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Farhad, Mohammad@Waterboards

From: Farhad, Mohammad@Waterboards
Sent: Thursday, December 18, 2014 11:54 AM
To: CentralValleySacramento
Subject: FW: Deuel Vocation Institute - TRE
Attachments: Water Board Response Letter from the Warden - 12-17-14.pdf; DVI TRE Action Plan 

Final 121714.pdf

 
 

From: Pedro Reyes [mailto:pedro.reyes@cdcr.ca.gov]  
Sent: Thursday, December 18, 2014 11:39 AM 
To: Farhad, Mohammad@Waterboards 
Cc: Stanley, Jeff@CDCR; Bettencourt, Miles (Terry)@CDCR; Engleheart, Robert@CDCR; Vasconcellos, Edward@CDCR 
Subject: Deuel Vocation Institute - TRE 
 
Good Morning Mr. Farhad, 
 
On behalf of the California Department of Corrections and Rehabilitation, Facilities Management and the Deuel Vocation 
Institute, attached please find a PDF file containing the TRE as well as a signed letter from Warden Price.  The originals 
will be dropped‐off at the Central Valley Regional Water Board late this afternoon or early tomorrow morning.  Please 
let me know if have any questions regarding this email. 
 
Thanks, 
 
Pedro B. Reyes 
California Department of Corrections & Rehabilitation 
Departmental Construction & Maintenance Supervisor 
Facilities Planning, Construction, and Management 
Facilities Asset Management Branch 
Phone: (916) 255‐0516 
Fax: (916) 255‐3022 
 



STATE OF CALIFORNIA -DEPARTMENT OF CORRECTIONS AND REHABILITATION

DIVISION OF ADULT INSTITUTIONS
DEUEL VOCATIONAL INSTITUTION
P.O. Box 400
Tracy, CA 95378-0004

December 17,2014

Mr. Mohammad Farhad
Water Resources Control Engineer
NPDES Compliance and Enforcement Unit
Central Valley Regional Water Quality Control Board
] 1020 Sun Center Dr., Suite 200
R,meho Cordova, CA 95670

Dear Mr. Farhad:

EDMUND G BROWN JR .. GOVERNOR

The California Department of C:olTeetions and Re\1abilitation is suhmitting this Icttc::rwith
the attachcd Toxicity Reduction Evaluation action plan for Cerioduphniu D1.Ibia
requirement of the Self-Monitoring Repot1 Review and Notice of Violation, Dcud
Vocational Institution, dated November 20, 20]4.

If you havc any questiuns or should you need any further inforn1ation. please contact
Miles ""Terry" Rc::tteneouI1,Corrc::ctional Plant Managc::rII, at (209) R30-3932.

Sincerely,

a?~
Warden (A)
Deuel Vocational Institution
Calitornia Dc::par1mentufCorrections and Rehabilitation

Attachmc::nt
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DEUEL VOCATIONAL INSTITUTION 
 

TOXICITY REDUCTION EVALUATION ACTION PLAN 
 

1.0 INTRODUCTION 

1.1 Summary 

The California Department of Corrections and Rehabilitation (CDCR) owns and operates the 

Wastewater Treatment Facility (WWTF) for the Deuel Vocational Institution (DVI), a California 

prison facility. DVI is located east of Tracy, CA, in the southwest portion of San Joaquin 

County. The WWTF currently provides sewerage services for a population of roughly 3,200 

persons at one time (POAT), including approximately 2,600 inmates and three separate shifts of 

prison staff. The WWTF operates under the terms of the Waste Discharge Requirements 

(WDRs) set forth in a permit (Order R5-2014-0014) issued by the Central Valley Regional 

Water Quality Control Board (Regional Board). The WDRs also serve as the terms of the 

federal National Pollutant Discharge Elimination System (NPDES) permit for the DVI facility 

(NPDES No. CA0078093).  

Under the terms of Order No. R5-2014-0014, CDCR is required to conduct regular chronic 

Whole Effluent Toxicity (WET) monitoring on a quarterly basis for the effluent discharged by the 

WWTF at Discharge Point No. 001. The WDRs require the discharger to “investigate the causes of, 

and identify corrective actions to reduce or eliminate effluent toxicity.”  If the numeric toxicity 

monitoring trigger is exceeded during regular chronic toxicity monitoring, the discharger “shall initiate 

accelerated monitoring,” which consists of four chronic test conducted every two weeks using the 

species that exhibited the toxicity. If the results of the accelerated monitoring do not exceed the 

monitoring trigger, the discharger can stop the accelerated monitoring and return to regular chronic 

toxicity monitoring. 

However, if the discharge exceeds the numeric toxicity monitoring triggers during accelerated 

monitoring, the discharger is required to cease accelerated monitoring and initiate a Toxicity 

Reduction Evaluation (TRE) to “investigate the cause(s) of, and identify corrective actions to reduce 

or eliminate effluent toxicity.”  

Furthermore, the discharger “shall submit a TRE Action Plan to the Central Valley Water Board 

including, at minimum:  

1. Specific actions the Discharger will take to investigate and identify the cause(s) of toxicity, 

including a TRE WET monitoring schedule; 

2. Specific actions the Discharger will take to mitigate the impact of the discharge and prevent the 

recurrence of toxicity; and  

3. A schedule for these actions.” 

This TRE Action Plan is designed to address the requirements referenced above.    
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1.2 Background 

In September of 2010, CDCR completed construction of upgrades to their tertiary treatment 

WWTF and began discharging from the upgraded plant. The upgraded plant utilizes a 

membrane bioreactor (MBR) process to comply with the effluent limits set forth by Order 

No. R5-2014-0014. The facility permitted average dry weather flow (ADWF) for the WWTF is 

0.62 million gallons per day (mgd) and the facility design flow is 0.70 mgd. Observed 

average dry weather flows are typically in the range of 0.45 to 0.5 mgd. 

The upgraded WWTF system includes preliminary treatment comprised of coarse screening, 

influent pumping, fine screening, and vortex grit removal. The secondary process includes: 

biological treatment using anoxic and aeration basins for nitrification and denitrification; four 

MBR filtration tanks; inline ultraviolet (UV) disinfection; mechanical dewatering using two belt 

presses, and effluent cooling towers. During the upgrade construction, the WWTF was raised 

to protect the plant from flooding during a 100-year flood event.  

The treated wastewater from the DVI WWTF is discharged at Discharge Point No. 001 to 

Deuel Drain. Deuel Drain discharges to Paradise Cut, a slough that is a tributary to the San 

Joaquin River. DVI also discharges industrial storm water from Discharge Point No. 003 to 

Deuel Drain. DVI’s industrial storm water is commingled with groundwater from Discharge 

Point No. 004 and diverted to effluent holding ponds, where is it retained on DVI property. 

The geographic location of the DVI facility and discharge sites are shown in Figure 1.1. 

 

1.3 Toxicity Monitoring Provisions 

Under the terms of Order No. R5-2014-0014, CDCR is required to conduct regular chronic 

Whole Effluent Toxicity (WET) monitoring on a quarterly basis for the effluent discharged by the 

WWTF at Discharge Point No. 001. The numeric toxicity trigger has been defined in Special 

Provision VI.2.a.iv of the NPDES permit to be 1 TUc (where TUc = 100/NOEC). According to 

the permit, if the numeric toxicity monitoring trigger is exceeded during regular chronic toxicity 

monitoring, CDCR “shall initiate accelerated monitoring,” which consists of four chronic tests 

conducted every two weeks using the species that exhibited the toxicity. If the results of the 

accelerated monitoring do not exceed the monitoring trigger, the discharger can stop the accelerated 

monitoring and return to regular chronic toxicity monitoring. 

In addition, if the source(s) of the toxicity is easy to identify (i.e., obvious disruptions in normal plant 

operations), the discharger can make the “necessary corrections to the facility,” and continue 

accelerated monitoring until four consecutive accelerated tests do not meet the monitoring trigger.  

Upon confirmation that the effluent toxicity has been removed, the discharger may “cease accelerated 

monitoring and resume regular chronic toxicity monitoring.”    

However, if the discharge exceeds the numeric toxicity monitoring triggers during accelerated 

monitoring, the discharger is required to cease accelerated monitoring and initiate a Toxicity 

Reduction Evaluation (TRE) to “investigate the cause(s) of, and identify corrective actions to reduce 

or eliminate effluent toxicity.”  
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1.4 Rationale for TRE Action Plan 

A communication to DVI from the Central Valley Regional Water Quality Control Board 

engineer dated 20 November 2014, noted that Regional Board staff had reviewed the 

electronic self-monitoring reports (eSMRs) submitted by CDCR for the April 2014, May 

2014, June 2014, July 2014, August 2014, September 2014, Second Quarter 2014, and 

Third Quarter 2014 monitoring periods.  

Furthermore, the 20 November 2014 communication included the following statement: 
 

“In October 2013, the Discharger’s laboratory reported that during the fourth quarter 

2013 chronic toxicity test, Ceriodaphnia dubia exhibited higher mortality due to the 

parent organism not being healthy. The Discharger’s laboratory changed its suppliers 

and the Ceriodaphnia dubia toxicity testing was rescheduled for December 2013. 

However, the sample exceeded the chronic toxicity trigger again on 19 December 2013.  

Samples were collected for accelerated monitoring on 6 January 2014, 21 January 

2014, 3 February 2014, and 18 February 2014 with reported results of >1 TUc, 1.3 TUc, 

1 TUc, and 1 TUc, respectively. In addition, the Discharger exceeded the chronic toxicity 

trigger for Ceriodaphnia dubia on 28 July 2014 with a reported result of 1.3 TUc.” 
 

Provision VI.C.2.a. of Permit No. R5-2014-0014 states: 

 

“If the discharge exceeds the numeric toxicity monitoring trigger during accelerated 

monitoring established in this Provision, the Discharger is required to initiate a TRE in 

accordance with an approved TRE Work Plan, and take actions to mitigate the impact of 

the discharge and prevent recurrence of toxicity.” 

Provision VI. C.2.a.iii.c. of Permit No. R5-2014-0014 states:  

“If the results of any accelerated toxicity test exceeds the monitoring trigger, the Discharger shall 

cease accelerated monitoring and begin a TRE to investigate the cause(s) of, and identify 

corrective actions to reduce or eliminate effluent toxicity. Within thirty (30) days of notification by the 

laboratory of any test result exceeding the monitoring trigger during accelerated monitoring, the 

Discharger shall submit a TRE Action Plan to the Central Valley Water Board including, at 

minimum:  

1. Specific actions the Discharger will take to investigate and identify the cause(s) of toxicity, 

including a TRE WET monitoring schedule; 

2. Specific actions the Discharger will take to mitigate the impact of the discharge and prevent the 

recurrence of toxicity; and  

3. A schedule for these actions.” 

 

The 20 November 2014 communication directed the CDCR to submit a TRE Action Plan consistent 

with Provision VI.C.2.a.iii.c (as noted above) by 19 December 2014. This TRE Action Plan is 

designed to address this requirement.
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1.5 TRE Objectives 

The objectives for a TRE, as defined by the EPA Guidance Document, are: 
 

• Evaluate the operation and performance of the Publicly Owned Treatment 

Works (POTW) to identify and correct treatment deficiencies contributing to 

effluent toxicity (e.g., operations problems, chemical additives, or incomplete 

treatment); 

• Identify the compounds causing effluent toxicity; 

• Trace the effluent toxicants and/or toxicity to their sources (e.g., industrial, 

commercial, or domestic); and 

• Evaluate, select, and implement toxicity reduction methods or technologies to 

control effluent toxicity (i.e., in-plant or pretreatment control options). 
 

In accordance with the U.S. EPA guidance for Toxicity Reduction Evaluations, the following 

steps will be utilized to achieve the aforementioned objectives: 
 

• Validation of Bioassay Results; 

• Information and Data Acquisition; 

• Facility Performance Evaluation; 

• Toxicity Identification Evaluation (TIE); 

• Toxicity Source Evaluation (TSE); 

• Toxicity Control Evaluation (TCE); and 

• Toxicity Control Implementation (TCI). 

 

2.0 TRE ACTION PLAN COMPONENTS 
 

The intent of this TRE Action Plan is to provide a description of the investigation and 

evaluation techniques that will be utilized to achieve these steps and the overall TRE 

objectives, as directed in the 20 November 2014 communication. This will include:  

1. Specific actions the Discharger will take to investigate and identify the cause(s) of toxicity, 

including a TRE WET monitoring schedule; 

2. Specific actions the Discharger will take to mitigate the impact of the discharge and prevent 

the recurrence of toxicity; and 

3.  A schedule for these actions. 

The different sections of the TRE Action Plan reflect the aforementioned steps. The 

sequential progression of the steps is demonstrated in Figure 2.1, and the steps are 

discussed in detail in the following sections. The proposed completion schedule is shown in 

Table 3.1. 
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2.1 Validation of Bioassay Results 

Since the TRE is based on valid bioassay results, the first step of the TRE process will be to 

verify the validity of the effluent toxicity results. In conjunction with Task 2.2- Information 

and Data Acquisition, CDCR will review the chronic toxicity results for: 

• Accuracy, variability, consistency and testing conditions; 

• Procedures for sample collection, transport, and analysis by DVI’s contracted lab; and 

• Proper QA/QC measures. 

First, the procedures for sample collection, sample transport, and analysis by the lab will be 

reviewed to verify that the proper QA/QC measures were followed. Bioassay results will 

then be reviewed to confirm that all test acceptability criteria were met. It is important to note 

that certain test conditions, such as pH, can artificially change due to the testing procedure 

and potentially increase the toxicity of the sample. Test conditions will be reviewed to verify 

that toxicity was not erroneously amplified. Historic toxicity data will also be utilized to 

evaluate the variability and accuracy of the historic and toxicity related WET testing. Finally, 

validation of the bioassay results will include 10 chronic bioassay for Ceriodaphnia dubia 

through an independent lab for confirmation of toxicity and a results comparison.  

 

2.2 Information and Data Acquisition 

In order to conduct a comprehensive investigation into effluent toxicity, it is critical to have 

all available treatment facility operation and performance data for review. Following are the 

sources of information that will be reviewed as necessary (and available) for the TRE: 
 

• Facility design criteria; 

• Construction drawings and specifications; 

• List of chemicals used in the facility and their MSDS sheets; 

• Acute and chronic WET test lab reports; 

• Self-monitoring reports; 

• SCADA (supervisory control and data acquisition) files; 

• Operations, training, and maintenance logs; and 

• Discussions with facility operators. 

 

During the site visit, a cursory review indicated that the equipment used at the plant was 

observed to be in good condition and appropriate for the permitted use and flow capacity.   

 

2.3 Facility Performance Evaluation 

All collected facility performance data and operation data will be evaluated for any causal 

relationships to effluent toxicity. The following sections outline the sequential evaluations 

that will be performed for this purpose. 



7 
 

2.3.1 Treatment Deficiencies 
 

All available effluent water quality data for the period in question will be analyzed for 

variability in an effort to identify any deficiencies in treatment that could lead to possible 

sources of toxicity. Specifically, profiles of effluent water quality data will be evaluated 

against toxicity testing to determine if any deviations from permit limits were related 

temporally to toxicity. Further, profiles of the toxicity related effluent data will be compared to 

historic effluent data to identify deviations in treatment efficacy that could cause toxicity. 

Alkalinity, pH, hardness, and conductivity are important characteristics that can affect the 

toxicity of certain compounds. As such, plant data for the period in question will be reviewed 

to determine if any changes were made to these parameters that may have contributed to 

toxicity. Influent monitoring data will also be evaluated to pinpoint any irregular 

concentrations of recalcitrant contaminants that could be correlated to toxicity. 
 

Facility operation and performance for the period in question will also be evaluated against 

the design criteria. Each major process in the wastewater treatment facility will be 

evaluated independently for any deviations from the design treatment efficacy. In addition, 

loads to each process unit will be evaluated to identify any that may be in exceedance of 

the design capacity. Similar to the effluent water quality analysis, the performance data 

collected when toxicity was present will be compared against historic facility performance. 

 
2.3.2 In-House Sources 

 

The facility operation data will also be evaluated to identify any potential in-plant sources of 

toxicity, such as high chemical doses. An inventory of all chemicals stored on-site will be 

conducted in order to determine if any were erroneously utilized. Chemicals that may be 

used at the WWTF include (but are not limited to): sodium hypochlorite, citric acid, and polymer. 

The facility operation data will also be reviewed to identify any potential housekeeping 

sources of toxicity, such as high or low chemical doses, or low dilution factors. Other 

sources of chemicals (such as authorized sources of non-storm water discharges), could 

include: rising groundwater, air conditioning condensate, potable water line flushing, 

landscape irrigation water, fire hydrant flushing, fire suppression water runoff, building rain 

gutter runoff and herbicides for weed abatement. 

 
2.3.3 Treatment Modifications 

 

If either a treatment deficiency or an in-house toxicity source is identified, necessary 

modifications to improve treatment efficacy and eliminate toxicity will be evaluated and 

implemented before proceeding further in the TRE.  

 

2.3.4 Toxicity Reduction Evaluation Report 
 

Following the above actions, the actual toxicity reduction achieved by the correction of the 

treatment deficiencies or in-house toxicity sources will be evaluated and documented in a 

technical report. Upon completion of these studies and subsequent evaluations, the RWQCB 

will be notified of the results and intended actions. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Courtesy of United States Environmental Protection Agency; “Toxicity Reduction Evaluation 

Guidance for Municipal Wastewater Treatment Plants.” 
 

 

TRE PROCESS 

FIGURE 2.1 
 

DEUEL VOCATIONAL INSTITUTION 
TOXICITY REDUCTION EVALUATION 

ACTION PLAN 
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2.4 Toxicity Identification Evaluation (if necessary) 
 

2.4.1 Components of a Toxicity Identification Evaluation 
 

The Toxicity Identification Evaluation (TIE) procedure is used to determine the causes of 

acute and chronic toxicity that cannot be not directly attributable to treatment deficiencies 

or in-house sources and, as a result, additional investigations are required (Figure 2.1). If 

deemed necessary, the TIE will be comprised of three phases: (1) toxicant characterization; 

(2) toxicant identification; and (3) toxicant confirmation. If the TIE is not required, the 

process will flow directly to the Toxicity Control Evaluation (TCE) 

The TIE will utilize toxicity testing to measure changes in the degree of toxicity as an effluent 

sample is manipulated to eliminate, isolate, or enhance specific classes of constituents (e.g. 

filterable, organics, metals, etc.). In Phase I, the physical/chemical characteristics of the 

toxicants will be determined by the manipulations that reduce the toxicity relative to the 

original effluent sample (EPA 1991a).  

