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AD11502 NS NS NS NS ND NS NS NS NS NS ND NS ND NS NS NS ND NS ND NS
AD11511 NS NS NS NS ND NS NS NS NS NS NS NS NS ND NS NS NS ND NS ND
AD11603 NS NS NS NS ND NS NS NS NS NS NS ND NS NS ND ND NS NS NS NS
AD11619 NS NS NS NS ND ND ND ND ND ND ND ND NS ND ND ND ND ND ND ND
AD11702 NS NS NS NS ND NS NS NS NS NS NS NS ND NS NS NS ND ND NS NS
AD11714 NS NS NS NS ND NS NS NS NS NS NS NS NS ND NS NS NS ND NS NS
BH11603 NS NS NS NS NS ND NS NS NS NS NS ND NS NS ND ND NS NS ND NS
BH11614 NS NS NS NS NS ND NS ND NS NS ND NS ND ND NS NS ND ND NS ND
BH11710 NS NS NS NS ND NS NS NS NS NS ND NS NS NS NS NS NS NS NS NS May '06-no access
BL10810 NS NS ND ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
BL10818A ND ND ND ND 0.5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
BL10819 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.069 LJ ND ND 0.071 LJ ND
BL10825 ND ND ND ND 0.5 J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
CP11510 NS NS NS NS ND ND ND ND ND ND ND ND NS ND ND ND ND ND ND ND
CP11610 NS NS NS NS ND NS NS NS NS NS NS NS ND NS NS NS ND NS NS NS
CP11650 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
CP11710 NS NS NS NS NS NS NS NS NS NS NS ND NS NS ND ND NS NS ND NS
CP11711 NS NS NS NS NS NS ND NS NS NS NS ND NS NS ND ND NS ND NS ND
CP11718 NS NS NS NS NS NS NS NS NS ND ND ND NS ND NS NS NS NS NS NS
DK11503 NS NS NS NS NS ND NS NS NS NS NS NS ND NS NS NS NS NS NS NS
DK11603 NS NS NS NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS ND NS
DK11611 NS NS NS NS ND NS NS NS NS NS ND NS NS ND NS NS NS ND NS ND
DK11702 NS NS NS NS NS NS NS ND NS NS NS NS ND NS NS NS ND NS NS NS
DK11703 NS NS NS NS NS NS ND NS NS NS NS ND NS NS NS ND NS NS NS ND
DK11707 NS NS NS NS NS NS ND NS NS NS NS NS NS NS NS NS ND NS NS NS
DK11710 NS NS NS NS NS NS NS NS NS NS ND NS NS NS NS NS NS NS NS NS
DK11718 NS NS NS NS ND NS ND NS NS NS NS NS NS ND NS NS NS ND NS NS
DK11719 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
DM11502 NS NS NS NS NS ND NS NS NS NS NS NS NS ND NS NS NS NS NS NS
DM11506 NS NS NS NS NS ND NS ND NS NS ND NS ND NS NS NS ND ND NS NS
DM11507 NS NS NS NS NS ND NS NS NS NS NS ND NS NS ND ND NS ND NS ND
DM11509 NS NS NS NS NS NS NS ND ND NS NS NS NS NS NS NS NS NS NS NS
DM11513 NS NS NS NS NS NS NS NS NS NS NS NS NS ND NS NS NS NS ND NS
DM11515 NS NS NS NS NS NS ND NS ND NS NS NS ND NS NS NS ND ND NS ND
DM11715 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS No access, unable to contact owner.
ES11610 ND ND ND ND ND ND ND ND ND ND ND ND ND ND NS ND ND ND ND ND
ES11627 1.9 1.6 2.2 3.4 3.1 J 2.4 3 6.1 4.2 2.7 1.1 3.1 3.3 2.4 4.2 7.1 6 4 2.9 2.8 Filtration System added Feb. '05.
ES11630 NS 0.3 J ND ND ND 1 ND ND 0.99 0.17 J 1.6 1.4 1.9 1 1.1 0.63 1.1 0.97 0.95 0.75
ES11643 0.3 J ND ND .35 J ND ND 0.36 J ND 0.57 0.84 0.86 0.55 0.76 0.56 0.5 0.41 LJ 0.59 0.95 1.3 0.58

ES11703 NS ND ND ND ND ND ND ND ND ND ND ND NS NS NS NS NS NS ND NS

Jul. '06, Aug. '06, Nov. '06, Feb '07, May 
'07, Aug '07, and Feb '08 - no power to 
well; house under construction.

ES11713 NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ES11718 NS NS ND ND NS ND ND ND ND ND ND ND ND ND NS ND ND ND ND ND Nov. '06 no access gate locked.
ES11730 NS NS NS NS NS NS NS NS NS NS ND ND ND ND ND ND ND ND ND ND
FB11502 NS NS NS NS NS ND NS NS ND ND NS NS NS NS NS NS NS ND NS ND

FB11607 NS NS NS NS ND NS NS NS NS NS ND NS NS NS NS NS NS NS NS NS
Nov. '06 & Feb '07 - sampling refused by 
owner.

FB11610 NS NS NS NS ND NS ND NS NS NS NS ND NS NS NS NS NS NS NS NS May '06-no access
FB11614 NS NS NS NS ND NS NS NS NS NS ND NS NS ND NS NS NS NS ND NS
FV11014 204 178 240 590 240 210 240 200 210 200 270 470 230 230 281 207 206 11.6 115 103 Filtration System
FV11022 36.2 53.2 48 42 36 57 J 40 37 38 57 45 44 47 52 62.2 64.8 42.3 43.4 64 57 Filtration System
FV11023 183 153 190 240 190 210 170 140 120 130 150 90 130 130 145 142 130 104 93.1 89.2 Filtration System

FV11025 NS NS NS NS 5.5 7.3 NS NS NS NS NS NS NS NS NS NS NS NS NS NS

Filtration System Refused by Owner. 
Sampling refused by owner as of  Nov. 
'04

Table 6
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FV11102 NS 6.3 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
No access from owner, filtration system 
refused.

FV11110 0.6 0.9 0.68 0.81 ND 0.98 0.20 J 0.36 J 0.51 0.57 0.46 J 0.33 LJ 0.47 LJ ND 0.32 LJ 0.35 LJ ND 0.39 LJ 0.23 LJ ND

FV11118 ND ND ND ND ND ND ND ND ND 0.076 J ND ND ND ND ND 0.069 LJ ND ND 0.10 LJ ND
Owner installed filtration system as of 
Feb. '06.

FV11123 ND ND 0.23J ND ND 0.29 J 0.15 J 0.25 J ND 0.16 J 0.15 J ND 0.19 LJ ND 0.10 LJ 0.13 LJ ND ND 0.12 LJ ND
FV11127 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
FV11130 11.3 5.3 8.1 10 7.6 4 3.2 6.9 4.8 5 7.9 3.7 9.9 11 14.6 17.5 31.6 36.6 40.4 45 Filtration System
FV11135 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
FV11202 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND Re-sampled July '06.
FV11203 ND NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

FV11210 ND NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Owner installed filtration system as of 
Feb. '06.  Sample taken from faucet May 
07'

FV11215 ND NS NS NS ND ND ND ND ND ND ND ND 0.16 LJ ND ND ND ND ND ND ND
Owner installed filtration system as of 
Feb. '06.

FV11226 ND NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

FV11231 ND NS NS NS 2.6 J ND ND ND ND ND ND ND ND ND ND NS ND ND ND NS
Feb '07 and Feb '08 - No power to the 
well.

FV11302 NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
FV11306 ND NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND Shares well with FV11314
FV11315 NS NS NS NS ND NS ND ND ND ND ND ND 0.26 LJ ND ND ND ND ND ND ND
FV11319 NS NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND Re-sampled July '06.
FV11322 NS NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND NS ND No Access-Gate Locked Nov '07
FV11326 NS NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
GL11302 NS NS NS NS NS ND ND ND NS NS NS NS NS NS NS NS NS NS NS NS
GL11310 NS NS NS NS ND ND ND ND ND ND NS ND ND ND ND ND ND ND ND ND
GL11402 NS NS NS NS NS ND ND ND NS NS NS ND ND ND ND ND ND ND ND ND
GL11422 NS NS NS NS ND ND ND NS NS NS NS NS NS NS NS NS NS NS NS NS No access. Gate locked.
GL11502 NS NS NS NS ND ND ND ND NS NS NS NS NS NS NS NS NS NS NS NS
GL11503 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
GL11506 NS NS NS NS NS ND ND ND NS ND ND ND ND ND ND ND ND ND ND ND
GL11514 NS NS NS NS ND ND ND ND NS ND ND ND ND ND ND ND ND ND ND ND
GL11606 NS NS NS NS ND ND ND ND NS ND ND ND ND ND ND ND ND ND ND ND
GL11614 NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
GL11622 NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

GL11702 NS NS NS NS ND ND ND ND NS ND ND ND NS NS NS NS NS NS NS NS
May '06-not sampled per owner's 
request.

JR11010 ND ND ND ND ND ND ND ND ND 0.14 J ND 0.18 LJ ND ND 0.13 LJ ND ND ND 0.28 LJ 0.21LJ

JR11043 NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND 0.083 LJ ND ND 0.14 ND
Shares w/PWS well JR11035. Too far 
south, not on the map.

JR11414 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
JR11427 9 9 12 19 14 20 20 21 24 24 24 21 29 31 43.2 47.4 43.9 50.4 41.2 37.4 Filtration System
JR11503 NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

JR11515 0.7 1 0.75 0.62 ND 1 0.58 0.82 0.57 1.2 NS NS NS NS NS NS NS NS NS NS
Oct.'05-not sampled per owner's request.  

JR11526 NS 1.2 1.8 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS Shares well with JR11528.

JR11527 NS NS NS 180 94 79 120 93 190 68 89 100 94 100 124 127 141 137 122 110
Could not sample prior to Nov. '03. 
Filtration System.

JR11528 1.3 1.5 1.3 2.6 1.5 3 2.2 3.1 1.7 2.9 3.6 J 6 3.4 J 3.1 4.3 4.5 3.9 6.6 9.6 6.6 Filtration system installed  June '06.

JR11535 121 101 71 ND 69 45 84 64 140 64 57 67 50 71 67.4 84.7 75.1 85.5 83.9 74.7
Filtration System. Feb. '04 result is 
correct. Shares well with FV11011.

JR11600 0.8 1.1 1.4 2.7 2.4 1.8 J 1.9 JV 1.8 2.2 2.2 JV 2 3.3 J 2.1 3.4 3.4 J 5.3 4.4 4.2 7.1 6.2
JR11614 8.8 10.2 14 15 15 21 16 18 19 22 36 31 28 33 42.5 23.4 30.8 33.8 33.8 28.2 Filtration System
JR11620 ND ND 0.15J .43J ND .39 J 0.29 J 0.44 J 0.15 J 0.36 J 0.40 J 0.43 LJ 0.46 LJ ND 0.58 0.7 0.63 ND 1.1 0.72
JR11642 0.6 1.2 0.86 2.2 0.77 1.7 1.4 1.6 0.64 1.6 1.6 2.3 2.1 1.6 1.7 1.6 3.8 11.3 24 28 Filtration System
JR11646 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
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JR11650 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
JR11655 ND ND ND ND ND ND ND ND ND ND ND 0.14 LJ ND ND ND ND ND ND 0.092 LJ ND
JR11663 ND NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
JR11702 ND NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
JR11707 ND NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
JR11718 ND NS NS NS ND NS NS NS NS NS NS NS ND ND ND ND NS ND ND ND No access. Gate locked May '07.
JR11729 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
JR117291/2 ND NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
JRW11050A ND NS ND ND ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
JRW11107 ND NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
JRW11203 ND NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
JRW11206 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
JRW11215 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
JRW11222 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
JRW11234 ND NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
JRW11351 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
JRW11352 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
JRW11354 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
JRW11358 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
MI11502 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
MI11507 NS NS NS NS NS ND NS NS NS NS NS NS NS NS ND ND NS ND NS ND
MI11510 NS NS NS NS ND NS NS NS NS NS NS NS NS ND NS NS ND ND NS ND
MI11515 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS ND NS
MI11603 NS NS NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS
MI11611 NS NS NS NS ND NS NS ND NS NS ND NS NS ND NS NS ND NS ND NS
OV11503 NS NS NS NS ND ND ND ND NS NS NS ND ND ND ND ND ND ND ND ND

OV11507 NS NS NS NS NS ND ND NS NS NS NS NS ND ND ND ND ND ND ND NS
No power to well in Nov. '05 and Feb. '06.

