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TECHNICAL MEMORANDUM 

DATE: April 2, 2021 PROJECT #: 9100 

TO: SVBGSA Advisory Committee 

CC: Donna Meyers 

FROM: Abby Ostovar, Greg Nelson, Staffan Schorr, and Derrik Williams 

SUBJECT: Monterey Subbasin Modeling 

INTRODUCTION 
Two groundwater models have been developed that encompass the Monterey Subbasin, and 
which could potentially be used to prepare the Monterey Subbasin Groundwater Sustainability 
Plan (GSP). These models include: 

 The Salinas Valley Integrated Hydrologic Model (SVIHM) developed by the U.S. 
Geological Survey (USGS)), including its future version, the Salinas Valley 
Operational Model, or SVOM, which encompass the entire Salinas Valley 
Groundwater Basin; and 

 The Monterey Subbasin Model developed by Marina Coast Water District 
Groundwater Sustainability Agency’s (MCWD GSA) consultant EKI Environment & 
Water, Inc. (EKI), which encompasses the Monterey Subbasin and incorporates 
observed boundary conditions with the adjoining Seaside Subbasin and the 180/400 
Foot Aquifer Subbasin. 

SVBGSA recently obtained the SVIHM, and Montgomery & Associates (M&A) has been 
reviewing the SVIHM and developing water budgets based on model results. M&A’s review 
suggests that the SVIHM does not accurately reflect hydrologic conditions in the Monterey 
Subbasin. SVIHM calibration efforts primarily focus on other portions of the Salinas Valley 
Groundwater Basin where there is significant agricultural groundwater use. The SVIHM was not 
calibrated to any groundwater level data from the Seaside Subbasin and included only one 
calibration location in the Monterey Subbasin. M&A believes the SVIHM is not detailed or 
accurate in the Monterey Subbasin. 

The Monterey Subbasin Model focuses on conditions within the Monterey Subbasin and has 
incorporated over 30,000 water level measurements from the Monterey Subbasin in its 
calibration. It also incorporates water level data from the 180/400-Foot Aquifer Subbasin and 
Seaside Subbasin to establish transient boundary conditions and account for conditions in these 



adjoining subbasins. EKI has worked closely with M&A to incorporate feedback regarding 
conditions in the Corral de Tierra area and the 180/400-Foot Aquifer Subbasin. 

Due to the limitations of the SVHIM in its representation of the Monterey Subbasin and the more 
robust calibration of the Monterey Subbasin Model for this subbasin, SVBGSA and MCWD 
GSA plan to use the Monterey Subbasin Model for developing the Monterey Subbasin GSP. The 
Monterey Subbasin Model will also form the basis for the seawater intrusion model that 
SVBGSA has received grant funding to develop for the Monterey Subbasin. 

MODELING COLLABORATION 
EKI and M&A began collaborating on modeling while developing the SGMA Round 3 Planning 
Grant application for the Monterey Subbasin. Based on this application, MCWD received grant 
funds to develop the Monterey Subbasin Model, and SVBGSA received grant funds to develop a 
seawater intrusion model for the Monterey Subbasin. 

EKI engaged M&A during the Monterey Subbasin Model development process to review the 
model’s layering and structure, connectivity of the aquifers, input data such as historical 
groundwater elevations and extractions, boundary conditions with adjacent subbasins, and 
calibration. EKI and M&A will continue to collaborate in the interpretation of model results. 

M&A will use the Monterey Subbasin Model as the basis for the seawater intrusion model for 
the Monterey Subbasin. Aquifer layers in the Monterey Subbasin Model will be extended north 
into the 180/400 Aquifer Subbasin in a manner that is consistent with SVIHM layering and 
incorporate boundary conditions and flows from the SVIHM. Development of the seawater 
intrusion model will begin upon completion and calibration of the Monterey Subbasin Model. 

Since these are grant funded, no additional funding is needed for the modeling other than 
consultant staff time, and both agencies will have access to both models. SVBGSA and MCWD 
have a collaborative working relationship. 

MODEL COMPARISON 
M&A has been reviewing and interrogating the SVIHM model. The SVIHM was provided in a 
provisional and preliminary status, meaning that the USGS can, and likely will, update and 
change the model prior to its release to the public. The Monterey Subbasin and Seaside Subbasin 
are included in the SVIHM; however, model development and calibration in these subbasins 
appears not to have been performed to the same degree as other areas of the Model. For example, 
the SVIHM did not include any water level calibration points in the Seaside Subbasin and only 
one calibration location in the Monterey Subbasin. 

Model calibration is an assessment of how a model simulates observed historical conditions. 
Generally, a model’s calibration is evaluated through calibration statistics – comparing simulated 
groundwater elevations to measured groundwater elevation data. One commonly used statistic is 
known as the scaled root mean squared residual of the error between simulated water levels and 
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observed water levels. A general rule of thumb in assessing model calibration is that the model is 
considered adequately calibrated when the scaled root mean squared error is less than 10%. The 
basin-wide statistics of the SVIHM meet these criteria (see Attachment A). 

In the Monterey Subbasin, the SVIHM includes only one location containing calibration data; 
and an assessment of the Subbasin calibration cannot be adequately performed using the limited 
measurements from only this one data location. To check the accuracy of the SVIHM in the 
Subbasin, M&A compared simulated groundwater elevations from the SVIHM to an additional 
4,555 observed water levels from 55 locations in the Monterey Subbasin. With the additional 
data. The root mean squared error of the residuals is over 7%, which indicates reasonable 
calibration (see Attachment B). 

However, comparing simulated and observed hydrographs across the Subbasin shows that the 
model results do not match measured data in many areas: particularly in the Corral De Tierra. 
Some hydrographs have opposite trends, indicating the model is not adequately calibrated in this 
area. Attachment C includes some example hydrographs that illustrate certain wells with 
inadequate calibration. Measured data on these hydrographs are shown with black dots, and 
simulated data are shown with blue lines. The clear difference between measured and simulated 
trends on these plots results in poor confidence in the model’s ability to simulate at least parts of 
the Monterey Subbasin. This poor confidence only applies to the Monterey Subbasin; much of 
the rest of the model is well calibrated. 

In the Corral de Tierra area, only the bottom three layers of the SVIHM are active. These three 
layers represent the bedrock (bottom layer) and part of the El Toro Primary Aquifer System 
(other two active layers). This model configuration raises concerns over the adequacy of 
hydrogeologic representation of the Corral de Tierra area. 

In contrast to the SVIHM, the Monterey Subbasin Model being developed by EKI currently has a 
root mean squared error residual of less than 2% (Attachment D). Calibration of the Monterey 
Subbasin model is ongoing, and all results are still preliminary. The Monterey Subbasin Model 
also has more detailed and more accurate representation of the hydrogeology in the Corral de 
Tierra area, which was developed incorporating input from M&A. EKI has also included 
additional groundwater level data for calibration throughout the Monterey Subbasin, totaling 
30,555 observations from 608 wells. Thus, because of the more accurate calibration and 
hydrogeologic representation of the Monterey Subbasin within the Monterey Subbasin Model, 
SVBGSA plans to use the Monterey Subbasin Model for the development of the Monterey 
Subbasin GSP. 

MODEL COMPATIBILITY 
To assess model compatibility, EKI and M&A have been collaborating on modeling and most 
recently have compared information from the Monterey Subbasin Model and the SVIHM. This 
includes analyzing conditions along the boundary of the 180/400-Foot Aquifer Subbasin and 
beneath the Salinas River. Groundwater levels along this boundary are being compared to ensure 
the two models are compatible and simulate this boundary comparably. Model layering and 
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hydrogeologic representation have also been reviewed and appear to reasonably match. In some 
areas, the Monterey Subbasin Model has greater vertical resolution with more refined aquifer 
layers. In general, however, the Monterey Subbasin Model layer is compatible with the SVIHM 
layering. 

In the future, when the SVIHM becomes public, the information from the Monterey Subbasin 
Model could be incorporated into the SVIHM. Additionally, SVBGSA could expand the 
seawater intrusion model into the 180/400-Foot Aquifer Subbasin by incorporating SVIHM 
parameters so that it can model the impacts of valley-wide projects on seawater intrusion. 

CONCLUSION 
A detailed description of the Monterey Subbasin Model will be included as an appendix to the 
Monterey Subbasin GSP, which will be made available for public review and comment. In 
addition, the Monterey Subbasin Model will be submitted to the California Department of Water 
Resources as part of the GSP. It will be available for future use by the USGS and others as part 
of basin-wide modeling efforts. 

All groundwater models are tools to help understand groundwater conditions and how factors 
may change groundwater conditions. Given the complexity of groundwater interactions, models 
provide the best tool for understanding of these interactions and their effects. Exact numbers will 
change as the Model is refined and updated; however, it will not likely change the direction and 
approach of groundwater management. 

Attachments: 

Attachment A: SVIHM Calibration Statistics for entire Salinas Valley Groundwater Basin 

Attachment B: SVIHM Calibration Statistics for Monterey Subbasin (with added water level 
observations) 

Attachment C: Measured and SVIHM Simulated Hydrographs for Monterey Subbasin 

Attachment D: Monterey Subbasin Model Preliminary Calibration Statistics (as of 3/29/2021) 

SVIHM Note: 

This data (model and/or model results) are preliminary or provisional and are subject to revision. 
This model and model results are being provided to meet the need for timely best science. The 
model has not received final approval by the U.S. Geological Survey (USGS). No warranty, 
expressed or implied, is made by the USGS or the U.S. Government as to the functionality of the 
model and related material nor shall the fact of release constitute any such warranty. The model 
is provided on the condition that neither the USGS nor the U.S. Government shall be held liable 
for any damages resulting from the authorized or unauthorized use of the model. 
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2.0  Groundwater Basin Descriptions and Hydrogeology  

  
               

 

              
   

       
 

Table 1 DWR Basin Nomenclature, Numbering, and Prioritization 

Subbasin Name  
Basin/Subbasin  

Number  
Basin Prioritization  

   
   

   
   

   
   

   
 

 

 

   
 



     
      

  
              

  
 

2.1  Overall Setting  

              
 

  
        

           
  

2.2  180/400 Foot Aquifer  

  
               

              
 

  
                 

 
 
 

  
  

  

  
  

   
 

 

 

 

 

 

 

   
 



Figure 1 – Groundwwater Basinns and Subbaasins in Monnterey Counnty 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

   
 



2.3  East Side Aquifer  

 
   

 

               
 

  
  

              
   

 
 

2.4  Forebay Aquifer  

  
   

  
   

 

  
          

            
           

 

2.5  Upper Valley Aquifer  

 
        

  
 

 
 

 

2.6  Paso Robles Area  

 
           

 

 

   
 



 
  

 
  

  
 

  

2.7  Langley Area  

           
               

  
 

  

     
  

 
  

  
 

             
         

   
 

               
  

        
   

 

            
    

 
  

 

 

 

 

   
 



2.8  Corral de Tierra Area  

  
    

 

              
 

              
  

 
 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figuree 2 – Langleyy Area Subbbasin and Hyydrogeologiic Subareas 

 
   

 



3.0  Groundwater Level Monitoring  

         
             

 

3.1  Monitoring History  

       
  

 
            

 

 
  

 
 
 

 

3.2  Monitoring Network Rationale  

 
 

         
 

 

           
        

 
 
 

 

 
 

 

 
   

  
 

 

   
 



 
 

            
 

Table 2 Recommended Monitoring Well Network Density by Subbasin  

Subbasin Name  
Subbasin Area in  
Monterey County  

  

Federal Land Area of  
Subbasin    

Wells Needed for  
Target Minimum  

Density  
  

    
    

    
    

    
    

    
Total wells in High and Medium Priority Subbasins 80 

 

3.3  CASGEMMonitoring Network and Data Gaps  

  
 

 

  
 

Table 3 – CASGEM Network Compared to Target Minimum Density Numbers  

Subbasin Name  
Target  

Minimum  
Density  

CASGEMWells  
Voluntary  
Wells  

Wells Remaining to  
Meet Target  

Minimum Density  
     

     
     

     
     

     

     
TOTAL 80  48 3 47 

 

 

 

 

   
 



3.3.1  180/400 Foot Aquifer  

   
   

  
 

  
               

 

Data Gaps – Horizontal Distribution of Wells  

  
    

   
 

Data Gaps – Vertical Distribution of Wells  

              
 

 

Table 4 Vertical Distribution of Wells in 180/400 Foot Aquifer  

Aquifer Zone  
Dedicated  
Monitoring  
Wells  

Privately Owned  
CASGEMWells  

Total Wells  

    
    

    
    

TOTAL  15 7 22  
 

   
      

             
    

 

               
  

      
                

    
    

 

   
 



               
 

          
  

         
    

            
 

  
  

 
 
 

 

3.3.2  East Side Aquifer  

     
 

  
 

Data Gaps – Horizontal Distribution of Wells  

                
               

  
 

  
           

 
 

 

Data Gaps – Vertical Distribution of Wells  

 
  

                
 

 

   
 



              
            

 

    
              
               

 
 
 
 

 

 
 

                
 

3.3.3  Forebay Aquifer  

     
                

              
    

 

Data Gaps – Horizontal Distribution of Wells  

         
  

   
 

 

              
            

 
  

 
 

 

 

 

 

   
 



Data Gaps – Vertical Distribution of Wells  

  
  

 

3.3.4  Upper Valley Aquifer  

    
     

  

Data Gaps – Horizontal Distribution of Wells  

 
 

 

 
  

 
      

 
 

Data Gaps – Vertical Distribution of Wells  

 
  

 

 

 

 

 

 

 

 

 

 

   
 



Figure 3 – 180/4000 Foot Aquiffer Subbasinn  

 

 
 

   
 



Figure 4 – East Side AAquifer Subbbasin  

 

 
 

   
 



Figure 55 – Forebay Aquifer Subbbasin  

 

 
 

   
 



Figure 6 – Upper Vallley Aquiferr Subbasin  

 

 
 

   
 



3.3.5  Paso Robles Area  

 
  

               
   

  
 

                
   

     
 

 
 

            
               

 
  

Data Gaps – Horizontal Distribution of Wells  

 
               

   
            

 
 

 

Data Gaps – Vertical Distribution of Wells  

 
 

  

           
        

 
                 

 

 

 

 

   
 



3.3.6  Langley Area  

 
 

               
 

Data Gaps – Horizontal Distribution of Wells  

              
  

 
       

   
 

Data Gaps – Vertical Distribution of Wells  

 
 

       
 

3.3.7  Corral de Tierra Area  

                
 
 

  

Data Gaps – Horizontal Distribution of Wells  

  
               

  
  

   
  

 

 
 

        
 

               

 

   
 



               
 

Data Gaps – Vertical Distribution of Wells  

 
 

    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 



Figure 7 – Paso Robles Area Suubbasin  

 

 
 

   
 



Figure 8 – Langley Area Subbaasin  

 

 
 

   
 



Figure 9 – Corral dde Tierra Areea Subbasinn  

 

 
 

 
   

 



4.0  Monitoring Procedures  

 
  

4.1  Monitoring Frequency and Timing  

    
               

    
 

 
  

               
             
             

 
 

              
  
          

  
 

 

  
     
            

 
                 

 
   

 

           
  

 
 

 

         
 

 

   
 



                
 

4.2  Well Locations  

 
  

  
 

4.3  Reference Points  
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4.4  Field Methods  

              
           

 
 

          Groundwater  Elevation  
Monitoring  Guidelines             

 

4.4.1  Graduated steel tape  

 

  
 

             
 

      
 

 

  
 

  
   

 

             
              

 

    
 

  
 

         
 

4.4.2  Electric water level meter  

      
 

                 
 

 

   
 



 

  
 

 

  
 

      
 

 

  
 

  
 

  
 

  
 

4.4.3  Sonic water level meter  

 
 

 

 

  
 

  

4.4.4  Pressure transducer  

             
 
 

    
 

             
                 

 

 

 

   
 



4.5  Data Collection, Processing, and Reporting  

         
 
 

   
 

  
        CASGEM  Procedures  for  Monitoring  Entity  

Reporting  
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MONTEREY COUNTY WATER RESOURCES AGENCY 
BOARD OF DIRECTORS 

MEETING DATE: October 27, 2014 AGENDA ITEM: 

AGENDA TITLE: RECEIVE REPORT ON SALINAS VALLEY WATER CONDITIONS FOR THE 
FOURTH QUARTER OF WATER YEAR 2013-2014 

Consent ( X )  Action ( ) Information ( ) 

SUBMITTED BY: 
PHONE: 

Robert Johnson 
755-4860 

PREPARED BY: 
PHONE: 

Peter Kwiek, Jess Barreras 
755-4860 

DEADLINE FOR BOARD ACTION: October 27, 2014 

RECOMMENDED BOARD ACTION: 

Receive report on Salinas Valley water conditions for the fourth quarter of Water Year 2013-2014. 

PRIOR RELEVANT BOARD ACTION: 

A report was last presented to the Board on September 22, 2014, covering the third quarter of Water 
Year 2013-2014. 

DISCUSSION/ANALYSIS: 

This report covers the fourth quarter of Water Year 2013-2014 (WY14), July through September, 
2014. It provides a brief overview of water conditions in the Salinas Valley with discussion of 
precipitation, reservoir storage, and ground water level trends. Data for each of these components 
are included as graphs and tables in Attachments A through I. 

Precipitation – The fourth quarter of WY14 brought less than normal rainfall to Salinas and King 
City. Cumulative totals for the quarter were 0.11 inches (55% of normal rainfall for the quarter) at 
the Salinas Airport, while no measurable rainfall was logged in King City, which, on average, 
receives a total of 0.17 inches during the months of July through September.   

Attachment A contains graphs for both stations showing monthly and cumulative precipitation data 
for the current and a normal water year. Tables with precipitation values shown on the graphs and 
percent of normal precipitation are also presented in Attachment A.  

Rainfall data for Salinas and King City should be considered preliminary until verified by National 
Weather Service data at a later date. 



Reservoirs - The following table compares fourth quarter storage at Nacimiento and San Antonio 
reservoirs for the past two years. Storage in Nacimiento Reservoir is 46,763 acre-feet lower than in 
September 2013, while storage in San Antonio Reservoir is 8,547 acre-feet lower.  

Reservoir 

September 30, 2014 
(WY14) Storage 

in acre-feet 

September 30, 2013 
(WY13) Storage 

in acre-feet 

Difference 
in acre-feet 

Nacimiento 63,850 110,613 -46,763 

San Antonio 12,266 20,813 -8,547 

Graphs for both reservoirs showing daily storage for the last five water years and average daily 
storage are included as Attachments B and C.   

Ground Water Levels – More than 80 wells are measured monthly throughout the Salinas Valley to 
monitor seasonal ground water level fluctuations.  Data from approximately 50 of these wells is used 
in the preparation of this report. The measurements are categorized by hydrologic subarea, 
averaged, and graphed to compare current water levels with selected past conditions.  Graphs for 
individual subareas, showing the current year’s water level conditions, last year’s conditions 
(WY13), dry conditions (WY91), and near-normal conditions (WY85), are found in Attachments D 
through H. Attachment I is a summary of water level changes for all subareas. 

Ground water level measurements indicate that, by the end of the fourth quarter of WY14, water 
levels were recovering in the Pressure and East Side Subareas, but not in the Forebay or Upper 
Valley Subareas. Over the past month, average ground water levels rose by four feet in the Pressure 
180-Foot Aquifer, two feet in the Pressure 400-Foot Aquifer, and one foot in the East Side Subarea 
while declining by two feet in the Forebay Subarea and one foot in the Upper Valley Subareas. 

Compared to September 2013, average ground water levels in September 2014 were eight to twelve 
feet lower in all subareas, as shown in Attachment I. 

When compared to WY85, which is considered to be a year of near normal ground water conditions, 
current water levels are 25 feet lower in the East Side Subarea, 10 feet lower in the Pressure 180-
Foot Aquifer, eight feet lower in the Forebay Subarea and six feet lower in the Upper Valley 
Subarea. Water levels in the Pressure 400-Foot Aquifer are two feet higher than in WY85. 

Average ground water levels for the fourth quarter of WY14 have fallen to WY91 levels in the 
Forebay Subarea, while falling below WY91 levels in both the East Side and Upper Valley 
Subareas. In the Pressure 180-Foot Aquifer, water levels equaled WY91 levels in August 2014 
before recovering by two feet by the end of the quarter.  By contrast, throughout the fourth quarter, 
water levels in the Pressure 400-Foot Aquifer remained eight to 10 feet higher than in WY91. 



 

FINANCIAL IMPACT: YES ( ) NO ( X ) 

FUNDING SOURCE: 

COMMITTEE REVIEW AND 
RECOMMENDATION: 

None 

ATTACHMENTS: 1.  Salinas Valley Hydrologic Subareas Map 
2.  Salinas and King City Precipitation Graphs, Attachment A 
3.  Nacimiento and San Antonio Reservoir Graphs, Attachments B and 

C 
4.  Salinas Valley Monthly Water Level Graphs for Each 
     Subarea, Attachments D through H 
5. Generalized Ground Water Trends, Attachment I. 

APPROVED: 
_______________________________________________________ 
General Manager Date 



 

Monthly Rainfall (WY 2014) 0.15 0.47 0.21 0.12 3.08 1.15 0.56 0.00 0.02 0.01 0.00 0.10 
Monthly Rainfall (Normal WY*) 0.58 1.40 1.93 2.60 2.49 2.26 0.93 0.35 0.09 0.00 0.03 0.17 
Percent of Normal for Month 26% 34% 11% 5% 124% 51% 60% 0% 22% N/A 0% 59% 
Cumulative Rainfall (WY 2014) 0.15 0.62 0.83 0.95 4.03 5.18 5.74 5.74 5.76 5.77 5.77 5.87 
Cumulative Rainfall (Normal WY*) 0.58 1.98 3.91 6.51 9.00 11.26 12.19 12.54 12.63 12.63 12.66 12.83 
Percent of Cumulative Normal 26% 31% 21% 15% 45% 46% 47% 46% 46% 46% 46% 46% 

Monthly Rainfall (WY 2014) 0.06 0.24 0.01 0.11 2.82 1.15 1.07 0.00 0.00 0.00 0.00 0.00 
Monthly Rainfall (Normal WY*) 0.63 1.11 1.98 2.32 2.51 2.20 0.78 0.31 0.05 0.01 0.01 0.15 
Percent of Normal for Month 10% 22% 1% 5% 112% 52% 137% 0% 0% 0% 0% 0% 
Cumulative Rainfall (WY 2014) 0.06 0.30 0.31 0.42 3.24 4.39 5.46 5.46 5.46 5.46 5.46 5.46 
Cumulative Rainfall (Normal WY*) 0.63 1.74 3.72 6.04 8.55 10.75 11.53 11.84 11.89 11.90 11.91 12.06 
Percent of Cumulative Normal 10% 17% 8% 7% 38% 41% 47% 46% 46% 46% 46% 45% 
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Generalized Ground Water Trends 
September 2014 

September 2014 1 Year Change From 1 Month 
Area Depth to Water Change WY 1985 Change 

Pressure 180-Foot 62' down 8' down 10' up 4' 
Aquifer 

Pressure 400-Foot 55' down 7' up 2' up 2' 
Aquifer 

East Side Subarea 157' down 12' down 25' up 1' 

Forebay Subarea 81' down 10' down 8' down 2' 

Upper Valley 55' down 8' down 6' down 1' 
Subarea 

September water levels, compared to last year,  range from 12' lower  to 7' lower. 

September water levels, compared to WY 1985,  range from 25' lower to 2'  higher. 

September changes in water levels over the last month  range from 2' lower to 4'  higher. 

ATTACHMENT I 
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Get water level data the way you want it, when you want it
with industry-leading water level/pressure and temperature data 
loggers. By partnering with In-Situ® Inc., you receive durable 
Level TROLL® Data Loggers that provide years of service, 
accurate results, intuitive software, and real-time functionality. 

Increase productivity: Reduce training and installation time 
with In-Situ Inc.’s intuitive software platform and integrated 
components. Patented twist-lock connectors, included on 
Level TROLL Loggers and RuggedCable® Systems, ensure 
error-free deployments. 
Set up real-time networks: Access data 24/7 and 
receive event notifications when you connect data loggers 
to telemetry systems, radios, or other third-party data 
collection platforms. Control gates, pumps, alarms, and 
other equipment by using built-in Modbus/RS485, SDI-12, or 
4-20 mA communication protocols. 
Streamline analysis and reporting  Automate water 
level corrections and post-processing, graph data, and 
accelerate report generation with Win-Situ® Software. Easily 
export data to Excel®, a web-based management service, or 
data analysis software.  

Deploy in all environments: Install loggers in fresh water, 
saltwater, and contaminated waters. Solid titanium, sealed 
construction outperforms and outlasts specially-coated 
data loggers.
Log accurate data: Get optimal accuracy under all 
operating conditions. Sensors undergo NIST®-traceable 
factory calibration across the full pressure and temperature 
range. For applications requiring the highest levels of 
accuracy, use a vented (gauged) system. 
Get long-lasting operation: Reduce trips to the field with 
low-power loggers that typically operate for 10 years.

Receive free, 24/7 technical support and online resources.
Order data loggers and accessories from the In-Situ e-store.
Get guaranteed 7-day service for maintenance (U.S.A. only).

Innovations in 
Water Monitoring 

Level TROLL® 400, 500 & 700 Data Loggers 
Be Reliable 

Be Effective -traceableSensors undergo NIST®-T 
factory calibration across the full pressure and temperature 
range. For applications requiring the highest levels of 
accuracy, use a vented (gauged) system. 

Be In-Situ 

Applications 

        
       
        

     
        
    



  -

- - -

Use maintenance-free, 
non-vented systems for 
long-term monitoring and 
at flood-prone or high-
humidity sites. 

Use high-accuracy, 
vented systems to 
conduct aquifer 
tests and to view 
barometrically 
compensated water 
level data in real time. 

Forgot to set a 
level reference at 
the beginning of a 
deployment? Automate 
level corrections 
by using Win-Situ 
Software’s post-level 
correction Wizard.

Using a non-vented 
system? Collect 
barometric pressure 
and temperature 
data with a titanium 
BaroTROLL Data 
Logger in order to 
compensate data for 
barometric pressure 
fluctuations.

Calculating barometric 
efficiency? Use the 
BaroTROLL Logger 
with vented systems. 

Win-Situ® Baro Merge®

Software automates 
post correction of water 
level data.

Specifcations are subject to change 

without notice. 

Calibrated: -5-50° C (23-122° F)

Level TROLL® 400, 500 & 700 Data Loggers 

General Level TROLL 400 Level TROLL 500 Level TROLL 700 BaroTROLL 

Temperature  ranges1 Operational: -20-80° C (-4-176° F) 

Storage: -40-80° C (-40-176° F) 

Calibrated: -5-50° C (23-122° F) 

Operational: -20-80° C (-4-176° F) 

Storage: -40-80° C (-40-176° F) 

Operational: -20-80° C (-4-176° F) 

Storage: -40-80° C (-40-176° F) 

Calibrated: -5-50° C (23-122° F) 

Operational: -20-80° C (-4-176° F) 

Storage: -40-80° C (-40-176° F) 

Calibrated: -5-50° C (23-122° F) 

Diameter 1.83 cm (0.72 in.) 1.83 cm (0.72 in.) 1.83 cm (0.72 in.) 1.83 cm (0.72 in.) 

Length 21.6 cm (8.5 in.) 21.6 cm (8.5 in.) 21.6 cm (8.5 in.) 21.6 cm (8.5 in.) 

Weight 197 g (0.43 lb) 197 g (0.43 lb) 197 g (0.43 lb) 197 g (0.43 lb) 

Materials Titanium body; Delrin® nose cone Titanium body; Delrin nose cone Titanium body; Delrin nose cone Titanium body; Delrin nose cone 

Output options Modbus/RS485, SDI-12, 4-20 mA Modbus/RS485, SDI-12, 4-20 mA Modbus/RS485, SDI-12, 4-20 mA Modbus/RS485, SDI-12, 4-20 mA 

Battery type & life2 3.6V lithium; 10 years or 2M readings 3.6V lithium; 10 years or 2M readings 3.6V lithium; 10 years or 2M readings 3.6V lithium; 10 years or 2M readings 

External power 8-36 VDC 8-36 VDC 8-36 VDC 8-36 VDC 

Memory 
Data records3 

Data logs 

2.0 MB 

130,000 

50 

2.0 MB 

130,000 

50 

4.0 MB 

260,000 

50 

1.0 MB 

65,000 

2 

Log types Linear, Fast Linear, and Event Linear, Fast Linear, and Event Linear, Fast Linear, Linear Average, Event, 

Step Linear, True Logarithmic 

Linear 

Fastest logging rate 2 per second 2 per second 4 per second 1 per minute 

Fastest output rate Modbus: 2 per second 

SDI-12 & 4-20 mA: 1 per second 

Modbus: 2 per second 

SDI-12 & 4-20 mA: 1 per second 

Modbus: 2 per second 

SDI-12 & 4-20 mA: 1 per second 

Modbus: 2 per second 

SDI-12 & 4-20 mA: 1 per second 

Real-time clock Accurate to 1 second/24-hr period Accurate to 1 second/24-hr period Accurate to 1 second/24-hr period Accurate to 1 second/24-hr period 

Sensor Type/ 
Material 

Piezoresistive; titanium Piezoresistive; titanium Piezoresistive; titanium Piezoresistive; titanium 

Range Absolute (non-vented) 
30 psia: 11 m (35 ft) 

100 psia: 60 m (197 ft) 

300 psia: 200 m (658 ft) 

500 psia: 341 m (1120 ft) 

Gauged (vented) 
5 psig: 3.5 m (11.5 ft) 

15 psig: 11 m (35 ft) 

30 psig: 21 m (69 ft) 

100 psig: 70 m (231 ft) 

300 psig: 210 m (692 ft) 

500 psig: 351 m (1153 ft) 

Absolute (non-vented) 
30 psia: 11 m (35 ft) 

100 psia: 60 m (197 ft) 

300 psia: 200 m (658 ft) 

500 psia: 341 m (1120 ft) 

1000 psia: 693 m (2273 ft) 

Gauged (vented) 
5 psig: 3.5 m (11.5 ft) 

15 psig: 11 m (35 ft) 

30 psig: 21 m (69 ft) 

100 psig: 70 m (231 ft) 

300 psig: 210 m (692 ft) 

500 psig: 351 m (1153 ft) 

30 psia (usable up to 16.5 psi; 1.14 bar) 

Burst pressure Max. 2x range; burst > 3x range Max. 2x range; burst > 3x range Max. 2x range; burst > 3x range Vaccum/over-pressure above 16.5 psi damages sensor 

Accuracy @ 15° C4 ±0.05% full scale (FS) ±0.05% FS ±0.05% FS ±0.05% FS 

Accuracy (FS)5 ±0.1% FS ±0.1% FS ±0.1% FS ±0.1% FS 

Resolution ±0.005% FS or better ±0.005% FS or better ±0.005% FS or better ±0.005% FS or better 

Units of measure Pressure: psi, kPa, bar, mbar, mmHg, inHg, 

cmH
2
O, inH

2
O 

Level: in., ft, mm, cm, m 

Pressure: psi, kPa, bar, mbar, mmHg, inHg, 

cmH
2
O, inH

2
O 

Level: in., ft, mm, cm, m 

Pressure: psi, kPa, bar, mbar, mmHg, inHg, 

cmH
2
O, inH

2
O 

Level: in., ft, mm, cm, m 

Pressure: psi, kPa, bar, mbar, mmHg, inHg, 

cmH
2
O, inH

2
O 

Temperature 
Sensor 

Silicon Silicon Silicon Silicon 

Accuracy & resolution ±0.1° C; 0.01° C or better ±0.1° C; 0.01° C or better ±0.1° C; 0.01° C or better ±0.1° C; 0.01° C or better 

Units of measure Celsius or Fahrenheit Celsius or Fahrenheit Celsius or Fahrenheit Celsius or Fahrenheit 

Warranty6 3 years 3 years 3 years 3 years 

Notes 1 Temperature range for non-freezing liquids.  2 Typical battery life when used within the factory calibrated temperature range.  3 1 data record = date/time plus 2 parameters logged 

(no wrapping) from device within the factory calibrated temperature range. 4 Across factory calibrated pressure range.   5 Across factory calibrated pressure and temperature ranges.   
6 Up to 5-year (total) extended warranties are available for all sensors—call for details.  Delrin is a registered trademark of E.I. du Pont de Nemours and Company. 

Calibrated: -5-50° C (23-122° F) 

Every Application 
& Budget 

BaroTROLL® 

Data Logger 

Call to purchase or rent—www.in-situ.com 
         

      
    

            

https://rent�www.in-situ.com
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Introduction  

The Monterey Peninsula Water Management District (MPWMD or District) is 
participating in the California Statewide Groundwater Elevation Monitoring Program 
(CASGEM) which is administered by the Department of Water Resources (DWR).  This 
groundwater monitoring plan lays the foundation for this monitoring effort and provides 
information on the wells to be sampled, monitoring schedule, and the characteristics of 
the groundwater basins.  This plan contains two parts because MPWMD will be 
providing monitor well data from the Seaside Groundwater Basin as well as the Carmel 
Valley Alluvial Aquifer under the CASGEM. 

Regional Geologic Setting for the Seaside Groundwater  
Basin  

Water Bearing Formations  
The Seaside Groundwater Basin consists of a sedimentary sequence of water-bearing 
materials that overlie the relatively impermeable Monterey Formation of Miocene age 
and older crystalline rocks. From oldest to youngest, the water-bearing units of the 
Seaside Basin are the Miocene Santa Margarita Sandstone (Tsm), the Tertiary and 
Quaternary “continental deposits” (QTc), and the Pleistocene and Holocene Aromas Sand 
and Older Dunes (Qe and Qt) (Yates and others 2005 and GTC 1986). 

The Santa Margarita Sandstone corresponds to the “Santa Margarita Aquifer” and is a 
loose to weakly-cemented, marine sandstone with stratigraphic thickness up to 
approximately 300 feet.  The upper portion of this deposit is medium-grained clean sand. 
With increasing depth and proximity to the underlying Monterey Formation, the clay 
content of the unit increases (Yates and others 2005). 

The continental deposits correspond to the “Paso Robles Aquifer” and consist of a 
complex sequence of interbedded sand, gravel, and clay deposits.  These deposits are 
more than 600 feet thick in some portions of the basin.  The water-bearing portions of the 
continental deposits are thick lenses of sand and gravel of limited areal extent (Yates and 
others 2005). 

The Aromas Sand and Older Dunes are surficial deposits that are of minor importance in 
the basin. The deposits are unconfined, in direct hydraulic communication with the 
ocean, and are only saturated in the extreme coastal portion of the basin (Yates and others 
2005). 
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Surface outcrops within the area are limited primarily to alluvial sands and terrace 
deposits. Small areas of the Paso Robles and Santa Margarita Aquifers outcrop in the 
eastern portion of the Seaside Basin. 
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Restrictive Structures  
Structural deformation of the basin has resulted in varying thickness and depths of all of 
the geologic units across the basin (Yates and others 2005, GTC 1986, and DWR 1974). 
Basin structure is relatively well understood in the Laguna Seca and coastal subareas 
where production wells are numerous.  Subsurface information in those areas reveals a 
complex arrangement of faults, anticlines, and synclines.  Prominent among them is the 
Laguna Seca Anticline that uplifts the Monterey Formation and forms the boundary 
between the northern and southern subbasins. The Paso Robles and the Santa Margarita 
Aquifers thicken toward the eastern end of the southern subbasin as a result of a syncline. 
The Seaside and Ord Terrace faults create abrupt increases in basin thickness within the 
coastal parts of the southern and northern subbasins. 

In the Seaside Basin, faults are associated with abrupt changes in basin thickness but 
appear to have little effect on groundwater flow where permeable units are present on 
both sides of the fault.  All of the faults are steep normal or reverse faults, and most of 
them exhibit a combination of horizontal displacement (right-lateral) and vertical 
displacement (downthrown block on the north).  All of them trend southeast-northwest. 
The Chupines fault forms the southern boundary of the basin where it juxtaposes 
relatively impermeable units of the Monterey Formation against the Santa Margarita 
Sandstone and continental deposits. The next fault to the north – the Seaside fault – 
passes obliquely through the southern subbasin. It is associated with as much as 500 feet 
of vertical displacement of the top of the Monterey Formation and it truncates the 
southern extent of the Santa Margarita Sandstone and continental deposits. Groundwater 
appears to flow freely across the Seaside fault in shallow aquifer horizons.  Farther north, 
the Ord Terrace fault is similar to the Seaside fault, with as much as 450 feet of 
displacement of the top of the Monterey Formation.  Neither the Seaside nor Ord Terrace 
faults are a significant barrier to groundwater flow. 

The Seaside Basin does not appear to have a regional confining layer equivalent to the 
Salinas Valley Aquiclude that overlies the 180-Foot Aquifer throughout most of the 
coastal part of the Salinas Valley. The first clay layers encountered in the boreholes for 
four monitoring wells installed by MPWMD between Seaside and the Main Garrison area 
on the former Fort Ord are thin (less than 20 feet) and of inconsistent elevation. 

Based on calibration of a groundwater flow model of the Laguna Seca area (the eastern 
part of the southern subbasin), the hydraulic conductivities for the Paso Robles and Santa 
Margarita Aquifers were estimated to be 2 ft/day and 3-5 ft/day, respectively.  Similarly, 
calibrated storativity values were estimated to be 0.08 in unconfined aquifers and 0.0006 
in confined aquifers. 

Recharge Areas  
The largest native sources of recharge to the basin are deep percolation of rainfall, 
irrigation water, and pipe leaks (Yates and others 2005, GTC 1986, and Muir 1982). This 
recharge occurs throughout the basin and is facilitated by the generally sandy soils. 
Septic system leach fields also contribute small amounts of groundwater recharge.  The 
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largest non-native source of recharge to the basin is by groundwater recharge via 
injection wells. Since 1998, MPWMD has injected over 4,300 acre-feet into specialized 
Aquifer Storage and Recovery (ASR) wells the northern subbasin. 

A significant percentage of groundwater yield near the coast consists of groundwater 
inflow from inland areas. In addition, groundwater can flow to or from offshore areas 
depending on the elevation of groundwater levels near the coast. If coastal water levels 
are below sea level, groundwater flows onshore (landward).  Initially, this onshore flow 
may not be salty if offshore parts of the aquifer still contain residual freshwater from 
previous decades when groundwater flow was greater or past periods when sea levels 
were lower. It is estimated that approximately 1,100 acre-feet of onshore flow from the 
offshore part of the Santa Margarita Aquifer occurred in 2002 (Yates and others 2005). 

Groundwater Level Trends  
Groundwater level monitoring in production and monitoring wells within the basin has 
generally shown declines in the period from the 1960’s to the present.  Most groundwater 
extraction in the Seaside Basin is from the coastal part of the northern subbasin. 
Hydrographs for that area show a significant decline in water levels in almost all wells in 
the Santa Margarita Aquifer since 1995. In many of these wells, water levels were 
consistently above sea level prior to 1995 and are now consistently below sea level.  The 
net decline in spring water levels between 1995 and 2002 was 10-15 feet in many wells, 
and the amount of seasonal drawdown from spring to fall each year has also increased 
from less than 5 feet to 15 feet (Yates and others 2005).  The hydrographs for some wells 
in the Paso Robles Aquifer have also been declining, while others have been rising. 
These patterns are more strongly related to groundwater extraction than to climatic 
conditions. 

Groundwater Storage  
The storage capacity of the Seaside Groundwater Basin was estimated to be 564,700 
acre-feet in 1990 (SGD 1990). This estimate included a component for offshore storage 
and assumed a weighted average specific yield value of 12%.  Of this total, the estimated 
storage for the onshore parts of the coastal subareas was 162,300 acre-feet, with 9,000 
acre-feet estimated to be above sea level.  More recent storage capacity estimates based 
on a specific yield value of 8% suggest that the amount of usable groundwater storage 
capacity in the coastal area of the basin is 6,200 acre-feet (Yates and others 2005). 

Monitoring Plan Rationale  

Monitor wells selected for CASGEM monitoring are distributed to give a good 
representation of groundwater conditions of the Seaside Groundwater Basin.  However, it 
should be noted that large areas of the basin do not have adequate monitor well coverage 
due to the lack of historical development and land-use restrictions (i.e., inland firing 
ranges of the former Fort Ord). 

5 



Well Network  

The well network consists of 22 wells located primarily in and near the coastal subareas  
of the Seaside Groundwater Basin. Many of these wells are paired and labeled deep and 
shallow to represent where they are screened in the aquifer.  The list of monitoring wells 
for the Seaside Ground Water Basin is provided in Table 1.  It is our understanding that 
Monterey County Water Resources Agency will be reporting on monitor wells that are 
located in and near the inland portions of the basin. 

Monitoring Schedule  

Wells for the CASGEM program will be monitored twice a year, once at the end of 
September and once at the end of March. 

Description of Field Methods  

Depth to the water table is measured directly with electric measuring tape to the nearest 
hundredth of a foot. 
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Regional Geologic Setting for the Carmel Valley Alluvial  
Aquifer  

The 36-mile-long Carmel River drains 255 square miles of the central coast of California 
(Figure 2).  The watershed includes the Santa Lucia Mountains to the south and the Sierra 
del Salinas to the north. Bedrock in the basin is mainly Sur Series crystalline rock 
(granite, gneiss, schist) or Monterey Shale with significant outcrops of sandstone 
and volcanics (Page and Mathews, 1984). Mean annual rainfall varies from about 14 
inches along the northeast perimeter of the basin to over 40 inches in the high peaks (up 
to approximately 5,000 feet in elevation) of the southern portion (James, 1999).  Upper 
reaches on the Carmel River flow through steep-sided canyons, while the lower 16 miles 
is a relatively flat alluvial valley to the ocean that ranges in width from 300 to 4,500 feet.  
The average annual runoff at the San Clemente Dam site is 69,200 acre-feet (James, 
1999). Bankfull flow is 2,200 cubic feet per second (cfs) near the mouth.  On March 10, 
1995, the river peaked at 16,000 cfs, which is the largest recorded (gaged) event on the 
Carmel River. 

The unconsolidated sediments of the younger alluvium is the most significant water 
bearing unit in the Carmel Valley Alluvial Aquifer (Figure 2).  The valley floor is 
composed of Holocene age poorly consolidated boulders, gravel, sand, and silt deposited 
by the Carmel River. Clay layers are thin and uncommon. However, silt becomes more 
common in the lower part of the valley. Aquifer thickness ranges from 30 feet at the 
drainage basin narrows to about 180 feet 1 mile upstream from the Carmel River lagoon 
(Kapple, 1984). 

Recharge to the aquifer comes primarily through river infiltration which is about 85 
percent of the net recharge.  During normal to above normal rainfall years the water table 
recovers completely from the dry seasonal lows. 

Historical Water Levels for the Carmel Valley Alluvial Aquifer  

In general, the water table of the Carmel Valley Alluvial Aquifer recovers fairly rapidly 
with the onset of the rainy season and an increase in stream flow.  For example, after the 
two year drought of 1976-1977, precipitation that began in January of 1978 caused water 
levels to recover by February 1978 (Kapple, 1984). 

Monitoring Plan Rationale  

Monitor wells selected for CASGEM monitoring are distributed to give a good 
representation of groundwater conditions of Carmel Valley Alluvial Aquifer. 
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Well Network  

The well network in the Carmel Valley Alluvial Aquifer consists of 16 wells.  These 
wells are spread throughout the alluvial aquifer to establish groundwater elevation trends. 
Monitor well information for the Carmel Valley Alluvial Aquifer is provided in Table 2. 

Monitoring Schedule  

Wells for the CASGEM program will be monitored twice a year, once at the end of 
September and once at the end of March.  

Description of Field Methods  

Depth to the water table is measured directly with electric measuring tape to the nearest 
hundredth of a foot. 
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2.5 Worksheet #9: Project Planning Session Summary 

Project Name:  
 

Projected Start Date:  

Project Manager:  

Site Name:  

Site Location:   

 

Date of Session:  

Scoping Session Purpose:  

Name  Title  Affiliation  Telephone #  E-mail Address  

     

     

     

     

Planning Session Summary: 
 

 

Action Items: 
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3.0 Project Quality Objectives 
3.1 Worksheet #10: Conceptual Site Model 

3.1.1 Background and History 

 

 
 

 

 
 

 

 
 

 

 
 

3.1.2 Sources of Known or Suspected Hazardous Waste 
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3.1.3 Known Contaminants 

 

 
 

 

 

 
 

 

 

 

 

 

 

 

 
 

3.1.4 Fate and Transport Considerations 
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3.1.5 Potential Receptors and Exposure Pathways 

 

 
 

 

 
 

 

 
 

 

 

3.1.6 Land Use Considerations 
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3.1.7 Physiography and Topography 

 

 

 
 

 

 
 

3.1.8 Geology and Hydrology 
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3.2 Worksheet #11: Project/Data Quality Objectives 

 

 
 

Guidance 
on Systematic Planning Using the Data Quality Objectives Process  

 

 

 

 

 

 

 

 

 

  

  

  

  

  

3.2.1 Step 1: State the Problem 
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in situ 
 

 

 

 
 

 

 
 

Final Operable Unit Carbon Tetrachloride 
Plume Remedial Action Work Plan Addendum, Former Fort Ord, California  

 
 

 

 
 

 

 

 

 
 

 

 
 

 

 

 

 
 

 

 
 

 

3.2.2 Step 2: Identify the Goals of the Study 
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3.2.3 Step 3: Identify Information Inputs 

 

 

  

 

  

 

  

 

  
 

  

  
 

 

 

  

  

  

  

  

  

  

  

3.2.4 Step 4: Define the Boundaries of the Study 
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3.2.5 Step 5: Develop the Analytical Approach 
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Discharge Limit Compliance 

  

 

  

 

  
 

 

o   
 

 

 

o   

 

 
 

  

 
 

 

 

  

 

  
 

 

GAC Change-out 

 

 
  

 

Ahtna Environmental, Inc. 27 



  
 

 

 

QAPP, Volume I OU2, Sites 2/12, and OUCTP 
Appendix A, Revision 7 Former Fort Ord, California 

  

 
 

 

  
 

 

Operations and Maintenance Manual, Operable Unit 2 (OU 2) Groundwater Treatment Plant, 
Former Fort Ord  

 

 
 

 

 
 

 

  
 

 

  
 

  
 

 

o   
 

 

 

o   
 

 

 

Hydraulic Containment 

 

 

  

 

Ahtna Environmental, Inc. 28 



  
 

 

QAPP, Volume I OU2, Sites 2/12, and OUCTP 
Appendix A, Revision 7 Former Fort Ord, California 

 

 

  

 

  
 

 

 
 

Plume Remediation 

 
 

 

 
 

  

 

  

 
 

  

 
 

 

  
 

Sampling Frequency 
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Technical 
Memorandum Passive Diffusion Bag Pilot Study Results and Recommendations . 

OUCTP A-Aquifer EISB Post-Treatment Water Quality Parameter Monitoring 

 

 
 

 

  
 

 

 
 

 

  
 

 

 

  

 

 
 

  

 
 

  
 

 

 

 
 

 
Final OUCTP Remedial Action Work Plan, Former Fort Ord, California; Appendix A OUCTP A-

Aquifer Remedial Design Addendum  
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Completion of Groundwater Restoration Remedial Actions14 

 
 

  

 
 

  

 

  

 
 

o   

 

 

o   

 

o   
 

 

  
 

  
 

 

 

o   
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o   

 
 

 

 

o   

 

 

  

 

  
 

 

 
 

  

 

 

 

 
 

 

 
Final Technical Memorandum, Groundwater 

Remediation Exit Strategy, Sites 2/12 and OU2, Former Fort Ord, California  

3.2.6 Step 6: Specify Performance or Acceptance Criteria 
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3.2.7 Step 7: Develop the Plan for Obtaining Data 

 

 

 
 

 

 

 
 

 

Technical 
Memorandum Passive Diffusion Bag Pilot Study Results and Recommendations .  
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3.3 Worksheet #12: Measurement Performance Criteria 
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3.3.1 Worksheet #12a: VOCs - Sites 2/12 and OU2 GWTS and Sites 2/12, OU2, and OUCTP 
GWMP 

Analytical Group/Method:  

Matrix:  

S&A SOPs DQIs MPC 
QC Sample or 

Activity Used to 
Assess MPC 

QC Sample 
Assesses (S, 
A, or S&A) 
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S&A SOPs DQIs MPC 
QC Sample or 

Activity Used to 
Assess MPC 

QC Sample 
Assesses (S, 
A, or S&A) 

 
 

 

 
 

 

 
 

 
 

 
 

 
 

 

 

  
 

  
 

 

 

  
 

 
 

 
 

 
 

   

 
 

 
 

 

  
 

  
 

 
 

 

 

 
 

  
 

 
 

 
 

 

 
 

 
 

  

  

Notes on next page. 
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Notes: 
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3.3.2 Worksheet #12b: Metals - OU2 GWMP 

Analytical Group:  

Matrix:  

S&A SOPs DQIs MPC 
QC Sample or 
Activity Used 

to Assess MPC 

QC Sample 
Assesses (S, 
A, or S&A) 
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S&A SOPs DQIs MPC 
QC Sample or 
Activity Used 

to Assess MPC 

QC Sample 
Assesses (S, 
A, or S&A) 

 
 

 
 

  

   

Notes: 
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3.3.3 Worksheet #12c: Wet Chemistry - Sites 2/12 GWTS and Sites 2/12 GWMP 

Analytical Group:  

Matrix:  

S&A SOPs DQIs MPC 
QC Sample or 
Activity Used 

to Assess MPC 

QC Sample 
Assesses (S, 
A, or S&A) 
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S&A SOPs DQIs MPC 
QC Sample or 
Activity Used 

to Assess MPC 

QC Sample 
Assesses (S, 
A, or S&A) 

 
 

 

  

Notes: 
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3.4 Worksheet #13: Secondary Data Uses and Limitations 

 

 
 

 

 
  

 

Data Source Data 
Generator 

How Data Will be 
Used Limitations on Data Use 

Final Sites 2 and 12 Fourth 
Quarter 2017 through Third 
Quarter 2018 Groundwater 
and Soil Gas Monitoring and 
Treatment System Report, 
Former Fort Ord, California 

 

 
 

 
 

 

 

Final Operable Unit 2 Fourth 
Quarter 2017 through Third 
Quarter 2018 Groundwater 
Monitoring and Treatment 
System Report, Former Fort 
Ord, California  

 

 
 

 
 

 

 

Final Operable Unit Carbon 
Tetrachloride Plume Fourth 
Quarter 2017 through Third 
Quarter 2018 Groundwater 
Monitoring Report, Former 
Fort Ord, California  

 

 
 

 
 

 

Note: 
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3.5 Worksheets #14 and #16: Project Tasks & Schedule 

3.5.1 Project Tasks 

 

 

3.5.2 Waste and Equipment Decontamination 

 

 

 

3.5.3 Quality Control Tasks 

 
 

 

3.5.4 Secondary Data 

 

3.5.5 Data Management Tasks 

 

Program Chemist.  
 

 

 

 
 

Database Manager.  

 
 

 

 
 

Geographic Information System (GIS) Manager.  

 
 

3.5.6 Sample Tracking 

 

 

 

Ahtna Environmental, Inc. 45 



  
 

  

 

QAPP, Volume I OU2, Sites 2/12, and OUCTP 
Appendix A, Revision 7 Former Fort Ord, California 

 

 
 

 

 

3.5.7 Data Types 

 
 

3.5.8 Data Tracking and Management 

 
 

 

 

Hard/Electronic Copy.  

 

 
 

Data Input Procedures.  

 
 

 

 
 

 

3.5.9 Computer Database 
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3.5.10 Geographic Information System Description 

 
 

 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

3.5.11 Documentation 
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3.5.12 Presentation of Data 

 

  

  

  

  

 

 

 

3.5.13 Assessment and Audit Tasks 

 

3.5.14 Data Review Tasks 

 

 
 

 

3.5.15 Documentation and Records 

 

 

 

3.5.16 Project Schedule 

 

Activity 
Responsible 

Party 
Frequency Deliverable(s) 

Deliverable Due Date 

 
 

 

 

 

 

 

 

 

 

 

  

  

 

Notes: 
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4.0 Sample Design 
4.1 Worksheet #17: Sampling Design and Rationale 

 
 

4.1.1 Worksheet #17a1: Sites 2/12 GWTS Part I 

Sampling Location Activity EPA 
Method Comments/Rationale4 SOP 

Reference 
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QAPP, Volume I OU2, Sites 2/12, and OUCTP 
Appendix A, Revision 7 Former Fort Ord, California 

4.1.2 Worksheet #17a2: Sites 2/12 GWTS Part II 

Final Operations and Maintenance Manual Volume II, Sites 2 and 12 Groundwater Remedy, Former 
Fort Ord, California  

 

 

Sites 2/12 GWTS Sampling Frequencies3 

Sample Point 
Weeks after GAC change-out4 

0 12 21 30 36 42 44 46 484 
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QAPP, Volume I OU2, Sites 2/12, and OUCTP 
Appendix A, Revision 7 Former Fort Ord, California 

4.1.3 Worksheet #17b1: OU2 GWTS Part I 

Sampling Location Activity Test 
Methods Comments/Rationale3 SOP 

Reference 
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QAPP, Volume I OU2, Sites 2/12, and OUCTP 
Appendix A, Revision 7 Former Fort Ord, California 

Sampling Location Activity Test 
Methods Comments/Rationale3 SOP 

Reference 
 

 
 

 
 
 

 
 
 

Notes: 
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4.2 Worksheet #18: Sampling Locations and Methods 
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5.2 Worksheet #20: Field Quality Control Summary 

Matrix Analytical 
Group (Method) 

Frequency of 
Field 

Duplicate 
Samples 

Frequency of 
Trip Blanks 

Frequency of 
Field Blanks 

Frequency of 
Equip Blanks 

Frequency 
of MS/MSD 
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5.3 Worksheet #21: Field SOPs/Methods 
SOP 

Reference 
Number 

Title Organization Revision 
Date 

Equipment 
Type 

Modified 
for Project 

Work? 
Comments 
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6.0 Analytical Requirements 
6.1 Worksheet #23: Analytical SOPs 
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Title Organization Revisio 
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for Project 

Work? 
Comments 

 

 
 

 
 
 

 
 

 
 
 

  

 
 

 
 

 
 
 

 
 

 
 
 

  

 
 

 
 

 
 

 
 

 
 
 

  

 

 
 

 
 

 
 

 
   

 
 

 
 

 
 

 
 

   

Ahtna Environmental, Inc. 81 



 
 

 
 

 

 
 

 

 
 

 
 

 
 

Q
AP

P,
 V

ol
um

e 
I 

O
U2

, S
ite

s 2
/1

2,
 a

nd
 O

UC
TP

 
Ap

pe
nd

ix
 A

, R
ev

isi
on

 7
 

Fo
rm

er
 F

or
t O

rd
, C

al
ifo

rn
ia

 

6.
2 

W
or

ks
he

et
 #

24
: A

na
ly

tic
al

 In
st

ru
m

en
t C

al
ib

ra
tio

n 

In
st

ru
m

en
t/

 
An

al
ys

is
 

Ca
lib

ra
tio

n 
Re

qu
ire

m
en

ts
 

Fr
eq

ue
nc

y 
of

 
Ca

lib
ra

tio
n 

Ac
ce

pt
an

ce
 C

rit
er

ia
 

Co
rr

ec
tiv

e 
Ac

tio
n 

Re
sp

on
si

bl
e 

Pe
rs

on
 

 
 

 
   

 
 

 
  

 
 

 
 

 
 

 
 

 

 

 

 
 

 
 

 

 
  

 

 

 
 

 

 
 

 
 

 

  
 

 

  
 

 
 

 

   

 

 
 

 
 

 

Ah
tn

a 
En

vi
ro

nm
en

ta
l, 

In
c.

 
82

 



 
 

 
 

 

 
 

 
 

 
 

Q
AP

P,
 V

ol
um

e 
I 

O
U2

, S
ite

s 2
/1

2,
 a

nd
 O

UC
TP

 
Ap

pe
nd

ix
 A

, R
ev

isi
on

 7
 

Fo
rm

er
 F

or
t O

rd
, C

al
ifo

rn
ia

 

In
st

ru
m

en
t/

 
An

al
ys

is
 

Ca
lib

ra
tio

n 
Re

qu
ire

m
en

ts
 

Fr
eq

ue
nc

y 
of

 
Ca

lib
ra

tio
n 

Ac
ce

pt
an

ce
 C

rit
er

ia
 

Co
rr

ec
tiv

e 
Ac

tio
n 

Re
sp

on
si

bl
e 

Pe
rs

on
 

 
 

  
 

 
 

 

 

 

 
 

 
 

  

 
 

 
 

  
 

 

   
 

 

 

 
 

  

 
 

 
 

 
 

 
 

 
 

 

 
 

 

 
 

 
 

 

  
 

 
 

 

 

 
 

 
 

 
   

 
 

 

  
 

 

 
 

 
 

 

Ah
tn

a 
En

vi
ro

nm
en

ta
l, 

In
c.

 
83

 



 
 

 
 

 

 
 

 
 

 
 

Q
AP

P,
 V

ol
um

e 
I 

O
U2

, S
ite

s 2
/1

2,
 a

nd
 O

UC
TP

 
Ap

pe
nd

ix
 A

, R
ev

isi
on

 7
 

Fo
rm

er
 F

or
t O

rd
, C

al
ifo

rn
ia

 

In
st

ru
m

en
t/

 
An

al
ys

is
 

Ca
lib

ra
tio

n 
Re

qu
ire

m
en

ts
 

Fr
eq

ue
nc

y 
of

 
Ca

lib
ra

tio
n 

Ac
ce

pt
an

ce
 C

rit
er

ia
 

Co
rr

ec
tiv

e 
Ac

tio
n 

Re
sp

on
si

bl
e 

Pe
rs

on
 

 
 

 
 

    
  

 

  
 

 

 

 
 

 
 

 
 

 
 

 

  
 

 

 
 

 

 
 

 

 

 
  

 

  
  

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

  
 

 
  

 

Ah
tn

a 
En

vi
ro

nm
en

ta
l, 

In
c.

 
84

 



 
 

 
 

 

 
 

 
 

 
 

Q
AP

P,
 V

ol
um

e 
I 

O
U2

, S
ite

s 2
/1

2,
 a

nd
 O

UC
TP

 
Ap

pe
nd

ix
 A

, R
ev

isi
on

 7
 

Fo
rm

er
 F

or
t O

rd
, C

al
ifo

rn
ia

 

In
st

ru
m

en
t/

 
An

al
ys

is
 

Ca
lib

ra
tio

n 
Re

qu
ire

m
en

ts
 

Fr
eq

ue
nc

y 
of

 
Ca

lib
ra

tio
n 

Ac
ce

pt
an

ce
 C

rit
er

ia
 

Co
rr

ec
tiv

e 
Ac

tio
n 

Re
sp

on
si

bl
e 

Pe
rs

on
 

 
  

 
 

 
 

 

 

 

   
 

 

 
 

N
ot

es
: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Ah
tn

a 
En

vi
ro

nm
en

ta
l, 

In
c.

 
85

 



  
  

   
 

    
 

QAPP, Volume I OU2, Sites 2/12, and OUCTP 
Appendix A, Revision 7 Former Fort Ord, California 

6.3 Worksheet #25: Analytical Instrument and Equipment Maintenance, Testing 
and Inspection 

 

 

 

Instrument/Equipment Maintenance/Inspection 
Activity Frequency 

Person 
Responsible for 
Corrective Action 

  
 

 
 

 
 

 

 
 
 

 
 

 

  
 

 
 

 

 
 
 

 
 

 

  
 

 
 
 

 
 

 

Notes: 
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6.4 Worksheets #26 and #27: Sample Handling, Custody, and Disposal 
 

 

 
 

 

 

 

 

 

Activity Organization and Title or Position of 
Person Responsible for the Activity SOP Reference 

   
 

 
  

   
   

 
 

  

 
 

  

   

Notes: 
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7.0 Data Management and Data Review 
7.1 Worksheet #29: Project Documentation and Records 

 
 

 

 
 

 

 

7.1.1 Sample Collection and Field Measurement Records 
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7.1.2 Analytical Records 

 

 
 

  

  
 

 

  

  

  
 

 

 

  

  

  

  

  

  

  

  

7.1.3 Project Data Assessment Records 
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7.2 Worksheets #31, #32, and #33: Assessments and Corrective Action 
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7.4 Worksheet #35: Data Verification Procedures 

Stage 
2A/2B Validation Input Description 

Responsible for 
Verification – 

GWTS 

Responsible for 
Verification – 

GWMP 
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Stage 
2A/2B Validation Input Description 

Responsible for 
Verification – 

GWTS 

Responsible for 
Verification – 

GWMP 
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7.5 Worksheet #36: Data Validation Procedures 

Stage 
2A/2B Matrix Analytical 

Group Validation Criteria GWTS 
Validator 

GWMP 
Validator 

   

Guidance for 
Evaluating Performance-
based Chemical Data 
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7.5.1 Stage 1 Validation 

 

 
 

 

  
 

  

  

 

  

  

 

  

 

 

  

 

 
 

7.5.2 Stage 2A Validation 
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7.5.3 Stage 2B Validation 
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Manual for Environmental Laboratories, Final Version 5.1  

 

 

 

 
 

  

  

  

  

  

  

  

  

  

  

 

 

 

 

 

 

 

 
 

 

 
 

 

 

7.5.4 Stage 3 Validation 
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7.5.5 Stage 4 Validation 
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7.6 Worksheet #37: Data Usability Assessment 
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 Sensitivity  
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 Contamination  

 

 Representativeness  

 

 
 

 

 

 Completeness  
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 Reconciliation  
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OPERATIONS MANUAL 

Westbay MOSDAX Sampler Probe - Model 2531 

Schlumberger 
W A T E R  S E R V I C E S  



  

 

        
       

 

 
       

        
         

         
 

 

            
         

         
      

 

 

         
  

 

 

  

 

 

 

 

 
 



  

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 



 

 

 

 

 

 

  

  

The MOSDAX Sampler is a downhole probe designed to collect fluid pressure information 
and fluid samples from Westbay System monitoring wells.  Each MOSDAX pressure sensor is 
calibrated over its full pressure range for nonlinearity and temperature variation.  MOSDAX 
Sampler probes are available in a variety of pressure ranges to permit operation to various depths.  
The shoe and valve motors can be operated from the surface.  The power for the shoe and valve 
motors is supplied from the surface. 

  

The MOSDAX Sampler can be operated directly by the keypad on the MOSDAX Automated 
Groundwater Interface (MAGI), or by a Hand Held Controller (HHC) connected to the MAGI, or 
with a computer running Microsoft Windows (2000 or higher) and Westbay software connected to 
the MAGI. The MAGI translates the signals between the computer or HHC and the MOSDAX 
Sampler.  The MAGI requires 12 volt DC power to operate. 

Older versions of MOSDAX sampling equipment may incorporate a Model 2522 MOSDAX 
PC Interface (MPCI) and HHC rather than a MAGI. For such systems, reference to the MAGI in 
this document can be considered as reference to the MPCI and HHC. 

  

The manual cable reel can operate all Westbay probes and tools to a depth of 300m (1,000 ft) 
on a single-conductor cable. The manual reel is hand operated with an internal brake to control the 
speed of descent of the probe in the well. The two-pin cable connects the MAGI to the reel and the 
signals pass through a slipring located in the hub of the reel into the control cable. For maintenance 
information, see the appropriate cable reel manual. 

Motorized cable reels are available for deeper applications. 