Once the physical/chemical properties of the suspect toxicants have been identified, Phase 

II will be initiated to determine the specific compounds in the effluent sample that contribute 

to toxicity. For Phase II, the TIE procedure will be utilized with chemical-specific 

manipulations that separate and concentrate toxicants in order to identify the causative 

agents (EPA 1993a).  

The EPA guidance document for the Phase III toxicity confirmation procedures specifies 

that the toxicants can be confirmed using correlations between the concentration of the 

contaminant and the toxicity, mass balances, spiking test samples with the toxicants, test 

organism symptoms, and species sensitivity (EPA 1993b). Many of the confirmation 

procedures are conducted during Phase I and II, and the results obtained during those 

testing phases will be utilized to confirm the suspect toxicants. 

 
2.4.2 Guidance for Toxicity Identification Evaluation Treatments 

 

If a TIE is required, the EPA TIE guidance documents for Phases I, II, and III will serve as 

the procedural foundation (Figure 2.2) for the TIE and subsequent advanced steps (USEPA 

1991, 1993a, 1993b). In addition, CDCR may also rely on the procedures of the contracted 

bioassay laboratory. In the event that a TIE is required, CDCR will utilize an outside 

consultant to manage the TIE and the related bioassay work. The consultants will be 

identified in the TRE action plan that is required for Provision VI.C.2.a.iv.c of the NPDES 

permit. 

In accordance with the EPA guidance documents (EPA 1999), the following modifications 

may be made to the TIE tests in order to streamline the process: 
 

• Reduced test volumes;  

• Shortened test duration; and  

• Utilize fewer replicates. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Courtesy of United States Environmental Protection Agency; “Toxicity Reduction Evaluation 

Guidance for Municipal Wastewater Treatment Plants.” 

 
 

TIE PHASES 

(IF REQUIRED)  

FIGURE 2.2 
 

DEUEL VOCATIONAL INSTITUTION 
TOXICITY REDUCTION EVALUATION 

ACTION PLAN 
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2.5 Toxicity Source Evaluation (if necessary) 

According to the EPA, the goal of the Toxicity Source Evaluation (TSE) is to evaluate the 

discharges from either direct or indirect sources to determine the source of the toxicant(s) 

that have been identified through the TIE process as the cause of the effluent toxicity. 

However, due to the fact that the influent to the DVI wastewater treatment facility is from a 

single known source, this step will not be necessary and will not be incorporated into the 

TRE. 

 

2.6 Toxicity Control Evaluation (if necessary) 

The goal of the Toxicity Control Evaluation (TCE) is to determine and implement the optimal 

control strategies to reduce the toxicity to an acceptable level below the permit limit. Criteria 

that will be used to determine the optimal control options will include (EPA 1999): 
 

• Efficacy in producing an effluent with a toxicity below the permit limits; 

• Effect on other parameters and subsequent permit limits; 

• Capital, operational, and maintenance costs; 

• Implementation concerns; and 

• Reliability. 

 

Because there are no industrial sources, pretreatment will not be analyzed and only in-

house control options will be evaluated. Treatability studies may be used to assess whether 

treatment process optimization or additional treatment processes would more effectively 

achieve in-house control of toxicity.  This information will be included in the Toxicity 

Reduction Evaluation Reporting if a TIE is not required.  

 

2.7 Toxicity Control Implementation 

Once appropriate toxicity control options have been selected either through the TRE 

Reporting or the TCE process, CDCR will implement the optimal control option and 

develop a monitoring schedule to confirm the anticipated toxicity reduction. CDCR will 

consult with the RWQCB about the intended monitoring schedule.  

As described in sub-task 2.3.4, if the source of the toxicity has been reasonably identified 

and the toxicity has been adequately reduced (either through the TRE Reporting or TCE 

processes), CDCR will conduct the laboratory testing necessary to exit (i.e., four 

accelerated monitoring tests with results indicating no toxicity), document the findings in 

the Toxicity Reduction Evaluation Report. CDCR will submit this report to the RWQCB for 

a recommendation that DVI be permitted to exit the TRE.  

If the toxicity has not been adequately reduced following these steps, additional 

investigations may be required, including investigating sources of potential intermittent or 

ephemeral toxicity.
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3.0 SCHEDULE 

This TRE Action Plan is being developed in accordance with Provision VI.C.2.a.iv.c of the 

NPDES permit. After initiation of the TRE, the RWQCB will be apprised of the ongoing 

progress and results of each major step throughout the duration of the TRE. The TRE will 

be conducted sequentially and upon obtaining results that enable identification and 

reduction of the toxicity, the results will be included in the Toxicity Reduction Evaluation Report. 

Upon acceptance of the report, the TRE will be terminated with approval from the RWQCB. 

Table 3.1, below, outlines the proposed schedule for completion of the TRE. 

 

Table 3.1 Proposed Completion Schedule for DVI TRE Action Plan  

Task Interaction With 
Regional Board 

Proposed Schedule 

TRE Initiation, including 
Site Visit and Kick-Off 
Meeting 

N/A 10 December 2014 

Validation of Bioassay 
Results 

As necessary and to 
share findings upon 
completion. 

31 January 2015 

Information and 
Data Acquisition 

As necessary and to 
share findings upon 
completion. 

31 March 2015. 

Facility Performance 
Evaluation 

As necessary and to 
share findings upon 
completion. 

31 March 2015. Termination could 
depend on treatability testing. 

Toxicity Reduction 
Evaluation Reporting 
and Exit 

As necessary and to 
share findings upon 
completion. 

31 March 2015. Termination could 
depend on treatability testing. 

Toxicity Identification 
Evaluation 

As necessary and to 
share findings upon 
completion. 

Initiation dependent on results of prior 
step. Time scale for completion based on 
findings. 

Toxicity Source 
Evaluation 

As necessary and to 
share findings upon 
completion. 

Initiation dependent on results of prior 
step. Time scale for completion based on 
findings. 

Toxicity Control 
Evaluation 

As necessary and to 
share findings upon 
completion. 

Initiation dependent on results of prior 
step. Time scale for completion based on 
findings. 

Toxicity Control 
Implementation 

As necessary and to 
share findings upon 
completion. 

Time scale dependent on control option. 

TRE Conclusion Consulted regarding 
acceptability of TRE 
termination. 

Can occur at any point in TRE. 
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4.0 CONCLUSION 

This document provides a TRE Action Plan that fulfills the associated requirements in Order 

No. R5-2008-0164. The major steps for the TRE have been identified as: (1) Validation of 

Bioassay Results, (2) Information and Data Acquisition, (3) Facility Performance Evaluation, 

(4) Toxicity Identification Evaluation (TIE), (5) Toxicity Source Evaluation (TSE), (6) Toxicity 

Control Evaluation (TCE), and (7) Toxicity Control Implementation (TCI). It is important to 

note that Steps (4) and (5) may not be necessary, and steps (6) and (7) may be included in the 

Toxicity Reduction Evaluation (TRE) Reporting.   

Implementation of this TRE Action Plan is designed to achieve the overall TRE objectives in 

the timeframe identified in the schedule, including:  

• Identification of the cause(s) of toxicity; and 

• Measures to mitigate the impact of the discharge and prevent recurrence of toxicity. 
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MEMORANDUM 
 
Date: April 13, 2015 

To: Jeff Stanley, CDCR 

From: Dewberry 

Subject:   Deuel Vocational Institution 
Toxicity Reduction Evaluation 

 

 

EXECUTIVE SUMMARY 

 

The Deuel Vocational Institution (DVI) wastewater treatment facility (WWTF), NPDES No. 

CA0078093, exceeded the chronic toxicity limit for Ceriodaphnia dubia with a TUc > 1 in 

December 2013.  DVI conducted four accelerated monitoring tests of chronic toxicity during 

January and February 2014.  The first two accelerated monitoring samples exceeded the chronic 

toxicity limit.  The second two accelerated monitoring tests did not exhibit chronic toxicity and 

thereafter DVI resumed quarterly whole effluent toxicity (WET) testing. 

 

As required by a Notice of Violation (NOV) in November 2014, DVI submitted a Toxicity 

Reduction Evaluation (TRE) Action Plan in December 2014 and subsequently conducted this 

TRE to identify causes of chronic toxicity and identify corrective actions to reduce or eliminate 

effluent toxicity.  All permit violations that occurred during 2014 at discharge locations EFF-001 

and RSW-002 were evaluated.  Probable and potential causes of these violations were identified 

as summarized in Table ES-1  

 
Table ES-1  2015 TRE Results 

Item Location Parameter 
Violations, 

number 
Probable Source Potential Source 

1 EFF-001 Chronic toxicity 3 High effluent TDS High HCO3 dose 

2 EFF-001 Nitrate + nitrite 3 Hydraulic loading  Anoxic mixer failure 

3 RSW-002 pH rise 2 Interpretation error Algae in stream 

4 RSW-002 Temperature rise 5 Low cooling capacity Transformer failure 

 
Chronic toxicity occurs due to high TDS concentrations in the WWTF effluent.  High TDS 

concentrations (from the brackish groundwater source) discharge from the WWTF when the 

reverse osmosis (RO) and zero liquid discharge (ZLD) systems which supply drinking water are 

out of service. Specific recommendations to maintain reliable operation of the RO-ZLD system 

will be developed in a separate report.     

 

At the WWTF, permit violations have been attributed to wear of the membrane filter modules, 

limited effluent cooling capacity, and mechanical and electrical equipment failures.  To improve 

reliability, CDCR will replace the membrane filter modules and modify the effluent cooling 

towers.  CDCR will make every effort to keep both the RO-ZLD system and the WWTF in 

operation.  
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INTRODUCTION 

 

The CVRWQCB issued a Notice of Violation (NOV) on November 20, 2014 which required 

CDCR to initiate a toxicity reduction evaluation (TRE) for the Deuel Vocational Institution 

(DVI) and submit a TRE Action Plan to the CVRWQCB by December 19, 2014.  CDCR 

submitted the required TRE Action Plan on December 17, 2014 in compliance with the NOV.   

 

Prior to July 19, 2013, discharges of industrial storm water from Discharge Points EFF-003 and 

EFF-004 to the Deuel Drain were regulated under the NPDES permit for the WWTF.  These 

storm water discharge points are currently regulated under the general permit for municipal 

separate storm sewer systems (MS4s).  Violations of the industrial storm water permit (Order 

2013-0001-DWQ) for EFF-003 and EFF-004 are not included in this review of the WWTF.  

 

This report presents a review of operation and performance of the DVI wastewater treatment 

facility, identifies probable and potential causes of the permit violations to the extent possible, 

and describes corrective actions to reduce or eliminate violations of permit limits. 

 

 

REVIEW OF 2014 SELF-MONITORING REPORTS 

 

The Central Valley Regional Water Quality Control Board (CVRWQCB) reviewed the 

electronic self-monitoring reports (eSMRs) submitted by CDCR for the DVI WWTF for each 

month from April through September 2014 and the Second and Third Quarter 2014 monitoring 

reports.  As summarized in Table 1, CVRWQCB identified several violations of the effluent 

limitations including effluent nitrate concentrations, excessive surface water temperature 

increase downstream of the effluent discharge point, and chronic toxicity for Ceriodaphnia 

dubia. 

 

Fourth Quarter 2013 Chronic Toxicity 

 

Chronic toxicity to Ceriodaphnia dubia was reported in October 2013.  The laboratory that 

conducted the WET tests (Sierra Foothill Laboratory, Inc.) attributed the Ceriodaphnia dubia 

chronic test failure during October 2013 to the use of unhealthy test organisms.  The laboratory 

retested Ceriodaphnia dubia chronic toxicity using fresh test organisms on December 19, 2013.  

This retest exceeded the chronic toxicity limit for Ceriodaphnia dubia with a TUc > 1.  

 

Accelerated Monitoring of Chronic Toxicity First Quarter 2014 

 

During January and February 2014, accelerated monitoring of chronic toxicity for Ceriodaphnia 

dubia was conducted.  Accelerated monitoring consisted of four chronic tests conducted every two 

weeks using the species that exhibited the toxic effects.  The chronic toxicity test on January 8, 2014 

was used as the first quarter chronic test and also as the first accelerated chronic toxicity test.  

The first two of these accelerated monitoring samples (January 8 and 21, 2014) exceeded the 

chronic toxicity limit with results summarized in Table 2.  The second two accelerated 

monitoring tests (February 3 and 13, 2014) did not exhibit any adverse chronic effects on the test 
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organisms.  After the two February accelerated monitoring tests met the chronic toxicity criteria, 

the quarterly WET testing schedule resumed. 

 
Table 1 – DVI Violations of Effluent Limits During 2014 

Monitoring 
Location 

Date Parameter Units Limit Test 
Result 

Notes 

Effluent 1 2-14-2014 Nitrate + nitrite mg/L 10 11  
(EFF-001) 8-31-2014 Nitrate + nitrite mg/L 10 12  
 9-30-2014 Nitrate + nitrite mg/L 10 12  

 1-08-2014 Chronic toxicity, C. dubia TUc  1 > 1 1st Quarter 
 1-21-2014 Chronic toxicity, C. dubia TUc  1 1.3 2nd accelerated 
 7-28-2014 Chronic toxicity, C. dubia TUc  1 1.3 3

rd
 Quarter 

Receiving 
Water 
(RSW-001 & 
002) 

1-14-2014 Temperature rise 
o
F 4 5.1  

1-28-2014 Temperature rise 
o
F 4 9  

2-25-2014 Temperature rise 
o
F 4 7.4  

3-09-2014 Temperature rise 
o
F 4 4.7  

4-10-2014 Temperature rise 
o
F 4 5  

2-25-2014 pH S.U. 0.5 1.0 1.3 in NOV incorrect 

3-18-2014 pH S.U. 0.5 1.0  

1. TUc = Chronic Toxicity Units = 100/NOEC; (NOEC = No observed effect concentration). 
2. Chronic toxicity test on 1-08-2014 was used as the 1st quarter and 1st accelerated toxicity test. 
3.   TUc > 1 requires accelerated WET testing to begin within 14-days after failure of a quarterly WET 

test and initiation of a TRE if any accelerated WET test fails. 
 

Table 2 – DVI Accelerated Chronic Toxicity Testing During 2014 

Monitoring 
Location 

Date Parameter Units Limit Test 
Results 

Notes 

Effluent 1 1-08-2014 Chronic toxicity, C. dubia TUc  1 > 1 1st accelerated 
(EFF-001) 1-21-2014 Chronic toxicity, C. dubia TUc  1 1.3 2nd accelerated 
 2-03-2014 Chronic toxicity, C. dubia TUc  1 1 3rd accelerated 
 2-18-2014 Chronic toxicity, C. dubia TUc  1 1 4

th
 accelerated 

1. TUc = Chronic Toxicity Units = 100/NOEC; (NOEC = No observed effect concentration). 
2. Chronic toxicity test on 1-08-2014 was used as the 1st quarter and 1st accelerated toxicity test. 
3. TUc > 1 requires accelerated WET testing to begin within 14-days after failure of a quarterly WET 

test and initiation of a TRE if any accelerated WET test fails. 

 

TRE Action Plan 

 

The CVRWQCB issued a Notice of Violation (NOV) on November 20, 2014 which stated that 

CDCR was required to initiate a toxicity reduction evaluation (TRE) after the first accelerated 

monitoring test result exceeded the toxicity trigger on January 6, 2014.  The NOV required DVI 

to submit a TRE Action Plan by December 19, 2014 and conduct a TRE to identify the cause(s) 

of the observed toxicity and identify corrective actions to reduce or eliminate effluent toxicity 

(CVRWQCB, November 20, 2014).  In compliance with the NOV, CDCR submited the TRE 

Action Plan on December 17, 2014. 

 



Duel Vocational Institute 
Toxicity Reduction Evaluation 
Page 4 of 36 

 

 

Second, Third, and Fourth Quarter 2014 Chronic Toxicity 

 

The second quarter 2014 WET test indicated that the effluent was in compliance with the chronic 

toxicity criteria for all test species.  The third quarter 2014 WET tests on July 28, 2014 exceeded 

the chronic toxicity limit for Ceriodaphnia dubia.  The fourth quarter 2014 WET test on October 

7, 2014 was in compliance with the chronic toxicity limit for all test species. 

 

 

RESPONSE TO 2014 NOVS 
 

CDCR identified operational conditions which had caused permit violations and provided 

responses to CVRWQCB to identify the probable causes and corrective actions for the violations 

of nitrate, temperature, pH, and disinfection byproducts. 

    

Nitrate 

 

Nitrate exceeded the monthly average effluent limit of 10 mg/L in February, August, and 

September 2014.   The effluent nitrate concentrations exceeded the permit limit by 1 to 2 mg/L 

for each of these violations.   

 

Mechanical Mixer Failures.  Two previous nitrate violations during December 2013 and the 

February 2014 nitrate violation were caused by mechanical failure of 2 of the 4 mixers in the 

anoxic zone of the denitrification process.  CDCR installed two new mixers to restore 

denitrification capacity.  CDCR also purchased spare parts for mixers to allow future mixer 

mechanical failures to be repaired quickly.  

 

Peak Hydraulic Loading.  Nitrate violations during August and September 2014 occurred 

during maximum day hydraulic loading on the wastewater treatment system.  During August and 

September 2014, wastewater effluent flows increased from an annual average of 0.5 mgd to a 

daily maximum permitted discharge of 0.62 mgd. 

 

To balance the daily flow variation during high flows in the summer, the operators use the 

aerated sludge storage tank as a surge or flow equalization tank.  The sludge storage tank 

provides storage for waste sludge to allow intermittent sludge thickening, dewatering, and 

disposal.  To provide storage volume for flow equalization, the water level in the sludge storage 

tank is reduced during low flows.  The portion of the peak flows exceeding the discharge rate is 

diverted from the aeration basins to the sludge storage tank.  After the influent flow rate 

decreases below the discharge rate, the wastewater stored in the sludge storage tank is pumped 

back to the MBR process through the anoxic zones.  

 

This operational strategy moderates variations in the hourly influent flow but also transfers 

dissolved oxygen from the aerated sludge storage tank to the anoxic zones in the MBR process.   

Dissolved oxygen carried into the anoxic zones would effectively decrease the anoxic contact 

time and reduce the readily biodegradable soluble BOD5 required for biological denitrification, 

effectively decreasing denitrification capacity and increasing effluent nitrate concentrations.    
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Membrane Filter Capacity.  The capacity of the membrane filters has been reduced 

significantly due to membrane fouling and membrane damage due to accumulation of solid 

debris on the membranes.  Lack of mechanical lifting equipment to remove the filter modules 

from the basins has limited access for maintenance of the air scouring diffusers.  This lack of 

mechanical lifting equipment has resulted in inadequate membrane scouring and reduction of 

membrane flux capacity. 

