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SIf;ldic::, M~rk -- NUS 

From: Cummings.James@epamail.epa.gov 
Sent: Tuesday, February 29, 2007 4:29 PM 

~j~§?~~;;\#lti~"~;~~~~-~*ay;r~\_th_~~gt~"Sc~~Rbf6~"'::llail'l'a~~:cln~@'epa~goV';JiSladig:"Matk~~'" ·········,;0V'~ 
. NUS; stampsjm@dhec.sc.gov; timothy.j.harrington@usmc.mil;·mmcrae@TechLawlnc.com; 

Kingscott.John@epamail,epa.gov; Howe, Robert -- EMI; Burhan, Younus-- EMI; 
cliff.casey@navy.mil; Kingscott.John@epamail.epa.gov; Matt.Ti.lman@enviroflux.com 

. Subject: Fw: EnviroFlux Patrislsland report 

Attachments: 

EnVirbFlux Parris 
Island Rf;!por ... 

EnviroFlux Parris Island Report01.29.07.pdf 

Per my voice mail message, attached is the draft report from the vendor of the 
Enviroflux Passive Flux Meter (PFM) tool. 

As we have discussed in the past, the primary purpose of this project was to evaluate the 
PFM tool. A subsidiary objective was to see if we could generate data that might be 
useful for planning and decision-making at SWMU-45 .. 

We have quite a bit of work to do to prepare a complete report on this project. Not 
knowing whether the Navy and their consultants might be planning to conduct any additional 
near-term sampling, I decided to share the draft vendor ,·s report with you noW rather than 
waiting until we complete our analysis. A/The main reason for doing so is the results from 
two locations - PFM-04 and MW-04-SL. Among the possible interpretations of these data 
points is a discrete, .permeable channel serving as a significant' conduit for contaminant 
transport. 

We will be having a conf call w/ the vendor next week to discuss these results and to map 
out a game plan for completing the larger report on the PFM deployment. 

Jim Cummings 
Technology Assessment Branch/OSRTI/OSWER USEPA (5102G) 1200 Pennsylvania Ave NW 
Washington, DC 20460 
703-603-7197 

Forwarded by James Cummings/DC/USEPA/US on 02/20/2007 04:09 PM 

"Burhan, Younus 
-- EMI" 
<Younus.Burhan@t 
temi.com> 

01/30/2007 01:04 
PM 

To 
James CumTllings/DC/uSEPA/US@EPA . 
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FW: EnviroFlux Parris Island 
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Hope you are enjoying your vacation. Attached is the draft report we received from 
EnviroFlux.I have asked Robert to review the report and I suggest we have a conference 
call after we have had a chance to review. 

Thanks, 

Younus 

From: Matt Tilman [mailto:matt.tilman@enviroflux.com] 
Sent: Monday, January 29, 2007 5:05 PM 
To: Burhan, Younus -- EMI 
Subject: EnviroFlux Parris Island report 

Younus, 

I apologize for the delay in getting this report to you. Please let me know if you have 
any questions. Thanks! 

Matt(See attached file: EnvirbFlux Parris Island Report 01.29.07.pdf) 
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Mass Flux Measurements at Parris Island SWMU 45 

1. Executive Summary 

Passive Flux Meters (PFMs) were used to measure the ambient groundwater. flux and 
contaminant mass flux at a solid waste management unit (SWMU) 45 located on the 
Marine Corps Recruit Depot (MCRD), Parris Island, South Carolina. Flux refers to the 
mass of water and or contaminants flowing per unit area at a measured point in a well 
screen averaged over a given period oftime. Based upon previous site assessments, the 
expected contaminants at SWMU 45 were tetrachloroethene (PCE), trichloroethene 
(TCE), and dechlorination products dichloroethene (DCE), vinyl chloride (VC), and 

. ethene: . 