OV11519 NS NS NS NS ND ND ND ND NS NS NS NS NS NS NS NS NS NS NS NS
OV11523 NS NS NS NS NS ND ND ND NS NS NS NS NS NS NS NS NS NS NS NS
OV11527 NS NS NS NS NS ND ND ND ND NS NS NS NS NS NS NS NS NS NS NS
OV11534 NS NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
OV11547 NS NS NS NS .38 J ND ND ND NS NS ND ND ND ND ND ND ND ND ND ND
OV11602 NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
OV11603 NS NS NS NS ND ND ND ND NS ND ND ND ND ND ND ND ND ND ND ND
OV11610 NS NS NS NS ND ND ND ND NS ND ND ND ND ND ND ND ND ND ND ND
OV11618 NS NS NS NS ND ND ND ND NS ND ND ND ND ND ND ND ND ND ND ND
OV11623 NS NS NS NS ND ND ND ND NS ND ND ND ND ND ND ND ND ND ND ND

OV11626 NS NS NS NS ND ND ND ND NS ND NS NS NS NS  NS NS ND ND ND ND
Pump broken Nov. '05; shares well with 
OV11618

OV11634 NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND Re-sampled July '06.

OV11635 NS NS NS 0.91 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Feb '04 duplicate samples: ND & 0.91

OV11642 ND NS NS NS ND ND ND ND NS ND ND ND ND ND ND ND ND ND ND ND
OV11651 NS NS NS NS ND ND ND ND NS NS NS NS NS NS NS NS NS NS NS NS
OV11738 NS NS NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS
PH11602 ND NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND Re-sampled July '06.

PH11603 ND NS NS NS ND ND ND ND 2.8 ND NS NS NS NS NS NS NS NS NS NS
No water to well Nov. '05; gets water from 
PH11610

PH11610 ND NS NS NS ND ND ND ND 3.4 ND ND ND ND ND ND ND ND ND ND ND Re-sampled July '06.
PH11611 ND NS NS ND ND ND ND ND 1 ND ND ND ND ND ND ND ND ND ND ND Re-sampled July '06.
PH11618 ND NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PH11619 ND NS NS NS ND ND ND ND NS ND ND ND ND ND ND ND ND ND ND ND Re-sampled July '06.
PH11626 ND NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND NS ND ND No power to well Aug '07
PH11627 NS NS NS NS ND ND ND ND NS ND ND ND ND ND ND ND ND ND ND ND
PH11643 NS NS NS NS ND ND ND ND NS ND ND ND ND ND ND ND ND ND ND ND
PH11650 ND NS NS NS ND ND ND ND NS ND ND ND ND ND ND ND ND ND 0.051 LJ ND



T:\Projects\Commercial\Clients\TCEQ\Jones Road\Archive\26 137226 WO2010019 FY10 SESC FS Report\Task 02 Finalize FS Report\Tables\Table 6 Feb 2008 RGY.xlsx Page 4 of 7

Updated: April 28, 2008

Location ID May '03 Aug. '03 Nov. '03 Feb. '04 May '04 Aug. '04 Nov. '04 Feb. '05 May '05 Aug. '05 Nov. '05 Feb. '06
May/ Jul. 

'06 Aug. '06 Nov. '06 Feb. '07 May '07 Aug. '07 Nov. '07 Feb. '08
Additional Comments

Table 6
Quarterly PCE Groundwater Sampling Results - May 2003 through February 2008

Jones Road Groundwater Plume Federal Superfund Site (SUP075)
Harris County, Texas

Shaw Project Number 137226

PH11651 NS NS NS NS ND ND ND ND NS ND ND ND ND ND ND NS NS NS NS NS
Feb. '07 not sampled per owner's request 

PH11702 NS NS NS NS NS NS NS NS NS NS NS ND ND ND ND ND ND ND ND ND

PH11710 NS NS NS NS NS NS NS NS NS NS NS ND NS NS NS NS NS NS NS NS
May '06-not sampled per owner's 
request.

PH11713 NS NS NS NS ND NS NS NS NS NS NS NS ND ND ND ND ND ND ND ND
PH11722 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
PH11738 NS NS NS ND ND NS NS NS NS NS NS NS ND ND ND ND ND ND ND ND

PH11739 NS NS NS NS NS NS NS NS NS NS NS NS ND ND NS NS NS NS NS NS
Nov. '06 - no access gate locked; Feb '07 
- not sampled per owner's request. 

TC11018 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.27 LJ ND ND
TC11019 1.5 2.9 1.4 2.5 .5 J 5.1 2.4 3.8 5.3 3.8 5.4 ND ND 8.8 7.4 13.2 23 20.6 17.4 22.8 Filtration System

TC11022 4.7 5.3 6.8 6.1 7.4 6.2 7.5 9.5 8 12 15 15 16 17 19.4 15 12.3 11.2 8.6 9.2
Filtration System.  Re-sampled July '06.

TC11027 NS NS NS NS 10 6.6 13 12 8.7 10 23 17 18 11 NS NS 16 21.9 21.1 22.4

Filtration System. No power to the well 
through Feb '04.  Re-sampled July '06.  
Nov. '06 and Feb '07 - no power to well.

TC11034 ND 0.5 ND ND ND ND ND ND ND 0.37 J 0.28 J 0.28 LJ 0.31 LJ 0.73 0.37 LJ 0.57 ND 0.23 LJ 0.58 ND
TC11035 1.6 ND 0.26J 1.4 .4 J 0.31 J 0.99 0.33 J ND 0.57 2.1 1.1 1.1 0.82 1.9 2.5 ND 2.3 4.9 2.5
TC11103 ND ND ND ND ND ND ND ND ND ND 0.14 J ND 0.090 LJ ND ND ND ND ND ND ND Filtration System

TC11104 58.4 50.2 96 140 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Currently sharing water with the well 
located at TC11034.

TC11106 1.4 1.9 1.4 2.2 2.3 J 2.9 2.7 2.3 ND 4.4 4 4 3 3.1 2.9 3.5 2.4 2.6 3.3 2.4 2 wells- 1st drilled

TC11107 13.4 11 15 14 17 16 18 21 18 21 19 J 17 20 21 32.8 35.7 NS 29.1 31.1 39.4

Filtration System.  Unable to sample 
because pump head disconnected Aug 
'07.  

TC11108 ND 0.5 ND .18J ND .2 J ND 0.16 J ND 3 NS NS NS NS NS NS NS NS NS NS Shares well with TC11106.
TC11110 1.2 1 1.2 1.5 ND 1.9 1.8 1.3 2.6 1.8 2.3 3.1 3.1 3.4 3.1 2.2 2.2 1.7 2 1.8
TC11115 NS 12.3 16 12 21 21 19 20 30 23 13 J 24 32 J 15 41.5 38 33.1 29.1 44 32.3 Filtration System
TC11118 2 1.7 2.6 4.4 3 J 6.1 3.3 3.7 3.1 3.5 4.4 5.7 J^ ND 5.6 5.8 4.8 4.5 5.5 5.6 6.6 Filtration System

TC11126 2.7 3.2 3.1 5.1 6.6 10 5.7 7.7 7.1 7.1 6.7 7.2 J^ 7 5.1 10.1 8.6 7.1 8 7.4 NS
Filtration System.  No power to well Feb 
'o8.

TC11130 1.9 1.9 1.4 3.7 3.8 J 4.4 1.9 1.4 1.8 3.4 3.2 2.3 4.4 7.3 10.8 6.4 6.3 5.2 5.3 4.2 Filtration System installed Oct. '06.

TC11132 ND ND ND ND ND ND ND NS ND ND ND ND ND ND NS ND ND ND ND NS
Nov. '06 no access gate locked.  No 
power to well Feb '08.

TC11135 ND NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

TC11140 ND NS ND .19J .42 J ND ND ND 0.32 J 0.30 J 0.38 J 0.29 LJ 0.38 LJ 0.40 LJ 0.47 LJ 0.44 LJ ND 0.53 0.61 0.40LJ
Feb '07 - sample taken from kitchen 
faucet per owner's request.

TC11203 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TC11206 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

TC11214 ND ND ND ND ND ND ND ND ND ND ND ND ND ND NS NS ND ND ND ND
Nov. '06 and Feb '07 no access gate 
locked.

TC11215 ND NS NS NS NS ND ND NS ND ND ND ND ND ND ND ND ND ND ND ND

The pump had problems, the sampler 
could not complete the purge in Feb. '05.

TC11219 ND NS NS ND ND ND ND ND NS NS NS ND ND ND ND ND ND ND ND ND
TC11227 ND NS NS NS NS ND ND ND NS NS NS NS NS NS NS NS NS NS NS NS
TC11303 ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
TC11315 NS NS NS NS ND ND ND ND NS NS NS ND ND ND ND ND ND ND ND ND
TC11318 ND NS NS NS NS ND ND ND NS NS NS NS NS NS NS NS NS NS NS NS
TC11330 NS NS NS NS NS ND ND ND NS NS NS ND ND ND ND ND ND ND ND ND

TC11331 NS NS NS NS NS ND NS NS NS NS NS ND ND ND ND ND ND NS ND ND
No power to the well Nov. '04 to Feb. '06  
No power to well Aug '07.

TH11602 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
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TH11603 ND ND ND ND ND ND ND ND ND ND ND ND 0.64 ND ND ND ND ND ND ND

Multiple spigots needed to be used to get 
the pump running continuously.

TH11610 10.6 3.1 11 6 6.4 11 4.1 9.8 15 NS NS NS NS NS NS NS NS NS NS NS
Filtration system removed prior to Aug. 
'05 at owner's request.

TH11611 ND ND ND ND .27 J ND 0.21 J ND ND 0.32 J 0.36 J 0.66 ND 0.57 1.1 0.85 0.85 0.91 0.84 0.34LJ
TH11618 7.9 ND ND 4.8 7.6 5.6 ND 2.3 22 ND ND ND 0.64 ND ND 26.2 136 89.9 93.5 98.5 Filtration System

TH11619 ND ND ND ND ND ND ND ND ND NS NS NS NS NS NS NS NS NS NS NS
Per owner request, not sampled Aug.'05.

TH11620 ND ND ND ND ND ND ND ND ND 0.19 J 0.15 J 0.21 LJ 0.11 LJ ND ND 0.056 LJ ND ND 0.071 LJ ND

TH11627 NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Currently sharing water with the well 
located at TH11635.

TH11635 ND NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TH11642 ND ND ND ND ND ND ND ND ND 0.19 J 0.18 J ND 0.20 LJ 0.24 LJ 0.19 LJ 0.27 LJ 0.21 LJ 0.22 LJ 0.32 LJ ND
TH11643 ND NS NS NS ND ND ND ND ND 0.11 J ND ND ND ND ND ND ND ND 0.059 LJ ND
TH11651 NS NS NS NS ND NS ND ND NS NS NS NS NS NS NS NS NS NS NS NS
TH11703 ND NS NS NS ND ND ND ND NS ND ND ND ND ND ND ND ND ND ND ND
TH11713 NS NS NS NS ND ND ND ND NS ND ND ND ND ND ND ND ND ND ND ND
TH11722 NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

TH11723 NS NS NS NS NS ND NS NS NS ND ND 7.8 J ND ND ND ND ND ND ND ND

Feb. '06-Owner independently sampled 
well and declined filtration system.

TH11733 NS NS NS NS NS NS NS NS NS NS NS NS 0.11 LJ ND ND ND ND NS ND ND
TH11737 NS NS NS NS NS NS NS NS NS NS NS NS ND ND ND ND ND ND ND ND
TO10615 ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS Too far east, not on map.
TO10619 NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS Shares Well with TO10627
TO10624 ND NS NS ND ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
TO10627 ND NS ND NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TO10635 ND NS ND ND ND ND ND ND ND NS ND ND ND ND ND ND ND ND ND ND
TO10700 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TO10700LPT NS NS NS NS NS NS NS NS NS NS NS NS NS NS ND ND ND ND ND ND Well discovered Nov. 2006
TO10727 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.051 LJ ND
TO10827 0.5 NS 0.97 1.5 1.3 2 1.7 2 2.6 3.4 2.0 J 2.6 3 3.5 3.4 4 6 5.6 5 5.1 Filtration system installed July 2007.
TO10830 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

TO10835 2 2.8 3.8 6.6 8.8 7.8 6.2 13 10 9.7 5.9 ND NS 10 14.8 18.1 15.5 NS 24 29.6
Filtration System.  No access Aug '07.