 

The membrane modules require a minimum recycle flow of several hundred gpm each to prevent 

excessive solids accumulation on the membrane surface.  During peak flows, additional MBR 

tanks are placed in operation which increases the total recycle flow and reduces the hydraulic 

retention time in the anoxic zones.  The reduction in the hydraulic retention time in the anoxic 

zones reduces denitrification capacity and increases effluent nitrate concentrations.   

 

Membrane Filter Upgrades.  CDCR plans to replace the existing membrane filters to restore 

filtration capacity to original design criteria.  New membrane filters will allow higher peak hour 

discharge rates and reduce or eliminate the need for flow equalization in the sludge storage tank, 

which will enhance denitrification performance.  Increased filtration capacity will allow the 

WWTF to operate with fewer filters during peak flows which will reduce the internal recycle 

rate, increase hydraulic retention time in the anoxic zones, and maintain denitrification capacity.  

CDCR plans to install a new hoist or overhead crane system to remove the membrane filters 

from the basins to provide access for maintenance of the scouring air diffusers. 

 

pH 

 

The effluent pH on February 25 was 7.9 while the surface water upstream and downstream were 

7.5 and 8.5, respectively.  On March 18, 2014, the effluent pH was 7.9 and the surface water 

upstream and downstream were 7.3 and 8.3, respectively.  On both dates, the DVI effluent pH 

was mid-way between the upstream and downstream pH values.  Although the pH changed by 

more than 0.5 units in the Deuel Drain on the dates noted, the effluent at a lower pH than the 

downstream receiving water could not cause the pH increase in the receiving water. These pH 

violations should be withdrawn because the interpretation of the pH data was erroneous.   
 
Storm water drainage from adjacent agricultural fields is conveyed by the Deuel Drains during 

the summer irrigation season and during the rainy season in winter.  Agricultural fertilizers and 

pesticides used on the fields wash into Deuel Drains and affect surface water quality throughout 

the year.  Storm water drainage pipes discharge along the Deuel Drains at multiple points 

including near the EFF-001 location and directly across from the RSW-001 sampling location. 

 

Previous CDCR reports to the CVRWQCB have noted that large areas in the Deuel Drain have 

had the water surface covered with duck weed while other areas contained algae on the bottom 

surface.  Fertilizers in the storm water from agricultural fields wash into the Deuel Drains and 

stimulate growth of both duck weed and algae.  The duck weed blocks sunlight which prevents 

algae growth and causes low pH conditions and low dissolved oxygen.  The open areas where 

water is exposed to sunlight, algae grows and pH increases.  The observed increase in pH in the 
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Deuel Drains has been caused by agricultural activities and by other natural conditions unrelated 

to the DVI facility. 

 

Temperature 

 

The temperature rise in the receiving stream exceeded the 4
o
 F limit on five occasions during 

2014.  During these events, the cooling towers were operating at the maximum cooling range 

which reduces the effluent temperature by 20° F. 

 

Cooling Design Range. When the effluent temperature exceeds the receiving stream temperature 

by more the 24° F, the cooling towers cannot remove enough heat from the water to achieve 

compliance with the 4° F difference limitation. 

 

Cooling Tower Fan Transformer Failure.  The cooling towers have 24-volt cooling fans 

which require an electrical transformer in each cooling unit to reduce the voltage.  When a 

transformer fails, the cooling fan shuts down and forced air ventilation through the tower ceases.  

Effluent continues to be pumped through the cooling tower, but lack of forced air ventilation 

reduces cooling capacity and causes the facility to exceed the effluent temperature limitation 

(Mullins, 2015).   

 

Cooling System Upgrades and Maintenance.  CDCR will modify the cooling tower controls 

and equipment to increase the cooling range enough to achieve compliance with the temperature 

rise limitation.  CDCR will maintain spare cooling fans and transformers on site to minimize 

time required to replace failed components in the cooling system.  

 

Whole Effluent Toxicity Testing 

 

DVI is required to conduct both acute and chronic whole effluent toxicity (WET) testing on a 

quarterly basis utilizing three species includinge fathead minnows (Pimephales promelas), water 

fleas (Ceriodaphnia dubia), and green algae (Selenastrum capricornutum).  DVI effluent has 

exhibited significant acute toxicity sporadically since operation of the WWTF began in 2010. 

 

Chronic Toxicity 

 

Chronic toxicity to Ceriodaphnia dubia was reported on December 19, 2013 and on January 8 

and 21, 2014.  After these incidents, chronic toxicity to Ceriodaphnia dubia was reported again 

on July 28, 2014.  The remainder of the evaluation focuses on identification of potential causes 

of chronic toxicity. 

 

 

REVIEW OF HISTORICAL TOXICITY 

 

The DVI facility has experienced previous chronic toxicity violations.  Previous TRE evaluations 

have identified potential causes of chronic toxicity and have proposed actions to reduce or 

eliminate chronic toxicity. 
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Hydraulic Capacity and Limitations 

 

The previous Order contained effluent limitations prohibiting average dry weather flows or peak 

wet weather discharge flows from exceeding the treatment plant’s design flow of 0.62 mgd. The 

current Order (4-3-2003) contains a monthly average effluent flow limit of 0.62 mgd. Daily Peak 

Wet Weather Flow (PWWF) was reported to be 0.783 mgd (4-3-2003) and DVI was unable to 

consistently comply with this limitation.   Monitoring reports from February 2000 to February 

2001 showed 136 dates where the discharge was in excess of 0.62 mgd.  

 

On 21 June 2001, CDCR requested a discharge flow increase to 1.0 mgd. Additional receiving 

water and treatment plant capacity studies were required before this request could be granted.  

On 7 March 2002, DVI withdrew the request for an increase in the permitted discharge flow, and 

implemented water conservation measures to reduce the volume of wastewater generated. 

  

Toxicity Reduction Evaluation 2012 
 

During 2012, DVI exceeded the chronic toxicity for the green algae Selenastrum capricornutum.  

DVI conducted accelerated monitoring and performed a TRE (GHD, 2013) as required by the 

discharge permit.  Results of the quarterly and accelerated chronic test results for Selenastrum 

are presented in Table 3.  The chronic bioassay test for Selenastrum evaluates impacts on growth 

by comparing the 96 hour cell density of the test sample to the control sample.  The TUc value is 

the ratio of the cell density of the control sample to the cell density of the test sample. 

 

The 2012 TRE used water from the receiving stream (RSW-001) for both the effluent sample 

diluent and for all control tests.  The receiving stream water was subsequently shown to stimulate 

algae growth compared to a control test using laboratory prepared water.  The 2012 TRE results 

therefore may have included false positive toxicity results due to stimulating algae growth in the 

control tests.  However, the reduction in 96-hour cell density of the effluent samples was 

considered too large to have been caused by the receiving stream water alone. 

 

Review of the monthly monitoring reports for the DVI WWTF indicated that monitored 

parameters were within permissible limits, except for electrical conductivity (EC) which was 

elevated during some of the failed toxicity tests. The 96-hr cell density for the bioassays using 

100 percent effluent was shown to be inversely related to EC (i.e. algae cell density decreased 

when EC increased). 

 

Elevated EC occurred when the DVI reverse osmosis (RO) system that provides drinking water 

was off line for maintenance.  When the RO system was off line, drinking water was supplied 

from groundwater which has elevated EC due to high concentrations of dissolved minerals.  The 

failed Selenastrum toxicity tests were attributed to elevated concentrations of total dissolved 

solids (TDS), hardness, and alkalinity which increase EC.   
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Table 3 – Chronic Selenastrum Bioassay Results 2012 

Date Laboratory 
Type of Monitoring 96 hour cell 

density 
Result, TUc 

Quarterly TRE 

12 January 2012 ABC 1  9.18E+05 1.33 

5 April 2012 ABC 2  1.34E+06 1.33 

2 May 2012 ABC  1 1.01E+06 8.00 

16 May 2012 ABC  2 8.31E+05 8.00 

31 May 2012 ABC  3 8.15E+05 > 8.00 

13 June 2012 ABC  4 6.57E+05 4.00 

11 July 2012 ABC 3  9.38E+05 2.00 

11 October 2012  ABC 4  1.67E+06 1.00 

18 October 2012 SFL  TRE (3)  1.00 (3) 

1.  All Quarterly and Accelerated Monitoring tests conducted on 24hr Composite samples except for 1 
Grab sample on 18 October 2012. 

2.  Laboratories:  ABC = Aquatic Bioassay Consulting, Inc.,  SFL = Sierra Foothill Laboratories 
3.  Initial TUc was reported as 1.33. Re-suspension of sample reduced TUc to 1. 

 

During January and February 2013, four bioassay tests were conducted on samples while the RO 

plant was operational which eliminated any effects of elevated electro-conductivity. Each 24 

hour composite effluent sample was tested using laboratory control water for dilution.  Toxicity 

was absent for all four test as indicated by TUc of 1.   With completion of four consecutive 

accelerated monitoring tests passing chronic toxicity bioassays and identification of the likely 

source of toxicity being the identified as high TDS and EC when the (RO) plant was out of 

service, DVI was permitted to exit this TRE. 

 

 

VALIDATION OF BIOASSAY RESULTS 

 

The 2014 bioassay tests were performed by Sierra Foothill Laboratory which certified that all 

test results were in conformance with all applicable Environmental Laboratory Accreditation 

Program (ELAP) requirements.  Sierra Foothill Laboratory is ELAP-accredited by the California 

State Water Board.   The laboratory is qualified to perform WET tests using approved methods 

which ensure the quality of the analytical data is acceptable for regulatory purposes.   

 

Dewberry Engineers reviewed the quarterly and accelerated chronic toxicity test results reported 

during 2014 to determine if any anomalies or inconsistencies were evident and which might 

invalidate the bioassay test results. 

 

First Quarter 2014 WET Test 

 

The first quarter WET test of samples collected on January 6, 2014, shown in Table 4, indicated 

that Pimphales promelas survival was 100 percent for the effluent, receiving water, and control.  

Growth was not reduced for either the effluent or receiving water compared to the control     
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Table 4 – First Quarter WET Test 2014, Abbreviated Static-Renewal Chronic Toxicity Tests - 
Sample Date January 6, 2014  

Sample 
Location 

Test Species 

Pimphales promelas Ceriodaphnia dubia 
Selenastrum 

capricornutum 

7-day % 
survival 

Avg. Dry 
Wt., mg 

6-day % 
survival 

Average 
young/ 
female 

96-hr cells/mL 

Unstirred 
Shaken 10 
minutes 

EFF-001 100.0 0.75 80 7.8 1.24 1.99 
RSW-001 100.0 0.74 100.0 21.5 4.53 4.86 
Control 100.0 0.68 100.0 25.3 1.64 1.62 
TUc 1 1 1 > 1 NA 1 

Effluent = EFF-001, Receiving Stream = RSW-001, TUc = Chronic Toxicity Unit.  Control = Demineralized 
water (dMW) prepared using 26 percent Evian Spring Water and 74 percent Arrowhead distilled water.  
Test organisms were cultured in dMW.  All tests conducted in 100 percent sample (zero dilution). 
 

Ceriodaphnia dubia survival was not significantly reduced in either the effluent or receiving 

water, but reproduction was significantly reduced in both the effluent and the receiving water. 

Ceriodaphnia dubia reproduction test result was TUc > 1 which initiated accelerated testing.   

 

The results for Selenastrum capricornutum indicated no significant reduction in the 96-hour cell 

densitities of either the effluent or receiving water.  As shown in Table 4, cell densities increased 

in both the effluent and receiving water compared to the control, indicating that there might be 

some substance which stimulated algae growth in both the effluent and receiving water.  The 

apparent stimulatory effect is similar to results reported for the 2012 TRE (GHD, 2013), which 

showed that the receiving water had a stimulatory effect on algae growth.  This stimulatory effect 

was attributed to the impact of agricultural drainage into the receiving water (GHD, 2013).  For 

both 2012 and 2014 results, the apparent stimulatory effect on algae growth in test samples did 

not have any adverse or toxic effects. 

 

The 2014 laboratory report noted that at termination of the initial test, algae were sticking to the 

culture flask walls in all of the effluent replicates, resulting in underestimation of algae growth 

and high variability between replicates.  After the initial determination of turbidity, the flasks 

were shaken for 10 minutes with silica sand added to dislodge and resuspend the cells.  Turbidity 

of the resuspended samples was retested.  This cell resuspension procedure had been used 

previously as reported in the 2012 TRE (GHD, 2013). 

 

Accelerated Chronic Toxicity Tests 2014 

 

Results of the accelerated chronic toxicity tests for Ceriodaphnia dubia are summarized in Table 

5.  The first two accelerated tests indicated chronic toxicity based on reduced reproduction.  The 

second test on January 21 showed improvement compared to the first test on January 8 in terms 

of increased numbers of young per female and significant effects observed only in the 100 

percent effluent series.  The second two accelerated tests indicated no chronic toxicity.  
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Table 5 – Accelerated  WET Tests 2014, Definitive Static-Renewal Chronic Toxicity Tests - 
Sample Date January 6, 2014  

Effluent 
dilution, 
percent 

Test Species Ceriodaphnia dubia 
Test 1 Test 2 Test 3 Test 4 

January 8, 2014 January 21, 2014 February 3, 2014 February 18, 2014 

6-day % 
survival 

Average 
young/ 
female 

6-day % 
survival 

Average 
young/ 
female 

6-day % 
survival 

Average 
young/ 
female 

6-day % 
survival 

Average 
young/ 
female 

100 80.0 7.8 100.0 19.2 100.0 42.6 100.0 39.3 
75 100.0 31.0 100.0 37.4 100.0 44.9 100.0 39.9 
50 100.0 28.2 100.0 36.4 90.0 40.0 100.0 41.3 
25 100.0 24.6 100.0 32.1 100.0 45.0 100.0 38.3 

12.5 100.0 21.6 90.0 34.0 100.0 43.1 100.0 35.6 

RSW-001 100.0 21.5 100.0 37.2 100.0 41.7 100.0 34.0 

Control 100.0 25.3 100.0 35.4 100.0 39.5 100.0 42.0 

TUc 1 1.3 1 1.3 1 1 1 1 

Effluent = EFF-001, RSW-001 = Receiving Stream, TUc = Chronic Toxicity Unit.  Control = Demineralized 
water (dMW) prepared using 26 percent Evian Spring Water and 74 percent Arrowhead distilled water.  
Test organisms were cultured in dMW water.  All dilutions conducted using the Receiving Stream RSW-
001.  Solution renewal and feeding with 0.1 mL YCT + 0.1 mL algae conducted daily.    
 

Detailed review of the quarterly and accelerated chronic toxicity tests did not identify any 

anomalies or inconsistencies which might invalidate the bioassay test results.  The chronic 

toxicity tests were certified by the ELAP accredited laboratory to have followed all approved 

analytical methods.  Sample collection and sample transport procedures were documented on 

chain of custody forms. Laboratory reference toxicant tests appear to be valid.  The quality of the 

analytical data appears to be acceptable and the reported results appear to be reliable within the 

limits of WET test method accuracy.  

 

 

RECEIVING STREAM 

 

Discharge Point 001 

 

The DVI facility discharges effluent to Deuel Drain at Discharge Point 001 (EFF-001) which 

borders the facility on the east.  In addition to effluent from the DVI WWTF, Deuel Drain 

receives storm water runoff and occasional drainage from agricultural irrigation.  Deuel Drain 

flows into the Paradise Cut.  The western end of Paradise Cut discharges to the Old River, which 

is tributary to the San Joaquin River and Clifton Court Fore bay, a drinking water source for 

southern California.  These waters are located within the Sacramento-San Joaquin Delta.  The 

southern one-third of the Delta is 303(d) listed as an impaired water body for total dissolved 

solids (TDS) 

 

Effluent Discharge Requirements 

 

Deuel Drain is an ephemeral, effluent dominated stream, with minimal dilution in the vicinity of 

the discharge.  Because dilution is negligible, Basin Plan water quality standards apply at the 
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outfall to the Deuel Drain.  Effluent monitoring locations for the DVI WWTF are listed in Table 

6.  Discharge requirements for the DVI WWTF are summarized in Tables 7. 

 
Table 6 – Monitoring Station Locations 

Station Number Monitoring Location Description 

INF-001 Representative influent sample collected prior to any treatment or return flows. 

EFF-001 
Representative effluent sample collected downstream of the outfall. 
Latitude: 37° 45’ 02” N Longitude: 121° 19’ 35” W  

RSW-001 In Deuel Drain, 3,080 feet upstream from Discharge Point 001.  

RSW-002 In Deuel Drain, 450 feet downstream from Discharge Point 001. 

RSW-003 In Paradise Cut, 900 feet east of the confluence with Deuel Drain.  

BIO-001 Representative biosolids sample collected once per year. 
SPL-001 Representative sample of municipal water supply.  
UVS-001 Representative sample collected upstream of UV disinfection system. 

UVS-002 Representative sample collected downstream of the UV disinfection system.  

 

Elimination of Discharge Mixing Zone.  Prior to 2003, Deuel Drain was designated as a 

mixing zone which extended from Discharge Point 001 approximately one mile downstream to 

the confluence of Deuel Drain with Paradise Cut.  This mixing zone had allowed DVI to comply 

with effluent limitations for temperature and chlorine residual.  Elimination of the mixing zone 

in 2003 required construction of a new effluent cooling system and new UV disinfection system 

as part of the new DVI WWTF completed in 2010.  .  

 

Title 22 Reclamation Criteria.  DVI WWTF discharge requirements include tertiary filtration 

and Title 22 disinfection criteria to allow effluent to be used to irrigate approximately 3 acres of 

the DVI WWTF site, irrigation of food crops, and for contact recreation.  Effluent discharge 

requirements include an effluent turbidity limitation measured at Monitoring Location UVS-001 

shall not exceed 0.2 NTU more than 5 percent of the time within a 24-hour period and 0.5 NTU 

at any time.  

