




STATE OF CALIFORNIA

DOMESTIC WATER SUPPLY PERMIT
Issued To

Modesto Irrigation District
Public Water System No. 5010038

By The

State Water Resources Control Board

Division of Drinking Water

PERMIT NUMBER: 01-10-18P-001              DATE:  June 13, 2018

WHEREAS:

1. The Modesto Irrigation District (MID) operates the Modesto Regional Water 
Treatment Plant (MRWTP) and supplies potable water to the residents of 
the City of Modesto, which is located in Stanislaus County. The MID 
recently constructed a new 36 million gallons per day (MGD) membrane 
water treatment plant and made several upgrades to its existing 
conventional water treatment plant.  Therefore, the State Water Resources 
Control Board, Division of Drinking Water (Division) is issuing a revised full 
domestic water supply permit to MID.

2. This public water system is known as the MID - Modesto Regional Water 
Treatment Plant.
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3. The legal owner of the MRWTP is MID. The MID, therefore, is responsible 
for compliance with all statutory and regulatory drinking water requirements 
and the conditions set forth in this permit.

4. The public water system for which the permit is being issued is briefly 
described below (a more detailed description of the permitted system is 
described in an Engineering Report, which is attached to this permit).

Up until 2015, MID operated a conventional 45 MGD surface water 
treatment plant as well as storage, pumping, transmission and distribution 
facilities.  Between 2010 and 2015, MID expanded its surface water 
treatment plant’s capacity and added a 36 MGD membrane water treatment 
plant that operates in parallel to the existing conventional water treatment 
plant.  In addition, the following upgrades were made to the plant.

Improvements to membrane backwash water recovery system, 
including the addition of flocculation and sedimentation basins (FSB).
Improvements to the conventional backwash water recovery system, 
including the addition of a small pump station and pipeline to allow the 
solids thickener to be used upstream of the dissolved air floatation 
(DAF) system.
Replacement of two existing pump motors and drives with new motors 
and adjustable frequency drives (AFDs) at the terminal reservoir pump 
station (TRPS).
Addition of a 48-inch pipeline to bypass the TRPS and carry water 
directly to the City’s distribution system.

The source water supply for MID is obtained from Modesto Reservoir, a 
man-made reservoir which obtains water from the Tuolumne River 
watershed area via the Don Pedro Reservoir.  Water from the Modesto 
Reservoir flows by gravity from the reservoir outlet works/plant intake to the 
water treatment plant.  At the conventional WTP, primary disinfection is 
provided by pre-ozonation followed by coagulation, optional pre-
chlorination, flocculation, sedimentation, gravity filtration, post-chlorination 
and stabilization.  The treatment plant was designed to be operated in either 
conventional filtration mode or direct filtration mode (i.e., with or without 
sedimentation).  The Division does not allow its use in direct filtration mode.

At the membrane WTP, the treatment train consists of six membrane 
filtration basins, followed by the ozone contactor and membrane 
stabilization basin.  Primary disinfection is provided by chlorine and post-
ozonation.

The finished water is stored in a 5 million gallon (MG) underground treated 
water reservoir from which it is pumped 14.3 miles to the TRPS.  The TRPS
is located on the east side of the City of Modesto and provides 10 MG 
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storage and 80 MGD booster pump capacity.  The MID operates an 
additional 14 miles of distribution pipeline to turnout locations within the 
City’s system.  

The water treatment plant is located on 30 acres near the Modesto 
Reservoir in Stanislaus County, about 20 miles east of City of Modesto.

In addition, the review and update of the permit was necessary since the 
existing permit does not adequately describe the changes in the laws and 
regulations governing water supply systems.

5. The service area of the MID Domestic Water System is shown on the 
service area map available to the Division.

AND WHEREAS:

1. The MID has submitted all of the required information relating to the 
operation of its surface water treatment plants.

2. The Division has evaluated all of the information submitted by MID and has 
conducted a physical investigation of the Modesto Regional Water 
Treatment Plant.

3. The Division has the authority to issue domestic water supply permits 
pursuant to Health and Safety Code, Section 116540. 

THEREFORE:

The Division has determined the following:

1. The MID Domestic Water System meets the criteria for and is hereby 
classified as a community water system.

2. The MID has demonstrated that its Domestic Water System has sufficient 
source capacity to serve a portion of the anticipated water demand of its 
customer, the City of Modesto.

3. The design of the water system complies with the California Water Works 
Standards and all applicable regulations.

4. The MID has demonstrated adequate technical, managerial, and financial 
capacity to operate the water system reliably.
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5. Provided the water system is operated properly and the following conditions 
are complied with, the MID Domestic Water System should be capable of 
providing water to its consumer, City of Modesto, that is pure, wholesome, 
and potable and in compliance with statutory and regulatory drinking water 
requirements at all times.

THE MODESTO IRRIGATION DISTRICT IS HEREBY ISSUED THIS DOMESTIC 
WATER SUPPLY PERMIT TO OPERATE THE MODESTO REGIONAL WATER 
TREATMENT PALNT.

The MID shall comply with the following permit conditions:

1. The only approved source of supply for the MRWTP is surface water obtained from 
the Modesto Reservoir, with the following assigned primary station codes for the 
raw and finished water. 

Source Status
Primary

Station Codes
Modesto Reservoir - Raw Active 5010038-001

Modesto Reservoir - Treated Active 5010038-002

Terminal Reservoir Effluent Active 5010038-003

The only approved treatment processes are those, which are described in this 
engineering report.  No changes, additions, or modifications shall be made to the 
sources or treatment facilities mentioned above unless an amended water permit 
has first been obtained from the Division. 

2. All water supplied by the water system for domestic purposes shall meet all MCLs 
established by the Division.  If water quality does not comply with the California 
Drinking Water Standards, treatment shall be provided to meet standards.

In addition, MID shall comply with all the requirements set forth in the California 
Safe Drinking Water Act, California Health and Safety Code and any regulations, 
standards or orders adopted thereunder.

3. All personnel who operate the distribution facilities shall be certified in accordance 
with Title 22, Section 63770, CCR.  MID’s distribution system has been classified 
as a D2 distribution system.  As such, the minimum grade required for the Chief 
Operator is D2 and the minimum grade required of the Shift Operator is D1.

4. All personnel who operate the treatment facilities shall be certified in accordance 
with Title 22, Section 63765, CCR.  MID’s surface water treatment plants 
(conventional and membrane) have been classified as T5 facilities.  As such, the 



MID – Full Permit 2018 Page 5
Permit No. 01-10-18P-001

minimum grade required for the Chief Operator is T5 and the minimum grade
required for the Shift Operator is T3.

5. MID shall operate both surface water treatment plants in accordance with the 
operations plan that has been approved by the Division.  MID shall update the 
Operations Plan, on a regular basis, to reflect current practices.  MID shall submit 
an updated Operations Plan (or simply the updated pages) to the Division every 
time the plan is updated with current information.

6. MID shall monitor the raw surface water source daily for total coliform and E. coli 
bacteria.  The coliform tests shall be performed using a density analytical method 
and the results reported in units of MPN per 100 mL (MPN/100 mL).  The results 
from the source monitoring shall be submitted monthly to the Division by the 10th

day of the following month.

7. MID shall submit monthly filtration plant monitoring reports to the Division by the 
10th day of the following month.  The reports shall contain the information that has 
been previously approved by the Division.

8. All alarms that are critical to water quality must be tested at least monthly and a 
written record of their testing and performance shall be maintained.  

9. By September 30, 2019, MID shall conduct tracer tests in the ozone contact basins 
in the conventional and the membrane water treatment plants, if it plans to achieve 
the required inactivation via disinfection using ozone.

Membrane Water Treatment Facility

10. MID’s membrane surface water treatment plant is permitted for operation at a 
maximum flow rate of 36 MGD with six membrane cells in service.

11. The Evoqua S10N membranes have been approved to operate at a flux of up to 
80 gallons per square foot per day (gfd) and a transmembrane pressure (TMP) of 
up to 22 psi.

12. The combined plant effluent turbidity shall be 0.1 NTU or less in at least 95 percent 
of the readings every month and shall not exceed 0.5 NTU at any time in the 
membrane plant.  If there is a failure with the continuous turbidity monitoring 
system or interruptions due to system maintenance, the MID shall conduct grab 
sampling no less than once every hour in lieu of continuous monitoring.  However, 
continuous monitoring shall be reinitiated for the combined filter effluent within 48 
hours of turbidity monitoring system failure or maintenance interruption.

13. The Division has credited the Evoqua S10N membrane system with 4-log Giardia 
lamblia removal, 4-log Cryptosporidium removal, and 1-log virus removal credit.  
At all times, MID shall treat its raw water supply to reliably provide a minimum total 
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reduction of 3-log Giardia lamblia and 4-log viruses through the membrane filtration 
and disinfection processes.  An additional 0.5-log reduction of Giardia lamblia and 
3-log viruses shall be maintained through the disinfection process at the plant.  
Verification of the Giardia lamblia log reduction shall be demonstrated by 
calculating the CT achieved in the onsite two 2.5 MG clearwells and/or the 
transmission pipeline.  The appropriate operational changes shall be made 
immediately if a minimum of 0.5-log Giardia lamblia reduction is not achieved.

14. The required disinfection credit must be obtained using chlorine as a primary 
disinfectant until such time a tracer study has been conducted to determine a T10/T 
(baffling factor) for purposes of calculating CT using ozone.  

For calculating CT using chlorine only, a baffling factor of 0.15 is acceptable for 
the clearwell.  

15. Pressure decay integrity tests of the membranes shall be conducted at least once 
every day. 

16. MID shall notify the Division by telephone of any exceedance of any MCL in the 
combined effluent of the treatment plant, failure to meet CT requirements, or 
whenever the turbidity of the combined filter effluent exceeds 0.5 NTU in the 
membrane plant.  Notification shall occur within 24 hours of the MID becoming 
aware of such an incident.  If the Division’s Stockton office is closed at the time, it 
shall be notified by telephone before 8:15 a.m. of the next business day.  The water 
shall not be supplied to the distribution system until such incidents are corrected.

17. After the first full year of operation of the new membrane filtration plant, MID must 
submit an engineering report that includes the following information:

a. A description of the effectiveness of the plant operation.
b. The results of all water quality tests performed and an evaluation of compliance 

with the performance standards under actual operating conditions.
c. An assessment of problems experienced and corrective actions taken.
d. A plan and time schedule for providing any needed improvements.

Conventional Water Treatment Plant

18. MID’s conventional surface water treatment plant is permitted for operation at a 
maximum flow rate of 36 MGD with six filters in service.  For a typical conventional 
water treatment plant, the maximum allowable filter loading rate is 6.0 gpm/ft2;
however, MID has received a variance from the Division (in 2004) and can operate 
the conventional water treatment plant at a filter loading rate of 7.5 gpm/ft2, which 
would increase the plant flow to 45 MGD.

19. At all times, the operation of the conventional plant shall be performed in 
accordance with all filtration and disinfection performance, monitoring and 
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reporting requirements of the Surface Water Filtration and Disinfection Treatment 
Regulations.  MID shall provide total treatment for at least 3-log reduction of
Giardia cysts, 4-log reduction of Viruses, and 2-log reduction of cryptosporidium 
through the filtration and disinfection processes.  Of which, at least 0.5-log 
reduction must be obtained using disinfection process.

20. The combined plant effluent turbidity shall be 0.3 NTU or less in at least 95 percent 
of the readings every month and shall not exceed 1 NTU at any time in the 
conventional plant.  If there is a failure with the continuous turbidity monitoring 
system or interruptions due to system maintenance, the MID shall conduct grab 
sampling no less than once every hour in lieu of continuous monitoring.  However, 
continuous monitoring shall be reinitiated for the combined filter effluent within 48 
hours of turbidity monitoring system failure or maintenance interruption.

21. MID shall notify the Division’s Stockton District office by telephone of any 
exceedance of any MCL in the combined effluent of the treatment plant, failure to 
meet CT requirements, or whenever the turbidity of the combined filter effluent 
exceeds 1 NTU at any time in the conventional plant.  Notification shall occur within 
24 hours of MID becoming aware of such an incident.  If the Stockton District office 
is closed at the time, it shall be notified by telephone before 8:15 a.m. of the next 
business day.  The water shall not be supplied to the distribution system until such 
incidents are corrected. 

22. In the event of an ozone process failure more than 30 minutes, MID must 
demonstrate that the required CT was achieved by chlorine disinfection alone.  The 
plant service water supply is the first customer, therefore, other provisions should 
be made for plant domestic water during an ozonation process failure, such as the 
provision of bottled water for drinking.

23. MID should continue to evaluate the ozonation process to resolve the issue of non-
uniform CTs from each ozone contact basin.  If the problem is not due to ozone 
sample infuser location, MID may be required to conduct a tracer study in each 
basin to evaluate CT compliance individually from ozone contact Basins 1 and 2.

24. In the absence of filter-to-waste capability, MID shall pre-condition each filter with 
coagulant chemicals as part of the backwash cycle.  

25. By July 29, 2018, MID shall submit an amended Emergency Disinfection Plan.  The 
amended plan shall provide additional detail of the proposed hand chlorination and 
address how MID will prevent the delivery to the distribution system of any 
undisinfected or inadequately disinfected water.  Notification procedures should be 
included in the event of discharge of inadequately disinfected water into the 
distribution system.  The plan must also specifically address notification of plant 
personnel and the precautions needed for the plant service water system, including 
the provision of bottled drinking water.  
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26. MID shall maintain a Reservoir Management Plan for the Modesto Reservoir.

27. MID shall provide an annual report to the Division by March 1 of each year on the 
Modesto Reservoir summarizing the following:
a) The number of recreational users
b) Assessment of recreational usage (any sanitary hazards noted during the 

year such as sewage spills, sanitary condition of facilities, significant 
violations of Modesto Reservoir rules, etc.)

c) Number of cattle allowed to graze on the watershed
d) Significant hazards noted due to cattle grazing, e.g., number of dead cattle 

removed from the canal or reservoir
e) Microbiological quality, including a summary of the special monitoring 

performed on the 3-day Memorial Day, Fourth of July and Labor Day holiday 
weekends.

f) Record of operation of the Modesto Reservoir (flows into/out of; start of 
irrigation season, etc.)
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A. INTRODUCTION

1. Purpose of Report

Modesto Irrigation District (MID) has upgraded and expanded the Modesto 
Regional Water Treatment Plant (MRWTP) in the Phase Two Expansion Project.  
The expanded water treatment plant incorporates membrane treatment technology 
and post ozonation to ensure the highest quality drinking water for MID customers.  
MID submitted a permit application dated May 11, 2018, to operate the new 36
million gallons per day (MGD) membrane water treatment plant (Appendix A).
Note that the membrane plant initially came on line in 2015, and the Division gave 
MID an Approval to Operate letter on October 22, 2015 (Appendix A). The
existing conventional water treatment plant was permitted by the State Water 
Resources Control Board’s Division of Drinking Water (Division) in October 1997.  
The Division was under the authority of the California Department of Health 
Services at the time.  The Division was transferred to the State Water Board in July 
2014. The MRWTP facilities have been designed to provide wholesale water to 
the City of Modesto (City) to supplement its groundwater supply. The Division
conducted a field inspection and sanitary survey of the MID Water System on
December 31, 2017, to review the completed water supply facilities and operation 
of the surface water treatment plant.

The purpose of this engineering report is to document the sanitary survey of the 
water supply system and to describe the existing water supply facilities, operational 
practices, and compliance with the Surface Water Treatment Rule (SWTR), and 
improvements to the system since issuance of the last full permit in 1997. This 
report will make recommendations regarding the issuance of a new domestic water 
supply permit for the operation of the MID’s surface water treatment (conventional
and membrane) plants and distribution facilities.
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2. Brief Description of System

Up until 2015, MID operated a conventional 45 million gallons per day (MGD)
surface water treatment plant as well as storage, pumping, transmission and 
distribution facilities.  Between 2010 and 2015, MID expanded its surface water 
treatment plant’s capacity and added a 36 MGD membrane water treatment plant
that operates in parallel to the existing conventional water treatment plant.  In 
addition, the following upgrades were made to the plant.

Improvements to membrane backwash water recovery system, including the 
addition of flocculation and sedimentation basins (FSB).
Improvements to the conventional backwash water recovery system, including 
the addition of a small pump station and pipeline to allow the solids thickener 
to be used upstream of the dissolved air floatation (DAF) system.
Replacement of two existing pump motors and drives with new motors and 
adjustable frequency drives (AFDs) at the terminal reservoir pump station 
(TRPS).
Addition of a 48-inch pipeline to bypass the TRPS and carry water directly to 
the City’s distribution system.

The source water supply for MID is obtained from Modesto Reservoir, a man-made 
reservoir which obtains water from the Tuolumne River watershed area via the Don 
Pedro Reservoir. Water from the Modesto Reservoir flows by gravity from the 
reservoir outlet works/plant intake to the water treatment plant.  At the conventional 
WTP, primary disinfection is provided by pre-ozonation followed by coagulation, 
optional pre-chlorination, flocculation, sedimentation, gravity filtration, post-
chlorination and stabilization.  The treatment plant was designed to be operated in 
either conventional filtration mode or direct filtration mode (i.e., with or without 
sedimentation). The Division does not allow its use in direct filtration mode.

At the membrane WTP, the treatment train consists of six membrane filtration 
basins, followed by the ozone contactor and membrane stabilization basin.  
Primary disinfection is provided by chlorine and post-ozonation.

The finished water is stored in a 5 million gallon (MG) underground treated water
reservoir from which it is pumped 14.3 miles to the TRPS.  The TRPS is located 
on the east side of the City of Modesto and provides 10 MG storage and 80 MGD 
booster pump capacity.  MID operates an additional 14 miles of distribution pipeline 
to turnout locations within the City’s system.  

The water treatment plant is located on 30 acres near the Modesto Reservoir in 
Stanislaus County, about 20 miles east of City of Modesto.

3. Permit Status

See the table below for a complete list of permit amendments issued to this water 
system since 1997.
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Water Supply Permit Summary
Date Type Number Description
October 28, 
1997

Full 03-10-97P-001 Full permit issued to MID for the
30 MGD conventional WTP.

October 29, 
2003

Amendment 03-10-03PA-018 To include the use of calcium 
thiosulfate (Captor) in the 
treatment process.

June 13,
2018

Full 01-10-18P-001 Full Permit to MID to operate the 
conventional and membrane 
WTP.

An updated full permit is again being issued to MID in 2018.  This permit 
supersedes all previous permits granted to the MID water system.

4. Source of Information

Information for this report was obtained from discussions with Ms. Salena Estrada, 
Operation Supervisor, and Ms. Jessica Stillwell, Water Quality Supervisor.  In
addition, information was provided by past employees (Mr. Pat Ryan and Ms. 
Claudia Hidahl), which have since retired from MID. Information was also collected 
from the Technical Report dated December 2014, prepared by Carollo Engineers
and from the Watershed Sanitary Survey dated April 2004 prepared by HDR on 
behalf of MID.  Information was also obtained from files of the Division’s Stockton 
District Office including the 1997 permit, and from a field review of the water 
treatment and distribution facilities completed on June 14, 2016 and December 31, 
2017.

B. BACKGROUND INFORMATION

1. History of MID

MID was formed around the turn of the 20th century with water first becoming 
available to area farmers in 1904 for irrigation.  The Modesto Reservoir was 
completed in 1915 by MID.  Electric service was added in 1923 when the Don 
Pedro Dam and Powerhouse were completed.  

Providing irrigation water and hydroelectric power were the only services provided 
by MID until they joined in partnership with the City of Modesto and the Del Este 
Water Company to build the MRWTP to provide an alternate source of drinking 
water supply to Modesto area residents.  Prior to this, drinking water was obtained 
solely from groundwater for this area.  Drought conditions, community growth and 
concerns with increased water quality requirements in an area where the 
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groundwater has been impacted by agricultural use of fertilizers and chemicals
prompted a 1983 local study of the water supply.  In 1984, the study recommended 
a conjunctive use program with surface water used to supplement groundwater 
supplies.  MID decided in 1986 to supply treated surface water to the City through 
a water treatment plant built, owned and operated by MID.

Following completion of a pilot plant study, MID, the City of Modesto and the Del 
Este Water Company signed a memorandum of understanding (MOU) in 1991 to 
construct treatment, storage and distribution facilities.  This project was known as 
the Modesto Domestic Water Project (MDWP).  The construction began in 1992,
and was completed in late 1994.  The City of Modesto purchased the Del Este 
Water Company in mid-1995, and now receives all water treated at the MID facility 
and distributed through the City’s distribution system.

MID currently operates the MRWTP as Public Water System No. 5010038 under 
domestic water supply permit issued by the Division.

2. Phase One - Design and Construction of the Existing Conventional Plant

In 1991, MID retained an engineering consulting firm, Black & Veatch, for design 
of the MDWP.  The Division reviewed and made comments to the preliminary 
design of the treatment plant and delivery system.  After the completion of the pilot 
study by J.M. Montgomery, a high turbidity event occurred during the spring of 
1991 while the design of the treatment plant was underway.  The turbidity levels 
experienced during this heavy rainfall period (60-70 NTU) resulted in the decision 
to add a sedimentation basin to the plant design to allow for operation in either 
direct or conventional filtration mode.

The water treatment plant operated to waste during a test period in 1994 prior to 
the Division’s approval to operate the surface water treatment plant to the 
distribution system.  MID started to provide treated surface water to the Del Este 
Water Company and the City on January 3, 1995.

3. Phase Two - Expansion and Addition of a Membrane Plant

The recent Phase Two Expansion Project increased the total rated treatment 
capacity of the MRWTP from 36 to 72 MGD. The hydraulic capacity of the water 
treatment facilities is shown in the table below.

Treatment Capacity
Conventional Membrane

Hydraulic capacity, MGD 36 36
Minimum capacity, MGD 10 10

The project included improvements to the existing conventional treatment train and 
the addition of a separate parallel membrane treatment train. The original
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membrane plant design that was included in the 2009 draft technical report 
consisted of the following upgrades and additions:

Addition of a 36 MGD membrane filtration and post ozonation parallel 
treatment train.
Improvements to chemical feed system including lime feed system.
Improvements to conventional backwash water recovery system, including 
the addition of DAF.
Replacement of the existing plant control system.
Addition of new treated water pumps at the treatment plant.
Addition of one adjustable frequency drive (AFD) pump at the TRPS.

The additional modifications that have been implemented since the original design 
are as follows:

Improvements to membrane backwash water recovery system, including the 
addition of flocculation and sedimentation basins (FSB).
Improvements to the conventional backwash water recovery system, 
including the addition of a small pump station and pipeline to allow the solids 
thickener to be used upstream of the DAF.
Replacement of two existing pump motors and drives with new motors and 
AFDs at the TRPS.
Addition of a 48-inch pipeline to bypass the TRPS.

4. Relationship to Existing Facilities

The Phase Two membrane treatment train operates in parallel with the existing 
conventional treatment train. Flow from both treatment trains is combined in the 
stabilization basin, upstream of two existing parallel 2.5 million gallon (MG) 
clearwells. The Treated Water Pump Station (TWPS) pumps the treated water 
from the on-site clearwells to two existing parallel 5 MG storage tanks at the TRPS 
site for distribution to City customers. 

The waste backwash water from each treatment train is treated separately and 
returned to the head of its respective treatment train. Sludge from both treatment 
trains is combined in three of the four on-site sludge lagoons. The fourth lagoon is 
reserved for lime grit and clean-in-place (CIP) waste. Decant from these lagoons 
is returned to the head of the conventional treatment train. 

5. General Description – Phase Two Membrane WTP

The Phase Two Expansion Project membrane treatment train was constructed 
east of the conventional treatment train on the MRWTP property. Components of 
the expansion are listed below and discussed in detail in Section M below:
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Flash Mix – Flash mixing is accomplished using submersible pumps located 
in the Raw Water Head Tank. Alum is injected into the pump discharge and 
dispersed through a mixing nozzle. This flash mix system provides pipeline 
mixing of the alum to create micro-floc that will be removed by the membrane 
system.
Membrane System – The membrane system utilizes submerged ultrafiltration 
membrane units manufactured by Evoqua (Model S10N). The Evoqua Type 
N membranes were conditionally accepted by the Division on October 31, 
2013 as an Alternative Filtration Technology and are credited with 4-log 
removal for Giardia and Cryptosporidium and 1-log removal for virus. A copy 
of the Division’s acceptance letter for the Evoqua Type N membranes is 
provided in Appendix F.
Ozone Contactors – The new ozone contactor utilizes side stream injection 
technology, which eliminates the need for ozone gas diffusers in the 
contactor, and provides better ozone transfer efficiency and mixing at 
reduced gas flow rates and higher ozone concentrations associated with 
liquid oxygen (LOX) based systems.
Membrane Waste Treatment: Neutralization Basins – The membrane system 
periodically requires chemical cleaning (CIP or Maintenance Washes). The 
chemical cleaning requires citric acid (which will be hauled off-site after being 
used for cleaning), phosphoric acid, sulfuric acid, and sodium hypochlorite.
The waste cleaning solutions are neutralized in one of the three 
Neutralization Basins. The treatment and neutralized waste discharge 
locations are discussed in the ‘Membrane Backwash Water Treatment and 
Recycling’ Section M1(g).
Membrane Waste Treatment: Flocculation/Sedimentation Basins – Waste 
streams generated from the membrane facilities include membrane 
backwash water, neutralized CIP and maintenance backwash water, and 
other minor waste streams. These membrane waste streams are treated by 
two parallel pre-packaged flocculation and sedimentation basins. Treated 
backwash water is recycled to the head of the membrane treatment train, 
prior to the flash mix.

6. General Description – Phase Two Modifications to Conventional WTP

The following changes were made to the existing conventional WTP during the 
Project: 

Ozone System/ Ozone Contactors – One LOX storage tank and three 450 
lb/day ozone generators were added. Following the project upgrades, 
additional modifications were implemented, including modifications of the 
ozone and air feed piping into the basins and the replacement of all diffusers 
and nipples. 
Conventional Waste Treatment: Dissolved Air Flotation Basins – Pumps and
piping were installed to allow backwash water to be pumped from the existing 
Backwash Water Recovery Basin to the existing Solids Thickener Basin and 
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then to two new parallel DAF units. From there, the treated backwash water 
is returned to the head of the conventional treatment train, prior to pre-
ozonation. Solids are pumped from the DAF sludge channel to the on-line 
sludge lagoon.
Chemical System Modifications – A new calcium thiosulfate system 
dedicated to quenching ozone was installed. The chemical storage for alum 
and coagulant aid were changed. A new polymer system was added for the 
DAF units. The existing chemical feed systems for alum, coagulant aid 
polymer, filter aid polymer, sodium hypochlorite, and sodium hydroxide were 
replaced.
Lime Feed System – The lime supply changed from hydrated lime to quick 
lime (CaO) and a lime slaking system was installed.

7. General Description – Phase Two Modifications to the Storage, 
Transmission, Distribution, and Booster Stations

Treated Water Pump Station – Four new pumps were installed in the existing 
pump station structure to supplement the existing pumps. The new pumps 
each have a rated capacity of approximately 26.7 MGD and are equipped 
with 800 horse power (HP) AFDs.
Terminal Reservoir Pump Station – The following changes were made to the 
existing TRPS:

One new pump was installed in the existing pump station structure to 
supplement the existing pumps. The new pump has a rated capacity of 
20 MGD and is equipped with an 800 HP motor and AFD.
Replacement of two existing 400 HP pump motors and constant speed 
drives with new 400 HP motors and AFDs.
The existing ball valves at the inlet to the Terminal Reservoir were 
replaced with plunger valves to provide better flow control and avoid 
cavitation.
A 48-inch bypass pipeline was installed to allow water to flow directly into 
the distribution system without pumping at the TRPS.
A surge tank was installed to mitigate surge pressures when operating the 
new 48-inch bypass.

C. AREA SERVED AND QUANTITY OF SUPPLY

As mentioned above, MID serves domestic water only to the City of Modesto.  The 
MRWTP and the City are located in Stanislaus County in Central San Joaquin 
Valley.  The service area encompasses the City of Modesto and surrounding 
areas, including areas that were formerly served by the Del Este Water Company 
and now part of the incorporated City, as well as planned villages and growth 
areas, such as Salida and Empire.  The locations of the MRWTP and the City of 
Modesto are shown in Appendix B, Figure B1.  Appendix B, Figure B2 shows the 
City and former Del Este Water Company service areas.
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The City of Modesto is a large metropolitan area with a wide range of customers 
from industrial to residential.  The City serves approximately 212,000 people 
through about 69,141 service connections.  The treated surface water from MID is 
intended to meet base water demand for the City, while existing groundwater 
supplies are used to meet peak demands.  The transmission, distribution, 
pumping, storage and metering facilities were installed to interface with the City’s
distribution system and were designed to meet average day, maximum day, and 
maximum hour demands while maintaining greater than 30 psi pressures in the 
City’s distribution system.

MID has extensive water rights as an irrigation district.  Their desire to proceed 
with the MDWP was driven by reductions in demand for irrigation water.  This is 
due in part to the continued growth of the Modesto metropolitan area into areas 
that were formerly agricultural.

1. Water Use Data

Water production data for the recent years is listed below.

2016 2015 2014
Annual Water 
Production

7,657 MG 4,937 MG 6,746 MG

Maximum Monthly 
Production

1,003 MG
(August)

835 MG
(April)

713.5 MG
(January)

Maximum Daily 
Production

37.81 MG
(9/13/16)

30 MG
(4/10/15)

25 MG
(4/24/14)

2013 2012 2011 2010
Annual Water 
Production

11, 160 10,643.6 
MG

8,960.7 MG 9,981.6 MG

Maximum Monthly 
Production

1,213 MG
(August)

1, 246.5 MG
(July)

1,177 MG
(August)

1216.9 MG
(August)

Maximum Daily 
Production

40.4 MG
(6/30/13)

40.9 MG
(8/3/12)

39.9 MG
(8/21/11)

41.9 MG

2. Source of Supply

MID obtains raw water from the Modesto Reservoir.  The Modesto Reservoir has 
a storage capacity of 28,000 acre-feet.  It is held by Modesto Dam, which consists 
of seven earth fill dams constructed in about 1909.  The reservoir has a surface 
area of 2,800 acres, with a maximum operating depth of about 22 feet.  
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Modesto Reservoir is operated by MID as a balancing pool between the upstream 
hydroelectric releases and downstream irrigation uses.  As such, water quality may 
be impacted by the operation of the reservoir to meet seasonal needs.  Releases 
for irrigation generally begin in mid-March and end in mid-October.  Inflow from 
Don Pedro Reservoir due to hydroelectric power generation peaks in July or 
August and ends in October to allow drawdown of the reservoir for winter months 
to as low as 10,000 acre feet of storage.  Inflow begins again after the first of the 
year to raise the reservoir level for the start of irrigation.  A pilot plant study 
recommended maintaining the reservoir at 15,000 to 20,000 acres feet during the
winter months to beneficially impact the water quality and water treatment process 
performance.

A summary of diversions into the Modesto Reservoir (via the Modesto Main Canal) 
since 1971 is provided in Appendix N, Table N5. Reservoir elevations are shown 
below.

Reservoir Elevations
Top of Dam No. 2 (150’ from plant intake) 215.5’
Bottom of reservoir in vicinity of intake 186’-195’
Intake elevation 190.0’
Minimum operating pool level 198.5’
Maximum operating pool level 207.75’
Maximum storm water pool level 210.5’

D. SANITARY SURVEY OF THE WATERSHED

The initial sanitary survey of the Modesto Reservoir watershed was completed by 
Black & Veatch in June 1996.  The sanitary survey report provides a physical and 
hydrological description of the watershed, a description of activities and sources 
of potential contamination within the watershed, a summary of source water quality 
data, a description of watershed control and management practices and 
recommendations for additional contaminant control. 

The primary water supply watershed is a 1,000 square mile area, drained by the 
Tuolumne River upstream of the La Grange Dam and diversion structure, an 18 
square mile sub-watershed consisting of areas that drain to the Upper Main and 
Waterford Canals, and Modesto Reservoir.  For the purposes of the watershed 
sanitary survey, the watershed is divided into two parts: (1) the Modesto Reservoir 
Sub-watershed, which includes the lands that drain directly into Modesto Reservoir 
and the Upper Main Canal, and (2) the Don Pedro Reservoir Sub-watershed, which
includes the lands that drain into the Tuolumne River upstream of Don Pedro 
Reservoir.  The Don Pedro Reservoir Sub-watershed, however, does not include
the sub-watershed upstream of O'Shaughnessy Dam, which forms Hetch Hetchy 
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Reservoir, because a watershed sanitary survey is prepared for that sub-
watershed by the San Francisco Public Utilities Commission (SFPUC).  

Cities make up a very small portion of land use area in the region, with 98 percent 
of the land unincorporated.  Maintenance of native forests and preservation of rural 
and natural watershed characteristics are important in the 1.7 million acres of open 
land.

The Upper Tuolumne River Watersheds, in which Modesto Reservoir is included, 
are generally regarded as producing surface water of excellent quality.  The water 
is suitable for almost any use and contains low concentrations of contaminants.  
Runoff generated from the upper reaches of the watershed is suitable for human 
consumption except for the risk of pathogens, which is generally associated with 
livestock grazing, wildlife, and campers.

The most recent sanitary survey of the watershed was completed by HDR on 
behalf of MID in April 2014, and a report of the survey was submitted to the 
Division.

In the sanitary survey report, HDR presented Recommendations and Progress 
Update on 2009 Watershed Sanitary Survey (provided as Appendix Q to this 
report) that outlined various potential contamination sources, the responsible 
agency and recommended actions to be taken by MID. 

E. WATER TREATMENT PLANT INTAKE STRUCTURE

The water treatment plant raw water intake is located in the Modesto Reservoir 
about 150 feet north of Dam No. 2 (location shown in Appendix N, Figure N3).
With the construction of the new intake structure, MID abandoned the existing 
irrigation outlet works and constructed a combined plant intake and irrigation outlet.  
The intake is designed to provide a maximum capacity to the plant of 90 MGD by 
gravity flow.  The valve at the intake structure is left fully open.  Flow into the plant 
is controlled at the plant-rate control vault.

The intake consists of three T-shaped screens located in the Modesto Reservoir, 
each with a capacity of 30 MGD.  Space has been provided for a fourth screen to 
allow for an increase of the total capacity to 120 MGD.  The screens are located in 
a concrete structure each with a 42” diameter pipe flange connection into a single 
84” diameter header pipe buried in the bottom of the reservoir.  Each screen has 
a net area of 101 square feet.

The screens are cleaned using an air backwash system.  The air backwash system 
consists of two air compressors (one acts as back-up) and two air receivers.  One 
of the receivers supplies air to the air-actuated valves on the air discharge lines, 
the other supplies air to the screens for cleaning.  The receiver can provide airflow
at a discharge pressure of 150 psi.  The 6” dia. air backwash lines to the screens 
are routed inside and along the crown of the 84” raw water line.  The use of the air 
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backwash system is, based upon pressure differential across the intake screens, 
weekly as preventative maintenance.

The screens are located at an elevation of 190 feet, providing 8.5’ to 17.75’ of 
water cover at minimum and maximum operating pool levels.  MID operates 
Modesto Reservoir to optimize ground water recharge during wet years and 
minimize losses during droughts.  Reservoir elevations are summarized on Page 
9 above.

The 84” dia. intake line runs approximately 150’ to the intake structure.  There the 
line reduces to a 72” dia. cement lined steel transmission pipeline.  This pipeline 
travels approximately 1,000 feet to the water treatment plant.  The pipeline crosses 
under Reservoir Road immediately north of the treatment plant site and connects 
to the Plant Influent Rate Control Vault.

