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Chapter 1. ntroduction

This report presents the Lopez Water Treatment Plant Audit (Audit). In this
section of the report, background information on the project is provided, project
methodology is described, and abbreviations and acronyms are listed.

1.1 Background Information

Zone 3 of the County of San Luis Obispo’'s Hood Control and Water
Conservation Didrict (Didrict) is respongble for operaion and regulatory
compliance of the Lopez Water Treatment Plant (WTP). The Didrict’'s mgor
gods are to meet contractual water dlocations and to ensure the safety of the
public by meeting current and impending regulaions established by the Cdifornia
Department of Hedlth Services (DHS).

Source water for the WTP originates from various creeks tha flow to Lopez Lake
(Lake). The lake is a full body contact recreational water body, which has
camping, boaing, fishing, and water sports within its watershed. Lake water is
conveyed through a 20-inch diameter raw water pipdine approximately 17,000
fet in length. Water discharges from the lake to the Termind Reservoir for a
minimum detention time of 30 days prior to entry to the WTP.

The WTP, origindly condructed in 1970, provides conventiona treatment and
has operated without upgrade or expanson & an average capacity of 6 million
gdlons per day (mgd). Exising facilities continue to provide water to South
County consumers located in the Cities of Arroyo Grande, Pismo Beach, Grover
Beach, Oceano, and Avila Beach. Approximately 45,000 residents rely on this
treated water as ether their primary or supplementa source of supply.

The WTP is now more than 30 years dd, and much of the equipment is nearing
the end of its useful life.  Although the actud capacity is adequate, additiond
redundancy is needed. Key water quality concerns are consgstently meeting the
turbidity god of the Cdifornia Cryptosporidium Action Plan (CAP) and dstate and
federd requirements for totad organic carbon (TOC) reduction gods and future
requirements for  dignfection  by-products (DBPs), specificdly  totd
trihalomethanes (TTHMS).

12 Project Method
The gods of the Audit were to:

Evduate water qudity regulaions and implement modifications to achieve
regulatory compliance with current and foreseegble future regulations.

Introduction 1-1 San Luis Obispo Final Report
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Asaure compliance with DHS requirements, including requirements for State
Revolving Fund (SRF) funding.
Optimize treatment processes to meet existing and future regulations.

Identify generd WTP improvements, including dructurd, eectricd, and fire

suppresson

integrity;

festures needed to provide

optimization of the ingtrumentation and control system.
Review worker safety and WTP gtaffing requirements.
Prepare a prioritized plan for facility improvements.

redundancy; and

Major project tasks are presented in Table 1.1. This table dso identifies report
section(s) where the findings and results of these tasks are described. One of the
most important parts of the project approach was continuing interaction with the
Digrict and Zone 3through a series of four workshops. The workshops enabled
continuing involvement of Didrict daff as project objectives were sharpened and
refined. At one of the workshops, best avalable treatment drategies were
reviewed and screened. Representatives from DHS participated in this workshop,
and this timely input from regulatory agency daff dso helped to refine the project
focus as well asthe find recommendeations.

Tablel.1: Summary of Project Tasks

ENNCT

Data Collection and
Review

Review records.

Appendix E, Data Inventory

- Lopez Lake Intake Tower; Raw Water Pipeline;
Terminal Reservoir Intake Facility

- Code Compliance (Structural, Electrical, Fire
Alarm-Suppression System)

- System Redundancy

- Safety

- Staffing
Instrumentation and Controls

Conduct bench-scal e testing of coagulants.

Regulatory Review applicable regulations for raw and | Chapter 2, Regulatory Issues
Compliance finished water; identify treatment limits of most | Chapter 3, Water Quality
Evaluation relevanceto District. Evaluation
Appendix A, Regulatory
Discussion
Appendix C, Pre-treatment
Assessment
Appendix D, Algal Control
Facilities Conduct field investigations, interviews with | Chapter 4, WTP Assessment
Assessment WTP staff, and other activities required to assess: and Audit

Appendix B, Bench Scale
Testing Memorandum

Appendix F, WTP
Photographs

Appendix G, Pipeline
Inspection Report

Appendix H, Staff/ Operator
Interviews

Introduction
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Process Evaluation/ | Evaluate coagulation, flocculation, sedimentation, | Chapter 5, Potential
Optimization filtration, and disinfection. Improvements
Studies Appendix |, Water Softening
Calculations
Appendix J, Chemical
Pretreatment
Appendix K, General Process
Selection Criteria
Appendix L, Clear Water
Reservoir CT Calculation
Memorandum
Pilot Testing Perform pilot testing of DAF. Chapter 6, Pilot Study
Appendix M, Pilot Testing
Protocol
Appendix N, Leopold Final
Report on Pilot Testing
Appendix O, Leopold
Chronology Logbook Data
Appendix P, Pilot Plant Water
Quality Testing Data
Improvements Develop process and facilities improvements. Chapter 7, Final
Development Recommendations
Implementation Plan | Develop prioritized plan for improvements. Chapter 4, WTP Assessment
Development and Audit
1.3 Abbreviations and Acronyms
The following abbreviations and acronyms are used in this report:
AA atomic adsorption method
ADA Americans with Disghilities Act
ATS automatic transfer switch
Audit Lopez Water Trestment Plant Audit
AWWA American Water Works Association
BAT Best Avallable Technology
Cal-OSHA  Cdifornia Occupationa Safety and Hedlth Administration
CaOH. lime
CAP Cryptosporidium Action Plan
CFE combined filter effluent
CIP clean-in-place
CT contact time
DAF disolved air flotation
D/DBPR Disnfectants/Dignfection ByProducts Rule
DBPs disinfection byproducts
DHS Cdifornia Department of Hedth Services

Introduction
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Didtrict
DOC
DT

EPA
ESWTR
FACA
ft.

GAC
GFCI

gpd
gpm
gpvsf
HAASs
HPC
HVAC
IDSE
IESWTR
KMnO4
kW
Lake
LF
LRAA

LTIESWTR
LT2ESWTR

MCC
MCL
MCLG
MDB
M/DBPR
MF

MG

mgd
mg/L
m

MPN
MRDLs
MSS
NaCOs
NaOH
NDMA
NF
nglL
NOM
NTU
O&M

Introduction
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Flood Control and Water Conservation Didtrict
dissolved organic carbon

detention time

United States Environmenta Protection Agency
Enhanced Surface Water Treatment Rule
Federad Advisory Committee

feet

granular activated carbon

ground fault circuit interrupter

galons per day

gdlons per minute

gallons per minute per square foot

hal oacetic acids

heterotrophic plate count

hesting, ventilation, and air conditioning
Initid Digtribution System Evauation
Interim Enhanced Surface Water Trestment Rule
potass um permanganate

kilowatt

Lake Lopez

linear foot

locationd running annua average
Long-Term 1 ESWTR

Long-Tem 2 ESWTR

Motor Control Center

Maximum Contaminant Level
Maximum Contaminant Level God
main digtribution board

Microbid Dignfection ByProducts Rule
microfiltration

million gdlons

million gdlons per day

milligrams per liter

milliliter

most probable number

Maximum Resdud Disnfectant Levels
membrane system supplier

limewith sodaash

caudiic

N-Nitrosodimethylamine

nanofiltration

nanograms per liter

natural organic matter

nephelometric turbidity unit

operations and maintenance

1-4 San Luis Obispo Final Report



pCilL
PLC
ppb
ppm

ps
QA/QC
RAA

RFP

RO

rpm

SCA
SCADA
SDS
SDWA
SMACNA

SMCI
SRF
SUVA
SWTR
T&O
TAC
TDS
THMs
TOC
TON
THAAs
TTHMs
TR
uBC
UF
UFRV
noy/L
UPS
uv
WTP
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pico curies per liter

programmable logic controller
parts per billion

parts per million

pounds per square inch

quality assurance/qudity control
running annua average

request for proposa

reverse 0SMosis

revolutions per minute

Short Circuit Ampere

system control and data acquisition
smulated digributed system
Safe Drinking Water Act
Sheet Metd and Air
Association

secondary maximum contaminant level
State Revolving Fund

gpecific UV absorbance

Surface Water Trestment Rule

taste and odor

technicad advisory committee

total dissolved solids

triha omethanes

total organic carbon

threshold odor number

total hal oacetic acids

totd trihdomethanes

Termind Resarvoir

Uniform Building Code

ultrafiltration

unit filter run volume

micrograms per liter

uninterruptible power supply
ultra-vidlet light

water treatment plant

Conditioning  Contractors

B&V FileA

Nationa
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Chapter 2. Requlatory | ssues

2.1 Introduction

This chepter summarizes the findings of the Regulatory Compliance aspects of
the WTP Audit. The Black & Veatch team reviewed pertinent regulations and
their impact on the existing WTP prior to upgrades. This was used to establish
treetment goas for the WTP. An outline of applicable regulations for raw and
finished water is summarized in a matrix (Table 2.3) that presents regulaions and
ther treetment limits for each of the water qudity parameters that are vitd to the
continued delivery of a safe and relidble drinking water. A more detailed review
of regulatory issuesis provided in Appendix A.

2.2 Regulationsto Impact San Luis Obispo County

Implementation of the 1996 Safe Drinking Water Act (SDWA) led to many new
regulations. Some have been issued in find form while others are under
continued development. Table 2.1 presents a summary of 14 regulations having a
potentia impact on the Didrict.

The key rules that will have an impact on the Didrict are discussed below and
summarized in Table 2.3.

2.2.1. Stage 1 Disinfectants and Disinfection Byproducts Rule

Hidoricd daa demondrates that the WTP frequently exceeds the Interim
Enhanced Surface Waer Treatment Rul€s (IESWTR) Maximum Contaminant
Levd (MCL) for totd trindomethanes (TTHMs) of 80 micrograms per liter
(Mg/L). In addition, the rule requires increased tota organic carbon (TOC)
removd; testing has shown that enhanced coagulation is difficult for the WTP
given the characterigtics of the Didtrict’s raw water.

The Didrict will have difficulty meeting the requirements of this rue To mest
the TTHM MCL, the Didrict has severd options including: optimization of TOC
removd, use of chlorine dioxide as a primary pre-oxidant and inddlaion of an
organics remova process such as granular activated carbon (GAC) or membranes
to remove TTHM precursors prior to disinfection with chlorine.

2.2.2. Interim Enhanced Surface Water Treatment Rule

The Didtrict is not currently able to meet the requirements of the D/DBPR. In
addition, Black & Vesatch has recommended that the Didrict use an dterndtive
disnfectant. For these reasons, Black & Vesatich recommends the Digtrict develop
adisnfection profile and caculate a disinfection benchmark.
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| Rie [ Keybts |  KeyProvisos |  ImpatstoDigria |
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' - Should consider developing a disinfection profile. High turbidit
interim ovembe 1998 MCLG of 2810 for Cryptosporldlum, levels in treated Waterp rr?ay make compﬁance diffigult Mori:
Enhanced (Finalizer) Cryptosporidium - removal requirements, monitoring required. Filtered water turbidities are not al.w s in
Surface Water | January 2002 turbidity monitoring provisions, requirements complianc?e e?/vith ‘Interim Rue and Caifornia opzryation
Treatment Rule | (Compliance Date) | for coverson new finished water reservoirs requirements (see Chapter 3).

Stage 1- November 1998 Based on review of raw water quali i
LS . quality, the WTP would be required
gr:(? rggf:]?ne; on (Finalized) Lo;zlv_erstol\élj(:h;soggerﬁéog dsmggj omithagre;emgg to achieve 15% to 30% removal of TOC through enhanced
Bvoroducts January 2002 %llgo u)é/L) and chlorite (1 mg/l(_) MglL), coagulation (the District plans to meet this requirement through
Rﬁ% (Compliance Date) ' ' pretreatment upgrades). Need to reduce THM levelsto meet RAA.
January 2001
, (Finalized) ) .
Arsenic Rule EstablishesaMCL of 10 ppb for arsenic None Expected
January 2006
(Compliance Date)
August 2001
Sulfate (Decision to MCL of 500 mg/L for sulfate. None Expected
regulate)
May 2002 Will establish find MCLG and MCL in
Radon Rule (expected) addition to an AMCL for Radon None Expected
Filter Backwash | June 2001 Requirements for recycle streams and self : ;
Rule (Published) assessment Compliance required

Regulatory |ssues
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| Rie [ Keybts |  KeyProvisons ]  ImpatstoDigria |

Microbia/Disin
fection

Stage 1 MCLs for TTHM (80 ng/L) and HAA

Need to reduce THM levels from current levels to consistently meet
LRAA in distribution system. Removal of organic precursors will
be required if chlorine is used as a primary disinfectant. Need to
conduct disinfection profile and calculate a disinfection benchmark

stages

Byproduct:s Expected'for (60 my/L). Stage 2 levels proposed at 80/60 before any modifications to the treatment process. Long-term Rule
Stage 2 M-DMP | proposal in 2002 LRAA, 10 ng/L for bromate (bromate MCL to | . .. : . e o i
. : : initially will require additiona monitoring to determine “bin
Agreement in bereviewed in 6 years). e . . o
Principle classification and associated requirements. Additional log
removal/inactivation of Cryptosporidium may be required.
Compliance can be based on combination of tools from “ Toolbox.”
MTBE E(f)g%cnve May California SMCL- 5ppb, MCL- 13ppb. Continue monitoring.
L ead and Japua(y 2000 A treatment technique requirement for optimal
P anR | (Finalized) corrosion control treatment based on Action || ol
rec\)/ri’g%rnsu € January 2001 Levels (ALs) for lead (15 ng/L) and copper P '
(Compliance Date) | (1,300 ng/L) at consumers’ taps.
December 2000
Radionuclides | (Finalized) MCLG of zero for all radionuclides, establishes - .
(except Radon) | December 2003 new MCLsfor Gross Alpha, and Uranium More monitoring requirements.
(Compliance Date)
January 2002 . .
Perchlorate (action level Ackt)|on level for perchlorate established at 4 None Expected.
established) PPO-
NDMA Action level 0.00001 ppb. None Expected.
Unregul ated September 1999
i Finaiz i i i i
Contaminant ( ed) o Establishes three lists of chemical contaminants | » yitional Monitoring.
Monitoring Implementation in requiring monitoring
Rule

Regulatory |ssues
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This rule dso reduced the dlowable finished water turbidity from the present 0.5
nephdlometric turbidity unit (NTU) alowed under the Surface Water Trestment
Rule (SWTR) to 0.3 NTU. With its current trestment train, the Digtrict will have
difficulty meeting this turbidity requirement.

2.2.3. Cadlifornialnterim Enhanced Surface Water Treatment Rule

DHS deveoped the Cdifornia IESWTR to provide changes to the federa that
would increase the level of protection from exposure to pathogens, especidly
Cryptosporidium. The main impact to the Didrict would be increased monitoring
of filter effluent; combined filter effluent turbidity continuous monitoring
increases from every 4 hoursto every 15 minutes.

2.2.4. Arsenic Rule

It is anticipated that the change in the arsenic MCL will not impact the Didrict.
Average concentration of arsenic from the WTP is 3.7 ug/L, whereas the recently
updated MCL is 10 pg/L.

2.25. Sulfate

The sulfate MCL will not have an impact on the Didrict. The average sulfate
concentration a the WTP is 98 mg/L, sgnificantly below the proposed MCL of
500 mg/L.

2.2.6. Radon Rule

It is not anticipated that the Didtrict will be impacted by the proposed MCL of 300
pico curies per liter (pCi/L).

2.2.7. Filter Backwash Rule

This rule gpplies to al sysems that use surface water, or groundwater under the
direct influence of surface water, which filter and recyde. The WTP will be
required to provide detailed recycle information to the State and will be required
to peform a one-month recycde sdf-assessment.  Adde from documentation
requirements, the impact of the rule will be minimal.

2.2.8. Microbial/Disinfection  By-Products Stage 2 M-DBP
Agreement in Principle

The Didrict will have dgnificant difficulty meeting the requirements of both parts
of this law. For the Stage 2 D/DBP Rule, the Didrict has the same options as

those discussed as pat of the Stage 1 Rulee. To meet the Cryptosporidium
inactivation requirements, the Didtrict may need to consider:
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Addition credit for optimized turbidity remova
uv

Membranes

Source control

Chlorine dioxide

229. MTBE

The Didrict is not anticipated to have difficulty meeting the current Cdifornia-
adopted MCL of 13ppb; the Didrict should continue to montor MTBE
concentrations.

2.2.10. Lead and Copper Rule

Higorica treated water suggests that the Didrict will not have difficulty meeting
the 15 ug/L and 130 pug/L MCLs for lead and copper, respectively. Therefore, the
Lead and Copper Rule should not impact WTP operations.

2.2.11. Radionuclides
The radionuclides rule establishes the following

Table2.2 - MCLsand MCL Gsfor Regulated Radionuclides

[ RegulateiRadionudice [ mcL |  wcG ]

Beta/photon emitters 4 mrem/yr Zero
Grossaphaparticle 15 pCi/L Zero
Combined radium226/228 5 pCi/L Zero
Uranium 30 pg/L Zero

The Didrict is required to complete monitoring under this rule by December 31,
2007; except for monitoring requirements, the rule will not impact the Didtrict.

2.2.12. Perchlorate

DHS revised the action limit downward to 4 pg/L; the Didrict is required to
continue monitoring for perchlorate as an unregulated contaminant.

2.2.13. NDMA (N-nitrosodimethylamine)

Currently, there are no monitoring requirements for NDMA; therefore there are
no impacts to the Didtrict. .
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2.2.14. Unregulated Contaminant Monitoring Rule

The effect of this rule on the Didrict is one of monitoring, testing, and reporting
data to EPA. This is a one-time monitoring effort, and the Rule does not set
maximum contaminant levels for any contaminants. Large sysems will need to
conduct monitoring for the 12 chemicd contaminants identified in Lig 1.
Monitoring for contaminants on List 2 will be for a sdected group of water
sysems only.  Monitoring is not currently scheduled for contaminants identified
inLig 3.

2.2.15. Cryptosporidium Action Plan

This Cdifornia date rule provides for increased turbidity goas, increased darm
and public notification requirements, and more frequent sanitary survey updates.

2.2.16. Summary

As shown in Table 2.1 and discussed above, sx of the 14 regulations evauated as
pat of the Audit require no mitigating action on the part of the Didrict. These are
the Arsenic Rule, Sulfate Rule, Radon Rule, MTBE, Lead and Copper Rule, and
NDMA  requirements. Three more will have minima impacts, requiring
collection of sample data or additiona monitoring. These are Radionuclides,
Perchlorate, and the Unregulated Contaminant Monitoring Rule.

The five remaning regulations will require mitigeting actions by the Didrict in
order for the Lopez WTP to achieve regulatory compliance. These regulations
and potential mitigating actions ae summaized in Table 2.3.  Treament
drategies have been specificdly sdlected to address compliance issues discussed
herein and are further developed in Chapter 5.

Table2.3: Potential Mitigating Actions M atrix

[ wEmEl | FerEiEEnasms ]

Interim Enhanced

Surface Water
Treatment Rule

WTP upgrades will be required to meet treated water turbidity reguirements.
Complete required monitoring. Will most likely be required to develop a
profile of microbial inactivation levels.

Stage 2- Disinfectants
and Disinfection
Byproducts Rule

Lake Lopez water treated at Lopez WTP will require treatment modifications to
meet Stage 2 BP Rule. Current THM levels exceed the Stage 1 MCLs
periodically. Precursor removal will be required long-termif chlorineis used
asthe primary disinfectant).

Filter Backwash Rule

The District will provide detailed recycle treatment information to the state.
Will aso be required to perform a one-month, onetime recycle self-
assessment.

Microbial/Disinfection
Byproducts Stage 2 M-

DMP Agreement in
Principle

See comments on Stage 1 Disinfectants and Disinfection Byproducts Rule. In
addition, the District should evaluate treatment optimization as well as
dternative disinfectants, ClO,, ozone, and UV to achieve protozoan level
inactivation/removal. Other tools can include watershed controls, optimized
pre-treatment. Membrane treatment for filtration

Regulatory Issues
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Chapter 3. Water Quality Evaluation

3.1 Introduction

Assessment of raw water qudity and identification of associated trestment
requirements is a key dement in the process of upgrading the Lopez WTP to meet
exiging and future regulaions.  This chegpter summarizes the results of a
preiiminary water qudity evaudion and some initid jar tesing of water drawn
from the Termind Reservoir. This chapter dso includes recommendations for
additional monitoring to assess the impact of new regulations on needed WTP
upgrades. Water qudity a different intakes from the lake and the Termind
Reservoir were reviewed for treatability, compliance with exising and future
regulations, and to hep with process sdection and resource operatiion. The
discusson beow addresses raw  water qudity, and treated water qudity
requirements. Any recommended improvements must condder these
requirements.