 

Total Dissolved Solids (TDS) and Electrical Conductivity.  Monitoring data shows the 

discharge from Outfall 001 contains TDS concentrations as high as 2,000 mg/l, and EC levels up 

to 2400 uS/cm (= umhos/cm). The reported TDS concentrations have increased since startup of 

the system in 2010, consistent with regional groundwater quality trends. 
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Table 7 – Effluent Limitations - Discharge Point No. 001 (EFF-001) 

Parameter Units 
Average 
Monthly 

Average 
Weekly 

Maximum 
Daily 

Instantaneous 

Minimum Maximum 

Average Dry Weather Flow  mgd   0.62   

Biochemical Oxygen Demand       
(5-day @ 20°C) 

mg/L 10 15 20 -- -- 

lbs/day
2
 52 78 103 -- -- 

Total Suspended Solids (TSS) 
mg/L 10 15 20 -- -- 
lbs/day

2
 52 78 103 -- -- 

Copper, Total Recoverable  µg/L  25 -- 10 -- -- 

Cyanide, Total (CN)  µg/L  4.3 -- 8.5 -- -- 

Methylmercury  grams/year      0.021
8
 

Mercury, Total interim limit grams/year     10.6 
9
 

Ammonia Nitrogen, Total (N) 
mg/L 0.7 -- 2.2 -- -- 
lbs/day

2
 3.6 -- 11.4 -- -- 

Nitrate Nitrogen, Total (N) mg/L 10 -- -- -- -- 

Nitrite Nitrogen, Total (N) mg/L 1.0     

pH 
2
 Std. units -- -- -- 6.5 8.5 

Temperature  ºF  -- -- 20/4 
3
 -- -- 

Total Coliform Organisms 
MPN 
/100 mL 

23 any 
30-day 
period 

2.2 as 
7-day 

median 
-- -- 

240 
at any 
time 

UV dose, hourly average  mJ/cm2    80  

Acute Toxicity  % Survival  -- -- 70/90
1
4

 -- -- 

Chronic Toxicity  TUc  -- -- 1 
5

 -- -- 

1. Effective 29 March 2014. ORDER R5-2014-0014.  NPDES NO. CA0078093.  

2. The pH to be depressed below 6.5 nor raised above 8.5. 

3. Temperature. In Deuel Drain, the discharge shall not cause the creation of a zone, defined by water 
temperatures of more than 1ºF above natural receiving water temperature, which exceeds 25 percent 
of the cross-sectional area of the main river channel at any point. 

4. Acute Whole Effluent Toxicity: 70% minimum survival in 96-hour bioassays of undiluted waste for any 
one bioassay; 90% median for any three consecutive bioassays.  

5. Chronic Whole Effluent Toxicity: No chronic toxicity in effluent discharge.  Quarterly chronic toxicity 
tests for the duration of the permit. 

6. Diazinon and Chlorpyrifos: Effluent concentrations shall not exceed the sum of 1.0 as identified below:  

Average Monthly Effluent Limitation: SAMEL=CD AVG/0.079 + Cc AVG/0.012 ≤1.0  
CD-avg = average monthly diazinon effluent concentration  
CC-avg = average monthly chlorpyrifos effluent concentration.  

Maximum Daily Effluent Limitation:  SMDEL=CD MAX/0.16 + Cc MAX/0.025 ≤1.0  
CD-max = maximum daily diazinon effluent concentration in µg/L.  
CC-max = maximum daily chlorpyrifos effluent concentration in µg/L. 

7. Methylmercury: Effluent annual methylmercury load shall not exceed 0.021 grams per calendar year, 
per the Delta Mercury Control Program.  From 30 January 2015 until achieving compliance with final 
effluent limitations for methylmercury, submit annual progress reports on pollution minimization 
activities. 

8. Interim Effluent Limitations for Mercury total: Effective until 30 December 2030, effluent total annual 
mercury load per calendar year shall not exceed 10.6 grams/year. This interim effluent limitation shall 
apply in lieu of the final effluent limitation for methylmercury.  
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WASTEWATER TREATMENT FACILITY 

 

The DVI wastewater treatment facility (WWTF) began discharging on 22 September 2010. The 

design capacity of the facility is 0.70 million gallons per day (mgd) and the permitted flow is 

0.62 mgd, both as average dry weather flow conditions.  The WWTF serves a population of 

approximately 3,132 inmates plus 1,066 staff.  The WWTF process equipment is summarized in 

Table 8. 

 

The DVI WWTF consists of biological treatment with nitrification and denitrification, four 

membrane bioreactors (MBRs), and ultraviolet light (UV) disinfection.  Effluent (permeate) is 

discharged from the MBR submerged microfilter modules and thickened mixed liquor suspended 

solids (MLSS) retained in the MBR basins are returned to the activated sludge basins and an 

aerated sludge storage basin.  Waste solids from the aerated sludge storage basin are dewatered 

by a belt filter press approximately once per week.  The MLSS in the aeration basins increases 

gradually by 300 to 400 mg/L until some of the suspended solids are removed by belt filter press 

dewatering.  Dewatered waste solids are hauled to offsite disposal. 

 
Table 8 – Wastewater Treatment Equipment 

Treatment Units 
Units, 

Number 

Capacity,  
Type Each, 

gpm 
Total, 
mgd 

Headworks     
Coarse screens 2  2.1 Mechanical 
Influent pumps (2 + 1 standby) 3 870 2.1 Submersible 
Fine screens 2  2.5 Rotary drum 
Grit separator 1  2.6 Vortex 
Grit cyclonic separator & classifier 1 250  Inclined screw 

Bicarbonate feeder (pH adjustment) 1   1 – 40 mg/L feed rate 

Aeration basins, gallons each 2 236,000 2.9  
Anoxic zones per basin 2    
Aeration zones per basin 1    
Aeration blowers, scfm 3 1,093   

Aerated sludge storage tank 1    

Membrane bioreactor system    2.9  
Membrane feed pumps, each  4 640  Submerged hollow fiber 
Membrane basins, gallons each 4 8,600   
Permeate discharge pumps 4 512  Rotary lobe 
Membrane scour blowers, scfm 3 1,710   

Ultraviolet (UV) disinfection 3  4.09  

Effluent cooling towers 3 700 3.02  

Recycled water, tertiary disinfected   1.05  
Distribution pumps 3  1.05  

Bbelt filter press, (1 + 1 standby), each 2 160 0.28  

Emergency generator, kw 1 1,000   

Notes:  Inmate population served = 3,132; staff = 1,066. 
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WASTEWATER TREATMENT PERFORMANCE 

 

Influent BOD5 and TSS 

 

During 2014, influent BOD5 and TSS concentrations averaged 175 and 296 mg/L, respectively.  

Influent BOD5 and TSS concentrations vary widely from day to day.  There do not appear to be 

any seasonal trends in influent BOD5 concentrations that could potentially upset the wastewater 

treatment process or affect effluent toxicity. 

 

Influent TSS concentrations are more variable than influent BOD5 concentrations.  TSS 

concentrations appear to be higher in the winter than in the summer.  High TSS concentrations 

over 700 mg/L were recorded in January, late November, and December.  The high TSS 

concentrations during these winter months appear to coincide with high influent TDS 

concentrations discussed later in this evaluation.    

 

Effluent BOD5 and TSS 

 

The membrane bioreactors at the DVI WWTF reduce effluent BOD5 and TSS to annual average 

concentrations of 0.26 and 0.92 mg/L.  The very low effluent concentrations of BOD5 and TSS 

appear unlikely to contain any substance that might adversely affect effluent toxicity. 
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 Figure 1 – Wastewater Influent and Effluent BOD5 and TSS Concentrations During 2014 
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Nitrification Performance 

 

The DVI WWTF consistently achieves complete nitrification (oxidation of ammonia to nitrite) 

with an average annual effluent ammonia concentration of 0.16 mg/L.  The low effluent 

ammonia concentrations prevent any acute or chronic toxicity due to effluent ammonia. 

 

Wastewater Flows 

 

Wastewater flows for year 2014, shown on Figure 2, average 0.459 and 0.496 mgd for the 

influent and effluent, respectively.  Effluent flows exceed influent flows by 8 percent on average. 

The difference between influent and effluent flow measurements probably reflects meter 

accuracy under different hydraulic conditions rather than a real difference in influent and effluent 

flow rates. 

 

Seasonal Flow Trends.  Minimum daily flows occur from November through January.  

Maximum daily flows occur from late July through September.  The seasonal flow increase 

during summer reflects increased water consumption during hot dry weather.  The seasonal flow 

trends and peak flows do not appear to have potential to upset the wastewater treatment process. 

 

Influent and Effluent Flows 2014
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 Figure 2 – Wastewater Influent and Effluent Flows During 2014. 

 

Effects of RO System Shut Down.  Between October 14 and 21, 2014, influent and effluent 

flow rates decreased by almost half to 0.26 and 0.27 mgd, respectively.  This sudden decrease in 

wastewater flow rates coincides with shut down of the drinking water reverse osmosis (RO) 

system on October 18, 2014 for cleaning and maintenance of the brine concentrator (ZLD) 
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system.  During this shut down, DVI used brackish groundwater without reverse osmosis 

treatment is for water supply.  After this change of water sources, drinking water demand and 

wastewater production appear to have decreased sharply.  This reduction reflects DVI efforts to 

minimize water consumption while the RO-ZLD system was shut down for cleaning and 

maintenance.  This reduction in water consumption might also reflect the response of water users 

to the change in aesthetic quality of the drinking water due to high TDS concentrations.  If so, 

normal water consumption resumed after a period of acclimation to the changed water quality. 

 

The short term reduction in wastewater hydraulic loads after shut down of the RO system would 

not be expected to have any adverse effects on the performance of the wastewater treatment 

system.  However, the associated increase in influent and effluent total dissolved solids (TDS) 

could have affected wastewater treatment system performance and might have affected effluent 

chronic toxicity.   

 

Total Dissolved Solids and Electrical Conductivity 

 

Electrical conductivity is directly proportional to the TDS concentration in both the drinking 

water and wastewater.  The TDS concentrations and the electrical conductivities in the drinking 

water and wastewater are also directly related to one another.  As shown by Figure 3 and Table 

9, an increase or decrease in the drinking water TDS concentration and electrical conductivity is 

reflected in a similar proportional increase or decrease in the wastewater influent and effluent.  
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 Figure 3 - TDS Concentrations and Electrical Conductivities of DVI Water and Wastewater, 2014 
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Table 9 – Electrical Conductivity and TDS in Drinking Water, Influent, and Effluent in 2014 

Date 

Electrical Conductivity, µS/cm @ 25
o
 C Total Dissolved Solids (TDS), mg/L 

Drinking 
Water 

Wastewater 
Drinking 

Water 
Wastewater 

SPL-001 
Influent-

001 
Effluent-

001 
SPL-001 

Influent-
001 

Effluent-
001 

1/14/2014 199 569 683 100 830 ND 

2/11/2014 216 644 682 110 330 ND 

3/4/2014 202 766 671 110 480 ND 

4/10/2014 215 598 573 110 290 ND 

5/8/2014 213 590 572 120 290 ND 

6/3/2014 220 567 600 110 290 ND 

7/8/2014 219 721 653 110 370 ND 

8/26/2014 995 1,215 1,164 500 870 ND 

9/16/2014 207 688 638 100 330 ND 

10/9/2014 207 601 691 120 300 ND 

11/12/2014 4,001 4,210 4,290 2,800 2,700 ND 

12/9/2014 3,600 3,970 4,080 3,000 2,600 ND 

1/13/2015 3,480 3,660 4,000 2,500 2,600 ND 

 

The wastewater has higher TDS concentrations and electrical conductivities than the drinking 

water due to salts, minerals, and organic chemicals added during domestic use of the water. 

Under normal operating conditions, the drinking water contains approximately 110 mg/L of TDS 

and has an electrical conductivity of approximately 220 µS/cm (= µmhos/cm).  The influent 

wastewater contains approximately 300 mg/L of TDS and has an electrical conductivity of 

approximately 600 µS/cm.  

 

TDS Removal by Reverse Osmosis Treatment.  The reverse osmosis (RO) treatment system 

that supplies drinking water to DVI removes virtually all of the dissolved solids (TDS) from the 

brackish groundwater source.  Caustic soda and calcium chloride are added to the RO product 

water to increase hardness, pH, and alkalinity within drinking water quality standards (Carollo 

Engineers, 2009).  Sodium hypochlorite disinfection also slightly increases the mineral contentof 

the product water.   

 

When the reverse osmosis system is out of service and drinking water reserves from storage are 

depleted, DVI must use the brackish groundwater source which contains elevated TDS levels to 

provide water.  When brackish groundwater is used for water supply without reverse osmosis 

treatment, the effluent discharged from the wastewater treatment facility contains the total TDS 

from the brackish groundwater source plus additional TDS from domestic use of the water.   

 

During 2014, the reverse osmosis system operated consistently from January through October 

18, 2014.  The reverse osmosis and brine concentrator systems were taken out of service for 

cleaning and maintenance from October 18, 2014 through March 2015.  As shown on Figure 3, 

the WWTF influent and effluent TDS concentrations and electrical conductivities increased 

approximately 8-fold after the reverse osmosis system was taken out of service. 
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Potential Chronic Toxicity from TDS 

 

As shown on Figure 3, the TDS concentrations increased approximately 2-fold during monthly 

sampling on August 26, 2004 while the RO system was operating.  The TDS concentrations 

increased in the drinking water and in the wastewater, indicating that the RO system was not 

fully effective during this August sampling event.  The period when TDS concentrations 

increased might have lasted for only several hours or could have extended up to seven weeks 

between July 8 and August 26, 2004 which are the sampling dates bracketing the higher TDS 

event. 

 

The chronic toxicity for Ceriodaphnia dubia which was observed on July 28, 2014 occurred 

during the July 8 to August 26 period while the reverse osmosis system was operating less 

efficiently and might coincide with increased TDS concentrations.  If this were the case, the 

increase in the TDS concentrations in the WWTF effluent during this period might have caused 

or contributed to the chronic toxicity to Ceriodaphnia dubia due to osmotic or ionic imbalances 

or toxicity of specific ions at elevated concentrations.   

 

Potential TDS Impacts on First Quarter 2014 WET Test 

 

Chronic toxicity to Ceriodaphnia dubia was reported during accelerated WET testing on January 

8 and 21, 2014 while the RO system was operating.  The TDS concentration in the wastewater 

influent was elevated to 830 mg/L during monthly sampling on January 14.  TDS concentrations 

decreased to normal levels of 330 mg/L by the next monthly monitoring sample on February 11.  

The TDS concentration in the wastewater influent on January 14 was almost as high as the July-

August period (TDS = 870 mg/L) when chronic toxicity to Ceriodaphnia dubia was observed 

again on July 28. 

 

During 2014, the drinking water consistently contained approximately 110 mg/L of TDS, except 

for August 26 (500 mg/L of TDS) when the RO system appeared to be operating inefficiently 

and after October 18 when the RO system was shut down.  The relatively high TDS 

concentration of 830 mg/L in the wastewater influent on January 14 appears to be due to higher 

than average TDS loadings from the DVI facility because the drinking water TDS remained at 

the normal concentration of 100 mg/L.  The higher than average TDS loadings coincide with 

high wastewater influent TSS concentrations during January which were discussed previously.   

 

Comparison of January and February 2014 Accelerated WET Tests.  The January WET test 

results indicated chronic toxicity to Ceriodaphnia dubia when the wastewater influent TDS was 

elevated to 830 mg/L. After wastewater influent TDS concentrations had decreased to normal 

levels of 330 mg/L in February (based on the monthly monitoring sample on February 11), the 

second two accelerated WET tests on February 3 and 13, 2014 did not exhibit chronic toxicity to 

the test organisms.  The reduction of the effluent TDS from 830 mg/L in January to 330 mg/L in 

February correlates with chronic toxicity observed twice in January but absent in February. 
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Fourth Quarter 2014 WET Test 

 

The fourth quarter 2014 WET test was in compliance with the acute and chronic toxicity limits 

for all test species.  The absence of effluent toxicity in the fourth quarter WET tests would be 

expected because the test samples were collected on October 7, 2014 while TDS concentrations 

were low prior to shut down of the RO system on October 18, 2014. 

 

Chronic Toxicity Comparison - 2012 and 2014  

 

The probable cause of chronic toxicity during 2012 and 2014 was identified as high 

concentrations of TDS and associated electrical conductivity in the WWTF effluent.  The 2012 

WET tests indicated chronic toxicity for the green algae Selenastrum capricornutum while the 

2014 WET tests indicated chronic toxicity for the invertebrate species Ceriodaphnia dubia.   It is 

unclear why high TDS concentrations and associated high electrical conductivity did not affect 

both Selenastrum capricornutum or Ceriodaphnia dubia when toxicity was indicted for one or 

the other of these species.  These sensitive species may have been selectively affected by other 

factors which compound the effects of high TDS concentrations and associated high electrical 

conductivity. 

 

 

GROUNDWATER SALINITY  

 

Dissolved Solids in Groundwater 

 

The DVI facility is located in the Tracy Basin which is a division within the San Joaquin Valley.  

The evapotranspiration rate of 56 inches per year exceeds the average precipitation of 11 to 16 

inches per year in the Tracy Basin (California Department of Water Resources, 2005b).  The 

main aquifers within the Tracy Basin are the Late Tertiary to Quaternary Tulare Formation, 

Older Alluvium, flood basin deposits, and Younger Alluvium.  During the dry summers, ground-

water extraction rates are high. 

 

Surface water and shallow groundwater drain from the San Joaquin Valley into the Sacramento 

and San Joaquin Delta.  Rivers draining the Sacramento Basin also carry salt into the Delta.  

Much of the San Joaquin basin relies on water from the Delta, resulting in a net import of salt to 

the San Joaquin basin (Bennett, Belitz, and Milby Dawson, 2005). 

 

Groundwater in the San Joaquin Valley is increasingly saline due to fertilizers used in 

commercial agriculture which add salts to the soil.  (Most fertilizers are technically nearly 100 

percent salts).  Plants absorb most of the applied nutrients in fertilizers, but some of these salts 

remain in the soil and shallow groundwater.  High evaporation rates concentrate these dissolved 

salts in the shallow groundwater.  Deep percolation of excess applied irrigation water carries the 

dissolved salts down into the deep groundwater aquifers.  The concentration of dissolved solids 

generally increases with depth in the San Joaquin Valley. Groundwater quality in the Tracy 

Basin is shown for several wells in Table 10. 
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Table 10 – Groundwater Quality in the Tracy Basin 

 
Well Number 

TRCY-03 TRCY-07 TRCY-09 TRCY-11 TRCYFP-01 

pH 7.5 6.3 7.3 7.9 7.5 
TDS 751 414 604 2,740 4,350 
Specific conductance, µS/cm at 25°C 1,000 4,180 711 938 5,990 
Alkalinity as CaCO3, mg/L 194 139   110 
Total hardness, as CaCO3, mg/L 310 1,900 170 160 1200 
Chloride, mg/L 102 108 82.1 1,020 2,400 
Iron, mg/L  24,500 4,180 8 1,240 
Manganese, ug/L  17,100 519 194 2,480 
Magnesium, mg/L 26.8 18.3 16.2 213 141 
Calcium, mg/L 80.9 38.7 38.5 397 254 
Sodium, mg/L 138 77.5 134 240 1,090 
Potassium, mg/L 3.17 2.82 3.39 4.2 5.85 
Barium, ug/L 25 59 102 44 158 
Strontium, ug/L 1,060 2,320 342 664 2,740 
Bicarbonate as HCO3 (mg/L, field) 235  169   133 
Sulfate, mg/L 248 34 191 750 62.9 
Silica, mg/L 23.4 29.4 34.3 45.7 35.1 

Source:  Bennett, Belitz, and Milby Dawson, 2005, California GAMA Program: Ground-Water Quality 
Data in the Northern San Joaquin Basin Study Unit: 2005. 