A minimum of 500’ radius around the intake screens has been provided with 
sanitary protection.  A log boom was initially installed at the 500’ radius to prevent 
boating and swimming near the intake.  MID had difficulty keeping the log boom in 
place.  Therefore, in 1997 the log boom was replaced with an anchored buoy 
system that is not subject to displacement in heavy winds.  Access to the intake 
structure is only by a gated gravel road.  The area surrounding the intake structure 
is fenced to the water level.  The intake structure itself is protected by an additional 
6’ chain link fence with barbed wire.  The fencing is posted with signs.

The intake for irrigation water is located in the same structure as the WTP intake, 
but uses separate gates to provide gravity flow of water into the down-stream 
portion of the Modesto Lower Main Canal and the Waterford Lower Canal.  Flows 
for irrigation average between 180 to 570 cubic feet per second (cfs), depending 
on the water allocation to farmers, with peaks of up to 1,000 cfs during the summer 
irrigation season (compared to about 50 cfs to the WTP under peak production).
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F. CONVENTIONAL WATER TREATMENT PLANT

The conventional treatment train includes primary disinfection by pre-ozonation, 
coagulation, pre-chlorination, flocculation, sedimentation, pre-filter chlorination, 
deep bed mono-media gravity filtration, post-chlorination, and stabilization by the 
addition of lime and carbon dioxide and pH adjustment with sodium hydroxide.  
The surface water treatment plant was designed to allow operation in either 
conventional or direct filtration mode.  The Division, however, no longer allows the 
plant operation in direct operation mode.  Backwash water recovery facilities are 
provided that include a Backwash Water Recovery basin, solids thickener (upflow 
clarifier), dissolved air floatation (DAF), and sludge storage lagoons for thickened 
solids.  The clarified water from the DAF is recirculated back to the headworks of 
the plant.  Schematics of the treatment plant and backwash water recovery 
processes are provided in Appendix D.

The original design of the treatment processes provided for only direct filtration.  
Sedimentation basins were added to the design following higher turbidity events 
that occurred immediately following the pilot study period.  MID operates the 
treatment plant in full conventional mode. To date, MID has operated in direct 
filtration mode only one time since mid-November 1995.  The Division no longer 
allows the plant operation in direct operation mode.
The design provides access for inspection, maintenance and monitoring of all unit 
processes through appropriate location and specification of equipment and piping, 
and provision of manways and a complete computer-based Plant Control System 
(PCS).  Site security is provided by fencing, security gate, security cameras and 
enclosed buildings with security systems.

MID has installed a full-scale pilot plant inside the Chemical Feed Building.  This 
enables the operators to test the overall impact of changes in chemical dosages 
and test different coagulants.  This has been especially useful for optimizing 
treatment while continuing to operate in the full-scale plant. 

Coagulation, Flocculation and Sedimentation Data and Filter Data sheets are 
provided in Appendix E.

1. Plant Influent Rate Control Vault

Raw surface water is received from the intake structure at the Modesto Reservoir 
via the 84” and 72” dia. raw water transmission pipeline, which splits into two 60” 
dia. raw water lines just ahead of the Plant Influent Rate Control Vault.  At the rate 
control vault, a butterfly valve is operated to control the flow into the plant.  The 
valve can be operated manually or automatically through the PCS.  A flow meter 
is installed at this location as part of the rate control valve.  Blind flanges were 
provided in the rate control vault for the installation of the future raw water line that 
tees off the 72” raw water transmission pipeline.  
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From the rate control vault, water flows by gravity to the splitter box at the ozone 
contact basin via 168’ of 60” dia. pipe.  The 12” dia. backwash water return line 
recycles the clarified backwash water into this section of pipe just after the rate 
control vault.

2. Primary Disinfection – Ozonation

Pre-ozonation provides for the control of organic-based tastes and odors and, as 
the primary disinfectant, is intended to achieve the required CT for disinfection 
credit for compliance with the SWTR.  The ozone system consists of three main 
components: (1) ozone generation, (2) ozone contacting, and (3) ozone 
destruction.

(a) Ozone Generation System

The ozone generation process requires the conversion of liquid oxygen (LOX) to 
gaseous oxygen (GOX) prior to ozone generation. Liquid Oxygen is received at -
183oC. Optimum operation of the ozone generators requires the addition of 
approximately 1.5% clean, dry air to the GOX feed upstream of the generators.  
Proper operation of the skid mounted air preparation system is an important factor 
in ozone generation efficiency. There are two supplemental air preparation 
systems with one in use, providing full redundancy. 

A single 17,000 gallon LOX tank stores and delivers LOX to one of three
vaporizers, which are alternated automatically by SCADA approximately every 
eight hours.  Only one vaporizer is in use at a time, with one defrosting, so there 
is full redundancy.  The GOX system includes a pressure reducing valve, 
redundant particulate filters and a GOX feed rate control valve.

Three 450 pounds per day Ozonia ozone generators, equipped with a feed gas 
percent ozone analyzer, are available.  One generator is dedicated to the 
conventional plant, one to the membrane and one can be used for either or both 
plants to provide partial redundancy. The GOX and ozone generation equipment 
is alternated weekly.

(b) Supplemental Air System.  

There are two skid mounted supplemental air systems manufactured by CD-12
Quality Air Solutions. The supplemental air skids consist of two Atlas Copco oil-
less compressors, one air receiver tank (operated at around 120 psi), a pressure 
reducing valve to deliver air to the generators at approximately 45 psi, and one 
regenerative desiccant dryer/filter apparatus with two trains that are automatically 
rotated. One skid is in duty while the other is in stand-by, providing full redundancy.  
In the event of simultaneous failure of both systems, the ozone generators can still 
be operated as long as the power is set to 50% power or less.  



MID Permit Engineering Report Page 14
No. 01-10-18P-001

The supplemental air system provides clean dry air to the GOX stream just before 
the generators.  There is a dew point analyzer at the confluence of the GOX and 
supplemental air, which typically reads around -162oF. The maximum allowable 
dew point is -67oF.  The ozone generation system is automatically shut down if this 
dew point is exceeded.

(c) Ozone Generation.  

With three 450 lb/day ozone generators, enough redundancy is built into the design 
to provide reliable ozone feed.  Under typical operating conditions, only one 
generator is needed to supply enough ozone for disinfection of the conventional 
treatment plant. During peak demand or peak flow conditions, especially when the 
raw water temperature is elevated, two ozone generators will likely need to be run 
simultaneously to meet ozone demands of the conventional plant. 

The generators are filled with ceramic, dielectric tubes that contain a small air gap 
between tubes to allow for GOX flow between each.  In the power supply unit of 
the ozone generator 480 volts alternating current (AC) is converted to 3,000-9,000 
volts of direct current.  This electricity passes through the generators, excites 
oxygen molecules (O2) to the next higher quantum energy state, and separates 
the oxygen-oxygen bond in some of these molecules, which allows for the 
formation of ozone (O3) within the generator.  The ozone concentration target goal 
10%, and is controlled by controlling the power used by the generator.  Three 
Teledyne Ozone Feed Gas Analyzer units (one for each generator) is used to 
continuously monitor the percent ozone in the feed gas.  Information from these 
monitors provides the operator with the pounds of ozone produced each day.

Each generator has a power supply unit equipped with a cooling water loop (PSU 
cooling water).  Cooling water flow is controlled based on the temperature of the 
cooling water, but is around 90 gpm. The ozone generator vessel is also equipped 
with cooling water, and filters for the cooling water. The cooling water used for 
each generator is around 60 gpm.

The cooling water from the ozone system is used to provide mixing energy for alum 
at the Flash Mix.  Each ozone generator’s operating pressure is typically around 
17 pounds per square inch. An automatic control valve (Z-40), located in the trench 
on the common ozone effluent piping between generators 1 and 2, controls ozone 
flow to conventional Ozone Contact Basins. This valve is programmed to close if 
an ambient ozone or ambient oxygen analyzer goes into High-High alarm mode.  

The MRWTP has no automatic plant shutdown features in place, however ozone 
generators will automatically shut down if the ambient ozone residual reaches 0.3 
mg/L and the ozone destruct will shut down if the ambient ozone analyzer has 
alarmed. 
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(d) Ozone Contact Basins

Two ozone contact basins are provided, each to treat a design flow of 15 MGD.  
The minimum rated treatment flow is 5 MGD, with a hydraulic capacity of 22.5 
MGD.  Basin No. 1 is to the west and Basin No. 2 is to the east. The basins are 
constructed of cast-in-place concrete with concrete roofs and designed with four 
cells each for ozone contacting.  The design of the contact basins with baffle walls 
provides for serpentine over-under flow for maximum contact.  The two basins 
share one common wall.  The Ozone Destruct Room shares the eastern most wall 
with Basin No. 2. Stainless steel mesh baffles are installed at the inlet and outlet
of cell one in each basin. The baffles are designed to evenly distribute water flow 
and reduce short-circuiting. Appendix D, Figures D3 and D4 show a plan and 
cross section of the ozone contact basins.

From the rate control vault, water flows by gravity to the influent splitter box at the 
ozone contact basin. The design of the splitter box includes an overflow weir that 
directs excess water to the on-site storm drain lagoon.  The splitter box divides the 
flow across the two identical contact basins.  A gate valve controls the flow to each 
inlet chamber.  Typically, the flow is split evenly across the two contact basins.

The ozone gas is transported from the ozone generators to the ozone contact 
basins via a 6” dia. pipe that is split into four feed gas lines on the east end of Basin 
No. 2 in the Ozone Destruct Room.  Each of the four feed gas lines is directed to 
the central wall between the basins to provide ozone gas to Cells 1 and 2 in each 
basin.  Each of these four feed gas lines is split at the central wall into three smaller 
lines, which run horizontally across the bottom of the cells. The diffusers are 
spaced along the three feed gas lines at the bottom of the cell to diffuse the gas 
upward.  The original design of the plant provided for ozone gas feed to diffusers 
in Cells 1 and 2 of each basin.  There are 28 ozone diffusers and 28 air diffusers 
in Cell 1.  The ozone diffusers with a discharge rate of up to 2.7 scfm.  The second 
cell is equipped with 27 ozone diffusers.  The air diffusers are not in service.

Once the water has entered the influent chamber of the contact basin, a horizontal 
slot the full length of the chamber allows for uniform distribution of the water into 
the first cell.  The water entering the first cell flows downward, counter current to 
the ozone gas. MID is adding ozone only in the first cell to obtain the lowest 
possible ozone residual in the effluent from the basin, which lessons ozone off-
gassing in downstream processes.  Cells 2, 3 and 4 are for contact only.  Water 
from the fourth cell is discharged over a weir into an outlet chamber.  From there, 
the water from the two contact basins is recombined in a collection box which is 
open to the atmosphere prior to flowing to the rapid mix basin.  

Cell 3 is equipped with a foam suppression system (water spray system to reduce 
foam formation).  The spray nozzles are installed on the chamber roof across the 
length of the cell.  The water source is treated surface water from the plant service 
water system.  
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The ozone residual is monitored at six locations throughout each basin. Two 
continuous ozone residual analyzers are provided for each basin, located in the 
adjacent Ozone Destruct Room.  The readout for both units is on-line with the plant 
PCS and can be read by the operators in the plant control room.  One of the units 
is dedicated to continuously monitor site 2 (located below the ozone diffusers in 
the first cell).  The second unit is typically set to monitor the ozone residual at site 
4. Operators can also collect grab samples from any of these sites via continuously 
running water streams in the Ozone Destruct Room.  Operators visit the location 
six times per day to collect grab samples from sites 2, 4 and 6.  MID added a pump 
to each sample line to ensure that the ozonated water reaches online analyzer as 
rapidly as possible to minimum ozone decay in the sample lines prior to reaching 
the analyzers and sample taps. 

The on-line monitors for Basin 1 and 2, sites 2 and 4 are Delta Model 940 Electrode 
Analyzers, manufactured by Rosemount.

Each basin is 42.5’ long by 35’ wide and has a water depth of about 23’.  The water 
cover above the ozone diffusers is about 20’.  The liquid volume provided by Cells 
1 to 4 is 159,850 gallons total.  At the design flow rate of 15 MGD per basin
(although the plant can be operated at a higher flowrate), the theoretical contact 
time in each basin is approximately 15.4 minutes.  Tracer tests conducted on the 
contact basins demonstrated that the detention time at which 90 percent of the 
water passing through the basin is retained within the basin, or T10, averaged 
about 61% of the theoretical contact time.  

Ozone residual in the contact basin is monitored by the PCS.  A low ozone residual 
of 0.1 mg/L at sample infuser site 2 will activate an audible alarm.

(e) Ozone Destruction

The off-gas from the ozone basins is collected from the basins before the gases 
can escape into the atmosphere.  An off-gas evacuation system, located in the roof 
above the outlet chamber, provides a slight vacuum in the common air space to 
remove the off-gas above the water level. A spray nozzle (using plant service 
water) located immediately below the off-gas collector prevents foam from entering 
the off-gas evacuation system.  Slots in the baffle walls at the ceiling level of the 
ozone basins allows for evacuation of off-gas from all of the cells.  The off-gas 
flows through a 12” dia. mist eliminator to remove moisture in the off-gas.  The mist 
eliminator includes a pressure differential gauge to determine the off-gas flow rate, 
which should not be greater than the ozone gas feed rate.  Any difference would 
indicate an air leak in the basins.

The off-gas flows to two ozone destruct units per basin, located in a concrete 
building adjacent to the ozone contact basins, where excess ozone is converted 
to oxygen then discharged to the atmosphere.  One destruct unit is used for both 
basins, with the second unit providing full redundancy. The ozone destruct units 
utilize a catalyst and heat to accelerate the conversion to oxygen.  Each unit has 
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a capacity of 466 actual cubic feet per minute (acfm).  One Teledyne ozone off gas 
analyzer measures the ozone in the off-gas from the basins, which is typically at 
about 0.2% ozone.  The ozone concentration is reduced to less than 0.05 ppm 
prior to discharge to the atmosphere.  The vent gas is monitored by an INUSA 
ozone analyzer.  This air discharge is not currently regulated.  An off-gas blower 
located downstream of the ozone destruct units provides the necessary vacuum 
for the off-gas evacuation system.

The Ozone Destruct Room is also the location where the ozone gas from the ozone 
generation is split to the four cells.  Valves on each of the lines is accessible at this 
location.  The valves can only be manually controlled. The Ozone Destruct Room 
is equipped with an ambient ozone analyzer with a visual light alarm located over 
the entry door and audible alarm that is transmitted over the Gaitronics public 
address system. 

3. Coagulation

From the collection box at the end of the ozonation process, the water flows to the 
coagulation basin via a short segment of 60” dia. pipe.  The coagulation basin is a 
two-stage facility providing both flash mix and rapid mix in separate chambers. The 
locations of the chemical addition are shown in the plant hydraulic profile,
Appendix D.  The coagulation process is monitored by a streaming current 
detector located in the splitter box to the flocculation basins.  Excessive changes 
in the charge on the particles will trigger an audible and visual alarm.

A second streaming current detector is located at the second stage of flocculation 
to provide a redundant monitoring opportunity prior to sedimentation.  Poorly 
treated water could be drained from the flocculation basin into the backwash water 
recovery basin and returned to the head of the plant. 

In conventional filtration, a larger fluffy floc is desirable to ensure that settling of 
the floc will occur in the sedimentation basin.  

(a) Flash Mix

The flash mix stage is the location of the addition of alum and sodium hydroxide 
with the flash mix provided by a nozzle jet mixer.  The concrete flash mix basin is 
10’ by 10’ with a water level of 7’.  The ozonated water enters the flash mix basin 
in an upward direction from beneath the basin.  The ozone coolant water is 
recycled into the flash mix basin and is introduced in a downward direction into the 
stream of flow from the ozone basins at a flow of about 100 to 150 gpm (60 gpm 
from each of the two ozone generators and power supply unit cooling water). The 
recycled coolant water piping diameter is reduced in size using a nozzle to provide 
greater injection velocity.  The energy created by the mixing of these waters is 
sufficient to provide flash mixing of the coagulant chemicals added at this location.  
If ozone generation is out of operation, ozone coolant water will continue to be 
circulated through system and into the flash mix.  During Phase Two expansion,
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the jet mixer was replaced with one of smaller size to accommodate the reduced 
flows from ozone generation.

Alum can be added into the flash mix basin through an aspirating injector just below 
the injection nozzle for the ozone coolant water.  Caustic soda (sodium hydroxide) 
can be added into the flash mix basin influent upstream of the alum injection point.  
Typically, only alum is added into the flash mix basin.  During those periods when 
raw water alkalinity is low and the required alum dose is relatively high, caustic 
soda will be added with alum in the flash mix basin to provide supplemental 
alkalinity for the alum reaction.  The average velocity gradient (G) was designed 
to be 1000 sec-1 with a detention time of 15 seconds.  

(b) Rapid Mix

From the flash mix basin, the water flows into the adjoining rapid mix basin.  The 
rapid mix basin is 10’ by 10’ with a water depth of 7’.  This basin is equipped with 
a mechanical propeller type mixer with a 20 HP axial flow vertical turbine motor.  
The motor is equipped with an adjustable frequency drive.  The average velocity 
gradient (G) through the rapid mix basin is 675 sec-1 with a detention time of 15 
seconds.

The rapid mix basin is the location of polymer addition.  Liquid sodium hypochlorite 
can also be added at this location for pre-disinfection.  A third spare chemical 
injection port is provided.  Water flows downward through the rapid mix basin into 
a bottom discharge directly into a splitter box ahead of the flocculation basin.

4. Chemical Addition

Most of the chemical handling, storage, mixing and feed equipment are maintained 
in the Chemical Feed Building, which is centrally located at the plant.  The 
chemicals currently used and housed at this location include liquid sodium
hypochlorite for disinfection, aluminum sulfate (alum), cationic polymer, and 
sodium hydroxide (caustic soda).

The Chemical Feed Building has one main area for chemical receiving, storage 
and mixing.  A separate room is provided for storage of the sodium hypochlorite.  
The main chemical area is divided to store caustic chemicals on one side and 
acidic chemicals on the other.  Drainage is provided in each area into separate 
sumps, each provided with sump pumps.  Any drainage is discharged to one of 
three places: the sludge lagoon, storm lagoon or pumped into a truck for disposal 
off-site.

The chemical feed pumps are arranged along the south wall of the Chemical Feed 
Building.  Piping from the various chemical mix tanks feeds the pumps, which
discharge to the injection locations throughout the treatment process.  The piping 
from the mix tanks to the feed pumps are color-coded for each chemical feed 
setup: yellow = alum; brown = polymer; orange = caustic soda; orange = sodium 
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hypochlorite. MID staff added labels at approximately 10 feet intervals on all 
chemical feed piping making it clear which chemical is in the pipe and where the 
application point is for each pipe. 

All chemical storage and mix tanks, except for the filter aid polymer, are equipped 
with liquid level sensors with digital readout at the tank site and transmittal of the 
signal to the PCS.  The tanks are equipped with ball valves that are manually 
operated.  

The chemical feed pumps can be manually adjusted or electronically adjusted from
the PCS.  All chemical feed pumps are equipped with graduated calibration 
cylinders for determining dosages.  There are no flow sensors on the chemical 
feed lines.  Coagulant failure will be triggered based on the streaming current 
detector in the flocculation basin splitter box.  There are flow switches on the alum, 
coagulant aid feed lines, and coagulant aid push water that will trigger an audible 
alarm if flow drops below a certain set point.  The coagulant aid feed lines are 
covered with heat tape to maintain the viscosity of the polymer in a range that is 
appropriate for the chemical feed pumps.

The operators run jar tests routinely to determine the optimum coagulant dosages.  
Dosages for all chemicals are paced by the PCS to plant flow and can be 
automatically adjusted based on the streaming current detector.  Operators 
routinely rely on the streaming current detector to adjust coagulant dosages and 
check adjustments with jar tests if needed.  The operators perform drawdowns 
twice daily on calibration cylinders set up for each chemical feed pump to 
determine actual dosages.  All products currently used are certified by the National 
Sanitation Foundation or Underwriters Laboratory to meet ANSI Standard 60 for 
direct additives in drinking water.  MID occasionally, uses filter aid polymer at 
doses of up to 0.15 mg/L.  Nalco Nalclear 8182 anionic polymer is currently the 
designated filter aid polymer. This product is NSF approved for doses up to 1 
mg/L.

A summary of monthly average chemical dosages for the past few years is 
provided in the following table:

Average 2017 2016 2015 2014 2013 2012 2011 2010 
Raw 
MGD 24.2 20.9 13.6 18.5 30.6 29.1 24.6 27.3 

Alum 
Dose 
mg/L 

4.2 4.1 3.7 4.3 1.4 1.3 3.3 1.4 

Cat Floc 
CFL 

Dose 
mg/L 

2.9 4.0 3.5 3.2 2.0 2.4 2.1 1.8 
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(a) Aluminum Sulfate

Aluminum sulfate (alum), which is used as the primary coagulant, is purchased in 
bulk liquid form at a solution strength of 48.5%.  It is stored in one 11,100 gallon
polyethylene tank that is 12’ dia. by 14.3’ high, with a backup tank (8’ dia. by 7.6’ 
high) that can hold 1,750 gallons of alum to facilitate cleaning of the primary 
storage tank.  Due to the density of alum, the backup tank cannot be filled to 
capacity.  This provides approximately 30 days of storage under maximum usage 
conditions in the conventional treatment.  Shipments are received in 4,500 gallon
batches.

The alum is fed undiluted into the injection line to carry the chemical to the flash 
mix basin.  Two chemical feed pumps are provided for alum, one is a standby 
pump and use is alternated every six months.  Both are Pulsafeeder 880 
diaphragm metering pumps, with a maximum capacity of 19.4 gallon per hour
(gph).  To vary the alum dosage, the operator enters a dosage set point into 
SCADA and an algorithm in the PCL adjusts the speed and stroke of the pump 
accordingly.  The average alum dose has been 2.7 mg/L since the end of 2010.

(b) Polymer

The cationic polymer Cat-Floc L, made by Ondeo-Nalco, is used as a coagulant 
aid.  The polymer is received in bulk as a 100% solution.  The polymer is stored in 
one 11,100 gallon polyethylene tank that is 12’ dia. by 14.3’ high, with a 2,500 
gallon tank that is 8’ dia. by 7.6’ high backup tank that is used to facilitate cleaning 
of the primary tank.  This can provide approximately 30 days of storage under peak 
usage conditions.  

The polymer is fed undiluted into the injection line then mixed with plant service
water (14.3 gpm) to carry the chemical to the rapid mix basin for coagulant aid.  
MID should ensure that this dilution ratio is not excessive. 

Two variable speed pumps for the coagulant aid polymer are provided (one pump 
is on standby).  Both pumps are Pulsafeeder 680 metering pumps, with a 
maximum capacity of 10 gph.  The polymer dose can be automatically paced to 
the plant flow or adjusted through the PCS by the operators.  Since the end of 
2010, the average polymer dose for coagulant aid has been 2.6 mg/L.

(c) Sodium Hydroxide (Caustic Soda)

Sodium hydroxide is used in the stabilization process, fed into the finished water 
just before leaving the treated water booster pump station.  It can also be injected 
into the flash mix basin just upstream of the alum if additional alkalinity is needed 
to improve the chemical reaction of alum.  MID has not yet needed to use the 
sodium hydroxide in the coagulation process and no longer has pumps in chemical 
feed for this purpose.  For stabilization, the dosage has averaged 1.4 mg/L since 
the beginning of 2008.
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Sodium hydroxide is received in bulk liquid form as a 25% solution.  It is stored in 
one of two 9,200 gallon polyethylene tanks that are 12’ dia. by 12’ high.  This 
provides about 65 days of storage under peak usage in the conventional treatment.

The sodium hydroxide is fed undiluted into the injection line.  Carry water is not 
used.  Two chemical feed pumps are available (one on standby).  Both pumps are 
Pulsafeeder 7120 variable speed pumps.  The pumps are used for stabilization of 
the finished water and have a maximum capacity of 30 gph.  

(d) Chlorination

Liquid sodium hypochlorite is used for chlorination at all four points of application.  
The chlorination facilities are housed in the Chemical Feed Building.  Sodium 
hypochlorite is purchased in bulk as a 12.5% solution.  The liquid chlorine is stored 
in a separate room in the Chemical Feed Building in three 10,000 gallon fiberglass 
reinforced plastic tanks.  The room is vented and has direct access from both the 
inside and outside of the building.  The tanks are equipped with liquid level depth 
probes which are monitored by the plant PCS.  

The metering pumps for the injection of chlorine solution are located in the main 
part of the Chemical Feed Building with the other chemical feed pumps.  Pre-
sedimentation chlorination is conducted by a Pulsafeeder 7120 metering pump 
with a capacity of 94 gph.  Pre-filtered chlorination is by a Pulsafeeder 7120 
metering pump with a capacity of 94 gph.  Post-chlorination is accomplished using 
a Pulsafeeder 7120 metering pump. The pre-sedimentation feed pump can be 
used at a higher dose to maintain desired residuals throughout the filters or can be 
valved to deliver chlorine upstream of the filters, if a chlorine pump is taken out of 
service for any reason.  Under normal operating conditions, pre-filtered chlorine is 
added to the filter flume adjacent to the sedimentation basins to maintain a chlorine 
residual throughout the filters.

There are four locations of potential chlorine application at the plant using sodium 
hypochlorite solution: pre-sedimentation, pre-filter, post-filter and in the backwash 
water recovery process.  

Pre-sedimentation chlorination is conducted by the addition of sodium 
hypochlorite solution into the rapid mix chamber ahead of polymer addition.  
This was used continuously in addition to ozonation until about September 
1996, when the Division approved the discontinuation of pre-chlorination.  At 
that time, ozone was approved as capable of providing the CT requirements of 
the plant based on a tracer study.  MID typically adds sodium hypochlorite 
before the sedimentation basin nightly to minimize microbial growth in this 
basin.

Pre-filter chlorination dose is set to maintain a chlorine residual throughout 
the filters.  The chlorine dosage at this location is sufficient to provide a residual 
of about 0.6-1.0 mg/L in the combined filter effluent ahead of post-chlorination.
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Post-filter chlorination is conducted by injection of sodium hypochlorite into 
the combined filter effluent as it is discharged into the first chamber of the 
constant head weir and prior to the stabilization basins. Mixing is provided by 
the energy of the water over the weir and through the discharge piping to the 
Treated Water Pump Station.  The chlorine dosage at this location ranges from 
about 0.9 to 1.3 mg/L to maintain a chlorine residual of about 1.4-2.0 mg/L in 
the finished water, as measured at plant effluent vault. 

Backwash water Recovery Chlorine solution can also be applied to the filter 
backwash water prior to the Solids Thickener.  It can be injected into the 8” dia. 
discharge line from the backwash water recovery basin.  Chlorine is not 
typically added at this location.

5. Flocculation

There are two flocculation basins located adjacent to and west of the flash/rapid 
mix basins.  Flocculation Basin No. 1 is to the north and Basin No. 2 is to the south.  
From the rapid mix basin, water flows into a splitter box then up over a weir to be 
uniformly distributed into two flocculation basin inlet structures.  These concrete 
inlet structures are 10’ by 10’ with an overall water depth of about 5.5’.  Each is 
equipped with a flocculation basin influent butterfly gate valve that is 42” by 42” 
square.  The design results in a discharge of the water into one corner of each 
flocculation basin.  A streaming current detector is located in the flocculation basin 
splitter box to monitor the coagulation process.

The flocculation basins are three-stage with mechanical mixing and horizontal 
serpentine flow around two baffle walls.  The entire basin is covered with a 
concrete roof.  The overall dimensions of the flocculation basins are 64’ wide by 
48’ long.  The two 13’ high wood baffle walls extend the full width of the basin 
splitting the basin into three equal stages.  Panels are removed in a 2.5’x8’ section 
on each end, at the bottom then alternating to the top in the next baffle, to minimize 
short-circuiting of the flow.

Each stage has four mechanical mixers equipped with variable frequency drives.  
As the water flows through the flocculation basins, each stage of mixers provides 
a slower mixing speed.  The mixers are vertical turbine impeller-type flocculators 
with motors in the following sizes: Stage 1 - 2.0 HP; Stage 2 - 1.0 HP; Stage 3 -
0.5 HP.  The speeds are adjusted by the plant operators on the PCS based on jar 
test results.  All four mixers in each stage are set at the same rotational speed.

The velocity gradient (G) decreases through each stage with the following ranges: 
Stage 1 -90-60 sec-1; Stage 2 - 60-30 sec-1; Stage 3 - 30-10 sec-1.  The theoretical 
velocity through each flocculation basin at the design flow of 15 MGD is 6.7 feet 
per minute (fpm), providing a detention time of 29 minutes.  The velocity through 
the baffle opening is 1.16 fps.  The Ten State Standards recommends a flow-
through velocity ranging from 0.5 to 1.5 fpm, and a minimum detention time of 30 
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minutes.  Because of the design of the baffles in the basin, which results in 
horizontal serpentine flow, the velocity of the water is significantly greater than 
recommended by Ten State Standards.  

The colder temperatures of the late fall, early winter water affected the flocculation 
process, requiring the longer flocculation detention time.  Currently, the plant 
processes less flow during the winter, hence providing the longer necessary 
flocculation period.  With the addition of the Phase Two membrane plant, the 
velocity gradient is expected to meet the recommendations of the Ten State 
Standards.  

The outlet from each flocculation basin is a 42” square butterfly valve located at 
the end of the third stage.  Water flows through the valve into one of two 7’ by 7’ 
concrete effluent flumes.  The flumes are stacked on top of each other.  The top 
flume is used to direct the water to the two sedimentation basins when operating 
in conventional filtration mode.  The bottom flume directs water to the filter channel 
inlet in the direct filtration mode, which is no longer permitted.

6. Sedimentation

In the conventional filtration mode, the pretreated water from the flocculation 
basins is directed into the two rectangular sedimentation basins from the 
flocculation basin effluent flume.  The water is split across the sedimentation 
basins by multiple vertical openings in the flume across the full length of the 
sedimentation basin inlet wall.  The flow through the slits results in an inlet velocity 
of 2 fps or less.  The design capacity of each basin is 15 MGD although the plant 
can be operated at higher flows.  The basins are each 64’ wide by 217’ long 
providing a surface area of 13,888 sf.  The average water depth is 14.5’.  At 
maximum flow, the flow-through velocity is 1.5 fpm providing a surface loading rate 
of 0.75 gpm/sf and a theoretical detention time of 2.4 hours.  The Ten States 
Standards recommends a maximum velocity of 0.5 fpm with 4 hours of settling 
time.

The basins are equipped with four launders that extend 54.25’ into the basins from 
the west end (1/4 of the basin length), providing a total weir length of 434’.  At the 
design flow rate of 15 MGD, the weir overflow rate is 34,563 gpd/ft of weir length.  
The Ten State Standards recommend an overflow rate not to exceed 20,000 gpd/ft.  
Each launder is 24” wide and 36” deep with a surface overflow in lieu of submerged 
orifices.  The water from the launders discharges into the 7’ by 7’ concrete effluent 
flume, which discharges into the filter channel inlet.

A motor-driven traveling bridge supports the siphon-type sludge collection 
equipment.  Sludge is discharged to two reinforced concrete troughs constructed 
as part of the basin dividing wall, and is then routed to the sludge pump station 
wetwell (1,750 gallon capacity).  The sludge pump station wetwell is located just 
west of the sedimentation basin.   The sludge is pumped by three 350 gpm pumps 
into the 8” dia. sludge storage lagoon feed line and discharged into the lagoons.
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The traveling bridge is normally operated at twice per day in each basin under the 
highest turbidity loads.  It may be operated less frequently during low turbidity load 
periods, such as the summer.  

The turbidity level in the settled water is reported to the Division.  MID has indicated 
that the sedimentation basin turbidity levels are typically in the range of 2.5 to 3.5 
NTU.  During the past five years, the average settled water turbidity was 1.8 NTU,
with a range of 0.3-9.0 NTU and a median turbidity of 1.6 NTU.  The Division
recommends that the water leaving the sedimentation basin have a turbidity of 1-
2 NTU (as per the Cryptosporidium Action Plan).  The Partnership for Safe Water 
recommends a settled water turbidity of not more than 2 NTU when the raw water 
turbidity is >10 NTU, and not more than 1 NTU when the raw water turbidity is <10 
NTU.

7. Filtration

Water from the sedimentation basins is directed to the filters via the underground 
filter channel inlet.  The channel is 7’ wide by 9’ high and is constructed of concrete.  
This channel extends from the flocculation/sedimentation area to the filter influent
flume.  The filter influent flume is also below grade and constructed of concrete 
with dimensions of 7’ wide by 8’ high.  The water is distributed across the six filters 
through 30” dia. butterfly gate valves at each filter inlet.  

There are six mono-media deep bed gravity filters with a design capacity of 5 MGD 
each.  Water from the filter influent flume enters the filter side-channel/backwash 
gullet and is distributed across the filter media.  The filter box dimensions are 16’ 
wide by 44’ long with a sidewall depth of 20.5’, for a total surface area of 704 sf.  
The normal water depth above the media surface is 7’.  The side channel is about 
5’ wide running the full length of the filter, with a concrete structure at the end of 
each channel to prevent wave splash and disruption of the media when filling the 
filters after a backwash cycle.

The SWTR allows a maximum of 6 gpm/sf filter loading rate for deep bed filters.  
In February 2004, MID obtained a variance from the Division from the 6 gpm/sf
requirement and can operate filters up to 7.5 gpm/sf to meet demand. To minimize 
changes in plant rate operators may lower the water level in the filter influent flume 
and sedimentation basins in advance of a backwash and allow the level to raise 
during the backwash to reduce the need to add flow to the filters that remain in 
service during the backwash and ripening period.  

At the operational maximum filter loading rate of 7.5 gpm/sf, the MRWTP can 
produce up to 45 MGD (31,250 gpm) with all six filters in service. This is reduced 
to about 37.5 MGD (26,042 gpm), if one of the filters is in backwash mode.

The filter media has a total bed depth of 72” of anthracite overlaying a 14” deep 
gravel support bed, with the following specifications:
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Filter Media Specifications
Media Depth Effective

Size
Uniformity Coef.

Anthracite 72” 1.5 mm 1.4
Gravel Support 
Bed

14” --- ---

The Ten State Standards recommends an effective size of 0.45 to 0.55 mm for 
anthracite used as a single media.  The effective size of the anthracite used is 
significantly greater than that, but is in line with recommendations by AWWA for 
filters.

The underdrain systems consist of Leopold design polyethylene block dual lateral 
underdrains with a 12” depth to provide for the concurrent air/water backwash.

Visual inspections of each filter are conducted annually.  The operators check for 
media depth and support gravel profile.  Sampling of the media and testing for 
effective size, uniformity coefficient, floc retention and mudballs is performed about 
every 10 years.  Only minor mudball formation has been noted - two mudballs were 
found on the surface of the media, none within the media.  

Flow through the filters is controlled by a venturi type flow meter on the discharge 
from each filter.  The water is discharged through a 20” dia. butterfly valve.  Each 
filter effluent discharge pipe tees into a 60” dia. manifold.  This manifold discharges 
the combined filter effluent into a constant head weir, from which the water flows 
via a 60” dia. pipe to the stabilization basin at the Treated Water Pump Station.  
Chlorine is added into the combined filter effluent as it is discharged into the first 
chamber of the constant head weir for post-disinfection.

Filtration rates are increased gradually over a 30-minute period when bringing a 
filter on-line after backwash.  This is done by slowly opening the filter effluent 
valves to normal operation position.  As a filter is slowly brought back on-line 
following backwash, the operators closely watch both the turbidity and particle 
counts in the filter effluent.  MID conducted a study of turbidity spikes in the filter 
effluent following backwash and changed the automated backwash procedure to 
reduce the flow during the last few minutes of the backwash to improve ripening.  
The Partnership for Safe Water states that for filters not equipped with filter-to-
waste facilities, coagulation and filter aid process control should allow the 
magnitude and duration of the turbidity spike to be reduced to a minimum level 
(<0.1 NTU for less than 15 minutes in 95% of the backwashes).  In addition to slow 
ripening, MID uses Cat Floc CFL polymer as a backwash aid throughout the entire 
backwash to minimize ripening spikes and meets Partnership for Safe Water 
Ripening goals.  Filters are backwashed prior to being placed into service after a 
significant period of downtime.

