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Remediation Exit Strategy

« Source Removal

« Establish Remedial Goals /
ACTLSs

 Groundwater Treatment

* Reduce Contaminant
Concentrations

 ldentify milestones to stop
treatment

« Post Active Remediation
Monitoring (PARM)

 RiIsk Assessment
« Demonstrate Plume Stability
 Site Closure

Sources: Chapter 62-780 FAC
i 7 . ITRC — Enhanced Attenuation of Chlorinated
— Organics (April 2008)




Plume Stability and Site Closure

Post Active Remediation Monitoring

...designated monitoring wells shall be sampled guarterly, or at a
frequency specified in the Post Active Remediation Monitoring Plan
approval, for analyses of contaminants that were present prior to the
Initiation of active remediation.

FDEP requirements for risk based closure

Chapter 62-780 ...demonstrated to the Department by a minimum of 1
year of groundwater monitoring data and, if applicable, fate and
transport modeling results, that the groundwater contamination will not
...Impact fresh or marine surface water body and...

 (RMOQOII) ...is not migrating from a localized source area...

 (RMOQ Ill)...at the institutional boundary does not and will not exceed
the appropriate cleanup target level...




Plume Stabllity - Questions

How do you know contaminant reductions have occurred and
not just observing dilution?

Will rebound occur?

How long for the system to reach equilibrium following
remediation?

Will the remnant plume migrate and cross property
boundaries?

Where's the plume?



Plume Stability

Every annual remedial Monitoring Well Data Treatment Plant Data

action status and PARM
report includes:

« Concentration vs. time | |
trend analysis graphs
for all impacted wells Y9\

* Plume foot print
figures and plume
area discussion

« Mann Kendall analysis

« Mass removal
estimates

 Groundwater flow
velocity

Pt




Plume Stabllity

Other lines of evidence
used at UCPM:

« Biochlor

MAROS

Stable isotopes
MNA Parameters
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Example 1 - SWMU-59

Former Missile Component

Testing Facility

Active from 1960’s to 1995

Treatment Train Approach
— Septic Tank Source Removal

— Air Sparge
— Pand T

— Bioremediation

Pre-Remedial

Concentration

(ug/)
PCE 4,400
TCE 4,400
DCE 150

40
37
15

MW=5UI
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NW-12U1@

=11,
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SWMU-59- Qualitative Estimation

Surficial Aquifer (0-25 feet bls)
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PRE—ACTIVE REMEDIATION

JUNE 2002
ESTIMATED EXTENT OF GROUNDWATER CONTAMINATION ABOVE
GCTLs = 0.56 ACRES
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ACTIVE REMEDIATION
MAY 2007

ESTIMATED EXTENT OF GROUNDWATER CONTAMINATION ABOVE
GCTLs = O ACRES

APRIL 2011

ESTIMATED EXTENT OF GROUNDWATER CONTAMINATION ABOVE
GCTLs = 0.03 ACRES
. WELL MWLS—16 SAMPLED IN JULY 2011

SURFACE WATER SAMPLES SwW-1 AND SW-2
COLLECTED IN CCTOBER 2071 AND APRIL 2011, RESPECTIVELY

ASPHALT

Pre-Remediation
June 2002

Active Remediation
May 2007

PARM
April 2011




SWMU-59 - Qualitative Estimation

Intermediate Aquifer (40-50 feet bls)
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PRE—ACTIVE REMEDIATION
JUNE 2002 e,

ESTIMATED EXTENT OF GROUNDWATER CONTAMINATION ABOVE %
GCTLs = 0.55 ACRES

POST—ACTIVE REMEDIATION

APRIL 2011
ACTIVE REM EDIATION ESTIMATED EXTENT OF GROUNDWATER CONTAMINATION ABOVE

MAY 2007 CCTLs = 0.18 ACRES

R 1 - SURFACE WATER SAMPLES SW—1 AND SW-2
ggrgAEDO.EZXJE:‘CTRgg OMDITER CommIon 20 /< COLLECTED IN OCTOBER 2011 AND APRIL 2011, RESPECTIVELY

Pre-Remediation Active Remediation PARM
June 2002 May 2007 April 2011



SWMU-59 — Mass Movement

Plume Center Line

JEGEND & ABBREVIATIONS
MONITORING WELL SAMPLING RESULTS ABOVE GCTLs
MONITORING WELL SAMPLING RESULTS BELOW GCTLs
MONITORING WELL NOT SAMPLED —$e=2004 w2006 =fe=2010 =—i=2011 ==ie=2013
RECOVERY WELL SAVPUNG RESULTS ABOVE GCTLs
RECOVERY WELL SAVPUNG RESULTS BELOW GCTLs
RECOVERY WELL NOT SAMPLED

GROUNOWATER CONTOUR (FT.)

