400 Jones Ferry Road, Carrboro, NC 27510 ' 919-968-4421 / info@owasa.org

‘ Orange Water and Sewer Authority
OWASA |

Our community’s trusted partner for clean water and environmental

' protection.

REQUEST FOR QUALIFICATIONS

Orange Water and Sewer Authority
Return Activated Sludge Pumping System Improvements
CIP Project No. 278-89
Issue Date: August 23, 2024

Submittal Deadline: October 10, 2024 at 2PM

1. INTRODUCTION

Your firm is hereby invited to submit a written statement of qualifications to provide professional
engineering services for Return Activated Sludge (RAS) pumping system upgrades and
improvements. OWASA will conduct a Qualification-Based Selection process to identify the best
qualified firm with which to negotiate a contract. All firms submitting qualifications must have
demonstrated experience and expertise in design and construction services for wastewater
pumping system improvements.

To be considered by OWASA, responses to this REQ must be received by 2:00 p.m. Eastern Time
on Thursday, October 10, 2024. Refer to Section 5 — Submittal Requirements for details.

2. OBJECTIVES

The primary objectives of the project are to:
a) Design and install new piping for Clarifiers 2 & 3 from RAS pump station to first combined
wet well in the Nutrified Sludge (NSL) tank.
b) Design new bypass piping for quick connection to backup diesel pump for Clarifiers 2 &
3.

3. BACKGROUND AND DESCRIPTION

OWASA’s Mason Farm Wastewater Treatment Plant (\WWTP) provides wastewater treatment for
the Towns of Carrboro and Chapel Hill, as well as the University of North Carolina at Chapel Hill.
The Mason Farm WWTP is an activated sludge treatment facility permitted for a maximum
monthly flow (MMF) of 14.5 million-gallons per day (MGD) and can accommodate a peak wet
weather flow (PWWF) of 43.5 MGD. The present WWTP influent flow rate averages
approximately 7.5 MGD.

OWASA houses RAS pumping systems with pumps on variable frequency drives (VFD)
functioning at various capacities. The RAS pumps are connected to Secondary Clarifiers of various
dimensions. Secondary Clarifiers 2 & 3 tanks are both 85 ft diameter. Each pump is 15 HP and
rated for of 1700 GPM at a total dynamic head of 20 ft. An evaluation for the RAS pumping system
completed in 2018 by Hazen and Sawyer produced a Technical Memorandum that detailed various
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rehabilitation and system upgrades to improve the pumping capacity, address aging and obsolete
equipment, and provide redundancy to RAS pumping system.
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Figure 1. Design for Standby Pump Piping for Secondary Clarifiers 2&3 from Hazen and
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4. SCOPE OF SERVICES

The engineering services required for this project are expected to be completed to meet the
objective outlined above and in general accordance with a scope of services as needed to
accomplish the tasks listed below. However, the final scope of services will be negotiated with

| .z.

the selected engineering firm and may include modified and/or additional tasks.

1. Design services may include:

®o0 o

f

Design
Permitting

Maintenance of Plant Operations (MOPO)
Development of construction contract documents and technical specifications

Cost estimation
Bid assistance

2. Construction services may include:
a. Construction inspection
b. Construction administration
Preparation of Record Drawings and other closeout information

C.
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The draft and final plans, reports, etc. will be provided in electronic and hard copy formats in a
manner acceptable to and usable by OWASA. The actual list and format of deliverables will be
negotiated with the selected firm.

5. SUBMITTAL REQUIREMENTS

Responses to this RFQ must be received by OWASA no later than 2:00 p.m. Eastern Time
on Thursday, October 10, 2024. To be considered, please submit four (4) hard copies and one
(1) electronic copy in PDF format of the required qualifications to:

Mohisin Rasheed, P.E.

mrasheed@owasa.org

Utilities Engineer — Capital Projects

Orange Water and Sewer Authority

400 Jones Ferry Road

Carrboro, North Carolina 27510

The Statement of Qualifications (including resumes) shall be limited to a maximum of 10 double-
sided pages (i.e., 20 pages printed double-sided onto 10 sheets of 8-1/2”x11” paper). Please note
that all Submittals shall become public documents upon delivery to OWASA. If there is sensitive
or confidential information that cannot be shared publicly, please include additional
documentation along with your submittal.

Along with completed copies of forms in Attachment 1, each submittal must include the following
in order to be considered:

a) Statement of Interest: explaining your firm’s interest in performing the work on this
project, including how the project aligns with your firm’s capabilities.

b) Project Team/Org Chart [25 points] showing the proposed project team members,
including sub-consultants (if any), identifying their respective roles on the project, and
indicating their availability to support this project. Each proposal shall include resumes of
key team members. The primary contact shall be clearly identified.

c) Project Approach [30 points] describing your proposed approach to accomplish the work
to meet the project objectives, identifying how you will manage any notable risks to
meeting the schedule and maintenance of operations. Provide detailed information that will
allow OWASA staff to distinguish your team from other firms that may be competing for
this project.

d) Project Schedule [25 points] with sufficient delineation of phasing and tasks to
demonstrate your understanding of the necessary project activities and reasonable
durations, sequencing, risks, etc. for this type of project.

e) Past Experience and References [20 points] for the four most similar projects (i.e.,
Secondary Clarifier maintenance and improvements, and pumping system projects)
completed by your project team in the last (5) years for other clients. Identify who served
as project manager and key lead technical roles in those projects.
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f) Contract Objections: It is OWASA'’s intention to use a contract similar to the one included
as Attachment 2. If your firm objects to any element of the contract, please state the
objections in the submittal.

g) Completed Attachment 1 forms (does not count towards 20-page limit)

6. TIMELINE AND SELECTION PROCESS

The timeline for this solicitation is as follows:

Advertisement August 23, 2024

Non-Mandatory Pre-Submission Meeting September 19, 2024 from 9:30 to 11:30 at

and Site Visit Mason Farm WWTP (170 Old Mason Farm
Rd)

Questions Close October 3, 2024

Statement of Qualifications Due October 10, 2024 at 2:00 pm

Anticipated Notice of Selection October 25, 2024

Anticipated Completion of Final Scoping December 2024

and Contracting

All dates in the above table are subject to change.

OWASA reserves the right to reject any and all proposals, to waive any minor formalities, and to
disregard all nonconforming or conditional submittals.

OWASA may elect to conduct face-to-face interviews with two or more firms being evaluated
prior to making a final selection.

If OWASA cannot reach an agreement with the initially selected firm, OWASA will then proceed
to negotiate with the next best qualified firm, or will reissue the RFQ.

In accordance with North Carolina State law (NC GS 143-128.2(g)) regarding Minority/Women
Business Enterprises (M/WBE), it is the policy of OWASA to encourage and promote the use of
minority-owned businesses in the procurement of goods and services. Proposers are strongly
encouraged to include minority and women-owned businesses to the fullest extent possible when
assembling their teams.

7. OWASA POINT OF CONTACT
Mobhisin Rasheed will be OWASA’s primary point of contact for all consultant selection matters
relating to this project. All questions regarding this Request for Qualifications must be

emailed on or before Thursday, October 3, 2024 to Mr. Rasheed at mrasheed@owasa.org

8. SUPPLEMENTAL INFORMATION

Attachment 1: Procurement Forms
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Attachment 2: OWASA Standard Design Services Agreement
Attachment 3: 278-72 OWASA Compilation Technical Memorandum
Attachment 4: GIS Layout for Secondary Clarifiers 2&3 RAS Piping to NSL Tank
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ACKNOWLEDGEMENT OF ADDENDA

The undersigned hereby acknowledges that their submission is reflective of any
addenda posted for this solicitation by checking the appropriate box(es) below:

1 N/A — no Addenda issued

[J Addendum 1
] Addendum 2
[] Addendum 3
] Addendum 4
[] Addendum 5

Signature Date

Printed Name Title




E-VERIFY AFFIDAVIT

and on behalf of

being duly sworn hereby swears or affirms as follows:

Attachment 1: Procurement Forms

(the individual attesting below), being duly authorized by

(the entity identified as the "Employer") after first

1. Employer understands that E-Verify is the federal E-Verify program operated
by the United States Department of Homeland Security and other federal agencies,
or any successor or equivalent program used to verify the work authorization of
newly hired employees pursuant to federal law in accordance with Article 2 of

Chapter 64 of the North Carolina General Statutes.

2. Employer understands that Employers Must Use E-Verify. Each employer, after

hiring an employee to work in the United States, shall verify the work authorization
of the employee through E-Verify in accordance with Article 2 of Chapter 64 of the

North Carolina General Statutes.

3. Employer will ensure compliance with E-Verify by any subcontractors
subsequently hired by Employer for specified contracts subject to E-Verify

entered into with the Orange Water and Sewer Authority.

This day of :

Signature of Affiant

Print or Type Name:

State of County of

Signed and sworn to (or affirmed) before me, this the __

day of .

My Commission Expires:

Notary Public

Name of Counterparty:

(1eas [eureION/[RIDIO XIYY)
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[RAN DIVESTMENT ACT CERTIFICATION REQUIRED BY N.C.G.S.
143C-6A-5(a)

N.C.G.S. 143C-6A-5(a) requires this certification for bids or contracts with the State of
North Carolina, a North Carolina local government, or any other political subdivision of the
State of North Carolina.

N.C.G.S. 143C-6A-5(b) requires that contractors with the State, a North Carolina local
government, or any other political subdivision of the State of North Carolina must not utilize
any subcontractor found on the State Treasurer’s Final Divestment List.

As of the date listed below, the vendor or bidder listed above is not listed on the Final
Divestment List created by the State Treasurer pursuant to N.C.G.S. 143-6A-4.

The undersigned hereby certifies that he or she is authorized by the vendor or bidder
listed above to make the foregoing statement.

Signature Date

Printed Name Title

Notes to persons signing this form:

The State Treasurer’s Final Divestment List can be found on the State Treasurer’s website at:
https://www.nctreasurer.com/about/transparency/commitment-transparency/divestment-and-do-not-contract-

rules
and will be updated every 180 days.
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COMPANIES BOYCOTTING ISRAEL DIVESTMENT ACT
CERTIFICATION REQUIRED BY N.C.G.S. §147-86.81et seq. *

Pursuant to N.C.G.S. 8147-86.81, any company identified as engaging in a boycott of Israel,
as defined by this Act, is ineligible to contract with the State of North Carolina or any political
subdivision of the State. In addition, State agencies must divest from investments in such
restricted companies, determined by appearing on the Final Divestment List created by the
State Treasurer pursuant to G.S. 147-86.81.

As of the date listed below, the supplier or bidder listed above is not listed on the Final
Divestment List created by the State Treasurer pursuant to N.C.G.S. §147-86.81.

The undersigned hereby certifies that he or she is authorized by the contracting party or
bidder listed above to make the foregoing statement.

Signature Date

Printed Name Title

Notes to persons signing this form:

The State Treasurer’s Final Divestment List can be found on the State Treasurer’s website at:
https://www.nctreasurer.com/about/transparency/commitment-transparency/divestment-and-do-not-contract-
rules

and will be updated every 180 days.
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NON-COLLUSION AFFIDAVIT

The submitter, being duly sworn, solemnly swears (or affirms) that neither he, nor any official,
agent or employee has entered into any agreement, participated in any collusion, or otherwise taken
any action which is in restraint of free competition in connection with any bid or contract, that the
bidder has not been convicted of violating N.C.G.S. § 133-24 within the last three years, and that
the submitter intends to do the work with its own bona fide employees or subcontractors and will
not submit for the benefit of another contractor.

By submitting this non-collusion affidavit, the Submitter certifies, under penalty of perjury
according to North Carolina law, their compliance with non-collusion standards. This
affidavit affirms the Submitter’s adherence to the required non-collusion guidelines without
any exceptions.

SIGNATURE OF BIDDER

Name of Submitter

Print or type name

Address

Signature of Submitter

Print or type Signer's Name

Signature of Witness

Print or type Signer’s name

AFFIDAVIT MUST BE NOTARIZED
Subscribed and sworn to before me this the

day of 20
Signature of Notary Public

of County
State of
My Commission Expires: NOTARY SEAL
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CERTIFICATION REGARDING CONFLICT OF INTEREST

All Vendors should be aware of OWASA’S Code of Ethics, which prohibits OWASA
Employees and Board Members from having certain relationships with persons or entities
conducting (or proposing to conduct) business with OWASA and which prohibits the acceptance
of gifts from Vendors. If the Vendor has an actual or potential conflict, the Vendor shall disclose
any Conflict of Interest that may exist.

Conflicts of Interest (potential or actual) will be evaluated by OWASA’S General Counsel to
determine the proper course of action. Failure to comply with the provisions established above
may render the vendor ineligible to participate in OWASA’S procurement process.

The Submitter is required to certify that performance of the work will not create any
conflicts of interest or disclose any actual or potential conflicts of interest by completing
and signing one of the following statements:

The Submitter hereby discloses no conflicts of interest.

DATE:

AUTHORIZED SIGNATURE:
TITLE:

SUBMITTER/COMPANY NAME:

OR

The Submitter hereby discloses the following circumstances that could give rise to a conflict of
interest for the Submitter, any affiliates, any proposed subconsultants, and key personnel of any of
these organizations. (Attach additional sheets as needed.)

Name of the Individual/Company to which potential conflict of interest might apply:

Nature of potential conflict of interest:

Proposed Remedy:

DATE:

AUTHORIZED SIGNATURE:
TITLE:

SUBMITTER/COMPANY NAME:
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AGREEMENT
BETWEEN

ORANGE WATER AND SEWER AUTHORITY,

a political subdivision of the State of North Carolina, its successors and assigns, hereinafter
referred to as “Owner” through its Board of Directors,

and
CONSULTANT NAME
its successors and assigns, hereinafter referred to as “Consultant”

IN ORANGE COUNTY NORTH CAROLINA

FOR
CONSULTING SERVICES

WITNESSETH:

WHEREAS, Owner intends to conduct a study of the sanitary sewer system within its service area;
and,

WHEREAS, Owner requires certain consulting services in connection with the project (the
Services); and,

WHEREAS, Consultant is prepared to provide the Services;

NOW THEREFORE, in consideration of the mutual terms and conditions, promises and payments
contained in this Agreement, Owner and Consultant agree as follows:

ARTICLE 1 - TIME FOR PERFORMANCE

1.1 The effective date of this Agreement is and shall remain in effect until
terminated. Consultant shall perform the services described in Attachment B (herein, the Project
Scope of Services) to this Agreement. Owner will issue a separate Notice to Proceed for the work,
and the work shall proceed according to the schedule as described in the Project Scope of Services.
Any work initiated by Consultant prior to the Owner’s written authorization of the Project will be
at the Consultant's sole risk.

ARTICLE 2 - GOVERNING LAW

2.1 This Agreement shall be governed by the laws of the state of North Carolina. Any disputes
which may arise out of this agreement shall be filed in the North Carolina Court of Justice, The
Superior Court of Orange County NC.

ARTICLE 3 - SERVICES TO BE PERFORMED

3.1 Consultant shall perform the Services described in the Project Scope of Services as authorized
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under this Agreement. Consultant shall provide all services as set forth in the Project Scope of
Services, including the necessary, incidental and related activities and services required and
contemplated in the Consultant's level of effort.

3.2 Consultant and Owner acknowledge that the Scope of Services described for the Project does
not delineate every detail and minor work task required to be performed by Consultant to complete
the work authorized by the Scope of Services. If during the course of the performance of the
services authorized by this Agreement, Consultant determines that work should be performed to
complete the Project which is in the Consultant's opinion outside the level of effort originally
anticipated, whether or not the Project Scope of Services identifies the work items, Consultant shall
notify Contract Administrator in writing within 30 days and wait for Owner approval before
proceeding with the work. If Consultant proceeds with said work without notifying the Contract
Administrator, said work shall be deemed to be within the original level of effort described in the
Project Scope of Services. Notice to the Contract Administrator does not constitute authorization
or approval by Owner to perform the work. Performance of work by Consultant outside the
originally anticipated level of effort without prior written Owner approval is at the Consultant's
sole risk.

3.3 Upon mutual written agreement, the Project Scope of Services may be modified. The Owner
and the Consultant may negotiate additional scopes of services, compensation, time of performance
and other matters related to the project. If the Owner and Consultant cannot contractually agree,
Owner shall have the right to immediately terminate negotiations at no cost to the Owner and to
procure services from another source.

ARTICLE 4 - OWNER'S RESPONSIBILITIES

4.1 Owner shall be responsible for all matters described in the Project Scope of Services
(Attachment B).

ARTICLE 5 - COMPENSATION AND METHOD OF PAYMENT

5.1 Owner agrees to pay Consultant as compensation for performance of services as described in
the Project Scope of Services. Compensation may be as a lump sum or as maximum amount not-
to-exceed. The maximum amount not-to-exceed method of compensation will utilize hourly billing
rates established as part of this Agreement.

5.2 Consultant shall separately invoice for services rendered each month. Each project invoice
shall reflect percentage of work completed to date and for the invoiced month. Invoices shall
provide a detailed breakdown of hours worked, hourly billing rates by each individual, and the
expenses attributable to the project during the period.

5.3 The Owner shall assign a Project CIP Number, as well as a Purchase Order Number for the
Project to facilitate internal contract administration. Each Project Invoice must reference the
assigned CIP Number and the Purchase Order Number for the Project and be sent directly to the
Owner’s Project Manager as assigned. Payment terms shall be the net invoice amount within 30
days.

5.4 The hourly billing rates for this agreement are set forth in Attachment A to this agreement and
shall be used for maximum not-to-exceed compensation.
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5.5 The reimbursable expenses for this agreement are set forth in Attachment A to this agreement
and shall be used for maximum amount not-to-exceed compensation. Consultant shall be allowed
to adjust expense items in accordance with changes in IRS criteria for deductible expenses.

5.6 Consultant shall keep such records and accounts and require any and all consultants and sub-
consultants to keep records and accounts as may be necessary in order to record complete and
correct entries as to personnel hours charged to the project and any expenses for which Consultant
expects to be reimbursed. All books and records relative to the project shall be available at all
reasonable times for examination and audit by Owner and shall be kept for a period of three (3)
years after completion of all work pursuant to this Agreement. Incomplete or incorrect entries in
such books and records shall be grounds for Owner's disallowance of any fees or expenses based
upon such entries.

ARTICLE 6 - STANDARD OF CARE

6.1 General: Consultant shall exercise the same degree of care and diligence in the performance
of the Services as is ordinarily exercised by a professional serving under similar circumstances.

ARTICLE 7 - LIABILITY AND INDEMNIFICATION

7.1 General: Having considered the potential liabilities that may exist during the performance of
the Scope of Services, the benefits of the project, and the Consultant's fee for the Services, and in
consideration of the promises contained in this Agreement, Owner and Consultant agree to allocate
and limit such liabilities in accordance with this Article.

7.2 Indemnification by Consultant: Consultant agrees to defend, indemnify, and hold harmless
Owner, its agents, and its employees from and against legal liability for all claims, losses, damages,
and expenses to the extent such claims, losses, damages, or expenses are caused by Consultant's
negligent acts, errors, or omissions.

7.3 Employee Claims: Consultant shall indemnify Owner against legal liability for damages
arising out of claims by Consultant's employees to the extent such claims arise out of Consultant's
negligent acts, errors or omissions.

7.4 Survival: Upon completion of all Services, obligations, and duties provided for in this
Agreement, or if this Agreement is terminated for any reason, the terms and conditions of this
Article shall survive.

ARTICLE 8 - INSURANCE

8.1 During the performance of the Services under this Agreement, Consultant shall maintain the
minimum levels of insurance shown below and provide certificates of such coverage to Owner
prior to performance. All policies must provide ten (10) days advance written notice to Owner in
the event of cancellation, expiration, or alteration.

8.1.1 General Liability Insurance, with a combined single limit of $1,000,000 for each occurrence
and $1,000,000 in the aggregate.

8.1.2 Automobile Liability Insurance, with a combined single limit of $1,000,000 for each person
and $1,000,000 for each accident.
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8.1.3 Workers' Compensation Insurance in accordance with statutory requirements and Employers'
Liability Insurance, with a limit of $500,000 for each occurrence.

8.1.4 Professional Liability Insurance, with a limit of $1,000,000 annual aggregate.

ARTICLE 9 - OWNERSHIP OF DOCUMENTS AND INTELLECTUAL PROPERTY

9.1 Except as otherwise provided herein, documents and reports prepared by Consultant as part of
the Services shall become the property of Owner upon payment for same. All finished or unfinished
documents, data studies, surveys, drawings, maps, models, photographs and reports prepared or
provided by Consultant in connection with this Agreement become the property of the Owner,
whether the projects are completed or not, and shall be delivered by Consultant to the Owner within
ten (10) days after receipt of written notice and upon payment for same. Consultant shall retain its
rights to its specifications, databases, computer software, and other proprietary property. Rights to
intellectual property developed, utilized, or modified in the performance of the Services shall
remain the property of Consultant. Any use by Consultant of intellectual property owned by Owner
is authorized solely for the project.

ARTICLE 10 - TERMINATION

10.1 This Agreement may be terminated by either party upon written notice in the event of
substantial failure by the other party to perform in accordance with the terms of this Agreement.
The nonperforming party shall have fifteen calendar days from the date of the termination notice
to cure or to submit a plan for cure acceptable to the other party.

10.2 Owner may terminate or suspend performance of this Agreement for Owner's convenience
upon written notice to Consultant. Consultant shall terminate or suspend performance of the
Services on a schedule acceptable to Owner. If termination or suspension is for Owner's
convenience, Owner shall pay Consultant for all the Services performed and termination or
suspension expenses. Upon restart, an equitable adjustment shall be made to Consultant's
compensation.

ARTICLE 11 - DELAY IN PERFORMANCE

11.1 Neither Owner nor Consultant shall be considered in default of this Agreement for delays in
performance caused by circumstances beyond the reasonable control of the nonperforming party.
For purposes of this Agreement, such circumstances include: floods; earthquakes; fire; epidemics;
war, riots, and other civil disturbances; strikes, lockouts, and other labor disturbances; sabotage;
judicial restraint; and the inability to procure permits, licenses, or authorizations from any local,
state, or federal agency for which such permits have been properly applied for in accordance with
the specified Project Schedule for any of the supplies, materials, accesses, or services required to
be provided by either Owner or Consultant under this Agreement.

11.2 Should such circumstances occur, the nonperforming party shall, within a reasonable time of
being prevented from performing, give written notice to the other party describing the
circumstances preventing continued performance and the efforts being made to resume
performance of this Agreement. Consultant shall be entitled to an equitable adjustment in schedule
and compensation in the event such circumstances occur.
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ARTICLE 12 - COMMUNICATIONS

12.1 Any communication required by this Agreement shall be made in writing to the address
specified in the Project Scope of Services. The Contract Administrator for the Owner shall be
specified in the Project Scope of Services. Nothing contained in this Article or the Project Scope
of Services shall be construed to restrict the transmission of routine communications between
representatives of Owner and Consultant.

ARTICLE 13 - WAIVER
13.1 No waiver by either Owner or Consultant of any breach of this Agreement shall be of any
effect unless it shall be written and signed by the waiving party. Such a waiver shall not affect the

waiving party's rights with respect to any other or further breach.

ARTICLE 14 - SEVERABILITY

14.1 The invalidity, illegality, or unenforceability of any provision of this Agreement, or the
occurrence of any event rendering any portion or provision of this Agreement void, shall in no way
affect the validity or enforceability of any other portion or provision of this Agreement. Any void
provision shall be deemed severed from this Agreement, and the balance of this Agreement shall
be construed and enforced as if this Agreement did not contain the particular portion or provision
held to be void. The parties further agree to amend this Agreement to replace any stricken provision
with a valid provision that comes as close as possible to the intent of the stricken provision. The
provisions of this Article shall not prevent this entire Agreement from being void should a provision
which is of the essence of this Agreement be determined void.

ARTICLE 15 - SUCCESSORS AND ASSIGNS

15.1 Owner and Consultant each binds itself and its directors, officers, partners, successors,
executors, administrators, assigns, and legal representatives to the other party to this Agreement
and to the directors, officers, partners, successors, executors, administrators, assigns, and legal
representatives of such other party in respect to all provisions of this Agreement.

ARTICLE 16 - ASSIGNMENT

16.1 Neither Owner nor Consultant shall assign any rights or duties under this Agreement without
the prior written consent of the other party. Unless otherwise stated in the written consent to an
assignment, no assignment will release or discharge the assignor from any obligation under this
Agreement.  Nothing contained in this Article shall prevent Consultant from employing
independent consultants, associates, and subcontractors to assist in the performance of the Services.
Consultant will not employ subcontractors for the performance of the Services without the prior
written approval of Owner, which approval shall not be unreasonably withheld. Consultant shall
have the right to assign duties to any of Consultant’s related or affiliated companies.