TO10902 7.1 13.8 16 12 10 16 17 19 16 21 28 J 41 41 41 37.9 48.2 20.4 35.1 24.6 26.8
Filtration System.  Re-sampled July '06.

TO10903 18.2 16.8 7.9 37 20 22 25 28 42 33 41 51 J^ 54 56 66.5 67.4 65.2 74.2 99 75.3
Filtration System. Re-sampled July '06.

TO11011 ND NS NS NS NS NS ND ND ND ND ND ND NS NS NS NS NS NS NS NS May '06-no power to well.
TO11023 NS NS NS NS 0.51 0.64 J 0.38 J 0.63 1.6 0.76 0.55 0.35 LJ 0.6 ND 0.56 1.5 1.4 1.7 2.1 1.2 Difficult to access

TO11024 24.5 19.9 30 37 15 18 22 25 18 32 33 42 25 NS NS NS NS NS NS NS

Filtration System. No power to well Aug. 
'06, Nov. '06, Feb. '07, May 07, Aug '07', 
Nov '07, and Feb '08.

TO11033 0.5 0.8 NS 1.1 1.2 1.4 1.4 1.4 1 NS 1.9 2.1 2.7 3.9 3.7 4.2 4.2 4 2.8 1.8 No power to well Aug. '05.
TO11051 ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS Shares Well with TO11033

TO11102 0.3 J 0.8 0.64 0.92 NS 1.1 0.99 NS NS NS NS NS NS NS NS NS NS NS NS NS
Sampling crew was unable to contact 
owner. Difficult to access. 

TO11115B ND NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TO11116 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND Shares Well with TC11131
TO11116MO NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TO11202 ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS ND ND ND ND
TO11205 ND NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

TO11230 ND NS NS NS NS ND NS NS NS NS NS NS ND ND ND ND ND ND NS ND
No power Nov. '04 to Feb. '06 and Nov 
'07.

TO11305 NS NS NS NS NS ND ND ND ND ND ND ND NS NS NS NS NS NS NS NS
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Location ID May '03 Aug. '03 Nov. '03 Feb. '04 May '04 Aug. '04 Nov. '04 Feb. '05 May '05 Aug. '05 Nov. '05 Feb. '06
May/ Jul. 

'06 Aug. '06 Nov. '06 Feb. '07 May '07 Aug. '07 Nov. '07 Feb. '08
Additional Comments

Table 6
Quarterly PCE Groundwater Sampling Results - May 2003 through February 2008

Jones Road Groundwater Plume Federal Superfund Site (SUP075)
Harris County, Texas

Shaw Project Number 137226

TO11309 NS NS NS NS NS NS ND ND ND ND ND ND NS NS NS NS NS NS NS NS
TO11310 NS NS NS NS NS ND ND ND NS NS NS NS NS NS NS NS NS NS NS NS
TO11314 NS NS NS NS NS ND ND ND NS NS NS NS NS NS NS NS NS NS NS NS

TO11335 NS NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS NS NS NS NS

No Access , Gate locked.  Aug '07-not 
sampled per property manager's request.

TO11338 ND NS NS NS ND ND ND 0.25 J ND ND ND ND ND ND ND ND ND ND ND ND
TT11011 13.2 10.8 6.2 18 16 J 31 J 21 26 31 29 32 37 39 32 42.1 57.1 48.1 52.7 69 67.4 Filtration System

TT11014 27.3 25.7 24 38 28 20 16 25 20 32 27 59 44 26 31.6 99.6 106 95.2 140 80.6
Filtration System.  Re-sampled July '06.

TT11015 *ND *ND *ND *ND *ND *ND *ND *ND *ND 30 30 38 42 28 32.6 36.8 27.3 23.1 28 28.6

* Filtration System inside the Garage.  
Difficult access, unable to contact owner.

TT11031 NS 5.3 7.1 12 9.1 11 7.4 12 14 9.2 15 14 13 7.6 11.9 10.5 13 9.3 NS 8.1
Filtration System -No Access-Gates Lock 
Nov '07

TT11039 ND 0.8 NS 0.2J .23 J ND 0.88 0.45 J 0.63 2.7 3.6 1.9 NS NS NS NS NS NS NS NS May '06-no access
TT11102 0.4 J 1.1 ND 0.55 0.54 0.84 0.82 0.93 0.86 1.3 1.5 1.3 ND 0.76 0.64 0.26 LJ 0.28 LJ ND 0.22 LJ ND
TT11103 ND ND ND 0.12J ND ND ND ND ND 0.15 J 0.21 J 0.16 LJ ND ND ND 0.073 LJ ND ND ND ND

TT11106 22.4 7.4 6 9.9 12 19 7.9 7.9 6.7 4.8 6.5 6.4 4.8 33 66.3 62.9 62.4 45.5 31 16.3
Filtration System.  Pump replaced Mar. 
'06.

TT11107 4.2 3.7 5.3 7.5 5.2 9.7 9.4 16 19 35 44 38 J 57 98 120 142 129 158 230 183 Filtration System
TT11112 ND ND ND ND ND ND 0.093 J 0.24 J 0.27 J 0.23 J 0.28 J ND ND ND ND 0.085 LJ ND ND 0.17 LJ 0.17LJ
TT11114 ND ND ND ND ND ND ND 0.17 J 0.16 J 0.26 J 0.23 J ND 0.11 LJ ND 0.15 LJ 0.15 LJ ND ND 0.16 LJ ND
TT11115 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS ND ND ND ND ND New residence Feb. '07.
TT11118 1.4 1.6 1.5 1.3 1.2 1.7 1.2 1.5 1.3 1.7 NS NS NS NS NS NS NS NS NS NS No power as of Nov. '05.

TT11123 4.5 NS 2.7 2.7 NS 8.9 5.8 8.8 NS 8.1 6.8 6 NS 4.1 3.7 NS NS NS 11 NS

Filtration System. Difficult to access.  
Feb. '07,  May 07', and Aug '07, and Feb 
'08.

TT11124 ND 0.6 ND 0.54 .4 J ND 0.34 J 0.28 J 0.26 J 0.33 J 0.42 J 0.47 LJ 0.37 LJ ND 0.35 LJ 0.32 LJ ND 0.38 LJ ND 0.43LJ
TT11127 4.7 3.1 3.9 14 21 23 13 20 15 15 4.6 2.8 ND 3.5 2 12.4 14.6 16.4 23 23.3 Filtration System
TT11131 3.6 3 3.4 6 5.8 5.8 4.7 4.9 3.4 6.6 4 4.8 6.3 4 4.5 8.3 10.8 13.1 23 25.4 Filtration System
TT11139 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TT11202 ND NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND Re-sampled July '06.

TT11203 ND ND ND ND ND ND ND ND ND 0.16 J 0.17 J ND ND ND 0.17 LJ 0.18 LJ NS NS NS NS
Owner requests no further sampling as of 
Feb. '07

TT11215 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND Re-sampled July '06.
TT11219 ND NS NS NS NS ND ND ND ND NS NS NS NS NS NS NS NS NS NS NS
TT11222 ND NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TT11227 ND NS NS NS NS ND ND ND ND NS NS NS NS NS NS NS NS NS NS NS
TT11230 NS NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
TT11303 ND NS NS NS NS ND ND ND ND NS NS ND ND ND ND ND ND ND ND ND Re-sampled July '06.

TT11306 NS NS NS NS ND ND ND ND ND ND ND ND NS ND ND ND ND ND ND ND
Planned to re-sample July '06 - no power 
to well.

TT11322 NS NS NS NS NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND Re-sampled July '06.
TT11323 NS NS NS NS NS ND ND ND ND NS NS NS NS NS NS NS NS NS NS NS
WE10514 NS NS NS NS NS NS NS NS NS ND NS NS NS NS NS NS NS NS NS NS Too far east, not on map.
WE10710 NS NS NS NS NS NS NS NS NS NS NS NS ND ND ND ND ND ND ND ND
WE10711 NS NS NS NS NS NS NS NS NS NS NS NS ND ND ND ND ND ND ND ND Re-sampled July '06.
WE10715 ND NS ND ND ND ND ND ND NS NS NS ND ND ND ND ND ND ND ND ND
WE10719 ND NS ND ND ND ND ND ND NS NS NS ND ND ND ND ND ND ND ND ND
WE10727 ND NS ND ND ND ND ND ND NS NS NS ND ND ND ND ND ND ND ND ND
WE10814 ND NS ND ND ND ND ND ND ND ND ND 0.23 LJ ND ND ND ND ND ND ND ND No power May and Aug. '05.  
WE10815 ND NS ND ND ND ND ND ND NS NS ND ND ND ND ND ND ND ND ND ND Re-sampled July '06.
WE10831 ND NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
WE10931 ND NS ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
WE11322 ND NS NS NS ND ND ND ND ND NS NS NS NS NS NS NS NS NS NS NS
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Location ID May '03 Aug. '03 Nov. '03 Feb. '04 May '04 Aug. '04 Nov. '04 Feb. '05 May '05 Aug. '05 Nov. '05 Feb. '06
May/ Jul. 

'06 Aug. '06 Nov. '06 Feb. '07 May '07 Aug. '07 Nov. '07 Feb. '08
Additional Comments

Table 6
Quarterly PCE Groundwater Sampling Results - May 2003 through February 2008

Jones Road Groundwater Plume Federal Superfund Site (SUP075)
Harris County, Texas

Shaw Project Number 137226

Sampling 
Results 

Summary May '03 Aug. '03 Nov. '03 Feb. '04 May '04 Aug. '04 Nov. '04 Feb. '05 May '05 Aug.' 05 Nov. '05 Feb. '06
May/Jul. 

'06 Aug. '06 Nov. '06 Feb '07 May '07 Aug. '07 Nov. '07 Feb. '08 EXPLANATION OF COLORS
# of green 
sampling 
results

104 45 67 69 158 153 157 151 107 118 126 138 140 143 133 136 141 142 138 138 PCE  < 0.5 ppb 
(Quantitation Limit)

# of yellow 
sampling 
results

22 26 20 21 16 19 19 16 22 20 16 15 16 17 18 13 12 11 13 10 PCE  >=0.5  to <= 5.0

# of red 
sampling 
results

17 19 20 24 27 29 23 26 25 25 27 27 22 25 24 28 28 30 30 31 PCE > 5.0 ppb (MCL)

# of Yellow 
plus Red

39 45 40 45 43 48 42 42 47 45 43 42 38 42 42 41 40 41 43 41

Total 
Addresses 
Sampled

143 90 107 114 201 201 199 193 154 163 169 180 178 185 175 176 181 183 181 179

Total # of 
Filtration 
Systems

24 24 24 27 29 32 32 33 33 31 31 31 32 32 33 33 34 34 35 35

Notes:
All results are prior to filtration system, unless otherwise indicated in comments.
* Filtration System inside the Garage. No access. Sampling at nearest outside faucet prior to August 2005.
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EXECUTIVE SUMMARY

Soil and groundw
ater sam

ples from
 the Jones R

oad G
roundw

ater Plum
e Federal Superfund Site 

(Jones R
oad), H

ouston, Texas w
ere used to perform

 rem
edial technology treatability studies.

Sam
ples w

ere collected from
 the site during the sum

m
er of 2006 and the laboratory treatability 

study tests w
ere conducted during the Fall of 2006.  Tetrachloroethene (PC

E) and its daughter 
products are present in site soils and groundw

ater in shallow
 (w

ater table) and deeper aquifer 
zones.  Insitu chem

ical oxidation (ISC
O

) treatability studies w
ere perform

ed using potassium
 

perm
anganate 

and 
activated 

persulfate 
oxidation 

at 
the 

Shaw
 

Technology 
D

evelopm
ent

Laboratory (TD
L) in K

noxville, Tennessee.  B
iostim

ulation, bioaugm
entation, and Zero V

alent 
Iron 

(ZV
I) 

treatability 
studies 

w
ere 

perform
ed 

at 
the 

Shaw
 

Technology 
Laboratory 

in 
Law

renceville, N
ew

 Jersey.

Treatability tests for potassium
 perm

anganate
and bioaugm

entation w
ith lactate w

ere m
ost

effective in treating PC
E and its daughter products.  To a lesser extent, activated persulfate 

oxidation also reduced PC
E and its daughter products.  Im

plem
entation of insitu technologies at 

the Jones R
oad site w

ill be com
plicated due to the clays, the presence of discontinuous clayey 

sand, and sand lenses beneath the site.  Initial pilot testing should be perform
ed using potassium

 
perm

anganate to treat source zone contam
ination

in the shallow
 28-50 foot depth saturated zone. 