3.2 Raw Water Quality

3.2.1. General Physical /Mineral Constituents

Raw water for the WTP is ddivered from Lake Lopez via the Termina Reservoir.
Selected water qudity criteria for raw water ddivered from Lake Lopez as
measured at the entrance to the WTP are summarized in Table 3.1.

Table3.1: Raw Water Quality

[t e N |

Turbidity, NTU 03-5 125
Temperature, °C 11-25

pH 6.92—88 80
Alkainity (mg/L) 220-320 268
Hardness (mg/L) 303-420 345
TDS(mg/L) 386614 480
Color 5-14

Odor (TON) 1-30 44

The source water is generdly of very low turbidity and moderady high dissolved
minera content.
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3.2.2. Microbiological Contaminants

Coliform are indicator organisms generdly used to measure the effectiveness of
water disnfection or to provide indication of the reative qudity of a raw water
supply. Coliform are typicdly present in water contaminated with human and/or
anmd feces E.Coli is a norma inhabitant of the digestive tract. Presence of
E.Coli in water samples has been used as evidence of feca contamination by
other pathogenic microorganisms.

Results of coliform monitoring in weter entering the Termind Reservoir and raw
water entering the WTP indicate water qudity from a microbid perspective
provides signs of summer contamination. Tota coliform concentrations in the
Termind Reservoir and Lake Lopez are presented in Figure 3.1. Totd coliform
concentrations range from 4 to 9,000 most probable number (MPN)/100ml in raw
water entering the WTP and from 11 to 5,000 MPN/100ml in Lake Lopez water
(except for one episode on August 21, 2000 when a 16,000 MPN/100ml was
recorded). E.Coli in Lake Lopez water have been a 2 or <2 MPN/100 ml, E.Cali
in the Termina Reservoir however range from <2 to 800 MPN/100ml. E. Cali
datain the Termina Reservoir are presented in Figure 3.2.

No data is avalable for Giardia and/or Cryptosporidium in the raw water. The
Didrict will need to collect monthly samples for Cryptosporidium anayss for 24
months usng Method 1622/23 to determine bin classfication for compliance with
Long Term Stage 2 Enhanced Surface Water Tresiment Rule (LT2ESWTR).

Lopez Lake Water Quality
Total Coliform
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L 4
*
L 4

@ Terminal Reservoir
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5000 »o— @ 4— o0 ———
4000
3000 +

MPN/100 ml

2000
1000

O - : .
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Figure 3.1: Total Coliform Concentrationsin the Terminal Reservoir and L ake L opez
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E.Coli at Raw Water Intake
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Figure 3.2: E. Cali in Raw Water Enteringthe WTP

3.2.3. Total Organic Carbon

TOC data in the raw water range between 4 and 5 milligrams per liter (mg/L) with
amaximum level of 8 mg/L recorded in February 1999.

The Stage 1 D/DBP Rule requires surface water sysems to implement a trestment
techniqgue to reduce DBP precursors.  Reduction of DBP precursors will
eventudly minimize the formation of unknown DBPs  This trestment technique
is known as enhanced coagulation. Enhanced coagulation is the process of
obtaining additiond TOC removad by adding increased doses of coagulant.
Surface water sysems usng conventiond filtration treatment must operate in the
enhanced coagulation mode.

In order to comply with trestment technique requirements, a two-step approach
was devel oped:

e Step 1 involves determination of a TOC removd requirement, whereby the
treatment plant must achieve a required percent reduction of TOC between the
raw water source and the Combined Filter Effluent (CFE). The required
percent TOC reduction is dependent on the raw water TOC and alkalinity.

e Step 2 involves an dternaive TOC remova requirement. If a trestment plant
cannot meet the percent reduction outlined under Step 1, then the system must
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perform jar tests to determine the maximum TOC remova achievable for that
particular water. The system must then seek DHS approva for the dternative
minimum percent TOC removdl.

A system may be exempt from enhanced coagulation if it meets a leest one of 9x
aternative compliance criteria (see Appendix A).

Based on a review of Lopez Lake raw water quality, the WTP would be required
to achieve 15% to 30% removad of TOC through enhanced coagulation if
conventiona filtration is used. However, the WTP's current TOC remova ranges
from 9 to 35% with an average rate of removal of 16%.

Total Organic Carbon Data
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¢ ®Raw
7 B Treated
5 ° .
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Figure 3.3: TOC concentrationsin raw and filtered water

3.2.4. lIron and Manganese

Anaerobic conditions a the lower levels of Lake Lopez and the Termind
Reservoir leads to release of dissolved minerds such as iron and manganese.
Manganese levels in the raw water range from about 10 to 1200 ppb. At the
Termind Resarvair, levels reach a maximum of 200 ppb and a median of about
35 ppb. Leves are higher a the end of summer and fdl when the Lake turns
over. Table 3.2 summarizes iron and manganese levels a the Lake intakes and
Termind Reservoir.

Manganese can go through sequentid reducing and oxidizing cydes in
sedimentation basins and other locations within the WTP that can lead to the
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formation of a samdl, colloida precipitete caried onto the filters. Even when this
manganee is present at low levels, the reaulting precipitate can penetrate filters
and add to the turbidity. While this may not be an issue for the WTP, a complete
underdanding of the manganee profile within the WTP is criticd to either
ediminate this from condderation or for deveoping a solution to limit the
influence of manganee on filtered water turbidity. The use of chlorine dioxide
has helped other plants handle manganese problems.

Table3.2: Iron and Manganese L evels

_
I I I I
l—ng__

Lopez Lake
Intake 1 16 750 71.2 5 42 123
Intake 2 12 640 57.7 5 9% 201
Intake 3 17 330 55.0 5 100 230
Intake 4 13 240 52.7 5 340 44.3
Intake 5 11 180 59.3 5 650 126.0
Intake 6 17 2500 82.8 9 1200 254.1

Terminal

Reservoir
Intake 06' 1 190 24.7 10 200 341
Intake 12' 6 180 251 9 200 34.6
Intake 18' 7 740 30.8 11 200 359

3.2.5. TraceOrganics
The sanitary survey and water quaity data reported no positive trace organics.

3.2.6. Algae Species

Algee episodes occur annualy a both Lopez Lake and the Termind Reservoir.
Algae counts pesk from the end of the summer through the fal season, during the
months of August, September, October, and November. During these months, the
count of blue-greens and diatoms go up. The raw water odor exceeds the
Secondary Maximum Contaminant Level (SMCL) of 3 threshold odor numbers
(TONs). Odor numbers pesk to 15 TONs in the raw water. Color ranges from 5
to 16 color unitsin the raw water. The SVICL for color is 15 units.

The Termind Reservoir dte promotes agae growth, and dgee counts a the
Termind Resarvoir are higher than counts a the Lake Lopez intekes. Table 3.3
includes the range and median a the Lopez intake and the Termind Resarvoir.
Blue-green agae counts are highest a Lopez Lake intekes 1 and 2 and Termind
Reservoir levels 06" and 12'.
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Table 3.3: Algae Countsat the L opez Lake Intakes and the Terminal Reservoir

Lopez Lake
Intake 1 0 24,000 1,403 0 24,000 1012
Intake 2 0 14,000 863 0 14,000 534
Intake 3 0 6,000 34 0 5,100 1,592
Intake 4 0 1,700 93 0 450 12
Intake 5 0 1,200 50 0 79 3
Intake 6 0 1,100 36 0 % 4

Terminal

Reservoir
Intake 06' 0 69,000 2,039 0 9,100 69
Intake 12' 0 71,000 2,056 0 7,100 59
Intake 18 0 73,000 2,079 0 3,200 38

Algee exude organic subgtances (exocdlular polymers) in their life processes and
they lyse to reease dissolved organic metter when they die naturdly or when
oxidized. Control of adgae and prevention of dgd blooms would help improve
the source water qudity. Algae control will hep treatability by coagulation and
filtration and will reduce Natural Organic Matter (NOM), precursors of DBPs, as
both the organics given off by living dgae and dgd decompostion products can
react with chlorine to form trindomethanes. Remova of dgae prior to oxidaion
will improve treatability.

Efforts have been made to control adgee in the Termind Reservoir with copper
aulfate.  However, copper is toxic and aso kills nontarget organisms such as
zooplankton and fish fry. The following are other potentid disadvantages of its
use

Possible blooms of copper-resigtant dga species following trestment

Possble oxygen depletion caused by decay of ggnificant amounts of
bloom materid

Excessve copper accumulaion in WTP dudge may reduce ultimae

disposd options

In order to develop a method of dgae control to diminate or reduce the severity
of taste and odor events, more information is needed to determine the causes of
the adgad blooms  Black & Vedich recommends a two-phased approach:
(1) implementation of a data collection program, to define the source(s) of the
agd blooms, and (2) an evduaion of management drategies most gppropriate for
the Didrict.
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Data Collection

A monitoring program induding the collection of biologicd, physcd, and
chemicd data from both the Termind Reservoir and Lake Lopez should be
developed.

Management

There are severd different drategies for deding with agd blooms.  These
drategies would be dependent upon the source(s) of the blooms and can be
categorized into the following:

Chemica precipitation and inactivation
Physicd Methods
Biologica Methods

Algd control is discussed in more detail in Appendix D.

3.2.7. Source Water Comparison

Table 3.4 highlights the advantages and disadvantages of use of Lopez Lake
source water versus the Termind Reservoir. Based on our andyss of source
water qudity, Black & Veaich recommends continued use of the Termind
Resarvoir as the best near-term solution

Table 3.4: Water Quality Comparison for Source Water

[Lopez L ake
Advantages Disadvantages
Could eliminate two sources Direct use not permitted by DHS

\Water quality comparableto Terminal Reservoir  |Direct use would require awaiver from DHS

Pilot study shows treatment system sameas TR  |More chance of contamination due to body contact

Deeper Lake and larger with more volume Stratification®

Terminal Reservoir (TR)

Advantages Disadvantages

Continued existing operation with no problems Upcoming regulations may regulate algae toxins,
Continued useof copper sulfate may provide concerng
with meeting these regulations.

\Water quality comparableto Lopez Lake Removal of aguatic weeds
Pilot study shows treatment system same as Lake
Protects the public water supply better than lake

YThis occurs in summer with algae at the surface and iron and manganese from bottom sediments
impacting water quality in lower part of reservoir. The only way to fix the problem is with aeration or
recirculation. Thiswill be the only way you could eliminate iron and manganese issue
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3.3 Treated Water Quality

3.3.1. Turbidity

Combined filter effluent turbidity at the WTP exceeded the Cryptosporidium
Action Plan (CAP) god of 0.1 nephelometric turbidity unit (NTU) 21% of the
time during 2000.

Seasondly varigble performance of the coagulation process is evident in data that
clearly demondrates deterioration in filter peformance as water temperature
increases. One factor that has been discussed in previous reports is the occurrence
of dgae under warm water conditions and the adverse influence on floc integrity.
While this is inevitably an important factor that can lead to deterioration of filter
performance, experience a other water treatment facilities indicates that other
factors can dso be dgnificant. These incude variation in the optimum pH of
coagulation with temperature and the effect of manganese cycles within the WTP.

Both of these factors dso have the potentid for exerting adverse influence during
warm water conditions.

Coagulation performance a the Lopez WTP is drongly influenced by a high
dkdinity condition that requires a degree of pH adjusment to achieve the lower
pH conditions that are often more favorable for dum and some other coagulants
during the summer period. Both dternative coagulants and dternative
coagulation conditions will need to be further assessed to determine the best fit
for this WTP to meet both cold and warm water coagulation conditions.

3.3.2. Digtribution System Coliform / Heter otr ophic Plate Counts

Treated water bacteriologicad quality is good. Heterotrophic Plate Counts (HPCs)
are occasondly high in some parts of the digribution system when temperatures
are warmer.

3.3.3. Disinfection By-Products

WTP effluent THMs range from 60 to 120 ppb and frequently exceed 80 ppb (as
shownin Fgure 3.4).

The Stage 1 TTHM and HAAS5 MCLs are liged in Table 3.5. For TTHMs and
HAA5, a sysem is in compliance with these MCLs when the running annud
average (RAA) of quartely averages of dl samples taken in the digtribution
system, computed quarterly, is less than or equa to the MCL. If the RAA
computed for any quarter exceeds the MCL, the system is out of compliance.
EPA bdlieves that, by meeting MCLs for TTHMs and HAAS, water suppliers will
adso control the formation of other DBPs not currently regulaied that may aso
adversdly affect human hedth.
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Table3.5: MCLsfor Trihalomethanes, Haloacetic Acids, and Bromate

TTHM 80 ny/L Running Annual Average (RAA) of quarterly samples in
HAAS 60 ny/L distribution system; four samples per plant per quarter
160 5
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“ Chlorine Residual ’O__ 4
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«
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Figure3.4: TTHM and Chlorine Residual in WTP Effluent

Review of TTHM daa shows that TTHM in the digribution sysem will exceed
the RAA MCL of 80 micrograms per liter (ug/L). Although extensve HAAS data
was not avalable for review, avaladble data indicates that the Didrict will not
have a problem complying with the 60ngy/L HAAs MCL.

An initid review of the exiding sampling point for locationd running annua
average (LRAA) indicates that some points in the digribution sysem will not be
able to consgtently meet the 80 ngy/L MCL (for discussion of Phase 2 of the Stage
2 -D/DBP Rule, refer to Appendix A).

34 Jar Test Results

The Didlrict currently exceeds the Stage 1 D/DBPR MCL for TTHMs. The best
avalable technology (BAT) for meding this is enhanced coagulaion. In
addition, the IESWTR requires TOC reduction; TOC remova can be achieved
through addition of coagulants, addition of filter / coagulant ads, or through pH
adjusment. Bench scde testing was conducted on raw water for severd

Water Quality Evaluation 39 San L uis Obispo Fina Report



B&V Project File 97260.400
B&V FileA

coagulants to determine optimum coagulant and dosing conditions. The
following summarizes the results of bech scde jar tedting, please refer to
Appendix B for further information.

Initid jar test results indicate that, at the pH encountered at the WTP, only 9% to

13% TOC reduction can be expected through enhanced coagulation. Table 3.6
presents the jar test results.

Table3.6: Summary of Jar Test Results

el [EETEAR) SR

Final pH 7.6 75 7.76 7.81 8.4 8.08
Filtered

Turbidity 0.218 0.347 0.33 0.208

Adjusted pH 8.01 7.98 7.8 8.15 811 8.2
Cl, Residual 143 125 107 117 1 12
Raw Water

TOC 46 46 46 46 46 46
Filtered TOC 42 5 49 4 4.8 42
Total THM 1053 9.96 1331 1113 21 12.73

Appendix C provides a discusson of characterisics under which optima
coagulation is to be expected for the Lopez WTP. This discusson indicates that
optima coagulation may occur at conditions of lower pH.

Due to the high akadinity of the source water, pH adjustment due to the addition
of coagulant is more difficult. Additiond sudies are recommended to attempt
adjusments in pH, which may achieve better results. The pH can be lowered by
adding an acid or by adding carbon dioxide. Since the dkdinity of the water is
high, pH adjusment will be esser to achieve usng an acid; acidified coagulants
are aso available and should be considered.

3.5 Potential Regulatory Compliance Strategies
This chapter has identified potentia regulatory chalengesin the following arees:

¢ Stage 1 D/DBP Rule (Near Term)
80 ny/L Didribution Sysem RAA MCL for TTHM
Treatment Technique for TOC Remova (Enhanced Coagulation)
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¢ Stage 2 D/DBP Rule (Long Term — Effective 2002 +/-)
Phase 1: 120 ng/L LRAA for TTHM (possible concern)
Phase 2: 80 ng/L LRAA for TTHM (certain problem)

e LongTeem 2 Enhanced Surface Waer Trestment Rule (Long Term —
Effective 2002 +/-)

Potentid issue with Cryptosporidium inactivation, uncertain a thistime

¢ Cryptosporidium Action Plan
Violation of 0.1 NTU filter effluent

With the exception of the potentid issue with Cryptosporidium inactivation,
which is uncertain at this time due to lack of daa, dl of the future regulatory
chdlenges involve DBPs.  Some potentid options for deding with the regulatory
chdlenges are asfollows:

. S[age 1 D/DBP Rule TTHM MCL of 80 ng/L RAA

Optimize TOC remova through use of coagulants and improved trestment
process.

Use chlorine dioxide as primary pre-oxidant.
Install organics removal processes such as GAC or membranes to remove
TTHM precursors prior to disnfection with chlorine

+ Stage2 D/DBP Rule TTHM MCLSs, Phase 1 and Phase 2
Same options as Stage 1 TTHM MCL

e LongTeem 2 Enhanced Surface Water Treament Rule Cryptosporidium
Inactivation
Additiona credit for optimized turbidity remova
Ozone
uv
Membranes
Source Control

. Cryptosporldl um Action Plan
Pretreatment optimization
Reservoir aeration and restoration to reduce algae and manganese.
DAF to remove agae before oxidation
Chlorine dioxide as pre-oxidant
Filter operation improvements
Membranes

3.6 Summary

Treatment strategies assessed in Chapter 5 will need to address the above water
quaity concerns and the find solution will need to provide assurances that the
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sdected dternaive can treat the difficult source water and provide qudity treated
water to the Digtrict’s customers.

Water Quality Evaluation 312 San L uis Obispo Fina Report



B&V Project File 97260.400
B&V FileA

Chapter 4. WTP Assessment and Audit

4.1 Introduction and Background

This chepter summarizes the findings of the WTP Audit performed by Black &
Veatch. The purpose of the WTP audit and assessment was to assess the
functiondity and physcd condition of exiding facliies and identify potentid
improvements necessary to bring them into full compliance with regulations,
improve water qudity, and protect worker safety.

The Black & Vesatch team reviewed the exising WTP data and drawings listed in
Appendix E. A plan of action was then developed for the fidldwork portion of the
work. A hydradlic profile of the existing WTP was reproduced to show the
exiging flow of WTP water and to asss in evduating options for modifications
to the exiging process (See Figure 4.1). This profile provides a bass for
understanding the components and their location in the trestment process. Maor
components included in the audit were:

Lopez Lake Intake Tower
Lopez Lake Outlet Works
Raw Water Pipeline
Terminal Reservoir
Hydroelectric Fecility
Clearwater Reservoir (2,100,000 gallons)
Domestic Water Tank (50,000 gallons)
Wash Water Tank (300,000 gallons)
Adminigration Building
Chemicd Building
Filter Building
Ammonia Building
Treatment Units
Floccul ation/Sedimentation Basins, Rapid / Flash Mixer, Filter Units
Raw Water Influent Vault

A detailed investigation of the WTP was conducted between March 12, 2001 and
March 16, 2001. The remainder of this chapter discusses the findings of the WTP
audit and assessment.  Suggestions for possible update, repair, or replacement are
induded in Chapter 7. WTP photographs and a separate pipeline assessment
report are included in Appendices G and H, respectively.

The various improvements discussed in this chapter may or may not be required
in conjunction with the final selected upgrade dternative, however some remedid
actions contained herein will be required regardless of the trestment dternative
sdected.  In other words, the recommended remediad actions may be included
within a trestment upgrade dternative rather than need to be completed

WTP Assessment and Audit San Luis Obispo Final Report
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independently.

4.2 LopezLakelntake Tower

A functiond review of the Lopez Lake Intake Tower condsted of inspection of
the exising components integra to the intake tower. The gates and vaving that
comprise the raw water release from the lake are in good condition, but have no
redundancy. Interviews with operations personnd were conducted concerning the
exiging intake and its expected rdiability during the life of the reservoir. There
seems to be limited concern that the intake tower would not continue to function
inits current condition for the long-term. Other observations included:

At the time of the audit, the log boom was constructed out of telephone poles
strung together and a large tree trunk had passed over the log boom and was
gtting next to the outlet gates.

Access to the gates involves walking down a very steep concrete sairway; at
the time of the audit, there were no handrails on éther sde. The concrete
dairs continue to the water surface where there are measurement rods that
enable water level readings.

There are multiple gates and gate sdection is dependent on water qudity. The
physica operation of the gates is done manudly a the facility.

From interviews with WTP personnd, there is no reason to believe that the Intake
Tower will not be able to meet the WTP' s future needs. A modification to the log
boom has been made since the audit such that it can be adjusted according to
water level. The dtarway leading to the gates has been provided with handrals
snce the audit. Upgrades to gate operation should be made such that gates may
be operated remotely.

4.3 Lopez Lake Outlet Works

The Outlet Works is connected to the Intake Tower via pipeline from the tower.
Observations of the outlet works were as follows:

As pat of the saamic retrofit of the Lopez Lake Dam, this entire facility will
be relocated.

The exiding faclity was desgned to enable addition of gaseous chlorine
goparently the new facility will not have this capability.