The effluent from each filter is monitored through plant PCS with a continuous read 
of the turbidity analyzer, particle counter and loss of head gage.  Readings taken 
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every four hours are submitted to the Division for the individual filters and for the 
combined filter effluent.  This data shows that the individual filters have typically 
achieved a finished water turbidity of 0.03 to 0.10 NTU, based on the four-hour 
readings.  Between 2008-2016, the combined filter effluent daily average turbidity, 
based on grab samples in the operations lab, has ranged from 0.035 to 0.083 NTU, 
and has averaged 0.046 NTU.  Between June 2005 to May 2018, the combined
filter effluent has ranged from 0.01 to 0.08 NTU, with an average of 0.03 NTU.

MID has established an Investigative Action Level of 0.06 NTU in the combined 
filter effluent.  At this level, the operators are to begin evaluating the treatment 
processes and attempt optimization.  A combined filter effluent of 0.2 NTU triggers 
the operator to contact the Plant Manager or the Water Quality Supervisor.  A level 
of 0.16 NTU from any filter will cause the filter effluent valve to close automatically 
by a programmed interlock.  MID has the ability to spill poorly treated water to the 
storm lagoon for discharge under the Drinking Water NPDES Permit, if necessary.

(a) Filter Backwash Cycle

Filter runs have been between 30 to 108 hours long but are typically about 80 
hours.  The pilot plant study established a goal for filter runs of greater than 24 
hours.  The operators will not allow a filter to run longer than 108 hours between 
backwashes.  Operators visually observe each backwash for manual adjustment 
of the length of the cycle.  

The MRWTP uses an air/water backwash process.  Backwash is manually 
activated by the operators based on a consideration of the following criteria:

Hours:  108 maximum
Turbidity:  0.15 NTU maximum
Head Loss:  10 feet maximum
Particle Counts: Rising and or significantly above the other filters
Filter is off line for a significant period (prior to placing it back on-line)

Backwash is usually initiated due to increasing trends in the particle counts.  Only 
one filter will be placed in backwash mode at a time.  The entire plant flow will be 
split across the remaining active filters. MID has adopted an operating procedure 
to restrict the surface loading rate on the filters to 7.5 gpm/sf, even while a filter is 
in backwash mode.  To do this, the water level in the filter influent flume is lowered 
to reduce the flow across the filters.  The operators must also space the backwash 
of individual filters so as not to overload the backwash water recovery facilities.  All 
six filters can be backwashed over a 24-hour period.  

Once the backwash cycle is manually activated, the cycle can be automatically or 
manually controlled.  The backwash cycle consists of drawing the water level down 
to about 6 inches above the media surface.  Air scour is initiated for about 2 
minutes at an upward flow rate of 3 to 4 scfm/sf.  The backwash pump is then 
activated while the rate control valve is opened until the backwash rate reaches 
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7.5 gpm/sf.  Both air and water wash continues concurrently until the water level 
reaches the underside of the backwash water troughs.  Air scour is discontinued 
as the backwash rate is increased to 20 gpm/sf.  Near the end of the backwash, 
the flow is reduced.  Polymer is added throughout the backwash to precondition 
the filter.  The filter is allowed to continue to wash until 85-90% clarity is achieved, 
approximately 10 NTU or less.  After the backwash pump shuts off, the backwash 
drain valve is closed and the influent valve opened, allowing the filter to fill.  The 
filter effluent valve is then opened slowly over a 30-minute period to normal 
operation.  

The filter backwash water is supplied from the Treated Water wet well via a 36” 
dia. pipe by two backwash water supply pumps (one on standby) located in the 
Treated Water Pump Station.  A pressure relief valve is located in the pump 
discharge piping to limit the pressure applied on the filters.  A venturi flow meter 
and control valve is located in the Treated Water Pump Station for backwash water
rate control.  The pumps are 180 HP each with a capacity of 14,100 gpm, to provide 
a maximum backwash rate of 20 gpm/sf.  The flow is controlled by throttling the 
flow rate control valve to provide the flows of less than 20 gpm/sf as needed during 
the backwash cycle.

Air for the filter air scour is supplied by two blowers located in the filter pipe gallery.  
The blowers provide a maximum of 2,800 scfm and are designed to scour only one 
filter at a time.

Filter-to-waste capability is not currently provided at this plant, although provisions 
have been made to accommodate such facilities if needed in the future. The 
Division recommends that filter-to-waste facilities be installed when feasible.  In 
the absence of filter-to-waste capability, MID shall continue pre-conditioning the 
filter media with coagulant chemicals as part of the backwash cycle, per Section 
64658(b)(8), California Code of Regulation.

In emergency conditions, MID has a procedure to filter water down through one 
filter and up through another filter and sending the water to the backwash water
recover basin. In this way, the turbidity on the filter that is ripening can be 
monitored and the filtered water sent to waste until turbidities meet target goals.  
This technique was used during frequent startups throughout the drought to 
optimize plant performance.  It is not used during normal backwash procedures.

Backwash water is discharged into the backwash water recovery basin, which is 
later recycled to the plant headworks.

(b) Filter Aid Polymer

Since the plant design did not include a filter-to-waste process, polymer is added 
to the backwash throughout the backwash to precondition the filter media, 
minimizing the turbidity spike when bringing the filter on-line.  Polymer is also 
occasionally fed just prior to the filters to aid in their performance.  Injection of the 
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polymer in the settled water ahead of the filters is seasonal, depending on the 
water quality and filter performance.

The cationic polymer Cat-Floc CFL, made by Ondeo-Nalco Corporation, is used 
as filter aid in the backwash water.  MID has also used an aliphatic 
carbon/Ethoxylated alcohol polymer Nalclear 8182, made by Ondeo-Nalco 
Corporation when filter aid is needed to provide headloss on the filters. The 
polymer storage and chemical feed equipment for the filter aid polymer is housed 
in the Chemical Feed Building.  The Cat-Floc CFL is handled and mixed as noted 
for the coagulant aid polymer Cat-Floc L.  The Nalclear 8182 polymer is purchased 
as a liquid in 5 gallon drums.  The polymer is diluted by manually adding the 
polymer from the 5 gallon drum to one of two 500 gallon mixing tanks.  The mix 
tanks are 5.5’ high by 4.0’ dia.  The polymer is injected into the backwash water or 
into the filter inlet channel.  

The backwash polymer is dosed at 100% speed and stroke continuously 
throughout each backwash, with an average dose of 0.08 mg/L to condition the 
filter and minimize the backwash ripening spike. The Division recommends that 
the filters always be preconditioned following the backwash process due to 
the lack of filter-to-waste.
Filter aid polymer is typically fed for a period of a few weeks during March, April 
and/or May.  Typical doses range from less than 0.01 mg/L to 0.02 mg/L on a 
monthly average during these months.  Some years, such as 2015 filter aid 
polymer was not needed at all.

Public water systems that use an acrylamide polymer must certify annually in 
writing to the Division that the monomer concentration does not exceed 0.05% 
when dosed at 1 mg/L.

8. Stabilization

The filtered disinfected water is directed from the constant head weir to the Treated 
Water Pump Station via a 60” dia. finished water pipeline.  Water enters the pump 
station and is split into the two stabilization basins.  Stabilization is provided for 
corrosion control and compatibility of the treated surface water with the 
groundwater supply also used by the City of Modesto.  The process consists of (1) 
raising the finished water pH to above 8.0 and (2) increasing the total alkalinity to 
at least 25 mg/L as CaCO3.

The filtered water pH is very similar to the raw water pH, which is typically between 
6.8 and 7.2.  The addition of lime (Ca[OH]2) increases the pH to above 11.  Carbon 
dioxide (CO2) is added to decrease the pH to about 7.8 and form bicarbonate.  The 
sodium hydroxide is added as the water leaves the plant to fine-tune the pH levels, 
increasing the pH to above 8.0 (typically about 8.5). This results in a mildly 
corrosive to non-corrosive water.  The Langlier Index is monitored daily, with 
typical measurements of -0.3 to -0.6.
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The pH is monitored at four locations in the plant: raw water, post-filtered, post-
carbon dioxide, and finished water after sodium hydroxide addition.

The stabilization basins were designed for the future expansion of the plant by 
providing two flow trains through the stabilization process.  In 2015, the
construction of the membrane filtration plant was completed.  Currently all flow 
from the conventional plant passes through the west stabilization basin, with the 
east side dedicated to water produced by membrane plant. Each stabilization train 
includes a concrete lime-mixing basin and a carbon dioxide diffusion basin.  

(a) Lime

The water enters the lime-mixing basin in an upward flow from the bottom.  The 
lime mixing basin is 12’ wide by 12’ long, with a standing water level of about 11.8’.  
At a maximum flow of 30 MGD, this provides a theoretical detention time of 37 
seconds.  The basin is equipped with a vertical turbine mixer with a 15 HP motor 
that provides continuous mixing of the water as the lime slurry is added.

Lime is received as pebble lime, which is slaked on site. It is stored in two silos 
each with a capacity of 107,000 lbs or just over 3,000 cf of lime.  The silos are 16’ 
dia. by 16.5’ high, constructed of welded steel, and are located inside the Treated 
Water Pump Station.  The base of each silo is a cone that tapers down to 6’ dia. 
where the lime is discharged into the hopper.  Each hopper is equipped with screw 
type mechanical feeder (auger) that feeds the dry lime into the slaking tank.  
Approximately 80 gallons of water is added to the slaking tank, followed by 
approximately 220 pounds of lime.  The weight of the water and lime that is added 
to the slaker tank is dependent on the percent slurry that is called for and the 
temperature of the last few batches of slaked lime. The slaking process is 
exothermic. The temperature should be between 170-175 inter water 
and between 180-185 during the summer. During the slaking process, water is 
added to maintain a desired temperature and to keep lime from building up on the 
sides of the slaker tank. After slaking additional water is added until the volume in 
the slaker reaches 400 gallons.  Throughout the entire process, the tank is 
continuously stirred.

The slurry in the slaker tank is transferred to a slurry tank, using one of two transfer 
pumps, when the level in the slurry tank drops low enough to take the entire volume 
from the slurry tank.  The slurry is continuously pumped, using one of two slurry 
pumps, in a loop from the slurry tank to the grit classifier, which removes heavy 
particles from the slurry, and then to the pincher valves, which feed lime into the 
process stream.  The dose of lime is controlled by the pinch valves, which have an 
automatic flushing system to keep them from clogging with grit.

The lime dosage is typically between 12-15 mg/L, which increases the calcium in 
the finished water to around 25-30 mg/L.
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(b) Carbon Dioxide

From the lime-mixing basin, the water flows over a weir into the carbon dioxide 
diffusion chamber.  Carbon dioxide is fed as a gas through fine bubble diffusers in 
the second chamber with approximately 45 seconds of detention time.  The 
diffusers are installed at the bottom of the chamber with the gas flowing upward, 
counter-current to the water flow.

The water is then recombined in a common chamber and discharged into the 
Treated Water Reservoir.  Final pH adjustment is with caustic soda (sodium 
hydroxide) fed into the treated water pump header as the water is discharged into 
the treated water transmission line from the Treated Water Pump Station to the 
Terminal Reservoirs.

Carbon dioxide is received as a liquid at a pressure of 300 psi, -56.6ºC, into two 
horizontal tanks with a capacity of 100,000 lb each.  Each tank is 8’ dia. by 50’ long 
made of welded steel.  The carbon dioxide is fed using two electric vapor heaters 
(one per tank).  As the liquid is heated, it goes to the gas phase and is discharged 
into the carbon dioxide chamber using bubble diffusers. The carbon dioxide 
dosage is typically between 11-13 mg/L and is adjusted to maintain the 
stabilization basin pH at the desired set point.

(c) Sodium Hydroxide (Caustic Soda)

Sodium hydroxide is used in the stabilization process to increase the pH of the 
finished water just before leaving the plant.  The injection location is in the manifold 
off the treated water pumps.  It can also be injected into the flash mix basin just 
upstream of the alum if additional alkalinity is needed to improve the chemical 
reaction of alum.  MID has not yet needed to use the sodium hydroxide in the 
coagulation process.  For stabilization, the dosage is typically between 1-2 mg/L.
It is desirable to feed a small dose of sodium hydroxide as the treated water leaves 
to pump station to ensure that the pH in the clearwell does not exceed target goals.  
It is easier to adjust the finished water pH to the desired set point with sodium 
hydroxide than by balancing lime and CO2 feed.  If excess sodium hydroxide is 
required, operators will adjust the CO2 feed to maintain a pH in the clearwell that 
requires the minimum amount of sodium hydroxide possible.   

Sodium hydroxide is received in bulk liquid form as a 25% solution (2.66 lb/gal).  It 
is stored in the Chemical Feed Building in two 900 gallon polyethylene tanks that 
are 12’ dia. by 12’ high.  This provides an average of 65 days of storage under 
typical conventional treatment.

The sodium hydroxide is fed undiluted into the injection line to either the flash mix 
or plant effluent.  Three chemical feed pumps are available (one on standby).  All 
three pumps are Pulsafeeder 7120 variable speed pumps.  The pump used for 
stabilization of the finished water has a maximum capacity of 30 gph.  



MID Permit Engineering Report Page 31
No. 01-10-18P-001

9. Backwash Water Recovery, Treatment, and Recycle

The backwash water recovery system receives water from the filter backwash, 
decant from the sludge storage lagoons and water from basin draining activities 
including the ozone contact basin, flash mix, rapid mix, flocculation, sedimentation 
and dissolved air floatation.  In addition, water discharged to floor drains from 
water-lubricated valves located in the treated water pump station and the filter 
gallery is directed to the backwash water recovery basin.  These flows can be 
directed to the storm lagoon. 

The backwash water recovery facilities consist of a circular recovery basin to 
receive the water, three transfer pumps, a solids thickener basin, three effluent 
pumps and two DAF basins.    Water is pumped from the backwash water recovery 
basin to the solids thickener basin where heavy particles settle to the bottom and 
are removed then return water is sent to one of two dissolved air floatation basins 
where particles are floated and skimmed from the top.  From there, the return water 
is pumped to the head of the plant upstream of the ozone contact basin. The 
MRWTP has a septic tank/leach field system to handle all domestic waste 
generated at the plant.  The system is located just east of the Maintenance 
Building, over 500’ from any existing or future water treatment facilities.

(a) Backwash Water Recovery Basin

The backwash water recovery basin is 75’ dia. by 35’ deep with a maximum water 
depth of 17.5’, to provide a storage capacity of 578,000 gallons.  The basin has a 
sloped bottom to direct the water and sludge toward the pumps.  There are three 
submersible pumps in the backwash water recovery basin that provide a 
continuous flow to the solids thickener.  These pumps are all 10 HP and are
manufactured by ABC Pump.  The all use variable frequency drives manufactured 
by Allen Bradley and are all power flex 70 models.  The pumps are set into a slight 
sump in the recovery basin along the south side.  Typically, only the two 5 HP
motors are operated, with the flow varying based on the water level in the 
backwash water recovery basin.

The 8” dia. discharge from each of the three pumps ties into a common 10” dia. 
line to the solids thickener.  The backwash water recovery basin is not equipped 
with mechanical scrapers to direct the sludge toward the pumps. The turbulence 
of the influent flows stirs the sludge and directs it towards the discharge pumps, 
preventing excessive buildup. Sludge must be manually removed from the 
backwash water recovery basin, which is cleaned after each sedimentation basin 
cleaning and as needed. 

(b) Solids Thickener

From the backwash water recovery basin, the water is discharged into the center 
cone of the solids thickener. The solids thickener is a circular contact clarifier, or 
upflow clarifier.   The clarifier is a 40’ dia. by 12’ high upflow clarifier, with the walls 
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and floor constructed of concrete.  Under normal operation, the surface loading 
rate is 917 gpd/sf (using two 5 HP, 400 gpm backwash water recovery pumps, for 
a flow of 800 gpm), and 1,720 gpd/sf under maximum loading (using all three 
pumps for a flow of 1,500 gpm).  Because no coagulant aid is added to the 
backwash water, a sludge blanket may not be effectively formed in this clarifier.  
The effluent launder is at the periphery of the basin, running the entire 
circumference for a total weir length of about 123’, and is designed with V-notch 
weirs.  Under typical loading of 800 gpm, the maximum upflow rate as measured 
at the effluent launders is 0.64 gpm/sf with a weir overflow rate of 6.5 gpm/ft.  The 
detention time in the clarifier is at least 2.3 hours at a flow rate of 800 gpm, and 
1.25 hours at a flow rate of 1,500 gpm.  

The decant water from the effluent launders is collected in a wetwell on the side of 
the basin.  The solids thickener basin can gravity flow back into the plant 
headworks just after the influent vault, however under normal operating conditions 
it is sent to a DAF unit for additional treatment. 

Water can be pumped from the solid’s thickener basin to one or both DAFs using 
up to three pumps. The pumps operate in lead/lag1/lag2 mode, with partial 
redundancy and can utilize a level/trim mode programming to compensate for 
fluctuations in the level of the solids thickener return basins decant wet well.   
Typically, the return water system is operated in flow mode.  Once the backwash 
water pumps are set, programming automatically controls the solids thickener
return effluent pumps to match the WWR flow and trim control strategies will adjust 
the solids thickener return effluent pump speeds based on the level in the solids 
thickener return effluent chamber to match actual flow conditions.  

Water can also be pumped directly from the backwash water return to the DAF to 
accommodate solids thickener return maintenance activities.  

(c) Dissolved Air Floatation (DAF)

Water that has been pretreated by the Solids Thickener Basin is pumped to the 
DAF for additional treatment prior to being recycled to the head of the Ozone 
Contact Basin. The two DAF units share a common wall and are each designed to 
treat 1.25 MGD of recycled water (full redundancy under current conventional 
operations). Alum (from the Chemical Feed Building) and/or polymer from the DAF 
Polymer Feed Station can be fed into the influent piping of each DAF unit upstream 
of the static mixer.   Currently Nalco Cat Floc CFL is used as the DAF polymer.
The treated DAF effluent is fed by gravity back to the head of the conventional 
treatment plant where it combines with raw water upstream of the ozone contact 
basin.  The 6” flow meter in the effluent piping from the DAF limits the return flow 
by gravity to approximately one million gallons per day. 
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(d) Recycling of Backwash Water Recovery Effluent

Recycling of the backwash water recovery effluent into the plant headworks has 
been practiced since inception.  The percentage of return water typically averages 
between 2-3%, but was higher during membrane commissioning and during 
months with frequent shut downs and when basin cleaning activities are underway.

The California SWTR Guidance Manual outlines the solids removal criteria for 
recycled backwash water:

a) Eighty percent solids removal should be achieved prior to recycling.
b) The percent of recycled water in the plant flow during recycling should not 

exceed 10% of the total plant flow.
c) Solids are to be removed from the recycle basin on an operational cleaning 

schedule approved by the Division.

In addition, the Division’s Cryptosporidium Action Plan recommends an 
operational goal of less than 2.0 NTU for the effluent of a plant’s reclaimed 
backwash water system.  Since the optimization of the solids thickener and 
dissolved air floatation treatment processes, MID has been able to meet this goal.  
The DAF effluent turbidity has averaged less than 1 NTU since both treatments 
were implemented on the return water system. 

10. Storm Drainage and Sludge Storage Facilities

(a) Sludge Storage Lagoons

Sludge from the sedimentation basins and the backwash water recovery solids 
thickener is pumped into four on-site sludge storage lagoons.  The sludge lagoons 
are lined with a hypalon liner.  Sludge is discharged into each lagoon on a rotational 
basis.  Each sludge lagoon contains four inlets to distribute the inflow. Decant 
water flows to decant structures located opposite the inlets, where a manually 
operated downward opening slide gate is used to decant the supernatant.  The 
decant water from all four sludge lagoons flows by gravity to the backwash water 
recovery basin.  Each sludge lagoon is constructed with a concrete ramp to allow 
vehicle access for sludge removal.  Dried sludge removed from the lagoons is 
transported to a landfill.  The four sludge storage lagoons provide a combined 
storage area of 4.8 acres.  The maximum sludge depth allowed will be 4 feet.  This 
could provide 4-6 years of storage assuming an average sludge concentration of 
5 percent solids after drying, however sludge is removed from the lagoons annually 
to provide maximum flexibility for operations.

(b) Storm Drain Lagoons

Storm drainage from the treatment plant site, plant overflow and filter overflow all 
are discharged into the storm drain lagoon.  These lagoons also receive all water 
discharged into lab sinks and floor waste drains in the Chemical Feed Building, 
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Ozone Building, from on-line continuous analyzers, etc. The storm drain lagoon 
sides are cement lined with an unlined bottom to allow percolation.  The lagoon 
has only one inlet located near the two outlet pumps.  The decant water from the 
storm water lagoon is pumped into the adjacent irrigation canal.  Piping is available 
to carry this water to either the sludge storage lagoons, the solids thickener basin 
or directly back to the plant inlet with the decant water off the solids thickener basin. 
This piping is currently valved off.  MID has obtained a drinking water NPDES 
permit to allow the discharge to the irrigation canal an industrial storm water permit 
is not required for water treatment plants.

G. RELIABILITY AND MONITORING

Instrumentation and plant control system (PCS) provide complete process 
monitoring and control.  The PCS collects and processes data, generates reports, 
and allows operators to monitor and control plant processes through the interface 
in the plant control room.

The PCS is configured for complete plant automation with the capability to override 
automatic modes by operator directed control.  Sufficient hard-wired control is 
provided to allow manual operation of the plant if the control system fails.  Each 
piece of equipment also has a local control station for maintenance purposes.  All 
equipment status, trouble alarms, and measured process parameters are 
monitored at PCS workstations.

Frequent plant shutdowns and start-ups are avoided due to the provision of 
standby equipment and adequate treatment and hydraulic capacity of the basins.  
In addition, the computer control system provides real time trending data and a 
computerized preventive maintenance program is used.

1. Alarms

An audible alarm system was installed in 1996 to allow critical alarms to be set 
with an audible and visual alarm.  The audible alarm is a series of tones with a 
voice indication of the type of alarm.  The audible priority alarms are listed in the 
following table and include the high and low set-points.

Description Tag Number High 
Alarm

Low Alarm Goal

Flow
Raw Flow --- 43

MGD
8 MGD Variable

Recycle Water Flow FIT-106 775
gpm

0 < 10%

Terminal Reservoir Pump 
Station Flow

SAI_182 68
MGD

5 MGD Variable
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TWPS Flow FIT-308 58
MGD

0 Variable

Streaming Current
Rapid Mix Streaming RAPDMIX Current Rate of Change Alarm 

25 scu in 25 seconds - operator 
controlled

Turbidity
Raw Water Turbidity AIT-105 30

NTU
-1 NA

Sedimentation Basin Turbidity 
(1&2)

AIT-130-1
AIT-130-2

6.0 
NTU

NA < 2 NTU

Individual Filter Turbidity SAI-049 
through -

054

0.1 
NTU

NA <0.05

Individual Filter Shut Down via 
Hard-Wire Interlock

AIT-208-1
through 6

0.16 
NTU

NA <0.05

Combined Filter Effluent 
Turbidity

SAI-071 0.08 
NTU

NA <0.05

Finished Water Turbidity AIT-326 0.2 
NTU

0 <0.16

Terminal Reservoir Turbidity AIT-15 0.2 
NTU

0 <0.16

TR Bypass Turbidity AIT-27 0.2 
NTU

0 <0.16

Recycled Water Turbidity (DAF 
Water Turbidity 1&2)

AIT-155 & 
AIT-458

5
NTU

0 < 2 NTU

Ozone System
Ozone Feed Gas Moisture -80 NA -105

Ozone Feed Gas Concentration 
%

SAI-107 13% 7% 10%

Ozone Residual B1 S2 & 
B2S2

0.5 
ppm

0.1 mg/L
dissolved 
in water at 

sample 
tap 2

0.2-0.4 
mg/L to 

meet CTs

Ozone Destruct Failure NA NA Running
Ambient Ozone Generator 

Room
SAI-144 0.1 

ppm
NA 0

Ambient O3 Destruct
SAI-187 0.1 

ppm
NA 0

Ambient O3 Air Prep AIT-522 0.1 
ppm

NA 0
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Ambient O3 TWPS AIT-303 0.1 
ppm

NA 0

Ambient Ozone Interlock to 
Shut Down ozone production

AIT-303 0.3 
ppm

NA 0

Ambient Oxygen Destruct 23.5% 19.5% 21%
Ambient Oxygen Air Prep 23.5% 19.5% 21%
Ozone Destruct Vent Gas 
Concentration

SAI-112 0.25 NA 0

Ozone Basin Off Gas
SAI-110 0.4 

ppm
NA 0

Chlorine Residual, mg/L
Stabilization Basin Chlorine, 

mg/L
AIT-085 & 
AIT-810

2.5 1.5 Varies

Plant Effluent Chlorine, mg/L AIT-324 2.4 1.2 Varies
TR Cl2 Residual, mg/L AIT-13 2.0 1.0 Varies

TR Bypass Chlorine Residual,
mg/L

AIT-25 2.0 1.0 Varies

pH
Raw Water 8.0 6.4
Raw Water AIT-104 Rate of change to 

alert operator 0.2 
in 60 seconds

Operator 
Controlled

Stabilization Basin pH, west AIT-808 8.7 6.8 Varies
Stabilization Basin pH, east AIT-804 8.7 6.8 Varies

Plant Effluent pH AIT-307 8.75 6.6 8.5
Terminal Reservoir pH AIT-14 9.0 6.5 8.5

TRPS Bypass pH AIT-26

Level, Feet
Low, Lo-Lo Flume Level, feet LIT-200 4.1 4.3 Varies
High, Hi-Hi Flume Level, feet 5.7 6.0 Varies

Low, Lo-Lo Clearwell, feet LIT_300_1 
& 2

7.0 5.9 Varies

High, Hi-Hi Clearwell, feet LIT_300_1 
& 2

11 12 Varies

TR Tank Level, feet 37 12 Varies

Other
Plant Effluent Pressure, psi PIT-306 5 2.5 Target=6 

psi
Plant Effluent Pressure, psi 

Bypass Operations
PIT-306 65 70 Target=35 

psi
Solids Thickener Rake Stopped DI_350A OFF OFF ON
TWPS Ambient Carbon Dioxide CO2_Alm NA 0.5% CO2 ND
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Filter Effluent Valve --- 100% 
open

0% open Varies

The MRWTP has no automatic plant shutdown features in place.  Any shutdown 
is conducted manually based upon operator and/or plant manager judgment. 
Water that has not been treated is disposed of. Poorly coagulated water can be 
spilled to the storm lagoon via the filter flume overflow line by closing the filter 
influent valves.  If poorly treated water enters the clearwell, the plant is shut down 
and the clearwell dewatered and disinfected as needed before being returned to 
service.

The SWTR requires alarm devices to provide warning of coagulation, filtration and 
disinfection failure.  MID’s treatment plant is equipped with the alarms for high 
turbidity and high and low chlorine residual.  The streaming current detectors 
located in the splitter box ahead of the flocculation basin and in the second stage 
of coagulation provide reliability for the coagulation process.  An audible alarm on 
the raw water turbidity analyzer and pH meter warns the operator that higher than 
normal ozone demand and coagulant water is entering the plant. The alarm for 
the streaming current detector is a rate of change alarm and it triggers an audible
alarm if there is a 25 scu change within 25 seconds.

A hard-wired interlock shuts down the individual filter effluent valve if the turbidity 
reaches 0.16 NTU.  Audible alarms on the ozone in water analyzers alert operators 
to adjust ozone feed to continuously meet CT. Audible alarms for the stabilization 
basin, plant effluent and Terminal Reservoir chlorine residual provide warning of 
low chlorine residual. There is an emergency disinfection application point for 
sodium hypochlorite addition at the TWPS effluent to prevent water with low 
chlorine residual from leaving the plant. MID obtains CT credit in the clearwell and 
in the transmission pipeline to Terminal Reservoir.

2. Treatment Process Monitoring

Chlorine residual, filter effluent turbidity and particle count data, pH, and the 
coagulation process are monitored continuously at the MRWTP.  This data is 
transmitted to the PCS via a SCADA system and is archived (recorded) every 
minute.  The operators must take a reading every four hour, either from the 
archived data or from lab tests, to be entered into the monthly treatment plant 
reports submitted to the Division.

(a) Chlorine Residual

Chlorine residual is continuously monitored at three locations: (1) filtered water 
after post-chlorination at the exit of the stabilization basin, (2) finished water at the 
plant effluent vault, and (3) the water delivered to the distribution system at the 
discharge from the Terminal Reservoir/Pump Station.  MID performs grab samples 
for chlorine residual on the filtered and finished water six times daily and at 
Terminal Reservoir once a day.  
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Filtered Water Chlorine Residual: The chlorine residual of the filtered water is 
analyzed using grab samples ahead of post-chlorination to monitor the pre-
chlorination process.  An on-line monitor is located in the Treated Water Pump 
Station that receives water from the stabilization basin effluent vault ahead of the 
clearwell.  The residual is continuously monitored using a Wallace & Tiernan 
(Siemens) Micro 2000 chlorine residual analyzer.  MID maintains a residual of 
about 1.5-2.5 mg/L.  There is a visual loss of chlorine residual alarm on this residual 
analyzer.

Finished Water Chlorine Residual: The finished water chlorine residual is 
measured at the plant effluent vault as the water is discharged to the MID
transmission pipeline.  The residual is continuously monitored with a Wallace & 
Tiernan (Siemens) Micro 2000 chlorine residual analyzer.  There is an audible and 
visual alarm for a high chlorine residual of 2.4 mg/L and a low chlorine residual of 
1.5 mg/L.

Distribution System Chlorine Residual: The chlorine residual of the water 
delivered to the distribution system is monitored continuously using a Wallace & 
Tiernan (Siemens) Micro 2000 chlorine residual analyzer.  To obtain a more 
accurate measurement, the operators visit the Terminal Reservoir/Pump Station 
daily to run a residual using a titration method. If needed the reading on the on-
line analyzer is adjusted to match the result obtained from the amperometric 
titrator. 

The City of Modesto is able to maintain a chlorine residual of about 0.6 mg/L in 
their distribution system in the mixed groundwater and surface water by the 
addition of chlorine to the discharge from each well in use.  

(b) Turbidity

The treatment plant is equipped with continuous turbidity monitors for the raw,
filtered, finished and Terminal Reservoir water.  A Hach Surface Scatter 7sc model 
turbidity analyzer is located in the plant influent vault to monitor the raw water 
turbidity.  Treated water turbidity is monitored at the discharge from each filter as 
well as the combined filter effluent.  Each filter effluent and the combined effluent 
are equipped with continuous monitoring Hach 1720E turbidity analyzers.  The 
individual filter effluent turbidity analyzers are set to activate an alarm at a high 
turbidity of 0.1 NTU.  The combined filter effluent turbidity analyzer was set to 
activate an alarm at a high turbidity of 0.08 NTU.  There is no automatic plant 
shutdown for high turbidity in the combined filtered water; however, there is 
a hard-wired interlock that will shut down the filter if the turbidity reaches 
0.16 NTU and will not restart until placed back on line by the operator.

The finished water turbidity is continuously monitored using a Hach 1720D 
Turbidity analyzer and Terminal Reservoir Pump Station is equipped with a Hach 
1720E turbidity analyzer both on the effluent pipeline and at the bypass vault.
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MID has a Hach Model 2100N Nephelometer benchtop turbidity analyzer.  The 
benchtop analyzer is verified daily using secondary standards and calibrated 
quarterly with a formazin, primary standard.  The turbidity values of the secondary 
standards are reset each time the unit is calibrated with the primary standard.  

All online turbidity analyzers are calibrated quarterly with Hach StablCal Formazin 
standard. The individual filter and combined filter effluent turbidity analyzers are 
verified weekly with the Hach Icepic.  The turbidity analyzers at Terminal Reservoir 
Pump Station, finished, DAF Effluent and the sedimentation basin turbidity 
analyzers are verified monthly with the Icepic.  The raw, backwash water recovery 
basin effluent, DAF influent and the solid’s thickener effluent turbidity analyzers
are also verified monthly.  Grab samples are collected if improper operation of any 
turbidity analyzer is suspected. 

The EPA Laboratory Manual requires that calibration with a primary standard be 
done every three months and that the primary standards used must be certified.  
For the HACH turbidity analyzers, formazin and Advanced Polymer primary 
standard are the only certified primary standards.

(c) Particle Counting

The effluent from each filter is monitored using a particle counter.  The particle 
counter probe is located in the individual filter effluent line just two feet from the 
turbidity analyzer probe.  The particle counters are Inter Basic Resources Inc. 
(IBR) On-line Particle Monitoring System, with continuous digital readout.  

Particle counts are used to determine the effectiveness of the treatment process.  
Counting the particles in different size ranges allows a clearer picture of filter 
performance than turbidity alone.  Operators use this information to assess filter 
performance and coagulant dosages.  Typically, an increase in particle counts 
signals filter breakthrough and the need to activate a backwash on an individual 
filter.

Typical filtered water particle counts are in the range of 0.1 to 3 particles/mL ( 2
micrometer (um) in size).  The particle count analyzers used by MID can monitor 
the number of particles in the size ranges of 2-5 um, 5-10 um, 10-15 um, and >15 
um.  Monitoring of particles in these ranges is done only when a filter is 
experiencing a problem.

The particle counters were last calibrated in July 2017. It is recommended that
particle counters be calibrated at least annually.  The particle counters have an 
electronic flow sensor to monitor the flow through the unit.  It is critical to maintain 
the flow within the range specified by the manufacturer. 
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(d) pH

The pH is monitored continuously at three locations in the plant: raw water, post-
carbon dioxide (stabilization basin), and finished water after sodium hydroxide 
addition. Grab samples are collected for raw, post filtered and finished six times 
daily as part of the routine 4-hour lab analysis and read using a Beckman 350 pH 
meter.  The stabilization pH, the finished pH, and the raw pH are continuously 
monitored using online Rosemount pH meters and trended on SCADA. The target 
pH for the stabilization is about 7.5-8.0 pH. The finished pH averages 8.5 units 
after the addition of sodium hydroxide. The online Rosemount pH meters are 
standardized weekly and calibrated quarterly. The Beckman 350 Lab pH meter is 
calibrated daily and checked against a commercial pH standard daily as well.

(e) Chemical Addition

All chemical tanks, except for the filter aid polymer, are equipped with liquid level 
sensors with digital readout on-site and transmittal of the data to the PCS.  There 
are flow sensors on the alum and coagulant aid chemical feed lines and the 
coagulant aid push water to alert operations to loss of coagulant feed.  MID 
maintains standby chemical metering pumps for the coagulant chemicals, filter aid, 
sodium hypochlorite and sodium hydroxide.  The carbon dioxide and lime addition 
facilities were designed for the future expanded capacity of the plant, which was 
completed in 2015. 

(f) Streaming Current Detector

The coagulation process is monitored by a streaming current detector (SCD) 
located in the splitter box ahead of the flocculation basins and a second SCD in 
the second stage of flocculation.  They are used to continuously monitor the 
coagulant dosage by measuring the electrical charge of the coagulated water and 
activates the alarm if excessive fluctuations occur in the electrical charge.

The SCD installed is Chemtrac model SCM 2500 XRD.  Operators monitor this to 
adjust the coagulant dosages.  The SCD can be used to automatically pace the 
dosages based on water chemistry changes.  The operators do not routinely use 
this function. The SCD has an audible and visual alarm capability in the plant 
control room.  MID has established an alarm set-point at a variation in charge of 
greater than 25 units in 25 seconds.