D
eeper contam

ination, greater than 50 feet, m
ay be part of a follow

-up pilot test using 
bioaugm

entation and lactate to develop treatm
ent zones as contam

inant m
igration barriers.  Prior 

to the final design of a pilot study, a detailed conceptual site m
odel (C

SM
) show

ing the 
subsurface, and a hydraulic analysis of the site (in and around the form

er B
ell D

ry C
leaners), is

needed.  The C
SM

 w
ill help determ

ine w
here to install pilot test injection/extraction w

ells and 
m

onitoring points, as w
ell as provide inputs for dosage control and flow

 rates. 
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1.0
INTRODUCTION

Shaw
 

Environm
ental, 

Inc. 
(Shaw

) 
is 

pleased 
to 

present 
to 

the 
Texas 

C
om

m
ission 

on 
Environm

ental Q
uality (TC

EQ
) this Treatability Study R

eport for soils and groundw
ater

contam
ination at the Jones R

oad G
roundw

ater Plum
e Federal Superfund site (Jones R

oad), 
located in H

ouston, Texas.  The w
ork item

s perform
ed as part of this treatability study w

ere 
presented to the TC

EQ
 in the Treatability Study W

ork Plan (Shaw
, O

ctober 12, 2006).  The
follow

ing technologies w
ere included in the W

ork
Plan for consideration at the Jones R

oad site: 

� 
A

ctivated Persulfate Insitu C
hem

ical O
xidation (ISC

O
) 

� 
Potassium

 Perm
anganate ISC

O
 

� 
B

iostim
ulation

� 
B

ioaugm
entation

� 
A

biotic Treatm
ent U

sing Zero V
alent Iron (ZV

I) 

The ISC
O

 technology treatability studies w
ere perform

ed
at Shaw

’s technology developm
ent

laboratory (TD
L) located in K

noxville, Tennessee.  The biostim
ulation, bioaugm

entation, and
ZV

I treatability studies w
ere perform

ed at Shaw
’s Technology Laboratory in Law

renceville,
N

ew
 Jersey.  Standard O

perating Procedures (SO
Ps) and standard industry practices, procedures, 

and professional judgm
ent w

ere used by the Shaw
 labs during these studies.  Sam

ples for the 
treatability studies w

ere collected during the sum
m

er of 2006 as part of the G
eoprobe

® and deep 
w

ell rotosonic drilling field activities.  R
aw

 laboratory analytical data reports are included as a 
C

D
 in this report.

This report is organized as follow
s:  the rem

ainder of Section 1.0 provides a brief site 
description, the test objectives, and the field activities associated w

ith the treatability study
sam

ple collection.  Section 2.0 provides a description of the treatability study technologies. 
ISC

O
 technology treatability study procedures and test results are presented in Section 3.0.

B
iostim

ulation., bioaugm
entation and ZV

I treatability study procedures and test results are 
presented in Section 4.0.  Section 5.0 presents a discussion on the im

plem
entation of the 

appropriate technology at the site as part of a pilot test, including a discussion of site factors that 
m

ay affect full-scale im
plem

entation.

1.1
Site Description 

The Jones R
oad site is located approxim

ately one-half m
ile north of the intersection of Jones

R
oad and FM

 1960, outside the city lim
its of northw

est H
ouston, H

arris C
ounty, Texas.  The

V
adose Zone shallow

 and deeper groundw
ater in this area has been im

pacted by chlorinated

Adminasst(Pittfp3)\W
ordProc\1128885\128885-01
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solvents volatile organic com
pounds (V

O
C

s), m
ainly tetrachloroethene (PC

E), trichloroethene 
(TC

E), dichloroethene (D
C

E) and vinyl chloride (V
C

), believed to be from
 operations conducted 

at the form
er B

ell D
ry C

leaners site located in the C
ypress C

enter Shopping C
enter at 

11600 Jones R
oad.

A
 com

prehensive description of the Jones R
oad site background and site conditions m

ay be
found in the R

em
edial Investigation R

eport (Shaw
, 2006).  D

etails of the G
eoprobe

® field
investigation m

ay be found in the July 2006 G
eoprobe

® Investigation R
eport (Shaw

, 2007). 

1.2
Study Objectives 

The Jones R
oad site treatability study objective is to evaluate potential insitu rem

edial
technologies that w

ill effectively rem
ediate the chlorinated solvents in the saturated zone soils

and groundw
ater at the site.  Treatability studies determ

ine if the technology is effective and 
provide inform

ation on the application concentrations and tim
e required for the target V

O
C

s to 
be treated.

Specific objectives of the ISC
O

 treatability studies include:

� 
Evaluate treatm

ent effectiveness of perm
anganate and FeED

TA
-activated persulfate for

destruction of V
O

C
s in soil/groundw

ater slurries;

� 
Provide an estim

ate of the oxidant dosing
requirem

ents by m
easuring the soil oxidant 

dem
and (SO

D
); 

� 
M

easure the acid buffering capacity of the soil to
determ

ine the effect of persulfate oxidation 
on soil pH

; 

� 
Evaluate the effect of pH

 and O
R

P change on m
etals.

Specific objectives of the bioaugm
entation, biostim

ulation, and ZV
I treatability studies include:

� 
D

eterm
ine w

hich technology w
ould provide the m

ost rapid and com
plete biodegradation of 

PC
E under site-specific conditions; 

� 
D

eterm
ine the dosage of bacteria, electron donor, or ZV

I required for treatm
ent.

1.3
Treatability Study Sam

ple Collection
Soil and groundw

ater sam
ples for this treatability study w

ere collected during the July 2006
Jones R

oad G
eoprobe

® Study and the July 2006 rotosonic w
ell drilling field activities.  The soil 

and groundw
ater sam

ples for the Law
renceville Technology Laboratory studies w

ere collected 
from

 G
eoprobe

®
boring G

P-3A
 (see Figure 1-1).  Soil and groundw

ater sam
ples w

ere collected 
in accordance w

ith the Jones R
oad Site Treatability Study W

ork Plan and other project-specific
planning docum

ents (H
ealth and Safety, Q

A
). 
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Soil sam
ples from

 G
P-3A

 for the biorem
ediation treatability studies w

ere collected from
 four 

depth intervals (20-21 feet below
 ground surface [bgs], 27-29 feet bgs, 37-38 feet bgs, and 49-50 

feet bgs) representing silts, clays, and clay sand at this location.  Sam
ples w

ere field prepared in 
sealed paraffin w

ax coated tubes to preserve insitu conditions.  G
roundw

ater for the treatability 
studies w

as collected in five 1-liter bottles from
 the tem

porary w
ell installed at G

P-3A
.  The w

ell 
screen in tem

porary w
ell G

P-3A
 w

as from
 30 to 50 feet bgs. 

C
om

posite soil sam
ples for the K

noxville TD
L Treatability Studies w

ere collected from
 

rotosonic drilling location R
S-1 (see Figure 1-1).  R

S-1 is located approxim
ately 24 feet 

northeast of G
P-3A

.  B
oth locations are on the north side of the building, an area w

ith very high 
PC

E concentrations in groundw
ater. 

D
uring 

the 
July 

2006 
G

eoprobe
® 

investigation, 
the 

groundw
ater 

PC
E 

concentration 
for 

tem
porary w

ell G
P-3A

 w
as 190,000 m

icrogram
s per liter (µg/L).  W

ater sam
ples w

ere not 
obtained from

 rotosonic location R
S-1.  Soils underlying the site in the shallow

 aquifer zone are 
generally low

 perm
eability clays, silty clays, and clayey sands.  A

 geotechnical sam
ple profile at 

location G
P-9A

 from
 6 to 32 feet bgs had low

 levels of organic carbon (good for ISC
O

 
applications), and perm

eabilities range from
 10

-6 cm
/s to 10

-8 cm
/s.  Soil boring data from

 the 
July 2006 G

eoprobe
® w

ork also indicates subsurface soils are generally low
 perm

eability; sands 
or clayey sands, if present, are discontinuous layers or lenses.  Section 5.0, dealing w

ith 
recom

m
endations for pilot tests, discusses technology im

plem
entation issues. 
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2.0
TREATMENT TECHNOLOGY DESCRIPTION 

The follow
ing sections describe the treatm

ent technologies that w
ere evaluated as part of this 

study.

2.1
Perm

anganate Oxidation 
C

hem
ical oxidation using potassium

 or sodium
 perm

anganate is w
idely used in drinking w

ater 
applications.  ISC

O
 using sodium

 or potassium
 perm

anganate is also used to rem
ediate

hazardous w
aste sites w

ith soil and groundw
ater contam

inated w
ith chlorinated V

O
C

s.  ISC
O

 
technology has been applied to a w

ide range of site soils, from
 clays to sands.  The greater the 

clay content, the m
ore closely spaced injection

points and m
ultiple applications of oxidant m

ay
be needed.  Ideally, any insitu technology application is best suited at sites w

ith m
oderate

perm
eabilities and low

er fine (silt/clayey) content.  PC
E and TC

E are w
ell-suited for oxidation 

by perm
anganate.  Perm

anganate reacts rapidly w
ith nonconjugated (i.e., nonarom

atic) double 
bonds in chlorinated ethenes, and oxidizes the chlorinated ethenes to carbon dioxide and chloride 
ions.  The reaction betw

een PC
E and perm

anganate is show
n below

. 

3C
2 C

l4   +  4M
nO

4 - +  4H
2 O

  →
  6C

O
2   +  4M

nO
2   +  12C

l -  +  8H
+  

Insitu perm
anganate oxidation involves the injection (by gravity or under pressure) of sodium

 or 
potassium

 perm
anganate solution into the subsurface.  O

xidant is delivered to the subsurface 
using injection probes, treatm

ent w
alls, soil m

ixing, hydraulic fracturing, or vertical or horizontal 
w

ells.

The effectiveness of ISC
O

 w
ith perm

anganate depends on three factors: 1) the kinetics of the
reaction betw

een the perm
anganate and the contam

inants; 2) the contact betw
een the oxidant and

the contam
inants, and 3) com

petitive reaction of perm
anganate w

ith other reduced/oxidizable
species. If the contam

inants targeted are reactive (e.g., chlorinated ethenes), and if sufficient 
oxidant is added (to overcom

e the dem
and from

 other reduced species, as w
ell as naturally 

occurring organic m
atter), the lim

iting factor to the successful application is the transport of the
oxidant to the contam

inated area, but not the reaction itself.  C
layey silts at Jones R

oad w
ill 

som
ew

hat com
plicate oxidant transport and distribution in the subsurface.  The oxidation of 

contam
inants by perm

anganate is essentially an instantaneous reaction.  If the perm
anganate

contacts the contam
inant, a reaction w

ill occur. Significant oxidation is observed in as little as a
few

 hours after addition.
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2.2
Activated Persulfate Oxidation 

Persulfate ion (S
2 O

8 -2) is a strong oxidant capable of oxidizing m
ost organic com

pounds to 
carbon dioxide and other m

ineral products.  The standard reduction potential for the half reaction
show

n below
 is +2.01 volts (V

).

S
2 O

8 -2   +   2e
-   �

   2S
O

4 -2 
 

E
° = +2.01 V

 

It is on the sam
e order as that for ozone and higher than that for perm

anganate and hydrogen 
peroxide, but less than that for the hydroxyl radical (Fenton’s reagent interm

ediate).  A
s show

n 
in the half reaction above, the product of persulfate reduction is sulfate ion (SO

4 -2), w
hich is a 

relatively benign species.  Sulfate ion has a secondary federal drinking w
ater standard m

axim
um

contam
inant level (M

C
L), w

hich is a recom
m

ended, but unenforceable lim
it of 250 m

g/L.

It is believed that persulfate reacts w
ith organic com

pounds prim
arily by the sulfate radical 

(SO
4 • -), w

hich can be generated in solution by several m
echanism

s.  The sulfate radical show
n,

in the reaction below
, is a pow

erful oxidizing species w
ith a standard electrode reduction

potential of +2.6 V
, w

hich is sim
ilar to that for the hydroxyl radical (O

H
•) species (+2.8 V

). 

