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Overview

®T he Problam

°How much NAPL mass?
C omponents?

cHow long will the NAPL

persist?
cWhere and when iIs compliance
measured?

®T he “Mass Transfer T est”
® E xample R esults
®| mplications for Modeding
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The Problem

C ompliance: B oundary
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| s this the remedial action goal?
When will we know if this goal was achieved?
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D emonstrate an innovative fiad
technique for estimating the
mass of NAPL 1In subsurface
source zones, NAPL pesistence

Into the future, and the
potential impact of NAPL
source reduction on contaminant
mass discharge




Site Description

Multi- component NAPL source zone
] P-4 fud, BTEX, naphthalene

Variety of NAPL architecture
® E xtensive smear zone from rising water

table, dispersed ganglia

®Pooled NAPL bdow low pemeability, semi-
confining unit

Pilot test of thermal enhanced extraction
(FEE)
® Duration: October 2008 - May 2009

® Mass transfer tests before and after TEE -
thru Nov 2009




in Test Cell

Injection Wells*

Feet
bos @
150

160

Pilot T est
C ross-
S ection

b 70 Feet

("Wwell Locations Approximated)
v

Not to Scale

water table
Thermocouples
Monitoring Well Clusters/Nests*
Injection/Extraction Well Screen Intervals

Monitoring Well Screen Intervals

Extraction Wells*

%

<+— Cobble Zone (Base)

Upper Water
Bearing Zone

Low
Permeability
Zone

Lower
f' Saturated
Zone

/

Aquitard (Top)




W-03

Monitoring Well

,’e
Phase 1 TEE Pilot
Test Cell

= == == - Estimated Extent
of LNAPL

\‘;"__S‘Twe'et‘St‘

&_
E Ulysses Ave

N-02

TT7 :
T

L/
JLLLLCRELLL

\
\

o)
i ] 7 o ' 110
—
. Feet

LNAPL Thickness (feet):
W-01 1.46

VOE .

\

Former Williams Air Force Base
Mesa, Arizona

ST012 Phase 1 TEE
Pilot Test

W-03 0.26
W-05 3.83
W-07 0.00
W-08 0.00
W-09 1.74
W-11 3.61 LNAPL in the Lower Saturated Zone
W-12 0.00 1-3-2009

W-13  0.00

W-30  0.13 ! L

W-32 1.67

BEM&SYSTEMS
RB-1C 0.17 7500 N. Dreamy Draw Drive, Suite 232. Phoenix, AZ 85020

RB-2C  0.05 P 602.266.2011
DPE-01 1583 04-WERC32SWF | January 2009

S Aé()gn‘a‘St

BALANCED ENVIRONMENTAL MANAGEMENT




" Mass Transfer Test
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— @ Extraction well

@ Injection well

[5.4 gpm]® A Monitoring well nest
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Streamlines of Idealized Groundwater Flow During Post TEE LSZ Mass Transfer Test
(PFMs deployed at nested monitoring wells)
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Tec hnologles u tlllzed

® Conventional Monitoring Wel D ata

ocDissolved concentrations of target
chemicals

oWater levds

o NAPL thickness and recharge rate
®| ntegrated Pumping Test (I PT)
ocModified to incdude water injection
cModified to incdude tracer test (bromide)
® P assive F lux Metes (P F Ms)
OVertlcaIIy segmented within multiple




I/)’)a ta Collection

® Conventional Data
® Bromide injections
e 951 mpm ftor 4 hoeuks i the =5 72 b
Aug 08

® 1,851 ppm for 4.3 hours in the UWBZ
in Aug 08

® 2 115 ppm for 255 minutes 0 the L SZ
i Ock U

® PFM Deployment

® 3 5-ft PFMs deployed in each B- series
well (LSZ) in Oct 08

® 3 5-ft PFMs deployed in each A- series




Tracer Tests

LS Z Bromide Injection
(1,951 ppm for 4

Wel |

= EL ayout S

€ Central injection
well
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Bromide Responses
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Monitoring
Well

Radius
from
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(feet)

Benzene Concentration (mg/L)

2006
Sampling
Result

Mass
Transfer
preTEE

Mass
Transfer
postTEE

MWNO1A
MWNO2A
MWNO3A
MWNO4A
MWNOSA
MWNOGA

MWNO1B
MWNO02B
MWNO3B
MWNO4B
MWNOSB
MWNO6B

MWNO1C
MWNO2C
MWNO3C
MWNO4C
MWNO5C
MWNO6C

42
27
61
49
48
24

48
28
60
43
54
18

49
25
57
40
54
18

0.76
2.1
0.26
29
7.8
1.2
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17
26
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24

2.8
5.5
5
8.3
3.9
10

5.5
4.8
1.6
3.7
11

29

18
19
15
15
18
3.6

1.7
3.6
1675
0.76
2.6
5.7

2.9
0.0067
1.6
e
3.3
0.019
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C hanoes:

Reduction in Benzene
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" Passive Flux Meters
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Bulk K

L arge- scale bulk mass transfer coefficient
determined from the | PT (yidds a

maximum ue):
WS, oy - oc

source,i ,ext

2 Q Ci ,ext

AP T eq
Cz’ VIPT

¢ MNAPL = total mass extraction/ dissolution rate of
component i

¢ Q = total extraction rate
¢ C= = equilibrium aqueous concentration

¢ C, . = ooncentration of | in extracted groundwater
¢ K., ,r+ = bulk mass transfer coefficient
¢V, .. = sweep volume
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Model Interpretation

Parameter sensitivity results suggest that concentrations
are controlled by NAPL properties

Decrease in concentration during the test i nfluenced by

K NAPL

=

1 KNAPL

Breakthrough Curves -
Pre-TEE Mass Trans fer
Test




Changes in source zone properties will be eval uated
using the modd as atool to interpret data and constrain
NAPL parameters for post-TEE TOR estimates
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; F/Tn all hOag hts

S ource teems are usually poorly defined

Dissolved plume data provide little
insight to source mass when NAPL

exists and therefore little information on
persistence

Measures In the source zone (ie Mass
T ransfer T est) are needed

S hould we be considering a
“Compliance Time” for the S ource

Z one?
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Flow through

Preferential Pathway

Diffusion of contaminant from NAPL

Moist sand with residual NAPL

Dissolved phase and some NAPL :
Aquitard
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