Plots of flux profiles are provided for the 15 flux wells installed at the site and data are 
summarized in Appendix A. The maximum local mass flux (115 mg/m2/day) was 

. observed for DCE in the lower portion of well PFM-04. A maximum TCE mass flux of 
74.5 mg/m2/daywas observed in MW20-SL. peE mass flux was observed in MW04-SL 
and MW20-SU (12.6 and 9.5 mg/m2/day respectively). The local flux yalues were 
integrated to find mass discharges for a control plane defined between wells PFM-03 and 
PFM-02. At the control plane the primary mass discharge was DCE at 2.84 mg/day. 

These results can be used to better understand the nature and extent of contamination and 
'the aquifer flow characteristics for this site. 
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Mass Flux Measurements at Parris Island SWMU 45 

2. Introduction 

Passive Flux Meters (PFMs) were used to measure the ambient groundwater flux and 
contaminant mass flux at a solid waste management unit (SWMU) 45 located on the 
Marine Corps Recruit Depot (MCRD), Parris Island, South Carolina. For a description of 
PFM fundamentals see Hatfield et aL 2004 and for field implementation see Annable et 
aL2005. Flux refers to the mass of water and or contaminants flowing per unit area at a 
measured point in a well screen averaged over a given period of time. Based upon this 
general defmition, the units associated with mass flux are determined as: 

flux = mass = [~] 
area· time L2T 

where the terms M, L, and T represent the base units of mass, length, and time 
respectively.· For consistency with common practice, the ambient groundwater flux will 
be discussed in terms of the specific discharge or Darcyvelocity, which is the vQlumetric 
water flux (or flowrate) through a specified cross-sectional area. The resulting units are 
LIT and for this report the Darcy velocity will be represented with the units of cm/day. 
For this report the contaminant flux will be discussed in terms of mass flux (M/(L2T)) 
and represented with the units of (mg/(m2day)). 

Based upon previous site assessments, the expected contaminants at SWMU 45 were 
tetrachloroethene (PCE), trichloroethene (TCE), and dechlorination products 
dichloroethene (DCE), vinyl chloride (YC), and ethene (TtNUS, 2002; 2005). The 
SWMU 45 site has historically been divided into northern and southern source areas 
(Figure 1). For the purposes of this project, consistent terminology (identification of the 
northern and southern source areas) will be implemented. 

The intent of this project was to provide assistance with refining the conceptual site 
model (CSM), which can then be used to provide support for the design of a remedy for 
the southern sQurce area located within SWMU 45. For this effort, EPA and its teaming 
partner, the United States Navy, established the following project objectives associated 
with the deployment ofPFMs: 

• Refine the current understanding of the nature and extent of the contamination and 
the aquifer flow characteristics (flux) in the southern source area 

• Identify other potential up-gradient sources 

To meet these objectives,29 PFMs were deployed in 15 wells in order to observe and 
compare relative flux values at the site (26 PFMs i~ ·14 wells for the southern site, and 3 
PFMs in 1 well for the northern site). Figure 1 provides a site map indicating monitoring 
well and PFM inst:aHation locations. 
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Mass Flux Measurements at Parris Island SWMU 45 

3. Metbods and Procedures 

Southern Site 
26 PFMs were deployed in 14, 2-inch diameter wells on November 14, 2006. PFMs in 
the southern site were deployed along two transects (A-A' and B-B'). Transect A-A' 
(Figl.ll'e 1) is oriented perpendictila:r to the primary direction of groundwater flow and 
incorporates wells MWI9-SL, MWI9-SU, PFM-03, PFM-02, MWlO-SL, MWlO-SU, . 
MW3-SL, and MW3-SU. Transect B-B' (Figl.ll'e 1) is oriented parallel to the primary 
direction of groundwater flow and incorporates wells PFM"OI, PFM-02, MW04-SL, 

. I 

MW04 ... SU; MW20-SL, MW20-SU, andPFM-04. (Note: PFM-02 is used as the 
intersection for the two transects). . 

The PFMs in the southern site wereretriev~d on DecemberS, 2006 (corresponding to a 
deployment length of21 days). All 26 PFMs were successfully retrieved, sampled and 
analyzed to estimate both groundwater and contaminant mass flux. The results are shown 
in Figl.ll'es 2 and 3 and the data is surnmarized in Table 3 (Appendix A). 

