
Ohakea: Surface Water and 

Groundwater Monitoring for 

PFAS March 2021 



Prepared for: 

 

 

Lizzy Daly September 2021 

Science Manager Report No. 2021/EXT/1755 

 ISBN 978-1-99-000984-6 

 

 

 

 

Prepared by: 

Tom Harvey 

Environmental Geologist  

Pattle Delamore Partners Limited 

 

Tel + 64 9523 6900 

www.pdp.co.nz 

CONTACT 24 hr freephone 0508 800 80 Help@horizons.govt.nz www.horizons.govt.nz  
 

 

SERVICE 
CENTRES 

Kairanga 
Cnr Rongotea and 
Kairanga-Bunnythorpe 
Roads Palmerston North 
 
Marton 
19 Hammon Street 
 
Taumarunui 
34 Maata Street 

REGIONAL 
HOUSES 

Palmerston North 
11-15 Victoria 
Avenue 
 
Whanganui 
181 Guyton Street 

DEPOTS 

Taihape 
243 Wairanu Road 
Taihape 
 
Woodville 
116 Vogel Street 

 

      
POSTAL 

ADDRESS 
Horizons Regional Council, Private Bag 11025, Manawatū Mail Centre, 
Palmerston North 4442 

F 06-952 2929 

mailto:Help@horizons.govt.nz
http://www.horizons.govt.nz/


PATTLE DELAMORE PARTNERS LTD 523 6900 

www.pdp.co.nz

Auckland

Kate Leydon 

PALMERSTON NORTH 

Stephen Collins

PALMERSTON NORTH

OHAKEA: SURFACE WATER AND GROUNDWATER MONITORING FOR PFAS, MARCH 2021 

1.0 Introduction



2.0 Methodology

2.1 Monitoring Well Installation

2.2 Sampling Methodology



Table 1: Groundwater Monitoring Locations 

Location Rationale Sampled



Table 2: Surface Water Monitoring Locations

Location Rationale Sampled

2.3 Variations from the Monitoring Plan

2.4 Field Measurements

2.5 Antecedent Weather Conditions and Flow Conditions

2.6 Quality Assurance Sampling



3.0 Sample Results and Comparison with Selected Guideline Values

3.1 Selected Guideline Values

Table 5:  Environmental and Human Health Guidelines – Water

Media Sum of Total 
PFOS + PFHxS

PFOA Total PFHxS Total PFOS Source

Notes:   
1. Ministry of Health (MoH, 2021) Interim Guidance Level for Drinking Water, PFOA, PFOS and PFHxS. 
2. Australian Government Department of Health (AGDoH, 2017) Health Based Guidance Values for PFAS for Use in Site Investigations in Australia.
3. Australian and New Zealand Guidelines for Fresh and Marine Water Quality – technical draft guideline values in PFAS National Environmental 

Management Plan Version 2.0 – Table 5.  The Heads of EPAs Australia and New Zealand (HEPA), January 2020. 
4. The 99% ecosystem protection guideline has been shown for completeness.  However, this guideline has not been compared to in the results. 

3.2 Sample Results and Comparison to Guideline Values



3.3 Quality Assurance/Quality Control Programme



4.0 Discussion

4.1 Groundwater

–

–

–



4.2 Surface Water

5.0 Summary and Recommendations

-

-



6.0 References

Final Health Based Guidance Values for PFAS for use in site investigations in Australia.

Lifetime Health Advisories and Health Effects Support Documents for Perfluorooctanoic Acid 
and Perfluorooctane Sulfonate

PFAS National Environmental Management Plan

Minnesota Department of Health 2015 Human Health Based Water Guidance Table

Statistical Analysis of River Flow Data in the Horizons Region



RNZAF Base Ohakea: Surface Water and Groundwater Monitoring for PFAS, July/August 2017

Sampling and Analysis Plan for Polyfluorinated Compounds at RNZAF Ohakea

RNZAF Base Ohakea PFAS Investigation: Comprehensive Site Investigation Report.

RNZAF Base Ohakea PFAS Investigation: Long Term Monitoring Plan (LTMP).

Ohakea: Surface Water and Groundwater Monitoring For PFAS, October 2020.

Interim Guidelines on the Assessment and Management of Perfluoroalkyl and 
Polyfluoroalkyl Substances (PFAS) Contaminated Site Guidelines. 