S
O

4 • -   +    e
-   �

   S
O

4 -2 
 

E
° = +2.6 V

 

The hydroxyl radical is a pow
erful oxidizing species that is generated w

ith catalyzed hydrogen 
peroxide (C

H
P) system

s.  The persulfate anion radical in contrast to the hydroxyl radical has a 
longer lifetim

e in solution and is m
ore selective in its reactions (P. N

eta, 1987).  G
eneration of 

the sulfate radical m
ay be accom

plished by hom
olytic scission of the persulfate ion, w

hich can 
be activated by heat or ultraviolet (U

V
) radiation (G

. E. H
oag, 2000; P. N

eta, 1987 and C
. Liang, 

2001):

S
2 O

8 -2   or   -O
4 S

-S
O

4 -   �
   2 S

O
4 • - 

H
eat activation for persulfate activation can be accom

plished at tem
peratures in the range of 

20°C
 to 60°C

, w
hich can be accom

plished insitu w
ithout extrem

e heat generation processes.
Steam

 heating has been used as a practical m
eans to provide persulfate activation for insitu 

treatm
ent.  H

ow
ever, at the Jones R

oad site,
due to cost, steam

 heat w
ould not be a viable 

alternative.

Sulfate radicals m
ay also be generated by one-electron oxidation reactions, such as w

ith m
etals

(C
. Liang, 2001; FM

C
, 2001 and G

. E. H
oag, 2000): 

S
2 O

8 -2   or   -O
4 S

-S
O

4 -   +   M
+n   �

    S
O

4 • -   +   S
O

4 -2   +   M
+(n+1) 

R
ecently, new

 m
ethods of persulfate reaction activation have been developed using: chelated 

m
etals, such as iron (II) ethylenediam

ine tetraacetic acid (FeED
TA

), hydrogen peroxide addition, 
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or an alkaline pH
 (P. B

lock, 2004).  These new
 m

ethods m
ost likely also involve the generation 

of the sulfate radical, and possibly the hydroxyl radical and related species for reaction w
ith 

organic com
pounds.

M
etal com

plex activation of persulfate has been effective in treating arom
atics and chlorinated

ethenes, but chlorinated ethanes and chlorinated m
ethanes have proven to be som

ew
hat resistant 

to persulfate w
ith this form

of activation (P. B
lock, 2004).

A
lkaline activation of persulfate has been show

n to be m
ost effective for the treatm

ent of 
chlorinated ethane and chlorinated m

ethane com
pounds.  A

lkaline activation uses a base such as 
sodium

 hydroxide to adjust initial pH
 in the range of 11 to 12.5.  The alkaline conditions are 

typically neutralized during treatm
ent by the generation of hydrogen sulfate anion (H

SO
4 -),

w
hich is an acid.  This occurs during natural decom

position of the persulfate reagent that is 
catalyzed by high pH

 and species present in the soil.  The equation for the decom
position

reaction is show
n below

.

S
2 O

8 -2   +   H
2 O

   �
   2H

S
O

4 -   +   ½
 O

2  

Study results show
 that persulfate can be effective on recalcitrant organics.  Specifically, 

persulfate has been show
n to degrade B

TEX
, chlorinated ethenes, chlorinated ethanes, and 

chlorinated m
ethane com

pounds (C
. Liang, 2001 and P. B

lock, 2004).

The persulfate reagent is very soluble in w
ater

to concentrations of 30 to 40 percent and the 
solutions are relatively stable especially at low

er concentrations (1 to 10 percent).  These
properties allow

 for optim
um

 delivery and distribution to the subsurface m
atrix w

ithout the 
solubility lim

itations encountered w
ith potassium

 perm
anganate.

 The reagent is sim
ilar to 

perm
anganate w

ith respect to safety issues (e.g., handling and reactivity).  A
ll ISC

O
 m

aterials
are handled in accordance w

ith m
anufacturers’

instructions, and only properly trained field 
personnel are used to handle, m

ix, and inject ISC
O

 m
aterials.

2.3
Technology Description of Bioaugm

entation, Biostim
ulation, and Abiotic 

Treatm
ent Using ZVI

B
oth bioaugm

entation and biostim
ulation are insitu rem

edial biotechnologies that have been 
show

n to be cost-effective treatm
ents for the rem

oval of chlorinated ethenes.  ZV
I treatm

ent of 
chlorinated ethenes is an abiotic reaction that occurs at the surface of the m

etal particle.  The
purpose for perform

ing laboratory testing of these technologies is to verify that the com
plete

biodegradation of PC
E w

ill occur
at a reasonable rate under site-specific conditions.  A

s is the
case w

ith ISC
O

, the ability to deliver and distribute the biorem
ediation am

endm
ents m

ay be
com

plicated by site conditions (clayey soil). 
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PC
E can be degraded under anaerobic conditions by specific bacteria through reductive

dehalogenation, w
here PC

E is sequentially reduced to TC
E, cis-1,2- D

C
E, V

C
, then ethene.  In 

each case, the reactions are m
ediated by bacteria that thrive under low

 oxidation-reduction
potential, and are driven by the presence of an electron donor (carbon source or hydrogen).  In 
order for com

plete biodegradation/dechlorination of PC
E to occur, specific bacteria capable of 

this process m
ust also be present.

D
ehalococcoides

sp. (D
H

C
), som

e of w
hich are capable of 

degrading chlorinated ethenes to ethene, are the only m
icrobial species know

n to com
pletely

dechlorinate PC
E, so their abundance and distribution in a contam

inated aquifer is critical for 
effective biodegradation of TC

E.

B
iostim

ulation

Insitu anaerobic biostim
ulation

involves stim
ulating the degradation of indigenous m

icrobial
populations by introducing electron donor (substrate) and/or nutrients into the subsurface.  These
m

aterials can be delivered to the subsurface using injection probes, treatm
ent w

alls, soil m
ixing,

pneum
atic fracturing, or vertical or horizontal w

ells.  The assum
ption w

ith this approach is that 
the indigenous m

icrobial population contains D
H

C
, but the native D

H
C

 are unable to m
aintain

high levels of degradation due to unfavorable oxidation-reduction potential, insufficient nutrient
(e.g., nitrogen, phosphorous) levels, insufficient m

icrobial levels, and/or lack of electron donor. 
A

s such, the success of a biostim
ulation approach is dependent upon the ability to distribute 

am
endm

ents in the subsurface, create favorable oxidation-reduction potential insitu, enhance the
grow

th of D
H

C
, and ultim

ately stim
ulate m

icrobially-enhanced reductive dehalogenation of PC
E 

and its daughter products. 

B
iostim

ulation requires that D
H

C
 are present w

ithin the contam
inated aquifer.  The presence of 

reduced gases, such as ethene or ethane, are often evidence that the com
plete reduction of PC

E is
occurring biologically, and that D

H
C

 are present and active.  In addition, polym
erase chain

reaction (PC
R

) analysis is a recently developed
m

olecular biological tool that is capable of 
determ

ining the presence of D
H

C
 in aquifers. 

B
ioaugm

entation

B
ioaugm

entation 
is 

sim
ilar 

to 
biostim

ulation,
except 

that 
it 

involves 
the 

delivery 
of

m
icroorganism

s (in addition to substrate and nutrients) to the subsurface to stim
ulate biological 

degradation.  These organism
s can be cultured directly from

 site m
aterial, or can be obtained 

from
 an outside source.  Evidence of biological degradation found at a site, such as the presence

of daughter products of the degradation of the target contam
inants and suitable geochem

ical
conditions, m

ay be indicative of an active m
icrobial population.  A

lternately, PC
R

 analysis can 
be used to determ

ine w
hether a particular species of bacteria is present in site soil and

groundw
ater, indicating w

hether com
plete dechlorination of native bacteria is likely.  Site soil 
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collected from
 the area of the site w

here degradation appears to be occurring, or w
here these 

organism
s appear to be present, can often be enriched in the laboratory to select the population 

responsible for degradation.  The bacterial culture can then be grow
n in the laboratory to produce

large batches of active m
icroorganism

s that are then added to the subsurface, along w
ith

appropriate substrate and nutrient.

A
lternate sources of active m

icrobial cultures of D
H

C
 have been obtained from

 sites w
here D

H
C

 
are naturally occurring.  There are several cultures available to Shaw

, m
ost notably our SD

C
-9

™

culture, w
hich has been show

n to com
pletely and rapidly degrade PC

E to ethene using lactate as 
an electron donor.

A
biotic T

reatm
ent U

sing ZV
I

ZV
I treatm

ent of chlorinated ethenes is an abiotic
reaction that occurs atthe surface of the m

etal
particle. 

 
The 

degradation 
reaction 

occurs 
via 

electron 
transfer 

betw
een 

the 
dissolved

contam
inant and the iron, as corrosion of the iron facilitates the reductive dehalogenation 

reactions needed to sequentially dechlorinate the PC
E to ethene and ethane.  Several types of

ZV
I have been used, including iron filings (1 m

m
 diam

eter), m
icroscale ZV

I (m
icron-sized

particles), and bim
etallic nanoscale ZV

I (100 nm
 diam

eter, doped w
ith palladium

 catalyst). 
A

ddition of m
etal catalysts to the surface of the ZV

I particles typically increases the rate of the 
dehalogenation and hydrogenation surface reactions, thereby increasing the overall rate of 
contam

inant rem
oval.  Field applications have included the use of perm

eable reactive barrier,
dispersed injection into source areas, and ex situ reactors.  Selection of the m

ost appropriate ZV
I 

type and field application is dependent upon several factors.  These factors include site 
geochem

ical conditions, contam
inant type and concentration, site hydrogeologic conditions, and

cost.
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3.0
ISCO TREATMENT STUDY 

Treatability studies w
ere conducted to evaluate perm

anganate and activated persulfate oxidation 
for the treatm

ent of PC
E and PC

E degradation products in Jones R
oad soil and groundw

ater 
slurries.  These studies w

ere conducted during the Fall of 2006.  The batch experim
ents

investigated both oxidant dosing and treatm
ent tim

e requirem
ents.  Persulfate w

as activated 
using a ferrous iron (Fe

+2) ED
TA

 com
plex (FeED

TA
).

The experim
ental approach described below

 entailed site soil preparation, characterization of test
soils and groundw

ater, soil oxidant dem
and tests, acid/base titration of site soil, and reagent

treatm
ent effectiveness tests on soil and groundw

ater m
ixtures.

3.1
Sam

ple Preparation and Chem
icals 

Soil and groundw
ater sam

ples w
ere received at the TD

L on July 25 and July 26, 2006.  The 
sam

ples w
ere shipped on ice and stored at 4°C

 until used in treatm
ent study testing.  Sam

ples
w

ere identified as follow
s:

 
 

Type
 

 
A

m
ount

 
 

TD
L Lab #

 
 

SO
IL 

 
 

5-G
A

L B
U

C
K

ET
 

10506 
G

W
5 X

 1-LITER
 

10507

The sam
ples of soil received for batch slurry testing w

ere m
ixed m

anually in the 5-gallon bucket 
to apparent hom

ogeneity at 4°C
 in a m

anner to m
inim

ize V
O

C
 loss.  The 5 liters of site 

groundw
ater collected w

ere hom
ogenized in a sterile chilled glass container.  Sam

ples w
ere 

stored w
ith zero headspace at 4°C

 prior to testing.  The hom
ogenized site groundw

ater and site 
soil w

ere sam
pled for analysis of volatile organic com

pounds (V
O

C
s) of concern using a 

m
odified EPA

 SW
-846 M

ethod 8015, w
hich uses purge-and-trap gas chrom

atography w
ith flam

e
ionization detection m

ethodology (G
C

/FID
).

Potassium
 perm

anganate w
as obtained from

 C
arus (C

arox U
SP grade), and sodium

 persulfate 
w

as obtained from
 FM

C
 (K

lozur ™
Environm

ental grade). 

The soil sam
ple w

as also analyzed for acid
buffering capacity using laboratory standard 

operating procedures (SO
P).  These m

easurem
ents

w
ere used to determ

ine the soil’s ability to
adjust the pH

 in response to protons released from
 persulfate decom

position.

3.2
Soil Oxidant Dem

and Testing 
Soil O

xidant D
em

and (SO
D

) tests w
ere perform

ed
to m

easure the am
ount of oxidant consum

ed
in the course of treatm

ent required to destroy the target V
O

C
s.  The am

ount and rate of oxidant 
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consum
ption is used to determ

ine oxidant dosing and reaction condition requirem
ents for

treatm
ent.  The soil com

posite w
as used to m

easure the SO
D

 w
ith various oxidant system

s. 
Tests w

ere perform
ed on soil/groundw

ater slurries containing 200 gram
s (g) of soil and 

200
m

illiliters (m
L) of groundw

ater in 500-m
L polyethylene sam

ple bottles.  The soil sam
ple

w
as also analyzed for percent solids. Perm

anganate SO
D

 w
as tested using an initial potassium

perm
anganate concentration of 10 g/L.  FeED

TA
 activated persulfate SO

D
 w

as tested w
ith a 

starting concentration of 20 g/L sodium
 persulfate and 150 m

g/L Fe
2+ as FeED

TA
.  The test 

bottles w
ere capped, placed onto a tem

perature controlled oscillating shaker table at 15ºC
 and 

m
ixed periodically for the duration of the test.

