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useful for planning and de01s1on -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
p01nts is a dlscrete, permeable channel serving as a significant condult for contaminant
transport

We w1ll be having a conf call w/ the vendor next week to discuss these results and to map
out a game plan for completlng the larger report on the PFM deployment.
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Hi Jim,




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

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

—1.»Executive Summary o

Passive Flux Meters (PFMs) wete 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), Partis Island, South Carolina. Flux refers to the
mass of water and or contaminants flowing per unit arca at a measured point in a well

~screen averaged over a given period of time. Based upon previous site assessments, the
expected contaminants at SWMU 45 were tetrachloroethene (PCE), trichloroethene
(TCE), and dechlorlnatlon products dichloroethene (DCE), v1ny1 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/m?/day) was

. observed for DCE in the lower portion of well PFM-04. A maximum TCE mass flux of
74.5 mg/m? /day was observed in MW20 SL. PCE mass flux was observed in MW04-SL
and MW20-SU (12.6 and 9.5 mg/m?/day respectively). The local flux values 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 dlscharge was DCE at 2.84 mg/day.

These results can be used to better understand the nature and extent of contamma‘uon and
“the aquifer flow characteristics for this site.

EnviroFlux, LLC'. 2
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2. Introd"uctiovn‘ '

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 Rectuit Depot (MCRD), Parris Island, South Carolina. For a description of

PFM fundamentals see Hatfield et al. 2004 and for field implementation see Annable et

al. 2005. 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 th1s
general deﬁnltlon the units associated with mass flux are determlned as: :

ﬂux= mass =[M]

area-time | [*T

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 Darcy velocity, which is the volumetrlc
water flux (or flowrate) through a specified cross-sectional area. The resulting units are
L/T 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/(L?T))
-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), viny! chloride (VC), and ethene (TtINUS, 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, estabhshed the followmg project objectives ass0c1ated
with the deployment of PFMs: '

¢  Refine the current understanding of the nature and extent of the contamination and
 the aquifer flow characteristics (flux) in the southern source area
e 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 in 14 wells for the southern site, and 3
PFMs in 1 well for the northern site). Figure 1 provides a site map 1nd1cat1ng momtormg
well and PFM 1nsta1],at10n locatlons :

EnviroFlux, LLC ~ 3
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3. Methods and Procedures

Southern Site
26 PFMs were deployed in 14, 2- mch diameter wells on November 14,2006. PFMs in

~ the southern site were deployed along two transects (A-A’ and B-B’). Transect A-A’

(Figure 1) is oriented perpendicular to the primary direction of groundwater flow and
incorporates wells MW19-SL, MW19-SU, PEM-03, PFM-02, MW10-SL, MW10-SU,
MW3-SL, and MW3-SU. Transect B-B’ (Figure 1) is oriented parallel to the primary
direction of groundwater flow and incorporates wells PFM-01, PEM-02, MW04-SL,
MW04-SU; MW20-SL, MW20-SU, ‘and PFM-04. (Note PFM 02 is used as the
intersection for the two transects).

The PFMs in the southern site were retrieved on December 5, 2006 (corresponding to a-
deployment length of 21 days). All 26 PFMs were successfully retrieved, sampled and

~ analyzed to estimate both groundwater and contaminant mass flux. The results are shown
_in Figures 2 and 3 and the data is summarized 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
(correspondlng 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.,R'esults:

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
MWO03-SU are comblned with the respective upper and lower zones indicated in the

figures.