 

The brackish groundwater source for DVI contains 2,600 mg/L of total dissolved solids (TDS).  

The TDS in the DVI groundwater source, shown in Table 11, includes the major anions of 

bicarbonate chloride, and sulfate and the major anions of calcium, magnesium, and sodium.  The 

alkalinity of the groundwater is low and consists entirely of bicarbonate.  Average water quality 

in the DVI wells from quarterly groundwater tests in 2013 and 2014 is summarized in Table 12. 

As shown in Figure 4, Groundwater TDS concentrations in DVI Wells remained relatively 

constant in 2013 and 2014 while electrical conductivity has shown a steadily declining trend over 

the same time period. 

 
Table 11 – Average Groundwater Ion Concentrations in DVI Wells 

Parameter Units RO Design May 2009 Sept 2009 Mar 2010 Average 

pH Std. units 7.8 7.4 7.6 7.6 7.53 

TDS mg/L 1569 2500 2700 2700 2633 

Alkalinity  mg/L  106  27  26  24 26 

Barium mg/L  0.15 0.12 0.12 0.12 0.12 

Bicarbonate mg/L  130 27 26 24 26 

Carbonate mg/L  1.3 -- ND ND --  

Calcium mg/L  174 240 220 220 227 

Chloride mg/L  767 1100 900 930 977 

Iron mg/L  ND 0.13 0.18 0.19 0.17 

Magnesium mg/L  87 130 99 110 113 

Manganese mg/L  0.42 0.64 0.61 0.56 1 

Potassium mg/L  6.3 7.7 7.5 7.3 8 
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Table 11 – Average Groundwater Ion Concentrations in DVI Wells 

Parameter Units RO Design May 2009 Sept 2009 Mar 2010 Average 

Silica mg/L  38 18 37 41 32 

Sodium mg/L  249 250 220 240 237 

Strontium mg/L  5.58 -- 5.9 6.4 6 

Sulfate mg/L  171 230 220 230 227 

Source:  Average RO Feed from O&M Manual (Carollo Engineers, 2009). 

 

Table 12 – DVI Average Well Water Quality from Quarterly Groundwater Tests – 2013 & 2014 

Year 2013 2014 

Average Quarter 1 2 3 4 1 2 

Date 3/5 4/30 7/23 10/30 3/5 4/30 

Ammonia, Total (N), mg/L 0.22 0.69 0.28 0.24 0.340 0.361 0.36 

TDS, mg/L 2180 2,257 1,779 1,815 1,988 2,047 2,011 

Nitrate, Total (N), mg/L 0.82 2.37 0.36 0.43 0.46 2.13 1.10 

Total Coliform, #/100 mL 46 2.0 4.5 2.0 5.0 2.0 10.3 

pH, Std. units 7.52 7.48 7.33 7.27 7.23 7.20 7.34 

Electrical Conductivity  
   @ 25 Deg. C, µmhos/cm 

2,860 2,666 2,458 2,313  2,173  2,088 2,426 
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 Figure 4 – Groundwater TDS and electrical conductivity in DVI Wells in 2013 and 2014 
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ION IMBALANCE TOXICITY 

 

Salt concentrations in the internal body fluids of freshwater organisms are higher than in the 

surrounding water.  Passive diffusion causes continuous loss of dissolved minerals from the 

bodies of freshwater organisms.  To maintain biological equilibrium, freshwater organisms 

continuously excrete water and must actively absorb the ions required for metabolism from the 

water.  If the external ion concentration changes significantly, freshwater organisms must expend 

more energy to maintain their internal ion balance.  The biological stress from chronic exposures 

to high or low salinity adversely affects endocrine balance, respiration, reproduction, and growth. 

Ceriodaphnia dubia used in WET tests are sensitive to ion imbalance (Ingersoll et al. 1992, 

Dwyer et al.1992, Mount et al. 1997) which can cause WET test failures.   

 

Freshwater or effluent containing TDS at concentrations above approximately 1,340 mg/L or 

conductivity above 2,000 µS/cm, can adversely affect freshwater organisms (API 1998, 

Goodfellow 2000, Society of Environmental Toxicology and Chemistry, 2004).  The brackish 

groundwater source for DVI contains 2,600 mg/L of TDS (Table 11), which is approximately 

twice the threshold concentration that could adversely affect freshwater organisms.   

 

Several inorganic ions which are normally dissolved in water can cause toxicity when the 

concentrations or ratios of these ions exceed the normal tolerance range of an organism.   

Imbalances between major anions and cations can inhibit reproduction of sensitive invertebrate 

species including Ceriodaphnia dubia.  The WET test method manual (EPA, 2002) identifies 

ionic imbalance as a well-known source of interference in the standard chronic toxicity test 

method. 

 

The toxicity of fresh water with high TDS concentrations varies substantially depending on the 

specific combination of ions present and the water chemistry.  For example, water containing 

2,000 mg/L of TDS with chloride as the primary anion is acutely toxic to aquatic life, but the 

same TDS concentration composed of other ions may be nontoxic.  For freshwater, the relative 

toxicity of single ions in decreasing order is (Mount et al., 1997): 

 

K
+

 > HCO
-3

 = Mg
2+

 > Cl
-
 > SO4

-2
  

 

Sodium salts are the least toxic of all major ions, but the toxicity of sodium salts varies 

depending on the associated anions.  Water containing multiple cations (positively charged ions) 

tends to be less toxic than similar solutions that contain only one cation.  TDS toxicity tends to 

decrease as the water hardness increases (Mount et al., 1997).  The presence of simple dissolved 

organic compounds reduces the biological stress caused by ionic imbalance in the water. 

 

Sulfate Toxicity 

 

High sulfate concentrations cause acute toxicity to Ceriodaphnia dubia due to osmotic 

imbalance.  The acute toxicity of sulfate to Ceriodaphnia dubia was assessed in 2008 to support 

updates of Illinois aquatic life criteria for sulfate (Iowa Department of Natural Resources, 

February 2009). The mean LC50 sulfate concentrations in moderately hard reconstituted water  
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 (MHRW) are summarized in Table 13.  Sulfate toxicity 

was affected by the chloride concentration and hardness 

of the water.  Increasing hardness, tested at six levels 

ranging from 100 to 600 mg/L and at constant Ca:Mg 

ratios, decreased the toxicity of sodium sulfate (LC50s) 

in a linear fashion for Ceriodaphnia dubia.  Sulfate 

toxicity decreased progressively (LC50s increased) for 

Ceriodaphnia dubia when chloride was increased from 

100 to 500 mg/L.  

 

British Columbia developed ambient water quality criteria for sulfate based on recent studies of 

sulfate toxicity over a range of water hardness for several freshwater aquatic organisms.  Table 

14 summarizes the acute and chronic sulfate toxicities for Ceriodaphnia dubia (BC Ministry of 

Environment, 2013).  Chronic toxicity occurred at lower sulfate concentrations than acute 

toxicity.  Organisms that survive the initial shock of acute exposure can therefore persist 

indefinitely at the same sulfate concentration.  

 

The groundwater source at DVI contains approximately 230 mg/L of sulfate and 1,000 mg/L of 

chloride.  The sulfate concentration is more than 6 times lower than the British Columbia acute 

sulfate toxicity LC50 at a hardness of 320 mg/L.  This comparison indicates that sulfate toxicity 

is unlikely to be a potential cause of effluent toxicity at DVI. 

 
Table 14 – British Columbia Estimates of Sulfate Toxicity to Ceriodaphnia dubia 

Water Hardness, 
mg/L(as CaCO3) 

Survival Endpoint LC50 Reproduction Endpoint IC50 
Benchmark dose, 

mg/L 
95% Confidence 

Interval 
Benchmark dose, 

mg/L 
95% Confidence 

Interval 

40 809 612 – 1,071 468 217 – 1009 
80 1,282 962 – 1,708 1,119 911– 1,374 
160 1,531 1,189 – 1,972 1,263 1,253 – 1,273 
320 1,580 1,236 – 2,019 717 343 – 1,498 

Source: Elphick et al. (2011).  Benchmark dose (BMD) calculated by model averaging based on sulfate 
toxicity tests and water hardness.   

 

Chloride Toxicity 

 

Ceriodaphnia dubia are very susceptible to stress induced by chlorides.  The brackish 

groundwater source for DVI contains approximately 1,000 mg/L of chloride which might cause 

or contribute to effluent chronic toxicity. 

 

EPA established national water quality criteria for chloride for aquatic life protection based on 

sodium chloride toxicity (USEPA, 2010).  However, potassium, calcium, and magnesium 

chlorides are more acutely toxic to aquatic organisms than sodium chloride.  Canadian water 

quality guidelines established lower criteria for chloride toxicity to freshwater organisms based 

on tests with calcium chloride and sodium chloride. 

 

Table 13 – Acute Sulfate Toxicity to 

Ceriodaphnia dubia 

Sulfate LC50, 
mg/L 

Hardness, mg/L 
(as CaCO3) 

2,050 100 
2,526  
2,946 300 
3,516 484 

Source:  Soucek, 2005. 
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Acute chloride toxicity for Ceriodaphnia dubia is shown in Table 16 from several sources.  The 

acute chloride toxicity for the 48-hour LC50 test ranges from 1,080 mg/L to 1,356 mg/L.  

Variability of the LC50 concentration for chloride toxicity depends on water hardness, sulfate 

concentrations, and amount of other ions present in the test sample. 

 

The groundwater source at DVI contains approximately 1,000 mg/L of chloride.  When the 

reverse osmosis treatment system is out of service, the wastewater from DVI contains the TDS 

from the groundwater source plus additional TDS from domestic use of the water.  Without 

reverse osmosis treatment of the groundwater, the chloride concentration in the wastewater from 

DVI exceeds the U.S. and Canadian national acute and chronic aquatic life criteria.  In addition, 

the chloride concentration in the DVI wastewater may approach the 48-h LC50 for Ceriodaphnia 

dubia.  Therefore chloride might be a potential cause of or contributor to failures of the chronic 

whole effluent toxicity test for Ceriodaphnia dubia. 

 
Table 15 – Current National Standards for Chloride Freshwater Aquatic Life Criteria  

Country  
Chloride 

Reference Acute, 
mg/L 

Chronic, 
mg/L 

United States 860 230 USEPA 2010, National Recommended Water Quality Criteria. 

Canada 640 120 

Canadian Water Quality Guidelines for the Protection of 

Aquatic Life: Chloride. (Canadian Council of Ministers of the 

Environment, 2011) 

 

Table 16 – Chloride Acute and Chronic Toxicity to Ceriodaphnia dubia 

Concentration, mg/L Exposure 
Time 

(hours) 
Reference LC50 

Chloride  
NaCl  Sulfate 

1,652 2,724  24 Cowgill and Milazzo, 1990 
1,400 2,308  96 Cowgill and Milazzo, 1990 
1,596 2,630  96 Wisconsin State Laboratory of Health1995 

1,080   48 
Canadian Council of Ministers of the Environment, 
2011 

1,356  25 48 USEPA, 2008 
1,192  600 48 USEPA, 2008 

 

Potassium and Magnesium Chloride 

 

Potassium and magnesium chloride (KCl and MgCl2) salts are more toxic than calcium chloride 

and sodium chloride (CaCl2 and NaCl) (Mount et al1997).  The toxic effects of calcium chloride 

and sodium chloride are likely due to the chloride anion.  Toxic effects of potassium and 

magnesium chloride are due to the potassium and magnesium cations, rather than the chloride 

anion. Potassium toxicity is greater at low sodium background concentrations   Toxicities of both 

sodium and magnesium salts are higher at low calcium background concentrations.  The 

approximate order of chloride salt toxicity to freshwater organisms is:  

 

KCl > MgCl2 > CaCl2 > NaCl  
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The DVI groundwater concentrations of potassium are relatively low (8 mg/L) which makes 

potassium chloride toxicity an unlikely cause of WET test failures.  Magnesium concentrations in 

the DVI source water are approximately half of the sodium concentrations which makes 

magnesium chloride toxicity unlikely to cause of WET test failures at DVI.   
  

Bicarbonate 

 

Multiple acute toxicity studies have calculated the LC50 of 

bicarbonate between 699 and 827 mg/L.  The relative 

order of toxicity for bicarbonate, sulfate and chloride is: 

 

HCO
 –

 
3   

>  SO4 
-
 
2
   >  Cl 

-
 

 

Significantly increasing the ratio of alkalinity 

(bicarbonate) to hardness is known to inhibit reproduction 

in Ceriodaphnia dubia.  Normally, the ratio between alkalinity and hardness is approximately 

1:1.  Sodium bicarbonate impairs C. dubia reproduction with an IC10 of 340 mg/L. 

 

The DVI groundwater concentrations of bicarbonate are low and the DVI WWTF effluent 

bicarbonate concentrations are probably as well due to consumption of carbonate during biological 

nitrification.  Therefore, bicarbonate appears unlikely to cause of WET test failures at DVI.   

 

Effect of Ion Combinations 

 

The toxicity of TDS depends on the specific combinations and concentrations of each ion.  When 

different ions are combined, the toxicity of the mixture may be less than or greater than the sum 

of the toxicities of the individual ions in the mixture. For example, NaCl and CaCl2 had similar 

toxicities based on the chloride anion, but combinations of these salts were significantly less 

toxic than either salt alone (Mount et al., 1997).   

 

Although chloride ion toxicity appears to be more likely at DVI than toxicity due to other ions, 

the combined effect of multiple ions might be greater than toxicity of chloride alone.  The 

brackish groundwater source for DVI contains 2,600 mg/L of TDS, which is approximately 

twice the threshold concentration that could adversely affect freshwater organisms.   
 
Hardness 
 

The current discharge permit for DVI indicates that effluent hardness for Discharge Point 001 

ranged from 564 mg/L to 590 mg/L, based on five samples from 2010 to 2013.  Based on these 

samples, the permit used a default minimum effluent hardness of 400 mg/L to calculate 

discharge limits for metals.  Relatively high effluent hardness would decrease ion toxicity for 

sulfate and other ions. 

  

 

Table 17 – Bicarbonate Acute 

Toxicity to Ceriodaphnia dubia 

Bicarbonate 
LC50, mg/L 

Source 

699 Mount et al., 1997 

740 Harper et al., 2014 

827 Johnson, 2014 
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SUMMARY AND CONCLUSIONS 

 

During the TRE, the source of chronic toxicity in the effluent discharged to the Deuel Drain and 

all permit violations that had occurred at effluent discharge point EFF-001 or during 2014 were 

evaluated including: 

 

1. Chronic toxicity (EFF-001) 

2. High effluent nitrate concentrations (EFF-001) 

3. Receiving water (Deuel Drain) pH increase of more than 0.5 units (RSW-002)   

4. Excessive surface water temperature increase below the effluent discharge (RSW-002) 

 

The TRE identified probable and potential causes of these violations as summarized in Table 18 

and recommended corrective actions to prevent similar future occurrences. 

 
Table 18 – 2015 TRE Results 

Item Location Parameter 
Number of 
Violations 

Probable Source 
Other Potential 

Source 

1 EFF-001 Chronic toxicity 3 High effluent TDS High HCO3 dose 

2 EFF-001 Nitrate + nitrite 3 Hydraulic loading  Anoxic mixer failure 

3 RSW-002  pH rise 2 Interpretation error Algae in stream 

4 RSW-002 Temperature rise 5 Low cooling capacity Instrument failure 

 

Proposed Actions to Improve Reliability 

 

High TDS concentrations (from the brackish groundwater source) cause chronic toxicity in the 

WWTF effluent when the reverse osmosis (RO) and zero liquid discharge (ZLD) systems which 

supply drinking water are out of service.  To keep the RO-ZLD system in operation, new standby 

equipment will be installed for critical components.  Specific equipment upgrades to maintain 

reliable operation of the RO-ZLD system will be developed in a separate report.  

 

To improve reliability at the WWTF, as needed CDCR will replace equipment including the 

membrane filter modules.  CDCR plans to modify operations to balance peak hydraulic loads.  

CDCR plans to modify the cooling tower controls and equipment to increase the cooling range to 

achieve compliance with the temperature rise limitation.  

 

CDCR will develop a spare parts inventory for critical equipment for both the RO-ZLD system 

and the WWTF to minimize time needed for repairs and to minimize delays for long-lead time 

delivery and procurement procedures.  Proposed new and modified equipment and spare parts for 

critical equipment are summarized in Table 19. 
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Table 19 – Equipment Replacement and On-site Spare Parts Storage 

WWTF Equipment Capacity Function 

Replace MBR filters 2.9 mgd Restore original capacity 

New hoist for filter removal  Routine MBR filter maintenance 

Effluent cooling upgrades 20
O 

F decrease Increase cooling range, modify controls 

Spare parts on-site storage  Critical equipment and parts ready to install 

 

Conclusions 
 

CDCR constructed and operates a technically complex drinking water system which includes 

reverse osmosis (RO) and a prototype zero liquid discharge (ZLD) system.   This RO-ZLD 

system allows brackish groundwater, the only available raw water source, to be used 

beneficially.  The RO-ZLD system is the prime source of wastewater effluent chronic toxicity 

due to the operation and maintenance challenges of the equipment.  CDCR will continue to 

operate and maintain this water treatment system while also complying with all environmental 

and water quality criteria.   

 

This TRE identified the probable sources of toxicity and all NPDES permit violations which 

occurred during 2014.  CDCR will strive to eliminate all of the sources of toxicity and other 

violations identified in this TRE.  Whereas chronic toxicity has not recurred since the end of 

accelerated monitoring in February 2015, and the probable sources of toxicity have been 

identified, and CDCR has committed to eliminate these sources of toxicity as well as other 

permit compliance issues, DVI should be permitted to exit the TRE. 
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APPENDIX A 

 
Toxicity Criteria and Terminology 

 
Acute Toxicity Criteria:  0.3 toxicity unit (0.3 TUa). 
 
