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1.0 INTRODUCTION/BACKGROUND ,

This technical memorandum proposes an alternate concentration Ilimit (ACL) as a
groundwater protection standard for chlorinated solvents in groundwater at the Solid Waste
Management Unit (SWMU) 2, Southside Landfill at Naval Support Activity Mid-South (Figure 1).
The presence of daughter products and other indicator parameters suggested that monitored
natural attenuation (MNA) was a viable remedy for site management of trichloroethylene (TCE)
contamination detected in the southeast corner of the landfill. The objectives and procedures to
implement MNA as the long-term remedy were presented in the SWMU 2 Corrective Measures Study
(CMS) Report (EnSafe, February 2004) and the SWMU 2 MNA Work Plan (EnSafe, June 2005) —
approved by the United States Environmental Protection Agency (USEPA) and Tennessee Department of
Environment and Conservation (TDEC) in letters dated July 17, 2005, and August 31, 2005, respectively.
As outlined in the work plan, MNA monitoring had been conducted on an annual basis. However,
beginning in 2007, the monitoring frequency was increased to semi-annual because of increases in TCE
and daughter product concentrations detected in groundwater. Figure 2 illustrates the extent of
total volatile organic compound (VOC) concentrations for the November 2008 groundwater
sampling event which shows the maximum concentrations are in monitoring wells 002G03DA and
002G28DA, with VOC concentrations diminishing in down gradient monitoring wells 002G24DA,
002G25DA, and 002G26DA.

The Big Creek Drainage Canal (Big Creek) is a groundwater discharge body for groundwater migrating in
the deep alluvium with Big Creek receiving groundwater from the north and south sides of the
drainage canal. Figure 3 provides a cross section showing the hydrogeology for the site.
Groundwater monitoring wells screened in the deep alluvium on the north side of Big Creek, adjacent to
and hydraulically downgradient from the landfill, have shown concentrations of TCE and its degradation
products cis-1,2-dichloroethylene (cis-1,2-DCE) and viny! chloride (VC). Monitoring wells screened in
the same unit on the south side of Big Creek are free of VOC impacts. VOCs have historically been
absent in both surface water and groundwater samples collected beneath Big Creek, which is believed to
be the result of destructive (e.g., biological) and non-destructive (e.qg., dilution) mechanisms. Similarly,
the shallower wells screened in the upper alluvium (orange shaded unit in Figure 3) have had no
VOC detections.

Spikes in chlorinated solvent concentrations, particularly during the May 2006 groundwater

sampling event, triggered the Base Cleanup Team (BCT) to re-evaluate whether MNA was a

viable remedy. A comparison of recent data with historical data (Table 1 and Figures 5 through 9)

indicated that chlorinated solvent concentrations were not showing a discernable downward trend,

indicating a finite mass was not present in the landfill, and leading the BCT to conclude that MNA may
1
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not be an effective remedy in achieving human health cleanup goals. The TDEC Division of Solid Waste
recommended that the Navy evaluate an ACL as a groundwater protection that would be protective of
surface water and consider removing MNA as the site remedy.! A summary of the processes used to
develop the ACLs for the chlorinated solvents detected in groundwater is provided below.

! The impacted aquifer was concluded in the RCRA Facility Investigation (RFI) SWMU 2 — Southside Landfill (EnSafe, 2001) not to pose a
threat to human health due to the absence of potable water wells screened in the aquifer on or near the base and availability of

municipal water supplies in the area.

2
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2.0 DEVELOPING THE ACLS

Since Big Creek is the receiving stream for groundwater leaving SWMU 2, it is considered the point of
exposure (POE) for contaminants migrating with groundwater from the site. Big Creek is approximately
100 feet south of monitoring wells 002G24DA , 002G25DA, and 002G26DA (Figure 2) which are
considered point of compliance (POC) wells that will be used in verifying that the ACLs are not being
exceeded in subsequent site monitoring.