For transect A-A’ Darcy velocities are seen to be higher in the upper portion of the
surficial aquifer in wells MW19-SU, PFM-03, and PFM-02, with the largest value of 8
cm/day in the upper portion of PFM-02. The greatest DCE and TCE fluxes are also seen
in the ypper portion of PFM-02. The Darcy velocities in wells MWIO and MWO3 are
cons1derably lower as are the mass flux values ,

For transect B- B the Darcy velocities in PFM 01 are relatively low (0.6 cm/day) in the -

upper portion 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 PEM-02, MW04, and MW20 the

EnviroFlux, LLC 4
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velocities are lower in the lower zone. However in PEM- 04, the velocities appear to
increase with depth. For each well beyond PFM-01, DCE and TCE flux tend to increase -
with increased velocity (except for well MW04-UL, which shows minimal mass flux). .
The lower portion 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-04 there is a definite trend of i 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 dep]oyed ina

~ single well (PMW-03).. The results are shown in Figure 3 and the data is summarized 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, w1th DCE having the greatest flux magnitude (mean and max values

- of 302 and 633 mg/m%day respectively). Three high flux zones at depths of 5,10 and 13

feet suggest DNAPL pool zones up-gradient with conversion to DCE prlor to the flux
well.

Integrated Mass Flux

The contaminant mass flux values measured at the local scale (1 foot vertical 1ntervals)
can be represented in terms of mass dlscharge per unit width of aquifer (mg/m/day) and
are summarized in Table 1. These values can in turn be used to estimate the mass

- d1scharge (mg/day) through a spemﬁed aqulfer w1dth

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

Well | Ethene “VC cis-DCE TCE PCE Total - .
(mg/m/day) (mg/m/day) (mg/m/day) | (mg/m/day) (mg/m/day) (mmoles/m/d)|
MWO3SL | 00 | 00 45 .04 0.0 - 0.05 '
MWO03-SUl 00 { 00 | 00 0.0 - 0.0 . 0.00
MWO4-SL| 04 | 00 | 262 278 4.0 - 0.52.
MWO04-SUYL 00 | 00 | 00 0.0 0.0 - 0.00.
MWIO-SLE 00 [ 00 [ 43 | 06 0.0 | 005
MWIO-SUL: 00 | 00 | 00 00 | 00" 0.00 .
Mwio-s.| o0 | 00 [ 00 0.0 ~ 0.0 000
MWI19-SUT 0.0 0.0 0.0 0.0 0.0 0,00
MW20-SL] 00 | 0.0 17.7 0.0 0.0 0.18
MW20-SU 14 | 00 29.3 53.3 47 078
PEM-0L | 14 | 00 | 675 228 0.0 - 0.91
PEM-02 | 09 | 00 . [ 612 535 0.4 , 1.07
"PEM-03-] 01 | 00 367 12.7 0.0 048
PFM04 | 00 | 00 | 2350 | 68" 0.0 248 |
'PMW¥03*— 00 .| 45 3 | 12400 | 98.4 444 - 14.50

*Note PMW-03 is located in the northern szte All other wells are located in the .
southern szte :
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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 nested well (MW04 and MW20) the trend of increasing total molar discharge with
flow distance may be cons1stent with a source zone with dechmng mass flux.

. The summation of the product of flux and- the Cross- sectlonal flow area represents
integration of mass flux and can be used to estimate mass discharge at each well and for a
transect of wells. Kiibert and Finkel (2006) present a review of the methods and errors
assomated with mass flux 1ntegrat10ns The following equation is used,

o= 3| Shn)

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 of 95 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

Table 2. Estimates of niass discharge at each well and the control'plane.-

Well PCE TCE GsDCE | VC | Ethene

, (g/day) | (g/day) | (g/day) (g/day) | (g/day)
PEMI02_ | 003 | 0 1.77 155 | 001
PEM03 | 000 | 0 106 | 037 — 0
Control Plane | 0.03 0 | 28¢ | 192 | 001

The results indicate that the primary components 'passing the conitrol 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. '

EnviroFlux, LLC 6
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Flux Meter |
PMW-03

- Proposed Monitoring Well
MA20-SU! mmm " ® (screeneds - 12 msl)

@ Passive Flux Meter Deployment Location
#  SMU 45 Montoring Well

Dsmws

Parris Island, South Carolina

FIGURE 1
PROPOSED MONITORING WELLS
AND PASSIVE FLUX METER
INSTALLATION LOCATIONS

@ TETRA TECH EM INC.

