 

Scenario 4: 

Scenario 5: 

Scenario 6: 

Scenario 7: 

Scenario 8: 

Scenario 9: 

Supply scenario, zero system demand, Mann Drive PS operating 

Max-day system demand (3,364 gpm), normal operation, MDPS off 

Peak-hour system demand (6,728 gpm), normal operation, MDPS off 

Max-day plus FF #1 (Exhibit 3), 2500 gpm at Alves Street (J23992), MDPS off 

Max-day plus FF #2 (Exhibit 3), 2500 gpm at Mary Avenue (J23440), MDPS off 

Max-day plus FF #3 (Exhibit 3), 2500 gpm at Scenic Circle (J44068), MDPS off 

Max-day plus FF #4 (Exhibit 3), 2500 gpm at Alcalde Drive (J63366), MDPS off 

Max-day plus FF #5 (Exhibit 3), 2500 gpm at Ainsworth Drive (J65056), MDPS off 

Max-day plus FF #6 (Exhibit 3), 1500 gpm at Voss Avenue (J65056), MDPS off 

Simulation Scenarios 1, 2 and 3 provide hydraulic characteristics under normal conditions. Scenarios 4 through 9 

simulate foreseeable emergency fire events at critical locations. Info Water includes a fire flow tool that, for each fire 

flow simulation, evaluates the entire system for deficient pressures in addition to meeting the minimum 20 psi at 

the fire flow location . This analysis uses the minimum pressure criteria for the fire flow junction of 20 psi (based on 

Uniform Fire Code), and maintains positive pressure everywhere else in the system. 

Table 3-3 summarizes the hydraulic analysis results for the fire flow scenarios. 

Simulation 
Scenario 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Node 

J23992 

J23440 

J44068 

J63366 

J65056 

J65152 

Table 3-3 - Fire Flow Hydraulic Analysis Results 

Elevation 

(ft amsl) 

269 

296 

323 

446 

314 

542 

Modeling Parameter 

Normal 
Pressurel1l 

82.77 psi 

139.83 psi 

128.38 psi 

75.28 psi 

132.33 psi 

33.69 psi 

Fire Flow 

1,090 gpm 

2,104 gpm 

2,005 gpm 

2,077 gpm 

2,192 gpm 

1,399 gpm 

Residual 

Pressure 

25.63 psi 

112.26 psi 

117.39 psi 

71.65 psi 

125.39 psi 

20.00 psi 

Calculated 
Flow at 

20 psi 

1,147 gpm 

4,652 gpm 

6,900 gpm 

9,038 gpm 

9,858 gpm 

1,399 gpm 

[1] Normal (static) pressure is taken from the Max-day system demand Scenario 2. 
[2] As designated for the Final Techn ical Report (SPF Water, January, 2017) 
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Fire Flow at 

20 psi for 

Planning 
Purposesl2l 

1,500 gpm 

2,500 gpm 

2,500 gpm 

2,500 gpm 

2,500 gpm 

1,500 gpm 

6 



Other parameters important for hydraulic analysis evaluation are maximum flow velocity and minimum system 

pressure. Typical maximum velocities for design of public water systems are 3 to 5 feet per second (fps) for normal 

operation, and 10 to 17 feet per second for emergency fire flow conditions. The typical standard for minimum 

pressures during normal operation is 40 psi to ensure adequate pressure for second floors of residential structures. 

Although the velocities resulting from the analysis are within these criteria, the minimum system pressures are not. 

Table 3-4 is a summary of the maximum velocities and minimum pressures observed for each scenario. 
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Table 3-4 - Maximum System Velocities and Minimum System Pressures 

Simulation 
Scenario 

Maximum 
System Velocity 

@ Pipe ID 

Minimum 
System Pressure 

@ Junction ID -

1 

(No Demands) 

5.93 fps (14" 

Mann Dr PS 
discharge) 

T602760 

10-24 psi 
(Inspiration Hts) 

J56126, 76014, -

016, -022, et al. 

fps = feet per second 

2 

(Max-day) 

2.69 fps, 

2.40 fps 

D531051 (8") 

0531151 (20") 

9-24 psi 
(Inspiration Hts) 

J56126, 76014, -

016, -022, et al. 

psi = pounds per square inch 

I 
3 

(Peak-hour) 

5.56 fps, 

2.41 fps 

D531051 (8") 

0531151 (20") 

6-24 psi 
(Inspiration Hts) 

J56126, 76014, -

016, -022, et al. 

ID= identification number used in the computer model. 
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I 
4 

I 
5 

I 
6 

I 
7 

(Alves St FF) (May Ave FF) (Scenic Cir. FF) (Alcalde St FF) 

I 8.20 fps 6.66 fps I 6.06 fps I 4.30 fps 

D531800 (8") D531682 (12") 
D531845 (8") 

D531151 (20") 

0532110 (8") 0531675 (12") 0531156 (10") 

11-24 psi 10-24 psi 10-24 psi 10-24 psi 
(Inspiration Hts) (Inspiration Hts) (Inspiration Hts) (Inspiration Hts) 

J56126, 76014, - J56126, 76014, - J56126, 76014, - J56126, 76014, -

016, -022, et al. 016, -022, et al. 016, -022, et al. 016, -022, et al. 

I (Ainswo:th St FF) I 
9 

(Voss Ave FF) 

I 4.11tps I 8.96 fps 

I 0531151 (20") 0532154 (8") 

9-24 psi -4 - 24 psi 
(Inspiration Hts) (Inspiration Hts) 

J56126, 76014, -
J56126, 76014, -

016, -022, et al. 
016, -022, et al., 
& FF Node 
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As outlined in the table, model nodes with service to several estate lots in the hills of southwest Cupertino (namely 

Inspiration Heights residential community) are at elevations too high to comply with normal water service pressure 

standards. SJWC addresses this in a January 4, 2017 fire flow analysis memorandum and identifies these service 

areas as customer services with 'less than 20 psi' or 'no water' with a boil-water-advisory should a fire event occur. 

Even under normal conditions, as indicated in Table 5, service pressures can be less than 10 psi during normal 

conditions. It is assumed these services incorporate private pumping for adequate shower pressure, as well as 

dishwasher and clothes washer appliance pressure. The SJWC memorandum is included in Appendix B. 

Scenarios 4 through 9 indicate adequate fire flow capacity for all locations except Garden Gates and Inspiration 

Heights. Scenarios 4 through 8 were field tested on November 20, 2018 by J&C Fire Protection. Field flow testing 

was recommended as a result of the findings of a series of technical memorandums of the Final Technical Report 

study (SPF, 2017). The flow testing crew, supported by SJWC and City of Cupertino staff, locate the desired hydrant 

to flow and a separate location for reading system pressures (normal operating pressure prior to flowing the hydrant, 

often called 'static'; and dynamic pressure during flow typically referred to as 'residual') and performed the proper 

flow testing procedure at each site. These field measurements should be taken periodically to confirm model results. 

The results of the field flow tests performed are included in Appendix C. 

Table 3-5 includes a comparison of the fire flow analysis between model results and field flow testing results, and 

shows a distinct difference in all but the Alves Street location. 

Table 3-5 - Fire Flow Analysis Comparison - Model vs. Field Flow Testing 

Field Flow Tests Flow at 20 

Fire Hydrant Normal Observed Residual Calculated 
psi from 

Computer 
Location Pressure Flow Pressure Flow at 20 psi Model 

Alves St Alves St 55 55 psi 1,083 1,083 gpm 40 40 psi 1,180 1,180 gpm 1,147 1,147 gpm 

Mary Ave 145 psi 2,059 gpm 100 psi 3,575 gpm 4,652 gpm 

Scenic Circle 135 psi 2,293 gpm 98 psi 4,230 gpm 6,900 gpm 

Alcalde Rd 80 psi 1,595 gpm 55 psi 2,559 gpm 9,038 gpm 

Ainsworth Dr 130 psi 2,059 gpm 100 psi 4,153 gpm 9,858 gpm 

[1] Alves Street is in Mann Regulated Zone; therefore, calculation at 20 psi uses normal pressure that would 
be generated without pressure reduction. Estimated elevation of flow test at Alves Street is 270 feet, 630 HWL - 270 
= 360 ft = 156 psi. 

Assuming the geometry of the model provided by SJWC was confirmed for accuracy - i.e. elevations, pipe lengths, 

and pipe diameters - this could be an indication that pipe connections thought to have been constructed were 

actually not constructed (adversely affecting circulation and system capacity), or pipe roughness factors should be 

much lower in the model, or both. In addition, old or broken valves not properly abandoned, or thought to be 

removed, could also reduce system capacity. In any event, these major differences in field and modeling data should 

be corrected to acceptable tolerances before relying on modeling data for any further system analysis. 
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The apparent deficient fire flow at Alves Street could be a settings error in the model that needs further investigation . 

Review of the results reports indicate twice the flow as necessary flowing through the Mann regulation valves 

causing erroneously high head loss readings. Reducing the headloss will result in higher available flow to Alves Street 

and the entire Mann Regulated Zone service area. 

4 Capital Improvements 

Evaluation of the water system capacity using computer modeling shows that the system should be capable of 

operating within time-of-use and normally accepted criteria, with the exception of the highest residential services 

in Inspiration Heights. Adequate interconnection locations exist, and could be improved for automatic operation 

(actively connected). In addition, a SCADA headquarters office should be constructed and implemented for the 

ability to monitor all major water system functions - Well operation, Mann Drive PS operation and forebay water 

levels, SCVWD service connection flows, pressure-reducing valve operation, reservoir water levels at Mercedes and 

Cristo Rey sites, and interconnection flows. Water systems operation should incorporate digital readouts, electronic 

maps and signals to a single operator (dispatcher) at any hour of the day to alert on-call field staff in the event of 

ruptured mains, pumping failure, power outage, water supply outage, low reservoir water levels, etc. The 

Department of Public Health has strict guidelines for publicly-owned water utilities, in addition to operator 

registration requirements, for specific capacities within the organizational structure of a utility operation. 

The following is a list of capital improvement projects gathered from the research of recent documentation provided 

for the hydraulic analysis study that should be prioritized for the City of Cupertino's leased water system: 

1. Evaluate all options to remove/reduce the City's liability associated with the low service pressures in 

Inspiration Heights. Potential liability could arise with water quality degradation due to the low pressures, 

or lack of water capacity during normal operation, and lack of fire flow capacity during emergency 

operations. Options could include legal agreements with each homeowner, construction of a 

hydropnuematic pressure zone or other closed system operation, or City purchase and maintenance of 

individual private pumping units. 

2. Based on the Final Technical Report (SPF, January 2017), the capacity and efficiency of the Mann Drive 

Pump Station needs major upgrades, and may require a redesign for time-of-use operation. This should 

include an evaluation of the adequacy of its backup power supply. 

3. Perform a complete well inspection of both Franco and Flowering Pear wells, including mechanical/material 

inspection, efficiency testing, and down hole video to assess the level of needed rehabilitation. 

4. Investigate the cost of the two sources of City water- local groundwater and imported water from SCVWD. 

This should consider issues such as water quality and on-going treatment requirements of each; operation 

and upkeep of the conveyance systems for each; well maintenance, improvements and pumping rights; and 

control of its own water supply. Curiously, SJWC does not emphasize maximizing local groundwater 

production despite the State of California's efforts to incentivize water suppliers to use local water supplies. 

5. Prepare a Water Master Plan . Water Master Plans should be the cornerstone for funding a water system. 

A thorough water master plan includes analysis to justify capital improvement and replacement projects 

that should be reviewed on an annual basis. The Water Master Plan itself should be updated at least every 

10 years, or when a major update to the general plan is made. Municipal finance departments rely heavily 

on a water master plan to perform the necessary updates to keep its capital Improvement and replacement ' 

programs current. 

6. Investigate the water quality concerns at the Mercedes Reservoir site. One of the Mercedes Reservoir site 

tanks was reportedly emptied approximately two years ago due to "considerations of water age and 
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quality". Water quality would be the primary concern for the method of operation currently employed by 

the SJWC. 

7. Update the Mercedes tanks to current seismic code. According to the SPF report, both tanks may be out of 

compliance with seismic construction requirements. Ironically, the "General Cupertino Leased Area 

Description" report describes the operational practice of minimizing the water level in the tanks 

(maximizing Freeboard) in order to "minimize damage from sloshing during a seismic event". This is 

inconsistent with SJWC staff assertion that the Mercedes tank water levels are maintained between 29.5 

and 32 feet, which is at or near the high water level at all times to improve service pressures for nearby 

residents. This represents conflicting operational goals that could be detrimental to valuable storage 

capacity. Additionally, operating a 2.0 million-gallon reservoir with a water level band at the highest 2.5 

feet is not prudent reservoir operation and negates many of the advantages of incorporating storage within 

a distribution system. 

8. Investigate as-built plans and the reported existence of a "logbook" that could have records of system 

improvements since 1916, according to the SPF report. This could provide clues to lost and paved-over old 

valves that have broken and fallen into the flow path of old pipelines still in operation. Such debris would 

be a capacity and water quality detriment to a water system, and could be a reason for the difference in 

computer model results and field-tested capacity. 

9. Start a hydrant flushing and valve maintenance program. Hydrant flushing should include gathering 

hydraulic data for field verification of the computer model. Valve maintenance program should include 

exercising each valve, documenting turns, and inventory type, location, and size. 

10. Pave the access road to Cristo Rey tank site. 

These capital projects represent top priority within a comprehensive Capital Improvement/Replacement Program. 

Additional projects should be identified through further cooperation from San Jose Water Company and candid 

descriptions of chronic operational challenges from staff. Otherwise, the oldest 4-inch (and smaller) "system" 

pipelines dating back to the 1930's and before should be prioritized for immediate replacement. If a logbook, as 

indicated in Item 8 above, exists it can be a very good resource for prioritization. 
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APPENDIX B 
Cupertino Municipal Water System Fire Flow Analysis (SJWC) 



Memorandum 

CUPERTINO MUNICIPAL WATER SYSTEM FIRE FLOW ANALYSIS 

Background 

San Jose Water Company (SJWC) provides residents of the Cupertino Municipal Water System 
(MWS) with high quality water and exceptional customer service. SJWC maintains and 
operates the MWS based on a 25-year Lease agreement, which is set to expire in less than six 
years on October 1, 2022 . 

The Cupertino MWS consists of 4,183 service connections, about 58 miles of pipe, four welded 
steel storage tanks, five booster pumps, two wells and one regulator station. The system is 
comprised of three hydraulic pressure zones: Mercedes Zone, Cristo Rey Zone and Mann 
Regulated Zone. Imported surface water supply from Santa Clara Valley Water District 
(District) is the primary source of water for this system. In addition, there are two groundwater 
wells named Franco and Flowering Pear both located near Homestead Rd., east of Stelling Rd. 
District water and groundwater are both blended together at Mann Drive Station, which acts as 
the central hub for all three pressure zones. 

The City of Cupertino (City) requested from SJWC a fire flow evaluation to demonstrate that 
the MWS can adequately respond to a simulated fire flow event. The following sections 
describe SJWC's analysis and results. 

Analysis 

The Santa Clara County Fire Department has indicated that for planning purposes fire flow 
requirements will vary from 1,500 gpm for two hours to 2,500 gpm for two hours based on 
zoning. In the Cupertino MWS, the highest fire flow requirement is 2,500 gpm in proximity to 
schools and public facilities. Residential neighborhoods have a fire flow requirement of 1,500 
gpm for two hours. 

Based on zoning within the Cupertino MWS and the distribution system network, SJWC 
determined that the area near Monte Vista High School is most appropriate to perform the 
requested fire flow evaluation. Should the City determine that an alternate location is 
preferred, SJWC will rerun the analysis. Santa Clara County Fire Department has accepted 
hydraulic simulations in lieu of field flows from SJWC for more than twenty years. 

To further demonstrate to the City the resiliency of their water system, SJWC simulated 
a fire flow event under normal operating conditions and a worst case hydraulic analysis 
based on a fire event following an earthquake. 

Assumptions 

For the fire flow simulation based on normal operating conditions, the following assumptions 
were made: 

CUPERTINO LEASED AREA HYDRAULIC STUDY 
H :IPUBLIC\CUPERTINOMWS_DOYLE PROPERTYICUPERTINO TM. DOCX January 4, 201 7 



I.Ill Memorandum 

• All tanks were assumed to be online 

• Maximum day demand conditions 

• The emergency pumper connection between SJWC and the MWS is offline 

For the fire flow simulation based on a worst case scenario, the following assumptions were 
made: 

• Both Mercedes Station tanks are offline 

• Mann Station tank is offline 

• Flowering Pear and Franco Court wells are offline 

• Maximum day demand conditions 

• The emergency pumper connection between SJWC and Cupertino MWS is offline 

Mann Drive 
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Regulators 

Mann 
Regulated 

Distribution Zone 

Mercedes 
Distribution 

Mercedes 
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('t~iil<W{] i TaiiTdi2 
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Figure 1. System Schematic for Simulated Worst Case Scenario 

For the worst case scenario, two hydraulic model runs were analyzed: 1) three pumps at Mann 
Drive Booster Station online; and 2) all five pumps at Mann Drive Booster Station online. 

Results 

There are 11 services on the southwest side of the Cupertino MWS that have static pressure 
below 20 psi. These homes are situated at an elevation that is very high when compared to the 
base elevation of Mercedes Tanks. 

2 
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Memorandum 

When a fire flow event occurs near Monte Vista High School under normal operating 
conditions residual pressures are not significantly impacted at these high elevation homes or 
anywhere within in the distribution system because of the redundancy in storage and boosting 
facilities in the MWS. 

When simulating the worst case scenario with both Mercedes Tanks taken out of service, more 
customers on the southwest side of the leased area would either have no water or have pressure 
between 3 and 20 psi. To minimize the impact to customer's water pressure following this 
simulated event, boosters at Mann Station must be continuously operating. If all five pumps at 
Mann Drive Booster Station are in service, there are 15 services with no water and 19 services 
with system pressure below 20 psi. 

Due to the location of these low pressure services on a cul-de-sac, there is no potential for pipe 
looping. Under the simulated worst case scenario, a boil water advisory will be required for 
services with no water. Simulated system results during a fire flow event under normal 
operating conditions and a worst case scenario are presented in Table 1 and Figures 1, 2 and 3. 

Table 1. Number of Services with No Water or Pressure Less than 20 psi/a) 

Number of Services Number of Services 
System Condition Facility in Service with No Water with Pressure Less 

• 2,500 gpm fire flow 
• Max Day Demand 
• All tanks online 
• Pumper connection with 

SJWCoffline 

• 2,500 gpm fire flow 
• Max Day Demand 
• Both Mercedes tanks offline 
• Pumper connection with 

SJWCoffline 

Mercedes Tanks; 
Cristo Rey Tank; 

Mann Drive Booster Station 

Cristo Rey Tank; 
Mann Drive Booster Station 

(operating 3 pumps) 

Cristo Rey Tank; 
Mann Drive Booster ~tation 

(operating 5 pumps) 

68 

10 

than 20 psi 

11 

33 

1!:l 

(a) Under maximum day demand conditions with a 2,500 gpm fire flow demand near Monte Vista High School 

Summary 

SJWC has a long history of providing high quality water and exceptional customer service to 
residents in the MWS. The system is well prepared to provide adequate water supplies to the 
Santa Clara County Fire Department during a fire flow event under both normal operating 
conditions and following a catastrophic event. 
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APPENDIX C 
J&C Fire Protection Field Flow Test Results 
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Comp•n)' ExECUTIVE SUMMARY 

Executive Summary 

Introduction and Purpose 

Pipelines are one of the most important assets of 
any water system and their continual operation is 
critical to San Jose Water Company (SJWC) 
delivering reliable water supply to its customers. 
With the purpose of identifying the criticality of each 
pipeline, the Planning Group conducted a Pipeline 
Consequence of Failure Study for the Cupertino 
Lease Area water system. Tn· study 1;>rovides a 
framework to strategieall identi pilffihne 
improvement projects witnin'""'tt;ie ... Gupertine l::ease 
.Are . :Yo this end, a methodology was developed which primarily usecl hyctraulie modeling and 
flooding analysis [a,,SJ.Llts o 9.M.aru.ID'. e critieality of all pipelines in the water system•. 

Consequence of Failure Evaluation 

Pipeline failures have a multi-faceted impact on society. In order to quantify the amount of 
impact a pipeline failure has on society as a whole, it was necessary to identify the primary 
facets affected by pipeline failures. The following four impact categories summarized in Figure 
ES-1 were considered to be the primary impacts. 

Consequence of Failure Impact Categories 

Health & Safety 
Impact 

Business 

Impact 

System Operations 
Impact 

' . 

Impact on public hearth and safety due to possible water contamination 
and flooding, and in some cases due to water service outages 

Impact on transportation corridors due to flooding of highways, roads, 
and passenger railroads 

Impact on commercial and industrial bus111esses due to seivice outages 
and flooding 

Impact on the ability to continually operate the water system and 
provide water to users 

Figure ES-1. Consequence of failure Impact Categories 
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Hydraulic Modeling 

Extensive~~graglic_moJlltjing was conducte..d io o(a.er to 
li_,filllate c~ stroplilc 'brea~ scenadosfor eve~ E!f?e ~ 
the Cupertino Leas~ ea wat~ system, The hydraulic __ ,,_ __ _ 
moael measured the leak discharge rate out of each 
failed pipe, potential for water contamination due to low 
pressures, amount of consumer water demand inhibited 
due to isolation of the failed pipe, and number of valves 
needing to be operated to achieve hydraulic isolation for 
each pipe. 

Geographic Information System Mapping 

Spatial analysis played a significant part in the 1 

consequence of failure analysis. Geographic Information 
System (GIS) mapping was used as a tool to identify the 
types of properties, facilities, roads, and railroads within 
the potential flooding region for each pipe. In addition, 

EXECUTIVE SUMMARY 

Crstical Facilities and 
Key Features 

The consequence of failure eva luation 
rnelhodology was developed such that 
pipelines affecting critical facilities and key 
features received higher consequence of 
failure scores. Critical faciiit1es cind key 
features include: 

- Hospitals 

- Acute health care facil ities 

- Commercial or residential units with 
dialys.\s I Me-support equipment 

~ Schools 

• Freeways and major highways 

- Railroads 

GIS spatial tools were used to help identify pipelines crossing critical transmission mains and 
those essential for water system operations. 

Results from hydraulic modeling and GIS spatial analyses were input into the consequence of 
failure evaluation methodology, which ultimately yielded a final consequence of failure score for 
each pipeline. Figure ES-2 outlines the overall consequence of failure evaluation process. 

Figure ES-2. Consequence of Failure Score Evaluation Process 
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ExECUTNE SUMMARY 

Consequence of Failure Evaluation Results 

After the consequence of failure score was generated, sll JS efin . Ripe seg11ruIDts in 
Cupertino Lease Area -' ere niquely rattlie..d rnm 1 to j 06~ and divided imto fl!>ur criticality 
categories: High (Top 10%), Medium-High (10-20%}, Medium (20-50%), and Low (50-100%). 
Map ES-1 provides a visual representation of the final results for all pipes by criticality category. 

Recommended Improvements and Actions 

Findings of the .co.1Jse~uence of ail.u,.,.....=,..=..:=;:J# ...,..,.,=,,_,,. .... iaselin for: futui;e efforts o identify 
.ar1d .r.Joritiz eapital imprmtemerat - pi:ojects. Main replacement and rehabilitation project 
recommendations take into consideration both the consequence of failure as well as the 

bility of failure, - • 
_H_o_we_ ver, rest1lt.s of ttni id ~~-~:.::;;:::: 

installation, • . , • mmunicated with the • 

~!Jests th ity p .....,,...,,._._,"'-=· -== ~ ,,,=~ ~ age 0. installati 
CHDP- iv.e pr:Om!b "Ii 

Regulator Installation 

Based on the consequence of failure evaluation results, it is recommended that an 8-inch 
pressure regulator be installed on the northern border of Cupertino Memorial Park, near the 
intersection of Christensen Drive and Fenway Court, as shown in Figure ES-3. This 
improvement will prevefl'lt rmtaoy Oliie_e.$ fror:rudi:opJe>ing to loWZ(often sulaatmes-pnerie) pr: ssures 
durrng a catastropblc pjpe_break and ill increase fire .. flow capacity. It is recommended that this 
improvement be implemented in 2017. The estimated cost for this improvement is $117,600. 

Figure ES-3. Recommended 8-inch Pressure Regulator Installation 
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Industrial busin"ess parcels shown in this map that reside outside of the Cupertino Lease Area were included as part of the Consequence of Failure Analysis because they are served by the Cupertino Lease Area water system. 
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Valve Installation 

EXECUnVE SUMMARY 

It is reeommended=that- a -14 .. inol:t::valve.::be-ir:istalled atJ be_joter.se_cti,An_ofc6teveos,d:3reek 
Boulevar_o.;.:,aad South Foothilf,Boulevar.d, as illustrated in Figure ES-4. This recommendation will 
ecrease~tbe.::number.::.of Jar~e:teiameter. val.v~s~ding toLbe.:closed.;;.to-.t'.lyar-aolieally.;;jsota,te the 

1"4,;;il'lch:diameter pipe aligr:iooer.it--onrSolJtff'Pcrothill~Boulev.a[d.betw_een'!;._SJe.Y_eas...._Creek:.:Boulevard 
and:=-Aloalde=.Roa'd- to-:;;the: south'? Currently, in the event of a catastrophic break along this 
alignment, it is estimated that approximately 2 million gallons may be discharged into the 
surrounding area. However, with the implementation of this recommendation, the failed pipe will 
be hydraulically isolated within a shorter time frame and the volume discharged will be reduced 
by up to 400,000 gallons. This improvement is recommended for implementation in 2017 and is 
estimated to cost $21,900. 

Figure ES-4. Recommended 14-inch Valve Installation 

Easement Documentation 

A number of pipes in the Cupertino Lease Area water system are installed within private yards 
and streets, see Table ES-1 . SJWC requests that the City provide plat and legal descriptions, 
tract, parcel or utility maps identifying easement type and limits as well as water main location 
within each easement. This documentation would be necessary for any potential pipeline 
improvements in these areas. 
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Table ES-1. Easement Documentation Request List 

APN Address 
326-12-049 10420 CRESTON DR 
326-12-051 10440 CRESTON DR 
326-12-0S2 10450 CRESTON DR 
326-13-035 10407 VISTA KNOLL BLVD 
326-15-076 10370 ALPINE DR 
326-15-076 10370ALPINE DR 
326-15-076 10370 ALPINE DR 
326-lS-076 10370 ALPINE DR 
326-15-103 22364 SALEM AVE 
326-15-130 22445 CUPERTINO RO 
326-15-130 22445 CUPERTINO RD 
326-16-045 10130 CRESCENT RD 
326-16-047 10151 HILLCREST RD 
326-16-050 10181 HILLCREST RD 
326-16-052 10161 HILLCREST RD 
326-16-053 10143 HILLCREST RD 
326-16-0SS 10133 HILLCREST RD 
326-16-061 10191 HILLCREST RD 
326-16-080 10171 HILLCREST RD 
326 -17-013 10168 AM ELIA CT 
326-17-019 10201 AM ELIA CT 
326-17-020 10185 AMELIA CT 
326-17-026 10171 AMELIA CT 
326-17-053 10151 AMELIA CT 
326-18-057 10019 OAKLEAF PL 
326-27-037 10145 PARKWOOD DR 
326-27-037 10145 PARKWOOD DR 
326-27-037 10145 PARKWOOO OR 
326-27-037 10145 PARKWOOD DR 
326-27-037 10145 PARKWOOD DR 

326-35-063 10451 PHAR LAP OR 
326-35-068 SOUTHERN PACIFIC TRANS. 
326-37-004 10391 RIVERCREST CT 
326-37-047 CRESTON DR 
326-39-060 SANTA CLARA VALLEY WATER 
326-41-033 10500 CASTINE AVE 
326-41-095 21291 MILFORD OR 

326-41-096 21301 MILFORD DR 
326-41-097 21311 MILFORD DR 
326-41-098 21321 MILFORD DR 
326-41-099 21331 MILFORD DR 
326-41-100 21341 MILFORD DR 
326-41-101 21361 MILFORD DR 

326-41-102 21371 MILFORD DR 
326-41-103 21381 MILFORD DR -

Pipeline Consequence of Failure Study 
October 2015 

EXECUTIVE SUMMARY 

APN Address 
I 326-41-104 21391 MILFORD DR 

326-41-105 21401 MILFORD DR ' 

326-41-106 21421 MILFORD DR 
I' 

326-41-107 21431 MILFORD OR 
i 
' 326-41-108 21451 MILFORD DR 

326-41-109 21461 MILFORD DR 
326-41-114 CITY OF CUPERTINO 
326-47-019 10410 STOKES AVE 
326-49-007 10650 STOKES AVE 
326-49-018 21887 WILSON CT 
326-49-034 STOKES AVE 
326-55-023 10315 ANN ARBOR AVE 
342-12-063 22615 SALEM AVE 
342-12-064 22625 SALEM AVE 
342-12-064 22625 SALEM AVE 

' 342-12-064 22625 SALEM AVE 
342-12-090 22611 POPPY DR 
342-29-057 10495 MERRIMAN RD 
342-44-017 10500 SAN FELIPE RD 
342-44-020 10530 SAN FELIPE RD 
342-45-007 22864 VOSS AVE 
342-45-035 10396 AVENIDA LN 
342-48-006 22654 OAKCREST CT 
342-48-018 10439 HENEY CREEK PL 
342-48-030 10350 HENEY CREEK PL 
342-48-030 10350 HENEY CREEK PL 
342-57-009 10799 JUNIPER CT 
342-57-030 10829 SYCAMORE CT 
342-58-003 22238 HAMMOND WAY 
356-01-021 10980 MIRAMONTE RD 
356-05-005 MCCLELLAN RD 
356-06-030 22044 BAXLEY CT 
357-01-027 22288 BELLEVUE AVE 
357-01-033 10168 CASS PL 

I 357-04-029 10494 MIRA VISTA RD 
357-06-016 10489 SCENIC BLVD 
357-09-0S3 22120 STEVENS CREEK BLVD 
357-10-006 21975 SAN FERNANDO AVE 
357-10-008 21979 SAN FERNANDO AVE 
357-12-055 10485 SAN FERNANDO AVE 
357-20-019 10340 BUBB RD 
357-22-006 10106 IMPERIAL AVE 
357-22-007 10104 IMPERIAL AVE 
357-22-035 10118 IMPERIAL AVE 
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1, Introduction 

1.1 Background 

Pipelines are a critical water distribution system asset and fundamental to virtually every facet of 
reliable water s stem opera • ~~~ nit1;.1de of their importance, 

·sset m an ro ra s lle implem~,~.-=.,,= 
ater s stems for the overall benefit of the custelfie . eline 

Consequence of Failure stud'}' will seNe as a base\ine upon which San Jose Water Company 
(SJWC) will develop a refined pipeline asset management program. 