This fadlity has a bypass to provide a minimum dream flowv of 4 mgd.
Adjustment of this flow is done manudly.

Because the Outlet Works is being reconstructed under separate contract with the

Didrict, no additiond work will be required as part of any upgrade or retrofit to
the Lopez WTP.
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Raw Water Pipdine
An evauation of the 20-inch raw water pipdine between the intake tower at Lopez
Lake and the Termind Reservoir included:

Reviewing O&M Manuds.

Potholing at drategic points sdected by WTP pesonnd.  (The Didrict
supplied the excavation equipment to effect this inspection.)

Performing severd tests to determine pipeine condition and the condition of
the surrounding soil.

Ingpecting exiding ar-vacuum rdief vave gations.

Reviewing exigting geotechnica reports.

Reviewing exiging plans to establish flexibility of pipe a encased crossngs to
handle seismic movement.

Based on review of the dements lised above, dong with discusson with Saff
related to known condition of the raw water pipeline, the need for TV ingpection of
the pipeline was not deemed necessary and the condition of the pipeline was found
to be good. However, due to the age of the ar-vacuum rdief vaves it is
recommended that they be replaced.

Further discusson of the pipdine condition and ingpection is contaned in
Appendix G.

Sections of the raw water pipeline from Lopez Lake may cross Arroyo Grande
Creek aboveground. These sections would be at risk of contamination and/or
pipdine falure and should ether be replaced or upgraded to ensure no possbility
of intruson or loss of flow to the Termind Reservoir. Fexible connections
would be included as part of the upgrades.

44 Terminal Reservoir

Evduation of the Termind Reservoir incduded assessment of the current
procedure of impounding raw water a the Termind Reservoir and andyss of
options available for control of water quadlity at the reservoir, including:

Algd bloom control

TOC remova

pH adjustment

Prechlorination

A water qudity andyss was completed aong with a review of the continued use

of the Termina Reservoir and the option for bypassng the reservoir. This deta is
covered separately in Chapter 3. Other observations included:
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Termind Reservoir How Control Vave

The Cla-Vave can only be operated manudly a the vault. Remote control
capability, perhaps through SCADA based on reservoir level, needs to be
incorporated.

Termind Resarvoir Outlet Tower

A totd of 5 gates are available. They are manudly operated with floor stand
hand whed actuators.

The facility appears in good shape dructurdly. There were no reports of
operation or maintenance issues related to the outlet.

The pilot sudy (discussed in Chapter 6 has shown that upgrades to the WTP will
provide enhancements to the system such that exising waer qudity from the
Temind Resarvoir may be trested to a levd that will meet regulatory
requrements. As such, the only difference between use of Lake water versus use
of Termind Reservoir weter is that the WTP would require a waiver from the
DHS in order to use Lake water. Therefore, Black & Veatch recommends
continued use of the Terminal Reservoir. Treatment processes and costs will
be smilar regardiess of source water. The Termind Reservoir was not drained
during the WTP audit; therefore assessment of its longevity is based on feedback
from operations personnd. Based on this feedback, we do not foresee any mgor
problems with continued use of the Termind Resarvoir and beieve it should be
ableto last for the life of the expanded WTP, 20 years.

45 Evaluation of Hydroelectric Facility

Black & Vedch examined the exiding hydrodectric faclity a the Termind
Resarvoir.  This evduation determined that it is not economicdly feesble to
operate the hydrodectric facility. Issues that would require resolution prior to the
hydroelectrlc facility being upgraded and used include:
Is the permit to operate current or is there a need for a new permit? Wil
repairing the facility result in permit issues?

Isit best to have the operation privatized or operate in another manner?

When in usg, only a maximum of 4 mgd can enter the Termind Resarvorr.
This does not dlow for maximum WTP flow of 6 mgd.

Didrict gaff requested that a technicd evduation of the hydrodectric facility be
completed to address the condition of the hydrodectric facility, its potentid to
operate, its effects on water quality, and the economic advisability of upgrading
the facility to alow 6 mgd to flow through the generator unit.
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Condition of the Hydrod ectric Facility

Based on visud ingpection and records reviewed, it is our technica opinion that
the hydrodectric facility is sructurdly sound and that its equipment could be
brought back to operating order with generd mantenance. The piping and
vaving appear in fairly good condition, but the vaves will have to be exercised to
confirm adequate operation.

Potential to Operate

Based on past operationa records, it is our opinion that this facility can operate to
a limit of +4 mgd passng through the generator. Anything grester will not alow
for proper operation. Since the Lopez WTP is a 6 mgd plant, the hydrodectric
facility would not dlow for full WTP operation to 6 mgd. The current WTP
cannot operate with the hydrodectric facility online given thet limitation.

Effects on Water Quality

Based on previous data illudrating that there were adverse water qudity effects
from hydrodectric facility operation, we believe that the causes of such effects
are directly related to the way the hydroeectric facility is desgned to discharge.
In order to ensure there would be little or no impact from the hydrodectric
facility, we would recommend that the facility only be operated if upgraded and
the discharge rehabilitated to prevent such problems.

Economic Advisability of Operation

Based on its water qudity and cgpacity limitations, it is not advisable to operate
the hydrodectric facility in its current condition. Since the existing and proposed
upgrade to the WTP dlows for a maximum capacity expanson to 12 mgd, the
most advisable upgrade of the hydrodectric facility would be to 12 mgd. The
cost to upgrade the fadility to 12 mgd and to permit such a facility would be an
insurmountable task for the Didrict. Therefore, it is not economicaly feasble to
upgrade and operate the hydroelectric facility.

46 Administration Building

The exiding laboratory is inadequate for in-house water qudity testing. WTP
daff presently peform regular water qudity andyses for akdinity, pH, hardness,
turbidity, color, chlorine resdud(s), particle counts, color, conductivity, and
temperature.  The Didtrict currently sends water samples to a contract laboratory
for andyds of microbid contaminants including coliforms and heterotrophic
bacteria, dignfection by-products, synthetic organic compounds, volatile organic
compounds, inorganic compounds, as well as radionuclides.  Therefore, the
laboratory should be expanded to provide for ondte testing. In addition to a new
laboratory, the administration building should be expanded to provide adequate
operator office space and a meeting room; the eectricd and instrumentation
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systems should be upgraded to include modern equipment.  Structural needs will
be discussed separately below.

4.7  Structural Inspection

This section presents the results of a visud ingpection and review of dl available
record drawings for the County of San Luis Obigpo's Lopez WTP facilities
evduated under the Lopez Water Treatment Plant Audit. The overdl objective
for this portion of the sudy effot was to conduct preiminay structurd
evauations in order to identify necessary upgrades required to bring these
facilities up to current seilsmic design standards.

Condition of existing dructures was visudly inspected and assessed with respect
to the origina record drawings as follows.

Evduae the generd dructurd condition of the faciliies (hammer blow
tests of concrete walls and dab — hammer blow test conssts of hammering
surface with a conventional hammer).

Identify any apparent or visible structurad deficiencies.

Veify that the dructure was condructed in accordance with available
record documents.

Note any dterations or deviations from the record drawings.

Identify potentid structure behavior without actud detaled enginesring
andyss.

Current versons of the following technica standards were used as benchmarks
for preparation of the saiamic evauations that are included in this report:

For stedl tanks: AWWA D100 and D-110

For concrete reservoirs: ACI 350R (draft)

For buildings: 1997 Uniform Building Code (UBC)

Desgn methodology smilar to the one contained in FEMA Technica
Assstance Manud 310

Fdd Investigation

A meseting with the WTP's O&M dgaff was conducted to briefly discuss the work
to be covered during the audit. In addition, coordination of dSte access and
security issues before commencing the field inspections were discussed.

Earthquake Paerformance

Mogt of western Cdifornia is within Seismic Zone 4. All new congruction and
maor recondruction of exising faciliies mus now be desgned to meet the
provisons of the Uniform Building Code (UBC) for Seismic Zone 4. The latest

WTP Assessment and Audit 47 San Luis Obispo Final Report



B&V Project File 97260.400
B&V FileA

issue of the UBC for Seismic Zone 4 produces much higher seismic loading and
dricter detailing requirements than previous editions of the UBC.

For a Zone 4 sdsmic event, ground motion can cause some dructural and
nongructurd damage and the intended functiond use of a sStructure may be
interrupted.  The performance gods for buildings in this zone, post earthquake,
ae clasdfied into three levels Suitable for Immediate Occupancy (1.0.), Life
Sdety (L.S), and Collapse Prevention (C.P.). The usud code desgn
requirements are based on the L.S. leve. The 1.O. level god is for a sructure to
reman functiond after an earthquake with a magnitude of 1.0. levd or smdler.
Obvioudy, in order for the facility to remain in service after a mgor levd of
eathquake ground moetion, piping and equipment must dso reman functiond as
well asthe structure. B&V believes|.0. isthe best god for the Lopez WTP.

Site- Specific Obsarvations and Retrofit Recommendations

Because the facility was condructed in 1970, it was designed for lower seismic
loading than loads required by the latest UBC. In addition, the structures may not
meet the dricter detailing requirements and therefore would not be able to resst
higher saigmic loading. Therefore, it is recommended, as a minimum, that dal
sructures designed prior to 1997 be evaduated in depth for necessty of seismic
upgrade. It should be noted that the visud inspection performed for this
evaduation does not confirm that dl information and detals shown on the
avallable record drawings were incorporated. For example, with the information
provided on the drawings, we may be able to evauate the reinforcement cal outs,
however we cannot verify that the materid was included as pat of the find
product unless further tests are done such as taking core samples or x-rays.

Depending on whether further design is required, and upon the Didrict's
gpprovd, it is recommended that these older facilities be further evauated as part
of desgn. Evauation shdl indude, but not be limited to the following:

Penetration tests of concrete and masonry including ultrasonic  thickness
measurements of meta eements.

Thefollowing facilities were included in the Structurd audit:

Reservoirs:
Clearwater Reservoir
Domegtic Water Tank
Wash Water Tank

Buildings:
Adminigration Building
Chemicd Building
Filter Building
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AmmoniaBuilding

Treatment Units:
Rapid Flash Mixer
Hocculation Bagns
Sadimentaion Basins
Flter Units

Other Facilities:
Hydrodlectric Fecility
Raw Water Influent Vault

4.7.1. Reservoirs

Clearwater Reservoir (2,100,000 gallons)

This resarvoir is a patidly-buried, circular, reinforced concrete structure
designed in 1968 by Koebig & Koehig, Inc. and built in 1969. Only one foot of
the structure protrudes dove grade. The tank has an insde diameter of 150 feet
and is 19 feet tdl. The roof is a dome inflatable cover ingaled with the origind
WTP. There were no specifications or detals avalable for review on the
inflatable roof. A roof system, such & the one on the Clearwater Reservoir, has
an expected lifetime of 10 to 15 years. Record drawings do show anchorage
detalls between the roof and the walls, however, these connections should be
checked to verify conformance with the latet UBC. The year of design and
congruction lead to the assumption that these connections may not be adequate
gnce the connections may have been desgned for lower sesmic loading than
loads required by the latest UBC.

Freeboard is not indicated on the plans. This may indicate a likdy upward
pressure on the roof during a desgn seismic event that may tear the roof fabric
from the anchors. It gppears that the walls are designed without laterd support a
the top. The hammer blow test of walls was acceptable. Outer surfaces of the
perimeter walls, those portions above grade, were checked for deterioration. The
walls above grade had minor shrinkage cracks and honeycombs that appear to be
pat of normd condruction finish. Based on drawing review, the wal-to-
foundation interface gppears to have adequate detailing for anchorage. The latest
draft of the ACI 350R sandard does not permit construction of unanchored,
unconfined water tanks in Seismic Zones 2B or higher. Some form of anchorage
is provided between the wal-foundation interface, but the reservoir wal and roof
interface should be verified.

Reservoir piping was not visble during the gdte vist.  As-built drawings indicae

that there is one 36-inch common inlet/outlet pipe, one 18-inch overflow pipe, and
one 8-inch drainpipe.  Drawings indicate a flexible expangon joint for the
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drainpipe. However, no expandon joints are indicated for the inlet/outlet and
overflow piping.

Concerns:

Basad on the ingpection outlined above, we have concerns with the anchorage of
the roof to the walls, the cover or roof system itsdf, the long-term ability of walls
to withstand forces, flexibility of inlet and outlet pipes in case of movement, and
potentid contamination issues.

Domestic Water Tank (50,000 gallons)

This reservoir is an unanchored sted tank with an inside diameter of 24 feet and a
height of 16 feet. The tank was fabricated and erected as part of the Lopez Water
Supply Project. Drawings provided by the County of San Luis Obispo do not
include tank or roof detalls. The tank foundation is a concrete ring that is partidly
buried. Minor shrinkage cracks were evident on the foundation, which appears to
be in adequate condition. It is possible that the tank is vulnerable to buckling and
laterd movement off its foundeation during an earthquake. Internd doshing of
stored water during an earthquake may cause damage to the roof. The freeboard
level should be verified to establish if doshing would cause such damage.

As-built drawings indicate that there is one 8-inch common inlet/outlet pipe, one
6-inch overflow pipe, and one 6inch drainpipe. Drawings do not indicate flexible
expanson joints for the piping.

No assessment of tank corroson was made during the inspection, however the
roof’ s coating system is peding.

Concerns:

Based on our ingpection, we are concerned with the ability of the footing/tank
connection to ress laterd forces as wel as uplift and believe that it requires
anchorage. We aso bdieve that further andysis needs to be performed to ensure
that tank bottom, wall, and roof thicknesses are adequate. We are concerned with
flexibility of inlee and outlet pipes in case of movement and potentid
contamination issues.

Wash Water Tank (300,000 gallons)

This reservoir is an unanchored ged tank with an insde diameter of 48 feet and a
height of 24 feet. As with the Domestic Water Tank, this tank was fabricated and
erected as pat of the Lopez Water Supply Project. Drawings provided by the
County of San Luis Obispo do not include tank or roof details The tank
foundation is a concrete ring thet is partidly buried. Minor shrinkage cracks were
evident on the foundation, which appears to be in adequate condition. It is
possble that the tank is vulnerable to buckling and laterd movement off its
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foundation during an eathquake. Internd doshing of sored water during an
earthquake that may cause damage of the roof should
I be verified with the provided freeboard.

As-built drawings indicate that there is one 18-inch
common inlef/outlet pipe, one 6-inch overflow pipe,
and one 6-inch drainpipe. Drawings do not indicate
flexible expangon joints for the piping.

No assessment of tank corrosion was made during the
ingoection, however the roof's coating sysem is
peling.

Concerns.

Based on our ingpection, we are concerned with the
ability of the footing/tank connection to ress laerd
forces as well as uplift and believe that it requires
anchorage. We dso bdieve that further andyss
needs to be performed to ensure that tank bottom,
wall, and roof thicknesses are adequate. We are
concerned with flexibility of inlet and outlet pipes in
cae of movement and potentid contamination
iSSues.

If membrane filtration is selected as the recommended upgrade, it is possble that
this tank may no longer be required. In this case, the Didrict may consder
abandoning it in place or dismantling it and obtaning whaever sdvage vaue
avalable

4.7.2. Buildings

Administration Building

Koebig & Koebig, Inc origindly desgned the Adminidration Building in 1968.
The facility is condructed of 8-inch reinforced concrete block bearing walls,
which support a flexible digphragm roof consdting of timber beams and rafters
and plywood sheathing. The shear wdls resst laterd forces. The fadlity’s
foundation is composed of 4-inch thick reinforced concrete dab and perimeter
drip footings.

The pitched roof digphragm, roof ridge beam, and ledgers show d€gns of
deterioration. The wood shows gplitting and decay both on the interior and
exterior surfaces. Interfaces between the roof and walls showed minor separation.
The adequacy of the roof digphragm needs to be verified, incuding actud nailing
pattern since nailing requirements on the record drawings were not verified.
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The masonry shear wadls supporting the roof digphragm have cracks, which are
less than 1/16-inch wide; therefore there are limited concerns. (FEMA says 1/8-
inch cracks are of concern.) Available record drawings show reinforcement
detalls however, snce this fadlity was initidly congtructed in the 1960's, it is
assumed that the facility does not meet the requirements of reinforcement spacing
and anchorage as defined in Section 2106 of the 1997 UBC.

The expected level of performance of this facility through a seismic event shoud
be conddered Life Safety, snce ground motion associated with a zone 4 seismic
event may cause sructurd and nondructurd damage.  After review of exigting
information and the fidd inspection, it gopears that the dructure may not be
suitable for immediate occupancy after a zone 4 design-bass seismic event.

During our inspection, various nondructurd eements could not be evauated
because they were not visble to view. The following are items that may reguire
additiond attention:

Water heater and boiler room piping laterd restraints.

Hedting, Ventilation, and Air Conditioning (HVAC) ducts redrained per
SMACNA.

Cailing tiles not lateraly braced.
Electricd and control equipment laterd bracing.
Shelves and file cabinets anchoring.

Concerns:

Based on our ingpection, we are concerned with deterioration and the ability of
the facility to resst laterd forces as wdl as uplift and believe that it requires
anchorage. We dso bdieve that further andysis is needed to ensure that the roof
Is adequate.

Chemical Building

Origindly desgned in 1968 by Koebig & Koehig,
Inc., the Chemicd Building is a renforced masonry
bearing wadl building with flexible wood digphragm
superdtructure that sts on a reinforced concrete box
subgructure.  Exigting record drawings lack details
- | for reinforcement. The 8-inch perimeter shear wals
1 J resist  laterd  forces. Based on the year of
d congruction, the buildng may not meat the
requirements of Section 2106 of the 1997 UBC
pertaining to adequate reinforcement or anchorage.
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The flexible roof digohragm condgsts of timber beams and rafters and plywood
sheathing.  The connection system used to connect the walls and floor may not be
adequate. The operaion floor, where the chemica storage and dectrica room
area is located, has a 6inch reinforced concrete suspended dab.  The substructure
condsts of 12-inch thick reinforced concrete wals and a 6-inch thick dab
foundation. The foundation dab shows dgns of deterioration.  Although the
hammer blow tet on the dab was acceptable, the dab showed cracks and
exposure of aggregate. Aggregate exposure is due to past practices that led to
chemicd spillage on the foundation dab. The basement dab was observed to
have 1/8 to 1/4-inch cracks that do not pose a problem. The cracks appear to have
been injected with epoxy grout and do not appear to be growing in separation.

The pitched roof digphragm roof ridge beam and ledgers show sgns of
deterioration. The wood shows splitting and decay both in the interior ad
exterior surfaces. Interfaces between the roof and walls showed minor separation.
The adequa:y of the roof digphragm needs to be verlfled mdudmg actud naling
pattern snce naling requirements on the R

record drawings were not verified.

The Chemica Building piping
infragtructure  condss of smdl diameter
piping. The piping IS equipped with
adequate vertical support but lacks any
latera restraint. Also, it gppears that there
ae no flexible expangon connections.
The facility does not provide ayy means of
containment or separation of chemicas.
The chemicd dorage tanks, dthough smdl
in sze, do not contan any laerd redtrant
sysem.  Smdl metering pumps adso lack
anchorage. The eectrical gear appears to
lack laterd resrant and the record
drawings do not include anchorage detals to verify. Latera restraint needs to be
provided.

The outsde concrete reinforced loading dock showed visible cracks greater than
1/16-inch wide. These cracks do not appear to be part of norma construction
finish such as shrinkage, but appear to be due to the loading capacity of the dock
being exceeded.

The darcase leading into the chemicd injection area may not meet the

requirements of OSHA and the UBC. The darcase width between the handrails
does not meet the minimum width requirement of 36 inches.
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Concerns:

Based on our ingpection, we are concerned with deterioration and the ability of
the building to ress laed forces The building and piping sysems require
anchorage. We are concerned with flexibility of pipes in case of movement and
potentid contamination issues. We are concerned that chemica containment does
not separate bases from acids.

Filter Building

This facility is a concrete shear wall building with a 4iff roof digohragm.  The
building dts above the filter gdlery (the filter gdlery is discussed later). The
superstructure is composed of 8-inch reinforced concrete shear walls, which resst
laterd forces. The rigid digphragm roof condgts of a 6-inch thick renforced
concrete suspended dab.

The visud ingpection and hammer blow test verified tha the building gppears to
be congructed in accordance with the documents and with no mgor structura
deficiencies or concerns tha would immediately affect its use.  Should membrane
filtration be sdected, this building will either need to be retrofitted or demolished.

Ammonia Building

This light sed frame dructure, origindly desgned by the County of San Luis
Obigpo Engineering Department in 1990, Sts on a reinforced concrete dab-on-
grade. Record drawings for the meta building itsdf were not available for
review, thus the shear walls, which ress latera forces, could not be reviewed to
confirm that properly detalled anchorage connections to the foundation were
included. The visud ingpection gppears to show that the building was constructed
in accordance with the documents, and therefore, there appears to be no other
mgor dructura deficiencies or concerns that would immediately affect the use of
the building.