ARTICLE 17 - THIRD PARTY RIGHTS

17.1 Nothing in this Agreement shall be construed to give any rights or benefits to anyone other
than Owner and Consultant.

ARTICLE 18 - MISCELLANEQOUS
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18.1 INTERPRETATION: The language of this Agreement has been agreed to by both parties to
express their mutual intent and no rule of strict construction shall be applied against either party
hereto. The headings contained in this Agreement are for reference purposes only and shall not
affect in any way the meaning or interpretation of this Agreement. All personal pronouns used in
this Agreement shall include the other gender, and the singular shall include the plural, and vice
versa, unless the context otherwise requires. Terms such as “herein,” “hereof,” “hereunder,” and
“hereinafter” refer to this Agreement as a whole and not to any particular sentence, paragraph, or
section where they appear, unless the context otherwise requires. Whenever reference is made to
a Section or Article of this Agreement, such reference is to the Section or Article as a whole,
including all of the subsections of such Section unless the reference is made to a particular
subsection or subparagraph of such Section or Article.

18.2 CONSULTANT'S STAFF: Consultant shall provide the key staff identified in their proposal
for the Project as long as said key staff are in Consultant's employment.

18.2.1 Consultant will obtain prior written approval of Contract Administrator to change key staff
members. Consultant shall provide Contract Administrator with such information as necessary to
determine the suitability of proposed new key staff. Contract Administrator shall be reasonable in
evaluating key staff qualifications.

18.2.2 If Contract Administrator desires to request removal of any of Consultant's staff, Contract
Administrator shall first meet with Consultant and provide reasonable justification for said removal.

18.3 ENTIRE AGREEMENT: This Agreement, including all documents identified below,
represents the entire understanding between the Owner and the Consultant as to this particular
scope of work and shall supersede all prior and contemporaneous communications, representations,
understandings, and Agreements relating to the subject matter hereof and may be amended only by
written mutual Agreement of the parties.

18.4 ATTACHMENTS: Current listing of Attachments includes:

e Attachment A — Hourly Billing Rates and Reimbursable Expenses.
e Attachment B — Project Scope of Services.

ARTICLE 19 — PRE-EXISTING CONTAMINATION

19.1 Anything herein to the contrary not withstanding, title to, ownership of, and legal
responsibility and liability for any and all pre-existing contamination shall at all times remain with
Owner. “Pre-existing contamination” is any hazardous or toxic substance, material, or condition
present at the project site or sites concerned which was not brought onto such site or sites by
Consultant.

ARTICLE 20 — LIMITATIONS OF RESPONSIBILITY

20.1 Consultant shall not be responsible for: (1) construction means, methods, techniques,
sequences, procedures, or safety precautions and programs in connection with the Project; (2) the
failure of any contractor, subcontractor, vendor, or other participant, not under contract to
Consultant, to fulfill contractual responsibilities to Owner or to comply with federal, state, or local
laws, regulations, and codes; or (3) procuring permits, certificates, and licenses required for any
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construction unless such responsibilities are specifically assigned to Consultant in Scope of
Services.

ARTICLE 21 — NON DISCRIMINATION CLAUSE

21.1 The Consultant shall not discriminate against any person on the grounds of race, color,
national origin, sex, age, or handicap in administration of this Agreement. Nor shall any person be
excluded from participation in, or be denied the benefits of any project designed under this
Agreement on the grounds of race, color, national origin, sex, age, or handicap.

ARTICLE 22 - MINORITY BUSINESS PARTICIPATION

22.1 It is the policy of OWASA to provide minority businesses an equal opportunity to participate
in all aspects of OWASA'’s contract activities. Consultant shall comply with OWASA’s Minority
Business Participation Outreach Plan and Guidelines.

ARTICLE 23 - E-VERIFY

23.1  Consultant shall comply with the requirements of Article 2 of Chapter 64 of the General
Statutes. Further, if Consultant utilizes a subcontractor, Consultant shall require the subcontractor
to comply with the requirements of Article 2 of Chapter 64 of the General Statutes.
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IN WITNESS WHEREOF, Owner and Consultant have executed this Agreement.

OWNER:
ORANGE WATER AND SEWER AUTHORITY

BY:
TITLE:

DATE:

CONSULTANT:
CONSULTANT NAME

BY:
TITLE:

DATE:

APPROVED AS TO FORM AND LEGALITY:

Date Robert Epting, Esquire
Authority General Counsel

This instrument has been pre-audited in the manner required by the Local Government
Budget and Fiscal Control Act:

Date Stephen Winters
Director of Finance and Customer Service
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ATTACHMENT A
HOURLY BILLING RATES AND REIMBURSABLE EXPENSES

INTRODUCTION
The hourly billing rates are set forth below.

Billing Category Individual Name and Title Hourly Billing Rate
for the Agreement

Principal

Senior Project Manager

Senior Discipline Engineer

Project Manager

Project Engineer

Engineer

Engineering Associate

Senior Technician

Technician

Administrative Assistant

BILLING CATEGORY DEFINITIONS

The following table provides broad definitions for various Billing Categories. As a guideline,
expected experience and duties for each of the categories have been included in the Billing
Category Definitions. It is expected that in some instances the actual experience of an individual
may be different than what is required for the corresponding Billing Category. In all such cases,
Consultant will provide appropriate justification and seek approval from the Owner.

Principal This is the firm’s corporate officer. In some cases “Principal” may be the owner or
one of the partners of the firm, and is generally in a position to make all the corporate
level decision for the firm as it pertains to this Agreement.

Senior Project = Person in this position provides senior level project management, provides high level

Manager of professional input for the project and is generally responsible for conducting high
level project review. This person has a Professional Engineering license in North
Carolina and professional-level experience of over 15 years.
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Senior
Discipline
Engineer

Person in this position is considered the firm’s expert for a particular discipline. This
person will oversee Engineering work of particular discipline at the highest level for
the firm. This person has a Professional Engineering license in North Carolina and
professional-level experience of over 18 years. Engineering Disciplines may include,
but are not limited to: Structural Engineering, Water Resources, Environmental
Engineering, Transportation, Electrical Engineering, Mechanical Engineering, Pump
Station Design, Instrumentation and Control, Construction Management, Power
Generation, etc.

Project
Manager

Person in this position provides day-to-day Project Management for the Project and
acts as the key client contact. This person has a professional license in North Carolina
and professional-level experience of over 8 years.

Project
Engineer

Engineer

Engineering
Associate

Person in this position provides day-to-day engineering work for various disciplines
as required by individual projects. This person has a professional license in North
Carolina and professional-level experience of over 8 years.

Person in this position provides day-to-day engineering support to the Project
Manager, Project Engineer and other team members as required for their respective
projects. This person has a professional license in North Carolina and professional-
level experience of over 3 years.

Person in this position provides day-to-day engineering support to the Project
Manager, Project Engineer, Engineer and other team members as required for their
respective projects. This person is an Engineering Intern or has an Engineering
Associates degree with appropriate technical experience.

Senior
Technician

Technician

Person in this position provides senior technical-level support to the Project Team.
Support may include CAD services, GIS, or other technical-level work. This person
has 10 years of experience providing technical-level work.

Person in this position provides technical-level support to the Project Team. Support
may include CAD services, GIS, or other technical-level work. This person has 4
years of experience providing technical-level work.

Registered
Land
Surveyor

2 Person
Survey Crew

This person is a North Carolina Board of Engineers and Land Surveyors certified Land
Surveyor and has 4 years of professional-level experience.

These individuals form a surveying team, acting as an Instrument Person and Rod-
Person.

Administrative

Assistant

This person performs administrative and clerical-level work for the Project Team,
including data entry, word processing, and other non-technical support work as needed
for the Project.

A-2
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REIMBURSABLE EXPENSES

Reimbursable expenses for each individual project shall be clearly itemized by the Consultant.
The following guidelines shall be used to develop these expenses:

1. Overtime at straight time rates shall apply for exempt employees to the extent the
employee works more than 40 hours per week on Owner’s project.
2. Subcontracted services shall be based on Cost Plus 5%. Consultant shall obtain
Owner’s approval before authorizing such services.
3. Cost of printing and reproducing drawings and bid documents, except for those
included in the lump sum cost.
4. Cost for use of field equipment, safety equipment and field sampling equipment.
5. Cost of courier and express mail services.
6. Living and traveling expenses when Consultant’s employees are away from
home on Owner’s project assignments. The following limitations shall apply:
e Base room charges (excluding taxes and other fees) shall not exceed $119 per
night.
e Base rental car charges (excluding taxes and other fees) shall not exceed $60 per
day.
e Meal charges per individual shall not exceed $51 per day.
7. Automobile mileage to be reimbursed at rate established and updated by Internal

Revenue Service.
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ATTACHMENT B

PROJECT SCOPE OF SERVICES

Project Title: ...

OWASA’s CIP #: ...

Project Contract Administrators:
OWASA Consultant

Utilities Engineer

Orange Water and Sewer Authority
400 Jones Ferry Road

Carrboro, NC 27510

Office: (919) 537-4248

Project Background:

Project Scope:

Task 1 — Kickoff Meeting, Flow Monitoring and Data Collection

Deliverables:

Specify deliverables, number of copies, and format.
Project Team:

Key Team Members:

The OWNER will be notified in writing of changes to the project team members. Other staff may participate in
the project in a minor role at Consultant’s discretion.
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Project Schedule:

List durations for interim milestones and final completion in total number of days from Notice to Proceed.

Compensation:

Provide compensation basis (lump sum, cost ceiling) and subtotals by task.
Provide separate subtask breakdowns for projects above exemption limit, or as warranted.

Owner Responsibilities

Scope Exceptions, Additional Services, etc
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The purpose of this technical memorandum (TM) is to summarize the
objectives and results of three evaluations that were completed by Hazen
and Sawyer between 2017 and 2018 for the Mason Farm WWTP. These
three evaluations include:

» The Secondary Clarifier Rehabilitation Study (completed in June
2017)

= The Process Model Update and Internal Recycle Evaluation
(completed in September 2017)

» The RAS Pumping Rehabilitation Study (completed in August
2018)

The purpose of these evaluations was to deter mine how OWASA can
mitigate several issuesrelated to the liquid treatment train of the
WWTP, and assess their impacts to treatment plant performance. The
results of each evaluation provide recommendations for how OWASA
can improve treatment plant reliability and reduce maintenance
reguirements while minimizing total project costs. The specific results
and recommendations from each evaluation are described within this
TM.

Hazen and Sawyer « 4011 WestChase Boulevard, Suite 500 ¢ Raleigh, NC 27607 « 919.833.7152
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1. Background

The Mason Farm wastewater treatment plant (WWTP) is an advanced activated dudge treatment
facility that is permitted to discharge up to 14.5 million gallons per day (mgd) on a maximum month basis
to Morgan Creek in the Jordan Lake watershed. The secondary treatment process at the WWTP consists
of aeration basins, secondary clarifiers, nutrified dudge (NSL) cells, return activated sludge (RAS) and
waste activated sludge (WAS) pumping, and aeration equipment for providing oxygen to the biological
process. The aeration basins can be operated in numerous configurations with varying numbers of trains
and cells per train. Currently, the basins are configured such that three treatment trains operate with four
cells per train. Thefirst, second, third, and fourth cellsin each train operate as aerobic, anoxic, anoxic,
and aerobic zones, respectively. Mixed liquor from the three trainsis conveyed to Cell 5 which aternates
between an aerobic and anoxic zone depending on the season. Historically, primary effluent had been
conveyed to the Aeration Basin Influent Channel to be distributed to the first cell of each aeration basinin
service. However, more recently, WWTP staff began to operate in step-feed mode in which primary
effluent is fed to the first two cells of the aeration basins. This process provides carbon to the second
(anoxic) cell for denitrification to ultimately enhance total nitrogen removal while decreasing chemical

usage.

The Mason Farm WWTP has atotal of five secondary clarifiers. With the exception of Clarifiers 2
and 3, each clarifier was constructed at different times and have different sizing and configurations.
Clarifiers 1 and 5 are in service while the remaining clarifiers are out of service under normal operating
conditions. The plant briefly operated with only Clarifiers 1 and 4 in service in 2017 due to RAS pump
repairs that were being completed for Clarifier 5.

RAS is pumped from the secondary clarifiersto the NSL cellsviafour RAS pump stations. One RAS
pump station serves Clarifiers 2 and 3, and there are dedicated RAS pump stations for Clarifiers 1, 4, and
5. RAS combines with acetic acid in the NSL cells to provide for RAS denitrification and biological
phosphorus rel ease before recycling the activated sludge back to the aeration basins.

Hazen and Sawyer performed a WWTP Hydraulic and Treatment Capacity Study (Mason Farm
Wastewater Treatment Plant Hydraulic and Treatment Capacity Study) in 2010 in response to proposed
nutrient limitations resulting from the Jordan Lake Rules. The purpose of this study was to determine the
treatment and hydraulic capacity of existing facilities and to identify improvements required to comply
with the Jordan Lake Rules. Hazen evaluated nutrient removal optimization alternatives, aeration
capacity alternatives, secondary treatment capacity expansion aternatives, recycle stream treatment
alternatives, and chemical feed optimization to develop recommended plant improvements. The
evaluations and results of the 2010 Capacity Study have served as areference for al subsequent Mason
Farm WWTP eval uations developed by Hazen described herein.

Hazen was retained by OWASA in 2017 and 2018 to address several operating concerns that have
impacted equipment maintenance and operability related to the secondary treatment process at the Mason
Farm WWTP. These concerns were addressed in three evaluations. Although the evaluations were
conducted as separate projects, their outcomes relate to the operation of the wastewater treatment process
and bear impact on one another.

OWASA Page 3 of 24
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Thefirst study developed by Hazen evaluated rehabilitation alternatives for Secondary Clarifiers 2, 3,
and 4. Concernsidentified by plant staff include corrosion in sudge removal mechanisms, dated
Stamford baffles, unstable centerwell, and effluent launder design. In addition to the mechanical and
structural failures associated with the clarifiers, the hydraulic imbalances at the WWTP increase the stress
placed on the clarifiersin service and consequently exacerbate the existing issues. In order to improve the
overall performance, increase longevity, and reduce operational and maintenance issues for Secondary
Clarifiers 2, 3, and 4, Hazen developed an evaluation of various secondary clarifier rehabilitation
aternatives. Thisevaluation isincluded in Appendix A and istitled Mason Farm WWTP Secondary
Clarifier Rehabilitation Study.

The second evaluation conducted by Hazen was the Process Model Update and Internal Recycle
Evaluation. Mason Farm WWTP staff have implemented new operating strategies within the past several
years to improve plant performance while minimizing operating costs. Specifically, the WWTP
transitioned to step feed as recommended in the 2010 Capacity Study, which lead to an increase in the
return activated sludge (RAS) recycle rates. OWASA retained Hazen in September 2017 to determine the
feasibility of adding NRCY pumpsto the Mason Farm WWTP. In order to model the impacts of adding
NRCY pumps, Hazen updated the calibrated process model that was devel oped as part of the 2010
Capacity Study. The PowerPoint presentation which summarizes the method and results of this
evaluation isincluded in Appendix B.

Thethird study completed by Hazen was an alternatives evaluation for the rehabilitation of the
exigting RAS pumping system to address design, maintenance, reliability, and operability issues related to
the RAS pumps. The plant recently increased RAS recycle flow rates, which has highlighted the
importance of RAS pumping capacity, as well as equipment redundancy. The existing RAS pumps were
originally designed without any standby or redundant capacity. If one RAS pump fails, the associated
final clarifier must be taken out of service until the pump has been repaired. Furthermore, the existing
RAS pumping infrastructure does not provide for a back-up pump to be utilized while an existing pump is
out of service.

Another factor that has increased the burden on the existing RAS pumps is the number of secondary
clarifierstypicaly in service. Under normal operating conditions, Clarifiers 1 and 5 arein service while
the remaining clarifiers are out of service. When only Clarifiers 1 and 5 are operating in lieu of all five
clarifiers, theinfluent flow rate to the clarifiers in service increases by approximately 80%. In addition to
the issues related to the existing RAS pump capacities and lack of redundancy, the RAS pumps have
become obsolete. Pumps parts needed to make repairs and replacements can no longer be purchased off-
the-shelf. Due to the limitations of the existing RAS pumps described herein, OWASA retained Hazen to
evaluate various aternatives that could alleviate deficiencies and ease the operation of the existing RAS
pumping system. Detailed information about this evaluation isincluded in Appendix C, inthe TM titled
Mason Farm WWTP RAS Pumping Rehabilitation Study.

2. Summary of the Secondary Clarifier Rehabilitation Study

Due to various age, performance, mechanica failures, configurations, and maintenance challenges
associated with Secondary Clarifiers 2, 3, and 4, several aternatives were evaluated to improve the
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overall performance of these clarifiers. The specific concerns that were identified by plant staff for
Clarifiers2 and 3, and 4 arelisted in Table 2-1 and Table 2-2, respectively.

Table 2-1: Secondary Clarifiers 2 and 3 Operational and Maintenance Concerns

Clarifiers 2 and 3

1. Rust and Cracks in Sludge Removal Headers

2. Weir Plate Corrosion
3. Dated Stamford Baffles
4. Rust and Cracks in Mechanism

5. Gear Balancing Issues and Unstable Centerwell

6. Scum Accumulation in Centerwell

Table 2-2: Secondary Clarifier 4 Operational and Maintenance Concerns

Clarifier 4

1. Effluent Launder Design / Weir Brush Issues

2. Corrosion in Mechanism

3. Scum Accumulation in Centerwell

4. Unstable Centerwell

Additionally, in order to assess the clarifier improvement alternatives on aholistic basis, the mixed
liquor distribution hydraulics and secondary clarifier performance analyses that were devel oped for the
2010 Capacity Study were updated as part of this study.

2.1  Alternatives Evaluated

Five alternatives were evaluated for the rehabilitation and replacement of Clarifiers 2 and 3, and two
alternatives were evaluated for Clarifier 4. Tables 2-3 and 2-4 provide descriptions of each aternative
for Clarifiers 2 and 3, and for Clarifier 4, respectively.
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Table 2-3: Alternatives for Clarifiers 2 and 3

Issues Addressed

1
(from Table 2-1) St

Description

Replace the sludge removal headers with 304
Alternative 1A stainless steel headers, replace the Stamford baffles, 2,3,4 $410,000
and replace the v-notch weir plates.

Includes all the components in Alternative 1A, with the
addition of replacing the existing centerwell and

Alternative 18 adding an energy dissipating inlet (EDI) to improve 12,36 $960,000
overall settleability.
Replace the entire sludge removal mechanism with
304 stainless steel, including sludge removal headers, Al issues

Alternative 2 clarifier drives and motors, centerwells, scum removal $1,290,000

mechanisms, Stamford baffles, v-notch weir plates, addressed (1-6)

and energy dissipating inlets.

Demolition of Clarifiers 2 and 3 and construction of a

. . - - All issues

Alternative 3 new 139-ft diameter clarifier to replace their addressed (1-6) $3,100,000
capacities.

Alternative 4 Construction _of a nevy_130-ft dlame_ter cla_rlfler while None 2 $3,060,000
keeping existing Clarifiers 2 and 3 in service.
Re-build the mechanisms for Clarifiers 2 and 3 as part Al issues

Alternative 5 of a turnkey package from a reputable clarifier $616,000

addressed (1-6)

manufacturer.

1 Opinions of probable capital costs arein 2017 dollars. For detailed breakdown of cost estimates, reference the Secondary

Clarifier Rehabilitation Study TM in Appendix A.

2 Clarifier performance advantages were identified if Alternative 4 was implemented: the performance of the secondary
clarifiers would improve such that there is only one scenario in which the clarifiersfail: at 43.5 mgd with Clarifier 5 out of
serviceand at an SVI of 86.

Table 2-4: Alternatives for Clarifier 4

o Issues Addressed 1
Description (from Table 2-2) Cost

Replacement of the entire sludge collection

Alternative 1 mechgnlsm with a 304 stainless steel suctlop header, 23 $772,000
including a new centerwell to replace the existing
influent feedwell.
Conversion of the inboard effluent launder to the
traditional outboard design by installing a series of All issues

Alternative 2A | fiberglass reinforced plastic (FRP) troughs along the addressed (1-4) $1,250,000
periphery of the clarifier and supporting them with new
aluminum beams.
Conversion of the inboard effluent launder to the Al issues

Alternative 2B | traditional outboard design by installing a concrete addressed (1-4) $1,270,000
effluent launder along the periphery of the clarifier.

1 Opinions of probable capital costs arein 2017 dollars. For detailed breakdown of cost estimates, reference the Secondary
Clarifier Rehabilitation Study TM in Appendix A.
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2.2  Hydraulics and Distribution Review

Mixed liquor is currently distributed to the secondary clarifiersin service using five 9-ft long cutthroat
flumes. When the flumes are operating under non-submerged conditions, flow is distributed based on the
throat width of the flume serving each clarifier. When the flumes are submerged, however, flow is not
uniformly distributed to the clarifiersin service, resulting in an imbalance of flow conveyed to the
secondary clarifiers for treatment. Research indicates that for nine-foot long cutthroat flumes, such asthe
ones used to distribute mixed liquor at the Mason Farm WWTP, the transition submergence at which
distribution is compromised is equal to 80%. As part of the 2010 Capacity Study, a complete hydraulic
capacity analysis of existing facilities was developed to identify the capacities of each treatment process
and areas of hydraulic bottlenecks. The results of the Study indicate that there is a substantial difference
between the theoretical flow distribution that would occur with unsubmerged flumes, and the predicted
flow distribution based on submerged flumes. Thisimpacts how each of the clarifiers are loaded given
specific flow and operating conditions.

The Secondary Clarifier Rehabilitation Study updated the hydraulics and distribution analyses
presented in the 2010 Capacity Study to incorporate the operating approach currently implemented at the
WWTP (two secondary clarifiersin service). Hydraulic calculations indicate that when Clarifiers1 and 5
arein service, the distribution flume to Clarifier 1 becomes submerged at a plant flowrate greater than
10.3 and lessthan 14.5 mgd. Astheflumeto Clarifier 1 approaches the transition submergence of 80%,
discharge flow through the flume decreases and more flow is distributed to Clarifier 5. Thisexplains
observations made by plant staff that more flow appears to be diverted to Clarifier 5 than to Clarifier 1.
When Clarifiers 1 and 4 arein service, the flumes to both clarifiers become submerged at a plant flowrate
between 10.3 and 14.5 mgd. When both flumes are submerged, flow is distributed to the two clarifiers
such that the headl oss through both flow paths are equal. At 14.5 mgd, the flow path to Secondary
Clarifier 1 has approximately 20% more headl oss than the path to Secondary Clarifier 4, indicating that
Clarifier 4 may be overloaded during these operating conditions. Since Clarifiers 4 and 5 are deeper than
Clarifier 1, this hydraulic imbalance is not expected to significantly impact clarifier performance.

In order to identify additional hydraulic factors that could contribute to the imbalance of flow to the
secondary clarifiers, OWASA hired Vision NC to perform an inspection of the Clarifier 1 influent pipe
line. The observations made during thisinitia inspection, performed in June 2018, are asfollows:

e Theinfluent pipe had athick layer of foam that appeared to be similar to polymer and/or
grease throughout the entire pipe line.

e Itispossiblethe RAS pipe hasasimilar buildup of material to that of the influent pipe.
e Thewater level was not low enough at the time to inspect the clarifier wet well.

e Therolling cameraran into an obstruction within the pipe (suspected to be grease) that
prevented the camera from moving forward.

OWASA determined that the next step would be to reduce the water level in the centerwell to identify
any obstructions located in the clarifier center column. Therefore, in October 2018, Vision NC returned
to the Mason Farm WWTP and worked with OWASA Maintenance staff to perform acomplete
inspection of the influent pipe to Secondary Clarifier 1. During the second inspection, no hydraulic
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restrictions were identified in the influent pipe; any foam or grease that had built up in the pipe may have
washed out during Hurricane Florence. The most significant discovery from this inspection, however,
was the obstruction in the influent pipe where it connects to the clarifier centerwell, as shown in Figure
2-1. The pipe shown at the top of the figure isthe 18-inch RAS pipe which protrudes into the 24-inch
influent pipe. Additionally, there appearsto be a buildup of grease and rags located in the lower-right
portion of the pipe circumference that would even further restrict clarifier influent flow. The combination
of these two obstructions appear to reduce the pipe cross-sectional area by at least onethird. Sincethe
pipe protrusion is not portrayed in the secondary clarifier drawings, the minor loss K-factor associated
with this obstruction was not accounted for when devel oping the hydraulic profile for the Mason Farm
WWTP. The findings of thisinspection does explain why Clarifier 1 receives less flow than what it is
rated for, and generally receives less flow than Clarifiers 4 and 5 as observed by plant staff.