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

e i Ll : i Y s
2008-10-26 OAEPAWParisislandimxd\Figi_PiWellsDetail.nxd TIEMI-ON Kurl.Cholak
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Figure 2. Darcy velocity and flux profiles for wells in transect A-A’.

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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Note: results for nested wells are combined with the respective upper (SU) and lower (SL) zones indicated in the figures.
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PVW-03
Darcy velocity (crmday)

© o &~ N O

Depth below top of casir
N OIS

20 ot
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Flux (mg/nf/day)

—— PCE Flux
—— TCE Flux
—=— DCE Flux
——VC Flux

—— Ethene Flux

o Darcy Velocity

Figure 4. Darcy velocity and flux profiles for well PMW-03 (Northern Site).
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Appendix Az Data from Flux Wells

‘Table 3. Summary of flux values for southern site.

Distarice from

"~ Abproxithate Depth betow | -
Darcy Vel

Well_ID bottor of well screen top of well casing
SN (ft) Y i3 I
MWO03-SL 4.33 9.67
MWO03-SL 3.40 10.60
MWO03-SL 2.44 11.56
MWO03-SL, 1.55 - . 12.45
MWO03-SL | 064 . 1336,
MW03-8U 3.28 3.72 -
MWO03-SU 2.35 4.65
MWO03-SU .5 549
MW03-8U .64 . 6:36.
MW04-SL 4.1 9.90
MW04-SL 3.2 10.79
MWO04-81, 2.38 11.62
MW04-SL 1.50 12.50
| MWo04-SL 0.61 _13.39
MW04-SU 3.42 3.58
MW04-8U 2.62 . 4.38
MW04-SU 1.57 543
MW04-SU 0.62 Lo 6.8
MW10-SL 4.08 1192
MW10-SL 3.14 12.86
MW10-SL . 2.29 13.71
MWI0-SL 39 __14.61
| MW10-SL .5 Y .
MW10-8U 4.1 3.89
MWI10-8U 3.0 .4.94
1 MW10-8U 2,21 579
| MW10-8U 1:43 _ 657
MW10-8U 0.61 L7399 .
MW19-SL 4.33 11.67
MW19-SL 3.34 12.66
MW19-SL 2.34 13.66
MW19-SL 1.41 14.59
MW19:8L 0.57. 1543
“MW19-8U 4.25 3.75
MW19-80 3.30 4.70
MW19-8U 2.38 5.62
MW19-80 1,50 ... 6.50
MW19-SU-| - 0.62- AT
MW20-SL 4.15 11,85
MW20-SL 3.25 - 12.75
MW20-SL .36 13.64
MW20-SL 44 14.56
| MW20-8L |- .57 31543
MW20-S0 440 460
MW20-8U .51 549
MW20-8U .54 - 6.46
MW20-8U 1.57 7.43
MW20-8U 0.62 838
PEM-01 16:14 3.86
PEM-01 - 15.39 4.61
PEM-01 14.35 5.65
PEM-01 13.35 6.65
PFM-01 12.07 7.93
| PEM-01 1115 8.85
[ PFM-01 10.24 9.76 -
PFM-01 9.37 - 10.63
PEM-01 8.23 11.77
PEM-01 7.33 12.67
PEM-01 6.40 13.60
| PFM-01 5:51 1449 -
| PEM-01 4.22 15.78
“PFM-01 3.28 16.72
PEM-01 2.35 17.65
PEM-01 1.43 18.57
PEM-01 0.59 - L1941
PEM:02 5.98 402
[ PIM-02 5.11 4.89_
| PEM-02 4.22 5.78
PEM-02 13.30 670
PFM-0! 12.09 791
PEM-0! 11.17 8.83
PEM-02 10.25 9.75