1.2 Objectives 

The objectives of the Consequence of Failure Study are summarized below: 

• Establish an approach for evaluating the consequence of failure for each pipeline 

• Locate critical facilities, features, and areas of concern 
• Generate results measuring the consequence of failure for each pipeline by rank 
• Develop a baseline to help strategically identify capital improvement projects that would 

yield the greatest ratepayer benefit 

1.3 System Overview 

The Cupertino Lease Area is located in the northwest region of the City of Cupertino, 
encompassing 3. 7 square miles which is equivalent to approximately one-third of the city's total 
area. SJWC has been providing water service to the Cupertino Lease Area for the past 18 years 
as part of a 25 year agreement. The Cupertino Lease Area water system is composed of nearly 
60 miles of pipelines, 4 water storage tanks with a total design storage capacity of nearly 8 
million gallons, 5 booster pumps with a total design capacity of 6,300 gallons per minute {gpm), 
and 2 wells with a combined capacity of 1,100 gpm. The majority of water supply served to the 
Cupertino Lease Area comes through a Santa Clara Valley Water District (SCVWD) turnout at 
Mann Drive Station. There are approximately 4,200 water services within the Cupertino Lease 
Area, totaling an average day demand of over 2 million gallons. Map 1 provides a visual 
summary of the Cupertino Lease Area water system. 
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PtPEUNE FAILURE EVENT CHARACTERIZATION, EFFECTS, AND MODE 

2. Pipeline Failure Event Characterization, Effects, and 
Mode 

Pipeline failure events can occur in many different fashions and magnitudes. Some failures may 
be as small as a minor leak, but some are catastrophic in nature causing a major disruption to 
the water distribution system and to the public as depicted in Figures 1 and 2. Before any 
system-wide analysis on the consequence of pipeline failure could be performed, it was first 
necessary to clearly define the characterization, effects, and mode of pipeline failures that would 
be considered for the purposes of this study. 

Figure 1. Damage observed due to main break located on Pensacola Drive in the eastern side of San Jose. 

Pipeline Consequence of Failure Study 
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Figure 2. Workers diverting traffic on Bascom Avenue while attempting to fix a main break on a 12" water 
main. 

2.1 Pipeline Failure Event Characterization 

Pipeline failure events and their impacts can be characterized by two stages. The first stage 
(break stage) is the affected condition of the distribution system immediately after the pipeline 
break, when water is being discharged from the failed pipe into the surrounding environment. 
The second stage (isolation stage) is the affected condition of the system while the failed pipe is 
hydraulically isolated and being repaired. Both stages were considered in this study to capture 
the entire impact of a pipeline failure event. Figure 3 includes photographs illustrating the two 
stages. 

Pipeline Consequence of Failure Study 
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Figure 3. Picture on the left illustrates the Break Stage of a main break; picture on the right illustrates a 
repair during the Isolation Stage af a main break. 

2.2 Pipeline Failure Hydraulic Effects (Impact Causes) 

When a pipeline fails, there are a few primary hydraulic effects which cause impact to the public 
that must be considered. During the first stage of the failure event, the additional demand (i.e. 
water being discharged into its surroundings) creates higher velocities and lower pressures in 
the distribution system. Another major failure effect during the first stage is the flooding of the 
surrounding vicinity. The societal impacts of low pressures and flooding that were considered in 
this study are explained in Section 3 Pipeline Consequence of Failure Evafuation Methodology. 

During the second stage of the failure event, various valves must be closed (or at least pinched 
down) in order to isolate the failed pipe for repair. This operation will hydraulically isolate the 
region contained within the closed valves and will put all of the users within this region out of 
service. In addition, once the isolation valves are closed, the rest of the water system outside of 
the isolated region may also be affected due to the change in overall system dynamics. Users 
outside of the isolated region may experience low pressures and reduced water flow as well. 
Table 1 summarizes the failure effects that were considered in this study. The societal impacts 
of hydraulic isolation that were considered in this study are explained in Section 3 Pipeline 
Consequence of Failure Evaluation Methodology. 

Table 1. Hydraulic Effects of Pipeline Failure Event 

Stage 

Stage 2 

Occurrence 

Immediately following pipe 
break 

Immediately following isolation 
for pipe repair 

PipfJline Consequence of Failure Study 
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Hydraulic Effects (Impact Ca:..1ses) 

• Low pressures 
• Flooding 

• Low pressures 
• Out of service 
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2.3 Pipeline Failure Mode 

There are numerous ways in which pipelines can fail. Failure modes include blowouts, 
longitudinal splits, wall ruptures/tears, circumferential breaks, joint leaks, perforations, and 
more. It was assumed for the purposes of this study that all pipes would fail in a catastrophic 
fashion resulting in complete pipe separation such that there are two points at which water is 
discharged at atmospheric pressure, as illustrated in Figure 4. Although the vast majority of 
pipeline failures in the SJWC distribution system are not of this nature or magnitude, it was 
appropriate to analyze a worst-case scenario for each pipeline. 

Atmospheric 
Pressure 

/ t \ 

Figure 4. Pipeline Failure Mode - Complete Separation 
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3. Pipeline Consequence of Failure Evaluation Methodology 

Establishing the methodology for evaluating each pipeline's consequence of failure is the most 
involved and pivotal portion of this study because, in the end, methodology will determine 
results. Therefore, it is imperative that the methodology is developed such that it captures all 
key consequences or impacts that result from pipeline failures and accurately measures them. 
Various consequence of failure evaluation methodologies have been developed for different 
water utilities and for research purposes. However, upon review of various studies, it was found 
that a new and customized methodology was necessary to more specifically evaluate and 
address the particular needs within the Cupertino Lease Area. This section presents SJWC's 
customized methodology which is intended to provide an objective and systematized process 
that will yield quantifiable and justifiable consequence of failure results. The section is structured 
as follows: 

• Section 3.1 Impact Categories - Introduction to key impacts that result from pipeline 
failures 

• Section 3.2 Impact Category Measurement Parameters and Tools - Discussion of 
parameters and tools used to measure impacts 

• Section 3.3 Pipeline Consequence of Failure Scoring Methodology- Explanation of 
scoring methodology used to develop final rankings 

3.1 Impact Categories 

The following four impact categories encompass what SJWC believes to be the primary societal 
impacts when a pipeline fails: 

• Health & Safety Impact 
• Transportation Impact 
• Business Impact 
• System Operations Impact 

The following subsections provide explanations as to why and how pipeline failures play a role 
in these four impact categories. 

3.1, 1 Health & Safety Impact 

The most critical societal impact of pipeline failures is related to public health and safety. 
Pipeline failures often create a major drop in pipeline pressures, potentially allowing 
contamination infiltration into pipes. According to the California Division of Drinking Water 
(DDVV) Waterworks Standards, distribution systems are required to "assure that the minimum 
operating pressure in the water main at the user service line connection throughout the 
distribution system is not less than 20 pounds per squar~ inch {psi) at all times" (Chapter 16, 
Section 64602). However, in the event of a pipeline failure, pressures often drop below 20 psi, 
and sometimes even below O psi (atmospheric pressure) giving rise to potential contamination 
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of the water system. In addition to water quality concerns, pipeline failures can also compromise 
public safety due to flooding. Depending on the extent of flooding, conditions may be such that 
the general public is more prone to injuries. lastly, public health and safety may be impacted 
due to users being put out of water service while the failed pipe is hydraulically isolated for 
repair. Pipeline failures can also negatively affect firefighting capabilities. However, due to the 
momentary nature of pipeline failures and the infrequency of fire events, fire-flow impacts during 
a pipeline failure were not included as part of this study. 

3.1.2 Transportation Impact 

In densely populated areas such as the San Francisco Bay Area, transportation is a critical 
component of public life and is heavily intertwined with numerous societal functions. Therefore, 
it is essential that all corridors related to public transportation such as highways, roads, and 
passenger railroads be minimally disrupted. Pipeline failures, depending on magnitude and 
location, can cause major disturbances to transportation corridors due to flooding. 

3.1.3 Business Impact 

Pipeline failures also negatively impact commercial and industrial businesses, possibly resulting 
in economic loss. \JVhen flooding occurs due to a pipe failure, all businesses that require 
customer or worker access may be temporarily inaccessible, thereby halting or impeding 
business operations. For example, potential customers of restaurants and shopping centers 
would be deterred from entering due to flooded conditions in parking lots, walkways, and 
building interiors. In addition to flooding, service shutdowns due to hydraulic isolation may also 
negatively affect businesses. \JVhile heavy water-consuming businesses such as restaurants, 
car wash stations, and certain heavy industries will be most affected, nearly all businesses will 
be affected as customers and workers will temporarily have only limited or no access to water. 

3.1.4 System Operations Impact 

There are specific pipelines that must remain in service for SJWC to maintain safe and reliable 
system operations. These pipelines include SCWvD transmission mains and critical pathway 
pipes that keep important water system facilities operational and hydraulically connected to the 
system. 

SJWC relies heavily on SC\/VvD for its water supply. On an average water demand day, the 
District treats and delivers approximately 70 million gallons of wholesale water per day to SJWC 
through their large transmission mains which range from 20-inches to 6.5-feet in diameter in 
SJWC's service area (20-inches to 48-inches within the Cupertino Lease Area) . A catastrophic 
break in an SJWC main that crosses a District transmission main could potentially result in 
significant damage to SCVWD's pipeline. This could cause flooding damage and result in water 
supply shortages to Cupertino and other surrounding communities. Therefore, SJWC pipelines 
crossing SCVWD transmission mains are considered critical to system operations. 
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Critical pathway pipes are defined as pipelines without redundancy that keep major facilities 
such as tanks and pumps in operation. These pipelines typically include tank inlet/outlet pipes 
as well as transmission mains located upstream and downstream of pump stations. 

3.1.5 Impact Categories Summary 

Table 2 summarizes the hydraulic effects and practical impacts which were considered in this 
study that correspond to the four impact categories. 

Table 2. Impacts Categories Impact Summary 

!mpact 
Category 

Buslnus 

System 
Operations 

Impact Cause 

Low Pressures 

Flooding 

Out of Service 

Transmission 
Main Damage 

Critical Pathway 
Pipeline Outage 

Pipeline Conseq1.1ence of Failure Study 
October 2015 

Impacts 

• Public exposure to potential water quality hazards due 
to contamination infiltration 

• Public more prone to injuries due to hazardous 
conditions 

• Disruption to critical facility operations 
---~-=======~ 

• Disruption to critical facility operations 

• High traffic volume roads/highways and railroads 
disrupted 

• Customer access to business prevented 
• Business operations disrupted 

• Business operations disrupted 

• Water supply shortage 

• Inability to operate important water system facilities 
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3.2 Impact Category Measurement Parameters and Tools 

Quantifiable parameters were established to measure the amount of impact every individual 
pipeline failure event has on each impact category. Table 3 provides all of the parameters used 
for this study, as well as the primary tools used to obtain these measurements for each 
parameter. 

Table 3. Q,uantjfiable Parameters Used to Measure Impact Cat•gories 

Parameter 

Number of users (by type) that experience less than 20 psi 
durin~,?!Pe ~rea~ s~ e 1 

_ _ _ 

Number of users (by type} that expert 
to O psi during pipe break stage 1 

Quantity of water lost in gallons per minute 

Number of valves (by type and size) needing to be closed to 
isolate pipe segment for repair - - --- ----- -----------
Number of users (by type) hydraulically isolated after valves 
are closed for p;pe segment repair 1 

::::-"" --- ._. 
Quantity of water inhibited due to hydraulic isolation when 
valves are closed for pipe segment repair _.,......__ _ ., . --- ~- -- -- --- __... ---- • - - -
Number of non-isolated users (by type) that experience less 
than 20 psi during isolation stage 1 

:.::::::::.=-.... ~ - - ;: • 
Number of non-isolated users (by type} that experience less 
than or equal to O psi dur;ng isolation stage 1 

-- - =~·~,~~~-:,;"""""---

Number of properties (by type) within flooding region 1 

Road types within flooding regions 1 

Population density within flooding region 

Pipes that cross SCVWO transmission mains 

Critical pathway pipelines essential for water system 
operations 

Notes: 

Impact Cause 

Low Pressure 

Low Pressure 

Flooding 

Out of Service 

Out of Service 

Out of Service 

Low Pressure 

Primary Tool 

Hydraulic Model 

Hydraulic Model 

Hydraulic Modef 

GIS 

(1) Certain user types, facility/property types, and roads types are more critical than others. Therefore, all users 
that would experience low press,ures and all properties or roads that would be flooded due to pipelin~ failure 
were accounted for according to their type. See Section 3.3 Pipeline Consequence of Failure Scoring 

l l 
Methodology for detail on how these critical users and facilities contributed to the overall consequence of failure 
score for each pipe. 
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As indicated in Table 3, all parameters required in this study for evaluating the consequence of 
failure of each pipeline could be obtained through the use of the hydraulic model and 
Geographic Information System (GIS) mapping system. Synergi WaterTM was the tool used to 
measure parameters related to services experiencing low pressures following pipe breaks and 
outages due to isolation, while ArcGIS® was the tool used to measure parameters related to 
geographic location such as flooding or proximity to other features. The following subsections 
explain in detail how these two software tools were used to obtain measurable parameters. 

3.2.1 Hydraulic Model 

In order to obtain results required for the consequence of failure evaluation, SJWC created an 
all pipes and valves hydraulic model based on GIS data. Pipe segments are assigned a unique 
ID in GIS and defined as a continuously drawn pipe with the same diameter and work order ID. 
A pipe segment is only broken by GIS at water main tees, changes in diameter, or when the 
work order ID changes. Pipe segments are not broken in GIS at valves, hydrants, elbows, or 
service taps. 

After importing all facilities into the hydraulic model from GIS, 1-ft resolution elevation contours 
were obtained from Santa Clara County and assigned to each node. Annual service demand 
data from SJWC's Billing Department was then geospatially plotted and assigned to the nearest 
node of the appropriate pipeline. Creating this hydraulic model allowed SJWC to simulate the 
effect caused by catastrophically breaking and then isolating each pipe segment. 

3.2.2 Geographic Information System (GIS) 

ArcGIS® software can perform various spatial analyses and yield useful information tied to the 
geographic location of a specific feature. In this study, ArcGIS® was used to tie locations and 
attributes of each failed pipe to other external spatial data such as parcels, transportation 
corridors, SCW>/D facilities, and population density. 

Floodjng Buffers 

Following a catastrophic main break, water may inundate the surrounding area, possibly 
impacting critical facilities, roads, transportation corridors, businesses, and residential 
properties. SJWC's Distribution Systems Department identified 50-ft as the inundation limit for 
most pipe breaks. Therefore, 50-ft buffers surrounding each pipe were developed as potential 
flooding areas. \Nhen flooding intensity (see Section 3.3.1 Health & Safety Impact Category 
Scoring for an explanation of flooding intensity) was simulated to be greater than twice the 
average flooding intensity, a 100-ft flooding buffer surrounding the pipe was used as the 
potential flooding area. Map 2 shows the flooding buffers created around each water main. 

GlS Spatial Data 

Spatial data related to parcels, railroads, roads and population density was needed for this 
study and obtained via external sources as summarized in Table 4 and illustrated in Maps 3, 4 
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and 5. Map 3 contains parcel, road, railroad, and SCWJD pipeline data, while Map 4 shows the 
population density distribution. Map 5 identifies critical facilities, commercial parcels and 
industrial parcels. Parcels were flagged as critical in GIS if they contained hospitals, acute 
health care facilities, schools, and residential or commercial units where users require 
uninterrupted water service for dialysis or other life-support equipment. 

Table 4. Type and Source of External Spatial Data 

Spatial Feature 
Name 

Using GIS to Measure Parameters 

Type 

Polygon 

Line 

Line 

Polygon 

Line 

Source 

City of Cupertino 

United States Census Bureau 

Bay Area Census I Metropolitan 
Transportation Commission 

SCVWD 

Spatial intersection analyses were performed using the flooding buffer surrounding each pipe 
segment and the feature of interest (e.g. parcels, roads, population density polygons, etc.) in 
order to obtain a quantifiable value that would ultimately be used to determine the consequence 
of failure score. Figure 5 provides samples of the data obtained from ArcGIS® by using a 50-ft 
flooding buffer as an example. GIS was also used to identify water mains considered critical to 
SJWC's operations, as illustrated in Map 6. 
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MAP 2. CONSEQUENCE OF FAILURE ANALYSIS - Flooding Buffers 
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1 MAP 3~ CONSEQUENCE OF FAILURE ANALYSIS - All Spatial Feature Data 
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1 MAP 4. CONSEQUENCE OF FAILURE ANALYSIS - Population Density 
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MAP 5l CONSEQUENCE OF FAILURE ANALYSIS - Critical Facilities, Commercial and Industrial Businesses 
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FIGURE 5. Sample of GIS Results Obtained Using Flooding Buffers and Various Spatial Features 

Flooding Buffer Interaction with various Features 

NOTES: For a definition of Pipe Segment see Section 3.2.1 Hydraulic Model 

Description of Measurable Parameters Obtained 

50-ft Buffar/Populatlon Da111jty Intersect 

A spatial intersect between the 50-ft buffer of pipe 05318281 and the 
population density layer is observed. Because five population density 
blocks intersect the highlighted 50-ft buffer, five polygons are created as a 

• result of the spatial intersects. Each of these polygons contains the 
attributes of pipe 0531628 as well as the attributes of each specific 
density block as illustrated in the summary table below. For the population 
density spatial feature the measurable value selected for pipe 0531626 is 
the weighted arithmetic mean of the population density by area. 
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so.ft Buffer/parcels lnttruct 

A spatial intersect between the 50-ft buffer of pipe 0531828 and the Santa 
Clara County parcels layer is observed. Because nine parcels intersect the 
highlighted 50-11 buffer, nine polygons are created as a result of the spatial 
intersects. Each of these polygons contains the attributes of pipe D531826 
as well as the attributes of each specific parcel as illustrated in the 
summary table below. For the parcels spatial feature the measurable 
value selected for pipe 0531628 is the number and type of parcels 
affected by the flooding buffer. 

Pipe IO 
Section .ArH of lntenecte:d 

APfl 
.. ,..i tt' 

D53182ll 357-16--059 452.61 0490 

0531323 3.57·16-1,4j 1599-79 8455 

D.531828 3.57-17-099 6titi.01 5054 

0531828 357-17-100 l36.n 4850 
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0531828 357-18-002 373.70 13471 

0531Sl8 357-18-039 3064-27 7Dl3 

n531828 357-1&-040 21S48.SO 6313 

SO-ft Buffer/Road Type Internet 

A spatial intersect between the 50-ft buffer of pipe D531698 and the 
Cupertino Roads layer is observed. Four different road types are found 
w~hin the highlighted 50-ft buffer. As a result, the intersect tool reports on 
each of these 4 road types and ties their attributes with thOse of pipe 
D531698 as mustrated in the summary table below. For the Cupertino 
Roads spatial feature the measurable value selected for pipe 0531826 is 
the Annual Average Daily Traffic (AAOT)2 of the highest traveled road 
affected by the pipe. 
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50-ft Buffer/Railroad Intersect 

A spatial intersect between the 50-ft buffer of pipe 0532145 and the 
Cupertino Railroads layer is observed. Four different road types are found 
within the highlighted 50-ft buffer. As it is illustrated, a segment of the 
Union Pacific Railroad is contained within the 50-ft flooding buffer for pipe 
0532145. The final measurable value selected for pipe D532145 would be 
a 1 indicating pipe 0532145 does affect the railroad. 

(2) Annual Average Daily Traffic is explained in Section 3.3.2 Transportation Impact Category Scoring 
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PIPELINE CONSEQUENCE OF FAILURE EVALUATION METHODOLOGY 

3.3 Pipeline Consequence of Failure Scoring Methodology 

A two-step process was used to obtain consequence of failure scores for each pipeline. First, 
the parameters listed in Table 3 were used to calculate scores for each impact category for 
every pipeline. Then scores for each impact category were weighted and combined to yield the 
consequence of failure score for all pipes. Figure 6 illustrates the overall scoring process. The 
following subsections provide explanations of the scoring process for each impact category and 
for the overall consequence of failure score. 

Consequence of Failure Scoring Process 

CONSEQUENCE OF FAILURE SCORE 

Figure 6. Overview af Consequence af Failure Scoring Process 
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3.3.1 Health & Safety Impact Category Scoring 

The Health & Safety impact category is the largest contributor to the overall consequence of 
failure score, accounting for 50 percent of the total weight. The overall process and 
methodology for calculating the Health & Safety impact category score is presented in a flow 
chart in Figure 7. Following the flow chart is the discussion and rationale for the methodology. 

(
;,Health am!). ,' 

Safety 
Impact 

"" . Score 

i ~ 

r 

I Healch &Safety Impact Score = 0.75 (Water Quality Score) + 0.25 (Flooding Score) 
... t t ., 

- I I 

I 
. I I 

1 ( Flooding) (Population) 
WQ Score = Service WQ Score WQ Score ~ 2x Node WQ Score Flooding Score = 1 t ·t x log D ·t n ens1 y ensi y • 

Yes i i 
Node Water Quality Scort = 

[ Flooding Intensity== (Di5·charge) x crime U~til) ] 
{ Service WQ Score> 0? J No - Rate Isolation 

# of nodes SO psi 

i 
Service Water Quality Score = 

(#of serotces bet~een) + 2 (#of servi~es) 
O a.nd 20 psi ~ 0 psi ... 

Figure 7. Health and Safety Category Scoring Process and Equations 

The Health & Safety impact category score can be separated into a water quality component 
and a flooding component, as these are the two major impact causes associated with the 
general health and safety of the public. There is also a third component, the "out of service" 
component which results from hydraulic isolation. However, this third component was only 
considered in special cases, particularly when critical facilities requiring constant water service 
were placed out of service. These special cases were handled separately and are further 
discussed throughout this subsection. The water quality component and flooding component 
contributed 75 percent and 25 percent, respectively, to the total weight of Health & Safety 
impact category score, as shown in Equation 3.1 . The methodologies used to obtain water 
quality and flooding scores are described in the following subsections. 

Health &Safety == 0.?5 (Water Quality Score)+ 0.25 (Flooding Score) 
Impact Score 

Pipeline Consequence of Failure Study 
October 2015 

(3.1 ) 

Page 120 



PIPELINE CONSEQUENCE OF FAILURE EVALUATION METHODOLOGY 

Water Quality Score 

SeNice Water Quality Score 

For each pipe, the water quality score was determined based on the number of services that 
would experience between O psi and 20 psi, and the number of services that would experience 
less than or equal to O psi during the break or isolation stage of a pipeline failure event. Each 
service experiencing between O psi and 20 psi contributed one point to the water quality score, 
and each experiencing less than or equal to O psi contributed two points to the service water 
quality score, as shown in Equation 3.2 below. 

Service Water Quality Score = (#of services between) + 2 (#of services) (3_2) 
0 psi and 20 psi :;:; 0 psi 

Hydraulically isolated services that did not drop below 20 psi after the pipe break (i.e. before 
isolation) do not contribute to the water quality score. The rationale behind this was that 
hydraulic isolation does not negatively affect water quality because, although isolated services 
drop to O psi, isolation is a controlled event. Before an isolated pipeline is put back into service, 
the necessary protocols (e.g. flushing) will be taken to ensure only high quality water is provided 
to users. However, if a service elsewhere in the system that is not hydraulically isolated drops 
below 20 psi or O psi as a result of the isolation of the failed pipe, it will contribute to the water 
quality score. 

If no services dropped below 20 psi in both the break and isolation stages, the service water 
quality score was equal to 0. In these cases the node water quality score was considered. 

Node Water Quality Score 

In some cases, areas of the water system without services may experience low pressures due 
to a pipeline failure. Should there be contamination infiltration into these parts of the system, it is 
still possible for contaminated water to be conveyed toward users' services. In order to account 
for these potential cases, the number of hydraulic model nodes that would experience less than 
or equal to O psi were considered for the node water quality score, as shown in Equation 3.3. 
Only nodes with pressures at or below atmospheric pressure were included as part of the node 
water quality score because of the unlikelihood of water quality at a service being negatively 
affected due to pressures below 20 psi but above atmospheric pressure in a remote area. Any 
minor contamination infiltration would likely be disinfected by chlorine residual before the water 
reaches any service. 

Node Water Quality Score = # of nodes :<:; 0 psi 
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Water Quality Score 

In cases where the service water quality score was greater than 0, the service water quality 
score was used as the water quality score. When the service water quality score was equal to 0 
(i.e. no services were affected by low pressures), one-half of the node water quality score was 
used. Only a half of the node water quality score was used because, although contaminated 
water may be introduced into the system at atmospheric or sub-atmospheric conditions, the 
chlorine residual may disinfect the contaminated water in the time it would take to reach users 
services. Equation 3.4 shows the process for determining the water quality score. After a water 
quality score was calculated for all pipes, the scores were scaled such that the maximum score 
was equivalent to a value of 1. 

{ 
Service WQ Score , Service WQ Score > 0 

Water Quality Score == ~ x (Node WQ Score), Service WQ Score= 0 (3.4) 

Critical Facilities 

Pipes affecting critical facilities by lowering their service pressures below 20 psi due to a pipe 
break had their scores elevated to the maximum water quality score of 1. In addition, pipes that 
took critical facilities out of service during the isolation stage were also given the maximum 
water quality score of 1. Although isolation is not typically a water quality concern, because it is 
a serious overall health concern for critical facilities requiring constant water service, it was 
considered a reasonable cause for score inflation. 

Flooding Score 

For each pipe, the flooding score was determined based on estimated flooding intensity and 
population density of the estimated flooded area . 

Estimated Flooding Intensity 

Flooding intensity resulting from a pipe break is difficult to approximate as it is dependent on 
numerous factors. However, it can be roughly approximated as a function of the discharge rate 
of the pipe break and the time it takes to isolate the failed pipe, as shown in Equation 3.5. 

Flooding Intensity :::: (Discharge Rate) x (Time Until Isolation) (3.5) 

The discharge rate for each pipe break was attained from the hydraulic model (see Section 
' 3.2.1 Hydraulic Mode{), and the time required to respond to and isolate each failed pipe was 

approximated based on the pipeline emergency response procedures and practices of SJWC's 
Field Service and Distribution Systems Departments. 
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Typically, when SJWC is notified of a water leak, it may take a Field Service worker up to 45 
minutes to respond and arrive at the site of the break for investigation. If the Field Service 
worker is able to close the valves by hand (i.e. when valves are not larger than 8-inch gate 
valves or 12-inch butterfly valves), then it will usually take up to 10 minutes to close each valve. 
However, if valves cannot be closed by hand (e.g. larger valves) the Field Service worker will 
contact the Distribution Systems Department to have a truck dispatched. It may take up to 45 
minutes for the truck to arrive onsite, and it may take up to 15 minutes to close each of the 
remaining valves. The flow chart used for deciding the approximate required time for isolation is 
shown in Figure 8. 

,------- -7 

.------- ' 
( SJWC Notified of 

i 
Add 45 min for Fleld 

\ M~ln Break ..,} ! Servic:e Response 1 

' 

Notes: 

1 Add 45 min for 
I Distribution System 1 

truck dispatch and 
arrival 

L---·- - - ---

Aou 10 min per 
valve 

Add 15 min per 

! ,,....---· -

~ Failed Pipe Isolated\ 

Gate Valve >8" ,...1 ___ __. 
and Butterfly 

Valve >12" 2 

(1) Field Service response time of 45 min assumes SJWC is notified outside of working hours. 
(2) This pathway assumes that all gate valves ~8" and butterfly valves ~12" in diameter are closed by Field Service by the time the 
Distribution System truck finishes its work. However, if takes longer for Field Service to close the smaller valves than it does for 
the Distribution System truck to be dispatched and close the larger valves, then the time it takes to close the smaller valves should 
be used. 

Figure 8. Estimated Time Required for Isolation Flow Chart 

Population Density 

Flooding occurrences in densely populated areas will have a greater impact on general public 
safety. The average population density associated with each pipe was estimated based on the 
intersection of the population polygons and the flooding buffer of each pipe. See Section 3.2.2 
Geographic Information System (G/S) for more detail on how the population density for each 
pipe was estimated. 
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PIPELINE CONSEQUENCE OF FAILURE EVALUATION METHODOLOGY 

The flooding score for each pipe was calcula1ed by multiplying estimated flooding intensity by 
the logarithm of the estimated average population density in the vicinity of the pipe, as shown in 
Equation 3.6. The logarithm of the population density was used for a more even distribution. 
After the flooding scores were calculated for each pipe, they were scaled such that the 
maximum flooding score was equivalent to a value of 1 . 