USMH: OPEN[ 8
DSMH: CLARIFYER|
e o

Survey Abandoned
DUE TO PIPE COVERING HALF PIPE

182.4 ft. 10/5/201¢

Figure 2-1: Clarifier 1 Pipe Survey

2.3  Clarifier Performance Evaluation

The treatment performance of the secondary clarifiers was also evaluated as part of the Secondary
Clarifier Rehabilitation Study. The performance of the existing secondary clarifiers was assessed using
state point analyses (SPA) and recent SV data collected by plant staff. The average SVI value at the
Mason Farm WWTP from 2015 to 2017 was 76, indicating very good settling sludge. The results of state
point analyses suggest that failure in clarifier performance occurs at the peak wet weather flow of
43.5mgd. The clarifiers do not fail at the maximum month flow of 14.5 mgd. The specific observations
made for Clarifiers 2, 3, and 4 are as follows:
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¢ When al clarifiersarein service, the SPA indicates clarifier failure at an SVI of 86 and a mixed
liquor suspended solids (ML SS) concentration of 4,000 mg/L.

e When Clarifier 5istaken out of service, the SPA indicates clarifier failure at the average SV of
76 and an ML SS concentration of 4,000 mg/L.

There are two general operational modifications that can be implemented to improve the performance
of secondary clarifiers: thefirst isto increase the RAS pumping rate, with the caveat that an adequate
RAS blanket should be maintained, and the second is to decrease the target ML SS concentration in the
aeration basins while still maintaining sufficient amixed liquor concentration adequate for reliable
nitrification. During the time of this study, the RAS pumping rate was approximately 100% of the plant
influent flow, or 6 mgd, (as determined based on the concentration ratio of mixed liquor to RAS), and the
average MLSS concentration averaged approximately 4,100 mg/L. Furthermore, the settleability of
sludge can be improved by adding settling aid polymer to the mixed liquor. In addition to developing
SPAs to evaluate existing secondary clarifier performance, the potential performance improvements
associated with building anew clarifier (Clarifiers 2 and 3 Alternatives 3 and 4) were evaluated. The
results of the performance improvements associated with Alternatives 3 and 4 indicate that adding one
new 130-ft diameter secondary clarifier while keeping clarifiers 2 and 3 in service significantly
improvements the overal performance of the secondary clarifiers.

In general, based on the results of the state point analyses, the existing secondary clarifiers are
adequately sized for the permitted flow of 14.5 mgd and at the design ML SS concentration of
4,000 mg/L. At the peak wet weather flow of 43.5 mgd, however, clarifier treatment performanceis
compromised, particularly when not all clarifiers are being utilized. Furthermore, since the unequa
distribution of mixed liquor at peak wet weather flows resultsin Clarifier 2 to be overloaded,
implementing either Alternatives 3 or 4 (for Clarifiers 2 and 3) would aleviate the impacts caused by
poor distribution. Specific SPA results at each SV and operating scenario evaluated as part of this study
can be found in Appendix C of the original TM.

2.4 Results and Recommendations

Table 2-5 includes a comparison of each evaluated alternative based on capital cost and other non-cost
related factors. Aspart of a short-term solution to rehabilitate Clarifiers 2 and 3, it is recommended that
OWASA negotiate with secondary clarifier manufacturers and proceed with Alternative 5 while keeping
in mind that the quoted cost of $616,000 for the recommended option (304 stainless steel materials with
new walkway |-beams and new weirs and baffles) may increase as some of the services and conditions
are fully negotiated.

For the rehabilitation of Clarifier 4, it is recommended that OWASA consider converting the inboard
launder to an outboard design with concrete effluent troughs (Alternative 2B) to significantly alleviate the
operational and maintenance concerns identified by OWASA staff and increase design life and longevity.

OWASA Page 9 of 24
Mason Farm WWTP 2017-2018 Compilation TM
FINAL



Hazen

January 22, 2019

Table 2-5: Comparison of Secondary Clarifier Rehabilitation Alternatives

Improved Additional
Percent of Are .
. . Clarifier Years of
: Capital Cost Improved Hydraulic . :
Alternative S . Performance Design Life,
Opinion (2017) Operation and Impacts .
Maintenance Alleviated? Eemenlon ezl
) SPA? Structural
Clarifiers 2 and 3
Clarifiers 2 and 3: Alternative 1A $410,000 50% No No +25/+0
Clarifiers 2 and 3: Alternative 1B $960,000 67% No No +25/+0
Clarifiers 2 and 3: Alternative 2 $1,290,000 100% No No +25/+0
Clarifiers 2 and 3: Alternative 3 $3,100,000 100% Yes Yes +25 / +40
Clarifiers 2 and 3: Alternative 4 $3,060,000 0% Yes Yes +25/+40
Clarifiers 2 and 3: Alternative 51 $616,000 100% No No +25/+0
Clarifier 4
Clarifier 4: Alternative 1 $772,000 50% No No +25/+0
Clarifier 4: Alternative 2A $1,250,000 100% No No +25/+0
Clarifier 4: Alternative 2B $1,270,000 100% No No +25/+0

1 Cost includes 304 stainless steel mechanism, new walkway bridge I-beams, and new 304 stainless steel weir plates and
baffles. Cost does not include markups and contingencies.

The recommended Alternatives for Clarifiers 2, 3, and 4 address the short-term concerns associ ated
with the operation and maintenance of these clarifiers. However, asalong-term solution, it is
recommended that OWA SA increase the secondary clarifier capacity in the future to improve clarifier
performance at peak wet weather flows.

3. Process Model and Nitrified Recycle Evaluation Summary

The Mason Farm WWTP currently operates an activated sludge system consisting of a step-feed
nutrient removal process and nutrified dudge cells. RASis pumped at a flowrate of approximately 100%
of the plant influent flow, or 6 mgd, to the NSL cells to promote RAS denitrification and biologica
phosphorous removal prior to return to the step-feed aeration basins. Hazen compl eted the Mason Farm
WWTP Nutrient Removal Optimization Study in May 2013, which evaluated adding nitrified recycle
(NRCY) to the step-feed basins to improve nutrient removal. The study concluded that adding NRCY
could be cost-effective if acetic acid or glycerin addition is required to be added to the filters to provide
tertiary denitrification.

The potential advantages of adding NRCY at the Mason Farm WWTP were reassessed in the Process
Model Update and Internal Recycle Evaluation due to the potentia process impacts of secondary clarifier
improvements and the recent changes in operation that have taken place at the WWTP. The purpose of
this evaluation was to:

OWASA
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¢ Update the BioWin process model with recent plant operations data
o Evaluate the costs and process impacts of adding NRCY
o Quantify the impacts of increased RAS flow on current alum feed rates

3.1 Process Model Update

Thefirst step of the Process Model Update and Internal Recycle Evaluation was to update the Mason
Farm WWTP process model previously developed in 2010 with BioWin version 5.2. At the time during
which the origina process model was being developed, WWTP influent samples were taken downstream
of where the rotary press filtrate combines with plant influent. Therefore, the original process model
accounted for the sidestream flow combining with plant influent prior to the sample collection point. The
sample collection point, however, has subsequently move to alocation upstream of where the rotary press
filtrate combines with influent flow. The updated process model developed in 2017 was modified to
account for rotary press filtrate combining with plant influent flow downstream of the sample collection
point. Furthermore, influent wastewater characterization was adjusted to better match current
performance as reported in the daily monitoring reports. In genera, the updated model accurately
predicted ML SS and effluent phosphorus, ammonia, nitrate, and TKN concentrations.

3.2 NRCY Evaluation

3.21 NRCY Modification Scenarios

Table 3-1 summarizes the eight different NRCY scenarios simulated with the process model. The
modification scenarios assumed the following:

o NRCY flow of 14.5 mgd per train

Four NSL cellsin operation

Fermentate added in the Aeration Basin Influent Channel

600 gallons per day (gpd) of alum is added upstream of the secondary clarifiers

500 gpd of 20% acetic acid is added in the NSL cells

NRCY is pumped from Effluent Channel No. 1

NRCY is pumped to Cell 1 for the modified Ludzack Ettinger (MLE) process scenarios
¢ NRCY ispumped to Cell 3 for the step-feed process scenarios

Figures 3-1 and 3-2 illustrate the MLE and step-feed processes, respectively.
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Scenario Plant Configuration | Cell 5 Operation RAS
1 Step Feed Aerobic 100%
2 Step Feed Aerobic 200%
3 Step Feed Anoxic 100%
4 Step Feed Anoxic 200%
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7 MLE Anoxic 100%
8 MLE Anoxic 200%
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Figure 3-2: Step-Feed Process Schematic

Table 3-2 summarizes the predicted effluent nutrient concentrations for each of the eight NRCY
scenarios.

Table 3-2: NRCY Modification Scenario Results

Egilﬂglnt Current | Scenario 1 | Scenario 2 | Scenario 3 | Scenario 4 | Scenario 5 | Scenario 6 | Scenario 7 | Scenario 8
TN, mg/L 7.9 9.4 7.6 8.0 6.2 11.2 8.8 9.9 8.9
NHs-N, mg/L 0.3 0.1 0.1 0.5 0.4 0.1 0.1 0.3 0.2
TKN, mg/L 1.2 1.2 1.2 14 1.3 1.2 1.3 1.2 1.2
NO3-N, mg/L 6.4 8.1 6.3 6.3 4.6 10.0 7.5 8.5 7.6
TP, mg/L 0.50 0.60 0.50 0.80 0.70 0.30 11 0.2 1.2

The simulations indicate that converting from the current step-feed processto aMLE processis not
expected to reduce effluent TN concentrations, although effluent TP decreased under the 100% RAS flow
scenarios. Adding NRCY to the step-feed process only had a substantial impact on nitrogen reduction
when RAS was increased to 200% and Cell 5 was operated anoxically.

3.2.2 NRCY Pump Selection and Layout

Hazen evaluated the mechanical changes that would be required to successfully implement NRCY .
NRCY pumps would be required to pump MLSS from Effluent Channel No. 1 to the anoxic zonesin the
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Hazen

aeration tanks. Submersible window propeller pumps are typically implemented for NRCY because of
their low-head, high-flow pumping capabilities and comparative ease of installation. The Flygt Ultra-
Low-Head Pump Series model PP 4660 was selected as a potential NRCY pump for the Mason Farm
WWTP. The pump design flow would be 14.5 mgd, and the pump would be equipped with an 11-
horsepower motor. Figur e 3-3 compares the proposed NRCY pump curve at its minimum and maximum
speed to the calculated system curve. This pump selection would provide an approximate 50% turndown
in flowrate.

= Flygt PP4660

7
\ — System Curve
6
\ — Flygt PP4660 Reduced Speed
5 \
4
Peak at
3 3Q=14.5MGD
Turndown to
2 ~1.5Q=7.2 MGD

1
=380 RPM 580 RPM

TDH (ft)

0 2,000 4,000 6,000 8,000 10,000 12,000

Flow (gpm)

Figure 3-3: NRCY Pump Curve

Although the WWTP currently operates in athree-train, four-cell configuration, discussions with plant
staff have indicated interest in eval uating the capability of operating two trains with six cells per train. As
such, two different train and cell configurations were evaluated: athreetrain/ four cell configuration and
atwotrain/ six cell configuration. A hydraulic profile was developed for each configuration to determine
the impact of pumping NRCY flow through the aeration basins, and to identify what modifications would
be required to mitigate those impacts. Figure 3-4 illustrates how the aeration basins could be configured
with NRCY in athreetrain/ four cell configuration, while Figur e 3-5 illustrates a potential two train/ six
cell configuration. Both figuresillustrate the structural improvements that would be required to mitigate
the hydraulic impacts of adding NRCY. Flow would be conveyed as indicated by the blue arrows.
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Figure 3-4: Three Train/ Four Cell Configuration

A total of three NRCY pumps, wall pipes, and isolation gates would be required at the wall between
the aeration basin cells and Effluent Channel No. 1 inthe threetrain/ four cell configuration. A total of
six new gates would be required to reduce headl oss in-between each cell.
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Figure 3-5: Two Train/ Six Cell Configuration

A total of two NRCY pumps, wall pipes, and isolation gates would be required at the wall between the
aeration basin cells and Effluent Channel No. 1 to implement the two train/ six cell configuration. At
least 16 new gates would be required in the walls between each cell to alleviate the hydraulic impacts of
operating in this configuration at maximum NRCY flow. Table 3-3 compares the opinion of probable
costs for each configuration.
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Table 3-3: Opinion of Probable Cost for NRCY Improvements

Three Train / Four Cell | Two Train / Six Cell
Construction Subtotal $300,000 $550,000
Electrical and I/C (15%) $45,000 $82,500
General Conditions / Mobilization (5%) $17,300 $31,600
Contractor Overhead and Profit (15%) $54,300 $99,600
Bonds and Insurance (2%) $8,300 $15,300
Contingencies (20%) $85,000 $155,800
Total (2017) $510,000 $935,000

The capital cost for adding NRCY capabilities at the Mason Farm WWTP would range from $500,000
to $900,000 (based on 2017 dollars). A cost adder of approximately $425,000 is estimated to be required
to accommodate atwo-train configuration in lieu of athree-train configuration.

33 Results and Recommendations

Given the high capital cost associated with implementing NRCY, it is recommended that the Mason
Farm WWTP defer implementing NRCY and continue to operate in the step-feed mode. The specific
observations and recommendations made based on the NRCY simulation results are asfollows:

e Maximizing RAS pumping rates provides a greater reduction in nitrate under step-feed
operation. The impacts of increasing RAS flows on clarifier performance and biological
phosphorus removal should be considered before being implemented.

0 Increased RAS flows can result in reduced blanket control, reduced waste activated
dludge (WAS) concentrations, and increased hydraulic loadings to WAS thickening
and potentialy digestion.

0 Increased RAS flowsto the NSL basins can further reduce available carbon for
biological phosphorus removal, potentialy increasing chemical phosphorus removal
requirements.

o Re-establish adding fermentate to the NSL basin instead of the Aeration Basin Influent
Channel.

o All four NSL cells should be in service to maximize denitrification capacity and promotion of
biological phosphorous removal.

o  WWTP staff should continue to operate Cell 5 as a swing zone to optimize denitrification.

Hazen recommends that RAS fermentation be considered as a means to improve biological nutrient
removal while making minimal structural and mechanical improvements at the WWTP. Some of the
advantages of RAS fermentation include the creation of additional volatile fatty acids (VFAs) and the
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growth of more diverse phosphate accumulating organisms (PAOs). Having a more diverse selection of
PAOs increases the organisms that denitrify, utilize substrates other than VFAS, and potentially ferment
complex organics. Based on research and experience within the last several years, RAS fermentation is
much more understood now than it was during the time of the 2010 Capacity Study. Assuch, itis
recommended that OWA SA re-consider its application at the Mason Farm WWTP.

RAS fermentation could be implemented by diverting a portion (less than 10%) of the RAS and all of
the fermentate to two NSL cellsin series. The remainder of the RAS would be diverted to athird NSL
cell for denitrification, and the fermented and denitrified RAS would be recombined in the fourth NSL
cell to promote anaerobic phosphate release prior to return to the aeration basins. Figure 3-6 presents a
potential schematic for RAS fermentation in the NSL cells.

RAS Denitrification/Fermentation

To GBTs All RAS
F 3
4[ Acetic Acid %

WAS X1 X
A YVV
| —»
4;’a 48% 48%
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. To Aeration
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Figure 3-6: RAS Fermentation
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4. Summary of the RAS Pumping Rehabilitation Study

The Mason Farm WWTP is equipped with five (5) secondary clarifiers and four (4) recycle activated
sludge (RAS) pump stations. The RAS pumps are reaching the end of their useful life and are considered
to be obsolete pieces of equipment. Therefore, starting in 2017, plant staff began to incrementally replace
exigting RAS pumps with larger pumps to increase the RAS pumping capacity.

The purpose of developing the RAS Pumping Rehabilitation Study was to summarize various
alternatives to improve the overall performance, increase reliability, and reduce operational and
mai ntenance issues for the Mason Farm WWTP RAS pumping systems. The specific RAS pumping
system deficiencies identified by plant staff arelisted in Table 4-1.

Table 4-1: RAS Pumping System Operational and Maintenance Concerns

System Deficiencies

. Lack of redundancy

. Pump design capacities with Clarifiers 1 and 5 in service

. RAS flow measurement and control for Clarifiers 2 and 3

. Flow measurement and control for Clarifiers 1, 4 and 5

. Issues with flowmeter readings

OO |~ WIN|(F

. Metering, isolation, and plug valves downstream of Clarifier 5 RAS pumps

4.1  Alternatives Evaluated

A total of five alternatives were evaluated based on mechanical, hydraulic, and performance
considerations to determine the most cost-effective aternative for OWASA to implement moving
forward. Thefive aternatives that were evaluated are summarized in Table 4-2. It isimportant to note
that the alternatives should not be compared on a cost basis. While some alternatives address capacity
issues, others address redundancy issues. As such, afew of the alternatives can be applied in conjunction
with one another.

Table 4-2: RAS Pumping Alternatives

Issues Addressed

1,2
(from Table 4-1) s

Description

Replacement of the RAS pumps with in-kind pumps
Alternative 1 while making minimal modifications to the existing None $630,000
structures, valves, and piping.

Replacement of existing RAS pumps with larger
Alternative 2 pumps such that significant modifications to existing 2 $1,310,000
structures, valves, and piping are required.

Purchase a new mobile standby pump in combination
Alternative 3 with Alternative 1 or Alternative 2, allowing the plant to 1and?2 $290,000
have a firm RAS capacity of 20 MGD.

Replacement of all the existing RAS pumps with a All issues

consolidated RAS pump station to serve all clarifiers. addressed (1-6) $3,020,000

Alternative 4

OWASA Page 19 of 24
Mason Farm WWTP 2017-2018 Compilation TM
FINAL



Halen January 22, 2019

Issues Addressed

- 1,2
Description (from Table 4-1) Cost
Permanent installation of backup pumps for each set
Alternative 5 of clarifiers. A third pump would be installed for each 1 $670,000

of Clarifiers 1, 4, and 5 and one pump would be
installed for Clarifiers 2 and 3.

1 The listed aternatives should not be compared on a cost basis because they do not equally address the issues identified in
Table 4-1.

2 Opinions of probable capital costs are in 2018 dollars. For detailed breakdown of cost estimates, reference the RAS
Pumping Rehabilitation Study TM in Appendix C.

Hazen worked with WWTP staff to identify additional general improvements to the RAS pumping
system that can be applied in conjunction with Alternatives 1-3, and 5 to address existing system
deficiencies. Thetotal cost for all of the identified improvementsis $340,000. These improvements
include:

New RAS piping for Clarifiers 2 and 3 to the NSL chimney to combine with RAS from
Clarifiers 1, 4, and 5.

* New isolation valvesin the RAS pipes from each clarifier (total of 5).

»  New ultrasonic level sensors and staff gauges in each of the cutthroat flumes to secondary
clarifiers (total of 5) to replace existing.

»  Replace existing ultrasonic flow meters with mag meters on RAS suction pipes (total of 5).
*  Replace plug valves downstream of Clarifier 5 RAS pumps (total of 2).

» Heattraceand insulate dl RAS pumps.

4.2 Alternative Flow Scenarios

Hazen al so evaluated the possibility of sizing the RAS pumps big enough to pump RAS to the NSL
basins and have RAS flow by gravity to the aeration basins via a distribution channel and weir system.
Table 4-3 summarizes how high the NSL basin walls would have to be raised and to what extent the
pipes would have to be replaced to mitigate the hydraulic impacts. Asshown in the table, walls would
have to be raised by approximately 5 feet if the 12" and 8" NSL pipesincreaseto 14" and 107,
respectively. However, due to the existing structural design and capacity of the NSL basin walls and
dlabs, asignificant amount of construction will be required to raise the existing NSL walls by 5 feet or
more.

Table 4-3: NSL Basin Wall Requirements at 43.5 MGD and with 2 Feet of Design Freeboard

Existing Pipe Increase the size of Increase the size of all
Sizes select pipes ! pipes to 30"
Headloss (feet) 4.0 2.8 1.6
Raise Walls by (feet) 16.8 5.2 0.8

L Increase the existing 12" pipe to 14” and the existing 8" parallel pipes to 10".
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Furthermore, RAS flow by gravity from the secondary clarifiers to the NSL basins was eval uated and
it was determined that this could not be accomplished without significantly decreasing the operating level
inthe NSL cells. The use of RAS pumpsis necessary due to high headloss in the pipes conveying RAS
tothe NSL cdlls.

4.3 System Curve Calibration

In order to assessthe WWTP' s RAS pumping system, system curves were calculated for each clarifier
as part of the RAS Rehabilitation Study. In December 2017, Hazen visited the WWTP to measure flow
and pressure on the RAS pump discharge pipes to calibrate the calculated system curves. Thefield
measurements recorded during the site visit were compared to the flow and pressures points that had been
calculated for each clarifier. Based on this comparison, the calculated system curves for Clarifiers 4 and
5 closely matched what was measured in thefield. Therefore, the system curves for Clarifiers4 and 5
were not modified. The system curve for Clarifier 1, however, was calibrated with alower pipe C-value
to align with the operating point measured in the field. It was suspected that this discrepancy could be
due to plugging in the old RAS suction pipeinstalled beneath Clarifier 1. Hence, it was recommended
that OWASA inspect the Clarifier 1 RAS suction pipe to determine if there is buildup of materia that
could be clogging the pipe. A description of the Clarifier 1 influent pipe inspection that was conducted
by OWASA isincluded in Section 2.2.

4.4 Results and Recommendations

Table 4-4 presents a summary of the five alternatives that were evaluated. Hazen recommends that
plant staff continue to replace pumps with pumps of larger design flows than existing (Alternative 1), as
has been done for Clarifiers4 and 5, in conjunction with purchasing a portable diesel backup pump to be
used as a standby pump for all clarifiers (Alternative 3). Modificationsto each RAS pump station is
recommended to facilitate the use of a portable standby pump.
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Table 4-4: Summary of RAS Rehabilitation Alternatives

. Capital Cost Total Firm ARRITESEES Ell Impr(_)\_/es
Alternative Opinion (2018) * Capacit system Clarifier
P P y deficiencies? Performance?
Alternative 1 — Replace In-Kind $630,000 <20 MGD No No
Alternative 2 — Larger Pumps $1,310,000 <28 MGD No Yes
. <20 MGD or

Alternative 3 — Portable Backup $290,000 <28 MGD No No
Alternative 4 — New RAS PS $3,020,000 21 MGD Yes Yes
Alternative 5 — Standby Pumps $670,000 20 MGD No No

1 The listed alternatives should not be compared on a cost basis because they do not equally address the
issues identified in Table 4-1.

It is also recommended that OWASA implement the overall RAS pumping system improvements, as
listed in Section 4-1 to aleviate existing deficiencies. Thetotal estimated capital cost of the
recommended improvementsis listed in Table 4-5.

Table 4-5: Cost of Recommended RAS Rehabilitation Alternatives

Recommended Alternative Capital Cost Opinion (2018)
Alternative 1 — Replace In-Kind $630,000
Alternative 3 — Portable Backup $290,000
Additional Improvements $340,000
Total Cost $1,260,000

5. Summary of Recommendations

Hazen completed three different evaluations between 2017 and 2018 related to the secondary
treatment process at the Mason Farm WWTP. The purpose of thistechnical memorandum isto serve asa
standalone reference for OWASA staff to understand each of the eval uations that were compl eted.

