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Presenter
Presentation Notes
Notes:Good morning.  I am briefly going to summarize water-modeling activities that ATSDR has undertaken to support the current health study on specific birth defects and childhood cancers.As the title of my presentation states, I am going to provide you solely with results of single-specie simulations of PCE. I will be happy to answer specific questions about any of the water-modeling that ATADR has conducted to date.



 

  
    

 
 

  
 

 
  

 

Background 
U.S. Marine Corps Base Camp Lejeune 
North Carolina 

 Location 
 Coastal Plain of North Carolina, Onslow County 
 SE of Jacksonville, 70 miles NW of Wilmington 

 Area 
 ~ 164 square miles (42,500 ha) 
 Located along coastal North Carolina 

 Population: 
 100,000 active duty and dependents 

 Potable water supply 
 8 water systems 
 180 groundwater supply wells 

09 NOV 09
 

Presenter
Presentation Notes
The next several slides will summarize some background information about the study area, U.S. Marine Corps Base, Camp Lejeune, North Carolina.Marine Corps Base, Camp Lejeune, covers approximately 164 square miles and is located along coastal North Carolina.Military personnel and their families typically reside at Camp Lejeune for about 2 years.  The average age of military personnel residing in family housing on the base is about 25 years.Historically, there were 8 drinking water systems, supplied by about 180 groundwater wells.



 

 
  

 

Marine Corps Base Camp Lejeune, NC 
Water-supply areas for 

current ATSDR health 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 in the Hadnot Point, Holcomb Boulevard, Tarawa Terrace, and Camp Johnson 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.



 

    
     

  

      
     

  
    

    
 

 
   

 

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.



 

  
 

 

   

     
 
  

 

Goals and objectives of water-modeling 
activities supporting current health study 

 Arrival dates of contaminants at wells 
 Distribution of contaminants by housing

location 
 Concentration of finished drinking water at water

treatment plant (WTP) 
 Monthly mean concentrations 
 Reliability of, and confidence in, water-

modeling results 
 Range of concentration values for a


specified month
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Presenter
Presentation Notes
Notes:For the water-modeling analyses, we have set 4 goals and objectives that we need to achieve.We believe we have achieved those goals for the Tarawa Terrace analyses.



 

  

 
  

Epidemiological study areas 

*Unexposed 
June 1972

1985 

Exposed 
1968-1985 

PCE 

Exposed 
1968-1985 

TCE, 
PCE, 
BTEX 

*Some intermittent 
exposure, April-
June, 1972-85 
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Presenter
Presentation Notes
Notes:During the time frame of the EPI study (1968-85), there were 3 water treatment plants (WTPs) serving base housing. One serving Tarawa Terrace,  one serving Hadnot Point, and one serving Holcomb Boulevard. The  Holcomb Boulevard WTP came online in about June 1972.The Tarawa Terrace and Hadnot Point areas are classified as EXPOSED for the epidemiological study. The Holcomb Boulevard area is classified as UNEXPOSED. However, prior to summer 1972, Holcomb Boulevard was serviced by Hadnot Point water, which was contaminated. Additionally, ATSDR now understands that intermittent supply of contaminated Hadnot Point water was delivered to the Holcomb Boulevard water-distribution system by using the #742 booster pump located along Holcomb  Boulevard and/or opening of the Wallace Creek valve.



 

  Generalized chronology of events 
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Presenter
Presentation Notes
Notes:To review the chronology of events in general terms:Hadnot Point is the original water-supply system for the base and it began supply water during the early 1940sTarawa Terrace began supplying water during 1952 until it was shut down in March 1987During the course of the Tarawa Terrace analyses, we obtained documents from the USMC that indicated the Holcomb Boulevard water-supply stem began delivering water during June 1972.Documented (measured data) VOC contamination in the water supplies of Camp Lejeune are available solely from 1982 to water treatment plant closures during 1987.Historical reconstruction for Tarawa Terrace indicates contamination of drinking water with PCE above the MCL for beginning during Nov 1957
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Why use models to estimate 
exposure scenarios? 
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Presenter
Presentation Notes
Notes:One may ask, why should we rely on models to synthesize or generate information? Why not rely data alone?If we encountered a situation, called in this slide, the “Desired Condition,” we would have sufficient data to define an exposure scenario, quantify historical exposures, and we would not need models.Most often, however, we encounter a situation, called in this slide, the “Typical Condition,” whereby we have very limited or no historical information and data. This is the situation at Camp Lejeune. In this case there can be an infinite number of exposure scenarios, each appearing to be consistent with limited data. Therefore, we rely on modeling methods to assist in determining and the most realistic exposure scenario so that exposure can be quantified.



 

 

 
  

 
 

 
   

 
  

 
  

Tarawa Terrace water modeling 

PSOpS 

Pumping 
variation 

Monte Carlo 
simulation 

Probabilistic 
analysis 

MODFLOW-96 

MT3DMS 

Mixing 

Model 

Concentrations 
of PCE in 

finished water 
of WTP 

Single specie, 
single phase 

TechFlowMP 

Multispecies, 
multiphase 

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

and in soil 

Today’s 
presentation 
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Presenter
Presentation Notes
Notes:We developed and applied a number of sophisticated models at Tarawa Terrace to reconstruct historical concentrations of PCE in drinking water.For today’s presentation, I am going to emphasize the “single-specie” transport as well as probabilistic analysis results.