  

Sample containers can be used with the MOSDAX Sampler.  The nonvented stainless steel 
sample containers maintain samples under formation pressure while the sampler and container are 
brought to the surface. 

 



 

 

 

  

  

 MOSDAX Sampler Probe, Model 2531 
 MAGI, Model 2536 with: 

one two-pin data cable 
one three-pin power cable 
hand held controller with cable and user’s guide (optional) 
computer running Windows 2000 or higher with one nine-pin computer cable and 
MProfile software (optional) 

 MOSDAX-compatible winch with cable 

 Sheave with counter and tripod 

 12 VDC, 2 Amp power source (Battery pack, car/truck battery, or transformer) 

 Water level measuring tape 

 MProfile User's Guide for computer or the Handheld Controller Operations Manual 

 Westbay Casing Log showing depths to ports and couplings in hole to be tested. 

  

1. Remove the MOSDAX Sampler from its storage case.  Inspect the probe housing and 
body for any damage.  Please contact Westbay for advice on any cover tube damage. 

2. Assemble the tripod and counter over the well.  Run the cable over the counter. 

3. Connect the probe to the cable. Before attaching, inspect the O-ring at the top of the 
probe and lubricate with silicon. The O-ring should be clean and intact. Tighten the nut 
hand tight only. 

4. Connect the two-pin cable from the MPCI to the cable reel.  With the MPCI OFF connect 
the three-pin cable from the MPCI to the 12 v power supply.  

5. Connect the 9 pin cable from computer or HHC to the MPCI and turn the MPCI ON. 

6. Perform the following surface checks to ensure that the location arm and the shoe 
mechanisms are operating normally:  Release the location arm.  The location arm should 
extend smoothly.  The number of revolutions used to release the location arm is displayed 
and should be 15 to 16 revolutions. If a smaller number of revolutions is reported, 
retract the arm and repeat.  Place the probe in a piece of Westbay casing or coupling.  
Activate the shoe. The shoe should extend and hold the probe firmly in the coupling or 
casing. The display should indicate 16 to 19 revolutions. A reading of 23 revolutions 
indicates the probe is activated in open air. Retract the backing shoe. 

 



 

 

 

7. Check that the face plate for sampling and the plastic plunger are installed on the 
sampler. 

8. The probe is now ready to be lowered down the well. 

  

1. Obtain the completed Westbay Casing Log. 

2. With the location arm retracted, lower the probe into the Westbay casing to immediately 
below the lowest measurement port coupling to be monitored.  If magnetic collars have 
been installed on the well, the Collar Detect Command can be used to detect the collars.  
The Collar Detect Command is cancelled by pressing any key. 

3. Release the location arm.  The display should update and beep after the arm is released. 

4. Raise the probe about 0.5 m (1.5 ft) above this measurement  port. If the probe is 
accidentally lifted above the next higher coupling, it will be necessary to retract the 
location arm and lower the probe to below the measurement port and release the arm. 

5. Lower the probe gently until the location arm rests in the measurement port. 

6. Record the pressure and temperature inside the Westbay casing. 

7. Optional: If a water level tape is available, measure and record the depth to water in the 
Westbay casing. 

8. Activate the shoe. The pressure on the display should change to the formation pressure. 

9. When the reading has stabilized, record the formation pressure. 

10. Once the pressure has been recorded, retract the shoe. 

11. Record the pressure of the fluid in the Westbay casing.  This reading should be similar to 
that recorded in Step 6. If a large difference is noted between the readings, record the 
water level inside the Westbay casing again using the water level tape. 

12. The three pressure readings plus the time and water level constitute a complete set of 
readings at a measurement port coupling. 

13. Continue up the Westbay casing to obtain the pressure data from other measurement 
ports. 

14. Take one last set of pressure and temperature readings at the surface.  These readings 
should be similar to those recorded in Step 2. 

  
 

 

 



 

 

 

 

  

  

 MOSDAX Sampler, Model 2531 
 MAGI, Model 2536 with: 

one two-pin data cable 
one three-pin power cable 
hand held controller with cable and user’s guide (optional) 
computer running Windows 2000 or higher with one nine-pin computer cable and 
MProfile software (optional) 

 MOSDAX-compatible winch with cable 

 Sample containers and connecting tubes 

 Westbay Casing Log 

 Groundwater Sampling Field Data Sheet 

 12 VDC, 2 amp power source (battery pack, car/truck, or transformer) 

 Counter and tripod 

 Westbay Sampling Kit including vacuum pump 

  

1. Set up the MOSDAX Sampler probe following Steps 1 through 8 of Section 2.2. 

2. Attach the sample containers. 

3. Release the location arm.  Locate the probe in the vacuum coupling. 

4. Activate the shoe in the vacuum coupling. 

5. Close the sampler valve.  The motor should run about 5 seconds.  The display should 
indicate one revolution. 

6. Use the vacuum pump to apply a vacuum through the vacuum coupling.  The vacuum 
should remain constant.  If the vacuum is not maintained, inspect for leaks at the face seal 
of the probe, the connection to the pump and at the probe sampling valve. 

7. Once a vacuum has been maintained, open the sampler valve.  Apply a vacuum again to 
check that all connections are sealed. 

8. Close the sampler valve.  A vacuum has now been applied to the sample bottles. 

9. Retract the shoe. 

 



 

 

 

 

  

1. Check recent pressure logs of the hole and ensure that the head inside the Westbay casing 
is lower than the head outside the measurement port to be sampled. 

2. After completing the surface checks, follow Steps 1 to 5 of Section 2.3 to locate the 
sampler at the measurement port in the monitoring zone to be sampled. 

3. Record the pressure reading. 

4. Activate the probe and record the formation pressure. 

5. Open the sampler valve.  The pressure should drop and then slowly increase as the bottles 
fill. When the pressure in the bottle equals the zone pressure from Step 4, the bottle is 
full. Wait a maximum of two minutes per sample bottle even if the pressures are not 
equal. 

6. Close the sampler valve and retract the shoe. 

7. Record the pressure reading. A reading the same as in Step 3 indicates that the sample is 
OK. 

8. Reel the sampler to the surface and remove it from the Westbay casing. 

9.  
 

10. Remove the cap from the bottom sample bottle and open the valve on the bottle to release 
the pressure and to transfer the sample. 

11. Open the sampler valve to allow the sample to flow from the bottles.  Once the pressure 
in the sampler and bottles has decreased to atmospheric, the bottles may be disconnected 
to speed the process. 

12. Take particular care in handling pressurized samples. 

  

Rinse the sampler around the face seal and the bottom connector.  With the sampler valve 
open, flush the interior of the sampler from the bottom connector.  Rinse the sample bottles and 
connectors. 

          
             

 

 



 

 

 

 

 

 

 

  

The MOSDAX Sampler System must be routinely maintained for optimum performance.  
The procedures outlined here are required to keep the instrument operating properly.  For any 
additional information or advice, please contact Westbay Instruments Inc. 

  

The MAGI should be cleaned to remove dirt and dust and inspected for damage or wear.  If 
any part requires replacement, contact Westbay for information. 

  

The cable reels should be kept clean and protected from damage.  The cable and cable head 
should be inspected for kinks and corrosion. Rehead the cable if necessary. For more information 
concerning cable reels and the control cable, refer to the appropriate reel manual. 

  

1. Never allow the probe to freeze or the pressure transducer may be damaged. 

2. Clean and inspect the probe for dents and scratches on the cover tube. Clean the threads 
with a nylon brush, such as a toothbrush. DO NOT use a wire brush. Protect the O-rings 
from damage and dirt. 

 

Inspect the face seal and replace if damaged or worn. 

1. Remove the two screws holding the face plate to the probe body and lift the face plate 
off. 

2. Remove the face seal and plunger.  Set the location arm assembly aside.  Clean the 
plunger and probe body. 

3. When reinstalling the face plate hold the face seal, plunger and location arm assembly in 
place. Replace the two screws the hold the face plate on the probe. 

 

Release the location arm.  Check that the arm moves smoothly and freely and check for 
damage and sharp edges due to wear.  Replace the location arm if necessary. 

1. Release the location arm.  Remove the two screws and face plate (Section 4.3.1). 

2. Remove the location arm with its spring and pivot pin.  Clean and inspect all parts and 
replace if needed. 

3. Insert the spring and pivot in the location arm and place the assembly in the probe body.  
Place the face plate over the face seal and location arm and tighten the two screws.  

 



SECTION 4.3.2 SUPPLEMENT 

WESTBAY Probe Location Arm replacement 

a) It is easier when the arm is first extended to the "out" 
position (Fig. A). Do this before powering down and 
disconnecting the probe. 

b) Remove the face seal slowly and stabilize the arm as it is 
under tension from the spring (Section 4.3.2.2) and may 
suddenly pop out. Observe the position and orientation of the 
parts as they are removed (Fig. B). 

c) Insert the hook of bent leg of the spring into the tiny hole on 
the neck of the new arm and align the spring coil opening 
alongside the larger hole in the arm with the spring leg 
positioned directly against the arm and over the pivot facing 
out (Fig. C-1). The metal pivot pin goes through the hole in 
the arm and through the spring coil (Fig. C-2). The straight 
leg of the spring leads under the pivot into the smaller side 
slot on the side of the main arm aperture, parallel with the 
probe. Place the assembly into its space in the probe body 
(Fig. C-3). The arm assembly has to be held in place while 
replacing the face seal to counter the force of the slightly 
compacted spring (Fig.C-4). 

d) Replace the face seal by sliding it toward the top of the probe 
and sliding the top edge into the slot while at the same time 
allowing the arm to protrude through the face seal. The arm 
should remain in the extended position while screwing down 
the face seal. 

e) Check to see that the arm can be freely, manually pushed in 
and that it pops back out when released. Attach the probe to 
the cable and mechanically retract the arm using the MAGI 
commands. 

Parsons, 11/21/07 



Figure A - Arm is extended out at start of replacement operation. 



 Figure B - Disassembled face seal and location arm. 



Figure C-1 - Orientation of spring relative to arm. 

spring 



 Figure C-2 - Position of spring and pivot in the arm. 



Figure C-3 - Placement of arm assembly. 

top of probe 



Figure C-4 - Top view of arm and spring placement. 

top of probe 



 

 

 

 

 

Check that the arm is moving freely and the face seal insert and plunger are held securely 
in place. 

 

Activate the shoe and inspect for damage or wear.  The shoe should rotate freely about the 
pivot pin. When the shoe is retracted it should retract quickly and smoothly back into the 
probe. The shoe may be replaced in the following manner: 

1. Release the location arm and extend the shoe to expose the pivot pin. 

2. Unscrew the shoe pivot pin from the lever arm and remove the shoe. 

3. Place a new shoe in the lever arm and install the shoe pivot pin. 

 

The actuator nut needs to be routinely cleaned to remove  particles of grit which can interfere 
with its movement.  Remove the actuator nut in the following manner: 

1. Remove the two set screws that hold in the lever arm pivot pin.  Using the Allen key, 
push the lever pivot pin out of the probe body. 

2. Remove the set screws on the side of the probe body that holds the plastic support block. 

3. Remove the screw closest to the top of the probe. 

4. Lift out the lever arm, guide plate, shoe, spring and plastic support block as one unit. 

5. Use the Clean Nut Command to remove the actuator nut from the actuator screw.  Turn 
off the MPCI and remove the nut  from the probe. 

6. Clean the actuator nut with the cleaning tap. Use the Clean Nut Command and clean the 
actuator screw with a nylon brush. DO NOT use a wire brush. 

7. Apply a thin coating of silicone lubricant to the actuator screw. Place the actuator nut in 
the probe body against the actuator screw and retract the arm to thread the nut onto the 
actuator screw. Allow the nut to travel along the full length of the screw. YOU MAY 
HAVE TO REPEAT THIS OPERATION. 

8. Install the single unit from Step 4 in the probe body.  Install the lever arm pin through the 
probe body, lever arm, and spring.  Lock the pin in position with two set screws. 

9. Install the top screw into the guide plate and install the set screws to secure the support 
block. 

  

The Westbay System permits frequent or periodic calibration of the transducers used for 
pressure measurement.  Contact Westbay for details. 
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User’s Guide for Polyethylene-Based Passive Diffusion 
Bag Samplers to Obtain Volatile Organic Compound 
Concentrations in Wells 

Part 1: Deployment, Recovery, Data Interpretation, and 
Quality Control and Assurance 

By Don A. Vroblesky 

EXECUTIVE SUMMARY 

Water-filled passive diffusion bag (PDB) samplers 
described in this report are suitable for obtaining con-
centrations of a variety of volatile organic compounds 
(VOCs) in ground water at monitoring wells. The sug-
gested application of the method is for long-term moni-
toring of VOCs in ground-water wells at well-
characterized sites. 

The effectiveness of the use of a single PDB 
sampler in a well is dependent on the assumption that 
there is horizontal flow through the well screen and 
that the quality of the water is representative of the 
ground water in the aquifer directly adjacent to the 
screen. If there are vertical components of intra-
bore-hole flow, multiple intervals of the formation 
contributing to flow, or varying concentrations of 
VOCs vertically within the screened or open interval, 
then a multiple deployment of PDB samplers within a 
well may be more appropriate for sampling the well. 

A typical PDB sampler consists of a low-density 
polyethylene (LDPE) lay-flat tube closed at both ends 
and containing deionized water. The sampler is posi-
tioned at the target horizon of the well by attachment to 
a weighted line or fixed pipe. 

The amount of time that the sampler should be 
left in the well prior to recovery depends on the time 
required by the PDB sampler to equilibrate with ambi-
ent water and the time required for the environmental 
disturbance caused by sampler deployment to return to 
ambient conditions. The rate that the water within the 
PDB sampler equilibrates with ambient water depends 
on multiple factors, including the type of compound 
being sampled and the water temperature. The 
concentrations of benzene, cis-1,2-dichloroethene, 

tetrachlorethene, trichloroethene, toluene, naphthalene, 
1,2-dibromoethane, and total xylenes within the PDB 
samplers equilibrated with the concentrations in an 
aqueous mixture of those compounds surrounding 
the samplers under laboratory conditions within 
approximately 48 hours at 21 degrees Celsius ( C). 
A subsequent laboratory study of mixed VOCs at 10 C 
showed that tetrachloroethene and trichloroethene were 
equilibrated by about 52 hours, but other compounds 
required longer equilabration times. Chloroethane, 
cis-1,2-dichloroethene, trans-1,2-dichloroethene, and 
1,1-dichloroethene were not equilibrated at 52 hours, 
but appeared to be equilibrated by the next sampling 
point at 93 hours. Vinyl chloride, 1,1,1-trichloroethane, 
1,2-dichloroethane, and 1,1-dichloroethane were not 
equilibrated at 93 hours, but were equilibrated by the 
next sampling point at 166 hours. Different equilibra-
tion times may exist for other compounds. Differences 
in equilibration times, if any, between single-solute or 
mixed VOC solutions have not yet been thoroughly 
examined. 

The samplers should be left in place long enough 
for the well water, contaminant distribution, and flow 
dynamics to restabilize following sampler deployment. 
Laboratory and field data suggest that 2 weeks of equili-
bration probably is adequate for many applications; 
therefore, a minimum equilibration time of 2 weeks is 
suggested. In less permeable formations, longer equili-
bration times may be required. When applying PDB 
samplers in waters colder than previously tested 
(10 C) or for compounds without sufficient corrobo-
rating data, a side-by-side comparison with conven-
tional methodology is advisable to justify the field 
equilibration time. 
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Following the initial equilibration period, the 
samplers maintain equilibrium concentrations with the 
ambient water until recovery. Thus, there is no specified 
time for sampler recovery after initial equilibration. 
PDB samplers routinely have been left in ground waters 
having concentrations of greater than 500 parts per 
million (ppm) of trichloroethene for 3 months at a time 
with no loss of bag integrity, and at one site, the PDB 
samplers have been left in place in VOC-contaminated 
ground water for 1 year with no reported loss of sampler 
integrity. The effects of long-term (greater than 1 month) 
PDB-sampler deployment on sampler and sample integ-
rity have not yet been thoroughly tested for a broad 
range of compounds and concentrations, however. 
Moreover, in some environments, development of a 
biofilm on the polyethylene may be a consequence of 
long-term deployment. Investigations of semipermeable 
membrane devices (SPMDs) have shown that the trans-
fer of some compounds across a heavily biofouled poly-
ethylene membrane may be reduced, but not stopped. 
If a heavy organic coating is observed on a PDB 
sampler, it is advisable to determine the integrity of the 
sample by comparison to a conventional sampling 
method before continuing to use PDB samplers for 
long-term deployment in that well. 

Recovery consists of removing the samplers 
from the well and immediately transferring the 
enclosed water to 40-milliliter sampling vials for anal-
ysis. The resulting concentrations represent an integra-
tion of chemical changes over the most recent portion 
of the equilibration period (approximately 48 to 166 
hours, depending on the water temperature and the 
type of compound). 

The method has both advantages and limitations 
when compared to other sampling methods. Advan-
tages include the potential for PDB samplers to elimi-
nate or substantially reduce the amount of purge water 
associated with sampling. The samplers are relatively 
inexpensive and easy to deploy and recover. Because 
PDB samplers are disposable, there is no downhole 
equipment to be decontaminated between wells, and 
there is a minimum amount of field equipment 
required. The samplers also have the potential to 
delineate contaminant stratification in the formation 
across the open or screened intervals of monitoring 
wells where vertical hydraulic gradients are not 
present. In addition, the samplers integrate concen-
trations over time, which may range between about 
48 to 166 hours depending on the compound of 
interest. Because the pore size of LDPE is only about 

10 angstroms or less, sediment does not pass through 
the membrane into the bag. Thus, PDB samplers are 
not subject to interferences from turbidity. In addition, 
none of the data collected suggest that VOCs leach 
from the LDPE material, or that there is a detrimental 
effect on the VOC sample from the PDB material. 

Water-filled polyethylene PDB samplers are not 
appropriate for all compounds. The samplers are not 
suitable for inorganic ions and have a limited applica-
bility for non-VOCs and for some VOCs. For example, 
although methyl-tert-butyl ether and acetone and most 
semivolatile compounds are transmitted through the 
polyethylene bag, laboratory tests have shown that the 
resulting concentrations were lower than in ambient 
water. A variety of factors influence the ability of 
compounds to diffuse through the polyethylene. These 
factors include the molecular size and shape and the 
hydrophobic nature of the compound. Unpublished lab-
oratory test data of semivolatile compounds in contact 
with PDB samplers showed a higher concentration of 
phthalates inside the PDB sampler than outside the 
PDB sampler, suggesting that the polyethylene may 
contribute phthalates to the enclosed water. Thus, the 
samplers should not be used to sample for phthalates. 

VOC concentrations in PDB samplers represent 
concentrations in the vicinity of the sampler within the 
well screen or open interval. This may be a limitation 
for PDB samplers and some other types of sampling, 
such as low-flow sampling, if the ground-water 
contamination is above or below the screen or not in 
the sample intervals providing water movement to the 
PDB samplers. If there is a vertical hydraulic gradient 
in the well, then the concentrations in the sampler may 
represent the concentrations in the water flowing verti-
cally past the sampler rather than in the formation 
directly adjacent to the sampler. Vertically spaced 
multiple PDB samplers may be needed in chemically 
stratified wells or where flow patterns through the 
screen change as a result of ground-water pumping or 
seasonal water-level fluctuations. 

The purposes of this document are to present 
methods for PDB sampler deployment, and recovery; 
to discuss approaches to determine the applicability of 
passive diffusion samplers; and to discuss various 
factors influencing interpretation of the data. The 
intended audience for the methodology sections of this 
report is managers and field personnel involved in using 
PDB samplers. The discussion of passive diffusion 
sampler applicability and interpretation of the data is 

User’s Guide for Polyethylene-Based Passive Diffusion Bag Samplers to Obtain Volatile Organic Compound 
Concentrations in Wells—Part 1: Deployment, Recovery, Data Interpretation, and Quality Control and Assurance 

2 



   
 

 

 
 

  

 
  

 

 
   

 

    

  

 

   
 

 

  

 
 

 
 

   

  

 

 

 

 
   
  

   
 

 
  

 

 
 

 
 

suited for project managers, technical personnel, and the 
regulatory community. Part 2 of this report presents case 
studies of PDB sampler field applications. 

INTRODUCTION 

The use of PDB samplers for collecting ground-
water samples from wells offers a cost-effective 
approach to long-term monitoring of VOCs at well-
characterized sites (Vroblesky and Hyde, 1997; Gefell 
and others, 1999). The effectiveness of the use of a 
single PDB sampler in a well is dependent on the 
assumption that there is horizontal flow through the 
well screen and that the quality of the water is repre-
sentative of the ground water in the aquifer directly 
adjacent to the screen. If there are vertical components 
of intra-borehole flow, multiple intervals of the forma-
tion contributing to flow, or varying concentrations of 
VOCs vertically within the screened or open interval, 
then deployment of multiple PDB samplers within a 
well may be more appropriate for sampling the well. 

The samplers consist of deionized water 
enclosed in a LDPE sleeve (fig. 1) and are deployed 
adjacent to a target horizon within a screened or open 
interval of a well. The suggested application is for 
long-term monitoring of VOCs in ground-water wells. 
Where the screened interval is greater than 10 feet (ft), 
the potential for contaminant stratification and/or intra-
borehole flow within the screened interval is greater 
than in screened intervals shorter than 10 ft. It is impor-
tant that the vertical distribution of contaminants be 
determined in wells having 10-ft-long well screens, 
and that both the vertical distribution of contaminants 
and the potential for intra-borehole flow be determined 
in wells having screens longer than 10 ft. For many 
VOCs of environmental interest (table 1), the VOC 
concentration in water within the sampler approaches 
the VOC concentration in water outside of the PDB 
sampler over an equilibration period. The resulting 
concentrations represent an integration of chemical 
changes over the most recent part of the equilibration 
period (approximately 48 to 166 hours, depending on 
the water temperature and the type of compound being 
sampled). The approach is inexpensive and has the 
potential to eliminate or substantially reduce the 
amount of purge water removed from the well. 

A variety of PDB samplers have been utilized in 
well applications (fig. 1). Although the samplers vary 
in specific construction details, a typical PDB sampler 
consists of a 1- to 2-ft-long LDPE tube closed at both 
ends and containing laboratory-grade deionized water 
(fig. 1). The typical diameter for PDB samplers used in 
a 2-inch-diameter well is approximately 1.2 inches; 
however, other dimensions may be used to match the 
well diameter. Equilibration times may be longer for 
larger diameter PDB samplers. On the outside of the 
PDB sampler, a low-density polyethylene-mesh some-
times is used for protection against abrasion in open 
boreholes and as a means of attachment at the pre-
scribed depth. The PDB sampler can be positioned at 
the target horizon by attachment to a weighted line or 
by attachment to a fixed pipe. 

PDB samplers for use in wells are available 
commercially. Authorized distributors as of March 
2001 are Columbia Analytical Services (800-695-7222; 
www@caslab.com) and Eon Products (800-474-2490; 
www.eonpro.com). A current list of vendors and 
PDB-sampler construction details can be obtained 
from the U.S. Geological Survey Technology Transfer 
Enterprise Office, Mail Stop 211, National Center, 
12201 Sunrise Valley Drive, Reston, Virginia 20192 
(telephone 703-648-4344; fax 703-648-4408). PDB 
samplers employ patented technology (U.S. patent 
number 5,804,743), and therefore, require that the user 
purchase commercially produced samplers from a 
licensed manufacturer or purchase a nonexclusive 
license for sampler construction from the U.S. 
Geological Survey Technology Enterprise Office at 
the above address. 

The purposes of this document are to present 
methods for PDB sampler deployment, and recovery; 
to discuss approaches for determining the applicability 
of passive diffusion samplers; and to discuss various 
factors influencing interpretation of the data. The 
intended audience for the methodology sections of this 
report is managers and field personnel involved in 
using PDB samplers. The discussion of PDB sampler 
applicability and interpretation of the data is suited for 
project managers, technical personnel, and the regula-
tory community. Part 2 of this report presents case 
studies of PDB-sampler field applications. 
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Figure 1. Typical water-filled passive 
diffusion bag samplers used in wells, 
including (A) diffusion bag with 
polyethylene mesh, (B) diffusion bag 
without mesh, and (C) bag and mesh 
attached to bailer bottom. 

Table 1. Compounds tested under laboratory conditions for use with passive diffusion bag samplers 
[From Vroblesky and Campbell, 2001] 

Tested compounds showing good correlation (average differences in concentration of 11 percent or less 
between diffusion-sampler water and test-vessel water) in laboratory tests 

Benzene 2 Chlorovinyl ether cis-1,2-Dichloroethene 1,1,1-Trichloroethane 

Bromodichloromethane Dibromochloromethane trans-1,2-Dichloroethene 1,1,2-Trichloroethane 

Bromoform Dibromomethane 1,2-Dichloropropane Trichloroethene 

Chlorobenzene 1,2-Dichlorobenzene cis-Dichloropropene Trichlorofluoromethane 

Carbon tetrachloride 1,3-Dichlorobenzene 1,2-Dibromoethane 1,2,3-Trichloropropane 

Chloroethane 1,4-Dichlorobenzene trans-1,3-Dichloropropene 1,1,2,2-Tetrachloroethane 

Chloroform Dichlorodifluoromethane Ethyl benzene Tetrachloroethene 

Chloromethane 1,2-Dichloroethane Naphthalene Vinyl chloride 

1,1-Dichloroethene Toluene Total xylenes 

Tested compounds showing poor correlation (average differences in concentration greater than 20 percent 
between diffusion-sampler water and test-vessel water) in laboratory tests 

Acetone* Methyl-tert-butyl ether Styrene 

*T.M Sivavec and S.S. Baghel, General Electric Company, written commun., 2000 
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Summary of Passive Diffusion Bag Sampler 
Advantages and Limitations 

Advantages 

1. PDB samplers have the potential to eliminate 
or substantially reduce the amount of purge water asso-
ciated with sampling. 

2. PDB samplers are inexpensive. 
3. The samplers are easy to deploy and recover. 
4. Because PDB samplers are disposable, there is no 

downhole equipment to be decontaminated between wells. 
5. A minimal amount of field equipment is required. 
6. Sampler recovery is rapid. Because of the small 

amount of time and equipment required for the 
sampling event, the method is practical for use where 
access is a problem or where discretion is desirable (that 
is, residential communities, business districts, or busy 
streets where vehicle traffic control is a concern). 

7. Multiple PDB samplers, distributed vertically 
along the screened or open interval, may be used in 
conjunction with borehole flow meter testing to gain 
insight on the movement of contaminants into and out of 
the well screen or open interval or to locate the zone of 
highest concentration in the well. Analytical costs when 
using multiple PDB samplers sometimes can be reduced 
by selecting a limited number of the samplers for labora-
tory analysis based on screening by using field gas chro-
matography at the time of sample collection. 

8. Because the pore size of LDPE is only about 
10 angstroms or less, sediment does not pass through 
the membrane into the bag. Thus, PDB samplers are not 
subject to interferences from turbidity. In addition, none 
of the data collected suggest that VOCs leach from the 
LDPE material or that there is a detrimental effect from 
the PDB material on the VOC sample. 

Limitations 

1. PDB samplers integrate concentrations over 
time. This may be a limitation if the goal of sampling is 
to collect a representative sample at a point in time in an 
aquifer where VOC-concentrations substantially change 
more rapidly than the samplers equilibrate. Laboratory 
results obtained indicate that a variety of compounds 
equilibrated within 48 hours at 21 C (Vroblesky and 
Campbell, 2001). Vinyl chloride, 1,1,1-trichloroethane, 
1,2-dichloroethane, and 1,1-dichloroethane may require 
between 93 and 166 hours to equilibrate at 10 C 
(T.M. Sivavec and S.S. Baghel, General Electric 
Company, written commun., 2000). The initial equili-
bration under field conditions may be longer to allow 

well water, contaminant distribution, and flow dynamics 
to restabilize following sampler deployment. 

2. Water-filled polyethylene PDB samplers are 
not appropriate for all compounds. For example, 
although methyl-tert-butyl ether and acetone 
(Vroblesky, 2000; Paul Hare, General Electric 
Company, oral commun., 2000) and most semivolatile 
compounds are transmitted through the polyethylene 
bag, laboratory tests have shown that the resulting 
concentrations were lower than in ambient water. 
A variety of factors influence the ability of compounds 
to diffuse through the polyethylene membrane. These 
factors include the molecular size and shape and the 
hydrophobic nature of the compound. Compounds 
having a cross-sectional diameter of about 10 
angstroms or larger (such as humic acids) do not pass 
through the polyethylene because the largest (transient) 
pores in polyethylene do not exceed about 10 angstroms 
in diameter (Flynn and Yalkowsky, 1972; Hwang and 
Kammermeyer, 1975; Comyn, 1985). The samplers are 
not appropriate for hydrophilic polar molecules, such as 
inorganic ions. A detailed discussion of the relation 
between hydrophobicity and compound transport 
through polyethylene can be found in Gale (1998). 
Unpublished laboratory test data (D.A. Vroblesky, U.S. 
Geological Survey, written commun., 1998) of semi-
volatile compounds in contact with PDB samplers 
showed a higher concentration of phthalates inside the 
PDB sampler than outside the PDB sampler, suggesting 
that the polyethylene may contribute phthalates to the 
enclosed water. Thus, the samplers should not be used 
to sample for phthalates. 

3. PDB samplers rely on the free movement of 
water through the well screen. In situations where 
ground water flows horizontally through the well screen, 
the VOC concentrations in the open interval of the well 
probably are representative of the aquifer water in the 
adjacent formation (Gillham and others, 1985; Robin 
and Gillham, 1987; Kearl and others, 1992; Powell and 
Puls, 1993; Vroblesky and Hyde, 1997). In these situa-
tions, the VOC concentration of the water in contact 
with the PDB samplers, and therefore, the water within 
the diffusion samplers, probably represents local condi-
tions in the adjacent aquifer. However, if the well screen 
is less permeable than the aquifer or the sandpack, then 
under ambient conditions, flowlines may be diverted 
around the screen. Such a situation may arise from inad-
equate well development or from iron bacterial fouling 
of the well screen. In this case, the VOC concentrations 
in the PDB samplers may not represent concentrations in 
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the formation water because of inadequate exchange 
across the well screen. PDB samplers have not yet been 
adequately tested to determine their response under 
such conditions. 

4. VOC concentrations in PDB samplers represent 
ground-water concentrations in the vicinity of the 
screened or open well interval that move to the sampler 
under ambient flow conditions. This is a limitation if the 
ground-water contamination lies above or below the 
well screen or open interval, and requires the operation 
of a pump to conduct contaminants into the well for 
sampling. 

5. In cases where the well screen or open inter-
val transects zones of differing hydraulic head and 
variable contaminant concentrations, VOC concentra-
tions obtained using a PDB sampler may not reflect 
the concentrations in the aquifer directly adjacent to 
the sampler because of vertical transport in the well. 
However, a vertical array of PDB samplers, used in 
conjunction with borehole flow meter testing, can 
provide insight on the movement of contaminants into 
or out of the well. This information then can be used to 
help determine if the use of PDB samplers is appropri-
ate for the well, and to select the optimal vertical 
location(s) for the sampler deployment. 

6. In wells with screens or open intervals with 
stratified chemical concentrations, the use of a single 
PDB sampler set at an arbitrary (by convention) depth 
may not provide accurate concentration values for the 
most contaminated zone. However, multiple PDB 
samplers distributed vertically along the screened or 
open interval, in conjunction with pump sampling 
(as appropriate), can be used to locate zone(s) of high-
est concentration in the well. Multiple PDB samplers 
also may be needed to track the zone of maximum 
concentration in wells where flow patterns through the 
screened interval change as a result of ground-water 
pumping or seasonal water-table fluctuations. 

PASSIVE DIFFUSION BAG SAMPLER 
DEPLOYMENT 

A variety of approaches can be used to deploy 
the PDB samplers in wells. A typical deployment 
approach, described in this section, is to attach the 
PDB samplers to a weighted line. It also is acceptable 
to attach the weights directly to the PDB sampler if the 
attachment point is of sufficient strength to support the 
weight. The weights attached to the bottom of the 

line are stainless steel and can be reused, but must be 
thoroughly decontaminated with a detergent before the 
first use or before using in a different well. Rope, such 
as 90 pound, 3/16 inch braided polyester, can be used 
as the line for single-use applications if it is of suffi-
cient strength to support the weight and sampler, is 
nonbuoyant, and is subject to minimal stretch; how-
ever, the rope should not be reused because of the high 
potential for cross contamination. Stainless-steel or 
Teflon-coated stainless-steel wire is preferable. The 
weighted lines should not be reused in different wells 
to prevent carryover of contaminants. A possible 
exception is coated stainless-steel wire, which can be 
reused after sufficient decontamination. An alternative 
deployment approach, not discussed in this section, is 
to attach the PDB samplers to a fixed pipe in the well 
(Vroblesky and Peters, 2000, p. 3; also included in Part 2 
of this publication). The PDB samplers should not con-
tact non-aqueous phase liquid (NAPL) during deploy-
ment or retrieval to prevent cross contamination. An 
approach that can be utilized to deploy diffusion sam-
plers through a layer of floating NAPL is described in 
the field test at Naval Station North Island, California 
(Vroblesky and Peters, 2000, p. 3-4; also included in 
Part 2 of this publication). 

If the PDB sampler is to be compared with a 
conventional pumping approach to sampling, then it is 
suggested that both the pump and the PDB sampler be 
deployed at the same time, with the sampler attached 
near (such as directly below) the pump inlet. This 
approach eliminates potential concentration differences 
between the two methods that may result from well 
disturbance during equipment removal and deploy-
ment at the time of sampling. An alternative method is 
to deploy the PDB samplers independently of the 
pumps and recover the samplers immediately prior to 
placing the pump down the well. 

PDB samplers are available either prefilled 
(field ready) with laboratory-grade deionized water or 
unfilled. The unfilled samplers are equipped with a 
plug and funnel to allow for field filling and sample 
recovery. To fill these samplers, remove the plug from 
the sampler bottom, insert the short funnel into the 
sampler, and pour laboratory-grade deionized water 
into the sampler. The sampler should be filled until 
water rises and stands at least half way into the funnel. 
Remove excess bubbles from the sampler. Remove the 
funnel and reattach the plug. A small air bubble from 
the plug is of no concern. 
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The following steps should be used for deploying 
PDB samplers in wells: 

1. Measure the well depth and compare the 
measured depth with the reported depth to the bottom 
of the well screen from well-construction records. This 
is to check on whether sediment has accumulated in the 
bottom of the well, whether there is a nonscreened 
section of pipe (sediment sump) below the well screen, 
and on the accuracy of well-construction records. If 
there is an uncertainty regarding length or placement of 
the well screen, then an independent method, such as 
video imaging of the well bore, is strongly suggested. 

2. Attach a stainless-steel weight to the end of the 
line. Sufficient weight should be added to counterbal-
ance the buoyancy of the PDB samplers. This is 
particularly important when multiple PDB samplers are 
deployed. One approach, discussed in the following 
paragraphs, is to have the weight resting on the bottom 
of the well, with the line taut above the weight. Alterna-
tively, the PDB sampler and weight may be suspended 
above the bottom, but caution should be exercised to 
ensure that the sampler does not shift location. Such 
shifting can result from stretching or slipping of the line 
or, if multiple samplers are attached end-to-end rather 
than to a weighted line, stretching of the samplers. 

3. Calculate the distance from the bottom of the 
well, or top of the sediment in the well, up to the point 
where the PDB sampler is to be placed. A variety of 
approaches can be used to attach the PDB sampler to 
the weight or weighted line at the target horizon. The 
field-fillable type of PDB sampler is equipped with a 
hanger assembly and weight that can be slid over the 
sampler body until it rests securely near the bottom of 
the sampler. When this approach is used with multiple 
PDB samplers down the same borehole, the weight 
should only be attached to the lowermost sampler. 
An additional option is to use coated stainless-steel 
wire as a weighted line, making loops at appropriate 
points to attach the upper and lower ends of PDB 
samplers. Where the PDB sampler position varies 
between sampling events, movable clamps with rings 
can be used. When using rope as a weighted line, a 
simple approach is to tie knots or attach clasps at the 
appropriate depths. Nylon cable ties or stainless-steel 
clips inserted through the knots can be used to attach 
the PDB samplers. An approach using rope as a 
weighted line with knots tied at the appropriate 
sampler-attachment points is discussed below. 

(a) For 5-ft-long or shorter well screens, the 

center point of the PDB sampler should be the 

vertical midpoint of the saturated well-screen 

length. For example, if the well screen is at a 

depth of 55 to 60 ft below the top of casing, and 

the measured depth of the well is 59 ft, then the 

bottom of the well probably has filled with sedi-

ment. In this case, the midpoint of the sampler 

between the attachment points on the line will be 

midway between 55 and 59 ft, or at 57 ft. Thus, 

for a 1.5-ft-long sampler, the attachment points 

on a weighted line should be tied at distances of 

1.25 ft (2 ft – 0.75 ft) and 2.75 ft (2 ft + 0.75 ft) 

from the top of the sediment in the well, or the 

bottom of the well, making adjustments for the 

length of the attached weight. When the PDB 

sampler is attached to the line and installed in the 

well, the center of the sampler will be at 57-ft 

depth. If, however, independent evidence is 

available showing that the highest concentration 

of contaminants enters the well from a specific 

zone within the screened interval, then the PDB 

sampler should be positioned at that interval. 

(b) For 5- to 10-ft-long well screens, it is 
advisable to utilize multiple PDB samplers verti-
cally along the length of the well screen for at 
least the initial sampling (fig. 2). The purposes of 
the multiple PDB samplers are to determine 
whether contaminant stratification is present and 
to locate the zone of highest concentration. The 
midpoint of each sampler should be positioned at 
the midpoint of the interval to be sampled. For 
1.5-ft-long samplers, at each sampling depth in 
the screened interval, make two attachment 
points on the weighted line at a distance of about 
1.5 ft apart. The attachment points should be 
positioned along the weighted line at a distance 
from the bottom end of the weight such that the 
midpoint between the knots will be at the desired 
sampling depth along the well screen. Sampler 
intervals are variable, but a simple approach is to 
use the top knot/loop of one sampler interval as 
the bottom knot/loop for the overlying sampler 
interval. 
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(c) PDB samplers should not be used in wells 
having screened or open intervals longer than 
10 ft unless used in conjunction with borehole 
flow meters or other techniques to characterize 
vertical variability in hydraulic conductivity and 
contaminant distribution or used strictly for 
qualitative reconnaissance purposes. This is 
because of the increased potential for cross con-
tamination of water-bearing zones and hydrauli-
cally driven mixing effects that may cause the 
contaminant stratification in the well to differ 
from the contaminant stratification in the adja-
cent aquifer material. If it is necessary to sample 
such wells, then multiple PDB samplers should 
be installed vertically across the screened or 
open interval to determine the zone of highest 
concentration and whether contaminant stratifi-
cation is present. 

4. The samplers should be attached to the 
weights or weighted line at the time of deployment. 
For samplers utilizing the hanger and weight assembly, 

Figure 2. Example of multiple PDB 
samplers prepared for deployment. 

the line can be attached directly to the top of the 
sampler. PDB samplers utilizing an outer protective 
mesh can be attached to a weighted line by using the 
following procedure: 

(a) Insert cable ties through the attachment 
points in the weighted line. 

(b) At each end of the PDB sampler, weave 
the ends of the cable ties or clamp through the 
LPDE mesh surrounding the sampler and tighten 
the cable ties. Thus, each end of the PDB 
sampler will be attached to a knot/loop in the 
weighted line by means of a cable tie or clamp. 
The cable ties or clamps should be positioned 
through the polyethylene mesh in a way that 
prevents the PDB sampler from sliding out of the 
mesh. 

(c) Trim the excess from the cable tie before 
placing the sampler down the well. Caution 
should be exercised to prevent sharp edges on 
the trimmed cable ties that may puncture the 
LDPE. 
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5. When using PDB samplers without the protec-
tive outer mesh, the holes punched at the ends of the 
bag, outside the sealed portion, can be used to attach 
the samplers to the weighted line. Stainless-steel spring 
clips have been found to be more reliable than cable 
ties in this instance, but cable ties also work well. 

6. Lower the weight and weighted line down the 
well until the weight rests on the bottom of the well 
and the line above the weight is taut. The PDB 
samplers should now be positioned at the expected 
depth. A check on the depth can be done by placing a 
knot or mark on the line at the correct distance from the 
top knot/loop of the PDB sampler to the top of the well 
casing and checking to make sure that the mark aligns 
with the lip of the casing after deployment. 

7. Secure the assembly in this position. A sug-
gested method is to attach the weighted line to a hook 
on the inside of the well cap. Reattach the well cap. 
The well should be sealed in such a way as to prevent 
surface-water invasion. This is particularly important 
in flush-mounted well vaults that are prone to flooding. 

8. Allow the system to remain undisturbed as the 
PDB samplers equilibrate. 

PASSIVE DIFFUSION BAG SAMPLER AND 
SAMPLE RECOVERY 

The amount of time that the samplers should be 
left in the well prior to recovery depends on the time 
required by the PDB sampler to equilibrate with ambi-
ent water and the time required for environmental 
disturbances caused by sampler deployment to return to 
ambient conditions. The rate that the water within the 
PDB sampler equilibrates with ambient water depends 
on multiple factors, including the type of compound 
being sampled and the water temperature. The concen-
trations of benzene, cis-1,2-dichloroethene (cDCE), 
tetrachlorethene (PCE), trichloroethene (TCE), tolu-
ene, naphthalene, 1,2-dibromoethane (EDB), and total 
xylenes within the PDB samplers equilibrated with the 
concentrations in an aqueous mixture of those 
compounds surrounding the samplers under laboratory 
conditions within approximately 48 hours at 21 C 
(Vroblesky and Campbell, 2001). A subsequent labora-
tory study of mixed VOCs at 10 C showed that PCE 
and TCE were equilibrated by about 52 hours, but other 
compounds required longer equilibration times (T.M. 
Sivavec and S.S. Baghel, General Electric Company, 
written commun., 2000). Chloroethane, cDCE, trans-
1,2-dichloroethene, and 1,1-dichloroethene were not 

equilibrated at 52 hours, but appeared to be equilibrated 
by the next sampling point at 93 hours. Vinyl chloride, 
1,1,1-trichloroethane, 1,2-dichloroethane, and 1,1-
dichloroethane were not equilibrated at 93 hours, but 
were equilibrated by the next sampling point at 166 
hours. Different equilibration times may exist for other 
compounds. Differences in equilibration times, if any, 
between single-solute or mixed-VOC solutions have 
not yet been thoroughly examined. 

Under field conditions, the samplers should be 
left in place long enough for the well water, contami-
nant distribution, and flow dynamics to restabilize fol-
lowing sampler deployment. The results of borehole 
dilution studies show that wells can recover to 90 per-
cent of the predisturbance conditions within minutes to 
several hours for permeable to highly permeable geo-
logic formations, but may require 100 to 1,000 hours 
(4 to 40 days) in muds, very fine-grained loamy sands, 
and fractured rock, and may take even longer in frac-
tured shales, recent loams, clays, and slightly fractured 
solid igneous rocks (Halevy and others, 1967). 

In general, where the rate of ground-water 
movement past a diffusion sampler is high, equilibra-
tion times through various membranes commonly 
range from a few hours to a few days (Mayer, 1976; 
Harrington and others, 2000). One field investigation 
showed adequate equilibration of PDB samplers to 
aquifer trichloroethene (TCE) and carbon tetrachloride 
(CT) concentrations within 2 days in a highly perme-
able aquifer (Vroblesky and others, 1999). In other 
investigations, PDB samplers recovered after 14 days 
were found to be adequately equilibrated to chlorinated 
VOCs (Obrien & Gere Engineers, Inc., 1997a, 1997b; 
Hare, 2000); therefore, the equilibration period was 
less than or equal to 14 days for those field conditions. 
Because it appears that 2 weeks of equilibration proba-
bly is adequate for many applications, a minimum 
equilibration time of 2 weeks is suggested. When 
applying PDB samplers in waters colder than previ-
ously tested (10 C) or for compounds without suffi-
cient corroborating field data, a side-by-side com-
parison with conventional sampling methodology is 
advisable to justify the field equilibration time. 

In less permeable formations, longer equilibra-
tion times may be required. It is probable that water in 
the well bore eventually will equilibrate with the pore-
water chemistry; however, if the rate of chemical 
change or volatilization loss in the well bore exceeds 
the rate of exchange between the pore water and the 
well-bore water, then the PDB samplers may under-
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estimate pore-water concentrations. Guidelines for 
equilibration times and applicability of PDB samplers 
in low-permeability formations have not yet been 
established. Therefore, in such situations, a side-by-
side comparison of PDB samplers and conventional 
sampling methodology is advisable to ensure that the 
PDB samplers do not underestimate concentrations 
obtained by the conventional method. A detailed 
discussion of diffusion rates relevant to diffusion 
sampler equilibrium in slow-moving ground-water 
systems can be found in Harrington and others (2000). 

Following the initial equilibration period, the 
samplers maintain equilibrium concentrations with the 
ambient water until recovery. Thus, there is no speci-
fied maximum time for sampler recovery. PDB 
samplers have routinely been left in ground waters 
having concentrations of greater than 500 ppm of TCE 
for 3 months at a time with no loss of bag integrity, and 
at one site, the PDB samplers have been left in place in 
VOC-contaminated ground water for 1 year with no 
reported loss of sampler integrity (Paul Hare, General 
Electric Company, oral commun., 2000). The effects of 
long-term (greater than 1 month) PDB-sampler deploy-
ment on sampler and sample integrity have not yet 
been thoroughly tested for a broad range of compounds 
and concentrations. Moreover, in some environments, 
development of a biofilm on the polyethylene may be a 
consequence of long-term deployment. Investigations 
of semipermeable membrane devices (SPMDs) have 
shown that the transfer of some compounds may be 
reduced, but not stopped, across a heavily biofouled 
polyethylene membrane (Ellis and others, 1995; 
Huckins and others, 1996; Huckins and others, in 
press). If a heavy organic coating is observed on a 
PDB sampler, it is advisable to determine the integrity 
of the sample by comparing contaminant concentra-
tions from the PDB sampler to concentrations from a 
conventional sampling method before continuing to use 
PDB samplers for long-term deployment in that well. 

Recovery of PDB samplers is accomplished by 
using the following approach: 

1. Remove the PDB samplers from the well by 
using the attached line. The PDB samplers should not 
be exposed to heat or agitated. 

2. Examine the surface of the PDB sampler for 
evidence of algae, iron or other coatings, and for tears 
in the membrane. Note the observations in a sampling 
field book. If there are tears in the membrane, the 

sample should be rejected. If there is evidence that the 
PDB sampler exhibits a coating, then this should be 
noted in the validated concentration data. 

3. Detach and remove the PDB sampler from the 
weighted line. Remove the excess liquid from the exte-
rior of the bag to minimize the potential for cross 
contamination. 

4. A variety of approaches may be used to trans-
fer the water from the PDB samplers to 40-mL volatile 
organic analysis (VOA) vials. One type of commer-
cially available PDB sampler provides a discharge 
device that can be inserted into the sampler. If 
discharge devices are used, the diameter of the opening 
should be kept to less than about 0.15 inches to reduce 
volatilization loss. Two options are presently available 
to recover water from the sample using discharge 
devices. One option involves removing the hanger and 
weight assembly from the sampler, inverting the 
sampler so that the fill plug is pointed upward, and 
removing the plug. The water can be recovered by 
directly pouring in a manner that minimizes agitation 
or by pouring through a VOC-discharge accessory 
inserted in place of the plug. The second approach 
involves piercing the sampler near the bottom with a 
small-diameter discharge tube and allowing water to 
flow through the tube into the VOA vials. In each case, 
flow rates can be controlled by tilting or manipulating 
the sampler. Alternatively, the PDB sampler can be cut 
open at one end using scissors or other cutting devices 
which have been decontaminated between use for 
different wells. Water can then be transferred to 40-ml 
VOA vials by gently pouring in a manner that mini-
mizes water agitation. Acceptable duplication has been 
obtained using each method. Preserve the samples 
according to the analytical method. The sampling vials 
should be stored at approximately 4 C in accordance 
with standard sampling protocol. Laboratory testing 
suggests that there is no substantial change in the VOC 
concentrations in PDB samplers over the first several 
minutes after recovery; however, the water should be 
transferred from the water-filled samplers to the 
sample bottles immediately upon recovery. 

5. A cost-effective alternative when using multi-
ple PDB samplers in a single well is to field screen 
water from each sampler using gas chromatography. 
These results can be used to decide which of the multi-
ple PDB samplers should be sent to an EPA-approved 
laboratory for standard analysis. Typically, at least the 
sample containing the highest concentration should be 
analyzed by a laboratory. 
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6. If a comparison is being made between 
concentrations obtained using PDB samplers and 
concentrations obtained using a conventional sampling 
approach, then the well should be sampled by the 
conventional approach soon after (preferably on the 
same day) recovery of the PDB sampler. The water 
samples obtained using PDB samplers should be sent 
in the same shipment, as the samples collected by the 
conventional approach for the respective wells. Utilizing 
the same laboratory may reduce analytical variability. 

7. Any unused water from the PDB sampler and 
water used to decontaminate cutting devices should be 
disposed in accordance with local, state, and Federal 
regulations. 

DETERMINING APPLICABILITY OF PASSIVE 
DIFFUSION BAG SAMPLERS AND 
INTERPRETATION OF DATA 

When attempting to determine whether the use 
of PDB samplers is appropriate at a particular well, a 
common approach is to do a side-by-side comparison 
with a conventional sampling method during the same 
sampling event. This approach is strongly suggested in 
wells having temporal concentration variability. In a 
well having relatively low temporal concentration vari-
ability, comparison of the PDB-sampler results to 
historical concentrations may provide enough infor-
mation to determine whether the PDB samplers are 
appropriate for the well. In general, if both PDB and 
conventional sampling produce concentrations that 
agree within a range deemed acceptable by local, 
state, and Federal regulatory agencies and meet the 
site-specific data-quality objectives, then a PDB 
sampler may be approved for use in that well to moni-
tor ambient VOC concentrations. If concentrations 
from the PDB sampler are higher than concentrations 
from the conventional method, it is probable that 
concentrations from the PDB sampler adequately 
represent ambient conditions because there usually is a 
greater potential for dilution from mixing during 
sampling using conventional methods than during 
sampling using PDB samplers. 

If, however, the conventional method produces 
concentrations that are significantly higher than those 
obtained using the PDB sampler, then it is uncertain 
whether the PDB-sampler concentrations represent 
local ambient conditions. In this case, further testing 
can be done to determine whether contaminant stratifi-
cation and/or intra-borehole flow is present. Multiple 
sampling devices can be used to determine the pres-

ence of contaminant stratification, and borehole flow-
meters can be used to determine whether intra-
borehole flow is present. When using flowmeters to 
measure vertical flow in screened boreholes, however, 
the data should be considered qualitative because of 
the potential for water movement through the sand 
pack. Borehole dilution tests (Halevy and others, 1967; 
Drost and others, 1968; Grisak and others, 1977; 
Palmer, 1993) can be used to determine whether water 
is freely exchanged between the aquifer and the well 
screen. 

Once the source of the difference between the 
two methods is determined, a decision can be made 
regarding the well-specific utility of the PDB samplers. 
Tests may show that VOC concentrations from the 
PDB samplers adequately represent local ambient 
conditions within the screened interval despite the 
higher VOC concentration obtained from the conven-
tional method. This may be because the pumped 
samples incorporated water containing higher concen-
trations either from other water-bearing zones induced 
along inadequate well seals or through fractured clay 
(Vroblesky and others, 2000), from other water-bear-
ing zones not directly adjacent to the well screen as a 
result of well purging prior to sampling (Vroblesky and 
Petkewich; 2000), or from mixing of chemically strati-
fied zones in the vicinity of the screened interval 
(Vroblesky and Peters, 2000). 

The mixing of waters from chemically stratified 
zones adjacent to the screened interval during pumping 
probably is one of the more important sources of 
apparent differences between the results obtained from 
PDB sampling and conventional sampling because 
such stratification probably is common. Vertical strati-
fication of VOCs over distances of a few feet has been 
observed in aquifer sediments by using multilevel 
sampling devices (Dean and others, 1999; Pitkin and 
others, 1999), and considerable variation in hydraulic 
conductivity and water chemistry has been observed in 
an aquifer in Cape Cod, Massachusetts, on the scale of 
centimeters (Wolf and others, 1991; Smith and others 
1991; Hess and others, 1992). Multiple PDB samplers 
have been used to show a change in TCE concentration 
of 1,130 ( g/L over a 6-ft vertical screened interval in 
Minnesota (Vroblesky and Petkewich, 2000). Tests 
using PDB samplers in screened intervals containing 
VOC stratification showed that the PDB-sampler data 
appeared to be point-specific, whereas the pumped 
sample integrated water over a larger interval (Vroblesky 
and Peters, 2000). 
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The decision on whether to use PDB samplers in 
such situations depends on the data-quality objectives 
for the particular site. If the goal is to determine and 
monitor higher concentrations or to examine contami-
nant stratification within the screened interval, then 
the PDB samplers may meet this objective. If the goal 
is to determine the average concentrations for the 
entire screened interval, then a pumped sample or an 
average from multiple diffusion samplers may be 
appropriate. 

As an aid in the decision-making process, the 
following section examines the influences that hydrau-
lic and chemical heterogeneity of an aquifer can have 
on sample quality in long-screened wells. Because 
VOC concentrations from PDB samplers commonly 
are compared to VOC concentrations from other 
sampling methodologies, the second section examines 
the differences in sample quality between these meth-
odologies in situations of hydraulic and chemical 
heterogeneity. 

Influences of Hydraulic and Chemical 
Heterogeneity on Sample Quality in 
Long-Screened Wells 

Sampling biases and chemical variability in 
long-screened wells, which can be loosely defined as 
wells having significant physical and chemical hetero-
geneity within the screened interval and in the adja-
cent aquifer (Reilly and Leblanc, 1998), have been the 
subject of numerous investigations. Sources of chemi-
cal variability in such wells include non-uniform flow 
into wells (Robbins and Martin-Hayden, 1991; Reilly 
and Gibs, 1993; Chiang and others, 1995; Church and 
Granato, 1996; Reilly and LeBlanc, 1998), lithologic 
heterogeneity (Reilly and others, 1989; Robbins, 1989; 
Martin-Hayden and others, 1991; Gibs and others, 
1993; Reilly and Gibs, 1993), and in-well mixing. 
In a well open across a chemically or hydraulically 
heterogeneous section of the aquifer, differences in 
the sampling methodology can produce significant 
differences in the sampling results. 

Long-screened wells have the potential to 
redistribute chemical constituents in the aquifer 
where there are vertical hydraulic gradients within the 
screened interval. Water can move into the well from 
one horizon and exit the well at a different horizon 
(Church and Granato, 1996; Reilly and LeBlanc 1998). 
If there is vertical flow in the screened or open inter-
val, and the zone of low hydraulic head (outflow from 

the well) is within the contaminated horizon, then the 
PDB samplers (or any standard sampling methodol-
ogy) can underestimate or not detect the contamina-
tion. The reason is that, in this case, the contaminated 
horizon does not contribute water to the well under 
static conditions. Instead, water from other horizons 
with higher hydraulic head will invade the contami-
nated horizon by way of the well screen. Under 
pumped conditions, the majority of the extracted water 
will be from the most permeable interval, which may 
not be the contaminated zone. Even when pumping 
induces inflow from the contaminated interval, much 
of that inflow will be a reflection of the residual 
invaded water from other horizons. In this situation, 
a substantial amount of purging would be required 
before water representative of the aquifer could be 
obtained (Jones and Lerner, 1995). Such sampling is 
not likely to reflect a significant contribution from the 
contaminated zone, and concentrations in the contami-
nated zone probably will be underestimated. 

Similarly, if VOC-contaminated water is flow-
ing into the well and is exiting the well at a different 
horizon, then VOCs will be present along the screened 
interval between the two horizons. In this case, VOC 
concentrations in the screened interval may be repre-
sentative of aquifer concentrations at the inflow 
horizon, but may not be representative of aquifer 
concentrations near the outflow horizon. 

In areas where vertical stratification of VOC 
concentrations is anticipated, using multiple PDB 
samplers may more fully characterize the contami-
nated horizon than using a single PDB sampler. This 
is particularly true in wells having screens 10 ft or 
longer; however, significant VOC stratification has 
been observed over intervals of less than 5 ft (Vroblesky 
and Peters, 2000). Because of the increased probability 
of vertical concentration or hydraulic gradients within 
the open interval of long-screened (greater than 10 ft) 
wells, it is advisable to determine the zones of inflow 
and outflow within the screened or open interval of 
these wells using borehole flowmeter analysis (Hess, 
1982; 1984; 1986; 1990; Young and others, 1998). 

Comparison of Passive Diffusion Bag 
Sampling Methodology to Conventional 
Methodologies 

Traditional sampling methodologies, such as the 
purge-and-sample (or conventional purging method), 
low-flow or low-volume sampling, and using straddle 
packers and multilevel samplers, produce VOC 
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concentrations that may differ from VOC concentra-
tions obtained from PDB samplers because the meth-
odologies sometimes are influenced in different ways 
by aquifer hydraulic and chemical heterogeneity. This 
section examines potential sources of concentration 
differences between traditional methodologies and the 
PDB methodology. 

The purge-and-sample approach to ground-water 
monitoring differs from the diffusion-sampler 
approach primarily because the area of the screened or 
open interval that contributes water to the purged 
sample typically is greater than for the PDB sampler, 
and the potential for mixing of stratified layers is 
higher. When pumping three or more casing volumes 
of water prior to collecting a sample, chemical concen-
trations in the discharging water typically change as the 
well is pumped (Keely and Boateng, 1987; Cohen and 
Rabold, 1988; Martin-Hayden and others, 1991; 
Robbins and Martin-Hayden, 1991; Reilly and Gibs, 
1993; Barcelona and others, 1994; Martin-Hayden, 
2000), due to mixing during pumping and other factors, 
such as the removal of stagnant water in the casing and 
changing patterns of inflow and outflow under ambient 
and pumping conditions (Church and Granato, 1996). 
The induction of lateral chemical heterogeneity during 
pumping also may produce variations in the sampled 
concentrations. The amount of mixing during purging 
can be highly variable (Barber and Davis, 1987; 
Church and Granato, 1996; Reilly and LeBlanc, 1998; 
Martin-Hayden, 2000), and may result in concentra-
tions that are not locally representative (Reilly and 
Gibs, 1993). Substantial vertical hydraulic gradients, 
even in shallow homogeneous aquifers, have been 
observed to bias sampling using conventional purging 
because the majority of the pumped water may come 
from a particular horizon not related to the contami-
nated zone and because the intra-well flow that 
intruded the aquifer may not be adequately removed 
during purging (Hutchins and Acree, 2000). Thus, 
differences may be observed between concentrations 
obtained from a pumped sample and from a PDB 
sample in a chemically stratified interval if the pumped 
sample represents an integration of water collected 
from multiple horizons and the PDB sampler repre-
sents water collected from a single horizon. 

Low-flow purging and sampling (Barcelona and 
others, 1994; Shanklin and others, 1995) disturbs the 
local ground water less than conventional purge-and-

sample methods. Thus, samples obtained by PDB 
samplers are likely to be more similar to samples 
obtained by using low-flow purging than to those 
obtained by using conventional purge-and-sample 
methods. Even under low-flow conditions, however, 
purging still can integrate water within the radius of 
pumping influence, potentially resulting in a deviation 
from VOC concentrations obtained by PDB sampling. 
One investigation found that in low hydraulic conduc-
tivity formations, low-flow sampling methodology 
caused excessive drawdown, which dewatered the 
screened interval, increased local ground-water veloci-
ties, and caused unwanted colloid and soil transport 
into the ground-water samples (Sevee and others, 
2000). The authors suggest that in such cases, a more 
appropriate sampling methodology may be to collect a 
slug or passive sample from the well screen under the 
assumption that the water in the well screen is in 
equilibrium with the surrounding aquifer. 

Isolating a particular contributing fracture zone 
with straddle packers in an uncased borehole allows 
depth-discrete samples to be collected from the target 
horizon (Hsieh and others, 1993; Kaminsky and Wylie, 
1995). Strategically placed straddle packers often can 
minimize or eliminate the impact of vertical gradients 
in the sampled interval. However, even within a 
packed interval isolating inflowing fracture zones, 
deviations between VOC concentrations in water from 
PDB samplers and water sampled by conventional 
methods still may occur if the conventional method 
mixes chemically stratified water outside the borehole 
or if the packed interval straddles chemically heteroge-
neous zones. 

The use of multilevel PDB samplers and other 
types of multilevel samplers (Ronen and others, 1987; 
Kaplan and others, 1991; Schirmer and others, 1995; 
Gefell and others, 1999; Jones and others, 1999) poten-
tially can delineate some of the chemical stratification. 
Diffusion sampling and other sampling methodologies, 
however, can be influenced by vertical hydraulic gradi-
ents within the well screen or the sand pack. When 
vertical hydraulic gradients are present within the well, 
water contacting the PDB sampler may not be from a 
horizon adjacent to the PDB sampler. Rather, the water 
may represent a mixing of water from other contribut-
ing intervals within the borehole. In a screened well, 
even multilevel samplers with baffles to limit vertical 
flow in the well cannot prevent influences from 

Determining Applicability of Passive Diffusion Bag Samplers, and Interpretation of Data 13 



    
     

 
 

 
 

 

 

 
 

 

 

 

   
  

  

 
 

 

 
 

 

 
  

  

   

 
 

 
 

  

   
 

 

 

vertical flow in the gravel pack outside the well 
screen. Such vertical flow can result from small 
vertical differences in head with depth. A field test 
conducted by Church and Granato (1996) found that 
vertical head differences ranging from undetectable 
to 0.49 ft were sufficient to cause substantial flows 
(as much as 0.5 liters/minute) in the well bore. 

QUALITY CONTROL AND ASSURANCE 

The sources of variability and bias introduced 
during sample collection can affect the interpretation 
of the results. To reduce data variability caused during 
sampling, a series of quality-control samples should 
be utilized. 

Replicate samples are important for the quality 
control of diffusion-sampler data. Sample replicates 
provide information needed to estimate the precision 
of concentration values determined from the combined 
sample-processing and analytical method and to 
evaluate the consistency of quantifying target VOCs. 
A replicate sample for water-filled diffusion samplers 
consists of two separate sets of VOC vials filled from 
the same diffusion sampler. Each set of VOC vials 
should be analyzed for comparison. Approximately 
10 percent of the samplers should be replicated. 

The length of the PDB sampler can be adjusted 
to accommodate the data-quality objectives for the 
sampling event. The length can be increased if addi-
tional volume is required for collection of replicate 
and matrix spike/matrix spike duplicate samples. 

Trip blanks are used to determine whether exter-
nal VOCs are contaminating the sample due to bottle 
handling and/or analytical processes not associated 
with field processing. Trip blanks are water-filled 
VOA vials prepared offsite, stored and transported 
with the other bottles used for collecting the environ-
mental sample, and then submitted for analysis with 
the environmental sample. Consideration also should 
be given to the collection of a predeployment PDB trip 
blank to determine if the PDB samplers are exposed to 
extraneous VOCs prior to deployment. The predeploy-
ment trip blank should be a PDB sampler that is stored 
and transported with the field PDB samplers from the 
time of sampler construction to the time of deploy-
ment in the wells. An aliquot of the predeployment 
blank water should be collected from the PDB sampler 
in a VOA vial and submitted for analysis at the time of 
sampler deployment. 