PATTLE DELAMORE PARTNERS LIMITED

Tom Harvey James Conway

Nerena Rhodes





















MCDON
ELLRD



MCDON
ELLRD



Appendix A: Borelogs 



























Appendix B: Laboratory Reports and Chain of Custody Forms

























 









 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

                                



  



 

   

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  



 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  

  



 

   



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

   





  

  

  

  

  



 

   

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  

  



 

   



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  



 

   

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  

  

  

  

  

  

  

  







   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  



 

   

  



   

  

  



   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  





  


  







































  



 











 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 



 

 

  



 

 



 

 

 

 

 




 



 

 

 

 

 

 

 

 

 

 

 

 

 


 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 


 

  



 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

























 









 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

                                



  



 

   

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  







   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  



   

  

  



   

  



 

   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 





  


  







































  



 











 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 



 

 

  



 

 



 

 

 

 

 




 



 

 

 

 

 

 

 

 

 

 

 

 

 


 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 


 

  



 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

























 









 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

                                



  



 

   

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  







   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  



   

  

  



   

  



 

   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 





  


  







































  



 











 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 



 

 

  



 

 



 

 

 

 

 




 



 

 

 

 

 

 

 

 

 

 

 

 

 


 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 


 

  



 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

























 









 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

                                



  



 

   

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  







   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  



   

  

  



   

  



 

   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 





  


  







































  



 











 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 



 

 

  



 

 



 

 

 

 

 




 



 

 

 

 

 

 

 

 

 

 

 

 

 


 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 


 

  



 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

























 









 

 

   

     

  

    

   

    

    

   

   

    

   

    

   

   

    

    

   

   

   

  

   

    

   

   

   

   

   

   

                                



  



 

   

   

   

   

  

 

   

  

  



  

  



  

  



   

   

   

  



    

    

    

 

   

   

  

  

   



    

    

    

    

     

    

    

    

    

    

    

    

    

    

   

   

   

   

   

   

  



 

   

   

   

   

  





   

     

  

     

   

    

    

   

   

    

   

    

   

   

    

    

   

   

   

 

    

    

   

   

   

   

   

   

   

   

   

  



    

  

  



   

  

  



 

 

   

  



    

   

   

  



     

    

    

 

    

   

  

  

   



     

    

    

    

     

    

    

    

    

    

    

    

    

    

   

   

   

   

   

   

   

   

   

  



  



 





  

     
     

   

    

    

        

   

    

    

        

        

       

  

















  



 





      



  

   

  

   

   

  

  

   

  

   

  

  

   

   

  

  

  

  

  

   

  

  

  

  

  

  

  

   

  

  

 

  

 

 

 

 

 

 

 

 



  

  

  

 



   

   

  



 

   

 

  

  

 

 

  



      
 

  

   

  

   

    

   

  

  

    

   

  

  

  

  
  

  

   

  

  

  

  

  

  

  

  

  

  

 

  

 

 

 

 

 

 

 

 



  

  

  

 


    

  



 

 

    

    

 

  

  

 

 

  



   

   

   

   

    

   

   

   

   

   

   

   

   

   

  

  

  

  

  

  

  

  

  

 

 

 

  

























 









 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

                                



  



 

   

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  







   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  



   

  

  



   

  



 

   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  



 





  


  







































  



 











 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 



 

 

  



 

 



 

 

 

 

 




 



 

 

 

 

 

 

 

 

 

 

 

 

 


 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 


 

  



 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

























 









  

 

   

     

  

     

    

     

     

    

    

     

    

     

    

    

      

     

    

    

    

  

    

     

    

    

    

    

    

     

                                



  



 

   

    

    

    

    

 

    

   

   



   

   



   

   



    

    

    

   



     

     

      

 

     

     

   

   

    



    

    

    

     

     

    

    

    

    

    

     

    

    

    

   

    

   

   

   

   

  



 

   

    

   

   

  







   

     

  

      

    

     

     

    

    

     

    

     

    

    

      

     

    

    

    

 

     

     

    

    

    

    

    

     

    

    

    

    



     

   

   



    

  



 

   

   



    

   



     

    

    

   



      

     

      

 

      

     

   

   

    



     

    

    

    

     

    

    

    

    

    

     

    

    

    

   

   

   

   

   

   

   

   

   

  



  



 





  

     
     

    

    

     

        

    

    

    

        

        

          

  

















  



 





      



  

    

   

    

    

   

   

    

   

    

   

   

     

    

   

   

   

 

   

    

   

   

   

   

   

    

   

    

   

   



   

  

  



  

  



  

  



   

   

   

  



    

    

  



 

     

 

    

    

  

  

   



      
 

  

   

  

   

    

   

  

  

    

   

  

  

  

  
  

  

   

  

  

  

  

  

   

  

  

  

    

 

  

 

 

 

 

 

 

 

 



  

  

  

 


    

  



 

 

    

     

 

   

   

  

 

  



   

   

   

   

    

   

   

   

   

   

      

   

   

   

  

  

  

  

  

  

  

  

  

 

 

 

  

























 













 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

                                



  





 

   

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  





 

   

  

  

  

  

  

  

  







   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  



   

  

  





 

   

  



   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  





 

   







  


  







































  





 











 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 



 

 

  





 

 



 

 

 

 

 




 



 

 

 

 

 

 

 

 

 

 

 

 

 


 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 


 

  





 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  



























 









 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

                                



  



 

   

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  



 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  

  



 

   



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

 

   





  

  

  

  



 

   

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



 

   

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 



 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  

  

  

  

  

  

  

  

  

  







   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  



 

   

  

  

  



   

  

  



   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  

  

  






   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  



   

  

  



   

  



 

   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 





  


  







































  



 











 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 



 

 

  



 

 



 

 

 

 

 




 



 

 