4.7.3. Treatment Units

Floccul ation/Sedimentation Basins, Rapid Flash Mixer

These facilities are buried, reinforced concrete basins, with the exception of the
rapid flash mixer, which is a reinforced concrete box. The basn wals are buried
underground, which prohibited visud inspection of the exterior of the Structure
The County of San Luis Obigpo did shut down one of the treatment trains for
interior ingpection.  The drawings show details for anchorage between the
foundation and the basn wadls and between the wals and the roof dab. Those
portions of the walls exposed to view insde the basn showed honeycombs that
gppear to be the result of norma congruction finish and not due to age. Thewal
surface below the operation surface water level appears to be dightly etched;
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above the water line the wall gppears solid and smooth. The smdl aboveground
portions of the basin showed minor shrinkage cracks that are consdered to be part
of the norma condruction finish. Hammer blow tests of exposed areas were

acceptable.

The dudge collection mechanism in the sedimentation basin gppears normd, and
no physcd sagging or tilting was noticed. Sted tenson rods support the
collection ams from the center column. The coaing on the rods and the
turnbuckles is faling. The
turnbuckles have corroded
threads. It appears that due to
corroded threeds on  the
turnbuckles,  the  turnbuckles
were replaced; however these
new turnbuckles should be
maintaned so tha they do not
have to be replaced.

The baffles in the flocculaion
basn ae timber membes
anchored with bolts and sgquare washer plates that are exhibiting initid to
moderate stages of corroson.  Some of the baffles displayed sgns of wood
gplitting and deterioration. The coating on the bafflesis dso faling.

The perimeter guardrail is a two-ral sysem. As defined in Section 509 of the
1997 UBC, the open space between the intermediate rail of guardrails in areas of
commercid and indudrid-type occupancies that are not accessble to the public
ghdl be such that a sphere 12 inches in diameter cannot pass through. In order to
meset current code requirements, anew guardrail should beingtalled.

Indde the dudge room, there were missing grating pands which is a potentia fall
hazard, and the lights lacked latera restraint.

Concerns:

Based on our ingpection, we are concerned with the ability of the basins to accept
long-term fluid loading. Guardrail should be updated to meet current code. The
baffles should be replaced. We ae concerned with lighting redraint for
earthquake forces. Missing grating panels in the dudge room should be replaced.

Filter Units

Congructed as part of the Lopez Water Supply Project, these facilities are buried,
reinforced concrete boxes.  The filters and filter gdlery wadls ae buried
underground, which prohibits visud inspection of the exterior of the dtructure
The filters were in sarvice a the time of ingpection. The drawings show details for
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- anchorage between the foundation
and the filter walls and between the
wals and the roof dab. Those
d portions of the walls exposed to
view indde the filter gdleay
showed honeycombs and cacium
buildup a the cold joints these
appear to be the result of normd
congruction finish and not due to
age. Aboveground portions of the
filters showed minor shrinkage
. cracks considered to be part of the
normal condruction finish Hammer blow tests of exposed areas were acceptable.

Insgde the filter gdlery, pipes supported off the reinforced concrete beam and
lights supported off the roof dab did not have alaterd restraint system.

Concerns:

Based on our ingpection, we are concerned with laterd forces and recommend
anchorage of piping and lighting in the filter gdlery. Should membrane filtration
be sdlected, this facility will need to be totdly revised for such use.

4.7.4. Other Facilities

Hydroedlectric Facility

This reinforced masonry bearing wal building with flexible roof digohragm was
origindly desgned by ER&A (Energy Research & Applications, Inc) in 1983
and was condructed in 1984. This facility Sts on a reinforced concrete box
foundation. This partid underground drywell congss of 8-inch wdls  The
drywdl dts on an 8inch dab with spread footings foundation. It appears that the
drywdl was condructed in accordance with the documents with no mgor
gructurd deficiencies or concerns that would immediatdy affect the use of the
fadility.

The superstructure, or powerhouse, conssts of reinforced masonry blocks, which
ress lateral forces and support a digohragm roof congging of truss framing twin
rib duminum sheathing. The connection details shown on the record drawings
gppear to be adequate for the transfer of loads to the shear wals. Reinforcement
provided in the 8-inch sher wdls (#5 @ 48 inches o/c. veticdly) nomindly
meets the reinforcement spacing requirements outlined in Section 2106 of the
1997 UBC. The powerhouse’s reinforced concrete floor showed exposed
aggregate evident of past operationd practices.
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Powerhouse piping is adequately restrained verticaly but requires latera restraint.
From the plans, it gppears that there are no flexible expanson connections on the
discharge headers or suction. Site evauation of other nonstructural components
reveded the following deficiencies:

Anchorage of dectrical gear not visible; anchorage appears to be inadequate.
Roof shingles coming off.

Note that this facility has not been in operation for a period of years due to
mechanica problems, asindicated by the Digtrict.

Concerns:

Based on our ingpection, we are concerned with the ability of the piping to resst
lateral forces and believe that it requires anchorage. We are concerned with
flexibility of inlet and outlet pipes in case of movement and potentid
contaminaion issues. Since the recommendation is to not use this facility, no
upgrades should be made to this facility unless or until the decison to upgrade
and useis made.

Raw Water Influent Vault

The raw water influent vault is a reinforced concrete box and did not show
dructurd  deficiencies.  The vault does have smdl honeycombs and cracks,
however, these are assumed to be part of the normd congruction finish and are
not of concern.

It dso gopears that during a seismic event the underground substructure would
move with the ground motion and not experience structurd deficiencies.  Signs of
corrosion were evident on the vault hatch covers and mechanical coupling.

Note that record drawings were not avallable for this structure.  Thus, dimensions,
reinforcement, and connection details could not be evaluated.

Concerns:

Based on our inspection, we are concerned with the coating syssem on the hatch
cover and mechanica coupling condition.

48 Electrical, Fire Alarm - Suppression System,
Instrumentation & Controls

These notes present the results of a visud ingpection and review of dl avalable

record drawings for the County of San Luis Obigpo’'s Lopez WTP facilities

evduated under the Lopez WTP Audit. The overdl objective for this portion of
the sudy effot was to conduct preiminay dectricd, fire dam, and
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indrumentation and control evaduations and identify the necessary upgrades
required to bring these facilities up to current design standards.

The scope included visud ingpection and drawing review for the existing fadilities
asfollows

Evauate the generd condition of the facilities.
Identify any apparent or visble deficiencies.
Veify that the facilities were congdructed in accordance with available record

documents.
Note any dterations or deviations.

4.8.1. Fidd Investigation

A short meeting with the WTP's O&M aff was conducted to briefly discuss the
work to be covered during the audit. In addition, coordination of Ste access and
security issues before commencing the field inspections were discussed.

4.8.2. Influent Vault

The influent vault contans a sump pump, sample pump (115V, 1 phese
manufactured by CAL pumps), and a Venturi flovmeter with Honeywell
trangmitter. Some electrical wires are routed exposed (without conduits) inside the
vault.

4.8.3. Adminigration Building
The following festures were observed:

1. Adminigration building's man paneboard
is Pand “LA)” manufactured by ITE
Imperiad Corporation, 120/208V, 3 phase,
225 amps, 4 wire, and 42-circuit pand.
The pand is dated back to the 1970's and
the breskers ae old and most likey
irreplaceable.

2. The short circuit ampere rating (SCA) of
breskers was not readable, but breaker
raings ae probably rated a 10,000
amperes and they may be rated as low as
7,500 amperes. The upstream 112.5KVA
trandformer feeding this pand (dong with
pands “LC” “LF” “LR)” and *“LS’) did
not have an impedance vdue on the
nameplate. The trandformer impedance
determines the amount of short circuit current that the transformer will dlow
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to pass through and consequently determines the short circuit raing of
breekers downstream of the transformer. Since this vadue is unknown, we will
use a common and conservaive vaue of 2.7%, which cdculates to about
12,000 amperes of fault current. This vaue clearly exceeds the short circuit
rating of some of the older breskers. This low short circuit rating of the
breakers is not safe during fault conditions. This issue or concern is true for
al pandsthat are fed from this transformer.

Lighting fixtures are fluorescent type, T12, 40-watt lamps. These are dso
present in dl buildingsareasin the WTP.

Main control console dates back to the 1970s. Wiring inside control console
is extremdy messy, unorganized, and unidentified. The maintenance crew is
having a vey dfficult time tracing and troubleshooting the wires insde the
control console. There are eight newer recorders (about 5 to 6 years old)
mounted on the console. The latest control drawings and prints of control
console are not accurate and are useless for troubleshooting.

4.8.4. Sudge Pump Room

The following observations were made:

1

There are two wall-mounted termind cabinets without front covers. Wires are
messy, unidentified, and bundled up in cabinets. Some wires have been
spliced with tape and wing nuts, which is not sefe.

Didribution pand “LS’ enclosure has rusted through and is in very bad shape.
The pand isan ITE Imperia Corporation panel with old style bregkers.

Lighting fixtures are enclosed type and seem to be newer, however, supports
were improperly ingdled (the fixture supports are not straight) and seem to be
rusted through.

4.8.5. Flocculator Area

The following observations were made:

1.

2.

Flash mixer is a Westinghouse, 460/230V, 3 phase, 10 horsepower motor that
seems to be in average running condition. The control gation isold and rusty.

The 3 horsepower mixers are U.S. eectric, 460V, 3 phase, 1800 RPM motors
that seem to be in average-to-poor running condition. The control stations and
their conduits are old and rusty.

The 1 horsegpower mixers are Leeson, TEFC type, 460V, 3 phase motors that
seem to be in average-to-poor running condition. The control sations and
their conduits are old and rusty.

4.8.6. Sedimentation Basin Area

The following observations were made:
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Sudge collector motors, control dations, overload and darm switches, and
exposed conduits are old and rusty. Could not verify if the overload torque
switches are functiond.

4.8.7. Control/Filter Buildings1and 2

The following observations were made:

1.

The following observations were made:
1.

Pand “LF’ in filter buildng #1 is an ITE Imperid Corporation pand,
120/208V, 3 phase, 100A with 30 circuits.
The control consoles in both buildings are Smilar in condition to the main

control console in adminigration building. Wires insgde control consoles are
unidentified and tangled together.

4.8.8. PipeGallery

Two wash water pumps are made by U.S.
Electricc. They are 15 horsepower, 208-
230/460V, 3 phase motors that seem to be
in far ocondition.  Control dations and
conduits stubbing out of floor are rusty.

Motor operated vaves (MOV) seem to be
in far condition but may need replacement
in near future. Some MOV’s ae missng
electrical termina board covers. -3
HACH, modd 1720C turbidimeters seem I} i
to be farly new and can be reused with an
upgraded PLC control system.

Severa conduit runs have more than the totd of 360 degrees (dlowed by
code) of bending radius between pull points.

4.8.9. Hydrodectric Facility

The following observations were made:

1

According to WTP gaff, the hydrodectric facility has not operated for severa
yeas due to mechanica difficulties. The dectricad control pand has been
neglected and is full of spider webs. The generator and other equipment ook
old and are in poor shape.

Single three-phase transformer bank, rated 112.5 KVA was found on a power
pole.

Three gangle-phase transformer banks, each rated a 10KVA were found on
another power pole.
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4.8.10. Chemical Building

Electrical room

The following observations were made:

1.

Main digribution/service switchboard's service busbars are exposed and
uninsulated and not do not have barrier to the bottom half (distribution part) of
the switchgear. This is not safe and is in violation of Nationd Electricd Code
(NEC) requirements.

The main motor control center (MCC) is made by ITE, 600 ampere, 3 phase, 3
wire pand, dated 2/20/1970. MCC is fed from the man digtribution board
(MDB) with three #750Kcmil tap conductors. The Sze and insulation type of
tap wires was not shown on the wires. Breakers are old style breakers which
may be very difficult, if not impossible, to replace.

Panelboard “LC” is 120/208V, 100A, 3 phase, 4 wire, 30 circuit pand made by
ITE. Panelboard has old style breakers.

Old ONAN trandfer switch with the older, smdler generator is not used
anymore and should be removed.

1125 KVA trandformer does not have an impedance value on its nameplate.
This vdue is required in order to determine the avalable SCA through the
transformer.

New ATS is ONAN, 225 amperes, 277/480V, 3 phase. The ATS does not
appear to be grounded.

#3/O cables are used between load side of 400-ampere bresker in MDB and
line sde of 200-ampere wal mounted bresker feeding the ATS. #3/0 cables
are rated for 200 amperes and cannot be wired to a 400-ampere breaker.
Didribution pand “DP’ is an ITE, 400-ampere, 120/208, 3 phase, 4-wire
panel, dated back to 1970. Breskers are old style breaskers which may be very
difficult, if not impossible, to replace.

Small MCC pandl is 120/208V, 600 ampere, 3 phase, 4 wire, dated 2/23/1970.
The MCC man bus is tgpped off didribution pand “DP.” The dze and
insulation type of tap wires was not shown on the wires. Breakers are old style
breakers which may be very difficult, if not impossible, to replace.

Shop, Polyelectrolyte Room, Activated Carbon Room, & Chlorine
Cylinder Room

The following observations were made:

1.

The shop and polydectrolyte and chlorine cylinder pumps do not have
ggnificant dectricad equipment other than lighting, receptacles, and a wal fan
for the shop.
Polydectrolyte and Chlorine Cylinder rooms do not have sgnificant dectricd
equipment.
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3. The Activated Carbon room has a
mixer and a dust collector.  This
equipment seems very old, in far-to-
poor condition, and the nameplates
were not readable.

Basement
The following observations were made:

1. Caudic Soda and Alum pumps have
been removed. However, the control
gations for these pumps have been
abandoned in place on the east wadll.
The abandoned switches do not have
covers, and exposed wires ae
hanging from the switches. It is not
known if any of these wires are hot.

2. The wireways inddled on the basement celling are missng covers. There are
bare, hot, exposed wires hanging from these wireways. The wires indde the
wireways are not tagged or identified.

3. Sevad fire dams pull daions, and indicators have been wired in the
basement. Apparently, the intent was to meet Fire Marshd’s requirements.
Wiring between these devices are exposed and stapled to the wall.

4. The domestic water pumps are made by U.S. Motors, 3500 RPM, 460V. Pump
number 2 (M-19) seems to be newer. Pump number 1 (M-18) seems very old
and worn out. Conduits stubbing up to motors and control Stations are rusted
through and in poor condition.

5. Disconnect switch for rotodip motor on north wal seems old and in poor
condition. A receptacle has been ingtaled on the top of the disconnect switch.

4.8.11. Outsde Equipment
The following observations were made:

1. The portable Onan generator seems newer and in good condition. It is a 75KW
(93.8KVA) unit that is connected to a 480V, 3 phase, 200-ampere receptacle,
located outsde on the north wadl of the chemicd building. WTP daff
indicated that the generator has come online successfully and with no problems
severd times during dectrica outages.

2. Two blowers at the clear water reservoir are newer and seem to be in good
condition.

3. The old small generator located outside, a the northeast corner of the chemica
building is not used and should be removed.
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Based upon assessment of the existing system, it is proposed that the entire
electrical and control system be upgraded and replaced.

49 General Water Treatment Plant Observations

On-Site Fire Systems

There are limited fire systems on-ste and dl buildings are in need of adequate
systems. Thisincludes both loca and remote notification for facilities.

Influent Vault

Since the vault is located in the parking lot, parking near the vault should be
limited.

The vault requires confined space entry. Confined space equipment needs to
be kept on ste and the staff should be familiar with the requirements.

Rapid Mix

Chemica is dripped into basn a the water surface. This practice should be
ediminaed and the upgrade should include proper injection and mixing
equipment.

Rotation and configuration of the exiging mixer forces the flow to the “B”
train of the WTP.

The mixer should be upgraded and/or replaced.

Flocculation

Baffle walls do not extend to bottom. A serpentine arrangement would assst
with better mixing.

Exiging flocculators are constant speed and should be replaced with new
flocculators during the WTP upgrade, which are desgned with proper “g’
factor.

Sedimentation

| nadequate dudge collection system

Filters

The following ingppropriate festures were noted:
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Boiling observed during backwash sequencing.

Uneven surface wash energy noted.

Mounding of media

No automation of backwash sequence.

Backwash duration based on visua ingpection, no standardized method.
Backwash troughs have holes from corrosion.

Surface wash equipment does not rotate horizontaly, offset on shaft.

Washwater and domestic water are pumped from filtered water piping. This
impacts the pressure that the surface wash is capable of depending on various
water demands at the WTP.

All of the above indicate a need to replace the filter sysem during the WTP
upgrade.

Filter Gallery

Vaves and actuators show signs of age and wear. These need to be replaced.

Pipe insart through base dab near washwater pumps presents a tripping
hazard. This should be repaired to diminate the hazard.

Vent has chemicd piping routed through ductwork. This should be repaired
and the piping rerouted.

Ammonia Building

Chemicas stored on base dab without containment. Containment is required.

Ammonia pumped via one pump without backup. Redundancy should be
provided.

Ammonia is flow paced; the accuracy of the flow needs to be confirmed.
New controls should be provided.

-Pass Vault
Better mixing of ammonia is required in pipe; perhaps a datic mixer could be
ingaled prior to sampleline.

Leak proof access hatches that are ether lighter or have hydraulic lift should
beingalled.

The vault requires confined space entry. Confined space equipment needs to
be kept on ste and the gaff should be familiar with the requirements.
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Clear Water Reservoir

The hypaon cover agppears to have some smdl pinholes and aress that
experience localized stress. It should be replaced.

Finished Water Meter Vault

This vault is located in the Lopez Drive roadway. Access through a second
manhole from insde property fencing should be provided.

The meter is not very accurate and should be replaced.

Chemical Building

Provide appropriate ventilation.

Provide appropriate alarms and strobes.

Provide appropriate secondary containment for al tanks.

Provide appropriate separate pumps with backup for al chemica pumps.
Provide appropriate wiring placed within conduit.

Replace potable water pumps.

Remove chemicals that are old and no longer used.

Replace roof such that it is compatible with chemica storage.

Provide ADA compliance for new WTP upgrade.

Administration Building

ADA compliance will be required for new WTP upgrade.

Ammonia Building

ADA compliance will be required for new WTP upgrade.

Filter Building

ADA compliance will be required for new WTP upgrade.
4.10 System Redundancy

The Lopez WTP nfrastructure and system components were ingpected to establish
options available to creste a more dependable and maintainable WTP. It is not
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feasble to provide complete redundancy for the entire WTP, eg. mgor process
units. Instead, it is proposed that maintenance-intendve items such as pumps, be
provided with a standby unit to provide redundancy.

411 Safety

Exiging WTP facilities were reviewed from an overdl cursory review to assess
worker safety and basc OSHA compliance. A thorough OSHA compliance
review was not completed as a pat of this work and should one be required, it
should be performed separately. EXxisting operationa procedures were reviewed as
they rdate to chemicd handling, containment, confined space, RMP's, emergency
response planning, and evacuation procedures. Recommendations presented for
suggested changes to previoudy established procedures adong with new standards
for future compliance are included under discussions for each of the vaious
locations.  This report only identifies unsafe conditions observed during our
ste surveys. A safety audit was NOT conducted. The District should conduct
a safety audit separately to identify all unsafe conditions and CalOSHA
compliance deficiencies.

4.12 Staffing

Black & Vesatch completed a review of Didrict saffing a the WTP, laboratory,
and a al Didrict facilities that support the operation of the Lopez WTP. This is
discussed further in Chapter 7.

4.13 Improvement Prioritization

A workshop was held on April 6, 2001 to review preiminary audit findings and
discuss proposed suggestions for improvements.  This workshop aso served to
prioritize improvements in order of importance to implement.  Didrict daff
developed the following prioritization of improvements:

1. Public Hedth (non-negotiable)
- Regulaory Compliance

- Code Compliance
- Redundancy

2. Worker Safety (non-negotiable)

3. Rdiability

4, Water Qudity Improvements (water qudity above regulatory
requirements)

5. Optimization of Operation

The following table places the discussed improvements in these categories.
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Chapter 5.Potential | mprovements

5.1 Introduction and Background

The review of the water quaity data and the need to comply with regulations both
present and future presented in Chapter 2 and 3 leads to the conclusion that the
pretreatment and filtration portions of the existing WTP need to be updated,
repaired, and/or replaced. This chapter develops dternatives to address the need
for adequate coagulation, proper flocculation, quality sedimentation, updated
filtration, and vdid disnfection. Nine treatment process agpproaches ae
developed and evauated againgt economic and norreconomic criteria Also
described are the results of two screening workshops with Didrict staff, technical
advisors, and DHS representatives. A preferred trestment drategy is then
recommended.