MACLs

Table 2 lists the acute and chronic maximum allowable concentration limits (MACLs) for surface water
from the Tennessee Water Quality Criteria (Chapter 1200-4) and the Screening Quick Reference Tables
provided by National Oceanic and Atmospheric Administration (NOAA, 1999). The Tennessee Water
Quality Standard applied was for surface water that is for recreational purposes, “organisms only”
criteria, and not a domestic water supply. For contaminants without a listed concentration, the
NOAA Screening Quick Reference Table values were applied. The most stringent of the chronic MACL
was selected as the benchmark to compare to detected concentrations. The maximum chlorinated
solvent concentrations detected at the three POC wells (002G24DA, 002G25DA, and 002G26DA) also
have been added to Table 2, and as noted, VC and cis-1,2-DCE have been historically detected in the
POC wells in concentrations exceeding the most stringent MACLs. These two contaminants would pose
an ecological risk to surface water if the amounts detected in the POC wells were discharging directly
into the surface water of Big Creek at the detected concentrations, with no provisions for dilution via
downgradient mixing with groundwater and surface water.

Dilution Factor

As contaminants migrate with groundwater and discharge into Big Creek, they undergo dilution from
mixing with surface water. The amount of dilution is proportional to the ratio of groundwater to
surface water, which is the dilution factor; therefore, the ACL is the MACL divided by the dilution factor.

To estimate flow in Big Creek, a 3 day, 20-year low flow (3Q20) for Big Creek was used, which is a
more conservative estimate than the 7 day, 10-year (7Q10) low flow recommended by the
TDEC Division of Water Pollution Control (de-minimis flow as defined in Chapter 1200-4-3-0.04).
Flow data were provided by the U.S. Geological Survey (USGS) Tennessee Water Science Center
(Appendix A). Mr. George Law with the USGS performed a regression analysis of low-flows and
flow durations at Big Creek Drainage Canal near SWMU 2. Mr. Law used the TDEC v2.0.3 low-flow and
flow-duration computer program to estimate the stream flow near SWMU 2, which is based on data
obtained from three flow stations located along Big Creek near SWMU 2. Based on Mr. Law's
computer model and his interpolation from the 7Q10 values, the 3Q20 for Big Creek near SWMU 2 is
3
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estimated to be 1.0 cubic foot per second (CFS)>.. The USGS computer model output is included as
Appendix A.

To account for the groundwater flow and potential contaminant discharge into Big Creek, the
groundwater flux, or flow through a unit area over time, is estimated along the base of the drainage
canal, coincident with an area 175 feet in length and 15 feet wide. The length is based on a transect of
the TCE plume, parallel to Big Creek and measuring 175 feet between the 100 ppb contours (shown on
Figure 5). The width is based on the assumption that groundwater from the north side of Big Creek
discharges along the north 2 of the canal base (with groundwater from the south side of Big Creek
discharging along the south V- of the canal). Using a mean groundwater velocity of 0.15 feet per day®
an estimated volume of 0.004 CFS (or 397 cubic feet per day) of groundwater discharges into Big Creek
from the area impacted by TCE. Groundwater flow calculations are provided in Appendix B.

Table 3 shows the calculated and proposed ACLs for the chlorinated solvents detected in groundwater.
The allowable contaminant concentrations at the point of discharge to Big Creek, and thus that at the
POC, were back-calculated by dividing the MACL by the above calculated dilution factor (calculations are
provided in Table 3). As shown in the table, ACL concentrations are well above the
maximum detections at SWMU 2 POC wells. As an added level of safety, 1/10™ of the proposed ACL
will be used for future POC monitoring. As shown in the table, detected concentrations remain below
the 1/10™ of ACL.