Flooding Score = (Flooding Intensity) x log(Population Density) (3.6) 

Critical Facilities 

Pipes affecting critical facilities due to flooding had their scores elevated to the maximum 
flooding score of 1. 

3.3.2 Transportation Impact Category Scoring 

The Transportation impact category is a large contributor to the overall consequence of failure 
score, accounting for 20 percent of the total weight. The score for this impact category is 
calculated solely based on flooding of public transportation corridors. The City of Cupertino 
categorizes their road types similarly to the United States Department of Transportation Federal 
Highway Administration's classifications. Table 5 tabulates the City of Cupertino road types 
along with their estimated Annual Average Daily Traffic (AADT). The AADT is defined as the 
total volume of vehicle traffic in a year divided by the number of days in a year, in units of 
vehicles. A map provided by the City of Cupertino with the MDT values for major roads is 
included in Appendix B. 
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PJPEUNE CONSEQUENCE OF FAILURE EVALUATION METHODOLOGY 

Table S. Transportation Corridor Annual Average Daily Traffic 

Transportation 
Corridor 

C!assitication 

Notes: 

Lower 

N/A 

3,300 

80 

Annual Average Daily Traffic 

Upper Average 

265,000 (Route 280) NIA 
222,000 (Route 85) 

35,800 

15,700 

14,580 

700 400 

Source 

California Department of 
Transportation 2009 
Traffic Census 1 

City of Cupertino 

City of Cupertino 

City of Cupertino 

US Department of 
Transportation Federal 
Highway Administration2 

(1) 2009 Traffic Census data was used because the AADT data from the City of Cupertino for arterials, major 
collectors, and minor collect.ors are primarily from 2009. This allows for a fair comparison between the two 
datasets and more representative relative values. 

(2) The United States Department ofTransportation Federal Highway Administration provides general MDT ranges 
for various road classifications. 

In order to determine the amount of impact each pipeline failure would have on public 
transportation, flooding areas for each pipeline were geospatially plotted and overlaid with roads 
and railroads (see Section 3,2.2 Geographic Information System (GIS) for more detail on 
flooding areas) . Each pipe was given a score equivalent to the AADT value of the highest 
traveled road affected by the pipe. For example, a pipe affecting both an arterial and a major 
collector would receive a score of 35,800. One exception, however, was that only half of the 
AADT value for freeways was taken into account because of the unlikelihood of flooding both 
sides of freeways with center dividers. After the transportation corridor scores for all pipelines 
were assigned, scores were scaled so that the maximum score was equivalent to a value of 1. 

Passenger Railroads 

Pipes that affected passenger railroads due to flooding were given the maximum score of 1. 
Although passenger railroads would likely not affect as many people as freeways, the impact 
would be great because trains are typically4 unable to take alternate routes to get to their 
destinations, and any railroad damage could r~quire extended repair times. 
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3.3.3 System Operations Impact Category Scoring 

The System Operations impact category accounts for 20 percent of the total consequence of 
failure scoring weight. This impact category score takes into account pipelines that are 
necessary for the continual operation of the water system. Pipes that cross SCVWD 
transmission mains were considered critical to the overall operations of the water system, as 
SJWC relies heavily on these transmission mains for water supply; these pipes were given a 
score of 1. In addition, critical pathway pipes without redundancy that are essential for the 
operation of pumps or tanks were also given a score of 1. Table 6 presents the scoring 
summary for the system operations impact category. See Section 3.1.5 System Operations 
Impact Category Scoring for more information on the System Operations impact category. 

Tobie 6. System Operations Impact Scoring Summary 

Parameter 

Pipe· crosses SCWVD transmission main. and/or is a 
criticaJ pathway pipe 

Pipe does iiot cross SCVWD.trarisrriission main and 
is not a~c:rltical pathway pipe 
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3.3.4 Business Impact Category Scoring 

The Business impact category accounts for 10 percent of the total consequence of failure score 
weight. The overall process and methodology for calculating the Business impact category 
score is presented in a flow chart in Figure 9. Following the flow chart is the discussion and 
rationale for the methodology. 

Consequence of 
Failure Score 

Transportation • Business 
(

Heal.th and) ( System ) , 

= 0.5 Safety + 0.2 ( Impact ) + 0.2 Operations + 0.1 ( Impact ) 
Impact S Impact 

core Score 
Score Sco1·e .~ 

i 
I 

Bus11tess Impact = 0.6 (Out of Ser1Jice Score)+ 0.4 (Flo"ding Score) 
Category Sco1·e t a 

'-

I 
I 

0-ut of Service Sc ore ;;;;; l ( Commercial and lndustrtal + i) 
og Inhibited Demand 

Flooding Score 
#of Commercial and Industrial = Properties A/ fected 

Figure 9. Business Impact Cate,gory Scoring Process and Equations 

Out of Service Score 

The Out of Service score, which is a measure of business impact due to a water service outage, 
was based on inhibited demand. The inhibited demand is equivalent to the average day demand 
(in gpm) of the services placed out of service, which can also be understood as the amount of 
water that would have been used by businesses had there been no service outage. The 
equation used for the Out of Service score is as follows, in Equation 3. 7: 

0 t f S • S r _ l ( Commercial and Industrial + i) 
u o ervice co e - og 1 h'b' d D d n 1 tte eman . 

(3.7) 

A small number of commercial and industrial services with very high demands create a skewed 
and uneven demand distribution. Therefore, the logarithm of the demands was used for a more 
even distribution. A value of 1 was added to the demand before the logarithm was taken in order 
to avoid negative Out of Service scores and also to ensure that pipes which did not affect 
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commercial or industrial demands would receive a score of O (i.e. /og(0+l)=0). After the scores 
were obtained for each pipe, the results were scaled such that the maximum value was equal to 
a value of 1. 

Flooding Score 

The flooding score for the business impact category was equivalent to the number of 
commercial and industrial parcels affected. A parcel was considered affected if it was at least 
partially within the flooding region of the pipe. Equation 3.8 presents the equation used to 
calculate the flooding score. 

Flooding Score 
#of Commercial and Industrial 

Properties Affected (3.8) 

After the flooding scores were obtained for each pipe, results were scaled such that tha 
maximum score was equivalent to a value of 1. 

Business Impact Category Score 

The overall Business impact category score is equivalent to the weighted sum of the Out of 
Service score and the flooding score for each pipe. The Out of Service score was given a 60% 
weight, and the flooding score was given a 40% weight. The flooding score was given a lower 
weight than the Out of Service score because of the higher degree of uncertainty with flooding. 
In the event of a pipe break, there is uncertainty as to where the break will occur along the pipe, 
and there is also uncertainty as to the exact destination of the discharged water. Nevertheless, 
because a large flooding scenario would leave a relatively long-term negative impact on 
businesses, a weight no lower than 40% was considered appropriate. Equation 3.9 is the 
equation used to obtain the overall Business impact category score for each pipe. 

Business Impact 
Category Score = 0.6 (Out of Service Score)+ 0.4 (Flooding Score) (3.9) 

After the scores for each pipe were calculated, they were scaled such that the maximum score 
was equivalent to a value of 1. 

Freight Railroads 

Railroads exclusively used for freight transport are critical to numerous industrles requiring the 
transport of goods. Because pipes that impact freight railroads due to flooding would have a 
large impact on many businesses, they were given the maximum business impact category 
score of 1. 
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4. Pipeline Consequence of Failure Evaluation Results 

4.1 Results for Overall System 

Every pipeline in the Cupertino Lease area was evaluated according to the methodology 
explained in Section 3.3 Pipeline Consequence of Failure Scoring Methodology and ranked 
based on the calculated consequence of failure scores. Pipes with identical final scores were 
prioritized according to their flooding intensities. Results were grouped into four criticality 
categories as shown in Table 7. Figure 1 O shows the breakdown of the four criticality categories 
by pipe count and by pipe segment length. 

Table 7. Criticality Categories by Rank 

Criticality 

low 

Criticality Results by Count 

Medium 
30" 

Rank 

1 - 106 

107 - 212 

213 -530 

531 -1061 

Rank by Percent 

Top 10% 

10 - 20% 

20-50% 

50-100% 

Criticality Results by Length 

Fisure 10. Percent Distribution of Criticality Results by Count and by Length 

A compiled summary of the impact category scores, final consequence of failure scores, and 
final rankings for all pipes in the Cupertino Lease Area is included in Appendix C. Final results 
for all pipes by rank are geospatially presented in Map 7. 
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4.2 Results for Pipes Affecting Critical Facilities, Key Features, and System 
Operations 

The following results summarize the number of pipes affecting critical facilities, key features, 
and system operations due to water quality impact, flooding, or placing services, tanks. or 
pumps out of service. Results indicate that 9 pi~s affected a critical residential unit re~uiring 
constant water service for life supPQrt, 103 pipes affected schools, 8 pipes affected freeways, 22 
pi es affectea freight railroads, and 39 pipes affected system operatiori1s. No hospitals, acute 
health care facilities, or passenger railroads were found within the Cupertino Lease Area. See 
Figure 11 for a visual breakdown of the number of pipes affecting these key features and 
operations. 
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Figure 11. Breakdown of Pipes Affecting Critical FaciUties, Key Features, and System Operations 
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Pipes affecting critical facilities, key features, and system operations predominantly fell within 
the high or medium-high criticality categories. Figure 12 shows the breakdown of criticality 
categories for pipes affecting critical facilities, key features, and system operations. 
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Figure 12. Humber of Pipes by Criticality Affecting Critical Facilities, Key Features, and System Operations 
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5. Recommended Improvements and Actions 

The results and finding$ of this study are intended to provide a baseline to help with future 
efforts to identify and prioritize pipeline capital improvement projects. Definitive main 
replacement and rehabilitation projects are not included as part of tfiis study. SJWC requests 
that the Cit_y o Cupertino provide more pipe type and age of installatfon data before a 
comprehensive probability of failure analysis is conducted for the development of definitive 
pipeline improvement projects. However, the results of this study did bring to surface the need 
for a regulator installation, a valve installation, and easement documentation. 

5.1 Regulator Installation for Mann Regulated Zone 

Mann Regulated Zone is located within the northeast portion of the Cupertino Lease Area. 
Although most pipes within Mann Regulated Zone do not affect any critical facilities, key 
features, or businesses, nearly all of them fell within Medium-High and Medium criticality 
categories. The cause of these results is that Mann Regt1lated :Zone was designed with only one 
regulator station as the le i □p1:.1 int the z.one. ::rher!:U.Qre, when there is high demand in the 
zone due to fire flows or a pipeline fai1.1,1re, nearly all services in the regulated zone drop to very 
low pressur~s. often to subatmoepheric pressures, regardless of which pipe fails. 

Therefore, SJWC recommends an 8-inch pressure regulator be installed on the northern border 
of Cupertino Memorial Park, near the intersection of Christensen Drive and Fenway Court. This 
improvement will prevent many services from dropping to low pressures in the event of a 
pipeline failure and will also increase fire-flow capacity to help meet current fire department flow 
requirements. Figure 13 shows the location of the proposed B~inch regulator in relation to Mann 
Regulated Zone, and Figure 14 shows the regulator in relation to its immediate vicinity . This 
improvement is recommended for implementation in 2017 and is estimated to cost $117,600. 
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Figure 13. Recommended 8-inch Pressure Regulator and Mann Regulat~d Zone 

ngure 14. Recommended B-inch Pressure Regulator and Immediate Vidnity 
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5.2 Valve Installation 

RECOMMENDED IMPROVEMENTS AND ACTIONS 

A 2,200-ft long, 14-inch diameter pipe alignment on South Foothill Boulevard between Stevens 
Creek Boulevard and Alcalde Road requires 7 valves to be closed to achieve hydraulic isolation, 
4 of which are greater than or equal to 12 inches in diameter. In the event of a catastrophic 
break anywhere along this alignment, it is estimated that approximately 2 million gallons could 
be discharged into the surrounding area. However, with the installation of a 14-inch valve at the 
intersection of South Foothill Boulevard and Stevens Creek Boulevard, only two valves greater 
than or equal to 12 inches in diameter will need to be closed, thereby decreasing the time 
required to hydraulically isolate the alignment and reducing the volume discharged by up to 
400,000 gallons. iherefore, it is recommended that a 14-inch valve be installed as illustrated in 
Figure 15. This improvement is recommended for implementation in 2017 and is estimated to 
cost $21,900. 

Figure 15. Recomm•nded 14-inch Valve Installation 

5.3 Easement Documentation 

It was found that a number pipelines within the Cupertino Lease Area cross through private 
property yards and streets. SJWC requests the, City of Cupertino provide documentation 
defining the limits of the easements, as they woµld be necessary for any potential pipeline 
improvements in these areas. Map 8 highlights the location of these pipelines and Table 8 lists 
APN's and addresses of parcels that intersect these pipelines. 
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Table B. Easement Documentation RequeJt list 

APN Address 
326-12-049 10420 CRESTON OR 
326-12-051 10440 CRESTON DR 
326-12-052 10450 CRESTON DR 
326-13-035 10407 VISTA KNOLL BLVD 
326-15--076 10370ALPINE OR 
326-15-076 10370ALPINE DR 
326-15-076 10370 ALPINE DR 
326-15-076 10370 ALPINE DR 
326-1S-103 22364 SALEM AVE 
326-15-130 22445 CUPERTINO RD 
326-15-130 22445 CUPERTINO RO 
326-16-045 10130 CRESCENT RD 
326-16-047 10151 HILLCREST RD 
326-16-050 10181 HILLCREST RD 
326-16-052 10161 HILLCREST RD 
326-16-053 10143 HILLCREST RO 
326-16-055 10133 HILLCREST RD 
326-16-061 10191 HILLCREST RD 
326-16-080 10171 HILLCREST RD 
326-17-013 10168 AMELIA CT 
326-17--019 10201 AMELIA CT 
326-17-020 10185 AMELIA CT 
326-17-026 10171 AMELIA CT 
326-17-0S3 10151 AMELIA CT 
326-18-057 10019 OAKLEAF PL 
326-27-037 10145 PARKWOOD DR 
326-27-037 10145 PARKWOOD DR 
326-27-037 10145 PARKWOOD DR 
326-27--037 10145 PARKWOOD DR 
326-27-037 10145 PARKWOOD DR 
326-35-063 10451 PHAR LAP DR 
326-35-068 SOUTHERN PACIFJCTRANS. 
326-37-004 10391 RIVERCREST CT 
326-37-047 CRESTON DR 
326-39--060 SANTA CLARA VALLEY WATER 
326-41-033 10S00 CASTINE AVE 
326-41-095 21291 MILFORD DR 
326-41--096 21301 MILFORD DR 
326-41-097 21311 MILFORD DR 
326-41-098 21321 MILFORD DR 
326-41-099 21331 MILFORD OR 
326-41-100 21341 MILFORD DR 
326-41-101 21361 MILFORD DR 
326-41-102 21371 MILFORD DR 
326-41-103 21381 MILFORD DR 

Pipeline Consequence of Failure Study 
October 2015 

RECOMMENDED IMPROVEMENTS AND ACTIONS 

APN Address 
-

326-41-104 21391 MILFORD OR 
326-41-105 21401 MILFORD DR 
326-41-106 21421 MILFORD DR 
326-41-107 21431 MILFORD DR I 

326-41-108 21451 MIU:ORD DR 
326-41-109 21461 MILFORD DR 
326-41-114 OTY OF CUPERTINO 

-
326-47-019 10410 STOKES AVE , 

326-49-007 10650 STOKES AVE 
326-49-018 21887 WILSON CT 
326-49-034 STOKES AVE 
326-55-023 10315 ANN ARBOR AVE 
342-12-063 22615SALEM AVE 
342-12-064 22625 SALEM AVE 
342-12-064 22625 SALEM AVE 
342-12-064 22625 SALEM AVE 
342-12-090 22611 POPPY DR 
342-29-057 10495 MERRIMAN RD 
342-44-017 10500 SAN FELIPE RD 
342-44-020 10530 SAN FELIPE RD = 
342-45--007 22864 VOSS AVE 
342-45-035 10396 AVENIDA LN 

' 
342-48-006 22654 OAKCREST CT 
342-48--018 10439 HENEY CREEK Pl 

a 

342-48-030 10350 HENEY CREEK PL 
342-48-030 10350 HENEY CREEK PL 
342-57--009 10799 JUNIPER CT 
342-57-030 10829 SYCAMORE CT 
342-58-003 22238 HAMMOND WAY 
356-01-021 10980 MIRAMONTE RD 
356--05--005 MCCLELLAN RD 
356-06-030 2 2044 BAXLEY CT 
357-01--027 22288 BELI.EVUE AVE 
357--01-033 10168 CASS PL 
357--04-029 10494 MIRA VISTA RD 
357-06-016 10489 SCENIC BLVD 
357-09-053 22120 STEVENS CREEK BLVD 
357-10-006 21975 SAN FERNANDO AVE 
357-10-008 21979 SAN FERNANDO AVE 
357-12-0S5 10485 SAN FERNANDO AVE 

' 357-20-019 10340 BUBB RD 
357-22-006 10106 IMPERIAL AVE 
357-22-007 101041 MPERIAL AVE 
3S7-22-035 10118 IMPERIAL AVE 
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MAP 8. CONSEQUENCE OF FAILURE ANALYSIS - Water Mains Crossing Private Properties 
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City of Cupertino Annual Average Daily Traffic 
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Pipeline Consequence of Failure Scores and Rankings Table 

Neta: Pipit, with idelllicaf C:o nsaque-nc• of F;t.il ure-Score!i were prioritb:vd accordir111n t~e ir floadina Wltan.s it~s. 

tr, . -..... , .. . .. ..... - ' . · -
Floodl~ lmPKt Ot•oerv Q>/Kequence ' 

Diameter L,qth •rrtensitv Health• System of F1ilur1 
.. 

Pipe ID Uni (ftl !rail Safety TArupcltatlon l115'rlen 
011■mlors Jmpactkore 

0531520 12 107 1,168,042 0.8756 0.1414 1.0000 l.0000 0.7661 1 
0531685 12 637 803,565 0.8134 1.0000 0.0956 00000 0.6162 2 

0532529 12 181 779,5&6 0.8283 0.3225 1.0000 0.0000 0.5787 3 
D531717 12 120 792,816 1.0000 0.3225 0.0000 0.0000 0.5645 4 
D531672 10 111 649,809 1.0000 0.3125 0.0000 0.0000 0.5645 ~ 
D531689 10 31 1,230,701 0.8719 0.1414 1.0000 0.0000 0.5642 6 

I 
D533109 12 52 1,985,310 09572 0.1414 0.3780 0.0000 0.5447 7 I 
D530938 14 667 1,847,805 0.9350 0.1414 0.2817 0.0000 0.5240 e 
D5427S1 14 77 2,038,245 0.9263 0.1414 0.2817 0.0000 0.5196 9 
D530939 12 35 ' 1,969,425 0.9399 0.1414 0.1878 0.0000 0.5170 10 
0S31889 10 8 615,731 1.0000 0.0802 0.0000 0.0000 0.5160 11 

0531890 6 36 605,441 1.0000 0.0802 0.0000 , 0.D000 0.5160 12 

' 0531896 6 53 494,360 1.0000 0.0802 0.0-000 0.0000 0.5160 13 
0531895 6 127 456,025 1.0000 0.0802 0.0000 0.0000 05160 11 
D531892 6 16 417,053 1.0000 0.0802 0.0000 0.0000 0,5160 1S 
0S31916 6 135 414,540 1.0000 0,0802 0.0000 0.0000 0.5160 16 
D531897 8 68C 389,632 1.0000 0.0802 0.0000 0.0000 0.5160 17 
0531898 6 411 363,936 ' l.D000 0.0802 0.00D0 0.0000 05160 18 
D531894 6 895 291,278 1.0000 0.0802 0.0000 0.0000 0.5160 19 
D540881 16 ' 161 1,577,040 1.0000 0.0036 0.0000 0.0000 O.SOD7 20 
0540878 16 264 1,5TI,204 1.0000 0.0036 0.0000 0.0000 0.5007 21 

) 05.31369 15 7118 1,524,780 1.0000 0.0036 0.0000 0.0000 0.5007 22 
D540879 6 28 1,000,812 1.0000 0.0036 00000 0.0000 05007 23 

) D531368 6 242 598,776 1.0000 0.0036 0.0000 0.0000 0.5007 24 
0531563 8 850 353,269 1.0000 0.0036 0.0000 0.0000 0.5007 25 

) 0531687 12 10 915,474 0.8311 03225 0.0956 0.0000 0.4896 26 
D532531 12 211 743,266 0,B204 0.3225 0.0956 0.0000 OA842 27 

) D532060 12 97 1,374,908 0.8843 0.1414 0.0939 0,0000 0.4798 : 28 
0532530 8 24 711,l~ 08206' 0 ,3225 0.0482 0.0000 04796 29 

j 0532S27 12 8 776,246 0.8280 0,3225 0.0000 0.0000 0.478S 30 
D5316&6 6 39 613,947 0.8044 0.3225 0.1071 0.0000 0.4774 31 
D532528 8 31 721,667 0.8222 0.3225 0.0047 0.0000 0.4761 32 
0532070 12 233 1,420,860 08941 0.1414 0,0000 0.0000 0,4.753 33 
0542774 12 24 768,893 0.8198 0.322S 0.0000 0.0000 0.4744 34 
D535814 12 1 326 767,151 0.8191 0.3225 0.0000 0.0000 0.4741 35 

I D531682 12 479 765,504 0.!!182 0.322.S 0.0000 0.0000 04736 36 
I 0532176 12 6 1,404,297 08900 0.1414 0.0000 0.0000 0.4733 37 

I 
) D532177 12 6 1,405,580 , 0.8899 0.1414 0.0000 0.0000 0.4732 38 

I 
D532127 12 50 1,406,619 0.8895 0.1414 0.0000 0.0000 0.4730 39 

) D532062 20 20 1,377,513 0.8884 0.1414 0.0000 0.0000 0.4725 40 

I 
0542773 12 6 716,436 0.&150 0.3225 0.0000 0.0000 0.4720 41 
D542775 12 15 711,996 08146 0.3225 0.0000 0.0000 0.4718 42 

) 
0542784 12 15 740,421 0.8144 0.3225 0.0000 0.0000 0.4717 43 

I 0542772 12 24 6.94,72!l 0.8130 0.3225 0.0000 0.0000 0.4710 44 

I 
) 

0542777 12 20 726,017 0.&130 0.3225 0.0000 . 0.0000 0.4710 45 
0531680 g 6 692,244 08128 03225 0.0000 0.000Q 0.4709 46 

0532058 12 10 1,221,264 0.8662 0.1414 0.0939 0.0000 0.470& 47 
i 0531974 12 203 1,399,236 0.8841 0.1414 0.0000 0.0000 0.4704 48 

0542776 12 24 714,137 0-8114 0.3?25 0.0000 0.0000 0.4702 49 
D532128 12, 46 1,345,181 0.8831 0,1414 00000 0.0000 0.4698 so 
D531673 12 3S0 678,659 0.8093 0.3225 0.0000 0.0000 0.4692 51 
0.542780 8 24 650,556 0.8090 0.3225 0.0000 0.0000 0.4690 52 

0S31671 12 108 664,119 0.8088 0.322!\ 0.0000 0.0000 0.4689 53 . 

I D532071 12 906 1,321,392 0.8804 0.1414 0.0000 D.0000 0.4685 54 

) 0531684 u 42 787,992 0.8074 0.3225 0.0000 0.0000 0.4682 55 
0532059 11 91 1,154,220 0.B603 0.1414 0.0939 0,0000 o 467a 56 

) 0532178 12 228 1,270,188 0,8775 0.1414 0.0000 0.0000 0.4671 57 
D532512 6 24 865,641 0.8331 0.1414 0.2213 0.0000 0.4670 58 

I ) 0532065 12 519 1,242,708 0.8761 0.1414 0.0000 0.0000 0.4664 59 
D531683 12 38 816,684 0.8002 0.3225 0.0000 0.0000 0.4646 60 

I DS.32513 12 120 958,398 0.8420 0.1A14 0.1275 0.0000 0.4620 61 l 

I 0532522 12 199 953,639 0.8416 0,1414 0.1275 0.0000 04618 £2 

I 
D532069 8 316 1.156,476 0,B667 0.1414 0.0000 0.0000 0.4616 63 

I 
D532523 12 334 940,320 0.8407 0.1414 0-1275 0.0000 0.4614 64 

I ) 0531668 8 396 479,796 D.7~28 0.3225 0.0000 0,0000 0.4609 65 

D532020 8 171 1,150,295 0,8632 0.1414 0.0000 0.0000 0.4599 66 
) D532525 8 23 862,_410 o.8346 0.1414 0.1275 0.0000 0.4Sl.13 67 

D540880 15 19 1,577,868 0.9117 0.0036 0.0000 0,0000 0.4566 68 ·----
I ) 0532066 8 776 1,041,984 o.ssa1 0.1414 0..0000 0.0000 0.4548 69 
I 
I 0531388 16 590 1,558,992 0.9036 0.0036 0.0000 0.0000 0.4525 70 
I 

) 
0532526 12 52 908,913 0.8402 0.1414 0.0336 00000 0.4518 71 
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Note: PlpFlS with identlcaf Corue-qu@nce of F;im~r@ Sccrl!'s were pricrrt:fii,d a<:rordlne; to their floodfnR 1nteri5itie.s, 

, . , .. . , .... 
- ~ 

Aoodlng lmpatt cateogry Consaqllanc:e ' 

Diameter Lengtll mtefl$ity Health& 
TranspomUan eusJness 

System of Failun! • 

1'1pe lt> tin) ltt) lnfl Satetv Operations l~pact Stor• 
DS3251l 8 32 692,4!B 0.8155 0.1414 , 0.1275 0.0000 a.4493 72 
0532191 1 48 185,976 0.7669 0.3225 0.0000 . 0.0000 0.4479 73 

0532194 2 48 1S6,543 0.7661 0.3225 0.0000' 0.0000 0.4475 74 
0532192 2 48 165,312 0.7650 0.3225 0.0000 0.0000 0.4470 • 75 
0532190 2 4B 165,264 ' 0.7650 0.3225 0.0000 0.0000 0.4470 16 
0531976 ' 8 14 892,441 0 .8364 0.1414 0.0000 0.0000 ' 0,4465 77 
D532147 16 24 1,251,34S 0.2750 0.0000 1.0000 1.0000 0.4355 78 
0543109 16 12 1,522,824 0.8570 0.0036 0.0000 0.0000 0.4292 79 
D532187 10 6 973,032 08553 0.0036 0.0000 0.0000 0.4284 80 
DS31833 10 315 952,104 0.8519 0.0036 0.0166 0.0000 0.4283 81 
D54310B 16 24 1,518,012 0,8535 0.0036 0.0000 0.0000 0.4275 82 
0532146 16 163 1,301,040 0.2509 . 0.0036 1.0000 1.0000 0.4262 S3 
0531873 10 350 916,908 0.8489 0 ,0036 0.0000 I 0.0000 0.4252 84 
D531888 10 311 632,121 0.815S O.OS02 0.0000 0.0000 0.4238 85 
D531885 10 93 904,527 0.8450 0.0036 o._oooo 0.0000 0.4232 86 
0531861 8 344 821,232 0.8373 0.0036 0.0000 0.0000 0.4194 87 
0531879 10 838 &Sl,756 0.8364 0.0036 0.0000 00000 0Al89 , 88 . 
D531881 10 322 839.592 0.8359 00036 0.0000 0.0000 0.4187 89 
D531860 a 327 801,012 0.8346 0.0036 0.0000 0.0000 0.4180 90 
D5_31882 10 10 880,908 _0._8304 0.0036 0.0000 0.0000 0.4159 91 
0600356 17 1,094 99,677 0.0188 1.0000 0.0000 1.0000 0.4094 92 
D542783 12 24 714,380 0.8120 0.0036 0.0000 0.0000 0.4067 93 
0600337 17 1,4n 51,887 0.0078 1.0000 0.0000 1.0000 0.4039 94 
0531676 12 329 641,ln 0.8055 0.0D36 0.0000 0.0000 0.4035 95 
0531675 12 415 617,520 0.8054 0.0036, 0.0000 0.0000 0.4034 96 
0600384 17 , 3,600 48,928 0.0065 1.0000 0.0000 1.0000 0.4033 97 , 
D531367 &I 126 424,6S6_ 0.7933 0,0036 0.0000 00000 IJ.3974 98 
D531677 6 100 470,700 0.7908 0.0036 0.0000 0.0000 03961 99 
0531366 6 283 385,332 0.7859 0.0036 0.0000 D.0000 0,3937 10D 
0542781 B 4 351,613 0.7819 0.0000 0.0000 0.0000 0.39iO 101 

0531382 14 12 1,455,?76 0.369.3 0.0036 0.0000 10000 0.3854 102 
053,2195 2 48 186,476 0.7662 0.0036 0.0000 0.0000 0.3838 103 
0532145 16 136 1,187,544 ' 0.1249 0.000D 1.0000 1.0000 0.3624 104 
0533110 8 27 1,356,924 0.5826 0.1414 0.3780 0.0000 0.3574 105 
0532144 16 74 1,651,415 0.6439 0.1414 O.OOOD_ 0.0000 0.3503 106 
D532117 8 210 887,712 0.0912 0.0036 1.0000 1.0000 0.3463 107 
0531620 8 1,98a 137,700 0.2514' 1.0000 0.1970 0.0000 0.3454 108 
0534685 16 6 1,470,816 0.6234 0.1414 0.0000 0.0000 0.3400 109 
0534684 16 24 1,470,288 0.6222 0.1414 - 0.00001 0.0000 0.3394 110: 
0532152 14 27 1,639.670 0.6140 0.1414 0.0000 0.0000 0 . .3353 I 111 
D531345 16 : 485 1,457,436 0.6671 0.0036 0.0000 00000 0.3342 112 

T602760 10 38 1,256,703 . 0.2663 0.0036 00000 . 1.0000 0.3339 113 
. 