More detailed information is provided in Appendices|, J, and K.

52 General WTP Design Criteria

This project focused on WTP upgrades to enable the Lopez WTP to continue to
provide a 6mgd capacity. The Lopez WTP is currently designed for the
following parameters:

Capacity (mgd) 6.0
Hydraulic (mgd) 6.8
Nomina Detention Time (DT) (Minutes)

Flash Mixer 0.5

Flocculation 320

Sedimentation 165.0
Sedimentation

Overflow Rate (gpd/ft2) 938

Nomina Weir Loading (gpmVIf) 5.45
Clearwel (MG) 0.16
Clear Water Res. (MG) 21
Filters (Dua Media)

Nomina Filter Rate (gpm/ft?) 2.95

Backwash Rise Rate (in./min) 32

Surface Wash Rate (gpm/ft?) 0.75
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53 Water Quality

As described in detall in Chapter 3 raw water for the Lopez WTP is very difficult
to treat and requires careful evauation for find process recommendation.

54 Potential Improvements

Black & Vestch initidly looked at seven dterndive drategies for improvement to
the WTP:

Enhance Existing Pre- Treatment
Upgrade Exigsting Pre- Treatment and Conventiond Filters
Upgrade Existing Pre- Trestment and New Membrane Filters

Upgrade with New Bdlasted Flocculation/Sedimentation Pretreatment
and Conventiond Filters

5. Upgrade with New Bdlasted FHocculation/Sedimentation Pretrestment
and Membrane Filters

6. Upgrade with New Pre-Treatment, DAF, and Conventiona Filters
7. Upgrade with New Pre-Treatment, DAF, and Membrane Filters

AN PE

Each is discussed bel ow.
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54.1. Implement Current Plan — Enhance Exiging Pre-
Treatment
ALUM
PFOLTMER
s wai o
.—- o
TERMIMAL AW
“m‘ el SEDIMENTATION

FILTER AID

FILTERS EY PASS WaULY

COUNTY OF SAN LUIS OBISPO

LOPEXZ WTP AUDIT -POTENTIAL IMPROVEMENTS
ALTERMATIVE 1

DO NETHING NEW T8 TREATMENT

The fdlowing changes to the exiing faciliies would be made under this
dternative:

The flash mix would be upgraded as previoudy designed by others.
New rapid mix equipment aready purchased would be installed.

Improvements would be made to the flocculation baffle wals and
sedimentation diffuser wall.

Improvements would be made to the method of feeding chemicals.

Filter improvements would not be provided, but would be required to meet
CAP requirements.

This alternative should be viewed as the base alternative, and is not

recommended by Black & Veatch, as it will not effectively solve
compliance problemsin thelong term.
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5.4.2. Upgrade Exigting Pretreatment and Conventional Filters

C EHLORIHE BaXIDE

FERRIC CHLORIDE

POTENTIAL

CHLORIME, FOTABRIWM
PREMANGAMATE AMD
POLYMER FDID

FOTEMTIAL FOLYMER FEED

.
TERSAIHAL

WALV FUMABHED WATER
WVRULT SAETER VALY

COUNTY OF SAN LUIS ORISPO
LOPEXZ WTP AUDIT -POTENTIAL IMPROVEMENTS

ALTERMATIVE 2
UPGRADE PRETREATMEMT AND CONVENTIONAL FILTERS

The following changes to exiding fadliies would be made under this
dternaive:

A new chlorine dioxide supply ahead of the influent meter would be
added.

Options for feeding polymer, potassum permanganate, and chlorine ahead
of anew flash mix system would be provided.

A new flash mix system would be added.

An option to feed polymer ahead of second stage rapid mix would be
provided.
A new flocculation sysem in the exiding flocculaion basns would be
added.
A rerofitted sedimentation sysem usng plate settlers dong with new
dudge rakes would be added.
The underdrains and the media in the exiding filters would be upgraded
using conventiond dud media technology.
Other improvements would be required to dructures, eectricad systems,
etc., as discussed in Chapter 4.
This dternaive would not achieve the turbidity god of the CAP. Therefore, a
variance from the CAP would be required, making this dterndtive indigible
for the SRF.
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5.4.3. Upgrade Exigting Pretreatment and New Membrane Filters

FEREBIC CHLORBIDE

COUNTY OF SAN LUIS OBISPO

LOPEZ WTP AUDIT -POTENTIAL IMPROVEMENTS
ALTERMATIVE 3

UPGRADE PRETELATMENT AMD NEW MIMBRANE FILTRRS

The fdlowing changes to the exising faciliies would be made under this
dternative:

A new chlorine dioxide supply would be added ahead of the influent
meter.

Options for feeding polymer, potassum permanganate, and chlorine ahead
of anew flash mix system would be provided.

A new flash mix system would be added.

An option to feed polymer ahead of second stage rapid mix would be
provided.

A new flocculation sysem in the exising flocculation basins would be
ingtalled.

The sedimentation system would be retrofitted using plate settlers aong
with new dudge rakes.

New membrane filters would be added.

Other improvements would be required to dructures, eectricad systems,
etc., asdiscussad in Chapter 4.
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5.4.4. Upgrade with New Ballasted Flocculation/Sedimentation
Pretreatment and Conventional Filters

SLUDGE
MICEO=-5AND AND SLUDGE

CLOME e T HYDROCY CLIOME

POLYMER

MEW
COHNVINTIONAL FILTERS

COUNTY OF SAN LUIS OBISPO
LOPEZ WTP AUDIT -POTENTIAL IMPROVEMENTS
ALTERMATIVE 3

BALLASTERD FLECEULATION, SEDIMENTATICN STSTEM WITH EONVENTIONAL FILTERS

Under this dtenative, a Balasted Hocculation/Sedimentation system  for
pretreeiment would be inddled with new conventionad filters.  This is
badcdly an dl-new WTP with improvements to support facilities as discussed
in Chapter 4.

This dternaive would not achieve the turbidity god of the CAP. Therefore, a

variance from the CAP would be required, making this dterndive indigible
for the SRF.
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5.4.5. Upgrade with New Ballasted Flocculation/Sedimentation
Pretreatment and Membrane Filters

SLUDCGE
MRICRO-5AND AND 5LUDNGE

TO HYDROO CLONE
HYDROCYCLONE

POLYMER
MICRO-SAMD:

-----------------

COUNTY OF SAN LUIS OBISPO
LOPEZ WTP AUDIT -POTENTIAL IMPROVEMENTS R A——_
ALTERMATIVE 5

BALLASTED FLOCCULATION/SEDIMENTATION STSTEM WITH MEMBRANE FILTERS

Under this dternative, a Balasted Focculation/Sedimentation system would
be used for pretrestment with membrane filters. This is bescdly an dl-new
WTP with improvements to support facilities as discussed in Chapter 4.
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5.4.6. Upgrade with New Pretreatment, DAF, and Conventional
Filters

o CHLORINE DIGKID E

e, POTENTIAL MR uP
CHLIO RIME, FOTASSILM it
POLYMIR FEED MRIN CLARIFIED WATER OUT

COUNTY OF SAM LUIS OBISPO
LOPEL WTP AUDIT -POTENTIAL IMPROVEMENTS

ALTERMATIVE &

DUAF WITH NEW MID_ FILTERS

Under this dternative, the previoudy discussed Alternative 2 would be used
with modifications in the flocculation sysem and then would use a DAF
sysem  (flotation/sedimentation). Other improvements are required to
structures, eectrical systems, etc. as discussed in Chapter 4.

This dternative would not achieve the turbidity god of the CAP. Therefore, a

vaiance from the CAP would be required, meking this dternaive indigible
for the SRF.
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5.4.7. Upgrade with New Pretreatment, DAF and Membrane
Filters

POTENTIAL

CHLORINE, POTASS UM AR

PERMANGAMAT E AMD DiSSOLVED

PO LYMER FEED AR N CLARIFIED WATER OUT

COUNTY OF SAM LUIS OBISPO
LOPEZ WTP AUDIT - POTENTIAL IMPROVEMENTS

ALTERNMATIVE 7
DAF WITH MIW COMVENT I OMAL FILTERS

This dterndive is ultimatdy the final recommendation for the WTP upgrade.
Under this dternative, the previoudy discussed Alternative 2 would be used
with DAF daification sysem (flotation/sedimentetion) as under Alternative
6, but membrane filters would be used rather than convertiond filters. Other
improvements are required to dructures, eectrical systems, etc. as discussed
in Chapter 4.

Flot testing of the DAF (discussed in Chapter 6) demondrated thet smadl
particle breskthrough would occur with the use of conventiond filters. It was
determined that these particles did not fal within the Cryptosporidium sze
range and the Didrict could have agpplied for a variance from the CAP.
However, DHS representatives informed the Didrict and Black & Vegich that
due to the requirement of a variance, the WTP upgrades would not be digible
for SRF unless membrane filtration or water softening was included. For this
reason, water softening dternatives were then devel oped.
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55 Water Softening Alternatives

After discusson with the Didrict, Black & Vestch developed two softening
dternatives. These dternatives were developed to address Didrict dtaff
comments that most complaints from water customers are for poblems caused
by water hardness and to accommodeate the Didlrict’'s desire to be digible for
the SRF funding. Raw water from Lopez Lake is very hard, with an average
tota hardness of 350 mg/L as CaCOs;. Water softening can be used to reduce
hardness, while smultaneoudy tregting the water to meet drinking water
regulations. The rationde for the water softening dternatives is presented in
detal in Appendix I. Thetwo preferred water softening dternatives are;

8. Upgrade Usng a Chemicd Softening Process and Conventiond
Filters

9. Upgrade with Partid Softening with Nandfiltration and Conventiond
Filters
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55.1. Upgrade using a Chemical Softening Process and
Conventional Filters
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LOPEZ WTP ALIDIT -POTENTIAL IMPROVEMENTS
¥ s W

CHEMICAL SOFTENTIG

The following changes would be made under this dternative:
A new caudtic supply would be added ahead of the influent meter.

A caudtic storage and feed system would be added.

A new flash mix system would be added.

A new flocculaion sysem would be inddled in the exising flocculation
basins.

The sedimentation system would be retrofitted with plate settlers and new
dudge rakes.

A liquid carbon dioxide dorage, feed, and diffusng sysem would be
ingdled.

The underdrains and media in the exigting filters would be upgraded using
conventiona dua mediatechnology.

Two dudge recirculation or disposa pumps would be added.
A filter press dudge dewatering system would be ingtdled.

Other improvements are required to dructures, dectrical sysems, etc. as
discussed in Chapter 4.
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5.5.2. Partial Softening with Nanofiltration and Conventional
Filters
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The following changes would be made under this dterndtive:
A new chlorine dioxide supply would be added ahead of the influent
meter.
Options for feeding polymer, potassum permanganate, and chlorine
would be provided ahead of anew flash mix system.
A new flash mix system would be ingtaled.
An option to feed polymer would be provided ahead of a second stage
rapid mix.
A new flocculation sysem would be ingdled within the exiding
flocculation basins.

A retrofitted sedimentation system would be added using plaie stlers
aong with new dudge rakes.

The underdrains and media in the exiging filters would be upgraded using
conventiond dua media technology.

A new NF systern would be ingtdled.
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Other improvements are required to dructures, dectrical systems, ec. as
discussed in Chapter 4.

56 Flash Mix Upgrade Alternatives (Coagulation)

Rapid mixing needs to be very fast and thorough when inorganic coagulants
are added to water, as the rate of chemical reaction is very swift. Treatment
problems can result from inadequate mixing or from discharge of coagulated
water from more than one point in a single mixing chamber.

Hash mixing options indude in-line daic mixers, pump injection (diffuson)
mixers, and batich-mix reactors with verticd mixers.  Static mixers require
avalable energy from the incoming water line.  Theefore, they ae not
favored in the incoming gravity line.  The Didrict has experience with verticd
mixers that, if properly designed, would be preferred. Water-champs are in-
line mixers that have been effective in retrofit applications.

Black & Veaich recommends that the Didrict inddl the upgraded system
recently purchased plus a new system. (Full system redundancy would not be
provided.) Regardless of the method used, there should be no short-drcuiting.

5.6.1. Coagulation

Due to the high dkdinity of the source water, pH adjusment to optimize
coagulation will be difficult. Higoricd WTP data demonstrates that
coagulant addition has resulted in a pH reduction. However, because of the
high akdinity of the raw water the reduction is not large enough to drop to
levels optimd for dum and other duminum-based coagulants. Historica data
appears to confirm this with reduced finished water turbidities in conjunction
with lower pH (Appendix C).

The WTP may opt to use acid addition to lower the pH to one more optimal
for dumrbased coagulants.  Alternatively, an acidified dum-based coagulant
or a ferric-based coagulant may be used. Since ferric coagulants tend to have
a high pH optimum in high akdinity weater, better coagulaion may be
redized. Polymers are not recommended for use as coagulant ads in
conjunction with downstream membrare treatment.

C-Factor Reduction

Reduction of C-factor in digribution piping is known to occur under some
conditions when duminum-based coagulants are used for treatment. This
phenomenon is a result of changes in solubility as pH is modified in the
preence of a soluble duminum resdud. Solubility for duminum in water
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tends to be lowest in a pH range of 6 to 7. When an aduminum-based
coagulant is gpplied a a pH outsde this range, there is potentid for passng
excess duminum resdud into the sysem. A subsequent change in pH in the
sygdem can change the <olubility for this resdud and result in a post
precipitation condition that leads to the accumulation of a chemicd dime on
pipewalls, with an associated reduction in C-factor.

This is a concern due to the high dkdinity of the raw water and the difficulty
that this condition creates insofar as adjuding to a coagulation pH in the
region of minimum auminum solubility.  Therefore, conditions that lead to
the passage of excess duminum resduds are present unless extreme measures
are taken to adjust the pH in coagulation and filtration processes. A second
condition that is typicaly required for post precipitation is a subsequent
reduction in pH in the digribution sysem that would reduce the solubility of
any duminum that is present. This is less likdy to occur in the Didrict's
sysem as compared with other systems due to buffering that is the result of an
extremdy high dkdinity. However, buffering intendty for a given levd of
dkdinity varies depending on pH range and tends to be minimd a a pH of
85. As this is in the generd region of the didtribution pH, it cannot be
assumed that a degree of pH change is not possble even with the high
dkdinity leves tha are present in this case.  Therefore, some potentid for
post precipitation may ill exist for duminum-based coagulants.

Less information is available on the effect of ironbased coagulants on post
precipitation. The ferric oxidation date of iron tha is normaly used for
coagulation has a much broader range of precipitation than aduminum and
may be less susceptible to the solubilization/precipitation cycles that create the
conditions for post precipitation with duminum.

Based on these consderations, there are two key factors for minimizing the
effect of post precipitation:

1. Paform coagulation under pH and dose conditions that minimize
auminum resduds to the extent possble. Effort should be made to keep
duminum resduas under 0.2 mg/L as this is the Secondary Maximum
Contaminant  Limit. Reduction in duminum regduds dso lowers
potentiad hedth risks.

2. Minimize subsequent pH reductions in the didribution system that will
dter the solubility of duminum.

In cases where post precipitation has led to C-factor reductions, severd
corrective measures have been applied to restore pipeline capacity. Pipeline
cleaning with “pigs’ or other methods is a common gpproach. Also,
goplication of a dightly higher pH in finished waer has been successully
goplied as a method for dissolving the accumulated precipitate within piping
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(Kriewall et. a., Public Works, December 1996). This agpproach may,
however, be less dedrable due to the posshility for sudden increase in
aduminum levesin the didribution sysem if the dissolution processisrapid.

5.7 Pretreatment Upgrade Alternatives

Optimization of both exiging flocculation and sedimentation basns will be
required for the WTP.

5.7.1. Pre-Oxidation

Pre-oxidation is caried out for a variety of purposes including control of
tases and odors, agee control within the WTP, oxidaion of iron and
manganese, and disnfection. For some source waters, use of pre-oxidation
can subgtantidly improve coagulation and filtration performance.

Chlorine dioxide is an oxidant tha must be produced onrsite. If produced so
no free chlorine is present in the oxidant solution, chlorinated disinfection by-
products are not formed in drinking water. This oxidant is effective for
control of tastes and odors, color, and oxidation of iron and manganese;, and
control of agee in waer trestment plant basns It is dso a drong
disnfectant.

The pilot study (discussed in Chapter 6) confirmed that pre-oxidation with
chlorine dioxide resulted in reduced TTHM and THAA production when
compared to preoxidation with chlorine.

5.7.2. Flocculation Basins

The formation of gentle eddy currents or mild turbulence in water brings
about the paticle-paticle collisons needed to form flocs.  Currents or
turbulence can be induced in the water by mechanicad girring, by bubbling ar
into a baan, or by creaing multiple changes in flow direction in a long
channd (hydraulic flocculation).

Grestest optimization of the treatment process will be achieved a the
flocculation basins. However, the summer to winter varigtions of water
quaity require inddlation of mechanicad flocculation equipment. Large
veticd flocculators with variable speed drives permit flocculation tagpering
and, with seasond variations, can turn a higher revolutions to create better
floc. This will be especidly true in DAF technology. These vertica
flocculators are recommended for the Lopez WTP.  Sowing down the
flocculators and/or increasing coagulant dosages can form a larger settlesble
floc.
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The effectiveness of the flocculation process is highest when the flocculation
basns have been desgned to avoid short-circuiting. When short-drcuiting
occurs in a basin, water flows through in a time that is shorter than the
theoreticd detention time.  Although short-circuiting in flocculation basins
canot be totdly eiminated, minimizing this problem is important because
ataning a uniform floc retention time yields a more uniform floc 9ze. When
floc szes range from very smdl to very large, the larger flocs may settle well
while the smdlest do not and are carried over to the filters.  Attaining a farly
uniform floc sSze can improve sedimentation performance, paticulaly when
plae sdtlers ae employed. Baffles within each exiding flocculation basin
will dlow for optimization of floc Sze.

The exiging flocculaion basns would be modified to permit optimizing
trestment.  These improvements would include new serpentine flow baffle
wdls and new mixing units Any improvements made mugt include more
condderation for washdown and mantenance hose hibs, sample pump
configuration changes, dudge drain improvements, ventilation of dudge dran
vault, and repair of low spots.

5.7.3. Sedimentation Basins.

To rdiably increase loading raies within the current basin footprint, we
recommend ether inddling incdined plate <Htles in the exiding
sedimentation basins dong with new dudge rakes or usng other methods like
balagted flocculation (Actiflo) or the DAF darification sysem tha uses
flotation and sedimentation.

DAF is an expecidly effective clarification process for remova of particulate
matter that has poor settling characterigtics.  Low turbidity (< 100 and
preferably < 30 NTU) waters with high loadings of low-density particles such as
agee or flocculated colored organic materia are the mgor DAF gpplications.

Based on the dternative andyss and the pilot study discussed in Chapter § it
gppears that DAF is the best solution for the Lopez WTP.

5.8 Filtration

The exiging filter media and underdrain sysems are old and are experiencing
operational problems. They are in need of renovation. Severd sudies have
been completed over the last severd years that have included upgrading filter
media in sdect filters, invedtigations usng coring, eic. The key dement under
congderaion for this effort is “What solution is best for the long tee'm?” In an
atempt to find tha solution, aternative methods of filtration could be
implemented.
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Based on Didrict water qudity gods and their gods of capacity and reiability
and DHS redundancy requirements for critica processes, membrane filters are
being recommended for the Lopez WTP.

5.9 Disnfection

Free chlorine and chlorine dioxide can serve as the primary oxidant and
dignfectant a the WTP. However, while chlorine gas is a proven technology
with a good track record, safety concerns have resulted in more stringent
ordinances for toxic gases and secondary containment requirements.  For
these reasons, modifications to the exising chlorine system will be required to
bring it up to code These modifications include congruction  of
improvements to the chlorine storage and feed facility to ensure that it is gas
tight. In addition, a scrubber sysem cgpable of neutrdizing the accidenta
rdeese of chlorine from a full one-ton contaner would be required.
Alternatively, the Didrict could change its chlorine gas sysem to a bulk
hypochlorite or onsite sodium hypochlorite generation facility.

Black & Vesaich is recommending: (1) onste sodium hypochlorite generation
facility, and (2) a pre-oxidant of chlorine dioxide, potentid pre-chlorination,
find chlorination, and continuing ammonia feed for chloramines. Black &
Veatch recommends usng a method of chlorine dioxide generation that does
not use chlorine gas if pilot testing proves that it is cgpable of meeting the
Didlrict’s needs.

Additiond information on dignfection recommendetions is presented in
Appendix K.