APPARENT DIRECTION OF GROUNDWATER FLOW

PARAMETERS AND GCTLs

Decreasing VOC concentrations confirm stable center of mass



SWMU-59— Trend Analysis

RWLUI-1
KEY VOC CONCENTRATIONS
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Example 2 — Landfill 3

Former Industrial Landfill

Active 1960,s

Treatment Train Approach
— Landfill Excavation
— Pand T
— Large Scale ISCO

TCE
DCE
VC
TVOC

Post - Excavation

Concentration
(ug/)
68,000

40,000
<500
120,000

310
700
120
1,800



Landfill 3 — Mann-Kendall

PARM - 2013

‘ Increasing / Probably

MW3S—120%[12/3/13] 6/5/14 |7/21/14| 9/2/14 §’ Ll \% IncreaSing
PC <0.76 <3.8 <3.4 <0.76 / MW3S—4
TCE <0.89 <4.4 <3.0 <0.89 | Mw3s-119
e 20 | % | d3 | &% ® Mw3S—127
TVOC 850 345 424 236 /
J MW3S—122  ¥W35-125 NO Trend / Stable
MW35—103 %/
/
S s ‘ Decreasing / Probably
Decreasin
wa_) ?\MW:SS—BG g
- &7
( »
\ /o 8\ ‘ All Parameters BDL
Pzas—zﬁ\\..\ /# )
\ 7~
s @ & // B = FDEP Concerns: |
7  Elevated concentrations
o TS MW3S—1* |12/3/13] 6/5/14 [7/21/14|8/12/14] 872714 .
SN AR AR at 2 locations:
DCE 590 15 2,400 <2.6 <0.53 .
W3S—83 ” Woc 11330 1.85'30 4?2‘30 Sio | 5o ® K evaluat|0n
e - Limited hot spot polishing
e ° Extend PARM period 2

quarters



Landfill 3— BIOCHLOR

atural lenuation Decision Suppo ystem

Landhil 3 Data Input Instructions:
Transect 1 2001 15 1. Enter value directly....or