 

 

 

 

 

 

 

 

 

 

 


 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 


 

  



 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

























 













 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

                                



  





 

   

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  





 

   

  

  

  

  

  

  

  

 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  

  





 

   



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

 

   





  

  





 

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  





 

   

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  





 

   

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  





 

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  





 

   



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  





 

 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  





 

   

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 



 

   





  

  

  

  

  

  

  

  

  

  

  





 

   

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  





 

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  





   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  





 

   

  

  

  

  

  

  

  

  



   

  

  



   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  





 

   

  

  

  

  

  

  

  

  

  

  

  




   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  



   

  





 

   

  

  



   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  





 

   

  




   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  



   

  

  



   

  



   

  



   

  





 

   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  





  


  

  





 




























  





































  





 













 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 



 

  





 

 

 



 

 

 

 

 









 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



  





 

 

 

 

 



 

 

 



 

 

 

 

 




 





 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 


 

 



  





 

 

 

 



 

 

 

 


 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 





 

 

 

 

 

 

 

 

  





 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 


 

 



 

 


 

 

 

 



 

 

 



 

 

 

 

 


 

 

 

 

 

 

 

 

 

 

 

  





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



























 









 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

                                



  



 

   

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  



 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  

  



 

   



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

 

   





  

  

  

  



 

   

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



 

   

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  

  

  

  

  

  

  

  

  

  





   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  



 

   

  

  



   

  

  



   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  

  






   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  



   

  

  



   

  

  



 



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 





  


  











































  



 











 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 



 

 

  



 

 



 

 

 

 

 




 



 

 

 

 

 

 

 

 

 

 

 

 

 


 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 


 

  



 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

























 









 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

                                



  



 

   

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  







   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  



   

  

  



   

  



 

   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  



 





  


  







































  



 











 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 



 

 

  



 

 



 

 

 

 

 




 



 

 

 

 

 

 

 

 

 

 

 

 

 


 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 


 

  



 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

























 









 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

                                



  



 

   

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  



 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  

  



 

   



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 



 

   





  

  

  



 

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  



 

   

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  







   





   

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  



   

  

  



   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  



 

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  




   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  



 

   

  

  

  

  

  

  



   

  

  



   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  

  

  

  

  

  





  


  







































  



 











 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 



 

 

  



 

 



 

 

 

 

 




 



 

 

 

 

 

 

 

 

 

 

 

 

 


 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 


 

  



 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

























 









 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

                                



  



 

   

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  



 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  

  



 

   



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 





   





  

  

  



 

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  



 

   

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 



 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  

  

  

  

  

  

  

  

  

  







   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  



 

   

  

  

  



   

  

  



   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  

  

  




   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  



   

  

  



   

  

  



 



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 




   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  



   

  

  



   

  



   

  



   

  

  

  



 

   

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  





  


  

  



 

  




























  











































  



 













 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 



 

  



 

 

 



 

 

 

 

 









 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



  



 

 

 

 

 



 

 

 



 

 

 

 

 




 





 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 


 

 



  



 

 

 

 



 

 

 

 


 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 





 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 


 

 



 

 


 

 

 

 



 

 

 



 

 

 

 

 


 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

























 









 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

                                



  



 

   

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  







   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  



   

  

  



   

  



 

   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 





  


  







































  



 











 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 



 

 

  



 

 



 

 

 

 

 




 



 

 

 

 

 

 

 

 

 

 

 

 

 


 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 


 

  



 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

























 









 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

                                



  



 

   

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  

 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  

  



 

   



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

   





  

  

  

  

  



 

   

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  

  



 

   



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

   





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  



 

   

  

  

  

  

  

  

  

  

  

  



  

  

  



  

  



  

  



  

  

  

  



  

  

  



  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

  

  

  

  

  

  

  

  





   





   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  



 



   

  

  



   

  



   

  



   

  

  

  



   

  

  



   

  

  

  

  



   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  





  


  





































  



 











 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 



 

 

  



 

 



 

 

 

 

 




 



 

 

 

 

 

 

 

 

 

 

 

 

 


 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

 



 

 

 

 


 

  



 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  



   
   

   
   

   
   

   
   

   
 



   
   

   
   

   
   

   
   

   
 



   
   

   
   

   
   

   
   

   
 



   
   

   
   

   
   

   
   

   
 



   
   

   
   

   
   

   
   

   
 



   
   

   
   

   
   

   
   

   
 



   
   

   
   

   
   

   
   

   
 



Appendix C: Groundwater Level Measurements
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Appendix D: Field Sheets













































Appendix E: QA/QC Sample Results







Appendix F: Spatial Plots of October 2020, and March 2021 Results

Figure F-1: Results for October 2020 monitoring round (Sum of PFOS+PFHxS), overlayed on the
interpreted shallow groundwater PFOS+PFHxS plume (no retardation) (PDP, 2019)



Figure F-2: Results for March 2021 monitoring round (Sum of PFOS+PFHxS), overlayed on the interpreted 
shallow groundwater PFOS+PFHxS plume (no retardation) (PDP, 2019)
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