5.10 Recommended Treatment Process

The recommended treatment process was developed through two screening
workshops and was refined to reflect input from Didrict daff, the Didrict's
TAC, and representatives from DHS,

Prior to the workshops, Black & Vesatch developed preliminary cost estimates
for the nine treatment dternatives described in Sections 5.4 and 5.5. These
cost edimates are summarized in Table 5.1. Costs range from $103 per acre-
foot per year (afy) for Altenative 1 (Base Case) to $283 per ay for
Alternatives 8 and 9 (Water Softening Alternatives).

Black & Vesatch dso compared the nine aternatives with respect to potentia
log remova credits and regulatory compliance. Results are shown in Table
5.2and Table 5.3, respectively.

At the workshops, the dternatives were evaluated againgt the cost and water
quality condderations mentioned above. Other evauation criteria were public
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Table5.1: Estimated Costs

Alternative 1

Alternative 2

Alternative No. 3

Alternative No. 4

Alternative No. 5

Alternative No. 6

Alternative No. 7

Alternative No. §

Alternative No. 9

Do Nothing Pretreatment & Pretreatment & Actiflo with Actiflo with DAF with DAF with Softening with Partial Softening w/’
Conventional Filters] Membrane Filters | Conventional Filters] Membrane Filters | Conventional Filters| Membrane Filters | Conventional Filters| Nanofiltration
Construction Costs
Site Work and Yard piping 5 4420001 % 4420001 % 4420001 % 4420001 § 4420001 % 4420001 % 4420001 % 4420001 § 442,000
Raw VWater Pumps/Fiping n'a n'a n'a n'a n'a n'a nfa n'a néa
Rapid Mix 5 12,000 % 12,0001 % 12,000 néa ) nfa] % 12,000 § 12,000 % 12,000
Flocculation Improverments ¥ 272001 % 2072001 % 207 200 nfa k] Incl. W/ Sed. Inel. W/ Sed. | § 2072001 % 207 200
Sedirmentation nfa | § 470,000 % 470,000 | § 11137501 % 11137501 % 1072468 | § 1072465 § 200000 % 200,000
Filter Press n/a n/a nia néa L] nfa nfal & 150,000 n/a
Filtration nia | § 585000 % 39500000 § 585000 % 3950000) § 585,000 | % 3950000] § 585000 % 9,585,000
Chemical Feed nfa | § J0000] % 30000 § 300000 % 30,0000 % 30000] % 300000 % 300000 % 30,000
Caustic Soda n/a n/a nia néa L] hfa nfal & 150,000 % 150,000
Alurm n'a nfa n'a ] n'a (k] n'a n'a nda
Palyrmer n'a (k] n'a ] k] n'a n'a n'a nda
Chlorine Dioxide n/a n/a nia néa néa nfal % 150,000 nfal ¥ 150,000
Carbon Dioxide {E] g nia néa 0] nfa nfal § 150,000 n/a
Chlotine 5 150,000 | % 150,000 | % 150,000 | § 150000 % 150,000 | § 150,000 £} néa hia
Hypochlatite g n/a nia néa néa nfal ¥ 150000 % 150,000 | % 150,000
Arnrnonia Included in Other Included in Other Included in Other Included in Other Included in Other Included in Other Included in Other Included in Other Included in Other
Buildings Included in Other Included in Other Included in Other Included in Other Included in Other Included in Other Incl W Sed Included in Other Included in Other
Clearwater Reserair Included in Other Included in Other Included in Other Included in Other Included in Other Included in Other Included in Other Included in Other Included in Other
Electrical & Instrumentation 5 450,000 | % 450,000 | % 450,000 | § 450,000 | § 450,000 | % 450,000 | % 450000 | § 450,000 | § 450,000
Other Improverents 5 4000000 ] § 4000000 ] § 4,000,000 % 4000000 % 4000000 % 40000001 % 4,000000]% 4000000 % 4,000,000
Subtatal 5 S081200] % BEI46200] § 971120008 EF70750] % 10135750 % B720468 1§ 10,256 4668 | § E526200] % 15,376,200
Contingencies 5 1270300 ] § 1519050 | § 2427 800 ] % 1592688 | % 2533938 ] § 1682367 | § 2EE4 1171 8 16315501 % 3,844,050
Engr, Admin, and Legal § 7E2,1801 % 911430 % 1456680 | § 10156131 % 1520363 | % 1009420] % 15384701 % 078030 % 2,306,430
TOTAL 5 71380 ] § BA0EEE0] & 135956580 | § 0479050 ] % 14,190,050 | § 9421255 1 § 14350055 | § 0136680 ] % 21,526 680
O&M Costs
Labor 5 2824981 § 2824981 § 35000 % 282498 § 350000 § 282498 | % 35000 % 495000 | § 495 000
Addl Process Energy n/a nfal § G7 088 nfal § b7 938 nfal % B7 938 | nia n/a
Current Process & Building Energy 5 FEEE] S TEEE] S AEEE| S 275581 % 2TEEE |G TEEE] S TEEE| S 2TE5E % 27 558
Chemical Costs 200214 | § 2079141 % 2079014 | § 2070141 % 2079141 % 2079141 % 2079141 % 207014 1% 207 914
Caustic Soda g n/a nia néa n'a nfa nfal & 5845001 § 5584 500
Palyrmer Incl. Above Il Above Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above
Chlotine Dioxide nfa ] § 10,234 | § 10234 | % 102345 10,2341 5 10,234 | § 10,234 | nia hia
Carbon Dioxide $60/4an nfa nfa nia nfa n'a nfa nfal & 182600 % 182 600
Chlorine  $209%tan Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above
Hypochlorite Il Above Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above
Ammonia $4004on Il Above Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above Incl. Above
Pipeline Maintenance (Pigging) b 12730 | § 12,730 nfal % 12,730 nia | § 12,730 nia néa ha
Sludge Operations n/a n/a nia n'a L] nfa nfal § 2460001 % 246 000
Misc. Maintenance Materials 5 11831 § 11831 § 1183 ] § 1183 | % 1183 | § 11831 § 1183 ] § 1183 | % 1,183
Equipment (Vehicles) 5 8524 | § 8524 | § 8524 | § 8524 | % 8524 | § 8524 | § 8524 | % 8524 | § 8,524
Lab Costs 5 486589 ] § 48689 ] § 486589 § 48689 | % 4868915 486891 § 48669 § 486589 1% 48,689
Ovethead 5 101000 % 1000 % 101000 % 101000 % 101,000 | § 101000 % 101000 % 101000 % 101,000
Contingencies @10% 5 EI010]§ 700331 § 78809 1§ 003315 7880915 700331 § 78809 1% 190,297 | § 190,297
TOTAL 5 BO0096 | § 7003301 % 788090 | § FO0330 1% 7a8000 | 5 700330 % 788090 | § 1902568 1% 1,902 968
BIAFSR 5 1031 % 1041 % M7 1% 1041 % 17§ 1041 % M7 1% 283 % 283
BIAFSR (Including 20 yr debt service)] § 1721 % 186 | § 245 | § 196 ] % 2541 % 1951 § 255 | % 371 | % 490
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Marrative:

These costs were developed based on experience with similar plants

Mo new facilities are needed

Thig cost is for 2 new rapid mix in line mixer

Thig cost is for new flocculators and drives

Thig cost is for new plate settlers except DAF is for new system fram supplier
Far filter press

Cost is for upgraded filters except for membranes which are estimated separately
Just the cost for minor improvements to chemical feed

Cost for caustic soda systerm on softening only

Mo new facilities are needed

Mo new facilities are needed

Meeded for DAF and nanofiltration

Cost for carbon dioxide systern on softening anly

Upgraded chlarine systerm only

Cost for Hypochlorite system

Mew System based on similar plant estimates
Cost developed considering all audit work completed

25% of Subtotal
15% of Subtotal

Cost for existing plant from County - Added additional staff to other alternatives 1-Mermbrane 4-Softeni
Cost for energy used by mebrane filter equipment only

Sarme ag existing

Sarme as existing

Added costs to softening for cherical

Added costs for DAF only
Added costs to softening for cherical

Figging costs

Added costs to softening for chernical
All same as existing plant

All same as existing plant

All same as existing plant

All zame as existing plant
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Table5.2: Potential Log Removal / Inactivation Credits

G

Alleraive L 20

(Minor modifications) Viruses 6.0

Alternative 2. Cryptosporidium 20

Upgrade w/ new filters Viruses 6.0

Alternative 3. Cryptosporidium 4.0

Upgrade w/ membrane filtration Viruses 45-8.0

Alternative 4. Cryptosporidium 20

Actiflo & conv. filters Viruses 6.0

Alternative 5. Cryptosporidium 4.0

Actiflo & membrane filtration Viruses 45-8.0

Alternative 6. Cryptosporidium 20 4.0 4.0

DAF & conwv. filters Viruses 6.0 (80-10.0) | 6.0-8.0

Alterndive 7. Cryptosporidium 4.0

DAF & membrane filters Viruses 45-8.0

Alternative 8. Cryptosporidium 2.0

Chem. softening & conv. filters Viruses 6.0

Alternative 9. Cryptosporidium 2.0

Nanofiltration & conv. filters Viruses 6.0

*Ozone and UV log removal credit would also be applicable to Alternatives 2 and 4.

2Assumes ozone followed by brief chlorine contact period to inactivate microbes that may be present in
biological growth sloughed from filters.

3Assumes UV followed by brief free chlorine contact period.

[ Bassfor Total Loginactivation/Removal Credits |

o Log Removal/lnactivation for Specified Pathogen
Treatment / Disinfectant — .
Cryptosporidium Viruses
Conv. Sedimentation / Filtration® 20 20
Membranes (UF / MF) 40° 05-40°
Free Chlorine 0 40
Ozone 2.0 (20-40)
uv® 20 0-20°

Includes conventional sedimentation w/plates, Actiflo, and DAF processes. Applicable to current regulations.
Under future regulations, removal credits may be increased for well-operated plants.

2CA-approved removal credit for Giardia; credit for Cryptosporidiumexpected to be similar.
3Removal credit dependent on type of membrane used.

“From “Stage 2 M -DBP Agreement in Principle” microbial toolbox.

At 40 mJ¥ent UV dosage. (UV not currently CA -approved for surface water treatment.)

®I nactivation efficiency dependent on type of virus.
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Table5.3: Alternative Compliance Matrix

| Atenaive | Compliawe | AdionPlan | WQeeds

1 Doubtful

2 Possibly

3 X X X
4 X X w/ Exception

5 X X X
6 X X w/ Exception

7 X X X
8 X

9 X

acceptance, reliability, and ease of operation. The criteria were weighted and
scoreswere assigned. The results of the evaluation are shown in Table5.4.

Black & Veatch's initid recommendation was to base the preiminary design on
Alternative 6, a process train that included DAF for pretrestment, media filtration,
and find dignfection by ultraviolet UV light. As discussed in Chapter 6 the DAF
pilot that was run in the fdl of 2001 a the Lopez WTP demondrated that the
DAF unit cgpably removed particles to smaler than Cryptosporidium range (less
than one micron).

However, as a pretreatment process, DAF was unable to condition the water to
prevent filter media breskthrough of very fine particles. (On a sngle occason, as
described in the pilot study.) This breakthough condition put the WTP above the
CAP god of 0.1 NTU. Discussons with DHS indicated that a variance from the
CAP could potentidly be obtained, and that UV would be helpful (necessary) to
obtain this variance. However, DHS cautioned that fallure to meet dl provisons
of the CAP would disqudify the Didrict from qualifying for the SRF.

In a workshop hed with the Didrict's TAC on November 7, 2001, Black &
Veatch recommended Alternative 6 and outlined its risks.  Alternative 6 is the
lower net present worth aternative, even when condderation is given to financid
differences for not obtaining the low interest rate SRF loan. At the November
workshop, the Didrict aso requested evduation of a previoudy dismissed
dternative, softening, which became Alternative 8.

After completing the evduation of Alternative 8, Black & Veatich met with the
Digtrict TAC in a a Workshop on March 19, 2002. At the Workshop, Black &
Veatch presented updated costs and comparisons of Alternative 7, Membrane

Potential Improvements 520 San Luis Obispo Fina Report



B&V Project File 97260.400
B&V FileA

Table5.4: Alternative Process Comparison Matrix
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u | B cg- BElS|le|=
= | = | £ Y
= 3 S gl s B
[ ] E ) a o Score |Aemarks
Wipight] 201 1.0 § 10 [15]15] 1.5 | 20
Treatment Technology
[AMe rnatihe 1
Upgrade 1azh mix, baffle Aocculstion, sedimenlation diffuser (| 2 ( 10 | 10 [ 2 | E 2 2 410 |"Do- nothing” aliernatwe
il
[Akenative 2
Upgrade 1azh mix, new chionne dioxide, new ferric chioide a B B 7 | - 3 e Sedmentalion does nol cope well with
haffle locculalion, ==dmentalion difuzer wall, new algae, so qualily and elinbilty are loweed
convertional fiHers
[Abe rnathne 3
Uipigada 1ash mix, mew chioena diode, new fardic chioide, [ - | ¢ e lalel s a 7og  |Huality i higher bacauza of membrane
bafile flarculation, sadmantation difiser wall, new ffiters, but lits cycle costa are &s0 higher
oo ciilatoes, new plale seltlers, new remboane fhes
[ — Cruality should be s good a3 hat of

Allematike 2, bul rediability and operaion
ey b diffcult becaues balsstad
focculation can be quie pH-==nsdie
Quality should be == good as that of

ETI Lehematie 3, but again pH sensitivity of
ballasted locculation elaries 10 oparations

and rediabiliy

Haw chiorre dineide, ballasted loccustion'zedimertation, | 8 T ! 7Pl E 7 5 EEBY
anid e comertonal REers

| rnative §
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Hewi chioree digzide, new feiric chiceds, diesobead a0 i | al1al7 3} 3 E81
[Rcesdationn, snd rew coementiorsl e,

DAF ic more mliable far algaz reatmant and
greas beiter qualty. so, easier oparations.

Guualily should be betier than that of
Allamatne B clug to Fhe e of membranss n
corjurction with DWAF; rellabiliy should be
the warne. Wil hie bigher Iife cycle costs,

[Abenative 7
Mevs chlorre dioside, dis=olved air {ostation, and new a 5 B 9 B 9 a -.a1
mermhrane fiters

[Alernathm § Softaning i= quite labor mensive and
lded charnical saftening, upgrade Aash mee, naw chlanre q n = 5|3 g a EO5  [FtPenane ovarall Sl has the issue of ot
dinride, naw famc chioncds, bafle Aocoulstion, sadimentation copire well with slgae, a0 ouabty and
difitzer wall, mew comvantions fiters iediability am iowamsd
Pk rnative 8 .
Uperae Tagk rwix, new chioeing dicaick, new feec chioide, Acktbalg e gue abnr anelraani
: wepmnain onseall G0l has b issus of not

baffl= flocculation, ==dmentalion difmer wall, rew a 2 1 5 2 9 a EE2
convertional filers, add =id= siream softening u=irg Capng Wl W A gan; sh Aty Jrd

. : rediability am iowened
nancofifration.
Heodes

(1] Lt eyl coote takan af 3% ot 30 e
(%) Featineg 10 = bast, 0 = wactsal

Bublic Azcaptance has 10 do with pemading water quality swthin bucgedad funds so ro effect on mles

Giwerr s weight of 2 becaise of the sgnficance of provdding wals oualty
Lapital Gt i meraly the cosd of he tacifties

Gherna welght of 1 becausze il ehauld be coneidersd bt ehauid not be a major deciglon fctar.
Like cycle poote are sgain monly the cogts Tor pparstion for the 1 af the Fcillies cer 20 yoars

Giwer a weight of 1 becauze if should be considersd but should not be a major decision facior
Belighilty is 1h= poterdial for the realment process o meet regulaiory and qualty standards consistertly

=wen a waight of 1.6 because this facior is mome mporant than cosis bot lees impotant than public acceptance
Eass of operation is tha abiity of tha YWTF 1o be operated easiliy

Gwer a waight of 1.5 becausa this facior is mone mpodant than costs but leas impotant than puidic accaptance
Bualy is the shilky of the process to provide qualicy water under any circumsiancess

Giweer & wright of 15 because his Bactor i more mpodart than costs bul less importan e public acceptancs
Reliahilty, sase of npseahon, sod qusity wees considersd soually impoctant

Filtration and Alternaive 8, Chemicd Softening. The comparison of the two is
shownin Table 5.5.
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Table 5.5: Comparison of Alternatives 7 and 8

[ [ Peweorieln || GriElSiohg |

Staffing

Higher Level of Automation
1& C/PCS troubleshooting
Capable of Remote Operation

B&V Project File 97260.400
B&V FileA

More labor intensive
Significant increase in solids
and chemical handling
Recommend continuous
staffing

Regulatory Compliance

Will meet CAP

Should meet CAP

Public Acceptance

No changein TDS

Lower TDS could result in
less reliance on water
softeners by South County
water users.

Pipeline Deposition

Decreased, probably not
eliminated

Eliminated

Rdiability of Treatment
Process

High

Highly automated filtration
with multiple levels of
redundancy

More troublesome to start-up.
Highly dependant on
chemical feed systems.
Potential problems such as
filter plugging.

Safety

Improved. Fewer chemicals
required than current process

Increased concern.
Significant increasein
quantity of chemicals
handled, induding sodium
hydroxide (caustic, irritant)
and carbon dioxide
(inhalation hazard).

Construction/Design Schedule

Procurement/Piloting of

Conventional design-bid-

WTPis$172

pretreatment/memb ranes will construct schedule
add 3-4 months
Capital Cost $14,400,000 $9,200,000
(based on DAF with pressure
membranes rated at 6-mgd firm
capacity).
Annualized Debt Service $927,000 $592,000
O&M Cost/Y ear $788,000 $1,903,000
Total Cost/Year $1,715,000 $2,495,000
Cost/Acre-Ft/Year. Current $255 $371

Based on the above comparison, Black & Veatch recommended proceeding with
the recommendation of Alternative 7 to the Didrict TAC, due to the lower life-
cycle cost. A flow diagram of the potentid future trestment train is shown in
Figure5.1.

In addition to the recommended trestment process, there are other water quality
improvement dternatives that may be worth consdeing for the long term
induding:

Aeration both in Lake Lopez and the Termind Reservoir
Reservoir restoration — Aquatic weed remova / capping bottom sediment
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Chapter 6. Pilot Study

6.1 Introduction and Testing Objectives

Black & Vedich conducted a pilot testing program a the Lopez WTP during
September and October 2001, using a pilot traller containing a disolved air
flotation (DAF) sysem and two dud media filters rented from F.B. Leopold
Company, Inc. (Leopold). As a subcontractor to Black & Vesich, Leopold
provided a field engineer to operate the pilot plant under the guidance of Black &
Veatch. This chapter presents a summay of the pilot testing. The teting
protocol with detailed descriptions of magor equipment and testing procedures is
included as Appendix M. More detailed testing data is contained in Appendices
N, O, and P.

DAF was sdected for pilot testing at the Lopez WTP because the raw water is
known to contain low-dendty paticles such as dgee that have poor setling
characteristics. DAF is a process in which water is coagulated and flocculated,
and then a recycle stream of water containing air bubbles under high pressure is
introduced into the flocculated water. As ar bubbles are gradudly released, they
rise to the top of the water and float the floc particles. Solids are skimmed off the
water surface in this separation process as float dudge. This prepares the water
for effective filtration. A DAF sysem can be essly inddled in the exiding
sedimentation basins of the Lopez WTP. The floated dudge from a DAF darifier
can have a solids content ranging from 1% to 3% (conventiona yidds 0.5-1.5%
solids), sometimes exceeding 3%, making the dudge esser to manage than that
from other clarification processes.

Manganese, TOC, turbidity, and DBPs are parameters of concern a the WTP in
addition to dgae. The main objectives of the DAF pilot testing were to determine
the gpplicability of DAF as an effective pretreatment to dud media filters in order
to address these water quaity concerns and to optimize the process criteria and
operation conditions for full-scde desgn and cost andyss. Preoxidants including
chlorine dioxide, potassum permanganate, and chlorine were tested during the
pilot program to evauate their effects on DBP formation and manganese removal.

The Didrict's water quality gods are:

Clarified water turbidity 05t01.0NTU
Granular mediafilter effluent turbidity 0.05NTU
Granular mediafilter effluent turbidity

after backwash and filter restart <0.15NTU gpike
Manganese in filter effluent 0.01 mg/L
DBPs (TTHMs, THAAS) 0.04 mg/L, 0.02 mg/L
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6.2 Pilot Plant Operations
Filot tegting equment included a mobile DAF pilot plant rented from Leopold

e, and a chlorine dioxide generator rented
from CDG Technology Inc. (CDG).
s8 The Leopold DAF pilot plant was
contained in a traler, complete with
! o . three chemicd feeders, two datic
o ] BERESE mixas, a two-stage flocculation unit, a
' ' sl DAF daifier syslem, two pilot filters, a
dudge holding tank and dudge pump,
and online monitoring  equipment
induding pH and conductivity meters,
temperature gauges, turbidimeters, and
paticle counters. The CDG chlorine
: L generator used a solid sodium chlorite
catridge to reect with chlorine to generate chlorine dioxide. The mgor pilot
equipment systems are described in more detall in Appendix M. PFictures of the
pilot plant on location are displayed below.