Chronic Toxicity Criteria:  1.0 toxicity unit (1.0 TUc). 
 
NOAEC: Highest tested concentration of an effluent or a toxicant at which no adverse effects are 
observed on the aquatic test organisms at a specific time of observation.  
 
LC50: Lethal Concentration that is the point estimate of the toxicant concentration that would be lethal to 
50% of the test organisms during a specific period, usually 48 or 96 hours. 
 
IC25: The inhibition concentration that is a point estimate of the toxicant concentration that would cause a 
25% reduction in a nonlethal biological measurement of the test organisms, such as reproduction or 
growth. 
 
Toxic Unit Acute (TUa):  A dimensionless mathematical conversion of LC50 into a regulatory limit. TUa = 
100/LC50. 
 
Toxic Unit Chronic (TUc):  A dimensionless mathematical conversion of an NOEC or NOEL into a 
regulatory limit. TUc = 100/NOEC. 
 
Hardness:  Sum of calcium and magnesium concentrations, both expressed as calcium carbonate, in 
milligrams per liter.  Hardness mitigate the toxicity of many metals to aquatic life. (Standard Methods). 
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APPENDIX B 
 
DVI Influent & Effluent Data 2014 

 Date 
Flow, mgd BOD5, mg/L TSS, mg/L 

Ammonia, 
Total (N), 

mg/L 

Nitrate, 
Total (N), 

mg/L 

Influent Effluent Influent Effluent Influent Effluent Effluent Effluent 

2-Jan 0.453 0.441 130 0 780 0     

6-Jan 0.437 0.442 170 2.8 450 0 0.14   

8-Jan 0.429 0.475 76 0 760 2.6     

14-Jan 0.406 0.456 490 0 830 0.8 0.26   

16-Jan 0.417 0.427 180 2 250 0.8     

20-Jan 0.407 0.438 330 2 690 0 0.28   

22-Jan 0.417 0.441 260 0 510 1.4     

28-Jan 0.424 0.454 150 0 180 0 0.10   

30-Jan 0.421 0.470 210 0 430 10     

3-Feb 0.440 0.448 160 0 290 4.6 0.21   

6-Feb 0.415 0.473 68 0 70 0     

11-Feb 0.453 0.473 120 0 120 0 0.14   

13-Feb 0.503 0.562 56 0 66 0.8     

18-Feb 0.526 0.562 250 0 270 0 0.10   

20-Feb 0.444 0.472 190 0 310 0.6     

25-Feb 0.458 0.506 320 0 420 5.1 0.18   

27-Feb 0.430 0.485 100 0 150 0     

4-Mar 0.404 0.487 140 0 36 0 0.14   

6-Mar 0.450 0.508 490 0 440 0     

11-Mar 0.489 0.557 400 0 14 2 0.07   

13-Mar 0.490 0.525 270 0 500 3.8     

18-Mar 0.556 0.664 56 0 140 1.4 0.07   

20-Mar 0.477 0.516 200 0 43 1.6     

25-Mar 0.477 0.515 99 0 62 0.8 0.10   

27-Mar 0.481 0.522 100 0 170 0     

1-Apr 0.476 0.499 290 0 370 0 0.14   

10-Apr 0.475 0.496 150 0 86 0 0.14   

15-Apr 0.464 0.484 280 0 290 1 0.21   

23-Apr 0.498 0.538 160 0 120 0.3 0.14   

29-Apr 0.483 0.503 130 0 71 0.7 0.18   

8-May 0.480 0.488 180 0 150 0 0.21   

13-May 0.492 0.512 270 0 410 0 0.10   

22-May 0.433 0.519 59 0 190 0 0.18   

27-May 0.466 0.481 110 3.0 170 1.0 0.18   

3-Jun 0.459 0.508 180 2.6 150 0 0.10   

10-Jun 0.485 0.498 150 2.2 260 0 0.24   

17-Jun 0.473 0.513 230 0.0 480 0 0.00   
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DVI Influent & Effluent Data 2014 

 Date 
Flow, mgd BOD5, mg/L TSS, mg/L 

Ammonia, 
Total (N), 

mg/L 

Nitrate, 
Total (N), 

mg/L 

Influent Effluent Influent Effluent Influent Effluent Effluent Effluent 

24-Jun 0.515 0.521 170 0.0 260 0 0.32   

1-Jul 0.512 0.518 120 0 89 4.5 0.1   

8-Jul 0.446 0.478 210 2 340 0 0   

15-Jul 0.452 0.412 160 0 220 0 0   

22-Jul 0.477 0.517 160 0 350 0 0   

31-Jul 0.526 0.557 98 0 110 2.7 0   

4-Aug 0.506 0.565 130 0 270 0 0   

12-Aug 0.591 0.623 170 0 97 1.8 0   

19-Aug 0.574 0.556 100 0 110 1.1 0   

26-Aug 0.512 0.601 87 0 170 0 0   

2-Sep 0.574 0.606 100 0 160 1.7 0   

9-Sep 0.512 0.522 63 0 58 0 0   

16-Sep 0.499 0.552 80 0 51 0 0   

23-Sep 0.488 0.534 140 0 170 0 0   

30-Sep 0.456 0.516 120 0 180 0 0   

9-Oct 0.460 0.465 100 0 92 0 0   

14-Oct 0.456 0.465 130 0 190 0 0   

21-Oct 0.255 0.271 150 0 210 0 0   

4-Nov 0.374 0.428 110 0 330 1.4 0   

12-Nov 0.359 0.407 280 0 530 1.8 0   

18-Nov 0.373 0.427 200 0 460 1.2 0   

24-Nov 0.426 0.407 240 0 750 1.2 0   

2-Dec 0.433 0.514 140 0 390 1.3 0   

9-Dec 0.385 0.432 250 0 710 0 0   

16-Dec 0.408 0.498 200 0 770 1.1 0   

22-Dec 0.390 0.543 170 0 980 0 0   

29-Dec 0.421 0.439 140 0 180 0 0   

Annual 
Avg 

0.459 0.496 175 0.26 296 0.92 0.079   
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APPENDIX C 
 

Groundwater Test 1st Quarter – March 5, 2013 

Well Number 
GW-
001 

GW-
002 

GW-
003 

GW-
004 

GW-
005 

GW-
006 

Average 

Ammonia, Total (N), mg/L 0.119 0.284 0.202 0.503 0.144 0.084 0.223 

TDS, mg/L 2370 1830 1930 1950 2200 2800 2,180 

Nitrate, Total (N), mg/L 0.99 2.68 0.38 0.17 0.13 0.57 0.82 

Total Coliform, #/100 mL 2 8 220 38.9 2 8 46.5 

pH, Std. units 7.37 7.64 7.44 7.68 7.32 7.66 7.52 

Electrical Conductivity  
   @ 25 Deg. C, µmhos/cm 

3351 2763 2877 2542 3014 2613 2,860 

 

Groundwater Test 2nd Quarter – April 30, 2013 

Well Number 
GW-
001 

GW-
002 

GW-
003 

GW-
004 

GW-
005 

GW-
006 

Average 

Ammonia, Total (N), mg/L 0.428 0.947 0.541 1.25 0.38 0.604 0.692 

TDS, mg/L 2700 1830 1910 2220 2260 2620 2,257 

Nitrate, Total (N), mg/L 12.8 0.81 0.47 0 0.16 0 2.37 

Total Coliform, #/100 mL 2 2 2 2 2 2 2.0 

pH, Std. units 7.32 7.59 7.42 7.6 7.31 7.64 7.48 

Electrical Conductivity  
   @ 25 Deg. C, µmhos/cm 

2851 2673 2490 2577 2956 2450 2,666 

Groundwater Test 3rd Quarter – July 23, 2013 

Well Number 
GW-
001 

GW-
002 

GW-
003 

GW-
004 

GW-
005 

GW-
006 

Average 

Ammonia, Total (N), mg/L ND 0.243 0.145 0.814 0.104 0.085 0.278 

TDS, mg/L 2330 1690 585 1580 1910 2580 1,779 

Nitrate, Total (N), mg/L 1.18 0.34 0.3 0.14 0.17 0 0.36 

Total Coliform, #/100 mL 2 2 17 2 2 2 4.5 

pH, Std. units 7.3 7.4 7.1 7.5 7.2 7.5 7.33 

Electrical Conductivity  
   @ 25 Deg. C, µmhos/cm 

2634 2551 2440 2631 2430 2060 2,458 
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Groundwater Test 4
th

 Quarter – October 30, 2013 

Well number 
GW-
001 

GW-
002 

GW-
003 

GW-
004 

GW-
005 

GW-
006 

Average 

Ammonia, Total (N), mg/L 0.2 0.233 0.448 0.18 0.277 0.113 0.242 

TDS, mg/L 2080 1520 1290 1950 1650 2400 1,815 

Nitrate, Total (N), mg/L 1.26 0.37 0.15 0.66 0 0.13 0.43 

Total Coliform, #/100 mL 2 2 2 2 2 2 2.0 

pH, Std. units 7.3 7.3 7.1 7.3 7.2 7.4 7.27 

Electrical Conductivity  
   @ 25 Deg. C, µmhos/cm 

2491 2493 2270 2450 2070 2104 2,313 

Groundwater Test 1st Quarter – February 10, 2014 

Well Number 
GW-
001 

GW-
002 

GW-
003 

GW-
004 

GW-
005 

GW-
006 

Average 

Ammonia, Total (N), mg/L ND 0.41 0.16 0.731 0.286 0.115 0.340 

TDS, mg/L 1580 1550 1890 2350 1940 2620 1,988 

Nitrate, Total (N), mg/L 1.31 0.18 0.53 0.09 0.18 0.49 0.46 

Total Coliform, #/100 mL 2 ND ND ND ND 8 5.0 

pH, Std. units 7.2 7.2 7.1 7.3 7.2 7.4 7.23 

Electrical Conductivity  
   @ 25 Deg. C, µmhos/cm 

2106 2290 2003 2293 2140 2203 2,173 

Groundwater Test 2nd Quarter – June 16, 2014 

Well Number 
GW-
001 

GW-
002 

GW-
003 

GW-
004 

GW-
005 

GW-
006 

Average 

Ammonia, Total (N), mg/L ND ND ND 0.361 ND ND 0.361 

TDS, mg/L 2380 1710 1840 1900 1740 2710 2,047 

Nitrate, Total (N), mg/L 7.04 0.82 0.ND00 0.52 ND00 0.15 2.13 

Total Coliform, #/100 mL < 2 2 < 2 0--.0 < 2 < 2 2.0 

pH, Std. units 7.2 7.2 7.1 7.3 7.1 7.3 7.20 

Electrical Conductivity  
   @ 25 Deg. C, µmhos/cm 

1870 2040 2083 2190 2255 2092 2,088 
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Farhad, Mohammad@Waterboards

From: Daniel Mullins <daniel.mullins@cdcr.ca.gov>
Sent: Friday, April 24, 2015 1:25 PM
To: Farhad, Mohammad@Waterboards
Cc: Bettencourt, Miles (Terry)@CDCR
Subject: FW: Alpha Labs: Draft results of the toxicity tests performed on the Deuel effluent 

samples collected 4/13, 4/15, and 4/17, 2015

Below is the Draft Results for the Acute and Chronic sampled on April 13, 2015, all passed but the Ceriodaphnia 
Reproduction, the RO plant went on line April 23, 2015 
 
Daniel G Mullins 
Water & Wastewater Treatment Plant Supervisor 
Deuel Vocational Institution 
23500 kasson Rd Tracy CA 95376 
Office-(209) 835-4141  x5897 
Fax‐(209) 830‐3941 
 

From: David Pingatore [mailto:david@alpha-labs.com]  
Sent: Thursday, April 23, 2015 5:00 PM 
To: 'Padrick Anderson' 
Cc: Mullins, Daniel@CDCR 
Subject: RE: Alpha Labs: Draft results of the toxicity tests performed on the Deuel effluent samples collected 4/13, 4/15, 
and 4/17, 2015 
 
Great – thank you. 
 

From: Padrick Anderson [mailto:panderson@pacificecorisk.com]  
Sent: Thursday, April 23, 2015 4:45 PM 
To: David Pingatore 
Cc: Stephen Clark 
Subject: Alpha Labs: Draft results of the toxicity tests performed on the Deuel effluent samples collected 4/13, 4/15, and 
4/17, 2015 
 
Hello David, 
 
The acute and chronic toxicity tests of the Deuel Vocational Institution effluent samples collected 4/13, 4/15, 
and 4/17 have terminated. Due to the high conductivity of the effluent (~4200 µS/cm), we also set up 
conductivity controls with each chronic test to assess if the conductivity could be contributing to toxicity. The 
results are as follows: 
 
Acute Fathead Minnow  
Survival (%) 
Lab Water Control = 100% 
100% effluent = 100% 
  
NOEC = 100% effluent 
TUa (100/NOEC) = 1 
 
Chronic Selenastrum capricornicum  
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Algal Growth (cells/mL x 10^6) 
Lab Water Control = 7.57 
Conductivity Control = 6.36 
100% effluent = 7.53 
  
NOEC = 100% effluent 
TUc (100/NOEC) = 1 
 
 
Chronic Ceriodaphnia dubia 
Survival (%) 
Lab Water Control = 100% 
Conductivity Control = 100% 
12.5% effluent = 90% 
25% effluent = 100% 
50% effluent = 100% 
75% effluent = 100% 
100% effluent = 100% 
  
NOEC = 100% effluent 
EC25 = >100% effluent 
EC50 = >100% effluent 
TUc (100/NOEC) = 1.0 
TUc (100/EC25) = <1.0 
TUc (100/EC50) = <1.0 
 
Reproduction (mean neonates/female) 
Lab Water Control = 38.3 
Conductivity Control = 16.8 
12.5% effluent = 27.9 
25% effluent = 34.1 
50% effluent = 33.6 
75% effluent = 21.3 
100% effluent = 10.6 
  
NOEC = 50% effluent 
IC25 = 57.5% effluent 
IC50 = 80% effluent 
TUc (100/NOEC) = 2 
TUc (100/IC25) = 1.7 
TUc (100/IC50) = 1.3 
 
 
Chronic Fathead Minnow  
Survival (%) 
Lab Water Control = 90% 
Conductivity Control = 95% 
100% effluent = 100% 
  
NOEC = 100% effluent 
TUc (100/NOEC) = 1.0 
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Mean Biomass (mg) 
Lab Water Control = 0.46 
Conductivity Control = 0.57 
100% effluent = 0.60 
  
NOEC = 100% effluent 
TUc (100/NOEC) = 1.0 
 
Please let my colleague Stephen Clark or me know if you have any questions. 
 
Thank you, 
 
Padrick Anderson 
Senior Aquatic Ecotoxicologist 
Pacific EcoRisk 
2250 Cordelia Road 
Fairfield, CA 94534 
(707) 207-7775 
(707) 207-7916 (fax) 
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Farhad, Mohammad@Waterboards

From: Mullins, Daniel@CDCR <Daniel.Mullins@cdcr.ca.gov>
Sent: Thursday, September 03, 2015 12:06 PM
To: WB-RB5S-CentralValleySacramento
Cc: Rodriguez, Jaime (DVI)@CDCR; Farhad, Mohammad@Waterboards; Holmes, 

Kari@Waterboards; Vasconcellos, Edward@CDCR
Subject: Chronic three species Prelim
Attachments: Bioassy prelim 1.pdf

On August 10, 2015 the RO Water Treatment  plant shut down for maintenance, as required by the Cleanup and 
abatement order R5‐2015‐0703 in the event the RO plant is taken off line for more than seven days and beginning on 
the eighth day after the RO plant is taken off‐line, the discharger shall conduct three species chronic toxicity testing, to 
determine whether the effluent is contributing chronic toxicity to the receiving water due to RO plant being off line. 
Attached is a preliminary for the three species chronic toxicity testing sampled on August 17, 2015. The final report will 
be forwarded and attached to the monthly eSMR report for August 2015. 
 

Date of Title of Submittal  September 3, 2015 – Monthly Report R5‐2014‐0014‐01 

Regulatory Program  NPDES  

Unit  Compliance and Enforcement 

Regulated Party (Discharger)  California Department of Corrections and Rehabilitation 

Facility Name  Deuel Vocational Institution 

County  San Joaquin 

 
 
Daniel G Mullins 
Water & Wastewater Treatment Plant Supervisor 
Deuel Vocational Institution 
23500 kasson Rd Tracy CA 95376 
Office-(209) 835-4141  x5897 
Fax‐(209) 830‐3941 
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Mullins, Daniel@CDCR

From: David Pingatore <david@alpha-labs.com>

Sent: Monday, August 24, 2015 2:11 PM

To: Mullins, Daniel@CDCR; 'Violet Renick'

Subject: FW: DVI Final Effluent Prelim Results

Hi Daniel, please see below: 

 

From: Violet Renick [mailto:violet@nautilusenvironmental.com]  

Sent: Monday, August 24, 2015 1:59 PM 
To: David Pingatore 

Subject: DVI Final Effluent Prelim Results 

 

Hi David, 

 

I am beginning to review the DVI toxicity test data, and wanted to give you a heads up that there is a significant 

effect in the effluent sample for the green algae toxicity test (TUc > 1). Additionally, it looks as though there 

will also be a significant hit in the effluent sample for the chronic water flea test (which ends tomorrow). The 

chronic fathead minnow and water flea tests will end tomorrow and I will gather and analyze that data as soon 

as I can.  

 

At this point the fathead minnow acute and chronic tests look as though there are no significant effects. I will 

keep you posted on the remaining results. And as far as I can see, the concurrent reference toxicant tests look 

valid.  

 

Keep in mind these analyses are preliminary at this stage; the data have not yet been through our secondary QC 

review. However, I will let you know if anything changes as soon as I know. 

 

One last thing - do you know if DVI has a completed and/or approved TRE work plan? If it exists and you have 

access to it, could you please forward it my way so that I can be prepared for future toxicity testing scenarios in 

case of repeated toxicity?  

 

Please let me know how you would like to proceed, and if would like to discuss the results at any point. 

 

Thanks! 

 

Violet 

 

 

--  

Violet Renick, Ph.D.  