H. LT2ESWTR REQUIREMENTS AND COMPLIANCE

1. SWTR Reduction & Inactivation Requirements

The SWTR requires a minimum of 99.9% (3-log) reduction of Giardia cysts and 
99.99% (4-log) reduction of viruses and 2-log removal of Cryptosporidium (for Bin 
1) through filtration and disinfection for waters of high quality.  The monitoring 
conducted by MID from April 2015 – March 2017 for E. coli, Giardia, and 
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Cryptosporidium (see Section R4) has not demonstrated that a higher level of 
treatment is necessary.

The minimum treatment requirements may be reevaluated by the Division based 
upon, 1) future monitoring to be conducted by MID, and 2) if any significant 
changes in source water quality occur in the future due to an increase in the 
bacterial counts in the reservoir water, which has the potential to be impacted by 
the number of cattle on the Modesto Reservoir watershed and recreational use.

2. Treatment Plant Optimization

A summary of the MRWTP monthly treatment data is provided in the following 
table:

Average 2017 2016 2015 2014 2013 2012 2011 2010
Raw,
MGD 24.2 20.9 13.6 18.5 30.6 29.1 24.6 27.3

Raw,
NTU 6.0 8.3 8.8 8.4 6.3 5.2 5.8 7.2

%
Recycled 
Return

3.4% 3.7% 3.2% 3.0% 2.4% 2.5% 2.7% 2.5%

The treatment plant has been able to achieve a combined filter effluent turbidity of 
0.05 NTU or less since 1996.  The treatment goal established by the operators is 
<0.06 NTU.  A review of the Partnership for Safe Water data for individual filters 
shows that the average individual filter turbidities meet this goal.

Individual Filter Turbidities, NTU
2016-
2017

2015-
2016

2014-
2015

2013-
2014

2012-
2013

2011-
2012

2010-
2011

2009-
2010

Filter 
One 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

Filter 
Two 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.03

Filter 
Three 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

Filter 
Four 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

Filter 
Five 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.03

Filter 
Six 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.03

Spikes above 0.06 NTU are routinely seen when the filter is ripening after a 
backwash, however these spikes typically do not exceed 0.1 NTU for more than 
15 minutes.
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The LT2ESWTR requires that treatment plants demonstrate the effectiveness of 
the coagulation and flocculation processes by achieving either (1) at least an 80% 
reduction through the filters of the monthly average raw water turbidity or (2) jar 
testing, pilot testing or other means to demonstrate that optimum coagulation is 
being achieved.  Since January 1997, the conventional plant has achieved a 
minimum of 99.0% reduction in raw water turbidity, with an average of >99.5%, as 
measured in the combined filter effluent.

Month/Year
Max CFE 
Turbidity, 

NTU

Avg. CFE 
Turbidity, 

NTU

95th 
Percentile 
Turbidity, 

NTU

Turbidity 
Reduction %

1/17 0.045 0.036 0.043 99.6
2/17 0.049 0.035 0.042 99.7
3/17 0.057 0.036 0.042 99.7
4/17 0.047 0.031 0.04 99.6
5/17 0.047 0.032 0.04 99.3
6/17 0.062 0.037 0.053 99.2
7/17 0.056 0.032 0.037 99.0
8/17 0.041 0.028 0.036 99.2
9/17 0.038 0.028 0.033 99.4

10/17 0.04 0.03 0.038 99.3
11/17 0.04 0.03 0.03 99.4
12/17 0.07 0.03 0.04 99.5
1/18 0.04 0.04 0.05 99.6
2/18 0.03 0.03 0.04 99.0
3/18 0.04 0.03 0.04 99.7

Jar tests are performed as needed by the plant operators to determine proper 
coagulant dosages and to evaluate alternate coagulants or operating conditions.  
MID has a pilot plant in the Chemical Feed building that provides better information 
on the effect of dose changes on treated water quality than jar testing alone.

The SWTR performance standards for disinfection require a minimum disinfectant 
residual of 0.2 mg/L in the water delivered to the distribution system.  The point at 
which MID must comply with this requirement is at the point of discharge from the 
Terminal Reservoir/Pump Station to the MID distribution system.  MID provides a 
daily chlorine residual measurement from the plant effluent in the WTP Monthly 
Summary Report and has averaged over 1.1 mg/L at this compliance sampling 
location.

The SWTR also requires that the disinfectant residual of all samples collected in 
the distribution system shall be detectable in at least 95% of the samples taken in 
a month. A heterotrophic plate count of less than or equal to 500 cfu/mL is 
considered the equivalent of a detectable residual.
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3. CT Compliance for Conventional Plant

This section discusses CT compliance for the conventional plant.  The CT 
compliance for the membrane plant is discussed in Section M1(g) below.

The conventional plant is assigned removal credit as specified in the SWTR.

Reduction Requirements and Removal Credits
Reduction requirements through 
filtration and disinfection

3-log Giardia
4-log Virus

2-log Cryptosporidium
Assigned removal credit 2.5-log Giardia

2-log Virus
2-log Cryptosporidium

Disinfection inactivation 
requirement

0.5-log Giardia
2-log Virus

The effectiveness of the disinfection process to achieve these inactivation levels is 
determined by the amount of time the disinfectant is in contact with the water.  The 
‘CT’ concept is used, in which ‘C’ is the disinfectant concentration and ‘T’ is the 
contact time.  The required CT is determined using the worst-case scenario, which 
for ozone disinfection is the lowest temperature.  Using data from the monthly 
treatment plant reports, the lowest temperature experienced at this plant to date 
has been around 5.0 C (41 F).  Assuming the lowest temperature will be 5.0 C, 
the CT for ozonation required to achieve 0.5-log of Giardia inactivation is 0.28 min. 
mg/L under conventional filtration.

Pre-ozonation provides a barrier for Cryptosporidium inactivation that is not 
provided by chlorination alone.  As a result, the Division recommends the 
continuous use of pre-ozonation at the MRWTP.  In the event of an ozone process 
failure more than 30 minutes, MID must demonstrate that the required CT has 
been achieved by chlorine disinfection alone using CT inactivation credits achieved 
in the clearwells or the 60” transmission main to Terminal Reservoir Pump Station.  
MID should contact the Division during extended ozonation process failures and 
keep them informed of the status of the situation.

If pre-chlorination is discontinued in the future, it is recommended that chlorination 
at the rapid mix chamber be automatically activated in the event of an ozonation 
process failure.  The plant domestic water supply is the first customer; therefore, 
CTs must be met at the treated water pump station unless other provisions are 
made for plant domestic water during an ozonation process failure.

(a) Ozone Basin Tracer Study

For ozone disinfection, the entire contact time takes place in the ozone contact 
basin.  The ozone residual at the end of each of the cells in the basin is multiplied 
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by the contact time through that cell.  These values are summed for the CT through 
the entire basin.

To determine the contact time through the ozone basins over a range of flows, MID 
contracted with Black and Veatch to conduct a tracer study.  The study was 
conducted in October 1995, with a final report transmitted to the Division by letter 
dated May 23, 1996.  The contact time of the basins to be used in calculating CT 
should be the detention time at which 90% of the water passing through the unit is 
retained within the basin.  This detention time is designated as T10.  The results of 
the tracer tests performed for different flow rates was used to generate a plot of 
T10 vs. Flow for the basins.

For this study, the tracer (hydrofluosilicic acid, or HFA) was added into the inlet 
valve leading into the inlet chamber of the Ozone Contact Basin No. 2 using a slug 
dose method.  Three flow rates were selected for the test - 5 MGD, 15 MGD 
(design flow rate per basin) and 22 MGD (hydraulic flow rate per basin).  One tracer 
test was performed at the lowest flow rate, four at the design flow rate, and two at 
the hydraulic flow rate for the basin.  
The data from this study showed that the T10/T varied proportionally with the flow.  
That is, the T10/T increased with increasing flows.  Black & Veatch indicated to 
MID that the extensive baffling provided in basins such as these works better and 
with less short-circuiting at higher flows.

Evaluating the data from the tracer study, Black & Veatch determined that the T10/T 
ratio to be used in calculating daily T10 values would follow a linear equation, as 
provided by equation F.1.  The Division believed that a polynomial equation 
provides a better fit to the data generated by the study and is provided by Equation 
F.2 below.

Equation F.1 T10/Ttheory = 0.413 + (0.007952 x Flow)
(linear)

Equation F.2 T10/Ttheory = (0.0001 x Flow2) + (0.0043 x Flow) + 0.4342
(polynomial)

[Where Flow (in MGD) is the actual flow through each ozone contact basin]

MID at the time indicated that it may conduct an additional tracer study to 
determine the T10/T under more realistic ozone application conditions.  In a second 
study, the tracer chemical would be injected in a manner that reflects the injection 
of ozone into the first cell of the basins.  The second tracer study was conducted
in 1998, and the following linear equation was developed.

Equation F.3 T10/Ttheory = 0.3753 x Flow0.1758

(linear)

The Division reviewed the results of the study and documented its comments and 
concerns about the second tracer study in a letter August 25, 1998.  From the past 
correspondence available to the Division, it does not appear the Division approved 
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the use of Equation F.3 in CT calculations for determining the baffling factor.  A 
review of the three equations show that Equation F.2 provides the most 
conservative baffling factor and therefore should be used in calculations to 
determine the log inactivation achieved using ozone.

MID plans to conduct another tracer study in the near future to assign baffling 
factors to both conventional and membrane ozone basins.

(b) Evaluation of CT Compliance

For the conventional plant, the City utilizes spreadsheets developed by Guy Schott 
of the Division for calculating log removal achieved using ozone and chlorine.  Cell 
2 of the ozone basin holds 55,381 gallons and Cells 3 & 4 added together provide 
a total volume of 49,085 gallons (Cell 3 is 24,612 gallons and Cell 4 is 24,473
gallons). MID collect samples from 3 locations in the ozone basin. The first sample 
location is at the end of Cell 1 (the sample location is at the very beginning of Cell 
2), the second sample location is in Cell 4 and the last one is at the end of Cell 5. 
Cells 1 and 2 have the same volume.  Ozone is diffused in Cell 1, MID also has
the ability to diffuse ozone in Cell 2 with some modifications. The second sample 
location at Cell 4 takes into account Cells 3 and 4 volumes. The Cell 5 sample is 
near the end of the basin where the water is about to leave the basin before MID
quenches ozone with Captor. Cell 1, Cell 2 and Cell 4 appear on the spreadsheet
because out sample locations are capturing what’s occurring in Cells 1, 2 and 4. 

MID uses ozone residuals for calculating CT through the ozone contact basins.  
The residuals are then multiplied by the contact time in the cells.  The daily CT 
ratio reported to the Division for each ozone basin is based on, 1) the average of 
the individual calculations for actual CT and, 2) the required CT based on the raw 
water temperature.  The T10/T is determined by applying the linear Equation F.3
provided by Black & Veatch.  The Division recommends that MID should use 
Equation F.2 for all future CT calculations.

The reports submitted to the Division monthly show that MID can meet the Giardia
inactivation requirements based on the minimum reduction required under the 
SWTR using ozone as the primary disinfectant. A summary of the monthly 
average CT reported for Basins 1 and 2 are provided in Appendix K.

The CT ratio reported is based on the lowest CT achieved during the day. 

(c) CT by Chlorination

In the event of an ozonation process failure that resulted in extended periods with 
no pre-ozonation of the water, MID must provide all inactivation requirements 
through chlorination alone.  Pre-chlorination of the water is conducted in the rapid 
mix basin.  Post-chlorination is conducted in the combined filter effluent channel.  
To determine the contact time provided throughout the treatment processes, 
including flocculation, sedimentation, filtration, stabilization and in the Treated 
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Water Reservoir, would require a complete tracer study.  MID would be required 
to conduct such a tracer study if MID intended to meet CT by chlorination alone in 
the finished water for the domestic use of the plant service water.  If other 
arrangements were made for the provision of drinking water for plant personnel 
during an ozonation process failure, a study would not be necessary.  

Majority of the CT is currently achieved in either of the two 2.5 MG clearwells.  A 
baffling factor of 0.15 has been assigned to the clearwell by the Division. The 
clearwell holds about 454,546 gallons per feet. In 2015, the Division provided MID 
with a spreadsheet for calculation CT credits from chlorine in the clearwell, which 
under most conditions allows the water to be consumed on site.

The CT requirements under the worst-case conditions are often compared to the 
minimum CT achieved to determine whether CT requirements could be met under 
all conditions.  The worst-case conditions for inactivation using chlorine disinfection 
occur at the lowest raw water temperature and highest pH.  

Required Chlorine Disinfection CT Values

Water 
Condition

Temperature 
(ºC)

Maximum 
Finished 
Water pH

Chlorine 
Residual*

(mg/L)

Required 
0.5 Log Giardia 

Removal
(min-mg/L)*

Summer 25 8.6 1.3 11.69
Winter 5 8.6 1.3 46.77

*The low alarm set point for finished chlorine (for CTs) is Lo alarm at 1.30 mg/L and the Lo-Lo alarm (which is audible) is
set at 1.20 mg/L.

An analysis of the last 24 months of average CT required and average CT achieved 
is included in the table below:

Summary of Required and Achieved CT

Month/Year
Avg. CT Ratio

Achieved
Min. CT Ratio

Achieved
5/16 3.71 2.76
6/16 2.97 1.59
7/16 2.67 1.30
8/16 2.81 2.27
9/16 2.81 2.22

10/16 2.8 2.09
11/16 3.43 2.6
12/16 2.96 2.35
1/17 2.67 2.02
2/17 3.35 2.51
3/17 3.1 1.86
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4/17 2.56 1.49
5/17 3.8* 1.8*
6/17 1.9* 2.2*
7/17 3.46* 2.3*
8/17 3.72 2.9
9/17 4.43 2.4

10/17 5.33 3
11/17 4.97 3.10
12/17 4.70 3.10
1/18 5.04 3.90
2/18
3/18 5.10 1.60

Since viruses are relatively easily inactivated by chlorine, the inactivation of the 
Giardia controls the conditions needed to meet the minimum inactivation 
requirements.  Daily calculation of the CT or the CT ratio allows operators to 
determine if adequate disinfection is being performed.  Monthly reports indicate 
that adequate CT is being consistently provided.

Although the City is not using it, CT requirements by chlorination alone can also 
be demonstrated in the transmission facilities prior to discharge to the City of 
Modesto.  Contact time in the MID transmission pipeline is plug flow and can be 
calculated.  The contact time in the 60” dia. pipeline over a distance of 14.3 miles
(Volume = 11 MG) at the Treated Water Pump Station discharge flow of 36 MGD 
is 440 minutes with a minimum chlorine residual of 1.0 mg/L.  Contact time through 
the Terminal Reservoirs is negligible because of the bottom inlet/outlet 
arrangement, resulting in an applied T10/T factor of 0.1 or less in the absence of a 
tracer study.  At a minimum chlorine residual of 0.2 mg/L at the discharge from the 
Terminal Reservoirs, the minimum CT achieved would be about 80 min. mg/L.

4. Operations Plan and Emergency Disinfection Plan

Operations Plan: The SWTR requires that all plants be operated in accordance 
with an approved Operations Plan that enables the operators to produce the 
optimal water quality from the treatment process.  MID has written approximately 
140 Standard Operating Procedure, which are reviewed regularly and updated as,
needed.  An update to the Operations Plan, written by operators, water quality and 
management, was completed in 2016.

Emergency Disinfection SOP: MID has developed an Emergency Disinfection 
SOP, dated June 2016 (Appendix O), to be implemented in the event of 
disinfection failure or contamination problem that would require emergency
disinfection at the MRWTP.  The plan addresses loss of ozonation, loss of post-
filter chlorination, and water quality emergency notifications.  
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The plan specifies that, in the event of ozonation failure more than 30 minutes, the 
operator is to continue operation of the plant, start pre-sedimentation chlorine feed, 
adjust coagulant chemicals and contact the Plant Manager or Water Quality 
Supervisor.  In the event of post-chlorination failure, the plan specifies that the 
operator should start pre-sedimentation basin chlorine feed and increase pre-
filtered chlorine to make up for the loss and use the emergency disinfection 
application point in the effluent pipeline as water leaves the Treated Water Pump 
Station if necessary. 

I. TREATED WATER RESERVOIR AND PUMPING FACILITIES

The Treated Water Pump Station (TWPS) is the site of stabilization of the filtered 
water, the Treated Water Reservoir and the location of the treated water, 
backwash water and plant service water pumps.  The TWPS includes a building to 
house the pumps and stabilization chemical mixing and feed equipment.

Pumping Station Data and Clearwell Data sheets for the Treated Water Reservoir 
and the Treated Water Pump Station are provided in Appendix E.

1. Treated Water Reservoir

The Treated Water Reservoirs are designed for 5 MG total storage, divided into 
two 2.5 MG sections.  Each section receives water from the stabilization basin 
through separate 60” dia. discharge pipes that run under the reservoir to allow the 
water to upflow into the reservoir.  Each section is approximately 190’ by 190’ with 
26’ sidewalls.  The maximum operating water depth is 13.5’.  A vertical baffle wall 
is provided in each basin to minimize stagnation zones.  The wall splits each basin 
in half, directing water from the inlet, around the baffle wall to the submerged 60” 
dia. discharge to the pump wet-well.  The design flow velocity through the Treated 
Water Reservoir is 4.7 fps.

The reservoir is adjacent to the TWPS and is buried with approximately 3 feet of 
cover.  The piping into the reservoir is arranged to allow either section to be 
isolated at any time.  Access hatches are located above each valve in the reservoir.  
The reservoir has two vents on each section.

The reservoir is also used as a clearwell for contact time to meet CT requirements; 
however, some CT is met in the ozone contact basins under normal operating 
conditions.

2. Treated Water Pump Station

The Treated Water Pump Station contains:
Pump wet-well
Four low pressure treated water pumps for pumping to the in-town Terminal 
Reservoirs via the MID treated water transmission pipeline.
Four high head treated water pumps
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Two backwash water supply pumps
Four plant service water pumps
Lime storage, slaking and feed equipment and mixers
Carbon dioxide feed equipment
One 7.5 ton capacity traveling bridge crane to facilitate maintenance and 
removal of pumps, valves and other equipment.

Wetwell: The wetwell is located directly beneath the TWPS building, which
houses the treated water pumps.  The wetwell receives water by gravity flow from 
the adjacent Treated Water Reservoir via a 60” dia. butterfly gate valve.  The 
wetwell is 196.8’L x 47.5’W x 39’D.  The typical water depth is about 20’, providing 
a storage capacity of about 1.4 MG.

Treated Water Pumps: The treated water pumps are used to transfer water to 
the MID transmission pipeline.  Two out of the four original low head vertical 
diffusion vane pumps are equipped with 75 HP motors and have a capacity of 10 
MGD each, the other two are equipped with 150 HP motors and have a capacity 
of 20 MGD each.  This provides a total discharge capacity of 60 MGD with all 
pumps in operation.  The four additional high head pumps that were installed 
during the plant expansion are equipped with 800 HP variable frequency motors, 
each providing 27 MGD capacity.

Backwash water Pumps: The backwash water pumps provide the finished water 
used in backwashing the filters.  There are two vertical diffusion vane pumps 
provided (one as standby), each equipped with a 180 HP motor with a rated 
capacity of 14,100 gpm.  This can provide enough water to backwash the filters at 
a maximum rate of 20 gpm/sf.  The pump discharges are equipped with a venturi 
flow meter and control valve to control the backwash water rate.  No additional 
backwash water pumps were installed during plant expansion.

Plant Service Pumps: The plant service pumps provide all of the plant process 
water and domestic supply water to the treatment plant facilities.  There are four 
vertical diffusion vane type pumps, each equipped with a 40 HP motor with a rated 
capacity of 800 gpm.  This provides a total available capacity of 3,200 gpm.
Because the domestic water supply for the plant personnel is obtained from the 
Treated Water Reservoir, all inactivation (CT) requirements must be met prior to 
the plant service pumps.

J. TRANSMISSION PIPELINE (FROM PLANT TO TRPS)

The MID transmission pipeline is constructed of 60” dia. mortar lined steel, and 
carries treated water from the TWPS to the two Terminal Reservoirs located at the 
Terminal Reservoir/Pump Station (TRPS).  A venturi flow meter is installed in-line 
at the plant discharge, located in the plant effluent vault.  The transmission pipeline 
extends approximately 14.3 miles, follows the alignment of the Modesto Main 
Canal, and is located in the MID right-of-way.  The transmission pipeline is 
maintained by MID.
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MID has the capacity to discharge up to 80 MGD from the plant via the MID 
transmission pipeline.  The pipeline can handle up to 120 MGD.  When operating 
in flow through mode, using the low-head pumps, the discharge pressure at the 
plant is 5 to 6 psi.  The receiving pressure into the TRPS is about 40 to 50 psi, due 
to the pressure head caused by change in elevation. When the high service pumps 
are operational, the pressure at TRPS is around 60-65 psi.  In 2015, the bypass 
improvements at Terminal Reservoir Pump Station became operational.  The high 
service pumps are typically only used in bypass operations when most of the water 
leaving the treatment plant is pumped directly into the City of Modesto’s distribution 
system.  The system is designed to minimize energy costs to pump water.

There are sixteen 8” dia. blowoffs in the transmission pipeline between the plant 
and the TRPS that can be manually operated.  These were used while bringing the 
plant on-line initially to discharge the water to the adjacent MID irrigation canal.  
There are shutoff valves located along the transmission pipeline.  Air 
vacuum/pressure relief valves are located at any change in grade along the 
pipeline, such as siphons under roads.  A Transmission Line Data sheet is 
provided in Appendix E.

K. TERMINAL RESERVOIR/PUMP STATION

The Terminal Reservoir/Pump Station (TRPS) is the in-town storage and booster 
pump station facility situated on 5 acre fenced site.  The TRPS includes two 5 MG 
Terminal Reservoirs and a pump station with a capacity of 100 MGD that boosts 
the treated water to the distribution system.  The flow from the TRPS to the system 
is monitored by a pressure transducer venture flow meter that bases flow on 
differential head across the transducer.  This information is monitored by the PCS.  
The site is visited daily by MID personnel.

1. Terminal Reservoirs

Two terminal storage reservoirs are provided at the TRPS, each with a capacity of 
5 MG.  The reservoirs construction consists of welded steel sides and roof on an 
18” thick concrete base.  The tanks are 40’ high and about 145’ dia.  Water from 
the MID transmission line is split evenly into two 48” dia. inlets to the reservoirs.  
The inlet enters at the bottom of the reservoirs approximately 12 inches above the 
base.  The reservoir discharges are approximately 120º from the inlets and 12 
inches above the reservoir base.  Each discharge is 48” dia. and feeds separately 
to a common 54” dia. manifold in the pump station building.  Each tank has three 
roof vents that are properly screened.  A caged ladder access is provided for the 
tanks.  The tanks each have a 48” dia. inside overflow at the 40” sidewall height.  
The reservoir overflow and drains discharge to an on-site 6 MG catch basin.  The 
tank interiors are protected with an epoxy coating.  Cathodic protection is also 
provided.
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A dive inspection is conducted on both Terminal Reservoirs every other year.     
The north tank was recoated during 2015-16, and the south tank is currently being 
(in May 2018) inspected and recoated.

The water levels in the reservoirs are continuously monitored by the PCS via the 
SCADA system.  A Reservoir Data sheet summarizing the construction details of 
each tank is provided in Appendix E.

2. Pump Station

The pump station at the TRPS houses five booster pumps used to provide the flow 
from the Terminal Reservoirs to the City of Modesto water supply system.  Four 
pumps are equipped with 800 HP motors with a rated capacity of 20 MGD each.  
The remaining two pumps are equipped with 400 HP variable frequency drives 
with a rated capacity of 10 MGD each.  Three of the 20 MGD capacity pumps are 
equipped with variable speed drive units.  The original 5 pumps are Floway pumps 
while pump 6 is made by Flowserve. All the pumps are vertical shaft pumps with 
air operated valves.  The pumps are actuated either by line pressure, as measured 
at the discharge from the TRPS, flow, or manual control at the WTP via the PCS.  
Pumps 1-5 have General Electric motors; Pump 6 is by US Motors. Programming 
controls the operation of the pumps to maintain the desired pressure leaving 
Terminal Reservoir.  

The inlet piping includes two Erhart plunger valves and two Singer altitude valves 
per tank, which are controlled by the PCS system. On the outlet there are three 
butterfly valves to allow isolation of either storage reservoir or a bank of pumps. 

The intakes to each pump are equipped with a butterfly valve and the outlets are 
equipped with a ball valve. The pumps discharge into a 54” dia. discharge manifold 
that is reduced to a 48” dia. distribution pipeline to the City system.  The discharge 
manifold includes one butterfly valve to mirror the location of the gate valve on the 
inlet manifold for isolation of a bank of pumps and one effluent valve to isolate the 
pump station from the City of Modesto distribution system.  These gate valves are 
manually actuated. A Pump Station Data sheet is provided in Appendix E.

L. MID TRANSMISSION PIPELINES (FROM TRPS TO THE CITY)

The MID transmission system pipelines distribute water from the TRPS to the City 
of Modesto water system.  A hydraulic design study, Hydraulic Analysis and 
Report, prepared by Black & Veatch (1991), determined the water transmission, 
distribution, pumping, storage and metering facilities required to effectively 
interface the MID supply with the City of Modesto distribution system.  In the study, 
the facilities were designed to conjunctively meet the average day, maximum day, 
and maximum hour demands while maintaining greater than 30 psi pressures in 
the distribution system, and other existing pressure guidelines of the City of 
Modesto.  Additional distribution piping will include 16” to 24” dia. mains to encircle 
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the City to the north and west and create a looped system with the existing MID 
distribution system.  

The transmission system for the MID currently consists of 24” to 48” dia. cement-
lined steel pipe and 16” dia. ductile iron pipe.  The approximate quantities of each 
are listed below.

MID Transmission Piping
Pipe Diameter (in.) Quantity (lf)

48” 22,700
36” 18,100
30” 10,400
24” 18,900
16” 3,500

Total 73,600 lf or 13.9 miles

The MID transmission piping carries water from the TRPS to locations throughout 
the City service area.  The location of the piping and turnouts is shown in Appendix 
B, Figure B4.  At least 7.2 miles of the transmission piping was placed in the 
existing right-of-way along the MID Irrigation Laterals Nos. 3 and 4 that carry 
irrigation water through the City.  

Both the City and MID are responsible for maintaining portions of the pipeline.  MID
provides maintenance to those portions installed along the MID rights-of-way,
while the City maintains the portions in the City rights-of-way.  The system 
pressure provided by MID into the pipelines is not necessarily higher than the 
pressure within the City’s distribution system.  This may result in City water 
recirculating back in to the MID pipelines to be distributed elsewhere.

The transmission piping was installed in compliance with the California 
Waterworks Standards recommended minimum separation of 10’ between water 
mains and sewer mains.  The MID transmission pipelines are equipped with shutoff 
valves, air vacuum/pressure relief valves, and blowoffs or fire hydrants.  Some may 
be in below-grade vaults that are designed with drainage to prevent water buildup.

The system pressure ranges from 65 psi at the TRPS to a minimum of 30 psi in 
the system. MID continuously monitors the chlorine residual at the discharge from 
the TRPS to the City of Modesto system.  The City communicates directly to MID 
to ensure a minimum chlorine residual of 0.2 mg/L in the City system.

The City’s SCADA system enables them to determine the flow needed from MID 
and when to activate and deactivate wells as needed to meet demand.  The open 
communication between the City and MID enhances the operations of the facilities 
to provide optimal service to the City’s customers.
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A total of 41 connections exist between the MID transmission system and the City 
system.  Each connection to the City system has two butterfly valves, one to be 
maintained by MID and the other to be maintained by the City.  

A Distribution Data sheet is provided in Appendix E.



MID Permit Engineering Report Page 54
No. 01-10-18P-001

M. MEMBRANE WATER TREATMENT PLANT

1. Unit Processes and Plant Layout

The Phase Two of the MRWTP expansion project included the installation of new 
membrane facilities, which are discussed in the following section. Modifications to 
the existing conventional treatment system are described later in the report. 

Appendix H presents the treatment process for the Phase Two membrane train. 
Raw water flows by gravity from the Modesto Reservoir and splits into two parallel 
60-inch pipelines that supply the conventional and membrane trains. Flow to each
train is regulated and measured in the Plant Rate Control Vault. Flow to the 
membrane train is conveyed from the vault through the 60-inch pipeline into the 
Raw Water Head Tank, which serves as a level control forebay for the membrane 
filtration system. Sodium hypochlorite can be added at the Raw Water Head Tank 
influent pipe to help control algae. The raw water blends with treated membrane 
waste backwash water in the Raw Water Head Tank. The blended water then 
flows through flash mix facilities where operators can inject alum and sodium 
hypochlorite. Then the water flows to the submerged membrane filtration system.
Water can siphon through the membranes by gravity whenever practical; however, 
at higher flows and higher transmembrane operating pressures, the water must be 
“pulled” through the membranes using filtrate pumps for each basin. Disinfection 
by ozone and sodium hypochlorite follows the submerged membrane filtration 
step. A more detailed description of each process is provided in the following 
sections.

Table 1 MRWTP Phase Two Expansion Compliance with SWTR Section 64658
Requirement Design Features Included for Compliance

(1) Achieve an average daily effluent 
turbidity goal of 0.2 NTU when 
using conventional, direct, and 
diatomaceous earth filtration plants.

Evoqua membrane system is specified to 
achieve a maximum filtrate turbidity of 0.05 
NTU 95 percent of the time and to never 
exceed 0.1 NTU.

(2) Be free of structural and sanitary 
hazards.

There are no common wall structures storing 
potable water next to raw water and air gaps 
and isolation of potable water from non-potable 
water sources is provided.

(3) Protect against contamination by 
backflow.

Backflow prevention devices are provided at 
every location required by the plumbing code to 
isolate potential sources of contamination from 
the potable water system. Hose bibs are fitted 
with vacuum breakers.
There are no process bypass pipelines. Water 
supplies to the chemical handling systems are 
provided with backflow preventers. Block and 
bleed valves are provided on the raw water and 
filtrate lines to isolate the chemicals from the 
process water.
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Table 1 MRWTP Phase Two Expansion Compliance with SWTR Section 64658
Requirement Design Features Included for Compliance

(4) Meet the capacity and pressure 
requirements prescribed in 22 CCR 
Sections 64554 and 64602.

The 2010 Urban Water Management Plan 
documents the ability of the system to meet 
maximum day and peak hour demands. The 
Terminal Reservoir Pump Station will discharge 
water into the distribution system at 65 psi. The 
City of Modesto manages the pressure 
throughout the distribution system.

(5) Provide flow measuring and 
recording equipment.

Flow is measured on the raw water line, after 
each membrane cell, on the recycled 
backwash water line and on the treated water 
pump station discharge. The flow 
measurements are recorded in the SCADA 
system.

(6) Take into consideration the effects 
of events such as earthquakes, 
fires, floods, freezing, and 
sabotage that are reasonably 
foreseeable.

The membrane building and the DAFs are 
designed in accordance with the 2001
California Building Code, while the more recent 
Floc/Sed Basins are in compliance with the 
2010 California Building Code. Security 
features at the MRWTP include:

24-7 Operations staff on-site
Perimeter fence
Overnight guards (MRWTP & TRPS)
Security cameras

(7) Provide reasonable access for 
inspection, maintenance, and 
monitoring of all unit processes.

A jib crane is provided along the East wall of 
the membrane basins, which allows for 
removal of membrane modules for inspection 
and maintenance. Adequate space is provided 
around pumps, flow meters, and other 
accessories for maintenance. 

(8) Provide for filter-to-waste for each 
filter unit or addition of coagulant 
chemicals to the water used for 
backwashing.

Requirement not applicable to membrane 
filtration system. 

(9) Provide backwash rates and 
surface or subsurface wash 
facilities using air, water or a 
combination thereof to clean the 
filter after use to its original 
condition.

Requirement not applicable to membrane 
filtration system.

(10) Provide solids removal treatment 
for filter backwash water if it is 
recycled into the treatment process. 
Recycled backwash water shall be 

A packaged flocculation/sedimentation unit will 
treat the membrane backwash water prior to 
being recycled to the Raw Water Head Tank.
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Table 1 MRWTP Phase Two Expansion Compliance with SWTR Section 64658
Requirement Design Features Included for Compliance

returned to the headworks of the 
treatment plant.

(11) Provide for the future addition of 
pretreatment facilities in the design 
of direct filtration, slow sand, or 
diatomaceous earth filtration plants.

Screens with 500 micron openings could be 
added in the Raw Water Head Tank at a future 
date.

(12) Provide disinfection equipment 
sized for the full range of flow 
conditions expected and capable of 
feeding accurately at all flow rates.

Water is disinfected using ozone and sodium 
hypochlorite. The ozone process will provide 
the necessary inactivation of 4-log virus and 
0.5-log giardia.

(13) Provide for treatment plant 
operations without frequent 
shutdowns and startups or rapid 
changes in filtration rates. 

The plant operates 24 hours a day, 7 days a 
week. Both trains of the MRWTP have 
redundant features (e.g. pumps, process units, 
PLCs, power supply, etc.), which limit the 
potential for shutdown. If a shutdown of both 
trains is required, water can be supplied from 
either the two 2.5 MG clearwells at the plant or 
the two 5 MG reservoirs at the TRPS.

The membrane treatment train will be used to
supplement the conventional treatment train 
during peak demands. The membrane 
treatment train is designed to operate at a 
range of design flows and fluxes, up to 54 
gallons per square foot per day, without 
compromising filtration performance. Rapid 
changes in filtration will be minimized by 
membrane system control features and 
redundancy.

The design criteria for each unit process in the membrane train is summarized in 
Table 2. The hydraulic profile for the membrane treatment train is provided in 
Appendix H.
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Table 2 Membrane Treatment Train - Unit Processes and Design Criteria 
Item Value

Flash Mix System
Type In-Line Pumped Mixing
Number of Pumps 2 (1 duty, 1 standby)
Pump Capacity, gpm 800
Motor HP 45
Drive Type Adjustable Frequency
Membrane Filtration System 
Manufacturer and Model Evoqua Model S10N
Type Ultrafiltration, Hollow Fiber
Filtration Flow Direction Outside to Inside
Backwash Type Air Scour w/ Liquid Backwash
Material Polyvinylidene difluoride (PVDF)
Nominal Membrane Pore Size, μm 0.04
Membrane Area per Module, sf 249
Element Dimensions 5.1” dia x 47.0” long
Maximum Operating Flux, gfd 54
Maximum Available Transmembrane Pressure (TMP) 
in Filtration, psi

12.3

Operating Temperature Range, °F >32 – 95
Typical Feed pH Range 6.0 – 9.0
Allowable Cleaning pH Range 2.0 – 10.0
Maximum Allowable Feed Turbidity, NTU 500; short term

Chlorine/Oxidant Tolerance
Up to 1,000 mg/L chlorine. Other 

oxidants evaluated on case by case 
basis. 