A schedule of the pilot testing is included in Section 4 of Appendix M. The pilot
trailer was delivered to the Lopez WTP gSte on September 4, 2001. After
equipment sstup and chemicad preparaion, chemicd coagulation optimization
garted on September 7 and lasted until September 12. Coagulants tested included
JC 1647, PAX, ferric chloride, JC 1679, and dum. JC 1647, JC 1679, and PAX
are gpecid blends of polyduminum chloride with cationic polymer. JC 1647 was
found to be the mogt effective coagulant for DAF operdion.  Incidentaly,
JC 1647 was dso found to be the most effective coagulant in bench-scale jar tests
conducted by Digtrict laboratory staff (Appendix B). The project team decided to
use JC 1647 as the primary coagulant for the continuous (24-hour, 7-day/week)
DAF pilot teing which dated on September 13 usng raw waer from the
Termind Reservoir as feed. The raw water source was switched to Lopez Lake
water on September 26, and testing ended on October 3, 2001. A chronology of
chemicd addition events during the entire pilot teting is presented in
Appendix O. The chemicds include coagulants, oxidants, sulfuric acid, and filter
ads.

As described in Appendix M (Section 5), criticd parameters such as pH, turbidity,
particle count, temperature, and flow rate were continuousdy monitored with on
line indrumentation. The Leopold fidd engineer andyzed samples for iron,
manganese, duminum, and color with a spectrophotometer.  Didtrict |aboratory
daff occasondly collected samples for meta andyss with the atomic absorption
method (AA), and for other andyses such as akdinity, algae count, tota organic
cabon (TOC) and UVas4 absorption, color, odor, chlorine dioxide, chlorite,
chlorate, amulated distribution system (SDS) THMs, and HAAS.
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6.3 Pilot Testing Results and Discussions

Detalled testing results and analytical data are presented in Appendix N (Leopold
Find Report) and Appendix P (Didricts Andyticd Results). The results are
summarized and discussed below.

6.3.1. Turbidity and Particle Count

Turbidity of raw water, DAF effluent, and filtered water was continuoudy
monitored on-line a the pilot plant. Turbidity data for raw water and DAF
effluent is presented in Figures 1, 13, and 14 of Appendix N. The turbidity of raw
water from the Termina Reservoir ranged from 1.4 to 26 NTU and that from
Lake Lopez ranged from 0.35 to 1.7 NTU during the testing period. Upon
dabilization, the DAF sysem peformed very well a a surface loading rate of 4
gomvft? with 35 mg/L of JC 1647 for turbidity reduction. DAF effluent turbidity
was less than 0.5 NTU most of the time and was as low as 0.3 NTU. Low DAF
effluent turbidities were found especidly when raw waer directly from Lake
Lopez was treated, except near the end of testing when pre-oxidation was
discontinued and coagulant dosage was reduced. DAF peformance essly met
the god of clarified water turbidity of 0.5-1.0 NTU. Surface loading rate testing
indicated that the DAF unit could be operated at a rate of up to 8 gpmVft? without
causing any sgnificant performance deterioration.

Head loss versus effluent turbidity, for both pilot filters over the entire testing
period, are shown in Figures 31 and @ in Appendix N. During the first week of
- continuous teging, the pilot filter
effluent turbidity ranged from 0.2 to
0.3 NTU. At the same time, the WTP
was experiencng high filter effluent
turbidity.  Apparently, there was an
dgee bloom in the Termind Reservoir
during this period, and the Didrict
treated the reservoir with copper sulfate
and acid. After the first week, the pilot
filter  effluent  turbidity began to
decrease, but it was ill higher than 0.1
NTU until September 24 when the raw
- water turbidity decreased to less than
15 NTU. Filter effluent turbidity decreased to below 0.1 NTU on September 25
and decreased to approximately 0.05 NTU after the raw water source was
switched to Lake Lopez. However, as Lake Lopez raw water turbidity increased,
filter effluent turbidity aso increased to goproximately 0.1 NTU. Ovedl, pilot
testing did not meet the Didrict turbidity god of 0.05 NTU in the filter effluent.
However, it did meet the combined filter turbidity standard of 0.3 NTU (95"
percentile) required by DHS as amended by the IESWTR.
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Attempts to improve the filter peformance in turbidity reduction including
lowering filter loading rate (3 gpm/ft®> versus 4 gpmft?), pH adjustment (acid
feed), coagulant ad, and filter ad feed were not effective in dgnificantly
improving filter effluent turbidity reduction. Didrict laboratory saff conducted a
bench-scde test by filtering a pilot filter effluent sample through a O45m|cron
filter.  The turbidity decreased from ‘

0.25 NTU to 0.08 NTU, indiceting thet
there were fine paticles (both larger
and smdler than 045 micron in Sze) in
the filter effluent.

The particle count data provided a
different perspective on filter
peformance. The average raw water
paticle count (2-20 micron) was
approximately ~ 10,000/mL. The
average DAF efluent paticle count
was gpproximately 800/mL and was as ™
low as 100/mL with 1.5 mg/L of chlorine dioxide as pre-oxidant. This represents
92 to 99% paticle remova. The filter effluent particle count averaged SY/mL and
was as low as 10-12/mL with 1.5 mg/L of chlorine dioxide feed as pre-oxidant.
The pilot filter performance in paticles >2 micron was excdlent. The log
remova (DAF with filter) for totd particles >2 micron was above 2.8 during the
'best’ period and averaged 2.2-2.3 during the ‘wordt' period. This easly met the 2
log Cryptosporidium remova requirements of the IESWTR. Runs of the pilot
filters were a least 48 hours in length a a surface loading rate of 4 gpm/ft®>. This
is equivaent to a unit filter run volume (UFRV) of larger then 11,200 gal/ft>-run,
which is excdlent and indicates that DAF isagood pretrestment dterndive.

The discrepancy between the turbidity and particle count results is anomaous.
Usudly with particle counts less than 100/mL, the turbidity would be below 0.1
NTU. This discrepancy indicates that there are colloidd particles in the filter
effluent that are smdler than 2 microns in 9ze. These colloidd particles are very
difficult to flocculate and are smdl emough to penetrate the filters. Based on
present knowledge, these particles are not protozoans such as Cryptosporidium
(2-5 micron) and Giardia lamblia (5-15 micron). Previous dudies by the
Didrict's consultant (John Carollo Engineers, 1996) indicated that there were
dlicabased submicron particles (distoms, micas, kaolinite, illite, etc.) in the raw
water that were very difficult to coagulate due to their high intendty negative
surface charge and morphologic structure.  Remova of these submicron particles
may require membrane processes such as micrdfiltration (MF) or ultréfiltration
(UF), which can remove particles 0.1 micron or smdler.
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Raw and filtered samples from the pilot plant were sent to Leopold's Research and

Development Laboratory for microscopic
examination. Leopold reported that (@
some diatoms, incduding Fragilaia and
circular unicdlular dgee were present in
the filtered water sample. It is suspected
that the particles that passed through the
filters may be a combination of diatoms |8
and colloidd dlica but without the
protozoans. Communicatiions with DHS
(Kurt Souza and Rick Sakgi) indicated
that, if it were demondrated that the
particles were not of the
Cryptosporidium sze range, the CAP [ e
guiddines (specificdly the 0.1 NTU filter effluent turbidity) might not apply. In
that case the turbidity standard to be complied with would be 0.3 NTU as required
by IESWTR, aslong as other requirements such as CT are met.

6.3.2. Iron and Manganese

Iron and manganese concentrations were monitored frequently during the pilot
tesing. Iron concentrations in raw and filtered water were very low during the
entire testing period, a good dea below the SMCL of 0.3 mg/L. Raw water
manganese concentrations ranged from 0.028 to 0.06 mg/L. Figure 16 of
Appendix N shows raw water and DAF manganese concentrations. With few
exceptions, the DAF removed manganese to beow 0.03 mg/L when an oxidant
was used.  Filter effluent manganese concentrations are shown in Figure 34 of
Appendix N. Filter effluent manganese concentrations were generdly below 0.02
mg/L, but higher than the god of 0.01 mg/L. As mentioned ealier, the Leopold
field engineer conducted manganese andyses with a spectrophotometer.  Didrict
laboratory daff dso andyzed manganese with AA.  Manganese concentrations
obtained by the Didtrict are presented in Table 51. With one exception, dl filter
effluent manganese concentrations were a or below the Didrict god of 0.01
mg/L. It is interesting to note that the exception occurred when potassum
permanganate (KMnO,4) was used as the pre-oxidant. It is bdieved that the
andyses by AA chould be more accurate than the andyses by the
spectrophotometer. Therefore, it is assumed that the god of 0.01 mg/L was met.
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Table6.1: Manganese Concentrations by Atomic Absorption (mg/L)

e[ || | e | S5 [ oo | 25|

B&V FileA

06-Sep T.R. 0.03 None

10-Sep T.R. 0.047 0.013 None

12-Sep T.R. 0.034 0.01 clo, 0.5
14-Sep TR 0.029 0.008 co, 0.5
18-Sep TR 0.023 <0.005 co, 15
20-Sep TR 0.02 <0.005 co; 15
24-Sep T.R. 0.021 KMnOy 0.5
25-Sep T.R. <0.005 Cl, 32
27-Sep Lake <0.005 Cl, 32
28-Sep Lake <0.005 clO, 15
01-Oct Lake <0.005 co, 125
02-Oct Lake <0.005 | Cl, (Filter) 2
03-Oct Lake <0.005 Cl, 2

* T.R. = Terminal Reservoir

6.3.3. Disinfection By-Products

The purpose of the preoxidant testing was to evduae the effects of the
preoxidants on DBP formation in a word-case scenario when post chloringtion
(not chloramination) was used. Detalled andyticad results of the SDS DBPs are
included in Appendix P. Table 52 shows a summary of the 48-hour SDS DBPs
(TTHMs and THAAS). As expected, the data indicates that using preoxidants
other than chlorine (or no preoxidant) reduced the formation of TTHMs and
THAAs. At higher chlorine dioxide dosages, DBP reduction was higher.
However, it is interesting that KMnO,4 had a much greater percentage reduction in
DBPs than chlorine dioxide. This is contrary to the experience of Black & Vesch
in other projects. Unfortunately, there is only one data point to support this
phenomenon. In genera, DBP concentrations were much lower in trested water
from Lopez Lake than from the Termina Reservoir.

Table6.2: 48-hour SDS DBP Analysis Results

-

clo; 05 1226 489 TR
co; 15 8L7 535 TR
ao; 0 108.8 9.1 TR
KMnO, 05 55.4 284 T.R.
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[, [ 382 [ 16 | 7 J[TR |
clo, 15 403 288 | Lake
clo, 125 37.3 344 | Lake
clo, 125 393 508 | Lake
cl, 2 73 583 | Lake
Cl, (Prefilter) 2 78 437 | Leke

* T.R. = Terminal Reservoir

The DPB gods could easly be met by usng a pre-oxidant such as chlorine
dioxide or KMnO,4 to oxidize manganese and enhance coagulation, and use post-
chloramination for CT and resdud requirements. Chlorine dioxide appears to be
effective in manganese oxidation and in enhancing particle remova efficencies in
the DAF and pilot filters. One mgor concern with chlorine dioxide is the residud
chlorite concentration, which has an MCL of 1.0 mg/L. The Didrict's anayticd
results (Appendix P) indicate that chlorite concentrations exceeded 1.0 mg/L
when the chlorine dioxide dosage was 1.5 mg/L. It was dso possble that the
pilot chlorine dioxide feed rate was inaccurate as the total chlorite and chlorate
levels exceeded the chlorine dioxide dosage of 1.5 mg/L during lake water testing.
Neverthdess, it would be prudent to limit the chlorine dosage to 1.0 mg/L.
However, if a higher chlorine dioxide dosage is required, a ferrous sdt can be
incorporated in the coagulation process. Ferrous sdts can reduce chlorite to
chloride, which has no known deleterious effects.

6.3.4. Algaeand TOC

Algee removd is one of the main advantages of DAF as a water pretreatment
process. During the pilot testing period, an dgae bloom occurred. As shown in
Table 5-3, DAF had over 96% dgae remova when the dgae counts were
relaively high. When the raw water source was switched to Lopez Lake water,
the adgae count in the raw water decreased dramaticaly. The remova percentage
dropped off, but the DAF effluent dgae count was quite low. The pilot testing
data demondtrated that DAF was effective in dgae removd.

Table6.3: DAF Algae Removal Data (Total Counts, Org/mm?)

| [ it [ | e |

3,500 93 97.3 TR
2,000 0 100 TR
4,000 110 97.3 T.R.
3,200 110 96.6 TR
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[ ror [ et orom [ oo |

2,100 25 98.8 TR
4,500 97 97.8 TR
3,900 86 97.8 TR
140 58 58.6 Lake
330 29 91.2 Lake

* T.R. = Terminal Reservoir

Raw water TOC concentration ranged from 5.3 mg/L to 6.3 mg/L as presented in
Table 5-4. TOC remova by DAF or filter ranged from 11 to 24%, with an
average of 16.8%. This is lower than the 25% remova required by enhanced
coagulation for Lake Lopez (source water with TOC of 4.0-80 mg/lL and
dkdinity >120 mg/L). Bench-scde tests conducted previoudy indicated that
TOC removad by enhanced coagulation was difficult. The Didrict may want to
choose the dternative compliance criteria of usng an dterndive preoxidant and
post-chloramination to limit TTHM and HAAS5 to <0.04 mg/L and 0.030 mg/L,

respectively.

Table6.4: Pilot Testing TOC Data (mg/L)

B P .

TR 6.3 54 14.3
T.R. 54 41 24

TR 54 4.6 148
T.R. 53 47 11

TR 55 44 20

TR 5.6 45 196
T.R. 55 46 164
Lake 54 48 111
Lake 57 4.6 193
Lake 5.6 46 179
Lake 59 48 186
Lake 55 47 145
Average 5.6 4.7 16.8

* T.R. = Terminal Reservoir
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6.3.5. Color and Aluminum

Color remova by DAF was quite effective. Figures 17 and 18 in Appendix P
show the agpparent and true color levels in raw water and DAF effluent,
respectively. Raw water gpparent color ranged from 16 to 52 color units. The
DAF effluent apparent color averaged approximately 10 color units. The true
color in DAF effluent averaged approximeatdy 6 color units, which is wel beow
the limit of 15 color units.

The duminum resdud in filter effluent was rdaivey high (see Appendix P).
When raw water from the Termind Resarvoir was treated, the duminum resdud
was wel below the general treatment goad of 0.2 mg/L. However, when Lake
Lopez water was treated, the 0.2 mg/L god was exceeded twice. This was
probably due to the higher pH of the Lake Lopez water. The raw water pH of the
Termind Reservoir averaged approximately 825 while that of Lake Lopez
averaged agpproximady 84.  Aluminum (from polyduminum chloride) is more
soluble & a higher pH.

6.3.6. Float Sudge

During pilot tegting, DAF float dudge samples were sent to the Leopold
laboratory for andyss of totd solids. The average solids concentration was
2.35%, which is higher than that for other sedimentation processes. The higher
solids content may trandate to easer management and faster dewatering.

6.4 Conclusions and Recommendations

The pilot testing a the Lopez WTP demondrated that DAF is an effective
pretreatment process for particle and adgae remova. However, because of the
presence of submicron particles, which were very difficult to coagulate, filter
performance did not meet the Didrict's turbidity goa of 0.05 NTU in the filter
effluent (during the upset event in September), but could meet the DHS
requirement of 0.3 NTU. The log removd of paticles >2 micron by
DAF/filtration was condderably higher than the Cryptosporidium log removd of
20 in filter sysems required by IESWTR, and thus an exception to the
Cryptosporidium Action Plan could be granted if the Didrict chooses to meet
DHS requirements with minimum capitd expenditure.  However, if the Didrict's
water quality gods are to be met, a more expensve membrane process such as
MF or UF could be implemented with appropriate pretrestment. An economic
andysis of the various trestment aternatives was presented in Chapter 5.

Pre-oxidation by chlorine dioxide was found to be effective in manganese
oxidation and in enhancing paticle removd by DAF and filters It is
recommended that a full-scae chlorine dioxide test be conducted to determine its
effectiveness in reducing DBPs (with pod-chloramination) and in  enhancing
particle remova. However, the dosage should be kept to a maximum of 1.0 mg/L
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to avoid high chlorite resdud in the trested water from Lopez WTP. If a higher
chlorine dioxide dosage were required, the use of ferrous sulfae as a

supplemental  coagulant would be necessry to convert residua chlorite to
chloride.
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Chapter 7. Final Recommendations

This chapter provides a summary of recommendations for each portion of the
WTP investigated as pat of Black & Veatch's audit. Investigation into the needs
of the WTP is discussed in detal in Chapter 4. These improvements should be
implemented based on the priority listing contained at the end of the chapter.

The following generd improvements are recommended:
Reroute the exiding piping configuration from the cler water reservoir to
the transmisson pipeline,

Provide dl gtructures that are to be reused a complete protective coating or
sedler that will provide extended life to the concrete. (This was completed

in spring 2002.)
At a minimum, evauate dl dructures designed prior to 1997 for necessity
of seismic upgrade.

Ensure dl structures are ADA compliant.

Upgrade or replace the entire dectricd and instrumentation system
including SCADA.

Provide an adequate fire darm system including both locd and remote
natificationsin dl buildings

Provide maintenance-intensve items, such as pumps, with a sandby unit
to provide redundancy.

Provide the WTP with a full st of safety gear and equipment including
confined space entry equipment, gear, and measuring devices.

Test the septic tank and leach fidd for percolation time and efficiency.
Pump the septic tank during this process.

Recommendations regarding specific areas of the WTP are summarized below.

7.1 LopezLake

The Intake Tower should be able to meet the WTP's future needs. However, the
following recommendeations were made:

The log boom should be modified such that it can be adjusted according to
water levd.

Handrails should be provided on the stairway leading to the gates.

Gate operation should be upgraded so that it can be accomplished
remotely.
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The Outlet Works is being reconstructed under separate contract with the Didtrict.
Therefore, additiond improvements as part of any upgrade or retrofit to the Lopez
WTP are not needed.

7.2 Raw Water Pipeline

It is recommended that the ar-vacuum reief vaves be replaced due to their age.
Those sections of the raw water pipeline from Lopez Lake that may cross Arroyo
Grande Creek aboveground would need to be repaired or replaced to ensure no
posshility of intruson or loss of flow to the Termind Resarvoir.  Hexible
connections should be included as pat of the upgrades. As an dternative,
pipeline rehabilitation with a continuous liner may be considered.

7.3 Teminal Reservoir

Based on feedback from operations personnd, we do not foresee any maor
problems with the continued use of the Termind Reservoir and believe it should
be able to last for the life of the expanded WTP (20 years).

Based on review of data from the pilot study, it is anticipated that the WTP, as
improved with the recommendations herein, will be die to meet regulaory
treatment standards for trested water using either water directly from Lopez Lake
or the Termind Reservoir. However, the WTP would reguire a waver from the
DHS to use Lake Lopez water. Therefore, Black & Veatch recommends
continued use of the Terminal Reservoir.

The following ae recommended for the
Termind Resarvoir: i
. Upgrade the flow control vave to [s&s=ah
provide remote control capability. e W
Remove agudic weeds in the |||
Termind Resarvoir. o
If the Didrict were to require water | -
quaity improvements to the Termind | -
Reservoir in the future, Black & |
Vestch recommends consderation of
capping of bottom sediments or
aeration.

7.4 Hydroelectric Facility

After review of the condition of the hydrodectric facility and its potentid effects
on waer qudity, Black & Veatch bedieves that, while operation is viable, the
upgrades necessary are cost-prohibitive and the facility should not be usad in the
future. Based on this, saverd recommendations made during the audit for repair
have not been expanded upon herein.
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75 Raw Water Influent Vault

For security reasons, parking near the vault should be limited. In addition, entry
into the vault fdls within confined space entry regulations.  Confined space
equipment should be kept on ste, and personne should be trained and familiar
with the requirements.

Structura Recommendations:

Clean and apply new coating system to vault hatch covers.
Replace piping mechanica coupling.

Electricadl Recommendations:
Provide a raceway system (conduits, condulets, LB’s, junction boxes, €tc.)
for dectricd wiring ingde the vaullt.

Move receptacles to the top of the vault to prevent possible flood damage.
For personned and maintenance safety issues, receptacles should be
replaced with GFCI (Ground Fault Circuit Interrupter) type receptacles.