Environmental Scientist 

Nautilus Environmental 

4340 Vandever Avenue 

San Diego, California 92120 

 

Office: (858) 587-7333 x206 

Cell: (619) 807-6019 
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Farhad, Mohammad@Waterboards

From: Wyels, Wendy@Waterboards
Sent: Wednesday, September 09, 2015 2:44 PM
To: Holmes, Kari@Waterboards; Farhad, Mohammad@Waterboards
Subject: FW: Chronic three species Prelim
Attachments: Bioassy prelim 1.pdf

 
 

From: Daniel Mullins [mailto:daniel.mullins@cdcr.ca.gov]  
Sent: Wednesday, September 09, 2015 2:26 PM 
To: Wyels, Wendy@Waterboards 
Cc: Rodriguez, Jaime (DVI)@CDCR 
Subject: FW: Chronic three species Prelim 
 
Here is the preliminary for the Acute and chronic toxicity sampled on August 17, 2015, I am waiting for the final results 
as indicated in attached email. 
 
Daniel G Mullins 
Water & Wastewater Treatment Plant Supervisor 
Deuel Vocational Institution 
23500 kasson Rd Tracy CA 95376 
Office-(209) 835-4141  x5897 
Fax‐(209) 830‐3941 
 

From: Mullins, Daniel@CDCR  
Sent: Thursday, September 03, 2015 12:06 PM 
To: WB-RB5S-CentralValleySacramento 
Cc: Rodriguez, Jaime (DVI)@CDCR; Farhad, Mohammad@Waterboards (Mohammad.Farhad@waterboards.ca.gov); Kari 
R. Holmes (kari.holmes@waterboards.ca.gov); Vasconcellos, Edward@CDCR 
Subject: Chronic three species Prelim 
 
On August 10, 2015 the RO Water Treatment  plant shut down for maintenance, as required by the Cleanup and 
abatement order R5‐2015‐0703 in the event the RO plant is taken off line for more than seven days and beginning on 
the eighth day after the RO plant is taken off‐line, the discharger shall conduct three species chronic toxicity testing, to 
determine whether the effluent is contributing chronic toxicity to the receiving water due to RO plant being off line. 
Attached is a preliminary for the three species chronic toxicity testing sampled on August 17, 2015. The final report will 
be forwarded and attached to the monthly eSMR report for August 2015. 
 

Date of Title of Submittal  September 3, 2015 – Monthly Report R5‐2014‐0014‐01 

Regulatory Program  NPDES  

Unit  Compliance and Enforcement 

Regulated Party (Discharger)  California Department of Corrections and Rehabilitation 

Facility Name  Deuel Vocational Institution 

County  San Joaquin 

 
 
Daniel G Mullins 
Water & Wastewater Treatment Plant Supervisor 
Deuel Vocational Institution 
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23500 kasson Rd Tracy CA 95376 
Office-(209) 835-4141  x5897 
Fax‐(209) 830‐3941 
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Mullins, Daniel@CDCR

From: David Pingatore <david@alpha-labs.com>

Sent: Monday, August 24, 2015 2:11 PM

To: Mullins, Daniel@CDCR; 'Violet Renick'

Subject: FW: DVI Final Effluent Prelim Results

Hi Daniel, please see below: 

 

From: Violet Renick [mailto:violet@nautilusenvironmental.com]  

Sent: Monday, August 24, 2015 1:59 PM 
To: David Pingatore 

Subject: DVI Final Effluent Prelim Results 

 

Hi David, 

 

I am beginning to review the DVI toxicity test data, and wanted to give you a heads up that there is a significant 

effect in the effluent sample for the green algae toxicity test (TUc > 1). Additionally, it looks as though there 

will also be a significant hit in the effluent sample for the chronic water flea test (which ends tomorrow). The 

chronic fathead minnow and water flea tests will end tomorrow and I will gather and analyze that data as soon 

as I can.  

 

At this point the fathead minnow acute and chronic tests look as though there are no significant effects. I will 

keep you posted on the remaining results. And as far as I can see, the concurrent reference toxicant tests look 

valid.  

 

Keep in mind these analyses are preliminary at this stage; the data have not yet been through our secondary QC 

review. However, I will let you know if anything changes as soon as I know. 

 

One last thing - do you know if DVI has a completed and/or approved TRE work plan? If it exists and you have 

access to it, could you please forward it my way so that I can be prepared for future toxicity testing scenarios in 

case of repeated toxicity?  

 

Please let me know how you would like to proceed, and if would like to discuss the results at any point. 

 

Thanks! 

 

Violet 

 

 

--  

Violet Renick, Ph.D.  

Environmental Scientist 

Nautilus Environmental 

4340 Vandever Avenue 

San Diego, California 92120 

 

Office: (858) 587-7333 x206 

Cell: (619) 807-6019 
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Farhad, Mohammad@Waterboards

From: Daniel Mullins <daniel.mullins@cdcr.ca.gov>
Sent: Friday, September 11, 2015 8:13 AM
To: Farhad, Mohammad@Waterboards; Holmes, Kari@Waterboards; Wyels, 

Wendy@Waterboards
Subject: additional toxicity screening
Attachments: DVI - Alpha Analytics EC Control Quote.pdf

We spoke about this additional EC screening when the RO plant is down,  since this additional cost is not on the state 
contract with the lab the only way I can get this done is if there is a change in the discharge requirements, just need an 
email so I can submit to procurement for approval to conduct this screening next time the RO plant is down. 
See attached 
Thanks 
 
Daniel G Mullins 
Water & Wastewater Treatment Plant Supervisor 
Deuel Vocational Institution 
23500 kasson Rd Tracy CA 95376 
Office-(209) 835-4141  x5897 
Fax‐(209) 830‐3941 
 



 

  

 

 
September 10, 2015 
 
Mr. David Pingatore 
Alpha Analytical Laboratories, Inc. 
6398 Dougherty Road, Suite 35 
Dublin, CA 94568 
Submitted via email to: david@alpha-labs.com 
 
SUBJECT: Updated Quote for Deuel Vocational Institution – Chronic Water 
Flea Toxicity Testing 
 
Thank you for the opportunity to provide an additional quote in support of the 
Deuel Vocational Institution (DVI) National Pollutant Discharge Elimination 
System (NPDES) whole effluent toxicity (WET) testing program.  We have 
observed reduced reproductive output of the water flea (Ceriodaphnia dubia) in 
effluent samples with electrical conductivity (EC) greater than 2,000 µmhos/cm.  
Therefore, we propose including an EC control treatment alongside standard 
chronic water flea tests in circumstances where DVI effluent EC is greater than 
2,000 µmhos/cm.  This additional treatment would be prepared by increasing 
the EC of laboratory control water to match that of the effluent (± 10 percent), 
with the goal of demonstrating that comparable rates of decreased water flea 
reproduction could be linked to increased EC. 

We have included below unit test costs for standard water flea tests and tests 
including the additional EC control treatment at an additional 20 percent of test 
cost.  

 

Test Species Scope of Testing 
Unit Test 

Cost 

Chronic Testing 
Ceriodaphnia dubia 

Standard design: 
Laboratory Control and 100% effluent $975 

Chronic Testing 
Ceriodaphnia dubia 

Modified design: 
Laboratory Control, EC Control, and 

100% effluent 
$1,170 

 
If you have any questions please let us know.  Thank you for your consideration. 

 
 
 
Violet Renick, Environmental Scientist 
violet@nautilusenvironmental.com 
(858) 587-7333 x206 

 
 
California 
4340 Vandever Avenue 
San Diego, CA 92120 
858-587-7333 
fax: 858-587-3961 
 
British Columbia 
8664 Commerce Court 
Burnaby, British Columbia  
V5A 4N7 
604-420-8773 
fax: 604-603-9381 
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Farhad, Mohammad@Waterboards

From: Mullins, Daniel@CDCR <Daniel.Mullins@cdcr.ca.gov>
Sent: Friday, September 11, 2015 9:21 AM
To: Wyels, Wendy@Waterboards; Farhad, Mohammad@Waterboards; Holmes, 

Kari@Waterboards
Subject: RE: additional toxicity screening
Attachments: Bioassy prelim 1.pdf

Page 8. 2. B. 
We did sample on the 8th day for the Acute and Chronic Toxicity, and the prelim showing a toxicity for the Algae and the 
water flea. The cleanup and abatement order does not state any further action if the test shows a toxicity.  
The failures are most likely due to Electrical conductivity according to the past Toxic Reduction Evaluation conclusions, 
our contract lab did recommend an additional screening that can be done to verify Electrical conductivity is the toxicity.
I would like to know if there is any further action necessary on our part here at the wastewater treatment plant when 
there is a toxicity failure while the RO water treatment plant is down? 
Thanks 
 
Daniel G Mullins 
Water & Wastewater Treatment Plant Supervisor 
Deuel Vocational Institution 
23500 kasson Rd Tracy CA 95376 
Office-(209) 835-4141  x5897 
Fax‐(209) 830‐3941 
 

From: Wyels, Wendy@Waterboards [mailto:Wendy.Wyels@waterboards.ca.gov]  
Sent: Friday, September 11, 2015 8:17 AM 
To: Mullins, Daniel@CDCR; Farhad, Mohammad@Waterboards; Holmes, Kari@Waterboards 
Subject: RE: additional toxicity screening 
 
Daniel, 
This is required by the Cleanup and Abatement Order (attached).  It’s been in effect since March 3, 2015. 
 
Wendy 
 

From: Daniel Mullins [mailto:daniel.mullins@cdcr.ca.gov]  
Sent: Friday, September 11, 2015 8:13 AM 
To: Farhad, Mohammad@Waterboards; Holmes, Kari@Waterboards; Wyels, Wendy@Waterboards 
Subject: additional toxicity screening 
 
We spoke about this additional EC screening when the RO plant is down,  since this additional cost is not on the state 
contract with the lab the only way I can get this done is if there is a change in the discharge requirements, just need an 
email so I can submit to procurement for approval to conduct this screening next time the RO plant is down. 
See attached 
Thanks 
 
Daniel G Mullins 
Water & Wastewater Treatment Plant Supervisor 
Deuel Vocational Institution 
23500 kasson Rd Tracy CA 95376 
Office-(209) 835-4141  x5897 
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Fax‐(209) 830‐3941 
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Mullins, Daniel@CDCR

From: David Pingatore <david@alpha-labs.com>

Sent: Monday, August 24, 2015 2:11 PM

To: Mullins, Daniel@CDCR; 'Violet Renick'

Subject: FW: DVI Final Effluent Prelim Results

Hi Daniel, please see below: 

 

From: Violet Renick [mailto:violet@nautilusenvironmental.com]  

Sent: Monday, August 24, 2015 1:59 PM 
To: David Pingatore 

Subject: DVI Final Effluent Prelim Results 

 

Hi David, 

 

I am beginning to review the DVI toxicity test data, and wanted to give you a heads up that there is a significant 

effect in the effluent sample for the green algae toxicity test (TUc > 1). Additionally, it looks as though there 

will also be a significant hit in the effluent sample for the chronic water flea test (which ends tomorrow). The 

chronic fathead minnow and water flea tests will end tomorrow and I will gather and analyze that data as soon 

as I can.  

 

At this point the fathead minnow acute and chronic tests look as though there are no significant effects. I will 

keep you posted on the remaining results. And as far as I can see, the concurrent reference toxicant tests look 

valid.  

 

Keep in mind these analyses are preliminary at this stage; the data have not yet been through our secondary QC 

review. However, I will let you know if anything changes as soon as I know. 

 

One last thing - do you know if DVI has a completed and/or approved TRE work plan? If it exists and you have 

access to it, could you please forward it my way so that I can be prepared for future toxicity testing scenarios in 

case of repeated toxicity?  

 

Please let me know how you would like to proceed, and if would like to discuss the results at any point. 

 

Thanks! 

 

Violet 

 

 

--  

Violet Renick, Ph.D.  

Environmental Scientist 

Nautilus Environmental 

4340 Vandever Avenue 

San Diego, California 92120 

 

Office: (858) 587-7333 x206 

Cell: (619) 807-6019 
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Farhad, Mohammad@Waterboards

From: Wyels, Wendy@Waterboards
Sent: Thursday, September 17, 2015 9:52 AM
To: WB-RB5S-CentralValleySacramento
Subject: FW: Toxicity Final report
Attachments: 18-25 August 2015 Acute and Chronic 15H1526BIO.pdf

 
 

From: Daniel Mullins [mailto:daniel.mullins@cdcr.ca.gov]  
Sent: Tuesday, September 15, 2015 7:56 AM 
To: Farhad, Mohammad@Waterboards; Holmes, Kari@Waterboards; Wyels, Wendy@Waterboards 
Cc: Rodriguez, Jaime (DVI)@CDCR; Vasconcellos, Edward@CDCR 
Subject: Toxicity Final report 
 

Date of Title of Submittal  August 18‐25, 2015 

Regulatory Program  NPDES R5‐2014‐0014‐01 

Unit  Compliance and Enforcement 

Regulated Party (Discharger)  California Department of Corrections and Rehabilitation 

Facility Name  Deuel Vocational Institution 

County  San Joaquin 

A series of freshwater bioassay tests using green algae (Raphidocelis subcapitata), fathead 
minnow (Pimephales promelas), and water flea (Ceriodaphnia dubia) was performed on 
samples collected from the California Department of Corrections and Rehabilitation (CDCR) 
Deuel Vocational Institution (DVI) wastewater treatment facility. Tests were conducted following 
the shut-down of the reverse osmosis (RO) water treatment plant on August 10, 2015. Testing 
was conducted according to the Cleanup and Abatement Order R5-2015-0704 (RWQCB 2015) 
and National Pollutant Discharge Elimination System (NPDES) Permit No. CA0078093, Order 
No. R5-2014-0014 (RWQCB 2014). Testing was conducted at Nautilus Environmental 
(Nautilus) between August 18 and 25, 2015. 
 
Significant decreases in green algae growth (34.0 percent effect) and water flea reproduction 
(60.6 percent effect) were observed in the undiluted final effluent relative to the lab control. 
However, no significant effects to water flea survival or fathead minnow growth or survival in the 
acute and chronic tests were observed. 
 
Daniel G Mullins 
Water & Wastewater Treatment Plant Supervisor 
Deuel Vocational Institution 
23500 kasson Rd Tracy CA 95376 
Office-(209) 835-4141  x5897 
Fax‐(209) 830‐3941 
 



 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
California 
4340 Vandever Avenue 
San Diego, California 92120 
858.587.7333 
fax: 858.587.3961 
 
British Columbia 
8664 Commerce Court 
Burnaby, British Columbia  
V5A 4N7 
604-420-8773 
fax: 604-603-9381 

 
Toxicity Testing Results for  
Deuel Vocational Institution 
 
Test Period: August 18 – 25, 2015 
  

 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
Data Quality Assurance:    

o Nautilus Environmental is accredited in accordance with NELAP by the State of 
Oregon Environmental Laboratory Accreditation Program (Certificate No. 4053-
002).  It is also certified by the State of California Water Resources Control Board 
Environmental Laboratory Accreditation Program (Certificate No. 1802) and the 
State of Washington Department of Ecology (Lab ID C552).  Specific fields of 
testing applicable to each accreditation are available upon request.   

o All data have been reviewed and verified.   

o All test results have met minimum test acceptability criteria under their respective 
EPA protocols, unless otherwise noted in this report. 

o All test results have met internal Quality Assurance Program requirements.   
 

 

 

Verified by:                                                          Date:      9/9/2015      
 

 

Prepared for:  Alpha Analytical Laboratories, Inc. 
   6398 Dougherty Road, Suite 35 

Dublin, CA 94568 
 

Prepared by:  Nautilus Environmental  
   4340 Vandever Avenue 

San Diego, CA  92120 
(858) 587-7333 
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INTRODUCTION 

A series of freshwater bioassay tests using green algae (Raphidocelis subcapitata), fathead 
minnow (Pimephales promelas), and water flea (Ceriodaphnia dubia) was performed on 
samples collected from the California Department of Corrections and Rehabilitation (CDCR) 
Deuel Vocational Institution (DVI) wastewater treatment facility.  Tests were conducted following 
the shut-down of the reverse osmosis (RO) water treatment plant on August 10, 2015.  Testing 
was conducted according to the Cleanup and Abatement Order R5-2015-0704 (RWQCB 2015) 
and National Pollutant Discharge Elimination System (NPDES) Permit No. CA0078093, Order 
No. R5-2014-0014 (RWQCB 2014).  Testing was conducted at Nautilus Environmental 
(Nautilus) between August 18 and 25, 2015. 

 

MATERIALS AND METHODS 

Test Material 

Test material for the acute fathead minnow test included one grab sample of wastewater 
effluent collected from DVI on August 17, 2015. A 24-hour composite effluent sample for 
initiation of chronic tests was also collected on August 17, 2015. Additional composite samples 
were collected on August 19 and 21, 2015, and were used for renewal of the chronic fathead 
minnow and water flea tests.  Collection was conducted under the direction of Mr. David 
Pingatore of Alpha Analytical Laboratories, Inc., and the samples were shipped overnight to 
Nautilus. A summary of the sample collection and receipt times is provided in Table 1. 

 

Table 1.  Sample Collection and Receipt Information  

Sample ID Method of Collection 
Sample Collection  

Dates, Times 
Sample Receipt 

Dates, Times 

Final Effluent 

Grab 8/17/2015, 08:35 8/18/2015, 10:26 

24-hour Composite 

8/17/2015, 08:30 

8/19/2015, 10:51 

8/21/2015, 10:40 

8/18/2015, 10:26 

8/20/2015, 08:56 

8/22/2015, 08:53 

 

Upon arrival at Nautilus, an aliquot was drawn from each sample to measure temperature, pH, 
dissolved oxygen (DO), conductivity, alkalinity, and hardness. Testing was initiated the day the 
samples were received and the remaining sample volume was stored in the dark at 4°C until 
used for daily renewals. Sample receipt information is provided in Appendix A, and copies of the 
chain of custody (COC) forms are presented in Appendix B. 
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Test Methods 

Chronic toxicity testing was conducted according to USEPA (2002a).  Acute toxicity testing was 
conducted according to procedures presented by USEPA (2002b).   

 
Green Algae Toxicity Test Specifications 

Test Period: 8/18/2015, 15:15 – 8/22/2015, 13:00 

Test Organism: Raphidocelis subcapitata (green algae; aka Selenastrum 
capricornutum) 

Test Organism Source; Age: In-house culture; 5 days 

Control Watera,b: EPA diluted mineral water (80% deionized water and 20% Perrier 
mineral water)  

Test Concentrationsa,b: 100 percent sample and lab control 

Test Acceptability Criteria: Mean control density of ≥ 1 x 106 cells/mL; 

≤ 20% variability among control replicates (coefficient of variation, 
CV); 

Percent minimum significant difference (PMSD) must be between 
9.1 and 29 

Protocol Used:  EPA/821/R-02-013 (2002a) 

Statistical Analysis Software: CETIS™, version 1.8.7.20 
a Macro- and micronutrient solutions were added to sample and control waters to ensure any observed decreases in algal growth 
were due to toxic constituents present in the sample rather than nutrient deficiency.   
b Sample and control water were 0.45-µm filtered prior to testing; an unfiltered, undiluted sample portion was also tested concurrently 
for comparison purposes. 
Note:  Filtered and unfiltered 100 percent sample blanks (not inoculated with Raphidocelis) were also tested to determine if native 
algae or particulate material present in the sample might be competing with Raphidocelis for nutrients, light, and/or space. 
 