Water used to construct the diffusion samplers 
should be analyzed to determine the presence of back-
ground VOCs. Although many VOCs accidentally 
introduced into the diffusion-sampler water probably 
will reequilibrate with surrounding water once the 
diffusion samplers are deployed, some VOCs may 
become trapped within the diffusion-sampler water. 
For example, acetone, which is a common laboratory 
contaminant, does not easily move through the poly-
ethylene diffusion samplers (Paul Hare, General Elec-
tric Company, oral commun., 1999). Thus, acetone 
inadvertently introduced into the diffusion-sample 
water during sampler construction may persist in the 
samplers, resulting in a false positive for acetone after 
sampler recovery and analysis. 

SUMMARY 

Water-filled passive diffusion bag (PDB) sam-
plers described in this report are suitable for obtaining 
a variety of VOCs in ground water at monitoring wells. 
The suggested application for PDB samplers is for 
long-term monitoring of VOCs in ground-water wells 
at well-characterized sites. Where the screened interval 
is greater than 10 ft, the potential for contaminant 
stratification and/or intra-borehole flow within the 
screened interval is greater than in screened intervals 
shorter than 10 ft. It is suggested that the vertical distri-
bution of contaminants be determined in wells having 
10-ft-long well screens, and that both the vertical dis-
tribution of contaminants and the potential for intra-
borehole flow be determined in wells having screens 
longer than 10 ft. A typical PDB sampler consists of a 
1- to 2-ft-long low-density polyethylene lay-flat tube 
closed at both ends and containing deionized water. 
The sampler is positioned at the target horizon by 
attachment to a weighted line or fixed pipe. 

The amount of time that the samplers should be 
left in the well prior to recovery depends on the time 
required by the PDB sampler to equilibrate with 
ambient water and the time required for environmental 
disturbances caused by sampler deployment to return 
to ambient conditions. The rate that water within the 
PDB sampler equilibrates with ambient water depends 
on multiple factors, including the type of compound 
being sampled and the water temperature. Concen-
trations of benzene, cis-1,2-dichloroethene, tetra-
chlorethene, trichloroethene, toluene, naphthalene, 
1,2-dibromoethane, and total xylenes within the PDB 
samplers equilibrated with the concentrations in an 
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aqueous mixture of those compounds surrounding the 
samplers under laboratory conditions within approxi-
mately 48 hours at 21 C. A subsequent laboratory 
study of mixed VOCs at 10 C showed that tetrachloro-
ethene and trichloroethene were equilibrated by about 
52 hours, but other compounds required longer equila-
bration times. Chloroethane, cis-1,2-dichloroethene, 
trans-1,2-dichloroethene, and 1,1-dichloroethene were 
not equilibrated at 52 hours, but appeared to be equili-
brated by the next sampling point at 93 hours. Vinyl 
chloride, 1,1,1-trichloroethane, 1,2-dichloroethane, and 
1,1-dichloroethane were not equilibrated at 93 hours 
but were equilibrated by the next sampling point at 166 
hours. Different equilibration times may exist for other 
compounds. Differences in equilibration times, if any, 
between single-solute or mixed-VOC solutions have 
not yet been thoroughly examined. 

The samplers should be left in place long enough 
for the well water, contaminant distribution, and flow 
dynamics to restabilize following sampler deployment. 
Laboratory and field data suggest that 2 weeks of 
equilibration probably is adequate for many applica-
tions. Therefore, a minimum equilibration time of 
2 weeks is suggested. In less permeable formations, 
longer equilibration times may be required. When 
deploying PDB samplers in waters colder than 
previously tested (10 C) or for compounds without 
sufficient corroborating data, a side-by-side compari-
son with conventional methodology is advisable to 
justify the field equilibration time. 

Following the initial equilibration period, the 
samplers maintain equilibrium concentrations with the 
ambient water until recovery. Thus, there is no speci-
fied maximum time for sampler recovery after initial 
equilibration. PDB samplers have routinely been left in 
ground waters having concentrations of greater than 
500 ppm of TCE for 3 months at a time with no loss of 
bag integrity, and at one site, the PDB samplers were 
left in place in VOC-contaminated ground water for 
1 year with no reported loss of sampler integrity. 
The effects of long-term (greater than 1 month) PDB-
sampler deployment on sampler and sample integrity 
have not yet been thoroughly tested for a broad range 
of compounds and concentrations. In some environ-
ments, development of a biofilm on the polyethylene 
may be a consequence of long-term deployment. 
Investigations of semipermeable membrane devices 

(SPMDs) have shown that the transfer of some 
compounds across a heavily biofouled polyethylene 
membrane may be reduced, but not stopped. If a heavy 
organic coating is observed on a PDB sampler, it is 
advisable to determine the integrity of the sample by 
comparing sampler results to a conventional sampling 
method concentrations before continuing to use PDB 
samplers for long-term deployment in that well. 

PDB methodology is suitable for a broad variety 
of VOCs, including chlorinated aliphatic compounds 
and petroleum hydrocarbons. The samplers, however, 
are not suitable for inorganic ions and have a limited 
applicability for non-VOCs and for some VOCs. For 
example, although methyl-tert-butyl ether and acetone 
and most semivolatile compounds are transmitted 
through the polyethylene bag, laboratory tests have 
shown that the resulting concentrations were lower 
than in ambient water. The samplers should not be used 
to sample for phthalates because of the potential for the 
LDPE to contribute phthalates to the water sample. 

When attempting to determine whether the use 
of PDB samplers is appropriate at a particular well, a 
common approach is to do a side-by-side comparison 
with a conventional sampling method. This approach is 
strongly suggested in wells having temporal concentra-
tion variability. In a well having relatively low tempo-
ral concentration variability, comparison of the PDB-
sampler results to historical concentrations may pro-
vide enough information to determine whether the 
PDB samplers are appropriate for the well. In general, 
if the two approaches produce concentrations that 
agree within a range deemed acceptable by the local, 
state, and Federal regulatory agencies, then use of a 
PDB sampler in that well will provide VOC concentra-
tions consistent with the historical record. If concentra-
tions from the PDB sampler are higher than concentra-
tions from the conventional method, then it is probable 
that the concentrations from the PDB sampler are an 
adequate representation of ambient conditions. If, how-
ever, the conventional method produces concentrations 
that are substantially higher than the concentrations 
found by using the PDB sampler, then the PDB sam-
pler may or may not adequately represent local ambi-
ent conditions. In this case, the difference may be due 
to a variety of factors, including mixing or transloca-
tion due to hydraulic and chemical heterogeneity of the 
aquifer within the screened or open interval of the well 
and the relative permeability of the well screen. 
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Introduction 
The HydraSleeve groundwater sampler can be used to collect a representative sample for most 
physical and chemical parameters without purging the well. It collects a whole water sample 
from a user-defined interval (typically within the well screen), without mixing fluid from other 
intervals. One or more HydraSleeves are placed within the screened interval of the monitoring 
well, and a period of time is allocated for the well to re-equilibrate. Hours to months later, 
the sealed HydraSleeve can be activated for sample collection. When activated, HydraSleeve 
collects a sample with no drawdown and minimal agitation or displacement of the water 
column. Once the sampler is full, the one-way reed valve collapses, preventing mixing of 
extraneous, non-representative fluid during recovery. 

Assembly 
Assembling the HydraSleeve is simple, and can be done by one person in the field, taking only 
a minute or two. 

4 Fold the two 
HydraSleeve1 Remove 

holes at bottom 
from package and of HydraSleeve 
grasp top to “pop” together and attach 
open. weight 

2 Squeeze side fins 5 Sampler is ready
together at top to insert into the 

to bend reinforcing well. 
strips outward. 

3 Attach line to 
hole at top of 

HydraSleeve. 

2 



Placing the HydraSleeve(s) 
To collect a representative groundwater sample without purging, the well must be allowed 
time to re-equilibrate after placement of the sampler.  When any device is lowered into a well, 
some mixing of the water column occurs. The diameter of the device and its shape greatly 
affect the degree of mixing.  The flat cross-section of the empty HydraSleeve minimizes the dis-
turbance to the water column as the sampler is lowered into position, reducing the time need-
ed for the well to return to equilibrium. 

There are three basic methods for holding a HydraSleeve in position as the well equilibrates. 

TOP DOWN DEPLOYMENT (Figure 1) 
Measure the correct amount of suspension 
line needed to "hang" the top of the 
HydraSleeve(s) at the desired sampling 
depth (in most cases, this will be at the bot-
tom of the sampling zone). The upper end 
of the tether can be connected to the well 
cap to suspend the HydraSleeve at the cor-
rect depth until activated for sampling. 

Note: For deep settings, it may be difficult 
to accurately measure long segments of sus-
pension line in the field. Factory prepared, 
custom suspension line and attachment 
points can be provided. 

BOTTOM DEPLOYMENT (Figure 2) 
Sound the well to determine the exact 
depth. Lower the weighted HydraSleeve 
into the well and let it touch the bottom. 
Very slowly (less than 1/2 foot per second) 
raise the sampler to the point where the 
check valve is at the depth the sample is to 
be collected. Attach the suspension line to 
the top of the well to suspend it at this 
depth. (It is often easier to measure a few 
feet from the bottom of the well up to the 
sample point, than it is to measure many 
feet from the top of the well down.) 

Alternately, the sampler can be left on the 
bottom until the well re-equilibrates. For 
sampling, it can be very slowly pulled 
(< 1/2 fps) to sampling depth, then activated 
(see “Sample Collection,” p. 6) to collect the 
sample, and retrieved to the surface. 

Figure 1 

Top of well screen Suspend HydraSleeve 
at correct depth from 
top of well by accu-
rately measuring the 
tether length. 

 
 

 

Figure 2 

Top of well screen 

Sample depth 

1. (Left) Lower HydraSleeve 
to bottom of well and: 

2. (Right) Slowly (< 1/2 fps) pull 
up to desired sample depth. 
Suspend HydraSleeve while well 
equilibrates. Collect sample. 
Alternately, 
3. Let HydraSleeve rest on the 
bottom until well equilibrates, 
then slowly pull into position 
and begin sampling. 

3 



BOTTOM ANCHOR (Figure 3) 

Determine the exact depth of the well. 
Calculate the distance from the bottom of 
the well to the desired sampling depth. 
Attach an appropriate length anchor line 
between the weight and the bottom of the 
sampler and lower the assembly until the 
weight rests on the bottom of the well, 
allowing the top of the sampler to float at 
the correct sampling depth. 

Figure 3 

Top of well screen 

Anchor line 
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Multiple Interval Deployment 
There are two basic methods for placing multiple HydraSleeves in a well to collect samples 
from different levels simultaneously. 

ATTACHED TO A SINGLE TETHER (Figure 4) 

To use 3 or more samplers simultaneously, 
we recommend attaching them all to a 
tether for support to prevent the sampling 
string from pulling apart. The weight is 
attached to a single length of suspension 
line and allowed to rest on the bottom of 
the well. The top and bottom of each 
HydraSleeve are attached to the tether at 
the desired sample intervals. Cable tie or 
stainless steel clips (supplied) work well for 
attaching the HydraSleeves to the line. 
Simply push one end of the clip between 
strands of the rope at the desired point 
before attaching the clip to the 
HydraSleeve. 

ATTACHED END TO END  (Figure 5) 

To place 2 or 3 stacked HydraSleeves for 
vertical profiling, use one of the methods 
described above to locate the bottom 
sampler.  Attach the bottom of the top 
sampler to the top of the following 
HydraSleeve(s) with a carefully measured 
length of suspension cable. Connect the 
weight to the bottom sampler. Note: if 
many HydraSleeves are attached to a tether, 
more weight may be required than with a 
single sampler.  

Figure 4 

Separate HydraSleeves 
to the desired spacing 

by measuring along 
the tether when 

attaching samplers. 

Top of well screen 

Figure 5 

Separate HydraSleeves 
to the desired spacing 

by measuring tether 
between samplers. 

Top of well screen 
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Sample Collection 
The HydraSleeve must move upward at a rate of one foot per second or faster (about the 
speed a bailer is usually pulled upward) for water to pass through the check valve into the 
sample sleeve. The total upward distance the check valve must travel to fill the sample sleeve 
is about 1 to 2 times the length of the sampler.  For example, a 24-inch HydraSleeve needs a 
total upward movement of 24 to no more than 48 inches to fill. The upward motion can be 
accomplished using one long continuous pull, several short strokes, or any combination that 
moves the check valve the required distance in the open position. A special technique is used 
for sampling low-yield wells. 

CONTINUOUS PULL  (Figure 6) 

Pull the HydraSleeve continuously upward 
from its starting point at a constant 1 to 2 
feet per second until full. This method usu-
ally provides the least turbid samples and is 
analogous to coring the water column from 
the bottom up. 

Note: When using this method, the screen 
interval should be long enough so the sampler 
fills before exiting the top of the screen. 

SHORT STROKES (Figure 7) 

Pull the sampler upward at about 1 to 2 
feet per second for the length of the sam-
pler and let it drop back to the starting 
point. Repeat the cycle 3 to 5 times. 

This method provides a shorter sampling 
interval than the continuous pull method 
(above), and usually reduces the turbidity 
levels of the sample below that of numer-
ous rapid, short cycles (below). The sample 
comes from between the top of the cycle 
and the bottom of the sampler at its lowest 
point. 

Top of well screen 

Sample interval 

Figure 6 

Pull the HydraSleeve 
continuously upward 
from its starting point 
at a constant 1-2 fps. 
The sleeve will fill 
when pulled up 
approx. 1 to 2 times 
its length. 

Top of well screen 

Sample interval 

Figure 7 

Pull the HydraSleeve 
up the length of the 
sampler at 1-2 fps and 
allow to drop back to 
the starting point. 
Repeat cycle 3 to 5 
times to fill sleeve. 

Bottom point of cycle 

Sampler full 

Top point of cycle 
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RAPID, SHORT CYCLES (Figure 8) 

Cycle the HydraSleeve up and down using 
rapid, short strokes (6-inch cycle at a mini-
mum of 1 cycle per second) 5 to 8 times. 
This method provides the shortest sampling 
interval. Dye studies have shown that when 
using this method the sample flows into the 
check valve from along the length of the 
sampler and immediately above the check 
valve. The sample interval is from the bot-
tom the sampler at its lowest point in the 
cycle to the top of the check valve at the 
peak of the cycle. 

SAMPLING LOW-YIELD WELLS (Figure 9) 

HydraSleeve provides the best available 
technology for sampling low yield wells. 
When pulled upward after the well re-equili-
brates, the HydraSleeve will collect a water 
core from the top of the sampler to about its 
own length above that point. The sample is 
collected with no drawdown in the well and 
minimal sample agitation. An optional top 
weight can be attached to compress the 
sampler in the bottom of the well if needed 
for an extremely short water column. With 
a top weight, the check valve is pushed 
down to within a foot of the bottom of the 
well. 

Top of well screen 

Sample interval 

Figure 8 

Rapidly cycle sampler 
up and down approx. 
6 inches. 

Bottom point of cycle 

Top point of cycle 

Top of well screen 

Sample interval 

Figure 9 

Pull the HydraSleeve 
continuously upward 
from the starting point 
at a constant speed 

Top weight 

Sampler full 
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Sample Discharge 
The best way to remove a sample from the HydraSleeve with the least amount of aeration and 
agitation is with the short plastic discharge tube (included). 

1 

2 

3 

First, squeeze the full sampler just below 
the top to expel water resting above 
the flexible check valve. (Photo 1, top left) 

Then, push the pointed discharge tube 
through the outer polyethylene sleeve about 
3-4 inches below the white reinforcing strips. 
(Photo 2, middle left) 

Discharge the sample into the desired con-
tainer. (Photo 3, bottom left) 

Raising and lowering the bottom of the 
sampler or pinching the sample sleeve just 
below the discharge tube will control the 
flow of the sample. The sample sleeve can 
also be squeezed, forcing fluid up through 
the discharge tube, similar to squeezing a 
tube of toothpaste. With a little practice, 
and using a flat surface to set the sample 
containers on, HydraSleeve sampling 
becomes a one-person operation. 

1680 Hickory Loop, Suite B • Las Cruces, NM 88005 
Phone: 1.800.996.2225 • 1.505.523.5799 • Fax: 1.505.523.0789 

www.geoinsightonline.com • KentCordry@aol.com 
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www.geoinsightonline.com


  
  

 

   
  

 

QAPP, Volume I Attachment A 
Appendix A, Revision 7 SOP #4 

Attachment A: Standard Operating Procedure (SOP) #4 
Supply and Irrigation Well Sampling Protocol 

1.0 Sample Collection 
 

 
 

 

 
 

2.0 Sample Techniques 
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Attachment A: Standard Operating Procedure (SOP) #5 

OU2 and Sites 2/12 GWTSs and OUCTP EISB Extraction Well 
Sample Handling and Custody Requirements 
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1.0 Sample Types 

 

 

 

1.1 Extraction Well Samples 

 
 

 

 
 

1.2 GWTP Process Samples 

 

 
 

 

1.3 Quality Control (QC) 

 

 
 

 

 
 

1.3.1 Trip Blanks 

 

 

 
 

 

 
 

1.3.2 Field Duplicate Samples 

 
 

 

 
 

Ahtna Environmental, Inc. A-5: 1 



  
  

                                                                                                    

 

QAPP, Volume I Attachment A 
Appendix A, Revision 7 SOP #5 

 
 

 

2.0 Field Documentation 

 
 

 

 
 

 

 
 

2.1 Field Logbooks 

 

 
 

 

 
 

 

 

 
 

  

  

  

  

  

  

  

  

  

 

 
 

 

  

  

Ahtna Environmental, Inc. A-5: 2 



  
 

                                                                                                    

  

QAPP, Volume I Attachment A 
Appendix A, Revision 7 SOP #5 

  

  

  

 

 

 
 

 

2.2 Sample Identification and Labels 

2.2.1 Sample Identification 
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2.2.2 Sample Label 

 

 

 

  

  

  

  

  

  

  

2.3 Chain of Custody Record 
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2.4 Transfer and Review of Field Documentation 

 

 

 

 
 

 

 

  

  
 

  

  

 

 

 

3.0 Groundwater Sampling 

 

 
 

3.1 Sampling Preparation 
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3.2 Sampling Procedures 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

3.3 Water-Level Measurement 

 

 
 

 

 
 

Electrical Sounder 
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Steel Tape 

 

 

 

 
 

 

3.4 Sampling Equipment Calibration Procedures 

 
 

 

 

Water-Level Measurement Instruments 

 

 

 

 

 
 

3.5 Decontamination Procedures 
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4.0 Sample Handling Procedures 

 

 

 

4.1 Field Sample Custody 

 
 

 

 
 

 

  

  

  

4.2 Sample Containers and Preservation 

 

 

  

  

 

 
 

 

 
 

4.3 Sample Transfer and Shipment 
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4.4 Laboratory Custody 
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Attachment A: Standard Operating Procedure (SOP) #6 
Low Flow Groundwater Quality Parameter Collection 

1.0 Scope and Application 

 
 

 

 

2.0 Equipment List 

  

  

  

  

  

  

  

  

  
 

  

  

 

  

  

 

3.0 Procedures 

3.1 Multi-Meter Calibration 

Horiba U-50 Series  

 
 

 

 

 
 

DO, pH, conductivity, and turbidity  
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Temperature 
(°C) 

ORP Powder 
160-22 

ORP Powder 
160-51 

   

   

   

   

   

   

   

   

  

  
  

  

 
 

 

 

3.2 Site Control 

  

 

 

  

 
 

 

 

3.3 Water Level Measurement 
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Well Maintenance Form  

 

 

 

 
 

 

 

 

 

 

 

 

 
 

 

 
 

 

3.4 Equipment Setup 
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3.5 Groundwater Quality Parameter Collection 

 

 

 

 
 

  

  

  

  

  

  

  

  

  

  

  

 

 

  

  

Ahtna Environmental, Inc.      A-6: 5 



  
 

      

 

 

QAPP, Volume I Attachment A 
Appendix A, Revision 7 SOP #6 

  

  

  

  

 
 

     

 

3.6 Demobilization and Equipment Decontamination 

  

 

                  
 

 

  
 

            
 

  

 
 

 

 

                 

 

  
 

 

3.7 Waste Management 
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Attachment A: Standard Operating Procedure (SOP) #7 
Downhole Meter Groundwater Quality Parameter Collection 

1.0 Scope and Application 

 

 

2.0 Equipment List 
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3.0 Procedures 

3.1 Downhole Meter Calibration 
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3.2 Site Control 

 

 

 
 

 

 
 

 

 
 

3.3 Water Level Measurement 
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Well Maintenance Form  

 
 

                 

 
             

 

 

 

 

 

 
 

               

 
 

              

 
 

3.4 Equipment Setup 
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3.5 Groundwater Quality Parameter Collection 

 

 
 

 

 

 

 

 

 
 

3.6 Equipment Decontamination and Waste Disposal 
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TITLE: ANALYSIS OF VOLATILE ORGANICS BY GC/MS SELECT 
ION MONITORING (SIM) 

REFERENCES: SW846 8260B 
REVISED SECTIONS: 1.1.8, 4.6, 7.5.2.2-7.5.2.4 and 11.1 

1.0 SCOPE AND APPLICATION, SUMMARY 

1.1 Scope and Application 

1.1.1 This method is used to determine the concentrations of various volatile organic 
compounds in water utilizing a gas chromatograph equipped with a mass 
spectrometer detector. This SOP was written primarily for the analysis of 1,4-
dioxane but the analytes listed in Table 1 have also been validated by this method. 

1.1.2 Unlike conventional full scan 8260, this method utilizes the instrument’s selected 
ion monitoring (SIM) capabilities.  By monitoring for a few specific ions the 
sensitivity can be increased 10 to 20 fold. 

1.1.3 Utilizing a heated purge greatly improves the purge efficiency of 1,4-dioxane from 
water. 

1.1.4 The Lower Limit of Quantitation (LLOQ) or Reporting limits (RL) are based on the 
sample amount and the lowest calibration standard.  LLOQs may vary depending 
on matrix complications and sample volumes.  The LLOQ for 1,4-dioxane by this 
method are 1.0 ug/l for aqueous samples and 5.0 ug/kg for solid samples.  The 
LLOQs for the additional analytes listed in Table 1 are 0.1 to 0.5ug/l for aqueous 
samples and 5 to 25ug/kg for methanol soils.  Solid matrices are reported on a dry 
weight basis. 

1.1.5 The Method Detection Limit (MDL) for each analyte is evaluated on an annual 
basis for each matrix and instrument. MDLs are pooled for each matrix, and the 
final pooled MDLs are verified.  The verified MDLs are stored in the LIMS and 
should be at least 2 to 3 times lower than the LLOQ.  Exceptions may be made on 
a case by case basis; however, at no point shall the MDL be higher than the 
reported LLOQ. 

1.1.6 The LLOQ for each analyte is evaluated on an annual basis for each matrix and 
instrument.  The LLOQ verifications are prepared by spiking a clean matrix at 0.5 
to 2 times the current LLOQ level.  This LLOQ verification is carried through the 
same preparation and analytical procedures as the samples.  Recovery of the 
analytes should be within the established limits.  The DOD QSM requirements for 
Limit of Detection (LOD) and Limit of Quantitation (LOQ) verifications are different. 
See SOP QA020 for complete requirements for MDL, LOD, LOQ, and LLOQ. 
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1.1.7 Compounds detected at concentrations between the LLOQ and MDL are 
quantitated and qualified as estimated values and reported with either a “J” or “I” 
qualifier.  Some program or project specifications may require that no values below 
the LLOQ be reported. 

1.1.8 For DOD projects refer to QSM 4.2, Table F4; QSM 5.0, Table 4; or QSM 5.1, 
Table B-4 for additional method requirements and data qualifying guidance.  

1.2 Summary 

1.2.1 This method is adapted from SW846 method 8260B. 

1.2.2 Samples are received, stored, and analyzed within the appropriate holding times. 

1.2.3 Sample preparation is performed in accordance with SGS Accutest - Orlando SOP 
OP020 and OP021. 

1.2.4 The samples are analyzed on a gas chromatograph equipped with mass 
spectrometer detector. 

1.2.5 The peaks detected are identified by comparison to characteristic ions and retention 
times specific to the known target list of compounds. 

1.2.6 Library searches cannot be performed on data acquired in SIM mode because data 
was only acquired for selected ions. 

1.2.7 Manual integrations are performed in accordance with SOP QA029. 

2.0 PRESERVATION AND HOLDING TIME 

2.1 Preservation 

Aqueous Samples: 

2.1.1 Samples should be preserved to a pH < 2. The pH should be checked and 
recorded immediately after the sample analysis.  If the sample is not preserved to 
a pH < 2, it must be noted on the report. 

2.1.2 The samples must be stored in capped vials, with minimum headspace, at ≤ 6 C 
in an area free of solvent fumes.  The size of any bubble caused by degassing 
upon cooling should not exceed 5-6mm. 

Solid Samples: 

2.1.3 Special 40ml vials for purge-and-trap of solid samples, as well as the collection 
and preservation options are described in OP020. 
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2.1.4 Low level soil samples are preserved by storing them in sealed VOA vials at 
temperatures between –10 C to –20 C.  High level soil samples are preserved by 
storing them in methanol at a ratio of 1 gram of soil to 1ml of methanol. 

2.2 Holding Time 

2.2.1 Aqueous samples are to be analyzed within 14 days of collection, unless otherwise 
specified by the contract.  Samples that are not preserved should be analyzed 
within 7 days of collection; however, the preservation deficiency must be noted in 
the report. 

2.2.2 Solid and waste samples must be analyzed within 14 days of collection. 

3.0 INTERFERENCES 

3.1 Data from all blanks, samples, and spikes must be evaluated for interferences. 

3.2 Impurities in the purge gas, organic compounds out-gassing from the plumbing ahead of 
the trap, and solvent vapors in the laboratory account for the majority of contamination 
problems.  The analytical system must be demonstrated to be free from contamination 
under the conditions of the analysis by running laboratory blanks.  The use of non-TFE 
tubing, non-TFE thread sealants, or flow controllers with rubber components in the 
purging device should be avoided. 

3.3 Samples can be contaminated by diffusion of volatile organics (particularly methylene 
chloride and fluorocarbons) through the septum seal into the sample during shipment and 
storage. A trip blank can serve as a check on such contamination. 

3.4 Contamination by carry-over can occur whenever high level and low-level samples are 
sequentially analyzed.  Whenever an unusually concentrated sample is encountered, it 
should be followed by an analysis of reagent water to check for carry-over. 

3.5 SIM may provide a lesser degree of confidence in compound identification unless multiple 
ions are monitored for each compound.  In general, SGS Accutest monitors 3 ions per 
compound. 

3.6 Historically 1,4-dioxane was used as a stabilizer for various chlorinated solvents such as 
trichlorethene and tetrachloroethene. Samples that contain 1,4-dioxane often contain 
trichloroethene and/or tetrachloroethene at orders of magnitude higher concentrations. 
Because of this, it is best to analyze samples for 1,4-dioxane on a system dedicated to 
only the analysis of 1,4-dioxane.   

4.0 DEFINITIONS 

4.1 Batch: A group of samples which are similar with respect to matrix and the testing 
procedures being employed and which are processed as a unit.  A sample batch is limited 
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to a maximum of 20 samples or samples loaded on an instrument within the same 12-hour 
shift, whichever comes first. 

4.2 Blank Spike (BS): An analyte-free matrix spiked with a known amount of analyte(s), 
processed simultaneously with the samples through all the steps of the analytical 
procedure.  Blank Spike recoveries are used to document laboratory performance for a 
given method. This may also be called a Laboratory Control Sample (LCS). 

4.3 Continuing Calibration Verification (CCV): A check standard used to verify instrument 
calibration throughout an analytical run. For all MS methods, a CCV must be analyzed at 
the beginning of each analytical run. For DoD QSM 5 and 5.1 projects, an additional CCV 
must be analyzed at the end of the run. 

4.4 Holding Time: The maximum times that samples may be held prior to preparation and/or 
analysis and still be considered valid. 

4.5 Internal Standards: An organic compound which is similar to the target analyte(s) in 
chemical composition and behavior, but which is not normally found in environmental 
samples.  Internal standards for mass spec methods are often deuterated forms of target 
analytes.  Internal standards are used to compensate for retention time and response 
shifts during an analytical run. 

4.6 Initial Calibration (ICAL): A series of standards used to establish the working range of a 
particular instrument and detector. The low point should be at a level equal to or below 
the LLOQ. 

4.7 Initial Calibration Verification (ICV): A standard from a source different than that used for 
the initial calibration.  A different vendor should be used whenever possible.  The ICV is 
used to verify the validity of an Initial Calibration.  This may also be called a QC check 
standard. 

4.8 Matrix Spike (MS): A sample aliquot spiked with a known amount of analyte(s), processed 
simultaneously with the samples through all the steps of the analytical procedure. The 
matrix spike recoveries are used to document the bias of a method in a given sample 
matrix. 

4.9 Matrix Spike Duplicate (MSD): A replicate sample aliquot spiked with a known amount of 
analyte(s), processed simultaneously with the samples through all the steps of the 
analytical procedure. The matrix spike duplicate recoveries are used to document the 
precision and bias of a method in a given sample matrix. 

4.10 Method Blank (MB): An analyte-free matrix to which all reagents are added in the same 
volumes or proportions as used in sample processing.  The method blank is processed 
simultaneously with the samples through all the steps of the analytical procedure. The 
method blank is used to document contamination resulting from the analytical process. 

4.11 Sample Duplicate (DUP): A replicate sample which is used to document the precision of a 
method in a given sample matrix. 
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4.12 Preservation: Refrigeration and/or reagents added at the time of sample collection (or 
later) to maintain the chemical integrity of the sample. 

4.13 Surrogate: An organic compound which is similar to the target analyte(s) in chemical 
composition and behavior, but which is not normally found in environmental samples. 
Surrogates are used to measure the purge efficiency. 

4.14 Trip Blank: A sample of analyte-free matrix taken from the laboratory to the sampling site 
and returned to the laboratory unopened.  A trip blank is used to document contamination 
attributable to shipping and field handling procedures. This type of blank is useful in 
documenting contamination of volatile organic samples. 

5.0 REAGENTS 

5.1 Reagent water – distilled or deionized water free of interferences 

5.2 Methanol – purge-and-trap grade or equivalent 

5.3 Hydrochloric acid (HCl) – ACS reagent grade or equivalent 

5.4 Inert Gas – UHP Helium or UHP Nitrogen 

5.5 1,4-Dioxane stock standards – traceable to Certificate of Analysis 

5.6 4-Bromofluorobenzene (BFB) – instrument tuning mix 

5.7 Surrogate standards – (varies based on analytes being reported) 

Dibromofluoromethane 
1,2-Dichloroethane-d4 
Toluene-d8 

5.8 Internal standards – (varies based on analytes being reported) 

Fluorobenzene 
Chlorobenzene-d5 
1,4-Dioxane-d8 

6.0 APPARATUS 

6.1 Gas Chromatograph – Agilent Technologies 6890 or 7890 

6.1.1 Gas Chromatograph 

The analytical system that is complete with a temperature programmable gas 
chromatograph and all required accessories, analytical columns, and gases. 
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6.1.2 The injection port is designed for split-splitless injection with capillary columns.  The 
injection port must have an appropriate interface for sample introduction. 

6.2 Mass Spectrometer– Agilent Technologies 5973 or 5975 

The mass spectrometer must be capable of scanning from 35-300 amu every second 
or less, utilizing 70-volt (nominal) electron energy in the electron impact ionization 
mode. It must also be capable of producing a mass spectrum that meets all the 
criteria in section 7.5.1.1 when injecting 50 ng of bromofluorobenzene (BFB). 

6.3 Purge and Trap – OI Analytical 4560 or 4660 with OI Analytical 4552 or 4551 

6.3.1 The following autosampler models are used for purging, trapping and desorbing the 
sample onto GC column. 

 O.I. Model 4560 sample concentrator with 4552 Water/Soil multisampler 
 O.I. Model 4660 sample concentrator with 4552 Water/Soil multisampler 
 O.I. Model 4660 sample concentrator with 4551 Water multisampler 

6.3.2 The sample purge vessel must be designed to accept 5 ml samples with a water 
column at least 3 cm deep. 

6.3.3 The multisampler or concentrator is equipped with a heater capable of maintaining 
the purge chamber at 60 C to improve purging efficiency. 

6.3.4 The desorber should be capable of rapidly heating the trap to the manufacturer 
recommended desorb temperature. 

6.4 Data System – Agilent Technologies MS Chemstation rev. DA 02.0x, DA 03.0x or EA 
02.0x. 

6.4.1 A computer system interfaced to the mass spectrometer that allows for the 
continuous acquisition and storage of all mass spectral data obtained throughout the 
duration of the chromatographic program. 

6.4.2 The computer utilizes software that allows searching any GC/MS data file for ions of 
a specific mass and that can plot such ion abundances versus time or scan number. 
This type of plot is defined as an Extracted Ion Current Profile (EICP). 

6.4.3 The software should allow for integrating the abundances in any EICP between 
specific time or scan number limits.  See Table 2. 

6.4.4 Data is archived to a backup server for long term storage. 

6.5 Trap – OI #10 or equivalent: Tenax, Silica Gel, and Carbon Molecular Sieve. The trap should 
be conditioned according to the manufacturer‘s recommendations. 

6.6 Columns –  RTX-624 or equivalent: 60m X 0.25mm 1.4um. 
– RTX-VMS or equivalent: 40m X 0.18mm 1.0um 
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6.7 Gas-tight syringes and class “A” volumetric glassware for dilutions of standards and 
samples. 

7.0 PROCEDURE 

7.1 Standards Preparation 

Standards are prepared from commercially available certified reference standards.  All 
standards must be logged in the Volatile Standards Logbook.  All standards shall be 
traceable to their original source.  The standards should be stored at temperatures 
between –10 C and –20 C, or as recommended by the manufacturer.  Calibration levels, 
spike and surrogate concentrations, preparation information, and vendor part numbers 
can be found in the MSVOA STD Summary in the Active SOP directory. 

7.1.1 Stock Standard Solutions 

Stock standards are available from several commercial vendors.  All vendors must 
supply a “Certificate of Analysis” with the standard.  The certificate will be retained 
by the lab.  Hold time for unopened stock standards is until the vendor’s expiration 
date. Once opened, the hold time is reduced to six months (one month for gases) 
or the vendor’s expiration date (whichever is shorter). 

7.1.2 Intermediate Standard Solutions 

Intermediate standards are prepared by quantitative dilution of the stock standard 
with methanol. The hold time for intermediate standards is one month (one week 
for gases) or the vendor’s expiration date (whichever is shorter).  Intermediate 
standards may need to be remade if comparison to other standards indicates 
analyte degradation or concentration changes. 

7.1.3 Calibration Standards 

Calibration standards for the volatile organics are prepared at a minimum of five 
concentration levels through quantitative dilutions of the intermediate standard. 
The low standard concentration is at or below the LLOQ, and the remaining 
standards define the working range of the detector. 

Calibration standard concentrations are verified by the analysis of an initial 
calibration verification (ICV) standard. 

7.2 Instrument Conditions 

Gas Chromatograph/ Mass Spectrometer 

Carrier gas flow 1.0-1.3 ml/min 
Transfer line temperature 220 - 280 C 
Analyzer temperature  150 C 
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Oven program – 45 C for 2.5 minutes  (RTX-VMS 40m)
 10 C/min to 80 C for 0 minutes 
 15 C/min to 185 C for 0 minutes
 30 C/min to 240 C for 2.5 minutes 

Oven program – 35 C for 2.5 minutes  (RTX-VMS 40m)
 4 C/min to 60 C for 0 minutes
 25 C/min to 220 C for 0 minutes
 30 C/min to 240 C for 1.2 minutes 

Oven program – 45 C for 2.0 minutes  (RTX-624) 
10 C/min to 80 C for 0 minutes 
 14 C/min to 210 C for 0 minutes
 16 C/min to 240 C for 4.2 minutes 

GC conditions are optimized for each instrument.  Actual conditions may vary slightly from 
those listed above. 

MS Descriptors – Monitor 3 characteristic ions for each target analyte, and 2 characteristic 
ions for each surrogate and internal standard.  Each descriptor may have up to 30 ions; 
however, the more ions in a descriptor, the less the sensitivity.  Therefore, it is beneficial 
to use multiple descriptors for longer analytes lists.  Refer to the specific instrument 
methods for actual descriptors. 

7.3 Purge and Trap Device conditions 

Purge Gas: Helium or Nitrogen at 30-45 ml/min 
Sample Temp: Aqueous (60 C) 

Soils (40 C) 
Trap Temp: <25 C 
Purge Time: 6 or 11 min 
Desorb: 1 min. at 190 C 
Bake: 5 min. at 210 C 

Purge and Trap conditions are optimized for each instrument.  Actual conditions may vary 
slightly from those listed above. 

NOTE:  Due to the poor purge efficiency of 1,4-dioxane, purge times of less than 11 
minutes should not be used when analyzing for 1,4-dioxane. 

7.4 Sample Preparation 

7.4.1 Water Samples 

A 5ml aliquot of sample is loaded onto the purge-and-trap device and purged for 6 
or 11 minutes at 60 C. Detailed procedures are described in SOP OP021. 
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7.4.2 Solid Samples 

A 5-gram aliquot of sample is loaded onto the purge-and-trap device.  5mls of 
reagent water is added along with internal standards and surrogates.  The sample 
is then purged for 6 or 11 minutes while heated to 40oC and mechanically agitated. 
Detailed procedures are described in SOP OP020. 

Alternatively a methanol aliquot from the sample is loaded onto the purge-and-trap 
device.  5mls of reagent water is added along with internal standards and 
surrogates.  The sample is then purged for 6 or 11 minutes.  Detailed procedures 
are described in SOP OP020 and OP021. 

7.5 Gas Chromatographic Analysis 

Instrument calibration consists of two major sections: 

Initial Calibration Procedures 
Continuing Calibration Verification 

7.5.1 Initial Calibration Procedures 

Before samples can be run, the GC/MS system must be tuned, the injection port 
inertness must be verified, and the instrument must be calibrated. 

7.5.1.1 Tune Verification (BFB) 

The instrument should be hardware tuned per manufacturer’s 
instructions.  Verify the instrument tune by injecting 50ng of BFB 
solution onto the instrument.  The BFB standard may also be purged. 
The resulting BFB spectra should meet the criteria in the following 
table. 

BFB KEY IONS AND ION ABUNDANCE CRITERIA 

Mass Ion Abundance Criteria 
50 15-40% of mass 95 
75 30-60% of mass 95 
95 Base peak, 100% relative abundance 
96 5-9% of mass 95 
173 <2% of mass 174 
174 >50% of mass 95 
175 5-9 % of mass 174 
176 >95% and <101% of mass 174 
177 5-9% of mass 176 

Evaluate the tune spectrum using three mass scans from the 
chromatographic peak and a subtraction of instrument background. 
This procedure is performed automatically by the MS Chemstation 
software by running “autofind” on the BFB peak. 
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Select the scans at the peak apex and one to each side of the apex. 
Calculate an average of the mass abundances from the three scans.  

Background subtraction is required.  Select a single scan in the 
chromatogram that is absent of any interfering compound peak and no 
more than 20 scans prior to the elution of BFB. The background 
subtraction should be designed only to eliminate column bleed or 
instrument background ions.  Do not subtract part of the tuning 
compound peak. 

Alternatively, the average spectra over the entire peak may be used. 
All subsequent tune evaluations must use the same procedure 
that was used for the Initial Calibration. 

If the criteria are not achieved, the analyst must retune the mass 
spectrometer and repeat the test until all criteria are met. 

Analysis must not begin until the tuning criteria are met. The injection 
time of the acceptable tune analysis is considered the start of the 12-hour 
clock. The same mass spec settings must be used for the calibration 
standards and samples that were used for the tune evaluation standard. 
The exception being that the tune evaluation standard must be acquired 
in full scan mode and all others in SIM mode. 

7.5.1.2 Internal Standard Calibration 

A minimum 5-point calibration curve is created for the volatile organic 
compounds and surrogates using an internal standard technique.  SGS 
Accutest Laboratories routinely performs a 6-point calibration to 
maximize the calibration range. 

Historically, many analytical methods have relied on linear models of 
the calibration relationship, where the instrument response is directly 
proportional to the amount of a target compound. The linear model has 
many advantages including simplicity and ease of use. However, given 
the advent of new detection techniques and because many methods 
cannot be optimized for all the analytes to which they may be applied, 
the analyst is increasingly likely to encounter situations where the linear 
model neither applies nor is appropriate.  The option of using non-linear 
calibration may be necessary to address specific instrumental 
techniques.  However, it is not EPA's intent to allow non-linear 
calibration to compensate for detector saturation or avoid proper 
instrument maintenance. 

NOTE: Because of this concern, select programs including SC DHEC 
do not support the use of non-linear regressions. 
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The low point may be omitted from the calibration table for any 
compound with an LLOQ set at the level two standard.  Additionally, the 
high point may be omitted for any compound that exhibits poor linearity 
at the upper end of the calibration range. 

An entire level may be omitted provided that a minimum of 5 points 
remain. There must be technical justification to omit an entire level. 
This should be documented in the run log. 

Response factors (RF) for each analyte are determined as follows:

 RF = (Aanalyte X Cistd)/(Aistd X Canalyte) 

Aanalyte = area of the analyte
 Aistd = area of the internal standard 
Canalyte = concentration of the analyte
 Cistd = concentration of the internal standard. 

The mean RF and standard deviation of the RF are determined for 
each analyte.  The percent relative standard deviation (%RSD) of the 
response factors is calculated for each analyte as follows: 

%RSD = (Standard Deviation of RF X 100) / Mean RF 

If the %RSD  15%, linearity through the origin can be assumed and 
the mean RF can be used to quantitate target analytes in the samples. 
Alternatively, a calibration curve of response vs. amount can be plotted. 
This method allows for the use of average response factors, linear 
regressions, and non-linear regressions.  Linear regressions may be 
unweighted or weighted as 1/x or 1/x2. If the correlation coefficient (r) is 
0.995 (r2 0.990) then the curve can be used to quantitate target 

analytes in the samples. Regardless of which calibration model is 
chosen, the laboratory should visually inspect the curve plots to see 
how the individual calibration points compare to the plot. 

Alternatively, either of the two techniques described below may be used 
to determine whether the calibration function meets acceptable criteria. 
These involve refitting the calibration data back to the model.  Both % 
Error and Relative Standard Error (RSE) evaluate the difference 
between the measured and the true amounts or concentrations used to 
create the model. 

Calculation of the % Error 

% ERR = (xi-x’i) / xi  *  100 

x’i  = Measured amount of analyte at calibration level i, in mass 
or concentration units. 
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xi  = True amount of analyte at calibration level i, in mass or 
concentration units. 

Percent error between the calculated and expected amounts of an 
analyte should be ≤ 30% for all standards.  For some data uses, 
≤50% may be acceptable for the lowest calibration point. 

Calculation of Relative Standard Error (%RSE) 

x’i  = Measured amount of analyte at calibration level i, in mass 
or concentration units. 

xi = True amount of analyte at calibration level i, in mass or 
concentration units. 

p =  Number of terms in the fitting equation. 
(average = 1, linear = 2, quadratic = 3)

 n  =  Number of calibration points. 

The %RSE acceptance limit criterion is ≤15% for good performing 
compounds and ≤30% for poor performing (PP) compounds. 

7.5.1.3 Initial Calibration Verification (ICV) 

The validity of the initial calibration curve must be verified through the 
analysis of an initial calibration verification (ICV) standard. The ICV 
should be prepared from a second source at a mid-range 
concentration. 

The %D for all analytes of interest should be  20%.  If the %D > 20%, 
the analysis of samples may still proceed if the analyte failed high and the 
analyte is not expected to be present in the samples.  However, if a 
reportable analyte is detected in a sample and the %D for that analyte 
was greater than 20% in the ICV, the sample will need to be reanalyzed 
on a system with a passing ICV for that analyte. 

NOTE: For any DoD QSM project, the %D for all target compounds 
should be  20%.  If samples must be analyzed with an analyte of interest 
having a %D > 20%, then the data must be qualified accordingly. 

If the ICV does not meet this criteria, a second standard should be 
prepared.  If the ICV still does not meet criteria, analyze an ICV 

CONTROLLED COPY 
DO NOT DUPLICATE 



 
 
 
 

 

 

   

 
     

  

   
 

   

 
  

 

     
  

 
   

    
  

   
 

   

   
 

   

   
 
 

  
   

 
  

 
   

  
   

    

SGS ACCUTEST 
STANDARD OPERATING PROCEDURE 

FN: MS 010.7 
Rev. Date: 08/2017

Page 14 of 24 

prepared from a third source.  If this ICV meets criteria, proceed with 
sample analysis.  If the ICV still does not meet criteria, determine which 
two standards agree.  Make fresh calibration standards and an ICV 
from the two sources that agree.  Recalibrate the instrument. 

7.5.2 Continuing Calibration Verification (CCV) 

7.5.2.1 Inject 2ul of the tune evaluation mix at the beginning of each 12-hour 
shift.  Evaluate the resultant peaks against the criteria in section 
7.5.1.1.  The injection time of this standard starts the 12-hour window. 

When the analyst is running an unattended second 12-hour window, 
they may opt to purge the BFB standard.  This can be performed by 
purging an additional blank (which contains BFB) just prior to the 
second CCV. 

7.5.2.2 Analyze a continuing calibration check standard. The CCV should be at 
or below the mid-point of the calibration curve. 

The percent difference (%D) for each analyte of interest will be 
monitored.  The |%D| should be  20% for each analyte. 

If the first continuing calibration verification does not meet criteria, a 
second standard may be injected.  If the second standard does not meet 
criteria, the system must be recalibrated.  If the second standard meets 
criteria then the system is considered in control and results may be 
reported. 

Rationale for second standard such as instrument maintenance, clipped 
column, remade standard, etc should be documented in the run log or 
maintenance log.  Reanalysis of second standard without valid rationale 
may require the analysis of a third standard (in which case both the 
second and third standard would have to pass). 

NOTE: For any DoD QSM project, if the second standard meets criteria, 
then a third standard must be analyzed. If the third standard also meets 
criteria then the system is considered in control and results may be 
reported. 

If the |%D| is greater than 20%, then documented corrective action is 
necessary.  This may include recalibrating the instrument and 
reanalyzing the samples, performing instrument maintenance to correct 
the problem and reanalyzing the samples, or qualifying the data.  Under 
certain circumstances, the data may be reported, i.e., the CCV failed 
high, the associated QC passed, and the samples were ND. 

NOTE: For any DoD QSM project, if samples must be reported with a 
target analyte having a %D > 20%, then the data must be qualified 
accordingly, regardless of whether the analyte was detected or not. 
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NOTE:  Any target analytes that are detected in the samples must 
be bracketed by an acceptable initial calibration curve and 
acceptable CCV standards; otherwise, the samples must be 
reanalyzed or the data must be qualified. 

7.5.2.3 For DoD QSM 5.0 and 5.1 compliance, an additional CCV must be 
analyzed at the end of each run. The closing CCV should be within the 
12-hour Tune window. 

The %D for all target compounds in this CCV should be  50%.  If the %D 
> %50 for any target compound, then the samples should be reanalyzed 
at least once at the appropriate dilution. If the %D > %50 for the 
analytes in the reanalysis, the department supervisor shall review the 
data and determine what further action is necessary. This may include 
reanalyzing the samples at a higher dilution or qualifying the data. 

NOTE: If samples are ND and an analyte in the CCV fails high, then the 
sample does not need to be reanalyzed. 

7.5.2.4 If any of the internal standard area change by a factor of two (-50% to 
+100%) or retention time changes by more than 30 seconds (10 seconds 
for DOD QSM 5.1 compliance) from the midpoint standard of the last 
initial calibration or from the daily CCV, the mass spectrometer must be 
inspected for malfunctions and corrections made, as appropriate. 
Corrective action may include re-calibration (initial Calibration) of the 
instrument. 

7.5.3 Sample Analysis 

7.5.3.1 Samples are analyzed in a set referred to as an analysis sequence or 
batch.  A batch consists of the following: 

Tune Evaluation Mix 
Initial Calibration Standards (or CCV) 
QC Samples 
Samples 

7.5.3.2 One microliter of internal standard/surrogate solution is added to every 
5ml of sample in the sparge vessel.  Generally, 5ml of sample are 
transferred to the sparge vessel. 

7.5.3.3 After purging, the system will automatically reverse flow and rapidly 
heat the trap to desorb the sample analytes onto the GC column. 

7.5.3.4 Qualitative identification 

The target compounds shall be identified by analysts with competent 
knowledge in the interpretation of mass spectra by comparison of the 
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sample mass spectrum to the mass spectrum of a standard of the 
suspected compound. The criteria required for a positive identification 
are: 

The intensities of the characteristic ions of a compound maximize in the 
same scan or within one scan of each other.  Selection of a peak by a 
data system target compound search routine where the search is based 
on the presence of a target chromatographic peak containing ions 
specific for the target compound at a compound-specific retention time 
will be accepted as meeting this criterion. 

The sample component must elute at the same relative retention time 
(RRT) as the daily standard. The RRT of sample component must be 
within ± 0.06 RRT units of the standard. 

All ions monitored in the standard mass spectra should be present in 
the sample spectrum. 

The relative intensities of these ions must agree within ± 30% between 
the daily standard and sample spectra, (e.g., for an ion with an 
abundance of 50% in the standard spectra, the corresponding sample 
abundance must be between 20 and 80%). 

Structural isomers that produce very similar mass spectra should be 
identified as individual isomers if they have sufficiently different GC 
retention times.  Sufficient GC resolution is achieved if the height of the 
valley between two isomer peaks is less than 25% of sum of the two 
peak heights.  Otherwise, structural isomers are identified as isomeric 
pairs. 

If peak identification is prevented by the presence of interferences, the 
sample must be diluted so that the interference does not mask any 
analytes. 

7.5.3.5 Quantitative analysis 

When a target compound has been identified, concentration will be based 
on the integrated area of the quantitation ion, which is normally the base 
peak. 

The sample matrix may produce an interference with the primary ion. 
This may be characterized by an excessive background signal of the 
same ion, which distorts the peak shape beyond a definitive integration. 
The interference could also, severely inhibit the response of the internal 
standard ion. 

If the analyte response exceeds the linear range of the system, the 
extract must be diluted and reanalyzed.  It is recommended that 
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samples be diluted so that the response falls into the middle of the 
calibration curve. 

7.6 Maintenance and Trouble Shooting 

7.6.4 Refer to SOP GC001 for routine instrument maintenance and trouble shooting. 

7.6.5 All instrument maintenance must be documented in the appropriate “Instrument 
Repair and Maintenance” log. The log will include such items as problem, action 
taken, correction verification, date, and analyst. 

7.6.6 Repairs performed by outside vendors must also be documented in the log. The 
analyst or Department Supervisor responsible for the instrument must complete the 
log if the repair technician does not. 

7.6.7 PC and software changes must be documented in the “Instrument Repair and 
Maintenance” log.  Software changes may require additional validation. 

8.0 METHOD PERFORMANCE 

Method performance is monitored through the routine analysis of negative and positive control 
samples. These control samples include method blanks (MB), blank spikes (BS), matrix spikes 
(MS), and matrix spike duplicates (MSD).  The MB and BS are used to monitor overall method 
performance, while the MS and MSD are used to evaluate the method performance in a specific 
sample matrix. 

Blank spike, matrix spike, and matrix spike duplicate samples are compared to statistically 
generated control limits.  These control limits are reviewed and updated annually.  Control limits 
are stored in the LIMS.  Additionally, blank spike accuracy is regularly evaluated for statistical 
trends that may be indicative of systematic analytical errors. 

9.0 QUALITY ASSURANCE / QUALITY CONTROL 

Accuracy and matrix bias are monitored by the use of surrogates and by the analysis of a QC set 
that is prepared with each batch (maximum of 20 samples) of samples.  The QC set consists of a 
method blank (MB), blank spike (BS), matrix spike (MS), and matrix spike duplicate (MSD).  

9.1 Internal Standards 

9.1.1 Fluorobenzene, Cclorobenzene-d5, and 1,4-dioxane-d8 may be used as the 
internal standards for this method.  The response of the internal standard in all 
subsequent runs should be within a factor of two (-50% to +100%) of the internal 
standard response in the opening CCV for each sequence.  On days that an initial 
calibration is performed, the internal standard response should be compared to the 
internal standard response for the mid-point standard. 
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9.1.2 If the internal standard response is not within limits, the following are required. 

9.1.2.1 Check to be sure that there are no errors in calculations, integrations, 
or internal standards solutions.  If errors are found, recalculate the data 
accordingly. 

9.1.2.2 Check instrument performance.  If an instrument performance problem 
is identified, correct the problem and reanalyze the sample.  If the 
recovery is high due to interfering peaks, it may be possible to get a 
more accurate recovery by analyzing the sample on a different column 
type. 

9.1.1.3 If no problem is found, prepare a second aliquot of sample and 
reanalyze the sample.  If there is insufficient sample for reanalysis, 
footnote this on the report. 

9.1.1.4 If upon reanalysis, the responses are still not within limits, the problem 
is considered matrix interference.  The sample may need to be diluted 
or the results qualified. 

9.2 Surrogates 

9.2.1 Dibromofluoromethane, 1,2-dichloroethane-d4 and toluene-d8 may be used as the 
surrogate standards to monitor the efficiency of the purge-and-trap system. 

A known amount of surrogate standard is added to each sample including the QC 
set prior to purging.  The percent recovery for each surrogate is calculated as 
follows: 

% Recovery = (Sample Amount / Amount Spiked) X 100 

The percent recovery must fall within the established control limits for all 
surrogates for the results to be acceptable. 

9.2.2 If any surrogate recovery is not within the established control limits, the following 
are required. 

9.2.2.1 Check to be sure that there are no errors in calculations, dilutions, 
integrations, surrogate solutions or internal standard solutions.  If errors 
are found, recalculate the data accordingly. 

9.2.2.2 Check instrument performance.  If an instrument performance problem 
is identified, correct the problem and reanalyze the sample.  If the 
recovery is high due to interfering peaks, it may be possible to get a 
more accurate recovery by analyzing the sample on a different column 
type. 

9.2.2.3 If no problem is found, reanalyze the sample. NOTE: If the recoveries 
are high and the sample is non-detect, then reanalysis may not be 
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necessary. For any DoD QSM projects, the resulting data must be 
qualified accordingly.  If there is insufficient sample for reanalysis, 
footnote this on the report. 

9.2.2.4 If upon reanalysis, the recovery is still not within control limits, the 
problem is considered matrix interference.  Surrogates from both sets 
of analysis should be reported on the final report. 

9.3 Method Blank 

9.3.1 The method blank is de-ionized water or de-ionized water with 5 grams of Teflon 
chips (depending upon sample matrix) to which the surrogate standard has been 
added. An appropriate aliquot of methanol should also be added.  The method 
blank is then purged along with the other samples to determine any contamination 
from the system or ambient sources.  The method blank must be free of any 
analytes of interest or interferences at ½ the required LLOQ level to be acceptable. 
Common laboratory contaminants such as methylene chloride must be below the 
LLOQ if present.  Samples associated with a contaminated method blank shall be 
evaluated as to the best corrective action for each particular sample.  This may 
include reanalyzing the samples or qualifying the results with a “B” or “V” qualifier. 

9.3.2 If the MB is contaminated but the samples are non-detect, then the source of 
contamination should be investigated and documented.  The sample results can 
be reported without qualification. 

9.3.3 If the MB is contaminated but the samples results are > 10 times the 
contamination level, the source of the contamination should be investigated and 
documented.  The samples results may be reported with the appropriate “B” or “V” 
qualifier.  This must be approved by the department supervisor. 

9.3.4 If the MB is contaminated but the samples results are < 10 times the 
contamination level, the source of the contamination should be investigated and 
documented.  The samples should be reanalyzed for confirmation.  If there is 
insufficient sample to reanalyze, or if the sample is reanalyzed beyond hold time, 
the appropriate footnote and qualifiers should be added to the results.  This must 
be approved by the department supervisor. 

9.4 Blank Spike 

9.4.1 The blank spike is de-ionized water or de-ionized water with 5 grams of Teflon 
chips (depending upon sample matrix) to which the surrogate standard and spike 
standard have been added.  An appropriate aliquot of methanol should also be 
added. The blank spike is then processed along with the other samples to monitor 
the efficiency of the purge-and-trap procedure.  The percent recovery for each 
analyte is calculated as follows: 

% Recovery = (Blank Spike Amount / Amount Spiked) X 100 
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The percent recovery for each analyte of interest should fall within the established 
control limits for the results to be acceptable. 

NOTE: A secondary check against 70-130% limits should be performed for all 
analytes reported to SC DHEC. 

9.4.2 If the blank spike recoveries are not within the established control limits, the 
following are required. 

9.4.2.1 Check to be sure that there are no errors in calculations, dilutions, 
integrations, spike solutions, or internal standard solutions.  If errors are 
found, recalculate the data accordingly. 

9.4.2.2 Check instrument performance.  If an instrument performance problem 
is identified, correct the problem and reanalyze the sample. 

9.4.2.3 If the recovery of an analyte in the BS is high and the associated 
sample is non-detect, the data may be reportable.  For any DoD QSM 
projects, the resulting data must be qualified accordingly. 

9.4.2.4 If no problem is found, the department supervisor shall review the data 
and determine what further corrective action is best for each particular 
sample. That may include reanalyzing the samples or qualifying the 
results as estimated. 

9.4.2.5 If there is insufficient sample to reanalyze, or if the sample is 
reanalyzed beyond hold time, the appropriate footnote and qualifiers 
should be added to the results. This must be approved by the 
department supervisor. 

9.5 Matrix Spike and Matrix Spike Duplicate 

9.5.1 Matrix spike and spike duplicates are replicate sample aliquots to which the 
surrogate standard and spike standard have been added.  The matrix spike and 
spike duplicate are then processed along with the other samples to monitor the 
precision and accuracy of the purge-and-trap procedure. The percent recovery for 
each analyte is calculated as follows: 

% Recovery = ([Spike Amount – Sample Amount] / Amount Spiked) X 100 

The percent recovery for each analyte of interest must fall within the established 
control limits for the results to be acceptable. 

9.5.2 If the matrix spike recoveries are not within the established control limits, the 
following are required. 

9.5.2.1 Check to be sure that there are no errors in calculations, dilutions, 
integrations, spike solutions, or internal standard solutions.  If errors are 
found, recalculate the data accordingly. 
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9.5.2.2 Check instrument performance.  If an instrument performance problem 
is identified, correct the problem and reanalyze the sample.  If the 
recovery is high due to interfering peaks, it may be possible to get a 
more accurate recovery by analyzing the sample on a different column 
type. 

9.5.2.3 If no problem is found, compare the recoveries to those of the blank 
spike.  If the blank spike recoveries indicate that the problem is sample 
related, document this on the run narrative.  Matrix spike recovery 
failures are not grounds for reanalysis, but are an indication of the 
sample matrix effects. 

9.5.3 Precision 

Matrix spike and spike duplicate recoveries for each analyte are used to calculate 
the relative percent difference (RPD) for each compound. 

RPD = (| MS Result – MSD Result |  / Average Result) X 100 

The RPD for each analyte should fall within the established control limits.  If the 
RPDs fall outside of the established control limits, the department supervisor shall 
review the data and determine if any corrective action is necessary.  RPD failures 
are generally not grounds for batch reanalysis. 

10.0 CALCULATIONS 

The concentration of each target compound in the original sample is calculated as follows: 

Water (ug/l) = (CONCinst) X DF 

Soil (ug/kg) = [(CONCinst) X (5 / WI)] / %solids (low level soils) 

Soil (ug/kg) = [(CONCinst) X (VF / VA) X (5 / WI) X DF] / %solids (high level soils) 

CONCinst = Instrument concentration calculated from the initial 
calibration using mean RF or curve fit. 

DF = Dilution Factor 
VF = Volume of methanol extract (ul) 
VA = Volume of methanol aliquot (ul) 
WI = Weight of sample (g) 
%solids = Dry weight determination in decimal form 

For high level soils, VF is calculated as follows: 

VF = {ml of solvent  + [(%moisture X WI) / 100]} X 1000 ul/ml 
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11.0 SAFETY AND POLLUTION PREVENTION 

11.1 Safety 

The analyst should follow normal safety procedures as outlined in the SGS Health and 
Safety Program, which includes the use of safety glasses, gloves, and lab coats. 

The toxicity of each reagent and target analyte has not been precisely defined; however, 
each reagent and sample should be treated as a potential health hazard.  Material Safety 
Data Sheets (MSDS) or Safety Data Sheets (SDS) are available for all reagents and many 
of the target analytes.  Exposure must be reduced to the lowest possible level.  Personal 
protective equipment should be used by all analysts. 

11.2 Pollution Prevention 

Waste solvents from the sample analysis, methanol extraction, and standards preparation 
are collected in waste storage bottles and are eventually transferred to the non-
chlorinated waste drum. 

Old stock standards are disposed of in the waste vial drum. 

Samples are archived and stored for 30 days after analysis.  After the storage time has 
elapsed, the remaining aqueous and soil samples are transferred to the appropriate 
drums for disposal. 

12.0 REFERENCES 

SW846 Method 8000D Revision 4, July 2014 

SW846 Method 8260B Revision 2, December 1996 
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TABLE 1 

Routine Target Analytes 
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TABLE 2 

Characteristic Ions 

Analyte 
Quant. 

Ion Q1 Q2 Q3 
Fluorobenzene IS 96 70 
Methyl Chloride 50 52 
Vinyl Chloride 62 64 
1,1-Dichloroethene 61 96 98 63 
Methylene Chloride 49 84 86 51 
trans-1,2-Dichloroethene 61 96 98 63 
1,1-Dichloroethane 63 65 
cis-1,2-Dichloroethene 96 61 98 63 
Chloroform 83 85 47 
Dibromofluoromethane  Surr 113 111 192 
Carbon Tetrachloride 117 119 121 82 
1,1,1-Trichloroethane 97 99 61 
Benzene 78 51 
1,2-Dichloroethane-d4 Surr 65 67 102 
1,2-Dichloroethane 62 49 64 
Trichloroethene 95 130 97 132 
1,2-Dichloropropane 63 62 41 76 
cis-1,3-Dichloropropene 75 77 39 
Chlorobenzene-d5 IS 117 82 
Toluene-d8 Surr 98 100 
trans-1,3-Dichloropropene 75 77 39 49 
Tetrachloroethene 166 164 129 131 
1,1,2-Trichloroethane 83 97 61 99 
1,4-Dioxane-d8 IS 96 64 
1,4-Dioxane 88 58 43 
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For greater details refer to SOP QA042, current revision.  

 
  

 
 

             

 
 



 
 
 
 
 

               
 
 
 

 
 

 
 

 
  

 
      

            
 

 
   

 
 
 

 
 

  
 

 
  

 
 

 
             

 
 

  
 

 
 
 

 
 

  
 

 
            

 
 

 
              

 
 

  

 
 



 
 
 
 
 

 
              

             
 
 

 
 

  
 

  
 

            
  

 
  

 
               

 
 

 
  

 
  

 
  

              
             

            
             

 
 

  
 

  
 

 
  

 
               

 
 

  
 

 
  

 
 
 
 

 
 



 
 
 
 
 

 
 

            
  

    
        

 
 

 
 

 
 

 
 

 
 

 
 

               
              

 
 

  
 

 
                   

 
 

 
  

 
 

  
 

 
 

 
 

             
 
 

 
 
                

 
 
 

 
 

 
 



 

 

 

 

 
 
 
 
 

                 
     

 
 

 
  

  
 

 
 

               
 
 

  
 

   
 
 
 

 

  
 

   
 

 
   

 
  

  
           

               
 

 

             
               

 
 

 
 
 

 
 

                
              

  

 
 



 
 

 

 
 
 
 
 

             
 

 
 

             
 

                 
 
 

 
 

              
 
 
 
 
 

               
 

 
 

 
 Contingencies for handling out-of-control QC        

            
 

 
               

 
 
 
 

 This must be approved by the department supervisor.  
            