Log <—>Linear Input

Version 2.2
= Excel 2000 Run | N or 2. Calculate by filling in gray
E OF CHLORINATED SOLVENT: Ethenes © 5. GENERAL 3 002 cells. Press Enter, then (7
Ethanes O Simulation Time" | 40 ltyn L — | (Torestore formulas. hit Restore Formulas” button )
DVECTION Modeled Area Width* [500 | w JEB> |  Variable" - Data used directly in model
page Velocity* Vs () Modeled Area Length* m 4 [Testif 3 %
or Zone 1 Length” () Biotransformation ';5‘“”’ ““;““a""’:
raulic Conductivity K Z OE03_|(cmisec) Zone 2 Length® 0 () Zone2= lis Occurring 2 otmciet” it
aulic Gradient i 000135 _|(wm) L -Zone 1
tive Porosity n [ 025 ¢ 6. SOURCE DATA TYPE: Continuous Vertical Plane Source: Determine Source Well
DISPERSION Source Options Single Planar Location and Input Solvent Concentrations
- = Gaic. tion:
2 x 98_|(m
ay)/ (Alpha x)° o1 16 Sohax Source Thickness in Sat. Zone* [ 25 (%
a 2) / (Alpha x)* L1E9S () Y1
JosorPTION Wwidth (&) [_100_]
rdation Factor R LY
or Conc. (mg/L)* C1 (141
Bulk Density, rho 38 ] o) PCE 67 02
tionOrganicCarbon, foc [ 1962 () TCE 790 | 02 View of Plume Looking Down
tion Coefficient Koc S DCE 880 | 02
PCE [426 ] (xg) % 05 | 02 Observed Centerline Conc. at Monitoring Wells
TCE (Ukg) ETH 02
DCE [ 125 | (Lkg)
Ve [ 30 | (Lxg) 7. FIELD DATA FOR COMPARISON
ETH — ) PCE Conc. (mg/L) 67 | 16 | 007 | 003 | .00: [
Common R (used in model)" = v TCE Conc. (mg/L) 79.0 | 1003 | 007 | 003 | 00 [
IOTRANSFORMATION  -1st Order Decay Coefficient” DCE Conc. (mg/L) 880 | 66 | 16 | 53 | 003 | [
I A (1yn) halt-ife (yrs) Yield  VC Conc. (mgiL) 05 | 003 007 01 | .003]
PCE TCE [0200 | & Coosd Jors ETH Conc. (mglL) [
TCE DCE 1000 | € 050 Jo7e nce from Source (ft 0| 350 | 600 | 750 | 980 [
DCE Ve 0375 | €« 185 Jose Da(e Data Collected 2001
ve ETH (267 | « 027 _Jo<s 8. CHOOSE TYPE OF OUTPUT TO SEE:
p2 <> % (10 half-ife (yrs) f — - [ Restore }
PCE = TCE 0.0 | € (5 || Help | Form tas J| RESET |
TCE DCE 0000 | € |HELP | B RUN CENTERLINE RUN ARRAY e
DCE vC 0.000 | € | SEE O
ve ETH [To000 | €« | e — = S : Example
DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0
Distance from Source (ft)
PCE 0 150 300 750 900 1050 1200 1500
No Degradation 0 3.810 2.131 9 0.114 0.024 0.004 0.000 0.000
Biotransformation| 0.0022 0.023 0.032 0.026 0.014 0.005 0.001 0.000 0.000 0.000 0.000
Monitoring Well Locations (ft)
[0 ] 380, ] -=68005 [ -780-0] 6801 ] | | | [ | |
[Field Data from Site| 6700 | 0.160 | 0007 | 0003 | 0.003 | | | | | | |
s NO D 1st Order Decay 2 Field Data from Site
10.000 L
=3 See PCE
a s -
B AH See TCE
< -
L 0.100 See DCE
=1
E =
] 0.010 See VC
2 0 200 1400 1600 =
£ 105!
9 See ETH
© 0.001
Distance From Source (ft.)
Time: > - X
40.0 Years
Prepare Animation Rtum to To All To Array 1

BIOCHLOR used to:

Estimate decay coefficients prior
to remediation

Demonstrate that contaminants
present following remediation will
decrease below GCTLs in less
than 50 years

Estimate distance that plume
attenuates to below GCTLs —
using different estimates of
hydraulic conductivity

Verify that the plume will be below
GCTLs before surface water body
and Intuitional Control boundary

BIOCHLOR EPA 2002



Landfill 3 — BIOCHLOR

Low K Transport distance

MW3S -126

High K Transport distance

.
MW3S—119
W3S-120

MW3ES-122 MW35-125

WW35-103 o IC Boundary




Example 3 — Landfill 2

* Former Industrial Landfill —
primarily used for
electroplating sludge

« Treatment Train Approach
— Landfill removal
— Bioremediation

Pre-remedial
Concentration

(ug/)

VC ND 6.8




Plume Stability — MAROS

TABLE 14
MAROS sStatistical Trend Analysis Summary for Lauch Test Area
Universal Boulevard Planned Development

