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Presenter
Presentation Notes
Notes:I would like to thank you for the opportunity to present information and results from ATSDR’s water-modeling analyses that are being used to support the agency’s current health study at Camp Lejeune.
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Presenter
Presentation Notes
ATSDR focus is on conducting a HEALTHSTUDY of in utero and infant (up to 1 year of age) exposure to VOC-contaminated drinking water in base housing at Camp Lejeune.To conduct the HEALTH STUDY the types of information and data are needed:Arrival time (date) of contaminants at water-supply wellsDistribution of contaminants by housing locationReliability of and confidence in the information and data



 

 
  


 

Water-supply areas 
Water-supply areas for 

current study 
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Presenter
Presentation Notes
Historically, there have been 8 water-distribution systems serving the base: (1) Onslow Beach, (2) Courthouse Bay, (3) Rifle Range, (4) MC Air Station, (5) Camp Johnson, (6) Tarawa Terrace, (7) Holcomb Boulevard, and (8) Hadnot Point.Our focus is with the Hadnot Point, Holcomb Boulevard, and Tarawa Terrace areas. Currently, there is no water treatment plant at Tarawa Terrace as it was closed due to contamination of groundwater supply wells—part of the subject of our investigation and the topic of my presentation today.



 

 

  

 

  

 


 


 


 


 


 

Base housing drinking-water 
supplied at Camp Lejeune 

1940 1950 1960 1970 1980 1990 2000
 

Hadnot Point water supply: 1941-present 

Tarawa Terrace water supply: 1952-87
 

Holcomb Boulevard water supply: 
1972-present 

Voc-contamination 
documented: 1982-87
 

? 
Health study: 1968-85
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Presentation Notes
Notes:



 

 
 


 

VOC-contaminated water systems 

PCE 

TCE, 
PCE, 
BTEX 

Not 
contaminated 
(1972-present) 
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Presenter
Presentation Notes
Tarawa Terrace and Hadnot Point areas were historically served by drinking water contaminated with VOCs. PCE at Tarawa Terrace and TCE, PCE and BTEX at Hadnot Point.Prior to June 1972, Holcomb Boulevard was served by contaminated Hadnot Point drinking water. After June 1972, the Holcomb Boulevard water treatment plant came on line providing Holcomb Boulevard area with uncontaminated water (except for intermittent times when Hadnot Point water had to be used).Since March 1987 when the Tarawa Terrace and Camp Johnson/Montford Point WTP were permanently shut down, these areas have been supplied finished water by the Holcomb Boulevard WTP.



 

    
     

  

     
  

   
     

  
 

     


 

Exposure to volatile organic compounds in 
drinking water and specific birth defects 

and childhood cancers (case-control study) 

 Multi-step process 
 Review scientific literature to identify specific birth defects 

and childhood cancers associated with drinking water 
contaminated with chlorinated solvents 

 Conduct telephone survey to ascertain potential cases 
 Obtain medical records to verify diagnoses of reported cases 
 Conduct a case-control study 

 interview parents 
 obtain estimates of exposure from the water 

modeling component 
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Presenter
Presentation Notes
Notes:ATSDR is conducting a case-control epidemiological study at Camp Lejeune. In order to obtain estimates of historical exposure to contaminated drinking water, we are relying on information, data, and specifically, water-modeling methods.



 

  

   


 


 

Health effects being studied 
 Birth defects 
 Spina bifida: failure of the spine to close 
 Anencephaly: absence of most of the brain
 
 Cleft lip: one or two vertical fissures (cleft) in 

the upper lip 
 Cleft palate: opening in the roof of the mouth 

 Childhood Leukemia 
 A cancer affecting white blood cells 

 Childhood non-Hodgkin’s lymphoma 
 a cancerous growth of white blood cells in the 

lymphatic system 
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Exposure characterization 

 the monthly average level of 
contamination in the drinking water 
serving the child’s residence will be 
assigned to each month of gestation up 
to the child’s first year of life. 
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Tarawa Terrace and vicinity 
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Presenter
Presentation Notes
This map shows a close-up of the Tarawa Terrace water-supply system prior to March 1987. The three well shown (TT-23, TT-25, and TT-26) are wells primarily responsible for PCE-contamination of drinking water.The source of contamination was an off-site dry cleaning facility, ABC One-Hour Cleaners, located about 900 ft NW of supply well TT-26.