 
       This must be approved by the department 

supervisor 

  
              

 
 

           
  This must be approved by the department supervisor. 

               
This must be 

approved by the department supervisor.  

 
                

 

 
 



 
 
 
 
 

 
 

 
 

               
 

 
  

 
 

  
              

               
 

 
              

 
 
 

 
 

  
             

 
 
 

 
 

            
           

             
 

 
 

 
 

  
 

  
 

  
 

  
 

  
 

  

 
 



 
 
 
 
 

 
 

 
  

 
  

 
 

 
 

 
 

 
 

 

 
 
 

 
 

 
 

 
 
 

 
 

 

 

 
 

 
 

 
 
 
 

 

 
 

 
 

 

 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 
  

 

 
 

 

 

 
 
 

  
 

 

 
 

 
 

 
 

 
 

 
 

 

 
 



     

 
 
 
 
 

 

 
 

    

    
 

 
 

 

   

   

   
 

 
 

 

    

    

    

    

    

    
 

  

 
 

SGS Orlando Orlando 4405 Vineland Road Orlando, FL 32811, USA    t +1 (0)407 425 6700    www.sgs.com 

Member of the SGS Group (SGS SA) 

www.sgs.com


 
 
 
 
 

  
 

 

 
 

 
 

 
 

 
 

 
 

  
 

 
  

 
  

            
 

 
 

  
 

  
 

   
 

 
  

 
 

 
              

 
 
 

              
 
 
 

 
 

            
          

 
 



 
 
 
 
 

 

           
 

 

  
 

 
          

             
 

 
  

 
 

            
 

          
      

 
 

           
            

 
           

      
 

            
 

 
 

 
 
 

 
  

 
             
            

 
 

  
 

            
 
 

            
 

 

 
 



 
 
 
 
 

           
   

  
 

              
 
 
 
 
 
 

 
 

   
 

 
 

              
             

 
             

            

 
 

             
              

            
              

 
 

 
 

           

 
 

  
 
 

    
 

 
  

 
 

  
  
  
  
  

 
 



 
 
 
 
 

  
  
  

 
             

 
 

 
   

      
 
 

  

 

 
  

  
 

            
 

 
        

              
 

 
 

  
 

                
 

 
                

 
       

 
 

 
  

 
 

  
             

           
 

 
 

  
 

 
 



 
 
 
 
 

            
             
             

 
 

 
 

 

 
 

  
                  

              
 

 
  
  
  
  
  
  
  
  
  

  
 

 
 

 
 

  
  
  

 
  

 
  
  
  

 
  

                
           

 
 

  

 

             
 

 
 



 
 
 
 
 

             
            

             
 

 
  

  
 

  
     for foreign samples only      

 
 

  
 

  
 

 
 
 

  
 

  
            

                
 
 

             
 

 
              

            
 

 
  

            
                 
             

 
 

  
 

 
  

 
 

               
 

 
 

 
 



 
 
 
 
 

  
 

               
 

 
  

 
 
 

  
 

   
 

 
               

 
 

              
 

 
 
 

 
 



 
 
 
 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

  
  

 
 
 
 

  
  

  
   

 
 
 
 
 
 
 
 
 
 
 

  
  
  

  
  

    
    

    
  

   
   

 
 

   
   

 
 

 
 

 
 

  
  

  
  

  
   

 
 
 
 

   
  

    
   

 

 
 

 
 



    

 
 
 

 
 

 

 
 

    

 

 
 

 
 

 

  

    

 
 

  

 
 

  
 

 
 

 

    

     

    

    

    

    
 

  

 
 

SGS Accutest Orlando  4405 Vineland Road Orlando, FL 32811, USA    t +1 (0)407 425 6700    www.sgs.com 

Member of the SGS Group (SGS SA) 

www.sgs.com


 
 
 

 
 

  
 

  
 

 
 

  
 

 
 

 
  

 
 

 
 
 

  
 

  
 

  
             

 
 
 

  
 

 
 

 
 

  
 

  
   

 
            

         
 

 
  

 
               

 

 
 



 
 
 

 
 

              
 

 
 

  
             

 
 

 
 

          
 

 
  

 

 
 

  
 

  
 

   

 
 

 

               
 

               

 
 

  
 

 
 

  
 

    
             

  
 

               
 

 
    

 
             

 
 

            

 
 



 
 
 

 
 

 

 
 

             
            

            
 

 
  

 
  

 

 

  
   

 

               

 
 

  
 

  
 

  
           

               
 

 
            

 
 

  
 

 
 

 
 

            
                

            
        

 
 

 
  

   
 

  
 

 
 



 

 
 
 

 
 

  
 

 
 

 
 

 
   

 
  

 
   

 
 

 
Difference between Open and Closed type of drums is whether it is possible to remove 
entire lid or just threaded stopper. Drums are closed at all times while in storage. 
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Holly Dillon 
Environmental Scientist/SSHO 

    

   

   
   

  
 

   

 

  
    

WORK HISTORY 

  
  

     
 

  
 

    
  

   
  

  

 

    
    

  

  
  

  
     

  

  
   

  
   

          
  

Environmental Scientist/SSHO, Operable Unit Carbon Tetrachloride 
Plume (OUCTP) Evaluation, Injection, and Bioremediation, Former 
Fort Ord, USACE Sacramento, Marina, CA, 2014-present, $2.5M 

          
         

        
        

      

Environmental Scientist/SSHO, Sites 2/12 Remedial 
Investigation/Feasibility Study (RI/FS) Addendum, Former Fort Ord, 
USACE Sacramento, Marina, CA, 2013-2015, $1.2M 

          
        
            

         
          

          
         

         
        

        
        

        
       

      
           

      
      

        
        

Environmental Scientist/SSHO, Multiple Environmental Government 
Acquisition (MEGA) ID/IQ Environmental Services, USACE 
Sacramento, Hawthorne Army Depot, NV, 2014-2015, $97.7K 

         
        

       
    

Environmental Scientist/SSHO, Greely Hall, East Range Mine Shaft 
and South Range Landfill, Fort Huachuca, USACE Los Angeles, Fort 
Huachuca, AZ, 2013-2014, $1.3M 

          
       

       
      

        
     

Environmental Scientist/SSHO, POM/OMC Stormwater Compliance, 

 



Holly Dillon 
Environmental Scientist/SSHO 

USACE Sacramento, Former Fort Ord, CA, 2013-2014, $21K 

         
       

        
       
       

  

Environmental Scientist, Building 258 Source Area Remediation 
(SAR) Excavation, USACE Los Angeles, Fort Hunter Liggett, CA, 2012-
2013, $5M 

         
         

        
        

         
        

Environmental Scientist/SSHO, O&M - Riverbank Army Ammunition 
Plant, USACE Sacramento, Riverbank, CA, 2009-present, $1.2M 

        
        

         

Environmental Scientist/SSHO, Building 258 Monitoring Well 
Installation, UVOST, MIP, HPT profiling, USACE Sacramento, Fort 
Hunter Liggett, CA, 2011-2012, $5.8M 

         
         

        
        

      
       

          
        

          
   

Environmental Scientist/SSHO, FAA Anchorage, FAA Release 
Investigation, McGrath, AK, 2011, $760K 

         
       

        
        

       
       

       
       

         
  

Environmental Scientist/SSHO, Fort Hunter Liggett Building 194 
Chemical Injections, USACE Sacramento, Fort Hunter Liggett, CA, 
2011-2012, $360K 

 



Holly Dillon 
Environmental Scientist/SSHO 

         
         

         
        

        
       

      
        

  

Environmental Scientist/SSHO, Building 258 Groundwater 
Monitoring and Reporting, USACE Sacramento, Fort Hunter Liggett, 
CA, 2010-2013, $750K 

      
         

        
        

   

Environmental Scientist/SSHO, OUCTP Monitoring Well Installation, 
USACE Sacramento, Former Fort Ord, CA, 2010-2011, $1.6M 

         
        

    
        

      
       

         

Environmental Scientist/SSHO, Landfill Post-Closure Monitoring, 
USACE Sacramento, Fort Hunter Liggett, CA, 2010-2011, $750K 

        
           

          
        

       

Environmental Scientist/SSHO, Building 258 Soil Vapor Extraction 
System (SVE) Operation and Maintenance, USACE Sacramento, Fort 
Hunter Liggett, CA, 2009-2011, $750K 

        
         

       
        

         

Environmental Scientist/SSHO, Building 194 Groundwater 
Monitoring and Reporting, USACE Sacramento, Fort Hunter Liggett, 
CA, 2009-2011, $207K 

       
        

         
        

       

 



Holly Dillon 
Environmental Scientist/SSHO 

Environmental Scientist/SSHO, Del Monte Shopping Center 
Groundwater Monitoring, USACE Sacramento, Monterey, CA, 2009-
2010, $6.7K 

       
          

      
     

       
      

         

Environmental Scientist/SSHO, Fort Hunter Liggett Building 194 Well 
Repair, USACE  Sacramento,  Fort Hunter Liggett, CA, 2009, $7.5K  

        
         

       

Other Relevant Work Experience 2001-2009 

Laboratory Technician, Volt Workforce Inc. (California American 
Water), CA, 2008-2009 

       
       

          
      

        
      
      

   

Student Intern, California State University Monterey Bay, CA, 2007-
2010 

        
      

       
        

        
     
          
 

Environmental Scientist, MACTEC Engineering and Consulting, CA, 
2005-2007 

       
          

           
        

         
            

      
       

       
        

        

 

https://FortHunterLiggett,CA,2009,$7.5K


Holly Dillon 
Environmental Scientist/SSHO 

      
       

        
        

        
     

         
        

Engineering Intern, City of Menlo Park, CA, 2004-2005 

        
        

        
       

       
       

      
         

Laboratory Assistant, Yoh Scientific/ICF Consulting (USEPA), 2002-
2004 

       
        

      
      

          
          

      
      

        

Laboratory Assistant, PTRL West, 2001 

      
      

   

 



Mark Fisler 
Field Supervisor 

EDUCATION 

    
 

CERTIFICATIONS, LICENSES, 
TRAINING 

   

   
   

 
    

 
   

  
   

    
     

  

WORK HISTORY 

   
  

   
  

  

  
   

   
    

EXPERIENCE SUMMARY 

       
        

        
      

         
       
         

PROJECT EXPERIENCE 

Senior Plant Operator/Field Supervisor, Groundwater Treatment 
System Operation and Maintenance, USACE Albuquerque and 
Sacramento, Former Fort Ord, Marina, CA, 2002-present, $16M 

           
        

       
      

      
         

      
          

     

          
          

         
    

Field Supervisor, Groundwater Monitoring, USACE Albuquerque, 
Former Fort Ord, Marina, CA, 2010-present, $10M 

        
        

       
         

       
   

Senior Plant Operator, Groundwater Treatment System Operation 
and Maintenance, sub to Geosyntec Consultants, Hollister, CA, 2013-
present, $50K 

       
         
        

        
         
        

          
          

       
        

     

 



Mark Fisler 
Field Supervisor 

        
        

 

Field Supervisor, Groundwater Treatment System Operation and 
Maintenance, Riverbank Army Ammunition Plant, USACE 
Sacramento, Riverbank, CA, 2004-present, $8M 

          
       
        

      
      
         

  

         
          

         

Field Supervisor, Site 12 Remedial Investigation/Feasibility Study 
Addendum, Former Fort Ord, USACE Sacramento, Marina, CA, 2012-
present, $1.2M 

            
          

         
         

        
 

Senior Plant Operator/Field Supervisor, Soil Vapor Extraction System 
Operation and Maintenance, USACE Albuquerque and Sacramento, 
Former Fort Ord, Marina, CA, 2015-present 

            
        

       
      

         
     

         
          

         
    

        
            

         
   

        
      

           
      

Field Supervisor, Monitoring Well Installation and Development, 
USACE Sacramento, Former Fort Ord, Marina, CA, 2010-2011, $1.6M 

 



Mark Fisler 
Field Supervisor 

        
        

       
         

 

         
         

          

 



Charles Holman 
Vice President, Southwest Environmental Operations 

EDUCATION 

 

  
    

CERTIFICATIONS, LICENSES, 
TRAINING 

    

  
    

   
   

  

WORK HISTORY 

  
 

  

  
  

  

  
 

   

   
  

  
  

   

  

  
   

   

EXPERIENCE SUMMARY 

            
      

  
        

      
       
         

      
        

          
        

     
      

       
         

          
      

           
   

           
         

      

PROJECT EXPERIENCE 

Vice President, Southwest Environmental Operations, Pleasant Hill, 
CA, 2015-present 

            
           

           
        

        
        

        

Program Manager, Two MESA IDIQs, USACE Los Angeles, AZ and CA, 
9/2013-present, $20M 

        
         

          
            

         
       

         
 

Program Manager, Environmental Remediation Services IDIQ, 
USACE Sacramento, Multiple Locations, CA, 2006-present, $23M 

        
      

     
        

 



Charles Holman 
Vice President, Southwest Environmental Operations 

       
        

        
       

       

       
          

        
          

   

Program Manager, Environmental Services IDIQ – Former Fort Ord, 
USACE Albuquerque, Marina, CA, 2010-present, $10M 

        
         

        
      

         
          

      

          
    

         
  

Ahtna Government Services Corporation/Ahtna Engineering 
Services, LLC (Ahtna), Environmental Program Manager 

        
     

       
       

        
          

        
        

      
     

      
      
       

Program/Project Manager, Pacific Gas and Electric Company Storm 
Water Pollution Prevention Services and Support, Various Locations, 
CA, 2009-2011, $2.6M 

       
         

     
     

       
         

      

            

 



Charles Holman 
Vice President, Southwest Environmental Operations 

     
      

       
       

         
      
     

       
        

      
  

Program/Project Manager, Performance-Based Multiple Award 
Contract (PERMAC) for Environmental Remediation Services at Naval 
and Marine Corps Installations in California, Arizona, Nevada, New 
Mexico, and Utah, NAVFAC Southwest (Sub to AMEC), 2008-2009, 
$13M 

       
        

         
    

         
         

        
     

           
      

    

Nuclear Quality Services Director, Parsons Brinckerhoff, California 

          
       

        
       
       

      
        

        
       

      
      

        
     

         
       

       
    

          
  

        
       

    

 



Charles Holman 
Vice President, Southwest Environmental Operations 

Senior Technical Manager, TN and Associates Inc., 
Senior Technical Manager, Hunters Point Shipyard, Tetra Tech ECI, 
San Francisco, CA, $4M 

       
       

       
           

  

        
      

          
         

Shaw (IT) Environmental 
Site Manager, Environmental Compliance, Alameda Naval Air 
Station, Alameda, CA 

      
           

       
          

        
        

        
       

 

          
         

Construction Manager, Sulphur Bank Mercury Mine Superfund Site, 
USEPA, Clear Lake, CA 

         
        

          

Senior QC Manager, Fort Ord, Monterey, CA, $50M 

           
        

       
         

      
        

          
        

         
      

        
         
        

     

 



Charles Holman 
Vice President, Southwest Environmental Operations 

QC Manager, Presidio of San Francisco, San Francisco, CA 

        
        

          
       

        
        

       
        

         
           

  

          
       

QC Manager, Hamilton Army Airfield, Novato, CA 

         
        

   

Field Supervisor, Kaiser Engineers, CA 

      
     

       
       

 
     
        
      

 



Sylvester Kosowski 
Project Manager/Senior 

EDUCATION 

   
  

  

  
   

  
    

CERTIFICATIONS, LICENSES, 
TRAINING 

   
    

   

 A    
 

  
   

 

WORK HISTORY 

  
 

   

 

   
    

  

  
    

  
   

 
   

   

   

  
  

 

  

 
  

   

Environmental Scientist 
EXPERIENCE SUMMARY 

       
       

     
       

 
     

      
     
    

     
    

      
    

agencies. 
      

     
     

      
     

  
   

     

    
      

      
      

     
    

     
   

PROJECT EXPERIENCE 

Project Manager/Senior Environmental Scientist, Sharp Army Depot 
Groundwater and Soil Remediation, USACE Sacramento, Lathrop, CA 
5/2016-present, $ 10 M 

      
        

      

      
     

      
  

      
     

      

 



Sylvester Kosowski 
Project Manager/Senior 

Environmental Scientist 
 

 

      

              
        

      
            

         
    

      
  

Senior Project Manager, RCRA Hazardous Waste Facility 
Management and IRP Program Support, NAF El Centro CA, NAVFAC 
SW San Diego, CA, 2011–2016, 
$ 6.0  M  

       
        

       
       
         
       

        
        

     
      

    
    

      
      
      

      
     

       
      

    

      
   

personnel.      
       

     
     

     

 



Sylvester Kosowski 
Project Manager/Senior 

Environmental Scientist 
 

      
      

     
     

       
    

      
     
      
     

     
     

     
     

 

Senior Project Manager, Site 25 OU8 and Multiple Sites in OU5, OU 
10 and OU 8 RI/FS, PP, ROD, IRAs RD, RA, RAO and LTM, 
AFCEE/AFCEC San Antonio, TX, Edwards Air Force Base, Edwards, CA, 
2008-2011, 
$ 10 M  

      
          

        
        

      
        

       
      

       
        

     

        
    

     
    

     
     

    
     

    

     
      

      

 



Sylvester Kosowski 
Project Manager/Senior 

Environmental Scientist 
    

     
    

     
    

     
   

      
     

     
      

    
     
      
       

Remedial Project Manager, Multiple Sites in Multiple OUs RI/FS, PP, 
ROD, IRAs RD, RA, IRAs, RAO and LTM, NAVFAC SW and BRAC PMO 
West San Diego, CA, NWS Seal Beach Detachment Concord, CA, 
2006-2008, $ 10 M 

         
          

        
      

      
         

         
         

         
      

      
        

         

        
        

      
   

       
        

   
  

     
     

 



Sylvester Kosowski 
Project Manager/Senior 

Environmental Scientist 
     

  
     

      
     

      
  

      
     

       
       

    
     

  
      

     
    

 
      

       

      
      
      

     
     
      

Senior Remediation Project Manager, OU4 and OU 9 AFRL RI/FS, PP, 
ROD, IRAs RD, RA, RAO and LTM, AFCEE/AFCEC San, AFCCE San 
Antonio, TX, Edwards AFB, Edwards, CA, 2000-2006, $ 30 M 

      
       
       

         
      

      
      

       
     

       
         

       

         

 



Sylvester Kosowski 
Project Manager/Senior 

Environmental Scientist 
      

     
       

    
   

     
   

        
       

    
     

      
     

       
  

Project Manager, Multiple Private and Government Clients, Los 
Angeles, CA, 1997 – 2000, $ 12 M 

       
         

      
       

        
         

          
           

          
            

 

       
      

      
    

     
    
     

      
      

     
    

Vice President Engineering, Multiple Private and Government Clients 
and Projects, Schaumburg IL, and Newport Beach, CA, 1993-1997, $ 
10 M 

       

 



Sylvester Kosowski 
Project Manager/Senior 

Environmental Scientist 
      

         
        

       
      

       
       

      

      
      

    
      

    
     

  

     
       
     

     
      
    

    
      

 

Project Engineer/Project Manager, Multiple Private and 
Government Clients and Projects San Mateo, CA, 1989 – 1993, 
$ 5.0  M  

         
        
       

     
        

      
       

         
       

       
   

         
  

      
       

 



Sylvester Kosowski 
Project Manager/Senior 

Environmental Scientist 
     

    
     

   

      
    RCRA 

minimum standards. Developed 
       

      

Staff Engineer/Hydrogeologist, NPL Site Former Firestone Plant 
Salinas, CA, 1986-1989, $ 2.0 M 

         
       

       
      

           
   

        
        

     
    

  

     
     

     
     

     
     

     

 



Derek Lieberman, PE 
Senior Project Manager/Regulatory Specialist 

EDUCATION 
   

   
  

   
 

  
  

   
   

  
 

  
REGISTRATIONS 

  
   

  

  
CERTIFICATIONS, LICENSES, 
TRAINING 

  

   

   
   

  

 
   

    
   

   
    

  
  
   

 

  
  

    
  

   

WORK HISTORY 
  
    

 
   

    

EXPERIENCE SUMMARY 

       
       
     

     
   

         
       

        
          

         
      

      
        

         
       

      
    

       
          

       
     

       
        

       
        
         

        
 

PROJECT EXPERIENCE 

Director, Environmental Services, Former Fort Ord, Multiple 
Consecutive USACE Sacramento and Albuquerque Districts, Marina, 
CA, 2008-present, $10M 

       
       

      
       

        
       
       

         
       

        
         

       
         

   

Project Manager, O&M of GWTS and SVETS, Former Fort Ord, 
Multiple Consecutive USACE Sacramento, Marina, CA, 2007-present, 
$20M (multiple consecutive awards) 

 



Derek Lieberman, PE 
Senior Project Manager/Regulatory Specialist 

   

 

    
    

   
 

    

     

   

  
   

  
 

  
  

    

          
         
         

         
      
       

      
      

       
       

      
      

        
       

        
     

           

        
   

          
     

         
        

      
          

Project Manager, O&M of Landfills and Landfill Gas Extraction and 
Treatment System, Former Fort Ord, USACE Sacramento, Marina, 
CA, 2015-present 

            
        

          
        
       
        
      

       
      
        

        
 

        
    

          
         

   
Senior Environmental Engineer, Optimization of GWTS and SVETS, 
Former Fort Ord, Multiple Consecutive USACE Sacramento 
Environmental Services Contracts, Marina, CA, 2007-present 

       
          

 



Derek Lieberman, PE 
Senior Project Manager/Regulatory Specialist 
      

        
       

        
        
        

         
      

    

       
       
      

             
           

       
        

         
           
          

       
       

      
          

           
     

        
       

         
           

          
 

Project Manager/Environmental Engineer, Installation of 
Monitoring  Wells, Former  Fort Ord, USACE  Sacramento, Marina, CA,  
2010-2011, $1.6M 

          
         

         
          

         
         

          
        

       
       

       
          
        

        
        

         
          

 



Derek Lieberman, PE 
Senior Project Manager/Regulatory Specialist 

            
       

        
       

          
          

          
          

        

Project Manager, Groundwater Monitoring Program, Former Fort 
Ord, USACE Sacramento, Marina, CA, 2010-present, $900K 

         
          

      
         

        
        
       

Project Manager, Soil Gas Investigation and Vapor Intrusion 
Analysis, Former Fort Ord, USACE Sacramento, Marina, CA, 2008-
2009, $30K 

           
        

          
         

       
         

          
         

          
         

         
         

Community Relations Specialist, Former Fort Ord, USACE 
Sacramento, Marina, CA, 2004-present, $250K (multiple awards) 

        
        

         
       

           
     
       

Environmental Compliance Manager, Property Transfer, Former Fort 
Ord, USACE Sacramento, Marina, CA, 2003-present, $450K (multiple 
awards) 

          
      

       
         

         

 



Derek Lieberman, PE 
Senior Project Manager/Regulatory Specialist 

          
        

         
        

       
        

      
          

         
        

           
         

        
       

         
        

         
         

          
       

        
        

         
      

        
         

        
        

         
       

 

Environmental Compliance Manager, CERCLA Decision Documents, 
Former Fort Ord, USACE Sacramento, Marina, CA, 2006-2010 

        
             

       
            

        
       

         
       

        

Project Manager, Remedial Investigation/Feasibility Study (RI/FS) 
Addendum at Sites 2/12, Former Fort Ord, USACE Sacramento, 
Marina, CA, $1.2M, 2013-2014 

          
          

         
       

          
           

 



Derek Lieberman, PE 
Senior Project Manager/Regulatory Specialist 

         
        

       
          

     

          
          

    
           

           
           

        
 

        
       

       
          

         
      

     

Project Manager, Groundwater Remedy Addendum at Sites 2/12, 
Former Fort Ord, USACE Sacramento, Marina, CA, 2015, $1.2M 

             
         
          

       
          
      

         
        

          
        

          
         

     

Qualified SWPPP Developer (QSD), Multiple federal and commercial 
clients, Marina, CA 

        
         
           

       
         

         
        

          
       
         

 

Quality Control Engineer, Fort Hunter Liggett Building 194 
Groundwater Monitoring and Reporting, USACE Sacramento, Fort 

 



Derek Lieberman, PE 
Senior Project Manager/Regulatory Specialist 

Hunter Liggett, CA, $285K (multiple task orders) 
        

       
      

      
  

Quality Control Engineer, Fort Hunter Liggett Building 258 Soil Vapor 
Extraction System Operations and Maintenance, USACE Sacramento, 
Fort Hunter Liggett, CA, 2010-2011, $478K 

       
         

        
        

        
       

Quality Control Engineer, Operations and Maintenance of Fort 
Hunter Liggett Landfill, USACE Sacramento, Fort Hunter Liggett, CA, 
2010-2012, $109K 

       
         

        
      

      
   

Quality Control Engineer, O&M of Riverbank Army Ammunition 
Plant, USACE Sacramento, Riverbank, CA, 2007-2012, $4M 

         
       

        
      

Quality Control Engineer and Regulatory Specialist, RCRA Hazardous 
Waste Facility Permit Closure, Riverbank Army Ammunition Plant, 
USACE Sacramento, Riverbank, CA, 2011-2013, $4M 

        
        

       
 

Senior Environmental Compliance Specialist, Fort Ord Office, U.S. 
Army Base Realignment and Closure, J.M. Waller Associates, Inc., 
College Park, GA, 2003-2006 

        
       

        
         

       
       
       

          
         

 



Derek Lieberman, PE 
Senior Project Manager/Regulatory Specialist 

         
 

        
          

          
      

         
        

    
     

    
         

       
          

        
       

         
         

Economist, U.S. Department of Agriculture, Foreign Agricultural 
Service, Commodity and Marketing Programs, Forest and Fishery 
Products Division, Washington, DC , 2001 - 2003 

       
          
         

        
       

         
          

        
             

      

Environmental Exchange Participant, Lake Baikal, Russia and Lake 
Tahoe, United States, Tahoe-Baikal Institute, South Lake Tahoe, CA, 
2000 

       
        

     
       

       

            
       

      
         

        
        

       
      

       
     

        

 



Derek Lieberman, PE 
Senior Project Manager/Regulatory Specialist 

        
          

       
       

       
     

       
          

       
         

      
         

         
       

        
       

       
          

Project Engineer, Harding Lawson Associates (now AMEC), 
Petaluma, CA, 1991 - 1999 

      
      

      
        

     
        
        

        
        

         
       

     
       

       
      

     
        
        

      
        

        
          

         
        

         
        
       
         

      

Assistant Engineer, Herzog Associates, Petaluma, CA, 1989 - 1991 

       

 



Derek Lieberman, PE 
Senior Project Manager/Regulatory Specialist 

      
        

       
    

        
     
      

    



Christopher Ohland  
Senior Program Chemist  

EDUCATION  

 
 

CERTIFICATIONS,  

LICENSES, TRAINING  

 

 

 

 
 

 

 
 

  

WORK HISTORY  

 

 

 

 

 

  

  

 

EXPERIENCE SUMMARY  

  
 

 
 

 
 

 
 

  
 

 
 

WORK EXPERIENCE  

Ahtna Environmental Inc. – Pleasant Hill, CA Senior Program  
Chemist  

 
 

 
 

E Data Inc. – San Francisco, CA Technical Director  

 
 

 
 

 
 

 
 

 
 
 

 

Sullivan – San Francisco, CA Project Manager / Program Chemist  
 

 
 

 
 

 
 

 
 

 

 
 

 



Christopher Ohland  
Senior Program Chemist  

 
 

 
 
 

 
 

OTIE, Inc. – Project Manager / Program Chemist  

 
 

 
 

 
 

 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 

 

 

 
  
 

 
 

  

 
 

 
 



Christopher Ohland  
Senior Program Chemist  

 
 

 
 

 
 

 

Katalyst Analytical Laboratory, Inc. Laboratory Operations  
Director  

 
 
 
 

 
 

 
 

CH2M Hill, Inc. Sr. Project Scientist.  

 
 

 
 
 

 
 

 
 

 

Hazleton Laboratory America, Inc. – Project Scientist  

 
 

 
 

 
 



EDUCATION 

  
  

  
   

   
   

TRAINING 

  

    

    

    
   

 
   

  

  
   

    
 

   

  
   

WORK HISTORY 

  
   

    

   
    

    

   

   

 

  
    

 
  

   

  
     

   

  
   

Eric Schmidt 
Chemist 

EXPERIENCE SUMMARY 

          
    

  
       

   
          

         
      

       
       

      
      

      
      

   

PROJECT EXPERIENCE 

Project Chemist/Senior Scientist, Former Fort Ord, Presidio of 
Monterey, CA, 9/97 - present 

       
      

     
    

        
        

          
       

       
      

        
        

        
     

      
         

   

Programmer, Treasure Island, San Francisco, CA, 2013 – 2014 

      
        
        

GIS/Database Manager, Former Fort Ord, Presidio of Monterey, CA, 
8/2006 – 8/2009 

    
        

      
      

          
        

 



Eric Schmidt 
Chemist 

   
 

 
   

 

Data Management/Programming, 8/2006 – 8/2009 

         
          

       
         

        
         

         
         

  
       

Task Manager, Former Fort Ord, Presidio of Monterey, CA, 2006 – 
2007 

       
         

        
        

       
      

  

MEC Removal Database Manager, Former Fort Ord, Presidio of 
Monterey, CA, 8/2005 – 9/2008 

         
         

          
          

        
        

    

Senior Staff Scientist, Hamilton Army Airbase, Novato, CA, 8/1995 – 
9/1997 

       
        

        
         

      
 

Supervisor/Chemist, AK, 10/1988 – 8/1992 

            
        
      

          
         

       
       

Field work          
        

         



Eric Schmidt 
Chemist 

       
      



Zachary T. Carroll - Staff Database Analyst II 
13 total years of experience 

EDUCATION 
Bachelor of Art, History (Social Science Program), 1999, California State University, Sonoma 

BIOSKETCH 
Mr. Carroll is a Data Management Specialist and Data Validation Technician who has been maintaining data 
integrity and production of scheduled reports in a timely manner since 2000. He has reviewed all aspects of 
program databases for accuracy, advised on future database design needs, performed data validation, wrote and 
presented reports, and answered questions regarding analysis. 

PROJECT EXPERIENCE 

Data Validation Technician: Casmalia Resources Superfund Site Maintenance, Remedial 
Investigation/Feasibility Study (RI/FS), Groundwater Monitoring, Casmalia, California. Responsible for 
providing quality assurance (QA) and quality control (QC) review relative to analytical laboratory data. Performed 
Level III and Level IV data review in accordance with the project work plan, the project field sampling plan, and 
the principals presented in the USEPA National Functional Guidelines for Superfund Organics Data Review and 
the USEPA National Functional Guidelines for Laboratory Data Review, Inorganics. Scope: Work performed in 
support of site maintenance and management, RI/FS, regulatory compliance and support of investigation at a 252-
acre, former Class I Superfund, Hazardous Waste Management Facility comprising five separate landfills and 
which included approximately 40,000 tons of industrial waste on site (with acids, caustics, solvents, pesticides, and 
metals). Implemented 24-hour operating leachate collection and contaminated groundwater treatment system, and 
over 300 monitoring wells. 

Data Validation Technician: Universal Paragon Corporation / BP PLT-1, LLC Former Schlage Lock and 
Southern Pacific Brisbane Rail Yard Operable Units (OUs) Brownfield Soil and Groundwater Remediation 
Services, San Francisco, California. Responsible for providing data review summary reports describing analytical 
performance expressed in terms of precision, accuracy, representativeness, comparability, completeness, and 
sensitivity (PARCCS). Scope: Engineering efforts in development of a strategic roadmap to help close the real 
estate deal and transfer of environmental liability to BP/MACTEC Team for redevelopment. Brownfield site is 
scheduled to be redeveloped into a $450 million mixed-use development, including 1,200 residential homes and 
public open space. Conducted remedial investigation (RI) and feasibility studies (FSs) to identify final remedies for 
volatile organic compound- (VOC) impacted soil and groundwater and metal-impacted soils. The selected remedial 
action will entail in-situ bioremediation of VOC-impacted groundwater using enhanced reductive de-chlorination 
by injecting soybean oil into the subsurface to enhance natural microbial activities. 

Database Specialist/Data Validation Technician: U.S. Army Corps of Engineers - Sacramento District, Fort 
Ord Groundwater Sampling, Analysis and Reporting, Fort Ord Site (Seaside), California. Responsible for 
providing data review in accordance with the Uniform Federal Policy for Quality Assurance Project Plans; 
generating quarterly output and maintaining the project libraries for the project’s Automated Data Review (ADR) 
software; writing of the Quality Control Summary Report for inclusion in the Quarterly Report; and conducting 
ongoing data loading in SQL and Access databases. Scope: Continuation of ongoing groundwater sampling, 
analysis, and reporting program at Fort Ord site. Quarterly sampling and analysis conducted at more than 300 
stations along with evaluation of treatment systems operation. 

Database Technician/Data Validation Technician: Former Chemical Manufacturing Facility Perchlorate 
Investigation, Remediation, Morgan Hill, California. Responsible for providing Level III and Level IV data 
review in accordance with the USEPA National Functional Guidelines for Laboratory Data Review, Inorganics; 
troubleshooting data validation issues with laboratory personnel; MAROS Mann-Kendall Analysis for determining 
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trends in analyte concentration levels; performing quarterly reporting of QA/QC findings; regulatory uploading of 
data packages and written reports to Geo-Tracker online website; and data loading and QC tracking in SQL and 
Access databases. Work is being done in support of a Remedial Investigation to delineate lateral and vertical extent 
of perchlorate in soil and groundwater at the site of a former flare manufacturing facility. Perchlorate has been 
detected in onsite soil and onsite and offsite groundwater. 

Database Specialist/Data Validation Technician: Confidential Client, Former Manufacturing Facility, 
Groundwater Investigation and Remediation, Northern California. Responsible for ongoing uploading of 
chemistry data to SQL database and providing database support in implementation of SQL database relating both 
historical and incoming chemistry data in support of regulatory review and environmental support services for a 
former industrial building products manufacturer; Level II and Level III data validation performed in accordance 
with the project’s Quality Assurance Project Plan and the USEPA National Functional Guidelines for Superfund 
Organics Data Review and writing of quarterly data review summary. Services provided include groundwater 
testing and sampling pertaining to nearby groundwater plume impacted by solvents (PCE and TCE). 

Database Specialist/Data Validation Technician: Groundwater Monitoring Program, Los Angeles, 
California. Responsible for reviewing data for compliance with laboratory control limits and method compliance in 
accordance with USEPA Level II review; quarterly reporting of validation summary for groundwater data to assist 
client with making project decisions; MAROS Mann-Kendall analysis to determine trends in chemicals of concern 
on a quarterly basis. Work is being done in support of O&M of Soil Vapor Extraction (SVE) system and vapor 
enhanced recovery (VER) system and semi-annual groundwater monitoring program. Site occupies several acres on 
property converted from manufacturing operation (including buildings) to present day asphalt-covered commercial 
parking lot. 

Database Specialist/Data Validation Technician: Site A Environmental Site Assessment and Remediation, 
Torrance, California. Responsible for quarterly reporting of validation summary for groundwater data to assist 
client with making project decisions; review of data for compliance with laboratory control limits and method 
compliance, in accordance with USEPA Level II review. Work being done in support of soil and groundwater 
contamination remediation at a 3.2 million square feet industrial complex site comprised of numerous 
manufacturing buildings. Services included indoor air monitoring for VOCs. 

Database Technician: IBM Corporation Phase I Environmental Site Assessments, Groundwater Treatment 
System O&M and Monitoring, San Jose, California. Provided database support, including data loading, QC, 
reporting, and archiving. Created and delivered to the client a data extract from SQL database in EQuIS data 
format. Scope: Phase I Environmental Site Assessments and other environmental services for leased properties at 
end of lease, prior to being returned to owner. Sites have included offices and manufacturing facilities. Activities 
included well installation and abandonment; O&M of groundwater extraction system; management of Self-
Monitoring Program; and various on-call services to support client's environmental program. MACTEC services 
saved IBM an average of $40,000-$50,000 a year over a four-year period in monitoring and O&M costs by 
negotiating closure of over 150 monitoring wells. 
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Jeffery J. Fenton - Senior Geologist 
27 total years of experience 

EDUCATION 
Bachelor of Science, Geology, 1981, Oregon State University, Corvallis 

CERTIFICATIONS 
HAZWOPER 40 Hour 
HAZWOPER 8 Hour Refresher 
HAZWOPER 8 Hour Supervisor 
OSHA Confined Space Entry 

BIOSKETCH 
Mr. Fenton is a Senior Geologist and Project Manager with over 27 years of experience. He is responsible for 
designing and managing programs, developing work plans, performing record searches and evaluation of storage 
and handling of hazardous wastes, supervising field work and data reduction, and participating in agency and public 
meetings. He has managed numerous large and small HTRW projects, including the evaluation and characterization 
of sites with hydrocarbon, solvent, metals, pesticide, PCB, explosive compound, and low-level radioactive wastes. 
His responsibilities have included preparing RI/FS and site characterization reports, confirmation reports, IA 
Approval Memos, Environmental Baseline Surveys, FOSTs, FOSLs, FOSETs, environmental compliance reports, 
BRAC Cleanup Plans, site safety plans, and confirmation reports in compliance with BRAC, DoD, CERCLA, 
RCRA, USACE, EPA and State and local guidance. He has managed tasks involving industrial facilities, landfills, 
munitions response sites, service stations, food processing plants, and agricultural facilities for federal DoD 
agencies (e.g., USACE, Army, and Navy) and private sector clients. 

PROJECT EXPERIENCE 
Project Manager: Ahtna Engineering Services, Fort Ord Groundwater Monitoring Program, Sites 2 and 12, 
OU2 and OUCTP. Responsible for the monitoring and characterization of three groundwater plumes at the former 
Fort Ord, CERCLA site. Manage the collection of groundwater elevations and the chemical sampling of a network 
of over 300 monitoring wells on a quarterly basis. Samples are analyzed for a variety of inorganic and organic 
compounds. Groundwater elevation and chemistry data are compiled for inclusion into quarterly and annual 
monitoring reports that include groundwater elevation contour maps and iso-concentration plots of the data 
collected for each plume and for each aquifer affected. Responsible for overall project quality control, validation of 
analytical data and submittal of the quarterly and annual reports to the client, regulatory agencies and the public. 

Project Manager: Ageiss, Inc., Data Validation Support, Semi-Annual Groundwater Sampling, Dodge Hill 
Landfill, Fort Sill Oklahoma. Provide validation and statistical analysis of all groundwater data collected during 
semi-annual groundwater sampling at the Dodge Hill Landfill, fort Sill Oklahoma. Validation includes Level III 
review on 100% of the data and Level IV review on 10% of the data with qualifiers applied to the electronic 
deliverable file (EDD). Data review is presented in a Data Validation Summary Report. Perform statistical analysis 
on all groundwater analytical data for each sampling event. The statistical analysis is presented in a report which is 
appended to the client’s semi-annual groundwater report for submittal to the US Army Corps of Engineers (Ageiss 
client) and the Oklahoma Department of Environmental Quality. 

Project Manager: Hydrogeologic Inc. (HGL), Treatment Plant Decommissioning, Fort Ord, California. 
Provided technical review of the Work Plan and Completion Report prepared by HGL and provided field oversight 
of well destruction activities to ensure well destruction was completed as per the permit requirements and HGLs 
Work Plan. Work performed for HL under Huntsville Small Business Worldwide Environmental Services (WERS) 
contract. 
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Project Manager: Innovative Technical Solutions, Inc. (ITSI), A Gilbane Company, Groundwater Modeling 
and Technical Memorandum Revision, Fort Ord, California. Provided updates to the fort Ord groundwater 
model to support the design element of the relocation of the Operable Unit 2 (OU2) groundwater treatment plant. 
Completed a groundwater model run with existing and proposed extraction and injection wells, including a cost 
benefit analysis used to support the design basis for the new location of the OU2 groundwater treatment plant. 
Included revision/finalization of the draft groundwater technical memorandum. The technical memorandum 
included the proposed locations of new extraction wells to supplement and optimize the existing groundwater 
extraction well network. 

Task Manager: Lennar / BVHP, LLC Hunters Point Naval Shipyard Parcel A Environmental Consulting 
Services, San Francisco California. Environmental consulting services to support client's legal counsel, address 
special requests for information from project stakeholders, and present information at planning and technical 
meetings as part of ongoing effort to redevelop Parcel A of area formerly occupied by U.S. Naval shipyard. 
Provided review of and recommendations on existing documents. Lennar achieved compliance with regulatory 
requirements with MACTEC's assistance. Responsible for preparing a Finding of Suitability to Lease document 
for 8 buildings and 2 open spaces. 

Geologist: The Presidio Trust Site Closure Environmental Services, San Francisco California. Environmental 
services associated with site closure, including site investigation, risk assessment, feasibility study (FS), 
engineering design, data management, ecological risk assessment, remediation, and reporting at historic 1,416-acre 
former military base at the south end of the Golden Gate Bridge. Responsible for preparing a Supplemental Health 
and Safety Plan for Munitions and Explosives of Concern. 

Task Manager: U.S. Army Corps of Engineers - Huntsville District, Fort Ord Operable Unit (OU) Habitat 
Remedial Investigation / Feasibility Study (RI/FS), Monterey California. Since 2004, MACTEC has been 
conducting full remediation investigation / feasibility study (RI/FS) to address munitions and explosives of concern 
(MEC) at the Impact Area Munitions Response Area (MRA) for 6,500 acres of a 8,000-acre former U.S. Army 
training range complex (small arms to artillery fire). Activities included planning, site characterization, archival 
(historic) search, risk assessment (human health), feasibility study, and community relations support. Responsible 
for conducting site characterization efforts. 

Task Manager: U.S. Army Corps of Engineers - Huntsville and Sacramento Districts, Fort Ord Site RI/FS 
Reports Track 0&1 Approval Memorandum, Parker Flats ROD and Public Meeting, Monterey California. 
Under an additional delivery order, completed the development and submittal of additional Track 0 and 1 approval 
memoranda and ROD for multiple reuse parcels throughout site of former Fort Ord. Activities support remedial 
investigation efforts as part of Military Munitions Response Program. Analysis performed by MACTEC resulted in 
No Further Action determination for 21 of 24 Track 1 sites. Responsible for participating as one of the authors of 
the Remedial Investigation / Feasibility Studies document. 

Task Manager: U.S. Army Corps of Engineers - Huntsville and Sacramento District, Environmental 
Baseline Survey for Transfer (EBST) Documentation Services, Monterey California. Preparation of documents 
and associated evaluations relating to broad range of environmental issues (e.g., asbestos and lead-based paint) at 
Fort Ord as part of work for Environmental Baseline Survey for Transfer (EBST). In support of property transfer 
MACTEC prepared Findings of Suitability to Transfer (FOST), Findings of Suitability to Lease (FOSL), and 
Findings of Suitability for Early Transfer (FOSET). Early transfer was approved saving $1 million in 
infrastructure and maintenance cost. Responsible for writing the FOST documents for 30 parcels and the FOSET 
documents for 64 parcels. 

Task Manager: U.S. Army Corps of Engineers - Huntsville and Sacramento Districts, Fort Ord Site 
Investigation and Documentation for FOST, Monterey California. Investigative and documentation activities 
performed as part of development of environmental basewide survey for transfer (EBST) and findings of suitability 
for transfer (FOST) at former Fort Ord site. In support of property transfer MACTEC prepared Findings of 
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Suitability to Transfer (FOST), Findings of Suitability to Lease (FOSL), and Findings of Suitability for Early 
Transfer (FOSET). Early transfer was approved saving $1 million in infrastructure and maintenance cost. 
Responsible for writing the FOST document for one parcel. 

Project Manager: U.S. Army Corps of Engineers - Sacramento District, Fort Ord Groundwater Sampling, 
Analysis and Reporting 2008-2009, Fort Ord Site (Seaside) California. Continuation of ongoing groundwater 
sampling, analysis and reporting program at Fort Ord site for 2008-2009 (Option Year 3). Quarterly sampling and 
analysis conducted at more than 300 stations along with evaluation of treatment systems operation. Responsible for 
data management, data evaluation, and reporting. 

Task Leader: U.S. Army Corps of Engineers - Sacramento District, Fort Ord Site Electronic Data 
Integration and Management, Monterey California. Electronic data integration and management of various 
environmental databases, administrative records, facilities management information and GIS applications 
developed for site characterization, OE investigation, and remediation activities at former Fort Ord site. Work is 
continuation of services under ongoing BRAC and IRP programs. The database contains over one million records. 
Contract Compliance Screening (CCS), Automated Data Review (ADR), and Environmental Management System 
software programs were developed and resulted in cost savings of up to 50% in labor reduction ($250K) and 
improvements in the data management process for numerous task orders. Responsible for contributing 
information regarding property transfer-related documents that needed to be integrated into the overall Fort Ord 
database. 

Environmental Task Manager: U.S. Army Corps of Engineers, Sacramento District, Fort Ord Complex Site 
BRAC Related Environmental Services, Monterey California. Environmental and engineering services under 
BRAC Program since 1985 for Fort Ord Complex (28,000-acre former Fort Ord, the Presidio of Monterey, and Fort 
Hunter Liggett, Fritzsche Army Airfield), a National Priorities List (NPL) site. Completed several hundred 
multidisciplinary, multitask delivery orders, with dozens more in progress. Services have included site 
investigations, risk assessments, feasibility studies, including ordnance/explosives remedial investigation, remedial 
designs, remedial actions, environmental compliance, utilities/roads, parcel descriptions, endangered species and 
habitat assessments, underground storage tank investigations, asbestos assessments, groundwater remediation, 
planning for base reuse, and community relations. Services have been conducted under CERCLA; RCRA; 
NEPA/CEQA; California landfill regulations; Monterey County underground storage tank (UST) regulations; air 
toxics regulations; and other federal, state, and local environmental laws and regulations. Successful completion of 
RI/FS documentation as part of 40+ site RI/FS allowed the Army to meet the congressionally mandated 36 
month RI/FS schedule. To track the status of the property transfer and to provide the most up-to-date information 
to community stakeholders on the environmental cleanup, MACTEC developed a public website 
(www.fortordcleanup.com). This allowed interested parties to view information online. This reduced the time 
needed for onsite staff to manage the paper administrative record by approximately 50%. Responsible for serving 
as the BRAC task manager, preparing appropriate documentation, including Environmental Baseline Surveys 
(EBSs), Findings of Suitability to Transfer (FOSTs), Findings of Suitability for Early Transfer (FOSETs), Findings 
of Suitability to Lease (FOSLs), and Notices of Intent (NOIs), under the Comprehensive Environmental Response, 
Compensation, and Recovery Act (CERCLA) guidance, which accelerated real-property transfers in accordance 
with the Defense BRAC Act (BRAC Program). Worked closely with the U.S. Department of the Army, U.S. Army 
Corps of Engineers (USACE), EPA, and State of California to develop approaches that met the requirements of 
CERCLA 120(h) and satisfied regulatory concern for documenting the environmental condition of the property at 
the time of transfer. Also responsible for RCRA closure activities. 

Technical Consultant: U.S. Army Corps of Engineers - Sacramento District, Fort Ord Wetlands Habitat 
Monitoring 2003, Monterey California. Continuation of habitat monitoring work as part of the BRAC and IRP 
activities at site of former Fort Ord. Monitoring activities at wetland sites on property include vegetation sampling, 
wildlife surveys, and collecting and analyzing physical and hydrological data. Results of the habitat monitoring 
showed that the habitat had recovered in four years and thus eliminated the fifth year of monitoring saving 
$85,000. Responsible for review of property transfer documents related to habitat monitoring activities. 
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Task Manager: U.S. Army Corps of Engineers - Sacramento District, Fort Ord and Fort Hunter Liggett 
Groundwater Monitoring Program, Forts Ord, Hunter Liggett California. Groundwater investigations and 
provided quarterly monitoring; prepared property transfer documents; performed habitat monitoring and 
groundwater remediation system evaluation; and conducted Small Arms Range remediation pilot study evaluation 
at site of two former U.S. Army installations under BRAC program. The project has been completed and consisted 
of twelve sites requiring remediation that have been closed with regulatory approval resulting in a reduction in 
long-term O&M for the client. Responsible for data evaluation and management, preparation of reports and cost 
proposals, and review of invoices. 

Task Manager: USACE, Sacramento District, Military Munitions Response Program (MMRP), FortOrd, 
Monterey County, California. Currently serving as Task Manager responsible for the completion of a RI/FS, 
Proposed Plan, and Record of Decision at former munitions response sites. Conducted and evaluation of the 
possible use of military munitions at 24 former military munitions sites. The evaluation included researching the 
history of each site (PA/SI) and completing a review of the available data to develop conceptual site model(s) for 
each potential site. Data gaps were identified and the potential risk remaining at each site was also evaluated. 
Worked directly with federal and state regulatory agencies and community stakeholders throughout the review and 
approval process. The RI/FS is being conducted following EPA, DoD, and CERLA guidance. Other documentation 
prepared in support of the Fort Ord MMRP include IA Approval Memorandums, and Notices of Intent (NOI) for 
Removal Actions and Land disposal Site Plans prepared in support of the Army’s Time-Critical Removal Action 
(TCRA) program. The NOI complies with 40 CFR, Part 300, Section 415 and notifies the regulatory agencies and 
the public of upcoming removal actions, intended to mitigate or eliminate the threat to public safety presented by 
the presence of munitions and explosives of concern (MEC). 

Task Manager: USACE, Sacramento District, Closure of RCRA Solid Waste Management Units, Former 
Fort Ord, Monterey County, California. Implementing the closure of two solid waste management units under 
the Fort Ord RCRA program. Closure involves the site investigation and characterization of a former PCB storage 
facility and a former Open Burning/Open Detonation (OB/OD) munitions disposal unit. Investigation involved 
conducting a field investigation including the sampling and analysis for chemicals of concern, and completion of a 
closure certification report following RCRA guidance. 

Task Manager: USACE, Sacramento District, Investigation of Solid Waste Management Units, Former Fort 
Ord, Monterey County, California. Task manager for the evaluation of former hazardous waste storage units. 
Evaluation involves physical inspection of the units including a review of the cleanliness and integrity, waste 
handling and storage practices, determining whether a release has occurred and making sampling recommendations 
if necessary. Information including any recommendations made to state and federal regulatory agencies through a 
status report. Wastes stored and evaluated include waste oil, fuel, solvents and paint, PCBs, pesticides, asbestos, 
used ethylene glycol, adhesives and polymers. Created a detailed historic account of the solid waste management 
units which has been instrumental in the regulatory approval of the transfer of property containing the units. 

Project Geologist: Confidential Client, Regulatory Compliance Audits, Processing and Distribution 
Facilities, Western U.S. Served on audit teams performing regulatory compliance audits for a major food 
production, processing and distribution company. The project entailed the completion of audits in a 5-month period 
at 37 facilities in California, and several other facilities in four states. The audit protocol prepared by HLA 
addressed facility compliance with regulations for hazardous waste, hazardous materials, air quality, water quality, 
drinking water and transportation. The protocol further provided for the completion of a preliminary screening 
evaluation that involves the local facility management in targeting relevant operations and matters of concern for 
the audit, prior to proceeding with the on-site phase of the program. 

Task Manager: USACE, Site Investigations, Fort Ord, Monterey, California. Served as task manager for the 
investigation of several UST sites. Was responsible for determination of MACTEC and subcontractors scope of 
work, calculation of excavation volumes, oversight of subcontractors, collection of samples, review of analytical 
data, preparation of clearance and characterization reports, and budget tracking. 
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Task Manager: USACE, Remedial Investigation/Feasibility Study, Fort Ord, Monterey, California. Served as 
task manager for the remedial investigation/feasibility study (RI/FS) of two IRP sites at Fort Ord. Was responsible 
for the interpretation of chemical and hydrogeologic data, oversight of chemical and geologic database, 
coordination with risk assessment and engineering personnel, determination of contaminant fate and transport, 
coordination and production of final RI/FS report, and budget tracking. 

Task Manager: Alameda County Department of Public Works, Landfill Investigation, Winton Avenue 
Landfill, Hayward, California. Served as task manager for landfill investigation under the state Solid Waste 
Assessment Test (SWAT) program. Was responsible for the preparation of work plan, installation and quarterly 
sampling of groundwater and leachate monitoring wells, aquifer testing, data evaluation, assessment of impact of 
leachate on waters of the state, and preparation of SWAT report. 

Task Manager: U.S. Navy/PRC, Utilities Investigation, Hunters Point Naval Shipyard, San Francisco, 
California. Was task manager for a cross-base underground utilities investigation. Study involved the review of as-
built drawings of sanitary sewer, storm drain, steam pipelines, and fuel lines, and the collection of soil and water 
samples adjacent to and within utility systems. Was responsible for the review and interpretation of analytical data, 
recommendations on remediation and mitigation measures, and the presentation of the results at a series of client 
and agency meetings. 

Task Manager: U.S. Navy/PRC, Remedial Investigation, Hunters Point Naval Shipyard, San Francisco, 
California. Served as task manager for RI of five sites for contaminants including petroleum hydrocarbons, PNAs, 
pesticides, and metals. Completed interim-action evaluation in accordance with the EPA Superfund Accelerated 
Cleanup Model. Was responsible for budget and schedule tracking, chemical and hydrogeologic data interpretation, 
report preparation, and client representation at regulatory agency meetings. 

Field Manager: U.S. Navy/PRC, Field Coordination, Hunters Point Naval Shipyard, San Francisco, 
California. Managed all aspects of field work, including the development, implementation and tracking of field 
schedules; coordination with client, subcontractors, and regulatory agencies; scheduling field personnel and 
reviewing all field documentation; and calculating and ordering all field supplies. 

Task Manager: U.S. Navy/PRC, Aquifer Testing, San Francisco, California. Developed and implemented site-
wide aquifer characterization program. Work included the development of the scope of work assessment of well 
construction and suitability, performing step-tests, and constant rate discharge tests. 

Project Manager: Confidential Client, Product Removal Investigation, Hunters Point Naval Shipyard, San 
Francisco, California. As project manager, supervised the field investigation involving the removal of free-phase 
floating hydrocarbons from monitoring wells. Calculated and tracked the volume of product removed to determine 
the feasibility of installing a pumping system. 

Task Manager: Confidential Client, Monitoring Well Network Installation, Longview, Washington. Installed, 
developed, and sampled network of groundwater monitoring wells in bedrock to investigate the impacts of a long-
term release of mercury. 

Task Manager: Montecito Heights Landfill, Monitoring Well Installation, Napa County, California. Installed 
monitoring well in deep aquifer using air rotary drilling method. 

Task Manager: Former Fuel Storage and Dispensing Facility, Contra Costa County, California. Supervised 
and directed excavation of hydrocarbon-contaminated soil at former oil tank farm. 

Task Manager: Site Assessment and Remediation, Richmond, California. Installed and developed monitoring 
wells and collected soil and groundwater samples. Supervised and directed contractor's removal of lead-, 
hydrocarbon-, and lime-contaminated soils at former shipyard site. 

Field Manager: Well Installation, Morgan Hill, California. Installed double-cased well in deep aquifer using 
mud rotary drilling methods. 
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Field Manager: Well Installation, Vorhees, New Jersey. Installed monitoring well nests in shallow and deep 
aquifers using mud rotary and hollow stem auger methods. 

Well Site Geologist: Exploration Logging Geothermal Division, Geothermal Exploration, California, 
Nevada, and Japan. Experienced in mud rotary, air rotary, and aerated mud drilling systems. Performed geologic 
logging of deep exploration geothermal boreholes. Responsibilities included descriptive lithologic sample analysis, 
monitoring of borehole temperature, borehole pressure and borehole gas levels; collection of borehole gas samples 
for chemical analysis; geothermal well production testing and reservoir analysis. Health and safety monitoring of 
carbon dioxide, methane and hydrogen sulfide gas levels around the drill site. Field experience in the Geysers 
California, Steamboat Nevada, Takigami and Fushime Fields, Kyushu Japan. 
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Kevin E. Garrett Ph.D., P.E., PMP – Senior Principal 
21 Years Experience 

EDUCATION 
Doctor of Philosophy, The Pennsylvania State University Chemistry, 1990 
Bachelor of Science, Colorado State University Chemistry, 1986 

REGISTRATIONS 
Colorado Licensed Professional Engineer (License number 43243) 
Project Management Institute Project Management Professional (PMP) 

BIOSKETCH 
Dr. Garrett has a Ph.D. in Chemistry and is a Colorado licensed professional engineer with extensive experience 
in groundwater and soil remediation, site investigation, and the application of environmental chemistry. Dr. 
Garrett has managed RCRA facility investigation projects (RFIs) and remediation projects that have included 
developing innovative regulatory approaches resulting in significant cost savings for associated site remediation. 
Dr. Garrett has managed projects and applied innovative approaches to remediate groundwater, including 
monitored natural attenuation (MNA), enhanced reductive dechlorination (ERD), in situ biological remediation, 
in situ chemical oxidation (ISCO), soil vapor extraction (SVE), and neutralization remediation strategies. 

Dr. Garrett has designed a full-scale in situ treatment system to remove chlorinated solvents such as methylene 
chloride, trichloroethene (TCE), tetrachloroethene (PCE), 1,1,1-trichloroethane (1,1,1-TCA), petroleum 
products, and inorganic constituents such as nitrate and perchlorate from groundwater. The remediation designs 
utilizes innovative strategies that that has minimized system complexity with reduced set up, operating and 
maintenance costs and achieve client and regulatory agency remediation goals in the shortest time possible. 

Dr. Garrett has managed projects under a variety of regulatory programs including Resource Conservation and 
Recovery Act (RCRA), Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), 
and State Voluntary Cleanup Programs. During these projected, Dr. Garrett has aided clients in negotiating site 
closure, points of compliance, and remediation criteria with regulatory agencies. . These negotiations have aided 
AMEC clients to close and/or redevelop sites for other uses while meeting the environmental and human health 
protection goals of the regulatory agency. 

In addition, Dr. Garrett has assisted clients with implementation of client’s environmental compliance programs 
including monitoring. Activities include requirements hazardous waste, waste water and storm water 
compliance, spill prevention plans, and emergency response planning. Dr. Garrett has extensive experience with 
Phase I and II environmental site assessments (Phase I and Phase II ESA). 

As Project Manager and Senior Principal, Dr. Garrett manages technically difficult projects. Dr Garrett is 
responsible for all aspects of a project, including compliance with company policies, definition of scope of work, 
establishment of budgets and schedules, control of project costs, compliance with schedule, timely payment for 
the work, and assurance of overall client satisfaction. In addition, as project manager, Dr. Garrett ensures project 
quality control activities are in place and adhered to. Selects and supervises project team members; ensures that 
team members are assigned appropriate roles. Provides leadership to project team; maintains a positive 
environment and high morale. As Senior Principal, Dr. Garrett provides senior-level technical expertise for 
project teams. Acts as primary interface with clients for assigned projects; communicates with clients on an 
ongoing basis; responds effectively to meets clients' needs. 

Dr. Garrett is the Chief Engineer of AMEC’s Golden, Colorado office. As Chief Engineer, Dr. Garrett provides 
leadership role for marketing to major clients, service areas, and technically unusual projects; responsible for 
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selected key clients. Serves as primary quality assurance officer for assigned office(s); verifies implementation 
of quality programs and initiatives. 

In the area of quality assurance, Dr. Garrett has extensive experience in development of project-specific QA / QC 
programs and writing of quality assurance project plans (QAPPs). He has developed appropriate analytical and 
QA/QC criteria, selected appropriate methods, and developed appropriate reporting limits and method detection 
limits (MDLs). Dr. Garrett has extensively validated and evaluated analytical data. 

PROJECT EXPERIENCE 
Project Manager: Molycorp RCRA Facility Investigation (RFI) and Site Closure Remediation Services, 
Louviers, Colorado. Dr. Garrett managed design and construction of a full-scale in situ biodenitrification 
system (under RCRA) to treat the groundwater nitrate plume at the facility’s 34-acre pond area and 32acre 
operations area. He developed an innovative in situ remediation system to remove nitrate from groundwater that 
minimized system complexity and minimized treatment costs to the client. Negotiated and developed the 
technical approach and justification to close 6 process water holding ponds two years ahead of the original 
schedule. Included in the technical approach were negotiations with the state regulatory agency on site-specific 
soil standards for nitrate that met the state goal of being protective of groundwater. Provided technical oversight 
of the pond closure contractor to ensure that the closure plan requirements were met. Closure of the ponds 
allowed for expansion of the groundwater treatment system. The expanded in situ treatment system reduced the 
time required to meet the compliance schedule with respect to nitrate in groundwater. Developed monitoring and 
characterization plan for perchlorate and demonstrated that the nitrate treatment was effective in meeting the 
negotiated site specific remediation goals with CDPHE. Performed radiological dose assessment for 
groundwater and soil in support of the facilities request to terminate their radioactive materials license. This 
effort included modeling potential radiation dose to hypothetical future residents from exposure to the sites soil 
and groundwater. 

Project Manager: GSA - Denver Federal Center (DFC), Site-Wide Long-Term Monitoring, Lakewood, 
Colorado. As project manager, Dr. Garrett is leading the site-wide long-term monitoring activities at the Denver 
Federal Center. These activities include quarterly sampling of up to 250 monitoring wells and surface water 
locations on and off of the DFC. Quarterly activities include water level measurements, sampling, data 
validation, data management, and reporting. Additional activities include a 5-Year Review of the performance of 
the groundwater corrective measures. These corrective measures include, funnel and gate barrier system, source 
area pump and treat system, and off site plume. At project manager, Dr. Garrett is responsible for ensuring that 
the activities area completed on time and within budget. 

Project Manager: GSA - Denver Federal Center (DFC), Investigative Area (IA) 13 and 16 Corrective 
Measures, Lakewood, Colorado. As project manager, Dr. Garrett lead the IA 13 source area characterization 
activities. These activities included characterization of 2 geophysical anomalies by trenching and soil sampling. 
In addition, the extent of the source area groundwater plume was evaluated using a Membrane Interface Probe 
(MIP). Based on the MIP results 20 additional monitoring wells were installed. After characterization activities, 
AMEC implemented the corrective measure which included injection of potassium permanganate into the 
alluvium and upper weathered bedrock (UWB) and injection of sodium permanganate into the lower weathered 
bedrock (LWB). Of particular interest was injection of permanganate at the LWB/consolidated bedrock interface. 
Injections were conducted in approximately 157 alluvium/UWB locations and 60 LWB locations. Post injection 
monitoring is currently being performed to evaluate the remediation effort to date. 