Northern Site 
Three PFM were deployed in a single well (PMW-03) in the northern site on September 
29/2006, The PFMs in the southern site were retrieved on October 10,2006 
(corresponding to a deployment length of 11 days). The results are shown in Figure 3 
and the data is summarized in Table 4 (Appendix A). 

4. ' Results 

Southern Site 
Flux data for the southern site are organized in terms of two transects: A-A' which is 
oriented perpendicular to the primary direction of groundwater flow, and B-B' which is 
oriented parallel to the primary direction of groundwater flow. The observed Darcy 
velocity and flux profiles for transect A-A' and B-B' are shown in Figures 2 and 3 
respectively~ It should be noted that results for nested wells such as MW03-SL and 
MW03-SU are combined with the respective upper and lower zones indicated in the 
figures. 

For transect A-A' Darcy velocities are seen to be higher iathe upper portion of the 
surficial aquifer in wells MWI9-SU, PFM-03, and PFM-02, with the largest value of 8 
cm/day in the upper portion ofPFM~02. The greatest DCE and TCE fluxes are also seen 
in the upper portion of PFM-02. The Darcy velocities in wells MWI 0 and MW03 are . . . 

considerably lower as are the mass flux values. 

For transect B-B' the Darcy velocities in PFM-OI are relatively low (0.6cm/day) in the 
upper portiou of the aquifer with increasing velocities in the lower zone (2.9 cm/day). 
Moving along transect B-B' from PFM-02 to PFM-04 Darcy velocities are consistently in 
the range of 5 to 8 cm/day in the upper zone. In wells PFM-02, MW04, and MW20 the 
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velocities are lower in the lower zone. However in PFM-04, the velocities appear to 
increase with depth. For each well beyond PFM-Ol, DCE and TCE flux tepd to increase 
with increased velocity (except for well MW04-UL, which shows minimal mass flux). 
The lower portiori of the upper zone well MW20-SU has some apparent PCE flux and the 
highest TCE flux in the transect. Similarly, the upper portion of lower zone well MW04-
SL has both PCE and TCE flux. In well PFM-04there is a definite trend of increasing 
Darcy velocity and DCE flux with depth. DCE is the primary, contaminant present within 
this profile. 

Northern Site . 
Flux data for the northern site Were collected from three PFMs that were deployed in a 
single well (PMW~03) .. The results are shown in Figure 3 and the data is smnmarized in 
Table 4 (Appendix A). The observed Darcy velocities in PMW,;.03 are similar to those of 
the southern site. However, the chlorinated solvent fluxes (PCE, TCE, DCE, and VC) are 

... considerably higher, with DCE having the greatest flux magnitude (mean and max values 
of 302 and 633 mg/m2/day respectively). Three high flux zones at depths of 5, 10 and 13 
feet suggest DNAPL pool zones up-gradient with conversion to DCE prior to the flux . 
welL 

Integrated Mass Flux 
The contaminant mass flux values measured at the local scale (1 foot vertical intervals) 
can be represented in terms of mass discharge per unit width of aquifer (mg/m1day) and 
are summarized in Table 1. These values can in turn be used to estimate the mass 
discharge (mg/day) t~ough a specified aquifer width. 

Table 1. Mass discharge per unit width of aquifer for each well. 

Well Ethene VC cis-DCE TCE PCE Total 
. (mglmlday) (niglm/day) (1l1g1m/day) (mglm/day) (mglm/day) (illl1101es/m/d) 

MW03-SL 0.0 0.0 4.5 0.4 0.0 0.05 
MW03-SU 0.0 0.0 0.0 0.0 0.0 0.00 
MW04-SL 0;4 0.0 26.2 27.8 4.0 0.52 
MW04-SU O~O 0.0 0.0 0.0 0.0 0.00 
MWIO-SL 0.0 0.0 4.3 0.6 . 0.0 0.05 
MWI0~SU .0.0 .. 0.0 0,0 0.0 0.0 0.00 
MWI9-SL 0.0 0.0 0.0 0.0 0.0 0.00 
MWI9-SU 0.0 0.0 

~ 
0.0 0.0 0.0 0.00 

MW20-SL 0.0 0.0 17.7 0.0 0.0 0.18 
MW20-SU 1.4 0.0 29.3 53.3 4.7 0.78 

PFM-Ol 1.4 0.0 67.5 22.8 0.0 0.91 
PFM-02 0.9 0.0 61.2 53.5 0.4 1.07 
PFM-03 0.1 0.0 36.7 12.7 0.0 0.48 
PFM-04 0.0 . 0.0 .235.0 6.8 0.0 2.48· 

o· - .. 