 
 

Tarawa Terrace water-modeling area 

Modeling domain 
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Presentation Notes
Notes:



 

  


 

Geologic, hydrogeologic, and model units 
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Water-modeling analyses 

 Steady and transient groundwater flow 
 MODFLOW-96 model 

 Fate and transport of PCE, single species, single 
phase 
 MT3DMS 

 Multispecies, multiphase mass transport of PCE
 
 TechFlowMP model 
 PCETCE1,2-tDCEVC 
 Dissolved and vapor-phase constituents 

 Complete, steady, uniform mixing 
 Mixing model based on principles of continuity and 

conservation of mass 
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Presentation Notes
Notes:



 

 
  

 
 

 
   

 
  

 
  

 

 

 


 

Tarawa Terrace water modeling 
Single specie, 
single phase 

MODFLOW-96 Calibration: Stages 1&2 

Calibration: Stage 3A 

Multispecies, 

Calibration: 
Calibration: Stage 4 Stage 3B 

MT3DMS 

Mixing 

Model 

Concentrations 
of PCE in 

finished water 
of WTP 

TechFlowMP 

multiphase 

Concentrations 
of PCE, TCE, 
1,2-tDCE, and 
VC in finished 
water of WTP 

and in soil 
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Presenter
Presentation Notes
Notes:



 

 


 

Final Results for Tarawa 
Terrace and Vicinity 
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Examples of simulation results: 
Model layer 1 
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Presenter
Presentation Notes
I will now show some selected fate and transport results for a sub-area of the model. It will be for Model Layer 1, which is the source layer.Results shown in this slide are for January 1958 groundwater flow conditions.  Recall, predevelopment conditions existed prior to 1951.



 

 Single-specie PCE fate and transport 

January 1958 January 1968 

December 1994 December 1984 
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Presenter
Presentation Notes
Notes:The following sequence shows results of model derived concentrations of PCE in groundwater during 4 time periods: Jan 1958, Jan 1968, Dec 1984, and Dec 1994.As water-supply wells were turned on, we see the plume of PCE-contaminated groundwater migrating to the south and southwest in 1968 and 1984. December 1994 represents a condition when wells are no longer pumping and the PCE is migrating and spreading under natural flow conditions. Wells are shown on this map for reference purposes only.We have model results for every month from January 1951 – December 1994. Because of operations at ABC One-Hour Cleaners, contribution of PCE to groundwater was assumed to have occurred January 1953-December 1984. All wells ceased operations in February 1987.



 

 
 

   

  

  

   

       
 


 
 

 


 
 

 


 



 


 
 

 


 


 


 


 


 


 


 

Mixing model for Tarawa Terrace 
water treatment plant 

QT = 
NWP 

i 1 
∑ 
= 

Qi CWTP = 

NWP 

∑ 
=i 1 

CiQi 

QT 

NWP: number of wells pumping for month 

Qi: simulated pumping rate for well i 

QT: Total simulated pumping rate for month 

Ci: simulated concentration for well i 

CWTP: concentration in finished water 
delivered from Tarawa Terrace WTP 
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Presenter
Presentation Notes
Because all water-supply wells provided raw water to a central facility, the Tarawa Terrace water treatment plant (WTP), a “simple” mixing model was used to compute concentrations of PCE in finished water at the Tarawa Terrace WTP. The mixing model is based on the principles of continuity and conservation of mass. The mixing model computations can be done using a spreadsheet (e.g., MS Excel).Therefore, we can now determine the concentration in finished water at the WTP for each month of our analysis.



 

 
 


 

Concentration of finished water 
delivered from Tarawa Terrace WTP 
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Presenter
Presentation Notes
This graph shows the simulated concentration in Tarawa Terrace water-supply wells and the computed concentration in finished water of the Tarawa Terrace WTP using the mixing model.As I stated earlier, and as this graph shows, water-supply well TT-26 is the driving force behind contaminated water delivered from the WTP.This graph also shows that exposure began significantly earlier that previously assumed and was significantly higher that the MCL for PCE (5 mg/L).



 

 
  

 

 


 

Simulation of PCE degradation 
by-products 

 TechFlowMP model 
 Developed by Multimedia Environmental

Simulations Laboratory (MESL) at Ga.
Tech 
 Three-dimensional, mass transport 
 Multispecies 

 PCETCE1,2-tDCEVC 
 Multiphase 

Dissolved in groundwater 
 Vapor phase in unsaturated zone 
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Presenter
Presentation Notes
Notes:To account for PCE degradation by-products of TCE, 1,2-tDCE, and VC, a model developed by the MESL at Ga. Tech was applied to the Tarawa Terrace area.As part of the simulation process, the model solved for multiphase fluid flow as follows:Dissolved contaminants in groundwaterVapor phase contaminants in the unsaturated zone



 

  
   

 

 

  

  
  

     


 

 




 


 

 




 


 

Numerical method 
TechFlowMP  Galerkin Finite Element Method 

(Graphical user interface and 3D mesh) 
 Modified Picard method 
 Element of domain 

 Rectangular prism (8 nodes
 
each element)
 

 Material balance calculation 
 Accuracy and error checking 

 Numerical codes 
 TechFlowMP: 3D multiphase flow and 


multispecies transport codes.
 
 Program language: C++/Microsoft
 

Visual C++
 

 Supporting platform: Linux, Unix with 

OpenMP, and Microsoft Windows
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Presenter
Presentation Notes
In this study, using Finite element method, TechFlowMP model was developed.To solve nonlinear problems, modified Picard method is used.The model uses rectangular prism elements as shown in the figure.