In each test the am
ount of oxidant consum

ed w
as determ

ined by m
easuring the loss of oxidant as 

a function of tim
e to define the consum

ption characteristics for each oxidant system
.  B

ecause of 
the im

pact of pH
 on persulfate and the potential for pH

 decrease during treatm
ent due to

persulfate degradation, the pH
 w

as also m
onitored.  Tests w

ere m
onitored for a six w

eek tim
e

period using sam
ple points of 2, 7, 14, 21, 28, 35, 42 and 49 days.

3.3
Oxidation Effectiveness Tests 

Slurry tests using perm
anganate and FeED

TA
 activated persulfate w

ere perform
ed on site soil 

and groundw
ater m

ixtures.  The bench scale testing designed to evaluate the tw
o oxidation 

m
ethods is described in detail below

. 

The test sam
ples w

ere prepared by m
ixing

100 g site soil and 150 m
L groundw

ater in 210 m
L

test bottles.  A
 sm

all volum
e of headspace w

as left in each bottle to allow
 for slurry m

ixing.
Initial characterization of site soil and groundw

ater indicated the PC
E concentration levels w

ere 
532 µg/L PC

E in groundw
ater and non detectable in soil (10 µg/kg detection lim

it), w
hich w

ere 
probably too low

 to determ
ine the treatm

ent effect.  Therefore, PC
E w

as spiked by adding 
1.5

m
L of 144 m

g/L aqueous PC
E solution into each test bottle to produce an aqueous test 

concentration in the range of 1-2 m
g/L.  Then all test bottles w

ere allow
ed to equilibrate 

overnight before adding any reagent.  A
ll bottles w

ere hand m
ixed periodically at 24 to 72 hour

intervals by gently turning each bottle end over end.  Test bottles
w

ere tem
perature controlled at 

15ºC
 for the test duration. 

Perm
anganate O

xidation

Perm
anganate w

as tested at three dosages (3, 5, and 10 g/L) and three treatm
ent tim

es (1, 4, and 
14 days).  A

 total of 11 bottles (three perm
anganate dosages at three sam

pling tim
es and tw

o
control bottles at sam

pling tim
es of 0 and 14 days) w

ere prepared for perm
anganate oxidation. 

Each test bottle w
as am

ended w
ith the appropriate am

ount of potassium
 perm

anganate to 
produce the desired initial concentration as detailed in T

able 3-1. C
ontrol slurry tests (no 

am
endm

ent) w
ere established identical to the oxidant slurry test to m

easure any V
O

C
 loss due to 

Adminasst(Pittfp3)\W
ordProc\1128885\128885-01

Shaw Project No. 128885

3-2



Jones Road Groundwater Plume Treatability Study Report 
Shaw Environmental, Inc. 

procedures or bacterial degradation.  The control bottles w
ere sam

pled at T-0 hours and T-14 
days (w

ater and soil).
T

able 3-1 below
 describes the slurry batch tests and sam

pling schedule. 

T
able 3-1

Perm
anganate O

xidation B
atch T

est E
xperim

ental D
etails 

Potassium
Perm

anganate
C

onc. (g/L)
Sam

ple Points
(D

ays)

Potassium
Perm

anganate
(g)

M
anganese Sulfate

1

(g)
T

est
T

-0
T

-1
T

-4
T

-14

Soil
(g)

W
ater

(m
l)

C
1

0
X

X
100

150
0

0
M

1
3

X
X

X
100

150
0.3

0.8
M

2
5

X
X

X
100

150
0.75

1.5
M

3
10

X
X

X
100

150
1.5

2.9

N
ote:

1
M

anganese sulfate
(M

nSO
4 •H

2 O
)w

as added to the
sam

ples at the end
of the treatm

ent to quench the
rem

aining
perm

anganate.

A
t three sam

pling points, T-1, T-4, and T-14 days, a bottle from
 each perm

anganate treatm
ent

concentration w
as sacrificed for analysis.  A

 portion of the w
ater phase w

as transferred to 50 m
L 

plastic vials for analysis for rem
aining perm

anganate.  The rest of the soil/groundw
ater slurry 

w
as quenched by the addition of m

anganese sulfate (M
nSO

4 •H
2 O

). B
oth soil and groundw

ater 
phases w

ere sam
pled at all three tim

e points for V
O

C
 analysis.  The soil phase w

as also analyzed
for m

oisture content. 

FeE
D

T
A

 A
ctivated Persulfate O

xidation

Persulfate w
as tested at three dosages (2, 5, and 10 g/L) and three treatm

ent tim
es (4, 8, and 

21
days).  A

 total of 11 bottles (three persulfate dosages at 3 sam
pling tim

es and tw
o control 

bottles at sam
pling tim

es of 0 and 21 days) w
ere prepared for persulfate oxidation.  Each test 

bottle w
as am

ended w
ith appropriate am

ount of sodium
 persulfate and FeED

TA
 to produce the 

desired initial concentration as detailed in T
able 3-2.  The low

 persulfate dose resulted in a
nom

inal aqueous concentration of 2 g/L sodium
 persulfate activated w

ith 100 m
g/L chelated iron 

(Fe as FeED
TA

).  The m
edium

 level dose w
as 2.5 tim

es (2.5X
) the low

 dose am
ount, w

hich 
produced a nom

inal aqueous concentration of 5 g/L activated w
ith 150 m

g/L chelated iron.  The
high level dose w

as 2 tim
es (2 X

) the m
edium

dose, producing a nom
inalaqueous concentration 

of 10 g/L activated w
ith 200 m

g/L FeED
TA

.

A
t three sam

pling points, T-7, T14 and T-21 days, a bottle from
 each persulfate treatm

ent
concentration w

as sacrificed for analysis.  The reaction w
as quenched by placing the test bottle

Adminasst(Pittfp3)\W
ordProc\1128885\128885-01

Shaw Project No. 128885

3-3



Jones Road Groundwater Plume Treatability Study Report 
Shaw Environmental, Inc. 

in the refrigerator at ~4°C
.  The low

 tem
perature

also helps to m
inim

ize the volatilization loss of 
V

O
C

 of concern.  A
 portion of the w

ater phase w
as transferred to 50 m

L plastic vials for analysis 
of the rem

aining persulfate and pH
.  B

oth soil and groundw
ater phases w

ere sam
pled at all three 

tim
e points for V

O
C

 analysis. Soil phase w
as also analyzed for m

oisture content.  The control
bottles w

ere sam
pled at T-0 hours and T-21 days (w

ater and soil).
T

able 3-2 below
 describes the 

slurry batch tests and sam
pling schedule. 

T
able 3-2

FeE
D

T
A

 A
ctivated Persulfate O

xidation B
atch T

est E
xperim

ental D
etails 

W
ater

(m
l)

Sodium
Persulfate

(g)
Sam

ple Points
(D

ays)
T

est

Sodium
Persulfate

C
onc.

(g/L
)

FeE
D

T
A

C
onc.

(m
g Fe/L

) 

T
-0

T
-4

T
-8

T
-21

Soil
(g)

FeE
D

T
A

 Solution,
20 g/L
(m

L
)

C
2

0
0

X
X

100
150

0
0

S1
2

100
X

X
X

100
150

0.3
0.75

S2
5

150
X

X
X

100
150

0.75
1.13

S3
10

200
X

X
X

100
150

1.5
1.5

3.4
Sam

ple Characterization Results 
R

esults from
 the V

O
C

 analyses of site soil and groundw
ater sam

ple com
posites, as w

ell as soil 
buffering capacity or alkalinity, are sum

m
arized in T

able 3-3 for PC
E and PC

E degradation 
products.  M

easurem
ent data for the soil buffering capacity are included in A

ppendix A
.

T
able 3-3

Jones R
oad Site M

aterial C
om

posite C
haracterization

Sam
ple T

ype
U

nits
PC

E
T

C
E

cis-1,2
D

C
E

trans-1,2
D

C
E

V
inyl

chloride
A

lkalinity to 
pH

 4.50
Jones R

oad 
Soil C

om
p.

µg/K
g

5U
5U

5U
5U

5U
1700 m

g
C

aC
O

3 /kg
Jones R

oad 
G

W
 C

om
p.

µg/L
532

91.3
82.2

12.5U
12.5U

N
A

U
 = A

nalyte w
as not detected

atthe stated detection lim
it.

D
etection lim

itselevated due to
laboratory dilution requirem

ents.
J = A

nalyte w
as detected at a level below

the m
ethod quantification lim

it; stated
valuesis an estim

ate 

3.5
Soil Oxidant Dem

and Results 
R

esults from
 the SO

D
 tests are tabulated below

 in T
able 3-4.  The data collected included plots

of oxidant consum
ption as a function of tim

e, as presented in A
ppendix B

.  The value given is 
the total gram

s of oxidant consum
ed per kilogram

 of w
et soil in 49 days treatm

ent tim
e.
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T
able 3-4

Sum
m

ary of Persulfate C
onsum

ption R
ates in SO

D
 T

ests 

T
est

D
escription

a
O

xidant C
onsum

ption 
g oxidant / kg w

et soil 

Persulfate SO
D

 
20 g/L Persulfate +150 m

g F
+2/L

 as FeED
TA

 
0.9

b

Perm
anganate SO

D
 

10g/L
Perm

anganate
2.4

b

a
B

oth tests in 200 g soil com
posite: 200 m

L G
W

 
b

B
ased on m

easurem
ent on day

49.

T
able 3-4 show

s the total gram
s of oxidant consum

ed per kilogram
 of w

et soil in 49 days 
treatm

ent tim
e.  B

oth the FeED
TA

 activated persulfate SO
D

 and the perm
anganate SO

D
 at 0.9 

and 2.4 g/kg, respectively, w
ere in the very low

 range for oxidant consum
ption show

ing very 
little change in concentration w

ith the m
ajority

of the oxidant rem
aining

after 49 days treatm
ent

tim
e.  The plots show

 variability in test results
as a function of tim

e, and this w
as prim

arily due 
to the low

 consum
ption observed com

pared to the test dose value.  Sm
all errors in oxidant 

concentration m
easurem

ent at test points produced relatively large sw
ings in the resulting 

consum
ption value. 

The pH
 behavior from

 the persulfate tests is typically characterized by a shift to low
 pH

 over
tim

e.  This is caused by the acid product from
 persulfate decom

position and the low
 site soil 

buffering capacity.  The persulfate tests ended in the pH
 range of 7.0, w

hich is consistent w
ith 

very little persulfate decom
position.  M

inim
al pH

 effect, as show
n here, indicates efficient use of 

persulfate in destroying V
O

C
s and not in reacting w

ith m
atrix interferences. 

3.6
Batch Slurry Test Results 

Sam
ples w

ere analyzed using a m
odified

EPA
 SW

-846 M
ethod 8015 (purge-and-trap G

C
/FID

m
ethodology).  A

 sum
m

ary of V
O

C
 analytical data is included in A

ppendix C
.  Initial sam

ple
characterization indicated that the percent solids in the site soil com

posite w
as 84.2 percent, and 

that there w
as 532 µg/L PC

E in the groundw
ater com

posite, and non-detectable V
O

C
 in the soil

com
posite.  To better test the treatm

ent effectiveness, all sam
ples w

ere spiked w
ith PC

E solution,
w

hich resulted in final PC
E concentrations of 1.2~1.5 m

g/L.

Perm
anganate O

xidation

The perm
anganate treated sam

ple had no detectable V
O

C
s (detection lim

it 2.5 µg/L) after one 
(1) day treatm

ent, indicating that perm
anganate oxidation is very effective in treating PC

E and 
daughter products.  C

onsistent w
ith SO

D
 results, perm

anganate consum
ption w

as fairly low
 w

ith 
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m
ore than 80 percent of the originally dosed perm

anganate rem
aining in the sam

ple after 14 days 
of treatm

ent.  Perm
anganate concentrations at three dosage levels didn’t change significantly 

from
 one (1) day treatm

ent sam
ples to 14 day treatm

ent sam
ples, indicating m

ost of the oxidation 
reaction occurred in the first 24 hours.  This is expected based on the relatively fast reaction 
kinetics betw

een perm
anganate and the target V

O
C

s.