PMW-03* 0.0 ... 45.3 1240.0 98.4 44.4 14.50 

*Note: PMW-03 is located in the northern site. All other wells are located in the 
southern site. 
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are summarized in Table 1. These values can in turn be used to estimate the mass 
discharge (mg/day) t~ough a specified aquifer width. 

Table 1. Mass discharge per unit width of aquifer for each well. 

Well Ethene VC cis-DCE TCE PCE Total 
. (mglmlday) (niglm/day) (1l1g1m/day) (mglm/day) (mglm/day) (illl1101es/m/d) 

MW03-SL 0.0 0.0 4.5 0.4 0.0 0.05 
MW03-SU 0.0 0.0 0.0 0.0 0.0 0.00 
MW04-SL 0;4 0.0 26.2 27.8 4.0 0.52 
MW04-SU O~O 0.0 0.0 0.0 0.0 0.00 
MWIO-SL 0.0 0.0 4.3 0.6 . 0.0 0.05 
MWI0~SU .0.0 .. 0.0 0,0 0.0 0.0 0.00 
MWI9-SL 0.0 0.0 0.0 0.0 0.0 0.00 
MWI9-SU 0.0 0.0 

~ 
0.0 0.0 0.0 0.00 

MW20-SL 0.0 0.0 17.7 0.0 0.0 0.18 
MW20-SU 1.4 0.0 29.3 53.3 4.7 0.78 

PFM-Ol 1.4 0.0 67.5 22.8 0.0 0.91 
PFM-02 0.9 0.0 61.2 53.5 0.4 1.07 
PFM-03 0.1 0.0 36.7 12.7 0.0 0.48 
PFM-04 0.0 . 0.0 .235.0 6.8 0.0 2.48· 

o· - .. 

PMW-03* 0.0 ... 45.3 1240.0 98.4 44.4 14.50 

*Note: PMW-03 is located in the northern site. All other wells are located in the 
southern site. 
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The mass loads associated with each well provide an integrated measure of contaminant 
movement at the site. The wells forming the transect B-B' indicate total molar 
discharges in the range 0.5 to 2.5 mmoles/m/day. Given the gap in data associated with 
the nestep. well (MW04 and MW20) the trend of increasing total molar discharge with 
flow distance may be consistent with a source zone with declining mass flux. 

The summation of the product of flux andthe cross-sectional flow area represents 
integration of mass flux and can be used to estimate mass discharge at each well and for a 
trahsect of wells. KUbert and Finkel (2006) present a review of the methods and errors 
associated with mass flux integrations. The follOWing equation is used. 

For analysis of the SWMU 45 data, wells PFM-03 and PFM-02 can be used to form a 
control plane perpendicular to the primary direction of groundwater flow. The control 
plane is assumed to be 190 ft wide based upon a well spacing of95 ft. Applying the 95 ft 
width for each well with the mass discharge per unit width from Table 1, the total mass 
discharge through the control plane for each constituent can be estimated as 

Ta'ble 2. Estimates of mass discharge at each well and the control plane. 

Well PCE TCE cis-DeE VC Ethene 
(g/day) (g/day) (g/day) (g/day) (g/d~ 

PFM-02 0.03 0 1.77 1.55 0.01 
PFM-03 0.00 0 1.06 0.37 0 

, 

Control Plane 0.03 0 2.84 1.92 0.01 

The results indicate that the primary components passing the coritrol plane are DCE (2.84 
g/day) and VC (1.92 g/day). This mass discharge can be compared to other DNAPL 
contaminated sites for which mass discharges are reported (Einerson and Makay, 2001). 