CIP Cleaning Chemicals Citric Acid, Phosphoric Acid, Sodium 
Hypochlorite

MW Cleaning Chemicals Sulfuric Acid or Sodium Hypochlorite

SWRCB Microbial Removal Credits 
4-log Giardia

4-log Cryptosporidium
1-log Virus

Number of Module Capacity per Basin 684
Number of Modules Installed per Basin 596
Total Number of Module Capacity 4,104
Total Number of Modules Installed 3,576
Number of Basins 6 initial, (5 duty / 1 standby)
Membrane Filtrate Pumps
Manufacturer Fairbanks Morse 16” B 5721
No of Units for 36 MGD capacity 6 (1 per basin)
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Table 2 Membrane Treatment Train - Unit Processes and Design Criteria 
Item Value

Type Horizontal Centrifugal
Total Design Head, ft 18
Shutoff Head, ft 27.5
Drive Type Adjustable Frequency Drives
Motor HP 40
New Ozone Contactor
Construction Concrete Underground
Flume Cross Section (W x H), ft 10 x 10
Flume Total Length, ft 251
Overall Contactor Dimension, (L x W), ft 70 x 45
Hydraulic Detention Time, minutes 7.5
Assumed T10/T Ratio 0.6
Membrane Waste Treatment: Flocculation/Sedimentation Basins
Number of Basins 2
Capacity per Basin, MGD 1.25
Overflow Capacity per Basin, MGD 1.25
Flocculation
Basins

Number of Stages 2
Total Flocculation Dimensions, feet x feet 10.5 x 17.5
Water Depth, feet 9.5
Detention Volume per Stage, gallons 6,525
Detention Volume per Basin, gallons 13,050
Detention Volume Total, gallons 26,100
Hydraulic Detention Time per Stage, minutes 7.52
Hydraulic Detention Time per Basin, minutes 15.04

Mixers
Type Horizontal Paddle Wheel Flocculator
Number per Stage 2
Number per Basin 4
Mixer Cell Dimensions, feet x feet 10.5 x 8.745
D: Te Ration, dimensionless 0.8
Superficial Velocity, feet/minute 1.16
Motor Size - Stage 1, horsepower 0.5
Motor Size - Stage 2, horsepower One Motor for Both Stages
Velocity Gradient, G - Stage 1, sec -1 60
Velocity Gradient, G - Stage 2, sec -1 30
GT - Stage 1, dimensionless 27,072
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Table 2 Membrane Treatment Train - Unit Processes and Design Criteria 
Item Value

GT - Stage 2, dimensionless 13,536
Sedimentation
Basins Inclined Plate

Basin Dimensions, feet x feet 10.5 x 29.5
Side Water Depth, feet 9.5
Detention Volume per Basin, gallons 22,010
Detention Volume Total, gallons 44,020
Hydraulic Detention Time, minutes 25.35

Plates
Type Inclined Plate
Length of Plates, feet 7
Width of Plates, feet 4.5
Plate Angle, degrees 55
Projected Area per Basin, square feet 3,858
Plate efficiency, percent 90
Effective Area per Basin, square feet 3,472
Effective Plate Loading Rate (1.25 MGD Each), 
gpm/sf

0.25

Sludge Removal
Type Hoseless Collector
Number per basin 1

(a) Raw Water Head Tank

The Raw Water Head Tank serves as the primary control for water surface 
elevation upstream of the membrane system. The concrete tank has a capacity of 
approximately 180,000 gallons and is located east of the liquid oxygen storage 
system, adjacent to the existing Maintenance Building. The tank footprint is 87'-6'' 
by 37'-0''. Both the 60-inch raw water pipeline and the 12-inch treated membrane 
backwash water recycle pipeline, from the flocculation and sedimentation basins, 
feed the Raw Water Head Tank. The tank has a 60-inch outlet that feeds the 
membrane system. The Raw Water Head Tank also has an overflow weir, which 
serves as the primary overflow control point for the membrane treatment train. The 
overflow from the Raw Water Head Tank is conveyed through a 48-inch pipeline 
that connects to the existing 48-inch plant overflow pipeline. The existing overflow 
pipeline discharges to the existing storm drain lagoon. The water level in the tank 
is monitored by an Endress + Hauser, Prosonic ultrasonic level sensor, and 
transmitted by an Endress + Hauser, Prosonic transmitter. There is a high alarm 
and a high-high alarm. Both alarms appear on SCADA when triggered. As the 
water level gets closer to the high level, the raw water valve will begin to close.
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The rate at which it will close increases, the closer the water level gets to the high 
and high-high level, thus mitigating the chances of reaching a high-high level.

(b) Flash Mix

Aluminum sulfate (alum) is used during high total organic carbon (TOC) events for 
additional TOC removal. There are two submersible flash mix pumps in the Raw 
Water Head Tank. The pumps operate under lead/lag controls. The lead pump 
runs continuously until raw water reaches a set point (input by operator) at which 
time the lag pump comes online. Alum is injected into the pump discharge and the 
mixture is dispersed into the 60-inch raw water pipeline through a mixing nozzle.
The alum is dosed up to 10 mg/L depending on raw water conditions. The alum 
metering system is described in more detail in a later section of this report. The 
flash mix system provides pipeline mixing of the alum in the flow to create micro-
floc that is removed by the membrane system. Sodium hypochlorite can also be 
injected into the 60-inch raw water pipeline, upstream of the flash mix pump 
discharge, to provide pre-oxidation of the raw water prior to membrane filtration.
The flash mix pumps are manufactured by KSB, Inc. The pumps have an operating 
capacity of 125–1,020 gpm and 90.4–27.7 feet.

Following the flash mix injection point, a sample is pumped from the 60-inch 
pipeline to a water quality station (WQ-Y-01), which continuously monitors 
streaming current. The streaming current analyzer is manufactured by Chemtrac.
Alarm set-points are input by the operator, which will annunciate if the measured 
streaming current is outside of the set-point range. The range of the instrument is 
-1000 SCU to 1000 SCU. The 60-inch pipeline then enters the membrane building 
where it serves as a header to distribute flow to the six membrane basins.

(c) Membrane Filtration

Each basin is fed from the 60-inch header through a 24-inch butterfly valve, which 
modulates to maintain a set water level in the basin. The water level in each basin 
is measured by Rosemount Pressure Transmitter. In addition, each tank has two 
Endress + Hauser level switches that trigger alarms at low and high set-points.
The membrane flow rate from each basin is maintained by either modulating the 
filtrate control valve (at lower flows) or pumping (at higher flows) into a 60-inch 
filtrate collection header. The filtrate flow rate from each basin is measured by a 
Rosemount magnetic flowmeter. The PCS generates an alarm if the difference 
between the membrane influent flow (raw water and treated membrane waste 
backwash water) and the combined membrane filtrate flow is greater than 0.5 
MGD. The filtrate turbidity from each membrane basin is monitored by a Hach 660 
turbidity analyzer. The filtrate pressure in the header is measured by Rosemount
Pressure Transmitter. This value is used to calculate the TMP and AHT results.
Additionally, after the filtrate is combined in the 60-inch header, a sample is 
pumped from the header to a water quality station (WQ-ME-01), which monitors 
combined filtrate turbidity, pH, and particle count. Alarms are triggered if either of 
these measured water quality parameters are out of range. The turbidity is 
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monitored by a low range Hach turbidity analyzer with a 0.0001 NTU resolution.
The pH is analyzed by a Rosemount flow through sensor with an Intelligent 
Analyzer. The particle counter is IBR External Sensor. The temperature is 
measured by a Rosemount temperature transmitter and monitoring assembly.
These parameters are monitored continuously and recorded in SCADA. A
summary of the water quality parameter alarms and set-points is provided in the 
'Alarms' Section of this report.

Membrane Modules 

The membrane filtration process uses Evoqua Model S10N membrane modules, 
which have been conditionally accepted by the SWRCB as an Alternative Filtration 
Technology for municipal water use (see Appendix F). This is a submerged 
membrane system and is credited with 4-log removal for Giardia and 
Cryptosporidium and 1-log removal for virus. The S10N membranes are 
comprised of Polyvinylidene difluoride (PVDF), hollow fibers, with an outside-to-
inside filtration flow direction.

The complete submerged membrane filtration system, consisting of filtration units, 
CIP equipment, backwash equipment, blowers for air scour, compressed air 
equipment, and control systems, includes six individual membrane basins with a 
total of 36 modules per rack and 19 racks per basin. The system has the capacity 
to accommodate 4,104 modules (684 per basin), however only 3,576 modules 
(596 per basin) were installed during the Project leaving space for approximately 
10 percent more membrane modules to be installed in the future if desired. Blank 
modules were installed in the unused spaces. The system operates within a flow 
range of 10 to 36 MGD and at a transmembrane pressure (TMP) of 12.3 psig. The 
maximum allowable operating flux is 54 gallons per square foot per day (gfd), in 
conformance with results of the membrane challenge testing approved by 
SWRCB. The minimum flow to the membrane system is governed by the turndown 
capability of the raw water valve, which is approximately 10 MGD. The combined 
membrane system yields a firm 36 MGD during peak season in a five duty and one
standby basin arrangement and between 10 MGD and 30 MGD during the non-
peak season. The plant is rated for a Net Production Capacity of 36 MGD.

Filtrate Collection Pumps

The membrane system is designed so that it may be operated by gravity.
However, when the reservoir is at minimum pool elevation, demand is high, or 
transmembrane pressure is high, there is not adequate head to drive the flow 
through the membrane treatment plant by gravity. Filtrate pumps were installed to 
allow the membrane plant to continue operating when it cannot flow by gravity.
The pumps are installed with a bypass line such that the flow will not pass through 
the pumps when the plant is operating in gravity mode. There are six centrifugal 
filtrate pumps that are located on the lower level of the membrane building. The
pumps are manufactured by Fairbanks Morse. Each pump has a capacity of 5,567 
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gpm at the design head of 18 feet. The filtrate flow rate from each basin is 
measured by a Rosemount magnetic flowmeter with an integral transmitter.

Tank Refill Pumps

Two tank refill pumps pump filtrate from a sump that is fed by the 60-inch filtrate 
line and fill the hot water tank (used for CIPs) and the backwash tank (used to 
supply backwash water). The sump is located south of the filter basins and east 
of the 60-inch filtrate line. The provided pumps are Gorman-Rupp horizontal end 
suction centrifugal pumps. These pumps are designed for a capacity of 1,200 gpm 
at the rated head of 38 feet and have 25 HP motors. The refill flow is measured 
by an 8-inch Rosemount magnetic flow meter and transmitted by a Rosemount
transmitter.

Backwash Supply Pumps

Two backwash supply pumps are provided to pump backwash water from the 
backwash tank to each of the membrane basins. The provided pumps are Gould 
pumps. Each pump has a 75 HP motor and a design flow of 6,025 gpm at the 
design head of 40 feet. The backwash flow rate is measured by a Rosemount
magnetic flowmeter with an integral transmitter.

CIP Transfer/Recirculation Pumps

Two CIP transfer/recirculation pumps are provided to pump membrane cleaning 
solutions from the hot water tank to each of the membrane basins. The provided 
pumps are Gould pumps. Each pump has a 25 HP motor and a design flow of 
2,052 gpm at the design head of 35 feet. The CIP flow rate is measured by a 
Rosemount magnetic flowmeter with an integral transmitter.

Backwash Blowers 

Two HIS multistage centrifugal blowers are provided for the air scour portion of the 
backwash sequence.

Pressure Air System

The membrane pressure air system is comprised of air compressors, refrigerant 
air dryers, 1 micron and 0.01 micron air filters, air receivers, pressure regulators 
with gauges, individual pressure gauges, and pressure relief valves. Two 10-HP
Atlas Copco air compressors are provided. The two refrigerant air dryers are Atlas 
Copco with a capacity of 40 cfm. The air filters are manufactured by Atlas Copco.
One 120 gallon and one 620 gallon air receiver tanks are provided. The tanks are 
manufactured by Silvan Industries. The pressure air system is used to operate 
pneumatically operated valves and chemical pumps and for membrane integrity 
and air hold tests.
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Backwash Tank

One 8,900 gallon concrete backwash tank is located north of the membrane filter 
basins. The tank is used to store filtrate water that is used for backwashes. The 
tank level is measured by Rosemount Pressure Transmitter. The tank also has 
two Siemens level switches, low and high. The level switches are located at the 
high and low water levels in the backwash tank. When the high level is reached, 
the tank refill pumps are shutoff. When the low-level switch is reached, the 
backwash pumps are stopped.

Hot Water Tank

One 9,000 gallon concrete hot water tank is located adjacent to the backwash tank.
The tank is used to store filtrate water for membrane chemical cleanings. Hot 
water is used for CIPs to decrease the cleaning time by increasing the cleaning 
solution reaction kinetics. During a CIP, the hot water tank is filled with filtrate 
which is heated by the heaters until the temperature set-point is reached. Acid 
CIPs are heated to 38°C, while sodium hypochlorite CIPs are heated to 20°C. The 
heaters are Chromalox, 79 KW industrial flanged immersion heaters. The tank 
temperature is measured by an Ashcroft thermometer and transmitted by 
Rosemount temperature transmitter. The CIP is inhibited if the tank temperature 
is greater than 45°C and a warning alarm is generated. The tank level is measured 
by Rosemount Pressure Transmitter. The tank also has two Siemens level 
switches, low and high.

Controls

The membrane equipment is designed for simplicity of operation. The internal 
workings of the membrane system are controlled by a dedicated programmable 
logic controller (PLC) provided by Evoqua. Normal operation of the system does 
not require manual operation of valves, pumps, or other equipment. Plant 
operators determine set-points for the following membrane operating parameters:

Total filtrate flow rate.
Number of membrane basins in service (can also be determined 
automatically by the membrane control system).
Membrane feed pressure and maximum TMP.
Membrane backwash interval (Reverse Flow Cycle Volume).
Backwash flow.

Startup of the membrane system is initiated once a flow set-point is received from 
an operator or flow is required by Clearwell Level Control Mode. The following 
permissives are required for startup:

All shutdown alarms cleared.
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Pressurized air system healthy (at least one compressor healthy; control air 
pressure >90 psi).
Feed water is available.
Clearwell is requesting filtrate.

Each membrane unit is equipped with a control valve and a flow meter, which are 
operated in a control loop to maintain a constant flux from the membrane rack 
while it is in gravity operation.

(d) Membrane Cleaning

As the water passes through the membranes during filtration, particles are 
removed from the water and a film of solids accumulates on the external surface 
of the membranes, increasing the pressure drop across the membranes for a given 
flow. As the solids accumulate, they restrict flow through the membranes.
Eventually membrane cleaning is required to maintain the filtrate flow rate and the 
operating differential pressure through the membranes within their design ranges.
Cleaning is achieved by three different methods with the Evoqua system: 1) 
backwash (BW); 2) maintenance wash (MW); and 3) chemical clean-in-place 
(CIP). Detailed descriptions of each cleaning are provided in the following 
Sections and summarized in Table 3.

Table 3 Membrane Cleaning

Cleaning 
Method

Frequency1

(filtration time per clean 
per basin)

Duration1

(minutes)

Volume of Waste 
Stream Produced2

(gallons)
BW 24 - 30 minutes 2.42 6,200
MW – Hypo 72 - 108 hours 48 15,000
MW – Acid 204 - 216 hours 48 15,000
CIP – Hypo3 22 days 312 15,000
CIP – Acid4 22 days 312 15,000
Notes:

(1) Values from membrane supplier’s Functional Design Specification. 
(2) Estimated volume based on water level set-points and basin dimensions.
(3) During Periods 1 and 3, 600 ppm sodium hypochlorite. During Period 2, 500 ppm sodium hypochlorite.
(4) Two regimes: 1) 0.5% phosphoric acid for normal CIPs, or 2) 0.5% to 2% citric acid with 0.5% phosphoric acid. Minimum 

once per year per cell and maximum twice per year per cell.

Membrane Backwash

The membrane modules in each basin are backwashed by pumping filtrate water 
into the center of the membrane filter fibers and pushing it outwards (reverse flow 
from normal filtration). Simultaneously, pressurized air is injected through the 
center of the membranes. The air scour continues for 45 to 60 seconds after the 
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backwash water flow is stopped to remove additional buildup on the outside of the 
membranes. After the backwash is complete, the basin is drained.

Backwash cycle initiation is determined by one of several methodologies:

A timer set to initiate the process at equal predetermined intervals.
At a set totalized volume of filtrate production.
A rise in TMP.
Resistance to the flow of water. Resistance is a measure that correlates 
several pertinent operational factors such as the TMP, flow rate and water 
temperature.

A backwash cycle can also be initiated by the following:

When it is called on as part of another sequence (CIP, priming, etc.).
When a basin returns from “STANDBY” (if in standby longer than 24 hours).
Manually by pressing the backwash button on the system control panel when 
the basin is in “STANDBY” or “FILTRATION”.

In the case that backwash is initiated upon either TMP or resistance change, 
predetermined set-points are selected to trigger process initiation.

The backwash permissives are as follows:

All shutdown alarms are cleared.
Pressurized air system healthy (at least one compressor healthy; control air 
pressure >90 psi).
Feed water is available.
Waste volume available in backwash equalization tank.
At least one blower is healthy with the local switch in ‘Remote’.

Chemical Clean-In-Place

Chemical cleaning is required when the normal TMP of a basin cannot be restored 
by backwashing and has increased beyond 95 percent of the maximum allowable 
TMP for more than 5 minutes. The membrane monitoring system detects the 
increased TMP and alerts plant operators that cleaning is required. The 
membrane system is designed to provide a chemical clean-in-place (CIP) process, 
which eliminates the need for dismantling the components to clean them. The 
primary purpose of the cleaning is to remove any organic, biological, or inorganic 
contaminants that collect on the membrane surfaces. Block and bleed valves on 
the raw water, backwash water discharge, backwash supply, filtrate, CIP feed and 
CIP return manifold connections for each basin isolate the CIP chemicals from the 
process water during the cleaning process.
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The CIP sequence is initiated by operations staff at the system control panel (or 
SCADA). Once initiated, the cleaning cycle proceeds automatically. The only 
operator intervention required during the cleaning cycle is to confirm that the CIP 
has been initiated and to ensure that an adequate supply and concentration of 
cleaning chemicals is maintained.

The CIP permissives are as follows:

All shutdown alarms are cleared.
Pressurized air system healthy (at least one compressor healthy; control air 
pressure >90 psi).
No fault on backwash resources.
Hot Water Tank heater is healthy and in ‘Remote’ mode.
Neutralization resources available (operator can override).
Neutralization tank is available to receive 16,500 gallons of waste.
Feed water is available.

The CIP cycle begins with a backwash of an individual basin (as described above); 
however, the basin is not refilled with feed water as with a normal backwash cycle.

The rest of the CIP sequence is as follows: 

Pressurized air displaces filtrate from the module rack header pipes and 
membrane modules into the basin.
The basin is filled with hot filtrate water from the Hot Water Tank. The Hot 
Water Tank is provided with a recirculation loop to effectively heat and 
maintain the water temperature before it is used for the CIP. During a CIP, 
the acid solution temperature optimal range for cleaning is 38 - 40 C (102 -
104 F). The recommended maximum temperature for a sodium hypochlorite 
clean is 20 C (68 F). The hot water used for the CIP is not reheated during 
the CIP process.
The cleanings are performed in two CIP sequences carried out back to back 
with acid and then sodium hypochlorite being injected into piping that 
recirculates hot water through the Hot Water Tank and the membrane basins.
The chemical dosing stops once the cleaning solution concentration reaches 
the set-point. The transfer of chemical is based on the totalized volume from 
the flowmeter on the discharge of the dosing pump.
Recirculation ceases and the cleaning solution soaks in the basin for 90 
minutes.
The basin is then drained to the appropriate neutralization tank where the 
waste cleaning solution is neutralized. Details on the neutralization process 
and discharge location for specific cleaning solutions is provided in the 
‘Membrane Backwash Water Treatment and Recycling’ Section of this report.

After a CIP clean, the basin is backwashed one or two times and then filters to 
waste for 30 seconds to purge residual cleaning solution from the racks. The CIP 
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system pipes and basin are rinsed in a separate step after each CIP. All backwash 
and filter-to-waste water following a CIP is drained to the appropriate neutralization 
tank.

Maintenance Wash

A maintenance wash (MW) is performed periodically to increase the time between 
CIPs. A MW uses the same procedure as a CIP but has shorter durations for the 
recirculation, aeration, and soak times and has lower chemical concentrations.
Unlike the CIP, the water used for the MW is not heated. MWs are neutralized in 
a similar manner to the CIPs described above.

A MW can be initiated automatically based on a timer or manually through the 
membrane control system or SCADA. Once the basin is in MW, the operator can 
manually extend the soak duration of the MW. This mode is available only when 
the unit is already in MW. The operator has the option to cancel the MW at any 
time. In the case of a MW cancellation, the basin will move to the rinse backwash 
step, and the timer since the last MW will not reset.

The maintenance wash permissives are as follows:

All shutdown alarms are cleared.
Pressurized air system healthy (at least one compressor healthy; control air 
pressure >90 psi).
No fault on backwash resources.
Neutralization resources available (operator can override).
The backwash tank is above high-level switch to fill the cell.
Feed water is available.

(e) Membrane Integrity Testing

Membrane Integrity Testing (MIT) is conducted on a regular basis to verify that the 
membrane filtration barrier is functioning properly and to ensure consistent and 
effective pathogen and particulate removal. The MIT is conducted by means of an 
Air Hold Test (AHT), which consists of pressurizing the membrane racks in a filled 
basin with air and then monitoring the rate of air pressure loss. The AHT uses a 
pressure of 16.5 psi as recommended by LT2ESWTR to detect defects of 3 
microns of larger in size. If all the membrane fibers and seals are intact, the air 
will naturally diffuse through the membrane fibers into the surrounding water at a 
low rate; however, if there are defects, the air will leak at a significantly higher rate.
If the air pressure loss is high, an Air Leak Test can be performed. This test is 
used to assist in detecting the location of broken membrane fibers or other sources 
of air pressure loss within the basin (e.g. leaking gaskets). If necessary, the
membrane clover containing the damaged component(s) can be isolated for repair 
while the remainder of the system stays in operation.
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During the AHT the filtrate manifold is pressurized such that all modules within a 
basin are tested in parallel. The basin will not produce filtrate during the AHT and 
thus will be non-productive during each test. The total time of the AHT is 
approximately 7 minutes. The AHT system can be actuated automatically or can 
be manually selected by the operator. The Division required the membrane 
systems to automatically conduct an AHT once every four hours during the initial 
three-month start-up. The design capacity of the membrane system is based on 
one AHT every 24 hours that has now been allowed by the Division (January 2018) 
after MID demonstrated for three months proper performance during the start-up
testing in 2017.

The AHT permissives are as follows:

Electrical power on.
Cell is in filtration.
Another unit is not performing a leak test or a AHT.
Pressurized air system healthy (at least one compressor healthy; control air 
pressure >90 psi).

The AHT sequence is as follows:

Lower Basin Water Level: Inlet valves are closed and the filter continues to 
operate until the basin water level reaches the top clover.
Lumen Drain: Pressure (16.5 psig) is admitted at the crown of the filtrate 
manifold, and it displaces the filtrate from inside the rack headers and fiber 
lumen to the cell for 60 seconds.
Pressurize: The air pressure inlet valves remain open for a further 30 
seconds.
Stabilize: The air inlet valves are closed, and the pressure inside the 
membrane sub-modules, racks, headers, and internal filtrate piping can
stabilize for 30 to 120 seconds.
Log Initial Test Data: The initial pressure (Pi) is logged by the PLC.
Test Interval: When the initial pressure is logged, the PLC will start a counter 
and then read the pressure again after 120 seconds (t = 2 minutes). The 
pressure is logged again at the end of the test interval (Pf). The test result is 
displayed on the HMI:

AHT = (Pi - Pf)/t

The relationship between the Air Hold Test (AHT) and microbial removal by the 
membranes is reflected in the Log Removal Value (LRV) calculation. The LRV is 
calculated by the membrane control system based on equations established by 
the EPA Membrane Filtration Guidance Manual (EPA 815-R-06-009) that correlate 
removal of the Cryptosporidium oocysts to pressure decay. The main terms of the 
equations are shown below. Specific values used in the equations are unique for 
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each type of membrane. Evoqua’s LRV calculation for the Type N membrane is 
presented below.

= log (        )
Where:
Qp = Current flow rate per basin (gpm)
Patm = Atmospheric pressure (14.7 psi)

test = Last measured Pressure Decay Rate (psi/min)
Vsys = Volume pressurized during the integrity test (gallons)
VCF = Volume Concentration Factor (VCF=1 for dead end operation)
ALCR = Air Liquid Conversion Ratio

The ALCR is calculated using model C.15 (Hagen-Poiseuille) of Appendix C of the 
EPA Membrane Filtration Guidance Manual:=  527    (175 2.71 + 0.0137 )  (460 + )

Where:
T = Current water temperature (°F)
TMP = Current transmembrane pressure (psi)

eff = Effective integrity test pressure (psi)

The membrane filtration system is designed to maintain the LRV no lower than 4.0, 
consistent with the 4-log removal credit provided by the SWRCB. After an AHT 
the PLC calculates the LRV based on the calculation above.

The PLC will generate warning alarms if:

Calculated LRV is less than 4.25-log (Low LRV alarm)
AHT decay rate is greater than 1 psi/min (High AHT decay rate alarm)

The PLC will generate shutdown alarms and immediately shutdown the basin if:

Calculated LRV is less than 4-log (Low-low LRV alarm)
AHT decay rate is greater than 2 psi/min (High-high AHT decay rate alarm)

After the AHT returns an alarm, an Air Leak Test is manually performed to assist 
in the detection and localization of the source of integrity loss within the basin. The 
test is achieved by pressurizing the inside of the membrane lumens with 
compressed air and then visually locating a stream of air bubbles revealing the 
source of failure. The Air Leak Test can either be performed with raw water or 
filtrate from the Backwash Tank. The operator will select from the HMI if raw water 
or filtrate will be used for the leak test. Once the source of integrity loss is found, 
pinning broken fibers and a follow-up AHT/MIT will be performed before a module 
is placed back into service.
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(f) Membrane Backwash Equalization Basin

The Membrane Backwash Equalization Basin (BWEQB) serves as an equalization 
basin for the membrane train backwash water. Waste streams are received on a 
routine basis from membrane filter backwashes and neutralized CIP/MW waste.
Other sources (i.e., analyzer drains with pass through or NSF certified reagents, 
and filtrate and neutralized waste from the pilot plant) contribute negligible flows.
The BWEQB can also receive the effluent from the membrane waste treatment 
FSB if the effluent turbidity exceeds acceptance limits and cannot be recycled 
directly to the Raw Water Head Tank. The BWEQB is located west of the 
Membrane Building and has a working capacity of approximately 149,000 gallons.

Three submersible pumps with adjustable frequency drives are provided to convey 
water from the BWEQB to the Flocculation and Sedimentation Basins (FSB). The 
pumps are KSB Inc., pumps with a capacity of 550 gpm at the maximum design 
head of 60 ft. The level in the BWEQB is monitored by an Endress + Hauser, 
Prosonic ultrasonic level sensor and transmitted by an Endress + Hauser, Prosonic
transmitter. The tank also has two Contegra mercury free float switches, low and 
high. The pumps shutdown if the level drops below the operator adjustable low 
level as measured by the ultrasonic level sensor or below the low level as indicated 
by the low-level switch. Conversely, the membrane backwash sequence is put in 
idle mode if the level rises above the operator adjustable high level as measured 
by the ultrasonic level sensor or above the high level as indicated by high level 
switch. Alarms are triggered if the water level reaches the high, high-high, low, or 
low-low level.

(g) Membrane Backwash Water Treatment and Recycling 

Neutralization Basins 

As mentioned in the ‘Membrane Filtration’ Section, the following chemicals are 
required for membrane maintenance washes and CIPs: citric acid, phosphoric 
acid, sulfuric acid, and sodium hypochlorite. Table 4 summarizes the membrane 
cleaning solutions and concentrations. The waste cleaning solutions are 
neutralized in one of three neutralization tanks: Citric and Phosphoric Waste Tank, 
Sulfuric Waste Tank, and Sodium Hypochlorite Waste Tank.

Table 4 Membrane Cleaning Solutions

Cleaning 
Chemical

Cleaning 
Solution 

Concentrations
Neutralization 

Chemicals¹
Neutralization 

Endpoint

Neutralized Waste 
Discharge 
Location

Sodium 
Hypochlorite 50 – 600 ppm

Calcium Thiosulfate
Sulfuric Acid
Caustic Soda

Chlorine:
<3.5 mg/L

pH: 7.5
Recycled²

Sulfuric Acid 0.05% Caustic Soda pH: 7.5 Recycled²
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Sulfuric Acid

Phosphoric 
Acid 0.5%

Caustic Soda 
Calcium Chloride

Sulfuric Acid
pH: 7.5

Recycled/ 
Dedicated Sludge 

Lagoon³

Citric Acid 0.5 – 2.0%
Caustic Soda 

Calcium Chloride
Sulfuric Acid

pH: 7.5
Trucked
Off-Site

Notes:

(1) Both an acid and a base have been included for each neutralization process in case the target pH is overshot during 
neutralization.

(2) Neutralized solutions are discharged to the membrane backwash equalization basin (BWEQB) then treated in the FSB 
and recycled to the Raw Water Head Tank (RWHT).

(3) The neutralized decant from the neutralization basin may be discharged to the (BWEQB) via a telescoping valve, 
treated in the FSB, and recycled to the RWHT. The settled precipitate will be transferred to the dedicated sludge 
lagoon.

Citric and Phosphoric Waste Tank

Phosphoric waste is primarily sent to this tank. Caustic soda and sulfuric acid may 
be added to neutralize the pH of the waste solution. Calcium chloride may be 
added to precipitate phosphate ions. While the chemicals are added, the solution 
is recirculated within the neutralization tank to ensure complete mixing. Once the 
pH of the solution is neutralized to 7.0 - 8.0, it is pumped to on-site lagoon #3. This 
lagoon is isolated from the other lagoons and not decanted.

The operator has an option to select calcium chloride treatment. If this option is 
selected, after the pH of the solution is raised to 9.0 – 10.0, calcium chloride will 
be added. The operator will then either pump the solution to on-site lagoon #3 or 
allow the solution to settle for a period (1 to 8 hours). After the settling time has 
expired, the tank will be decanted to the BWEQB via a telescoping valve. The 
valve will be lowered at an operator defined rate to an operator defined level, after 
an operator defined length of time. After decanting, the remaining contents will be 
transferred to on-site lagoon #3.

In addition to phosphoric acid, the tank can also be used for citric acid 
neutralization. When used for citric acid, the neutralized waste will typically be 
pumped from the tank into a truck and hauled off site for disposal. However, the 
neutralized waste can also be pumped from the tank to on-site lagoon #3, which 
is not decanted.

The neutralization tank level is monitored by an Endress + Hauser ultrasonic level 
sensor, and transmitted by an Endress + Hauser transmitter. The pH of the 
solution is monitored by a Rosemount pH sensor and an Intelligent Analyzer. The 
provided recirculation pump is a vertical column sump pump, manufactured by 
Goulds Pumps, Inc.
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Sulfuric Waste Tank

Only sulfuric acid waste is regularly sent to this tank. Caustic soda and sulfuric 
acid may be added to neutralize the pH of the waste solution. Calcium chloride 
may be added to this tank in the unlikely event that phosphoric acid waste is 
transferred to this tank, which may occur if the Citric and Phosphoric Waste Tank 
is unusable due to maintenance issues. While the chemicals are added, the 
solution is recirculated within the neutralization tank to ensure complete mixing.
Once the pH of the solution is neutralized to 7.0 - 8.0, it is pumped to the BWEQB.
The neutralization tank level is monitored by an Endress + Hauser ultrasonic level 
sensor, and transmitted by an Endress + Hauser transmitter. The pH of the 
solution is monitored by a Rosemount pH sensor and an Intelligent Analyzer. The 
provided recirculation pump is a vertical column sump pump, manufactured by 
Goulds Pumps, Inc.

Sodium Hypochlorite Waste Tank

Only sodium hypochlorite waste is sent to this tank. Calcium thiosulfate, sulfuric 
acid, and caustic soda may be added to neutralize the waste solution. While the 
chemicals are added, the solution is recirculated within the neutralization tank to 
ensure complete mixing. Once the solution is neutralized to a pH of 7.0-8.0 and a 
chlorine concentration of 2–5 mg/L, it is pumped to the BWEQB. The neutralization 
tank level is monitored by an Endress + Hauser ultrasonic level sensor, and 
transmitted by an Endress + Hauser transmitter. The solution is also monitored 
for pH, chlorine concentration, conductivity, and oxidation-reduction potential. The
pH of the solution is monitored by a Rosemount pH sensor and an Intelligent 
Analyzer. The ORP of the solution is monitored by a Rosemount sensor and an
Intelligent Analyzer. The chlorine concentration of the solution is monitored by 
Siemens, Wallace and Tiernan Analyzer and Titrator. The conductivity of the 
solution is monitored by Rosemount screw-in conductivity sensor and an Intelligent 
Analyzer. The provided recirculation pump is a vertical column sump pump, 
manufactured by Goulds Pumps, Inc.

In summary, some of the neutralized waste will be recycled and treated by the 
FSB, while the rest will be transferred to a dedicated lagoon or hauled off-site.
SWRCB conditionally authorized the recycling of the specified neutralized wastes 
in a letter dated February 16, 2012.

Flocculation and Sedimentation Basin

Membrane backwash water and neutralized MW/CIP waste is treated by the FSB 
system. Water is pumped from the membrane backwash equalization basin to the 
FSBs at a flow rate less than 10 percent of the incoming raw water flow to the 
membrane train. The FSB system is designed to remove particulates (turbidity) 
prior to recycling the water back to the Raw Water Head Tank. The performance 
goals of the FSB system should be an average turbidity of less than 2 NTU in the 
recycled water stream to the head of the membrane plant.
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The waste stream from the membrane and conventional treatment facilities are 
kept separate due to concern of potentially recycling residual concentrations of 
cationic polymer, which is used as a coagulant on the conventional side and can 
damage the membranes.

The membrane backwash water is conveyed through a 10-inch pipe that splits into 
two, 8-inch pipes below grade before entering the FSBs. The FSB system consists 
of two parallel above ground, packaged units each with a capacity of 1.25 MGD.
The provided units were manufactured by Meurer Research, Inc. The flocculation 
process is two-stage with a minimum hydraulic detention time of 15.1 minutes.
The G value decreases from 60 sec-1 in the first stage to 30 sec-1 in the second 
stage. The sedimentation process consists of an inclined plate settler system. The 
plates are designed for a loading rate of 0.25 gpm/sf assuming 90 percent plate 
efficiency. The design criteria for the FSB is provided in Table 2.

During the treatment process, sludge settles on the floor of the sedimentation 
basin. Sludge collectors, included as part of Meurer Research, Inc’s packaged 
unit, remove the settled solids by means of pump suction. The sludge is pumped 
to the on-site sludge lagoons 1, 2, or 4 by three sludge pumps. The pumps are 
Seepex progressive cavity pumps with a capacity range from 50 to 150 gpm.

The FSB influent is monitored for streaming current, pH, and turbidity. The 
streaming current analyzer is manufactured by Chemtrac. The influent flow rate is 
measured by a Rosemount magnetic flow meter. The influent pH is measured by 
Rosemount sensor and an Intelligent Analyzer. The influent turbidity is monitored 
by a Hach, Surface Scatter Turbidity analyzer. The effluent turbidity is monitored 
by Hach 1720E sensors with sc200 controllers. An alarm is triggered if either the 
influent or the effluent turbidity is high. If there is a high effluent turbidity condition 
(operator adjustable set-point) for an operator adjustable period, a valve on the 
effluent pipe will open to redirect the FSB effluent back into the BWEQB.

Disinfection and CT Compliance

Following membrane filtration, water is disinfected using ozone for primary 
disinfection followed by sodium hypochlorite to maintain a disinfectant residual.
Disinfection processes are used to achieve the required supplemental disinfection 
of 0.5-log giardia inactivation, and 4-log virus inactivation. Disinfection 
requirements are outlined in the Surface Water Treatment Rule (SWTR). A “CT” 
concept is used to track compliance and is defined as the product of the 
disinfectant concentration (C) multiplied by the contact time (T). The units of CT 
are mg/L*min. The SWTR outlines the required CT for disinfectants based on the 
solution pH, temperature, and required log inactivation of pathogens.

The water quality conditions for computing the required CT are based on the 
following parameters:



MID Permit Engineering Report Page 74
No. 01-10-18P-001

Lowest temperature = 5 Deg C.
Highest pH = 7.5.
Ozone Contactor baffling factor = 0.60.

Table 5 presents the treatment goals versus the required removal. A further 
discussion of disinfection and CT requirements is provided in Appendix M.