Specific driversfor each evaluation are as follows:

e Secondary Clarifier Rehabilitaiton
0 Aging equipment
0 Maintenance issues
o Distribution and capacity concerns
0

Hydraulic imbal ances

e Process Model Update and Internal Recycle Evaluation
0 BioWin model has not been updated since 2010 Capacity Study
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Operational change to step-feed
Re-assess the benefits of RAS fermentation given recent plant performance
Impacts of implementing NRCY
Impacts of increased RAS flows

mping Rehabilitation Study
Increased RAS flows
Equipment redundancy

Operation of only two secondary clarifiers due to challenges associated with Clarifiers
2, 3, and 4 further increases stress on the RAS pumps and decreases reliability

RAS pumps and pump parts have become obsolete

Figure 5-1 illustrates the correlation between each of the processes evaluated, and the associated
recommendations based on improving plant performance, minimizing maintenance, improving equipment
longevity and reliability, and minimizing project costs.
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Rehabilitate Clarifiers 2 and 3

Modify Clarifier 4 launder

Consider more clarifier capacity in
long-term

All future hydraulic profiles should
incorporate headloss associated with
obstruction in Clarifier 1 influent pipe

e Continue to rehab pumps one at a time
e Implement general RAS pumping
system improvements

Secondary

Clarification RAS Pumping

NRCY
Pumping

RAS
Fermentation

Defer NRCY due to limited cost-benefit
Continue step-feed
Re-establish fermentate to NSL cells

e Consider implementing due to
nutrient removal benefits and greater
understanding

Figure 5-1: Summary of Recommendations
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| ntroduction

The Orange Water and Sewer Authority (OWASA) operates the Mason Farm Wastewater
Treatment Plant, which is an activated sludge treatment facility currently equipped with five (5)
secondary clarifiers. Dueto the age, performance, mechanical failures, and maintenance
challenges associated with Secondary Clarifiers 2, 3, and 4, a conditions assessment has been
developed for each of these clarifiers. The purpose of this technical memorandum (TM) isto
summarize various alternatives that will improve the overall performance, increase longevity,
and reduce operational and maintenance issues for Secondary Clarifiers 2, 3, and 4. A
description and cost estimate for each alternative isincluded in Section 2 of this TM.
Additionally, in order to assess the clarifier improvement alternatives on a holistic basis, the
mixed liquor distribution hydraulics and secondary clarifier performance analyses that were
developed as part of the 2010 Capacity Study were updated as part of this study. Sections 3 and
4 summarize the hydraulic evaluation and clarifier treatment performance updates, respectively.
The results and recommendations presented herein incorporate a myriad of mechanical,
hydraulic, and performance considerations to determine the most cost-effective aternative for
OWASA to implement moving forward.
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1. Background

1.1 Existing Facilities

The Mason Farm Wastewater Treatment Plant (WWTP) is an advanced treatment facility that is
permitted to discharge up to 14.5 million gallons per day (mgd) on a maximum month basis to Morgan
Creek. The WWTP implements an activated sludge process for the oxidation of organic matter and
ammonia, and is equipped with five secondary clarifiers. With the exception of Clarifiers 2 and 3, each
clarifier was constructed at different times and designed with various sizes and configurations. Table 1-1
isasummary of the existing secondary clarifiers at the Mason Farm WWTP.

Clarifier 1 Clarifier 2 Clarifier 3 Clarifier 4 Clarifier 5
Year Constructed 1976 1984 1984 1997 2008
Year Rehabilitated 2008 1! 2008 ? 2008 ? 2008 3 NA
Diameter, ft 120 85 85 110 142.3
Centerwell Diameter, ft 30 9 9 28 32
Side Water Depth, ft 13 13 13 19 17.8
EDI Diameter, ft 15 None None 18 16.4
Effluent Launder Outboard Outboard Outboard Inboard Inboard
Suction Suction
Sludge Withdrawal Suction Header Suction Header Header Organ Pipe Header
RAS Capacity, mgd 4 2 2 4 6

1 The Clarifier 1 mechanism was replaced in 2008.
2 All submerged internal tank components in Clarifiers 2 and 3 were sandblasted and re-coated in 2008.
3 Organ pipes in Clarifier 4 were demolished and replaced with PVC in 2008.

Table 1-1: Summary of Existing Secondary Clarifiers

Due to various age, performance, mechanica failures, configurations, and maintenance challenges
associated with Secondary Clarifiers 2, 3, and 4, several aternatives have been evaluated to improve the
overall performance of these clarifiers. The specific concerns that have been identified by plant staff for
Clarifiers 2, 3,and 4 are listed in Table 1-2. Appendix A includes photographs that illustrate some of
these concerns.
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Clarifiers 2&3 Clarifier 4
Rust & Cracks in Sludge Removal Headers Effluent Launder Design / Weir Brush Issues
Weir Plate Corrosion Corrosion in Mechanism
Dated Stamford Baffles Scum Accumulation in Centerwell
Rust & Cracks in Mechanism Unstable Centerwell
Gear Balancing Issues & Unstable Centerwell
Scum Accumulation in Centerwell

Table 1-2: Secondary Clarifier Operational and Maintenance Concerns

Secondary Clarifiers 2 and 3 were constructed in the mid-1980's, and since then, there has been
several advances in the design and implementation of secondary clarifiers based on modeling, experience,
and testing implemented nation-wide. For example, the size of the influent centerwell would have been
designed differently today than in the mid-1980’'s. The centerwellsin Clarifiers2 and 3 are
approximately 11 percent of the overal clarifier diameter. Based on Hazen and Sawyer’ s experience, a
centerwell that is 11 percent of the clarifier diameter is undersized and the optimum centerwell diameter
istypically between 20 to 30 percent of the overall clarifier diameter. The undersized centerwells, along
with the lack of scum ports, has led to poor flow distribution and scum accumulation in the centerwell as
observed by plant staff.

1.2 2010 WWTP Hydraulic and Treatment Capacity Study

In 2010, aWWTP Hydraulic and Treatment Capacity Study (2010 Capacity Study) was conducted by
Hazen and Sawyer in response to proposed nutrient limitations resulting from the Jordan Lake Rules. The
purpose of this study was to determine the treatment and hydraulic capacity of existing facilitiesin order
to identify process deficiencies that will hinder the plant’ s compliance of the Jordan Lake Rules.
Furthermore, Hazen and Sawyer evaluated nutrient removal optimization alternatives, aeration capacity
alternatives, secondary treatment capacity expansion alternatives, recycle stream treatment alternatives,
and chemical feed optimization in order to develop recommendations for plant improvements. The
results and recommendations of the 2010 Capacity Study are summarized in Sections 3 and 4 as they
pertain to the secondary clarifier evaluation update developed as part of this study.

2. Clarifier Rehabilitation Alternatives

Several alternatives were evaluated for the rehabilitation and replacement of Clarifiers 2, 3, and 4.
Five alternatives were evaluated for Clarifiers 2 and 3, and two alternatives were evaluated for Clarifier 4;
each alternative is described in the sections below.

2.1 Clarifiers 2 & 3: Alternatives 1A &1B

Thefirst aternative for improving Clarifiers 2 and 3 isto perform minimal improvements to the
clarifiers. Alternative 1A isto replace the sludge removal headers with 304 stainless steel headers,
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replace the Stamford baffles, and replace the v-notch weir plates. The components which would remain
unchanged as part of this alternative include: the scum removal mechanism, the centerwell, the
walkways, the mechanism motor and drive, and al remaining components of the clarifier mechanism with
exception to the sludge headers such as the truss arms, center cage, and center pier. Alternative 1B
includes all of the componentsin Alternative 1A, with the addition of replacing the existing centerwel |
and adding an energy dissipating inlet (EDI). Installing an EDI will improve overall settleability by
decreasing influent velocities. Furthermore, installing a centerwell with well-designed scum ports will
help promote the movement of scum from the centerwell to the clarifier for ultimate removal. The
implementation of Alternatives 1A and 1B address three and four out of the six identified operational
issues described in Table 1-2, respectively:

Alternative 1A:
1. Rust & Cracksin Sludge Removal Headers
2. Waeir Plate Corrosion
3. Dated Stamford Baffles
Alternative 1B:
1. Rust & Cracksin Sludge Removal Headers
2. Waeir Plate Corrosion
3. Dated Stamford Baffles
4. Scum Accumulation in Centerwell

To evaluate the economic feasibility for each clarifier rehabilitation alternative, opinions of probable
capital cost were developed. The assumptions associated with each cost opinion are applicable to each
alternative, with the exception of Alternative 5, presented herein, and are asfollows:

o Use 30% of equipment cost for installation

o Use 15% of subtotal to account for electrical and instrumentation improvements
o Use 5% of subtota for general conditions and mobilization

o Use 15% of subtotal for contractor overhead and profit

o Use 2% of subtotal for bonds and insurance

e Use 20% of subtotal for contingencies

e All costs are presented on aloaded basis to include the markups listed above

o All costs are presented in 2017 dollars

The costs for Alternatives 1A and 1B, for al work in both Clarifiers 2 and 3, are presented in Table 2-
1 below.
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Alternative 1A (Both Clarifiers) Alternative 1B (Both Clarifiers)
Demolition $2,000 $6,000
Sitework $0 $0
Mechanical $410,000 $960,000
Structural $0 $0
Total (2017) $410,000 $960,000

Table 2-1: Cost Opinion for Secondary Clarifiers 2&3 Alternatives 1A & 1B

2.2 Clarifiers 2 & 3: Alternative 2

Alternative 2 is the replacement of the entire dudge removal mechanism with 304 stainless sted in
lieu of replacing just the dudge removal headers. As such, the complete scope of rehabilitation includes:
new sludge removal headers, new clarifier drives and motors, new centerwells, new scum removal
mechanisms, new Stamford baffles, new v-notch weir plates, and new energy dissipating inlets. The
implementation of this aternative addresses all six of the identified failed componentsin Clarifiers 2 and
3

1. Rust & Cracksin Sludge Removal Headers

2. Waeir Plate Corrosion

3. Dated Stamford Baffles

4. Scum Accumulation in Centerwell

5. Rust & Cracksin Mechanism

6. Gear Balancing Issues & Unstable Centerwell

The cost opinion for Alternative 2 includes the work for both Clarifiers 2 and 3 and is presented in
Table 2-2 below.

Alternative 2 (Both Clarifiers)
Demolition $7,000
Sitework $0
Mechanical $1,280,000
Structural $0
Total (2017) $1,290,000

Table 2-2: Cost Opinion for Secondary Clarifiers 2&3 Alternative 2
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2.3 Clarifiers 2 & 3: Alternative 3

Alternative 3 is the demoalition of Clarifiers 2 and 3 and the construction of anew clarifier to replace
their capacities. For the purpose of the cost estimate, it is assumed that a 130-foot diameter clarifier
would replace Clarifiers 2 and 3, providing almost 2,000 square feet of additional clarifier surface area. It
isimportant to note that the location of the new clarifier has not been completely vetted for the evaluation
of this alternative. The construction of a new secondary clarifier eliminates all six of the identified
operation and maintenance concerns. Furthermore, there are additional clarifier performance advantages
associated with this aternative that are discussed in Section 4.

The cost associated with this alternative includes concrete and mechanical demolition, sitework, new
recycle activated dudge (RAS) pumping, scum, and drain piping, and all of the internal mechanical and
structural components associated with anew clarifier. The cost opinion for Alternative 3 is presented in
Table 2-3 below.

Alternative 3
Demolition $170,000
Sitework $260,000
Mechanical $1,890,000
Structural $790,000
Total (2017) $3,100,000

Table 2-3: Cost Opinion for Secondary Clarifiers 2&3 Alternative 3

2.4 Clarifiers 2 & 3: Alternative 4

Alternative 4 is the construction of a new 130-foot diameter clarifier while keeping existing Clarifiers
2and 3in service. This alternative does not address any of the six identified operation and maintenance
concerns associated with Clarifier 2 and 3. However, smilarly to Alternative 3, there are clarifier
performance advantages associated with this alternative. These advantages are summarized in Section 4.

The cost associated with this alternative does not include demolition, but does include sitework, new
RAS pumping, scum, and drain piping, and al of theinternal mechanical and structural components
associated with anew clarifier. It isassumed the cost of scum, drain, RAS, and mixed liquor piping
would be dlightly higher than for Alternative 3 based on the potential location of the new clarifier.
Furthermore, potential site constraints and associated permitting is not incorporated into the cost estimate.
The cost opinion for Alternative 4 is presented in Table 2-4 below.
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Alternative 4
Demolition $0
Sitework $260,000
Mechanical $2,010,000
Structural $790,000
Total (2017) $3,060,000

Table 2-4: Cost Opinion for Secondary Clarifiers 2&3 Alternative 4

2.5 Clarifiers 2 & 3: Alternative 5

On March 8, 2017, representatives with Evoqua Water Technologies (Evoqua), a reputable secondary
clarifier equipment manufacturer, met with OWASA staff and visited the Mason Farm WWTP to assess
the existing conditions of Clarifiers2 and 3. Following the site visit, Evogqua submitted a budgetary
proposal to re-build the mechanisms for Clarifiers 2 and 3 as part of aturnkey package. Unlike
Alternatives 1 through 4, OWASA would purchase the materias and installation services directly from
the clarifier manufacturer in lieu of through a general contractor. At a minimum, the materials and
servicesincluded in this proposal include: new sludge removal headers, new clarifier drives and motors,
new centerwells and center columns, new scum removal tough and skimmer assemblies with associated
supports, new torque cages, new energy dissipating inlet, demolition of equipment to be replaced,
installation and startup services, shop and field painting, and electrical controls.

It isimportant to note that the following components are not included in this proposal and should be
coordinated between OWASA and the clarifier manufacturer:

1. Removal and re-installation of the weir brush system
2. FRPdensity current baffles
3. Electricd control panels

4. Lubricants

5. Walkway bridge handrails

The implementation of this alternative addresses al of the six identified failed componentsin
Clarifiers2 and 3:

1. Rust & Cracksin Sludge Removal Headers
2. Weir Plate Corrosion (if chosen to be included in scope of proposal)
3. Dated Stamford Baffles (if chosen to be included in scope of proposal)
4. Undersized Centerwell (Scum Accumulation)
5. Rust & Cracksin Mechanism
OWASA

Mason Farm WWTP Secondary Clarifier Rehabilitation Study
FINAL Page 8 of 20



HaZen June 27, 2017

6. Gear Balancing Issues & Unstable Centerwell

The budgetary pricing provided by Evoqua was divided into two sets of alternatives: one for material
of construction (carbon steel versus 304 stainless steel) and one for the inclusion of new walkway bridge
I-beam supports and cross-members. If the existing walkway bridge I-beams are re-used, the scope of
improvements include blasting, painting, and the installation of a new bridge slide plate to alow for the
expansion and contraction of the bridge. If the existing bridge I-beams are replaced, the scope of
improvements include new bridge I-beams, new cross-members, and new walkway handrails. The
proposal, dated March 15, 2017, isincluded as Appendix B of this Report; Table 2-5 presents a summary
of the proposed budgetary pricing.

Alternative 5

A36 Carbon Steel — Re-use Existing Walkway Bridge I-Beam $401,350
304 Stainless Steel — Re-use Existing Walkway Bridge I-Beam $482,450
A36 Carbon Steel — New Walkway Bridge I-Beam $408,900
304 Stainless Steel — New Walkway Bridge I-Beam $507,000

Additional Items:

A36 Carbon Steel — Effluent Weirs and Baffles $83,200

304 Stainless Steel — Effluent Weirs and Baffles $109,000

Recommended Alternative:

304 Stainless Steel - New Walkway Bridge I-Beam with
304 Stainless Steel Effluent Weirs and Baffles

$616,000

Table 2-5: Budgetary Pricing for Evoqua Turnkey Proposal Alternative 5

2.6 Clarifier 4: Alternative 1

Thefirst alternative for the rehabilitation of Clarifier 4 is the replacement of the entire udge
collection mechanism with a 304 stainless steel suction header system; this alternative includes a new
centerwell to replace the existing influent feedwell. Anin-kind replacement of the existing organ pipes
was not considered to maintain uniformity amongst the clarifiers. The components that would remain
unchanged as part of this alternative include the scum collection mechanism, inboard launder, weir plates,
walkway, and centerwell. The implementation of this alternative addresses two out of the four identified
operational issues listed in Table 1-2:

1. Corrosionin Mechanism

2. Scum Accumulation in Centerwell

The cost opinion for Alternative 1 is presented in Table 2-6 below.
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Alternative 1
Demolition $7,000
Sitework $0
Mechanical $765,000
Structural $0
Total (2017) $772,000

June 27, 2017

Table 2-6: Cost Opinion for Secondary Clarifier 4 Alternative 1

2.7 Clarifier 4: Alternatives 2A & 2B

Alternatives 2A and 2B evaluate the conversion of the inboard effluent launder in Secondary Clarifier
4 to the traditional outboard design in which the effluent launder is installed along the circumference of
the clarifier. Alternative 2A isthe installation of a series of fiberglass reinforced plastic (FRP) troughs
along the periphery of the clarifier that are supported by new aluminum beams. One fiberglass
manufacturer indicated that the FRP toughs can be custom-molded to be curved to follow the
circumference of the clarifier. The demolition included in Alternative 2A includes that of the influent
feed well, the effluent launder, scum box, and all of the associated supports.

Alternative 2B isthe installation of a concrete effluent launder in lieu of FRP, and would require the
demolition of a portion of the exterior concrete wall and existing launder supports. The implementation
of either of these alternatives resolves each of the four identified failed components listed in Table 1-2.

The cost opinion for Alternatives 2A and 2B is presented in Table 2-7 below. The cost for both
Alternatives 2A and 2B include new scum piping, v-notch weir plates, stairs and handrails, Stamford
baffles, a new suction header collection mechanism, and a new influent feedwell. The costs, however, do
not include a new walkway.

Alternative 2A Alternative 2B
Demolition $40,000 $70,000
Sitework $0 $0
Mechanical $920,000 $920,000
Structural $290,000 $280,000
Total (2017) $1,250,000 $1,270,000

Table 2-7: Cost Opinion for Secondary Clarifier 4 Alternatives 2A & 2B
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3. Hydraulicsand Distribution

Mixed liquor is distributed to the secondary clarifiers using five cutthroat flumes. When the flumes
are not significantly submerged, flow is distributed based on the throat width of the flume serving each
clarifier. The submergence of aflume is measured as the ratio of the downstream depth to the upstream
depth; the transition submergence is that at which the discharge from the flume is reduced and flow
distribution is compromised. Research indicates that for nine-foot long cutthroat flumes, such as the ones
used to distributed mixed liquor at the Mason Farm WWTP, the transition submergenceis equal to 80%
(Skogerboe). Hence, when headloss downstream of the flumes is significant enough to submerge the
flumes at 80% and above, the flumes partially lose their ability to uniformly distribute flow to the
clarifiersin service. Thisresultsin animbalance of flow conveyed to the secondary clarifiersfor
treatment, thisimbalanceis discussed in more detail in the following sections.

3.1 Overview of 2010 Capacity Study Results

As part of the 2010 Capacity Study, a complete hydraulic capacity analysis of existing facilities was
devel oped to identify the capacities of each treatment process and areas of hydraulic bottlenecks. The
results of the Master Plan effort identified the following observations specific to the distribution of mixed
liquor to the secondary clarifiers:

o With all clarifiersin service, the flume serving Secondary Clarifier 3 will begin to submerge when
plant flow exceeds approximately 25 mgd. Thisis dueto the high headlossin the influent piping
to Secondary Clarifier 3, asit islonger than that influent piping serving Secondary Clarifier 2.

o Asflow continuesto increase, the same submergence effect occurs at the flumes serving
Secondary Clarifiers 4, 1, 2, and 5 (in that order).

e When all of the cutthroat flumes are submerged beyond 80%, mixed liquor will follow the path of
least resistance.

e At the peak flow of 43.5 mgd, the flumes serving all secondary clarifiers except for Secondary
Clarifier 5 are submerged.

e At peak flow conditions, Secondary Clarifiers 2 and 5 are loaded 10% more heavily than the
theoretical distribution, and Secondary Clarifier 3 will be under-loaded by nearly 20%.

Table 3-1 compares the theoretical flow distribution based on unsubmerged flumes with the predicted
flow distribution based on submerged flumes as predicted by the hydraulic model developed for the 2010
Capacity Study.
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Clarifier Clarifier Flume Throat Theoretical Flow Predicted Flow
Diameter Width (feet) Distribution Distribution !

1 120 4 22.2% 22%

2 85 2 11.1% 12%

3 85 2 11.1% 9%

4 110 4 22.2% 21%

5 142.3 6 33.3% 36%

1 The predicted flow distributions at 43.5 mgd are from Table 3-5 in Section 3.0 of the 2010 Capacity Study.
Table 3-1: Secondary Clarifier Flow Distribution at 43.5 MGD

The evaluation in the 2010 Capacity Study indicated that parallel piping to Secondary Clarifier 3 could
improve flow distribution between Secondary Clarifiers 2 and 3, which would consequently improve the
performance of Clarifier 2 under peak flow conditions. It was recommended, however, that investment in
this modification be deferred until peak flows begin to approach the design peak flow of 43.5 mgd. It was
also noted that flow distribution to the secondary clarifiers be given higher priority than other potential
hydraulic improvements due to itsimpact on clarifier treatment performance.

3.2 Hydraulics and Distribution Evaluation Update

The hydraulic calculations as part of the 2010 Capacity Study were devel oped with the assumption
that al clarifiersarein service. However, the operating conditions that are currently implemented by
plant staff are as follows:

1. Only Secondary Clarifiers1 and 5in service: According to plant staff, this represents the plant
normal operating condition during average flows.

2. Only Secondary Clarifiers 1 and 4 in service: During the time at which this study was conducted,
Secondary Clarifier 5 was taken out of service for repair, and only Clarifiers 1 and 4 remained in
service.

As part of this secondary clarifier conditions assessment, it was determined that updating the
distribution hydraulic calculations to reflect current operating conditions would provide a holistic
approach in evaluating the clarifier rehabilitation alternatives.

Table 3-2 summarizes the observations of the hydraulic profile update as it pertains to cutthroat flume
submergence and impacts to flow distributions.
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Clarifiers 1 and 5 In Service Clarifiers 1 and 4 In Service
8 MGD Not Submerged Not Submerged
10.3 MGD Not Submerged Not Submerged
14.5 MGD Flume to Clarifier 1 Submerged Flume to Clarifiers 1 and 4 Submerged

1 Determination of submergence is based on a transition submergence of 80%.
Table 3-2: Summary of Flume Submergence !

The results of the hydraulic analysis update indicate that when Clarifiers 1 and 5 are in service, the
flume to Clarifier 1 becomes submerged at a plant flowrate greater than 10.3 and less than 14.5 mgd.
When the flume to Clarifier 1 approaches the transition submergence, discharge flow through the flume
decreases and the flume no longer acts as a control structure. This explains observations made by plant
staff that more flow appearsto be diverted to Clarifier 5 than to Clarifier 1.

When Clarifiers 1 and 4 arein service, the flumes to both clarifiers become submerged at a plant
flowrate between 10.3 and 14.5 mgd. When both flumes are submerged, flow is distributed to the two
clarifiers such that the headl oss through both flow paths are equal. At 14.5 mgd, the flow path to
Secondary Clarifier 1 has approximately 20% more headl oss than the path to Secondary Clarifier 4,
indicating that Clarifier 4 may be overloaded during these operating conditions. Since Clarifiers4 and 5
are deeper than Clarifier 1, this hydraulic imbalance is not expected to significantly impact clarifier
performance.

4. Clarifier Performance Evaluation

There are various approaches that can be taken to evaluate the overall treatment performance of a
secondary clarifier. Some of these methods include calculating clarifier overflow and solids loading rates,
generating computationa fluid dynamics (CFD) modeling, and devel oping state point analyses (SPAS).
For the purpose of this study, state point analyses were used to assess the impact that each alternative
would have on clarifier performance. A state point analysis determines the failure point of aclarifier
under specific flow and sludge conditions utilizing the principles of solids-flux analyses. Theresults of a
state point analysis for a single condition can be presented in a graph in which the underflow rate,
overflow rate, and solids settling flux (in Ibs/sf/day) are plotted as a function of solids concentration (in
1,000 mg/L). The point at which the underflow and overflow rates intersect is defined as the state point.
Several parameters, such as sludge settleability, mixed liquor suspended solids (MLSS) concentrations,
and clarifier dimensions are incorporated into the SPA to determine its loading capacity before
clarification failure occurs. The sludge volume index (SV1) is a common measure of secondary sludge
settling characteristics and is a function of the thirty-minute settled sludge volume and the operating
MLSS concentration. These parameters are easy to measure, and SV isthe industry standard metric for
sludge settleability, routinely measured by treatment plant staff.

Theresults of a state point analysis determine if a specific operating condition resultsin clarification
failure or not. There aretwo conditionsthat can cause clarification failure: araised sludge blanket and a
full solids washout. A failure due to araised sudge blanket condition occurs when the state point is
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located inside the solids settling flux and the underflow rate is plotted outside of the solids settling flux.
A full solids washout condition occurs when the state point islocated outside of the solids settling flux.