Fathead Minnow Chronic Toxicity Test Specifications 

Test Period: 8/18/2015, 14:05 – 8/25/2015, 12:15 

Test Organism: Pimephales promelas (fathead minnow) 

Test Organism Source; Age: Aquatic Biosystems, Inc. (Fort Collins, CO); 1 day old 

Control Water: EPA diluted mineral water 

Test Concentrations: 100 percent sample and lab control 

Test Acceptability Criteria: Mean control survival of ≥ 80 percent;  

Mean control biomass of ≥ 0.25 mg per organism; 

PMSD for biomass must be between 12 and 30 

Protocol Used:  EPA/821/R-02-013 (2002a) 

Statistical Analysis Software: CETIS™, version 1.8.7.20 
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Water Flea Chronic Toxicity Test Specifications 

Test Period: 8/18/2015, 14:55 – 8/25/2015, 12:00 

Test Organism: Ceriodaphnia dubia (water flea) 

Test Organism Source; Age: In-house culture; <8 h 

Control Water: EPA diluted mineral water 

Test Concentrations: 100 percent sample and lab control 

Test Acceptability Criteria: Mean control survival of ≥ 80 percent;  

60 percent of surviving females in the control must produce ≥ 3 
broods of offspring;  

Total offspring produced per surviving female must average ≥ 15 
(only the first 3 broods are used for calculating reproduction) in the 
control; 

PMSD for reproduction must be between 13 and 47 

Protocol Used:  EPA/821/R-02-013 (2002a) 

Statistical Analysis Software: CETIS™, version 1.8.7.20 

 
Fathead Minnow Acute Toxicity Test Specifications 

Test Period: 8/18/2015, 13:05 – 8/22/2015, 11:40 

Test Organism: Pimephales promelas (fathead minnow) 

Test Organism Source; Age: Aquatic Biosystems, Inc. (Fort Collins, CO); 6 days old 

Control Water: EPA diluted mineral water 

Test Concentrations: 100 percent sample and lab control 

Test Acceptability Criterion: Mean control survival of ≥ 90 percent  

Protocol Used:  EPA/821/R-02-012 (2002b) 

Statistical Analysis Software: CETIS™, version 1.8.7.20 

 

All statistical endpoints reported for compliance purposes were calculated using the 
Comprehensive Environmental Toxicity Information System™ (CETIS) by Tidepool Scientific 
Software according to flowchart specifications provided in USEPA method guidance.  Organism 
performance in each sample was compared to performance observed in laboratory control 
exposures.  A No Observed Effect Concentration (NOEC), Lowest Observed Effect 
Concentration (LOEC), and acute or chronic toxic units (TUa/TUc), as appropriate, were 
calculated for all tests.   
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RESULTS AND DISCUSSION 

Significant decreases in green algae growth (34.0 percent effect) and water flea reproduction 
(60.6 percent effect) were observed in the undiluted final effluent relative to the lab control. 
However, no significant effects to water flea survival or fathead minnow growth or survival in the 
acute and chronic tests were observed.  A summary of statistical results for the acute and 
chronic bioassays is presented in Table 2.  Detailed test results for the bioassays are presented 
in Table 3.  Raw data and statistical analyses are presented in full in Appendix C.   
 

Table 2.  Summary of Statistical Results  

Species & Test Endpoint 
NOEC             

(% effluent) 
LOEC             

(% effluent) 
Toxic Units 
(TUa/TUc)

 

Green Algae    

Growth (Cell Density) < 100    100 > 1.0 

Fathead Minnow    

Acute Survival    100 > 100    1.0 

Chronic Survival    100 > 100    1.0 

Chronic Growth (Biomass)    100 > 100    1.0 

Water Flea    

Chronic Survival    100 > 100    1.0 

Chronic Reproduction < 100    100  > 1.0 

NOEC = The highest concentration tested that caused No Observed Effect to the test organisms. 
LOEC = The Lowest Observed Effect Concentration. 
TUa = Acute Toxic Units (TUa): 100 ÷ LC50. Note: a TUc of 1.0 indicates no toxicity was observed. 
TUc = Chronic Toxic Units (TUc): 100 : NOEC.  Note: a TUc of 1.0 indicates no toxicity was observed. 

 

Table 3. Summary of Toxicity Test Results 

Test 
Concentration 
(%) 

Green Algaea Fathead Minnow Water Flea 

Cell Density 
(106 cells/mL) 

Mean 
Survival: 

Acute 
(%) 

Mean 
Survival: 
Chronic 

(%) 

Mean 
Biomass

(mg) 

Mean 
Survival 

(%) 

Mean 
Reproduction 

(# neonates/org) 

Lab Control 3.11 97.5 97.5 0.482 100 23.4 

100 2.05 100 97.5 0.501 77.8 9.22 

Results in bold indicate a statistically significant decrease compared to the lab control. 
a The lab control and effluent sample were 0.45-µm filtered prior to use in the green algae test.  An unfiltered effluent sample was 
also tested for comparison purposes and was significantly different from the lab control; mean cell density was 2.21 x106 cells/mL. 
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QUALITY ASSURANCE 

The samples were received within the appropriate temperature range, and all tests were 
initiated within the required 36-hour holding time.  The laboratory controls met all minimum test 
acceptability requirements.  Statistical analyses followed standard USEPA flowchart selections 
and were deemed reliable.  The PMSD values for fathead minnow growth and green algae cell 
density were below the lower limit for test acceptability.  A low PMSD indicates low variability in 
the data set and may result in statistical analysis being oversensitive in detecting a difference 
from the control.  The statistical results were evaluated to ensure that proper NOEC and LOEC 
values were reported according to EPA 2000. 

Reference Toxicant Testing 

Concurrent reference toxicant tests met all minimum test acceptability requirements.  All PMSD 
values were within the acceptable ranges for each species, with one exception.  The PMSD 
value for the chronic green algae test growth endpoint was below the lower limit for test 
acceptability. The statistical results were evaluated to ensure that proper NOEC and LOEC 
values were reported according to EPA 2000.  Additionally, the calculated effect concentration 
values for all reference toxicant tests were within two standard deviations of the historical 
means, indicating typical organism sensitivity to copper.   

Reference toxicant test results are summarized in Table 4 and are presented in full in Appendix 
D.  A list of laboratory qualifier codes used for data recording can be found in Appendix E. 

 

Table 4.  Summary of Reference Toxicant Test Results  

Species & Test Endpoint 
IC/EC/LC50        

(µg/L copper) 
Historical mean ± 2 SD 

(µg/L copper) 
CV 
(%) 

Green Algae    

Chronic Growth (Cell Density) 48.4 50.2 ± 10.2 10.1 

Fathead Minnow    

Acute Survival 32.1 45.4 ± 37.0 40.7 

Chronic Survival 60.8 81.5 ± 69.6 42.7 

Chronic Growth (Biomass) 59.1 82.2 ± 50.6 30.8 

Water Flea    

Chronic Survival 35.4 36.0 ± 8.23 11.4 

Chronic Reproduction 40.1 35.9 ± 6.90 9.62 

IC/EC/LC50 = The concentration expected to cause an inhibition/adverse effect/lethal effect to 50 percent of the test organisms. 
Historical Mean = The mean IC/EC/LC50 from the laboratory’s previous 20 tests, plus or minus two standard deviations (SD). 
CV = Coefficient of Variation. 
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Sample Information 
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Chain-of-Custody Information 











 

 

Appendix C 
Raw Data and Statistical Analysis 
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Fathead Minnow 7-day Chronic Survival and Growth 















 

 

Water Flea 7-day Chronic Survival and Reproduction
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Appendix D 

Reference Toxicant Test Data  
 



 

 

Green Algae 96-hour Chronic Growth 
 





















 

 

Fathead Minnow 7-day Chronic Survival and Growth 



































 

 

Water Flea 7-day Chronic Survival and Reproduction























 

 

Fathead Minnow 96-hour Acute Survival 















 

 

Appendix E 
Laboratory Qualifier Codes 



Updated: 6/30/15 

Glossary of Qualifier Codes: 

Q1 -  Temperatures out of recommended range; corrective action taken and recorded in Test 
Temperature Correction Log 

Q2 -  Temperatures out of recommended range; no action taken, test terminated same day 

Q3 -  Sample aerated prior to initiation or renewal due to dissolved oxygen (D.O.) levels below 6.0 
mg/L 

Q4 -  Test aerated; D.O. levels dropped below 4.0 mg/L 

Q5 -  Test initiated with aeration due to an anticipated drop in D.O. 

Q6 -  Airline obstructed or fell out of replicate and replaced; drop in D.O. occurred 

Q7 -  Salinity out of recommended range 

Q8 -  Spilled test chamber/ Unable to recover test organism(s)  

Q9 - Inadequate sample volume remaining, 50% renewal performed 

Q10 -    Inadequate sample volume remaining, no renewal performed 

Q11 - Sample out of holding time; refer to QA section of report 

Q12 - Replicate(s) not initiated; excluded from data analysis 

Q13 - Survival counts not recorded due to poor visibility or heavy debris 

Q14 - D.O. percent saturation was checked and was ≤ 110% 

Q15 - Did not meet minimum test acceptability criteria.  Refer to QA section of report.   

Q16 - Percent minimum significant difference (PMSD) was below the lower bound limit for acceptability.  
This indicates that statistics may be over-sensitive in detecting a difference from the control due 
to low variability in the data set. 

Q17 - Percent minimum significant difference (PMSD) was above the upper bound limit for acceptability.  
This indicates that statistics may be under-sensitive in detecting a difference from the control due 
to high variability in the data set. 

Q18 - Incorrect Entry 

Q19 - Illegible Entry 

Q20 - Miscalculation 

Q21 - Other (provide reason in comments section) 

Q22 - Greater than 10% mortality observed upon receipt and/or in holding prior to test initiation.  
Organisms acclimated to test conditions at Nautilus and ultimately deemed fit to use for testing.   

Q23 - Test organisms received at a temperature greater than 3°C outside the recommended test 
temperature range.  However, due to age-specific protocol requirements and/or sample holding 
time constraints, the organisms were used to initiate tests upon the day of arrival.  Organisms 
were acclimated to the appropriate test conditions upon receipt and prior to test initiation.   

Q24 - Test organisms received at salinity greater than 3 ppt outside of the recommended test salinity 
range.  However, due to age-specific protocol requirements and/or sample holding time 
constraints, the organisms were used to initiate tests upon the day of arrival.  Organisms were 
acclimated to the appropriate test conditions upon receipt and prior to test initiation.      
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Farhad, Mohammad@Waterboards

From: Farhad, Mohammad@Waterboards
Sent: Wednesday, March 23, 2016 3:30 PM
To: WB-RB5S-CentralValleySacramento
Subject: FW: 2016 1st qtr Acute and Chronic Prelim
Attachments: 2016 1st qtr Acute and Chronic Prelim.pdf

 
 

From: Daniel Mullins [mailto:daniel.mullins@cdcr.ca.gov]  
Sent: Wednesday, March 23, 2016 11:14 AM 
To: Farhad, Mohammad@Waterboards 
Cc: Barlay, Alfred@CDCR 
Subject: 2016 1st qtr Acute and Chronic Prelim 
 
Attached is the 2016 1st quarter Acute and Chronic Prelim, the water flea reproduction was 
significantly reduced in the 100 percent effluent relative to the control, the RO plant shut down on February 26, 2016 at 
4:00 PM and started back up on Monday February 29, 2016 at 2:00 PM, the shutdown caused an elevated EC in the 
wastewater plant influent, we started the composite sampler for the Chronic on February 28, 2016, I was on vacation 
the week of March 14, 2016 and received this email this week,  I have scheduled the accelerated to start the week of 
March 28, 2016. 
 
If you have any questions feel free to contact me 
Thanks 
 
NPDES #CA0078093 
Facility ID 5B390100001 
 
Daniel G Mullins 
Water & Wastewater Treatment Plant Supervisor 
Deuel Vocational Institution 
23500 kasson Rd Tracy CA 95376 
Office-(209) 835-4141  x5897 
Fax‐(209) 830‐3941 
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Mullins, Daniel@CDCR

From: Violet Renick <violet@nautilusenvironmental.com>

Sent: Tuesday, March 15, 2016 4:21 PM

To: Mullins, Daniel@CDCR; David Pingatore

Subject: Preliminary results of Q1 toxicity testing for DVI

Hi Daniel and David, 

 

I hope that you have both been doing well since we last spoke. I wanted to let you know that I have finished a 

preliminary review and analysis of the toxicity test data for samples collected on February 29, 2016, from Deuel 

Vocational Institution. There were no statistically significant effects in the green algae, or chronic or acute 

fathead minnow tests.  

 

There was no statistically significant effect in water flea survival, however water flea reproduction was 

significantly reduced in the 100 percent effluent relative to the control. The conductivity was quite elevated in 

this sample (~2,000 uS/cm) so it is possible that this contributed to the reproductive toxicity that we observed in 

this round of testing. However, as we have discussed in the past it is not possible to definitively determine if this 

was the cause of toxicity. 

 

The data should be reviewed by the end of the week and I should be able to complete and share the report by 

next week. 

 

In the meantime, please do not hesitate to let me know if you have any questions. 

 

Many thanks, 

 

Violet 

 

 

--  

Violet Renick, Ph.D.  

Environmental Scientist 

Nautilus Environmental 

4340 Vandever Avenue 

San Diego, California 92120 

 

Office: (858) 587-7333 x206 

Cell: (619) 807-6019 
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Farhad, Mohammad@Waterboards

From: Daniel Mullins <daniel.mullins@cdcr.ca.gov>
Sent: Monday, May 02, 2016 11:33 AM
To: Farhad, Mohammad@Waterboards
Subject: TRE Action Plan Green Algae
Attachments: DVI-TRE Action Plan 04-26-2016.pdf

Here is the TRE Action Plan for the Green Algae failures, I will upload on the April  eSMR due by the 1st of June 2016. 
 
Daniel G Mullins 
Water & Wastewater Treatment Plant Supervisor 
Deuel Vocational Institution 
23500 kasson Rd Tracy CA 95376 
Office-(209) 835-4141  x5897 
Fax‐(209) 830‐3941 
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April 26, 2016 

 

 

Ms. Pamela Creedon 

Executive Officer 

Central Valley Water Quality Control Board 

11020 Sun Center Drive, #200 

Rancho Cordova, California 95670-6114 

 

Re:  Toxicity Reduction Evaluation (TRE) Action Plan for Deuel Vocational Institution 

 

 

Dear Ms. Creedon, 

 

This TRE Action Plan is submitted as required by Section VI.C.2.iv.c of WDR Order No. R5-

2014-0014-1 when a numeric toxicity monitoring trigger is exceeded during Accelerated Chronic 

WET Monitoring. 

 

Accelerated Chronic Toxicity Monitoring 

The Acute and Chronic Toxicity test results during the 4th quarter of 2015, sampled on October 

19, 2015, showed a toxicity of >1 to Selenastrum capricornutum (green algae) in the undiluted 

whole effluent at the DVI WWTP discharge EFF-001.  Accelerated chronic toxicity monitoring 

for Selenastrum capricornutum was conducted as shown in Table 1. 

 

Table 1 – DVI Accelerated Chronic Toxicity Testing During 4Q 2015 and 1Q 2016 

Accelerated 
Test 

Date Test Organism 
Growth 

reduction, 
percent 

TUc 
Limit 

TUc 
Test 

Results 

Chronic 
toxicity, 
pass/fail 

1 11-18-2015 Selenastrum capricornutum 31.8 1 > 1 Fail 

2 12-02-2015 Selenastrum capricornutum 29.94 1 > 1 Fail 

3 12-16-2015 Selenastrum capricornutum 0 1 1 Pass 

4 12-30-2015 Selenastrum capricornutum 0 1 1 Pass 

5 01-13-2016 Selenastrum capricornutum 43.4 1 > 1 Fail 

6 01-26-2016 Selenastrum capricornutum 59.5 1 > 1 Fail 

1. TUc = Chronic Toxicity Units = 100/NOEC; (NOEC = No observed effect concentration). 
2. TUc > 1 requires accelerated WET testing to begin within 14-days after failure of a quarterly WET 

test and initiation of a TRE if any accelerated WET test fails. 
3. Monitoring Location at Effluent 1 (EFF-001). 
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TRE Tasks and Schedule 

Results of the accelerated chronic toxicity monitoring require DVI to conduct a TRE.  DVI will 

initiate a TRE in accordance with the DVI TRE Workplan, dated July 2009, and the current 

discharge permit.  Dewberry Architects and Engineers will perform the tasks for the DVI TRE 

following the schedule shown in Table 2. 

 

Table 2 – DVI TRE Tasks and Schedule 

Task Description 
Duration, 
weeks 

Completion Date 

1 Complete and Submit Action Plan 3 29 April 2016 

2 Validation of Bioassay Results 12 27 June 2016 

3 Information and Data Acquisition 20 22 August 2016 

4 Facility Performance Evaluation 20 22 August 2016 

5 Toxicity Identification Evaluation 20 22 August 2016 

6 Toxicity Reduction Evaluation Report and Exit 28 17 September 2016 

Completion Date based on CDCR authorization to begin TRE work on April 4, 2016. 

 
I certify under penalty of law that this document and all attachments were prepared under my direction 
or supervision in accordance with a system designated to assure that qualified personnel properly 
gather and evaluate the information submitted. Based on my inquiry of the person or persons who 
manage the system, or those persons directly responsible for gathering the information, the information 
submitted is, to the best of my knowledge and belief, true accurate, and complete. I am aware that 
there are significant penalties for submitting false information, including the possibility of fine and 
imprisonment for knowing violations.  
 
Sincerely, 
 
 

 
JAIME RODRIGUEZ, CHIEF ENGINEER I 

 
 
Note: Per Standard Provisions, Reporting sections V.B.2 and V.B.3, the LRO must be a principal 
executive officer or ranking elected official of the Discharger’s agency, or a duly authorized 
representative  that meets the intent of 40 CFR 122.22(b)(2). 
 

  