 

 
 

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.



 

  Historical fate and transport of PCE 

January 1958 January 1968 

December 1984 December 1994 
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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.



 

  Calibrated results – mean values 
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Presenter
Presentation Notes
Notes:This graph shows the relationship between the Tarawa Terrace water-supply wells and finished water at the Tarawa Terrace water treatment plant.  This is presented as Figure A18 in the Chapter A report.



 

  
   

   

An example: PCE contamination levels 
(µg/L) by gestational month, Tarawa Terrace 

*Child Child Child Child Child Child Child Child Child Child 
#1 #2 #3 #4 #5 #6 #7 #8 #9 

Time
 

-3DOC
 118 174 108 0 121 0 55 0 0 

-2DOC 120 173 109 0 121 0 54 0 93 

-1DOC 132 176 110 103 0 0 54 0 94 

month1 180 4 111 104 0 0 53 0 95 

Month2 183 9 111 105 0 182 0 0 96 

Month3 151 8 0 107 0 156 0 82 97 

*Water modelers “blinded” to status of child (case or control) 
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Presenter
Presentation Notes
Notes:This table illustrates why epidemiologists need monthly concentrations, rather than expressing a case or control as exposed on unexposed.. Not that in some instances the exposure category actually changes.Also, please note that water models are “blinded” to the status of the child.



 

 

  

Probabilistic analyses 

from Maslia and Aral, 2004 
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Presenter
Presentation Notes
Notes:In a deterministic analysis, single values are assigned to model parameters. The results are obtained in terms of single output were a model output parameter, for example, a concentration, is expressed in terms of a distance or time as a SINGLE POINT.In a probabilistic analysis, model input parameters can be described by statistical distributions such as a probability density function. In this case, model input parameters are randomly selected from the PDFs. The results are obtained in terms of distributed-value outputs. Thus, a model output, for example, concentration, is expressed in terms of a probability or frequency distribution.



 

 
  

 

  

        
            
             

    

     
   

  
  

   

  
  

   
  

    

  

  

Probabilistic analysis 
range of values 
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Presenter
Presentation Notes
Notes:In terms of probabilistic analysis, we conducted to sets of simulations.For Scenario 1, we used the pumping schedule that was determined as part of the calibrated models previously discussed.For Scenario 2, we assumed that pumping was an uncertain parameter.Observed data from the Tarawa Terrace WTP are captured within the range of 95% of the Monte Carlo simulations – the bands shown on this slide. This provides us with good reason to accept the modeling results and indicate their reliability for use in the epidemiological study.



 

Probability of exceedance: 1958-1985 
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Presenter
Presentation Notes
Notes:Results from the probabilistic analysis can be expressed in terms of the probability of exceeding a certain value and also to assess the uncertainty and variability of the results.For example, for January 1958, the probability of exceeding the current MCL of 5 mg/L is determined from the graph to be 39%. We note that for other years, the probability is greater than 99.8% or a near certainty.From this graph, we establish that 95% of all Monte Carlo results are in the range of 2.5% exceedance to 97.5% exceedance, thus resulting in an uncertainty of 5%. For January 1958, the variability is 2-8 mg/L and for January 1968 the variability is 40-80 mg/L.



 

 

 
    

   
 
 
   

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: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.



 

 

     
   

  
 

  
 

 
    

     
 

Tarawa Terrace Modeling Results: 
The “Big” Picture 

 Calibrated and probabilistic models are useful 
for the epidemiological study 
 Groundwater flow, fate and transport, and mixing 
 Reconstructed monthly concentrations 

 Concentrations measured during 1980s are 
representative of high concentrations 
experienced over many years 
 No indications that finished water had higher 

concentrations 
 Conclusions would not be possible without 

using groundwater modeling 
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Presenter
Presentation Notes
Notes:To summarize the results of the Tarawa Terrace water-modeling analyses in terms of the “big picture”, ATSDR offers the following:1. Finished water concentrations of PCE and PCE degradation by products derived from the calibrated and probabilistic models are reliable and can be used by the epidemiological study. They provide reliable monthly concentrations2. The models confirm that the high concentrations measured during the 1980s are representative of high concentrations experienced by base-housing families over many years.3. The conclusions presented in the Tarawa Terrace published reports would not have been possible to achieve without the use and application of groundwater modeling.



 

 Published Tarawa Terrace results 
ATSDR Reports (A-I) Journal Article
 

http://www.atsdr.cdc.gov/sites/lejeune/watermodeling.html 
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Presenter
Presentation Notes
Notes:To date, ATSDR has publicly released nine formal reports for Tarawa Terrace. An Executive Summary, written in more non-technical terms, and a peer-reviewed article published in the Journal of water quality, exposure and health.

http://www.atsdr.cdc.gov/sites/lejeune/watermodeling.html


 

  

 

Thank You! 

For questions or additional information,
you can contact: 

Morris L. Maslia 
Email:  mmaslia@cdc.gov 

Presenter
Presentation Notes
Notes:Thank you very much for your attention. This concludes my 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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