The results of this study, in combination with previous site characterization efforts, can 
be used to better understand the nature and extent of contamination and the aquifer flow 
characteristics for this site. 
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Passive Flux Meier Deployment Location 

• SMU 45 Montortng Well 

SMU45 

Figure 1. Site map with PFM installation locations (map provided by Tetra Tech). 

EnviroFlux, LLC 7 

Mass Flux Measurements at Parris Island SWMU 45 

Passive Flux Meier Deployment Location 

• SMU 45 Montortng Well 

SMU45 

Figure 1. Site map with PFM installation locations (map provided by Tetra Tech). 

EnviroFlux, LLC 7 



o 
2 

S 4 
CI 

ii 6 ., 
u 
"0 8 

! 10 

~ 12 .. 
.<l 
.<: 14 a. 
~ 16 

18 

20 

MW19·SU and MW19-5L 

Darcy velocity (cmlday) 

o 5 10 15 I " " , Tsu' " " 
, 7 

I ~ i5 SL 

o 50 100 
Flux (mgAn2/c1ay) 

o 
2 

e: 4 
CI 

ii 6 ., 
u 
"0 8 
c.. 
.2 10 

~ 12 .. 
.<l 
.<: 14 a. 
~ 16 

18 

20 

PFM·03 

Darcy velocity (cmlday) 

o 5 10 15 

o 50 100 
Aux (mg/m2/day) 

PFM-02 

Darcy velocity (cm/day) 

0 5 10 
0 

2 

e: 4 
CI 
l: 6 0; ., 
u 

0 8 .I: 
! 10 " 
;.;: 
.2 12 .. 
.<l 
.<: 14 a. 
~ 16 -. • 

18 i 
! 

20 
0 50 100 

Flux (mgAn2/c1ay) 

Figure 2. Darcy velocity and flux profIles for wells in transect A-A' . 
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Note: results for nested wells are combined with the respective upper (SU) and lower (SL) zones indicated in the figures. 
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Figure 3: Darcy velocity and flux profiles for wells in transect B-B'. 
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Figure 4. Darcy velocity and flux profiles for well PMW-03 (Northern Site). 

EnviroFlux, LLC 10 

.... 
. ~ 

'0 
c.. 
.9 
~ 
~ 
..c 
15.. 
~ 

PIVW-03 

Darcy velocity (cm'day) 

0 5 10 15 

0 

2 -

4 

6 

8 

10 

12 

20 
o 200 400 600 

Rux (rrg'nf/day) 

Mass Flux Measurements at Parris Island SWMU 45 

-- PCEFIux: 

-- TCEFIux: 

-- DCERux: 

---- VCRux: 

-JI(- Ethene Flux: 

---G--- Da-cy Velocity 

Figure 4. Darcy velocity and flux profiles for well PMW-03 (Northern Site). 

EnviroFlux, LLC 10 



Mass Flux Measurements at Parris Island SWMU 45 

References 

Annable, M.D., K Hatfield, J. Cho, H. Klammler, B.L. Parker, J.A. Cherry, P~S.C. Rao, 
"Field-Scale Evaluation of the Passive Flux Meter for Simultaneous Measurement of 
Groundwater and Contaminant Fluxes". Environmental Science & Technology. Vol. 39, 
2005,pp.7194-7201. 

Einarson, M.D. and D.M. Mackay, "Predicting impacts of groundwater contamination". 
Environ. Sci. andTechnol., Vol. 35(3),2001, 66A-73A. 

Hatfield, K, M.D. Annable, J. Cho, P.S.C. Rao, H. Klammler. " A Direct Passive Method 
for Measuring Water and Contaminant Fluxes in Porous Media". Journal of Contaminant 
Hydrology Vol. 75, No. 3-4,2004, pp. 155-181. 

Kubert, M. and Finkel M~, "Contaminant Mass Discharge Estimation in Groundwater 
Based on Multi-level Point Measurements: A Numerical Evaluation of Expected Errors". 
Journal of Contaminant Hydrology Vol. 84, No. 1-2,2006, pp. 55~80. 