4.1 Overview of 2010 Capacity Study Results

In addition to a comprehensive hydraulic treatment capacity analysis, the 2010 Capacity Study
included awet weather analysis to determine the treatment capacity of the Mason Farm WWTP at process
peak wet weather flows. A combination of BioWin process simulation software and the Clarifier 2Dc
CFD clarifier modeling program was i mplemented to simulate the effects of the increased hydraulic flows
and solids loading rates on the existing secondary clarifiers. The secondary clarifier assessments were
devel oped assuming that all secondary clarifiers arein service, and three flow distribution scenarios were
evaluated: peak wet weather flow at the theoretical flow distribution, peak wet weather flow at the
predicted flow distribution, and reduced peak flow. Asdescribed in Section 3 of this TM, the hydraulic
calculations developed as part of the 2010 Capacity Study predicts that Secondary Clarifiers 2 and 5 will
experience higher loading conditions and the remaining clarifiers will be under-loaded. Therefore, only
Clarifiers 2 and 5 are impacted in the predicted flow distribution scenario. Three different SVI values
were used for the secondary clarifier assessment: 90, 120, and 150 mL/g. The SV1 value of
90 corresponds to a field measurement that was taken on August 25™, 2009, and the SV values of
120 and 150 represent average and poor settling sludge, respectively. TheVo and K values were
estimated using the Ekama & Marais and Wahlberg & Keinath relationships. A summary of the results of
the secondary clarifier performance eval uation as determined from the 2010 Capacity Study are as
follows:

o Attheoretica flow distribution:

0 The secondary clarifiers can treat 43.5 mgd peak flow at a ML SS concentration of 4,000
mg/L and an SVI of 90 mL/g.

0 The MLSS concentration needs to be reduced to approximately 2,800 mg/L to effectively
treat 43.5 mgd assuming an SVI of 120 mL/g.

0 The MLSS concentration needs to be reduced to approximately 2,600 mg/L to effectively
treat 43.5 mgd assuming an SV of 150 mL/g.

o At predicted flow distribution:
0 Secondary Clarifier 2 becomes the limiting unit in the secondary clarifier system.

0 Thesecondary clarifiers can treat 43.5 mgd peak flow at a ML SS concentration of
3,500 mg/L and an SVI of 90 mL/g. Operation at a MLSS concentration of 4,000 mg/L
could result in clarifier failureif peak flows are sustained for more than 24 hours.

0 The MLSS concentration needs to be reduced to approximately 2,800 mg/L to effectively
treat 43.5 mgd assuming an SV of 120 mL/g.

0 The MLSS concentration needs to be reduced to less than 2,600 mg/L to effectively treat
43.5 mgd assuming an SV of 150 mL/g.
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e At reduced peak flow:

0 The MLSS concentration needs to be reduced to approximately 4,000 mg/L to effectively
treat 40 mgd assuming an SV of 120 mL/g.

4.2 Clarifier Performance Evaluation Update

4.2.1 Introduction and Assumptions

As part of this clarifier rehabilitation conditions assessment, the performance of the existing secondary
clarifiers was assessed using state point analyses and updated SV data collected by plant staff.
Furthermore, similarly to the hydraulic analysis, the clarifier performance evaluation was devel oped to
reflect the operating conditions currently implemented by plant staff (only Secondary Clarifiers1and 5in
service and only Secondary Clarifiers 1 and 4 in service) at the maximum month and peak wet weather
flows of 14.5 and 43.5 mgd, respectively. Table 4-1 summarizes the SVI data collected from March
2015 to January 2017.

SVI (mL/g)

Min 38

Max 114
Average 76
25th Percentile 68
50th Percentile 75
75th Percentile 83
80th Percentile 86
90th Percentile 91
95th Percentile 96
98th Percentile 101
99th Percentile 105
100th Percentile 114

Table 4-1: SVI for March 2015 to January 2017

Asshown in Table 4-1, the average SVI value at the Mason Farm WWTP from 2015 to 2017 was 76,
indicating very good settling sludge at the WWTP. In general, sludge with an SVI above 150 is
considered bulking sludge, and sludge with SVIs between 60 and 120 is considered to have favorable
settling characteristics.

The state point anayses presented herein generally follow a more conservative approach in
comparison to the CFD Modeling devel oped for the 2010 Master Plan. The specific assumptions used to
devel op state point analyses are as follows:

o Usean Ekamafactor 0.8 for Clarifiers 1, 2, and 3 to account for the shallow side water depths.
OWASA
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e Usean Ekamafactor of 0.9 for Clarifiers 4 and 5 to represent clarifiers with relatively deeper side
water depths.

e Assume MLSS concentrations of 4,000 mg/L.
e Assumethat the RAS pumping flow capacities are equal to the capacities presented in Table 1-1.

e Use SVI values corresponding to the average, 80", and 95" percentiles based on plant data
collected from March 2015 to January 2017. The 95" SV percentileis not evaluated at the peak
wet weather flow due to the high level of conservatism associated with this scenario.

o Usethe estimated kinetics coefficients, V, and K, as summarized in Table 4-2. The kinetic
coefficients were estimated using a combination of the following published relationships: Ekama
& Marais, Wahlberg & Keinath, Hartel & Popel, and Wilson relationships.

SVI (mL/g) Vo (ft/h) K (L/g)
76 32.40 0.311
86 31.66 0.348
96 30.91 0.385

Table 4-2: Settling Properties for Clarifier Evaluation

e Usethe predicted flow distribution, included in Table 3-1, in lieu of theoretical flow distribution
for Clarifiers 2 and 5 at the peak flow of 43.5 mgd.

4.2.2 Clarifier Performance Results

Theresults of state point analyses indicate that failure in clarifier performance occurs at the peak
weather flow of 43.5 mgd. The clarifiers do not fail at the maximum month flow of 14.5 mgd. The
specific observations made for Clarifiers 2, 3, and 4 are as follows:

¢ Whenal clarifiersarein service, the SPA indicates clarifier failure at an SVI of 86 and an MLSS
concentration of 4,000 mg/L.

o When Clarifier 5istaken out of service, the SPA indicates clarifier failure at the average SV of
76 and an ML SS concentration of 4,000 mg/L.

There are two operational modifications that can be implemented to improve the performance of the
secondary clarifiers: thefirst isto increase the RAS pumping rate and the second is to decrease the target
MLSS concentration in the aeration basins. Furthermore, the settleability of sludge can be improved by
adding settling aid polymer to the mixed liquor; adding polymer typically increases the settling vel ocity
of dudge by afactor of 1.65. A list of specific operating parameters that would prevent the secondary
clarifiersfrom failing based on the state point analyses are listed below. It isimportant to note that the
ideal method to improving secondary clarifier performanceisto simultaneously increase the RAS
pumping flow rate and decrease the ML SS concentrations; the observations listed bel ow assumes that

OWASA
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either the RAS pumping rate isincreased or the ML SS concentration is decreased at the peak wet westher
flow of 43.5 mgd.

e Increasing the RAS pumping rate for Clarifiers 2 and 3 to from 2 to 3 mgd and for Clarifier 4 from
4 to 5 mgd would prevent clarifier failure for these clarifiersat an SV1 of 86. Thiswould require
replacing the existing RAS pumps to increase the RAS pumping capacity. It isassumed that no
changes are made to the operating ML SS concentration.

e Decreasing the ML SS concentration to approximately 2,000 mg/L would prevent clarifier failure
under the worst case operating scenario during which only Clarifiers 1 and 4 arein service at an
SV1 of 86. Itisimportant to note that there are process implications associated with operating at
an MLSS concentration of 2,000 mg/L and that this mode of operation is not recommended. Itis
assumed that no changes are made to the RAS pumping rate.

In addition to developing SPAs to evaluate existing secondary clarifier performance, the potential
performance improvements associated with building a new clarifier (Clarifiers 2 & 3 Alternatives 3 and
4) were evaluated. The results of the performance improvements associated with Alternatives 3 and 4 are
asfollows:

e Adding one new 130-ft diameter secondary clarifier in place of Clarifiers 2 and 3 improves the
performance of the secondary clarifiers such that they no longer fail at the peak wet weather flow
and at an SVI of 86.

e Adding one new 130-ft diameter secondary clarifier while keeping Clarifiers 2 and 3 in service
significantly improves the performance of the secondary clarifiers such that there is only one
scenario in which the clarifiersfail: at 43.5 mgd with Clarifier 5 out of service and at an SV of
86. If the ML SS concentration decreases to 3,800 mg/L, al of the secondary clarifiers would
perform adequately with Clarifier 5 out of service. For the purpose of evaluating the clarifier
performance under this alternative, it is assumed that Clarifiers 2 and 3 can continue to remain
operational in their current condition.

Appendix C includes the detailed SPA results at each SV and operating scenario eval uated as part of
thisstudy. In general, the results of the state point analyses indicate that the existing secondary clarifiers
are adequately sized for the permitted flow of 14.5 mgd and at the design ML SS concentration of
4,000 mg/L. At the peak wet weather flow of 43.5 mgd, however, clarifier treatment performanceis
compromised, particularly when not all clarifiers are being utilized. Furthermore, since the unequal
distribution of mixed liquor at peak wet weather flows resultsin Clarifier 2 to be overloaded,
implementing either Alternatives 3 or 4 (for Clarifiers 2 & 3) would aleviate the impacts caused by poor
distribution.

5. Reaults & Recommendations

The various clarifier alternatives evaluated as part of this study provide a myriad of treatment,
reliability, flexibility, and operation and maintenance benefits. While evaluating these alternatives, itis
important to consider each of these benefits, as well asthe impact that each alternative will have on the
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overall WWTP treatment process. Specifically, the following non-cost related factors should be
considered as part of this evaluation:

1. Theextent of improvements to existing mechanical and operationa concerns asidentified by plant
staff.

2. Theextent at which the impacts due to the maldistribution of mixed liquor are alleviated.

3. Theimprovements to the secondary clarifier treatment performance as measured by state point
analyses.

4. The mechanical and structural design life associated with each alternative.

Table 5-1 includes a comparison of each alternative based on capital cost and the factors listed above.
The percent of improved operation and maintenance is cal culated with the assumption that the importance

of each identified operational issue listed in Table 1-2 isweighted equally.

Additional
Percent of Improved Years of Design
Capital Cost Improved Are Hydraulic Clarifier Life,
Opinion Operation & Impacts Performance Mechanical /

Alternative (2017) Maintenance Alleviated? Based on SPA? Structural
Clarifiers 2&3
Clarifiers 2&3: Alternative 1A $410,000 50% No No +25/+0
Clarifiers 2&3: Alternative 1B $960,000 67% No No +25/+0
Clarifiers 2&3: Alternative 2 $1,290,000 100% No No +25/+0
Clarifiers 2&3: Alternative 3 $3,100,000 100% Yes Yes +25/+40
Clarifiers 2&3: Alternative 4 $3,060,000 0% Yes Yes +25/+40
Clarifiers 2&3: Alternative 51 $616,000 100% No No +25/+0
Clarifier 4
Clarifier 4: Alternative 1 $772,000 50% No No +25/+0
Clarifier 4: Alternative 2A $1,250,000 100% No No +25/+0
Clarifier 4: Alternative 2B $1,270,000 100% No No +25/+0

1 Cost includes 304 stainless steel mechanism, new walkway bridge I-beams, and new 304 stainless steel weir plates and
baffles. Cost does not include markups and contingencies listed in Section 2.1.
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5.1 Clarifiers 2 and 3 Recommendations

Although Alternatives 2 and 5 are the most similar to each other in terms of scope of improvements,
these aternatives should be compared to each other with caution. While Alternative 2 includes severa
markups and contingences listed in Section 2.1, Alternative 5 does not. Specifically, the cost opinion
associated with Alternative 2 includes an additional 15% of the total project cost allocated for electrical
and instrumentation work. The cost associated with Alternative 5, alternatively, does not include
materials and installation services associated with electrical and instrumentation improvements.
Furthermore, costs that are generally associated with contractor services such as overhead and profit,
bonds and insurance, and maobilization are not included in Alternative 5 asthe full scope of work is
directly negotiated between OWASA and the clarifier manufacturer.

While cost savings could be realized by implementing Alternative 5, it isimportant to identify the
risks associated with purchasing materials and services directly from the secondary clarifier manufacturer.
There are several contract requirements typically included in the general contractor’ s scope of work; these
requirements should not be overlooked and should be negotiated as part of this alternative. A non-
exhaustive list of these services and conditions to be negotiated include:

e Standard General Conditionsto be applicable to contract

e Scope of concrete preparation and repairs (under a Genera Contractor, minor concrete repairs
would typically be included under contingencies)

e Equipment warranty

e Equipment alignment requirements

e Quality control

e Inspection, startup, training, troubleshooting, adjustments, testing, and services after startup
e Provision of cranes and all necessary equipment to perform scope of work

o Disposal of demolished equipment

e Maintenance of plant operations during construction period

e Coordination of electrical and control requirements

e Submittal of shop test reports, shop drawings, start-up reports, and operation and maintenance
(O&M) manuals

e Schedule for work to be substantially complete (and associated implications if schedule is not met)
e Limitsof work area

e Site cleanup and restoration

o Site security/access and use of site facilities

o Consider possibility of clarifier manufacturer subcontracting field and installation work

OWASA
Mason Farm WWTP Secondary Clarifier Rehabilitation Study
FINAL Page 19 of 20



Halen June 27, 2017

Additionally, it is important to note that by implementing Alternative 5, the Owner will inherently
acquire much of the work associated with the coordination required with the clarifier manufacturer. In
general, purchasing the materials and services directly through the secondary clarifier manufacturer will
take more of the Owner’ stime than if ageneral contractor is utilized.

As part of ashort-term solution to rehabilitate Clarifiers 2 and 3, it is recommended that OWASA
continue negotiating with Evogqua and proceed with Alternative 5 while keeping in mind the contractual,
cost, and time implications described above. The quoted cost of $616,000 for the recommended option
(304 stainless steel materials with new walkway |-beams and new weirs and baffles) may increase as
some of the services and conditions are fully negotiated. Although Evoquais the original manufacturer of
Clarifiers2 and 3 and is likely in the best position to provide these goods and services, proposals can also
be solicited from Ovivo (formerly Eimco), Walker Process, or WesT ech to ensure the proposal is
competitive.

5.2 Clarifier 4 Recommendations

While the rehabilitation for Clarifier 4 isnot currently as high apriority asfor Clarifiers2 and 3, it is
recommended that OWASA considers converting the inboard launder to an outboard design (Alternatives
2A or 2B) to significantly alleviate the operational and maintenance concernsidentified by OWASA staff.
Since the differences in cost between concrete and FRP effluent troughs are minimal, it is recommended
that Clarifier 4 be rehabilitated with concrete effluent troughs to increase design life and longevity.

5.3 Long-Term Recommendations

The recommended Alternatives for Clarifiers 2, 3, and 4 address the short-term concerns associ ated
with the operation and maintenance of these clarifiers. These alternatives, however, do not address the
long-term need for additional clarifier capacity asindicated by the SPA analyses described in Section 4.
Asflow to the Mason Farm WWTP increases, the performance of these clarifiers become compromised,
impacting the overall treatment performance of the WWTP. It is recommended, therefore, that OWASA
consider increasing the secondary clarifier capacity in the future to improve clarifier performance at peak
wet weather flows.
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Appendix A: Photographs of
Secondary Clarifiers 2, 3, and 4
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Divots in Concrete due to Unstable Centerwell — Clarifiers 2& 3



Corroded Weir Plates — Clarifiers 2& 3



Scum Accumulation — Clarifier 4



Clarifier Mechanism — Clarifier 4
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2607 N. Grandview Blvd., Suite 130, Waukesha, W| 53188

+1 (262) 547-0141 (phone) +1 (262) 547-4120 (fax) www.evoqua.com




SUMMARY:
Evoqua proposes to furnish two (2) Envirex® H-Type center-feed Tow-Bro® clarifier mechanisms
for installation in two (2) existing 85’-0” diameter x 13’ — 1 %" SWD basins.

Originally installed in 1981, with skimmer modifications completed in 1989, the Envirex Tow-Bro
clarifier mechanisms at the Mason Farms WWTP in Chapel Hill, NC have been in service for
approximately 36 years. The clarifier mechanisms are now in need of replacement due to
deterioration of the structural components from an extended lifetime. With new mechanism
components, the capabilities of the WWTP can be expanded to better handle peak flows, or for
increased flows in the future.

EQUIPMENT:
INCLUSION:

Equipment will consist of the following: (each mechanism)
e Aluminum I-bar grating
H40A-LT drive mechanism with micro-switch overload device and shear pin
Walkway extension for better access to the drive unit
Center column
Torque cage
FEDWA influent energy dissipating baffles
19’ - 9” diameter x 5’ deep influent flocculation well with supports
5-0” submerged sludge manifold
One (1) unitube sludge collection header
Two (2) truss arm with A-frame skimmer supports
Two (2) skimmer assemblies
One (1) Scum trough with submerged shelf extension and automatic flushing device
Bridge Replacement Options:
0 Option 1: Re-use existing bridge I-beams
= Blast and paint to be completed on site by installation crew
= |nstall new Bridge slide plate
¢ With modifications completed by Ford Hall Company on the bridge,
there is concern they may not have reinstalled a bridge slide plate.
One will be provided to the site for use. The bridge slide plate allows
for the expansion and contraction of the bridge during cold or hot
weather events.
0 Option 2: Replace existing bridge I-beams
= New handrails to be sourced as well
e Counterweights
e Associated anchor and attachment bolts

INSTALLATION SERVICES SCOPE:

To allow for an easy transition to the new mechanisms, the services of Evoqua installation
crews have been included in this proposal. Evoqua installation crews work in conjunction with
the Evoqua manufacturing facility and engineering department to ensure proper equipment
installation.

Installation services include the following:
¢ Removal of bridge, drive and all internal components
¢ Installation of:
o Center pier



Drive and walkway extension
Feedwell and FEDWA baffles
Unitube suction header
Scum trough
Skimmer

0 Bridge assembly
e Touch-up painting

O O0OO0OO0Oo

EXCLUDED ITEMS
Please note that our price does not include:
o FRP Density current baffles

o Removal or re-installation of the existing algae control brushes
e Handrail on the periphery of the concrete tank
e Pressure relief valves
e Scum pumps, RAS pumps and nozzle spray systems
o Electrical control panels
e Lubricants
o Bridge beams, handrailing, toe-plate
CONTROLS

Electrical controls included in our price consist of the two (2) micro-switches (one N.O. and one
N.C.) in the drive mechanism overload device housing for high torque alarm and motor shut-down.

EMBEDDED ITEMS
Embedded items included in our price are:
e Center pier anchor bolt template
e Anchors for the center pier
o Adhesive anchors for sludge manifold seal ring and bridge
o Adhesive anchors for scum trough supports

SPARE PARTS
e No spare parts are included.
o No special tools are required for the maintenance of this equipment.

REUSE OF EXISTING EQUIPMENT

Evoqua does not take responsibility for the condition or lifetime of the equipment to be reused.
Equipment to be reused includes the two I-beam bridge supports, existing handrailing, and toe-
boards. Removal and reinstallation of the algae sweeps needs to be coordinated through the Ford
Hall Company.

SURFACE PROTECTION
The center drive mechanism will be shipped assembled and finish painted with Evoqua’s standard
drive paint system.

For the A36 Carbon Steel offering:
e The Tow-Bro unitube sludge collection headers will be hot-dip galvanized after fabrication.
¢ Non-submerged and submerged components will be prepared by blasting to SSPC-SP10
and prime painted with one (1) shop coat of Sherwin-Williams Dura-Plate 235NSF Red
Oxide multi-purpose epoxy to 4-6 mills DFT. Finish coats will be applied following priming
and touch-ups to be completed in the field.

For the 304 Stainless Steel offering:
e Submerged and non-submerged components will be fabricated from Type 304 stainless



steel and brush passivated per ASTM-A380.

FIELD SERVICES
Mechanical field service for this equipment includes four (4) trips and six (6) days.

BUDGETARY PRICING WITH FIELD WORK & INSTALLATION SERVICES BY EVOQUA.:
ITEM: PRICE

Two (2) 85’ Tow-Bro Mechanisms — A36 Carbon Steel $401 350
¢ Including scope detailed above and installation ’
o Re-use of existing bridge I-beam supports and cross-members

Two (2) 85’ Tow-Bro Mechanisms — 304 Stainless Steel $482.450
¢ Including scope detailed above and installation ’
o Re-use of existing bridge I-beam supports and cross-members

Two (2) 85’ Tow-Bro Mechanisms — A36 Carbon Steel $408.900
¢ Including scope detailed above and installation :
o New bridge I-beam supports and cross-members

Two (2) 85’ Tow-Bro Mechanisms — 304 Stainless Steel $507.000
¢ Including scope detailed above and installation ’

o New bridge I-beam supports and cross-members

ADDITIONAL COST ITEMS:

The following items are quoted as an extra. They are not included in the base equipment price.
Any order for these items will be accepted only when included with the basic equipment order.
Installation services are included in the prices listed below.

ITEM: PRICE
Effluent Weirs and Baffles
e A36 Carbon Steel: $83,200

e 304 Stainless Steel: $109,000




MECHANISM PHOTOS:
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Photo 1: Envirex clarifier not in operation
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Photo 2: Envirex clarifier in operation
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Photo 4: Envirex clarifier
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. Manual hoses are

Photo 5: Th scum troughs of both Envirex clarifiers are in a poor shap
needed to complete flushing of the scum.

Photo 6: The drives for both clarifiers are in poor shape after operating for almost double their
design life.



" g & e
Photo 7: The existing influent well has a diameter of 8'-5". This is approximately % the size

recommended for use. The purposed equipment would have an influent well of 19’-9” along with
the Envirex patent FEDWA EDI.

Photo 8: During the nstallation of the Algae Sweep/ Weir-Wolf Brush systems by Ford Hall
Company, an additional section of beam bridge was added to the existing Envirex equipment.



Photo 9: The current metal weirs and baffles are in a state of disrepair and need to be
replacement.

Photo 10: Severe rust is seen on the underside of the checker plate
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This table summarizes the SPA results for the Mason Farm WWTP existing clarifiers:

Clarifier 1 Clarifiers2 & 3 Clarifier 4 Clarifier 5
Condition Elow sV Required | Required Required | Required Required | Required Required Required
S:AA ;;44'\&%'3 RASMGD | MLSS to MEEARE‘A‘SZ& RASMGD | MLSS to MEEARE‘A‘ 54& RASMGD | MLSS to S;’:Sa;i’\g&[’ RASMGD to| MLSS to
MLSS toPassat | Passat4 4000 MLSS toPassat | Passat?2 4000 MLSS toPassat | Passat4 MLSS Pass at 4000| Pass at 6
4000 MLSS | MGD RAS 4000 MLSS | MGD RAS 4000 MLSS [ MGD RAS MLSS MGD RAS
. 76 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
D Max Month =
Allin es'gf A 5a’\>;| Gg n 86 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
Service ) 96 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
Peak = 43.5 MGD 76 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
) 86 Pass NA NA Fail 3 3800 Fail 5 3900 Fail 7 3800
. _ 76 Pass NA NA Pass NA NA Pass NA NA
Clar 5 Des@&“?&ggmh - 86 Pass NA NA Pass NA NA Pass NA NA
O?)rS ) 96 Pass NA NA Pass NA NA Pass NA NA
- = - T
Peak = 43.5 MGD 76 Fa!l 7 _ 3300 Fa!l 3 . 3300 Fal.l NA . 3200
86 Fail NA 2900 Fail NA 2900 Fail NA 2900
Design Max Month = 76 Pass NA NA Pass NA NA
Clar1&5 14.5 MGD 86 Pass NA NA Pass NA NA
- asrervice : 9% Pass NA NA Pass NA NA
i 1 A 1
Peak = 43.5 MGD 76 Fa?l NA . 2800 Fa?l NA . 2900
86 Fail NA 2500 Fail NA 2500
Design Max Month = 76 Pass NA NA Pass NA NA
Clar 1& 4 14.5 MGD 86 Pass NA NA Pass NA NA
- :'ervice : 96 Pass NA NA Pass NA NA
H 1 H 1
Peak = 43.5 MGD 76 Fa!l NA . 2300 Fa!l NA . 2300
86 Fail NA 2100 Fail NA 2000
Notes
1 NA indicates the steady point is outside of settling flux.
2 SVI values correspond to: average, 80th, and 95th percentiles based on plant data from March 2015 to Jan 2017.
3 Use RAS pump capacities as initial RAS rates.
4 Use an Ekama factor of 0.9 for Clarifiers 4 & 5, and 0.8 for Clarifiers 1, 2, and 3 to account for the more shallow clarifiers.
5 Use predicted flow distribution for all in service condition for Clarifiers 2 & 5.