Project Manager: GSA - Denver Federal Center (DFC), Investigative Area (IA) 04D RCRA Facility 
Investigation (RFI), Lakewood, Colorado. Dr. Garrett conducted two RCRA Facility Investigations (RFIs) and 
a survey of asbestos in soil for two parcels for the General Services Administration (GSA) at the DFC. The 
Interior RFI was completed at Building 41 and 42 and consisted of 68 borings and monitoring wells installed 
inside the buildings. The drilling was completed in conjunction with the facilities ongoing operations. The work 
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included extensive coordination with the GSA and building tenants to ensure that the RFI activities did not 
impact their normal business activities. The Exterior RFI for the investigation area 04D included installing 80 
borings and monitoring wells, excavating 11 trenches to characterize soil and potential impacts from historic 
operations at the DFC. The investigation included jetting/cleaning and video survey of sanitary and storm water 
sewer lines in IA04D. Responsibilities included general supervision of the work and activities such as 
development of subcontractor scopes of work, soliciting competitive subcontractor bids, insuring compliance 
with standard operating procedures, and health and safety plan development/implementation. Dr. Garrett was 
responsible for maintaining project schedules, monitoring the budget and costs, and preparing invoices for 
submittal to GSA. Dr. Garrett also provided regular project status updates to the GSA Project Manager. 

Principal-in-Charge: Colorado Department of Transportation (CDOT) Region 6 Headquarters RCRA 
Facility Investigation (RFI) and Remediation Project, Denver, Colorado. Dr. Garrett served as a 
Remediation Specialist and Principal Chemist responsible for evaluating and interpreting groundwater 
monitoring and treatment data as well as conducting statistical evaluation of the treatment data. He oversees 
engineering and environmental services implemented to remediate soil and groundwater contaminated with 
methylene chloride, TCE, PCE, and 1,1-DCE. Dr. Garrett’s responsibilities include ensuring that the project 
meets the technical and quality requirements for the engineering and environmental services implemented to 
remediate groundwater and soil. He has assisted in (1) site investigations; (2) design and construction of the 
bioremediation system; and (3) ongoing O&M activities for the groundwater treatment system. 

Remediation Specialist and Principal Chemist: Lowry Assumption Company - Former Lowry Air Force 
Base Redevelopment Design / Build, Denver, Colorado. Remediation Specialist responsible as for assisting in 
development of groundwater and soil analytical programs for Operable Unit 2 (OU2) work, and assisting in 
development of OU2 Work Plan and final report for OU2 landfill closure. Scope: Design and construction of a 
67-acre landfill cap, remediation of major groundwater plume, and privatized contaminant characterization and 
cleanup including groundwater monitoring at 1,866-acre former air force base in large urban area. Services 
included engineering design and construction quality assurance. Approach is predicted to save several years of 
cleanup time and has allowed for more efficient and quicker redevelopment activities into a mixed-use 
community that has been recognized with the Governor’s Award for Smart Growth. 

Project Manager, Petroleum Distribution Center, Denver, Colorado. Through a comprehensive liability 
assessment of the site, AMEC identified an alternative approach to obtaining site closure and significantly 
reducing the cleanup costs and the amount of time needed to obtain closure from the regulators. This approach 
required the transfer of the site from the EPA Region VIII’s Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA) Emergency Response Administrative Order to the Colorado 
Department of Public Health and Environment’s (CDPHE’s) Voluntary Cleanup program (VCUP). This strategic 
transfer from EPA CERCLA oversight to the CDPHE VCUP oversight resulted in an overall project remediation 
cost savings and has expedited the time necessary to obtain closure from the regulators thereby reducing the time 
required for remediation activities at the site. Negotiated with CDPHE and developed a strategy to break the site 
into 5 parcels. Wrote VCUP applications for 4 of the 5 parcels and received no action determinations for 3 of the 
parcels. Dr. Garrett was responsible for the site-wide operation and maintenance reporting and groundwater 
monitoring compliance program. The monitored natural attenuation (MNA) approach for groundwater 
remediation has been implemented. VOC contamination was reduced in soil source areas by applying soil vapor 
extraction (SVE) remediation strategy. Contracted and provided oversight for the demolition of 3 buildings on 
the client’s property. 

Project Manager: Rocky Mountain Steel Mills South Mills Solid Waste Management Units (SWMUs), 
RCRA Facility Investigation (RFI), Pueblo, Colorado. Dr. Garrett was responsible for managing the project 
that included a RCRA Facility Investigation (RFI) for the South Mills SWMUs that includes the South Mills 
waste water treatment lagoons. RFI work included sampling of soil borings, waste oil skimmer remediation, 
including surface soil sampling, soil removal and disposal. Sixteen soil borings were logged and sampled and 
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soil around 4 oil water separator were removed and backfilled with clean material. In addition, sediment from 
three lagoons was samples. An RFI report was prepared and submitted to the CDPHE for approval. 

Project Manager: Rocky Mountain Steel Mills Solid Waste Management Unit (SWMU) No. 78 
Desulfurizer Baghouse, RCRA Facility Investigation (RFI), Pueblo, Colorado. Dr. Garrett was responsible 
for managing the project, writing the RFI report, and performing historic research on the design and historic 
operation of the desulfurizer baghouse facility. He conducted the RCRA Facility Investigation (RFI) for Solid 
Waste Management Unit (SWMU) No. 78, a former desulfurizer baghouse that was part of former blast furnace 
operations at the steel mill facility. Research of historic records conducted to demonstrate to State Regulator that 
the baghouse facility was not connected to the historic coke oven facility (as historic permits incorrectly 
indicated). This research enabled the client to limit the SWMU investigation and facilitate closure, thereby 
saving both time and money. Thirty samples also collected from five boring locations as part of investigation. 

Project Manager: Confidential Client Site Characterization and Remediation Services, Olathe, Kansas. 
Responsible for overseeing on-site groundwater monitoring activities, developing budgets, developing site 
closure and remediation strategy; and providing oversight of remediation activities. The scope includes site 
characterization and development of final groundwater and soil remediation strategy and plan for final closure of 
9,000-SF building site occupying corner of property near source area. Plume extends 1,000 feet to near property 
boundary. 

Remediation Specialist and Principal Chemist: Hamilton Sundstrand, RCRA Facility Investigation (RFI) 
Project, Denver, Colorado. Dr. Garrett has evaluated the analytical data for this project since 1992. He also 
assisted in design and implementation of soil, groundwater, NAPL and seepage water investigations (RFIs); 
feasibility and treatability studies; remedial design pilot-scale testing, engineering and construction; regulatory 
permitting, treatment systems O&M; treatment systems monitoring and reporting; risk assessments; RCRA and 
CAP designs and implementation. He redesigned the groundwater quality monitoring program incorporating 
elements of the RCRA Groundwater Monitoring Technical Enforcement Guidance Document (EPA, 1996). He 
assisted in preparation of an accelerated RCRA Corrective Action Strategy for site. As Principal Chemist, he was 
responsible for data evaluation, validation, and interpretation as well as site conceptual model development. 

Chemist: University of Nebraska Agricultural Research & Development Center (ARDC) Remedial 
Investigation / Feasibility Study, Remedial Assessment and Removal Action, Ithaca, Nebraska. Responsible 
as principal chemist for writing and reviewing project Quality Assurance Project Plan (QAPP), oversight of the 
analytical program, and project quality assurance program. The scope includes Remedial Investigation / 
Feasibility Study (RI/FS) and removal actions involving four different sites from one-half to five acres each, 
distributed over the 9,600-acre R&D facility and including eight disposal trenches, a former landfill and a 
pesticide rinsate area. Work included excavation, characterization, packaging, disposal and transportation of 
30,000 CY of radioactive and chemical wastes produced as part of University medical research program and 
buried at site many years earlier, quality control planning and data management. 

Project Manager, Landfill Monitoring Program, Denver, Colorado Managed groundwater monitoring and 
reporting for EPA CERCLA groundwater and surface-water monitoring program. Tasks include coordinating the 
analytical laboratory and field activities for the Landfill Operation and Maintenance (O&M) monitoring program 
for the semiannual groundwater and surface-water sampling. Prepare laboratory scope of work, oversight of data 
management activities, and coordination with field and laboratory personnel. Oversaw data validation for the 
project and reported the analytical and QA/QC results to the client and regulatory agencies. Dr. Garrett prepared 
a statistical approach to find potentially flawed or inconsistent data. Reported results of site O&M and 
groundwater monitoring program to the EPA on a semiannual basis. 
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CHEMICAL RESEARCH 

Research Associate, University of Delaware. Research Associate in organometallic, inorganic, and catalytic 
chemistry. Studied the interaction of metal clusters on metal oxide supports. Developed new methodology for the 
synthesis of mixed metal transition metal clusters on metal oxide supports. Studied these supported metal 
clusters by a variety of instrumental and analytical techniques. 

Graduate Student Researcher, Pennsylvania State University. Researcher in organometallic and inorganic 
chemistry. Studied the interaction of a variety of organic compounds with highly reactive transition metal 
complexes. Demonstrated the use of tungsten complexes as substrates in the synthesis of organic compounds 
such as naphthols. Studied the mechanisms by which the organic products are formed. Studied organic, 
organometallic, and inorganic compounds by a variety of instrumental and analytical techniques. 

CERTIFICATIONS AND TRAINING 
OSHA 8-Hour Hazardous Materials/Waste Health and Safety Training Refresher Course 
OSHA 40-Hour Hazardous Materials/Waste Health and Safety Training Course 
OSHA 8-Hour Supervisory Hazardous Materials/Waste Health and Safety Training Course 
Project Management Training the AMEC Way, 2012 
Project Controls Level I and Level II Training, 2010 
Capturing and Winning AMEC Business, Shipley 2006 
Optimizing Injection Strategies for Full-Scale In Situ Reactive Zone Remediation, 2005 
Contract Review Seminar, 2005 
Applications of Ground Water Geochemistry, 2004 
Economic Analysis for Ground Water Remediation a Tool for Decision Making, 2003 
The Remediation Course, Princeton Groundwater, Inc., 2003 
Environmental Geochemistry of Metals, 2003 
Principles and Practices of Project Management, 2002 
Groundwater Pollution and Hydrology Course, Princeton Groundwater, Inc., 2001 
Environmental Law Short Course, Environmental Education Enterprises, Inc., 1996 

PUBLICATIONS AND PRESENTATIONS 
2007. Selecting the Optimal Remediation Strategy. Presentation at the March 2007 Society of American Military 
Engineers Frontier Post Meeting, March 22, 2007, Cheyenne Wyoming. 

2005. In situ Biodenitrification Groundwater Remediation System. Proceedings of the Eighth International In 
Situ and On-Site Bioremediation Symposium, Baltimore, Maryland, June 6-9, 2005, B.C.  Alleman and M.E.  
Kelley: Battelle Press: Columbus, OH, 2005; Paper O-02 (with Amy L. Hudson). 

2005. In situ Biodenitrification Groundwater Treatment System. Presentation to the New Mexico Environment 
Department, May 9, 2005, Santa Fe, New Mexico. 

2005. Large-Scale Application of In Situ Remediation to Remove Nitrate from Groundwater. Federal Facilities 
Environmental Journal, Wiley Periodicals, Inc., Spring 2005; p 97 (with Amy L. Hudson) 

2004. Impacts of Near Mountain Geology on an In Situ Biodenitrification System. Presentation at the 2004 
Geological Society of America (GSA) Annual Meeting, November 2004, Denver, Colorado ; (with Amy Hudson). 

2004. Large Scale Application of In Situ Biodenitrification. Presentation at the 9th Annual Joint Services 
Environmental Management Conference , August 2004, San Antonio, Texas, (with Amy Hudson). 
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2003. In Situ Biodenitrification – A Case Study. Proceedings of NGWA Conference on Remediation: site Closure 
and the Total Cost of Clean-Up, November 13-14, 2003, New Orleans, Louisiana: National Ground Water 
Association; p 378 (with Amy Hudson). 

2001. Accelerating the Reductive Dechlorination Process in Groundwater. Anaerobic Degradation of 
Chlorinated Solvents, Magar V.S., et. al.: Battelle Press: Columbus, 2001; p. 205 (with D. South, J. Seracuse, D. 
Li). 

1996. Removal of N-nitrosodimethylamine from Rocky Mountain Arsenal waters using innovative adsorption 
technologies. Technical report EL-96-11, U.S. Army Corps of Engineers Waterways Experiment Station, 
Vicksburg, MS (with E. C. Fleming, J. C. Pennington, N. R. Francingues, D. R. Felt, B. G. Wachob, R. A. Howe, 
and M. R. Colsman).  

1990. Further studies of the synthesis of 1-naphthols and 4-hydroxy-5,6-dimethylbenzothiophene by protonation 
of Cp(CO)2WCTol and Cp(CO)2WC(2-C4H3S) in the presence of alkynes and CO. J. Organomet. Chem., 394, 
251 (with W. C. Feng, H. Matsuzaka, G. L. Geoffroy, and A. L. Rheingold). 

1990. The synthesis and characterization of size selective Pt-Ir clusters on metal oxide surfaces. Annual Research 
Review, Center for Catalytic Science and Technology, University of Delaware, October (with B. C. Gates, and A. 
L. Rheingold). 

1989. Transient generation of the reactive carbene complex [Cp(CO)2W=CH(Tol)]+ and its reactions with 
alkynes to form vinylcarbene, allyl, naphthol, diene, and metallafuran complexes. J. Am. Chem. Soc., 111, 8383 
(with  J. B. Sheridan, D. B.  Pourreau,  W. C. Feng, G. L.  Geoffroy, D. L. Staley, and  A. L. Rheingold).  

1989. In situ generation of the benzylidene complex [Cp(CO)2W=CH(Tol)]+ and its reaction with alkynes. 
Advances in Metal Carbene Chemistry, Schubert U. Ed.: Kluwer Academic Publishers: Dordrecht, 1989; p. 189 
(with G. L. Geoffroy, J. B. Sheridan, and D. B. Pourreau). 

1989. Cycloaddition of imines and ButN=O with the carbyne complexes [Cp(CO)2MCTol]+ (M=Mn, Re). 
Organometallics, 9, 1562 (with B. M. Handwerker, K. L. Nagle, G. L. Geoffroy, and A. L. Rheingold). 

1989. New types of metallacycles formed by cycloaddition of imines and ButN=O with Mn and Re carbyne 
complexes. J. Am. Chem. Soc., 111, 369 (with B. M. Handwerker, G. L. Geoffroy, and A. L. Rheingold). 

1989. Transient generation of the reactive carbene complex [Cp(CO)2W=CH(Tol)]+ and its reactions with 
alkynes to form vinylcarbene, allyl, naphthol, and metallafuran complexes. Presented at 23rd Middle Atlantic 
Regional Meeting of the American Chemical Society, May (with J. B. Sheridan, D. B. Pourreau, G. L. Geoffroy, 
and  A. L. Rheingold).  

1988. Preparation and structural characterization of [{Cp(CO)2W}2 �    4] CH2Cl3. Inorg. 
Chem., 27, 3248 (with  J. B.  Sheridan, G. L.  Geoffroy, and  A. L. Rheingold).  

1988. Reaction of [Cp(CO2MCTol]+ (M=Mn, Re) with imines and hydrazones. Third Chemical Congress of 
North America, June (with B. M. Handwerker, G. L. Geoffroy, and A. L. Rheingold). 
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Scott Graham 
Project Geologist 

Professional summary 
Mr. Graham, a Geologist and Environmental Scientist, has been working in the 
environmental consulting field since 1995. He has demonstrated ability to effectively manage 
projects, personnel, and budgets. He has extensive knowledge of environmental compliance, 
including site assessments, remedial feasibility testing, remediation system design and 
construction, reporting, risk assessment, project and lifecycle budget forecasting, case 
planning, client and regulatory liaison, and staff training and management. The majority of 
his project experience is in the governmental, real estate, and petroleum industries. 

Employment history 
Wood Environment & Infrastructure, Petaluma, CA, Technical Professional 3, 2017-Present 

Amec Foster Wheeler Environment & Infrastructure, Inc., Petaluma, CA Project Geologist, 
2014 to 2017 

AMEC Environment & Infrastructure, Inc., Petaluma, CA, Project Geologist, 2011–2014 

MACTEC Engineering and Consulting, Inc., Petaluma, CA, Project Geologist, 2005–2011 

SCS Engineers, Santa Rosa, CA, Geologist, 6/2005–12/2005 

Delta Environmental Consultants, Incorporated, Sacramento, Project Manager, 10/2004– 
5/2005 

SECOR International, Incorporated, Sacramento, CA, Associate Geologist, 7/2003–10/2004 

Environmental Resolutions, Incorporated, Novato, CA, Project Manager, 1/2001–6/2003 

Environmental Resolutions, Incorporated, Novato, CA, Senior Staff Geologist, 4/2000– 
1/2001 

Environmental Resolutions, Incorporated, Novato, CA, Staff Geologist, 7/1998–4/2000 
Environmental Resolutions, Incorporated, Novato, CA, Environmental Technician, 5/1995– 
7/1998 

Non-professional certifications and training 
CPR/AED 

Defensive Driving 

First Aid 

HAZWOPER 40 Hour 

HAZWOPER 8 Hour Refresher 

HAZWOPER 8 Hour Supervisor 

OSHA 10 Hour Construction Safety and Health 

OSHA 30 Hour Construction Safety and Health 

U.S. Army Corps of Engineers Construction Quality Management for Contractors 

Doyle Scholarship, Santa Rosa Junior College, 1988 

Representative projects 
Beale Air Force Base, 2017, Yuba City, CA, Field Geologist. As Field Geologist, oversaw 
installation of soil borings and monitoring wells. Scope: Perform remedial investigation tasks 
as associated with the Air Force’s PFAS Investigation activities. Tasks include planning, 
driller oversight, and soil and groundwater sampling. 

March Air Force Base, 2017, Riverside County, CA, Field Geologist. As Field Geologist, 
oversaw installation of soil borings and monitoring wells. Scope: Perform remedial 

Years with Wood: 13 

Years’ Experience: 23 

Education 
Bachelor of Science, 
Geology, California State 
University, Sonoma, 1995 

Associate of Science, 
Science, Santa Rosa Junior 
College, 1991 

Location 

West US - Petaluma 

Languages 

English 
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investigation tasks as associated with the Air Force’s PFAS Investigation activities. Tasks include planning, driller oversight, 
and soil and groundwater sampling. 

Alameda Naval Air Force Base, 2016 and 2017, Alameda, CA, Field Geologist. As Field Geologist oversaw the installation 
and development of groundwater monitoring wells. Tasks include permitting, driller oversight, soil and groundwater 
sampling. 

Borehole Field Verification Activities, 2016 to 2018, California Department of Transportation (Caltrans), Various Cities and 
Counties, CA. As Field Geologist, Perform Field verification of the presence and location of geotechnical borings and wells 
throughout the state. Tasks include planning, research of online databases, QA/QC of historical documents, and field 
verification activities associated with locating geotechnical borings and wells installed at various construction sites 
throughout the state. 

ABB Chico 2012, Chico, CA 107652, 880,000, 2010. Field Geologist. As Field Geologist, oversaw installation of monitoring 
wells. Scope: Perform remedial investigation/feasibility study tasks specified by the DTSC's Partial Consent Agreement 
issued to ABB Inc. to investigate and remediate impacted groundwater at the site. Tasks include litigation support and 
project management, monthly status reports, RI implementation, annual wellhead treatment system sampling, and quarterly 
groundwater monitoring. Chlorinated solvents and TCE were found along the Skyway plume. 

Roadside Vegetated Treatment System (RVTS) Study Oversight 2007-2008, California Department of Transportation 
(Caltrans) - Environmental Program Office, Various Cities, CA, United States. 074859 RVTS, 250,080, 2010. Project 
Geologist. Responsible for conducting stormwater monitoring and maintenance activities at two sites (Napa and San Mateo) 
in Northern California. Collected water samples and tabulated data related to major storms at both sites. Scope: Monitoring 
oversight, data management, and reporting for 2007-2008 Roadside Vegetated Treatment Study (RVTS). Study designed to 
assess treatment performance of vegetated slopes with varied configurations of vegetative cover, dependent on slope and 
soil, for effectiveness of erosion control. Services also included post-storm monitoring of stormwater runoff; technical 
memorandum reviews; and updating of both Sampling & Analysis Plan and Health & Safety Plan. 

Casmalia Resources Superfund Site Maintenance, Remedial Investigation / Feasibility Study (RI/FS), Groundwater 
Monitoring, Bingham McCutchen, LLP (formerly McCutchen, Doyle, Brown & Enerson), Casmalia, CA, United States. 
990061, 21,900,000, 2009. Geologist. Responsible for assisting with non-aqueous phase liquid monitoring and well 
development via air lifting and WaTerra Pump under work conditions involving development and monitoring in Class C PPE. 
Scope: Site maintenance and management, RI/FS, regulatory compliance and support of investigation at a 252-acre, former 
Class I Superfund, Hazardous Waste Management Facility comprising five separate landfills and which included 
approximately 40,000 tons of industrial waste on site (with acids, caustics, solvents, pesticides and metals). Implemented 
24-hour operating leachate collection and contaminated groundwater treatment system, and over 300 monitoring wells. 

Chico Facility Regulatory Review Environmental Support Services, Major Chemical Manufacturing Company, 
CONFIDENTIAL CLIENT ABB, Inc.- Combustion Engineering (CE), Chico, CA, United States. 072198, 3,400,000, 2016. 
Geologist. Responsible for providing drilling/well construction oversight for installation of sonic wells. Finished long-term, out 
of town project on schedule with a minimum downtime. Assisted with preparation of RI/FS Work Plan, with drilling price 
quote and drilling set-up, and provided oversight of drilling and sampling.DO NOT USE THIS PROJECT IN ANY 
PROPOSAL OR MARKETING MATERIALS WITHOUT FIRST CONTACTING THE AMEC PROJECT MANAGER. DUE 
TO LITIGIOUS OF THIS PROJECT, WHICH IS THE REASON IT IS BEING PERFORMED IN THE FIRST PLACE, THIS 
CLIENT DOES NOT WANT US TO USE THEIR PROJECTS IN ANY PUBLIC COMMUNICATIONS OR MARKETING 
EFFORTS WITHOUT FIRST OBTAINING THEIR PERMISSION. Scope: Regulatory review and litigation-related 
environmental support services for former industrial building products manufacturer. Services include subsurface 
characterization, groundwater quality testing and sampling pertaining to characterizing the extent of a groundwater plume 
impacted by the historic disposal of solvents (PCE and TCE). 

Signal Oil Semiannual Groundwater Sampling, Major Industrial Client, CONFIDENTIAL CLIENT Honeywell International, 
Inc., Edgewood, WA, United States. 031612, 38,000, 2007. Geologist. Responsible for site schedule, performing pre-drill 
protocols, writing HASP, coordinating equipment shipment for out of state locations, overseeing drilling of five hollow stem 
auger borings to collect soil and water data, performing quarterly monitoring, and sampling field work for the 4th quarter 
2005; assisted in determining the extent of hydrocarbon contamination and future placement of oxygen releasing product 
injection.DO NOT USE THIS PROJECT IN ANY PROPOSAL OR MARKETING MATERIALS WITHOUT FIRST 
CONTACTING THE AMEC PROJECT MANAGER. Although this project was not performed under the Alliance
agreement, it should be considered CONFIDENTIAL in view of the client's recent mandate. Scope: Semiannual 
groundwater monitoring and sampling of three onsite wells at site of former service station (approximately 110 ft. X 120 ft. 
site) and installation of soil borings. One well exhibits concentrations of fuel hydrocarbons. 

Former Chemical Manufacturing Facility Perchlorate Investigation, Remediation, Confidential Chemical Manufacturer, 
CONFIDENTIAL CLIENT, Morgan Hill, CA, United States. 020905, 6,000,000, 2010. Geologist. Responsible for assisting in 
door-to-door sampling of privately-owned domestic wells, and well development of offsite monitoring wells using airlifting, 
and groundwater sampling using airlifting and a WaTerra pump. PLEASE CONTACT THE AMEC PROJECT MANAGER 
BEFORE USING THIS PROJECT IN ANY PROPOSAL OR MARKETING MATERIALS. Scope: Prepared and implemented 
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several phases of remedial investigation to delineate lateral and vertical extent of perchlorate in soil and groundwater for 
design of an on-site remediation system at the site of a former flare manufacturing facility. Perchlorate has been detected in 
on-site soil, and on-site and off-site groundwater extending from the site and to depths in excess of 600 feet below ground 
surface. AMEC identified and implemented innovative monitoring well installation techniques, in situ aquifer testing 
procedures, and groundwater sampling methods. AMEC devised several monitoring and evaluation programs to save the 
client additional future remediation and monitoring well installation costs. 

Hunters Point Naval Shipyard Parcel A Environmental Consulting Services, Lennar / BVHP, LLC, San Francisco, CA, United 
States. 053085, 850,000, 2012. Project Geologist. Provided review of and recommendations on existing documents. Lennar 
achieved compliance with regulatory requirements with Amec Foster Wheeler's assistance. Performed air/dust monitoring at 
Hunters Point. Scope: Environmental consulting services to support client's legal counsel, address special requests for 
information from project stakeholders, and present information at planning and technical meetings as part of ongoing effort 
to redevelop Parcel A of area formerly occupied by U.S. Naval shipyard. Provided review of and recommendations on 
existing documents. Lennar achieved compliance with regulatory requirements with AMEC's assistance. 

Leviathan Mine Field Support (IWO), Atlantic Richfield Company, Markleeville, CA 115724, 75,600, 2011. Field Geologist. 
Performed drilling and exploration services at Leviathan Mine. Scope: Drilling and exploration services at Leviathan Mine. 
This site is an abandoned open-pit sulfur mine located in Alpine County, California. The mine is located at on the eastern 
slope of the Sierra Nevada at about 7,000-foot (2,100 m) elevation, 6 miles (9.7 km) east of Markleeville and 24 miles (39 
km) southeast of Lake Tahoe. The mine site comprises approximately 250 acres. 

Brownfields Land Recycling Program, Nevada Division of Environmental Protection (NDEP), Henderson, NV, United States. 
010476, 850,000, 2007. Geologist. Responsible for writing the Work Plan and Sampling and Analysis Plan for future 
excavation work to remove lead contamination at a former firing range. Scope: Master Services Agreement for 4 years to 
provide brownfields assessment and cleanup services in a statewide program to recycle / redevelop brownfields sites. 
Project included successful completion of cleanup of almost a century’s worth of waste materials at the Northern 
Nevada Railway Museum (Ely, NV), which allowed continuation of preservation efforts, and should improve 
attendance and increase local revenue because more historical buildings on the site will soon be open to the 
public. 

Queen of the Valley Medical Center Geotechnical Engineering Services, St. Joseph Health System, Napa, CA 107815, 
127,000, 2011. Field Geologist. Served as Field Geologist with responsibility for overseeing the exterior site grading and 
pavement construction. Scope: Geotechnical engineering services during the construction of the new, three-story acute care 
building in Napa. Building footprint dimensions are 105 x 225 feet. 

Site Closure Environmental Services, The Presidio Trust, San Francisco, CA, United States. 008379, 6,655,330, 2011. 
Geologist. Oversaw the installation of Test pits to determine the extent of fill materials and contaminants, install soil borings 
and test pits to determine extent of asphalt roofing materials, log soils and debris across site, collect soil samples, and assist 
in results report. As a Field Geology Professional, conducted field operations for a subsurface investigation, assisted in 
writing a technical memorandum and Corrective Action Plan, wrote a Corrective Action Implementation Work Plan, and 
attended site meetings with clients and regulators. Also assisted with developing a master reference cost spreadsheet and 
providing quality assurance/control of several cost spreadsheets used to price remedial options for Corrective Action Plans. 
Produced investigation reports for multiple sites within the Presidio. Performed field investigations (i.e., surface sediments 
and shallow soil borings) at Building 1450/1451, Nike Facility, and Building 1369 sites to specify excavation areas, amounts 
to be excavated, procedures, and remedial methods to be used in site cleanup. 

For Fill Site 1 and Landfill 2, provided drilling oversight for the installation of hollow stem auger soil borings to delineate the 
boundaries of the debris, fill, and native materials. 

For Building 1065, developed construction completion report. Also authored Corrective Action Implementation Work Plan; 
oversaw field work, including excavation, collection of soil and water samples, land use control cap inspection; served as 
regulatory liaison between Presidio and regulators to complete work in a manner acceptable to all parties. 

Assisted with the production of pre-remedial investigation Work Plans, Corrective Action Plans, a technical memorandum, 
and investigation reports for multiple sites within the Presidio; performed field investigations (surface sediments and 
shallow soil borings) at Building 1450/1451, Nike Facility, and Building 1369 sites to specify excavation areas, amounts to 
be excavated, procedures, and remedial methods to be used in site cleanup. 

Oversaw the installation of Test pits to determine the extent of fill materials and contaminants, install soil borings and test 
pits to determine extent of asphalt roofing materials, log soils and debris across site, collect soil samples, and assist in 
results report. 

Environmental services associated with site closure, including site investigation, risk assessment, feasibility study (FS), 
engineering design, data management, ecological risk assessment, remediation, and reporting at historic 1,416-acre former 
military base at the south end of the Golden Gate Bridge. 

Environmental Services at 8 Army Reserve Centers, Kemron - North Division, Seven U.S. Department of the Army -
Northern Region Contracting Center, US, United States. 040979, 3,387,120, 2010. Project Geologist. Responsible for 
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remediation implementation for Camp Parks Site and organized remediation field efforts and reporting. Scope: Full range of 
environmental and technical services at eight U.S. Army installations in five states (Massachusetts, Connecticut, Rhode 
Island, Maine, and California) addressing soil and groundwater contamination at landfills, underground storage tank sites 
and other waste storage and disposal sites. Work included remedial investigations / feasibility studies (RI/FS) and 
environmental remediation design services. 

Fort Ord Operable Unit (OU) Habitat Remedial Investigation / Feasibility Study (RI/FS), U.S. Army Corps of Engineers 
(USACE) – Huntsville District, Monterey, CA, United States. 027629 FTORD, 20,000,000, 2009. Project Geologist. 1) 
Responsible for gathering, reviewing, and summarizing historical data for a Basewide RI/FS. Assisted with the development 
of tables and site maps and addressed agency comments regarding the RI/FS. Assisted in developing and writing a 
Technical Memo for part of the Base detailing the site history and proposed scope of future work. 2) Assisted in data 
gathering and writing of a technical memorandum and assessment approach for multiple sites across Fort Ord. Assisted in 
design of the RI pathways and methods. Scope: Since 2004, AMEC has been conducting full remediation investigation / 
feasibility study (RI/FS) to address munitions and explosives of concern (MEC) at the Impact Area Munitions Response Area 
(MRA) for 6,500 acres of a 8,000-acre former U.S. Army training range complex (small arms to artillery fire). Activities 
included planning, site characterization, archival (historic) search, risk assessment (human health), feasibility study, and 
community relations support. 

Unlinked Amec Foster Wheeler projects 
Industrial Hygiene Services, 50 California Street, Shorenstein Realty Services, San Francisco, CA, United States. 
8415180450. Ongoing. Industrial Hygiene Technician. Performed annual Heating, Ventilation, and Air Conditioning (HVAC) 
and Transmission Electron Microscopy (TEM) surveys and reporting to monitor the air quality and performance of the HVAC 
system to ensure compliance with applicable health and safety standards. 

Environmental Services, MDC Engineered Process Solutions, Hayward and San Jose, CA, United States. 8615180420. 
Geology Professional. Performed site inspection (phase I environmental screening analysis) and comprehensive compliance 
audit of environmental program. 

Environmental Services, California Paperboard Company, Santa Clara, CA, United States. OD13165230. December 2015. 
Geologic Professional. Performed permitting, job preparation and setup, and field oversight for the installation of two 
monitoring wells, direct push soil borings, and soil vapor wells. Performed site oversight for the removal and over excavation 
of three undocumented underground storage tanks (USTs) and performed set up and sampling of groundwater, over 
excavation soil samples, and soil vapor. 

Environmental Services, Hertz Northfield QTA Facility, Oakland, CA, United States. Ongoing. Geologic Professional. 
Performed field oversight and reporting for the installation and sampling of 25 direct push soil borings, three test trenches, 
and six groundwater monitoring wells to evaluate the site conditions, transport mechanisms, and extent of the hydrocarbon 
plume. Performed oversight and soil sampling for over excavation and removal of impacted soils in source area. 

Environmental Services, Alameda Naval Yard – Site 6, Alameda CA, United States. 5023136030. Geology Professional. 
Performed operations and oversight of 2 subcontractors during the extraction and injection activities of 30+ wells and 20,000 
gallons of injection materials. Scheduling, set-up, and operation of post-injection groundwater monitoring activities. 

Environmental services, Former Honeywell Site, Newark CA, United States. OD14171100. Geology Professional. Performed 
oversight and soil logging for the installation of 29 injection wells and four groundwater monitoring wells. 

Environmental Investigation Chevron Estero Facility, Chevron, Morro Bay, CA, United States. OD11161540. Estimate 
completion: April through October 2012. Geologic Professional. Performed job preparation and field oversight for the 
installation of four well pairs using hollow stem auger and attempted water supply wells using air-rotary drilling techniques. 
Oversaw well development and pump testing of one water supply well. Helped to develop an asbestos monitoring/abatement 
plan and performed the asbestos monitoring and oversight during drilling through rock containing naturally occurring 
asbestos (NOA). 

Environmental Services, Fort Hunter Liggett, U.S. Army, Jolon, CA, United States. 4084106586.02.3. June 2011. Geologic 
Professional. Performed field oversight for the installation of direct push borings using a membrane interface probe and a 
ultra-violet optical screening tool to detect free product and PAHs to get an estimate of the vertical and horizontal extent of 
the hydrocarbon plume and determine any data gaps in the monitoring well setup. 

Santa Rosa Service Center, CONFIDENTIAL CLIENT, Pacific Gas and Electric, Santa Rosa, CA, United States. 
013045005H.2. Geologic Professional. Performed field oversight for the installation of sub-slab and subsurface soil vapor 
sampling probes and direct push soil borings onsite and offsite. Soil vapor sampling probes and onsite soil borings were 
installed inside buildings using limited access rigs. 

Mojave National Preserve, National Park Service, Mojave, CA, United States. Geology Professional. Performed planning, 
field oversight, sampling, and reporting in conjunction with excavation work at three sites within the preserve. Site work 
performed for auditing purposes and to allow for site closures. 
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Continued... 

Site Conceptual Model and Corrective Action Plan, Mariposa Ranger Unit Headquarters, Mariposa, CA, United States. 
Geology Professional. Developed and wrote a Site Conceptual Model and Corrective Action Plan recommending hydrogen 
peroxide injection to treat residual hydrocarbon concentrations in groundwater at the subject site. Wrote the fourth quarter 
2005 quarterly monitoring and sampling report. 

Camp Parks, Corrective Action Plan, Dublin, CA, United States. Geology Professional. Wrote corrective action plan and 
helped to compile data from site conceptual model, assessment report, and CAP into one coherent report. Allowed for future 
excavation of contaminated soils and providing remedy in place to allow for property transfer. Provided oversight of 
excavation and injection activities to finish cleanup activities at site and help to develop results and closure report which 
allowed final site closure. 

Circuit City, Puyallup, WA, United States. Geology Professional. Setup drilling, performed pre-drill protocols, wrote HASP, 
coordinated equipment shipment (for out of state job), and oversaw drilling of 2 hollow stem auger borings to geotechnical 
data for new loading dock. 

Phase I Environmental Site Assessments, Pacific Oroville Power, Inc., Oroville, CA, United States. 3031122016. Geologic 
Professional. Performed a Phase 1 Environmental Site Assessment at the former power plant for use as due diligence as 
part of a potential property transaction. Wrote the report detailing the findings of the site visit. 
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Caitlin Elizabeth Brice, M.Sc. 
315 Bellerose Dr. Apt. 2 

San Jose, CA 95128 
Tel. 954-651-3395 
caity63@yahoo.com 

LinkedIn Profile 

EDUCATION 

Nova Southeastern University, Master of Science in Marine Biology 
Thesis title: "The Detection of Amazonian Manatees (Trichechus inunguis) Using  

May 2014 

Side-Scan Sonar and the Effect of Oil Activities on Their Habitats in Eastern Ecuador" GPA: 3.79 
http://nsuworks.nova.edu/occ_stuetd/8/ 
GRE: Verbal – 530, Quantitative – 750, Writing – 4.5 

St. Andrews University, Introduction to Distance® Sampling August 2012 

Drury University, Bachelor of Arts in Biology and Chemistry (with Honors) 
Minor in Global Studies 

May 2009 
GPA 3.95 

Summa Cum Laude 
ACT: 31 

PROFESSIONAL EXPERIENCE 

Accutest Northern California, Quality Assurance Officer Jan. 2015 – Present 
 Manage, enforce, and audit the quality systems, procedures, data, reports, and analyst competency 

at a certified environmental laboratory for conformance to NELAC, DOD, DOE, ISO, and EPA 
requirements, state specific requirements (CA, AK, AZ, OR, WA, NV), client specific objectives, 
and improvement of laboratory performance. 

Florida Spectrum Environmental Services, Inc., Quality Assurance Director Dec. 2012-Jan. 2015 
 Direct, enforce, and audit the quality systems, procedures, data, reports, and analyst competency 

at five certified laboratories for conformance to NELAC, FDOH, FDEP, and EPA requirements, 
client specific objectives, and improvement of laboratory performance. 

Florida Spectrum Environmental Services, Inc., Feb. 2010 – Dec. 2012 
Analytical Chemist and Microbiologist 

 Performed EPA methods in inorganics, organics, extractions, and microbiology in solid, water, 
and chemical matrices. 

 Analyzed samples using HPLC, IC, GC/MS, Flow Analyzers, Discrete Analyzers, Block 
Digesters, Distillation Units, and Incubators. 

RESEARCH EXPERIENCE 

Nova Southeastern University, Graduate Research Assistant August 2010 – May 2014 
 Collected water samples, conducted interviews, and performed side-scan sonar surveys to detect 

Amazonian Manatees and investigate their population ecology in the rivers and lagoons of the 
Amazon River basin in Eastern Ecuador. Field time: 6 weeks. 

Newfound Harbor Marine Institute Seacamp, Research Intern May 2006 
 Surveyed marine life in Big Pine Key, FL. 

mailto:caity63@yahoo.com


 

TEACHING EXPERIENCE 

Nova Southeastern University, Laboratory Assistant Aug. 2009-May 2011 
Assisted with the set-up and teaching of Biology 101 laboratory classes. 

PUBLICATIONS 

Brice, Caitlin E. 2014. “The Detection of Amazonian Manatees (Trichechus inunguis) Using Side-
Scan Sonar and the Effect of Oil Activities on Their Habitats in Eastern Ecuador.” 
http://nsuworks.nova.edu/occ_stuetd/8. 

Brice, Caitlin. October 2011. “The Status of Amazonian Manatees (Trichechus inunguis) and  Their  
Habitats in Eastern Ecuador”. Sirenews. Number 56. www.sirenian.org/sirenews/56OCT2011.pdf 

PRESENTATIONS 

Florida Marine Mammal Health Conference, Poster Presenter April 2012 
“Oil Effects on the Amazonian Manatee (Trichechus inunguis) in Eastern Ecuador: Evaluating the Risks” 
Southeast and Mid Atlantic Marine Mammal Symposium, Oral Presenter March 2012 
“Oil Effects on the Amazonian Manatee (Trichechus inunguis) in Eastern Ecuador: Evaluating the Risks” 
19th Biennial Conference on the Biology of Marine Mammals, Oral Presenter Nov. 2011 
“The Status of Amazonian Manatees (Trichechus inunguis) and Their Habitats in Eastern Ecuador” 
Fifth Annual International Sirenian Symposium, Oral Presenter Nov. 2011 
“The Status of Amazonian Manatees (Trichechus inunguis) and Their Habitats in Eastern Ecuador” 

SKILLS 

Superior Organization and Communication 
Management of Multiple Teams Effectively Toward a Common Goal 
Rapid Learning and Adaptability 
Trained Protected Species Observer (PSO) 
Certified PADI Open Water Diver 
Proficient with Laboratory Internal Management Systems (LIMS), JMP®, Humviewer®, ArcGIS®, 
Agilent ChemStation®, Distance® software, and Microsoft® Office 
Intermediate Spanish Reading, Writing, and Conversational Skills 
Violinist 

HONORS AND AWARDS 

First Place - Southeast and Mid Atlantic Marine Mammal Symposium (2012) 
Walter H. Hoffman Chemistry Award for outstanding academic performance (2009) 
Beta Beta Beta, Chi Chapter Inductee – Biology Honor Society (2008) 
Omicron Delta Kappa – Leadership Honor Society Inductee (2008) 
National Honor Society (Inducted 2003) 
Concert Master – Drury Chamber Orchestra and Drury String Quartet (2007-2009) 
Girl Scout Gold Award Recipient (2008) 
Community Leadership Scholarship (2005) 
Elk's Lodge Scholarship (2005) 
Presidential Academic Scholarship (2005) 
Presidential Musical Scholarship for Violin (2005) 
Women in Science Award (May 2005) 

www.sirenian.org/sirenews/56OCT2011.pdf
http://nsuworks.nova.edu/occ_stuetd/8


ORGANIZATIONS AND AFFILIATIONS 

Marine Animal Rescue Society (MARS) – Trained Volunteer 
The Society of Marine Mammalogy 
Florida Society of Environmental Analysts (FSEA) 
The NELAC Institute (TNI) 
American Chemical Society 

REFERENCES 

Dr. Caryn Self-Sullivan, Ph.D. 
Areas of Expertise: Marine Mammal Surveys and Surveys in Remote Areas 
Major Thesis Advisor - Nova Southeastern University Oceanographic Center 
Co-founder - Sirenian International, Inc. 
540-287-8207 
cs1733@nova.edu 

Dr. Donald McCorquodale, Ph.D. 
Areas of Expertise: Environmental Assessments, Project Management, and Microbiology 
Thesis Committee Member - Nova Southeastern University Oceanographic Center 
Founder, Former Quality Assurance Director, Microbiologist, and Mentor - Florida Spectrum 
Environmental Services, Inc. 
954-258-4630 
mccorq@nova.edu 

Richard Vicchiarelli, M.S. 
Areas of Expertise: Analytical Chemistry 
Chemist – Florida Spectrum Environmental Services, Inc. 
954-547-4296 
vicchi@bellsouth.net 

Dr. Daniel Gonzalez-Socoloske, Ph.D. 
Areas of Expertise: Marine Mammal Surveys and Side-Scan Sonar Surveys 
Thesis Committee Member – Andrews University 
Associate Editor – Latin American Journal of Aquatic Mammals 
gonzalezd@andrews.edu 

Dr. Roger Reep, Ph.D. 
Areas of Expertise: Florida Manatees and Marine Mammal Surveys 
Thesis Committee Member – University of Florida 
reepr@ufl.edu 

mailto:reepr@ufl.edu
mailto:gonzalezd@andrews.edu
mailto:vicchi@bellsouth.net
mailto:mccorq@nova.edu
mailto:cs1733@nova.edu
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Title: Corporate Technical Director, 
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Professional Summary 

Name: Svetlana Izosimova 
Title: Quality Assurance Officer 

Southeast Regional Laboratory 

Education: –  
–  

 
 

– Colloid Chemistry, “Physical  
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AHTNA DAILY SITE SAFETY TAILGATE / INSPECTION LOG 

GENERAL DATA Date: 
   

     

DOCUMENTATION OF WORKDAY SAFETY MEETING    ): 

      check those discussed  
    

     
    

       
  

  

   
  

  
  

     
   

       
     

   

   

      

MEETING ATTENDEES: (       ) 
NAME / COMPANY NAME / COMPANY 

   ? 

DAILY INSPECTIONS:         

Y N 
N 
A 

Inspection Item Y N 
N 
A 

Inspection Item Y N 
N 
A 

INSPECTION ITEM 

OTHER (List) 
         

      
      
      
      

         
       

   ISSUES TO FOLLOW-UP 
              

        
       
      

       
      

         

Immediately Correct any deficiencies. Note any uncorrected deficiencies on the APP Safety and Occupational Health Deficiency 
Tracking Log. 
Comments/Field Notes: 

I acknowledge that above elements performed (SSHO/Inspector signature): Date: 

 BBS Triggers             
 BBS Trigger Controls             

Ahtna Daily Site Safety Tailgate / Inspection Log, version: August 2014 



AHTNA DAILY SITE SAFETY TAILGATE / INSPECTION LOG 

Additional MEETING ATTENDEES: (       ) 
NAME / COMPANY NAME / COMPANY 

NOTES / COMMENTS / SKETCHES 

Ahtna Daily Site Safety Tailgate / Inspection Log, version: August 2014 



 

TASK SPECIFIC HEALTH AND SAFETY WORKSHEET 
SUPPLEMENT TO THE PROGRAM HEALTH AND SAFETY PLAN 
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SITE HAZARDS (check all that apply) 
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Task Specific Health and Safety Worksheet 

LEVEL OF PROTECTION REQUIRED (A, B, C, or D) minimum maximum 
PPE REQUIRED (Check all that apply) 
 

      
      

       
       

     
      

   
       

      
      
         
      
      
         
          
         

OTHER SAFETY EQUIPMENT REQUIRED (Check all that apply) 
 
      
      
      
         
 

REQUIRED CLEARANCES 

        
        
        
         
 

LIST OF PERSONNEL ASSIGNED TO SITE AND RECORDS VERIFICATION 

 
 

NAME  HAZWOPER MEDICAL RESPIRATOR FIRST CELL PHONE NUMBER 
CERTIFICATION CLEARANCE FIT TEST AID/CPR 
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DOCUMENTATION OF DAILY MORNING SAFETY MEETING: 
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MEETING ATTENDEES: 
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Project Site Safety Log 
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POST-TREATMENT PARAMETER MONITORING FORM 

Project Information: 

Project and Task No.: 

Project Name: 

Date: 

Field Personnel Name/s: 

Well Information: 

Well ID: 

Total Depth: ___________ Well Diameter: ______________ 

Three Casing Volumes: _____________________________ 

Water Level Information: 

Initial Depth to Water: 

Depth to Water after Monitoring: 

Time 

Pump 
Intake 
Depth 

Rate 
(mL/min) 

Cum. Vol. 
(L) 

Temp. 
( C) 

pH 
(units) 

Specific 
Electrical 

Conductance 
( S/cm) 

Dissolved 
Oxidation-
Reduction 

Parameter Collection Information: 

Method of Monitoring: Purging Downhole Meter 

Downhole Meter Type and ID: ________________________ 

Pump Type and ID:_________________________________ 

Multi-Meter Type and ID:____________________________ 

Meter Calibration Completed (except Temperature)1: 

Remarks 
(color, odor, 

TurbidityOxygen Potential suspended 
(NTU)(mg/L) (mV) materials, etc.) 

NOTES: 
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ATTACHMENT D 
 

 

Ahtna Environmental, Inc. 



INVESTIGATION, MONITORING, O&M  PROJECTS 
PREPARATORY PHASE INSPECTION COVER SHEET 

Contract No.: ____________________ 
Task No.: ____________________ 
Location/Project: ____________________ 

Date: _______________ 

A. Key Personnel Present: 
Name 

1. 
Position Company 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

B. Submittals: 
1. Review submittals and/or submittal register. Have all applicable submittals been approved? 
Yes___ No___ 

If No, what items have not been submitted? 
a. 
b. 
c. 

USACE Representative Signature Quality Control Manager Signature 

Ahtna Engineering Services Three Phase QC Procedure 
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INVESTIGATION, MONITORING, O&M  PROJECTS 
INITIAL PHASE INSPECTION COVER SHEET 

Contract No.: ____________________ Date: _______________ 
Task No.: ____________________ 
Location/Project: ____________________ 

Description and Location of Work Inspected: 

A. Key Personnel Present: 
Name Position Company 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

Quality Control Manager Signature 

Ahtna Engineering Services Three Phase QC Procedure 
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INVESTIGATION, MONITORING, O&M  PROJECTS 
FOLLOW-UP PHASE INSPECTION COVER SHEET 

Contract No.: _____________________ Date: _______________ 
Task No.: _____________________ 
Location/Project: _____________________ 

Project/Area of Inspection: 

A. Key Personnel Present: 

Name Position Company 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

B. Definable Features of Work: Status of Inspection: 

Quality Control Manager 
Ahtna Engineering Services Three Phase QC Procedure 
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QAPP, Volume I OU2, Sites 2/12, and OUCTP 
Appendix A, Revision 7 Former Fort Ord, California 

ATTACHMENT E 
 

 
 

Ahtna Environmental, Inc. 
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QAPP, Volume I OU2, Sites 2/12, and OUCTP 
Appendix A, Revision 7 Former Fort Ord, California 

ATTACHMENT F 
 

 

Ahtna Environmental, Inc. 



  

 
 

 
 

 

 

 

CERTIFICATE OF ACCREDITATION 
ANSI-ASQ National Accreditation Board 

500 Montgomery Street, Suite 625, Alexandria, VA 22314, 877-344-3044 

This is to certify that 

SGS North America Inc. - Orlando 
4405 Vineland Road, Suite C-15 

Orlando, FL 32811 
has been assessed by ANAB 

and meets the requirements of international standard 

ISO/IEC 17025:2005 
and DoD Quality Systems Manual for Environmental 

Laboratories (DoD QSM V 5.1.1) 
while demonstrating technical competence in the fields of 

TESTING 
Refer to the accompanying Scope of Accreditation for information regarding the types of 

calibrations and/or tests to which this accreditation applies. 

L2229 
Certificate Number 

Certificate Valid: 12/05/2018-12/15/2021 
Version No. 003 Issued: 12/05/2018  

This laboratory is accredited in accordance with the recognized International Standard ISO/IEC 17025:2005. 
This accreditation demonstrates technical competence for a defined scope and the operation of a laboratory 

quality management system (refer to joint ISO-ILAC-IAF Communiqué dated April 2017). 



 
 

 

 
 

 

 

 

 

 

 

SCOPE OF ACCREDITATION TO ISO/IEC 17025:2005 AND DOD 
QUALITY SYSTEMS MAUAL FOR ENVIRONMENTAL 

LABORATORIES (DOD QSM V 5.1.1) 

SGS North America Inc. - Orlando 
4405 Vineland Road, Suite C-15 

Orlando, FL 32811 
Svetlana Izosimova, Ph. D., QA Officer 

407-425-6700 

TESTING 

Valid to: December 15, 2021    Certificate Number: L2229 

Environmental 

Drinking Water 

Technology Method Analyte 
LC/MS/MS EPA 537 rev. 1.1 Perfluorohexanoic Acid 
LC/MS/MS EPA 537 rev. 1.1 Perfluoroheptanoic Acid 
LC/MS/MS EPA 537 rev. 1.1 Perfluorooctanoic Acid 
LC/MS/MS EPA 537 rev. 1.1 Perfluorononanoic Acid 
LC/MS/MS EPA 537 rev. 1.1 Perfluorodecanoic Acid 
LC/MS/MS EPA 537 rev. 1.1 Perfluoroundecanoic Acid 
LC/MS/MS EPA 537 rev. 1.1 Perfluorododecanoic Acid 
LC/MS/MS EPA 537 rev. 1.1 Perfluorotridecanoic Acid 
LC/MS/MS EPA 537 rev. 1.1 Perfluorotetradecanoic Acid 
LC/MS/MS EPA 537 rev. 1.1 Perfluorobutanesulfonic Acid 
LC/MS/MS EPA 537 rev. 1.1 Perfluorohexanesulfonic Acid 
LC/MS/MS EPA 537 rev. 1.1 Perfluorooctanesulfonic Acid 
LC/MS/MS EPA 537 rev. 1.1 N-Methyl perfluorooctanesulfonamidoacetic acid 
LC/MS/MS EPA 537 rev. 1.1 N-Ethyl perfluorooctanesulfonamidoacetic acid 
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Non-Potable Water 
Technology Method Analyte 

GC/ECD EPA 8011 1,2-Dibromoethane (EDB) 
GC/ECD EPA 8011 1,2-Dibromo-3-Chloropropane (DBCP) 
GC/ECD EPA 504.1 1,2-Dibromoethane (EDB) 
GC/ECD EPA 504.1 1,2-Dibromo-3-Chloropropane (DBCP) 
GC/ECD EPA 504.1 1,2,3-Trichloropropane (1,2,3-TCP) 
GC/FID EPA 8015C/D Diesel range organics (DRO) 
GC/FID EPA 8015C/D Oil Range Organics (ORO) 
GC/FID EPA 8015C/D Gasoline range organics (GRO) 
GC/FID EPA 8015C/D Ethanol 
GC/FID EPA 8015C/D 2-Ethoxyethanol 
GC/FID EPA 8015C/D Isobutyl alcohol (2-Methyl-1-propanol) 
GC/FID EPA 8015C/D Isopropyl alcohol (2-Propanol) 
GC/FID EPA 8015C/D Methanol 
GC/FID EPA 8015C/D n-Butyl alcohol 
GC/FID EPA 8015C/D n-Propanol 
GC/ECD EPA 608.3; EPA 8081B 4,4`-DDD 
GC/ECD EPA 608.3; EPA 8081B 4,4`-DDE 
GC/ECD EPA 608.3; EPA 8081B 4,4`-DDT 
GC/ECD EPA 608.3; EPA 8081B Aldrin 

GC/ECD EPA 608.3; EPA 8081B alpha-BHC (alpha-
Hexachlorocyclohexane) 

GC/ECD EPA 608.3; EPA 8081B beta-BHC (beta-Hexachlorocyclohexane) 
GC/ECD EPA 608.3; EPA 8081B delta-BHC 

GC/ECD EPA 608.3; EPA 8081B gamma-BHC (Lindane gamma-
Hexachlorocyclohexane) 

GC/ECD EPA 608.3; EPA 8081B Chlordane (tech.) 
GC/ECD EPA 608.3; EPA 8081B alpha-Chlordane 
GC/ECD EPA 608.3; EPA 8081B gamma-Chlordane 
GC/ECD EPA 608.3; EPA 8081B Dieldrin 
GC/ECD EPA 608.3; EPA 8081B Endosulfan I 
GC/ECD EPA 608.3; EPA 8081B Endosulfan II 
GC/ECD EPA 608.3; EPA 8081B Endosulfan sulfate 
GC/ECD EPA 608.3; EPA 8081B Endrin 
GC/ECD EPA 608.3; EPA 8081B Endrin aldehyde 
GC/ECD EPA 608.3; EPA 8081B Endrin ketone 
GC/ECD EPA 608.3; EPA 8081B Heptachlor 
GC/ECD EPA 608.3; EPA 8081B Heptachlor epoxide 
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Non-Potable Water 
Technology Method Analyte 

GC/ECD EPA 608.3; EPA 8081B Methoxychlor 
GC/ECD EPA 608.3; EPA 8081B Toxaphene (Chlorinated camphene) 
GC/ECD EPA 608.3; EPA 8081B Aroclor-1016 (PCB-1016) 
GC/ECD EPA 608.3; EPA 8081B Aroclor-1221 (PCB-1221) 
GC/ECD EPA 608.3; EPA 8081B Aroclor-1232 (PCB-1232) 
GC/ECD EPA 608.3; EPA 8081B Aroclor-1242 (PCB-1242) 
GC/ECD EPA 608.3; EPA 8081B Aroclor-1248 (PCB-1248) 
GC/ECD EPA 608.3; EPA 8081B Aroclor-1254 (PCB-1254) 
GC/ECD EPA 608.3; EPA 8081B Aroclor-1260 (PCB-1260) 
GC/ECD EPA 8082A Aroclor-1262 (PCB-1262) 
GC/ECD EPA 8082A Aroclor-1268 (PCB-1268) 
GC/FPD EPA 8141B Azinphos-methyl (Guthion) 
GC/FPD EPA 8141B Bolstar (Sulprofos) 
GC/FPD EPA 8141B Carbophenothion 
GC/FPD EPA 8141B Chlorpyrifos 
GC/FPD EPA 8141B Coumaphos 
GC/FPD EPA 8141B Demeton-o 
GC/FPD EPA 8141B Demeton-s 
GC/FPD EPA 8141B Diazinon 
GC/FPD EPA 8141B Dichlorovos (DDVP Dichlorvos) 
GC/FPD EPA 8141B Dimethoate 
GC/FPD EPA 8141B Disulfoton 
GC/FPD EPA 8141B EPN 
GC/FPD EPA 8141B Ethion 
GC/FPD EPA 8141B Ethoprop 
GC/FPD EPA 8141B Famphur 
GC/FPD EPA 8141B Fensulfothion 
GC/FPD EPA 8141B Fenthion 
GC/FPD EPA 8141B Malathion 
GC/FPD EPA 8141B Merphos 
GC/FPD EPA 8141B Methyl parathion (Parathion methyl) 
GC/FPD EPA 8141B Mevinphos 
GC/FPD EPA 8141B Monocrotophos 
GC/FPD EPA 8141B Naled 
GC/FPD EPA 8141B Parathion ethyl 
GC/FPD EPA 8141B Phorate 
GC/FPD EPA 8141B Ronnel 
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Non-Potable Water 
Technology Method Analyte 

GC/FPD EPA 8141B Stirofos 
GC/FPD EPA 8141B Sulfotepp 
GC/FPD EPA 8141B Tetraethyl pyrophosphate (TEPP) 
GC/FPD EPA 8141B Thionazin (Zinophos) 
GC/FPD EPA 8141B Tokuthion (Prothiophos) 
GC/FPD EPA 8141B Trichloronate 
GC/FPD EPA 8141B O,O,O-Triethyl phosphorothioate 
GC/ECD EPA 8151A 2,4,5-T 
GC/ECD EPA 8151A 2,4-D 
GC/ECD EPA 8151A 2,4-DB 
GC/ECD EPA 8151A Dalapon 
GC/ECD EPA 8151A Dicamba 
GC/ECD EPA 8151A Dichloroprop (Dichlorprop) 

GC/ECD EPA 8151A Dinoseb (2-sec-butyl-4,6-dinitrophenol 
DNBP) 

GC/ECD EPA 8151A MCPA 
GC/ECD EPA 8151A MCPP 
GC/ECD EPA 8151A Pentachlorophenol 
GC/ECD EPA 8151A Silvex (2,4,5-TP) 
GC/FID RSK-175 Acetylene 
GC/FID RSK-175 Methane 
GC/FID RSK-175 Ethane 
GC/FID RSK-175 Ethene 
GC/FID RSK-175 Propane 
GC/FID FL-PRO Total Petroleum Hydrocarbons (TPH) 
GC/FID MA-VPH Volatile petroleum range organics (VPH) 

GC/FID MA-EPH Extractable petroleum range organics 
(EPH) 

GC/FID IA-OA1 Gasoline range organics (GRO) 
GC/FID IA-OA2 Diesel range organics (DRO) 
GC/FID TN-GRO Gasoline range organics (GRO) 

GC/FID TN-EPH Extractable petroleum range organics 
(EPH) 

GC/FID WI-DRO Diesel range organics (DRO) 
GC/FID AK-101 Gasoline range organics (GRO) 
GC/FID AK-102 Diesel range organics (DRO) 
GC/FID OK-GRO Gasoline range organics (GRO) 
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Non-Potable Water 
Technology Method Analyte 

GC/FID OK-DRO Diesel range organics (DRO) 
GC/FID TX-1005 Total Petroleum Hydrocarbons (TPH) 
GC/FID KS LRH Low-Range Hydrocarbons (LRH) 
GC/FID KS MRH Mid-Range Hydrocarbons (MRH) 
GC/FID KS HRH High-Range Hydrocarbons (HRH) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,1,1,2-Tetrachloroethane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,1,1-Trichloroethane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,1,2,2-Tetrachloroethane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,1,2-Trichloroethane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,1-Dichloroethane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,1-Dichloroethylene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,1-Dichloropropene 

GC/MS EPA 624.1; EPA 8260B/C 1,1,2-Trichloro-1,2,2-trifluoroethane (Freon 
113) 

GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,2,3-Trichlorobenzene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,2,3-Trichloropropane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,2,4-Trichlorobenzene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,2,4-Trimethylbenzene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,2-Dibromo-3-chloropropane (DBCP) 

GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,2-Dibromoethane (EDB Ethylene 
dibromide) 

GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,2-Dichlorobenzene (o-Dichlorobenzene) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,2-Dichloroethane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,2-Dichloropropane 
GC/MS EPA 8260B/C 1,2-Dichlorotrifluoroethane (Freon 123) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,3,5-Trimethylbenzene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,3-Dichlorobenzene (m-Dichlorobenzene) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,3-Dichloropropane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 1,4-Dichlorobenzene (p-Dichlorobenzene) 
GC/MS EPA 8260B/C 1-Chlorohexane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 2,2-Dichloropropane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 2-Butanone (Methyl ethyl ketone MEK) 
GC/MS EPA 624.1; EPA 8260B/C 2-Chloroethyl vinyl ether 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 2-Chlorotoluene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 2-Hexanone 
GC/MS EPA 8260B/C 2-Nitropropane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 4-Chlorotoluene 
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Non-Potable Water 
Technology Method Analyte 

GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 4-Methyl-2-pentanone (MIBK) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Acetone 
GC/MS EPA 8260B/C Acetonitrile 
GC/MS EPA 624.1; EPA 8260B/C Acrolein (Propenal) 

GC/MS EPA 624.1; EPA 8260B/C Acrylonitrile 

GC/MS EPA 8260B/C Allyl chloride (3-Chloropropene) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Benzene 
GC/MS EPA 8260B/C Benzyl Chloride 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Bromobenzene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Bromochloromethane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Bromodichloromethane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Bromoform 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C n-Butylbenzene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C sec-Butylbenzene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C tert-Butylbenzene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Carbon disulfide 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Carbon tetrachloride 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Chlorobenzene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Chloroethane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Chloroform 
GC/MS EPA 8260B/C Chloroprene 
GC/MS EPA 624.1; EPA 8260B/C Cyclohexane 
GC/MS EPA 8260B/C Cyclohexanone 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C cis-1,2-Dichloroethylene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C trans-1,2-Dichloroethylene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C cis-1,3-Dichloropropene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C trans-1,3-Dichloropropylene 
GC/MS EPA 8260B/C cis-1,4-Dichloro-2-butene 
GC/MS EPA 8260B/C trans-1,4-Dichloro-2-butene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Di-isopropylether (DIPE) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Dibromochloromethane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Dibromomethane (Methylene Bromide) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Dichlorodifluoromethane 
GC/MS EPA 8260B/C Diethyl ether 

GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C 
SIM p-Dioxane  (1,4-Dioxane) 
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Non-Potable Water 
Technology Method Analyte 

GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Ethanol (Ethyl Alcohol) 
GC/MS EPA 8260B/C Ethyl acetate 
GC/MS EPA 8260B/C Ethyl methacrylate 
GC/MS EPA 8260B/C Ethyl tert-butyl alcohol (ETBA) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Ethyl tert-butyl ether (ETBE) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Ethylbenzene 
GC/MS EPA 8260B/C Ethylene Oxide 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Hexachlorobutadiene 
GC/MS EPA 8260B/C Hexane 
GC/MS EPA 8260B/C Iodomethane (Methyl iodide) 
GC/MS EPA 8260B/C Isobutyl alcohol (2-Methyl-1-propanol) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C p-Isopropyltoluene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Isopropylbenzene 
GC/MS EPA 8260B/C Methacrylonitrile 
GC/MS EPA 624.1; EPA 8260B/C Methyl Acetate 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Methyl bromide (Bromomethane) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Methyl chloride (Chloromethane) 
GC/MS EPA 624.1; EPA 8260B/C Methylcyclohexane 
GC/MS EPA 8260B/C Methyl methacrylate 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Methyl tert-butyl ether (MTBE) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Methylene chloride 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Naphthalene 
GC/MS EPA 8260B/C Pentachloroethane 
GC/MS EPA 8260B/C Propionitrile (Ethyl cyanide) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C n-Propylbenzene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Styrene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C tert-Amyl alcohol (TAA) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C tert-Amyl methyl ether (TAME) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C tert-Butyl alcohol (TBA) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C tert-Butyl formate (TBF) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Tetrachloroethylene (Perchloroethylene) 
GC/MS EPA 8260B/C Tetrahydrofuran 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Toluene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Trichloroethene (Trichloroethylene) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Trichlorofluoromethane 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Vinyl acetate 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Vinyl chloride 
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Non-Potable Water 
Technology Method Analyte 

GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C Xylene (total) 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C m,p-Xylene 
GC/MS EPA 624.1; SM 6200B-11; EPA 8260B/C o-Xylene 
GC/MS EPA 8260B/C 1-Bromopropane 
GC/MS EPA 8260B/C Isopropyl Alcohol 
GC/MS EPA 8260B/C n-Butyl Alcohol 
GC/MS EPA 625.1; EPA 8270D 1,2,4,5-Tetrachlorobenzene 
GC/MS EPA 625.1; EPA 8270D 1,2,4-Trichlorobenzene 
GC/MS EPA 625.1; EPA 8270D 1,2-Dichlorobenzene (o-Dichlorobenzene) 
GC/MS EPA 625.1; EPA 8270D 1,2-Diphenylhydrazine 
GC/MS EPA 8270D 1,3,5-Trinitrobenzene (1,3,5-TNB) 
GC/MS EPA 625.1; EPA 8270D 1,3-Dichlorobenzene (m-Dichlorobenzene) 
GC/MS EPA 8270D 1,3-Dinitrobenzene (1,3-DNB) 
GC/MS EPA 625.1; EPA 8270D 1,4-Dichlorobenzene (p-Dichlorobenzene) 
GC/MS EPA 8270D 1,4-Dithiane 
GC/MS EPA 8270D 1,4-Oxathiane 
GC/MS EPA 8270D 1,4-Naphthoquinone 
GC/MS EPA 8270D 1,4-Phenylenediamine 
GC/MS EPA 8270D 1-Chloronaphthalene 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM 1-Methylnaphthalene 

GC/MS EPA 8270D 1-Naphthylamine 
GC/MS EPA 625.1; EPA 8270D 2,3,4,6-Tetrachlorophenol 
GC/MS EPA 625.1; EPA 8270D 2,4,5-Trichlorophenol 
GC/MS EPA 625.1; EPA 8270D 2,4,6-Trichlorophenol 
GC/MS EPA 625.1; EPA 8270D 2,4-Dichlorophenol 
GC/MS EPA 625.1; EPA 8270D 2,4-Dimethylphenol 
GC/MS EPA 625.1; EPA 8270D 2,4-Dinitrophenol 
GC/MS EPA 625.1; EPA 8270D 2,4-Dinitrotoluene (2,4-DNT) 
GC/MS EPA 8270D 2,6-Dichlorophenol 
GC/MS EPA 625.1; EPA 8270D 2,6-Dinitrotoluene (2,6-DNT) 
GC/MS EPA 8270D 2-Acetylaminofluorene 
GC/MS EPA 625.1; EPA 8270D 2-Chloronaphthalene 
GC/MS EPA 625.1; EPA 8270D 2-Chlorophenol 

GC/MS EPA 625.1; EPA 8270D 2-Methyl-4,6-dinitrophenol (4,6-Dinitro-o-
cresol) 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM 2-Methylnaphthalene  
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Non-Potable Water 
Technology Method Analyte 

GC/MS EPA 625.1; EPA 8270D 2-Methylphenol (o-Cresol) 
GC/MS EPA 8270D 2-Naphthylamine 
GC/MS EPA 625.1; EPA 8270D 2-Nitroaniline 
GC/MS EPA 625.1; EPA 8270D 2-Nitrophenol 
GC/MS EPA 8270D 2-Picoline (2-Methylpyridine) 
GC/MS EPA 625.1; EPA 8270D 3,3`-Dichlorobenzidine 
GC/MS EPA 8270D 3,3`-Dimethylbenzidine 
GC/MS EPA 8270D 3-Methylcholanthrene 
GC/MS EPA 625.1; EPA 8270D 3&4-Methylphenol (m,p-Cresol) 
GC/MS EPA 625.1; EPA 8270D 3-Nitroaniline 
GC/MS EPA 8270D 4-Aminobiphenyl 
GC/MS EPA 625.1; EPA 8270D 4-Bromophenyl phenyl ether 
GC/MS EPA 625.1; EPA 8270D 4-Chloro-3-methylphenol 
GC/MS EPA 625.1; EPA 8270D 4-Chloroaniline 
GC/MS EPA 625.1; EPA 8270D 4-Chlorophenyl phenylether 
GC/MS EPA 8270D 4-Dimethyl aminoazobenzene 
GC/MS EPA 625.1; EPA 8270D 4-Nitroaniline 
GC/MS EPA 625.1; EPA 8270D 4-Nitrophenol 
GC/MS EPA 8270D 4,4’-methylene-bis(2-chloroaniline) 
GC/MS EPA 8270D 5-Nitro-o-toluidine 
GC/MS EPA 8270D 7,12-Dimethylbenz(a) anthracene 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Acenaphthene 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Acenaphthylene  

GC/MS EPA 625.1; EPA 8270D Acetophenone 
GC/MS EPA 625.1; EPA 8270D Aniline 
GC/MS EPA 8270D Anilazine 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Anthracene 

GC/MS EPA 8270D Aramite 
GC/MS EPA 625.1; EPA 8270D Atrazine 
GC/MS EPA 625.1; EPA 8270D Benzaldehyde 
GC/MS EPA 625.1; EPA 8270D Benzidine 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Benzo(a)anthracene  

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Benzo(a)pyrene 
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Non-Potable Water 
Technology Method Analyte 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Benzo(b)fluoranthene 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Benzo(g,h,i)perylene  

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Benzo(k)fluoranthene 

GC/MS EPA 625.1; EPA 8270D Benzoic acid 
GC/MS EPA 625.1; EPA 8270D Benzyl alcohol 
GC/MS EPA 625.1; EPA 8270D Biphenyl (1,1’-Biphenyl) 
GC/MS EPA 625.1; EPA 8270D bis(2-Chloroethoxy)methane 
GC/MS EPA 625.1; EPA 8270D bis(2-Chloroethyl) ether 

GC/MS EPA 625.1; EPA 8270D bis(2-Chloroisopropyl) ether  (2,2`-
Oxybis(1-chloropropane)) 

GC/MS EPA 625.1; EPA 8270D bis(2-Ethylhexyl) phthalate (DEHP) 
GC/MS EPA 625.1; EPA 8270D Butyl benzyl phthalate 
GC/MS EPA 625.1; EPA 8270D Carbazole 
GC/MS EPA 625.1; EPA 8270D Caprolactam 
GC/MS EPA 8270D Chlorobenzilate 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Chrysene  

GC/MS EPA 8270D Diallate 
GC/MS EPA 8270D Dinoseb 
GC/MS EPA 625.1; EPA 8270D Di-n-butyl phthalate 
GC/MS EPA 625.1; EPA 8270D Di-n-octyl phthalate 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Dibenz(a,h)anthracene  

GC/MS EPA 8270D Dibenz(a,j)acridine 
GC/MS EPA 625.1; EPA 8270D Dibenzofuran 
GC/MS EPA 625.1; EPA 8270D Diethyl phthalate 
GC/MS EPA 625.1; EPA 8270D Dimethyl phthalate 
GC/MS EPA 8270D a,a-Dimethylphenethylamine 
GC/MS EPA 8270D Diphenyl Ether 
GC/MS EPA 8270D p-Dioxane (1,4-Dioxane) 
GC/MS EPA 8270D Ethyl methanesulfonate 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Fluoranthene  

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Fluorene  

GC/MS EPA 625.1; EPA 8270D Hexachlorobenzene 
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Non-Potable Water 
Technology Method Analyte 

GC/MS EPA 625.1; EPA 8270D Hexachlorobutadiene 
GC/MS EPA 625.1; EPA 8270D Hexachlorocyclopentadiene 
GC/MS EPA 625.1; EPA 8270D Hexachloroethane 
GC/MS EPA 8270D Hexachlorophene 
GC/MS EPA 8270D Hexachloropropene 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Indeno(1,2,3-cd)pyrene  

GC/MS EPA 8270D Isodrin 
GC/MS EPA 625.1; EPA 8270D Isophorone 
GC/MS EPA 8270D Isosafrole 
GC/MS EPA 8270D Kepone 
GC/MS EPA 8270D Methapyrilene 
GC/MS EPA 8270D Methyl methanesulfonate 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Naphthalene  

GC/MS EPA 8270D Nicotine 
GC/MS EPA 625.1; EPA 8270D Nitrobenzene 
GC/MS EPA 8270D Nitroquinoline-1-oxide 
GC/MS EPA 8270D n-Nitroso-di-n-butylamine 
GC/MS EPA 625.1; EPA 8270D n-Nitrosodi-n-propylamine 
GC/MS EPA 8270D n-Nitrosodiethylamine 
GC/MS EPA 625.1; EPA 8270D n-Nitrosodimethylamine 
GC/MS EPA 625.1; EPA 8270D n-Nitrosodiphenylamine 

GC/MS EPA 8270D n-Nitrosodiphenylamine/Diphenylamine 
(analyte pair) 

GC/MS EPA 8270D n-Nitrosomethylethylamine 
GC/MS EPA 8270D n-Nitrosomorpholine 
GC/MS EPA 8270D n-Nitrosopiperidine 
GC/MS EPA 8270D n-Nitrosopyrrolidine 
GC/MS EPA 8270D Pentachlorobenzene 
GC/MS EPA 8270D Pentachloroethane 
GC/MS EPA 8270D Pentachloronitrobenzene 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Pentachlorophenol 

GC/MS EPA 8270D Phenacetin 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Phenanthrene  

GC/MS EPA 625.1; EPA 8270D Phenol 
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Technology Method Analyte 

GC/MS EPA 8270D Pronamide (Kerb) 
GC/MS EPA 8270D Propazine 

GC/MS EPA 625.1; EPA 8270D; EPA 8270D 
SIM Pyrene  

GC/MS EPA 625.1; EPA 8270D Pyridine 
GC/MS EPA 8270D Resorcinol 
GC/MS EPA 8270D Safrole 
GC/MS EPA 8270D Simazine 
GC/MS EPA 8270D Thionazin (Zinophos) 
GC/MS EPA 8270D o-Toluidine 
GC/MS EPA 8270D Dimethoate 
GC/MS EPA 8270D Disulfoton 
GC/MS EPA 8270D Famphur 
GC/MS EPA 8270D Methyl parathion (Parathion methyl) 
GC/MS EPA 8270D Parathion ethyl 
GC/MS EPA 8270D Phorate 
GC/MS EPA 8270D O,O,O-Triethyl phosphorothioate 
HPLC EPA 610 1-Methylnaphthalene 
HPLC EPA 610 2-Methylnaphthalene 
HPLC EPA 610 Acenaphthene 
HPLC EPA 610 Acenaphthylene 
HPLC EPA 610 Anthracene 
HPLC EPA 610 Benzo(a)anthracene 
HPLC EPA 610 Benzo(a)pyrene 
HPLC EPA 610 Benzo(b)fluoranthene 
HPLC EPA 610 Benzo(g h i)perylene 
HPLC EPA 610 Benzo(k)fluoranthene 
HPLC EPA 610 Chrysene 
HPLC EPA 610 Dibenz(a,h)anthracene 
HPLC EPA 610 Fluoranthene 
HPLC EPA 610 Fluorene 
HPLC EPA 610 Indeno(1,2,3-cd)pyrene 
HPLC EPA 610 Naphthalene 
HPLC EPA 610 Phenanthrene 
HPLC EPA 610 Pyrene 
HPLC EPA 8330A/B 1,3,5-Trinitrobenzene (1,3,5-TNB) 
HPLC EPA 8330A/B 1,3-Dinitrobenzene (1,3-DNB) 
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Non-Potable Water 
Technology Method Analyte 

HPLC EPA 8330A/B 2,4,6-Trinitrotoluene (2,4,6-TNT) 
HPLC EPA 8330A/B 2,4-Dinitrotoluene (2,4-DNT) 
HPLC EPA 8330A/B 2,6-Dinitrotoluene (2,6-DNT) 
HPLC EPA 8330A/B 2-Amino-4,6-dinitrotoluene (2-am-dnt) 
HPLC EPA 8330A/B 2-Nitrotoluene 
HPLC EPA 8330A/B 3,5-Dinitroaniline 
HPLC EPA 8330A/B 3-Nitrotoluene 
HPLC EPA 8330A/B 4-Amino-2,6-dinitrotoluene (4-am-dnt) 
HPLC EPA 8330A/B 4-Nitrotoluene 

HPLC EPA 8330A/B Hexahydro-1,3,5-trinitro-1,3,5-triazine 
(RDX) 

HPLC EPA 8330A/B Nitrobenzene 
HPLC EPA 8330A/B Nitroglycerin 

HPLC EPA 8330A/B Methyl-2,4,6-trinitrophenylnitramine 
(Tetryl) 

HPLC EPA 8330A/B Octahydro-1,3,5,7-tetranitro-1,3,5,7-
tetrazocine (HMX) 

HPLC EPA 8330A/B Pentaerythritoltetranitrate (PETN) 
HPLC EPA 8330A 2,2’,6,6’-Tetranitro-4,4’-azoxytoluene 
HPLC EPA 8330A/B 2-amino-6-Nitrotoluene 
HPLC EPA 8330A/B 4-amino-2-Nitrotoluene 
HPLC EPA 8330A/B 2-amino-4-Nitrotoluene 
HPLC EPA 8330A/B 2,4-diamino-6-Nitrotoluene 
HPLC EPA 8330A/B 2,6-diamino-4-Nitrotoluene 
HPLC EPA 8330A/B DNX 
HPLC EPA 8330A/B MNX 
HPLC EPA 8330A/B TNX 
HPLC EPA 8330A Nitroguanidine 
HPLC EPA 8330A Guanidine Nitrate 

LC/MS/MS EPA 6850 Perchlorate 
LC/MS/MS EPA 537 MOD² Perfluorobutanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluoropentanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorohexanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluoroheptanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorooctanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorononanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorodecanoic Acid 
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Non-Potable Water 
Technology Method Analyte 
LC/MS/MS EPA 537 MOD² Perfluoroundecanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorododecanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorotridecanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorotetradecanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorobutanesulfonic Acid 
LC/MS/MS EPA 537 MOD² Perfluorohexanesulfonic Acid 
LC/MS/MS EPA 537 MOD² Perfluorooctanesulfonic Acid 
LC/MS/MS EPA 537 MOD² Perfluorodecanesulfonic Acid 
LC/MS/MS EPA 537 MOD² Perfluorooctanesulfonic Acid 
LC/MS/MS EPA 537 MOD² Perfluorononanesulfonic Acid 
LC/MS/MS EPA 537 MOD² Perfluorodecanesulfonic Acid 
LC/MS/MS EPA 537 MOD² Perfluoroheptanesulfonic acid 
LC/MS/MS EPA 537 MOD² Perfluoropentanesulfonic Acid 
LC/MS/MS EPA 537 MOD² Perfluorooctane sulfonamide 
LC/MS/MS EPA 537 MOD² N-Methyl perfluorooctane sulfonamide 
LC/MS/MS EPA 537 MOD² N-Ethyl perfluorooctane sulfonamide 
LC/MS/MS EPA 537 MOD² Perfluoro-1-octanesulfonamidoacetic acid 

LC/MS/MS EPA 537 MOD² N-Methyl 
perfluorooctanesulfonamidoacetic acid 

LC/MS/MS EPA 537 MOD² N-Ethyl perfluorooctanesulfonamidoacetic 
acid 

LC/MS/MS EPA 537 MOD² N-Methyl perfluorooctane 
sulfonamidoethanol 

LC/MS/MS EPA 537 MOD² N-Ethyl perfluorooctane 
sulfonamidoethanol 

LC/MS/MS EPA 537 MOD² 4:2 Fluorotelomer Sulfonate 
LC/MS/MS EPA 537 MOD² 6:2 Fluorotelomer Sulfonate 
LC/MS/MS EPA 537 MOD² 8:2 Fluorotelomer Sulfonate 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorobutanoic Acid (PFBA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluoropentanoic Acid (PFPeA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorohexanoic Acid (PFHxA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluoroheptanoic Acid (PFHpA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorooctanoic Acid (PFOA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorononanoic Acid (PFNA) 
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Non-Potable Water 
Technology Method Analyte 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorodecanoic Acid (PFDA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluoroundecanoic Acid (PFUnA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorododecanoic Acid(PFDoA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorotridecanoic Acid (PFTrDA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorotetradecanoic Acid (PFTA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorobutanesulfonic Acid (PFBS) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorohexanesulfonic Acid(PFHxS) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorooctanesulfonic Acid(PFOS) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorononanesulfonic Acid(PFNS) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorodecanesulfonic Acid(PFDS) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluoroheptanesulfonic acid(PFHpS) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluoropentanesulfonic Acid(PFPeS) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorooctane sulfonamide (PFOSA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 

N-Methyl 
perfluorooctanesulfonamidoacetic acid 
(MeFOSAA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 

N-Ethyl perfluorooctanesulfonamidoacetic 
acid (EtFOSAA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 4:2 Fluorotelomer Sulfonate (FTS 4:2) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 6:2 Fluorotelomer Sulfonate(FTS 6:2) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 8:2 Fluorotelomer Sulfonate (FTS 8:2) 

ICP EPA 200.7; EPA 6010C/D Aluminum 
ICP EPA 200.7; EPA 6010C/D Antimony 
ICP EPA 200.7; EPA 6010C/D Arsenic 
ICP EPA 200.7; EPA 6010C/D Barium 
ICP EPA 200.7; EPA 6010C/D Beryllium 
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Non-Potable Water 
Technology Method Analyte 

ICP EPA 200.7; EPA 6010C/D Cadmium 
ICP EPA 200.7; EPA 6010C/D Calcium 
ICP EPA 200.7; EPA 6010C/D Chromium 
ICP EPA 200.7; EPA 6010C/D Cobalt 
ICP EPA 200.7; EPA 6010C/D Copper 
ICP EPA 200.7; EPA 6010C/D Iron 
ICP EPA 200.7; EPA 6010C/D Lead 
ICP EPA 200.7; EPA 6010C/D Magnesium 
ICP EPA 200.7; EPA 6010C/D Manganese 
ICP EPA 200.7; EPA 6010C/D Molybdenum 
ICP EPA 200.7; EPA 6010C/D Nickel 
ICP EPA 200.7; EPA 6010C/D Potassium 
ICP EPA 200.7; EPA 6010C/D Selenium 
ICP EPA 200.7; EPA 6010C/D Silver 
ICP EPA 200.7; EPA 6010C/D Sodium 
ICP EPA 200.7; EPA 6010C/D Strontium 
ICP EPA 200.7; EPA 6010C/D Thallium 
ICP EPA 200.7; EPA 6010C/D Tin 
ICP EPA 200.7; EPA 6010C/D Titanium 
ICP EPA 200.7; EPA 6010C/D Vanadium 
ICP EPA 200.7; EPA 6010C/D Zinc 

ICP/MS EPA 200.8; EPA 6020A/B Aluminum 
ICP/MS EPA 200.8; EPA 6020A/B Antimony 
ICP/MS EPA 200.8; EPA 6020A/B Arsenic 
ICP/MS EPA 200.8; EPA 6020A/B Barium 
ICP/MS EPA 200.8; EPA 6020A/B Beryllium 
ICP/MS EPA 200.8; EPA 6020A/B Cadmium 
ICP/MS EPA 200.8; EPA 6020A/B Calcium 
ICP/MS EPA 200.8; EPA 6020A/B Chromium 
ICP/MS EPA 200.8; EPA 6020A/B Cobalt 
ICP/MS EPA 200.8; EPA 6020A/B Copper 
ICP/MS EPA 200.8; EPA 6020A/B Iron 
ICP/MS EPA 200.8; EPA 6020A/B Lead 
ICP/MS EPA 200.8; EPA 6020A/B Magnesium 
ICP/MS EPA 200.8; EPA 6020A/B Manganese 
ICP/MS EPA 200.8; EPA 6020A/B Molybdenum 
ICP/MS EPA 200.8; EPA 6020A/B Nickel 
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Non-Potable Water 
Technology Method Analyte 

ICP/MS EPA 200.8; EPA 6020A/B Potassium 
ICP/MS EPA 200.8; EPA 6020A/B Selenium 
ICP/MS EPA 200.8; EPA 6020A/B Silver 
ICP/MS EPA 200.8; EPA 6020A/B Sodium 
ICP/MS EPA 200.8; EPA 6020A/B Strontium 
ICP/MS EPA 200.8; EPA 6020A/B Thallium 
ICP/MS EPA 200.8; EPA 6020A/B Tin 
ICP/MS EPA 200.8; EPA 6020A/B Titanium 
ICP/MS EPA 200.8; EPA 6020A/B Vanadium 
ICP/MS EPA 200.8; EPA 6020A/B Zinc 
CVAA EPA 7470A Mercury 
CVAA EPA 245.1 Mercury 
UV/VIS EPA 7196A Hexavalent Chromium (Cr6+) 
UV/VIS EPA 9012B Cyanide (Total) 

IC EPA 300; EPA 9056A Bromide 
IC EPA 300; EPA 9056A Chloride 
IC EPA 300; EPA 9056A Fluoride 
IC EPA 300; EPA 9056A Nitrate 
IC EPA 300; EPA 9056A Nitrite 
IC EPA 300; EPA 9056A Sulfate 
IC EPA 300; EPA 9056A Total nitrate-nitrite 

Automated Colorimetry EPA 350.1 Ammonia 
Automated Colorimetry EPA 350.1 Ammonia, Gas Diffusion Option 
Automated Colorimetry EPA 351.2 Total Kjeldahl Nitrogen 
Automated Colorimetry EPA 420.4 Total Phenolics 
Automated Colorimetry EPA 353.2 Nitrate 
Automated Colorimetry EPA 353.2 Nitrite 
Automated Colorimetry EPA 353.2 Nitrate+Nitrite 

Manual Colorimetry EPA 365.3 Orthophosphate 
Manual Colorimetry EPA 365.3 Total Phosphorus 

Titrimetric SM 2320B-11 Alkalinity, Total 
Titrimetric SM 4500-S2 F-11 Sulfide, Iodometric 

Gravimetric Methods EPA 1664A; EPA 1664B; EPA 9070A Oil and Grease 
Gravimetric Methods SM 2540B-11 Total Residue (Total Solids) 
Gravimetric Methods SM 2540C-11 Filterable Residue (Total Dissolved Solids) 

Gravimetric Methods SM 2540D-11 Non-Filterable Residue (Total Suspended 
Solids) 
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Non-Potable Water 
Technology Method Analyte 

Electrometric Methods SM 4500H+B-11; EPA 9040C Hydrogen Ion (Ph) 
Electrometric Methods EPA 120.1 Specific conductivity 

Combustion EPA 9060A Total Organic Carbon 
Combustion SM 5310B-11 Total Organic Carbon 
Ignitability EPA 1010A Flash Point 

Waste Characterization EPA Ch.7 Reactive Cyanide and Reactive Sulfide 
Waste Characterization EPA Section 7.3 Reactive Cyanide 
Waste Characterization EPA Section 7.3 Reactive Sulfide 

Preparation Method Type 
Organic Preparation EPA 3510C Separatory Funnel Liquid-Liquid Extraction 
Organic Preparation EPA 3511 Micro-extraction 
Organic Preparation EPA 3535A; EPA 3535A MOD Solid Phase Extraction 
Organic Preparation EPA 8015C/D Non-Halogenated Organics (Alcohols), 

direct injection 
Organic Preparation EPA 8151A Chlorinated Herbicides, Liquid-Liquid 

Extraction 
Organic Preparation EPA 608; EPA 610; EPA 625 Separatory Funnel Liquid-Liquid Extraction 

Volatile Organic 
Preparation SW836 5030B Closed System Purge and Trap 

Volatile Organic 
Preparation EPA 624 Closed System Purge and Trap 

Volatile Organic 
Preparation SM 6200B-11 Closed System Purge and Trap 

Lachat MicroDistillation EPA 9012B Cyanide MicroDistillation; proprietary 
method 

Inorganic Preparation EPA 3010A Metals Acid Digestion by Hotblock 
Inorganic Preparation EPA 7470A CVAA Digestion by Hotblock 

Organics Cleanup EPA 3660B Sulfur Cleanup 
Organics Cleanup EPA 3665A Sulfuric Acid Cleanup 

Solid and Chemical Materials 
Technology Method Analyte 

GC/ECD EPA 8011 1,2-Dibromoethane (EDB) 
GC/ECD EPA 8011 1,2-Dibromo-3-Chloropropane (DBCP) 
GC/FID EPA 8015C/D Diesel range organics (DRO) 
GC/FID EPA 8015C/D Oil Range Organics (ORO) 
GC/FID EPA 8015C/D Gasoline range organics (GRO) 
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Solid and Chemical Materials 
Technology Method Analyte 

GC/FID EPA 8015C/D Ethanol 
GC/FID EPA 8015C/D 2-Ethoxyethanol 
GC/FID EPA 8015C/D Isobutyl alcohol (2-Methyl-1-propanol) 
GC/FID EPA 8015C/D Isopropyl alcohol (2-Propanol) 
GC/FID EPA 8015C/D Methanol 
GC/FID EPA 8015C/D n-Butyl alcohol 
GC/FID EPA 8015C/D n-Propanol 
GC/ECD EPA 8081B 4,4`-DDD 
GC/ECD EPA 8081B 4,4`-DDE 
GC/ECD EPA 8081B 4,4`-DDT 
GC/ECD EPA 8081B Aldrin 

GC/ECD EPA 8081B alpha-BHC (alpha-
Hexachlorocyclohexane) 

GC/ECD EPA 8081B beta-BHC (beta-Hexachlorocyclohexane) 
GC/ECD EPA 8081B delta-BHC 

GC/ECD EPA 8081B gamma-BHC (Lindane gamma-
Hexachlorocyclohexane) 

GC/ECD EPA 8081B Chlordane (tech.) 
GC/ECD EPA 8081B alpha-Chlordane 
GC/ECD EPA 8081B gamma-Chlordane 
GC/ECD EPA 8081B Dieldrin 
GC/ECD EPA 8081B Endosulfan I 
GC/ECD EPA 8081B Endosulfan II 
GC/ECD EPA 8081B Endosulfan sulfate 
GC/ECD EPA 8081B Endrin 
GC/ECD EPA 8081B Endrin aldehyde 
GC/ECD EPA 8081B Endrin ketone 
GC/ECD EPA 8081B Heptachlor 
GC/ECD EPA 8081B Heptachlor epoxide 
GC/ECD EPA 8081B Methoxychlor 
GC/ECD EPA 8081B Toxaphene (Chlorinated camphene) 
GC/ECD EPA 8082A Aroclor-1016 (PCB-1016) 
GC/ECD EPA 8082A Aroclor-1221 (PCB-1221) 
GC/ECD EPA 8082A Aroclor-1232 (PCB-1232) 
GC/ECD EPA 8082A Aroclor-1242 (PCB-1242) 
GC/ECD EPA 8082A Aroclor-1248 (PCB-1248) 
GC/ECD EPA 8082A Aroclor-1254 (PCB-1254) 
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Solid and Chemical Materials 
Technology Method Analyte 

GC/ECD EPA 8082A Aroclor-1260 (PCB-1260) 
GC/ECD EPA 8082A Aroclor-1262 (PCB-1262) 
GC/ECD EPA 8082A Aroclor-1268 (PCB-1268) 
GC/FPD EPA 8141B Azinphos-methyl (Guthion) 
GC/FPD EPA 8141B Bolstar (Sulprofos) 
GC/FPD EPA 8141B Carbophenothion 
GC/FPD EPA 8141B Chlorpyrifos 
GC/FPD EPA 8141B Coumaphos 
GC/FPD EPA 8141B Demeton-o 
GC/FPD EPA 8141B Demeton-s 
GC/FPD EPA 8141B Diazinon 
GC/FPD EPA 8141B Dichlorovos (DDVP Dichlorvos) 
GC/FPD EPA 8141B Dimethoate 
GC/FPD EPA 8141B Disulfoton 
GC/FPD EPA 8141B EPN 
GC/FPD EPA 8141B Ethion 
GC/FPD EPA 8141B Ethoprop 
GC/FPD EPA 8141B Famphur 
GC/FPD EPA 8141B Fensulfothion 
GC/FPD EPA 8141B Fenthion 
GC/FPD EPA 8141B Malathion 
GC/FPD EPA 8141B Merphos 
GC/FPD EPA 8141B Methyl parathion (Parathion methyl) 
GC/FPD EPA 8141B Mevinphos 
GC/FPD EPA 8141B Monocrotophos 
GC/FPD EPA 8141B Naled 
GC/FPD EPA 8141B Parathion ethyl 
GC/FPD EPA 8141B Phorate 
GC/FPD EPA 8141B Ronnel 
GC/FPD EPA 8141B Stirofos 
GC/FPD EPA 8141B Sulfotepp 
GC/FPD EPA 8141B Tetraethyl pyrophosphate (TEPP) 
GC/FPD EPA 8141B Thionazin (Zinophos) 
GC/FPD EPA 8141B Tokuthion (Prothiophos) 
GC/FPD EPA 8141B Trichloronate 
GC/FPD EPA 8141B O,O,O-Triethyl phosphorothioate 
GC/ECD EPA 8151A 2,4,5-T 
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Solid and Chemical Materials 
Technology Method Analyte 

GC/ECD EPA 8151A 2,4-D 
GC/ECD EPA 8151A 2,4-DB 
GC/ECD EPA 8151A Dalapon 
GC/ECD EPA 8151A Dicamba 
GC/ECD EPA 8151A Dichloroprop (Dichlorprop) 

GC/ECD EPA 8151A Dinoseb (2-sec-butyl-4,6-dinitrophenol 
DNBP) 

GC/ECD EPA 8151A MCPA 
GC/ECD EPA 8151A MCPP 
GC/ECD EPA 8151A Pentachlorophenol 
GC/ECD EPA 8151A Silvex (2,4,5-TP) 
GC/FID FL-PRO Total Petroleum Hydrocarbons (TPH) 
GC/FID MA-VPH Volatile petroleum range organics (VPH) 

GC/FID MA-EPH Extractable petroleum range organics 
(EPH) 

GC/FID IA-OA1 Gasoline range organics (GRO) 
GC/FID IA-OA2 Diesel range organics (DRO) 
GC/FID TN-GRO Gasoline range organics (GRO) 

GC/FID TN-EPH Extractable petroleum range organics 
(EPH) 

GC/FID AK-101 Gasoline range organics (GRO) 
GC/FID AK-102 Diesel range organics (DRO) 
GC/FID AK-103 Residual range organics (RRO) 
GC/FID OK-GRO Gasoline range organics (GRO) 
GC/FID OK-DRO Diesel range organics (DRO) 
GC/FID TX-1005 Total Petroleum Hydrocarbons (TPH) 
GC/FID KS LRH Low-range Hydrocarbons (LRH) 
GC/FID KS MRH Mid-Range Hydrocarbons (MRH) 
GC/FID KS HRH High-Range Hydrocarbons (HRH) 
GC/MS EPA 8260B/C 1,1,1,2-Tetrachloroethane 
GC/MS EPA 8260B/C 1,1,1-Trichloroethane 
GC/MS EPA 8260B/C 1,1,2,2-Tetrachloroethane 
GC/MS EPA 8260B/C 1,1,2-Trichloroethane 
GC/MS EPA 8260B/C 1,1-Dichloroethane 
GC/MS EPA 8260B/C 1,1-Dichloroethylene 
GC/MS EPA 8260B/C 1,1-Dichloropropene 

GC/MS EPA 8260B/C 1,1,2-Trichloro-1,2,2-trifluoroethane (Freon 
113) 
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Solid and Chemical Materials 
Technology Method Analyte 

GC/MS EPA 8260B/C 1,2,3-Trichlorobenzene 
GC/MS EPA 8260B/C 1,2,3-Trichloropropane 
GC/MS EPA 8260B/C 1,2,4-Trichlorobenzene 
GC/MS EPA 8260B/C 1,2,4-Trimethylbenzene 
GC/MS EPA 8260B/C 1,2-Dibromo-3-chloropropane (DBCP) 

GC/MS EPA 8260B/C 1,2-Dibromoethane (EDB Ethylene 
dibromide) 

GC/MS EPA 8260B/C 1,2-Dichlorobenzene (o-Dichlorobenzene) 
GC/MS EPA 8260B/C 1,2-Dichloroethane 
GC/MS EPA 8260B/C 1,2-Dichloropropane 
GC/MS EPA 8260B/C 1,2-Dichlorotrifluoroethane (Freon 123) 
GC/MS EPA 8260B/C 1,3,5-Trimethylbenzene 
GC/MS EPA 8260B/C 1,3-Dichlorobenzene (m-Dichlorobenzene) 
GC/MS EPA 8260B/C 1,3-Dichloropropane 
GC/MS EPA 8260B/C 1,4-Dichlorobenzene (p-Dichlorobenzene) 
GC/MS EPA 8260B/C 1-Chlorohexane 
GC/MS EPA 8260B/C 2,2-Dichloropropane 
GC/MS EPA 8260B/C 2-Butanone (Methyl ethyl ketone MEK) 
GC/MS EPA 8260B/C 2-Chloroethyl vinyl ether 
GC/MS EPA 8260B/C 2-Chlorotoluene 
GC/MS EPA 8260B/C 2-Hexanone 
GC/MS EPA 8260B/C 2-Nitropropane 
GC/MS EPA 8260B/C 4-Chlorotoluene 
GC/MS EPA 8260B/C 4-Methyl-2-pentanone (MBK) 
GC/MS EPA 8260B/C Acetone 
GC/MS EPA 8260B/C Acetonitrile 
GC/MS EPA 8260B/C Acrolein (Propenal) 
GC/MS EPA 8260B/C Acrylonitrile 
GC/MS EPA 8260B/C Allyl chloride (3-Chloropropene) 
GC/MS EPA 8260B/C Benzene 
GC/MS EPA 8260B/C Benzyl Chloride 
GC/MS EPA 8260B/C Bromobenzene 
GC/MS EPA 8260B/C Bromochloromethane 
GC/MS EPA 8260B/C Bromodichloromethane 
GC/MS EPA 8260B/C Bromoform 
GC/MS EPA 8260B/C n-Butylbenzene 
GC/MS EPA 8260B/C sec-Butylbenzene 
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Solid and Chemical Materials 
Technology Method Analyte 

GC/MS EPA 8260B/C tert-Butylbenzene 
GC/MS EPA 8260B/C Carbon disulfide 
GC/MS EPA 8260B/C Carbon tetrachloride 
GC/MS EPA 8260B/C Chlorobenzene 
GC/MS EPA 8260B/C Chloroethane 
GC/MS EPA 8260B/C Chloroform 
GC/MS EPA 8260B/C Chloroprene 
GC/MS EPA 8260B/C Cyclohexane 
GC/MS EPA 8260B/C Cyclohexanone 
GC/MS EPA 8260B/C cis-1,2-Dichloroethylene 
GC/MS EPA 8260B/C trans-1,2-Dichloroethylene 
GC/MS EPA 8260B/C cis-1,3-Dichloropropene 
GC/MS EPA 8260B/C trans-1,3-Dichloropropylene 
GC/MS EPA 8260B/C cis-1,4-Dichloro-2-butene 
GC/MS EPA 8260B/C trans-1,4-Dichloro-2-butene 
GC/MS EPA 8260B/C Di-isopropylether (DIPE) 
GC/MS EPA 8260B/C Dibromochloromethane 
GC/MS EPA 8260B/C Dibromomethane (Methylene Bromide) 
GC/MS EPA 8260B/C Dichlorodifluoromethane 
GC/MS EPA 8260B/C Diethyl ether 
GC/MS EPA 8260B/C; EPA 8260B/C SIM p-Dioxane (1,4-Dioxane) 
GC/MS EPA 8260B/C Ethanol (Ethyl Alcohol) 
GC/MS EPA 8260B/C Ethyl acetate 
GC/MS EPA 8260B/C Ethyl methacrylate 
GC/MS EPA 8260B/C Ethyl tert-butyl alcohol (ETBA) 
GC/MS EPA 8260B/C Ethyl tert-butyl ether (ETBE) 
GC/MS EPA 8260B/C Ethylbenzene 
GC/MS EPA 8260B/C Ethylene Oxide 
GC/MS EPA 8260B/C Hexachlorobutadiene 
GC/MS EPA 8260B/C Hexane 
GC/MS EPA 8260B/C Iodomethane (Methyl iodide) 
GC/MS EPA 8260B/C Isobutyl alcohol (2-Methyl-1-propanol) 
GC/MS EPA 8260B/C p-Isopropyltoluene 
GC/MS EPA 8260B/C Isopropylbenzene 
GC/MS EPA 8260B/C Methacrylonitrile 
GC/MS EPA 8260B/C Methyl Acetate 
GC/MS EPA 8260B/C Methyl bromide (Bromomethane) 
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Solid and Chemical Materials 
Technology Method Analyte 

GC/MS EPA 8260B/C Methyl chloride (Chloromethane) 
GC/MS EPA 8260B/C Methylcyclohexane 
GC/MS EPA 8260B/C Methyl methacrylate 
GC/MS EPA 8260B/C Methyl tert-butyl ether (MTBE) 
GC/MS EPA 8260B/C Methylene chloride 
GC/MS EPA 8260B/C Naphthalene 
GC/MS EPA 8260B/C Pentachloroethane 
GC/MS EPA 8260B/C Propionitrile (Ethyl cyanide) 
GC/MS EPA 8260B/C n-Propylbenzene 
GC/MS EPA 8260B/C Styrene 
GC/MS EPA 8260B/C tert-Amyl alcohol (TAA) 
GC/MS EPA 8260B/C tert-Amyl methyl ether (TAME) 
GC/MS EPA 8260B/C tert-Butyl alcohol (TBA) 
GC/MS EPA 8260B/C tert-Butyl formate (TBF) 
GC/MS EPA 8260B/C Tetrachloroethylene (Perchloroethylene) 
GC/MS EPA 8260B/C Tetrahydrofuran 
GC/MS EPA 8260B/C Toluene 
GC/MS EPA 8260B/C Trichloroethene (Trichloroethylene) 
GC/MS EPA 8260B/C Trichlorofluoromethane 
GC/MS EPA 8260B/C Vinyl acetate 
GC/MS EPA 8260B/C Vinyl chloride 
GC/MS EPA 8260B/C Xylene (total) 
GC/MS EPA 8260B/C m,p-Xylene 
GC/MS EPA 8260B/C o-Xylene 
GC/MS EPA 8260B/C 1-Bromopropane 
GC/MS EPA 8260B/C Isopropyl Alcohol 
GC/MS EPA 8260B/C n-Butyl Alcohol 
GC/MS EPA 8270D 1,2,4,5-Tetrachlorobenzene 
GC/MS EPA 8270D 1,2,4-Trichlorobenzene 
GC/MS EPA 8270D 1,2-Dichlorobenzene (o-Dichlorobenzene) 
GC/MS EPA 8270D 1,2-Diphenylhydrazine 
GC/MS EPA 8270D 1,3,5-Trinitrobenzene (1,3,5-TNB) 
GC/MS EPA 8270D 1,3-Dichlorobenzene (m-Dichlorobenzene) 
GC/MS EPA 8270D 1,3-Dinitrobenzene (1,3-DNB) 
GC/MS EPA 8270D 1,4-Dichlorobenzene (p-Dichlorobenzene) 
GC/MS EPA 8270D 1,4-Dithiane 
GC/MS EPA 8270D 1,4-Oxathiane 
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Solid and Chemical Materials 
Technology Method Analyte 

GC/MS EPA 8270D 1,4-Naphthoquinone 
GC/MS EPA 8270D 1,4-Phenylenediamine 
GC/MS EPA 8270D 1-Chloronaphthalene 
GC/MS EPA 8270D; EPA 8270D SIM 1-Methylnaphthalene 
GC/MS EPA 8270D 1-Naphthylamine 
GC/MS EPA 8270D 2,3,4,6-Tetrachlorophenol 
GC/MS EPA 8270D 2,4,5-Trichlorophenol 
GC/MS EPA 8270D 2,4,6-Trichlorophenol 
GC/MS EPA 8270D 2,4-Dichlorophenol 
GC/MS EPA 8270D 2,4-Dimethylphenol 
GC/MS EPA 8270D 2,4-Dinitrophenol 
GC/MS EPA 8270D 2,4-Dinitrotoluene (2,4-DNT) 
GC/MS EPA 8270D 2,6-Dichlorophenol 
GC/MS EPA 8270D 2,6-Dinitrotoluene (2,6-DNT) 
GC/MS EPA 8270D 2-Acetylaminofluorene 
GC/MS EPA 8270D 2-Chloronaphthalene 
GC/MS EPA 8270D 2-Chlorophenol 

GC/MS EPA 8270D 2-Methyl-4,6-dinitrophenol (4,6-Dinitro-o-
cresol) 

GC/MS EPA 8270D; EPA 8270D SIM 2-Methylnaphthalene 
GC/MS EPA 8270D 2-Methylphenol (o-Cresol) 
GC/MS EPA 8270D 2-Naphthylamine 
GC/MS EPA 8270D 2-Nitroaniline 
GC/MS EPA 8270D 2-Nitrophenol 
GC/MS EPA 8270D 2-Picoline (2-Methylpyridine) 
GC/MS EPA 8270D 3,3`-Dichlorobenzidine 
GC/MS EPA 8270D 3,3`-Dimethylbenzidine 
GC/MS EPA 8270D 3-Methylcholanthrene 
GC/MS EPA 8270D 3&4-Methylphenol (m,p-Cresol) 
GC/MS EPA 8270D 3-Nitroaniline 
GC/MS EPA 8270D 4-Aminobiphenyl 
GC/MS EPA 8270D 4-Bromophenyl phenyl ether 
GC/MS EPA 8270D 4-Chloro-3-methylphenol 
GC/MS EPA 8270D 4-Chloroaniline 
GC/MS EPA 8270D 4-Chlorophenyl phenylether 
GC/MS EPA 8270D 4-Dimethyl aminoazobenzene 
GC/MS EPA 8270D 4-Nitroaniline 
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GC/MS EPA 8270D 4-Nitrophenol 
GC/MS EPA 8270D 4,4’-methylene-bis(2-chloroaniline) 
GC/MS EPA 8270D 5-Nitro-o-toluidine 
GC/MS EPA 8270D 7,12-Dimethylbenz(a) anthracene 
GC/MS EPA 8270D; EPA 8270D SIM Acenaphthene 
GC/MS EPA 8270D; EPA 8270D SIM Acenaphthylene 
GC/MS EPA 8270D Acetophenone 
GC/MS EPA 8270D Aniline 
GC/MS EPA 8270D Anilazine 
GC/MS EPA 8270D; EPA 8270D SIM Anthracene 
GC/MS EPA 8270D Aramite 
GC/MS EPA 8270D Atrazine 
GC/MS EPA 8270D Benzaldehyde 
GC/MS EPA 8270D Benzidine 
GC/MS EPA 8270D; EPA 8270D SIM Benzo(a)anthracene 
GC/MS EPA 8270D; EPA 8270D SIM Benzo(a)pyrene 
GC/MS EPA 8270D; EPA 8270D SIM Benzo(b)fluoranthene 
GC/MS EPA 8270D; EPA 8270D SIM Benzo(g,h,i)perylene 
GC/MS EPA 8270D; EPA 8270D SIM Benzo(k)fluoranthene 
GC/MS EPA 8270D Benzoic acid 
GC/MS EPA 8270D Benzyl alcohol 
GC/MS EPA 8270D Biphenyl (1,1’-Biphenyl) 
GC/MS EPA 8270D bis(2-Chloroethoxy)methane 
GC/MS EPA 8270D bis(2-Chloroethyl) ether 

GC/MS EPA 8270D bis(2-Chloroisopropyl) ether  (2,2`-
Oxybis(1-chloropropane)) 

GC/MS EPA 8270D bis(2-Ethylhexyl) phthalate (DEHP) 
GC/MS EPA 8270D Butyl benzyl phthalate 
GC/MS EPA 8270D Carbazole 
GC/MS EPA 8270D Caprolactam 
GC/MS EPA 8270D Chlorobenzilate 
GC/MS EPA 8270D; EPA 8270D SIM Chrysene 
GC/MS EPA 8270D Diallate 
GC/MS EPA 8270D Dinoseb 
GC/MS EPA 8270D Di-n-butyl phthalate 
GC/MS EPA 8270D Di-n-octyl phthalate 
GC/MS EPA 8270D; EPA 8270D SIM Dibenz(a,h)anthracene 
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GC/MS EPA 8270D Dibenz(a,j)acridine 
GC/MS EPA 8270D Dibenzofuran 
GC/MS EPA 8270D Diethyl phthalate 
GC/MS EPA 8270D Dimethyl phthalate 
GC/MS EPA 8270D a,a-Dimethylphenethylamine 
GC/MS EPA 8270D Diphenyl Ether 
GC/MS EPA 8270D p-Dioxane (1,4-Dioxane) 
GC/MS EPA 8270D Ethyl methanesulfonate 
GC/MS EPA 8270D; EPA 8270D SIM Fluoranthene 
GC/MS EPA 8270D; EPA 8270D SIM Fluorene 
GC/MS EPA 8270D Hexachlorobenzene 
GC/MS EPA 8270D Hexachlorobutadiene 
GC/MS EPA 8270D Hexachlorocyclopentadiene 
GC/MS EPA 8270D Hexachloroethane 
GC/MS EPA 8270D Hexachlorophene 
GC/MS EPA 8270D Hexachloropropene 
GC/MS EPA 8270D; EPA 8270D SIM Indeno(1,2,3-cd)pyrene 
GC/MS EPA 8270D Isodrin 
GC/MS EPA 8270D Isophorone 
GC/MS EPA 8270D Isosafrole 
GC/MS EPA 8270D Kepone 
GC/MS EPA 8270D Methapyrilene 
GC/MS EPA 8270D Methyl methanesulfonate 
GC/MS EPA 8270D; EPA 8270D SIM Naphthalene 
GC/MS EPA 8270D Nicotine 
GC/MS EPA 8270D Nitrobenzene 
GC/MS EPA 8270D Nitroquinoline-1-oxide 
GC/MS EPA 8270D n-Nitroso-di-n-butylamine 
GC/MS EPA 8270D n-Nitrosodi-n-propylamine 
GC/MS EPA 8270D n-Nitrosodiethylamine 
GC/MS EPA 8270D n-Nitrosodimethylamine 
GC/MS EPA 8270D n-Nitrosodiphenylamine 

GC/MS EPA 8270D n-Nitrosodiphenylamine/Diphenylamine 
(analyte pair) 

GC/MS EPA 8270D n-Nitrosomethylethylamine 
GC/MS EPA 8270D n-Nitrosomorpholine 
GC/MS EPA 8270D n-Nitrosopiperidine 
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GC/MS EPA 8270D n-Nitrosopyrrolidine 
GC/MS EPA 8270D Pentachlorobenzene 
GC/MS EPA 8270D Pentachloroethane 
GC/MS EPA 8270D Pentachloronitrobenzene 
GC/MS EPA 8270D; EPA 8270D SIM Pentachlorophenol 
GC/MS EPA 8270D Phenacetin 
GC/MS EPA 8270D; EPA 8270D SIM Phenanthrene 
GC/MS EPA 8270D Phenol 
GC/MS EPA 8270D Pronamide (Kerb) 
GC/MS EPA 8270D Propazine 
GC/MS EPA 8270D; EPA 8270D SIM Pyrene 
GC/MS EPA 8270D Pyridine 
GC/MS EPA 8270D Resorcinol 
GC/MS EPA 8270D Safrole 
GC/MS EPA 8270D Simazine 
GC/MS EPA 8270D o-Toluidine 
GC/MS EPA 8270D Dimethoate 
GC/MS EPA 8270D Disulfoton 
GC/MS EPA 8270D Famphur 
GC/MS EPA 8270D Methyl parathion (Parathion methyl) 
GC/MS EPA 8270D Parathion ethyl 
GC/MS EPA 8270D Phorate 
GC/MS EPA 8270D Sulfotepp 
GC/MS EPA 8270D Thionazin (Zinophos) 
GC/MS EPA 8270D O,O,O-Triethyl phosphorothioate 
HPLC EPA 8330A/B 1,3,5-Trinitrobenzene (1,3,5-TNB) 
HPLC EPA 8330A/B 1,3-Dinitrobenzene (1,3-DNB) 
HPLC EPA 8330A/B 2,4,6-Trinitrotoluene (2,4,6-TNT) 
HPLC EPA 8330A/B 2,4-Dinitrotoluene (2,4-DNT) 
HPLC EPA 8330A/B 2,6-Dinitrotoluene (2,6-DNT) 
HPLC EPA 8330A/B 2-Amino-4,6-dinitrotoluene (2-am-dnt) 
HPLC EPA 8330A/B 2-Nitrotoluene 
HPLC EPA 8330A/B 3,5-Dinitroaniline 
HPLC EPA 8330A/B 3-Nitrotoluene 
HPLC EPA 8330A/B 4-Amino-2,6-dinitrotoluene (4-am-dnt) 
HPLC EPA 8330A/B 4-Nitrotoluene 
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HPLC EPA 8330A/B Hexahydro-1,3,5-trinitro-1,3,5-triazine 
(RDX) 

HPLC EPA 8330A/B Nitrobenzene 
HPLC EPA 8330A/B Nitroglycerin 

HPLC EPA 8330A/B Methyl-2,4,6-trinitrophenylnitramine 
(Tetryl) 

HPLC EPA 8330A/B Octahydro-1,3,5,7-tetranitro-1,3,5,7-
tetrazocine (HMX) 

HPLC EPA 8330A/B Pentaerythritoltetranitrate (PETN) 
HPLC EPA 8330A 2,2’,6,6’-Tetranitro-4,4’-azoxytoluene 
HPLC EPA 8330A/B 2-amino-6-Nitrotoluene 
HPLC EPA 8330A/B 4-amino-2-Nitrotoluene 
HPLC EPA 8330A/B 2-amino-4-Nitrotoluene 
HPLC EPA 8330A/B 2,4-diamino-6-Nitrotoluene 
HPLC EPA 8330A/B 2,6-diamino-4-Nitrotoluene 
HPLC EPA 8330A/B DNX 
HPLC EPA 8330A/B MNX 
HPLC EPA 8330A/B TNX 
HPLC EPA 8330A Nitroguanidine 
HPLC EPA 8330A Guanidine Nitrate 

LC/MS/MS EPA 6850 Perchlorate 
LC/MS/MS EPA 537 MOD² Perfluorobutanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluoropentanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorohexanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluoroheptanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorooctanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorononanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorodecanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluoroundecanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorododecanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorotridecanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorotetradecanoic Acid 
LC/MS/MS EPA 537 MOD² Perfluorononanesulfonic Acid 
LC/MS/MS EPA 537 MOD² Perfluorobutanesulfonic Acid 
LC/MS/MS EPA 537 MOD² Perfluorohexanesulfonic Acid 
LC/MS/MS EPA 537 MOD² Perfluorooctanesulfonic Acid 
LC/MS/MS EPA 537 MOD² Perfluorodecanesulfonic Acid 
LC/MS/MS EPA 537 MOD² Perfluoropentanesulfonic Acid 
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Solid and Chemical Materials 
Technology Method Analyte 
LC/MS/MS EPA 537 MOD² Perfluoroheptanesulfonic acid 
LC/MS/MS EPA 537 MOD² Perfluorooctane sulfonamide 
LC/MS/MS EPA 537 MOD² N-Methyl perfluorooctane sulfonamide 
LC/MS/MS EPA 537 MOD² N-Ethyl perfluorooctane sulfonamide 
LC/MS/MS EPA 537 MOD² Perfluoro-1-octanesulfonamidoacetic acid 

LC/MS/MS EPA 537 MOD² N-Methyl 
perfluorooctanesulfonamidoacetic acid 

LC/MS/MS EPA 537 MOD² N-Ethyl perfluorooctanesulfonamidoacetic 
acid 

LC/MS/MS EPA 537 MOD² N-Methyl perfluorooctane 
sulfonamidoethanol 

LC/MS/MS EPA 537 MOD² 4:2 Fluorotelomer Sulfonate 

LC/MS/MS EPA 537 MOD² N-Ethyl perfluorooctane 
sulfonamidoethanol 

LC/MS/MS EPA 537 MOD² 6:2 Fluorotelomer Sulfonate 
LC/MS/MS EPA 537 MOD² 8:2 Fluorotelomer Sulfonate 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorobutanoic Acid (PFBA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluoropentanoic Acid (PFPeA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-1515 Perfluorohexanoic Acid (PFHxA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluoroheptanoic Acid (PFHpA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorooctanoic Acid (PFOA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorononanoic Acid (PFNA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorodecanoic Acid (PFDA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluoroundecanoic Acid (PFUnA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorododecanoic Acid(PFDoA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorotridecanoic Acid (PFTrDA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorotetradecanoic Acid (PFTA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorobutanesulfonic Acid (PFBS) 
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LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorohexanesulfonic Acid(PFHxS) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorooctanesulfonic Acid(PFOS) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorononanesulfonic Acid(PFNS) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorodecanesulfonic Acid(PFDS) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluoroheptanesulfonic acid(PFHpS) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluoropentanesulfonic Acid(PFPeS) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 Perfluorooctane sulfonamide (PFOSA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 

N-Methyl 
perfluorooctanesulfonamidoacetic acid 
(MeFOSAA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 

N-Ethyl perfluorooctanesulfonamidoacetic 
acid (EtFOSAA) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 4:2 Fluorotelomer Sulfonate (FTS 4:2) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 6:2 Fluorotelomer Sulfonate(FTS 6:2) 

LC/MS/MS PFAS by LCMSMS Compliant with QSM 
5.1 Table B-15 8:2 Fluorotelomer Sulfonate (FTS 8:2) 

ICP EPA 6010C/D Aluminum 
ICP EPA 6010C/D Antimony 
ICP EPA 6010C/D Arsenic 
ICP EPA 6010C/D Barium 
ICP EPA 6010C/D Beryllium 
ICP EPA 6010C/D Cadmium 
ICP EPA 6010C/D Calcium 
ICP EPA 6010C/D Chromium 
ICP EPA 6010C/D Cobalt 
ICP EPA 6010C/D Copper 
ICP EPA 6010C/D Iron 
ICP EPA 6010C/D Lead 
ICP EPA 6010C/D Magnesium 
ICP EPA 6010C/D Manganese 
ICP EPA 6010C/D Molybdenum 
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ICP EPA 6010C/D Nickel 
ICP EPA 6010C/D Potassium 
ICP EPA 6010C/D Selenium 
ICP EPA 6010C/D Silver 
ICP EPA 6010C/D Sodium 
ICP EPA 6010C/D Strontium 
ICP EPA 6010C/D Thallium 
ICP EPA 6010C/D Tin 
ICP EPA 6010C/D Titanium 
ICP EPA 6010C/D Vanadium 
ICP EPA 6010C/D Zinc 

ICP/MS EPA 6020A/B Aluminum 
ICP/MS EPA 6020A/B Antimony 
ICP/MS EPA 6020A/B Arsenic 
ICP/MS EPA 6020A/B Barium 
ICP/MS EPA 6020A/B Beryllium 
ICP/MS EPA 6020A/B Cadmium 
ICP/MS EPA 6020A/B Calcium 
ICP/MS EPA 6020A/B Chromium 
ICP/MS EPA 6020A/B Cobalt 
ICP/MS EPA 6020A/B Copper 
ICP/MS EPA 6020A/B Iron  
ICP/MS EPA 6020A/B Lead 
ICP/MS EPA 6020A/B Magnesium 
ICP/MS EPA 6020A/B Manganese 
ICP/MS EPA 6020A/B Molybdenum 
ICP/MS EPA 6020A/B Nickel 
ICP/MS EPA 6020A/B Potassium 
ICP/MS EPA 6020A/B Selenium 
ICP/MS EPA 6020A/B Silver 
ICP/MS EPA 6020A/B Sodium 
ICP/MS EPA 6020A/B Strontium 
ICP/MS EPA 6020A/B Thallium 
ICP/MS EPA 6020A/B Tin 
ICP/MS EPA 6020A/B Titanium 
ICP/MS EPA 6020A/B Vanadium 
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ICP/MS EPA 6020A/B Zinc 
CVAA EPA 7471B Mercury 

UV/VIS EPA 7196A Hexavalent Chromium (Cr6+) 
UV/VIS EPA 9012B Cyanide (Total) 

IC EPA 9056A Bromide  
IC EPA 9056A Chloride 
IC EPA 9056A Fluoride 
IC EPA 9056A Nitrate 
IC EPA 9056A Nitrite 
IC EPA 9056A Sulfate 
IC EPA 9056A Total nitrate-nitrite 

Gravimetric Methods SM 2540G % solids 
Electrometric Methods EPA 9045D Hydrogen Ion (pH) 

Ignitability EPA 1010A MOD Flash Point 
Waste Characterization EPA Ch.7 Reactive Cyanide and Reactive Sulfide 
Waste Characterization EPA Section 7.3 Reactive Cyanide 
Waste Characterization EPA Section 7.3 Reactive Sulfide 

Preparation Method Type 

Organics Preparation EPA 3510C Separatory Funnel Liquid-Liquid 
Extraction; Leachates 

TCLP Preparation EPA 1311 Toxicity Characteristic Leaching Procedure 
SPLP Preparation EPA 1312 Synthetic Precipitation Leaching Procedure 

Organics Preparation EPA 8011 Microextraction 
Organics Preparation EPA 3546 Microwave Extraction 
Organics Preparation EPA 3550C Ultrasonic Extraction 
Organics Preparation EPA 3580A Waste Dilution for Extractable Organics 
Organics Preparation EPA 8330A; EPA 8332 Ultrasonic Extraction 
Organics Preparation EPA 8330B Shaker Table Extraction 

Volatile Organics 
Preparation EPA 3585 Waste Dilution for Volatile Organics 

Volatile Organics 
Preparation EPA 5030A Closed System Purge and Trap; Bulk Soils 

Volatile Organics 
Preparation EPA 5030B Closed System Purge and Trap; Leachates 

and Methanol Extracts 
Volatile Organics 

Preparation EPA 5035; EPA 5035A Closed System Purge and Trap 

Organics Cleanup EPA 3660B Sulfur Cleanup 
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Organics Cleanup EPA 3665A Sulfuric Acid Cleanup 

Lachat MicroDistillation EPA 9012B Cyanide MicroDistillation; proprietary 
method 

Inorganic Preparation EPA 3010A Metals Acid Digestion by Hotblock; 
Leachates 

Inorganic Preparation EPA 3050B Metals Acid Digestion by Hotblock 
Inorganic Preparation EPA 3060A Alkaline Digestion, Cr6+ 
Inorganic Preparation EPA 7470A CVAA Digestion by Hotblock; Leachates 
Inorganic Preparation EPA 7471B CVAA Digestion by Hotblock 

Note: 

1. This scope is formatted as part of a single document including Certificate of Accreditation No. L2229 
2. Not compliant with QSM V5.1.1 Table B-15 
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QAPP, Volume I OU2, Sites 2/12, and OUCTP 
Appendix A, Revision 7 Former Fort Ord, California 

ATTACHMENT G 

 

Ahtna Environmental, Inc. 



QAPP, Volume I OU2, Sites 2/12, and OUCTP 
Appendix A, Revision 7 Former Fort Ord, California 

Responses to Comments submitted by the Central Coast Regional Water Quality 
Control Board (CCRWQCB)1 

SPECIFIC COMMENT 1: Section 3.1.3 Known Contaminants and Section 3.6.1 – Worksheet #15a: VOCs 
by EPA Method 8260-SIM:          

              
                 

                 
            

               
                

             
                   

                
                

                
        

RESPONSE TO SPECIFIC COMMENT 1: It is acknowledged the analytical detection limits for groundwater 
samples historically collected at the former Fort Ord are higher than the current California MCL, but 
additional sampling and analysis for 1,2,3-TCP is not warranted based on the following lines of evidence: 

 Common uses of 1,2,3-TCP included use as a paint and varnish remover, and a cleaning and 
degreasing agent.2 These uses would be consistent with historical uses of other solvents, 
including carbon tetrachloride (CT), tetrachloroethene (PCE), and trichloroethene (TCE), at the 
former Fort Ord when it was an active military installation. However, while CT, PCE, and TCE 
have historically been detected in groundwater, soil, and soil gas at the former Fort Ord at 
concentrations exceeding MCLs or screening levels by several orders of magnitude, there have 
been no corresponding detections of 1,2,3-TCP, indicating there was no significant usage of this 
compound. 

 The vapor pressure of 1,2,3-TCP (3.1 mmHg at 25°C) and the calculated Henry's law constant 
(3.17x10-4 atm-m3/mol at 25°C) suggest volatilization from either dry or moist soil to the 
atmosphere will be a significant environmental process.3 Therefore, if there was any release of 
1,2,3-TCP to the ground surface, it is likely most or all of it would have volatilized to the 
atmosphere before it could leach to groundwater. 

 Other media, including soil and soil gas, have been sampled and analyzed for 1,2,3-TCP at 
various sites across the former Fort Ord, including OU1, OU2, OUCTP, and Sites 2/12, and 1,2,3-
TCP has never been detected, further indicating no significant usage of this compound at the 
former Fort Ord. 
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CT and TCE have historically been detected in municipal water supply wells FO-29, FO-30, and 
FO-31, and these compounds are associated with identified upgradient operable units; however, 
as noted in the comment, 1,2,3-TCP has not been detected in these wells. Because 1,2,3-TCP is a 
chlorinated solvent with high mobility, it would be expected to be present concurrently with CT 
and TCE; however, its absence indicates there is no upgradient source. 

SPECIFIC COMMENT 2: Section 3.1.4 – Fate and Transport Considerations, OU2 and OUCTP:  
                 

         

RESPONSE TO SPECIFIC COMMENT 2: The text  was  revised per  the comment.  

SPECIFIC COMMENT 3: Section 3.1.4 – Fate and Transport Considerations, OU2 and OUCTP:   
               

 Due to the lateral discontinuity in the Intermediate 180-Foot Aquitard between the Upper and 
Lower 180-Foot Aquifers, existing TCE data for the A-Aquifer in the OU2 Area and for the Upper and 
Lower 180-Foot Aquifers in the OUCTP and OU2 Areas will be reviewed and evaluated to determine the 
source of TCE concentrations above the California MCL of 5 μg/L in the Lower 180-Foot Aquifer.  

             
   

RESPONSE TO SPECIFIC COMMENT 3: Text was added to Section 3.1.4 to provide more detail about the 
migration of CT in the affected aquifers at OUCTP, and to note the presence of TCE in the Lower 180-Foot 
Aquifer and its possible association with OU2. However, the Quality Assurance Project Plan (QAPP) is a 
guidance document for groundwater sampling and analysis activities at the former Fort Ord; therefore, 
the suggested discussion would be more appropriately included in the “Suggested Monitoring 
Modifications” section of the OUCTP Fourth Quarter 2018 through Third Quarter 2019 Groundwater 
Monitoring Report. 

SPECIFIC COMMENT 4: Section 3.1.8 – Geology and Hydrogeology:      
               

            
                   
              

                  
             

   

RESPONSE TO SPECIFIC COMMENT 4: The text  was  revised per  the comment.  

