
Chapter 4 – Virginia’s Optimization Program (VOP)

Background

Virginia’s Optimization Program (VOP) has its origins from the Area-Wide Optimization Program (AWOP) advocated by the U.S. Environmental Protection Agency (US EPA) for its ten regions. For a more in-depth discussion, see https://www.epa.gov/sdwa/optimization-program-drinking-water-systems. AWOP is a multi-state effort in which states work together to develop and implement individual state programs to optimize particle removal and disinfection capabilities of conventional surface water treatment plants (SWTPs) in each state. The initial focus of the AWOP was optimization to achieve turbidity (particulate) removal goals at conventional SWTPs.  It was designed to assist SWTPs work toward optimizing their existing treatment processes in an effort to increase public health protection.  While originally developed to address microbial contaminants, the AWOP was expanded to address disinfection, disinfection byproduct control, total organic carbon removal, and distribution systems. 
Initial steps are also being taken to investigate how to extend the optimization concept to groundwater systems. The optimization goals are more stringent than the regulations (i.e., Waterworks Regulations) and state participation in the AWOP is voluntary. 
The Virginia Department of Health (VDH), Office of Drinking Water (VDH-ODW) previously participated in the EPA Region 3 AWOP which included Delaware, Maryland, Pennsylvania, West Virginia, and The District of Columbia.  As of July 2019, the participating states in Region 3 are Connecticut, Massachusetts, Maryland, Michigan, Pennsylvania, Virginia, and West Virginia. A flow chart outlining the overview of the VOP shows the inter-relationships of the program components. Realizing the many benefits that the program provides, six EPA Regions currently implement multi-state (“Area Wide”) optimization programs, with individual and in grouped regional approaches; i.e.,  Region 3, Region 4, Region 6/7, and Region 8/10. 
The purpose of this chapter is to provide information to waterworks owners and operators of SWTPs in Virginia, as well as informational access to the public about the VOP program, and to provide guidance to the field staff on matters of implementation of the VOP program. It establishes the performance goals for SWTPs in Virginia, provides uniform monitoring and reporting requirements for surface water treatment, and optimization performance criteria that engenders and promotes positive, award-based competition among the SWTPs. This chapter will be modified in the future as the program expands.
1. Purpose and Scope of the VOP
The purpose and scope of the VOP is to encourage SWTPs in Virginia with gravity flow, granular media filters to provide finished water quality that exceeds the minimum regulatory standards (i.e., as perfect as possible) and to operate water systems in an exemplary manner (i.e., as effective and functional as possible) using existing treatment infrastructure, without any new treatment or capital improvements, thereby reducing the risks to public health by achieving drinking water quality above and beyond the regulatory standards. 
The VOP attempts to accomplish this mission by establishing optimization performance goals, communicating these goals to affected waterworks, evaluating performance metrics, and to provide awards to SWTPs with superior performance. VDH-ODW believes that when waterworks owners and operators are aware of these enhanced performance goals and track specific performance measures, they will improve the finished water quality delivered to their consumers, and consequently enhance the overall public health protection. 

VOP has focused on treatment optimization based on state-wide optimization criteria and a mechanism for monitoring and tracking goal attainment.  It will continue to embrace enhanced particulate removal at SWTPs with gravity flow, granular media filters, and will also support and encourage other aspects of the US EPA’s AWOP, which includes distribution system optimization (DSO) and disinfection by-products (DBP) optimization among others. For additional discussion on these topics, see https://www.epa.gov/sdwa/optimization-reduce-disinfection-byproducts-dbps
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Flow Chart. Overview of the Virginia's Optimization Program for Turbidity.





2. Optimization Performance Goals

The concept of optimization performance goals was developed over a period of time, through research and actual plant performance studies by the US EPA, American Water Works Association (AWWA), and the waterworks industry. Through the VOP, VDH-ODW has periodically evaluated the EPA’s AWOP programs, the AWWA/Water Resources Foundation (WRF) established optimization programs and goals, and developed goals for adoption in Virginia. The references and studies noted in Section 6 were utilized to develop this concept and the subsequent optimization performance goals, particularly Reference 1, Handbook – Optimizing Water Treatment Plant Performance Using the Composite Correction Program, (CCP), US EPA (1998). 
2.1. The VOP Committee

The VOP Committee, which consists of representatives from each field office and the central office, is charged with the following responsibilities:
1. Support and maintain the established VOP for SWTPs;

2. Advocate for the established VOP by training and outreach;

3. Support the VOP awards program;

4. Participate in the EPA Region 3 AWOP;

5. Evaluate new performance goals, guidelines and tools, and make recommendations to ODW leadership about implementation; and

6. Recommend and incorporate performance-based activities into existing surveillance programs (such as sanitary survey process, special studies, local training, etc.).