This table summarizes the SPA results for the Mason Farm WWTP secondary clarifiers assuming one new clarifier is built and Clarifiers 2 & 3 are demolished (Alternative 3):

Clarifier 1 New Clarifier (130-ft Diameter) Clarifier 4 Clarifier 5
iti Required | Required Required | Required Required | Required Required Required
Conditton) - Flow ¥ |spaatamen RAg MGD Mfss to | SPAALG RAg MGD Mfss to | SPAaL4 RAg MGD Mfss to |SPAat6MGD RAS?\/IGD to Mfss to
RAS & 4000 MGD RAS & MGD RAS & RAS & 4000
MLSS toPassat | Passat4 4000 MLSS toPassat | Passat6 4000 MLSS toPassat | Passat4 MLSS Pass at 4000| Pass at 6
4000 MLSS | MGD RAS 4000 MLSS | MGD RAS 4000 MLSS | MGD RAS MLSS MGD RAS
Design Max 76 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
Allin Month = 14.5 86 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
Service MGD 96 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
Peak =43.5 76 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
MGD 86 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
Design Max 76 Pass NA NA Pass NA NA Pass NA NA
Clar 5 Month = 14.5 86 Pass NA NA Pass NA NA Pass NA NA
00S MGD 96 Pa§s NA NA Pas_s NA NA Pas_s NA NA
Peak = 43.5 76 Fail 5 3700 Fail 8 3600 Fail 5 3700
MGD 86 Fail 7 3300 Fail NA* 3200 Fail NA* 3200
Notes
1 NA indicates the steady point is outside of settling flux.
2 SVI values correspond to: average, 80th, and 95th percentiles based on plant data from March 2015 to Jan 2017.
3 Use RAS pump capacities as initial RAS rates.
4 Use an Ekama factor of 0.9 for Clarifiers 4 & 5, and 0.8 for Clarifiers 1, 2, and 3 to account for the more shallow clarifiers.
5 Assume new clarifier has SWD of 18 feet to match current design (Ekama factor of 0.9 in lieu of 0.8).
6 Assume flow distribution to new clarifier is with 6-ft flume, same as Clarifier 5.
7 Cells in thick borders represent an improvement in performance in compared to existing conditions.




This table summarizes the SPA results for the Mason Farm WWTP secondary clarifiers assuming one new clarifier is built and Clarifiers 2 & 3 remain in service (Alternative 4):

Clarifier 1 Clarifiers2 & 3 New Clarifier (130-ft Diameter) Clarifier 4 Clarifier 5
Condition Flow svI Required | Required Required | Required Required | Required Required | Required Required Required
SPABLAMGD| pasmeD | Missto | SPA2 | pasmep | Mussto | SPAAE | pasmeD | Missto | SPAA4 | pasmep | Missto [SPABMODIgasMmeDto| MLSSto
RAS & 4000 MGD RAS & MGD RAS & MGD RAS & RAS & 4000
MLSS toPassat | Passat4 2000 MLSS toPassat | Passat2 2000 MLSS toPassat | Passat6 2000 MLSS toPassat | Passat4 MLSS Pass at 4000| Passat 6
4000 MLSS [ MGD RAS 4000 MLSS [ MGD RAS 4000 MLSS [ MGD RAS 4000 MLSS [ MGD RAS MLSS MGD RAS
Design Max 76 Pass NA NA Pass NA NA Pass NA NA Pass NA NA Pass NA NA
Allin Month = 14.5 86 Pass NA NA Pass NA NA Pass NA NA Pass NA NA Pass NA NA
Service MGD 96 Pass NA NA Pass NA NA Pass NA NA Pass NA NA Pass NA NA
Peak = 43.5 76 Pass NA NA Pass NA NA Pass NA NA Pass NA NA Pass NA NA
MGD 86 Pass NA NA Pass NA NA Pass NA NA Pass NA NA Pass NA NA
Design Max 76 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
Clar s Month = 14.5 86 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
00S MGD 96 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
Peak = 43.5 76 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
MGD 86 Pass NA NA Pass NA NA Fail 7 3800 Fail 5 3900
Notes
1 NA indicates the steady point is outside of settling flux.
2 SVl values correspond to: average, 80th, and 95th percentiles based on plant data from March 2015 to Jan 2017.
3 Use RAS pump capacities as initial RAS rates.
4 Use an Ekama factor of 0.9 for Clarifiers 4 & 5, and 0.8 for Clarifiers 1, 2, and 3 to account fo the more shallow clarifiers.
5 Assume new clarifier has SWD of 18 feet to match current design (Ekama factor of 0.9 in lieu of 0.8).
6 Assume flow distribution to new clarifier is with 6-ft flume, same as Clarifier 5.
7 Cells in thick borders represent an improvement in performance compared to existing conditions.
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Mason Farm WWTP Process Model
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Effluent Ammonia Comparison
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Effluent Total Phosphorus Comparison
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Effluent TP vs. Chemical Feed
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Simulated vs. Reported Effluent Nutrients
and MLSS - 2015 - 2016

Reported Steady State Average Dynamic
Simulation Simulation

Effluent cBODg, mg/L

Effluent TSS, mg/L 25 2.5 2.5
Effluent NH;-N, mg/L 0.2 0.3 0.5
Effluent TKN, mg/L 11 1.3 1.5
Effluent NOy-N, mg/L 6.0 6.6 7.0
Effluent TN, mg/L 6.3* 7.9 8.5
Effluent TP, mg/L 0.40 0.50 0.67
Basin MLSS (Ops), mg/L 3,900 3,800 3,700
RAS MLSS (Ops), mg/L 7.800 7,100 7,100

*Note — Effluent TN and NO3-N reported as same value over much of period



M odification
Scenarios



NRCY Modification Scenarios

e NRCY pumped from Effluent Channel #1 for
each scenario

e MLE vs Step Feed configuration

e MLE-NRCYtoCelll
e Step-Feed — NRCY to Cell 3

e C(Cell 5 aerated or unaerated
e RAS rates at 100% and 200% of influent flow



Assumptions

 NRCY flow per Aeration Train = 14.5 MGD

e Four NSL cells in operation

 Fermentate addition to the AB Influent Channel
e 600 gpd of alum before secondary clarifiers
500 gpd of acetate addition to NSL



Modification Scenarios

Scenario Plant Configuration

Cell 5 Operation

RAS

5 MLE Aerobic 100%
6 MLE Aerobic 200%
7 MLE Anoxic 100%
8 MLE Anoxic 200%




Mason Farm WWTP Modified Process Model
(MLE Configuration)

Afum

] Wy

Effiuent Channsd £2 Piant Effiusnt

Cali §
-.

Mutrification 4 Mubrifiestion 3 Mutrifiestion2  Mutrfiestion 1 i
& E;.:H'- - % Hie
Primeary Fermanter | = AT

Rotary Prass Fitrats (50%) I Siudgs to Digestsrs

—— L




NRCY Simulation Results

Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
Final Effluent Current 1 2 3 4 5 6 7 8
TN, mg/L 7.9 9.4 7.6 8.0 6.2 11.2 8.8 9.9 8.9
NH;-N, mg/L 0.3 0.1 0.1 0.5 0.4 0.1 0.1 0.3 0.2
TKN, mg/L 1.2 1.2 1.2 14 1.3 1.2 1.3 1.2 1.2
NO,-N, mg/L 6.4 8.1 6.3 6.3 4.6 10.0 7.5 8.5 7.6
TP, mg/L 0.50 0.60 0.50 0.80 0.70 0.30 1.1 0.2 1.2




Chemical Cost for Denitrification Filters Summary

e No reduction with MLE

e Greatest reduction with Cell E anoxic, 200%
RAS

« May adversely impact BPR

Acetic Acid Methanol Micro C
Scenario ($0.83/gallon) ($1.10/gallon) ($1.65/gallon)




Optimization Observations

e Continue current step feed operation
e Discontinue fermentate addition to the AB Influent

« 15 of fermentate is oxidized in step feed mode

e Operate 4 NSL cells for increased denitrification
capacity and promotion of bioP

e Continue intermittent aeration in Cell 5 to optimize
denitrification

e Maximize RAS flow for denitrification

e Consider RAS fermentation in NSLs
e May offset reduced BPR efficiency if RAS increased



RAS Fermentation Advantages
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NRCY Pump Selection
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NRCY Pump Curve
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Proposed 3 Train / 4 Cell Conflguratlon
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Proposed 2 Train / 6 Cell Configuration
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Opinion of Probable Cost

Electrical & I/C (15%) $45,000
General Conditions / Mobilization (5%) $17,300
Contractor OH&P (15%) $54,300
Bonds and Insurance (2%) $8,300
Continnenciac (2004) $85,000
$510,000
Cons | $550,000
Elect $82,500
General Conditions / Mobilization (5%) $31,600
Contractor OH&P (15%) $99,600
Bonds and Insurance (2%) $15,300
Contingencies (20%) $155,800

Total $935,000



Evaluation Summary

e Capital cost of $510,000 to $935,000

 Implementing NRCY w/o increasing RAS results
In ~ $5,000/year savings at current flows

e Assumes continued intermittent aeration in Cell 5

 Maximizing RAS provides greater reduction in
nitrate

 Impacts on clarifier performance

* Impacts on BPR

e Mitigate BPR impacts by RAS Fermentation



Hazen

Thank You




H@en January 22, 2019
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To: OWASA

From: ElisaArevalo, Hazen and Sawyer
LamyaKing, Hazen and Sawyer
Patricia Drummey Stiegel, Hazen and Sawyer

Ron Taylor, Hazen and Sawyer

Mason Farm WWTP RAS Pumping Rehabilitation Study

FINAL

Executive Summary

The Orange Water and Sewer Authority (OWASA) operates the Mason Farm Wastewater Treatment
Plant, which is equipped with five (5) secondary clarifiers and four recycle activated sludge (RAS) pump
stations. Secondary Clarifiers 1, 4, and 5 have dedicated pump stations, while Secondary Clarifiers 2 and
3 have one shared RAS pump station. All RAS pumps were replaced as part of the plant expansion to
14.5 mgd, which took place in 2008. Since then, the pumps have been repaired numerous times over the
years, and are reaching the end of their useful life. Furthermore, recent modifications in plant operations
have emphasized the importance of RAS pump reliability and increasing RAS pump capacity. As such,
starting in 2017, plant staff began to incrementally replace existing RAS pumps with larger pumpsto
increase the RAS pumping capacity. Specifically, new pumps have been purchased and installed for
Clarifier 5, and the pumps that were previously installed for Clarifier 5 were transferred to serve Clarifier
4.

The purpose of thistechnical memorandum (TM) isto summarize various alternatives that will
improve the overall performance, increase reliability, and reduce operational and maintenance issues for
the Mason Farm WWTP RAS pumping systems. A total of five alternatives were evaluated based on
mechanical, hydraulic, and performance considerations in order to determine the most cost-effective
aternative for OWASA to implement moving forward. The five alternatives that were evaluated are as
follows: (1) replace pumps with new pumps of similar design flow and head as existing, (2) replace
pumps with larger design flow and head than existing, (3) purchase one new mobile standby pump, (4)
construct one new consolidated RAS pump station, and (5) permanently install standby pumps.

Hazen recommends that plant staff continue to replace pumps with pumps of larger design flows than
exigting, as has been done for Clarifiers 4 and 5, in conjunction with purchasing a portable diesel backup
pump to be used as a standby pump for all clarifiers. Modifications to each RAS pump station are
recommended to facilitate the use of the portable standby pump. It is also recommended that the current
condition of the Clarifier 1 RAS suction piping be investigated to assess the extent of material build-up

OWASA
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along the pipe (asindicated by flow and pressure measurements taken in the field). Discussions with plant
staff indicate that pipe inspections are underway and will be completed prior to ordering the new RAS
pump for Clarifier 1. Furthermore, it is recommended that OWASA implement general RAS pumping
system improvements to alleviate existing deficiencies. These improvementsinclude: new RAS piping
from Clarifiers 2& 3 to the NSL chimney, new RAS pipe isolation valves, new ultrasonic level sensorsin
the mixed liquor distribution flumes, new mag meters on RAS suction pipes, new plug valves
downstream of the Clarifier 5 RAS pumps, and freeze protection for all of the RAS pumps. The total
estimated capital cost of the recommended improvementsis $1,260,000.
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1. Background & Existing Facilities

1.1 Project Background

The Mason Farm wastewater treatment plant (WWTP) is an advanced treatment facility that is
permitted to discharge up to 14.5 million gallons per day (mgd) on a maximum month basis to Morgan
Creek in the Jordan Lake watershed. The WWTP implements the activated dudge process for the
oxidation of organic matter and ammonia, and is equipped with five secondary clarifiers.

In 2010, Hazen was retained by OWASA to perform a Hydraulic and Treatment Capacity Study (2010
Capacity Study) to determine the treatment and hydraulic capacity of existing facilities at the Mason Farm
WWTP. The purpose of the 2010 Capacity Study was to identify process deficiencies and how they
impact the plant’ s ability to comply with nutrient limits under the Jordan Lake Rules. Historically,
primary effluent had been conveyed to the Aeration Basin Influent Channel to be distributed to the first
cell of each of aeration basin in service. One of the several recommendations made in the 2010 Capacity
Study was to operate in step feed mode during which primary effluent is diverted to the first two cells of
the aeration basins. Operating in step feed provides carbon for denitrification to occur in the second
anoxic cell of the aeration basins and, consequently, reduces the total nitrogen concentrations in the filter
influent. Operating in step feed is aso expected to reduce sodium hydroxide consumption, aeration
energy, and acetic acid addition for biological phosphorus removal.

As aresult of the recommendations made in the 2010 Capacity Study, plant staff at the WWTP have
implemented new operating strategies within the past several years to improve plant performance while
minimizing operating costs. Specifically, the WWTP transitioned to step feed which lead to an increase in
the return activated sludge (RAS) recycle rates. During this transition, the RAS pumping rates increased
from approximately 50 to 100 percent of the plant influent flow in order to increase the rate of nitrogen
returning back to the anoxic zones and enhance denitrification. Ultimately, the RAS pumps began serving
asinternal nitrogen recycle (NRCY) pumps, in addition to controlling the sludge blanket in the secondary
clarifiers.

In order to determine the feasibility of adding NRCY pumpsto the Mason Farm WWTP, in September
2017, Hazen conducted a Process Model and Internal Recycle Evaluation. The results of the study
indicated that adding NRCY pumps would be cost-prohibitive, and that the WWTP should continueto
operate in step feed while maximizing RAS pumping flowrates for denitrification. As such, the RAS
pumps currently operate at their maximum capacity to compensate for the WWTP s lack of interna
nitrogen recycle (NRCY)) pumps.

Thisrecent increasein RAS recycle flow rates has highlighted the importance of RAS pumping
capacity, aswell as equipment redundancy. The existing RAS pumps were originally designed to pump
half of the clarifier capacity associated with each set of pumps. Therefore, if one RAS pump fails, the
associated final clarifier must be taken out of service until the pump has been repaired. The existing RAS
pumping infrastructure does not provide for a back-up pump to be utilized while an existing pump is out
of service.
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Mason Farm WWTP RAS Pumping Rehabilitation Study
FINAL Page 4 of 27



Halen August 2018

An additional factor that has increased the burden on the existing RAS pumps is the number of
secondary clarifierstypically in service. Under normal operating conditions, Clarifiers 1 and 5 arein
service while the remaining clarifiers are out of service. This operational strategy is due to various age,
performance, mechanical failures, and maintenance challenges associated with Secondary Clarifiers 2, 3,
and 4. When only Clarifiers 1 and 5 are operating in lieu of dl five clarifiers, theinfluent flow rate to the
clarifiersin service increases by approximately 80%. Plant staff has indicated that during Hurricane
Matthew in thefall of 2016, Clarifiers 1, 4, and 5 were in operation while Clarifiers 2 and 3 remained out
of service.

In addition to the issues related to the existing RAS pump capacities and lack of redundancy, plant
staff have observed that the RAS pumps have come obsolete. Pumps parts needed to make repairs and
replacements can no longer be purchased off-the-shelf.

Due to the limitations of the existing RAS pumps described herein, OWASA retained Hazen and
Sawyer to evaluate various alternatives that could alleviate deficiencies and ease the operation of the
exiging RAS pumping system.

1.2  Existing Facilities

The Mason Farm WWTP currently has four RAS pump stations: one for Clarifiers 2 and 3, and
dedicated pump stations for Clarifiers 1, 4, and 5. Pumping for each of Clarifiers 1, 4, and 5iswith two
dry pit submersible pumps, each sized for half of the design RAS flow.

Starting in 2017, plant staff began to incrementally replace existing RAS pumps with larger pumps to
increase the RAS pumping capacity. Specifically, new pumps have been purchased and installed for
Clarifier 5, and the pumps that were previoudly installed for Clarifier 5 were transferred to serve Clarifier
4. Plant staff can now run one pump, in lieu of two, for each of Clarifiers 4 and 5 to meet target flow
rates. Discussions with plant staff indicate that the replacement pumps for Clarifiers4 and 5 are
performing well and are more suited to meet RAS pumping demands than the old pumps. OWASA plans
to purchase new pumps for Clarifier 1 to replace the existing pumps within the next few months. A
summary of the existing RAS pumps, which incorporates the latest RAS pump improvements made
internally by OWASA, is presented in Table 1-1.
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Table 1-1: Existing RAS Pumping Conditions

Total Pump Rated Rated

Clarifier Rated Capacity as Capacity as Pump

Diameter Capacity % of Flow * % of Flow 2 | Rated Flow TDH | Pump HP
Clarifier 1 120 ft Z'Ziggm 125% 69% 1,388 gpm | 19.5ft 16
Clarifiers 2 & 3 85 ft 4'ior?]3§m 125% - 1,388 gpm | 24.0 ft 15
Clarifier 4 3 110 ft 4,164 gpm 187% - 2,082 gpm | 2151t 23

6 mgd

Clarifier 5 ¢ 142.3 ft 4%02135)”‘ 126% 70% 2100 gpm | 2191t 23

With all clarifiers in services

With Clarifiers 1 & 5 in service

Based on ABS O&M manual for the previous Clarifier 5 pumps that have since been installed for Clarifier 4.
Based on Sulzer/ABS pump shop drawing submittal received on April 28th, 2017.

1
2
3
4

All of the RAS pumps are on VFDs which are located severa hundred feet away from the pumps.
Flow measurement is provided on the suction side for Clarifiers 2 and 3 and on the discharge side of the
pump stations for Clarifiers 1, 4, and 5. While RAS pumping limitations are primarily due to the pumps
being under-sized, pumping RAS from Clarifiers 2 and 3 is specifically limited as aresult of the current
suction-side flow control scheme.

Return sludge from the secondary clarifiersis pumped to the nutrified sludge (NSL) cells, where it
combines with gravity belt thickener overflow and acetic acid. Effluent from the NSL cellsis pumped to
the aeration basins. Plant staff reported arecent peak flow event of 39 mgd, during which the secondary
clarifiers and return pumps were able to keep up with the peak flow only because the operators manually
decreased mixed liquor flow from the aeration basinsto Clarifier 5. At the time, Clarifier 5 only had one
of two RAS pumps operational .

In June 2017, Hazed devel oped a secondary clarifier conditions assessment in which severa secondary

clarifier improvement alternatives were evaluated to improve the overall performance, increase longevity,
and reduce operational and maintenance issues for Secondary Clarifiers 2, 3, and 4. As part of this
evaluation, state point analyses (SPA) were conducted to determine RAS pumping rates that would be
required to improve secondary clarifier performance during peak flows. Sudge volume index (SV1)
values of 76, 86, and 96 were used to correspond to the average, 80" percentile, and 95" percentile,
respectively. The results of this evaluation are used to determine the design criteriafor the new RAS
pumps, as described in Section 2.2. More detailed results of this evaluation can be found in the technical
memorandum titled Mason Farm WWTP Secondary Clarifier Rehabilitation Sudy.
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1.3 System Curve Development and Callibration

In order to assess the WWTP' s RAS pumping system, system curves were calculated for each
clarifier. Various scenarios were modeled to represent different combinations of clarifiersin service. On
December 20™, 2017, Hazen visited the site to measure flow and pressure to calibrate the calculated
system curves. Measurements were taken with one and two pumps running for Clarifiers 1, 4, and 5,
which were in service at the time. However, it is suspected that some of the gauge readings were
inaccurate due to significantly low pressure readings.

The field measurements recorded during the site visit were compared to the flow and pressures points
that had been cd culated for each clarifier. Based on this comparison, the calcul ated system curves for
Clarifiers 4 and 5 closely matched what was measured in the field. Therefore, the system curves for
Clarifiers 4 and 5 were not modified. The system curve for Clarifier 1, however, was calibrated with a
lower pipe C-value to align with the operating point measured in the field. This discrepancy could be due
to plugging in the old RAS suction pipeinstalled beneath Clarifier 1. OWASA plans to inspect the
Clarifier 1 suction pipe to determine if there is buildup of material that could be clogging the pipe. The
calculated system curves, the flow and pressure points that were measured in the field, and the corrected
system curves areincluded in Appendix A.

2. RAS Pumping Rehabilitation Alternatives

Four alternatives were evaluated for the rehabilitation of the RAS pumping systems at the Mason
Farm WWTP, each dternative is described in the sections bel ow.

2.1 Alternative 1: Replace Pumps In-Kind

Thefirst aternative for improving the RAS pumping systems is to replace the RAS pumps with in-
kind pumps while making minimal modifications to the existing structures, valves, and piping. Suction
and discharge diameters will match that of the existing pumps and the horsepower of each pump would
remain the same. Table 2-1 summarizes the proposed pump characteristics for Alternative 1. This
alternative assumes that the new pumps have the same design points as the existing pumps as presented in
shop drawing submittals and pump curves. Therefore, the installed RAS capacity would remain the same.

In addition to minimal piping modifications required, other advantages of Alternative 1 include
straightforward maintenance of plant operations and the potentia of using same pump replacement parts
if ABS/Sulzer pumps are purchased.
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Table 2-1: Alternative 1 Proposed Pump Characteristics

Proposed Pump

8” dry pit submersible

Clarifier 1 16 HP

8” x 8” suction/discharge

8" submersible

Clarifier 2/3 15 HP

8” x 8” suction/discharge

8” dry pit submersible

Clarifier 4 23 HP

8” x 8” suction/discharge

8” dry pit submersible

Clarifier 5 23 HP

12" x 12" suction/discharge

To evaluate the economic feasibility for each RAS pumping rehabilitation alternative, opinions of
probable capital cost were devel oped. The assumptions associated with each cost opinion are applicable
to each alternative presented herein, and are as follows:

o Use 30% of equipment cost for installation

o Use 15% of subtotal to account for electrical and instrumentation improvements
o Use 5% of subtota for general conditions and mobilization

o Use 15% of subtotal for contractor overhead and profit

o Use 2% of subtotal for bonds and insurance

o Use20% of subtotal for contingencies

e All costs are presented on aloaded basis to include the markups listed above

o All costs are presented in 2018 dollars

The cost for Alternative 1 is presented in Table 2-2.
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Table 2-2: Cost Opinion for Alternative 1

Alternative 1
Demolition $10,000
Sitework $0
Mechanical $360,000
Structural $0
Total (2018) $630,000

The estimated cost for Alternative 1 is $630,000. However, it isimportant to note that OWASA has
already spent approximately $120,000 to replace the RAS pumps for Clarifiers 4 and 5 and that the cost
opinion for Alternative 1 includes new pumps for al clarifiers.

2.2  Alternative 2: Replace with Larger Pumps

Alternative 2 is the replacement of existing RAS pumps with larger pumps such that significant
modifications to existing structures, valves, and piping will be required. As such, the complete scope of
rehabilitation includes: new pumps, significant modifications to RAS piping to keep velocities lower than
10 fps, new power conductors for all new RAS pumps, new disconnect switches to replace existing, new
VFDs within existing MCCs, replacement of the existing trip unit MCC-SC2 main, and the replacement
of existing cables utilizing the existing raceway system. Alternatively to replacing existing cables, new
ductbank can be installed; however, thisis not recommended due to the extent of work required and
associated cost.