_(cm/dag

ocity | Ethene 'ﬂux VC flux DCE flux
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Table 3. Summary of flux values for southern site'(continued);

Mean

. Distance from Approximate Depth below . -
Well_ID bottom of well screen top of well casing Darcy Velocity | Ethene flux |- DCE flux TCE flux PCE flux
My b ) e (em/day 2 2 g : g 1 2/da
PEM-02 9.38 10.62
PEM-02 . 819 11.81
PFM-02 125 12.75
PFM-02 6.35 . 13.65
PFM-02 5.51 _ 1449
PEM-02 4.25 15.75
|__PFM-02: 3.33 16.67.
PFM-02 2.48 17.52
PFM-02 1.56 - 1844°
PEM-02 0.62 _19.38
PFM-03 6.01 3.99
|__PEM-03 5.06 . 4.94
PEM-03 4.23 5.77
| _PEM-03 13.39 6.61
|- PFM-03 12.16 .84
| _PEM-03 11.20 8.80
| _PFM-03 10.37 9.63
PEM-03 9.53 1047,
PEM-03 8.38 11.62
[ PEM-03 7.51 1249
|- PEM-03 6.55 13.45
PEM-03 5.63 14.37
|__PEM-03 445 15.55
_ PEM:03 - 3.53 1647
PFM-03 2.53 17.47
PEM-03 _ 1.54 1846
PFM-03_ 0.59 . 19.41
PEM-04 16.02° 3.98
PEM-04 - 15.17 4.83
PFM-04 14.21 5.79
PEM-04 13.25 6.75
PEM-04 | 11.95 8.05
PEM-04 11.17 8.83
PEM-04. 10.31 9.69
PFM-04 - 9.32 0.68
PFM-04 8.14 1.86
PEM-04 7.19 2.81
PEM-04- 6.24 13.76
PFM-04 5.40 14.60.
PFM-04 4.20 15.8
| PEM-04 3.25 16.75
|- _PEM-04 2.38 ) 17.62
| _PEM-04 1.54 18.46
| PFM-04 _0.62 _19.38 . ] ; ; : 200,
: j : : Min 0.064 0.000 0.000 0.000 0,000 0000 -
Max 12.987 1.854 0:000 115.172 74.470 12.616
3.520 0.128 0.000

15.179 5.527 0.273
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Table 4. Summary of flux values for northern si}tve (well PMW-03).

/
Distance from Approximate Depth below |- o N C
Well ID | -bottom of well screen top of well casing Darcy Velocity | ‘Ethene flux. |- VCflux DCE flux TCE flux PCE flux
: _ . (f) . b (emiday) ] (me/m2/day) | (me/m2/de ‘ms/m 2/day ‘me/m2/day). | (mgfn2/day).
D "Distance from . Approximate Depth-below o ’ L : T .
:Well_ID bottor of well scréen top of well casing Darey Velogity | - Ethene flux :
I L () oo o) R cm/da; 'm2/da; ‘mg/m2/da mg/m2/day g/m2/da; tng/n 2/day
PMW-03 13.88 . 512 10:
PMW-03 12.97 6.03 i
| PMW-03 12.07 693
PMW-03 - 11.20 . 7.80
PMV' -03 . 10.29 87
PMW-03 9.07 9.93
PMW-03 8.16 10.84
PMW-03 7.19 1181
PMW-03 6.31 12.69
_PMVV-OE) 541 13.59
| PMW-03 4.17 14.83
JMW-OS ..3.38 15.62
- PMW-03 2.50 . 16.50°
PMW-03 1.50 -~ 17.50
PMW-03 0.58. . 18.42 B

Min 0.000 3831 161093 . 8.393 2274

3750 .
Max . 4.808 0.000 27799 1633336 - 65.584 33.030
Memn . 4181 0.000 11.059 302.046 23.776 10.761