Number of Number of . MannKendall Trend| LinearRegression . H
Well 1D Samples Detections Median (ug/L) | Average (ug/L) 1 Trend MAROS - Monltorlng and
cis-1,2-Dichloroethene {DCE) . . o . .
e 5 0 = & o =5 Remediation Optimization
MWLUI-2 19 17 17 4 NT PD
MWLUI-3 T 11 75 1 D D
MWLUI-4 19 17 47 24 D D SYStem (MAROS)
MWLUI-5 15 9 20 0.62 D D
MWLUI-6 19 19 28 11 D D
MWLUI-7 19 19 16 12 D D
MWLUI-8 19 15 28 57 D D . .
T T 2 iz 03 ED D Developed by AFCEE to optimize
MWLUI-10 18 0 0.49 0.5 ND ND
MWLUI-11 17 0 0.49 0.5 ND ND . L o] . .
D 7 T a = 5 D a site-specific monitoring
RWLUI-1 14 14 68 32 NT D
RWLUI-2 13 12 52 15 D D
RWLUI-3 15 15 34 18 NT NT p rog ra m
RWLUI-4 12 12 14 14 D D
RWLUI-5 11 8 25 0.61 D D
RWLUI-6 12 12 25 19 D D
RWLUI-7 15 15 64 26 D D
RWLUI-8 12 4 1:5 0.5 NT NT
RWLUI-9 13 13 14 10 D D
Tetrachloroethene (PCE)
— = . = = . . Calculates center of mass and
MWLUI-2 19 0 1.4 1.5 ND ND . . .
NWLULS 7 1 74 S S ) provides estimates of dissolved
MWLUI-4 19 0 1.4 1.5 ND ND
MWLUI-5 18 0 1.4 1.5 ND ND
VWIS 15 5 i & N D phase mass
MWLUI-7 19 1 1.4 1.5 S PD
MWLUI-8 19 0 1.4 15 ND ND
MWLUI-9 1T 0 1.4 1.5 ND ND
MWLUI-10 18 4 1.4 0.5 D D
MWLUI-11 17 0 0.49 0.5 ND ND
MWLUI-12 17 0 1.4 1.5 ND ND
RWLUI-1 14 14 120 100 S PD
RWLUI-2 13 9 120 110 D B)
RWLUI-3 15 15 32 6 D D
RWLUI-4 12 1 35 1.5 PD D
RWLUI-5 11 0 1.4 1.5 ND ND
RWLUI-6 12 0 1.4 1.5 ND ND
RWLUI-7 15 1 3.9 1.5 NT D
RWLUI-8 12 0 0.49 0.5 ND ND
RWLUI-9 14 0 1:5 1.5; ND ND




Plume Stability — MAROS

Center of Mass Estimation
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Plume Stability — CSIA

2 ) EPA 600/R-08/148 | December 2008 | www.epa.gov/ada

i MWPUI-5
5 250
0 7 - a» a» G G»
\ o/ - 200
A Guide for Assessing 8 » N\ ’
Biodegradation and Source S -10 N\ PG p———— - 150 <
Identification of Organic Ground @ -15 N\ -F" - 3
Water Contaminants using § -20 =N - 100
Compound Specific Isotope O -25 »Z o\
Analysis (CSIA) 130 P AN >0
35 5 0
12/03/11 12/02/12 12/02/13 12/02/14 12/02/15
Date

@ @» ©(13/C12 - DCE e» @ ©(C13/C2 - VC e DCE (ug/L) e \/C (ug/L)

Verification of contaminant
degradation




Current Facility Status

5 Sites removed from
permit following
assessment

3 Sites closed without
conditions (RMO I)

5 Site closed with
conditions (RMO II)

4 Sites remain in
active remediation

Closed through
assessment

Active

Closed w
Conditions

Closed without
Conditions
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Landfill 2

Landfill 3

AOC R

Launch Test
Area

Ordnance -2

Conclusions

Active
Remediation

2002 - 2007

1985 - 2012

2005 - 2006

2004 - 2009

2004 - 2006

2007-2010

2012-2014

2006 - 2008

2009-2013

2006 - 2011

NFA /Closure

2011

2014

2009

2014

2011

Contaminants
Remaining

TCE — 30 pg/L
VC - 8 ug/L

Cd -3 pg/L

Fe— 59,100 ug/L
Ni — 162 pg/L
TCE - 5 ug/L
VC - 62 ug/L

TCE - 16 pg/L

PCE — 88 ug/L
TCE — 76 ug/L
VC - 15 ug/L

Al — 33,500 ug/L
Fe — 18,000 pg/L



Conclusions

Multiple lines of evidence to demonstrate plume
stability

Majority of data collected during long-term monitoring
and post active remediation

Statistical analysis completed using publically
available software

3 years average time in PARM / plume stability
evaluation

FDEP’s evaluation of plume stablility based on
contaminant concentration in groundwater samples

Future lines of evidence — may include mass
flux/discharge and fate and transport modeling




UCPM Environmental

Thank You

Ed Meyers
UCPM Environmental
emeyers@thomasent.com
321 662 8824