2 USGS Methodology: USGS ran TDECv203 to compute the region-of-influence (regression) estimates and the regional-regression equations
(RRE) estimates. Estimates were made using several observed measurements at Big Creek at Highway 51 made in 1952 and 1995.
Drainage area ratios were used to move the Highway 51 estimates upstream to SWMU 2. These estimates were averaged for each flow
statistic. For example: 7Q10 = (1.33+1.79+1.02)/3 = 1.38 for Big Creek Drainage Canal at SWMU 2. The 3Q20 was estimated by
interpolating down from the 7Q10 estimate to a more conservative 1.0 CFS.

3 Groundwater velocity caiculations are provided in Section 2 of the SWMU 2 RCRA Facility Investigation (EnSafe, 2001).
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3.0 CONCLUSIONS AND RECOMMENDATIONS

SpectraTech/EnSafe recommends that the calculated ACLs summarized in the table below be adopted
for SWMU 2 as the groundwater protection standards. Given the absence of human receptors, a
standard protective of ecological risk in surface water is appropriate for the site. It is
recommended that groundwater samples continue to be collected from all monitoring wells in the
southeast corner of SWMU 2 and analyzed on a semi-annual basis for VOCs to ensure compliance with
the ACLs. Semi-annual surface-water sampling of Big Creek should also continue which will provide
verification that VOCs are not impacting Big Creek.

Calcuiated Alternate Concentration Limits
NSA Mid-South SWMU 2
(units in ug/L)

Calculated ACL (2) Proposed ACL Above the ACL?
Constituent (1/10 Calculated)
Vinyl Chloride 5,217 522 No
Trans-1,2-Dichloroethene 252,174 25,217 No
¢1s-1,2-Dichloroethene 252,174 25,217 No
Trichloroethene 65,217 6,522 No
1,1 2-Trichloroethane 34,783 3478 No

(1) See Table 1 for methodology to determine which MACLs were most stringent
(2) Alternate Concentration Limit (ACL) calculated using the following equation:
ACL = MACL/R
MACL = chronic MACL
where R = dilution factor = Vgw/Vsw or 0.0046/1 = 0.0046

Vagw = 0.0046 cubic feet per second (cfs) to Big Creek (see Appendix A for Groundwater Flow Calculations)
Vsw = 3-day 20-yr low flow = 1.0 cfs for Big Creek (see Appendix B for USGS Streamflow Estimate and Calculations)
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Table 2
Maximum Allowable Concentration Limits (MACLs)
NSA Mid-South SWMU 2

SWMU 2 Source 1 Ecological Source 1 Ecological Source 2 Ecological Source 2 Ecological Most Stringent Notes
vocs® MACL-acute MACL-chronic MACL-acute MACL-chronic MACL

Constituent (pg/L) (pg/L) (pg/L) (pg/L)
Vinyl Chioride < B20E401D NA NA 2.40E+02 2.40E+01 2.40E+01 )
Trans-1,2-dichioroethene 3.50E+02 1.16E+04 1.16E+03 1.00E+05 1.00E+04 1.16E+03 (3)
cis-1,2-dichloroethene 1.16E+04 1.16E+03 NA NA 1.16E+03 )
Trichloroethene 4.50E+04 2.19E+04 3.00E+03 3.00E+02 3.00E+02 ()
1,1,2-Trichloroethane 5.00E+00 1.80E+04 9.40E+03 1.60E+03 1.60E+02 1.60E+02 @

Notes:
(1) NOAA (1999) Screening Quick Reference Tables, Coastal Protection and Restoration Division,
National Oceanic and Atmospheric Administration, September 1999.
(2) Tennessee Water Quality Criteria, Chapter 1200-4,Rule 3-.03(3)(g) — Organisms Only Criteria
3/10/2008 phone meeting with Clayton Bullington of TDEC, these numbers are chronic only.
(3) MACL — chronic was developed as 1/10 the MACL-acute
(4) MACL— acute was developed as 10 times the MACL-chronic.
<> Indicates concentration at or above the most stringent MACL
a - Represents the maximum detection up to November 2008
pg/L -micrograms per liter




Table 3
Calculated Alternate Concentration Limits
NSA Mid-South SWMU 2
(units in pg/L)