0531151 20 763 2,594,940 02635 0.0036 0.0000 1.0000 0.332.S 114 
D531095 16 248 1,357,824 0.2567 . 0.0036 0.0000 1.0000 0.3291 115 
0531637 8 132 , 428,820 0.0247 0.0802 1.0000 1.0000 0,3,284 1 116 
D53217D 8 2.27 537,453 0.0547 0.0036 1.0000 1.0000 03280 117 
D531387 14 . 199 1,536,312 0,6247 0.0036 0.0000 0.0000 0.3130 118 

0530942 14 539 1,932.660 0.5213 0.1414 0.1878 0.0000 03077 119 
D531346 8 270 1,056,108 0.6061 0.0036 0.0000 0.0000 0.3038 120 
D600412 17 1,601 46,706 0.0055 ' 0.0D36 1.0000 1.0000 0.3035 121 

0531102 14 38 1,599,075 0.5471 0.1414 0.0000 0.0000 0.3018 122. 
0531105 16 194 1,438,.404 0.5231 0 ,1414 0.0000 0.0000 0.2898 123 
0531103 14 353 1,614,168 0.5146 0 .1414 0.0000 0.0000 0.2856 124 

D600351 17 1,007 100,790 0.0188 0.3225 ' 0.0000 1.0000 0.2739 125 
0602851 17 30B 99,939 0.0175 0,3225 0.0000 1.0000 02732 126 
0S30923 14 . 394 1,588,829 0.4733 0.1414 0.0000 0.0000 0.2650 • 127 

0531100 16 253 1,580,904 0.4716 0.1414 0.0000 0.0000 0,2641 128 
T603403 20 6 1,623,72.0 01178 0.0000 0.0000 1.0000 0.2589 129 

T603399 20 120 1,884,924 0.1142 00000 0.0000. 1.0000 0.2571 130 
rl603393 20 14 1,603,056 0.1130 0.0000 0.0000 1.0000 0.1565 131 . 

'1'603396 20 22 1,632,936 0.1085 0.0000 0.0000 10000 0.254~ . 132 
0531385 14 2.23 1,483,092 0.5013 0.0036 O.OOQO 0.0000 0,2524 133 
0S32168 8 396 982,980 05012 0.0036 0.0000 0.0000 0.2513 134 
D531344 8 57 1,364,448 0.5002 0.0036 0.0000 0.0000 0.2508 135 
0530905 14 384 1,586,777 0.4421 0.1414 0.0000 0.0000 0.2493 136 
0S30936 14 419 1,620,068 04247 0.1414 0.0000 0.0000 0,2406 137 

0531061 10 471 277,215 0 .0762 0.0036 0.0000 1.0000 0.2388 l38 
OS3HS6 8 698 126,650 0.4646 0.0036 0.0000 0.0000 0.2330 139 
D531108 8 499 92.2,_860 0.4077 0.1414 0.0000 0.0000 0.2321 140 

D542702 10 522 321,000 0.0603 0.0036 0.0000 1.0000 0.2309 141 
0531150 6 1,BZ 285,890 0.0527 0.0036 0.0000 1.0000 0.2271 142 

D530945 12 543 1,454,604 0.3367 0.1414 0.2841 0.0000 0.2250 143 

0531381 8 56 1,293,264 0.4478 0.0036 0.0000 00000 0.2246 144 



~ote: Pipe-, with Jderitlc;il COnscq11c-nc2 of F:1IC1Jre Scores wem prioritized acco<din:: to their floodlni rnteruttfos . . . ... •· . . . . . . , .. 
I Flj)odlng Impact C..teogty Consequence 

Diameter Lenath Intensity Hnlth& 
Trinsportatlon BusifltSS 

SVStem cfF•llun 
Pipe ID (In) (ft) !gall Safetv Operations lmpattScore 

' 
0531147 10 1,309 576,612 0.0477 0.0036 0.0000 1.0000 0.2246 145 
0531044 10 330 1,323.459 0.3923 0.1414 0.0000 0.0000 0.2244 146 
0544257 10 279 491,970· 00393 0.0036 0.0000 1.0000 0.2204 147 
0531193 20 482 2,128,824 0.4372 00036 0.0000 0.0000 0.2193 148 
0530903 8, 167 1,212,368 0.3808 0.1414 0.0000 0.0000 0.2187 149 
0531771 8 342 127,160 0.4356 0.0036 0.0000 0.0000 0.2185 150 
0534683 10 1,253 225,612 0.0354 0.0036 0.0000 1.0000 0.2184 151 
D531128 16 22 1,396,572 0.4319 0.0036 0,0000 0.0000 0.2167 152 
0531275 20 827 1,966,968 0.4314 0.0036 0.0000 0.0000 0.2164 153 
D532987 16 27 1,397,760 0.4265 0.0036 0.0000 0.0000 0.2140 154 

) D531799 10 590 195,228 0.0253 1.0000 0.0000 0.0000 0.2127 155 
D531119 16 161 1,392,396 0.4234 0.0036 0.0000 0.0000 0.2124 156 

I 0531161 20 16 2,124,576 0.4228 0.0036 0.0000 0.0000 0.2121 1S7 
0532986 16 233 1,391,400 0.4221 0.0036 0.0000 0.0000 0.2118 158 

' 0602B70 12 12 109,400 0.01.07 0.0000 0.0000 1.0000 0.2104 159 
D53,1129 16 24 1,383,084 0.4159 0.0036 0.0000 0.0000 0.20B7 160 

' 0532999 16 4 1,382,892 0-4151 0.0036 , 0.0000 0.0000 0.2083 161 
0531602 B 1,106 63,317 0.0144 1.0000 0.0000 0.0000 0.2072 162 
0531378 12 12 1,091,507 0.4123 0.0036 0.0000 0.0000 0.2069 163 
D531279 20 20 2,188,661 0.4089 0.0036 0.0000 0.0000 0.2052 164 

I 0602868 12 11 87,896 0.0088 0.0000 0.0000 1.0000 0.2044 165 
D531384 14 340 1,464,576 0.4068 0.0036 0.0000 0.0000 0.2041 166 
0531596 8 2,SOC 65,468 0.0069 1.0000 0.0000 0.0000 , 0 .2035 167 
0531123 16 166 1,381,836 0.4052 0.0036 0.0000 0.0000 0.2033 168 
D602872 12 13 46,123 0.0055 0.0000 0.0000 1.0000 0.2028 169 
D532988 B 27 1,218,288 0.4027 0.0036 0.0000 0.0000 0.2021 170 
0S36144 12 347 469,296 0.0014 0.0036 0.0000 1.0000 0.1014 171 
D531785 8 271 110,010 0.4006 0.0036 0.0000 0.0000 0.2010 · 172 
D531054 12 1,44-0 493,776 0.0014 0.0000 0.0000 1.0000 0.2007 173 
D531052 12 471 559,020 0.0007 , 0.0000 0.0000 1.0000 0.2004 174 
D535147 12 957 287,184 0.0004 0.0000 0.0000 1.0000 0.2002 175 
T603407 6 8 418,0BS 0.0000 0.0000 0.0000 1.0000 0.2000 176 
T603410 6 3 290,692 0.0000 0.0000 0.0000 1.0000 0.2000 177 

- - ) 602321 12 76 220,320 0.0000 (l.0000 0.0000 1.0000 0.2000 178 
T602326 12 34 192,780 0.0000 0.0000 0.0000 1.0000 0.2000 179 
T603416 6 113 149,279 0.0000 0.0000 0.0000 1.0000 0.2000 lBO 

D531159 20 492 2,860,320 03979 0.0036 0,0000 0.0000 0.1997 181 
D531787 B 630 107,100 o.~973 0.0036 0.0000 0.0000 0.1994 182 
0531121 16 261 1,374,516 0.3953 0.0036 0.0000 0.0000 0.1984 ·183 
D531972 12 411 1,280,316 0.3369 0.1414 0.0000 0.0000 0.1967 184 
0531098 16 240 1,516,644 0.3910 0.0036 0.0000: 0.0000 0.1962 185 
D531232 14 453 1,862,760 0.3548 0.0802 0.0000 0.0000 0,1934 186 

I 0531172 10 17 1,811,070 0.3514 0.0802 0.0000 0.0000 0.1918 187 

I ) 053215!! 10 34 1,795,470 0.3490 0.0802 0.0000 0.0000 0.1905 188 
I 0531593 8 8S3 59,531 0.2518 0.3225 0.0000 0.0000 0.1904 189 
I D531126 16 52 1,364,436 0.3790 0.0036 0.0000 0.0000 0.1902 190 
I 

D531127 16 24 1,364,700 0.378S 0.0036 0.0000 0.0000 0.1901 191 
I T602842 8 31 1,046,357 0.37S1 0.0036 0.0000 0.0000 0.1883 192 

I 0531278 10 183 1,863,257 0.3747 0.0036 0.0000 D.0000 0-1881 193 
T60284S g 11 1,135,560 0.3694 0.0036 0.0000 0.0000 0.1854 194 
0531166 10 389 1,549,110 0.331S 0.0802 0.0000 0.0000 ' 0.18.18 195 

' 0532160 14 32 1,791,840 0.3312 0.0802 0.0000 0.0000 0.1816 196 
0530940 6 36 1,085,205 0.2570 0.1414 0.1885 0,0000 0.1756 197 
D532159 10 12 1,762,560 0.31!!9 0.0802 0.0000 0.0000 0.1755 198 
D530944 12 233 1,338,084 0.2920 0.1414 0.0025 0.0000 0.1745 199 
0531153 20 311 2,832,390 0.3467 0.0036 0.0000 0.0000 0.1741 200 
0S32629 B 299 1,081,464 0.3467 0.0036 0.0000 0,0000 0.1741 201 
D531772 8 26!! 126,557 03467 0.0036 0.0000 0.0000 0.1741 202 

D531769 s, 211 109.695 0.3456 0.0036 0.0000 0.0000 0.1735 203 

i 

602854 8 6 926,373 0.3457 0.0000 0.0000 D.0000 0.1729 104 
D531770 6 383 101,070 0.3426 0,0036 0.0000 0-0000 0.1710 205 

I 
0531160 10 255 1,817,940 0.3421 0.0036 0.0000 0.0000 0.1718 206 

l 0531973 8 273 940,236 0.2842 0.1414 00000 0.0000 0.1704 207 
D540882 6 45 979,620 0.3268 0.0036 0.0000 0.0000 0.1641 208 
D531230 14 347 1,778,790, 0.2959 0.0B02 0.0000 0.0000 0.1640 209 
f602863 8 7 797,601 0.3255 0 .0000 0.0000 0.0000 0.162/ 210 
0531231 14 812 1,790,325 0.2902 0.0802 0.0000 0.0000 0.1611 211 
D531099 8 350 1,044,077 0.3202 0.0036 0.0000 0.0000 01608 212 
D532111 8 20 466,200 0.3181 0.0036 0.0000 0.0000 0.1598 213 

1"'53.1.-7~· 6 -¼,10-1 --99,8-10 --0,3151 -- --0.0036 ---0.0000 f-0.0000 -O .. J..582 -2-1◄ -

0531146 4 56 600,156 0.1160 0.0000 1.0000 0.0000 0.1580 215 
0532022 10 lSS 657,552 0.1140 0.0036 LOOOO 0.0()00 0.1577 216 
D531200 20 638 2,045,064 0.3107 0.0036 0.0000 0.0000 0.1561 217 

I ) 



Note· PipP..s with rdentical Conse:iuence of Failure Score$ were priortti?~d accordln~ tc t~•ir floodingintf:n.sitlcs. 

• !ff ~ , .. .. ..,~ .... . . . 
Flo:ltfrng Impact Ceteogry COnsequence 

Diameter l•lljlth Intensity Haalth& Systam of Fiilunl 
.. 

Plpe lD (In) 1ft) Inn Safelv 
Tl'ill15pottation Business 

Operations Impact Sccre 

0531774 8 .'!19 122,655 03092 0,0036 0.0000 0.0000 0 .1553 218 
D531610 B 688 384,180 0.2759 0.0802 0,0000 00000 0.1540 119 
D531790 8 1,285 105,203 0.3054 0.0036 0.000□ 0.0000 0.1534 220 
0531783 8 417 106..S3B 0.3043 0.0036 0.0000 0,0000 0.1529 221 
D531760 8 164 175,824 0.3031 0.0036 0.0000 0.0000 0.1523 222 
D531182 10 508 1,371,885 0.2711 0,0802 0.0000 0.0000 0.1516 223 
D531630 8 46 618,8□3 0.3012 0-0036 0.0000 0.0000 0.1513 224 
D531612 8 795 457,842 0.2577 0.0802 0,0601 0,0000 0,1509 225 
0532189 10 8 177,540 0.30D0 0.0036 0.0000 0.0000 0.1507 226 
0531777 10,5 265 177,110 0,2993 0.0036 0.0000 0.0000 0.1504 227 
D531886 10 2.28 677,492 0,1668 0.0802 0.0000 o.ooao 0,1494 228 
D531179 10 405 176,520 0.2950 0.0036 0,0000 0.0000 0.1482 229 
0531759 8 53 176,244 0.2.930 0.0036 0,0000 0,0000 0.1472 HO 
D53l780 10 162 174,216 0.2929 0.0036 0.0000 0.0000 0.1472 231 
0531773 6 410 110,203 0.2897 0.0036 0.0000 0.0000 0.1456 232 
0531778 s 386 170,904 0.2890 0.0036 0,0000 0.0000 D.1451 233 
0531611 8 138 363,773 0.2.577 0.0802 0.0000 0.00D0 0.1449 234 
0531154 10 45 2,278,005 0.2871 0,0036 0.0000 00000 0.1443 235 
0531i67 8 262 107,175 0.28S6 00036 0.0000 0.0000 0.1435 236 
D531584 6 1,817 83,818 0.2S18 Q,0802 0.0D00 0.0000 0.1419 237 
0543089 10 6 164,483 0.2823 0.0036 0,0000 0,0000 0,1419 238 
D531776 8 417 108,015 0.2810 D.0036 0.0000 O.D000 0.1412 139 
0531768 6 250 101,588 0.2796 0.0036 0,0000 0.0000 0.1405 240 
D531178 10 90 1,540,710 0.2461 0.0802 o.oooa 0,0000 01391 241 
0531781 8 168 149,688 02763 0,0036 0.0000 0.0000 0.1389 242 
05317!16 6 256 157,764 0.2772 0.0000 0,000□ 0.0000 D.1386 243 
0531792 10 81 149,520 0.2757 0,0036 0,0000 0,0000 0.1386 244 
D531791 6 119 138,275 0,2750 0.0036 0.0000 0,0000 0,1382 245 
D5317&2 8 563 105,878 0,2736 0.0036 0.0000 0.0000 0,1375 246 
D531761 6 341 105,435 0.2736 00036 00000 0.0000 0.1375 247 
0531766 8 270 105,983 0.2734 0.0036 0.0000 0,0000 0.1374 248 
D531763 8 254 105,503 0,2732 0.0036 0.0000 0,0000 0.1373 249 
D531106 6 611 519,420 0.2732 0.0036 0.0000 0.0000 013B 250 
0531762 6 149 100,463 0.2693 00036 0.0000 0,0000 0,1354 251 
0531793 10 561 143,000 0.2689 0,0036 0.0000 0.0000 0 .1352 2S2 
D531765 6 240 99,615 0,2684 0.0036 0,0000 0.0000 0.1349 253 
0531775 6 330 97,305 0.2680 0.0036 0.0000 0,0000 0.1347 254 
0531764 6 233 98,805 0.2672 0.0036 o.oaoa 0.0000 0.1343 255 
0532631 s 384 647,632 0.2668 0,0036 0.0000 0,0000 0,1341 256 
D531110 6 563 594,240 0.2107 0.1414 0.0000 0.0000 0.1336 257 
0531635 6 28 573,317 0.2633 0.0036 0,0000 0.0000 0.1324 258 
D531698 8 971 H8,7Bl 0.0322 0.3225 0.5176 0,0000 0.1324 25!;1 
0532166 6 573 205,811 0.2605 0,0036 0.0000 0,0000 0.1310 260 
0532633 8 123 616,786 0.2598 0.0036 0.0000 0.0000 0.1306 261 
D531969 12 271 1,434,186 0,1037 0.1414 0.0000 0.0000 0.1301 262 
D531968 12 298 1,414,274 0.2009 0.1414 0.0000 0.0000 0.1287 263 
0531638 8 395 430,826 0.0243 0.0802 1.0000 0.0000 0.1282 264 
0531650 8 713 87,645 0.2549 0,0036 0.0000 0,0000 0.1282 2.65 
DS31251 6 52 1,321,005 02220 0,0802 0.0000 0.0000 0,1270 266 
D531945 6 615 385,378 0.2521 0,0036 0,0000 0.0000 0.126B 267 
0531617 8 1,111 435,782 0,0114 0.0802 1.0000 0.0000 0.1268 268 
0532167 2 48 167,136 0.2500 0.0036 0.0000 0.0000 0.1257 269 
0531611 8 307 372,204 0-0178 0.0802. 1.0000 0.0000 0.1249 1.70 
D530978 10 120 1,443,708 0 .2170 0.0802 0.0000 0.0000 0.1246 271 
D531556 8 1,189 392,627 0.2476 0.0036 0.0000 D.0000 0,1245 272 
D531623 8 441 213,248 0.0111 0.0802 1.0000 00000 0.1216 273 
D531802 10 24 137,792 0.2432 0.0000 0.0000 0.0000 0.1216 274 
D53100S 10 2,088 1,128,948 0.1671 0,1414 0,0939 a.ooao 0,1212 275 
D531642 6 172 87,983 0.239S 0,0036 0.0000 0.0000 0,1205 276 
053162.2 a 319 182,700 0.0084 0.0802 1,0000 0.0000 0,1202 277 
0531051 s 1,690 124,066 0,0082 0.0802 1.0000 0.0000 0.1201 278 
D542765 8 18 171,848 0.0071 0.0802 1.0000 0,0000 0.1197 279 
0531616 i 8 25 170,513 0,0072 0.0802 1.0000 0.0000 I 0.1196 280 
D532139 20 9 1,431,948 0.2060 0.0802 0.0000 0.0000 0.1190 281 
D531002 10 53 1,437,012 0.2055 0,0802 00000 0.0000 0.1188 282 
0532197 2 48 66,660 0.0028 0.0802 1.0000 0.0000 0.1174 283 
0532052 10 346 940,080 0,1158 0.1414 0,3071 0,0000 0.1169 284 
0531118 8 520 619,710 0.1736 0.1414 0.0000 0.0000 0.1151 285 
D530985 10 201 1,386,396 0.2254 0.0036 0.0000 0,0000 0.1134 286 
D530979 10 17 1,450,224 0.2222 0.0036 0.0000 0.0000 0,1118 28? 
D532923 8 34 405,594 0.2182 0,0036 0.0000 0.0000 0,1098 288 
0532157 10 21 1,975,685 0.2180 0.0036 0.0000 0.0000 0.1097 289 
0532921 8 59 403,431 0.2178 0.0036 0.0000 0,0000 0,1096 290 



Note .. Plpos wl'tt. ldehlicaf Con~P.f{uenc.e of Failure, Scoras win~ p,1arrt1zed' acconu,,, to their fiaodlni in terultlf:s 

.. . . . . .. . . , .... . . 
Floodi .. Impact cateOltY COMaquenca 

Diameter L~n,th lntllnsity Health& of Failtn 
. . 

Symlm 
P,pelD (In) (ftl (pl) Safety 

TraPSpOrtatlan 8usl!Mss 
Uperatlons Impact Sea ... 

\ 0530947 a 498 703,956 0.1614 0,1414 0.0025 0.0000 0.1092 291 
D531S44 8 790 374,□84 0.Z152 0 .. 0036 0.0000 0.0000 0.10&3 292 

l 
D530983 10 411 1,362,840 0.2144 0.0036 o.aooo 0.0000 0.1079 293 
D532039 6 407 532,896 0.0601 0.1414 0.4949 0.0000 0.1079 294 
D531992 12, 76 1,296,675 0,1587 0.1414 0,0000 0.0000 0.1076 295 
D531003 10 26 1,402,728 0,1825 0.0801 0,0000 0.0000 0,1073 ' 296 

I 1602763 10 6 · t ,239,158 0.2103 0.0036 0,0000 0.0000 0.1059 297 
D542763 8 47 206,278 0.0108 0.0000 1.0000 0.0000 0,1054 298 
D532138 20 18 1,383,804 02081 0.0036 0.0000 0.0000 0.1048 , 299 
D542764 8 24 171,210 0.0093 0,0000 1.0000 D.0□00 0.1047 300 

) D531377 8 60 953,967 0.2078 0.0036 0.0000 0,0000 0.1046 301 
0531001 8 24 1,l87,432 0.1768 0,0802 0.0000 0.0000 0.1044 302 

) DS31163 10 240 1,510,353 0.2065 0.0036 0,0000 0,0000 0,1040 303 
,0532162 6 14 1,29&,700 0,2057 00036 0.0000 0.0000 0.1036 304 

I 0531554 B 612 379,250 0.2055 0.0036 0.0000 _ 0,0000 0.1034 305 
0531550 8- 279 395,934 0.2053 0,0036 0.0000 0.0000 0.1034 306 
D531322 10 30 958,092 0,1730 0.0802 0.0000 0.0000 0.1025 307 
D531311 10 508 743,568 0,1727 0.0802 0.0000 0.0000 0.1024 308 

I 0531158 10 94 1,562,247 0 ,2029 0.0036 0.0000 0.0000 0.1022 309 
0531094 6 230 533,112 0.2017 0.0036 0.0000 0.0000 0.1016 310 

I D531697 g 414 553,680 00687 0.1414 0.3861 0.0000 0,1013 311 
0531545 a 198 396,900 0,2003 0-.0036 0.0000 0.0000 0.1009 312 
D542754 8 19 390,863 0.1997 0,0036 0.0000 0,0000 0.1006 313 

0531164 10 403 1,354,523 0.1994 0.0036 0.0000 0,0000 0.1004 314 
T602757 10 8 1,231,041 0 .1993 O.D036 0.0000 0.0000 , 0,1004 315 
1602803 8 6 1,226,946 0.1989 0.0036 0.0000 0.0000 0.1002 316 
T602771 10 6 , 1,220,898 0.1987 0.0036 0,0000 0,0000 0.1001 317 

) T602811 8 6 1,227,272 0,1986 0,0036 0,0000 0.0000 0.1000 318 
D532188 8 15 379,271 , 0.1985 D.0036 0.0000 0.0000 0.1000 319 
T6Ql775 10 6 1,212,498 0.1981 0.0036 0.0000 0,0000 0.0998 320 
D533111 8 382 649,528 01017, 0.1414 0.2057 0.0000 0.0997 321 
D531186 10 178 993,048 0.1662' 0.0802 0.0000 0.0000 0,0991 • 322 
T602806 8 7 1,207,868 0.1968 O.D036 0,000D 0.0000 0.0991 323 
D531608 8 696 422,310 0.0788 0.0036 0.5754 0.0000 OJY.!77 324 
D531180 10 437 1,161,959 0.1629 00802 0.0000 ' 0.0000 0,0975 32S 
1602817 B 6 1,200,024 0.1930 0.0036 0.0000 0.0000 0,0972 326 
1602815 8 6 1,2.00,644 0,1928 0.0036' 0.0000 0.0000 0.0971 327 
T602779 10 3 1,205,442 0.1927 0.0036 0.0000 0.0000 0.0971 328 

' D531187 B 455 897,696_ 0.1620 0.0802 0.0000 0,0000 0.0971 329 
D531185 10 177 1,053,840 0.1619 0.0802 0.0000 0.0000 0.0970 330 
D531229 8 629 673,980 0.1618 0.0802 0,0000 0.0000 0.0970 331 
D531560 8 236 421,629 0.1911 0:0036 0.0000 00000 0.0963 332 
D532040 6 347 623,088 0,0701 0,0035 0.5820 0,0000 00940 333 
D531788 8 310 105,713 0,1838 0.0036 0.0000 0,0000 0.0926 334 
0531587 8 768 111,636 0.1281 0.1414 0.0000 0.0000 0,0924 335 

I I D531825 10 9 969,792 0,1794 0.0036 0,0166 0.0000 0.0921 336 I 

I D531555 8 271 335,S61 0.1820 0.0036 0.0000 0.0D00 0.0917 337 

I 
D531551 6 1,411 291,701 0.1810 0.0036 0.0000 0.0000 0,0912 338 
0531827 

-
10 101 965,700 0.1776 0,0036 0,0166 0.0000 0.0912 339 

D531575 8 257 533,682 0.1482 0.0801 0.0000 00000 0.0901 340 
D532073 6 38 879,084 0.1233 01414 0.0000 00000 0.0899 341 

, D53156Z 8 275 358,607 0 ,1777 0.0036 0.0000 0,0000 0.089ii 342 
0531201 8 46 1,395,060 0.11n 0.0036 0.0000 0.0000 0.08% 343 

D531561 8 671 350,685 0.1767 0.0036 0.0000 0.0000 0.0891 344 
D531669 11 796 535,092 0.0487 0.3225 0.0000 0.0000 0.0888 345 

I 
D532051 10 252 961,856 0,1345 0.0036 0.2044 0.0000 0.0884 I 

346 
D532053 10 60 973,668 0,1336 0.0036 0.2044 0.0000 0,088,0 347 
0531574 g 503 380,175 0.14H 0,0802 0,0000 0.0000 0.0877 348 
D531179 10 30 1,19;1,508 0.1429 0-0802 0.0000 0.0000 0.0875 349 
D531122 8 285 916,404 0.1731 0,0036 0.0000 0,0000 00873 350 
D531175 6 2.8 1,192.785 0.1422 o.oso2 0.0000 0.0000 0,0872 351 
0531156 10 449 1,480,221 0.1722 0.0036 0.0000 0.0000 0.0868 352 
0531000 8 815 489,192 0.1115 0.0801 0.1408 0.0000 0.0859 353 
D532041 6 9 836,934 0.0908 0.1414 0.1193 0.0000 0.0856 354 

I 
D531110 8 470 835,596 0,1654 0.0036 0.0000 0,0000 0.0834 355 

I 0531607 8 . 152 510,930 0.0687 0.0036 0.4788 0.0000 00829 356 
D531280 8 153 1,189,881 o.1644 0.0036 o.ooao 0.0000 0.0829 357 
0531572 8 56 398,415 0.1318 0.0802 0.0000 0.0000 0.0819 358 
0531564 8 283 327,075 0,1610 0.0036 0.0000 0.0000 0.0817 359 
0531-8'18~ --ie 3c29 - 881;888 -Oc16'1c7 - 0:0035 - 0;0000 - 0:0000 0;0816 ~ 360 I- ----- --
D531081 10 230 415,536 0.1612 0.0036 0.0000 D.0000 0.0813 361 
D531317 8 18 705,054 0.1195 0.0802 0.0000 0.0000 0.0808 362 

J D531641 8 38 100,950 01601 0.0036 0.0000 0.0000 0,0808 363 



i 
) 

Note · Pfi,e.s with lcl !!!nlical Consequence of Faik.Jre Searo were prioritizi'!d accordrt1.g to thi!!.irfloodin~ lnteh1itle-s - -- Flooding Impact C&tl!OIIV 
Diameter Len,th lntamlty Htahll& 

Pipe ID (inl (ft) (gall Safa!v 
T~atlon Business 

0531083 10 484 469,044 0.1597 0.0036 0,0000 
D531084 10 377 472,284 0.1589 0.0036 0.0000 
0531016 8 20 987,294 0.1276 0.0802 0.0000 
0532061 , 6 47 812,669 0.0978 0.1414 o.ois4 , 
D53108S 10 1 2,451 415,193 0.1566 0.0036 ' 0.0000 
0531148 10 1,148 435,405 0.1561 0.0036 0.0000 
0531071 10 231 474,836 0.1555 0,0036 0.0000 
0530977 6 200 8S4,S08 0.1539 0.0036 0.0000 
D532136 B 252 926,426 0.1232 0.0802 0.0000 
0532054 • 6 348 580,493 0.0556 0.1414 0.2132 
D5321S6 6 31 1,055,400 , D.U26 0.0802 0.0000 
D536145 8 433 414,3U 0.1531 0.0036 0.0000 

D532057 6 126 733,9Sq 0.0741 0,1414 0.1193 
0531162 10 261 1,298,772 0.1531 O.OCB6 0.0000 
0532033 10 218 960,768 0.1485 0.0036 0.0166 
0531091 10 222 46.5,710 0.1501 0.0036 0.0000 
0530873 8 44 926,545 0.1192 0.0802 0.0000 
0533665 8 372 415,608 0.1490 0.0036 0 ,0000 
0542752 6 185 752,261 0.0923 0.1414 0.0000 
D531567 8 523 386,261 0.1471 0.0036 0.0000 
DS31064 10 326 468,113 0.1470 0.0036 0.0000 
0531043 10 117 1,061,280 0.1459 0.0036 0.0000 
0531699 8 ' l.53 549,810 0,0710 0.1414 0.0986 
D531063 10 555 493,425 0.1457 0.0036 0.0000 
1D531601 12 56 100,181 0.0177' 032.25 0.0000 
0600342 10 1,997 101,220 0.0174 03225 0.0000 
0600347 8 183 101,042 0.0161! 0.3225 0.0000 
D530937 8 19 646,17(] 0.0700 0.1414 0.0939 
0531316 8 264 600,212 0.11~0 0.0802. 0.0000 
0532201 10 21 462,5:u· 0.1423 00036 0.0000 
D530932 6 12 636,370 0.0682 0.1414 0,0939 
D532143 10 24 1,0-$0,100 0.1419 0.0036 0.0000 
0531072 8 270 412.,080 0.1416 0.0036 0.0000 
D532067 6 105 765,744 0.0862 0.1414 0,0000 

0533117 6 820 336,728 0.0470 0.1414 0.1939 
0530963 8 231 887,661 0.1103 0.0802 0.0000 
0542750 10 193 469,679 0.1407 0 ,0036 0.0000 
0532142 10 6 1,038,960 0.1404 0.0036 0.0000 
0531065 10 153 456,840 01391 0.0036 0.0000 
0531306 10 177 531,S10 0.1073 0.0802 0.0000 
0530975 8 328 687,629 0.13n 0,0036 0.0000 -
0531645 6 605 79,500 0.1375 0.0036 0.0000 
0531073 a, 375 415,056 0.1374 0.0036 0.0D00 
,0531024 10 274 1,006,908 01371 1 0.0036 . 0.0000 
'0531600 8 232 52,135 0.0086 0.3225 0.0000 
0531585 8 1,6S9 67,574 0.0082 0.3225 0.0000 
0531092 10 110 400,308' 0.1357 0.0036 0.0000 ' 
0531111 8 28 672,665 0.0806 0,1414 0.0000 
0531647 8 528 8S,238 0.1356 0.0036 0,0000 

0531982 6 197 617,868 O.Oll04 0.1414 0.0000 
0532251 8 9 109,158 0.0079 0,3225 0.0000 ' 
D531547 a 983 287,291 0.1351 0.0036 0.0000 
D531059 10 l,138 365,775 0.1344 0.0036 0.0000 

0531304 B 18 516,212 0.1031 0.0802 0.0000 
0530980 6 272 656,736 0.1336 0.0036 0.0000 
D531323 6 971 292,706 01027 0.0802 0.0000 
0530962 8 134 816,g43 0.1027 0.0802 0.0000 
D531589 2 92 34.671 0.0056 0.3225 0.0000 
D532038 6 165 455,184 0.0527 0.0036 0.4009 
0532013 8 203 581,033 0.0775 0.1414 0.0000 

0531167 10 377 1,012,428 0.1325 0.0036 0.0000 
0531276 B 372 840,032 0.1324 0.0036 0.0000 
0530964 8 224 I 788.880 0.1318 0.0036 0.0000 

D531337 8 706 376,457 0.1316 0.0036 0.0000 
0531693 6 155 417,915 0.0513 0.0036 0.4009 
0531334 8 391 388,714 0.1308 0.0036 0.0000 
0530933 8 694 550,834 0.0564 0.1414 0.0939 
0S31305 B 37 499,454 0.0984 0.0802 0.0000 
0532.164 6 32 563,210 0 ,0981 0.0802 0.0000 
D531335 8 491 336,600 0.1287 0.0036 0.0000 
053159D 2 131 13,233 0.0010 0.3225 0 ,0000 
0531592 2 105 13.129 0.0010 0.3225 0.0000 

D531320 6 401 488,124 00976 0.0802 0.0000 

. -
Consequanee 

System dFaU~r"' 
.. 