Table 5 Disinfection Requirements

Treatment 
Goal

Removal by 
Membranes

SWTR
Action 
Level

Supplemental 
Disinfection 

Required

Required CT 
(using ozone) 

(mg/L*min)
Giardia 4-log 4-log 3-log 0.5-log 0.32

Cryptosporidium 4-log 4-log 3-log N/A N/A

Virus 4-log 1-log 4-log 4-log 1.20

Ozone Contactor

The entire Ozone System, which includes all new equipment required for LOX 
storage, ozone generation, ozone gas dispersion, ozone analyzers, and off-gas 
ozone destruction was provided by Ozonia.

The ozone contactor is equipped with a proprietary side stream injection system.
The Mazzei system requires a pump to boost the water pressure within the side 
stream pipeline, an injector to add the ozone gas to the water, and nozzles to mix 
the side stream with the main flow. It was selected because it is a proven system 
in ozone applications and only induces a small head loss of a foot or two of water.

The new contactor is located in the space south of the Membrane Filtration 
Building and is upstream of the lime stabilization basin. A horizontal serpentine, 
concrete box flume contactor was constructed. The overall dimension of the box 
flume contactor is approximately 70 feet by 45 feet. The design of this contactor 
is based on the historical operating data from the existing ozone system (1996 
through 2005). The ozone decay kinetics, CT, and log inactivation credit were 
used to design a contactor with the proper hydraulic retention time (HRT). The 
results of the evaluation showed that a HRT of 7.5 minutes was sufficient to meet 
disinfection and removal of taste- and odor-causing compounds. The T10/T ratio 
that is assumed for the new contactor is 0.6. MID plans to perform tracer-dye 
studies to confirm the actual T10/T ratio.

The ozone contactor provides the necessary inactivation as shown in Table 6. The 
dissolved ozone residual is measured at five points within the contactor by 
Rosemount sensors and analyzers. These measurements are used to 
continuously determine CT values. The CT value for each of the ozone contactor 
segments (cells) between the analyzers are calculated in the Master Ozone 
Control Panel using the “simple” and “integrated” CT methods. The simple CT 



MID Permit Engineering Report Page 75
No. 01-10-18P-001

method uses the ozone residual concentration multiplied by the contact time (flow 
rate divided by cell volume) between analyzers. The integrated CT method uses 
the ozone residual concentrations measured at each analyzer to calculate the
ozone decay rate.

The decay rate is used to calculate and control the initial required ozone injection 
concentration and to calculate the integrated CT value. Both methods account for 
short circuiting by using a baffling factor in the contact basins. When calcium 
thiosulfate is being added, the calculations omit any contact time after the calcium 
thiosulfate feed point.

Table 6 Membrane Treatment Train CT Values from the Ozone Contactor1

Volume
(MG)

Contact Time 
(min)²

Ozone Residual
(mg/L)

CT 
(mg/L*min)

Cell 1 0.0486 1.94 0.40 0.467
Cell 2 0.0486 1.94 0.35 0.408
Cell 3 0.0486 1.94 0.30 0.350
Cell 4 0.0411 1.65 0.25 0.247
Total 0.1870 7.48 - 1.47

Notes:

(1) CT values based on simple CT calculation assuming a 0.6 baffling factor. Baffling factor to be confirmed by tracer testing 
prior to ozone being used as the disinfectant. Sodium hypochlorite will be used as the disinfectant until that time.

(2) Volume calculated between ozone sample points.

Ozone Gas Destruct Units

Off-gas from the contactor is collected through a chimney and treated by ozone 
destruct units housed on an outdoor slab constructed adjacent to the ozone 
contactor. The destruct units use a thermal/catalytic process to reduce the 
concentration of ozone to a level of less than 0.08 parts per million by volume 
(ppmv), which can be discharged safely to atmosphere. Two destruct units (one 
duty, one standby) are provided for the Phase Two facility.

Ozone Quenching

A dedicated ozone quenching system uses calcium thiosulfate (CATS) to remove 
up to 0.25 mg/L of residual ozone that may be present in the flow leaving the ozone 
contactor. The system is designed to quench at a ratio of 1.5 milligram (mg) CATS 
per mg ozone. The quench solution dosage is automatically calculated based on 
the last ozone residual reading. The ozone control system modulates the CATS 
metering pumps. Carrier water is used to transport the CATS to the contactor and 
to provide mixing as the solution is injected into the flow through a perforated pipe 
diffuser near the contactor outlet.
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Sodium Hypochlorite Disinfection

Sodium hypochlorite (chlorine) can provide emergency disinfection inactivation 
upon the loss of ozonation. Chlorination alone can provide the necessary 
inactivation of 0.5-log giardia and 4-log virus by injecting the hypochlorite at the 
MRWTP and using detention time in the pipeline between the MRWTP and the 
TRPS. If the membrane plant must operate under loss of ozone conditions, plant 
service water is not used for drinking. The chlorine also provides a lasting residual 
for the distribution system. Chlorine residual will be at least 1.0 mg/L at the outlet 
of the Terminal Reservoir. Chlorine residual, pH, and turbidity will be measured at 
the bypass and the discharge of the TWPS to ensure adequate residual is 
maintained.

(h) Reliability Features

The design of the MRWTP Phase Two facilities complies with the reliability 
requirements of Section 64659 of the Surface Water Treatment Rule. Details of 
the compliance with each provision are presented in Table 7.

On-Site Substation

A new onsite substation was installed by MID Electric to increase the power supply 
to the WTP to meet the new demands of the membrane plant. With the new 
substation being located at the WTP, the likelihood of a power outage is greatly 
reduced.

Table 7 MRWTP Phase Two Expansion Compliance with SWTR Section 64659
Requirement Design Features Included for Compliance

1. Alarm devices to provide warning of 
coagulation, filtration, and 
disinfection failures. All devices shall 
warn a person designated by the 
supplier as responsible for taking 
corrective action or have provision to 
shut the plant down until corrective 
action can be taken.

The instruments that monitor chlorine and 
ozone residual, turbidity, coagulant, streaming 
current and the membrane system PLC are 
tied into the SCADA system. The SCADA 
system provides audible alarms and will shut 
down the plant if a parameter exceeds limits 
for a set period of time. The plant is staffed 7 
days a week, 24 hours a day.

2. Standby replacement equipment 
available to assure continuous 
operation and control of unit 
processes for coagulation, filtration, 
and disinfection.

Standby equipment is provided as follows:
Chemical Feed Systems – standby pumps
Membrane train – 6 Basins, firm 36 MGD
with 5 duty/1 standby basin arrangement
Ozone Generators – 1 standby generator

3. A continuous turbidity monitoring and 
recording unit on the combined filter 
effluent prior to clearwell storage.

A turbidity analyzer monitors the combined 
filter effluent from the membrane skids and 
transfers this information to the SCADA 
system. 
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4. Multiple filter units which provide 
redundant capacity when filters are 
out of service for backwash or 
maintenance.

As mentioned on line item 2, there are 6 
basins that can produce 36 MGD with 1 basin 
out of service.

Standby Power Facilities

An existing standby diesel engine-generator rated for 150 kW, 480 volts, 3-phase 
provides standby power to motor control center MCC-3A via an automatic transfer 
switch upon loss of primary power supply. In turn MCC-3A distributes power to all 
emergency power loads at the plant including an emergency lighting panel, plant 
rate control valve, filter effluent isolation valves, plant service pumps and an 
uninterruptible power supply (UPS) system. The standby generator and UPS can 
provide power to all life safety alarms, emergency lighting, selected electrical 
outlets and for a safe shutdown of the plant. It has adequate capacity to 
accommodate the emergency loads of the total expanded plant.

Plant Control Systems

All plant control systems have backup power from a UPS. The servers for the plant 
SCADA system are redundant. SCADA workstations communicate to the primary 
server over an Ethernet network. The secondary server assumes the control of 
the system upon failure of the primary server. The programmable logic controllers 
(PLCs) that monitor and control the various plant processes and alarms are 
connected through the SCADA network throughout the plant and have redundant 
processors and communications modules.

Unit Process Monitoring

The existing raw water sampling for the MRWTP was not modified by the Project.
The existing sample points and sample pumps will be used to test the raw water.
After the water has passed through the Raw Water Head Tank (with the addition 
of the recycle water and intermittent coagulant), a sample is pumped to a 
streaming current detector to monitor coagulation. All on-line instruments are 
calibrated using manufacturer recommended procedures. A summary of the on-
line instruments is provided in Table 8. In addition to the time-based calibrations, 
calibrations are performed when results of daily grab samples indicate that an 
instrument is outside of the allowable tolerance range or after any significant 
maintenance. The operators analyze grab samples as needed for verification of 
on-line instruments.

Alarms

A summary of the main membrane treatment train reliability alarms and 
programmed responses is provided in Table 9. A complete list of the new plant 
alarms is provided in Appendix J.
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(i) Chemical Handling, Storage, and Delivery

All chemicals that are added to the drinking water are NSF-60 certified.

A majority of the chemical handling, storage, and feed equipment are located in 
the Chemical Feed Building. Some chemicals are also located in the CIP room of 
the Membrane Building, near the DAF system, and in the Treated Water Pump 
Station Building. The chemicals that are currently used and housed on-site include 
the following: aluminum sulfate, anionic polymers, nonionic polymers, and cationic 
polymers, calcium chloride, calcium thiosulfate, carbon dioxide, citric acid, liquid 
oxygen, phosphoric acid, quick lime, sodium hydroxide, sodium hypochlorite, and 
sulfuric acid. A summary of the process chemicals and their respective storage 
locations is provided in Table 10.
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Table 8 Unit Process Monitoring Summary
Unit Process Monitoring System

Raw Water

Flow meter/transmitter
Raw Water pH sensor/transmitter
Raw Water turbidity analyzer/transmitter
Raw Water temperature sensor/transmitter

Membrane

Influent streaming current detector/transmitter
Individual basin level sensor/transmitter
Individual basin filtrate header pressure sensor/transmitter
Individual basin filtrate flow meter/transmitter
Individual basin filtrate turbidity analyzer/transmitter
Combined basin filtrate turbidity analyzer/transmitter
Combined basin filtrate pH sensor/transmitter
Combined basin filtrate particle count sensor/transmitter
Combined basin filtrate temperature sensor/transmitter

Ozone Contactor
Ozone residual analyzer/transmitter (5 samples points)
Effluent ORP sensor/analyzer
Ozone in-gas detector/transmitter

Stabilization Basin pH analyzer/transmitter
Chlorine analyzer/transmitter

Finished Water Vault¹
Chlorine residual analyzer/transmitter
pH sensor/transmitter
Flow meter/transmitter

FSB

Flow meter/transmitter
Influent pH sensor/transmitter
Influent streaming current analyzer/transmitter
Influent turbidity analyzer/transmitter
Effluent turbidity analyzer/transmitter

Citric Neutralization 
Tank pH analyzer/transmitter

Phosphate 
Neutralization Tank pH analyzer/transmitter

Sodium Hypochlorite 
Neutralization Tank

pH analyzer/transmitter
CL2 analyzer/transmitter
Conductivity analyzer/transmitter
ORP analyzer/transmitter

Ozone Generation / 
LOX Area

Ambient ozone detector/transmitter
Ambient oxygen detector/transmitter 
Dew point analyzer/transmitter
Oxygen purity analyzer/transmitter
Ozone concentration analyzer/transmitter

Ozone Destruct Unit 
Ambient ozone detector/transmitter
Ambient oxygen detector/transmitter
Exhaust stack ozone concentration (%)

Note:
(1) Existing equipment from Phase One.
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Table 9 Summary of Programmed Reliability Alarms
Description Unit Set Point Alarm 

Type
Function

Membrane Basin LRV 
(based on AHT result) log 4.3 Low Warning

Membrane Basin LRV 
(based on AHT result) log 4.1 Low-Low Membrane basin 

shutdown

AHT Decay Rate psi/min 1 High Warning

AHT Decay Rate psi/min 2 High-High Membrane basin 
shutdown

Membrane Basin TMP1 psig 11.5 High Warning, request CIP

Membrane Basin TMP1 psig 12.3 High-High Membrane basin 
shutdown

Membrane Basin 
Filtrate Turbidity NTU 0.05 High Warning

Membrane Basin 
Filtrate Turbidity NTU 0.1 High-High Membrane basin 

shutdown

Ambient Ozone ppm 0.10 High Warning

Ambient Ozone ppm 0.3 High-High Ozone system shutdown

Ambient Oxygen % 22.5 High Warning

Ambient Oxygen % 23.5 High-High Ozone system shutdown

Level in Membrane 
Backwash Equalization 
Basin

ft 13.0 High Idle mode for membrane 
backwash

FSB Effluent Turbidity NTU 2 High

Warning, operator should 
divert FSB effluent to the 
membrane equalization 
basin

Notes:

(1) Maximum available TMP is based on number of variables including atmospheric pressure, module submergence 
depth and filtrate pump NPSH requirement. The actual value may vary slightly.
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Table 10 Chemical Storage
Chemical Nominal Storage (gallons)

Outside
Liquid Oxygen 17,000 

Chemical Feed Facility (gallons)
Aluminum Sulfate 12,850 

Coagulant Aid Polymer 13,400

Filter Aid Polymer 1,000

Sodium Hypochlorite 30,000

Sodium Hydroxide 18,200 

Calcium Thiosulfate 6,000 

Treated Water Pump Station
Quick Lime 214,000 lbs 

CO2 100 tons

Membrane Building Chemical Area (gallons)
Citric Acid 330

Phosphoric Acid 250

Sulfuric Acid 55

Calcium Chloride 250

Sodium Hypochlorite (day tank) 100

The Chemical Feed Building has one main area for chemical receiving, storage 
and mixing. A separate room is provided for storage of the sodium hypochlorite.
The main chemical area is divided to store caustic chemicals on one side and 
acidic chemicals on the other. Drainage is provided in each area into separate 
sumps, each provided with sump pumps.

All of the bulk chemical storage tanks are equipped with liquid level sensors with 
digital readout at the tank site and transmittal of the signal to the SCADA system.
The filter aid polymer mix tanks and the sodium hypochlorite day tank are also 
equipped with liquid level sensors that transmit the signal to the SCADA system.
These tanks are equipped with ball valves that are manually operated. All 
chemical lines from the storage tanks have the ability to recirculate back into the 
individual tanks if there is a plug in the line downstream of the ball valves. This 
prevents the metering pumps from operating against a closed system and burning 
out a pump or rupturing a feed pipe.

The chemical feed pumps can be manually adjusted or electronically adjusted from 
the SCADA system. All chemical metering pumps, excluding the pumps in the CIP 
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room, are equipped with graduated calibration cylinders for determining dosages.
In addition, all chemical feed lines are equipped with flow switches, which transmit 
a signal to the SCADA system if flow is interrupted.  The chemicals that are added 
during treatment can be applied with a range of concentrations to optimize 
treatment under varying raw water quality conditions. Although the SCADA system 
controls the feed rate of chemicals when the plant rate changes, it is up to the 
operators to determine the correct dose of all treatment chemicals. A summary of 
the chemical dosages for the membrane treatment train are summarized in Table 
11.

(1) Aluminum Sulfate

Aluminum sulfate (alum) is purchased in bulk liquid form at a solution strength of 
48.5 percent. Each shipment received is 5,000 gallons. The alum is stored in two 
existing polyethylene tanks: 11,100 gallons and 1,750 gallons. These tanks 
provide storage for both the conventional and the membrane treatment train and 
are located in the Chemical Feed Building.

On the membrane treatment train, alum is dosed to the flash mix pumps (up to 10
mg/L), FSB influent (up to 350 mg/L), and FSB effluent (up to 1 mg/L). While on 
the conventional treatment train, alum may be dosed to the existing rapid mix, 
WWR basin effluent, and DAF influent (up to 5 mg/L). Alum is fed undiluted to 
each injection point. All existing pumps were replaced. A total of ten new metering 
pumps were supplied.
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Table 11 Chemical Dosages
Chemical Dosing Location Dose (mg/L) Purpose

Aluminum Sulfate Flash Mix 0 – 10 Primary Coagulant

Aluminum Sulfate FSB Influent 20-350 Coagulation of backwash 
solids 

Aluminum Sulfate FSB Effluent 1 Remove residual polymer
Anionic/Nonionic 
Polymer FSB Influent 0.1 – 0.25 Flocculation of backwash 

solids

Calcium Chloride Neutralization Basin Up to 15,000¹

Precipitate phosphate ions 
prior to returning CIP 

solution to the head of the 
plant

Calcium Thiosulfate Ozone Contactor 
Effluent 0.1-0.3 Quench Ozone

Calcium Thiosulfate Neutralization Basin Up to 6001 Remove residual chlorine
Carbon Dioxide Stabilization Basin 4.5-17.5 Corrosion Control
Carbon Dioxide FSB Influent 10 – 80 Adjust pH 
Citric Acid Membrane Basin 20,000 per CIP Membrane CIP’s
Phosphoric Acid Membrane Basin 5,000 per CIP Membrane CIP’s
Quick Lime Stabilization Basin 10 - 20 Corrosion Control

Sodium Hydroxide High Service Pump 
Station discharge 0-2 Adjust pH 

Sodium Hydroxide FSB Influent 10 – 250 Add alkalinity
Sodium Hydroxide Neutralization Basin Up to 6,500¹ Adjust pH

Sodium Hypochlorite FSB Effluent 0.5 Remove residual polymer 
carryover to membranes

Sodium Hypochlorite Raw Water Pipe 0 – 2 Quagga mussel control 

Sodium Hypochlorite Raw Water Head 
Tank 0 – 5 Control algae

Sodium Hypochlorite Membrane Influent 
Pipe 0 – 5 Provide pre-oxidation

Sodium Hypochlorite Membrane Basins 50 – 600 Membrane MW and CIPs
Sodium Hypochlorite Treated Water Pipe 1-4 Residual Disinfection

Sulfuric Acid Membrane Basin 500
Membrane MW and 

Decrease pH for Citric 
Acid CIP’s

Sulfuric Acid Neutralization Basin Up to 400¹ Adjust pH
Note:

(1) These are expected maximum doses. Chemicals are applied to batch solutions and doses will vary with the neutralization 
process. 
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Two methods are used for determining the optimum alum dosages for the rapid 
mix process: 1) on-line streaming current detector readings and; 2) operator 
judgment based on visual observation of the process and full-scale clarified 
turbidity values, TOC concentration, and TOC percent removal. Jar tests shall be 
conducted as needed based on water quality changes. The streaming current 
detector is an on-line analyzer. Operating set-points typically target a “neutral” 
streaming current reading; however, operators will determine the set-point that 
corresponds to optimum coagulation for pretreatment. This optimized set-point 
may be slightly positive or slightly negative, and may change seasonally.

(2) Anionic/Nonionic Polymer

Anionic/nonionic polymer (polymer) is purchased as a neat solution and stored in 
a 90 gallon drum under a shade enclosure south of the DAF system. The feed 
system blends the liquid polymer with potable water and feeds the polymer solution 
to the injection points.

On the membrane treatment train, polymer is dosed at the FSB influent (up to 0.25 
mg/L). While on the conventional treatment train, polymer is dosed at the DAF 
influent and the solids thickener influent (up to 0.3 mg/L). The polymer feed system 
consists of one drum scale, three polymer feeder/blenders, and three metering 
pumps. One feeder/blender unit is used to feed to the DAF influent and solids 
thickener influent; one is used to feed to the membrane FSB influent; and one is 
used as a backup.

The polymer feed system is a PolyBlend system provided by Siemens Water 
Technologies. The pump that feeds the DAF influent and solids thickener influent 
is a Pulsatron
diaphragm metering pump, with a rated capacity of 1.0 gph. The pump that feeds 

the membrane FSB influent and the backup pump are Pulsatron diaphragm 
metering pumps, with a rated capacity of 0.025 gph. The speed and stroke length 
of these pumps will be automatically adjusted based on either the DAF influent or 
the FSB influent flow and the operator adjustable dose.

(3) Calcium Chloride

Calcium chloride is purchased at a solution strength of 35 percent. It is stored in 
a 250 gallon tote, located in the CIP Room of the Membrane Building.

Calcium chloride is dosed at the Sulfuric Waste Tank and the Citric and Phosphoric 
Waste Tank to precipitate citric and phosphoric acid. It is fed undiluted to each 
injection point. A total of two pumps were supplied. The pumps are Sandpiper 
(Warren Rupp) air-powered double-diaphragm plastic pumps with Warren Rupp
surge dampeners. They are designed for a rated capacity of 4.4 gph.

Calcium chloride will be added at a rate of 5 moles of calcium chloride for every 2 
moles of phosphoric acid or citric acid (50 percent over the stoichiometric ratio).
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The required chemical volume to be added to the neutralization tank will be 
calculated based on the volume of phosphoric or citric acid in the waste solution.

(4) Calcium Thiosulfate

Calcium thiosulfate is purchased in bulk liquid form at a solution strength of 
24 percent. Each shipment received is 5,000 gallons. The calcium thiosulfate is 
stored in two 3,000 gallon FRP tanks. These tanks provide storage for both the 
conventional and the membrane treatment train and are located in the Chemical 
Feed Building.

For both treatment trains, calcium thiosulfate is dosed to the respective ozone 
contactor effluents (up to 0.3 mg/L). In these applications, calcium thiosulfate 
provides ozone quenching. Additionally, calcium thiosulfate is dosed at the 
Sodium Hypochlorite Waste Tank to neutralize the sodium hypochlorite MW/CIP 
waste.

A total of six metering pumps were present. The four pumps that feed the ozone 
contactors effluent are Pulsafeeder solenoid diaphragm metering pumps, with a 
rated capacity of 1.75 gph. These pumps will be automatically flow paced based 
on the projected residual at the quenching location and feedback from the last 
sample location or based on a manual dose set-point. The rate of quenching 
chemical addition is based on the respective treatment train flow, the stoichiometric 
ratio of quenching chemical to ozone, and an operator entered adjustment factor.
The two pumps that feed the Sodium Hypochlorite Waste Tank are Pulsafeeder
solenoid diaphragm metering pumps, with a rated capacity of 25.0 gph. The speed 
and stroke length of these pumps will be automatically adjusted based on the dose 
set-point, the dosing duration set-point, and the total volume of waste that is being 
neutralized.

(5) Carbon Dioxide

Carbon dioxide gas is stored on-site in two existing 50 ton storage tanks. Each 
shipment received is approximately 40,000 lb.

On the membrane treatment train, carbon dioxide is dosed at the FSB influent (up 
to 80 mg/L). Carbon dioxide is added to adjust pH. A new carbon dioxide metering 
and pressurized solution feed system were provided for this Project. The new 
system is provided by TOMCO2 Systems. The dosing is paced to the FSB influent 
flow and the operator adjustable dose.

Additionally, carbon dioxide is dosed at the stabilization basin (up to 17.5 mg/L), 
however there were no modifications to the existing feed system.
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(6) Citric Acid

Citric acid is purchased at a solution strength of 50%. It is stored in a 330 gallon 
tote, located in the CIP Room of the Membrane Building.

A total of two pumps were supplied. The pumps are Sandpiper (Warren Rupp) air-
powered double-diaphragm plastic pumps with Warren Rupp surge dampeners.
They are designed for a rated capacity of 4.4 gph. These pumps are undersized 
to apply the chemical within the specified CIP duration and are being replaced.
Citric acid is dosed undiluted to the membrane systems for the CIP process. The 
dose is based on the membrane system manufacturer’s recommendations for 
optimized membrane treatment in compliance with regulatory requirements. The 
dosing stops once the cleaning solution concentration reaches a set-point.

(7) Coagulant Aid Polymer

This system was not modified during plant expansion.

(8) Filter Aid Polymer

This system was not modified during plant expansion.

(9) Liquid Oxygen

The LOX is stored as a liquid on-site in a 17,000 gallon horizontal bulk cryogenic 
storage tank which consists of an inner pressure vessel and an outer jacket. The 
space between the pressure vessel and outer jacket is filled with Evacuated Perlite 
and placed under vacuum for insulation. The inner pressure vessel is constructed 
of 9% nickel steel. The tank has a design operating temperature range of 100°F 
to – 297°F. The maximum allowable working pressure of the inner vessel is 175 
pounds per square inch, gage (psig). The tank normally operates in the range of 
75 psig. The outer jacket is a carbon steel shell designed for the full vacuum 
applied to the space between the inner vessel and outer jacket.

The LOX storage tank is located to the east side of the operations ozone 
generation building on a concrete foundation within a gravel containment area.
The liquid oxygen is delivered in semi-trailers in quantities of approximately 5,000 
gallons per shipment. The LOX is converted to GOX using ambient vaporizers.
Heat gain is provided by ambient air as the LOX flows through the vaporizing unit.
The pressure of the storage tank provides the motive force for the flow of oxygen 
out of the tank, through the vaporizers, to the ozone generators, and into the ozone 
contactors.

The tank and LOX lines are equipped with pressure relief valves between every 
pair of isolation valves to prevent over pressurization of the tanks or lines due to 
vaporization of the liquid. Relief valves are provided in the GOX lines. The 
pressure vessel is also equipped with rupture discs.
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The liquid oxygen tank controls provide pressure regulation in the tank and, 
monitor tank liquid level and tank pressure. Vaporization of the LOX within the 
tank maintains tank pressure. Under average conditions, there may be sufficient 
vaporization of the LOX to maintain tank pressure without supplemental pressure 
control. With cold temperatures or a high liquid withdrawal, the normal rate of 
vaporization could be insufficient to maintain tank pressure. To compensate for 
the limited vaporization, the tanks are equipped with a pressure building coil. This 
coil is a small ambient air vaporizer provided as part of the tank package. A small 
amount of LOX is admitted to the pressure building coil where it is vaporized and 
returned to the tank to maintain the desired pressure. The pressure control system 
is a simple pressure control valve, which will allow the LOX to enter the pressure 
building coil.

Under low liquid withdrawal rates, the tanks also build excess pressure. The tank 
operating pressure could be allowed to increase without harm up to the pressure 
relief valve set points. To limit pressure buildup, the tanks are equipped with an 
economizer, which vents oxygen gas into the withdrawal line which is fed to the 
ozone generators to minimize waste of liquid oxygen. Gas is also vented 
automatically to atmosphere or manually if it is necessary to lower the tank 
pressure rapidly.

The LOX is converted to gaseous oxygen in the vaporizers. Three units are 
provided: one for vaporization service, one for defrosting, and one for standby.
Each vaporizer is sized to deliver 110 percent of the system demand.

Ambient vaporizers utilize heat from ambient air to raise the temperature of the 
LOX and convert it to a gaseous state starting at a temperature of -300°F and 
finishing at a temperature approximately 30 degrees below ambient. The vaporizer 
size (area available for heat transfer) was determined from ambient air conditions.
Ice forms on the exterior of the vaporizers, increasing equipment weight and 
requiring each one to periodically cycle from on-line to off-line to defrost.

Automatic open-close valves are provided downstream of the vaporizers in the 
GOX piping to open as required when an ozone generator is placed on-line and to 
sequence the vaporizers for duty, defrosting, and standby service. A manual valve 
to control flow is also provided. The temperature of the GOX is monitored.

The vaporizers are located outside on concrete pads, adjacent to the LOX storage 
tanks. All LOX handling is confined within the LOX storage area.

To prevent LOX from entering the gaseous oxygen lines and reaching the ozone 
generators, a low temperature alarm will stop all oxygen flow to the generators.

The vaporizers operate at the same pressure as the bulk storage tank.
Immediately downstream of the vaporizers, the pressure is a minimum of 
approximately 75 psig to a maximum allowable working pressure of 175 psig. The 
pressure is initially reduced by two redundant mechanical pressure reducing valve 
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packages specifically designed for oxygen service. Automatic control valves 
reduce the operating pressure further, so that pressure entering the ozone 
generator is approximately 15 to 20 psig. Gas flow to the generators is measured 
by an orifice plate flow meter. Two redundant particulate filters, rated for oxygen 
service, are located in the main header to remove any particulate contaminants 
upstream from the ozone generators.

(10) Phosphoric Acid

Phosphoric acid is purchased at a solution strength of 75 percent. It is stored in a 
250 gallon tote, located in the CIP Room of the Membrane Building.

Phosphoric acid is dosed undiluted to the membrane systems for the CIP process 
and to the Hypochlorite Waste Tank for neutralization. The dose is based on 
manufacturer’s recommendations for optimized membrane treatment in 
compliance with regulatory requirements. The dosing stops once the cleaning 
solution concentration reaches a set-point. A total of two pumps were supplied.
The pumps are Sandpiper (Warren Rupp) air-powered double-diaphragm plastic 
pumps with Warren Rupp surge dampeners. They are designed for a rated 
capacity of 4.4 gph.

(11) Quick Lime

Lime is dosed at the stabilization basin for corrosion control. A new lime slaker 
and feed system were installed and the lime supply has changed from hydrated 
lime to quick lime (CaO). The lime storage and feed system was supplied by RDP 
Technologies, Inc. The system continues to use the two existing lime silos to store 
and feed ½ inch dry pebble lime (quicklime) with a calcium oxide (CaO) 
concentration of 90 percent and size ranging from ¼-inch to 2-inch having a 
density ranging from 55 to 65 pounds per cubic foot. The silos each have a 
capacity of 107,000 lbs. The silos (and associated equipment) are located in the 
Lime Feed Room, adjacent to the Finished Water Pump Station. The two separate 
storage silos and lime feeders are capable of operating completely independent of 
each other. One silo will be in operation and the other will serve as a standby 
system. The new equipment provided under this project includes two lime screw 
feeders, one lime slaker with mixer, two lime slurry transfer pumps with local 
control panels, one slurry aging tank, one fine grit classifier, two slurry recirculation 
pumps, three lime slurry delivery assemblies including flow meters and control 
valves, and associated piping and instrumentation.

The design of the lime slaker system is based on an estimated required calcium 
hydroxide (Ca(OH)2) feed rate from about 7 pounds per hour (pph) to about 470 
pph. While a 500-pph slaker system meets these requirements, the closest higher 
standard system capacity (i.e., 1,000 pph) was selected to provide flexibility of 
operation and extra capacity for unforeseen higher dosage/flow combinations.
Equipment was sized such that a minimum slaking batch holdup time of 20 minutes 
and a minimum hydrated lime slurry aging time of one hour is provided at the 
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maximum Ca(OH)2 feed rate design capacity of 1,000 pph and a slurry 
concentration of 10 percent.

(12) Sodium Hydroxide

Sodium hydroxide is purchased in bulk liquid form at a solution strength of 25
percent. Each shipment received is 5,000 gallons. The sodium hydroxide is stored 
in two existing 9,200 gallon polyethylene tanks. These tanks are located in the 
Chemical Feed Building.

On the membrane treatment train, sodium hydroxide is dosed to the three 
membrane neutralization tanks and the FSB influent (up to 250 mg/L).
Additionally, sodium hydroxide is dosed at the treated water pump discharge (up 
to 2 mg/L). It is added to provide a final adjustment to the finished water pH.

Sodium hydroxide is fed undiluted to each injection point. A total of six new 
metering pumps were supplied. Two metering pumps were supplied to feed to the 
treated water pump discharge; two were supplied to feed to the membrane
neutralization tanks; and two were supplied to feed to the FSB influent.

The two pumps that feed the treated water pump discharge are Pulsafeeder 
diaphragm metering pumps, with a rated capacity of 30.9 gph. The speed and 
stroke length of these pumps will be automatically adjusted based on the treated 
water discharge flow and the operator adjustable dose. The two pumps that feed 
the membrane neutralization tanks are Pulsafeeder diaphragm metering pumps, 
with a rated capacity of 94.0 gph. The speed and stroke length of these pumps 
will be automatically adjusted based on the dose set-point, the dosing duration set-
point, and the total volume of waste that is being neutralized. The two pumps that 
feed the FSB influent are Pulsafeeder diaphragm metering pumps, with a rated 
capacity of 84 gph. The speed and stroke length of these pumps will be 
automatically adjusted based on the Membrane Equalization Basin discharge flow 
and the operator adjustable dose.

(13) Sodium Hypochlorite 

Sodium hypochlorite is purchased in bulk liquid form at a solution strength of 12.5
percent. Each shipment received is 5,000 gallons. The sodium hypochlorite is 
stored in three 10,000 gallon fiberglass reinforced plastic (FRP) tanks. These 
tanks provide storage for both the conventional and the membrane treatment train 
and are located in the Chemical Feed Building. Additionally, there is one 100 
gallon FRP sodium hypochlorite day tank in the CIP room of the Membrane 
Building.

On the membrane treatment train, sodium hypochlorite is primarily dosed to the 
ozone contactor effluent (up to 4 mg/L) and the FSB effluent (up to 0.5 mg/L).
While on the conventional treatment train, sodium hypochlorite is primarily dosed 
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at the filter influent and the filter effluent. The rest of the feed points (Raw Water 
Head Tank inlet, flash mix, and membrane CIP) are intermittent.

Sodium hypochlorite is fed undiluted to each injection point. A total of ten metering 
pumps and two transfer pumps were supplied. One metering pump was supplied 
to feed the conventional treatment train rapid mix influent or the filter influent; one
was supplied to feed to the membrane treatment train flash mix pumps; one was 
supplied as backup to the last two; one was supplied to feed the conventional 
treatment train filter effluent; one was supplied to feed the membrane treatment 
train ozone contactor effluent; one was supplied as backup to the last two; two 
were supplied to feed the FSB effluent; two were supplied to feed the membrane 
cleaning system. Additionally, two transfer pumps were installed in the chemical 
building to fill the sodium hypochlorite day tank in the CIP room of the Membrane 
Building. The speed and stroke length of these pumps will be automatically 
adjusted based on the flow.

The sodium hypochlorite dosage at the ozone contactor effluent is set to maintain 
a chlorine residual throughout the distribution system. The free chlorine residual 
is continuously monitored and the chlorine dose adjusted when needed.

The two pumps that feed the FSB effluent are Pulsafeeder diaphragm metering 
pumps, with a rated capacity of 0.5 gph. The speed and stroke length of these 
pumps will be automatically adjusted based on the Membrane Equalization Basin 
discharge flow and the operator adjustable dose.

The two pumps that feed the membrane cleaning system are Sandpiper (Warren 
Rupp) air-powered double-diaphragm plastic pumps with Warren Rupp surge 
dampeners. The CIP/MW cleaning solution dose is based on manufacturer’s 
recommendations for optimized membrane treatment in compliance with 
regulatory requirements. The dosing stops once the cleaning solution 
concentration reaches a set-point.

The two pumps that transfer sodium hypochlorite to the day tank in the membrane 
building are Vanton transfer pumps, with a maximum capacity of 5 gpm. The 
pumps will start when a low-level set-point is reached and will stop when a high-
level set-point is reached. The set points will be operator adjustable.

(14) Sulfuric Acid

Sulfuric acid is purchased at a solution strength of 93 percent. It is stored in a 55 
gallon drum, located in the CIP Room of the Membrane Building.

Sulfuric acid is dosed undiluted to the membrane systems for the CIP and 
maintenance wash processes and to the Hypochlorite Waste Tank for 
neutralization. The cleaning solution dose is based on manufacturer’s 
recommendations for optimized membrane treatment in compliance with 
regulatory requirements. The dosing stops once the cleaning solution 
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concentration reaches a set-point. A total of two pumps were supplied. The pumps 
are Sandpiper (Warren Rupp) air-powered double-diaphragm plastic pumps with 
Warren Rupp surge dampeners. They are designed for a rated capacity of 4.4 
gph.

(15) Residual Wastes – Facilities and Handling 

Sludge from the two FSBs is pumped into on-site sludge lagoons 1, 2, or 4. Decant 
from these lagoons is returned to the Backwash Water Recovery Basin and then 
eventually to the head of the conventional treatment train.