TtNUS. 2002. RI/RFI for Site/SWMU 45 - Former MWR Dry Cleaning Facility, Marine 
Corps Recruit Depot, Parris Island, South Carolina; June. 

TtNUS. 2004a. RI/RFI for Site/SWMU 45 - Former MWR Dry Cleaning Facility, Parris 
Island, South Carolina. November. 

TtNUS. 2004b. Site/SWMU 45 RIlRFI Addendum Implementation Plan for Marine 
Corps Recruit Depot, Parris Island, South Carolina. December. 

TtNUS. 2005. Remedial Investigation Addendum for Site/SWMU45 - Former MWR 
Dry Cleaning Facility, Marine Corps Recrut Depot, Parris Island, South Carolina. 
October. 

EnviroFlux, LLC 11 

Mass Flux Measurements at Parris Island SWMU 45 

References 

Annable, M.D., K Hatfield, J. Cho, H. Klammler, B.L. Parker, J.A. Cherry, P~S.C. Rao, 
"Field-Scale Evaluation of the Passive Flux Meter for Simultaneous Measurement of 
Groundwater and Contaminant Fluxes". Environmental Science & Technology. Vol. 39, 
2005,pp.7194-7201. 

Einarson, M.D. and D.M. Mackay, "Predicting impacts of groundwater contamination". 
Environ. Sci. andTechnol., Vol. 35(3),2001, 66A-73A. 

Hatfield, K, M.D. Annable, J. Cho, P.S.C. Rao, H. Klammler. " A Direct Passive Method 
for Measuring Water and Contaminant Fluxes in Porous Media". Journal of Contaminant 
Hydrology Vol. 75, No. 3-4,2004, pp. 155-181. 

Kubert, M. and Finkel M~, "Contaminant Mass Discharge Estimation in Groundwater 
Based on Multi-level Point Measurements: A Numerical Evaluation of Expected Errors". 
Journal of Contaminant Hydrology Vol. 84, No. 1-2,2006, pp. 55~80. 

TtNUS. 2002. RI/RFI for Site/SWMU 45 - Former MWR Dry Cleaning Facility, Marine 
Corps Recruit Depot, Parris Island, South Carolina; June. 

TtNUS. 2004a. RI/RFI for Site/SWMU 45 - Former MWR Dry Cleaning Facility, Parris 
Island, South Carolina. November. 

TtNUS. 2004b. Site/SWMU 45 RIlRFI Addendum Implementation Plan for Marine 
Corps Recruit Depot, Parris Island, South Carolina. December. 

TtNUS. 2005. Remedial Investigation Addendum for Site/SWMU45 - Former MWR 
Dry Cleaning Facility, Marine Corps Recrut Depot, Parris Island, South Carolina. 
October. 

EnviroFlux, LLC 11 



Mass Flux Measurements at Parris Island SWMU 45 

Appendix A: Data from Flux Wells 

Table 3. Summary of flux values for southern site. 
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Table 3. Summary of flux values for southern site(continued). 

Max 
Mean 

-~~'--' ------------ - -----.- --------~--~-------------. --~-

12.987 
3.520 

1.854 
0.128 

0.000 
0.000 

115.172 
15.179 

74.470 
5.527 

12.616 
0.273 

EnviroFlux, LLC 13 

Mass Flux Measurements at Parris Island SWMU 45 

Table 3. Summary of flux values for southern site(continued). 

Max 
Mean 

-~~'--' ------------ - -----.- --------~--~-------------. --~-

12.987 
3.520 

1.854 
0.128 

0.000 
0.000 

115.172 
15.179 

74.470 
5.527 

12.616 
0.273 

EnviroFlux, LLC 13 



Mass Flux Measurements at Parris Island SWMU 45 

Table 4. Summary of flux values for northern site (well PMW-03). 

Max 
Melin 

4.808 
4:181 

0.000 
0.000 

27.799 
11.059 

, 633 .. 336 
302.046 10.761 
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