O........t!nno: tmpact$:019 
0.0000 0.0806 364 
0.0000 0.0802 365 
0.0000 0.0798 366 
0.0000 0.0798 367 
0.0000 0.0790 I 368 
0.0000 ' 0.0788 369 
0.0000 0.0785 370 
0.0000 0.0776 371 
0.0000 0.0776 3n 
0.0000 0.0774 373 
0.0000 0.0773 374 
0.0000 0.0773 375 
0.0000 0.0773 376 
0.0000 0.0773 377 
0.0000 00766 378 
0.0000 0.0758 379 
0.0000 0.0756 380 
0.0000 0.0752 381 
0.0000 0.0745 382 
0.0000 0.0743 383 
0.0000 0.0742 384 
0.0000 0.0737 385 
0.0000 Q.()736 I 386 , 
0.0000 0.0736 367 
0.0000 00733 388 
0.0000 0.0732 389 
0.0000 0.0729 390 
0.0000 0.0727 .391 
0.0000 0.0720 392 
0.0000 0.0?19 393 
0.0000 0 .0718 394 
0.0000 0.0717 395 
0.0000 0.0715 396 
0.0000 0.0714 397 
0.0000 0.0712 398 
0.0000 0.0712 399 
0,0000 0.0711 400 

0.0000 0.0709 401 
0.0000 0.0703 402 
0.0000 0.0_697 403 
0.0000 0.0696 404 
0.0000 0.0695 405 
00000 0.0694 406 
0.0000 0.0693 407 
0.0000 0.0688 4oa 
0.0000 0.0686 409 
0.0000 0.0686 410 
0.0000 0.0686 411 

0,0000 0.0685 412 
0.0000 0.0685 413 
0.0000 0.0684 414 
0.0000 0"0683 415 
0.0000 0.0679 416 
0.0000 0.0676 417 
0.0000 0.0675 418 
0.0000 0.0674 419 , 
00000 0 ,0674 42.0 
0-0000 0.0673 421 
0.0000 0.0672 422 
0.0000 0.0670 423 
0.0000 0.0670 424 
O.QOOO 0.0669 425 
0.0000 00666 426 
0.0000 0.0665 427 
0.0000 O.llli,65 428 
0.0000 Q,0661 429 
0.0000 0.065S 430 
0.0000 0,0652 431 
0.0000 0.0651 432 
0.0000 0.0651 433 
0.0000 0.0650 434 
0,0000 0.0650 435 
0.0000 0,0649 436 



Nah!-. P1p!!S- with id'-rrtl<=•I Corniequ~ nc:e- of F11ilure SWre$ were prlorltlzid at:cofding tn th,rr floodi nJ Intensifies 

• 11:. . . -. .~ . . .. 
fl00d/n1 lmpatt cataogry Consequence . ' Diameter Le,,Jth Intensity Health& Sy«e(n or Failunl 

PipelD llnl Cit! (nil S.fetv 
Transportation Buslnest 

ooeratlons Impact score 
D531083 10 484 469,044 0.1597 0.0036 0.0000 0.0000 o.os06 364 
0531084 10 377 4n,2s4 0.1589 00036 0.0000 0.0000 0.0802 365 
0531016 g 20 987,294 0.1276 0.0802 0.0000 0.0000 D.0798 366 
D532061 6 47 812,669 0.0978 0,1414 0.0254 0.0000 , 0.0798 367 

I 0531085 10 2,451 415,193 0.1566 0.0036 0.0000 0.0000 0.0790 368 
0531148 10 1,14.!l 435,405 0.1561 0,0036 0.0000 0.0000 0.0788 369 

\ 0531071 10 231 474,836 0,1556 0.0036 0.0000 00000 , 0.0785 370 
0530977 6 200 !!54.508 0.1539 0.0036 0.0000 0.0000 o.om; 371 

\ D532135 8 252 926,426 0.1232 0.0802 0.0000 0.0000 0.0776 372 
D5320S4 6 348' 580,493 0.0556 0.1414 0.1132 0.0000 0.0774 373 , 
D532156 5 1 31 1,055,400 0.1226 ' 0.0802 0.0000 0.0000 0.0773 374 
0536145 8 433 414,312 0.1531 0.0036 0.0000 0.0000 0.0773 375 
0532057 6 126 733,950 0.01.41 0.1414 0.1193 0.0000 0.0773 376 
0531162 10 261 1,298,772 0.1531 0.0036 0.0000 0.000D 0.0773 377 
D532033 10 21B 960,768 0.1485 00036 0.0166 0.0000 0.0766 378 
D531091 10 222 465,710 0.1501 0.0036 0.0000 a.0000 0 .07S8 379 

) 0530873 8 44 926,545 0.1192 D.0802 0.0000 0.0000 0.0.756 ' 380 , 
053:!665 8 372 415,608 0.1490 0.0036 0.0000 0.0000 0,0752 381 
0542752 6 185 752,261 ' 0.0923 0.1414 0.0000 0.0000 0.0745 382 
D531567 8 523 386,261 0.1471 0.0036 0.0000 0.0000 0.0743 383 

! D531064 10 326 468.113 0.1470 0.0036 0.0000 0.0000 0.0742 384 

) 
0531043 10 117 1,061,280 0.1459 0.0036 0.0000 0.0000 0.0737 385 
0531699 B 153 549,810 0.0710 0.1414 0.0986 0.0000 0.0736 386 
,0531063 10 555 493,425 0.14S7 __ 0.0036 0.0000 0.0000 0.0736 387 
0531601 12 , 56 • l00,181 0.0177 0.3225 0.0000 00000 0.07B 388 
D600342 10 1,997 101,220 0.0174 0.3225 0.0000 0.0000 0.0732 389 
060034i 8 183 101,042 0.0168 0.3225 0.0000 0.0000 0.0729 3.~0 
0530937 8 19 646,170 0.0700 0.1414 0.0939 0.D0OO 0.0727 391 
0531316 8 264 600,212 0.1120 0.0802 0.0000 0.0000 0.0720 392 
D532201 10 21 462,514 0.1423 0,0036 0.0000 0.0000 0.0719 393 
D530932 6 12 636,370 D.0682 0.1414 0.0939 0.0000 0.0718 394 

D532143 10 24 1,040,100 0.1419 0.0036 0 .0000 0.0000 0.0717 395 
0531072 8 270 412,080 0 .. 1416 0.0036 0.0000 0.0000 0.0715 396 
D532067 6 105 765,744 0.0862 0.1414 0.0000 0.0000, 0.0714 397 
D533117 6 820 336,728 0.0470 0.1414 0.1939 0.0000 0.0712 398 
0530963 8 231 887,661 0.1103 0.0802 0.0000 0.0000 0.0712 399 

• 0542750 10 : 193 4G9,679 0.2407 0.0036 0.0000 0.0000 ' 0.0711 400 
0532142 10 6 1,038,960 0.1404 0.0036 0.0000 0.0000 0.0709 401 
0531065 10 1S3 456,840 0.1391 0.0036 0.0000 00000 0.0703 402 
D531306 10 177 531,510 0.1073 0.0802 0.0000 0.0000 0.0697 403 

I 0530975 8 328 687,629 0.1377 0.0036 0.0000 00000 0 ,0696 404 

I 0531645 6 605 79,500 0.1375 0.0036 0.0000 0,0000 0.0695 405 

I D531073 g 375 415,056 0.1374 0.0036 0.0000 0.0000 0.0694 , 406 

I D531024 10 274 1,006,908 0.1371 0.0036 0.0000 0.0000 0.0693 407 
I 0531600 8 232 51,135 0.0086 0.3225 0.0000 • 0.0000 , 0.0~88 408 

I 
0531585 8 1,6S9 67,574 0.0082 0.3:?25 0.0000 0.0000 0.0686 409 
D531092 10 110 400,308 0.1357 0.0036 0.0000 0.0000 0.0686 410 

I 0531111 8 28 672,665 0.0806 0.1414 0.0000 0.0000 0.0686 411 

I D531647 8 528 85,231! 0,1356 0.0036 0.0000 0.0000 0.068S 412 
0531982 6 197 617,868 0.0804 0.1414 0.0000 0.0000 0.06!!5 413 
0532251 8 9 109,158 0.0079 0.3225 0.0000 0.0000 0.0684 414 
0S31547 8 983 287,291 0.1351 0.0036 ' 0.0000 0.0000 0.0683 415 
0531059 10 1,238 365,775 0.1.344 0.0036 0.0000 0.0000 0.0679 416 
D531304 8 18 516,212 0.1031 0.0802 0.0000 0,0000 0.0&76 417 
0530980 6 272 656,73G 0.1336 0.0036 0.0000 0.0000 0.0675 418 
D531323 6 971 292,706 0.1027 0.0802 0.0000 0.0_(lO0 0,0674 419 
0530962 8 134 , 816,943 0.1027 0.0802 0.0000 0.0000 0.0674 420 
:0531589 2 92 34,671 0.0056 0.3225 0.0000 0.0000 0.0673 421 
0532038 6 165 455,184 o.0s27. 0.0036 0.4009 0.0000 00672 422 

I 
0532013 8 103 581,033 0.0775 0.1414 0.0000 0.0000 0.0670 423 
D531167 10 377 1,012,428 0.1325 0.0036 0.0000 0.0000 0.0670 424 

I 
D531276 8 372 840,032 0:!1324 0.0036 0.0000 0.0000 0.0669 425 

I ) 
0.530964 8 224 788,880 o.~318 0.0036 0,0000 0.0000 0.0666 1 426 

I D53133/ 8 706 376,457 0.1316 0.0036 0.0000 0.0000 0.0665~ 427 

) D531693 6 155 417,915 0.0513 0.0036 04009 0.0000 0.0665 428 
D531334 8 391 388,714 0.1308 0.0036 0.0000 0.0000 0.0661 429 

) 0530933 8 694 550.834 0.0S64 0.1414 0.0939 0.0000 0.0659 430 
053130S 8 3/ 499,454 0.0984 0.0802 0.0000 0,0000' 0.0652 431 
D532164 6 32 563,210 00981 00802 0.0000 0.0000 0.0651 432 
,053-1336... G. .J91 •36 600 - 0.1287 0.0036 0.0000 0.0000 0.0551 433 
0531590 2 131 13,233 0.0010 0.3225 0.0000 0.0000 0,0650 434 
0531592 2 105 13,129 0.0010 0.3225 0.0000 0.0000 0.0650 435 
DS31320 6 401 488,124 0,0976 0.0802 0.0000 ' 0.0000 0.0649 436 

! 
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rtnte; Ptpel with hJentlcal conu11ueme of f.aJlurc Score-s were prioritlz.ed acx-orclrneto tht~t rbJ.di~ lnten!.itie5. ---· . . _,laT • • . "" . . 
Flood,ng Impact Cateogry 

Diameter Intensity Le11gth Health& 
J>i,.elO (in) 1ft) (1•1) 5afety 

Transpot1ati0n l!-uslness 

0S310B3 10 48~ 459,044 0.1597 0.0036 0,0000 
0531084 10 37l 472,2.84 0.1589 00036 0.0000 
D531016 B 2( 987,294 0.1276 0.0802 0.0000 
0537tl61 6 47 812,669 0.0976 D.1414 0.02S4 
0531085 1D 2,45 415,193 0.1566 0.0036 0.0000 
0531148 10 1,14, 435,405 0.1561 0.0036 0.0000 
0S31071 10 231 474,836 0.1556 0.0036 0.0000 
D530977 6 200 854,508 0.1539 0.0036 0.0000 
D53U36 8 252 926,426 0.1232 0.0802 0.0000 
0532054 6 348 580,493 0.0556 0.1414 0.2132 
0532156 6 31 1,055,400 0.1226 0.0802 0.0000 
D536145 433 414,312 0.1531 0,0036 0.0000 
0532057 126 733,950 0.0741 0.1414 0,1193 
053U62 10 261 1,198,772 0.1531 0.0036 0.0000 
0532033 10 218 960,768 0.1485 0,0036 0.0166 
0531091 10 222 465,710 0.1501 0.0036 0.0000 
0530873 8 44 926,545, 0.1192 0.0802 0.0000 
D533665 8 371 415,608 0.1490 0.0036 0.0000 
0542752 6 185 752,261 0.0923 0.1414 0.0000 , 
0531567 8 523 386,161 0.1471 0.0036 0.0000 
D531064 1 l26 468,113 0.1470 0.0036 0.0000 
0531043 10 117 1,061,280 0.1459 00036 0.0000 
0531699 lj 153 549,810 0.0710 0.1414 0.0986 
0531063 10 555 493,425 0.1457 0.0036 0.0000 
0531601 12. 56 100,1B1 0.0177 0.3225 0.0000 
0600342 10. 1,997 101,220 0.0174 0.3225 0.0000 
0600347 8 1B3 101,042 0.0168 0.3225 0.0000 
0530937 8 19 646,17C 0.0700 0.1414 0.0939 
D531316 8 264 600,212 0,1120 0.0802 0.0000 
0S32201 10 21 462,524 0.1423 0.0036 0.0000 
0530932 6 12 636,370 . 0.0682 0.1414 0.0939 
D532143 10 l~ 1,040,100 0.1419 0.0036 0.0000 
0531072 8 nc 412,08C 0.1416 0.0036 0.0000 
D532067 6 10' 765, 744 0.0862 0.1414: 0.0000 
0533117 6 820 336,728 0.0470 0.1414 0.1939 
D530963 8 231 887,661 0.1103 0.0802 0.0000 
0542750 10 193 469,679 0.1407 0.0036 . 0.0000 
0532142 10 E 1,038,960 0.1404 0.003li 0.0000 
D531065 10 153 456,8_40 0,1391 O.D036 0.0000 
0531306 10 lfJ 531,510 0.1073 0.0802' O.D000 
053097S e 3lS 687,629 D.1377, 0.0D36 0.0000 
0531645 6 605 79,500 0.1375 0.0036 0.0000 
0531073 8 375 415,056 0.1374 0.0036 0.0000 
0531024 10 274 1,006.908 0.137l 0.0036 0.0000 
D53160D 8 232 52,135 0.0086 0.3225 0.0000 
D531585 8 1,659 67,574 0.0082 0.3225 0.0000 
0531092 1C 110 400,308 0.1357 0.0036 0.0000 
DS31111 8 28 672,665 0,0806 0.1414 0.0000 
D531647 B 528 85, :1.38 0.1356 0.0036 0.0000 
0531982 6 197 617,868 0.0804 0.1414 D.0000 
0S32251 8 9 109,15B 0.0079 0.3225 0.0000 
D531547 8 983 287,291 0.1351 0.0036 0.0000 
D53l.059 10 1,138 365,775 0.1344 0.0036 0.0000 
D531304 8 18 516,212 0.1031 0.0802 0.0000 
0530980 6 272 656,736 0.1336 0.0036 0.0000 
D531323 6 97l 292,706 0.1027 0.0802 0.0000 
0530962 s 13< g16,943 0.1027 0.0802 0.0000 
D531589 2 92 34,671 0.0056 0.3225 0.0000 
0532038 6 16' 455,184 0.0527 0.0036. 0.4009 
0532013 e 203 SBI.033 0.0775 0.1414 0.0000 
D531167 10 377 1,012,428 0.1325 0.0036 0.0000 
D531276 8 372 _ 840,032 0.1324 0,0036 0.0000 
0530964 ' B 224 788,880 D,1318 0.0036 0.0000 
D531337 a, 706 376,457 0.1316 0.0036 0.0000 
0531693 6 155 417,915 0,0513 0.0036 D.4009 
D531334 8 391 3!18,714 01308 0.0036 0.0000 
D530933 , 8 - 694 550,834 . 0.0564 0.1414 0.0939 
0531:'IOS a 37 499,454 0.0984 0.0802 0.0000 
D532164 6 32 563,21C 0.0981 0.0802 0.0000 

' 0531336 8 491 B6J6DO 0.1287 0.0036 0.0000 
D531590 , 2 131 J.3,233 0.0010 0.3225 0.0000 
0531592 2 105 13,129 0.0010 0.3225 0,0000 
D531320 6 401 488,124 0.0976 0.0802 0.0000 

. . 
Consequence 

•offailure . ' 
System 

Oaeratrons Impact Score 

0.0000 0.0&06 364 
0.0000 0.0802 365 

, 0.0000 0.0798 366 
0.0000 0.0798 367 

t 0.0000 0.0790 368 

0.0000 0.0788 369 
0.0000 0.0785 370 

0.0000 0.0776 371 

0.0000 0.0776 372 

0.0000 0.0774 373 
0.000D 0.0773 374 
0.0000 0,0773 375 

0.0000 D.0773 376 
0.0000 0.0773 377 
0.0000 0.0766 378 
0.0000 . 0.0758 379 

0.0000 0.0756 380 
0,0000 0.0752 381 
0.0000 0.0745 382 
0.0000 0.0743 383 
0.0000 00742 384 
0.0000 0.0737 385 

0.0000 0.0736 386 

0.0000 0.0736 387 

0.0000 0.0733 388 

0.0000 0.0732 389' 

0.0000 0.0729 390 
0.0000 0.0727 391 
0.0000 0.0720 392 
0.0000 0.0719 393 
0.0000 0.0718 .394 
0.0000 0.0717 395 
0.0000 0.0715 396 
0.0000 0.0714 397 
0.0000 00712 398 
00000 0.0712 399 
0.0000 . 0.0711 400 
0.0000 0.0709 401 
D.0000 00703 402 
0.0000 0,0697 403 

0.0000 0.0696 404 

0.0000 0.0695 405 
D.0000 0.0694 406 

0.0000 0.0693 407 
0.0000 0.0688 408 
0.0000 0.0686 409 
0.0000 0.0686 410 

0.0000 0.0686 411 
0.0000 0.0685 412 

0.0000. 0.0685 413 

0.0000 0,0684 414 

0.0000 00683 415 

0.0000 0.0679 416 
0.0000 0.0676 417 

0.0000 0.0675 418 
0,0000 0.0674 419 
0.0000 0.0674 420 

0.0000 0.0673 421 

0.0000 0.0672 422 

0.0000 0.0670 423 
0.0000 0.0670 424 
0.0000 0.0669 425 
0.0000 D.0666 426 

0.0000 0,0665 427 
0.00D0 0.0665 428 
0.0000 0.0661 429 
0.0000 0.0659 430 

0.0000. 0,0652 431 
0.0000 0.0651 432 
0.0000 0.0651 433 
0.0000 0.0650 434 

00000 0.0650 435 
0.0000 0.0649 436 



tic:ata: fipeJ with idlffltlt:a1 Corur.quer,c;e othI,u,e Scores were priorltl:u1d ac,nfdin1 to thelrtf0oc011g i11tcnsitles 
I ---- . . ;.,. , .... 
( Impact Cateoerv Consequence ' floocl"I 

Diameter ltn,th Intensity of fallw. 
. . 

( Health Ii 
Transportation 

System 
Pipe ID fill) (ft) (pl) Safety 

Business 
Oparatlons Impact Score 

l 0531914 8 65 389,880 0,0718 0.0802 0,0000 0.0000 0,0519 510 
D536143 8 790 405,059 0.0411 0.1414 0.0000 0.0000 0.0519 511 

r D532169 8 257 501,857 0,1022 0.0036 0.0000 0.0000 0.0518 512 
0532025 8 12 657,552 0.1021 0.0036 • 0.0000 0,0000 0,0518 513 , 
D53ll92 8 39 629,413 0.0712 0.0802 0.0000 0.0000 0.0516 514 
D531654 8 509 87,355 0,1014 0,0036 0,0000 0.0000 0.0514 515 

j 0531303 8 305 353,462 0,0708 0.0802 0,0000 0,0000 0 0514 516 
0532163 6 38 846,651 0.1011 0.0036 0.0000 0.0000 0.0513 517 

I D531553 Ii 285 255,818 0.1009 0,0036 0 .0000 0.0000 0.0512 518 
0531930 8 I! 615,429 0.069S 00802 0.0000 0.0000 o.osoa 519 

I 0532026 8 20 · 632.,289 0,0996 0.0036 0.0027 0,0000 0.0508 520 
0S31191 8 119 603,697 0.0695 0.0802 0.0000 0.0000 0.0508 521 

I 0531966 8 401 662,008 0.0991 0.0035 0.0000 0.0000 0.0503 522 
D531947 8 382 602,034 0.0985 0.0036 D,0000 0.0000 0.0500 523 

l 05308!13 a 373 SSS,128 0.0984 0.0036 1 0,0000 0.0000 0.0499 524 
D53n80 8 18 385,455 0.0677 0,0802 0,0000 0.0000 0.0499 525 

j 

D532035 6 172 441,252 0,0587 0,0036 O.l95S 0.0000 0,0496 526 
D531962 8 56 663,642 0.0976 0.0036 D.0000 0.0000 0.D495 527 

r T602850 g l 941,525 0 0989 0,0000 0.0000 0.0000 0.0495 .528 
0531023 8 . 195 782,988 0.0974 0,0036 0.0000 O.D000 0.0494 529 
'D533666 8 714 378,276 0,0974 C.0036 0.00D0 , 0.0000 0,0494 530 
0531333 B 479 475,220 0.0972 0.0036 D.0000 0.0000 0.0493 531 
D532193 6 6 343,~17 0.03S7 ' 0,0036 0.3070 0.0000 0.0493 532 
0531262 6 48 573,203 0.0665 0.0802 0,0000 0.0000 · 0.0493 533 
0530924 6 65• 371,735 0.0413 0,1414 0.0000 0.0000 0.04S9 534 
0542.707 10 339 343,335 0 0964 0.0036 ' 0,0000 0,0000 0.048 535 
0533676 8 203 417,396 0.0962 00036 0.0000 0.0000 0.0488 535 
0531586 8 65 90,636 0.0409 0.1414 0.0000 0.0000 0.0487 S37 
D532875 G 2, 612,476 0.0653 0.0802 0.0000 0.000D 0.0487 538 
0531923 12 140 759,423 0.0971 0,0000 0.0000 0.0000 0.0486 539 
T602856 ' 8 20 922,194 : 0.0971 0.0000 0.0000 0.0000 0,0485 540 

- 0531868 8 10! so2.1q3 0.0747 0.0036 0.1033 
~ 

0.0000 0,0434 541 
""" 

0532888 6 376 433,237 0,0646 0.0802 0,0000 0.0000 0.0483 542 
0531664 6 314 74,993 0.0944 0,0036 0.0D00 0.0000 0.0479 543 
0530897 8 35 736;64S 00940 00036 0.0000 0.0000 0,0477 544 
•D532129 6 20 870,240 0.0942 0.0000 0.0000 0.0000 0.0471 545 
0530896 8 156 712,567 0.0925 0,0036 0.0000 0.0000 0.0470 ' 546 
0531842 8 36 732,218 0.0925 0,0036 0,0000 0.0000 0.0470 547 

I D531004 e 566 640,219 0.0618 0.0802 0,0000 0,0000 0,0461 548 
D53281!7 6 33 479,324 0.0613 0.0802 0.0000 0.0000 0,0467 549 

I D531.58'> 8 1,183 177,068 0.0610 , 0.0802 0,0000 . 0,0000 0,0465 550 

I D532&!5 6 175 511,658 0.0608 0.0802 00000 0.0000 0.0464 551 

I 0533667 8 596 374,160 0,0911 0.0036 0.0000 0.0000 0.0463 552 
0531591 12 1( 466,830 0.0356 0.1414 0,0000 0,0000 0.0461 553 

I 0542711 8 1,215 374,475 0.0904 0.0036 0.0000 0.0000 0.0459 554 
D531700 6 305 471,045 0,0501 0.0036 0.2010 0,0000 0,0459 555 
0531957 8 42Q 576,954 0.0902 0.0036 0.0000 0.01)(){) 0.0458 556 

' 
0531010 8 1,265 304,620 0.0311 0,0802 0.1408 0.0000 0.0457 557 
0532032 6 859 537,084 ' 0,0866 0.0036 0.0166 0.0000 0.0457 558 
D5348l4 8 91 520,913 0.0696 0.0036 - 0.1006 0.0000 0,0456 559 
D531977 8 353 592,416 0.0896 0.0036 0.0000 00000 0,0455 560 

\ D531843 8 11 ' 722,841 0.0895 0.0036 0.0000 0.0000 0.045S 561 
0531347 8 464 583,83,1 0.0895 , 0.0036 0.0000 0.0000 0.0455 562 

I 053W08 6 227 282,465 0,0342 0.1414 0.0000 0.0000 0.0454 563 
0531696 8 359 515,415 0.0684 0.0036 0.1□31 0.0000 0.0452 564 

I 0531819 8 201 678,426 0,0890 0.0036 0.0000 0,0000 0.0452 565 
I ( 

0531653 8 166 84,S75 0.0886 0.0036 0.0000 0 .0000 0,0450 566 1 

I D531665 6 HJ 84,898 0.0885 0.0036 ' 0,0000 0.0000 · 0,0450 567 
I 0533671 8 321 375,792 0.0885 0,0036 0.0000 0.0000 0.0450 568 
I 0531711 8 298 412,700 0,0884 0,0036 0.0000 0,0000 0.0449 569 
I 05312.34 8 672 420,743 0.0576 0.0802 0.0000 0.0000 0,0448 570 I 

D530908 8 363 668,!114 0.0879 ' 0 .0036 0.0000 0.0000 0,0447 571 

l 0542704 10 501 340,920 ' 0,0878 1 0 0036 0,0000 00000 0.0446 1 572 
0531849 8 ' 18 827,474 0,0876 0.0036 0.0000 0.0000 0,0445 573 
0532871 6 3( 442,536 0.0570 0.0802 0,0000 0.00D0 0,0445 574 
0531058 6 B 463,824 0.0890 0.0000 0,0000 0.0000 0.0445 575 -

j 053S869 6 118 75,098 0.087S 0.0036 0.0000 0.0000 0.044S 576 
0530882 8 136 711,212 0.0874 0,0036 0,0000 0.0000 00444 577 
0542.705 10 1,321 '._ 33S,145 0.0873 0.0036 0.0000 0,0000 0,0444 578 
0~309,-1 s - 24t sn,440 0$2-2. .n 0036 --0,oom .O,OJJOD ~ ~ 
0531844 8 354 736,197 0.0869 0.0036 0.0000 0.0000 CL0442 580 
0536147 8 177 379,740 0,0562 0,0802 0,0000 0.0000 0,0442 581 
0530959 8 55 458,115 0.0562 00802 0.0000 0.0000 0.0442 582 

" 

I 
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Notl! ; Pfpe:s wPth idl:!ntical Consaqu~oce of Failure Scores were- p~ioritized acr.ordin£ tn thtfr flaodine: jntcnsit ie~ 