The 14 day control sam
ple had a PC

E concentration of 1,575 µg/L com
paring to the 0 day 

control concentrations of 1,244 µg/L and 1,252 µg/L.  The increase in PC
E concentration in 

control is probably due to the equilibrium
 betw

een soil and aqueous phases. It also indicates that
there w

as no significant loss during the test due to volatilization or biodegradation, etc. 

The com
pleted data set from

 m
etal analysis is presented in A

ppendix D
.  H

ighlighted values in 
T

able 3-5 show
 m

etals that exceeded EPA
 drinking w

ater M
C

Ls in som
e treated sam

ples and, 
therefore, are of particular concern.  Perm

anganate treated sam
ples liberated m

etals that
exceeded M

C
L concentrations for silver, barium

,chrom
ium

, lead, selenium
, and thallium

.  There 
are tw

o sources for the elevated m
etal concentration: the trace m

etal content in perm
anganate

and m
obilization from

 the soil.  B
ased on the product specification from

 the perm
anganate

supplier (C
arus), the possible contribution from

 m
etal content in perm

anganate w
as calculated 

and it accounts for no m
ore than 15 percent of the m

etal concentrations m
easured in the 

perm
anganate treated sam

ples.  Therefore, the elevated m
etal concentrations are m

ostly from
 

m
obilization from

 the soil.  H
ow

ever, based
on experience, the m

etal concentrations w
ill

attenuate to baseline levels after the perm
anganate is consum

ed and the natural site redox
condition is reestablished to static conditions.  Pilot study and full-scale design applications are 
developed w

ith thought to m
obilized m

etals attenuation.  These results provide guidance for 
m

etals m
onitoring during pilot-scale testing. 

FeE
D

T
A

 A
ctivated Persulfate O

xidation

A
fter 21 days of treatm

ent, there w
ere significant concentrations of V

O
C

s detected in the
FeED

TA
 activated persulfate sam

ples.  U
nexpectedly, the low

 persulfate dose (2 g/L persulfate
activated 

w
ith 

100 
m

g/L 
chelated 

iron) 
achieved 

the 
highest 

treatm
ent 

efficiency 
w

ith 
96.9

percent PC
E reduction in 21 days, and the m

edium
 persulfate dose (5 g/L persulfate 

activated w
ith 150 m

g/L chelated iron) resulted in the low
est treatm

ent efficiency w
ith 

63.25
percent PC

E reduction in 21 days. O
ther V

O
C

s, including V
C

, D
C

E, and TC
E, also

show
ed different extent of reduction. Figure 3-1 plotted the PC

E concentrations at different
treatm

ent durations and different persulfate doses. 

Adminasst(Pittfp3)\W
ordProc\1128885\128885-01

Shaw Project No. 128885

3-6



Jones Road Groundwater Plume Treatability Study Report 
Shaw Environmental, Inc. 

T
able 3-5

C
oncentrations of Selected M

etals in Initial and Final T
im

e Point Sam
ples

Sam
ple ID

 
T

reatm
ent

A
g

(m
g/L

)
B

a
(m

g/L
)

C
r

(m
g/L

)
Pb

(m
g/L

)
Se

(m
g/L

)
T

i
(m

g/L
)

E
PA

 D
rinking

W
ater M

C
L 

NA
0.1

2
0.1

0.015
0.05

0.002

C
1-0

B
aseline

control
0.012U

0.171
0.026U

0.012U
0.012U

0.012U
C

2-0
B

aseline
control

0.012U
0.162

0.026U
0.012U

0.012U
0.012U

C
1-21

21
day

control
0.012U

0.162
0.026U

0.012U
0.012U

0.012U
C

2-14
14

day
control

0.012U
0.213

0.026U
0.012U

0.012U
0.012U

M
1-14

3 g/L perm
anganate

for14 days
0.076

1.61
0.232

0.015
0.153J

0.243
M

2-14
5 g/L perm

anganate
for14 days

0.114
2.19

0.288
0.033

0.299J
0.496

M
3-14

10 g/L perm
anganate

for14
days

0.242
4.5

0.472
0.107

0.747J
1.3

S1-21
2 g/L persulfate

for 21 days
0.017

0.438
0.026U

0.357
0.012U

0.012U
S2-21

5 g/L persulfate
for 21 days

0.034
0.164

0.026U
0.35

0.012U
0.012U

S3-21
10 g/L persulfate for21 days

0.044
0.106

0.026U
0.298

0.012U
0.012U

U
 – Laboratory

reporting lim
its;

J – Estim
ated value m

ay
be biased slightly

low
. C

ontinuing standard outside 80-120 percent criteria at 79 percent;
B

old num
bers indicate

the values exceed EPA
 drinking w

ater M
C

L.

Figure 3-1

PC
E

 C
oncentration C

hange O
ver T

im
e In FeE

D
T

A
 A

ctivated Persulfate O
xidation

1400

2 g/L persulfate
1200

5 g/L persulfate

1000

remaining PCE (µg/L)

800

600

400

2000
4 days

8 days
21 days

Treatm
ent tim

e

10 g/L persulfate
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The analysis results for the 21 day control sam
ple at 96 µg/L PC

E revealed a loss of m
ore than

90
percent PC

E concentration from
 the day 0 control concentration of 1,243 and 1,252 µg/L. 

This is probably due to the breakage of the bottle m
outh of this sam

ple, w
hich resulted in loss of

V
O

C
s due to volatilization.  H

ow
ever, the analysis results of the 14 day control used in 

perm
anganate treatm

ent can be used here to verify that the loss due to volatilization or
biodegradation is negligible given the norm

al test condition.

The batch test pH
 m

easurem
ent results w

ere consistent w
ith persulfate concentration.  The pH

 of 
control sam

ples and low
 dose persulfate treated sam

ples rem
ained consistent from

 day 4 to 
day

21.  The m
edium

 dose persulfate treated sam
ples had a trend of decreasing pH

 slow
ly from

 
7.64 on day 4 to 7.21 on day 21.  The high dose persulfate treated sam

ple resulted in a pH
 

decrease from
 7.69 on day 4 to 6.94 on day 21, but w

as still in the neutral range. 

The batch test persulfate consum
ption w

as consistent w
ith the SO

D
 test results.  Less than

20 percent of the dosed persulfate w
as consum

ed over the 21 days of treatm
ent.

A
s show

n in T
able 3-5, Fe-ED

TA
 activated persulfate didn’t elevate the m

etal concentrations in
the w

ater phase except for lead.  The lead concentrations in persulfate treated sam
ples ranged

from
 0.298 m

g/L to 0.357 m
g/L, m

uch higher than the EPA
 drinking w

ater action level 
(0.015

m
g/L).  B

ased on FM
C

 product specification, the lead from
 persulfate contributes less 

than 1 percent to the actual m
easured concentrations.  So the elevated lead concentration is likely

due to leaching from
 the soil.  Sim

ilar to the perm
anganate treatm

ent, the lead concentration is
expected to decrease to baseline level over tim

e
after the oxidant is consum

ed.  Lead should be 
m

onitored during the pilot-study and any full-scale application. 

3.7
Conclusions and Recom

m
endations 

R
esults of the K

noxville TD
L Study indicate that perm

anganate oxidation is an effective m
ethod

to treat the PC
E and daughter products found at the Jones R

oad site, w
ith 100 percent reduction

in one day.  A
 perm

anganate dose of 3 g K
M

nO
4  per kg of soil is recom

m
ended for field 

im
plem

entation.  H
ow

ever, perm
anganate treatm

ent caused leaching of m
etals, including silver, 

barium
, chrom

ium
, lead, selenium

, and thallium
 from

 the soil to w
ater phase. 

FeED
TA

 activated persulfate oxidation w
as effective to a certain extentin treating the PC

E at 
the site, w

ith up to 96.9 percent of reduction in 21 days.  This treatm
ent m

ethod w
as not able to 

reduce PC
E concentration below

 U
SEPA

 drinking w
ater M

C
Ls (5 µg/L) w

ithin the tim
e fram

e
of this study (21 days) due to the slow

 reaction kinetics, but it’s possible that it can reach the 
standard given sufficiently long reaction tim

e.  A
 dose of 2 g of persulfate per kg of soil is 

appropriate for this site.  Persulfate oxidation did not significantly alter the m
etal concentrations

in the w
ater phase, except for lead w

hich w
as increased to concentrations above the M

C
L.
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G
iven that the SO

D
 of the site soil is fairly low

 and the reaction betw
een perm

anganate and
V

O
C

s is fast com
pared to persulfate, 3 g perm

anganate per kg soil is recom
m

ended to be applied 
at the Jones R

oad site.  M
etal concentrations, particularly silver, barium

, chrom
ium

, lead, 
selenium

, and thallium
, should be m

onitored to docum
ent m

etal concentrations over tim
e.

Elevated concentrations of these m
etals should be expected in the short term

, but they should 
attenuate to baseline levels over tim

e, based on the experience of both Shaw
 and others. 
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4.0
BIOSTIMULATION, BIOAUGMENTATION, AND ZVI TREATMENT 
STUDY

Treatability studies w
ere conducted to evaluate biostim

ulation, bioaugm
entation, and ZV

I for the 
treatm

ent of PC
E and PC

E degradation products in Jones R
oad soil and groundw

ater slurries. 
These studies w

ere conducted during the Fall of 2006.  The experim
ental approach described 

below
 entailed site soil and groundw

ater preparation, application of various biostim
ulation

am
endm

ents, application of Shaw
’s SD

C
-9

™ culture to am
ended sam

ples, and tests of ZV
I using 

various am
endm

ents.

4.1
Materials and Methods 

B
iostim

ulation/B
ioaugm

entation M
icrocosm

s

M
icrocosm

s w
ere prepared in glass serum

bottles (approxim
ate volum

e, 160 m
L).  A

ll 
m

icrocosm
 preparation and sam

pling w
as perform

ed
in a C

oy anaerobic cham
ber.  Thirty gram

s
of hom

ogenized site soil and 143-m
L of site groundw

ater w
as added to each bottle.  For the 

treatm
ent tests that had lactate or em

ulsified oil substrate (EO
S) added as an electron donor, the 

concentration of the adm
endm

ent w
as 1,000 m

illigram
s per liter (m

g/L).  This concentration w
as 

based on the extensive know
ledge and experience of the personnel conducting the test.  Lactate 

and EO
S w

ere not added to the killed and live control treatm
ents.  A

 total of 24
bottles w

as
prepared.  The bottles w

ere sealed w
ith Teflon

®-lined butyl rubber stoppers and crim
p caps.

Six sets of m
icrocosm

 treatm
ents w

ere prepared in triplicate as follow
s:

Treatm
ent 1:  K

ILLED
 C

O
N

TR
O

L:  These treatm
ents w

ere am
ended w

ith a form
aldehyde

solution (final concentration in groundw
ater approxim

ately one (1) percent by volum
e) to 

inactivate m
icrobial activity, and w

ere used to evaluate abiotic loss of V
O

C
s.

Treatm
ent 2:  LIV

E C
O

N
TR

O
L:  This treatm

ent did not receive any am
endm

ents except for 
deionized w

ater (to sim
ulate addition of am

endm
ents perform

ed for the other treatm
ents).  This 

treatm
ent served as a control to m

onitorV
O

C
 loss in the absence of any am

endm
ents.

Treatm
ent 3:  B

IO
STIM

U
LA

TIO
N

 1 (LA
C

TA
TE):

B
ottles w

ere am
ended w

ith lactate to serve
as the electron donor.  Lactate w

as added such that a concentration of approxim
ately 1,000 m

g/L
w

as attained. N
utrient solution and yeast extract w

as also added to ensure that the bacteria w
ere

not lim
ited in nitrogen, phosphorus, or other trace nutrients.  This treatm

ent w
as used to evaluate

the effects of anaerobic biostim
ulation on contam

inant biodegradation.
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Treatm
ent 4:  B

IO
STIM

U
LA

TIO
N

 2 (EO
S):  B

ottles w
ere also am

ended w
ith an em

ulsified
EO

S to serve as the electron donor.  EO
S w

as added such that a concentration of approxim
ately

1,000 m
g/L w

as attained.  N
utrient solution and yeast extract w

ere also added to ensure that the 
bacteria w

ere not lim
ited in nitrogen, phosphorus, or other trace nutrients.  This treatm

ent w
as 

used to evaluate the effects of anaerobic
biostim

ulation on contam
inant biodegradation.