The VOP Committee will periodically evaluate EPA’s AWOP programs and other established optimization programs and goals, and develop goals for adoption in Virginia. These goals will enhance public health protection and waterworks performance. The current optimization performance goals have evolved and are progressively modified as new goals are adopted.  The references and studies in Section 6 have contributed prior performance data and other statistics used to develop the initial set of optimization performance goals which became effective in January 1, 2005. These goals were subsequently revised, effective January 1, 2013, and more recently, effective January 1, 2020.
2.2. Key Decisions in Optimization Performance Goal Setting

VDH-ODW developed and implemented the optimization goals, effective January 1, 2005, and progressively revised the goals as the VOP is refined. Virginia evaluated the goals proposed in the CCP, in the EPA’s AWOP and in the AWOP plans from other states, and the research supporting these goals, and adopted similar goals (see also Section 6).   Key decisions in the goal-setting process for SWTPs included: 
· Evaluate attainment of most optimization goals on a monthly rather than a yearly basis in order to provide more frequent feedback on plant performance, and to enable more rapid reaction to trends that may indicate poor performance. 

· Adopt standards with ‘less than or equal to’, i.e., ‘does not exceed’, language in some instances in order to conform to the Surface Water Treatment Rule (SWTR) standard for filtered water turbidity (does not exceed 0.3 NTU). 

· Utilize filtered water turbidity readings taken every 15 minutes (minimum), instead of the 4-hour frequency in the CCP and AWOP programs. (Continuous turbidity monitoring was not a standard practice when the CCP and AWOP programs were initially developed, but is now prevalent in Virginia.)

· Include backwash recovery period goals in order to assess effectiveness of backwash procedures.

· Increase the precision of individual unit filtered water goals from 0.3 NTU to 0.30 NTU. This is an effort to raise the awareness of the turbidity readings.

· Increase the precision of individual unit filtered water goals from 0.1 NTU to 0.10 NTU in order to align Virginia’s program with EPA’s originally intended goal and maintain more optimal Cryptosporidium removals than would be provided with a 0.1 NTU goal.

· Establish filter backwash goals as a separate category with an annual evaluation period and a reduction in performance expectations from 100 % of backwashes every month to 95 % of backwashes for the year. The change from a monthly to annual evaluation period is to provide a more statistically valid basis for evaluation of performance among treatment plants by increasing the population of events being evaluated. The change from 100 % to 95 % performance expectation is to encourage the implementation of optimal backwashing procedures, i.e., a treatment plant is less likely to stop attempting to reach the performance standard if they miss the goal once in a while.  

· Delete two of the filter backwash goals that dealt with facilities that did not have the capacity to filter to waste, since all Virginia SWTPs have the capability to filter to waste.  

Clarification and filtration performance are tied to the optimization performance goals derived through the VOP and AWOPs. Virginia has adopted performance goals for clarification and filtration processes at SWTPs as follows:
	VOP Clarification and Filtration Goals1, 3 (Effective January 1, 2020)

	Clarification2 (Individual unit preferred, or other combinations as currently monitored){monthly evaluation period}

· Effluent turbidity < 1.0 NTU 95% of time when average raw water turbidity for month < 10.0 NTU

· Effluent turbidity < 2.0 NTU 95% of time when average raw water turbidity for month > 10.0 NTU



	Filtration (Individual Filters) ){monthly evaluation period}

· Filtered water turbidity < 0.1 NTU 95 % of time

· Filtered water turbidity < 0.3 NTU 100 % of time



	Filter Backwash  (sum of all backwashes for all filters) {annual evaluation period}
· Filtered water turbidity < 0.10 NTU 95 % of time a filter is placed into service following a backwash     


Notes:

1With the decommissioning of the last SWTP without filter-to-waste capability, ODW revised the goals, effective January 1, 2020.