"lfTT~ i"r.t • r,,..-,01:1 • ··•• - .... . . . .. 'r.:n~[!ft 1.••! • 

Ftoodlng I mpac;t Cateagry 
Le~gth lntvnsity System Diameter Ho,alth It 

Pipe ID (iri) (ft) (gal) Safet'j, 
Transportatior> Business 

Opefallons 
0531104 8 435 621,852 0.0721 0.1414 0.0000 0.0000 
0531074 G 61 316,649 0.1270 0.0036 0.0000 00000 
OS30931 8 652 441,201 0.0S26 0,1414 0.0939 0.0000 
DS36149 12 4 1,032.,402 0.1275 0.0000 0.0000 0.0000 
0531649 B 99 86,985 0.1260 0.0036 0.0000 0.0000 
D531310 8 83 479,892 0.0944 00802 0,0000 0.0000 
0532199 8 22 408,864 0.1244 0.0036 0.0000 0.0000 

D531661 8 129 88,587 0.1240 0.0036 0,0000 0.0000 
0530982 e 490 558,888 0.1239 0.0036 0.0000 0.0000 
D543110 f 12 867,395 01233 0.0036 0.0000 0.0000 
0533108 6 9 610,879 0.0736 0.0802 0.0946 0.0000 
0531009 s 169 713,788 0.D923 0.0802 0.0000 0.0000 
D531155 10 507 934,659 0.1225 0.0036 0.0000 0.0000 
D531335 s 167 386,206 0.1221 0.0036 0.0000 0.0D00 
0531975 a 84 773,917 0.1H4 0.0000 0.0000 0.0000 
D531606 8 349 512,828 0,0640 0.0036 0.2884 0.0000 
D531651 8 54< 7S,966 0.1214 0.0036 0.0000 0.0000 
D532072 8 121; 585,897 0.0661 0.1414 0.0000 0.0000 
053206B a 476 579,338 0.0656 ().1414 0.0000 0.0000 

' D531847 10 191 B89,50B 01203 0.0036 0.0000 0.0000 
D53.2116 8 223 782,076 01200 0.0036 0,0000 0,00D0 

, 0542760 12 13 940,776 0.1190 0.0036 0.0000 0.0000 
D542757 12 ~ 913,068 0,1186 D.0036 0.0000 0.0000 

• D531082 6 231 199,556 01185 00036 0.0000 0.0000 
D542759 12 24 932,220 0.1182 0.0036 0.0000 0.0000 
0542756 12 2• 911,040 0.1180 0.0000 0.0000 0.0000 

' 0542758 12 644 917,988 0.1165 0.0036 0,0000 0.0000 
D531846 e 749 626,262 0.0848 0,0802 0.0000 0.0000 

1 D531314 6 73( 373,842 0.0846 0.0802 0.0000 0.0000 
• 0531025 8 36 862,124 0 .1149 00036 0.0000 0.0000 

D531109 6 89 496,561 0.0597 0.1414 0.0000 0.0000 
D532027 8 ! 663,831 0.1146 0.0036 0.0000 0.0000 
0531089 10 758 418,811 0.114S 0.0036 0.0000 0.0000 
D531663 i 203 n,010 0.1145 0 0036 0.0000 0.0000 

' 0531028 8 23 651,431 0.1140 0.0036 0.0000 0.0000 
0531848 8 16 899,798 0.1130 0,0036 0.0000 0.0000 
D531188 B 361 636,557 0.0816 0,0802 0.0000 0.0000 
0531060 12 SSB 395,004 0.1118 0.0036 0.0000 0,0000 
D531184 6 117 486.312 0.0807 0.0802 0.0000 0.0000 
0531662 8 151 77,108 0.1113 0.0036 0.0000 0.0000 
0531576 8 428 574,114 0.0805 0.0802 O.D000 0.0000 
D531181 5 679 467,208 0.0805 0.0802 0.0000 0.0000 
D532□64 6 &59 449,831 0.0508 0,1414 0.0254 0.0000 
D531519 B 495 344,285 0.0306 0.0802 0.2478 0.0000 
T602848 10 7 1,162,044 0.1106 0.0036 0.0000 0.0000 
T603302 8 102 1,04:1.,128 0.1117 0.0000 0.0000 0.0000 
0531643 6 673 79,500 0 .1095 0.0036 0.0000 0.0000 
0532198 8 313 430,920 0.0292 0.0802 02478 D.0000 
D531038 8 216 846,626 0.1092 0.0036 0.0000 0.0000 
0532021 8 221 603,309 0.1086 0,0036 0.0000 0.0000 
D531582 8 921 169,095 0.0775 0.0802 0.0000 0.0000 
0530885 8 113 856,947 0.1080 0.0036 0.0000 0.0000 
0531380 6 658 310,644 0.1080 0.0036 0.0000 0.0000 
T600006 10 7 921,480 0.1095 0.0000 0.0D00 0.0000 
D531289 61 151 295.730 0.1070 0.0036 0.0000 0,0000 
D534823 8 74 543,053 D.0860 0.0036 0.1031 0.0000 
D530934 6 ~ 278,401 0.0319 0.1414 0.0939 0.0000 
D531829 • 6 859 519,396 0.1024 0.0036 0.0166 0.0000 
D531910 8 463 376,403 0.0748 0,0802 0.0000 0.0000 
0535813 6 42 85,493 0.1051 00036 0.0000 0.0000 
D5315B8 8 548 6!!,752 0 ,0497 0.1414 0.0000 0,000D 
0531850 12 391 928,464 0.1046 0,0036 0.0000 0.0000 
D531648 6 85 82,710 01046 0.0036 0.0000 0.0000 
D531845 8 121 850,941 0.1045 0.0036 0.0000 0.0000 
D531869 8 75 501,885 0..0648 0.0036 0,1971 0.0000 
D54.2708 10 301 352,755 0 .1041 0.0036 0.0000 0.0000 
DS30950 6 256 402,259 0.0545 0.0802 0.0946 0.0000 
0530894 8 67( 661,359 0.1034 0.0036 0.0000 0.0000 
D5319ti3 8 173 665,865 0.1034 0.0036 0.0000 00000 
0531915 8 30 382,080 0.0726 0.08D2 0.0000 0.0000 
D531618 • 8 200 392,133 0,0230 0,0802 0.2478 0.0000 
0532023 8 192 536,437 0.1026 0.0036 0.0000 0.0000 
D531132 8 752 391,417 0.0473 0.1414 0.0000 0.0000 

constqu1nce 
of f;iilure •· · 

Impact Score 
0.0643 437 
0.0642 438 
0.0640 439 
0,063/ 440 

0.0637 441 
0.0632 442 
0.0629 443 

0.0627 444 
00627 445 
0.0623 446 
0,0613 447 

0.0622 448 
0.0620 449 
0.0618 450 
0.0617 451 
0.0616 452 
0,0614 453 
0.0613 454 
0.0611 455 
0.0609 456 
0,0607 457 
0.0602 458 
0.0600 459 
0.0600 460 
0.0598 461 
0.0590 461 

0.0590 463 
0.0585 464 
0.0583 465 
0.0582 466 

0.0581 467 
00580 468 
0.0580 469 
0.0580 470 
0.0577 471 
0.0572 472 
0.0569 473 
0.0566 474 
0.0564 475 
0.0564 476 
0.0563 477 
0.0563 478 
0.0562 479 
0.0561 480 
0.0560 481 
0.0559 482 
0.0555 483 
0.0554 484 
0,0553 485 
0 0550 486 
0.0548 487 
0.0547 488 
0.0547 4B9 
O.OS47 490 
0,0542 491 
0 0540 492 
O.OS36 493 
0.0536 494 
0.0534 495 
0.0533 496 
0.0531 497 
0.0530 498 
0.0530 499 
0.0530 500 
0.0529 501 
00528 502 
0.0527 503 
0.0524 504 
0.0524 505 
0.0524 506 
0.0523 507 
00520 sos 
0.0519 509 



Note: f'ipM with ItJenUr."I C.oMequtnce of Fai~uro Scoi:!!.~ere priorit__!_z~d accard;ng to thf!ir ffo0ditle lntensitie!I . 

. . . . . . . . . . . 
floodlna Impact C11teo,,y Cons11qt1enc:e ' 

Diameter Lengt/1 lnte/lSlty Health & System of failure 
.. 

Pipe.ID (ln) 1ft] (;rail Safetv 
TranspDrtalian Busllless Ooe,a!lons lmpactSco,e 

0532869 8 27 450,893 0 .05S9 0.08D2 110000 0.0000 0.0440 583 
D53187l 6 26 425,502 o.ossa 00802 0.0000 0.0000 0.0440 584 
D535329 6 10 449,238 0 .0556 0.08D2 0.0000 0.0000 0.0439 585 
D535330 6 13 448,110 0.0556 0.0802 D.0000 0,0000 0.0438 586 
D532886 6 24} 42&,562 0.0554 0.0802 0.0000 0.0000 0.0437 587 
0535331 6 31 440,918 0.0553 0.()802 D.0000 0.0000 0.0437 588 
D530874 8 353 628,754 0.0859 0.0036 0.0000 0.0000 0-0437 589 
D532884 6 269 470,841 0.0551 0.0802 0.000D 0.0000 0.0436 590 
D531578 8 209 599,355 0.0548 0.0802 0.0000 0.0000 0.0434 591 
D530900 s 262 679,953 0.0854 0.0036 0.0000 0.0000 0.0434 592 
D53B89 s 317 712,257 0.0850 0.0036 0.0000 0.0000 0.0432 593 
D533669 8 874 369,000 0.0848 0.0036 00000 0.0000 0,0431 594 
0532011 8 239 692,927 0.0845 0.0036 0.0000 0.0000 0.0430 595 
D541507 6 36 509,954 0.0845 0.0036 0.0000 0.0000 0.0430 596 
0Sl287:l 6 22 430,525 0.0525 0.0802 0.0000 0.0000 0.0423 597 
0531088 10 144 475,170 0 .0830 0.0036 0.0000 0.0000 0.0422. 598 
0531022 8 459 436,548 0.0523 0.0802 0.0000 00000 0.0422 599 
T602B60 B 34 855,341 0 .0841 0.0000 00000 0.0000 0.0420 600 
D532882 6 347 423,848 0.0519 0.0802 0.0000 0.0000 0.0420 601 
0531694 6 157 404,678 0.0428 0.0036 0.1959 0.0000 0,0417 602 
D531i01 6 205 460,972 0.0415 0.0036 0.2010 0.0000 0.0416 603 
0532050 6 308 518,460 0.0596 0.0036 0.1105 0.0000 00416 604 
D532037 6 433 399,832 0.0529 0.0036 0.0939 0.0000 0.0415 605 
D535332 8 470 396,368 0.0504 0.0802 0.0000 0.0000 0,0413 606 
D531222 8 730 496,409 0.0810 0.0036 0.0000 0.0000 0.0412 607 
0531998 8 240 548,331 0 .0808 0.0036 0.0000 D.0000 0.0411 608 
D532000 8 233 693,977 00804 0.0036 0.0000 0.0000 0.0409 609 
0531090 6 193 291,072 0.0803 0.0036 0.0000 0 0000 0.0409 610 
0530960 6 357 423,491 0,0495 0.0802 0.0000 0.0IJ00 0.0408 611 
0531011 8 687 564,154 0.0801 0.0036 0.0000 00000 0.0408 512 
0531349 6 185 400,482 00800 0.0036 0.0000 0.0000 0.0407 613 
D531613 8 335 368,708 0,0366 0.0802 0.0601 0.0000 0.0404 614 
D530957 6 46 379,670 0.0481 0.0802 0.0000 0.0000 0.0401 615 
0S31062 10 11 492,060 0.0785 0.0036 0.0000 0,0000 0.0400 616 
0531911 8 11 380,D10 0.0470 0.0802 0.0000 0.0000 0.0395 617 
0531996 8 226 705,716 0.0775 0.0036 0.0000 0,0000 00395 618 
T602866 8 24 787,532 0.0788 0.0000 0.0000 0.0000 0.0394 619 
D531667 8 nG 73,523 0.0770 0.0036 0.0000 0.0000 0.0392 620 
0542710 B 313 327,120 0.0769 0.0036 0.0000 0.0000 0.0392 621 
053S654 6 294 287,925 0.0552 0.0036 0.1031 0.0000 0.0391 622. 
0531076 6 115 539,427 0.0766 0.0036 0.0000 0.0000 0.0390 62.3 
D531967 8 131 5S5,728 0,0763 0.0036 0.0000 0,0000 0 .0389 62.4 
D531ll51 6 738 435,048 0.0762 0.0036 0.0000 0,0000 0.0388 625 
D533105 6 19 391,283 0.0454 0.0802 0.0000 0.0000 0.0387 626 
D531979 8 317 473,399 0.0759 0.0036 0.0000 0.0000 0.0387 6i.7 
0S31828 6 12.4 671,660 0.0726 0.0036 0,0166 0.0000 0.0387 628 
D542709 8 298 325,875 0.0754 0.0□36 0.0000 0.0000 0 .0384 629 
0531157 6 866 420,696 0.0751 0.0036 0.0000 0.0000 0.0383 630 
0531020 6 60 358,019 00442 0.0802 0.0000 0.0000 0.0381 631 
D531918 6 123 421,635 0.0439 0.0802 0.0000 0.0000 0.0380 632 
0531929 12 20 757,575 0,0758 0.0000 0.0000 00000 0.0379 633 
0542706 8 263 319,305 0.0741 0.0036 0.0000 0.0000 0.0378 634 
D530955 6 376 332,415 0.0432 0.0302 00008 0.0000 0.0377 635 
0532016 8 307 532,399 0.0738 0.0036 0.0000 0.0000 0.0376 636 
0531559 8 503 386,745 OJJ738 0.0036 0.0000 0.0000 0.0376 637 
0542712 8 420 321,795 0,0735 0.0036 0.0000 0.0000 00375 638 
0535639 6 248 312,323 0.0525 0,0036 0.1006 0.0000 00370 639 
D531695 8 29 S22,615 0.0711 0.0036 0.0067 0.0000 0.0369 640 
05321$1 l 48 156,300 0.0171 0.1414 0.0000 0.0000 0.0368 641 
0532137 & S5 S67,323 0.0720 0.0036 0.0000 0,0000 0.0367 642 
0531841 6 18 664,052 0.0719 0,0036 0.0000 0,0000 0.0367 643 
0532001 8 351 676,904 0.0717 0.0036 0.0000 0.0000 0.0366 644 
D532112 8 1,009 3S8,073 0.0713 0.0036 0.0000 0.0000 0.0364 645 
0542755 6 18 360,910 0 0712 0,0036 0.0000 0.0000 0.0363 646 
D533668 6 122 362,580 0.0703 0.0036 0.0000 0.0000 0,0361 647 
05?.1714 6 1,155 316,855 0.0489 0.0036 0.1071 0.0000 0.0359 648 
D531003 12 20 99,677 0.0148 0.1414 0.0000 0.0000 0.0357 649 
0531857 8 2, 519,767 0-069& 0.0036 0.0000 0,0000 0.0356 650 
D531249 6 265 297,382 0.0391 0.0802 0.0000 0.0000 0,0356 651 
053201° s - iJJs 54-1;3-10 f-e;069'1- - o:003ii 0.0000 0.0000 0,0356 652 
D530902 8 279 629,655 00696 0.0036 D.0000 00000 0,0355 65?. 
0531864 6 194 272,190 0.0297 0.0036 0.1971 0.0000 0.0353 654 
0532175 8 251 586,755 0,0685 0.0036 0.0000 0.0000 0.0350 655 



Note · fipei with idential Collst~J.la!nce cf Failurt. Scores were prioritized accordinB to thetr flooding lhten.'iitre!i 

,_ - ,m· ,,.._, 

Floodl11t1 Impact Cateogiy Consequence 
Oiarnew Length lnansity Health& 

Transp«Qtlon 
Symm offallurt 

Pipe ID (in) [ft) laall s,r.i\,, 9uslness o...-ns lmDactSwre 

0531702 6 324 347,854 0.0468 0.0036 0.1071 0.00DO 0.0348 656 
0532109 8 339 484,891 0.0680 0.0036 0.0000 0.0000 0.0347 657 
0532009 8 350 680,558 0.0679 0.0036 0.0000 0.0000 0.0347 65S 
0531952 8 62 509,116 0.0675 0.0036 0.0000 0.0000 0.0345 659 
0533675 8 427 365,856 0.0670 0.0036 0.0000 0.0000 0.0341 660 
T602878 4 10 536,220 0.0680 0.0D00 0.0000 0.0000 0 .0340 661 
D531287 6 93 273,848 0.0661 0.0036 0.0000 0.0000 0.033S 662 
0531858 8 20 482,741 0.0660 0.0036 0.0000 0.0000 0.0337 663 
0532106 B 330 468,274 0.0660 0.0036 0.0000 0.0000 00337 664 
0531375 8 313 546,083 0.0658 0.0036 0.0000 0.0000 0.0336 665 
D531338 6 65 359,110 0.0656 0.0036 0.0000 0.0000 0.0335 666 
0531273 6 409 391,409 0.0656 0.0036 0.0000 0.0000 0.0335 667 
D531853 6 648 435,444 0.0656 0.0036 0.0000 0.0000 0.0335 668 
D531364 6 430 413,018 0.0654 0,0036 0.0000 0.0000 0.0334 669 
0531872 6 326 497,988 0.0651 0,0036 0.0000 0.0000 0,0333 670 
D531883 6 533 486,720 0.0650 0.0036 0.0000 0.0000 0.03.32 671 
D532196 8 1,007 436,170 0.0650 0.0036 0.0000 00000 0.0332 672 
0S31348 6 139 496,026 0.0646 0.0036 0.0000 0.0000 0.0330 673 
D5312.02 6 61 596,709 0.0646 0.0036 0.0000 0.0000 0.0330 674 
0532014 8 296 543,391 0,0644 0.0036 0.0000 0.0000 0.0329 675 
D531925 12 92. 729,467 0.0658 0,0000 0,0000 0.0000 0.0329 676 
D531311 8 919 264.019 0.0334 0.0802 0.0000 0.0000 0.0327 677 
os31no 8 8 420,968 0.0639 0.0036 0.0000 0.0000 0.0327 678 
0531018 8 287 438,648 0.0638 0.0036 0.0000 0.0000 0.0326 679 
0531577 6 321 341,744 0.0330 0.0802 0,0000 0.0000 0.0325 680 
0531579 6 75 368,524 00328 0.0802 0.0000 0.0000 0.0325 681 
D532107 8 12 412,200 o.0633 □.0036 0.0000 0.0000 0.0324 682 
0531302 6 161 232,605 0.0327 0.0802 0.0000 0.0000 0.0324 683 
D531093 6 48 381,612 □ .0631 0.0036 0.0000 0.0000 0,0323 684 
0530952 6 345 311,648 0.032.1 00802 0.0008 0.0000 0.0322 685 
D531840 6 1,280 300,878 0.0627 00036 0.0000 0.0000 0.0320 686 
D531341 8 61 545,078 0.0626 0.0036 0.0000 0.0000 00320 687 
0531712 8 240 450,795 0.0624 0.0036 0.0000 0.0000 o. □319 688 
D532174 8 46 456,212. 0.0622 0.0036 0.0000 0.0000 0.0318 689 
0531371 8 63 485,299 0,0620 0.0036 0.0000 0.000-0 0.0317 690 
D531235 8 118 469,613 0.0618 0.0036 a.0000 0.0000 0.0316 691 
05320i9 6 154 497,361 0.0617 0.0036 0.0000 0.0000 0.0316 692 
D530948 8 224 433,643 0.0616 0.0036 00000 0,0000 O.D315 693 
0531210 6 58 388,323 0.0616 0.0036 0.0000 0.0000 0.0315 694 
D531920 8 61 738,539 0.0630 0.0000 0.0000 0.0000 O.o315 695 
D531571 8 157 355,965 0.0615 0.0036 0.0000 0.0000 0.0315 696 
0531855 8 243 469,379 0.0615 0.0036 0.0000 0.0000 0.0315 697 
0532634 8 32 580,695 0.0614 0.0036 0.0000 o.aooo 0.0314 698 
0531557 8 291 358,036 0.0612 0.0036 0.0000 0.0000 0.0313 699 
0532036 6 33 469,583 0.0608 0.0036 0.0000 0.0000 0.0311 700 
D531789 6 176 59.175 0.0606 0.0036 0,0000 0,0000 0.0310 701 
0531228 6 500 296.445 0.0298 0.0802 0.0000 0.0000 0.0309 702 
D530951 4 587 105,032 0.0287 o.oao2 0.0008 0.0000 0.0305 703 
0531921 8 43 712,971 0.0609 0,0000 0.0000 0.0000 0.0304 704 
0531880 6 357 421,867 0.0594 0.0036 0.0000 0.0000 0.0304 705 
D531798 8 937 393,098 0.0594 0.0036 0.0000 0.0000 0.0304 706 
0531165 6 869 350,268 0.0592 0-0036 0.0000 0.0000 0.0303 707 
0531856 8 267 485,325 0.0589 0.0D36 0.0000 0 .0000 0.0301 708 
D531209 6 194 346,834 0,0588 0.0036 0.0000 0.0000 0.0301 709 
D531340 8 61 505,598 0.0587 0.0036 0.0000 0.0000 0.0301 710 
0531237 6 22 559,731 0.0583 0.0036 0.0000 0.0000 0.0299 711 

D531922 8 23 699,636 0.0597 0.0000 0.0000 0.0000 0.D299 712 
0530943 4 583 78,071 0.0085 0.0802 0.0946 0.0000 0.0297 713 
0532165 4 40 197,557 0.0274 0.0802 0.0000 0.0000 0,0297 714 
0531342 8.3 481 485,145 0.0580 0.0036 0.0000 0.0000 0.0291 715 
D530925 8 264 477,280 0.0580 0.0036 0.0000 0.0000 0.0297 716 
D531292 6 401 239,745 0.0579 0.0036 O.D000 0.0000 00297 717 
0533673 8 480 353,724 0.0578 0.0036 0.0000 I 0.0000 0.0296 718 
D532034 6 240 430,610 0.0577 0.0036 0.0000 0.0000 0.0296 719 
D531877 6 333 481,680 0,0577 0.0036 D.0000 0.0000 0.0296 720 
0531161 6 228 427,188 0.0576 0.0036 0.0000 0.0000 0.0295 721 
D531138 6 47 558,971 0.057S 0.0036 0.0000 0.0000 0.0295 722 
0531909 6 1lll 238,230 0.0266 0.0802 0.0000 0,0000 0.0294 723 
D531265 6 134 452.498 0.0572 0.0036 0.0000 0.0000 0.0293 724 
D531263 6 437 364,931 0.0571 0.0036 0.0000 0.0000 0.0293 725 
0531350 6 800 283,385 0.0571 0.0036 0.0000 0.0000 00293 726 
053B31 6 127 289,315 0.0570 0.0036 0.0000 0.0000 0.0292 727 
T600009 4 10 352,643 0.0583 0.0000 0.0000 0.0000 0.0191 728 



) 

) 

) 

) 

) 

Note: Pipe:<. wit}i lderl(fi;::~I ConstHfUE!11(."'e cf F;1iaJre Sr;om were priorlt~d ■ccardinR to thtfr fluoc:Fng int•r1,~Jtres ........... ___ -
Ffclodlnr Impact Cati!Ogty 

Diameter length Intensity Health& 
-~ 

Pipe ID fin). (ft) rcalJ Safetv 
TranspOl'tation 81jSiness 

D532115 6 395 135,885 0.0127 0.0036 0.0000 
0531034 6 41 110,044 0.0125 0,0036 0.0000 
D531053 , 6 439 85,774 0.0124 0.0036 0.0000 
0544651 6 s 111,436 0.0123 0,0036 ; 0.0000 
0530987 4 40 73,508 00123 0.0036 0.0000 
D531964 4 184 122,626 0.0123 0.0036 00000 
0531206 6 257 130,484 0.0121 0.0D36 0.0000 
0531373 4 305 112,889 0.0117 0.0036 0.0000 
OS31852 4 295 104,948 0.0117 0.0036 0.0000 
0603112 8 g 100,695 0.0116 0.0036 0.0000 
0603109 8 30 100,664 0.0116 , 00036 0.0000 I 
0603115 8 65 100,527 0.0116 0.0036 0.0000 
D539619 6 462 122,232 0.0112. 0.0036 0.0000 
0531037 4 101 108,540 0.0121 0.0000 0.0000 
0531248 4 160 102,356 0,0106 0.0036 00000 
0531288 e; 766, 113.568 0.0106 0.0036[ 0.0000 
0531135 3 ' 210 105.613 0.0103 0.0036 0.0000 
0533075 4 107 92,174 0.0103 , 0.0036 0.0000 
0532017 4 513 94,620 0.0100 0.0036 0.0000 
D531224 4 227 88,118 0.0099 0.0036 0.0000 
D530877 4 82 94,452 0.0095 0.0036 0.0000 
D531137 4 239 99,294 00095 00036 0.0000 
05311% 6 449 107,399 0.0094 0.0036 0.0000 
D532114 4 120 96,743 0.0093 0.0036 0.0000 
0531965 4 244 84,015 0.0091 0.0036 0.0000 
0532019 4 501 85,468 0.0091 0.0036 ' 0.0000 
0530878 4 155 81,751 0.0104 0.0000 0.0000 
0531035 4 ;a 78,998 0.0088 0.0036 0.D0001 

0531372 4 586 81,915 0.0087 0.0035 0.0000 
0531327 4 234 79,970 0.0086 0.0036 0.0000 
0531197 6 379 97,818 0.0085 0.0036 0.0000 
0532108 4 207 86,607 0.0081 0.0036 0.0000 
0531040 4 113 68,757 0.0077 0 ,0036 0.0000 
0531309 4 30 82,391 0.0077 0.0035 0.0000 
0531036 4 80 77,963 0.0087 0.0000 0.0000 
0531041 4 144 64,552 0.0069 0.0036 0.0000 
0531924 4 767 87,528 o,ooa1 0.0000 0 .0000 
0531801 2 48 56,637 0.0052 0.0000 00000 
0531308 2 128 13,188 0.0019 0.0036 0.0000 
0531570 2 499 ll,40Q 0.0012 0.0036 0.0000 
0531379 l 397 11.110 0.0010 0.0036 0.0000 

.. 
Consequence 

System of Failure 
Opiltations I ,If pact Score 

0.0000 0.0071 1021 
0.0000 0.0070 1022 
0.0000 0.0069 1023 , 
0.0000 0.0069 1024 
0.0000 0.0069 102S 
00000 0.0069 1026 
0.0000 0.0068 102:i: 
0.0000 0-0066 1028 
0.0000 0.0066 1029 
0.0000 0.0065 1030 I 
0.0000 0.0065 1031 
0.0000 0.0065 1032 
0.0000 0.0063 1033 
0.0000 0.0060 1034 
0.0000 0.0060 103S 
00000 0.0060 1036 
0.0000 0.0059 ' 1037 
0.0000 0.0059 1038 
0.0000 D.0057 1039 
0.0000 0.0057 1040 
0.0000 0.0055 . 1041 
0.0000 0.0055 1042 
D.0000 0 ,0054 1043 
0.0000 ' 0.0054 1044 1 
0.0000 0.0053 1045 
0.0000 0.0053 1046 
0.0000 0.0052 1047 
o.aoao 0.0051 1048 
0.0000 0.0051 1049 
0.0000 0.0050 1050 
0.0000 0,0050 1051 
0.0000 0.0048 1052 
o.pooo 0.0046 1053 
0.0000 0.0046 1054 
0.0000 0.0043 1055 
0.0000 0.0042 1056 
0.0000 0.0040 1057 
0.0000 0.0026 1058 
0.0000 0.0016 1059 
0.0000 0.0013 1060 
0.0000 0.0012 1051 



EXHIBITD 
Capital Improvement Plan 



Asset Class/ 

Location 

Water Mains 

Air Release, Vent, 

& Blow Off Valves 

Fire Hydrants 

Line Valves 

Total 

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 

894.900 □ 'J 1100 0 6.500 888.300 a.oo □o.:> .900 DO 

oOO oOO a.oo a. 700 800 DO DO 

s1,ooo 11 s1,~~o II s1,ooo II $1,400 n $3,400 II s1,100 II s2,100 II s2,100 II $3,100 

$47,000 
.J 

$18,800 $37,400 $22,400 $30,900 

s1,ooo n $59,600 II $3,189,900 11 $483,600 ![ $47,600 
- .. ···-· 

• i i 2,ioo ••• - • $62,i'oof ••• $47€i:o·oo $3,400 $8,500 

1--c s::i•□c::1 
$17,000 $3,400 $28,300 $93,800 ··s1i8,700 •• ··-·-----··1r $28,300 $3,400 $1,600 

_ _.J - -~- .. . __ _____IL._~-~ -1 ssss,300 I I $411,200 II $41s,ooo II $371,ooo II $465,400 I! $695,700 

$33,900 $11,000 L $15,400 II 
$2,500 $4s,ooo 11 $2,500 

l 
s2s,3oo II $14,700 1-c s2,200 n $5,700 I[ $600 II $76,300 II $6001-

·--- .... - .. ···- ...... ·"·· ..... 11-· - 7 

s1,1s6,soo 11 s1,012,100 11 $416,400 11 s2,001,200 lf s116,4oo II s1,s49,100 11 s1,39s,600 11 ss,16s,soo 11 s2,142,soo II si,442,100 I 

3 



Asset Class/ 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 
Location 

Water Mains 

Air Release, Vent, 

& Blow Off Valves 
----------------

Fire Hydrants 

Line Valves 

Meters 

Mann Station 

Cristo Rey Storage 

Tank 

Mercedes Road 

Station 

Services 

Flowering Pear 

Well 

Franco Court Well 

lnterties 

Total 

s1,091,400 II s2,s11,100 H $866,200 II s1so,soo H s1,452,3oo H s2,242,100 II $452,100 H s1,140,400 H sss2,100 11 $755,ooo 

II $6: a --$2,400 I $5-,800 ~~~i~ • s25,3oo] [2400 

$3,400 H $2,700 II $21,000 H $3,700 H $85,800 ]I $700 H $1,000 H $1,000 H $1,000 I! $1,400 

$25,i oo - s·11-0,900 ___ $20,700 ·- ---- --$44,600- - • s~io,2001 ··-- $7.5,SODJ- $9-;7oo] [- ··-$72,90o][ $14,Boi]I $29,800 

$61,400 II ss10,iwJC s223,ooo H $248,900 H $84,100 11 $255,700 H $189,600 II $35,200 H $3,1001-

$19,400 $42,4oo1f -· -$52,200 - $31,800 $-1-81~600-- -- s·i 1,3oo] i $36,900 I[ sis3,600 Ii s i 2,6ooJI $58,700 - ~ JI $932,300
11
~ 300 

$28,300 jiiiiiiiiiiiiiiiiiiiiiiiiiii-- r $3,400 II $28,300 ~l I! $17,000 ll_::l[ $3,400 IL 27,700 

$860,200 H $1,461,100] $469,900 H $316,900 II s1s1,200 11 s1,161,200 ll $408,900 ][ $744,500 H $457,700 H $842,100 

$2,500 - $3,400 •1 $2,500 IL $2,500 .. -· -- ·1;-ss,2-oo 11 · -$65,0~~r - $2,500 $20,200 

1 II II L__J H_ 
$60,i11 $4,000 n $600 ,_c $600 1_ 1 $11,900 11 $93,200 11 $600 11 $3,600 

-- • - - -- ------ ,~- - • - -- - ---·- - -- ·-- -· -· • r-- •• ------. $67,800 

$2,092,400 II $4,794,600 II $1,665,800 II $1,429,100 II $2,668,400 II $3,752,500 II $1,136,000 II $3,034,200 II $2,336,000 II $1,820,000 
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EXHIBITE 
Maintenance Plan 



✓ Measure source pump capacity in gallons per minute (GPM) to detect pump output 

problems. 