Replace wires and cables.

7.6 Pretreatment

Under the recommendation accepted by the Didrict (Alternative 7 from Chapter
5), each of these treatment processes will be upgraded or replaced.

| Rapid Mix

Black & Veach recommends placing the new
mixer that the Didrict has purchased in the
exiding ragpid mix chamber. In addition, the
Didrict should place an additiond mixer within
the recommended pretrestment upgrade, for a
totd of two mixers. This should provide
adequate mixing and redundancy.

Focculation / Sedimentation

Membrane filtration by itsdf or even with
coagulant feed ahead of the membranes, typicdly
is not very effective in removing organics and
ceatan inorganic contaminants.  The purpose of
pretrestment for membranes is different than that
for conventiond trestment, because pretreatment is not necessary to meet the
turbidity god of <0.1 NTU. Membrane filtration will be able to achieve this
without the need for pretreatmen.
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Black & Veatch recommends pretrestment upstream of membrane filtration in
order to improve remova of dissolved contaminants, such as color, dissolved
organic carbon (DOC) and DBP precursors. Onsite pilot work and bench scale
tesing indicae that pretreatment will be necessary for proper conditioning of the
raw weater prior to introduction to the membranes. Fallure to remove organics
would most probably result in an inability to meet the Stage 1 DBP-Rule and
would require the membranes to operate a a very low flux rate or require
chemica cleaning more frequently than every 21 days.

Black & Veatch beieves that DAF is the best avalable technology (BAT) for
pretreatment of this water. Therefore the costs presented for pretreatment of the
recommended process is for DAF. The DAF upgrade will include new
flocculators and a new process to replace sedimentation. The entire DAF process
will fit within one of the exiding sedimentation basns. Figure 7.1 illudrates the
potentid DAF configuration. The configuration assumes that two 3-mgd DAF
units (for atotal capacity of 6 mgd) will fit within one of the existing basins

Pretreatment should be confirmed during design. In whaever pretreatment
process is ®lected, Black & Veatch recommends that the pretrestment process be
piloted with the selected membrane process during the process procurement step,
as discussed in the following subsection on membrane filtration.
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7.7 Filtration

Under the accepted
recommendation, the  exiding
filter units will be replaced with
membrane units.  The membranes
will be placed ether in or on top
of the exiding filter basn;
therefore, structural and eectrical
recommendations for the

buildings will be induded in the
WTP upgrade.

The difficulty for the desgner in preparing plans and specifications for membrane
filtretion is the redity that currently seven vendors that have receved DHS
catification to provide poteble wae membrane filtration equipment in
Cdifornia SeeFigure7.2.

Aquasource ﬁ
_|

Hydranautics ﬁ

1 |

|0niCS ﬁ

0 1 2 3 4 5

@ Cryptosporidium m Giardia O Virus

Figure 7.2: DHS Removal Creditsfor Membrane Vendors

The seven vendors have different sysem approaches to providing membrane
sysem desgn but these goproaches have dmilaiities Fve of the vendors,
Aquasource, Hydronautics, lonics, Koch, and Pall, use pressure driven systems, as
shownin Figure 7.3.
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Filtered
Membrane
Pressure
Raw Vessdl(s)
Pump

Pump supplies positive pressureto DRIVE water
through membrane media.

Figure7.3: Pressure Cartridge Membrane System

One of the membrane vendors, Zenon, uses permeate pumps following the
membranes to creste a vacuum on the membrane fibers, as shown in Fgure 7.4.
This type of sysem is cdled submerged, or immersed, membrane technology.
The seventh vendor, US Filter, has the largest totd number of membrane systems

in service in Cdifornia  US Filter now manufactures both pressure cartridge and
immersed membrane systems.

Raw _* >

Membrane
Tank

P

Pump suction PULL S water
through membrane media.

Figure 7.4: Submerged of Immersed Membrane System
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7.7.1. Membrane Procurement

Black & Veatch recommends that the Digtrict use an evaluated bid process for the
sdection of the Membrane System Supplier (MSS) for this project. Membrane
technology continues to evolve a a dizzying pace. In addition to having DHS
certification, it is important to ensure that the membrane sysem being proposed
has operationd experience a the time of Bid. Differing requirements for each of
the membrane manufacturers equipment makes it advantageous to sdect the
membrane supplier early in the desgn process. This will result in the following
benefits to the Didrict:

Provides a more efficient and focused desgn, as the gspecific equipment
requirements of the system are known.

Reduces the required coordination effort and minimizes risk for the
Generd Contractor, thereby reducing construction bid prices.

Shortens the congtruction schedule as the MSS can plan for and potentialy
begin fabrication of the equipment early.

Reduces the potential for change orders because the design conditions are
clearly identified.

7.7.2. Conceptual Alternativesfor Lopez WTP

Figure 7.5 and Figure 7.6 present, respectively, a layout for the pressure cartridge
membrane system and for the submerged membrane system.

Pressure Cartridge Membrane System. The pressure cartridge system would be
accomplished by smply congructing a new, approximatdy 4,000 square foot
building immediatdy west of the exiging treatment tran. The building would
house the following equipment:

Membrane filtration skids

Clean+in-place (CIP) equipment

Membrane and CIP PLC Control Panels
Backwash equipment (equalization tank and pumps)

Compressors for air backwash and valves.

Outsgde the building, potentidly in the effluent end of the exiding sedimentetion
basins would be the:

Membrane feedwater pumps
Strainers

Fina Recommendations 7-8 San Luis Obispo Final Report



B&V Project File 97260.400

B&V FleA
New Mambiaons Abandon Existing Filkers
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Flcsh Mix
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New Pump
Injechon
Flash Mix

11 *rj _—
U ™

Pressure Memiranes

Figure7.5: Pressure Membrane Alter native

Submerged Membrane Sysem.  The submerged membrane system would be
condructed in the end of the exiging sedimentation basns. With the high rae
equipment recommended for pretrestment, the entire basin area would not be
needed. Four nomina 2mgd trains could be condructed, 2 in each sedimentation
basn. It would be recommended to put a dructure or sunshade over the
membrane trains for increased longevity. The exiging filter pipe gdlery could be
used to house the following equipment:

Horizontal permeate pumps.

Aping.

Cleantin-place (CIP) equipment

Membrane and CIP PLC Control Panels
Backwash equipment (equalization tank and pumps)
Blowers for air backwash and valves.
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Flosh i {e.g. Dissohved Ak Fiotation]
Existing Pretraatment
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Figure 7.6: Submerged Membrane Alternative

7.8 Disinfection

Black & Veatch recommends a pre-oxidant of chlorine dioxide, potentid pre-
chlorination, find chlorination, and continuing ammonia feed for chloramines
For chlorination, we are recommending an ongte sodium hypochlorite generation
faclity. In addition, we recommend providing a sub out during the WTP
upgrade for potentid future UV dignfection.

7.9 BypassVault

Black & Vestch makes the following recommendations:

Invedtigate the ingdlation of a mixer prior to the anmonia sample line to
provide better mixing.

Provide ammoniainjection prior to the Clearwater Reservoir.

Install lesk proof access hatches that are ether lighter or have hydraulic
lifts

Since the vault requires confined space entry, house confined space
equipment on site and train aff of the requirements.

7.10 Clearwater Reservoir (2.1 MG)

Black & Veatch makes the following recommendations:

Reroute piping from Clearwater Reservoir to transmisson man (see
Appendix L).
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Once the piping has been re-routed, baffling within the reservoir should be
investigated.

Structural Recommendations:
Replace reservoir roof (cover).

Check connection of the roof and foundetion to the tank perimeter wal.
Verify that connection prevents independent movement of the roof during a
seigmic event.

Extend the wadl foundation around circumference of the reservoir and
ingal a redtraining ring beam to prevent excessve laterd movement of the
wall.

Provide carbon fiber sheet wrapping for lower portion of exterior face of
reservoir Sdewadl to provide increased capability for the wal to withstand
forces.

Ingal flexible expanson connection to common inlet/outlet and overflow
pipesto dlow for flexibility during a seismic event.

Provide ssigmic actuated vaves for inlet and outlet piping in an accesshble
vave vault that would isolate the tank if the pipes became damaged and
ensure minimal release of potable water after an earthquake event.

Provide grating a the pipe entrance indde the tank to minimize spdled
concrete from entering the digtribution system.

7.11 Ammonia Station

The following are recommended:
Provide chemicd dorage with secondary
containment
Provide redundancy for ammonia pumping.
Provide new flow controls for anmonia

7.12 Finished Water Meter Vault

Snce this vault is locaed in the Lopez Drive
roadway, a second manhole, insde property
fencing, should be provided.  Additiondly, the [
meter should be replaced with a venturi meter or a
buried magnetic flowmeter.

7.13 Domestic Water Tank (50,000 gallons)
The exterior of the domestic water tank should be recoated.
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Structural Recommendations:

Extend the ring footing.

Ingall anchorage (tank to foundation) on 18-inch centers to meet
anchorage requirements in the Uniform Building Code (UBC). This would
address both latera and verticd displacement during a design seismic
event.

Ingal flexible expanson connection to common inlet/outlet, drain, and
overflow pipesto dlow for flexibility during an earthquake event.

Provide a motion actuated vadve in an accessble vave vault to ensure
minima release of domestic water after a seismic event.

Remove exigting roof coating system and recoat.

7.14 Wash Water Tank (300,000 gallons)

Snce membrane filtration is being recommended, this tank can ether be
abandoned or removed and sdvaged. The required repairs are not needed unless
the Didrict eects to use the tank for some other purpose. If this is opted for, the
interior of the wash water tank should be recoated.

Structurd Recommendations: (Only if tank is used on Site))

Extend the ring footing.

Ingall anchorage (tank to foundation) on 18-inch centers to meet
anchorage requirements in the UBC. This would address both laterd and
vertica digplacement during adesign ssismic event.

Ingal soil anchors if, during further evaudion, it is determined that the
ring foundation cannot take uplift from anchorage.

Evauate thickening the bottom shell of the tank by adding additiona plates
to prevent buckling. This should be verified.

Evduate reinforcement of the roof in the form of diffeners usng ded
members.

Ingdl flexible expandon connection to common inlet/outlet, drain, and
overflow pipesto alow for flexibility during an earthquake event.

Provide a saismic actuated vave in an accessble vave vault to ensure
minima release of wash water after an earthquake event.

Remove exigting roof coating system and recoat.
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7.15 Sludge Pump Room
Electricd Recommendations:

Replace pand with newer pand. A
new pand will smplify maintenance
and breaker replacement.

Replace the pandboard “LS’ and
lighting fixture supports.

Provide covers for the open termind
cabinets in order to prevent the risk
of human contact with live wires.
Identify (tag) and group wires indde (W
the temind cabingt to faclitae
troubleshooting and wire tracing.

Splice/connect wires in  accordance
with electrical codes.

7.16 Administration Building

During the WTP audit, Black & Vegich determined that the asbestos roof should
be repaired or replaced. Modifications to the exiding operations building should
include expanson of the operationg/plant control area, offices, crew quarters,
laboratory, and lockers. Figure 7.7 illudrates the requirements for the future Site
layout.

In addition, the following structura and dectrical recommendations are made:

Structurd Recommendations:
Provide latera restraint stragps for water heater and boiler room piping.
Provide HVAC ducts with latera restraints per SMACNA.
Provide laterd bracesfor ceiling tiles.
Anchor and provide latches for shelves and file cabinets.
Inject epoxy grout into surfaces with cracks.

Electricad Recommendations:

Replace pand with newer pand. A new pand will amplify maintenance
and breaker replacement.

Replace fluorescent lighting fixtures for al faclities in the WTP with the
more energy efficient T8 (32 watt) fluorescent lamps and eectronic
ballasts.
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Upgrade the controls and wiring for the WTP to a PLC digributed
control/SCADA system and remove the old control console.

7.17 Chemical Building

Modifications to the exising chemicd building should include a totd upgrade to
comply with new regulations and best management practices and an expanson to
provide for additiona chemicd storage Fgure 7.7 illugtrates the requirements for
the future gdte layout). The following additiond genera recommendetions are
meade regarding the chemica building:

Install appropriate ventilation.
Install appropriate darms and strobes.

Provide appropriate secondary containment for all
tanks.

Provide appropriate separate pumps with backup
for dl chemicd pumps.

Upgrade to appropriate wiring placed within
conduit. r

Replace potable water pumps.
Remove chemicals that are old and no longer used.

Replace roof to be compatible with chemica [
dorage.

Structura Recommendations:

Clean exterior surfaces of wals and dab removing corroson and agpply
SikaTop Seal 107 as asedant and preservative.

Inject epoxy grout into cracks or repair concrete cracks by chipping out
damaged areas and then applying a polymer-modified mortar.

Provide laterd restraints for the piping, tanks, and dectrica gear.

If possible, provide flexible expanson joints on the chemicd tanks.

Provide anchors for metering pumps.

Provide containment for various chemicas.

Electricd Recommendations:

Electric Room
Provide complete update of eectrica distribution system.
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Replace the #3/0O cables between 400-ampere main bresker in MDB and
200-ampere wal mounted bresker feeding the automatic transfer switch
(ATS).

Replace tap conductors and modify tapping method used to meet NEC,
Article 240-21-b.

Replace pand with newer pand. A new pand will smplify mantenance
and bresker replacement. This goplies to dl dectricd equipment in
electrical room.

Replace lighting fixtures.

Shop, Polyelectrolyte Room, Activated Carbon Room, and Chlorine
Cylinder Room

For improved efficiency, upgrade lighting fixtures in dl rooms and
basement of chemicd building to T8 type, 32-waett lamps with eectronic
balasts.

Basement

Replace covers on open and abandoned control switches on the east Side,
south wal of basement. Tag and cover dl spare/unused wires indde
wireways to prevent accidental touch hazard.

Provide protection of wiresfor fire darm system in accordance with NEC.

Replace the conduit stub-ups and control dtations for domestic water
pumps. Pump M-18 may need to be replaced in near future.

Replace the disconnect switch for the rotodip motor.

7.18 ResdualsHandling

It is recommended that the exising dudge ponds be cleaned and upgraded to
alow for better dudge storage and ultimate disposdl.

7.19 Chemical Feed Systems

Exising chemical feed sysems will be modified for the WTP upgrade. No new
chemicals, except chlorine dioxide and possbly ferric chloride, will be required in
the WTP upgrade. The following chemica systems will be retained:

?  Alum- Potentid coagulant.

?  Sodium Hypochlorite in place of chlorine - Primary and residud disinfection.

? Potassum permanganate for taste and odor control as needed.

?  Ammonia
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All chemicad areas should be provided with gpplicable code compliance including
curbs and holding capacity around each tank, upgrade of each pumping system for
redundancy, and dl other safety features like eye wash, showers, etc.

7.20 Recommended WTP Staffing

Based on a WTP daff survey, the totd number of staff a a 6mgd capacity WTP
was estimated to be one supervisor and between 5 and 10 gtaff persons including
laboratory staff as shown below. The number of operators should be about 2 to 3.
The WTP daffing survey data suggest tha the current gdaffing leve for the
Didgtrict is gppropriate provided the people are dedicated full time to the WTP.

WTP Supervisor

Dedicated operators (at least 2-3)

24 hour operation

Dedicated maintenance staff (1-3)

Dedicated € ectrica/ingrumentation technician (1-2)
Dedicated |aboratory staff (1-2)

DHS has provided information leading Black & Vestch to the concluson that the
upgrades recommended within this Report will not affect the classfication ratings
of ether the WTP or its digribution system. (Based on discusson with DHS, the
WTP will reman a a dasdfication of T4 and the didribution system will reman
a a classfication of D3.)) As such, pursuant to Title 22, Divison 4, Chapter 13 of
the DHS regulations, the chief operator will be required to maintan a minimum
Grade IV cetification (T4) and the shift operator will be required to maintan a
Grade |1 certification (T3).

The County should be able to comply with the staffing requirements from DHS.
Additional training will need to be included with the desgn and condruction of
the recommended faclites. The new fadlities will indude a higher levd of
process automation, so reliance on programmable logic controllers (PLCs) will
require specid training in maintenance and troubleshooting.

7.21 Summary

Black & Vesich anticipates that the Didtrict will produce a request for proposal
(RFP) for consulting services for the design of the upgraded WTP, as described in
this chepter. Black & Veatch recommends that the Didrict initiste some
improvements while the design processis ongoing.
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7.22 Five-Year Capital Improvement Plan

A schedule and approximate cost for a proposed 5Syear capita improvement plan
(CIP) are provided a the end of this chapter. These encompass the improvements
recommended in this Audit Report. Improvements were prioritized based on
input gained from workshops conducted with the Didtrict.
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Five Year Capital Improvement Program and Improvement Prioritization
Lopez Water Treatment Plant

Task Name Priority Cost
Preliminary Engineering

Scoping Meeting 1 b -
Prepare TDM 1 ] <
Environmental

Environmental Studies 1 § 51,000
Environmental Determination 1 b 10,000
Permit Processing 1 5 50,000
Environmental Complete 1 ) 2000
Design

Prepare RFQ 1 b 7,000
Send RFQ 1 ) 2,000
Receive Consultant Qualifications 1 § 10,000
Prepare Design RFP 1 ] 6,000
Final RFP/BOS Letter 1 § 3,000
BOS ltem/Send RFF 1 ) 2000
Consultants prepare proposals 1 § 2
Preproposal Meeting/Plant Tour 1 ] 2000
Review Proposals 1 b 10,000
Select Consultant 1 § 2000
Prepare BOS Letter/Contract 1 ¥ 2000
BOS Item 1 ] 2000
Design Notice to Proceed

Consultant prepares 10% Design 1 ] 400,000
Review Design 1 5 50,000
Select Equipment/Pilot proofing 1 ] 50,000
Consultant prepares B5% Design 1 b 400 000
Review Design 1 ) 50,000
Consultant prepares 90% Design 1 § 350,000
Review Design 1 ) 40,000
Final 100% Design 1 b 200,000
RV & Utilities

Relocate Utilities 1 b 100,000
RAY Certification 1 b 10,000
RAM & Litilities Complete 1 b -
Construct

Prepare Bid Package/BOS letter 1 § 50,000
BOS ltem/send Bid Package 1 ] 50,000
Bids due 1 ¥ -
Contract/BOS Letter 1 § 10,000
BOS ltem/Contract Award 1 ¥ 7.aoa
Construction

Motice to Proceed 1 ) -
Construction Complete 1 § gia8 085 *
Environmental Mitigation

Environmental Mitigation Complete 1 ] =
Lopez Lake Intake

Gate Operation 5 5 10,000
Raw Water Pipeline

Replace Air-vacuurm Relief Walves 1 b 150,000
Repair/Replace Aboveground Sections 1 5 500,000
Provide Flexible Connections 1 b 50,000
Terminal Reservoir (TR)

Rermate Control of Flow h § 0,000
Aguatic YWeed Remaoval hi] b 150,000
Raw Water Influent Vault

Re-Coat “ault Hatch Covers 3 § 1,000
Replace Mechanical Coupling 3 ¥ 50,000
Electrical Upgrades vary 5 10,000
Install Rapid Mix 1 ] 10,000
Bypass Vault

Potentially Install Static Mixer 1 b 100,000
Access Hatches 2 b 75,000
Clearwater Reservoir

Replace cover 3 b 400,000
Seismic Upgrades vary ] 150,000
Ammonia Building

ADA Compliance 2 b 20,000
Shear Wall Anchorage z ) 10,000
Secondary Containrment 3 b 10,000
Redundant Purmp 3 ) 10,000
Mew Flow Cantrals 3 b 20,000
Finished Water Meter Vault

Install Mew Manhole 3 b 40,000
Replace Flow hMeter 3 b 50,000
Domestic Water Tank

Re-Coat Exterior 3 b 50,000

Wash Water Tank
{Abandon in Place)

Administration Building
(WTP Electrical and Instrumentation are included with Plant costs above)

ADA Compliance 2 b 100,000
Repair / Replace Roof 1 5 100,000
Structural Upgrades & New Expansion vary ) 200,000
Electrical Upgrades for Building vary 5 110,000
Sludge Pump Room

Electrical Upgrades (included in electrical) vary ] 5
Pipe Gallery

Electrical Upgrades (included in electrical) vary 5 -
Chemical Building

Yentilation, Alarms, Strobes 2 b 40,000
Secondary Containment 1 5 100,000
Redundant Chemical Purmps 3 b 100,000
Replace Potable Water Pump 3 5 25000
Remove Old Chemicals 1 b 20,000
Replace Roof 1 b 100,000
ADA Compliance z ] 100,000
Structural Upgrades vary ¥ 450,000
Electrical Upgrades 3 ) 112,000
Fire Alarm System 1 ] 50,000
TOTAL CIPCOST $ 14,359,055

* All costs not covered separately above are included in this item
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