2 Clarification includes sedimentation basins, upflow clarifiers, absorption clarifiers, dissolved flotation units.

3 Those SWTPs that do not continuously monitor individual filters or that record data on charts may use a 2-hour interval.
3. Required Monitoring and Reporting – Monthly Operation Reports

To measure if waterworks are attaining their VOP goals, VDH-ODW has established uniform monitoring and reporting requirements for the various SWTRs and optimization performance criteria that are in effect. SWTPs must submit monthly operation reports (MORs) with data consistent with the requirements of the VOP as described in this section. District Engineers must review the MORs to ensure that the mandatory data elements from the participating waterworks are entered into the monitoring and reporting VOP module of the software program created especially for this purpose. 
ODW field staff must establish the MOR requirements in accordance with this policy and the SWTR and its successors. Monitoring and reporting requirements are described in this section, such that District Engineers may customize the reporting template (such as in Excel) for each waterworks, and may update it as necessary.  Alternatively, the SWTPs may generate a monthly report using its own Supervisory Control and Data Acquisition (SCADA) system software, provided that the content in the template is included. The District Engineer must provide a MOR template, in Excel format, and instructions to each SWTP. 

3.1. Minimum Data Monitoring Requirements 

Typically, those SWTPs that do not continuously monitor individual filters or that record data on charts may use a 2-hour interval. The minimum requirements are as follows:

· Raw water turbidity @ 2-hour intervals (15-minute intervals if continuous monitoring is provided).
· Clarified water turbidity @ 2-hour intervals (15-minute intervals if continuous monitoring is provided).
· Filtered water turbidity @ 15-minute intervals, each filter (in conformance with SWTR).
· Filtered water turbidity (individual filter) when filter is returned to service following a backwash.
· Peak turbidity during backwash recovery, and period of recovery, each filter, every backwash.
 3.2. General Monitoring and Reporting Requirements 

The following table exemplifies all of the reporting parameters that apply to all SWTPs with gravity flow, granular media filters.
	Location
	Parameter
	Frequency (Minimum Required)
	Reported

	Raw Water
	Flow, gal
	Continuous
	Daily & monthly  totals; hours per day in operation

	
	pH
	1 per 2 hours or continuous
	Daily average & range

	
	Alkalinity, total, mg/l
	Daily
	Value

	
	Hardness, total, mg/l 

as CaCO3 
	Daily
	Value

	
	Temperature, oF
	Daily
	Value

	
	Turbidity, NTU
	1 per 2 hours or continuous
	Daily average & range

	
	Iron1, Manganese, mg/l
	Daily
	Value

	
	Color1, Odor
	Daily
	Value

	
	TOC2, mg/l
	1 per month
	Value

	
	Bromide3, mg/l 
	1 per month
	Value

	Post flash mix
	pH
	1 per 2 hours or continuous
	Daily average & range

	
	Alkalinity, total, mg/l
	Daily
	Value

	Applied Water4

	Turbidity, NTU
	1 per 2 hours or continuous
	Daily average5 & max 

	
	Disinfectant residual6, mg/l 
	1 per 2 hours or continuous
	Daily average & range

	Cleaning sedimentation basins/clarifiers 
	Report monthly
	Last date  each basin was cleaned

	Filtered Water

- Individual Filters
	Turbidity, NTU


	Continuous [or 1 per 2 hours if continuous turbidimeter out of service] or 

1 per 2 hours if continuous monitoring of individual filters is not provided 
	Max. daily value.,  total # measurements; number & percent < 0.30 NTU, number & percent < 0.10 NTU, 

Exceedance Scenarios & follow-up action.  

	Filtered Water 

–  Representative Samples of Filtered Water
	Turbidity, NTU 

combined filter effluent prior to entry into a clearwell, or 

clearwell effluent, or 

plant effluent prior to entrance to distribution system, or 

average of measures from each filter effluent at the determination time
	1 per 4 hours
	Total # measurements; number & percent < 0.30 NTU,  number of results > 1.0 NTU;

	Finished Water
	Flow, gal (water produced)
	Continuous
	Daily & monthly totals; hours per day in operation

	
	Flow, gal (water delivered= produced-consumed in plant)
	Continuous
	Daily total

	
	pH
	1 per 2 hours or continuous
	Daily average & range

	
	Alkalinity, mg/l, total
	Daily
	Value

	
	Hardness, mg/l, total & calcium
	Daily
	Value

	
	Iron1, Manganese, mg/l; Color1, Odor
	Daily
	Value

	
	Turbidity7, NTU
	1 per 2 hours or continuous
	Daily average & range

	
	Disinfectant residual, mg/l
	1 per 2 hours or

continuous (>3,300 pop)
	Daily average & minimum

	
	Fluoride, mg/l (if added)
	Daily 
	Value

	
	Fluoride Split Sample
	Monthly
	Values

	
	Corrosion Inhibitor, mg/l 

(if added)
	Daily
	Value

	
	Chlorite, mg/l (if ClO2 used)
	Daily
	Value

	
	Bromate, mg/l 

(if ozone used)
	1 per month (or reduced per Rule)
	Value

	
	Chlorine dioxide, mg/l 

(if  used)
	Daily
	Value

	Recycled Flows8
	Flow, gallons
	
	Daily total


Notes:
1.        Only if removal is a treatment objective.
2. 
May be reported separately to VDH by owner or laboratory.  Result is paired with TOC sample, taken no later than point of combined filter effluent.  Alternative criteria may be reported, per D/DBP Rule.