SPECIFIC COMMENT 5: Section 3.2.1 – Step 1: State the Problem, OUCTP Lower 180-Foot Aquifer: 
              Due 

to the lateral discontinuity in the Intermediate 180-Foot Aquitard between the Upper and Lower 180-
Foot Aquifers, existing TCE data for the A-Aquifer in the OU2 Area and for the Upper and Lower 180-Foot 
Aquifers in the OUCTP and OU2 Areas will be reviewed and evaluated to determine the source of recent 
detections of TCE above the California MCL of 5 μg/L in the Lower 180-Foot Aquifer. Please cite reference 
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documents that include information on the discontinuity of the Intermediate 180-Foot Aquitard, as 
appropriate. 

RESPONSE TO SPECIFIC COMMENT 5: Consistent with the response to Specific Comment 3, text was 
added to the OUCTP Lower 180-Foot Aquifer subsection of Section 3.2.1 to note the presence of TCE in 
the Lower 180-Foot Aquifer and its possible association with OU2. Accordingly, Section 3.2.2 was revised 
to identify additional study goals to address the revised problem statement. 

SPECIFIC COMMENT 6: Section 3.2.6 – Step 6: Specify Performance or Acceptance Criteria, OU2, Sites 
2/12, and OUCTP GWMP:            

                  
                     

               
          

RESPONSE TO SPECIFIC COMMENT 6: The data was updated with Third Quarter 2018 GWMP 
information in the OU2, Sites 2/12, and OUCTP GWMP subsection of Section 3.2.6. 

SPECIFIC COMMENT 7: Section 3.5.16 – Project Schedule:         
                  

         

RESPONSE TO SPECIFIC COMMENT 7: The table was revised per the comment. 

SPECIFIC COMMENT 8: Section 4.1.5 – Worksheet #17c1: Sites 2/12 GWMP and Figure 2:  
                  

                 
             
             
          

RESPONSE TO SPECIFIC COMMENT 8: Worksheet #17c1 and Figure 2 were edited to move MW-12-26-
180U from quarterly to annual monitoring frequency. 

SPECIFIC COMMENT 9: Section 4.1.7 – Worksheet #17c3: OUCTP A-Aquifer GWMP and Figure 8A: 
               

                 
                 

     

           
       

         
     

          

RESPONSE TO SPECIFIC COMMENT 9: Worksheet #17c3 and Figure 8A were edited to change the 
frequency of monitored wells as described above, with the following exceptions: 
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 EW-BW-163-A is removed from the program. 
 EW-BW-165-A sampling frequency is reduced from quarterly to annual. 
 MW-BW-87-A and MW-BW-91-A casing diameters are too small for the DO/ORP meter; 

therefore, they were substituted with EW-BW-161-A and EW-BW-164-A for DO/ORP monitoring. 
 MW-BW-30-A sampling frequency was increased to annual. 
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Responses to Comments submitted by the Fort Ord Community Advisory Group 
(FOCAG)1 

COMMENT 1:             
 

 
 

          
              

                 
              
              

               
                 

                
             

RESPONSE TO COMMENT 1: The U.S. Department of the Army (Army) conducted a basewide 
hydrogeologic evaluation and determined volatile organic compound (VOC) contamination in 
groundwater at the former Fort Ord does not impact the 400-Foot Aquifer and 900-Foot Aquifer.2 

Drinking water supplied by the Marina Coast Water District (MCWD) meets all Federal, State, and local 
regulatory standards. MCWD regularly tests drinking water quality and reports the results in an annual 
Consumer Confidence Report (CCR) found at www.mcwd.org. Water quality data and operational 
information are available at MCWD. Contact information for MCWD is available at 
https://mcwd.org/customer_service_contact.html. 

COMMENT 2:                 
                

             
             

RESPONSE TO COMMENT 2: The Army is currently conducting a basewide review of historical activities 
at the former Fort Ord that may have resulted in releases of PFOA/PFOS to soil and groundwater, and 
the results will be included in a report scheduled to be issued in summer 2019. Based on the preliminary 
results of this review, there is no suspected release of perfluorooctanoic acid (PFOA) or perfluorooctane 
sulfonate (PFOS) at Site 39. During prescribed burning at the former Fort Ord, fire foam or retardant may 
be used for pretreatment of the containment line around the burn unit, or to extinguish fires that have 
gone outside the containment line; however, these are Class A foams or retardants designed for use on 
combustible materials, such as wood, and not Class B foams designed for use on petroleum-based fires 
that may contain PFOA or PFOS. Additionally, the Fort Ord fire department historically used water 
tenders and not foam for fighting fires at Site 39. 
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As required by the federal third Unregulated Contaminant Monitoring Rule, water systems in the vicinity 
of the former Fort Ord, including the MCWD and California American Water, collected and analyzed 
drinking water samples for PFOA and PFOS from 2013 to 2015 and there were no detections. Analytical 
results are available in a downloadable Microsoft Excel file at the State Water Resources Control Board 
(SWRCB) website under the heading “Findings in California Drinking Water:” 

https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/PFOA_PFOS.html 

The SWRCB has also issued orders to public water systems in the vicinity of the former Fort Ord requiring 
testing for PFOA and PFOS. The SWRCB will also prepare a map of the sampling completed to date by the 
end of summer 2019. The map, along with a spreadsheet of all available data, will be made available to 
the public. 

COMMENT 3:               
               

RESPONSE TO COMMENT 3: When the Fort Ord Landfills were receiving waste from 1956 to 1987, the 
waste was placed in shallow unlined trenches; however, the remedial action for the Fort Ord Landfills 
does not include creating an unlined landfill, and no new landfill cells were created as part of the remedy 
for OU2. In accordance with the Record of Decision, Operable Unit 2, Fort Ord Landfills (OU2 ROD)3 and 
OU2 Area A Explanation of Significant Differences (ESD),4 waste was consolidated in the existing landfill 
areas south of Imjin Parkway and an engineered cover system, including a linear low-density 
polyethylene liner, was constructed over the top of the waste. With implementation of the remedy, the 
overall area of the Fort Ord Landfills decreased by approximately 20 percent.5 

Regardless, the information requested to be included in the Quality Assurance Project Plan (QAPP) is not 
relevant because the QAPP is a guidance document for groundwater sampling and analysis activities at 
the former Fort Ord; however, the OU2 Landfills QAPP is referenced in Section 3.1.3, and this document 
contains detailed information about the Fort Ord Landfills and the OU2 remedy. 

COMMENT 4: Page 18, Section 3.1.8 Geology and Hydrology:      
             

              
               

           

RESPONSE TO COMMENT 4: Additional information regarding the system of aquifers and aquitards at 
the former Fort Ord was added to Section 3.1.8. 

COMMENT 5: Page 19, Section 3.2.1 Step 1: State the Problem:        
             

RESPONSE TO COMMENT 5: See response to Comment 1. 
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COMMENT 6:                 
     

RESPONSE TO COMMENT 6: There was no determination of the source as noted in the following article: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1515912/. 

COMMENT 7: Page 19-20, Sites 2/12, second paragraph, regarding contamination of the groundwater 
by COC’s and seawater intrusion.             

                 
  

RESPONSE TO COMMENT 7: In 1940 and 1941 there were nine water supply wells constructed in the 
Main Garrison area (some in the vicinity of Sites 2/12). Two of these were never used and most of the 
others pumped sand and produced water with high chloride concentrations. Seven of the water supply 
wells were decommissioned in 1951 or 1952, and the last two were decommissioned in 1989. From 1942 
until 1984, additional water supply wells were constructed further inland. Most of these have been 
decommissioned, with only FO-29, FO-30, and FO-31 remaining.6 Wells constructed in the Sites 2/12 area 
since 1989 have been for groundwater monitoring and groundwater extraction and treatment, not for 
water supply. Because seawater intrusion can damage groundwater remediation equipment, the Army 
measures chloride concentrations annually at Sites 2/12 in select groundwater wells, as noted in QAPP 
Worksheet #17c1, to ensure groundwater extraction and treatment activities do not make seawater 
intrusion worse in this area. 

COMMENT 8: Page 20, OU2;               
              

                
             

        

RESPONSE TO COMMENT 8: Excavating waste from Landfills Area A on the north side of Imjin Parkway 
and consolidating it with waste in Landfills Areas B through F on the south side of Imjin Parkway did not 
contribute to migration of COCs to groundwater. The remedy for the Fort Ord Landfills is functioning as 
designed and is protective of human health and the environment.7 The engineered landfill cover system, 
constructed in accordance with the remedy identified in the OU2 ROD, is specifically designed to prevent 
migration of contaminants to the groundwater. Migration of contaminants from the Fort Ord Landfills to 
groundwater that occurred prior to construction of the engineered cover system has been mitigated 
through extraction and treatment of landfill gas and groundwater per the requirements of the OU2 ROD 
(see also the response to Comment 3). 

The text was revised to state that MCWD owns and operates FO-29, FO-30, and FO-31 as part of the 
water supply system for the former Fort Ord and the City of Marina. 

COMMENT 9: Page 21, 3.2.2, Step 2: Identify the Goals of the Study:       
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RESPONSE TO COMMENT 9: It is assumed the comment is referring to the Pure Water Monterey project, 
which includes replenishment of the Seaside Groundwater Basin with purified recycled water.8 This type 
of analysis is not within the scope of the QAPP, which is a guidance document for groundwater sampling 
and analysis activities at the former Fort Ord. However, according to the    

        , replenishment  is  to  
occur via four injection wells that will recharge the Santa Margarita Aquifer and the Paso Robles 
Aquifer.9 No mixing of purified recycled water and the Army’s groundwater treatment systems (GWTS) 
treated effluent can occur because: 

 The Santa Margarita Aquifer and the Paso Robles Aquifer are significantly deeper than, and not 
hydrologically connected to, the Upper 180-Foot Aquifer being recharged by the Army’s GWTS. 

 The northern boundary of the Seaside Groundwater Basin is at least 1.6 miles south of the 
Army’s closest groundwater recharge structures. 

 The general groundwater flow direction in the Seaside Groundwater Basin is to the west (i.e., 
parallel to flow in the Upper 180-Foot Aquifer). 

COMMENT 10: Bottom of page 22, Footnote 7         
                

              
               

              
                  

        

RESPONSE TO COMMENT 10: Footnote 7 was revised to clarify that: 

 Detected concentrations of antimony, copper, and lead are compared to Federal and California 
Maximum Contaminant Levels (MCLs) because there are no Aquifer Cleanup Levels (ACLs) for 
these metals identified in the OU2 ROD. 

 The groundwater being monitored is not intended for use as drinking water because it is within 
the Prohibition Zone of the Special Groundwater Protection Zone. 
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Section 3.2.1 of the QAPP was also revised to clarify the rationale for monitoring for antimony, copper, 
and lead in groundwater near the Fort Ord Landfills. Results of the sampling for metals analysis 
described in QAPP Worksheet #17c2 are in the OU2 reports for Third Quarter groundwater monitoring 
events, which are included in the Administrative Record. Concentrations of these metals in groundwater 
samples are all below MCLs. 

Based on the reference to Administrative Record No. OTH-253, it is assumed the comment is concerned 
with chemical warfare material (CWM) contaminating groundwater at the former Fort Ord. There is no 
evidence of CWM having been used at the former Fort Ord. A comprehensive search was conducted at 
Fort Ord and did not uncover any evidence in records, interviews, or other information sources to 
indicate that chemical weapons were ever stored, used, or buried at Fort Ord. Evidence indicates the only 
CWM used at the former Fort Ord were Chemical Agent Identification Sets, which were used to train 
soldiers to recognize and protect themselves from chemical agents. In addition, more than 13 million 
anomalies have been investigated and more than 300,000 cubic yards of contaminated soil have been 
excavated during investigations and removals at Fort Ord without any evidence of CWM.10 
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ATTACHMENT H 
 

 
 
 

Ahtna Environmental, Inc. 
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Responses to Comments submitted by the Central Coast Regional Water Quality 
Control Board (Water Board)1 

 
 

 

COMMENT 1:  
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RESPONSE TO COMMENT 1: The U.S. Department of the Army (Army) agrees to collecting a sample at 
the influent to the Operable Unit 2 (OU2) groundwater treatment plant (GWTP) to analyze for 1,2,3-TCP 
using a detection limit below the MCL of 0.005 μg/L. The sample will be collected during a regularly 
scheduled quarterly groundwater monitoring event or concurrently with GWTP process monitoring. 
Depending on the analytical results, the Army will evaluate the need for additional sampling in 
consultation with the Water Board. 

COMMENT 2:  
 

 
 

 
 

RESPONSE TO COMMENT 2: Figure 8A was revised to remove well EW-BW-162-A, and this well was not 
added to Worksheet #17c3. Per QAPP decision criteria, this well will not be monitored for chemicals of 
concern or for water levels. 
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Seaside Basin Monitoring 
and Management Program 

I. 
Introduction 

This Seaside Basin Monitoring and Management Program (“Program”) is adopted by the Seaside 
Basin Watermaster to comply with the Judgment entered in the Seaside Groundwater Basin 
Adjudication (California American Water v. City of Seaside, Monterey County Superior Court, 
Case Number M66343) and to ensure that the Seaside Groundwater Basin (“Basin”) is protected 
and managed as a perpetual source of water for beneficial uses.  

The Judgment required the preparation of a comprehensive monitoring and management plan for 
the Seaside Basin (Monitoring and Management Plan”) consistent with the criteria set forth in 
Exhibit A (Appendix 1) of the Judgment. The Technical Committee appointed by the Seaside 
Basin Watermaster Board has chosen to name this document the “Program” versus the “Plan” 
referred to in the Judgment. This was necessary to clarify that the tasks and schedule set forth in 
this document is the program that will create the Seaside Basin Monitoring and Management 
Plan. 

The Program sets forth actions that will be taken to: (a) monitor current overdraft conditions and 
the present threat of potential seawater intrusion into the Coastal Subarea of the Basin; (b) 
develop and import supplemental water supplies for the purpose of eliminating Basin overdraft 
and the associated threat of seawater intrusion, and (c) establish procedures that will be 
implemented to address seawater intrusion should seawater intrude into the onshore portions of 
the Basin. All costs of undertaking the actions set forth within this Program shall be paid from 
the Monitoring and Management Program component of the Watermaster Budget, set forth in 
Section III.L.3.J.iv of the Judgment.  The Court’s Decree calls for the Seaside Basin 
Watermaster to develop a Basin Management Program within one year of the Court’s judgment. 
The following is a description of the scope of work for the management program, the monitoring 
program and schedule that will be undertaken by the Watermaster over the next 12 to 18 months 
to complete the Basin Management Program. 
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II. 
Basin Monitoring Program 

A. Basin Overview 

The Seaside Groundwater Basin has been characterized as underlying an approximately 19 
to 24 square mile area at the northwestern corner of the Salinas Valley, adjacent to 
Monterey Bay. The general location of the basin and its four subareas are shown in Figure 
1, which is from a study updating the condition of the basin completed by the Monterey 
Peninsula Water Management District (MPWMD) in 2005 (Yates and others, 2005.  Seaside 
Groundwater Basin: Update on Water Resource Conditions. Prepared for MPWMD, April 
14, 2005). The basin underlies a hilly coastal plain that slopes northward toward the Salinas 
Valley and westward toward Monterey Bay. The basin area includes Sand City, a portion of 
Monterey, and much of the cities of Seaside and Del Rey Oaks, as well as a portion of 
unincorporated Monterey County. In addition, the basin underlies most of the land occupied 
by the former Fort Ord military base. The basin consists of a sedimentary sequence of 
water-bearing materials that overly the relatively impermeable shales of the Monterey 
Formation.  The two principal geologic units in terms of water supply potential are known 
as the “Paso Robles aquifer”, consisting of interbedded sand, gravel and clay deposits of 
continental origin, and the underlying “Santa Margarita aquifer”, consisting of a loose to 
weakly-cemented marine sandstone. 

B. Basin Monitoring Background 

Current water resource monitoring in the Seaside Groundwater Basin can be categorized into 
the following five principal types: groundwater production monitoring, groundwater level 
monitoring, groundwater quality monitoring, surface water monitoring, and precipitation 
monitoring.  The history of development and current status of each category is briefly 
reviewed in this section. 

1. Groundwater Production Monitoring 

The early history of groundwater development in the Seaside Basin was not well 
documented.  Prior to about 1950, the majority of groundwater extractions in the coastal 
area were assumed to be associated with small farming operations.  The earliest recorded 
production dates to the mid-1950’s, when municipal wells were installed in the coastal 
area of the basin by several small water systems that were acquired in the mid-1960’s and 
subsequently consolidated into the main California American Water (Cal-Am) system 
that serves the Monterey Peninsula area. Other early metered production records were 
kept for wells in the coastal area supplying Fort Ord and the City of Seaside.  A 
coordinated program of collecting and reporting groundwater production in the basin was 
established by the MPWMD in 1980.  This program requires annual reporting of water 
production (surface water and groundwater) from all sources within the MPWMD’s 
boundary, which encompasses most of the Seaside Basin area.  Currently, there is no 
surface water production from the Seaside Basin, and the only known groundwater 
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production occurring within the basin outside of the MPWMD boundary is limited to 
production from Monterey County Parks Department wells at the eastern end of the 
Laguna Seca subarea of the Seaside Basin. In addition to the annual reporting 
requirement, MPWMD regulations require more comprehensive management for the Cal-
Am water distribution system, as this system derives its supply from more than one 
hydrological management unit (i.e., the Carmel River Basin and Seaside Basin).  This is 
accomplished under MPWMD regulations through the Quarterly Water Supply Budget 
Strategy program, in which projected production quantities for each of Cal-Am’s 
production sources are developed on a quarterly basis, and actual production is tracked 
daily. 

2. Groundwater Level Monitoring 

The earliest groundwater level data collected in the Seaside Basin were from the 
municipal wells in the coastal area, beginning in the mid-1950’s.  The coverage was 
sparse, however, and limited to a small area of the basin.  Water level data collection in 
the coastal area became more consistent when Cal-Am began operations in the mid-
1960’s, but the lack of long-term, spatially-distributed groundwater level data 
compromised the ability to rigorously assess the condition of the basin in studies 
conducted during the 1970’s and 1980’s. The Monterey County Water Resources 
Agency (MCWRA) periodically monitored several wells in the basin until that 
monitoring was curtailed due to budget constraints in the early 1990’s.  Basic 
groundwater data collection improved beginning at that same time as the MPWMD 
undertook a program of installing dedicated monitor wells in each aquifer at key 
locations in and near the coastal area of the basin. A network of dedicated monitor wells 
was preferable in that the water level data are more indicative of conditions outside of the 
direct influence of production wells. The dedicated monitor well network has been 
expanded since then, and is now comprised of 24 wells at 14 locations in and near the 
coastal and northern portions of the basin, and an additional 16 wells at 12 locations in 
and near the Laguna Seca subarea. The locations of monitor and production wells in and 
near the basin are shown on Figure 2. Presently, the MPWMD collects water level data 
monthly from 19 of the 24 monitor wells in and near the coastal subareas.  Seven of these 
monitor wells are also equipped with automatic dataloggers (i.e., recording pressure 
transducer units) set to record hourly water levels to complement monitoring as part of 
the MPWMD Aquifer Storage and Recovery (ASR) program in the basin.  The MPWMD 
collects water level data semi-annually (in Spring and Fall to correspond with anticipated 
seasonal high and low water levels) from 16 monitor wells in and near the Laguna Seca 
subarea. In addition to water levels collected by the MPWMD, Cal-Am currently collects 
and reports to MPWMD monthly water levels from 14 active and inactive production 
wells in the coastal subareas, and 7 wells in the Laguna Seca subarea. . 

3. Groundwater Quality Monitoring 

Historically, groundwater quality data were sparse and were not readily available to 
adequately support characterization of groundwater quality in the basin in the early 
resource studies conducted in the 1970’s and 1980’s. In the early 1990’s, the MPWMD 
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began a program to collect groundwater quality data from coastal monitor wells in the 
basin. This program has been expanded since then and now includes twelve (12) monitor 
wells at six (6) locations (Figure 3). Groundwater quality samples are currently collected 
annually and analyzed for a suite of inorganic parameters (i.e., general minerals) to assess 
long-term trends or changes that could indicate seawater intrusion. Based on the 
assessment of data from the MPWMD coastal monitor wells, there has been no indication 
of seawater intrusion into either of the basin’s principal aquifers – the Paso Robles 
Formation or Santa Margarita Sandstone.  In addition to the groundwater quality data 
collected by the MPWMD from its coastal wells, both the City of Seaside and Cal-Am 
collect complete general mineral groundwater quality data at least annually from their 
municipal production wells that serve water for potable use, as per requirements from the 
California Department of Health Services. 

4. Surface Water Monitoring 

Because dune sands cover much of the land area over the basin, precipitation falling on 
the basin does not produce appreciable surface runoff but directly infiltrates through the 
sandy soils. The exception is Arroyo Del Rey, which drains a portion of the Laguna Seca 
subarea.  The U.S. Geological Survey measured discharge from this channel at Del Rey 
Oaks from 1966 to 1978, when this recording station was discontinued.  The MPWMD 
re-established this as a recording station in 2002, and continuous streamflow records are 
currently maintained for this site. 

5. Precipitation Monitoring 

There are no long-term records of precipitation from monitoring stations within the 
Seaside Basin. Accordingly, basin precipitation estimates in previous water resources 
investigations have been based on records from nearby recording stations.  The recent 
hydrogeologic assessment of the basin conducted for Cal-Am relied primarily on long-
term records available from the National Oceanographic and Atmospheric Administration 
(NOAA) Station #045795 in Monterey (CH2M HILL, 2004, Hydrogeologic Assessment 
of the Seaside Groundwater Basin. Prepared for Somach, Simmons & Dunn and 
California American Water, January 2004.  See page 2-2). 

C. Basin Monitor Well Construction Program 

1. Purpose 

Notwithstanding the current groundwater monitoring efforts as described above, the 
Court recognizes that the present monitor well network is lacking adequate coverage in 
and near the Northern Coastal subarea of the basin, considered to be most vulnerable to 
seawater intrusion. Additionally, there are few existing monitor well control points to 
adequately define conditions along the northern basin boundary in the Northern Inland 
subarea. This section describes the Watermaster’s planned exploratory drilling and 
monitor well construction activities that are designed to enhance the efficiency and utility 
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of the existing basin monitoring network.  This program is based on the description 
provided in Exhibit A of the Decision, attached as Appendix 1 of this program. Any 
proposed departures from that description and the basis for them are also described 
herein. 

To ensure that the coastal area is adequately monitored to detect potential seawater 
intrusion, exploratory drilling, geophysical surveying and monitor well construction will 
be undertaken. Based on current knowledge of the availability of existing subsurface 
control points in and near the coastal area of the basin, monitor wells shall be initially 
constructed at a minimum of four (4) additional coastal “sentinel” monitor well sites 
(“Sentinel” monitor well sites refers to the network of monitor well sites closest to the 
coastline in and near the Seaside Basin, which can serve as a first line of defense in 
detecting potential seawater intrusion) at approximately 3,000 feet spacing, in the area 
along the coast northeast of existing monitor well “WMD-PCA-W”.  It is anticipated that 
the four coastal sites will be selected from the six potential target areas sites that are 
shown on Figure 4. Four sites are in a line near the coastline and two sites are slightly 
farther from the coastline and in between the most coastal sites, to provide secondary 
coverage if seawater intrusion should occur in narrow lobes or fingers. The actual 
locations for the new coastal “sentinel” well sites must be carefully selected based on 
nearness to the coastline, coastal erosion potential, site logistics, and long-term access 
constraints. 

In addition, two (2) inland sites near the northern basin boundary shall be selected for 
exploratory drilling and monitor well construction.  The recommended target areas for 
these sites are also shown on Figure 4. Information developed from these inland sites 
will support an improved understanding of the occurrence and nature of the aquifer 
systems and groundwater levels in the vicinity of the northern basin boundary where 
there are no existing monitor or production wells, and will support long-term monitoring 
in the basin. 

As a planning goal, it is anticipated that these new monitor well installations can be 
completed within approximately 18 months of the Court’s approval of this document, as 
shown in Figure 5. A breakdown of the proposed schedule by task is also included in 
Section V. Based on previous experiences by the MPWMD in installing similar coastal 
and inland monitor wells in the basin, land availability, authorization and access are key 
issues that must be overcome to successfully site and construct the monitor wells.  The 
optimal locations for the new coastal monitor wells are along the coastal bluffs of the 
former Fort Ord military base, on land that is currently under the jurisdiction of the U.S. 
Army, but ultimately planned for transfer to the California Department of Parks and 
Recreation (CDPR). Accordingly, approval of such activity in this area of former Fort 
Ord will require the acquisition of a long-term easement, and will likely include 
authorizations from the Army Base Realignment And Closure (BRAC) office, the Fort 
Ord Reuse Authority (FORA), the County of Monterey, and the CDPR.  As an alternate 
option, if land use approvals prove too difficult or lengthy for the coastal bluff locations, 
consideration will be given to siting the new coastal monitor wells along the inactive 
railroad alignment through the former Fort Ord coastal area.  The Transportation Agency 
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of Monterey County (TAMC) has recently acquired this property from the Union Pacific 
Railroad. Sites along the railroad alignment are less ideal in that they are approximately 
500 to 1,500 feet farther from the coastline than the coastal bluff sites, but the approval 
process for use of these sites is anticipated to be less time consuming, and the MPWMD 
has already initiated discussions with TAMC on this issue.  In any event, additional 
documentation from the Court endorsing its order to install the additional coastal monitor 
wells may be beneficial for the Watermaster to receive timely authorization for these 
monitor well installations. 

As explained above, given the complexity of land use constraints and jurisdictional 
authority in the local setting, it is not likely that the exploratory drilling program can be 
conducted in the precise fashion described in Exhibit A of the Decision. Additionally, it 
is not envisioned that the exploratory drilling and geophysical surveys will be conducted 
as separate advance activities to facilitate subsequent siting of the new monitor well 
locations. Rather, monitor well clusters shall be installed at each of the carefully selected 
sites described above, with monitor well design and number of wells at each site guided 
by the lithologic and geophysical data to be collected in the manner described below. 
This is based on the MPWMD’s past experience with exploratory drilling in the basin, 
wherein the actual occurrence of, and lithologic conditions within, each aquifer were 
variable from site to site, making it difficult to presume the monitor well designs and 
number of wells to be completed in advance.  It is also noted that timely completion of 
the exploratory drilling and monitor well installation program described herein will 
require specialized drilling contractor services that may not be available locally, and 
could be limited by contractor availability. 

2. Exploratory Borehole Drilling Program 

A pilot borehole shall be constructed at each site, with the total depth targeted for the top 
of the Monterey Formation, which represents the effective base of the freshwater bearing 
formations at nearby locations in the basin.  Total drilling depth at each site is anticipated 
to be 1,500 to 2,500 feet.  Borehole lithologic samples (i.e., grab samples) shall be 
collected at ten-foot intervals (with the exception of any depths in the borehole at which 
continuous core samples can be collected).  All collected lithologic samples shall be 
prepared and placed into labeled cases for storage and future inspection. 

3. Geophysical Surveys 

Upon completion of pilot drilling to the total depth, a complete suite of open borehole 
geophysical logs shall be run, including resistivity, spontaneous potential, caliper, 
temperature, gamma ray, and electromagnetic conductivity (EM) logs.  These 
geophysical logs will provide a basis for describing the distribution of aquifers, 
occurrence of fine-grained interbeds and confining units between aquifers, water quality 
variations with depth, and the nature of groundwater flow and potential seawater 
intrusion, as was completed for a recent similar deep coastal monitor well construction 
project to the north of the Seaside Basin in the City of Marina (Hanson and others, 2002. 
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Geohydrology of a Deep-Aquifer System Monitoring-Well Site at Marina, Monterey 
County, California. U.S. Geological Survey Water-Resources Investigations Report 02-
4003. Prepared in cooperation with the Monterey County Water Resources Agency (see 
page 12 for geophysical data description).  In addition to the borehole geophysical logs, 
additional geophysical logging shall be conducted on the deepest cased well at each site 
and shall include gamma ray and EM logs.  This additional logging will allow for 
comparisons with future annual geophysical logging surveys at each site as part of the 
ongoing monitoring program for early detection of salinity changes (i.e., potential 
seawater intrusion) into discrete zones within the aquifer system, that may otherwise go 
undetected by standard water quality sample collection. 

5. New Monitoring Wells 

Monitor well design shall be by multiple-well clusters at each site, either in the same or 
separate boreholes, unless an alternate well construction technique is authorized.  Where 
present at each site, separate well casing strings shall be constructed with screened 
intervals within each recognized aquifer of the basin (e.g., Aromas Sand, Paso Robles, 
Santa Margarita) to provide a detailed vertical characterization of water levels and quality 
through the aquifer system.  If observed conditions warrant, more than one well casing 
may be installed in each aquifer to more discretely characterize variable conditions in 
specific zones within the aquifer; however, this cannot be determined in advance of the 
exploratory drilling, as described above. For estimating purposes, it is assumed that four 
(4) wells will be installed at each well site cluster.  The screened interval of each casing 
string shall be separated from other well completions by isolation seals if multiple wells 
are constructed in the same borehole.  Each monitor well casing shall be a minimum two-
inch inside diameter, and the deepest casing string at each well cluster shall be a 
minimum three-inch inside diameter to accommodate cased well geophysical logging 
tools. 

D. Comprehensive Basin Production, Water Level and Water Quality Program 

1. Purpose 

The comprehensive monitoring program described herein is intended to guide ongoing 
data collection efforts in the basin to efficiently and economically provide the pertinent 
groundwater resource data that will establish a defensible basis for future decision-
making by the Watermaster.  Monitoring data collection tasks are described according to 
well location in or near the Seaside Basin.  Coastal “sentinel” monitor wells refers to the 
closest monitor well sites to the coastline.  Inland monitor wells refers to the monitor well 
locations in and near the Northern Inland and Laguna Seca subareas, and those monitor 
wells in the Southern and Northern Coastal subareas that are not included in the coastal 
sentinel monitor well network.  “Production wells” refers to such wells in all four 
subareas of the basin. 

Seaside Basin Monitoring and Management Program 
Page 7 



 

 

 

 
 

 

2. Creation of Consolidated Basic Groundwater Resource Database   

Currently, groundwater resource monitoring within the Seaside Basin is being conducted 
by several entities as described above in Section B.  Basin Monitoring Background. A 
consolidated database will allow pertinent groundwater data to be more efficiently 
organized, managed and housed in a single location to facilitate: (a) ongoing data 
collection efforts, (b) data storage and retrieval, (c) distribution of basic data to 
Watermaster members and other interested parties, and (d) preparation of annual and 
periodic reports to the Watermaster.  A database shall be created to contain all pertinent 
historical basic groundwater resource data (i.e., well production, level, quality) with 
proper annotations as to data sources, as well as all ongoing groundwater resource data 
collected on behalf of the Watermaster.  The database will also include pertinent 
information on well type, location and construction details.  In addition to the data 
organizational benefit, the consolidated database is intended to resolve any differences or 
discrepancies in existing datasets that have been compiled by separate entities.  The 
MPWMD currently maintains a groundwater database that includes some of the features 
described herein.  The Watermaster will need to determine if the MPWMD’s database 
should be expanded or a new database should be created for this purpose. A breakdown 
of the proposed schedule by task is shown on Figure 5, and also is included in Section V. 

3. Monitoring of Coastal “Sentinel” Monitor Wells 

a) Water Level Monitoring 

All coastal sentinel monitor wells (existing and proposed) shall be monitored on at 
least a monthly interval to record manual water level measurements.  In addition, all 
coastal sentinel monitor wells shall be equipped with automatic dataloggers to 
continuously record groundwater levels in each aquifer measured.  The dataloggers 
will be set to record no less frequently than a daily interval and will be downloaded at 
least quarterly. The dataloggers will be calibrated/confirmed initially and on at least a 
quarterly basis with the manual water level measurements.  All collected data will be 
entered into the consolidated groundwater resource database on a quarterly basis. 

b) Water Quality Monitoring 

All coastal sentinel monitor wells (existing and proposed) shall be sampled on a 
quarterly interval by extraction of water samples (using standard sampling protocols) 
for chemical analysis by a state-approved laboratory.  Parameters to be analyzed will 
at a minimum include the full general inorganic mineral suite.  All collected water 
quality data will be entered into the consolidated groundwater resource database on a 
quarterly basis. Proposed new monitor wells may be sampled on a more frequent 
basis during the first year after construction to establish water quality variability at 
these locations. In addition, all coastal sentinel monitor wells (existing and proposed) 
shall be equipped with automatic dataloggers to continuously record groundwater 
quality (electrical conductivity and/or chloride) in each aquifer measured.  The 
dataloggers will be set to record no less frequently than a daily interval and will be 
downloaded at least quarterly.  The dataloggers will be calibrated/confirmed initially 
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and at least quarterly with the chemical analysis data collected at each monitor well. 
On an annual basis, geophysical logs will be run at the deepest well at each of the 
new coastal sentinel monitor well sites.  Also, an existing inactive Cal-Am production 
well in the Northern Coastal subarea, known as the “Del Monte Test” well, will be 
evaluated for possible inclusion with the coastal sentinel monitor well network. 

4. Monitoring of Inland Monitor Wells 

a) Water Level Monitoring 

All inland monitor wells (existing and proposed) shall be monitored for water levels 
on at least a quarterly interval (This is an increased frequency from the semi-annual to 
annual water level monitoring recommended in the report:  Yates and others, 2002, 
Laguna Seca Subarea, Phase III Hydrogeologic Update, prepared for MPWMD, 
November 2002 (see page 65)).  In addition, at least two monitor well sites in the 
Laguna Seca subarea shall be equipped with automatic dataloggers to continuously 
record groundwater levels in each aquifer measured  (This follows from a 
recommendation to instrument monitor wells to better understand water level 
variations in the report: Yates and others, 2002, Laguna Seca Subarea, Phase III 
Hydrogeologic Update, prepared for MPWMD, Novermber 2002.  See page 65). The 
dataloggers will be set to record no less frequently than a daily interval and will be 
downloaded at least quarterly.  The dataloggers will be calibrated/confirmed initially 
and on at least a quarterly basis with the manual water level measurements.  All 
collected data will be entered into the consolidated groundwater resource database on 
a quarterly basis. 

b) Water Quality Monitoring 

Regularly scheduled water quality monitoring is not anticipated for the inland 
monitor wells, with the following exceptions:  (a) the full general inorganic mineral 
suite of parameters shall be analyzed initially and quarterly for the first year, for any 
newly-constructed inland monitor wells to characterize background water quality at 
new locations, and (b) any water quality monitoring as part of special studies that 
may be directed by the Watermaster. 

5. Monitoring of Production Wells 

a) Water Level Monitoring  

All active and inactive production wells in the basin owned and/or operated by a 
Watermaster member shall have static (i.e., non-pumping) water levels collected and 
recorded a minimum of once per month.  It shall be the responsibility of each 
owner/operator of a Watermaster member production well to report monthly water 
level measurements to the Watermaster on an annual basis for inclusion of these data 
in the consolidated groundwater resource database. 
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b) Water Quality Monitoring 

All active production wells in the coastal subareas of the basin owned and/or operated 
by a Watermaster member shall have a water quality sample from each well collected 
and analyzed by a state-approved laboratory for the full general inorganic mineral 
suite a minimum of once per year.  It shall be the responsibility of each 
owner/operator of a Watermaster member production well to report water quality 
analytical results to the Watermaster on an annual basis for inclusion of these data in 
the consolidated groundwater resource database. 

6. Reporting of Monitoring Data 

It is anticipated that initially the Watermaster shall receive and distribute to members 
and interested parties a summary report of water resources data collected on behalf of 
the Watermaster on a quarterly basis.  The quarterly reports shall include the 
reporting of water level and water quality data collected from the existing and 
proposed monitor wells as described herein.  In addition, the monitor well data shall 
be summarized along with other information required in the Watermaster annual 
reports to be prepared and filed with the Court.  Groundwater monitoring data will be 
prepared to conform to State Standards where appropriate or required. 

E. Estimated Monitoring Program Costs 

At this time only a preliminary “order of magnitude” estimate (“Order of magnitude” cost 
estimates refers to approximate costs with an estimated accuracy of +/- 40%.) of costs is 
available for the basin monitoring functions described in this Program.  It is anticipated that 
refined costs will be available once proposals for exploration, monitoring and data 
management have been received, reviewed and authorized by the Watermaster.  One-time 
costs for exploratory drilling, geophysical surveying and monitor well construction are 
estimated at $1,080,000.  One-time costs for development of the basic groundwater database, 
and purchase and installation of water level/water quality dataloggers are estimated at 
$62,000. First year annual costs for groundwater database maintenance, and coastal and 
inland well monitoring are estimated at $61,680.  A more detailed breakdown of estimated 
monitoring program costs is included in Figure 6. “Order of Magnitude” Cost Estimate 
Summary for Basin Monitoring Program Portion.  
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Figure 1. Location of the Seaside Groundwater Basin 
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Figure 2. Location of Production and Monitor Wells in and Near the Seaside Basin 
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Figure 3. Location of Existing Coastal Groundwater Quality Monitor Wells 
in an Near the Seaside Basin 
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Figure 4. Location of Existing Coastal Sentinel Monitor Well Sites and Proposed 
Monitor Well Sites (Coastal and Inland) In and Near the Seaside Basin 
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Figure 5. Schedule by Task for Select Basin Monitoring Program Elements 

Duration 
No. Task (Days) Start Finish 

Basin Monitor Well Construction Program 

1 Develop scope of services and RFP for consultant program oversight 60 7/1/2006 8/31/2006 
2 Review proposals, secure oversight consultant contract 30 9/1/2006 9/30/2006 
3 Oversight consultant completes site acquisition approvals 180 10/1/2006 3/31/2007 
4 Develop scope of services and request bids for drilling/monitor wells 90 1/1/2007 3/31/2007 
5 Review bids, secure contract(s) 30 4/1/2007 4/30/2007 
6 Drill, equip and collect initial monitoring data 150 5/1/2007 9/30/2007 
7 Prepare and submit completion report to Watermaster 60 9/1/2007 10/31/2007 

Creation of Consolidated Basic Groundwater Resource Database 

1 Develop database RFP 30 7/1/2006 7/31/2006 
2 Review proposals, select consultant 30 8/1/2006 8/31/2006 
3 Develop and approve database format 30 9/1/2006 9/30/2006 
4 Populate database (historical data from all sources) 60 10/1/2006 11/30/2006 
5 Populate database (current monitoring data) 30 12/1/2006 12/31/2006 
6 Prepare database documentation report 30 1/1/2007 1/31/2007 

Prepared for Seaside Basin Watermaster, May 2006 
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Figure 6. Seaside Basin Monitoring and Management Program “Order of Magnitude”  
                  Cost Estimate Summary for Basin Monitoring Program Portion 

Cost / # of Cost / # of One-Time Annual 
Task Unit Units Site Sites Cost Cost 

Exploratory drilling / geophysical surveying / monitor well 
construction

     Assume average TD = 1,800 feet; $100/ft lump sum $100 1800 $180,000 6 $1,080,000 

Basic groundwater resource database 
     Develop / populate: 200 hours $70 200 $14,000
     Annual maintenance:  40 hours/quarter x 4/yr $70 160 $11,200 

Monitoring of coastal "sentinel" monitor wells 
     Purchase/install WL/WQ dataloggers (6 existing wells; 

16 new wells) $2,000 22 $44,000
     Manual WL monitoring:  8 hrs/mo x 12 mo/yr $70 96 $6,720
     WQ sample collection:  3 hrs/pers/site x 2 pers x 4/yr $70 24 $1,680 8 $13,440
     WQ sample lab analyses:  $200/sample gen. Minerals x 
      4/yr x 22 wells $200 4 22 $17,600
     Annual maintenance, WL/WQ dataloggers:   

16 hrs/quarter x 4/yr $70 64 $4,480
     Annual geophysical surveys $1,500 4 $6,000 

Monitoring of inland monitor wells 
     Manual WL monitoring:  8 hrs/quarter x 4/yr $70 32 $2,240
     Purchase/install WL/WQ dataloggers (2 existing wells) $2,000 2 $4,000 

TOTAL ONE-TIME COST $1,142,000 
TOTAL ANNUAL COST (first year) $61,680 

NOTES: 

1. Cost estimates are at the preliminary “order of magnitude” level, with estimated accuracy of 
+/- 40%. 

2. Cost estimates are subject to change as plans and scope are refined by Watermaster 
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III. 
Basin Management Program 

A. Development of a Seaside Basin Management Plan  

1. Program Objectives 

The objectives of the Basin Management Program, as stated in the Court’s Decision, are to 
optimize groundwater pumping, control seawater intrusion, and return the Basin to 
equilibrium through implementation of conservation methods, through the importation of 
supplemental water for direct use and Basin replenishment.  The Program will serve as 
the technical roadmap for future basin management decisions to achieve the management 
objectives in a cost-effective manner while balancing potential socio-economic impacts to 
users of Seaside Basin groundwater. The Program will be developed in a way that 
provides flexibility in the future to respond to changing conditions in the basin and new 
information that becomes available as the basin monitoring program is implemented. 

2. Program Development 

The Watermaster will oversee the development of the plan, utilizing member agency staff 
expertise and/or consultants where appropriate to conduct detailed technical analyses and 
investigations. The Watermaster should seek available grants and loans for plan 
development through the California Department of Water Resources or from other 
resources available to assist in alternative regional solutions that support the plan. 

3. Key Program Elements 

The Seaside Basin Management program will consist of the following key elements: 

a) Development and implementation of a program for collecting and analyzing data 
related to groundwater production, water levels, water use, land use, rainfall, and 
other pertinent information useful in managing the basin.  The Plan will outline the 
criteria and protocol to be used in triggering basin management actions.  The 
MPWMD currently has an extensive data collection and management system that 
includes much of the data that will be required as part of the Seaside Basin 
Management Program.  The MPWMD program will be evaluated during Plan 
development for use as a base upon which necessary data collection and storage 
enhancements can be made. 

b) Development of an enhanced Seaside Basin groundwater model to be used in 
developing improved estimates of natural and secondary basin recharge, Total 
Useable Storage Space for the Seaside Basin, Operating Safe Yield, Natural Safe 
Yield, and basin management strategies.  Technical consultants will be utilized for 
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the task of developing a model and modifying existing groundwater models 
wherever possible.  Existing models that will be evaluated for modification include 
but are not limited to: Laguna Seca Phase III Report (Yates et. al 2002), Sand City 
Desalination studies (Feeney & Williams, 2004), and Seaside Basin adjudication 
trial model (Durbin, 2005).  No model development cost estimates have been 
provided in this document.  A formal technical review of the models will be 
conducted in order to develop a scope of work and budget for the project. 

c) Development of recommendations regarding implementation of strategies to import 
supplemental water supplies into the basin, including: 

 Substitution of alternative supplies for Basin groundwater (including in-lieu 
recharge). 

 Direct aquifer replenishment of pumping in exceedence of basin Natural Safe 
Yield. 

Potential water sources for the above strategies include reclaimed water for 
irrigation of large turf areas and/or direct recharge, surplus Carmel River Water for 
aquifer replenishment during the winter months, and local desalination projects 
such as that proposed by Sand City and regional desalination project, such as that 
proposed by California American Water.  Supplemental supplies will be evaluated 
with regard to cost and environmental constraints to implementation.  Plan 
recommendations will include concrete steps for project implementation over 
specific time periods, including near-term and long-term actions. 

d) Development of strategies for redistribution of pumping to avoid various adverse 
impacts within the basin. 
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IV. 
Seawater Intrusion Contingency Program 

A. Objective 

If seawater intrusion is detected in a coastal production or monitoring well, it is imperative 
that pumping stresses be reduced so that the seawater is not pulled further inland or otherwise 
spread into a larger area of the Basin where it may contaminate additional wells. 
Accordingly, the objective of the Seawater Intrusion Contingency Program is to set forth the 
actions that will be undertaken if seawater intrusion is detected in a coastal well to prevent 
the seawater from contaminating larger portions of the Basin.  The purpose of this section is 
describe how the presence and extent of seawater intrusion will be determined by the analysis 
of the existing and the future enhanced coastal seawater intrusion water quality monitoring 
program.  The seawater intrusion contingency planning process to address the detection and 
presence of seawater intrusion will then be discussed. 

B. Seawater Intrusion Analysis  

In order to detect and determine the extent of seawater intrusion, the mechanism of seawater 
intrusion must first be defined and then described. The analysis of the water quality 
monitoring data and mapping of the extent of seawater intrusion will follow.   

1. Seawater Intrusion – Description of Problem and Process 

Intensification of water use on ground water resources can cause the depletion of 
groundwater storage and lower groundwater levels in a basin.  Declining groundwater 
levels to an elevation below mean sea level may eventually cause inflow of seawater into 
aquifers along coastal areas. As seawater moves inland, ground water chloride values 
increase over time.  

2. Seawater Intrusion - Definition 

For the purposes of defining when actions described in Section C of the program will be 
taken, the seaside groundwater basin aquifers will be defined as seawater intruded when 
the chloride concentrations in a coastal monitor well reach approximately 100 mg/l and 
250 mg/l for the Paso Robles and Santa Margarita formations respectively.  For a coastal 
production well, the standard will be when chloride concentrations reach 250 mg/l, given 
that some production wells have multiple aquifer completions with water quality that 
reflects a blend from these sources.  These standards will be used until more 
comprehensive standards based on historical water quality data at individual monitor and 
production wells can be developed. Each monitoring well and production well in the 
groundwater network will be evaluated on site-specific criteria.  In addition, the 
Watermaster will institute interim standards for notice of potential seawater intrusion so 
that appropriate preventative actions may be taken.  Interim notice for seawater intrusion 
will be defined as a 50 percent increase above ambient chloride concentrations for any 
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specific monitoring well location.  Generally accepted laboratory protocols and 
hydrogeologic methods will be employed for the determinations of seawater intrusion. 

3. Description of Water Quality Related to Seawater Intrusion 

The California Safe Drinking Water Secondary Standard for chloride ranges from the 
recommended maximum for drinking water of 250 mg/L chloride and an upper limit of 
500mg/L chloride.  By the time chlorides reach the latter concentration, many times the 
wells are abandoned or destroyed due to unacceptable aesthetic qualities such as taste due 
to mineralization.  The standards mentioned above dictate that, for drinking water 
purposes, chloride concentrations will be the primary water quality indicator for the 
determination of seawater intrusion. Other complementary inorganic parameter 
concentrations will also provide supplemental data for water quality trend analysis and 
aquifer water quality characterization (calcium, magnesium, sodium, potassium, sulfate, 
and nitrate) called “fingerprinting”.  The analysis of these combined parameters will 
determine aquifer impacts by seawater intrusion. 

Background chloride values may vary by aquifer depending on aquifer characteristics. 
For this reason, chloride values generated from the water quality monitoring program will 
be referenced to the 100mg/L and 250 mg/L chloride concentrations to determine aquifer 
impacts by seawater intrusion.  In the coastal Salinas Valley, the agricultural community 
recognizes chloride values under 100mg/L as excellent to good irrigation quality.  After 
determining if seawater intrusion is present, the observance of increasing chloride trends 
from the baseline up to 250mg/L chloride will be analyzed to determine the advancement 
of seawater intrusion. It must be noted that seawater intrusion is a gradual process due to 
the chemical interactions between the geologic formations in the aquifers and seawater. 
It is critical that the Watermaster Board is kept informed whenever chloride levels reach 
levels in excess of the interim standard so that appropriate action can be taken. 

4. Data Analysis Tools and Data Analysis 

The water quality data analysis exercise requires certain tools. These tools include 
different types of computer software to digitally identify the location of wells, to quality 
check data, and to generate graphs, diagrams, and chloride contour lines.  Before a 
thorough analysis of the water quality data can begin,  the following software will be 
required: 

 Geographic Positioning System (GPS) equipment to provide latitude/longitude 
location for study wells 

 Excel to graph chloride trends for each well 
 Water quality graphing software to represent water quality data in “stiff” and 

“trilinear” diagrams 
 ArcView GIS 3.3 to generate chloride contour lines 

Once the software is obtained and personnel are trained, immediate evaluation of the 
existing monitoring data can begin.  Compilation of the data in a central database will be 
required along with data checking for correctness and GPS digital locations for all wells 
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must be obtained. If the exiting study wells have historical data, the first step is to graph 
the chloride values for each well to determine any increasing trends over time.  The next 
step is to determine the “fingerprint” or the water quality characteristics for each well 
with the use of stiff diagrams.  Stiff diagrams show the complete inorganic suite of water 
quality data concentrations represented on a graph.  This provides instant recognition the 
“fingerprint” of water being pumped from each of the aquifers.  Like aquifer wells will 
have similar water quality fingerprints.  The next water quality graphing step, prior to 
contouring the well chloride data, is to create a trilinear diagram for multiple wells.  The 
inorganic water quality concentrations for each well will be represented on one graph in 
comparison to the same constituent concentrations of seawater.  This graph enables the 
analyst to determine inorganic parameter concentration trends toward varying degrees of 
seawater intrusion. Using generally accepted standards, it must be confirmed whether 
elevated chloride concentrations are an anomaly or are due to seawater intrusion. The last 
step in the water quality data analysis is to contour the chloride data for each of the 
coastal monitoring wells on a map to compare and contrast chloride values.  To contour, 
the following protocol will be followed utilizing ArcView GIS 3.3: 

 Create a .dbf file that includes facility codes, chloride values and sampling dates 
information 

 Import .dbf file into Arc-View 
 In Arc-View, open a new view 
 In the menu bar, under View choose the add Theme button and add the shape file 

with wells to be contoured 
 In the View window, “open the tables of active themes”, which will bring up the 

attributes table 
 Open both the .dbf file and the study wells shape file, join the tables 
 Choose create contours under Surface in the view window 

 Create contours, select Output Grid Extent option 
 Choose spline method to interpolate surface type field 
 Choose chloride for “Z” value field 
 Choose appropriate weight and number of points (hint: start with default 

values to see what the default contour looks like) 
 Classify quantiles using Legend Editor menu 

 Choose chloride value for value field.  Classify according to chloride 
concentration e.g. 100 mg/L, 250 mg/L, or 500 mg/L 

 Assign line type according to chloride concentrations 

After the draft chloride contour map is generated, multiple technical review sessions must 
take place by all entities, MPWMD, Cal Am, and MCWRA, to evaluate the data 
representation.  This will enable the entities to determine if the data are correctly being 
represented on the map, and if so, lead to the implementation of an action program.  Well 
production amounts, seasonal precipitation, and water conservation efforts in each of the 
geographic areas will be useful in interpreting the chloride contour map.  Once this first 
step is completed to determine the baseline chloride contours, a more thorough evaluation 
will be accomplished once the data is generated from the new coastal dedicated 
monitoring wells. 
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Take note that there are other, less routinely used, data analysis tools available to further 
delineate seawater intrusion and its advancement.  Some tools, among others, include 
water quality stable isotope analysis and periodic well borehole geophysics. 

The data analysis of seawater intrusion will be performed on an annual basis beginning 
January 2007 after the period of monitoring during heavy pumping is completed from 
May through November 2006.   

C. Actions to be Taken Subsequent to Detection of Seawater Within in a Coastal Well  

The following actions are to be taken in accordance with Exhibit A of the Decision (Case No. 
M66343) 

1. If seawater intrusion is detected in a coastal production or monitoring well 
(“Contaminated Well”), the Contaminated Well will discontinue pumping and all 
other wells that produce groundwater from the intruded aquifer that are within one-
half mile of the affected monitoring well (“Threatened Wells”) will immediately 
reduce their monthly production to the equivalent of one-half of their average 
monthly production1 within the previous five years upon notification from 
Watermaster of the detection of seawater intrusion within the Contaminated Well.   

2. Watermaster shall increase monitoring of groundwater levels within the one-half mile 
radius of the Contaminated Well to determine if the requisite pumping reductions 
sufficiently affect groundwater gradients to prevent the further spread of seawater 
intrusion toward the Threatened Wells.  This increased monitoring effort will include 
installing at least one new monitoring well as a sentinel well between the 
Contaminated Well and the nearest down-gradient active Threatened Well.   

3. After six months of reduced pumping of the Threatened Wells, the threat of further 
seawater intrusion will be re-evaluated. If the requisite pumping reductions have 
failed to sufficiently affect groundwater gradients to prevent the further spread of 
seawater intrusion toward the Threatened Wells, those wells will further reduce their 
monthly production to the equivalent of one-third of their average monthly 
production within the previous five years upon notification by Watermaster that such 
further reductions are required. 

4. After another six months of monitoring, the direction of groundwater gradients will 
again be evaluated. If there continues to be a groundwater gradient that would pull 
the detected seawater towards the Threatened Wells, then the Threatened Wells shall 
discontinue pumping, unless in Watermaster’s determination, doing so would create a 
public health and/or safety risk.    

5. If, after the initial discovery of the initial seawater intrusion, seawater is encountered 
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in an additional monitoring or production well, pumping reductions will be required 
for nearby threatened production wells (i.e., production wells within one half mile of 
the recently contaminated well) in the same manner as set forth above for first 
Contaminated Well. 

If the implementation of the procedures set forth above cause a production well to reduce 
its pumping or to cease pumping altogether, all reasonable efforts shall be undertaken by 
the Watermaster and all other Parties that Produce Groundwater from the Basin to insure 
that the lost production capacity and associated water supply for that well owner/operator 
will be replaced by redistributing pumping, or provision of replacement water from other 
sources. 

D. Efforts to Redistribute or Replace Water Lost Because of Seawater Intrusion 
Contingency Plan 

The Monterey Peninsula has faced the constant specter of water shortage for decades.  The 
Monterey Peninsula Water Management District has developed an Expanded Conservation 
and Standby Rationing Plan (included in the program as Appendix 2) that responds to a 
number of water supply shortage scenarios.  Saltwater intrusion and subsequent 
management of an event will require planning and coordination of all Seaside Basin users 

In the event that supplies cannot immediately be replaced with supplies from other Seaside 
Basin wells or from outside sources, the Monterey Peninsula Water Management District 
would, in conjunction with California American Water, implement the appropriate actions 
called for in the Expanded Conservation and Standby Rationing Plan (MPWMD 
Regulation XV, Rules 160 – 175) for the Cal Am service area.  The plan will be amended 
by January 2007 as needed to use detected seawater intrusion episodes as a trigger for the 
implementation of the plan to also include the Seaside Water Main System. 

A contingency planning program will enable quick action to take place to address any 
seawater intrusion scenario that may arise from the annual analysis of the seawater 
intrusion water quality. 
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 Appendix 1 

Exhibit A of the Decision in the Superior Court of the State of California in and for the  
County of Monterey, Case No. M66343 









 Appendix 2 

Expanded Conservation and Standby Rationing Plan, 
by the Monterey Peninsula Water Management District 



REGULATION XV. EXPANDED WATER CONSERVATION AND STANDBY RATIONING 
PLAN 

RegXV-1 
Monterey Peninsula Water Management District 



 

 

 

 

 

 

 

  

 

RULE 160 - GENERAL PROVISIONS  

A. All water users within the Monterey Peninsula Water Management  District shall 
be subject to the District’s  water waste and non-essential water use prohibitions. 

B. Prohibitions against water waste and non-essential water use shall be enforced by 
the District and its designated agents in accordance with Rule 171 (Water Waste 
Fees). 

C. Stage 1 Water Conservation shall be implemented upon the effective date of this 
regulation. 

D. Stage 1 Water Conservation parallels  Cal-Am’s Phase IV Mandatory Water 
Conservation program that was designed to meet the Carmel Valley water 
production limits set by the SWRCB and approved by the Public Utilities 
Commission. Stages 1 through 3 Water Conservation is intended to achieve 
the Carmel Valley water production limits set by the State  Board.   Stage 4 
Water Rationing through Stage 7 Water Rationing are intended to respond to 
limitations in supply caused by inadequate system inflow and storage. 

E. Stage 1 Water Conservation through Stage 3 Water Conservation shall apply to 
water users of the Cal-Am water distribution system where that system derives 
its source of supply from the Monterey Peninsula Water Resources System 
( MPWRS) for as long as  Cal-Am is subject to water production goals and 
limitations enforced by the SWRCB. 

F. Stage 4 Water Rationing through Stage 7 Water Rationing  may apply to all water 
distribution system users and water users within the Monterey Peninsula Water 
Resources System as a response to limited water supply.  These stages shall also 
serve as responses to emergency situations where immediate reductions in water 
use are necessary to ensure  public health, safety or welfare.  This regulation 
authorizes the Board of Directors to, from time to time, determine by Resolution 
that any water distribution system or set of water users within the Monterey 
Peninsula Water Management District shall be subject to Stages 4 Water 
Rationing through Stage 7 Water Rationing as provided in this ordinance. 

G. As to water derived from the MPWRS,  Cal-Am shall maintain unaccounted 
for water use in its MPWRS distribution system at or below seven (7) percent.  
Average losses of more than seven (7) percent during the most recent twelve-
month period shall be considered water waste.  This limitation shall not affect 
any Cal-Am system east of, and including, the Ryan Ranch subunit. 

H. Cal-Am shall amend its Urban Water Management Plan to conform to the 
policies and procedures described in this ordinance.  A copy of the plan and 
amendment shall be filed with the District within 180 days of the effective 
date of this ordinance. The plan shall comply with the California Water Code, 
Division 6, Part 2.6. 
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  Amended by Ordinance No. 119 (3/21/2005) 
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RULE 161 - STAGE 1 WATER CONSERVATION  

A. Stage 1 Water Conservation is defined as the first stage in the  District’s Expanded 
Water Conservation and Standby Rationing Plan that takes action to maintain 
Cal-Am water derived from the MPWRS below regulatory constraints by 
increasing conservation activities and preparing for further stages of conservation 
and rationing. During Stage 1 Water Conservation,  Cal-Am shall have the goal 
of maintaining its annual (October 1 through September 30) water production 
from the Carmel Valley below 11,285 acre-feet.  This quantity may be modifi ed 
by the SWRCB.  Assuming a maximum annual production of 4,000 acre-feet 
from the Seaside Coastal Basin, this equates to a  Cal-Am system production limit 
of 15,285 acre-feet. Each  water user deriving water from the  Cal-Am system that 
derives its  source of supply from the  MPWRS shall comply with District  water 
waste and non-essential water use prohibitions and shall participate to the extent 
possible in voluntarily reducing water use. 

B. All water users with the Monterey Peninsula Water Management District shall 
comply with water waste and non-essential water use prohibitions. 

Rule added by Ordinance No. 92 (1/29/99) 
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RULE 162 - STAGE 2 WATER CONSERVATION 

A. Stage 2 Water Conservation is defined as the second stage in the  District’s 
Expanded Water Conservation and Standby Rationing Plan that takes action 
to maintain Cal-Am water use from the  MPWRS below regulatory constraints 
by requiring implementation of Landscape Water Budgets for large irrigators of 
three acres or more, large residential water users and water users with dedicated 
landscape water meters. 

B. Stage  2 Water  Conservation  shall be enforced  when Cal-Am production 
from the MPWRS has exceeded the year-to-date at month-end target as displayed 
in Table 1. 

The monthly distribution of water production shown in Table 1 between sources 
in the Carmel River Basin and in the coastal subareas of the Seaside Groundwater 
Basin shall be approved by the Board of Directors as part of the Quarterly Water 
Supply Strategy and Budget process.  The Board shall hold public hearings to 
consider the water supply budgets for Cal-Am’s main system during the Board’s 
regular meetings in September, December, March, and June, at which time the 
Board may modify Table 1 by Resolution. 

Amended by Ordinance No. 119 (3/21/2005) 
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Table 1 
REGULATORY WATER PRODUCTION TARGETS 

FOR CALIFORNIA AMERICAN WATER MAIN SYSTEM FROM SOURCES 
WITHIN THE MONTEREY PENINSULA WATER RESOURCES SYSTEM 

Month Monthly Target 
Year-to-Date 

At Month-End Target 

October 1,379 1,379 

November 1,113 2,492 

December 984 3,476 

January 958 4,434 

February 894 5,328 

March 1,047 6,375 

April 1,209 7,584 

May 1,405 8,989 

June 1,527 10,516 

July 1,628 12,144 

August 1,649 13,793 

September 1,492 15,285 

TOTAL 15,285 
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C. Requirements imposed by implementation of the Expanded Water Conservation 
and Standby Rationing Plan through  Stage 1 Water Conservation shall remain in 
force.  Requirements  may be modified or superseded by actions taken in future 
stages of the Expanded Water Conservation and Standby Rationing Plan. 

D. Implementation of Landscape Water Budgets:  All water users required to obtain 
a Landscape Water Budget under District Rule 172 are required to manage 
outdoor irrigation within the Landscape Water Budget assigned to the property. 

E. Water use in excess of the established Landscape Water Budget shall be 
considered Water Waste and shall be subject to District Rule 171. 

F. Sunset of  Stage 2 Water Conservation:   Without further action of the  Board of 
Directors, the provisions of Stage 2 Water Conservation shall be rescinded and 
revert to Stage 1 Water Conservation upon compliance with the year-to-date at 
month-end production goal for two consecutive months in the subsequent  water 
year. 

G. Notice:  Cal-Am shall provide an annual reminder notice to MPWRS users with  
Landscape Water Budgets to report modifications in landscaping which could  
alter an existing budget. 

H. Monthly Consumption Reports:  During any Stage 2, 3, 4, 5, 6, or 7, Cal-Am  
shall provide the District with monthly consumption reports in a format  
approved by the District.  Reports shall be provided within fifteen (15) days of  
the close of the preceding month. 

Rule added by Ordinance No. 92 (1/28/99); Ordinance No. 119 (3/21/05) 
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RULE 163 - STAGE 3 WATER CONSERVATION 

A. Stage 3 Water Conservation is defined as the third stage in the  District’s 
Expanded Water Conservation and Standby Rationing Plan that takes action 
to maintain Cal-Am water use in the MPWRS below regulatory constraints.  
It is triggered when the year-to-date at month-end production target for Cal-
Am from the MPWRS is exceeded twice by the average of Cal-Am’s year-
to-date production from the MPWRS for each month during the October 
through March period or exceeded once by the average of Cal-Am’s year-to-
date production from the MPWRS for each month during the April through 
September period.  It provides a procedure to enable emergency temporary 
increases in the upper block volume rates and requires increased action by Cal-
Am to reduce unaccounted-for water and monthly reporting of actions taken.  
Stage 3 Water Conservation may also be triggered upon Resolution of the Board 
of Directors when there is a need for an immediate water use reduction in 
response to an unexpected water production increase.    

Upon implementation of Stage 3 Water Conservation,  Cal-Am shall immediately 
submit a plan to the General Manager to reduce unaccounted for water uses to 
seven (7) percent or less measurered by the most recent twelve-month rolling 
average and shall immediately act on such plan.  Cal-Am shall provide a progress 
report to the Board of Directors monthly until Stage 3 is sunset.  

B. Regulatory Trigger:  Stage 3 Water Conservation shall be enforced when  any 
of the following criteria has been met: 1) the average of Cal-Am’s year-to-date 
production from the MPWRS for each month has exceeded the year-to-date 
at month-end production target for Cal-Am from the MPWRS as displayed in 
Table 1 for a second time during the period from October 1 through March 31 
in any water year, or 2) the average of Cal-Am’s year-to-date production from the 
MPWRS for each month has exceeded the year-to-date at month-end production 
target for Cal-Am from the MPWRS as displayed in Table 1 once during the 
period from April 1 through September 30 in any water year, or 3) a Resolution 
has been adopted by the Board in accord with Section C below. 

C. Emergency Trigger:  Stage 3 Water Conservation shall be implemented upon 
Resolution of the Board of Directors when there is need for an immediate water 
use reduction requirement in response to an unexpected water production 
increase. 