The neutralized decant from the phosphoric acid chemical cleanings may be 
recycled through the FSB, however the settled precipitate will not be recycled. The 
neutralized solution from the citric acid chemical cleanings cannot be returned to 
the head of the facilities for treatment. Instead, the phosphoric precipitate and 
citric waste will be pumped to Lagoon 3. Once dried, the waste will be hauled 
offsite and disposed of at the local landfill facility. The Citric Waste Tank is 
designed such that the neutralized waste can be pumped out of the tank and into 
the dedicated onsite Lagoon 3 or trucked off site for disposal. Lagoon 3 is not 
decanted.
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N. MODIFICATIONS TO CONVENTIONAL WTP

The main treatment process and operation of the existing conventional treatment 
train were not modified during the plant expansion. A third ozone generator was 
added and modifications to the ozone gas diffuser system were made as noted 
previously; however, the disinfection provided within the existing ozone contactor 
basins remains the same. The most significant change to the conventional train 
was to the waste stream treatment facilities. The conventional filter backwash 
waste stream is now treated by the existing solids thickener basin followed by a 
new DAF system. Appendix D presents the modified treatment process schematic 
for the conventional train.

The updated design criteria for each unit process is summarized in Table 12.

Table 12 Unit Processes and Design Criteria (Conventional WTP)
Item Value

Fine Pore Ozone Diffusion 
Number of contactors 2

Number of ozone diffusers in Cell 1 (each contactor)
Number of mixing air diffusers in Cell 1 (each contactor)

28
30

Number of ozone diffusers in Cell 2 (each contactor) 29

Minimum ozone transfer efficiency at maximum flow rate 92%

Maximum nominal diffuser element diameters, inch 8

Design water depth in contactors, feet 23.2 

Water temperature range, °F 40-72

pH range 6.44-7.8

Average pH 6.83

Maximum flow rate per diffuser, scfm 1.5 

Minimum flow rate per diffuser, scfm 0.33 for Cell 1 
0.5 for Cell 2 

Maximum feed gas temperature, °F 120

Submergence depth of diffusers, feet 22.2

Dissolved Air Flotation
Number of DAF basins, total 2

Maximum side water depth, feet 10

Length, including recycle injection header zone, feet 17

Width (each basin), feet 12

Design flow per basin, without recycle, MGD 1.5
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Operating flow range per basin, without recycle, MGD 0.25-2.2

Design surface loading, without recycle, gpm/sf 6.0 @ design flow of 1.5 MGD

Max recycle flow, % of design flow at design flow per basin 15

1. Phase Two Project Upgrades

The following is a summary of the changes that were made to the existing 
conventional WTP during the Project. These changes were completed and are 
currently in operation.

Demolished all ozone air preparation equipment.
Demolished the temporary captor feed system.
Added Liquid Oxygen Storage Tank.
Added three ambient vaporizers (previously discussed in ‘Liquid Oxygen’ 
Section:
– One service, one defrosting, one stand-by.
Added ambient oxygen and ozone analyzers:
– Near LOX Tank, (oxygen only) with safety shower/eyewash station.
– In air prep.
– In ozone generation.
– in ozone destruct.
Added three 450 lb/day ozone generators-ceramic dielectrics:
– Generator one is dedicated to the conventional plant.
– Generator two is designed for use in both plants.
– Generator three is dedicated to the membrane plant.
Added two positive displacement Excelsior blowers for air dilution system for 
ozone contactors:
– One service, one standby.
Oxidation-Reduction Potential (ORP) analyzer, Rosemount 1056 and stilling 
well in ozone contact basin effluent chamber used by operators to insure 
proper CATS dose.
Ozone destruct units:
– Added ozone/air mixing manifold in ozone destruct (removed April 

2010).
– Oxygen cleaned and the catalyst was replaced.

Modification to the Phase Two Project Upgrades

The following is a discussion of the changes that were made to the Phase Two 
upgrades of the conventional treatment plant.

In 2011 all valves, stainless steel piping, and diffusers used for the mixed ozone 
and air feed gas system were being severely corroded. Because of this, the ozone 
feed and air feed piping were completely separated. Cell one of both basins now 
has dual plumbing entering the basins, one pipe contains ozone and a separate 
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pipe contains air. Cell two of both basins now has only a single pipe containing 
ozone entering the basin.

The original Phase One design for cell one had four laterals of diffusers running 
from east to west in the contact basin. Cell one contained a total of 58 ozone 
diffusers. Now, moving in the direction of water flow, from north to south, the first 
and third laterals contained 15 diffusers each, with the second and fourth lateral 
containing 14 diffusers each. Cell one of both basins now has air feed to the 
laterals containing the 15 diffusers and ozone feed into both laterals that contain 
14 diffusers for a total of 28 ozone diffusers.

The original Phase One design for the second cell of each basin provided a total 
of 44 diffusers on 3 laterals. Moving in the direction of water flow the laterals had 
15 diffusers, 14 diffusers and 15 diffusers respectively. Each lateral in cell two 
now has one plug followed by two diffusers with the pattern staggered. There is a
total of 29 ozone diffusers, 10 on the first and third lateral and 9 on the center
lateral. There is no air delivered to the second cell of both basins. The intent was 
that cell two would serve as a back-up to cell one in case of a failure of multiple 
diffusers or the grid. Cell two was not intended to operate simultaneously with cell
one.

Each lateral also contains drain stones at the ends. These stones are of a different 
porosity than diffuser stones and allow any water that has entered the laterals to 
be evacuated after a shutdown. Drain stones are pointed downward towards the 
floor of the basin, while diffusers stones are directed upward.

Ozone and Air Feed Piping into the Basins

Following the startup of the Phase Two modifications to the conventional treatment 
train ozone system, the ozone feed pipes continued to have leaks at the valves, 
rotameters and flanges that required numerous shut downs of the ozone feed 
system. During 2014 many of the flanges were replaced with welded connections 
and the rotameters were removed from service. Additional changes that were 
made to the ozone system after the completion of Phase Two were as follows:

Discontinued the use of blowers for ozone dilution air due to the corrosion 
problems caused by the combination of warm, moist dirty air, mixing with 
clean dry ozone, which caused the formation of nitric acid and subsequent 
corrosion issues.
Demolished the ozone/air mixing manifold.
Replaced all stainless steel pipes downstream of the ozone feed control 
valves.
Replaced all manual feed control valves that were exposed to the mixture of
air and ozone.
Replaced all piping inside both basins.
Repaired all stainless steel baffle curtains.
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Modifications to Filter Flume Overflow

A check valve was added to prevent backflow from the storm lagoon into the filter 
flume.

Modifications to Lime System

This modification was discussed in the ‘Chemical Handling, Storage, and Delivery’ 
Section. With the exception of the truck offloading station, the lime silos and the 
lime mixers, the Phase One lime feed system was demolished.

Modifications consisted of a gravimetric feed system for calcium oxide, a slaker to 
produce calcium hydroxide, a slurry aging tank, a grit classifier to remove inert 
materials from the slurry, a slurry loop to pump the slurry to the grit classifier and
pinch valves to feed slurry into the process stream. The new lime feed system 
was brought into service in 2008.

Modifications to Existing Backwash Water Treatment Facilities

The backwash water stream sources generated by the conventional train include 
(1) filter backwash, (2) sludge lagoon decant, (3) basin drains, and (4) 
miscellaneous drains. These waste streams were not changed as part of the 
Project.

The backwash water associated with the filter backwashing process makes up the 
majority of the liquid backwash water stream that enters the existing Backwash 
Water Recovery Basin (WWR). Other small waste streams include sedimentation 
solids decant water which is decanted from the sludge lagoons, and drainage 
water from the ozone contact basins, flocculation basins and sedimentation basins, 
lime system drain, and dewatering sumps from the filter pipe gallery in the 
conventional plant and the treated water pump station.

Modifications to Backwash Water Recovery Basin

The WWR serves as an equalization tank for the backwash water streams noted 
above and has a working capacity of approximately 496,000 gallons to hold 
approximately three filter backwashes. Because the WWR acts as a holding tank 
for backwash and lagoon decant water, solids tend to settle. To wash away the 
settled solids, three Stang Manufacturing wash down monitors have been installed 
around the perimeter of the WWR.

2. Backwash Water Recycling 

The original Phase One design of the backwash water recycling system consisted 
of pumping backwash water from the WWR to the solids thickener basin. Effluent 
from the solids thickener basin was then recycled to the head of the plant. The 
Phase Two project added a DAF unit to replace the solids thickener in the 
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conventional train. A DAF unit was also installed for the membrane train.
However, it was found during initial plant testing that the DAF unit for the 
membrane was not effective in reducing turbidity in the recycle stream, therefore 
the membrane DAF was re-purposed for use in the conventional train. Piping 
changes were made to allow backwash water to be pumped from the WWR to the 
solids thickener then to both DAF units (in parallel) prior to recycling to the head of 
the conventional plant. Booster pumps were installed next to the existing solids 
thickener to pump supernatant from the solids thickener to the DAF units. In the 
event of a DAF failure, the WWR basin pumps and the Solids Thickener pumps 
will automatically stop. The waste stream may also be pumped straight to the DAF 
units, bypassing the thickener, or straight from the thickener to the head of the 
conventional train, bypassing the DAFs. Using the solids thickener and DAFs in 
series will allow for improved return water quality and reliability over the previous 
design.

(a) DAF

The performance goals of the DAF system are as follows:

Average turbidity less than 2 NTU 95 percent of the time in the recycled water 
stream to the head of the conventional plant.
Greater than 75 percent total solids for sludge disposal offsite (actual final 
solids content may vary during operation and will be impacted by seasonal 
weather patterns).

The DAF system was provided by F.B. Leopold Company (Xylem Water Systems) 
and consists of two parallel, above-ground concrete tanks which remove 
suspended solids via the use of air bubble flotation. The waste stream is mixed 
with recycled effluent that is super-saturated with air. As the dissolved air comes 
out of solution, it forms air bubbles that attach to solids and float to the top of the 
water surface where they can be removed with sludge collection scrapers. As 
noted above, the DAF units now receive water from the existing solids thickener to 
clarify water from the WWR. To achieve recycled backwash water consistently 
below 2 NTU, alum and polymer can be dosed to the DAF influent.

Table 13 shows the chemicals that can be applied in the treatment process and 
may be present in the waste streams entering the DAF and in the recycle stream 
returned to the head of the conventional plant. The DAF equipment is compatible 
and corrosion resistant to any combination of the chemicals shown in Table 13 in 
the concentrations added to the treatment process.

During the treatment process, the floated solids are removed from the water 
surface by a scraper assembly and collected into a sludge channel. The sludge is 
then pumped to the on-site sludge lagoons 1, 2, or 4 by three sludge pumps. The
pumps are Seepex progressive cavity pumps with a capacity range from 10 to 20 
gpm.
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The DAF influent turbidity is monitored by a Hach, Surface Scatter 7 sc Turbidity 
analyzer. The DAF effluent from both units is monitored for turbidity by Hach, 
Model 1720E sensors with sc200 controllers. The combined influent and effluent 
flow rates are measured by Rosemount magnetic flow meters.

Table 13 Chemical Entering DAF (Conventional WTP)
Chemical Chemical Concentration (mg/L)

Coagulant (Alum) 0 to 10
Coagulant Aid Polymer 2 to 6
Filter Aid Polymer 0.01 to 0.1
Sodium Hypochlorite 0 to 4
Sodium Hydroxide 0.1 to 2
Calcium Thiosulfate 0.1 to 0.3

(b) Solids Thickener Pump Station

Three pumps were installed on a concrete pad southwest of the Solids Thickener.
The pumps convey decant from the Solids Thickener to the DAFs. In automatic 
mode, the pumps flow set-point is the current Solids Thickener influent flow rate 
measured by a new magnetic flowmeter on the influent line. The provided pumps 
are Flowserve with a flow rate of 550 gpm at the design head of 26.2 feet. The 
flowmeter is a Rosemount magnetic flow meter.

To ensure that the pumps do not overdraw decant from the Solids Thickener an 
Endress + Hauser, Prosonic ultrasonic sensor and Prosonic transmitter were 
installed in the wet well. The pumps will shutdown if the level in the decant wetwell 
drops below the operator adjustable low-level alarm.

(c) Unit Process Monitoring

Table 14 provides a summary of the new conventional train on-line instruments 
associated with the Project.

Table 14 Unit Process Monitoring Summary (Conventional WTP)
Unit Process Monitoring System

Solids Thickener Influent flow meter/transmitter
Ultrasonic level sensor/transmitter

DAF Influent flow meter/transmitter
Effluent flow meter/transmitter
Influent turbidity analyzer/transmitter
Two effluent turbidity analyzers/transmitters

Ozone Contact Basin Effluent ORP sensor/analyzer



MID Permit Engineering Report Page 98
No. 01-10-18P-001

Alarms

Table 15 provides a summary of the new conventional train reliability alarms and 
programmed responses associated with the Project. A complete list of the new 
plant alarms is provided in Appendix J.

Table 15 Summary of Programmed Process Alarms (Conventional WTP)
Condition Programmed Response

Backwash Water Recovery 
Basin Low Level 

Backwash water recovery basin pumps and solids 
thickener pumps will shutdown

Solids Thickener Decant Wet 
Well High Level

Backwash water recovery basin pumps will 
shutdown

DAF Failure Backwash water recovery basin pumps and solids 
thickener pumps will stop

Chemicals

A summary of the process chemicals available for use at the plant is provided in 
the Chemical Handling, Storage, and Delivery section above. The chemical 
dosages used on the Conventional WTP for new processes are summarized in 
Table 16.

Table 16 Chemical Dosages (Conventional WTP)
Chemical Dosing Location Dose (mg/L) Purpose

Aluminum Sulfate DAF Influent 0 – 5 Possible additional 
coagulant

DAF Polymer DAF Influent (conventional) 0.01 – 0.3 Return water 
turbidity control

3. Storage, Transmission, Distribution, & Booster Stations

The design criteria for each unit facility updated by the Project are summarized in 
Table 17.

Table 17 Membrane Treatment Train - Unit Processes and Design Criteria 
Item Value

Additional Treated Water Pumps
No. of pumps added 4 (3 duty, 1 standby)
Type Vertical Diffusion Vane
Rated Capacity, MGD (each) 26.7
Rated Head, ft 134
Maximum Operating Speed, rpm 880
Type of Drive Adjustable Frequency
Motor Size, HP 800
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Table 17 Membrane Treatment Train - Unit Processes and Design Criteria 
Item Value

Power, volt 480
Additional Terminal Reservoir Pump
No. of pumps added 1
Type Vertical Diffusion Vane
Rated Capacity, MGD (each) 20
Rated Head, ft 175
Max Operating Speed, rpm 900
Type of Drive Adjustable Frequency
Motor Size, HP 800

(1) Treated Water Pump Station

The treated water from both treatment trains is stored in two existing parallel 2.5 
MG clearwells. These clearwells feed the wet well of the Treated Water Pump 
Station (TWPS). The TWPS conveys treated water to two existing 5 MG 
aboveground steel storage reservoirs at the Terminal Reservoir Pump Station 
(TRPS). Four AFD driven pumps were added to the four existing treated water 
pumps to increase the pumping capacity from the TWPS. The four new pumps 
provide a firm pumping capacity of 80 MGD, and the AFDs provide added control 
of the pumping rate. The new pumps and the existing pumps will not be operated 
at the same time. The new pumps will be used for demands of 23 MGD to 72 
MGD or when the Terminal Reservoir facility is operating in bypass mode. The 
existing pumps will continue to be operated when the demand is less than 23 MGD.
The pumps can operate in two modes: 1) Pressure Set Point Control, or 2) Flow 
Set Point Control. The control strategy for these pumps is coordinated with 
modifications to the TRPS described below.

The pumps provided are Flowserve vertical diffusion vane pumps with a rated 
capacity of 18,533 gpm at the design head of 134 ft. Each pump is equipped with 
an 800 HP, Cutler-Hammer (Eaton) liquid cooled AFD.

(2) Terminal Reservoir Pump Station

Bypass Pipeline

A 48-inch pipeline has been added to bypass water from the MRWTP around the 
terminal reservoirs, directly to the distribution system. A new bypass vault has also 
been added to house two 48-inch butterfly valves and a water sampling station.
As mentioned above, this bypass will be used when the new high head pumps are 
running.
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To provide better flow control and avoid cavitation, the existing ball valves at the 
inlet to the two reservoirs were replaced with 32-inch Pratt, Series 300 Plunger 
Valves in parallel with two 10-inch Singer solenoid controlled globe valves.

The TRPS has two modes of operation. In “Flow-Through” mode, the strategy 
currently in place will be used. In “Bypass” mode, the treatment plant will produce 
a constant flow, the inlet valves to the terminal reservoirs will open to relieve 
excess flow/pressure at the connection to the distribution system, and the TRPS 
pumps will cycle on and off to maintain a pressure set-point at the connection to 
the distribution system. The daily reservoir turnover is expected to be at least 
26 percent in either mode. Turnover can be increased as needed by increasing 
and decreasing flow from the plant.

Residual chlorine concentration, pH, and turbidity are monitored on the bypass 
line. The residual chlorine is monitored by a Wallace & Tiernan, Micro 2000 w/ 
SFC analyzer/controller. The pH is monitored by Rosemount, Model, 396P sensor 
and 1056 Intelligent Analyzer. The turbidity is monitored by a Hach, Model 1720E 
sensor and sc200 controller.

TRPS Pump Improvements

One AFD driven pump was added in the existing pump station structure to 
supplement the five existing pumps. The pump provided is a Flowserve vertical 
diffusion vane pump with a rated capacity of 13,900 gpm at the design head of 175 
ft. The pump is equipped with an 800 HP, Cutler-Hammer (Eaton) AFD.

Additionally, two existing 400 HP pump motors and constant speed drives were 
replaced with new 400 HP motors and AFDs. The new motors are GE Motors with 
Cutler-Hammer (Eaton) AFDs.

(3) Distribution System

Pressure Zones

Since MID is a wholesaler, it does not have its own pressure zones.  However, it 
does pump treated water to the City of Modesto.   

Water Mains

Since MID is a wholesaler, it does not have a distribution system.  However, water 
is pumped 14.3 miles from the treated water reservoir to the Terminal 
Reservoir/Pump station.  The Terminal reservoir/Pump Station is located on the 
east side of the City of Modesto and provides 10 MG storage and 80 MGD booster 
pump capacity.  MID operates an additional 14 miles of distribution pipeline to 
turnout locations within the City’s system. 
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O. WATER QUALITY AND MONITORING 

The Water Quality Supervisor, Jessica Stillwell (Grade III Certified Treatment 
Operator), manages the Water Quality Laboratory with the assistance of one 
technician Kiranjot Kaur (Grade II Certified Treatment Operator).  The laboratory 
is certified by the SWRCB’s Environmental Laboratory Accreditation Program
(ELAP), to perform microbiological, total organic carbon (TOC), dissolved organic 
carbon (DOC), organic and inorganic chemical analyses (turbidity, alkalinity, 
calcium, free chlorine, pH, total suspended solids (TSS), total dissolved solids 
(TDS) and conductivity).  The bacteriological certification is for total coliform and 
E. coli presence/absence and enumeration using Colilert and heterotrophic plant 
count (HPC).  The analysis procedures are in accordance with the latest approved 
version of Standard Methods.  TOC is measured using a Shimadzu TOC-V unit 
with a nondispersive infrared detector (NDIR) that measures the concentration of 
carbon dioxide.  This correlates directly to TOC levels.

An Operations Laboratory is located adjacent to the plant control room, and is used 
by the plant operators to run analyses for operational control of the water treatment 
plant processes.  Typical analyses include pH, calcium (for langlier index), 
turbidity, chlorine residual by titration, and temperature.  The Operations Lab has 
a raw, filter effluent and clearwell water streams.  The operators also perform 
routine jar testing.  

1. Bacteriological Monitoring 

Bacteriological monitoring consists of daily total coliforms, E. coli. and HPC for the 
raw and treated water.  Results (May 2016 – April 2018) for monthly average total 
coliforms range from 2 to 2,420 MPN/100mL, for monthly average E. coli range 
from 0.0 to 34.4 MPN/100mL.  All total coliform and fecal coliform results were ND 
for filtered, finished and terminal reservoir water samples.  MID submits all records 
to the Division every month.

MID as a wholesaler has only one physical service connection and conducts 
monitoring as a quality control check. MID examines at least three samples per 
24-hour period for bacteriological quality when the conventional/membrane plant 
is operating alone and at least four samples per 24-hour period when the plants 
are running in conjunction. Samples are taken at plant influent Raw Water Vault, 
Wet Well, Combined Membrane Filtrate (when the membrane plant is operating) 
and Terminal Reservoir. MID performs bacteriological monitoring as per its 
bacteriological sample siting plan (BSSP) plan dated May 2017. Bacteriological 
samples for total coliform and E. coli are collected at the following times and 
locations on a routine basis.
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Location Frequency
Raw Daily

Ozone Basin, conventional treatment Weekly

Wet well Daily

Terminal Reservoir Pump Station 5010038-003 Daily

Conventional Dissolved Air Floatation Weekly

Membrane Floc/Sed Basin Weekly

Solids Thickener Return Weekly, when in use

Wet Well (Plant Service Water) Daily

Shady Point See note below

Boat Ramp See note below

Lake View See note below

Inlet See note below

Narrows See note below
Note: Samples are collected one day after long holiday weekends in summer.

WTP Coliform Monitoring: Raw water bacteriological samples are collected daily 
at the WTP for a total of seven samples per week. These samples are collected 
from the raw water line tapped into the Water Quality Laboratory and are analyzed 
by MID personnel.  Samples are analyzed for total coliform, E. coli and HPC 
bacteria.  The total coliform and E. coli maximum and minimum counts for the last 
two years are summarized below.

Month/Year
Total Coliform
(MPN/100 mL)

E. coli
(MPN/100 mL)

Min. Max. Min. Max.
5/16 22.2 204.6 0 23.8
6/16 22.2 648.8 0 6.3
7/16 85.7 2420 0 5.2
8/16 101.7 816.4 0 12.2
9/16 48.7 325.5 0 6.3

10/16 23.8 201 0 8.7
11/16 25.4 201 0 3.1
12/16 4.2 200.5 0 3.1
1/17 4.2 109.1 0 4.2
2/17 2 2419 0 11.1
3/17 8.7 200 0 23.8
4/17 5.3 165.2 0 5.3
5/17 2 94.5 0 13.7
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6/17 17.8 200.5 0 2.27
7/17 47.8 1413.6 0 21.8
8/17 65.7 435.2 0 6.3
9/17 30.6 218.7 0 7.5

10/17 17.8 613.1 0 34.4
11/17 51.2 196.8 0 13.4
12/17 7.5 142.1 0 3.1
1/18 5.3 201 0 5.3
2/18 1 201 0 2
3/18 2 118.4 0 5.3

*Raw water sample collected from the plant influent rate control vault

This data shows that the bacteriological counts in the raw water are typically low. 
This data also shows that there is not a significant seasonal variation in bacterial 
counts based on the reservoir usage, although the bacterial counts are somewhat 
higher during the recreational season.  The original purpose of the Modesto 
Reservoir was to provide water for irrigation.  Irrigation occurs from about mid-
March through mid-October.  During the non-irrigation season, the reservoir 
typically has no inflow from the Don Pedro Reservoir.  The total number of visitors 
for the year 2017 was 152,663.  Of these visitors, 103,699 stayed overnight. 
Summer holiday weekend counts were as follows: Memorial Day saw a total of 
7,313 visitors, 2,586 of which stayed overnight. Fourth of July saw a total of 7,546 
visitors, 3,472 of which stayed overnight. Labor Day brought a total of 6,383 
visitors, of which 3,029 visitors stayed overnight.

Routine Shoreline Monitoring: MID no longer conducts shoreline monitoring as 
its regression analysis on the past weekly monitoring showed no correlation to the
raw water coliform or E. coli. Stanislaus County though conducts weekly shoreline 
monitoring for bacteriological quality beginning in the week before Memorial Day 
and ending on Labor Day. The samples are collected from Berenda Beach Day 
Use Area, Diamond Point Day Use Area, Blonde Island Campground, Shady Point 
Campground, and Marina Day Use Area. 

Holiday Weekend Monitoring: Additional monitoring of the bacteriological quality 
of the Modesto Reservoir has been performed during three weekends each 
summer with heavy use.  These are the Memorial Day, Fourth of July and Labor 
Day weekends.  Samples are now collected once on the day following the holidays
from the shoreline in five heavy use areas of the reservoir.

2. Chemical Monitoring

Information regarding the last monitoring dates available on the Division’s Water 
Quality Inquiry (WQI) database is summarized below.  Terminal reservoir effluent 
distribution system location is used for chemical monitoring compliance and the 
monitoring is current.
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Summary of Last Monitoring

Source
Gen. Min. 

& Gen. 
Phy.

Inorganic 
Chemicals

Nitrate & 
Nitrite

Gross
Alpha VOCs SOCs

Terminal
Reservoir-
Dist. Sys.
(5010038-003)

8/17/17 8/17/17 8/17/17 6/14/12 8/17/17 8/17/17
(all SOCs)

The primary station codes assigned to the source and system locations for 
chemical data tracking purposes are listed below.

Sample Location Name Primary Station Codes
Modesto Reservoir - Raw 5010038-001

Modesto Reservoir - Treated 5010038-002

Terminal Reservoir Effluent 5010038-003

General Minerals and Physicals

Monitoring for general mineral and general physical is required annually and was 
last completed in August 2017.  The next general mineral and general physical 
monitoring will be due in August 2018. A review of the monitoring results indicates 
generally good raw water quality.  Some raw water color, odor, and iron samples 
have been at or above the respective MCLs for those parameters; however, the 
finished water meets the water quality standards.  

Iron:

Raw water iron has been above the MCL of 300 ug/L on two occasions since 2010, 
once in 2012 (320 ug/L) and once in 2013 (330 ug/L).  Annual treated water 
samples collected since then were <100 ug/L, which is below the secondary MCL 
of 300 ug/L for iron.

Color and odor testing has shown that these two constituents are occasionally 
present at levels above their respective MCLs of 15 Units and 3 Units in the raw 
water.  Treated water samples, however, meet the secondary standards for color 
and odor.

Inorganic Chemicals 

Monitoring for inorganic chemicals is required annually and this monitoring last 
completed in August 2017.  The next inorganic chemical monitoring will be due in 
August 2018.
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Arsenic:

Monitoring results indicate arsenic has never been detected in the MID’s surface 
water source. 

Sampling Date Arsenic Results (ug/L)
8/17/17 0.0 

Aluminum:

The only constituent that has been detected above the detection limit for purposes 
of reporting (DLR) is aluminum (DLR = 50 ug/L).  It has ranged from a low of 55
ug/L in 2017 to as high as 400 ug/L in 2012.  The aluminum MCL is 1,000 ug/L.
The treated water was last sampled on 8/10/17 and was non-detect for aluminum. 

Sampling Date Raw water
(ug/L)

Treated Water
(ug/L)

7/7/10 290 61
3/6/12 400 0.0
6/19/13 210 0.0
7/3/14 --- 0.0
7/2/15 --- 0.0
6/23/16 160 0.0
8/10/17 55 0.0

Perchlorate:

MID does not test raw water for perchlorate, only treated water.  Perchlorate has 
never been detected in the treated water. The last monitoring of the treated water 
for perchlorate was completed in August 2017.  The result was below the DLR of 
4 ug/L for perchlorate.  The monitoring frequency for perchlorate is same as that 
of the inorganic chemicals, i.e., once a year, and must be completed between the 
months of May to September.

Sampling Date Perchlorate Results (ug/L)
8/17/17 0.0 

Chromium-6:

On August 1, 2017, under a court order, the SWRCB adopted a resolution to 
remove the current MCL of 10 ug/L for chromium-6.  The MCL for chromiym-6 was 
set at 10 ug/L in 2014.  The state MCL for total chromium of 50 ug/L will remain in 
place.  Total chromium measures both trivalent and chromium-6 in water together 
and does not indicate how much of either type exists.  Trivalent chromium is not 
considered toxic and is an essential nutrient in trace amounts.  The State will begin 
the process for adopting a new MCL for chromium-6 soon.  MID is in compliance 
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with the total chromium MCL of 50 ug/L.  Monitoring for total chromium is required 
annually.  

The most recent sampling results for Chromium-6 and total chromium are listed 
below.

Sampling Date Chromium-6 Results 
(ug/L)

Total Chromium
Results (ug/L)

8/17/17 0.0 0.0

Nitrate/Nitrite

Nitrate and nitrite monitoring is required every year and the monitoring results have 
been below the DLR for nitrate and nitrite as shown in the following tables.

Sampling Date Nitrate (mg/L) Nitrite (mg/L)
8/17/17 0.0 0.0

Volatile Organic Chemicals (VOCs)

VOC monitoring is required annually.  The latest monitoring for VOCs was 
conducted in August 2017.  No VOCs were detected in the raw water. The next 
VOC monitoring will be due in August 2018.

Synthetic Organic Chemicals (SOCs)

Frequency for specific SOCs is annually.  The last monitoring for SOCs was 
completed in August 2017. The next monitoring for SOCs will be due in August 
2018.

SOCs for which Annual Monitoring is required
Test Method Chemical Frequency
504 DBCP Annual
504 EDB Annual

507 Atrazine Annual
507 Molinate Annual
507 Simazine Annual
507 Thiobencarb Annual

515 Bentazon Annual
515 2,4-D Annual
515 Dalapon Annual
515 Dinoseb Annual
515 Pentachlorophenol Annual
515 Picloram Annual
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515 2,4,5-TP (Silvex) Annual

531 Carbofuran Annual
531 Oxamyl Annual

547 Glyphosate Annual

1,2,3-TCP:  Quarterly monitoring of raw water is required for at least a year initially.  
MID must ensure that monitoring is completed by its contract laboratory using SRL 
524M method with a DLR of 5 ppt. A review of the Division’s water quality 
database shows that MID has been monitoring the treated water for 1,2,3-TCP. 
Both first and second quarter samples collected in 2018 were non-detect for 123-
TCP. Note that the initial monitoring for 1,2,3-TCP is required for the raw water.  
MID must ensure that the third and fourth quarter 1,2,3-TCP samples are collected 
from the raw water. MID can still monitor the treated water for 1,2,3-TCP, if it 
chooses to.

Natural Radioactivity (gross alpha, radium-226, radium-228, uranium)

Monitoring for gross alpha particle activity may be substituted for measurement of 
radium and uranium.  If gross alpha is less than or equal to 5 pCi/L, no monitoring 
for uranium and radium is required, except that every source shall be monitored 
for one year for radium-228 to provide occurrence data to EPA.  Also, if the gross 
alpha is over 5 pCi/L and uranium monitoring is performed, the uranium results are 
subtracted from the gross alpha results to give an adjusted gross alpha value.  If 
the adjusted gross alpha value is 5 pCi/L or less, no radium monitoring is required; 
however, if the adjusted gross alpha is greater than 5 pCi/L, monitoring for 
combined radium-226 and -228 must be performed.

MID performed radium-228 monitoring in April 2004, July 2004, and February 
2005.  Since analytical results of monitoring conducted in 2004/2005 were less 
than 1.0 pCi/L, the remaining one quarter of monitoring was not required.  No 
further radium-228 monitoring is required at this time.  

The last gross alpha, uranium, tritium, strontium-90 and gross beta monitoring was 
conducted in June 2012. Since gross alpha was less than 3 pCi/L, subsequent 
gross alpha monitoring frequency is one sample every nine years per the new 
California Radionuclide Rule. The next single quarter gross alpha monitoring will 
be due in 2021. 
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Summary of Natural Radioactivity Monitoring
Sampling 

Round
Gross Alpha 

Dates and Average
Results (pCi/L)

Uranium
Dates and Average

Results (pCi/L) 

Radium-228
Dates and Average

Results (pCi/L)
Terminal
Reservoir
Effluent
(5010038-003)

Initial 
Monitoring 

2/03, 5/03, 7/03, 11/03
(0.90 pCi/L)

2/03, 5/03, 7/03, 11/03
(0.96 pCi/L)

4/04 (0.025 pCi/L)
7/04 (0.40 pCi/L)
2/05 (<1.0 pCi/L)

Latest 
Monitoring

6/2012
(<3.0 pCi/L)

Not tested because 
gross alpha was <3.0 

pCi/L

Since 2004/2005
results were below 1.0 

pCi/L, no further 
monitoring is required 

Next Due Single Sample Due 
in 2021

--- ---

Man-Made Radioactivity (tritium, strontium-90, gross beta)

Summary of Man-Made Radioactivity Monitoring
Sampling 
Round

Gross Beta 
Dates and Average

Results (pCi/L)

Strontium-90
Dates and Average

Results (pCi/L) 

Tritium
Dates and Average

Results (pCi/L)
Terminal
Reservoir
Effluent
(5010038-003)

Initial 
Monitoring 

2/03, 5/03, 7/03, 
11/03

(1.36 pCi/L)

2/03, 5/03, 7/03, 
11/03

(0.53 pCi/L)

2/03, 5/03, 7/03, 
11/03

(394.3 pCi/L)
Latest 
Monitoring

6/2012
(<4.0 pCi/L)

6/2012
(<2.0 pCi/L)

6/2012
(<1,000 pCi/L)

3. Distribution Monitoring

Lead and Copper

Lead and copper monitoring is not required due to wholesaler status of the water 
system.

Stage 2 Disinfection By-products Rule (Stage 2 DBPR)

Based on the population served, MID is on Schedule 1 for the implementation of 
the Stage 2 DBP Rule.  MID submitted a Stage 2 DBP monitoring plan dated 
January 31, 2012.  MID started performing Stage 2 DBP compliance monitoring in 
April 2012.  MID is required to continue to monitor for TTHM and HAA5 quarterly 
at the Terminal Reservoir.  The analytical results from all monitoring conducted for 
the Stage 2 DBP Rule compliance must be submitted electronically to the 
Division’s WQI database via Electronic Data Transfer (EDT).  MID shall use the 
Terminal Reservoir Effluent (Primary Source Code 5010038-003) for EDT 
submittals.  

Under Stage 2 DBP Rule, the MID started monitoring the distribution system for 
TTHM and HAA5 at one location from January 2012.  A review of the results shows
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the water system is in compliance with the locational running annual average 
(LRAA) for the individual site being monitored.  

The Stage 2 TTHM results are summarized below.

2017/2018 TTHM Monitoring Results in ug/L
Address MP1 MP2 MP3 MP4 LRAA

(Sample Date) 4/5/17 7/6/17 10/5/17 1/4/18

Terminal Reservoir Pump 
Station 57 58 46 43.67 51.17

The Stage 2 HAA5 results are summarized below.

2017/2018 HAA5 Monitoring Results in ug/L
Address MP1 MP2 MP3 MP4 LRAA

(Sample Date) 4/5/17 7/6/17 10/5/17 1/4/18

Terminal Reservoir Pump 
Station 40.50 40.50 30 28.33 31.79

Total Organic Carbon (TOC)

MID performs TOC testing almost daily on site for raw, filtered and post ozone 
water.  Results are submitted to the Division every month.  As per the monitoring 
results, the average raw and treated water TOC is less than 2.0 mg/L.

Bromate

MID performs quarterly bromate testing for the treated water at Terminal Reservoir 
Pump Station.  Results are submitted to the Division every quarter.  As per the 
monitoring results, treated water bromate is non-detect in most of the samples 
and the current (April 2018) running annual average for bromate is 0.0 mg/L (MCL: 
0.010 mg/L).

Asbestos 

The last treated water monitoring for asbestos from the Terminal Reservoir was 
conducted on August 8, 2012.  The result was non-detect for asbestos fibers.
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P. OPERATION AND MAINTENANCE 

1. Cross-Connection Control Program

As a wholesale water provider with no direct retail customers, there is no direct 
threat of cross-connections in the distribution system. There is a total of 35
backflow prevention assemblies in MID’s system.  Each assembly is tested 
annually and all were tested in 2016.  The 2017 data is not available to the Division 
yet.  Two devices failed and were repaired. Marty Reis is the designated cross-
connection control program coordinator.  

In May 2013, MID hired Graham Backflow Services to conduct a cross-connection 
control survey of the MID’s water treatment facilities to locate premises that may 
pose potential cross-connection hazards.  Following the completion of the survey, 
a report was prepared by Graham Backflow Services that identified areas where 
cross-connection hazards may be present and how to eliminate them.  It is the 
Division’s understanding that MID in conformance with the report’s findings has 
already eliminated the potential cross-connection hazards as recommended. 