✓ Calibrate pressure gauges and flow meters monitoring pump performance and capacity. 

Storage Facilities 

Weekly 

✓ Check any warning lights or alarms - low water level, high water level, intrusion, power 

outage, etc. Correct issues or write work order for follow up corrective action. 

✓ Check storage tank for signs of security breaches - damaged fences, open gates, graffiti, 

vandalism, etc. Report security violations. 

✓ Check the overflow line, vents, ladder access locks, roof access hatches, and controls that are 

readily visible from the ground for damage, vandalism, or other conditions. Correct issues 

or write work order for follow up corrective action. 

✓ Check storage tank and site after any adverse event (i.e., heavy rain, high wind, 

earthquake). Correct issues or write work order for follow up corrective action. 

Monthly 

✓ Check water level indicator and record information. 

✓ Verify all openings are protected from surface runoff, windblown contaminants, insects, 

birds and animals. Correct issues or write work order for follow up corrective action. 

✓ Check tank overflow lines for signs of damage, such as, screens, flapper valves, check 

valves, splash plate, etc. Correct issues or write work order for follow up corrective action. 

✓ Check area for excessive vegetation or dangerous conditions - uncut grass, brush, dead 

trees, fire hazard, ponding water, etc. Correct issues or write work order for follow up 

corrective action. 

✓ Check control valves for proper positions, open or closed. Reposition as needed. 

✓ Check control valves for damage or leaks. Correct issues or write work order for follow up 

corrective action. 

✓ Check earth embankments for erosion, burrowing animals, improper drainage, and leakage. 

Annually 

✓ Check storage tank structural, seismic, and sanitary integrity - leaks, corrosion, cracks, 

supports, warping, etc. 

✓ Exercise valves and make repairs as needed. 

✓ Document inspection and maintenance activity as part of the annual maintenance program. 

✓ Evaluate stored water for clarity, sediments, floating materials or films, unusual odors, 

insects, birds or animals. 



Five Year Inspection 

✓ Inspect storage tank interior for pitting, concrete spalling, rot, corrosion, rust, water level 

sensors, biofilrn build-up, etc. 

✓ Inspect tank indicator every three years for steel storage tanks without corrosion protection 

or every five years for storage tanks other than steel without corrosion protection. 

✓ Drain, inspect, clean, and disinfect storage tank or use a diving maintenance service without 

draining tank. 

✓ Respond to any evidence of storage tank problems or deficiencies and report them. 

[ Instrumentation 

Daily 

✓ Perform corrective maintenance on any malfunctioning sensor loop. 

Annual 

✓ Calibrate each sensor loop and document results in work order. Write follow up work 

orders to correct each unresolvable sensor issue. 

[ O&M Planning & Record Keeping 

✓ Develop/update Water Master Plan and Water Rate Study every five years 

✓ Develop an Asset Management Plan to manage risk and ensure financial capacity to deliver 

safe and reliable water. Report to City annually on progress in meeting objectives. 

✓ Develop a five-year annual maintenance plan. Update annually. Report actual to planned 
accomplishment to City yearly. 

✓ Maintain logs of water main and service line repairs. 

✓ Maintain logs of safety equipment repairs. 

✓ Maintain records of valve exercising programs and associated logs. 

✓ Maintain employee training log. 

✓ Maintain the customer complaint and system telephone threat checklist/logs. 

✓ Review emergency response plans and update as needed. 

✓ Review O&M manual and update as necessary. 

✓ Consider installation of soft-startersNFDs for well submersible and system pressure pump 

motors. 

✓ Consider installation of an EAMS/CMMS to manage assets and maintenance. 

✓ Consider backup power at Mercedes, Flowering Pear, and Franco Stations. 

✓ Consider solar power installation with battery at Cristo Rey Station. 



✓ Review the adequacy, reliability, and redundancy of the current pumping facilities and plan 
for improvements. 



EXHIBIT F 
SCVWD Contract 



•. • 
S -

.. llESOWTlOH tro. 540-8 

,. ~t~otirt~oo or ~, ctn .cffl.rNcu. or THE c1n or wP&,"a'tlm 
Atrrtt()tt!tJfflV ~<m oc, r~cr B~EEM t.HE CU'Y ott 
ouPtJi'.t~o . • ·Ami 't1m• • SMtrA . ct.AM Y:At.t;Ev ~A'f!ft .rrlisrucr trOR 

' ••• •• • A.) $11'¥I.~ TREATED loii'l'.U • 

, • ~I~~~~ thf! ,City:,of Ctlpertino c-µttenrly bas e ~tuec: to pttretl~ 
w.af!;,ef fr:~m .-the ~~•-t:t.ira. ·1alld_y ti:atf!r- District vhich was ;e,:neut:ed. .oa 

rf&~1;~/,~;~ « ¢~ ~1g1~1 ~ad - tbO 

. , 'lii}l~. -t:ht lftt,~~ ·-Dl$t-tict ha~ JubtaiU:ed .a new eootra-et -to -th~ Ctt,·.1tl1if.'!h 
,tbr:it'i:es Bild --~Utt., th:t? , O'l'l,g!ps.1 conti,-act 'lild incerpo,i--atas t;be_ --®-~ • 

.. •nti •nd 1;i}li'$:i@!:si wh:t~t( Jmli':;. city bas r,equ Ued; :and .· •• • • 

-• ._ ·_•_ i-ff£R:EM~ the ii~r.,: ~(lil,ttt:Ji::t t s .1:n pror~r and suf{ict.eut for:ra amt is ~p-
• tabi~ t<> the Ct•tf.'9.f :Cuf''.,\'E'tifio; • ----·- ·-· • 

l'itv'it• ilJ&RttOR.E, '5:E<lt ltESOVVE:D that the CHy ;Clerk and d1.e . Mayor be &nd 
. .a:r~. heJ'.'.aby aur;~rlt.~d. to ~Y..e.s::ttt:a said contn~t i-n behalf of the Citj of 
~gt~tpq.. ' , ·:. • • • • •• • 

• •• PASSED 4.~:0 AIXI:PTEO at a t -~guiar meeting of the -City Co~:f.l of tlJe City 
of Ciapeft:~l'lo .::Id,$ . ipd ~iay -of ~e:t.f!!\her • 1980 by the . 

~f():llowing VPt.~: . 

NOES; 

ADS£Nl' : 

-il-Sl'Alth 

AIT£S1' : 

AP?-RO\'f.P: 

/ 1d Barbara A, Roger& ------Hayo-r. Cit y of Cuperti~o 



• 

;/: 

. . .... . ,. 

Ct.N'TllACT a:Erwm~N SANT A QLARA VALLEY WA T.EJ! mST.m-CT AND 
CJ:TY OF Ct;'Pm:tlN~ 

PORA SUPPLY Of TlitEA.TEP ~A'J'SR' 

. . . . 

THIS co NTRACT is nnoe and entiefed into or, Jenua:rr, • 21,. l ''l$1 - , ~t.:Well':n 
• tbeSANtACLAftA. VAi.LEY WATlE,R DJSTatcT.ftere;{Mffnr ref~ to - !fl)lr:trict". 

·. a.ml Cf~ .. IJ'E <;U,S~ . . • . . . • . • • . • .·. • , 
· hereinafter·rdtrr-ed \Q M tieo.ntra~tor" ,md su~es pr-,evi-000 1Writer ~ee f"'Untt-acts 

• tte:tw~cn .Oi1trict ~ -contractor. · . •• . . • . •· 

'MCltA.J,,$: . .• .. . . 

A. Pi$trlcthnt .. ex~ut~~ «mtracts with. tile State of Onltf~ma J)epe:rtttl~nt of 
¼\~e:tef Iruo.urees am1 ihe Uni'~ $!ates nu~ of R~la~ W~}' Omtriet .is ®d 

· : ,;1~.=~:~1.::~tf~~;~li!ti~«>Di~~~::t\~~~~::nst$eti~n 
.· .. ;~ntra!i~1~,,~~:~=~ti~!~!:~;=it:;;1:watN;::1° . 

•• · AG·itE~EN~'{ · l?or.~t-n ~~4et-~ti® &{. the mutual ,l:lr00):1~ ~d eo.v,enants 
tl:er~in , ®ntamed, ttHrt>'ifrties her-eto ttgtee •zw foilGWS: 

AJ(TtCLE A. fN'fRODtJGTOit J P~OVISlONS ••• 

1. De.finitions- W-hen ·use<Hn this contr-a~t, .the f'OllQWmg: U1'.'ID$.sluµi hnv1; th~ 
meanings her-einafter' s,et fGirtbt · • • • · • . • • .• · · 

a) '')?i$.c.al ·b~~r11 slJ~U mellll ~aeh 12~mQt1th period d\it~g ~ term ~reof 
• ~m.nteneillg J_ul_y {ot one year.~ -- t~~n~ti.riKJune: 30 of the n~ 
s~ee~dlng yw; both dat~ fue1usj ve~ • • ••• • 

b) "Ea.eh 1-~ontr1:.c.tor"., qr 1'0ther contra~w1' ~ sh-ail roettn any entity, 
public -0"' private, contraciii1g with District (or a supply of tmated 
water. • 

c) Ttie "A~t-" shall mean the Santa Clara V~llcy WDter Oistri~1 Adt ~ 
amended. 

d) "Boaron ahwl mean the Board of Directors of tt,e &nt~ C1lira Vall~y 
Water- Distrtet • . 

2. Tenn of Contract 

lCIC71 .. 

a} This ·eontro.-et shall become effeet.i¥e o.n the -d'1te fir1;t ~bove w.riuen 
nf?d shaU retn-9.in in effect for a period of·yo Yf!'Uts or until ..,u to.6ns 
and an bo~, the pr(.)eetds of sttle of tlhich hev-e been used for Ul!" 

• -couiirtt•uot.ion of wat« treatin:&fit and -d#d;ribution f/leiti'ties ht1,re tx.-e-n 
retired. whjch~ver peri:Qd sha,ll be tonger, P,"'QVjded, hOW,:;;\'Ci', 'Uu1t in 
no ev-ent shalt the term of this ,..anuuet ·oe oe~mcd t<> extC'M be1°'2d 
the pt".ritld authorized by law~ • • • 