For this alternative, the design points were determined based on recently devel oped and calibrated
system curves. The design criteriafor the proposed pumps are listed in Table 2-3. The maximum flowrate
of 21 MGD was determined based on the state point analyses (SPAs) documented in the Secondary
Clarifier Rehabilitation Memo. Appendix B of this TM includes atable taken from the Secondary
Clarifier Rehabilitation memo which summarizes the performance of the existing clarifiers. The worst
case scenario of having Clarifier 5 out of service and a peak influent flow of 43.5 MGD was used to
determine the maximum capacity that the new pumps should be able to pump. The minimum flow was
based on the 7-day minimum plant influent flow measurement taken from November 2008 until May
2017.

Table 2-3: Design Criteria for Alternative 2

Design Criteria

Max Flow 21 MGD & Clarifier 5 O0S 1

Min Flow 3.2 MGD & all clarifiers in service 2

1 Based on the SPA from the Secondary Clarifier Rehabilitation TM (Appendix B of this TM).
2 Based on the 7-day minimum flow from November 2008 until May 2017.
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New pumps were selected based on the flowrates listed in Table 2-3 and on the calibrated system curves.
This dternative would increase the RAS capacity from 20 MGD total to 21 MGD firm capacity (i.e.
largest clarifier and associated RAS pumps out of service). A comparison of the existing and proposed
pumpsisincluded in Table 2-4.

Table 2-4: Proposed Pump Characteristics for Alternative 2

Existing Design Point | Proposed Peak Design Point | Existing HP | Proposed HP
Clarifier 1 L3sagom 2:406 gpm 1(@)3( I;)P 2(?( g)p
Clarifier 2/3 1,386 gpm 2435 gom 1(?( ;i)P 2(())( I;)P
Clarifier 4 2,082 gprn 2430 gom 28( I;)P 2(?( |;)P
Clarifier 5 22118% g%”:' 220413% ngE)T' 2(?( I;)P 2(5),( ;')P

The cost opinion for Alternative 2 is presented in Table 2-5.

Table 2-5: Cost Opinion for Alternative 2

Alternative 2
Demolition $20,000
Sitework $0
Mechanical $680,000
Structural $0
Electrical $180,000
Total (2018) ! $1,310,000

1 The total cost incorporates the assumptions listed in Section 2.1.

2.3 Alternative 3: Purchase New Mobile / Standby Pump

Alternative 3 evaluates the option of purchasing a new mobile standby pump in combination with
Alternative 1 or Alternative 2, allowing the plant to have afirm RAS capacity of 20 MGD. Ideally, the
mobile standby pump would be used for other applications within the Mason Farm WWTP. For this
alternative, minor modifications would be required for bypass piping, fittings, and blind flanges.
Additionally, a dedicated paralle pipe to route RAS flow from Clarifiers 2 and 3 to the NSLsisincluded.
Figures 2-1, 2-2, 2-3, and 2-4 illustrate where the standby pump could potentially be located for
Clarifiers 1, 2 and 3, 4, and 5, respectively.
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There are two standby pump options: a diesel engine-driven or an el ectrically-driven portable pump.
Appendix D contains proposed pump cut sheets and curves for both types of pumps. The electric pump
could be operated using one of the existing generators located on site, eliminating the requirement for
additional electrical work. Some advantages of electric motors are that they require less maintenance than
diesel motors and that there are more e ectrically-driven pump options available in the market. Due to
Tier 4 emission standards for non-road diesel engines, thereis currently alimited number of options
availablein the market for diesel engines. Furthermore, there is a significant amount of maintenance
associated with a diesel pump that is not constantly in use. While the available diesel pumps do not meet
the head conditions, valves could be throttled to increase the head as needed. One advantage of adiesel
engine-driven pump isthat it would be easier to transport around the WWTP. In order to compare the
operating costs associated with el ectric and diesel engine motors, a net present worth analysis was
developed. The capital, operating, and net present worth costs are presented in Table 2-6. It isimportant
to note that the net present worth costs presented herein do not include the cost associated with pump
mai ntenance.

Table 2-6: Net Present Worth Cost Comparison for Alternative 3

Diesel Electric
Capital Cost $290,000 $170,000
Net Present O&M — Energy ! $64,566 $12,308
20-Year Net Present Worth Cost $354,566 $182,308

1 Assume 4 weeks per year of continuous operation, electricity cost of
7c/kW-hr, and diesel cost of $3.06/gallon.

The cost opinion for Alternative 3 is presented in Table 2-7.

Table 2-7: Cost Opinion for Alternative 3

Diesel ! Electric 2
Mechanical $190,000 $110,000
Total (2018) 3 $290,000 $170,000

1 Cost does not account for annual expenses associated with diesel.
2 Cost assumes that an existing generator is used.
3 The total cost incorporates the assumptions listed in Section 2.1.
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2.4  Alternative 4. New Consolidated Pump Station

Alternative 4 is the replacement of all of the existing RAS pumps with a consolidated RAS pump
station to serve al clarifiers. This alternative would require new suction and discharge piping, aswell as
significant electrical improvements including new motor control centers with VFDs and new local control
panels. The Authority also has the option of constructing a new prefabricated electrical building next to
the new RAS Pump Station.

Similar to Alternative 2, the design points were determined based on recently devel oped system curves
and calibration. The design criteriaare listed in Table 2-3. The maximum flow of 21 MGD was
determined based on the state point anayses as documented in the Secondary Clarifier Rehabilitation
Memo; while the minimum flow was based on the 7-day minimum flow from November 2008 until May
2017.

Table 2-8 lists the proposed design points, as well as horsepower requirements, for Alternative 4. To
accommodate the increase in installed pump horsepower, significant electrical modifications will be
required, including new motor control centers with VFDs and new local control panels. It isaso
recommended that a new prefabricated electrical building with a PLC be constructed to serve the new
RAS Pump Station.

Table 2-8: Design Points for Alternative 4 Proposed Pumps

Existing Proposed Proposed Min Existing HP Proposed
Design Point | Design Point Design Point 9 HP / BHP
- 1,388 gpm 16 HP
Clarifier 1 19.5 ft TDH (X 2)
- 1,388 gpm 15 HP
Clarifier 2/3
24 ft TDH 2,916 gpm 2,222 gpm x2) 75 HP / 63
Clarifier 4 1,388 gpm 58.3 ft TDH 11.5ft TDH 23 HP BHP (X 6)
17.5 ft TDH (X2
- 1,388 gpm 23 HP
Clarifier 5 21.9 ft TDH (X 2)

A Hydraulic Institute trench-style pump station was initially considered. However, since one suction
pipe would be required to convey RAS from each clarifier, it was determined that a trench-style pump
station would be difficult to implement with more than one suction pipe entering the wet well.
Furthermore, it is understood that plant staff has a preference for submersible pumps. In general, trench-
style pump stations with submersible pumps have larger footprints than those with VTSH pumps, making
the trench-style pump station an ideal application for VTSH pumps. Rather, a rectangular wet well pump
station (Appendix E in Hydraulic Institute Standards) with submersible pumps would be better suited for
this particular application. The size of the pump station would be considerably smaller than atrench-style
and multiple suction pipes could be conveyed into the pump station wet well.

Figures 2-5 and 2-6 illustrate a rectangular wet well pump station which would be proposed for
Alternative 4. This pump station is not designed for storage and is not self-cleaning. However, the design
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prevents the buildup of solids and promotes small vortices for scum entrainment. Additionally, a partition
wall ensures that the flow does not surge into the wet well.

Figure 2-6: Proposed Pump Station for Alternative 4 — Section View
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The pump station can be located mostly above grade, or could be built deeper with controlsto prevent

accidental overflow at the pump station. Other items that would need to be considered for future
evaluation are access to the meter vault, the possibility of reducing the number of pumpsto 4 duty / 1

standby, the piping layout, pump access, and the pump station location. Figur e 2-7, presents two potential

pump station locations.
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Figure 2-7: New RAS Pump Station Locations

The cost associated with this alternative assumes that the pump station islocated in Location A, as
presented in Figur e 2-7 and includes demolition of the Chlorine Contact Basins. The cost opinion for

Alternative 4 is presented in Table 2-9 below.

Table 2-9: Cost Opinion for Alternative 4

Alternative 4
Demolition $100,000
Sitework $20,000
Mechanical $1,260,000
Structural $40,000
Electrical $620,000
Total (2018) ! $3,020,000

1 The total cost incorporates the assumptions listed in Section 2.1.
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24.1 Deferred Cost of Clarifier 6 RAS Pumps

One primary advantage of Alternative 4 isthat it provides cost savings related to the construction of
RAS pumping and piping systems for the future Clarifier 6, which is not anticipated to be constructed
until approximately 2030. A new consolidated pump station eliminates the need for future RAS pumping
to serve the new clarifier. As part of this evaluation, a cost estimate was devel oped for the RAS pumping
associated with Clarifier 6 to determine the deferred cost associated with constructing one consolidated
RAS pump station. This cost estimate, as shown on Table 2-10, includes new discharge piping to the
NSLs, assuming the same set up as existing pumps, and assumes that the future clarifier is constructed in

2030.

Table 2-10: Cost Opinion for Alternative 4

Cost Opinion
Demolition $0
Sitework $10,000
Mechanical $350,000
Structural $20,000
Total (2018) * $650,000
Net Present Value $517,000

1 Total includes 15% for electrical & 1/C, 5% for general conditions / mobilization,
15% OH&P, 2% bonds and insurance, and 20% contingencies.

2.5 Alternative 5: Permanently Install Redundant Pumps

Alternative 5 is the permanent installation of backup pumps for each set of clarifiers. A third pump
would be installed for each of Clarifiers 1, 4, and 5 and one pump would be installed for Clarifiers 2 and
3. For this dternative, it was assumed that pumps with the same design points and characteristics as the
existing pumps would be installed. Table 2-11 summarizes the design points and horsepower associated
with the proposed pumps.

Table 2-11: Proposed Pump Characteristics for Alternative 5

Existing Design Point | Existing HP | Additional HP
Clarifier 1 11935??t Q_JFFE)T_' 1(()5( ;')P 1(&)3( I:)P
Clarifier 2/3 12'28;‘ gpm 1(5)3( I;)P 1(?( I:-L|)P
Clarifier 4 117358?t Q_JFFE)T' 2(1)3( ;')P 2(?( I;)P
Clarifier 5 ;1398;1 Q_JFFE)T' 2(1)3( ;')P 2(?( I;)P
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Permanent new suction and discharge piping would also be included for each set of RAS pumps so
that the new backup pump could be used if either Pump 1 or Pump 2 failed or were being maintained.
Figure 2-8 illustrates the proposed permanent suction and discharge piping for Clarifiers 2 and 3. The
standby pump would sit at grade, as shown; and the stairs would have to be demolished and rebuilt
afterwards to allow for the pipe installation.
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Figure 2-8: Proposed Permanent RAS Piping for Clarifiers 2 and 3

In terms of electrical requirements, the duty load will not increase because the standby pump will only
be operated if one of the duty pumps for a given clarifier is not operating. Although recommended, no
modifications are required to the existing electrical power distribution equipment if only two pumps are
operating at onetime. This alternative will require, however, anew VFD for each of the new RAS pumps
(total of 4), new conduit and wire from the starters to the pumps, new disconnect switches for each pump,
and a new ductbank from the electrical room to each RAS pump pad associated with each clarifier. The
existing cable tray has been assumed to be full based on conversations with OWASA staff. Moreover, the
exigting tray does not go al the way to each pump location, so new ductbank would be required in some
amount for each location. As an aternative, the OWASA could choose to forgo these electrical
improvements and manually connect the cable of the new standby pump to the disconnect switch of the
pump that is being repaired. Due to the time and effort that would be required to connect the new standby
pump during emergency operations, it is not recommended that OWASA forgo the electrical
improvements listed above; the costs summarized herein assume that the recommended el ectrical
improvements are i mplemented.

The cost associated with this alternative includes new pumps and associated piping, as well asthe
required electrical improvements. The cost opinion for Alternative 5 is presented in Table 2-12.
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Table 2-12: Cost Opinion for Alternative 5

Alternative 5
Demolition $0
Sitework $0
Mechanical $240,000
Structural $0
Electrical $210,000
Total (2018) ! $670,000

1 The total cost incorporates the assumptions listed in Section 2.1.

3. Additonal Improvements

Hazen evaluated additional general improvements that can be applied in conjunction with Alternatives
1-3, and 5 to address existing system deficiencies. These improvements include:

*  New RASpiping for Clarifiers 2& 3 to the NSL chimney to combine with RAS from
Clarifiers 1, 4, & 5.

* New isolation valvesin the RAS pipes from each clarifier (tota of 5).

*  New ultrasonic level sensors and staff gauges in each of the cutthroat flumes to secondary
clarifiers (tota of 5) to replace existing.

*  Replace existing ultrasonic flow meters with mag meters on RAS suction pipes (total of 5).
*  Replace plug valves downstream of Clarifier 5 RAS pumps (total of 2).
*  Heattrace & insulate all RAS pumps.

The cost breakdown for each improvement islisted in Table 3-1.
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Table 3-1: Cost Opinion for Additional Improvements

o | e

New RAS piping for Clarifiers 2 & 3

12" Piping 1,200 ft $50,000
New Isolation Valves

12" PV for Clarifiers 1,2,3,4 4 $17,000

16" PV for Clarifier 5 1 $9,000
New Ultrasonic Level Sensors

Ultrasonic Level Sensors 5 $31,000
Replace Ultrasonic Flowmeters with Mag Meters

18" Mag Meters 5 $70,000
Replace Plug Valves - Clarifier 5 RAS Pumps

12" PV 2 $10,000
Heat Trace Pumps for Weather Protection

Unitherm Freeze Protection Jacket 8 $5,000
Staff Gauges for the Flumes

Staff Gauges 5 $1,300
Total (2018) ! $340,000

1 Total includes 15% for electrical & I/C, 5% for general conditions / mobilization, 15% OH&P, 2% bonds
and insurance, and 20% contingencies.

3.1 RAS Flow Measurement and Control Strategy

OWASA currently uses a 7-day average flow to control RAS flow. This control strategy was discussed
among Hazen experts, who agreed that using this strategy is preferable to controlling RAS based on
instantaneous flowrate. Implementing a 7-day average flow control strategy avoids having to drastically
increase RAS flow during peak flow events, as well as decreasing flow during diurnal flows.

Another feasible strategy that could be implemented isto control RAS flow based on a proportion of
the WWTP influent flow while setting maximum and minimum limits to prevent excessive pump
turndown. Thisisacommon flow control strategy that reduces the requirement of manual control during
wet weather events. Additionally, staff gauges can be added as a method for backup flow measurement to
each clarifier. Staff gauges areincluded in Table 3-1.
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4. Alternative Flow Scenarios

4.1 Flow by Gravity from NSLs to Aeration Basins

Hazen evaluated the possibility of sizing the RAS pumps big enough to pump RAS to the NSL basins
and have RAS flow by gravity to the aeration basins via a distribution channel and weir system. Based on
hydraulic modeling, the NSL walls would have to be raised by approximately 15 ft to meet peak flow
conditions, which cannot be accomplished without rebuilding the tanks, or performing significant
structura and piping modifications.

With additional minor piping modifications, the walls would need to be raised by 5.2 ft to be able to
pass the peak flow. More extensive work, which includesincreasing al pipe sizesto 30-inch pipes, would
be required to avoid raising the NSL walls. Table 4-1 summarizes the length at which the NSL walls
would have to be raised to accommaodate the peak flow of 43.5 mgd and while maintaining a design
freeboard of 2 feet.

Table 4-1: NSL Wall Requirements at 43.5 MGD and with 2 ft of Design Freeboard

Existing Pipe Increase the size of Increase the size of all
Sizes select pipes * pipes to 30"
Headloss (ft) 4.0 2.8 1.6
Raise Walls by (feet) 16.8 5.2 0.8

1 Increase the existing 12" NSL to 14" and the existing 8” NSL parallel pipes to 10".

Raising the existing NSL walls and water level 5 feet or more is not possible without significant
structural modifications due to the existing structural system and design capacity of the tank walls and
dabs. The walkways at the top of the tank and buttress walls within the tank both support the tank walls
and cannot be removed without modifying the tank structural system to take the proposed loads. The NSL
tank walkways are shown in Figur e 4-1 and the buttress walls are illustrated in Figur e 4-2.
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If flow by gravity is not implemented and the RAS pumps are upgraded while utilizing the existing
NSL pumps, it isimportant to consider the potential of water level risein the NSL tanks. OWASA staff
has three options to remediate this:

1. Utilizethe existing 42" ML pipes and valves located in between NSL Cell # 1C and 1D and
Aeration Basins Cells 2B and 2A, respectively. These existing pipes areillustrated in Figure 4-3.

2. Add anew passive bypass spillway from the NSL to Cell 1E — this would be an open channel
overflow.

3. Plant staff could utilize the drain lines that convey flow from the NSLs to the Intermediate Pump
Station to reduce the water level in the NSLs. Discussions with plant staff indicate that afew
valves would have to be repaired or replaced to implement this remediation alternative.
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Figure 4-3: Existing 42" ML Pipes Connecting the NSLs to the Aeration Basins
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4.2  Flow by Gravity from Secondary Clarifiers to NSLs

RAS flow by gravity from the secondary clarifiersto the NSLswas a so evaluated and it was
determined that this could not be accomplished without significantly decreasing the operating level in the
NSLs. The use of RAS pumps is necessary due to high headloss in the pipes conveying RAS to the NSLs.

5. Alternatives Analysis

5.1 Cost Comparison

A cost comparison of the different alternatives and additional cost addersis presented in Table 5-1.
This table represents several combinations of possible improvements. Since Alternative 3 could be
applied in conjunction with any of the alternatives, the cost for Alternative 3 is represented as a cost
adder. Additional cost adders that could be applied to some of the alternatives include: the cost adder for
general RAS system reliability improvements (as presented in Table 3-1), one new electrical building for
Alternative 4, and the net present value of the future Clarifier 6 RAS pumping system to incorporate the
cost savings of implementing Alternative 4.

Table 5-1: Alternatives Cost Comparison

. ", New NPV of
Alternative Capital Alternative 3 Additional Electrical Future ToFaI
C Cost Adder | Improvements S - Project
ost (Diesel) Cost Adder Building & Clarifier 6 Cost
PLC RAS Pumps

$630,000 $0 $0 $0 $517,000 $1,147,000
Alternative 1- | $630,000 $290,000 $0 $0 $517,000 $1,437,000
In-Kind $630,000 $0 $340,000 $0 $517,000 | $1,487,000

$630,000 $290,000 $340,000 $0 $517,000 $1,777,000

$1,310,000 $0 $0 $0 $517,000 $1,827,000
Alternative 2 - $1,310,000 $290,000 $0 $0 $517,000 $2,117,000
Larger Pumps | 1,310,000 $0 $340,000 $0 $517,000 $2,167,000

$1,310,000 $290,000 $340,000 $0 $517,000 $2,457,000
Alternative 4 - | $3,020,000 $0 $0 $0 $0 $3,020,000
New RAS PS
(6 Pumps) $3,020,000 $0 $0 $280,000 $0 $3,300,000
Alternative 5- | 4570 000 $0 $0 $0 $517,000 | $1,187,000
Permanent
Standby
Pumps $670,000 $0 $340,000 $0 $517,000 $1,527,000

OWASA

Mason Farm WWTP RAS Pumping Rehabilitation Study
FINAL Page 24 of 27



Halen August 2018

5.2 Non-Cost Factors

In addition to cost, other factors like capacity and performance were evaluated for each alternative and
areincluded in Table 5-2. During the kick-off meeting for this project, a number of system deficiencies
were listed that plant staff would like to see alleviated. These system deficiencies are listed below and are
used to compare each aternative based on the number of deficienciesthat are eliminated.

i. Lack of redundancy
ii.  Pump design capacities with Clarifiers 1 and 5 in service
iii.  RASflow measurement and control for Clarifiers2 and 3
iv. Flow measurement and control for Clarifiers1, 4 and 5
V.  Issueswith flowmeter readings
vi.  Others. metering, isolation, and plug valves downstream of Clarifier 5 RAS pumps

Table 5-2: Alternatives Non-Cost Comparison

Alt1- Alt 2- Alt 3 - Alt 4 - oo
Existing In-Kind Larger Portable New Pump Standb
Replacement Pumps Back-Up Station Pumpsy
<20 MGD
Total Firm Capacity* <20 MGD <20 MGD <28 MGD or 21 MGD 20 MGD
<28 MGD
. . . . 4:1o0r . .
Turndown Available 4:1 4:1 55:1 551 6:1 4:1
System Deﬁciencie32 0/6 0/6 1/6 1/6 6/6 1/6
Improves Secondary No No Yes No Yes No
Clarifier Performance?
Acc.o.mmodates future No No No No Yes No
clarifier?

1 A total capacity of 20 mgd is required for a firm RAS capacity of 100% of the plant influent flow.

2 L .
Number of system deficiencies that are alleviated out of 6.
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6. Results & Recommendations

6.1 RAS Pumping Recommendations

Table 6-1 presents a summary of the five alternatives that were evaluated. This summary table does
not include any additional improvements that could be implemented in combination with these
alternatives, as presented in Table 3-1 and Table 5-1.

Table 6-1: Summary of RAS Rehabilitation Alternatives

Capital Cost Addresses all Improves
Opinion Total Firm system Clarifier
Alternative (2018) Capacity deficiencies? Performance?
Alternative 1 — Replace In-Kind $630,000 <20 MGD No No
Alternative 2 — Larger Pumps $1,310,000 <28 MGD No Yes
. <20 MGD or
Alternative 3 — Portable Backup $290,000 <28 MGD No No
Alternative 4 — New RAS PS $3,020,000 21 MGD Yes Yes
Alternative 5 — Standby Pumps $670,000 20 MGD No No

Based on the results of this evaluation, the recommendations for improving the RAS pumping system
at the Mason Farm WWTP are as follows:

1. Hazen recommends that OWASA continue to replace pumps with higher-capacity pumps as has
already been completed for Clarifiers4 and 5. The total cost estimate, aslisted in Table 6-1, is
$630,000 (Alternative 1). OWASA has aready spent some of those funds to replace pumps for
Clarifier 5. Implementing Alternative 1 is recommended for two primary reasons. First, the pumps
can be replaced without having to make significant modifications to existing pipes and valves.
Secondly, implementing this alternative incorporates the cost that has already been spent on
replacing the pumps for Clarifiers 4 and 5. Implementing Alternatives 2 or 4, however, would
render the dollar amount that has aready been spent on pump replacement as a sunken cost.

2. Additionally, Hazen recommends purchasing a portable backup pump to be used as a standby for
al clarifiers. This would be a Diesel Gorman-Rupp or Godwin pump instead of an electric pump
to eliminate the need for additional eectrical work. Although there is a significant amount of
maintenance associated with a diesel pump that is not constantly in use, having a diesel-powered
engineis also preferred for ease of transport.

3. Itisalso recommended that the current condition of the Clarifier 1 suction piping be investigated.
Asdiscussed in Section 1.2, the C-value for Clarifier 1 had to be adjusted to line up with the
operating point measured in the field, indicating that the Clarifier 1 suction pipe could be plugged.
Discussions with plant staff indicate that pipe inspections are underway and will be completed
prior to ordering the new RAS pump for Clarifier 1.
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4. Finaly, Hazen recommends implementing all of the improvements listed in Section 3 to aleviate
exigting deficiencies of the RAS system and to improve overall operability.

Thetotal cost of the recommended alternativesis presented in Table 6-2.