3. 
Only if ozone is used and bromate monitoring reduction desired.

4. 
Individual basins preferred, or combined effluent.

5.
Also report total # of measurements; number & percent ≤ 1.0 NTU, number & percent < 2.0 NTU.

6.
Only if adding disinfection chemicals which produce a measurable residual parameter.

7.     Only if chemical addition after filters, or if substituting for combined filtered water per 
       ESWT Rule.

8.     Water quality parameters as determined by District Engineer.
3.3. Continuous Monitoring Requirements – Filter Operation
Measurements from continuous turbidity monitors shall be recorded (digitally or graphically) at least every 15 minutes.  Daily average, maximum, and minimum shall be computed from the 15-minute values. Continuous turbidity monitors shall be standardized daily and calibrated quarterly.
	Filter Operation

	Parameter
	Reported

	Filter run time, each filter
	Number of hours prior to backwash

	Filter Head Loss, each filter
	Prior to and after backwash

	Filter Effluent Turbidity, each filter
	Prior to backwash and when placed into clearwell

	Backwash Water Volume
	Total Gallons Used

	Actual filter-to-waste (rewash) time
	Minutes

	Turbidity during backwash recovery period 1
	Maximum

	Time of backwash recovery period 1
	Minutes

	Filter Drop Test Results, each filter (unless SCADA or other auto method available)
	Quarterly

	Filter Rise Test Results, each filter (unless SCADA or other auto method available)
	Quarterly


Note:
1 Backwash recovery period extends from when filter is restarted after backwashing until filtered water turbidity ≤ 0.10 NTU.
3.4. Report Monitoring – Chemical Addition and Giardia Inactivation

	Chemical Addition

	For Each Chemical Added,  Report

	Weight applied  (i.e.: “lb/day as P”) - daily total 

Dosage (i.e.: “mg/L of total product” or “mg/L as PO​​4”) - daily average

	Chemicals Added
	Form Used
	Manufacturer / Product Name
	NSF 60?
(Yes/ No)
	Point of Application

	Algaecide (copper sulfate, other)
	
	
	
	

	Coagulant
	
	
	
	

	Coagulant Aid (polymer)
	
	
	
	

	pH Adjustment (lime, caustic, soda ash)
	
	
	
	

	Adsorbent (activated carbon)
	
	
	
	

	Oxidant (chlorine, chlorine dioxide, ozone, potassium permanganate, other)
	
	
	
	

	Filter aids (polymer, other)
	
	
	
	

	Corrosion Inhibitor

	
	
	
	

	Fluoride
	
	
	
	

	Disinfectant (chlorine, chloramines, chlorine dioxide, other)
	
	
	
	

	Giardia Inactivation

	Location
	Frequency (Minimum)
	Reported1

	Prior to clearwell
	Daily
	Log inactivation during peak hour flow

	Clearwell only
	Daily
	Log  inactivation during peak hour flow

	Total
	Daily
	Log  inactivation during peak hour flow


   Note:
     1 Disinfection profile data (per ESWT Rule) may be substituted.
4. Waterworks Recognition Criteria
For waterworks to evaluate the relative performance of their SWTPs (with gravity flow, granular media filters) in comparison with other such facilities in the Commonwealth, and to provide waterworks with an incentive to improve the performance of their SWTPs, ODW produces an annual “weighted ranking” report listing each eligible SWTPs in the Commonwealth and ranks their relative performance to other SWTPs, based on the MOR data submitted for the calendar year. 

4.1. Weighted Ranking of Plant Performance

The “weighted ranking” report will be generated by the Division of Technical Services, and provided to the VOP Committee to be finalized and posted on \odwsvr1\odwshare\02-Committees\203-Task Teams\AWOP-CPE\03-Statistics. District Engineers will review the data in the report for accuracy. The final data is also reported annually to EPA Region 3.

Field Office staff must complete data entry of the VOP data by a date determined together by the VOP Committee and the Division of Technical Services, usually the end of February. Following this data entry, the “weighted ranking report” can be run.