1 

~~~~t\ftn~ .:: 't;. 4~\~-:Jt~~{~}.t •":: ,'__, ~- \ _. < .. ·-;;\!;· ~)~,r~~:;;Mf---;~~{:,~:i~ ,_: : :~ .. }-, 1~;-~ :·1 , --- ~,<'>\ ,~\~£ttJ::tf'·:~,i :f"! ::_._-~:;_~'"~:_~1--h\~J,_.:.~1;t.:, '-~rsi~;~;::t~·~ft'l~. 



. . 
b) The ttrtm of tbi$.,act «tliY~ ~d i<;r an ~d$tiMal term o£ 

years upon. ~ch t~m; ~dj:onditfons s tmiy be' s:ut ftit•tll fl: Q wrltte:r 
fl!P'eement ·of ttt-e :~de$ i'iere~ C?-X~~ aHe!l.St ~tttn {1~} 
mMU1s prior w~xpiraticm,¢ tn~wms -~-¢il•~..d tn_the:[)te<:edhttc. 
~~U1.1n ~ .-n • su~~'®m~titta-Dbe-,i;,, ·t~eeuw!, thiS' • 
Ct;;ntrnet. $!:tall a!}:~~t~JtS:jp~:(jt,d l~(\$8'.i<l Stibs~,tttt ~ .W!le$.S Qt 
l~t om~ ye111 ptliii tQ saf?'t~-nti®tion date C<ltm'aetot mrdl ~Uy 
DiStrlcttn wilt}'~ -~ ~ttn.ctc>1> dest-r~to ·extendJl'I~ t't'tm. hereof; 
i-n,;uctfQVclit1 ~ ;tn<,n s.hall. be- e.~~qed t~r an ~cfij9rtal ,eriQO'. (1( 
tiv¥ .Y~t$ ~61fttt~ ®V~Jiliiltt; ~pem:cn~.~ ~tf cms .httcln 
~taj,r1,~~. . ... ••. . • • 

• , . ·_·· . 3~ .. su~c~r$ ~nd A~·•· ·~oj~t ~t~ FWtsiCA~ <.f die s~J~~-d~ s1cti6n 
4 l~reof, this co11trtet a,NH:iitr~ ·Jel'llS, eovehafrts, agtJet:nianu ~ ~tUQnfl1~rein 

oii{y 4 PMti:on:of. $he -~b~gaiJ.'◊nlfQf .• tJ)is ·oonttset. Colltl"~tor $1),ail ' rem~i:fli ~bUgat~tfor 
therema{nd~r~ or in the ev~t'C~n~etoi; shall &el~tt'iins'Cet1 or 4to1wey any ~n '°l' parts 
or1t$: '.Watrir syst~m to iuty «itttyr p~i;?Uc w p!'iv~te,·.Cont~ett1r n1ny-as~ to 1'.he • ••• 
ptircl1Bser thereof ~ portfon of C<>µtt~vtn rigtt~ 'priYileges an~ obHga.tions rnti-e'ura:le· 
and, in the e-venl Qf any suchassfgam-ent Oontractot shallec tclievedo(sueh poJ>tion of 
sw,h gblifJaUpns <>f Co.,,tr~tpr 5'> .~_-· JTtMd Jt, fo;lk!y,r.i;ng ~µ~ll sale~. tr4risfe,- qr COP!ey,&Jt~, 
DfstficLsh~ll comraenee. !O funush t:t·cated<lt'~t,er to $11~-entity, or Dllltt"jet ~ a .·• 
con~ract wltbsu~il .enti~y e~ngpr:i!,>t 'to'suen Sll~, trtirlsr'er-0r eonveyattC{etner~es 
the· nmo-unt-o! treated watet 'deltver~ to s1,;1eh-~flttty .lti Qr4er ·!<.. . moot in part ,the • -·. • 
il!\c-re.a~d vtBter t.equir:etnetrt.s o.t •~ctf-iYitity r~iUtlPt from sueh sale; trOMte:r (}.r 
eon veyanet:!. • • • • • • • • 

·. s. • ~\1just~ent .ofSeh~~;l~~cJ\~tes ~e?!}~Oilier. Water s~·viee to l>n>jeeted 
Se-rviee Ar~ta -1\111ere Cont1·acator has i,r~p.ared .f.1.1,(t $U~mitted a proposed water deliv<,ry 
sefi~?futEt tP ,Pistrlct for _~ ensulfirr tbree-y• p:erlQd. in ~ce~n(!e w.itt.t: /wti~e8.bereo.f 
in l'.EWlOU.bl~ '.,mticipntton cf,anc:t r.eU~we ~pon projected .water s~rvioo t>y, C'Alltrtlctm' to 
its f.'!~tlng or futW.'tl <ri.Jst.omers 1i1hQ:'.~!1:ive or wou-ld-~1n1,,e service within a>sc1.ivlee 
areti whleh shat! b.e de:rined and ~y'be ru;1~nrJed i'rQm ttm~ to Um~ .l)y Contru.(?lor and 
nit.a'.ehed heretQ, ~ -- E~hi9tt Ii.; and tl~~:s.-¢:hedule .has ~ ttJWtovcd a.nd ms.de l:>inding upon 
cpntmctor in .n:ctPN1an~ with Artlcle .- 8 ,hercl)f, ~d 1¥ller¢, in lieu of contract«,:any 
og:.¢.1l~Y. pt,1pUc or . priv:.ue sf:ltdl t:llru-~ittei- Pf"Oltide tre4't-ed water .ser,viee fo a,,y zneh 
custom-e,rs und ··Ute i?~stooee ·of such eitC:t;o.:nstanee an4 :the Aeeet~sity oI Co.ntr.~to-;r to 
red~ce Us deHveey)sf~hedolc bi,i'r:rg sbQ,wt, to Di.:triet and nek,1owleagoo by O!str'H .. '1. to be 
tacts (sl;lcl1 ucknuwl~gment to oo in no rose unrritl!KlfUlblJ w!lhbeld), tllctt CC!titractor'i 
~atd dethr~y s~h.edul~ ~b~ at Us Qption h~ amendfJd p:Nroptly .in sue,h . maniler f.'IS. to 
r~dtiee Conttector•s schedUl«i iwit~ purchases from District trerounder by an ~mount 
fairly ®mm~urat-e w!~h such reduett9!) .of Ccmt-ractc!"s Mtictpated <>r pN:>jccled water 
~e .. v;ee. • • 
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An.net.£ B. w A'f'ER SEU VfCJ~ PilOVIStONS 

l. -!Jt,J.tef DeUw~r'i Sch,,,.nd~~ 

e) 

b) 

• ' . . . . 

-.:~:;~:a:·:~~a~;r:~:4:.;a~~r;;~= -. 
- thr~e--y~ar pene;d ~f~ Jt.tfy-1.-J ;Ugi t--oitojt~,,e_. .. ,_ ·_ -: ; ---••_._-- _ 
p~p~ed .liitl~iiv~h~~~t~•s~rnltt~ <lii-f-;tl~~~~,~• 
t1t:e Pt!i'l"dct .-.nd •hall :.J~~",,tbt!' s,~~~;s:-m"_ treat~ )Yat-110::~:?"d·f 

• i~=~.::~~:=nu.> . 
__ reqµes.t.an Jmo.unt or,-.t~· fQt)~l) f*ttr 'Wr.t~•~-~~• m tpml 

• and after.,00tmUltati.tm with. Conti:.i.\et~ Md Other ~ntri¢t~rs- • ·_- · _ , .. _ 
-reooivmg-"treated water''ffom ~~~~t, tllllllappr~y~ ·~~eh~~Ie 6r 
make s•lleh rerlueti(}M thereln ~ -~ cimsis-tent with Dis.trl~tts ab:iHi~ 

~:rJr~~~~iiCi~{ • 
every reasonable-etf'.ort io ~~~ :eo~h ~p~t)~ oeit,~rr ~d1Ue 
su1;>mitt~·oy·contr~eU)r-a~Othffl'~9m.r,aeton.. ~~P'.t.AA,prov~\1 

-in Sqf:'s~cetii>n ,e of ttdi'gec-tI pn, • Dh>trief ~rees ,tlutf it will ~~nwe 1( 
delivery se.'le&ile f()r saJd e.osrung'.s~hedul~;peg!~ij wlli~11 wttt~>oo· 
less in total ~nount f<ll'- ~aehJ~ yenr- -o.,f ~~,sntte<Jtd~ _p~ripd than 
95 percent of the 11U:l.~:rrt~ fl;Elk?al y,s:ri~t forth in the tlt~~ ~l#r'l"eht - . • -
sch'edu!t:t perl:od. _ , _ ~ ' • • -• : _ ·,· -· -- :_ ·- . : 

c) Notwithstandh1g the Pf{>~$ltl~~fsu:bseeµtms ,ll nndb of thi~-~tw~. 
either Contrn~tor er Oisti'id IJ)ayreqq~t ttiat too mini.rn:wn:•iru)unt 
ot water for ea.et, fiseal y.~~ ~ ~ui• uu-,e-yenr 11ch~e -. • • 
perfoo be reduced to a l~er ~tllirtnlf:lf ,an~.unt thWJ pr~et.ibeid in _ -
Subsecticns a mid ~ Upo.h writ,tei) 'tigre~nnmt by· t1Qih DJnt't;a~.or-and 

-Dis.trfot,. ~ed .cm .a :!l,howing of -~~or<iinary .~u•eurt1sW:ooasi tl1& 
clellvery sehedul~ l'!Ul1: :t1e:~~~1!~ at such l~ amount. . -· , . 

d) Tho approved d~ttvery ~b~le st~~.a be trtm ,1ni'tt~ to Contrne.for 
prior to December 31 of the YW in ~lileh the proposed .t:cliv,a-y 
schedttlc is ~1.lb.tnHt-ed. llle ,approved ddiv-m·y s'.?ttooute tor 'f''iieel • 
ytnrs Hl'lG~?'l Utrougt) l"~+-81 is St.'1 forth in Exhibt_l B1 .att,-cbed ·_ 
hereto and by this .reference made a part horeot. • 

·w 
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• ' 

w ~~i:,.;.~~~~r~~%t!r 
. • Uus B¢~~<;J,l.<m ~~nd 9f ~tntetqr .:a:t rJtt~~ .ft:O\V. Yl 'lP.',,_ . . 
irlstMt~fleous ;tiutximu.R1 t'J~t r.ate ~¥aleilt to ;~ p~t bf tree 
th~(). ~t+~ifannual. ~lume'.$~~)l ()~ :the e{iptrJVfli}_";;i~u,;,~ ~~11u!e 
.e~p~ed u .• ;•iv.alent _'.l11M'QJ-1rl now ~te o-ve:rrtll~ '~-~tc~ fln . 

••=1.:111: rat;<¼t,.nli\Y reQu~,mchrniw,t,Q.a.n'instsfl'tAneous :turiid~ -~.v tat(;J' 

!4~i~l;;,~:l:.t~~%:!·:::~:~:Jit::~t~1~ ¢. ~ -_ • 
0) :-i:="'t~~~.:;~~~14-

~ntruc,tal' t:r;\ 1si9 .perc®t_. of _- Uie :then.outt~t' •n~uru·_v~'ne ortmit 
• Contran:tor ~.,;; ~11 t11e '.~V~ 'WlttPI' -d.e-liVtty sehecblla ~p~ess-ed 

f1S. tJJI 1.lqtdvnt~t -mW·. ,?)r~te' (W~ the full ~ear. Pistdet 'filigi:ve • 
. ¢9nt,fl(,ttor r~·nil~ pr~~ .notice :or any $U.® prop.~ u~t •of • • 

- m~xilmtl1l f:lo-w r:<ilte. • • • • • 

3. DeUvery Stru<1tur~ 

J OC312 

- • . 

D) Watet deiiv~ tt> Contr6.ctt>~ pursw1nt to tbis ~racett·~iilloe • 
pr(ivided !f(lJJi _ l)~b•.iet f . eilit~~ ttlro>~J~i t!eli Vft")1 ~~etUl'Q$ t<) . f;le 
loolit~ ~ .5:U~l?Oat~~ as may t,,e m-u,tmlly •~edupon. ·-$.i~. 
<1ei:,,:er:., $tntctlt(".('!$. mlall mi deaign~d a-r.rl ,®iutruet ed or ·euUS® to be 
eom;tr~,ed by District. ~f½P'! bnl1 !>id •ts sbnll be s•~etJ.o 
f avorah!e r~view n.nd appNval by !:he C".,ontructor pr lot' tQ ,a,. v~rd of 

t ttt' ' rtrrtGvnr:e -



. ' -..... 
'"'· ':!-

·"' ,. "" .,,. . • I • ~ 
• "" ·, I"" .,,I,· - .. . ~ ~ 

. 
eomlruet.to&~~trcc·t· for tl)e deliv~y. $1"\J~~r~ . f>istriel ~~ ~ y 
for th, ~t.af •th-0-land, ttt1tomp;tiu, :eonir~ ~Q(i-rep,;,rting JY$1~~ 
nOJ'.~le•.;wnett; ,~~ ~1utoft Yit~~ ~W,Jn ~-~ M 'aid strUC~S; •• ·~~~~iffi11!L¾ •• ~¾e 

fie-SJftle ~town·~ · ~1'1f r; att~ebe<Sh~•~t(i:'Jmdt,. •. tM$ 

~'~{!r.~~f~t~,~1.~f: .... ·.~~ ~~tl 99:ti~~ttt,• 

,_~ 

·. 4;. • fylansurafll~l}t~:'W~ter zjeH~¢rrea·-- ·~J;l'j~t$'htajl_tn~$~~~ wnter 
• deµ.,~-red to. Oohti'l<C~~!:'. I {ind'•:,~ ::k~p· ,$:!t(l jn.£UH~i~ ffl!oe.tirat~ ~d: :e()fflpl-ete r,:eortjs· • 
thereof. f ~ :SU~U,p :r.pose, Qistr1~t Jbai~ lns~ ~r$te and J.t'li;µi1tain ilt nll 00.tivcry 
st.·oetur-es stJ<Ih m•.ttring c,le'ti~ {lnd e:guipment as. -~re lH.i-t,i$fll~J~ry ~; a.e¢~pt!iible to both pat·till:S. ·. . . . . . . . ·. . . . . .· . . . . . . . · · 

' ~- .. ··•· : P,W!il;l!fl,rnen~ of :t)i;in~~ry Purh1~l M~tenn9~-P-~iodi.; J})~trJqt 11;H1 ~~~ an 
reasomhlc. eff91:tto:pr~vlt'.!~9~ntin~()US ~ 1·vic~ tfl ·eor.-tr~tw lm.t t111"Y -t~pi:H~!l£Uy.· .· 
dtsoontinue cir re.dubt-tJtte·o~U:v.ery '.Of ~cater fa boil~tor-t-0r t~,.pij:rp.hs~ of ~y 
investigatlon, l,tmi?9(!ii~jl~ m~int~ance, repair Ql't-~¢~mcnt ~tuiy (lf .l:he faciUiti~ • 
ne~,4ary for the 1'<tli ,,ery Q:t·t.:~~eJl rt.at.er t9 .Contract->r:. :Olsnict:Sl:iitllnctify . 
Ccntrttetor ~-f~· in• ad,;~~ ~s p_ossib,le t>f-ai,y . dfscnnti~an~ Of'~lietloo t,t!M ~~.· 
e$Umated • (luratkm <Jf ijur:ll 1~l1eatinnuan~e w ·reductloo~ lteoogiii~ t."IM Cqntmetcr 

• will -rely Oil Dit>lrI<:t:lQ£UrJtfi;et'l.1.i,pt~ <t,uverje$ ot~~t~Jlftrt'i-eµ!~ty d~ing ~ b.igh 
water· .etJ~ption:.mont~'ia~· $~~. District ~es• t¢ .ffiie lm ,-~t eftw-~ throutJ)()Ut 
the term·-0f tflis<H>ntra~.t .. to :mttl<'e any· ff~ ('lisoontit~e¢or·re<hn;lion in. the ,~vecy of 
• water oo_fy :tludng t;trt ~Hod, t>fN;0v4mber through Nbttcb in _ilftJ fit,ctsfy~,u-. In the evelit 
of any dis-00ntit-ltlnnce 0ftf o.·. t-edtte<tip:n. ifl deliv~ of wate'i.'t {".;OAtraetof l'll~.Y elm~f to 
reooiv-e too am~t -ot-wa~ w~icl:\ otherwtse would l~\le Q~ deli~ tc tt ourit.g s.u(!:h 
pe,-iQd uti9er the~pp~¢d wat~~li\l~yschedule fQt.lh&t.1',iscaJ:~~iltoth(!F times 
durJttg such ye41•~ ®~stat¢ .. wl-th DJiti'i(tt's deli'!ery ability. ®:~tlg the then ®rrent 
d:eltvery s¢hooules of' ml Ott1«Co.titra.cwN<A • • • • • • • • • • • 

. . . .·· •. '••·: .,: . . 

• . ~ .. • . s~mefi::'!t0!1,;?~ ~t!;vie~. Ueon De,~ ~¥,lt - ln the. e~ent of :tn~ do(uul t by 
Ccntt·•e.tor m fi~ ~1tf1Mlc>J at~y l'floooy tCQt(1red ·tc- be p~-d t".'l Dt:Jtt~,et here1.u1dm-, 
Oistriiet may, ~ .»c-~ less tl1011 tft!"ee n:tonttts• written notice to po~traetot-, ~pend 
deU:veril".s o! wat,e.r «ndet' this conttnct for S¢-lo~g .ru:· su<?h def~ult slla;U continue, 
provu.Jed, how<Ne.r, .that -dttt·i,ng such period Contractor $.hAH rem~•~ ohJtg~too to mak~ an 
pnftncilt.s required ttndet• this cQntract ttnd PfWidt'Cl, further, that ~ch deii-nqu.c:nt ttmount 
sh1HI aceruc Jttter.est nt the rate 'Of one-half of one percent ~ month oommer,ci ng- on th~ 
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dt'f! Gate of such deHnquerst ~mount nrw ccm-tfoui~ until t~ t.ht1'prb'i¢il?al atno:unt :;r 
~:1~ cll•:ct•,ges and the inte,~-st thereioo ure pnid tn f~l.. 'ISU~li $USt>"',J1Si~ni>! ~ lh•ety t~<:m 
pul'Suant to tltls Sec1.Iv11 6 :mall not rleprive (,)tsi.rlct of or· 1h,'J'lt tif:ll 'M1nea,:; provide4 t>y 

.. fh:i\\i, contriOet or t>Y Jr.uv for too recovery'()t'money <:lw or ~icbnray f)ecol?ffl ~ ~act 
U,is COOtr'ifl~t. ft; the event or My ~namtt¢twteh 01~--,i~ :md l')i~tr'lei a •t(l·· 
tht: amour;t ot any ttin rern.'lcred to Corili-uewr t,y 'OJ.stri-0t, win'#' ~ie(¾ $haU :no;t t,e • 
disew1tinU:Sd if the ·disput~,J a171ount tn~cof .ts placed Oi'l.~-with !)~tr:i~t.. 'Sf.itti . 
. d"y0$jt $~ ·Mt pr~Ch)-de revi,.nv t«ld atlj~m¢nt ul jny watet tJJU fl:$ S¢tlort:hin Arttcl;-e 
C1 SeetiQn D, ~r~t. • • • • . . . . . 

• 7, • • Wnt~r Qm,l&- fJistti'(el agrees that~• wat~rto bedelVeN:-!b,t~to · .. •.•·.•· ·· • 
Contrtwtot pu1•sut1rrt tt> tne t;ocmii: or tJus ~~r.1wt, wiff be m,r.e~ ,~ateble.j whol~~ .• 
pottml~ t~ hi:mlthf~.d t!tid that all $U¢h water will be pt ~qtin;lity toot. ttie JJpa,e lhaf . • 
beus.ed fer domestie puiyo.<;.e$ ntthepqfnt:5.()f .. deliv~'tbl!r~f:'to bt,~~et Mt~· .· 
fl.li'Uter treatment. IJl$tr,i,-.t.undet'Stands'mai r-,nu-~ ts ,,~:{i.Ub.liR:.·ufttlJy (~fl\~•·· . • 
water to if~ .eustom~ tor domestic put~ mt~ ;Jl(ft ~t(tt w :-~Jlt'li'\i~¢e ~yJ!',ltl-< .• .· . 
C()n.t~-'¼~t~1' tff,r:eunde1· will t>ci d~~~l'~ tj',~~'it:lr'~:,~~~~~ .~#"~t,,v~ ... •• 
that Jb sy.stem·~1.oe e<mSli'ua,~ and~~~'tbe;~ .. •• •· . _:-4~~&ijfde., • • • 

. =~:=~~~~~-:J!w.~•:·i.e~~L • 
. pij~uant tc this contr~ct shall ct>ntor~ ui:c:b:e:~fy:l'e.qtdr¢i:11ent$'$~ ~ tnt~-U1~. 

¢'WTcnt pd,nui.ry and ;secondat•y s,:~n~ds f:~l' ~meffit watet~ity nnd nmiuJ~, •. ••• 
retulatirimr ado?t~i!l by Hui CtiH!or~ Stat~ DC!\lllftm1¢f.lt !)iff~alUi, Sllould tl'le'.,Jieed . 
~rise,. Dilitrkt s'ld Coi;tractor wm eoopetoat-e fully LA ~qj~tfq tbcir NIS~tive p~~ . 
t() t!w ~-!Xtmlt r~isc,o.abl:; predicable. and .prcviooo such adyu,t~,ts do ttot art~«t.~-
Coritruet(S:rs, w aid the ('.('•ntractor in ®tt.i'o.i'.mlng- to sueh lai<J wittlbl the ContJ".a.¢ttirt:i;. • 
di.Str.ibutioo syst.em. • • • • • . .. . . • • • .· . . • • 

AR'i1CJ.,E C, . PAl'Ml~NT PUOYlSIONS 
. • . • . • . . . . 

1. The paymcnt1' to be made byCootra~tOf aridlta.nti Conti~~tor for deliv~r,· -of 
. treated water ,inu l)t? 11 pd,ec p~ m::re-foot bas~ uppn the pctdiug polie:,r t>dopt~-by 'the 
Board! ,.l:tted January a, 1971, as from tim!! tQ time amended,: llt"hi<m is se-t fotUdn: ••• • 
B:rMbit v, aHacht.~ hereto mid oy- this rafc,rm1<!c mad~ .n pa.rt hereof, and s,tmll be: the 
total oi the basle water l!lmrges and tr.P.ated ·,,.a:ter. $W-.ebarg~ as detormm¢d by. U~ 
f).istricit Bo.urd for each peri~x:1 fQr whl9li & l'llt~ ~eh~®le is @Cf ~Uva • 

. . . . . •• . • . . . 

2. · In determininf; the above clmi'ges, ~~ t;.,asi<: water charge sha.li be '6qtm! b 
ms.tric:l's grou1:td~11Ht~r ebf;u~ for wat-er other thu:o agfi.<Mtutal \'i-ltt~r {ss,i('j ""Ord$ · .. · 
"ogrieulttital water" h~int defin-ed hi the At?t) in ~ne W-i~ whieb shatl be ~terntliled • 
annun.Uy by th<" flnard iii aeeqr<:ltinee with ·vie legal p,1-ovi$iorn. nnd reijUiN11nents of the 
Act; provided. ho~ev~r, thnt dt.tting <;:neb l'.Alt~ perlO<I tin~ !)ist;riet will cpnsidcr eij • 
anticiplltt,.>d cm,L~ for f'.JH!fl such rate ,period ttµ() will 011d~vot to ,es~hfl d\actng: t;t.1~ 'fi~t 
ycnr of $Uch rate period u i;;·oundwatcr charg-P; that is intended h') rem~Jn eos.stantf« the 
fuU rrlte oet·iod. . · •. . · . · • • 

J. Dl:itricL shall ct1arge for . ~he de.th•ery oC tr-('.JltP.d water in .at,corrnme4! with 
d,e rute ~cheduk for water Jer\lice ·~ $U(!.h r,.te $clledtd12 is est.«t>iished t>y lhe 81~~l'd 
The Hoard of Directors sJmU NView snid .rnte sct>.edule very 11,re{" yel\l-,,; to dsitenniue 
whether the !ii'hedule is in 11ceordnneee \Vith toe m<a$t r~-cent antl nntielpl'l te!J «>St~ ~oo 
1·evenues of District. Acct,rdin-i,rl,t1 the B-01,rd SMU) ou Qr .Ji.bvut lhc $!'COM 'Tu~.sdft>' i n 
Mcrch 1 ~81, out i1◊t la Hit t hirn J\pr-il l5) Ht81, es',t1 lilish 11 r~l.e srehtmulc for the ~1,te 
period com m-'mcing July l. 1981 tfu'Ou~h June :m. 1984., and shn ll folio" s,,id prr>ee<furt~ 

l f>CJ 1 ~ 



r()l" ettch. 1?0$llJtig tlti'~e-y~.u• period, Ea<!h mioo tate S4:!hedulJ: $btlll be ~Sf)OC'tiv.e jr; 
¢~euon. but soon pil:'OVide [-or the f'CCCVCI'Y ·or e'lqlet'ldUures to~ re~vered bj the !Jdle 
wat~ char~ an<! the lr~fed w~tffl' sur~~ •$1ring' tne p:mit-d$aid rates eu·e.·h!t cUeet 
4111~ ~»i sh<1mg~ oi r<t~e for $aid ~rli~. tt,at m~ -~~ be;m ~if!!\~ . 
dw'fng the p1eee6lng nte Pffl"i~ •. · -tt is :~ · th~t ·~ rate.s U; t;ie so· ~t-abJiiiL,s1 sJm.:U 
hol,ti:e Unfe&&~~l>t~ ffl' litJ•bltritryt zt.all ~~-.,pen 1•em..o~~ •Urfl't.t~ qt.~~ts $1'1 
w~i~.-d~nv~i~ lritd ilba:Ull~ tne same !or~l()l" and Other COnkactors ~mJ.-.1,. • 

• cn~•~rs0!'1$1 ,~lie.« pN~11te~ w,raastnii~ted wnt.er ?wn_ Oistrict,. r~~~s ol · 
:t.be t:Oi~t~( ~f.tli,~ey of sµ¢lt Wlll~et' by ,Oi~ttfet; Dfstrhrt ~.t'ei .1.Q ·~ hs ~ t1f!1,,"1;s; 
.~~~ tll~ t~m Gt ·t~ls ~~t.u-i ~~trr~m OtMr ~ntr,tet~, ~ ~ &t~ 
.~~~ t".l tC{...'?i'ciafl~ Wi~h $U~· rate s~n~«-, the S.fipt'Ql}M:Jte ~.1J1lli\ or f ll(m~)f vn.ttio;ut 

.. dedu~tio:n or Mlset ~:ut<:tng w the ~p¢~iive ,am.oonis :or tre.at1:1d W$t~ @lhi'~ .b;; tiw ;!}tstr.i.<-tt~ . . . • •. ·• .· •. · . · . · •· .· • · .·· .• ... ·• • • • •• • ·. •. · · · • · · ··. 
. . , . . · •. .. . . : . . . • . . . _. . • . 

" • . ·.. , . • • • ' · . 

·such dtUv~ln e>rcffl oi 911. 1ier<,'ttnt• flll• ~ d.:her year mi.l31 . f~ a~' tU· a .«-e!Jct tlii~M~ 
ytt1rijJ:n Bl¢h rate f(W·uiul~ ~l<id b'f ~tncn ·cr.mh"'ll~tor ~ved ~ '. ·tnan •··~ ~¢ent .of 
the treated. Wl'!t-C?i' .M sJ~wra ·?fi• tMapprb~d·dtaUv~r-y ~i:lle, and tr Contriutt-hl- has 
paitft.l')U~tttlt to sueti ffi1r-lUal mlrumuin ~p, for water n<>t -deU~ei'ed ·.~ .it,CCQ;tt~tor 
SnaU ti,1ve the r.igb:t to. r~l've su~hunde.J!Y~~d i.vater without ~ddft.i~ payment diiting 
the Ntmtdndet of th~ then cun•e:nt t-af<? soh:e<Lile ~rled at times. when Dist.rict h~ the· • 
delivery <!apnbUity provided fut·th~r, no;vever, th~t: • • • 

aJ 

b' 

l0C3U 

lf in iiny -O~J or $l'lf year during thee ~l'fil ntt'OO(. IJisuiet~ for alljf 
reason~ hteltldil)g' ~ueed deliv~~ pursooot ~ the provision$ i.>t 
Art.iefo O hereof, shall b.e uns~(a to t.le'U ver t1•e4t~ watet" to 
Contrnctor in M. f:tl'fiO:Wlt cqwu to l/!tO <>f th~ tteu CUrN!?'lf montf1ly 
sei1eduled amount nsifet forthin Artiele St Section lfo) as expr~sed 
88 a uniform dailtvolum.~,the then n,irumurn ehu.rg~ fQft~ .• ~J.r . 
sholl bt based. upon ruf,am®nt ot water es e:ttlauta:ted· abQve f.n Seetmi 
4 rerluooo bY M arnoont ~ to th~ roouetion ooqt1ired 'i:J'} D1$U-l~t 
for ea.ch daf 0- r-edueoode.U.Verjl'is requir~d. ••• 

• . . . . • . 

lf in fUlY day of :any year :during tlle term her(!Of Di:.trfot shaU .offe:r to 
deliver to, Co11tr.&f!t(tr ,1atet which shall fail to meet the qu£.Wty 
rc-qulrements S:etfol"t'" in Article Bt :Section 71 hereof., then 
Cimtrocto:r shall have· the tight to r?fusc to nccepl or · reduee . 
delivme, .of water from District until such Urti c U}; sucll waier slwU 
m~et SQid qw1Uty .r~QUktmel\ts. ln sl;!Ch <went Contractor shell 
£mi1iediat-0!y noU!y l)i$(rfot, Md confirm ir: wrmng within !fdl~ q.f 
the beginnirm- uf an:, su.c~ ~j.od. ln nny 1n.1eb re~f the twn mtnimtnn 
cJrn;·ge shall t;,e reduc~ ·oy on amount equal to Ute volumJJ <>f wat.er 
redUeed by the Contract1>r vt:, to m1 .i:uiw m-t . ~sl to 1/30 of too ~ 
~urrei.'i1 mon!Jdy scrre'd~ll'ld a~;,1J.nmt as set for th in Article e .• Section 
l(e), :ls ~Xi">f€~-,;e<l os ~ !mifo-rrn duily vohH? e for each tl..qy ttmt: water 
$e;!•~ice is s~> t'efus~ or ~t¾lut. ;-d by Um CQntraetor. Jf Ci,ntr"\etor at 
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·w\~·-./;#.1--'-.£j'...)1,'f•~47t¼t~4(:::; i'..~:·.;4t~&.:.:?~,$<:,;,r~t• t~t.X.¼J'4$i'iJt",1:::;,J:¼lt:ijv1~':!ti·i~~r-~' t&~~~i}t \'.>s;·>,;~{~Y(:~ ... :~1+::\-l/¥~~~~·x,t,>•': ~:·• ~ 4' -. ::'.ti_. _, • ~ ~4~ -::,/,,/:i',-,, ~lJ.;,~ 



.- .. 

any Ume, or from time tc, -UmEI dming the t~m ber«>f-; ~ld tvtv~ 
the ri~t t<nduse fo. ~¢c~t _ WJ!tgr .fj,em Dfstt"il'1 :by reG.sOR of . the _ 
toi·ego:ng proyis-ions of thf,11 ~eetron 4b, bet ~~d ncv~1$ tail 

_ tq er.crciu -~h t•igh4sucJ1 :t~w-c ~ -tn ~ ·went_ tte· ~ed to 
waive or ti,~lt e~~ .or• t.ipt·t,y Con~. ~~t ttB :-i. f 
forth by Ute foregoing F<!"Vl$Jtm!iof tht$ ~~n· (y Ce~tract-cir.:iball . 
no:foe,obli~t~ to9'Y t<ii'il,:Y wtt<ll' -nata•ee¢pt~t., n. I(:c,;1iti,,m 
(;6'Hai~ bi tl\)S SM~O\l 4 ~~11 ln riny way be d~futid to 1~1t -
Co11tnu~ter'_s ;t1b}tftt.~• ~ ,a,, f~_~ll WA't_ .. -~JP,~d t,, It_. from __ _ 
JJiKttict'in ll:~1d~e wj&_tbe epp~Mc~ -l"ate ~ f~ t:r~m lime 
to ·ume in Distri~tts tb~t.ippli~ r..t.t~ scn~e~ - • • -. ·_ -

. . . . . . . . 

J( hi any yeiir <hzrlng --~ • :( .. '."-1 ~t, •the· BOOJ'd ~ Dit<tet~ "f • 
tlf~triet 6fwJ1 by ll l$0lutj.i;)n t,1~ fn - f!eet a· ~~f - . ft.du,t~~~ ~ram 

£4iif&s~~ 
•· _ - _ __ S:, • ,-~wl!}!:-f,.Djstt-!-<?t~l ~~!1'l1,ri.~J~a~~daru:ctw1th~t.md a~~J , -

p.rapt{ce.1 (fl~tJhe,agS7ega~ or,~ re~~•t®~lvei,~y lt ltl,,ey fm-ettl ~,-•_.-~, -•~ 
p~rwo, ,durlr,; trteJerm ll~1&Cfa}Jro.rn tbrf~~ . .6t. ~1:l.t~ -.~w to ~~etcir end Qthar 
Con,u-ne.to~, h)Jrotrt tne stJe ot row· water,,.-tJ!4~t;~ :aQ.UeeUon 4iii' the ~at-er ·· 
c~ i'ff~rid, to fa Artiele-i ~et"~, --nas ~t.!eri~ Distrifri costs ~~.$et_~. 
$µ,et.f y¢ar, or rl!lte period, Distr.Uitshtdl r-etmn~dl~~ a-nd t'fi!Stt,t(,t~ $ill~t for , 
purdmtS<?$' ef raw wat~, eons~.u«ion, rrtnii,ten~tie -t/1' oper~tion of ~Ung -Qt additiQf!A! 
fscUiti'E!$ for tbe imp¢ttntion~ conse.rvatjQJ), treatment or wholesa:ic diatdbuttoo or watier, --
redu:~e i4',_ ~l'redUled prt'i<!e ot tr~~ wttte:t 01t,s1!l)Ject to- the ·pr:ovisl~ns,ol the Act, 
re~.~ Aid grpundtyter :elu,lrf~- It is t;t'dl?l"SlP~ tn~t Jlle¢ject. _in wrnp.utlr~ iatl?l$ 
Utltfor tMs co-ntr~et is t~ eov:er the ~~ -~ etoo to 'the lm,~mtfon,. C'QJ~B-1:icm; 
trentment or wn0'.1,~le distrU>ut!!'.:lnqf v,ater* • • • 

6, Non--{;':o.nfrttc.f Water -- ~10 ter1n 11noh~11ttaf!t wnter'' refers tr> tredted 
watet< f0t,tnd,t<y"DistHct to be ~\1,dia'bt<tfor,i.icnver, to tne t-re&~ wttier ®ritfttclw::;_ifl 
~t.tit!tJ-rt lo -t11e 1rehoouled ~mounts. •· • N~11--~1.1tfn~ watc-r- may be. ani.iab!t ool}• , 11t --wdl 
times ,tlnd $Ueh l,)l'lC-e$ ti$ dcterruiruw by tl1e l)ist:rl~ Ois:lriet will notit~ Ct>n~tor- in 
wr'i.ting tl):er@of. Pellverles ofni,,n~ntrAAt t Jer t~;> Contra~tcor wilt ~ ~¢ ~e.de aft~ 
Contraetor ha .. purellaSed 1 oo pereent Q:l t~ mQntbly sch~oo amount _tl! s,..t tQt~h ln 
A.r'tiel¢ :B, $¢<!tion 1{~). . Further~ at the end t>f ~1 !1$eli:l year an iidjti$1:D'l(!nt in bimng 
wiU be made ·and C-0ntroctor win l;)e required«> bilv~ pttid !or l&O {>-\"J'~ttt of the . . 
approved ~ti very 5Che4uled $1®htt less an, bt~ ~dJt.tstroc-.nts before th~ pu~ of 
no~nttaet wider i,; (.Uo,ve<t During' ~{)y pe.,r,i*d in -Whiell non-eontr4P,t water ilt uot 
availli!l'>le and contrsctot takes wat~r in ~CC$$ bf Jts ~heduled emou.11t. such w-tltet will 
l'li)t be r~;efa._,;tfi!lcd nntj wiU be ~1,ar:r,n'!d fer ct 1:he full oontraet prke, W,ater ttiktm in 
EiXC(!S~ of scbedul~4 ,Jil'IH11.mts durJn1f per:tods -~~-noll-t1'Qn-tract v.~kr is f!Qt a.vailabhr m&J 
be credited as n p~rt of Conttlu~tor.'S h\itlitntttrl ~Jl charge. 

7,. aUHrigs - niUings shall t>,e, ln~de monthl-y M foJ'Jows: On en- about th~ fo·st of 
eac)i fnO!lth District win suod t.o-Cont:rae?for _a b:nt .eJ-l<ruloted in a~aa~ With the 
p1-ovi:;;ion~ of ArHole C hereof fot all tre~H.~ \Voter aeecptect by Contr~etor from District 
durin: the p.rec~~lng moritll. The fin-al ltiU for ~ch-fiscal year !,h~U iiwtvcle ~:; ~ st1rm.: d11~ 
far th mini1num churge r,iquirtl\d by Articli!! C, Sec-tion 4. hereof. msttit"t shnf\ m-ak~ 
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~~~ry ~tfqrt t!o). make i'F-'f Jircd m~tor rea<ffn~ Qn fhe .uu;t t:!ay ,of eaoi c-tii~ month, bl4t 
Pl$'trl<'!l ~ t1t t-.ntttle<i ~d m~ so.ch r~d~.tbl'~C?: day$· prior to Ute e!ose of eJ~Y 
stalemmr ~ .~ .· or ~'ittii1" nve ~~ &fttt aw be;lmtltlg qf'ru,;; oalenthir monOt. 

·; · . . . • . ' .• . 

•• ...... . •~ ·.•· ·: Tfme mid~M~m,rd,~ :ft~q,i~t .. ~li~C(i~,fltl:lt·~ ffl$tre.b1 con~wto 
tl~tiht Witlti~ t1i~~1ttrl.~Y8':ift~ offiloo bV l)t&tt;hft Jn tita cw®t .. lm4 contra~ tn 

• =rr•~~-;i,#~~~ . 
: c~'l-ot:dJ:rigltL 4ni ~~~:~:,m~~ ~~ent:01: lbe \l\llt~u t11n,r .bjf~Jke dt.'f.l 

• ··•.:~;·}~~rtfJ~illi~,:;i\l!~i:f:n~~=~~=··~ht~~t•« 
Q,ontfi~cto(MA,l~~r.:tt~,bl~~ ap-tount ~.~ ootwe the ~e.date and•~·~·"' too 

·•·;&~J;!tilfl::~:~~.~~t und"'~"t~t ~ :se~~ ~ ~ver ~11nHulll:in ~cm 

f¥»1~ .. , . .;,i1r~ •.• 

~~•zr~., 
_, Ult; ,.:;;m~e 11m:vor i.ed'eral Qontta.~t< e!Ldefiv(aies ' 

.. ~ :""7 :.~-:a...:~7·'.'q)!',,,..:- ... ~~,.~~;· • • • • ••• • • • • • • •• , • • • • • • 

tor ~~9;t11!~~:¢=:r1:~~:::r:t~fi~~~:=~t~r:j~e:.~rer. 
. rero.tcttoii in®1iveri~~ll-.1'.?~#l~ .ne~. if '.th~ treat~~ water: te-quiircinew~ stt .. • 
:f~f:~li o~ t°' ~~v~ ..• Ji,1,e,:f; B~liduio -~t:¢<,ntr~Jc>r .l\hd. Qtl)er ~~a-et~r~ art ·tQ b~. •• 
tnaetr 0:i"'t,f¢t~.f~; ,bef'iife·.,edtt~itJJ[4~1lv«r!f.t.$. to ·~trae.t<ll' ~d t>,'ttt!lr Cqntrootcrs, · 

•• 2·•:··~t:,~~i,i:;\t~=i;rii,.t~tt:~~:•~1t!~~~~=:~. 
the llV<tru,ge~ptt~ 't:eleas~ t)t' SU@ ~!arie-.dell·V¢tJd, ~gr.,~ultum1w~t~ 4:Juririg t4e < • 
p. '~.···.·•·.·~~ng.:·. J ... w ::·.:~.··. Jisca. : ··.1y·e.Ar· ... '.•·:.m.·• ·. ltl.U~l~e.•.·:d .. 6y···· ... the. pe~eent~t~fJY .... w111~ :01str.~ i' . •.·. ·.~1 . • ,._ 

• rneipt -~ \'lilt$' tram $bi~ lflld F:od~~l s~.es tor agri¢+tl:tttr~l'~1is.rueti :tiSC' as • • 
·. defined I~·~ mate.•!.tnQ' ,.e~al ConttnmHs ~.ed~~Jn,$.ueh J~,ar ptirstutrrt to pr<>~~ C 6f ·Sald ~i>tr••f : , " > •, '. ·... . . . .. . . .. . . . ·. .. . . .. •. . .. · . . . .· .· .. . . . .· . 

.. . a. · .•• Jt ~y redt~Ja~p~Jn:de:U¥eries oftr&ated 1vater'$hali ~e ne~y: ·· 
.toUo~'iiig re4t,t~l'Q~~ ~nt•t'ed witter ~ant to tlte pl'()Visions oftfie r,re~ng .• 
·soctirms t .~ ·J;J)$~}(!t:t't)ru.1 redue(1 ~liveries ot treated water.to· Contr.actor ·eil4·· 
Qther Corittaet~t'$ in ~ arfiQiint. wtiidl b~ars the same. pt(>pc-rt1-01r to !he toU1 ~J ~f 
~ ~etiOXJ ~ffl~ tbo*dl~utifin(!tUd:ed m sudt t~ted water.·~ apP~ted ;e,uwry 
noll,edate t)~.rs t'O the t,ttn.o-r t~ am~ ,Jfl¢Iuded Hl the appro.v:MJ dallY~ SdiOOUfo ot 
coid:ra¢t<>t ~0Ul'1 ~~&c~·for:ttia(fis.em year, ~las ®t.fffllfnecl tiy lJistriet; 
p,-ovWed ti1~tlli'at,l'iC1 n1·~y A~iop: on eomc otner ·oos:is U $U\.'!h}s .r~red to meet 
ndmmttat d\lJ¥1tn~ tor idi:tm~ti¢ t~ly, f Ar~ prote..ctionr or sz.u1ltetlon dut-ing tac ;.>ear .. 
Diitrl~t ~ .... hl liottfy C~tr-a-efor tri writing prom~Uy in tt,.e ~vent at'y such ~~tion 
Jn: ~h¥W'1.e, 'W :C~tr.e¢tor .IilltJ 0\h~r Coutrlletor1ll s~lt\U be decided \lpQh an(!· coneUtt1entty 
or tho ~tt~t,ttd·su.m •te<tuet«>,"'t and ot uny dian(~ in Contractor'$ :rtpprove:d delivet·y 
scbed,Ule~ •• 
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• • • 4~ . . NQ1,,i~£e "" Al2 .not:te~ </J?' oUscr ~'ttitb1~ m lhis oo:itril.et. {Jrt)ttid~ . to •1,e giv.en 
or m~dr,or Rnt~ or whicll rn.~y be giv"1l ot made or ~, by ei.thet party he1'eto .to the 
<>tner. $1111.U. be deemed to ti.ave h1:ten· ruf~v f 1<.·•:.li or 1n:l'ide <>r sent ~hen madeln w:-i'ti.r.g a.-w 
dep()$i~d i~ th<? V•nlted States m.an, r~fist~re~, or ti!t1if;wd* pc!$\age ~0f>&i", and 

. addi'es.s~d • toUi>'wsi • • 

• T<r Distr<i ctz 

•ro COOtn.ctor:: 

. Santa ClkWB \lafley Weter Ourtriet 
S'tJn.·Alfnaden. ~~•way . •. · ·• 
s.an lc.&t, C~tifot1tlt1. . 9$118 

cii:Y. t>fc ~tinti 
• 103-00 Torte .Av•11e 
Ct.ttmtt~,;·.ee.ut~. '9'~14 

. . • .• •·· Th~~~ to. wtd~ tllriy notice Ctt -other wr.itlng'.tnAy ~ .gtveJi ()I' ~e~ Oi' ,;en_t. l1ii 
titMt~t·ms:1~ ·00.$:ilgoo•~, wrlttennoticegt,ven·bY,ii:ielf~r~.e:; ~11tP'rid~ 

.'-•1•t•2 
. ·s.ti,arl_ilb'lte;l~ the rem:tdnirig cov~ iin<f· ~eeril~nt~ anrl sha11Jn rio~is~ atteet tbe 

•. ,yru~tyof't~ c(intract~. • • • • •• • 

co1t~eu!~@~=~~;!9!:;l0ft;l~~~~di3!:/:/~~ ~:;:::!t~!: ::~, wa'J 
. limiting or $plU:,ing th pro:~'is~ hereof. 

. . - · . . . . 

'I~ · Oth.erCm,ti'tl\?fs·~ Dts:tri~.~mtoo.teacll CQntrnet·f()rt~~yof • 
. treatf:C•li~&tfl:f'~fteren~·intot;y rKstrlet mtl•~y·ooer Comra.~ -~ .~tlilil'l 

. P'f',c;vlsiom •~tmllyst:milffl tta' «~ her't-:in N¾f; :f&rtb anA soo{l'ri«. «mtM~ m'lj • 
provis«>m fir• a ml!J;ter.ial .h4tur-tf ~ faV(ltabl~ 'to ~ 9~ Conlr4tetor. than·tM 

. . Pn.>\1:sio-ns hfff!in ~licab1o ·Rf the ~:ntraet~r. • 

11111 

Ill/I 

!Ill/ 

Ill!/ 

/Ill/ 

/Ill/ 

Ill/I 

Ill!/ 

/JIii 

//,// 

l0C31Z 
Jl 
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IN Wl'J'.NESS WJf'".RUOP,. DJttrict bns .c~used t.hi,; eonUact to be e~ted tfi t.he 
ClmJrman ut its BoMd or- !)I rectors aM -0aus0<1 tts -Oftieial Seal to be heteu li.o ttrf h ru1 
Md ContNlctiJ;- h;llS C?iUSQO tb$ prcsettfli to be e~ecutoo otl 

19 • by tts <My Mittlipri;.ed afti®•·~ 

Appi'Ov~ m. ~ fotm: 

~ L • . .t,V~ 

Att~11ey or Contractor • J . 
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• A ~Ina). and ;hnport~n,t hen~f i,1: ;¢e:s'lll.ti1ig from t:be watcx pro-

9#am# :closely ail.ieq t9 t;pe ,~n~ral, ~e~omic benafit, is the • • 
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