Table 6-2: Cost of Recommended RAS Rehabilitation Alternatives

Recommended Alternative Capital Cost Opinion (2018)
Alternative 1 — Replace In-Kind $630,000
Alternative 3 — Portable Backup $290,000
Additional Improvements $340,000

Total Cost $1,260,000

7. References

Hydraulic Institute Standards. American National Standard for Rotodynamic Pumps for Pump Intake
Design. Parsippany: Hydraulic Institute, 2012.
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Appendix A: RAS Pumps System
Curves

Original and Modified System Curves After Field Calibration
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Pump TDH (ft)
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Appendix B: Summary of State
Point Analyses Results from the
Mason Farm WWTP Secondary
Clarifier Rehabilitation Study
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This table summarizes the SPA results for the Mason Farm WWTP existing clarifiers:

Clarifier 1 Clarifiers2 & 3 Clarifier 4 Clarifier 5
Condition Elow sV Required | Required Required | Required Required | Required Required Required
S:AA ;;44'\&%'3 RASMGD | MLSS to MEEARE‘A‘SZ& RASMGD | MLSS to MEEARE‘A‘ 54& RASMGD | MLSS to S;’:Sa;i’\g&[’ RASMGD to| MLSS to
MLSS toPassat | Passat4 4000 MLSS toPassat | Passat?2 4000 MLSS toPassat | Passat4 MLSS Pass at 4000| Pass at 6
4000 MLSS | MGD RAS 4000 MLSS | MGD RAS 4000 MLSS [ MGD RAS MLSS MGD RAS
. 76 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
D Max Month =
Allin es'gf A 5a’\>;| Gg n 86 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
Service ) 96 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
Peak = 43.5 MGD 76 Pass NA NA Pass NA NA Pass NA NA Pass NA NA
) 86 Pass NA NA Fail 3 3800 Fail 5 3900 Fail 7 3800
. _ 76 Pass NA NA Pass NA NA Pass NA NA
Clar 5 Des@&“?&ggmh - 86 Pass NA NA Pass NA NA Pass NA NA
O?)rS ) 96 Pass NA NA Pass NA NA Pass NA NA
- = - T
Peak = 43.5 MGD 76 Fa!l 7 _ 3300 Fa!l 3 . 3300 Fal.l NA . 3200
86 Fail NA 2900 Fail NA 2900 Fail NA 2900
Design Max Month = 76 Pass NA NA Pass NA NA
Clar1&5 14.5 MGD 86 Pass NA NA Pass NA NA
- asrervice : 9% Pass NA NA Pass NA NA
i 1 A 1
Peak = 43.5 MGD 76 Fa?l NA . 2800 Fa?l NA . 2900
86 Fail NA 2500 Fail NA 2500
Design Max Month = 76 Pass NA NA Pass NA NA
Clar 1& 4 14.5 MGD 86 Pass NA NA Pass NA NA
- :'ervice : 96 Pass NA NA Pass NA NA
H 1 H 1
Peak = 43.5 MGD 76 Fa!l NA . 2300 Fa!l NA . 2300
86 Fail NA 2100 Fail NA 2000
Notes
1 NA indicates the steady point is outside of settling flux.
2 SVI values correspond to: average, 80th, and 95th percentiles based on plant data from March 2015 to Jan 2017.
3 Use RAS pump capacities as initial RAS rates.
4 Use an Ekama factor of 0.9 for Clarifiers 4 & 5, and 0.8 for Clarifiers 1, 2, and 3 to account for the more shallow clarifiers.
5 Use predicted flow distribution for all in service condition for Clarifiers 2 & 5.
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Appendix C: Fairbanks Morse
Pump Proposals
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tem number

““Service
Quantity

_ Quote number

Operéting Conditions
Flow, rated

01

Differential head / pressure, rated (requested) :57.60 ft

Differential head / pressure, rated (actual)
Suction pressure, rated / max

NPSH available, rated

Frequency

Performance

Speed, rated

Clariier |

Customer Pump Performance Datasheet
Project name : Default Encompass 2.0 - 18.0.0.0
004 Size cesas WMD) WD
. Stages Slodha e aui ;
Based on curve number : 8-54x4S-1200-T8D1A ary PA— s LdD
1386164 Date last saved 112 Feb 2018 §:191§P‘MJ e
Liquid
: 2,406.0 USgpm Liquid type Water
Additional liquid description :
:57.66 ft Solids diameter, max :0.00in
: 0.00/0.00 psi.g Solids concentration, by volume :0.00 %
: Ample Temperature, max :68.00degF
160 Hz Fluid density, rated / max :1.000/ 1.000 SG
Viscosity, rated :1.00 cP
1185 mpm 260 Vapor pressure, rated :0.34 psi.a

Impeller diameter, rated :13.91in Material e
Impeller diameter, maximum :14.00 in Material selected : Cast Iron
Impeller diameter, minimum :11.00in ", ) Pressure Data
Efficiency ) ) ) :8217% L1/ Maximum working pressure 14134 psig
NPSH required / margin required :16.31/0.00 ﬂ ) Maximum allowable working pressure  : 75.00 psi.g
nq (imp. eye flow) / S (imp. eye flow) :53/139 Metric units  Maximum allowable suction pressure  : N/A
Minimum Continuous Stable Flow :500.0 USgpm Hydrostatic test pressure : 80.00 psi.g
Head, maximum, rated diameter 19552 1t Driver & Power Data (@Max density)
Head rise to shutoff 16583 % e L
N Driver sizing specification
Flow, best eff. point 1 2,383.5 USgpm Marai -
” argin over specification
Flow ratio, rated / BEP :100.94 % Service factor
Diameter ratio (rated / max) 1 99.36 % . .
X ! . Power, hydraulic :34.99 hp
Head ratio (rated dia / max dia) :97.11% Power. rated - 42.58 hp
é:qI/Ci;‘/Ce/Ct;nt [ANSI/HI 9.6.7-2010] 2\.00 / :glo /1.00/1.00 Power, maximum, rated diameter - 44.95 hp
election status - Acceptable Minimum recommended motor rating  : 50.00 hp / 37.28 kW SOHP
60 ,
= 45 : R
-? Power HMAK 1700
T 30 =
2 Min) - &oo
[¢)
o 15
0 |
150 Minimum Continuous Stable Flow
135 i . |= Max allowable flow
] : Preferred operating region
120 4 :
| i | !
105 Jogo07 §
90 {351m S 0 65 o | |
;qu ‘ ! 3081 g !
PPl ; : e S
11.00 in ;
. | |
40 ; ‘ ; f
o | . NPSHr
T 20 e f T
[70] { i ¢ §
o 0 i i i { : |
Z 0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000
Flow - USgpm
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p E N TA' R Customer Pump Performance Datasheet
‘ ' Project name : Default Encompass 2.0 - 18.0.0.0
j%%}tem,number 1004 Size E ot G ;'16",5433Mf\(, . N\\/
/-Service do Stages A on e
Quantity 1 Based on curve number : 6-5433MV-1800-T6C1C = ub pPuwp
_’Quote number 1386164  Date last saved :12Feb20183:227PM . =
Operating Conditions N Liquid v _ - .
Flow, rated :1,218.0 USgpm ' Liqtjid type :Water
Differential head / pressure, rated (requested) :31.40ft Additional liquid description :
Differential head / pressure, rated (actual) :3140ft Solids diameter, max :0.00in
Suction pressure, rated / max 1 0.00/0.00 psig Solids concentration, by volume 1 0.00 %
NPSH available, rated : Ample Temperature, max :68.00 deg F
Frequency 60 Hz Fluid density, rated / max :1.000/1.000 SG
Performance Viscosity, rated :1.00cP
Speed, rated 1183 pm  jzexo | Vapor pressure, rated :0.34 psi.a
Impeller diameter, rated :10.72in Material S
Impeller diameter, maximum :12.00 in Material selected : Cast Iron
Impeller diameter, minimum :9.00in Pressure Data
Effidiency o 7788% 727> Yiaximumworking pressure 24,05 psig
NPSH required / margin required :8.38/0.001 o Maximum allowable working pressure  : 85.00 psi.g
ng (imp. eye flow) / S (imp. eye flow) : 47 [ 164 Metric units Maximum allowable suction pressure - N/A
Minimum C:ontinuous Sta_ble Flow 1 199.9 USgpm Hydrostatic test pressure :125.0 psig
Head, maximum, rated diameter 1 55,56 ft Driver & Power Data (@Max density)
Head rise to shutoff -76.94 % O 130 5
. Driver sizing specification : Maximum power
Flow, best eff. point :1,122.2 USgpm Margin over specification - 0.00 %
Flow ratio, rated / BEP 1 108.54 % . o
) . Service factor :1.00
Diameter ratio (rated / max) 18933 % . i
. . . Power, hydraulic :9.66 hp
Head ratio (rated dia / max dia) : 68.00 % Power. rated - 12,40 hp
Cq/Ch/Ce/Cn [ANSI/HI 9.6.7-2010] :1.00/1.00/1.00/1.00 ' . . e /
Selection stat - Accentabl Power, maximum, rated diameter 1 12.87 hp /5}/,9
election status ’ piable Minimum recommended motor rating :15.00 hp / 1119KW o
16
E— 12 — ” Power..... e,
q;) 6 MAY = 1200
2
4 N~ 0O
0
80 T — N
12.00in ¢ Minimum Continuous Stable Flow
; = Max allowable flow
72 \ Preferred operating region
64 o . J SN S
% \ ‘
10.72in
1
T 40 :
)
T 3 W
24 .
16 ?
8 ‘
0 | { i
= 16 ‘ é ,
] . NPSHr
T gl —
2 }
% 0 < E ! d : ' ; |
0 200 400 600 800 1,000 1,200 1 ,400 1,600 1 ,300 2,000
Flow - USgpm

CLEARWATER, INC.
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Customer Pump Performance Datasheet
Project name : Default Encompass 2.0 - 18.0.0.0
1004 Size :«8’,'5435:("’!' AKESN) (W, M@
: Stages o SR e AR
1 Based on curve number : 8-54x5-1200-TAKESN wo
‘Quote number 386164 . Date last saved 212 Feb 2018 3:19PM .
e e L e i L e ‘dry-—p,f‘ _gulg
Operating Conditions _ ’ Liquid )
?!ow, rated k : 2,430.0 USgpm Liquid type “Water '
Differential head / pressure, rated (requested) :39.70 ft Additional liquid description :
Differential head / pressure, rated (actual) :39.79 ft Solids diameter, max :0.00in
Suction pressure, rated / max : 0.00/0.00 psi.g Solids concentration, by volume 1 0.00 %
NPSH available, rated : Ample Temperature, max :68.00deg F
Frequency 60 Hz Fluid density, rated / max :1.000/ 1.000 SG
Performance Viscosity, rated :1.00cP
Speed, rated . 889 erm' G0 Vapor pressure, rated :0.34 psia
impeller diameter, rated 11556 in Material o
impeller diameter, maximum :18.00 in Material selected : Cast Iron
impeller diameter, minimum :15.00in Pressure Data
Efficiency ‘ ‘ 179.45 % Maximum working pressure :28.94 psi.g
NPSH required / margin required :11.05/0.00 ft ) Maximum allowable working pressure  : 75.00 psi.g
nq (imp. eye flow) / S (imp. eye flow) < 44 [ 145 Metric units Maximum allowable suction pressure  : N/A
Minimum Continuous Stable Flow : 530.4 USgpm Hydrostatic test pressure :115.0 psi.g
Head, maximum, rated diameter 166.87 ft Driver & Power Data (@Max density)
Head rise to shutoff 16843 % S L e S
N Driver sizing specification : Maximum power
Flow, best eff. point :2,541.6 USgpm . - i
" Margin over specification :0.00 %
Flow ratio, rated / BEP 1 95.61 % Service factor -1.00
Diameter ratio (rated / max) 18644 % . >y
. ! . Power, hydraulic 12436 hp
Head ratio (rated dia / max dia) 163.34 % Power. rated - 30.65 hp
gqll&f:r;/Ceifant [ANSI/HI1 9.6.7-2010] ;I\.OO / :2;0 /1.00/1.00 Power, maximum, rated diameter -33.52 hp
election status - Acceptable Minimum recommended motor rating  : 40.00 hp / 29.83 kW 6@}4}3
40 ; : :
2 4 B : —— Power
0 MAx Gbo
o 20
S M 450
o 10
0
150 — -
Minimum Continuous Stable Flow
135 i ".....| === Max allowable flow
] Preferred operating region
120 : ‘
105 48600
= .
1
o
Ing
[0}
I
i
T 16 T : 7 — NPSHAr T
- ' — . Y ; }
T 8 | i, S 3 4 . {
(0] i | !
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N p E NTA' R Customer Pump Performance Datasheet
, Project name : Default Encompass 2.0 - 18.0.0.0
1004 Size  azsmwwo o
. : Stages o onie L :
Quantity 1 Based on curve number : 12-67X1-800-L12A1N
. Quote number 1386164 Date last saved 112 Feb 2018 3:21 PM .
' Operating Conditions Liquid B -
Flow, rated 1 2,430.0 USgpm Liquid type : Water
Differential head / pressure, rated (requested) :24.50 ft Additional liquid description :
Differential head / pressure, rated (actual) 12464 1t Solids diameter, max :0.00in
Suction pressure, rated / max : 0.00/0.00 psi.g Solids concentration, by volume : 0.00 %
NPSH available, rated : Ample Temperature, max :68.00deg F
Frequency 160 Hz Fluid density, rated / max :1.000/1.000 SG
Performance Viscosity, rated :1.00cP
Speed, rated :885mpm GO Vapor pressure, rated :0.34 psi.a
Impeller diameter, rated :12.66in Material o
Impeller diameter, maximum :13.87in Material selected : Cast Iron
Impeller diameter, minimum :12.00in 3 2 Pressure Data
Efficiency ) ) :7330% /2.3 Maximum working pressure 1 14.85 psi.g
NPS_H required / margin required :18.85/0.00 ﬂ ) Maximum allowable working pressure  : 50.00 psi.g
nq (imp. eye flow) / S (imp. eye flow) : 87 1 127 Metric units Maximum allowable suction pressure  : N/A
Minimum Continuous Stable Flow 1 750.0 USgpm Hydrostatic test pressure :75.00 psi.g
Head, maximum, rated diameter 134.311t Driver & Power Data (@Max density)
Head rise to shutoff 140.03 % A s A
. Driver sizing specification : Maximum power
Flow, best eff. point : 3,294.6 USgpm . - )
] Margin over specification :0.00 %
Flow ratio, rated / BEP 173.76 % Service factor - 1.00
Diameter ratio (rated / max) 191.28% . iy
. I ) Power, hydraulic :15.03 hp
Head ratio (rated dia / max dia) 17015 % Power. rated - 20,50 hp
Cqg/Ch/Ce/Cn [ANSI/HI 9.6.7-2010] :1.00/1.00/1.00/1.00 ' . - o
Selection stat - Acceotabl Power, maximum, rated diameter 12181 hp
election status - Acceptable Minimum recommended motor rating  : 25.00 hp / 18.64 kW 2SHP
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Q
24 g 7
_c.: Power M4 )( 700
—
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Appendix D: Gorman Rupp and
Godwin Pump Proposals
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Specification Data

Prime°®
Alrex

VARIOUS PATENTS APPLY

Sound Attenuated
Diesel Engine Driven
Environmental Silent Pump
Priming Assisted Centrifugal Pump
w/Autostart
Model PA6H60-4045H FT4-ESP

Size 8” x 6”

PAGE 1142

Sec. 42 FEBRUARY 2018

Total Head | 0P e e (GPM at Continuious
PS.l. | Feet | Performance

76.7 | 177 725 725 725 725

65.0 | 150 1375| 1375 | 1375 1375
542 | 125 1650 | 1850 | 1875 1875
43.4 | 100 1720 | 2000 | 2225 | 2225
32.5 75 1760 | 2050 | 2350 | 2480
21.7 50 1800 | 2080 | 2400 | 2625
10.8 25 1850 | 2125 | 2450 | 2700
Suction Lift 23’ 20’ 15’ 10°

PUMP SPECIFICATIONS

Size: 8" x 6” (203 mm x 152 mm) Flanged.

Casing: Ductile Iron 65-45-12.

Maximum Operating Pressure 115 psi (793 kPa).*

Semi-Open, Two Vane Impeller: Ductile Iron 65-45-12.
Handles 3” (76,2 mm) Diameter Spherical Solids.

Impeller Shaft: Stainless Steel 17-4 PH.

Replaceable Wear Plate: Ductile Iron 80-60-03.

Seal Plate: Gray Iron 30.

Seal: Mechanical, Oil-Lubricated. Silicon Carbide Rotating and
Stationary Faces. Stainless Steel 316 Stationary Seat. Fluorocarbon
Elastomers (DuPont Viton® or Equivalent). Stainless Steel 18-8 Cage
and Spring. Maximum Temperature of Liquid Pumped 160°F (71°C).*

Shaft Sleeve: Stainless Steel 17-4 PH.

Prlimli(ng Chamber: Gray Iron 30 Housing %/Stainless Steel Float and

inkage.

Discharge Check Valve: Ductile Iron 30 Housing V/Buna-N Flapper.

Radial and Thrust Bearings: Open Double Ball.

Bearing and Seal Cavity Lubrication: SAE 30 Non-Detergent Oil.

O-Rings: Buna-N, and Fluorocarbon Elastomers (DuPont Viton® or

Equivalent). PTFE.

Gaskets: Red Rubber, and Vegetable Fiber.

Hardware: Standard Plated Steel.

Bearing and Seal Cavity Oil Level Sight Gauges.

*Consult Factory for Applications Exceeding Maximum Pressure and/or
Temperature Indicated.

Standard Equipment: Gear-Driven Air Compressor. Hoisting Bail.
Soundproof (EPA Average 72 dBA at 23 feet [7 meters] Under Load)
Lightweight Aluminum Enclosure - Removable for Maintenance of
Pump or Engine - W/Lockable Door Panels. Single Ball Type Float
Switch. Combination Skid Base w/Fuel Tank. Strainer. Full Feature
Control Panel .**

Optional Equipment: Battery. Suction and Discharge NPT Threaded
Flange Kits. Skid Drag Base Kit, High Speed (55 MPH/89 KM/H) Single
Axle Pneumatic-Tired Wheel Kit W/ DOT-Approved Lights and Electric
Brakes. Tandem Axle Over-the-Road Trailer (Meets DOT
Requirements) Submersible Transducer Liquid Level Sensor. **

**50 Ft. (15 m) Standard Length; Dual Switches and Alternate
Cable Lengths Available From the Factory.

Photo not available at time of publishing

A\ WARNING!

Do not use in explosive atmosphere or for pump
ing volatile flammable liquids.

ENGINE SPECIFICATIONS

Model: John Deere 4045HFCO04.

EPA Tier Tier 4.

Type: Turbocharged Four Cylinder, Diesel Engine w/Air
Compressor.

Displacement: 276 Cu. In. (4,5 liters).

Governor: Electronic Isochronous.

Lubrication: Forced Circulation.

Air Cleaner: Dry Type.

Fuel Tank: 110 U.S. Gals. (416 liters).

Full Load Operating Time: 17.8 Hrs.
Starter: 12V Electric.

Optional: Electronic Fuel Level Sensor.

Engine Control Features: Padlockable Box with
Throttle Control, Tachometer, Coolant Temperature,
Oil Pressure, Voltage and Overstart Indicators/Shut
downs. Manual/Stop/Auto  Keyswitch. Audible
Startup Warning Delay. Fuel Level Display/Alarm/
Shutdown (For Use With Optional Fuel Level Sensor).

JOHN DEERE PUBLISHED PERFORMANCE:
Maximum Gross BHP (Continuous)
115 (86 kW) @ 2200 RPM
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Specification Data NET WEIGHT: 5300 LBS. (2404,0 KG.)
APPROXIMATE SHIPPING WEIGHT: 5500 LBS. (2494,8 KG.)

DIMENSIONS and WEIGHTS
SECTION 42, PAGE 1142 EXPORT CRATE SIZE: 473 CU. FT. (13,4 CU. M.)
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CD225M Dri-Prime® Pump

WITH FINAL TIER 4 (FT4) DIESEL ENGINE

The Godwin Dri-Prime CD225M pump offers
flow rates to 3240 USGPM and has the capability
of handling solids up to 3.0" in diameter.

The CD225M is able to automatically prime to
28" of suction lift from dry. Automatic or manual
starting/stopping available through integral
mounted control panel or optional wireless-
remote access.

Indefinite dry-running is no problem due to the
unique Godwin liquid bath mechanical seal
design. Solids handling, dry-running, and
portability make the CD225M the perfect choice
for dewatering and bypass applications.

Features and Benefits

e Simple maintenance normally limited to Suction connection 8" 150# ANSIB16.5
checking fluid levels and filters. Delivery connection 8" 150# ANSI B16.5
e Dri-Prime (continuously operated Venturi air Max capacity 3240 USGPM t
ejector priming device) requiring no periodic Max solids handling 3.0"
adjustment. Optional compressor clutch Max impeller diameter 11.4"
available. Max operating temp 176°F*
e Extensive application flexibility handling Max working pressure 80 psi
sewage, slurries, and liquids with solids up to Max suction pressure 73 psi
3.0"in diameter. Max casing pressure 120 psi
e Dry-running high pressure liquid bath Max operating speed 2200 rpm

mechanical seal with high abrasion resistant

R . . * Please contact our office for applications in excess of 176°F.
solid silicon carbide faces.

T Larger diameter pipes may be required for maximum flows.
o Close-coupled centrifugal pump with Dri-
Prime system coupled to a diesel engine or
electric motor.

e All castiron construction (stainless steel
construction option available) with cast steel
impeller.

o Also available in a critically silenced unit
which reduces noise levels to less than 70
dBA at 30'.

o Standard engine John Deere 4045HFC04
(FT4). Also available with JCB TCAE-93 (FT4).

d . @
Please contact the factory or office for further details. A typical picture of the pump is shown.

All information is approximate and for general guidance only. a xylem bra nd



Head (feet)

Performance Curve

Materials

Flow (m3/hr)
0 100 200 300 400 500 600 700 800 )
22000pm 500 ’ ' ' ' ' Pump EEElIng; Castiron BSEN 1561 - 1997
160 & 150 suction cover
High Chromium Cast Iron
2000 rpm A 9
5% Lo  VWearplates HC403:1977
120 4
Carbon steel BS 970 - 1991
13 % AU SlER 817M40T
Q
80 . % Imoeller Cast Steel BS3100 A5 Hardness to
ta2o g MP 200 HB Brinell
35% N |
20 1 on-return valve | castiron BS EN 1561 - 1997
110 body
. Silicon carbide face; Viton
0 ; ; } ' " ' Lo Mechanical seal e
0 500 1000 1500 2000 2500 3000 3500 elastomers; Stainless steel body
Flow (USGPM)
Engine option 1 Engine option 2
John Deere 4045HFC04 (FT4), 99 HP @ 2200 rpm JCB TCAE-93 (FT4), 118 HP @ 2200 rpm
Impeller diameter 11.4" Impeller diameter 11.4"
Pump speed 2200 rpm Pump speed 2200 rpm
Suction Lift Table Suction Lift Table
Total Total Delivery Head (feet) Total Total Delivery Head (feet)
Suction Suction
Head 42 70 101 | 121 | 137 Head 42 70 101 | 121 | 137
(feet) |Output (USGPM) (feet) |Output (USGPM)
10 3148 2906 2325 - - 10 3148 2906 2325 - -
15 2906 2543 2058 1695 - 15 2906 2543 2058 1695 -
20 1695 1695 1695 1453 - 20 1695 1695 1695 1453 -
25 1211 1211 1211 969 387 25 1211 1211 1211 969 387
Fuel capacity: 100 US Gal Fuel capacity: 100 US Gal
Max fuel consumption @ 2200 rpm: 6.4 US Gal/hr Max fuel consumption @ 2200 rpm: 6.2 US Gal/hr
Max fuel consumption @ 1800 rpm: 3.3 US Gal/hr Max fuel consumption @ 1800 rpm: 3.3 US Gal/hr
Weight (Dry): 5,500 Ibs Weight (Dry): 5,230 Ibs
Weight (Wet): 6,220 lbs Weight (Wet): 5,950 lbs
Dim.: (L) 155" x (W) 77" x (H) 97" Dim.: (L) 155" x (W) 77" x (H) 97"
Performance data provided in tables is based on water tests at sea level and Performance data provided in tables is based on water tests at sea level and
20°C ambient. All information is approximate and for general guidance only. 20°C ambient. All information is approximate and for general guidance only.
Please contact the factory or office for further details. Please contact the factory or office for further details.
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84 Floodgate Road
Bridgeport, NJ 08014 USA
(856) 467-3636 . Fax (856) 467-4841

xylem

Let's Solve Water

Reference number: 200GPA0001000
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Issue :

www.godwinpumps.com
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"‘Secondary Clarifiers 2&3 Piping Updates
p h

v,

Final €larifier 3

Nutrified Sludge Basins

RAS Pumping Station N

0 1.75 35 7 Feet
T W O |

NC CGIA, Maxar, Microsoft

Inset map shows the piping
between Clarifier's 2&3
Pump Station and the NSL
tanks. The RAS from 2&3
continues to the NSL center
well before entering the
tanks. However, RAS from
1,4, & 5 enter at the first
wet well, near the valve.
The desire is to change 2&3
piping to enter at the first

wet well, like the other
secondary clarifier's.

Legend

Wastewater Valve
® Return Activated Sludge

Wastewater Line
WaterType

Biosolids; Waste
Activated Sludge;
Thickened Sludge;
Fermentation Primary
Sludge; Return Activated
Sludge; Digester Sludge

Wastewater Structures
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