Year Total No. 
in System

No. 
Installed

No. 
Tested

No. 
Failed

No. 
Repaired/
Replaced

2016 35 0 35 2 2

2. Emergency Notification Plan 

An up-to-date Water Quality Emergency Notification Plan dated February 2018 is 
available to the Division.  The plan is current. 

3. Main Disinfection  

MID does not have its own distribution system; however, MID conducts needed 
water conveyance and storage facility disinfection processes in conformance with 
applicable American Water Works Association (AWWA) standards.

4. Valve Maintenance Program 

The purpose of a valve maintenance program is to determine the location of all 
valves and uncover those that are buried or paved over, to record the location of 
the valves in a permanent record keeping system, to determine that each valve 
has a valve box with a cover, to clean dirt out of the valve box so that the valve nut 
is easily accessible for operation of the valve, to exercise the valve to ensure it is 
operable and not broken, to verify that the valve is in fully open position, and to 
determine number of turns needed to open or close the valve.
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MID has a total of 801 valves in the system.  A total of 350 valves were exercised
in 2016.  Frequency of valve exercising is bi-annually.

Size Range of 
Valves

Total Number 
in System

Number 
Exercised 

Frequency of 
Valve Exercise

2016 4” to 60” 801 350 Bi-annual

5. Flushing Program 

Not applicable since there are no dead-ends in the system.   

6. Complaints and Annual Water Quality Report to Consumers   

Generally, as a wholesaler MID don’t receive complaints from the general public 
directly.  Complaints are received and followed-up by the City of Modesto, which 
purchases and sells the treated water from MID.  If/when received, MID keeps 
records of all consumer complaints.  All complaints are investigated at the 
treatment plant level and measures are taken to correct the cause of the 
complaints.  In addition, the complaints are referred to the retail agency (City of 
Modesto) so that corrections beyond the control of MID can be made as needed.

7. Distribution System & Treatment Classification Worksheet

MID’s water system has been classified as a D2 system and as such, the 
minimum certification required of Chief Operator is D2 and the minimum 
certification required of Shift Operator is D1.  This classification is based on the 
assumption that functions listed in subsection b of Section 63770 of the 
distribution system staff certification regulations will be performed either by the 
City of Modesto or by outside contractors with the City acting as MID’s agent.

Also note that pursuant to section 64413.3 of the Operator Certification 
Regulations, the MID surface water treatment facility has been classified as a T5 
facility and as such, the minimum certification required of Chief Operator is T5 
and the minimum certification of Shift Operator is T3.

8. Personnel

Certified Water Treatment Plant Personnel

Name Title Grade of
Operator

Gregory Williams Plant Manager T5

Salena Brennan-Estrada Operations Supervisor T5
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Sean Luffy Operator T5

Allen Domecq Operator T4

Michael Perez Operator T4

Damon Wilkens Operator T4

Cristian Irigoyen Operator T3

Jessica Stillwell Lab Supervisor T3

Neysis Rangel Operator T2

Kiranjot Mann Operator T2

Certified Water Distribution Personnel

Name Title Grade of
Operator

Gregory Williams Plant Manager D3

Salena Brennan-Estrada Operations Supervisor D3

Sean Luffy Operator D3

Allen Domecq Operator D3

Michael Perez Operator D2

Damon Wilkens Operator D2

Cristian Irigoyen Operator D2

Jessica Stillwell Lab Supervisor D2

Neysis Rangel Operator D2

Kiranjot Mann Operator -

MID has an adequate staff of trained operators.  In addition to the treatment plant 
operators listed above, MID has additional personnel in the technical and 
maintenance sections that also participate in the operation of the water system.  
The treatment plant is staffed 24 hours a day.  The MID WTP is in compliance with 
the treatment operator certification requirements.
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9. System Management

Greg Williams is the Plant Manager with more than 10 years of experience in water 
treatment and operation.  Ms. Salena Estrada is the Plant Supervisor.  The Water 
Quality Supervisor is Jessica Stillwell.  The current MID management is well 
qualified to operate the water system in compliance with the requirements of the 
regulations to provide pure, wholesome, and potable water to the residents of the 
City of Modesto.  

10. Annual Report to the Field Operations Branch

The Annual Report for the year 2017 has been submitted to the Division.  The 
2018 report will be due on June 1, 2019.

11. Consumer Confidence Report

Not required of wholesalers.  Water quality information is provided to the City of 
Modesto that purchase water produced by MID.

12. Operation During a Power Outage

One 147 kW diesel engine-generator provides stand-by power for the following 
systems:

Emergency lighting

Plant Control System (PCS)

On-line water quality analyzers

Plant service water system including water pumps for fire suppression

Upon loss of power to the plant, the power generator will automatically start to 
provide minimal lighting, plant functions, and computer operations.  The operators 
must quickly take steps to prevent the flow of untreated water into the plant by 
closing the raw inlet valve via the PCS.  The filter influent valve is also closed to 
prevent the plant from continuing in gravity treatment mode.  These are the only 
valves at the plant that receive power from the emergency generator.  During any 
power outage the valves on the treated water pumps discharge at the Treated 
Water Pump Station automatically close.  This automatically causes the valves on 
the inlet to the Terminal Reservoir to close also to allow the Terminal Reservoir 
Pump Station to continue pumping without the risk of draining the transmission line 
from the treatment plant. 

A new onsite substation was installed by MID Electric to increase the power supply 
to the WTP to meet the new demands of the membrane plant.  With the new 
substation being located at the WTP, the likelihood of a power outage is greatly 
reduced.
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Q. SYSTEM OPERATION

Operation of the MRWTP, terminal reservoirs, and pump stations is carried out by 
MID personnel.  The facilities operate under the supervision of the Plant Manager 
24 hours per day, 7 days per week.  The Plant Manager, Mr. Greg Williams, a 
Grade V certified water treatment plant operator, directs a staff of about 16 
personnel stationed at the water treatment plant site.  Two Grade V, three Grade 
IV (Senior Operators), two Grade III, and two Grade II certified water treatment 
plant operators staff the water treatment plant on 12-hour shifts.  There are two
operators on duty for each 12-hour shift, to include at least one Senior Operator, 
with one exception - only one operator per shift on holidays and occasionally due 
to vacation schedules.  MID has an apprentice program, with (2) Operator in 
Training (OIT) positions filled.  The OIT’s must obtain Grade III certification within 
three years of their hiring date to maintain employment.  The Plant Manager also 
oversees the maintenance Division (four staff) and the Water Quality Laboratory 
(two staff).

Plant performance is monitored by PCS via a SCADA system.  The PCS records 
real-time, on-line data for:

Chlorine residual for combined filtered water and plant effluent
Dissolved ozone concentration for each contact basin at two locations
Particle counts of the effluent from each filter
pH for raw, coagulated, combined filtered, stabilized and plant effluent water
Streaming current data for rapid mix effluent
Turbidity for the raw water, the effluent from each filter, and for the combined 
filter effluent

The PCS also generates monthly reports of this information.  Chemical usage and 
other important and/or variable water quality parameters are monitored daily.  All
this information is submitted to the Division monthly.  The dosage set point of each 
chemical is manually set, while the PCS automatically paces the feed rate off the 
plant rate control vault.  All records of laboratory results and operating parameters, 
such as plant flow rates, chemical dosages and reservoir levels, are kept on file.

A computer maintenance management system has been developed to schedule 
regular maintenance activities on the water treatment, storage and pumping 
facilities.  The program generates work orders for parts and supplies.

The Water Quality Supervisor, Jessica Stillwell (Grade III Certified Treatment
Operator), manages the Water Quality Laboratory with the assistance of one 
technician Kiranjot Kaur (Grade II Certified Treatment Operator).  An Operations 
Laboratory is located adjacent to the plant control room, and is used by the plant 
operators to run analyses for operational control of the water treatment plant 
processes.  Typical analyses include pH, calcium (for Langlier Index), turbidity, 
chlorine residual by titration, and temperature.  The Operations Lab has a raw, 
filter effluent and clearwell water stream.  The operators also perform routine jar 
testing.
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Both the water treatment plant and the Terminal Reservoir/Pump Station are 
equipped with security surveillance systems that are monitored in the control room 
at the treatment plant.  Both sites have electronically controlled gates with 
intercoms, cameras and entrance card readers.

R. APPRAISAL OF SANITARY HAZARDS AND SAFEGUARDS

MID provides high quality water to customers even beyond regulatory 
requirements. Because of its continued dedication and outstanding performance, 
MID was recently awarded the President’s Award by the Partnership for Safe 
Water. The Partnership is an alliance of six prestigious drinking water 
organizations.  MID has established a turbidity treatment goal of <0.06 NTU for the 
conventional treatment train, which is lower than the current regulated level of 0.3 
NTU, in 95 percent of samples (per the Interim Enhanced Surface Water 
Treatment Rule). Permit conditions for the combined filtrate from the membrane
treatment train requires 0.1 NTU in 95 percent of the monthly measurements; 
however, MID has established a more stringent turbidity treatment goal of <0.05
NTU for the membrane treatment train. Furthermore, MID supports the concept 
that all unit processes in the treatment plant should be optimized for maximum 
turbidity and pathogen removal.

1. Operation and Design

The MRWTP has shown that it is capable of good turbidity reduction, providing 
95th percentile combined filter effluent turbidity of 0.3 NTU (conventional plant) and 
0.1 NTU (membrane plant) or less and frequently meets this in the individual filter 
effluents (the individual filter effluent turbidities will exceed MID’s operational goal 
of 0.06 NTU several times per month). Based on this and the operational practices 
established by MID personnel, the Division believes that optimization of the 
treatment processes is being achieved.  

When the Division issued the original permit for the MID’s conventional water 
treatment plant in 1997, it raised some issues related to the plant design.  Those 
issued are listed as is in this section.

The design of the conventional water treatment plant is not in conformance with 
the typical guidance documents used by the Division, such as the Recommended 
Standards for Water Works (Ten States Standards) and the average values 
reported in other technical references (such as Water Treatment Principles and 
Design, J.M. Montgomery Consulting Engineers, and Water Treatment Plant 
Design, by the American Water Works Association). 

The flocculation and sedimentation processes under design flow conditions 
operate at very high velocities.  The velocity through the flocculation basins is 6.7 
fpm at the maximum flow of 30 MGD.  The Ten States Standards (TSS)
recommends 0.5-1.5 fpm.  The sedimentation basin detention time is 2.4 hour with 
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a velocity of 1.5 fpm at the maximum flow.  The TSS recommends 4 hours of 
detention time at a velocity not to exceed 0.5 fpm.  The sedimentation weir overflow 
rate is 73% greater than that recommended by TSS.  The Division recommends a 
sedimentation basin effluent turbidity of <2 NTU.  

During the design phase of the MRWTP in the mid-1990s, the Division identified 
these process parameters that were not in conformance with the recommended 
designs.  At that time, the Division asked that a particle counting study be 
conducted to substantiate that the proposed design could achieve 2.5-log removal 
of particulates in the 2 to 10 um size range indictive of Giardia and Cryptosporidium
removal.  In the absence of any records, it appears the particle counting study was 
not completed. However, CT achieved over the years have confirmed that the 
plant can reliably achieve the required 2.5-log inactivation without any problem.  

The Division no longer allows the operation of the MID plant with direct filtration as 
it was permitted to do so in the 1997 permit. MID must always use flocculation 
and sedimentation processes when operating in the conventional filtration mode.  

The Division recommends that filter-to-waste facilities be installed when feasible.  
In the absence of filter-to-waste, MID shall continue pre-conditioning the filter 
media with coagulant chemicals as part of the backwash cycle.  In addition, the
Division recommends that the pre-filter water be conditioned with coagulant 
chemicals.

This concludes the recommendations that were retained from the original permit
issued by the Division in 1997.

2. Modesto Reservoir

The Modesto Reservoir is a multi-purpose reservoir providing irrigation water, 
domestic water, and recreation for the local community.  Although it is owned and 
operated primarily by agricultural interests, other interests must now be considered
to ensure the viability of the reservoir as a source of drinking water.  The City of 
Modesto’s reliance on the domestic water produced by the MRWTP has increased
over time as the City grew and the cost of constructing new wells increased due to 
local groundwater contamination.  

The most significant issue related to water quality from the Modesto Reservoir is 
recreational activities and the resident geese population.  Other water quality 
related issues of concern are: algae, invasive species, and cattle grazing.

Cattle graze on the reservoir property leased by Stanislaus County.  According to 
the 2017 Annual Activity Report for Modesto Reservoir, the cattle are checked daily
by their owner. There were 100 cow/calf pairs on the North side of the reservoir, 
with year-round grazing done on the north side only. The cattle owner obtained 
200 additional acres for grazing during 2014.  The new pasture has its own water 
supply, so cattle do not need to use Modesto Reservoir as their source water.
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However, they still have access to the reservoir shoreline in certain locations.  
Grazing in the inlet area occurs during the winter months with about 25 cow/calf 
pairs and all calves are over four months old. 

There are four liquid feed stations and several salt licks placed at strategic 
locations to attract cattle to locations that do not drain into the reservoir. Two of 
these are located in the Modesto Reservoir inlet area.  All supplemental watering 
stations are in operating condition. The pumps for the watering stations, which are 
all solar powered, were replaced during 2015.  Cattle are vaccinated twice a year, 
in May and November.  All fences are kept in good condition and fencing is 
monitored regularly and repaired or replaced as needed. New fencing was 
installed on the northeast side of the reservoir in spring of 2016. No cows/calves 
or bulls died or were lost during 2017.  When a sick or old animal is found, it is 
immediately removed from the herd.  A vegetative buffer is maintained at the high 
water line and erosion areas are protected as needed.

The Division strongly recommends that reasonable steps be taken to restrict direct 
access of the cattle to the water in the Modesto Reservoir and the Modesto Main 
Canal.  

Because of the significant recreational activity and the presence of cattle on the 
reservoir watershed, the Division is also concerned about the accumulation of 
protozoan organisms in the sediments of the reservoir that may be mixed into the 
water during episodes of overturn.

3. Modesto Reservoir Management Plan

Section 7626, Title 17 of the California Administrative Code, specifies that 
recreational use on and around a domestic water supply reservoir is prohibited 
unless specifically authorized in a water supply permit.  

MID has developed and submitted a Reservoir Management Plan for the Modesto 
Reservoir (Appendix N).  This document addresses the factors that could have a 
negative impact on the source water for the water treatment facility and the steps 
that are taken to eliminate or minimize them.  There are certain risk factors 
associated with a multiple use reservoir being used as a source for drinking water.  
It is believed that with proper operation of the reservoir and the implementation of 
modern water treatment procedures, these risk factors will have little or no impact 
on the finished water.  With the cooperation of the Stanislaus County, MID, and 
the public, Modesto Reservoir has and can continue to serve as a source of 
enjoyment and drinking water for the citizens of Modesto.

As part of the Reservoir Management Plan, MID should include, as a minimum, 
routine inspections of the recreational and sanitary facilities.  An example checklist 
for inspections of recreational facilities is provided in Appendix N, Attachment N7.  
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4. Long Term-2 Enhanced Surface Water Treatment Rule (LT2ESWTR)

MID is a large wholesale type water system that supplies treated surface water to 
the City of Modesto, which serves approximately 212,000 people via 69,141 
service connections.  Under the new Federal Long Term 2 Enhanced Surface 
Water Treatment Rule (LT2ESWTR), MID is considered a Schedule 1 system and 
was required to conduct two years of Cryptosporidium monitoring starting in 
October 2006, and again 2015.

In 2006, MID informed the Division that it has already conducted Cryptosporidium 
monitoring on its raw water source.  This monitoring (for Cryptosporidium, E-coli, 
and turbidity) was conducted during the 24-month period between April 2004 and 
March 2006.  MRWTP laboratory performed the first 20 months of sample analysis 
and the last four months of sampling analysis was performed by BioVir 
Laboratories, Inc.  MID requested that the Division allow MID to grandfather 
Cryptosporidium monitoring data for purposes of satisfying the LT2ESWTR 
monitoring requirements.  MID’s request for grandfathering Cryptosporidium data 
was received by the Division on April 24, 2006.  After reviewing the MID’s request, 
the Division by a letter dated May 3, 2006 informed MID that its grandfathering 
request has been approved and MID’s Bin 1 classification has been confirmed.  

MID completed the second round of Cryptosporidium monitoring between April 
2015 and April 2017.  The results are summarized below.  The cryptosporidium 
mean concentration was found to be 0.008 oocysts/L in Modesto Reservoir, MID’s
raw water source.  In accordance with the LT2 Bin Classification for Filtered 
Systems, MID falls into Bin #1 classification that does not require any extra log of 
treatment of its surface water treatment plant.
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5. Cryptosporidium Action Plan

The Cryptosporidium Action Plan (CAP) provides for increased turbidity goals, 
increased alarm and public notification requirements, and more frequent sanitary 
survey updates. Given that Cryptosporidium is very resistant to disinfection by 
chlorine, and that consistent removal of Cryptosporidium is the only reliable barrier 
for the protection of public health, every effort should be made to optimize the 

Sample
Date

Crypto
(Oocysts/L)

Giardia
(Cysts/L)

E. coli
(MPN)

Turbidity
(NTU)

4/13/2015 0 0 5.3 13.6

5/11/2015 0 0 <1.0 9.1

6/8/2015 0 0 4.1 7.7

7/13/2015 0 0 1.0 5.0

8/10/2015 0 0 2.0 3.6

9/14/2015 0 0 <1.0 3.8

10/12/2015 0 0 <1.0 4.4

11/9/2015 0 0 1.0 6.6

12/14/2015 0 0 1.0 6.5

1/12/2016 0 0 <1.0 6.7

2/8/2016 0 0 <1.0 12.0

3/7/2016 0 0 1.0 23.3

4/11/2016 0 0 4.2 8.9

5/9/2016 0 0 <1.0 9.0

6/7/2016 0 0 1.0 3.2

7/11/2016 0 0 <1.0 3.5

8/8/2016 0 0 1.0 4.3

9/12/2016 0.1 0 <1.0 4.0

10/10/2016 0 0 <1.0 3.1

11/7/2016 0 0 <1.0 3.0

12/12/2016 0 0 <1.0 5.7

1/9/2017 0 0 <1.0 6.7

2/6/2017 0 0 <1.0 10.5

3/6/2017 0 0 2.0 15.4

4/10/2017 0 0 3.1 8.4
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coagulation and sedimentation processes for the removal of Cryptosporidium, per 
63 Federal Register § 69482 (December. 16, 1998).

Below is a summary of the design features that should be incorporated into the 
MID plant operation to meet the objectives of the California CAP Goals. 

Summary of Cryptosporidium Action Plan Goals
Process Optimization Goals

Sedimentation/Clarification Basin Effluent: 1 to 2 NTU

Combined Filter Effluent (CFE): 0.1 NTU

Recycled Backwash Water Effluent: Less than 2.0 NTU

After Filter Backwash/ Filter-to-Waste: Less than 0.3 NTU

Ratio of Recycled Water Flow to Raw 
Water Flow:

10% or less

Solids Removal from Recycled Water: 80%

The conventional plant’s performance data since May 2016 are summarized in the 
table below.  These results directly relate to the CAP goals noted above.

Conventional Plant Performance Data

Month/Year
Max Peak 
Recycled 
Turbidity, 

NTU 

Avg. Peak 
Recycled 
Turbidity, 

NTU 

Max Peak 
Raw 

Turbidity, 
NTU

Avg. Peak 
Raw 

Turbidity, 
NTU

Max Peak 
Settled 

Turbidity, 
NTU

Avg. Peak 
Settled 

Turbidity, 
NTU

5/16 2.6 1.4 13.70 7.80 3.40 2.70
6/16 2.7 1.0 5.40 4.00 3.80 3.00
7/16 1.2 0.8 6.20 3.70 3.40 2.70
8/16 7.1 1.3 18.6 5.4 4.1 3.2
9/16 1.2 0.8 6.3 4.9 3.6 3.0
10/16 1.0 0.6 5.5 4 3.6 2.6
11/16 1.1 0.5 6.6 4.7 1.7 1.2
12/16 6.4 2.3 8.6 6.6 1.6 1.4
1/17 4.3 1.9 10.2 8.3 1.8 1.6
2/17 2.7 1.4 18.3 13.7 2.3 1.7
3/17 14.8 2.7 17 12.9 3.4 2.3
4/17 15.9 2.6 11 8.2 4.2 2.8
5/17 3.6 1.1 7.5 4.3 4.5 3.1
6/17 8.7 1.5 5.9 4.5 4.8 3.9
7/17 1.9 1.2 6.4 3.2 4.4 3.6
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8/17 10.8 3.3 5.5 3.7 9 3.7
9/17 3.50 1.20 11.4 4.92 3.6 2.96
10/17 6.3 4.4 3.4 2.8
11/17 6.1 1.0 6.70 5.10 2.60 2.10
12/17 4.0 0.8 14.70 6.90 6.40 3.10
1/18 4.6 2.1 11.70 8.60 3.90 2.20
2/18 6.9 11.60 10.30 2.40 1.90
3/18 2.3 1.2 10.60 9.00 1.80 1.50
4/18 3.4 1.1 19.50 13.70 2.20 1.60

Conventional Plant Performance Data

Month/Year Max CFE
Turbidity, NTU

Avg. CFE
Turbidity, NTU

95th 
Percentile 
Turbidity, 

NTU 

Turbidity 
Reduction % Min CT Ratio

5/16 0.08 0.03 0.03 99.60 2.76
6/16 0.04 0.03 0.03 99.30 1.59
7/16 0.04 0.03 0.04 99.10 1.30
8/16 0.046 0.03 0.036 99.4 2.27
9/16 0.03 0.02 0.03 99.4 2.22
10/16 0.033 0.026 0.03 99.3 2.09
11/16 0.042 0.028 0.034 99.4 2.6
12/16 0.045 0.034 0.042 99.5 2.35
1/17 0.045 0.036 0.043 99.6 2.02
2/17 0.049 0.035 0.042 99.7 2.51
3/17 0.057 0.036 0.042 99.7 1.86
4/17 0.047 0.031 0.04 99.6 1.49
5/17 0.047 0.032 0.04 99.3 1.8
6/17 0.062 0.037 0.053 99.2 2.2
7/17 0.056 0.032 0.037 99.0 2.3
8/17 0.041 0.028 0.036 99.2 2.9
9/17 0.038 0.028 0.033 99.4 2.4
10/17 0.04 0.03 0.038 99.3 3.0
11/17 0.04 0.03 0.03 99.40 3.10
12/17 0.07 0.03 0.04 99.50 3.10
1/18 0.04 0.04 0.05 99.60 3.90
2/18 0.03 0.03 0.04 99.6 2.2
3/18 0.04 0.03 0.04 99.70 1.60
4/18 0.04 0.03 0.04 99.80 3.50
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The membrane plant’s performance data since September 2017 are summarized 
in the table below.  These results directly relate to the CAP goals noted above.

Membrane Plant Performance Data

Month/Year Max Peak Raw 
Turbidity, NTU

Avg. Peak Raw 
Turbidity, NTU

Max Peak 
Settled Turbidity, 

NTU

Avg. Peak 
Settled Turbidity, 

NTU

9/17 4.7 4.22 1.81 1.1
10/17 6 4.7 2.28 0.9
11/17 6.67 5.10 2.12 1
12/17 14.70 6.90 1.00 0.80
1/18 11.70 8.60 6.53 2.10
3/18 10.60 9.00 15.54 2.90
4/18 19.50 13.70 11.48 1.60

Membrane Plant Performance Data

Month/Year Max CFE
Turbidity, NTU

Avg. CFE
Turbidity, NTU

95th 
Percentile 
Turbidity, 

NTU 

Turbidity 
Reduction % Min CT Ratio

9/17 0.05 0.042 0.041 99.0 2.6
10/17 0.06 0.046 0.056 99.0 1.9
11/17 0.04 0.04 0.04 99.20 8.30
12/17 0.07 0.05 0.06 99.30 3.10
1/18 0.04 0.03 0.04 99.60 1.90
3/18 0.04 0.03 0.03 99.70 2.80
4/18 0.05 0.03 0.03 99.80 2.40
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S. CONCLUSIONS AND RECOMMENDATIONS

The Division finds that the MID’s conventional and membrane water treatment 
plants are adequate for delivery of safe, wholesome, and potable water to the City 
of Modesto customers.  Issuance of a new full domestic water supply permit by the 
Division to MID is recommended subject to the following provisions:

1. The only approved source of supply for the MRWTP is surface water 
obtained from the Modesto Reservoir, with the following assigned primary 
station codes for the raw and finished water. 

Source Status
Primary

Station Codes
Modesto Reservoir - Raw Active 5010038-001

Modesto Reservoir - Treated Active 5010038-002

Terminal Reservoir Effluent Active 5010038-003

The only approved treatment processes are those, which are described in 
this engineering report. No changes, additions, or modifications shall be 
made to the sources or treatment facilities mentioned above unless an 
amended water permit has first been obtained from the Division. 

2. All water supplied by the water system for domestic purposes shall meet all 
MCLs established by the Division.  If water quality does not comply with the 
California Drinking Water Standards, treatment shall be provided to meet 
standards.

In addition, MID shall comply with all the requirements set forth in the 
California Safe Drinking Water Act, California Health and Safety Code and 
any regulations, standards or orders adopted thereunder.

3. All personnel who operate the distribution facilities shall be certified in 
accordance with Title 22, Section 63770, CCR.  MID’s distribution system 
has been classified as a D2 distribution system.  As such, the minimum 
grade required for the Chief Operator is D2 and the minimum grade required
of the Shift Operator is D1.

4. All personnel who operate the treatment facilities shall be certified in 
accordance with Title 22, Section 63765, CCR.  MID’s surface water 
treatment plants (conventional and membrane) have been classified as T5
facilities. As such, the minimum grade required for the Chief Operator is T5 
and the minimum grade required for the Shift Operator is T3.

5. MID shall operate both surface water treatment plants in accordance with 
the operations plan that has been approved by the Division. MID shall 
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update the Operations Plan, on a regular basis, to reflect current practices.  
MID shall submit an updated Operations Plan (or simply the updated pages) 
to the Division every time the plan is updated with current information.

6. MID shall monitor the raw surface water source daily for total coliform and 
E. coli bacteria.  The coliform tests shall be performed using a density 
analytical method and the results reported in units of MPN per 100 mL 
(MPN/100 mL).  The results from the source monitoring shall be submitted 
monthly to the Division by the 10th day of the following month.

7. MID shall submit monthly filtration plant monitoring reports to the Division 
by the 10th day of the following month.  The reports shall contain the 
information that has been previously approved by the Division.

8. All alarms that are critical to water quality must be tested at least monthly 
and a written record of their testing and performance shall be maintained.  

9. By September 30, 2019, MID shall conduct tracer tests in the ozone contact 
basins in the conventional and the membrane water treatment plants, if it 
plans to achieve the required inactivation via disinfection using ozone.

Membrane Water Treatment Facility

10. MID’s membrane surface water treatment plant is permitted for operation at 
a maximum flow rate of 36 MGD with six membrane cells in service.

11. The Evoqua S10N membranes have been approved to operate at a flux of 
up to 80 gallons per square foot per day (gfd) and a transmembrane 
pressure (TMP) of up to 22 psi.

12. The combined plant effluent turbidity shall be 0.1 NTU or less in at least 95 
percent of the readings every month and shall not exceed 0.5 NTU at any
time in the membrane plant.  If there is a failure with the continuous turbidity 
monitoring system or interruptions due to system maintenance, the MID 
shall conduct grab sampling no less than once every hour in lieu of 
continuous monitoring.  However, continuous monitoring shall be reinitiated 
for the combined filter effluent within 48 hours of turbidity monitoring system 
failure or maintenance interruption.

13. The Division has credited the Evoqua S10N membrane system with 4-log 
Giardia lamblia removal, 4-log Cryptosporidium removal, and 1-log virus 
removal credit.  At all times, MID shall treat its raw water supply to reliably 
provide a minimum total reduction of 3-log Giardia lamblia and 4-log viruses 
through the membrane filtration and disinfection processes.  An additional 
0.5-log reduction of Giardia lamblia and 3-log viruses shall be maintained 
through the disinfection process at the plant.  Verification of the Giardia 
lamblia log reduction shall be demonstrated by calculating the CT achieved 
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in the onsite two 2.5 MG clearwells and/or the transmission pipeline.  The 
appropriate operational changes shall be made immediately if a minimum 
of 0.5-log Giardia lamblia reduction is not achieved.

14. The required disinfection credit must be obtained using chlorine as a 
primary disinfectant until such time a tracer study has been conducted to 
determine a T10/T (baffling factor) for purposes of calculating CT using 
ozone.  

For calculating CT using chlorine only, a baffling factor of 0.15 is acceptable 
for the clearwell.

15. Pressure decay integrity tests of the membranes shall be conducted at least 
once every day. 

16. MID shall notify the Division by telephone of any exceedance of any MCL 
in the combined effluent of the treatment plant, failure to meet CT 
requirements, or whenever the turbidity of the combined filter effluent 
exceeds 0.5 NTU in the membrane plant.  Notification shall occur within 24 
hours of the MID becoming aware of such an incident.  If the Division’s 
Stockton office is closed at the time, it shall be notified by telephone before 
8:15 a.m. of the next business day.  The water shall not be supplied to the 
distribution system until such incidents are corrected.

17. After the first full year of operation of the new membrane filtration plant, MID 
must submit an engineering report that includes the following information:

a. A description of the effectiveness of the plant operation.
b. The results of all water quality tests performed and an evaluation of 

compliance with the performance standards under actual operating 
conditions.

c. An assessment of problems experienced and corrective actions taken.
d. A plan and time schedule for providing any needed improvements.

Conventional Water Treatment Plant

18. MID’s conventional surface water treatment plant is permitted for operation 
at a maximum flow rate of 36 MGD with six filters in service. For a typical 
conventional water treatment plant, the maximum allowable filter loading 
rate is 6.0 gpm/ft2; however, MID has received a variance from the Division
(in 2004) and can operate the conventional water treatment plant at a filter 
loading rate of 7.5 gpm/ft2, which would increase the plant flow to 45 MGD.

19. At all times, the operation of the conventional plant shall be performed in 
accordance with all filtration and disinfection performance, monitoring and 
reporting requirements of the Surface Water Filtration and Disinfection 
Treatment Regulations.  MID shall provide total treatment for at least 3-log



MID Permit Engineering Report Page 126
No. 01-10-18P-001

reduction of Giardia cysts, 4-log reduction of Viruses, and 2-log reduction 
of cryptosporidium through the filtration and disinfection processes.  Of 
which, at least 0.5-log reduction must be obtained using disinfection 
process.

20. The combined plant effluent turbidity shall be 0.3 NTU or less in at least 95 
percent of the readings every month and shall not exceed 1 NTU at any 
time in the conventional plant.  If there is a failure with the continuous 
turbidity monitoring system or interruptions due to system maintenance, the 
MID shall conduct grab sampling no less than once every hour in lieu of 
continuous monitoring.  However, continuous monitoring shall be reinitiated 
for the combined filter effluent within 48 hours of turbidity monitoring system 
failure or maintenance interruption.

21. MID shall notify the Division’s Stockton District office by telephone of any 
exceedance of any MCL in the combined effluent of the treatment plant, 
failure to meet CT requirements, or whenever the turbidity of the combined 
filter effluent exceeds 1 NTU at any time in the conventional plant.
Notification shall occur within 24 hours of MID becoming aware of such an 
incident.  If the Stockton District office is closed at the time, it shall be 
notified by telephone before 8:15 a.m. of the next business day.  The water 
shall not be supplied to the distribution system until such incidents are 
corrected. 

22. In the event of an ozone process failure more than 30 minutes, MID must 
demonstrate that the required CT was achieved by chlorine disinfection 
alone.  The plant service water supply is the first customer, therefore, other 
provisions should be made for plant domestic water during an ozonation 
process failure, such as the provision of bottled water for drinking.

23. MID should continue to evaluate the ozonation process to resolve the issue 
of non-uniform CTs from each ozone contact basin.  If the problem is not 
due to ozone sample infuser location, MID may be required to conduct a 
tracer study in each basin to evaluate CT compliance individually from 
ozone contact Basins 1 and 2.

24. In the absence of filter-to-waste capability, MID shall pre-condition each 
filter with coagulant chemicals as part of the backwash cycle.  

25. By July 29, 2018, MID shall submit an amended Emergency Disinfection 
Plan.  The amended plan shall provide additional detail of the proposed 
hand chlorination and address how MID will prevent the delivery to the 
distribution system of any undisinfected or inadequately disinfected water.  
Notification procedures should be included in the event of discharge of 
inadequately disinfected water into the distribution system.  The plan must 
also specifically address notification of plant personnel and the precautions 
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needed for the plant service water system, including the provision of bottled 
drinking water.  

26. MID shall maintain a Reservoir Management Plan for the Modesto 
Reservoir.

27. MID shall provide an annual report to the Division by March 1 of each year
on the Modesto Reservoir summarizing the following:
a) The number of recreational users
b) Assessment of recreational usage (any sanitary hazards noted 

during the year such as sewage spills, sanitary condition of facilities, 
significant violations of Modesto Reservoir rules, etc.)

c) Number of cattle allowed to graze on the watershed
d) Significant hazards noted due to cattle grazing, e.g., number of dead 

cattle removed from the canal or reservoir
e) Microbiological quality, including a summary of the special 

monitoring performed on the 3-day Memorial Day, Fourth of July and 
Labor Day holiday weekends.

f) Record of operation of the Modesto Reservoir (flows into/out of; start 
of irrigation season, etc.)



MID Permit Engineering Report Page 128
No. 01-10-18P-001

T.  APPENDICES



APPENDIX A

Permit Application

(May 11, 2018)
&

(January 12, 1993)















APPENDIX B

Location Diagrams

Figure B1: Location map of MRWTP and City of Modesto

Figure B2: City of Modesto/Del Este service areas

Figure B3: MDWS Stage I and II Storage and Transmission 
Facilities (Plan D)

Figure B4: MDWS Distribution System and Turnout Locations













APPENDIX C

Watershed Areas

Figure C1: Main watershed area

Figure C2: Modesto Reservoir sub-watershed area

Figure C3: Modesto Main Canal watershed area: Storm drains and 
cattle crossings









APPENDIX D

Conventional Water Treatment Plant Schematics

Figure D1: MRWTP Plan

Figure D2: MRWTP Hydraulic Profile

Figure D3: Ozone Basin Plan

Figure D4: Ozone Basin Cross-section













APPENDIX E

Data Sheets

Attachment E1: Coagulation/Flocculation/Sedimentation Data

Attachment E2: Filter Data

Attachment E3: Clearwell Data (Treated Water Reservoir)

Attachment E4: Treated Water Pump Station

Attachment E5: Terminal Reservoir Pump Station

Attachment E6: Transmission Line Data

Attachment E7: Reservoir Data (Terminal Reservoirs)

Attachment E8: Distribution Data



















APPENDIX F

Evoqua S10N Additional Information













































APPENDIX G

Membrane Plant Select Design Drawings







APPENDIX H

Membrane Plant Hydraulic Profile







APPENDIX I

Disinfection CT Levels and Requirements
for Ozone and Emergency Disinfection











APPENDIX J

Plant Alarms









APPENDIX K

Membrane Plant Data Sheets















APPENDIX L

Microbiological Data Summaries
Giardia and Cryptosporidium Monitoring Summary







APPENDIX M

CT Compliance
Tracer Study Polynomial Curve: T10 /T vs. Flow
CT Tables for Ozonation
Summary of Monthly CT’s: Ozone Basins Nos. 1 & 2
Example CT Calculations by MID





























APPENDIX N

Modesto Reservoir







































APPENDIX O

Emergency Disinfection Plan
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APPENDIX P

Bacteriological Sample Siting Plan
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APPENDIX Q

Watershed Sanitary Survey
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