District Engineers may share performance ranking information with SWTP staff within a work area or field office to inspire improved performance and better understanding of the VOP. Engineers may use the two tables below (with applicable data filled in) comparing relative weighted performance ranking of SWTPs within a work area or field office for the past calendar year.  The tables below can be used in sanitary surveys or separate correspondence to the waterworks manager and operators, with further discussion on optimization performance, progress, etc.

	Virginia Optimization Program Rank

	PWSID
	Water Treatment Plants in Work Area (or Field Office)
	Rank

	
	
	

	
	
	

	
	
	


	Relative Ranking of SWTPs from Year to Year

	
	2012
	2013
	2014
	2015
	2016
	2017
	2018

	Number of VOP  SWTPs in Virginia
	130
	131
	132
	132
	131
	131
	130

	SWTP Rank
	
	
	
	
	
	
	

	SWTP Weighted Score (20.00 MAX)
	
	
	
	
	
	
	

	Excellence in Performance Award
	
	
	
	
	
	
	


Weighted ranking criteria for SWTPs with gravity flow, granular media filters is effective January 1, 2020. The following table shows how the performance scoring is achieved for each participating SWTP:

	Measure
	Multiplier
	
	

	Fraction of filter-months in which VOP filter effluent goal of < 0.10 NTU > 95 % of readings was met 
	7
	
	

	Fraction of filter-months in which VOP filter effluent goal of < 0.30 NTU, 100 % of readings, was met
	5
	
	

	Fraction of backwashes for the year in which the filters were returned to service with filter effluent turbidity < 0.10 NTU 
	4
	
	

	Fraction of clarifier-months in which VOP clarifier effluent goal was met
	4
	
	


Notes:

1. Perfect Score = 20

2. Clarifier-months = sum clarifiers in service for each month of calendar year

3. Filter-months = sum of filters in service for each month of calendar year – may be odd number as a filter may be out of service for an entire month

4.2. Performance Awards

Following completion of the annual ranking, ODW staff will review the performance data to determine if the clarification, filtration, and backwash goals have been met and if the SWTPs have met the criteria for awards. In addition to meeting optimization goals at the SWTP, the answers to the supplemental qualifying criteria outlined below must be “YES” in order to qualify for an award. The District Engineer will review the performance data and complete a questionnaire with the supplemental qualifying criteria to document that the SWTP is qualified to receive the award.
The timeframe for completing this review and completing the review is determined by the VOP Committee and usually is during the month of March. This timeframe considers the time necessary to generate and sign the performance award certificates and notify the recipients of the awards ceremony.
The award categories of gold, silver, and bronze and their criteria are outlined below. In addition to meeting optimization goals at the SWTP, the answers to the following questions must be “YES” in order to qualify for an award: 

	Waterworks Recognition Criteria

	Supplemental Qualifying Criteria:  During the calendar year, has the SWTP…

(note that the questions below apply to the subject SWTP and do not include the distribution system or other SWTPs under the same PWSID) 
	YES
	NO

	a) Collected all required entry point samples for the SWTP?
	
	

	b) Maintained a disinfectant residual ≥ 0.2 mg/L for water entering the distribution system from the SWTP in ≥ 95 % of the days the SWTP is in operation?
	
	

	c) Maintained a log Giardia inactivation ≥ 0.5 in 100 % of the days the SWTP is in operation?
	
	

	d) Not had a Significant Deficiency?
	
	

	e) Been generally responsive to and promptly addressed Sanitary Survey Comments?
	
	

	f) Not had a Primary Maximum Contaminant Level or Treatment Technique violation?
	
	

	g) Not had any operational deficiencies that would not be congruent with the SWTP receiving a Virginia Excellence in Water Treatment Plant Performance Award?  
	
	


While the performance goals and weighting provide a means to rank all the eligible SWTPs with a score from 0 to 20, recognition levels for awards are set for those systems meeting the goals as follows:

· Bronze: meets the goals/criteria for filtration.
· Silver: meets the goals/criteria for Bronze and meets clarification goals, OR backwash goal.
· Gold: meets all three criteria.
ODW staff will review the calendar year of MORs, to determine if the clarification, filtration, and backwash performance goals have been met. 

Important Note: A SWTP will be disqualified if there are violations during the evaluation period that are not distribution-system related (i.e., violations related to the SWTP will disqualify for awards). 

5. Coordination with Sanitary Survey Program

ODW engineers will address the VOP performance data during sanitary surveys in order to increase waterworks owners and operators awareness of performance goals.  Also, they must use the tables in the SWTP sanitary survey form to review pertinent performance data with the plant operators and managers during the field visit. Review comments may also be prepared and sent with the ranking table “ahead of the site visit” to the waterworks in a separate transmittal.
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