D. Sunset of Stage 3 Water Conservation:  Without further action by the  Board 
of Directors, the provisions of Stage 3 Water Conservation shall be rescinded 
upon compliance with the year-to-date at month-end production goal for two 
consecutive months in the subsequent water year. Water users of  Cal-Am when 
that water system derives water from the MPWRS shall revert to  Stage 1 Water 
Conservation.  
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Regulatory compliance during a period of  Stage 4 Water Rationing shall not 
cause a sunset of this provision. 

E. Notice:   Cal-Am shall provide notice of mandatory water conservation with each 
bill prepared for water users of the  Cal-Am system 

F. Cal-Am Emergency Use Rates :  Cal-Am shall implement the California Public 
Utilities Commission (CPUC) approved emergency rate schedule to respond to 
Stage 3 water reduction requirements.  Cal-Am shall file an Advice Letter with 
the CPUC to implement Emergency Use Rates, however, only after it has fi rst 
met and conferred with the District at least five days in advance of that fi ling. 
The General Manager may waive this time period for good cause. 

Rule added by Ordinance No. 92 (1/28/99); Amended by Ordinance No. 119 (3/21/2005) 
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RULE 164 - STAGE 4 WATER RATIONING 

A. Stage 4 Water Rationing is defined as the fourth stage in the  District’s Expanded 
Water Conservation and Standby Rationing Plan that responds to a drought 
situation or emergency water supply shortage with a 15 percent reduction 
goal from system production limits for non- Cal-Am water users.  Fifteen 
percent reductions in the  Cal-Am system are achieved through Stage 3 Water 
Conservation. 

B. Trigger. 

1. Water Supply Limitation Trigger. Stage 4 Water Rationing shall apply 
to all water users whose source of supply is derived from the  MPWRS. 
Stage 4 Water Rationing shall become effective on June 1 or such earlier 
date as may be set by the  Board following the District’s May Board 
meeting if total usable storage in the MPWRS on May 1 is less than 
27,807 acre-feet and greater than 21,802 acre-feet.  If total usable storage 
is equal to or greater than 27,807 acre-feet on May 1, no water rationing 
shall be imposed. 

2. Emergency Trigger. Stage 4 Water Rationing shall be implemented upon 
Resolution of the Board of Directors when there is need for an immediate 
water use reduction requirement in response to an unexpected water 
supply shortage. 

C. Requirements previously imposed by implementation of the Expanded Water 
Conservation and Standby Rationing Plan shall remain in force.  Requirements 
may be modified or superseded by actions taken in this or future stages of the 
Expanded Water Conservation and Standby Rationing Plan. 

D. The provisions of Stage 3 Water Conservation shall be implemented for all water 
users of the Cal-Am water distribution system, unless specifically exempt from 
Stage 4 Water Rationing by action of the Board of Directors. 

E. Sunset of Stage 4 Water Rationing.  

1. Water Supply Availability.  Stage 4 Water Rationing shall  continue to have 
force and effect until rescinded by Resolution of the Board of Directors 
upon a determination that the total usable storage in the MPWRS is 
greater than 27,807 acre-feet.  This determination will normally be made 
at the Board’s May meeting.  However, a determination to rescind Stage 
4 Water Rationing as early as the following January Board meeting can be 
made if the total usable storage in the MPWRS is equal to or greater than 
27,807 acre-feet on January 1. 

2. In the event total usable storage is greater than 27,807 acre-feet, the 
General Manager shall review  Cal-Am’s year-to-date production.  Upon 
compliance with the monthly year-to-date goals specified in Table 1 of 
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Rule 162 and, unless otherwise specified in the Resolution rescinding 
Stage 4 Water Rationing, water users shall revert to  Stage 1 Water 
Conservation.  If  Cal-Am’s year-to-date production exceeds the year-to-
date goal specified in Table 1 of Rule 162,  Cal-Am water users shall revert 
to Stage 2 Water Conservation. 

3. Emergency. Upon correction of a water supply limitation caused by an 
emergency, Stage 4 Water Rationing shall sunset without action by the 
 Board. 

F. Notice. 

1. Upon direction of the  General Manager, all  water distribution system 
operators affected by Stage 4 Water Rationing shall notify water users 
of the system that reductions in water use are necessary and that stricter 
water rationing may be imminent. Water distribution system operators 
shall ensure that notices provided or required by the  District shall be 
distributed to the system water users. 

2. As appropriate,  Cal-Am shall notify its water users that excessive use rates 
will be imposed upon the effective date of Stage 4 Water Rationing. 

3. The District shall contact all water users of private wells not supplying 
water to a distribution system within the MPWRS. Contact shall be 
via first class mail and shall explain the restrictions placed on the use of 
private wells during Stage 4 Water Rationing and shall provide and/or 
request additional information from the private  well  owner as deemed 
necessary for the efficient operation of the program. 

Rule added by Ordinance No. 92 (1/28/99); Amended by Ordinance No. 119 (3/21/2005) 
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RULE 165 - STAGE 5 WATER RATIONING 

A. Stage 5 Water Rationing is defined as the fifth stage in the  District’s Expanded 
Water Conservation and Standby Rationing Plan that responds to a drought 
situation or emergency water supply shortage with a 20 percent reduction goal 
from the system production limit.  Reductions are achieved by water use cutbacks 
by  user category and by per-capita water rations and a moratorium on water 
permits that intensify water use. 

B. Implementation. 

1. Water Supply Limitation Trigger. Stage 5 Water Rationing shall apply 
to all water users whose source of supply is derived from the  MPWRS. 
Stage 5 Water Rationing shall become effective on June 1 or such earlier 
date as may be set by the  Board following the District’s May Board 
meeting if total usable storage in the MPWRS on May 1 is less than 
21,802 acre-feet and greater than 15,615 acre-feet.  If total usable storage 
is equal to or greater than 27,807 acre-feet on May 1, no water rationing 
shall be imposed. 

The General Manager may delay implementation of Stage 5 Water 
Rationing to ensure adequate operation of the program.  Delays 
authorized by the General Manager shall not exceed 90 days. 

2. Emergency. Implementation shall also occur following urgency action 
by Resolution of the Board of Directors declaring that an emergency 
situation exists and immediate 20 percent reductions in water use from 
a distribution system’s production limit are necessary to ensure  public 
health, safety or welfare. 

C. Sunset of Stage 5 Water Rationing.  

1. Water Supply Availability. Stage 5 Water Rationing shall  continue to have 
force and effect until rescinded by Resolution of the Board of Directors 
upon a determination that the total usable storage in the MPWRS is 
greater than 21,802 acre-feet.  This determination will normally be made 
at the Board’s May meeting.  However, a determination to rescind Stage 
5 Water Rationing as early as the following January Board meeting can be 
made if the total usable storage in the MPWRS is equal to or greater than 
27,807 acre-feet on January 1.  

2. In the event total usable storage is greater than 27,807 acre-feet, the 
General Manager shall review  Cal-Am’s year-to-date production.  Upon 
compliance with the monthly year-to-date goals specified in Table 1 of 
Rule 162 and, unless otherwise specified in the Resolution rescinding 
Stage 5 Water Rationing, water users shall revert to  Stage 1 Water 
Conservation.  If  Cal-Am’s year-to-date production exceeds the year-to-
date goal specified in Table 1 of Rule 162,  Cal-Am water users shall revert 
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to Stage 2 Water Conservation. 

If  Cal-Am production exceeds the year-to-date at month’s end production 
goal as shown in Rule 162, Table 1,  Cal-Am water users shall revert to 
Stage 2 Water Conservation. 

D. Affected Water Users.   Stage 5 Water Rationing shall apply to all water users 
within the MPWRS. As necessary to ensure adequate water supplies, the  Board 
of Directors  may act within its discretion to authorize activation of Stage 5 Water 
Rationing within one or more water distribution systems in the  District. 

E. Requirements imposed by implementation of the Expanded Water Conservation 
and Standby Rationing Plan through Stage 4 Water Conservation shall remain in 
force.  Requirements may be modified or superseded by actions taken in this or 
future stages of the Expanded Water Conservation and Standby Rationing Plan. 

F. Moratorium.  On October 1 following implementation of Stage 5 Water 
Rationing, the District shall  suspend the issuance of water permits associated 
with intensification in use.  This provision shall not suspend the issuance of water 
permits that utilize  public or private Water Use Credits or where issuance of a 
permit is required by prior agreement of the  District. 

G. Reduction Goal.  Stage 5 Water Rationing achieves water use reductions of 20 
percent of the  Cal-Am and non- Cal-Am system production limits in each  user 
category as follows:   Residential single-family and multi-family, commercial/ 
industrial, public authority,  golf course, “other,” non-revenue metered uses, and 
reclaimed water users. 

H. Notice. 

1. Cal-Am shall provide written notice of mandatory water rationing to 
every residence and to every non-residential business or  water user within 
the Cal-Am system via first-class mail at least thirty (30) days before the 
first day of rationing.  Further,  Cal-Am shall send monthly reminders 
of water rationing in the water bill along with information showing 
the water ration and the quantity of the water ration consumed by the 
responsible party.  Finally,  Cal-Am shall provide each responsible party 
with a survey form upon request. 

2. All water distribution system operators affected by Stage 5 Water 
Rationing shall provide written notice of mandatory water rationing to 
every residence and to every non-residential business or water user within 
the water distribution system via first-class mail at least thirty (30) days 
before the first day of rationing.  Further, the distribution system  operator 
shall send monthly reminders of water rationing in the water bill along 
with information showing the water ration and the quantity of the water 
ration consumed by the responsible party.  Finally, the  water distribution 
system operator shall provide each  responsible party with a survey form 
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at least once each calendar year.   Water distribution system operators 
shall ensure that notices provided or required by the District shall be 
distributed to the system water users. 

3. The District shall contact all water users of private wells not supplying 
water to a distribution system within the MPWRS at least thirty (30) 
days before the first day of  Stage 5 Water Rationing.  Contact shall be 
via first class mail and shall explain the restrictions placed on the use of 
private wells during Stage 5 Water Rationing and shall provide and/or 
request additional information from the private well  owner as deemed 
necessary for the efficient operation of the program. 

I. Rations by Category.  Water rations shall be determined by  user category.  Each 
water user within the Monterey Peninsula Water Resources System shall be 
classified in one of the following groups:   Residential Single-Family and Multi-
Family, Commercial/Industrial, Public Authority, Golf Course, “other,” Non-
Revenue Metered Use, and  Reclaimed Water Users. 

J. Reduced Annual  Cal-Am Annual Production During Stage 5 Water Rationing.  
The Cal-Am annual production limit shall be reduced by 20 percent during Stage 
5 Water Rationing.  The resulting production limit shall be further reduced by 
a water rationing contingency determined by the  Board.  Seven (7) percent of 
the remainder shall be the maximum  Cal-Am unaccounted for water use ration. 
The remaining water shall be the  Cal-Am annual production limit for all user 
categories. 

K. Non- Cal-Am Annual Production Limits During Stage 5 Water Rationing.  
Available production for other water distribution systems subject to Stage 5 
Water Rationing shall be determined using the same methodology as for  Cal-Am 
without including a deduction for unaccounted for water uses. The non- Cal-Am 
annual production limit for the Monterey Peninsula Water Resources System 
shall be used as the maximum production limit. 

L. Establishing the Rations. Rations for each user category shall be determined 
by the  General Manager by dividing the reduced available production by the 
percentage of use.  The percentage of use for each user group shall be determined 
by the most recent  unrationed reporting year (July 1 through June 30) data 
provided by  Cal-Am for water users of that portion of  Cal-Am that derives water 
from the MPWRS, and by data provided by the  District from its annual  well 
reporting program for non- Cal-Am distribution systems. 

1. Residential Water Users. Each residential water user either served 
by a water meter reported as “single-family residential” by the  water 
distribution system or served by a private well shall have an equal portion 
of the water available to the single-family residential category based upon 
the number of residents reported on the survey form. 
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2. 

3. 

4. 

5. 

6. 

7. 

Multi-Family  Residential Water Users. Each multi-family residential 
water user either served by a water meter reported as “multi-family 
residential” by the water distribution system or served by a private  well 
shall have an equal portion of the water available to the multi-family 
residential category based upon the number of residents reported on the 
survey form with the following exception: 

a. Multi-family residential sites with common laundry facilities on 
a separate water meter shall receive a one-unit water ration for 
each dwelling unit that has access to the facility.  Each dwelling 
unit located on the multi-family residential  site that has access to 
the common laundry facility shall have the dwelling unit ration 
reduced by one unit of water. 

Commercial/Industrial Water Users. Each commercial/industrial 
water user either served by a water meter reported as “commercial” or 
“industrial” by the  water distribution system shall have a base ration 
determined by applying the current commercial water use factors. 

a. Mixed Use Water Users. Mixed-use water users shall be classifi ed 
as commercial uses for the purposes of this program. 

Public Authority. Public Authority Uses shall be rationed by  jurisdiction. 
Each Public Authority  water user may combine multiple accounts or 
connections when the accounts are located within one jurisdiction. 

Golf Courses. Golf Courses supplied water exclusively by the  Cal-Am 
or non- Cal-Am water distribution systems or wells may be rationed 
individually or, upon request to the  General Manager, as a group. 

Other. Water users utilizing portable water meters or hydrant meters 
shall be required to employ  Best Management Practices.   Cal-Am shall be 
required to report monthly to the  District the location and  responsible 
party for all portable water meters and the amount of use from those 
meters. As deemed necessary to achieve the imposed reduction in use, 
the District may condition use of temporary connections. 

Non-Revenue Metered Users. Non-Revenue Metered Uses shall be 
rationed as a group with the following exception: 

a. Irrigation required by the Mitigation Program adopted when the 
Water  Allocation Program Environmental Impact Report was 
adopted in 1990, and as required by SWRCB Order No. WR 95-
10, shall not be subject to reductions in use.  Required irrigation 
of the riparian corridor shall be identified and reported separately 
from other non-revenue metered uses. 
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8. Non- Cal-Am Wells. Regulations for rationing non- Cal-Am wells located 
within the MPWRS that are not supplying water to a distribution system 
shall be considered by the  Board prior to implementation of  Stage 5 
Water Rationing. 

9. Recycled Water Users. Recycled Water Irrigation Areas receiving water 
from the  CAWD/PBCSD Wastewater Reclamation Project shall be 
subject to Stages 5 Water Rationing and higher for potable water used 
during an interruption or emergency, in accordance with contractual 
agreements between the District and the respective owners of the 
Recycled Water Irrigation Areas.  

a. Before Project Expansion Is Completed. Under the agreements  
operative before the Project Expansion is Completed (as the     
capitalized terms are defined in Rule 23.5), the owners of the  
Recycled Water Irrigation Areas shall have the respective irrigation 
requirements thereof satisfied to the same degree as any non-
Project golf course or open space which derive their source  
of supply from the Cal-Am system.  The irrigation requirements  
of the Recycled Water Irrigation Areas will be determined based  
on the most-recent non-rationed four-year average irrigation  
water demand, including both Recycled Water and potable 
water, for each Recycled Water Irrigation Areas.  The use of 
Recycled Water, when available in sufficient quantities to satisfy  
the irrigation requirements of the Recycled Water Irrigation  
Areas, shall not be restricted by this requirement. 

Each Recycled Water Irrigation Area shall be entitled to receive 
the average irrigation requirement determined above, reduced by 
the percentage reduction required by the current stage of ration-
ing. If the quantity of Recycled Water that is available is less than 
the quantity of water that the Recycled Water Irrigation Area is 
entitled to, potable water shall be provided to make up the differ-
ence and satisfy the irrigation requirements of the Recycled Water 
Irrigation Area to the same degree that the irrigation requirements 
of non- Project golf course and open space users are being satis-
fied.   

The District shall ensure that the water provided during water 
rationing is of adequate quality.  If the quality does not satisfy the 
contractual agreement operative before the Project Expansion is 
deemed Completed (as the capitalized terms are defined in Rule 
23.5), potable water shall be provided in sufficient quantities to 
improve the quality of the reclaimed water. 
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b. 

This Subsection L.9.a shall cease to be operative once the Project 
Expansion is deemed to be Completed (as the capitalized terms  

     are defined in Rule 23.5), and shall thereafter be of no force or  
effect. 

When Project Expansion Is Completed. Under the agreements  
operative once the Project Expansion is deemed Completed  
(as the capitalized terms are defined in Rule 23.5), the owners  
of the Recycled Water Irrigation Areas shall have the 
respective irrigation requirements thereof satisfied to the same  
degree as any non-Project golf course or open space which  
derives its source of supply from the Cal-Am system.  The ir-
rigation requirements of the Recycled Water Irrigation Areas will 
be determined based on the most-recent non-rationed four-year 
average irrigation water demand, including both Recycled Water 
and potable water, for each respective Recycled Water Irrigation 
Area.  

Each Recycled Water Irrigation Area shall be entitled to receive 
the average irrigation requirement determined above, reduced by 
the percentage reduction required by the current stage of ration-
ing. If the quantity of Recycled Water that is available is less than 
the quantity of water that the Recycled Water Irrigation Area is 
entitled to, potable water shall be provided to make up the differ-
ence and satisfy the irrigation requirements of the Recycled Water 
Irrigation Areas to the same degree that the irrigation require-
ments of non-Project golf course and open space users are being 
satisfied.   

The preceding sentence shall not apply to the extent that the ir-
rigation requirements of any Recycled Water Irrigation Area are 
met with water legally available to Buyer from any source other 
than the Carmel River System or the Seaside Groundwater Basin, 
including percolating ground water underlying Buyer’s Property, 
to make up any such difference. 

When Recycled Water (as defined in Rule 23.5) is available in suf-
ficient quantities to satisfy the irrigation requirements of the Re-
cycled Water Irrigation Areas, such irrigation shall not be subject 
to Stages 5 Water Rationing and higher, and neither potable water 
nor any water described in the preceding sentence (whether or 
not it is potable) shall be used for irrigation of the Recycled Water 
Irrigation Areas except to the extent allowed in the circumstances 
described in the next two sentences. 
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If there is an Interruption in Recycled Water deliveries to any Re-
cycled Water Irrigation Area(as the capitalized terms are defi ned 
in Rule 23.5), the temporary use of potable water for irrigating
 each such Recycled Water Irrigation Area is authorized in the 
manner described in Rule 23.5, Subsection F. 

If MPWMD has adopted an ordinance in response to any emer-
gency caused by drought, or other threatened or existing water 
shortage pursuant to section 332 of the Monterey Peninsula Wa-
ter Management Law, said ordinance shall prevail over contrary 
provisions of this Rule.  Notwithstanding the preceding sentence, 
potable water shall be made available for irrigating tees and greens 
of the Recycled Water Irrigation Areas in sufficient quantities to 
maintain them in good health and condition during an Interrup-
tion, without any limitation on the duration. 

The District shall have no obligation to furnish potable water for 
irrigation of the Recycled Water Irrigation Areas except in the 
circumstances set forth above in this Subsection L.9.b. 

If (1) an emergency or major disaster is declared by the President 
of the United States, or (2) a “state of war emergency,” “state 
of emergency,” or “local emergency,” as those terms are respec-
tively defined in Government Code section 8558, has been duly 
proclaimed pursuant to the California Emergency Services Act, 
with respect to all or any portion of the territory of MPWMD, 
the provisions of this Subsection L.9.b shall yield as necessary to 
respond to the conditions giving rise to the declaration or procla-
mation. 

This Subsection L.9.b shall be of no force or effect until the Proj-
ect Expansion is deemed Completed (as the capitalized terms are 
defined in Rule 23.5), and shall thereafter be operative and of full 
force and effect. 

Added by Ordinance No. 119 (3/21/2005) 
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RULE 166 - STAGE 6 WATER RATIONING 

A. Stage 6 Water Rationing is defined as the sixth stage in the  District’s Expanded 
Water Conservation and Standby Rationing Plan that responds to a drought 
situation or emergency water supply shortage with a 35 percent reduction goal 
from system production limits.  Reductions are achieved by water use cutbacks by 
user category and by per-capita water rations and a moratorium on water permits 
that utilize water credits. 

B. Implementation. 

1. Water Supply Limitation Trigger. Stage 6 Water Rationing shall apply 
to all water users whose source of supply is derived from the  MPWRS. 
Stage 6 Water Rationing shall become effective on June 1 or such earlier 
date as may be set by the  Board following the District’s May Board 
meeting if total usable storage in the MPWRS on May 1 is less than 
15,615 acre-feet and greater than 9,610 acre-feet.  If total usable storage 
is equal to or greater than 27,807 acre-feet on May 1, no water rationing 
shall be imposed. 

2. Implementation shall also occur following urgency action by Resolution 
of the Board of Directors declaring that an emergency situation exists and 
immediate 35 percent reductions in water use from a distribution systems 
production limit are necessary to ensure  public health, safety or welfare. 

C. Sunset of Stage 6 Water Rationing. 

1. Water Supply Availability.  Stage 6 Water Rationing shall  continue to have 
force and effect until rescinded by Resolution of the Board of Directors 
upon a determination that the total usable storage in the MPWRS is 
greater than 15,615 acre-feet.  This determination will normally be made 
at the Board’s May meeting.  However, a determination to rescind Stage 
6 Water Rationing as early as the following January Board meeting can be 
made if the total usable storage in the MPWRS is equal to or greater than 
27,807 acre-feet on January 1. 

2. In the event total usable storage is greater than 27,807 acre-feet, the 
General Manager shall review  Cal-Am’s year-to-date production.  Upon 
compliance with the monthly year-to-date goals specified in Table 1 of 
Rule 162 and, unless otherwise specified in the Resolution rescinding 
Stage 6 Water Rationing, water users shall revert to  Stage 1 Water 
Conservation.  If  Cal-Am’s year-to-date production exceeds the year-to-
date goal specified in Table 1 of Rule 162,  Cal-Am water users shall revert 
to Stage 2 Water Conservation. 

D. Affected Water Users.  Stage 6 Water Rationing shall apply to all water users 
within the Monterey Peninsula Water Resources System.  As necessary to ensure 
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adequate water supplies, the Board of Directors  may act within its discretion 
to authorize activation of  Stage 6 Water Rationing within one or more water 
distribution systems in the District. 

E. Requirements imposed by implementation of the Expanded Water Conservation 
and Standby Rationing Plan through  Stage 5 Water Rationing shall remain in 
force.  Requirements may be modified or superseded by actions taken in this or 
future stages of the Expanded Water Conservation and Standby Rationing Plan. 

F. Moratorium.  On October 1 following implementation of Stage 6 Water 
Rationing, the District shall  suspend the issuance of water permits that utilize a 
public or private Water Use Credit. 

G. Reduction Goal.  Stage 6 Water Rationing achieves water use reductions of 35 
percent of the  Cal-Am and non- Cal-Am system production limits in each  user 
category as follows:   Residential single-family and multi-family, commercial/ 
industrial, public authority,  golf course, “other,” non-revenue metered uses, and 
reclaimed water users. 

H. Notice 

1. Cal-Am shall provide written notice of mandatory water rationing to 
every residence and to every non-residential business or water user within 
the Cal-Am system via first-class mail at least thirty (30) days before the 
first day of rationing.  Further,  Cal-Am shall send monthly reminders 
of water rationing in the water bill along with information showing 
the water ration and the quantity of the water ration consumed by the 
responsible party.  Finally,  Cal-Am shall provide each responsible party 
with a survey form upon request. 

2. All water distribution system operators affected by Stage 6 Water 
Rationing shall provide written notice of mandatory water rationing to 
every residence and to every non-residential business or  water user within 
the water distribution system via first-class mail at least thirty (30) days 
before the first day of rationing.  Further, the distribution system  operator 
shall send monthly reminders of water rationing in the water bill along 
with information showing the water ration and the quantity of the water 
ration consumed by the responsible party.  Finally, the  water distribution 
system operator shall provide each responsible party with a survey form 
at least once each calendar year.   Water distribution system operators 
shall ensure that notices provided or required by the District shall be 
distributed to the system water users. 

3. The District shall contact all water users of private wells not supplying 
water to a distribution system within the MPWRS at least thirty (30) 
days before the first day of Stage 6 Water Rationing.  Contact shall be 
via first class mail and shall explain the restrictions placed on the use of 
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private wells during  Stage 6 Water Rationing and shall provide and/or 
request additional information from the private  well  owner as deemed 
necessary for the efficient operation of the program. 

I. Rations by Category.  Water rations shall be determined by  user category.  Each 
water user within the Monterey Peninsula Water Resources System shall be 
classified in one of the following groups:   Residential Single-Family and Multi-
Family, Commercial/Industrial, Public Authority, Golf Course, “other,” Non-
Revenue Metered Use, and Reclaimed Water Users. 

J. Reduced Annual  Cal-Am Annual Production During Stage 6 Water Rationing.  
The Cal-Am annual production limit shall be reduced by 35 percent during Stage 
6 Water Rationing.  The resulting production limit shall be further reduced by 
a water rationing contingency determined by the Board.  Seven (7) percent of 
the remainder shall be the maximum  Cal-Am unaccounted for water use ration. 
The remaining water shall be the  Cal-Am annual production limit for all user 
categories. 

K. Non- Cal-Am Annual Production Limits During Stage 6 Water Rationing.  
Available production for other water distribution systems subject to Stage 6 
Water Rationing shall be determined using the same methodology as for  Cal-Am 
without including a deduction for unaccounted for water uses. The non- Cal-Am 
annual production limit for the Monterey Peninsula Water Resources System 
shall be used as the maximum production limit. 

L. Establishing the Rations. Rations for each user category shall be determined 
by the  General Manager by dividing the reduced available production by the 
percentage of use and by taking into consideration residential water needs to 
ensure health, safety and welfare.  The percentage of use for each user group shall 
be determined by the most recent  unrationed reporting year (July 1 through 
June 30) data provided by  Cal-Am for water users of that portion of  Cal-Am that 
derives water from the  MPWRS, and by data provided by the  District from its 
annual well reporting program for non- Cal-Am distribution systems. 

1. All water users shall be rationed by  user category as outlined in Rule 165 
( Stage 5 Water Rationing). 

M. The Board shall consider adopting restrictions on non-residential outdoor water 
use that may include any or all of the following:  Limit outdoor watering to one 
day per week, one day every other week, or prohibit outdoor irrigation with 
water from the effected water resource system(s); prohibit irrigation of non-
turf areas with water from the affected water resource system(s); reduce  golf 
course irrigation from the effected  water distribution system(s) to a percentage 
of the amount required to water tees, greens and landing areas only.  The use of 
reclaimed water, when available, shall not be restricted by this requirement. 
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 N. Elimination or modification of commercial/industrial variances for  Best 
Management Practices.  The General Manager shall be authorized to require a 
percentage reduction of all commercial/industrial water users granted a variance 
for complying with BMPs for the type of use.  The amount of the percentage 
reduction shall be determined by the General Manager following review of the 
success of commercial/industrial rationing during  Stage 5 Water Rationing prior 
to Stage 6 Water Rationing. 

O. All water users shall cease operation and maintenance of all ornamental water 
uses (fountains, ponds, etc.) that use water from the effected water supply 
system(s). Ornamental water uses supplied with water from other sources shall 
clearly display information about the source of water on or immediately adjacent 
to the use; 

P. Prohibition on Use of Water for Dust Control.  The use of water from the 
Monterey Peninsula Water Resources System shall be prohibited for dust control 
purposes, except by prior approval of the General Manager.  Decisions of the 
General Manager shall be fi nal. 

Rule added by Ordinance No. 92 (1/29/99); Amended by Ordinance No. 119 (3/21/2005) 
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RULE 167 -  STAGE 7 WATER RATIONING  

A. Stage 7 Water Rationing is defined as the seventh stage in the  District’s Expanded 
Water Conservation and Standby Rationing Plan that responds to a drought 
situation or emergency water supply shortage with a 50 percent reduction goal 
from system production limits.  Reductions are achieved by water use cutbacks by 
user category and by per-capita water rations and a moratorium on water permits 
that utilize water credits. 

B. Implementation. 

1. Water Supply Limitation Trigger. Stage 7 Water Rationing shall apply 
to all water users whose source of supply is derived from the  MPWRS. 
Stage 7 Water Rationing shall become effective on June 1 or such earlier 
date as may be set by the Board following the District’s May Board 
meeting if total usable storage in the MPWRS on May 1 is less than 
9,610 acre-feet.  If total usable storage is equal to or greater than 27,807 
acre-feet on May 1, no water rationing shall be imposed. 

2. Implementation shall also occur following urgency action by Resolution 
of the Board of Directors declaring that an emergency situation exists and 
immediate 50 percent reductions in water use from a distribution system’s 
production limit are necessary to ensure  public health, safety or welfare. 

C. Sunset of Stage 7 Water Rationing. 

1. Water Supply Availability.  Stage 7 Water Rationing shall  continue to have 
force and effect until rescinded by Resolution of the Board of Directors 
upon a determination that the total usable storage in the MPWRS is 
greater than 9,610 acre-feet.  This determination will normally be made 
at the Board’s May meeting.  However, a determination to rescind Stage 
7 Water Rationing as early as the following January Board meeting can be 
made if the total usable storage in the MPWRS is equal to or greater than 
27,807 acre-feet on January 1. 

2. In the event total usable storage is greater than 27,807 acre-feet, the 
General Manager shall review  Cal-Am’s year-to-date production.  Upon 
compliance with the monthly year-to-date goals specified in Table 1 of 
Rule 162 and, unless otherwise specified in the Resolution rescinding 
Stage 7 Water Rationing, water users shall revert to  Stage 1 Water 
Conservation.  If  Cal-Am’s year-to-date production exceeds the year-to-
date goal specified in Table 1 of Rule 162,  Cal-Am water users shall revert 
to Stage 2 Water Conservation. 

D. Affected Water Users.  Stage 7 Water Rationing shall apply to all water users 
within the Monterey Peninsula Water Resources System.  As necessary to ensure 
adequate water supplies, the Board of Directors may act within its discretion 
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to authorize activation of Stage 7 Water Rationing within one or more water 
distribution systems in the District. 

E. Requirements imposed by implementation of the Expanded Water Conservation 
and Standby Rationing Plan through  Stage 6 Water Rationing shall remain in 
force.  Requirements  may be modified or superseded by actions taken in this or 
future stages of the Expanded Water Conservation and Standby Rationing Plan. 

F. Reduction Goal.  Stage 7 Water Rationing achieves water use reductions of 50 
percent of the  Cal-Am and non- Cal-Am system production limits in each  user 
category as follows:   Residential single-family and multi-family, commercial/ 
industrial, public authority,  golf course, “other,” non-revenue metered uses, and 
reclaimed water users. 

G. Notice. 

1. Cal-Am shall provide written notice of mandatory water rationing to 
every residence and to every non-residential business or  water user within 
the Cal-Am system via first-class mail at least thirty (30) days before the 
first day of rationing.  

Further,  Cal-Am shall send monthly reminders of water rationing in 
the water bill along with information showing the water ration and the 
quantity of the water ration consumed by the  responsible party.  Finally, 
Cal-Am shall provide each responsible party with a survey form upon 
request. 

2. All water distribution system operators affected by Stage 7 Water 
Rationing shall provide written notice of mandatory water rationing to 
every residence and to every non-residential business or water user within 
the water distribution system via first-class mail at least thirty (30) days 
before the first day of rationing.  Further, the distribution system  operator 
shall send monthly reminders of water rationing in the water bill along 
with information showing the water ration and the quantity of the water 
ration consumed by the responsible party.  Finally, the  water distribution 
system operator shall provide each responsible party with a survey form 
at least once each calendar year.   Water distribution system operators 
shall ensure that notices provided or required by the District shall be 
distributed to the system water users. 

3. The District shall contact all water users of private wells not supplying 
water to a distribution system within the MPWRS at least thirty (30) 
days before the first day of Stage 7 Water Rationing.  Contact shall be 
via first class mail and shall explain the restrictions placed on the use of 
private wells during Stage 7 Water Rationing and shall provide and/or 
request additional information from the private  well  owner as deemed 
necessary for the efficient operation of the program. 
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H. Rations by Category.  Water rations shall be determined by  user category.  Each 
water user within the Monterey Peninsula Water Resources System shall be 
classified in one of the following groups:  Residential Single-Family and Multi-
Family, Commercial/Industrial, Public Authority, Golf Course, “other,” Non-
Revenue Metered Use, and Reclaimed Water Users. 

I. Reduced Annual  Cal-Am Annual Production During Stage 7 Water Rationing.  
The Cal-Am annual production limit shall be reduced by 50 percent during Stage 
7 Water Rationing.  The resulting production limit shall be further reduced by 
a water rationing contingency determined by the Board.  Seven (7) percent of 
the remainder shall be the maximum  Cal-Am unaccounted for water use ration. 
The remaining water shall be the  Cal-Am annual production limit for all user 
categories. 

J. Non- Cal-Am Annual Production Limits During Stage 7 Water Rationing.  
Available production for other water distribution systems subject to Stage 7 
Water Rationing shall be determined using the same methodology as for  Cal-Am 
without including a deduction for unaccounted for water uses. The non- Cal-Am 
annual production limit for the Monterey Peninsula Water Resources System 
shall be used as the maximum production limit. 

K. Establishing the Rations. Rations for each user category shall be determined 
by the  General Manager by dividing the reduced available production by the 
percentage of use and by taking into consideration residential water needs to 
ensure health, safety and welfare.  The percentage of use for each user group shall 
be determined by the most recent  unrationed reporting year (July 1 through June 
30) data provided by  Cal-Am for water users of the Cal-Am distribution system 
that derives water from the  MPWRS, and by data provided by the  District from 
its annual well reporting program for non- Cal-Am distribution systems. 

1. All water users shall be rationed by user category as outlined in Rule 165 
( Stage 5 Water Rationing). 

L. The Board shall reconsider adopting restrictions on non-residential outdoor 
water use that may include any or all of the following not adopted during  Stage 
6 Water Rationing:  Limit outdoor watering to one day per week, one day every 
other week, or prohibit outdoor irrigation with water from the effected water 
resource system(s); prohibit irrigation of non-turf areas with water from the 
effected water resource system(s); reduce  golf course irrigation from the effected 
water distribution system(s) to a percentage of the amount required to water tees, 
greens and landing areas only.  The use of reclaimed water, when available, shall 
not be restricted by this requirement. 

M. Elimination or modification of commercial/industrial variances for  Best 
Management Practices.  The General Manager shall be authorized to require a 
percentage reduction of all commercial/industrial water users granted a variance 
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for complying with BMPs for the type of use.  The amount of the percentage 
reduction shall be determined by the  General Manager following review of the 
success of commercial/industrial rationing during  Stage 6 Water Rationing prior 
to Stage 7 Water Rationing. 

N. Prohibition On The Use of Portable Water Meters and Hydrant Meters.  Water 
users utilizing portable water meters or hydrant meters shall be required to cease 
use of water from the effected water supply system(s).  Each water user reporting 
as “other” by the distribution system shall be notified by the distribution system 
operator of this requirement.  Portable water meters shall be returned to the water 
company at least 30 days before the implementation of Stage 7 Water Rationing. 

Rule added by Ordinance No. 92 (1/28/99); Amended by Ordinance No. 119 (3/21/2005) 
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RULE 168 - WATER BANKS 

A. Water banks shall be available to each  water user during Stages 5 through 7 
Water Rationing.  A water bank shall allow each water  user to accrue the unused 
portion of a monthly ration for use in the current calendar year. 

B. Water banks shall be reset to zero on January 1 of each year.  Ten (10) percent 
of the remaining water bank on December 31 shall be credited to the following 
year’s water bank for three months to allow the establishment of a new bank. 

C. On April 1, each water bank shall be reduced by the amount of banked water 
carried over on January 1.  Water banks  may not carry less than a zero balance. 

Rule added by Ordinance No. 92 (1/28/99) 
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RULE 169 - WATER RATIONING VARIANCE 

A. The General Manager shall assign additional water beyond the ration established 
in Stage 4 Water Rationing through Stage 7 Water Rationing in the following 
circumstances upon submittal of the appropriate variance request form and fees. 

B. The following variances shall be considered for additional water during Stages 4 
through 7 Water Rationing. 

1. Medical and/or sanitation needs certified by a doctor; 

2. Hospital and/or health care facilities that have achieved all  Best 
Management Practices for those uses; 

3. Drinking water for  large livestock; 

4. Commercial/Industrial users that can demonstrate compliance with all 
BMPs appropriate for the type of use and where there is minimal exterior 
water use on the water meter or water supply serving the use; 

5. Leaks, when an invoice is provided by a licensed plumber or contractor; 

6. Commercial Laundromats with signs advising full loads only; 

7. Business in a home on a case-by-case basis; 

8. Riparian irrigation when required as a condition of a riverbank 
restoration  permit issued by the  District or as a condition of a riverbank 
erosion protection permit issued by the District. 

9. Emergency, extreme, or unusual situations on a case-by-case basis; 

C. No Variance.  The following categories of water use shall not qualify for special 
consideration under the provisions of this regulation: 

1. Visitors other than those occupying short-term residential housing as 
defined in Rule 11 (Definitions) when the property  owner has submitted 
a completed survey form with the applicable information about the 
occupancy of the site; 

2. Irrigation, other than variances allowed by Rule 169 of this regulation. 

3. Filling spas, ponds, fountains, etc.; 

4. Long-term leaks that are not repaired after reasonable notice. 
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D. Waiver of Excess Fees by Variance Application.  Any qualifying water user may 
seek to have all or part of the  water waste fee for excess water use waived or 
forgiven through the Rationing Variance process set forth in this Rule.  Any water 
user may seek relief from the  water waste fee upon substantial evidence that the 
excess water use was beyond the user’s control, and was not reasonably correctable 
in a timely fashion due to special and unique circumstances.  Due diligence must 
be shown to forgive any water waste caused by a leak; under no circumstance 
shall a leak justify the forgiveness of an excess use fee for more than three billing 
periods. The applicant shall further demonstrate that all reasonable means have 
been taken to conserve water and minimize future water use. 

1. The General Manager or his agent may grant any application to waive 
water waste fees upon submittal of the appropriate evidence to warrant a 
variance.  All applicants for variance shall submit the appropriate Variance 
Request Form and processing fee of $60.  Any action to waive a water 
waste fee shall be recorded in writing and include a written explanation to 
substantiate and justify the waiver; 

2. Although inspections shall not be required in all cases,  District staff 
shall use spot or random inspections as necessary to verify an applicant’s 
eligibility for a water rationing variance.  

3. Each person making written application for a variance shall be notifi ed in 
writing of the disposition of their application. Decisions of the General 
Manager are fi nal. 

Rule added by Ordinance 92 (1/28/99); Amended by Ordinance No. 119 (3/21/2005) 
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RULE 170 - WATER  USE SURVEY 

A. Stage 1 Water Conservation Survey 

1. Cal-Am shall conduct a confidential survey of all water users of the  Cal-
Am system that derive their  source of supply from the  MPWRS. This 
survey shall be required upon the effective date of this regulation. The 
survey shall request information to determine the number of permanent 
residents in each dwelling unit and the lot size of each residential  site 
with permitted water service; the types of uses and amount of water use 
on non-residential sites; and the number of users and types of use(s) 
served by each water meter. Only information deemed appropriate for the 
effective operation of this program will be requested. 

Cal-Am shall conduct the survey within 45 days of the effective date of 
Stage 1 Water Conservation.  Survey forms shall be  completed by the 
responsible party and returned to  Cal-Am within 30 days of mailing. 
The District shall have visual access to this data during Stages 1 through 3 
Water Conservation and shall be provided with a summary of the results 
of the survey by census tract within 105 days of the effective date of Stage 
1 Water Conservation.   Cal-Am shall maintain survey information by 
census tract and shall provide unrestricted access to individual water use 
records when the District is actively investigating a variance, appeal or 
other rationing program action. 

B. Stage 4 Water Rationing Survey. 

1. The General Manager shall conduct a survey of MPWRS water users 
not deriving their source of supply from  Cal-Am prior to effective date 
of Stage 5 Water Rationing. The survey shall request information to 
determine the number of permanent residents in each  dwelling unit and 
the lot size of each residential site with permitted water use; the types of 
uses and amount of water use on non-residential sites; and the number 
of users and types of use(s) served by each water meter or  connection. 
Only information deemed appropriate for the effective operation of this 
program will be requested. 

2. The District shall mail the survey form to water users not supplied water 
by  Cal-Am. Survey forms shall be completed by the responsible party 
and returned to the District within 30 days of mailing.  The District shall 
preserve the confidentiality of this survey data. 

C. Administration of Survey Data. 

1. Cal-Am Water Users. Cal-Am shall maintain survey data for all MPWRS 
water users supplied water by  Cal-Am and shall provide the District 
with access to all data. Cal-Am shall provide the District with an annual 
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summary of survey information, or more frequently as required by the 
General Manager.   Cal-Am shall preserve the confidentiality of survey 
data. 

2. Non- Cal-Am Water Users.  During  Stage 5 Water Rationing through 
Stage 7 Water Rationing, the District shall maintain survey data for all 
water users supplied water from non- Cal-Am sources subject to those 
stages. 

3. A full or partial survey  may be conducted as deemed necessary by the 
District to maintain accurate data. 

4. District staff shall maintain the confidentiality of  Cal-Am and non- Cal-
Am residential customer survey data.  Violations of this provision shall be 
enforced as a misdemeanor under District law. 

D. Reporting. 

1. Responsibility of Water User. 

a. Each responsible party shall be responsible for accurately 
reporting the number of permanent residents in the  dwelling unit 
or units or other information deemed appropriate for the effective 
operation of the program as requested on the survey form. 

b. Upon activation of a water meter, each responsible party shall 
complete a survey form. 

i. Cal-Am Water Users. The completed survey form shall be submitted 
to Cal-Am by customers of that distribution system. 

ii. Non- Cal-Am Water Users.  The completed survey form shall be 
submitted to the District or its agent by all other distribution systems 
users required to complete a survey form during Stage 5 Water 
Rationing through Stage 7 Water Rationing. 

c. All responsible parties shall submit revised survey forms whenever 
there is a change in the number of permanent residents in a 
residential dwelling unit or whenever there is a change in a  water 
user category in non-residential uses.  Revised survey forms 
should be submitted to the appropriate party as indicated in Rule 
170, D, 1, b. 

d. Property owners of short-term residential housing rentals shall 
provide information about the average number of annual 
occupants and the average rate of occupancy to the appropriate 
party as indicated in Rule 170, D, 1, b. 
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2. Misrepresentation Violation.  Any water user intentionally over-
reporting the number of permanent residents in a  dwelling unit or 
other information pertinent to establishing a water ration during Stages 
4, 5, 6 and 7 Water Rationing  may be charged with a misdemeanor 
punishable as an infraction as provided by Section 256 of the  Monterey 
Peninsula Water Management District Law, Statutes of 1981, Chapter 
986. Violations carry a maximum penalty of up to $250 for each offense. 
Each separate day or portion thereof during which any violation occurs 
or continues without a good-faith effort by the responsible water user to 
correct the violation, may be deemed to constitute a separate offense, and 
upon conviction thereof, may be separately punishable. 

3. Penalties for Misreporting.  In  addition to any charge for misrepresenting 
information as provided in Rule 170, D-2, any or all of the following 
may be further imposed by the  General Manager or his agent during 
Stages 4, 5, 6 and 7 Water Rationing where the violation occurs and 
continues without a good-faith effort by the responsible  water user to 
correct the violation.  Decisions pursuant to this rule are appealable under 
Rule 70 (Appeals). 

a. Intentional misrepresentation may be considered a violation of 
the water waste provisions and shall subject the water  user to a fee 
for water waste; and/or 

b. Intentional misrepresentation may cause the loss of any  water 
bank accrued and shall cause the  responsible party to be ineligible 
to accrue a water bank for a period of sixty (60) months; and/or 

c. Intentional misrepresentation may cause the assignment of a 
reduced water ration that may be as low as a ration for one  person 
for a period of twelve (12) months following implementation of 
Stages 4, 5, 6 or 7 Water Rationing. 

4. Audit.  The District may periodically audit the survey data for accuracy.  
Upon question, the District may request additional evidence of residency 
to demonstrate the number of permanent residents at that  site as defi ned 
in Rule 11 (Defi nitions). 

Rule added by Ordinance No. 92 (1/28/99); Amended by Ordinance No. 119 (3/21/2005) 
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RULE 171 - WATER WASTE FEES 

A. Each occurrence of Water Waste or  Non-Essential Water Use, as those terms are 
defined by Rule No. 11 (Definitions), which continues after the  water user has 
had reasonable notice to cease and desist that type of water use shall constitute a 
fl agrant occurrence. 

B. A $50 fee per day or portion thereof shall be assessed for each fl agrant occurrence 
of Water Waste or Non-Essential Water Use.  The fee shall accumulate daily until 
the occurrence is corrected. 

C. A $150 fee per day or portion thereof shall be imposed for each subsequent 
occurrence (including multiple occurrences) of Water Waste or Non-Essential 
Water Use which occurs within 18 months of the first occurrence.  The fee shall 
accumulate daily until the occurrence is corrected. 

D. All fees shall be paid within 30 days. 

E. Within the 30 day period, a water user  may seek waiver or forgiveness of all 
or part of the Water Waste fees on the basis of hardship.  The water user must 
provide the  District with a written explanation as to why the fees should not 
be collected. Staff shall be authorized to determine whether or not fees should 
be waived in full or in part, with the final decision resting with the  General 
Manager. 

F. After 30 days, fees which have not been paid or waived may result in a lien being 
placed on the property served by the water account. 

G. Repeated occurrences or Water Waste or Non-Essential Water Use, which 
continue or occur after the water user has had a reasonable notice to cease and 
desist that type of water use, or which continues or occurs after the water user has 
had a reasonable opportunity to cure any defect causing that type of water use, 
shall provide cause for the placement of a  flow restrictor within the water line or 
water meter. 

H. Decisions pursuant to this rule are appealable under Rule 70 (Appeals). 

Rule added by Ordinance No. 92 (1/28/99); Amended by Ordinance No. 119 (3/21/2005) 
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RULE 172 - LANDSCAPE WATER AUDITS 

A. Landscape Water Audits shall be conducted under the supervision of an 
individual who has been certified by the Irrigation Association to conduct audits 
and establish Landscape Water Budgets.  Each audit shall be signed by that 
person, who shall attest that the audit was performed under his/her direction. 

B. Landscape Water Audits and Landscape Water Budgets shall be offered by the 
District and/or  Cal-Am or their agent free of charge to all water users of  Cal-Am 
with dedicated landscape meters, large irrigated areas over three acres, and large 
residential water users.  Water use records shall be reviewed annually to identify 
new water users required to establish a Landscape Water Budget by this rule.  
Cal-Am shall provide the District with copies of all completed Landscape Water 
Audits and Landscape Water Budgets. 

1. Cal-Am water users shall be required to obtain Landscape Water Audits 
and establish Landscape Water Budgets if the property: 

a. Has a dedicated landscape water meter; or 

b. Is an irrigated area of greater than three acres; or 

c. Is a  large residential  water user. 

2. All Landscape Water Budgets must be prepared by an individual certifi ed 
by the Irrigation Association. 

3. All water users required to complete a Landscape Water Audit and 
establish a Landscape Water Budget shall have the option of obtaining 
a Landscape Water Audit and Landscape Water Budget from Landscape 
Irrigation Auditor of their choice at their own expense if the auditor is 
certified by the Irrigation Association. 

4. Landscape Water Audits not conducted by the District and/or  Cal-Am 
shall be reported on a  Landscape Water Budget Application.  Landscape 
Water Budget Applications shall be submitted to Cal-Am.  Cal-Am shall 
forward a copy to the District within ten (10) days.  Landscape Water 
Audits not performed by the District or  Cal-Am are subject to review 
and acceptance by the District.  Landscape Water Audits and Landscape 
Water Budgets rejected by the District  may be appealed to the Board of 
Directors pursuant to Rule 70 (Appeals). 

5. Landscape Irrigation Auditors shall arrange on- site visits to compile 
water records to review historic use, measure irrigated sites, identify plant 
materials by general groups, determine irrigation water requirements, 
and estimate potential dollar and water savings. Landscape Irrigation 
Auditors shall also develop system testing strategies, check pressure and 
flow rates, and conduct water application distribution tests.  Data shall 
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be collected to determine irrigation uniformity and efficiency.  Soil 
samples shall be examined to determine soil types and root zone depths. 
Landscape Irrigation Auditors shall observe system operations, locate 
irrigation zones, prepare  site audit maps and visually identify broken or 
misaligned equipment. All data from field tests shall be summarized and 
this information used to generate monthly irrigation base schedules. A 
copy of the Landscape Water Budget Application shall be provided to the 
water user.  One copy of the Landscape Water Budget Application shall 
be submitted to Cal-Am. Cal-Am shall forward a copy to the District 
within ten (10) days. 

6. Cal-Am shall provide quarterly compliance status notices to each  water 
user required to follow a mandatory Landscape Water Budget. 

C. Modifications To Audited Landscapes.  Following signifi cant modification to an 
existing audited landscape, a new Landscape Water Audit shall be conducted to 
establish an appropriate Landscape Water Budget.  It shall be the responsibility 
of the property  owner to ensure that a Landscape Water Audit is conducted 
within 60 days of any such change and to submit a new Landscape Water Budget 
Application to  Cal-Am. 

D. Reporting and Analysis.   Cal-Am shall preserve water use records and budgets 
for water users subject to this provision of law for such time as the Expanded 
Water Conservation and Standby Rationing Plan remains effective.  Updated 
Landscape Water Budgets shall supersede previous data.  Quarterly, a report 
shall be compiled by  Cal-Am and provided to the District showing the 
account information and comparing the Landscape Water Budget with actual 
consumption. During Stages 2 and 3, Cal-Am shall provide the District with 
monthly consumption reports for all customers with Landscape Water Budgets. 

E. Landscape Irrigation Restrictions in the  Cal-Am system that derives its  source of 
supply from the  MPWRS. Unless watering is by  drip irrigation, through a hand-
held hose with a positive action shut-off nozzle, or performed by a professional 
gardener or landscaper, the following schedule shall apply: 

1. Odd Numbered Properties shall water after 5 p.m. or before 9 a.m. 
on Saturdays and Wednesdays only.  This schedule shall also apply to 
properties located on the South or West side of the street in cities where 
no street address is available. 

2. Even Numbered Properties shall water after 5 p.m. or before 9 a.m. on 
Sundays and Thursdays only.  This schedule shall also apply to properties 
located on the North or East side of the street in cities where no street 
address is available. 

Rule added by Ordinance No. 92 (1/28/99); Amended by Ordinance No. 119 (3/21/2005) 
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RULE 173 - REGULATION OF MOBILE WATER DISTRIBUTION SYSTEMS 

A. No person,  extractor,  owner or  operator shall operate a mobile water distribution 
system without first securing a written  permit from the  District.  In accordance 
with Monterey County Code (e.g., Title 15.20), no applications will be accepted 
or permitted for bulk hauled water for permanent potable use. Applications 
for establishment of a mobile water distribution system shall be made pursuant 
to Rule 22 (Action On Application For Permit To Create/ Establish A Water 
Distribution System) and shall be investigated, considered, determined, and acted 
upon on the same terms and conditions as provided for the approval, conditional 
approval or denial of a creation establishment permit as stated in that rule.  The 
application shall identify each source of supply and the location of each use.  For 
any subpotable mobile water distribution system within the California-American 
Water Company ( Cal-Am)  service area, a condition of approval shall require 
that Cal-Am be notified so that a back-flow protection device can be installed 
pursuant to Monterey County Code Title 17. 

B. In the event prior authorization is not obtained by reason of an emergency or 
health related situation, authorization for the  Mobile Water Distribution System 
permit shall be sought from the District by submittal of a complete application 
compliant with Rule 21, within five working days following commencement of 
the emergency or health related event. 

C. Delivery and/or receipt of water from an unpermitted Mobile Water Distribution 
System shall be deemed  water waste, and shall be subject to fine, restriction, and 
cease and desist order as set forth in Rule 171. 

Rule added by Ordinance No. 92 (1/28/99); amended by Ordinance No. 96 (3/19/2001) 
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RULE 174 - REGULATION OF WELL OWNERS/OPERATORS AND EXTRACTORS  

A. During a  water supply emergency, each  owner/ operator or  extractor of a private 
water well or other  water-gathering facility shall comply with the provisions of 
this regulation, as they relate to such well. 

Rule added by Ordinance No. 92 (1/28/99) 
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RULE 175 - WATER RATIONING ENFORCEMENT 

A. Enforcement During Stages 4 through 7 Water Rationing. 

1. Courtesy Notice. For the first instance of excess water use beyond the 
ration in Stages 4 through 7 Water Rationing, a water user shall be given 
written notice by the water system  operator of the excess use and shall 
be notified that such violation constitutes  water waste and a water waste 
fee of $50 per day shall be collected in the event the water user again 
exceeds that user’s water ration during any future billing cycle under 
Stages 4 through 7 Water Rationing.  If the water user complies with all 
water rationing and water waste and non-essential water use requirements 
during the next month following the first instance of excess use, the 
excess use fee shall be deferred. 

If the water user again exceeds that user’s water ration during any 
following month, the water waste fee of $50 per day shall be imposed 
immediately and shall accumulate daily until the occurrence is corrected. 

2. Second Offense. Upon the second occurrence of excess water use 
(including any prior excess water use during any prior stage) a water user 
shall be charged with water waste and assessed a fee of $150 per day for 
the second offense, plus the previously deferred $50 first offense fee, by 
the District or its agent.  The $150 fee shall accumulate daily until the 
occurrence is corrected. 

3. Third Offense. 

A third occurrence of excess water use (including any prior excess water 
use during any prior stage) shall result in an excess water use charge 
equivalent to the  Cal-Am per unit water charge at the water user’s level of 
use multiplied by the number of units over a water ration, plus $150 per 
day as provided in Rule 171 (Water Waste Fees).  A third occurrence of 
excess water use shall provide cause for the installation of a  fl ow restrictor 
in the water meter or water supply providing water to the property where 
the over-use occurred.  Restrictors shall remain in place until conditions 
are reduced to  Stage 2 Water Conservation or a less restrictive stage.  All 
costs for the installation and removal of a flow restrictor shall be charged 
to the property  owner of the  site subjected to this action. 

4. Fourth Offense. A fourth occurrence of water use in excess of the water 
ration shall result in fees and charges listed for a third offense and shall 
result in the installation of a flow restrictor by the system operator in the 
water meter or water supply providing water to the property where the 
over-use occurred.  Restrictors shall remain in place until conditions are 
reduced to  Stage 3 Water conservation or to a less restrictive stage.  All 
costs for the installation and removal of a flow restrictor shall be charged 
to the property  owner of the  site subjected to this action. 
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B. Flow Restrictor Exemption.  Exemptions to the installation of a  fl ow restrictor 
as a means to enforce the water ration shall occur when there are provable risks 
to the health, safety and/or welfare of the  water user.  An exemption shall be 
made for water meters serving three or more multi-family dwelling units by 
substituting an excess water use charge of $150 times the number of dwelling 
units located on the meter during each month in which a violation of the water 
ration occurs. The responsible party shall be liable for payment of all excess water 
use charges. 

C. All notices and assessments of water waste and/or excess water use charges made 
by a  water distribution system operator shall be reported to the  District. 

Rule added by Ordinance No. 92 (1/28/99); Amended by Ordinance No. 119 (3/21/2005) 
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Appendix 7-F. List of Water Quality Monitoring Network Monitoring Sites 
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“I, ____________________, certify this INMP in accordance with the
statement above.” 

   

 

“I, ____________________, Discharger, have provided information and data 
to the certifier above that is, to the best of my knowledge and belief, true, 
accurate, and complete, that I understand that the certifier may rely on the 
information and data provided by me and is not required to independently
verify the information and data, and that I further understand that the certifier
is not responsible for any damages, loss, or liability arising from subsequent 
implementation of the INMP by me in a manner that is inconsistent with the
INMP’s recommendations for nitrogen application. I further understand that
the certification does not create any liability for claims for environmental 
violations.” 
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“In compliance with Water Code section 13267, I certify under penalty of perjury
that this document and all attachments were prepared by me, or under my
direction or supervision, following a system designed to ensure that qualified
personnel properly gather and evaluate the information submitted. To the best of 
my knowledge and belief, this document and all attachments are true, accurate,
and complete. I am aware that there are significant penalties for submitting false
information, including the possibility of fine and imprisonment.” 
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“In compliance with Water Code 13267, I certify under penalty of perjury that 
this document and all attachments were prepared by me, or under my 
direction or supervision following a system designed to assure that qualified 
personnel properly gather and evaluate the information submitted.  To the 
best of my knowledge and belief, this document and all attachments are true, 
accurate, and complete. I am aware that there are significant penalties for 
submitting false information, including the possibility of fine and 
imprisonment”. 
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“In compliance with Water Code 13267, I certify under penalty of perjury that 
this document and all attachments were prepared by me, or under my 
direction or supervision following a system designed to assure that qualified 
personnel properly gather and evaluate the information submitted.  To the 
best of my knowledge and belief, this document and all attachments are true, 
accurate, and complete. I am aware that there are significant penalties for 
submitting false information, including the possibility of fine and 
imprisonment”. 
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CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 
CENTRAL COAST REGION 

MONITORING AND REPORTING PROGRAM 
ORDER NO. R3-2017-0002-03 

TIER 3 

DISCHARGERS ENROLLED UNDER 
CONDITIONAL WAIVER OF WASTE DISCHARGE REQUIREMENTS FOR 

DISCHARGES FROM IRRIGATED LANDS 

   
   

 
  

 
 

Conditional Waiver of Waste Discharge Requirements 
for Discharges from Irrigated Lands,    

 
 

 

 

 (cooperative or individual)  
 (cooperative or individual)  

    (required for subset of Tier 3 Dischargers if farm/ranch 
growing any crop with high nitrate loading risk to groundwater); 

  
  
 (required for subset of Tier 3 Dischargers if 

farm/ranch has High Nitrate Loading Risk) 
 (required for subset of Tier 3 Dischargers if farm/ranch contains or is 

adjacent to a waterbody impaired for temperature, turbidity or sediment) 
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Test Methods for Evaluating Solid Waste  
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1 New nitrogen is nitrogen from fertilizers, amendments, and other nitrogen sources applied other than nitrogen 
present in groundwater. 



 
  

     
 

 
 

 
 

 

 
              that 

contain or are adjacent to waterbody identified on the List of Impaired Waterbodies as 
impaired for temperature, turbidity, or sediment).  

 

  

  
           

           
   

          
 

  
          

 

  
“A filter strip of appropriate width, and consisting of undisturbed soil and 
riparian vegetation or its equivalent, must be maintained, wherever possible, 
between significant land disturbance activities and watercourses, lakes, bays, 
estuaries, marshes, and other water bodies. For construction activities, 
minimum width of the filter strip must be thirty feet, wherever possible….” 

             
          

 

   
 

  
          

           
           

        
  



 
  

 

 

     
 

 
 

            
          

 
         

 
  

  
  

  
             

 

             
 

            
 
 

  
 

 

  

  
 

  
 

 

“In compliance with Water Code 13267, I certify under penalty of perjury that 
this document and all attachments were prepared by me, or under my 
direction or supervision following a system designed to assure that qualified 
personnel properly gather and evaluate the information submitted.  To the 
best of my knowledge and belief, this document and all attachments are true, 
accurate, and complete.  I am aware that there are significant penalties for 
submitting false information, including the possibility of fine and 
imprisonment”. 

  
  

  
 



     
 

 
 

  
  

 
 

   
  

 
 

 
 

 

  

  
 

 
 

  
 

 

 
 

 

 
 



     
 

 
 

 

 
 

  
 

 

    
    
    

    
    

    
    
    
    
    
    
    
    
    
    

   
 

  

   
 

  

  

    

    

    
    
    

    

    

 
 

                 
  

  
 



 

     
 

 
 

 

   

 
 

 
 

 

WATER COLUMN SAMPLING 
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SEDIMENT SAMPLING 

Hyalella 
azteca  

  

 
   

 

 
 
 

 
 

 
 

 
 

 

 
 

   
 

 

 

 
 
 
 
 
 
 

 
 
 

 
 

 

   
   

   
   

 
 
 
 

 
 
 
 

 
 
 

 
 
 
 

 

 

 



     
 

 
 

 

 

          

 

          

 
 

 

 

    

  
 

 

 
 

 
  

 
 

 

 

 
 

 
 

  
 

 
  

  
  

    

 
  

 
  

or 
 

 

   

  
 

 
 

 
 

 
 

 
 

 
 

 
 
 

    
     

      
    



 

     
 

 
 

    
  

 
 

 

    
 

 
 

  
 

 
 

  
   

 
 

   
  

   

     
  

 
  

                 
 

               
 

  
 

 
  

 
  
   

 
 

 

 
 

 
 

 
 

 
 

 
 
 

    
    

  
 

                 
 

   
 

   

 
  

  

 
   

 individually or 

 
 

 



 

     
 

 
 

1  

through cooperative monitoring program   
 

 
individually or through cooperative monitoring 

program  

 

 
individually or through cooperative monitoring 

program  

 
 

 
 individually or through cooperative 

monitoring program  

 

  
 

 
 

 
 

 
 

 
  

 
 

 
 

 
  

 
  

  
 

 
 

 

Tier 3 Dischargers with farms/ranches growing high risk crops:  
 

 
 

 

  



 
 

Groundwater Sustainability Plan 
Monterey Subbasin 

Appendix 8 A 
Groundwater Elevation SMCs 
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Groundwater Sustainability Plan 
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Appendix 8 B 
Groundwater Elevation Interim Milestones 



































































































 
 

Groundwater Sustainability Plan 
Monterey Subbasin 

Appendix 9 A 
Detailed Cost Estimates 



 
 

 

 
 
 
 
 
 
 
 
 
 

 

Groundwater Sustainability Plan 
Monterey Subbasin 

R1 - Winter Release with ASR and Direct Delivery 
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Groundwater Sustainability Plan 
Monterey Subbasin 

R2 - Regional Municipal Supply 



 
 

 

   

   

   

   

   

   

   

   

   

   

 
  
  
  
  

 
  
  

 

  
  

  

  
  
  
  
  

 
    

    

   

 
 
 

 
 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 
 
 
 
 
 
 

 
 

 

 
 

 
 



 
 

 

    

    

    

    

    

    

    

     

    

    

 
      

      

 
 

 
  

 
 

      
      
      
       
   

      
    
    
    
    
    
   

 
      

      
      

 
  

     
    
    

 
 

 



 
 

 

    

    

    

    

    

    

    

     

    

    

 
      

      

 
 

 
  

 
 

      
      
      
      
      
   

      
    
    
    
    
    
   

 
      

      
      

 
  

     
    
    

 
 

 



 
 

 

    

    

    

    

    

    

    

     

    

    

 
      

      

 
 

 
  

 
 

      
      
      
      
      
       
   

      
    
    
    
    
    
   

 
      

      
      

 
  

     
    
    

 
 

 
 



 
 

 

 
 
 
 
 
 
 
 
 

Groundwater Sustainability Plan 
Monterey Subbasin 

R3 - Multi-benefit Stream Channel Improvements 



Multi-benefit stream channel improvements 

Component 2 







Component 3 





 
 

 

 
 
 
 
 
 
 
 
 

 

Groundwater Sustainability Plan 
Monterey Subbasin 

M3 - Recycled Water Reuse Through Landscape Irrigation and Indirect Potable Reuse 
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M4 - Monitoring Well(s) 
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C2 - Check Dams 
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C3 - Recharge from Surface Water DiversionS 
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C4 - Wastewater Recycling for Reuse 
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C7 - Increase Groundwater Production in the Upper Corral de Tierra Valley for Distribution to 
Lower Corral de Tierra Valley (Artesian Well) 
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Appendix 9-B 
The 2016 Pure Water Delivery and Supply Project Agreement and the 2017 Amendment 
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