 

 


 

Simulated PCE and PCE 
degradation by-products 
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Presenter
Presentation Notes
Notes:The graphs shown in this slide represent degradation by-product simulation results at water-supply well TT-26 (graph on left) and in finished water at the Tarawa Terrace WTP (graph on right).Two points are noteworthy:Simulation results for PCE obtained from the single-specie model (MT3DMS) and the multispecies model (TechFlowMP) are in very close agreement, the difference being PCE degraded to TCE, 1,2-tDCE, VC and PCE loss to the unsaturated zoneOnly small amounts of PCE degrade to degradation by-products of TCE, 1,2-tDCE, and VC



 

 
  


 

PCE degradation by-product spatial 
and temporal distributions – Layer 1 
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PCE degradation by-products 
vertical distributions 
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Measured = ND 

Detection Limit = 10 µg/L 



 

  

  
  

      

  

  

 

  

Multispecies Single Specie Date and duration, Water (MT3DMS) in months, MCL (TechFlowMP) supply exceeded Max. PCE, in µg/L Max. PCE, in µg/L 

Aug 1984–Apr 1985: TT-23 274 1678 months 

TT-25 Jul 1984-Feb 1985: 
32 months 69 40 

TT-26 Jan 1957-Jan 1985: 
333 months 851 775 

WTP Nov 1957-Feb 1987: 
346 months 183 158 


 

Summary of simulation results 
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Presenter
Presentation Notes
Notes:To summarize water-modeling results:Contaminated drinking water was delivered from the Tarawa Terrace water treatment plant (WTP) for more than 28 years (point to yellow-highlighted row in table).The maximum model-derived PCE concentration in finished water at the Tarawa Terrace WTP was 183 micrograms per liter with an average value (above the current MCL) of 70 micrograms per liter.



 

 

 
  

   

 

 


 

Summary of Findings 

 PCE concentration exceeded the 
current MCL of 5 µg/L in finished water
at the Tarawa Terrace WTP for 346 
months 
 November 1957-February 1987 
 Maximum simulated value:158-183 µg/L
 
 Maximum measured value: 215 µg/L (Feb 

1985) 
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Presenter
Presentation Notes
Notes:I will now summarize our findings for Tarawa Terrace and vicinity.In terms of exposure to contaminated drinking water, our modeling results for concentrations of PCE in finished water at the Tarawa Terrace water treatment plant are in excellent agreement with sampled drinking water concentration of PCE.



 

 

  
 

 

 


 

Summary of Findings--continued 

 PCE degradation by-products TCE and 
1,2-tDCE in finished water at the Tarawa 
Terrace WTP: 
 Simulated concentrations: 2-15 µg/L 
 Measured concentration (TCE): 8 µg/L (Feb 

11, 1985) 
 Measured concentration (1,2-tDCE): 12 µg/L 

(Feb 11, 1985) 
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Presenter
Presentation Notes
Notes:Our modeled degradation by-products of PCE (TCE and 1,2-tDCE) in finished drinking water are also in excellent agreement with sampled data.



 

 
 
 


 

Published Tarawa Terrace reports 
Summary of Findings Multispecies Modeling
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Presenter
Presentation Notes
Notes:To date, ATSDR has publicly released two formal reports for Tarawa Terrace. An Executive Summary, written in more non-technical terms, and Chapter A, the Summary of Findings. Chapter A presents technical results.Ten additional reports, Chapters B-K, are in the process of being prepared for printing. These reports will be released throughout the fall. They present very detailed technical analyses that are summarized in Chapter A. 



 
 

Information and results available  
to public  on Tarawa Terrace 

 ATSDR  Camp Lejeune web site 
 http://www.atsdr.cdc.gov/sites/lejeune/watermodeling.html 

 Web application 
 Table listing simulated concentrations  of  PCE,  TCE, 

1,2-tDCE,  and VC  by  month and year 
 Graph of  simulated concentrations 
 http://www.atsdr.cdc.gov/sites/lejeune/cljweb/Main.asp 

 PDF files for  down load and printed reports 
 Executive Summary 
 Chapters  A,  B,  C,  D,  E,  F,  G,  and  H 

 Chapters to be available in late 2008 
 Chapters  I,  J,  and K 
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Presenter
Presentation Notes
Notes:Reports and model-derived results are available on the ATSDR Camp Lejeune website. These reports and model results can be viewed on line or can be down loaded as ADOBE PDF files.

http://www.atsdr.cdc.gov/sites/lejeune/watermodeling.html�
http://www.atsdr.cdc.gov/sites/lejeune/cljweb/Main.asp�
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Thank you for the opportunity to 
present information on ATSDR’s 
current health study and water-

modeling results at Marine Corps 
Base Camp Lejeune, NC 
For questions or additional information,

you can contact: 

Morris L. Maslia 
mmaslia@cdc.gov 

Presenter
Presentation Notes
Thank you very much for your attention. This concludes ATSDR’s presentation on using water-modeling methods for the current epidemiological study at Marine Corps Base Camp Lejeune.I will be happy to answer any questions.
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