Proposed ACL

Constituent Calculated ACL (2) (1/10 Calculated) Above the ACL?
Vinyl Chloride 5,217 522 No
Trans-1,2-Dichloroethene 252,174 25,217 No
cis-1,2-Dichloroethene 252,174 25,217 No
Trichloroethene 65,217 6,522 No
1,1,2-Trichloroethane 34,783 3,478 No
Notes:

(1) See Table 1 for methodology to determine which MACLs were most stringent
(2) Alternate Concentration Limit (ACL) calculated using the following equation:
ACL = MACL/R
MACL = chronic MACL
where R = dilution factor = Vgw/Vsw or 0.0046/1 = 0.0046
Vaw = 0.0046 cubic feet per second (cfs) ta Big Creek (see Appendix A for Groundwater Flow Calculations)
Vsw = 3-day 20-yr low flow = 1.0 cfs for Big Creek (see Appendix B for USGS Streamflow Estimate and Calculations)



Appendix A
USGS Flow Duration and Low-Flow Frequency Analysis
of Big Creek Drainage Canal at SWMU 2












Katherine Terry

From: George S Law [gslaw@usgs.gov]

Sent: Tuesday, February 26, 2008 10:41 AM

To: Katherine Terry

Subject: Dear Katherine, | have performed an analysis of low-flows and flow durations at Big Creek at
SWMU-2 at NSA Mid-South at Millington, Tenn.

Attachments: millington.doc; ATT698552.jpg

Ms. Katherine Terry
ENSAFE, Inc.

5724 Summer Trees Drive
Memphis, Tennessee 38134

Dear Katherine,

| have performed a regression analysis of low-flows and flow durations at Big Creek at SWMU-2 at NSA Mid-South at
Millington, Tenn. | used the TDECv2.0.3 low-flow and flow-duration computer program estimate various streamflow
statistics at Big Creek at SWMU-2 at NSA Mid-South at Millington. Using the attached data | estimated a 3Q20 at the
site of 1.0 CFS.

See the graphic below for explanation of analysis. | ran TDECv203 to compute the region-of-influence (regression)
estimates and the regional-regression equations (RRE) estimates (see attachment below the graphic). Next, | made an
estimate using several observed measurements at Big Creek at US51 made in 1952 and 1995. Next, | used drainage
area ratio to move the US51 estimates upstream to SWMU-2 (red numbers). This gives us 3 estimates that we can
average to estimate each flow statistic (blue numbers). For example:

7Q10 = (1.33+1.79+1.02)/3 = 1.38

NOTE: To estimate 3Q20 | interpolated down from the 7Q10 estimate.
Please let me know if you have questions of need additional information.
Sincerely yours,

George S. Law

Hydrologist

USGS Tennessee Water Science Center

Nashville, Tennessee
615-837-4732






Appendix B
Groundwater Flow Calculations



Appendix B
Groundwater Velocity and Volume Calculations

Objective: Calculating the volume of groundwater discharging into Big Creek Drainage Canal, that
corresponds with an area measuring 175 feet long (width of TCE plume) by 15 feet wide (1/2
bottom width of drainage canal).

GW vel 0.15 ft/day mean groundwater velocity (from SWMU 2 RFI, EnSafe 2001)
L® 175 feet length perpendicular to plume where TCE > 100 ppb
W€ 15 feet 1/2 width of Big Creek stream bed
V gw= GW o * (L * W of discharge area)
v/ 202 7E ~f/AAa
Notes -

a - mean groundwater velocity from SWMU 2 RFI (EnSafe, 2001)

b - from Figure 1-2 in MNA Effectiveness Monitoring Report (EnSafe, 2006)

¢ - stream bed width estimated from Figure 1-2 in Effectiveness Monitoring
Report (EnSafe, 2006). Since stream is receiving groundwater from both its
north and south side, 1/2 the width is assumed to represent discharge of
contaminated groundwater.