Treatm
ent 5:  B

IO
A

U
G

M
EN

TA
TIO

N
 1:  Shaw

’s SD
C

-9
™ culture w

as used as the bacterial
inocculum

.  SD
C

-9
™ w

as added in a one-tim
e

event concentration of 10
5 cells per m

illiliter (m
l).

N
utrient solution and yeast extract w

ere also added to ensure that the bacteria w
ere not lim

ited in
nitrogen, phosphorus, or other trace nutrients.  B

ottles w
ere am

ended w
ith lactate to serve as the 

electron donor.  Lactate w
as added such that a concentration of 1,000 m

g/L w
as attained.

Treatm
ent 6:  B

IO
A

U
G

M
EN

TA
TIO

N
 2:  Shaw

’s SD
C

-9
™ culture w

as used as the bacterial
inocculum

.  SD
C

-9
™ w

as added in a one-tim
e

event concentration of 10
5 cells per m

illiliter (m
l).

N
utrient solution w

as also added to ensure that the bacteria w
ere not lim

ited in nitrogen,
phosphorus, or other trace nutrients.  B

ottles w
ere be am

ended w
ith an EO

S to serve as the 
electron donor.  EO

S w
as added such that a concentration of 1,000 m

g/L w
as attained.

A
 parallel set of bottles w

as prepared for each treatm
ent (six [6] bottles total) and sam

pled at 
each tim

e point to m
easure anions, pH

 and O
R

P throughout the study.

Sam
pling and Analysis.  B

ottles w
ere incubated w

ith gentle shaking at 15�C
 at all tim

es except 
during the actual sam

pling procedure.  B
ottles w

ere allow
ed to shake for 24 hours after initial

setup to allow
 com

plete m
ixing of am

endm
entsinto the soil and groundw

ater m
atrix, after w

hich 
the aqueous phase w

as sam
pled and analyzed for V

O
C

s via EPA
 M

ethod 8260.  This sam
pling

w
as designated as tim

e zero (to ).

Sam
pling events w

ere perform
ed at 1, 5, 7, 9, and 13 w

eeks of incubation.  A
t each sam

pling
event, m

icrocosm
 bottles w

ere rem
oved from

 the shaker and placed in the anaerobic cham
ber.

Sufficient tim
e w

as allow
ed for the solids to settle (usually 30 to 60 m

inutes), so that the
supernatant groundw

ater could be sam
pled.  A

t each sam
pling event, approxim

ately 2-3 m
l of 

groundw
ater w

as rem
oved from

 the serum
 bottle and analyzed for V

O
C

s and reduced gases.  In
addition, at least one bottle from

 the live control, biostim
ulation, and bioaugm

entation treatm
ents

w
as analyzed for volatile fatty acids, anions, pH

, and O
R

P at each sam
pling event (equal sam

ple
volum

e w
as collected from

 all bottles and treatm
ents to m

aintain equal groundw
ater volum

es in 
all the treatm

ents).  G
lass beads w

ere added to the bottles after sam
pling to m

aintain zero
headspace.
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ZV
I M

icrocosm
s

M
icrocosm

s w
ere prepared in glass serum

 bottles (approxim
ate volum

e, 60 m
L).  A

ll m
icrocosm

preparation and sam
pling w

as perform
ed in an anaerobic cham

ber.  A
pproxim

ately 10 g of 
hom

ogenized site soil and 50-m
L of site groundw

ater w
ere added to each of the bottles.  A

 total
of nine bottles w

ere prepared.  The bottles w
ere sealed w

ith Teflon
®-lined butyl rubber stoppers 

and crim
p caps.

Three sets of m
icrocosm

 treatm
ents w

ere prepared in triplicate as follow
s.

Treatm
ent 1:  LIV

E C
O

N
TR

O
L:  This treatm

ent did not receive any am
endm

ents except for 
deionized w

ater (to sim
ulate addition of am

endm
ents perform

ed for the other treatm
ents).  This 

treatm
ent served as a control to m

onitorV
O

C
 loss in the absence of any am

endm
ents.

Treatm
ent 2:  ZV

I 1:  B
ottles w

ere am
ended w

ith a nanoscale ZV
I (nZV

I) at a dosage of 0.2 g/L.

Treatm
ent 3:  ZV

I 2:  B
ottles w

ere am
ended

w
ith a m

icroscale ZV
I (m

ZV
I) at a dosage of

0.5 g/L.

M
icrocosm

 bottles w
ere incubated w

ith gentle shaking at 15�C
.  A

t each sam
pling event,

m
icrocosm

 bottles w
ere rem

oved from
 the shaker, and sufficient tim

e w
as allow

ed for the soils
to settle so that the supernatant groundw

ater could be sam
pled.  A

pproxim
ately 2-3 m

l of
groundw

ater sam
ple w

as draw
n directly from

 the bottles, and im
m

ediately analyzed for V
O

C
s at 

t= 0, 1 w
eek, 3 w

eeks, 4 w
eeks, and 5 w

eeks.  A
t 6 w

eeks, sam
ples w

ere analyzed for reduced
gases (i.e., m

ethane/ethane/ethene) in order to verify the contam
inant m

ass balance.

4.2
Results and Discussion 

B
iostim

ulation/B
ioaugm

entation M
icrocosm

s

R
esults of the biostim

ulation and bioaugm
entation study are sum

m
arized in T

ables 4-1 through
4-8 and Figure 4-1.  B

oth bioaugm
entation treatm

ents, as w
ell as biostim

ulation w
ith lactate,

w
ere successful in treating chlorinated ethenes from

 the m
icrocosm

s.  B
iostim

ulation w
ith EO

S 
w

as unsuccessful for com
pletely treating the chlorinated PC

E, as dechlorination stalled at D
C

E. 

W
hen bioaugm

entation w
ith Shaw

’s dechlorinating culture SD
C

-9
™ w

as em
ployed, PC

E and 
TC

E w
ere reduced to non-detectable concentrations (i.e. below

 the PQ
L of 50 ppb (0.4 m

M
))

w
ithin one w

eek in all sam
ples (T

ables 4-1 and
4-2 and Figure 4-1).
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T
able 4-1 

PC
E

 L
evels (µM

) in the B
ioaugm

entation and B
iostim

ulation M
icrocosm

s 

PC
E

T
im

e
(W

eeks)
SD

C
-9

™ + Lactate
SD

C
-9

™ + EO
S

L
actate

E
O

S
L

ive C
ontrol

K
illed C

ontrol
0

1.7±0.5
0.8±0.1

2.3±0.8
1.1±0.1

2.4±0.3
2.7±0.3

1
<0.3

<0.3
N

D
a

N
D

3.2±0.3
3.1±0.3

5
<0.7

<0.7
<0.7

<0.7
2.9±0.5

3.3±0.3
9

N
D

N
D

<0.6
<0.6

2.6±0.3
3.1±0.1

13
N

D
N

D
<0.2

<0.6
2.5±0.4

2.9±0.3
a

N
D

; N
o data point taken.

T
able 4-2 

T
C

E
 L

evels (µM
) in the B

ioaugm
entation and B

iostim
ulation M

icrocosm
s 

T
C

E
T

im
e

(W
eeks)

SD
C

-9
™ + Lactate

SD
C

-9
™ + EO

S
L

actate
E

O
S

L
ive C

ontrol
K

illed C
ontrol

0
0.8±0.2

0.4±0.1
0.5±0.2

0.5±0.0
0.6±0.1

0.6±0.1
1

<0.4
<0.4

N
D

a
N

D
0.7±0.0

0.7±0.0
5

<0.9
<0.9

<0.9
<0.9

0.6±0.1
0.8±0.1

9
N

D
N

D
<0.8

<0.8
0.6±0.1

0.7±0.0
13

N
D

N
D

<0.2
<0.8

0.6±0.1
0.7±0.1

a
N

D
; N

o data point taken.

Figure 4-1 

PC
E

 L
evels in B

iostim
ulation and B

ioaugm
entation M

icrocosm
s 

0
.0

0
.5

0

1
.0

1
.5

2
.0

2
.5

3
.0

3
.5

0
2

4
6

8
1

0
1

2
1

4

K
ille

d C
o

n
tro

l
L

ive
 C

o
ntrol

B
ioa

u
g +

 L
a

cta
te

B
ioa

u
g +

 E
O

S
B

iostim
 +

 L
a

cta
te

B
iostim

 +
 E

O
S

W
e

eks
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The PC
E and TC

E breakdow
n products D

C
E and V

C
 w

ere reduced below
 detection (PQ

L of
120 ppb (1.9 m

M
)) w

ithin five w
eeks (T

ables 4-3 and 4-4).

T
able 4-3 

D
C

E
 L

evels (µM
) in the B

ioaugm
entation and B

iostim
ulation M

icrocosm
s 

D
C

E
T

im
e

(W
eeks)

SD
C

-9
™ + Lactate

SD
C

-9
™ + EO

S
L

actate
E

O
S

L
ive C

ontrol
K

illed C
ontrol

0
0.7±0.2

0.5±0.1
0.6±0.2

0.7±0.0
0.6±0.0

0.7±0.0
1

0.6±0.8
b

2.9±0.3
N

D
a

N
D

0.7±0.1
0.7±0.0

5
<1.2

<1.2
5.2±0.6

4.9±0.3
0.6±0.1

0.7±0.0
9

N
D

N
D

1.8±2.4
b

4.1±0.1
0.5±0.0

0.9±0.4
b

13
N

D
N

D
<0.3

5.2±0.1
0.6±0.1

0.7±0.1
a

N
D

; N
o data point taken. C

oncentration less than detected
lim

it.
b

O
ne-half of the

detection lim
it w

as used for non-detect replicates.

T
able 4-4 

V
C

 L
evels (µM

) in the B
ioaugm

entation and B
iostim

ulation M
icrocosm

s 

V
C

T
im

e
(W

eeks)
SD

C
-9

™ + Lactate
SD

C
-9

™ + EO
S

L
actate

E
O

S
L

ive C
ontrol

K
illed C

ontrol
0

0.4±0.1
<0.8

<0.8
<0.8

<0.8
<1.1

1
1.3±1.3

0.7±0.2
N

D
a

N
D

<0.8
<1.3

5
<1.9

<1.9
<1.9

<1.9
<1.9

<1.9
9

N
D

N
D

2.1±2.6
<1.6

<1.6
<3.2

13
N

D
N

D
0.3±0.2

b
<1.6

<1.6
<1.6

a
N

D
; N

o data point taken. C
oncentration less than detected

lim
it.

b
O

ne-half of the
detection lim

it w
as used for non-detect replicates.

M
easurable concentrations of ethene, the likely degradation end product of biostim

ulation/
bioaugm

entation, w
ere present in both bioaugm

entation treatm
ents (T

able 4-5), thus indicating 
that com

plete dechlorination w
as occurring.T

able 4-5 
E

thene L
evels (µM

) in the B
ioaugm

entation and B
iostim

ulation M
icrocosm

s 

E
thene

T
im

e
(W

eeks)
SD

C
-9

™ + Lactate
SD

C
-9

™ + EO
S

L
actate

E
O

S
L

ive C
ontrol

K
illed C

ontrol
0

<0.29
<0.29

<0.07
<0.07

<0.07
<0.07

1
2.0±1.5

0.05±0.01
c

N
D

a
N

D
<0.07

<0.07
5

6.4±5.1
47±5.3

b
1.7±1.9

c
<0.07

<0.07
<0.07

7
20.3±14.2

b
81.2±23.7

b
<71.4

b
<3.57

<0.07
<0.07

9
N

D
N

D
<7.14

b
<7.14

b
<0.07

<0.07
13

N
D

N
D

6.5±0.8
<0.36

<0.07
<0.07

16
N

D
N

D
6.3±2.3

<23.9
<0.07

<0.07
a

N
D

; N
o data point taken. See N

ote b.
b

H
igh m

ethane levels in sam
ple m

asked ethene.
c

O
ne-half of the

detection lim
it w

as used for non-detect replicates.

Adminasst(Pittfp3)\W
ordProc\1128885\128885-01

Shaw Project No. 128885

4-5



Jones Road Groundwater Plume Treatability Study Report 
Shaw Environmental, Inc. 

A
s expected, dechlorination of V

O
C

s via biostim
ulation took considerably longer than w

hen 
bioaugm

entation w
as em

ployed.  In the biostim
ulation m

icrocosm
s, PC

E and TC
E levels w

ere 
reduced below

 the PQ
L of 120 ppb (1.9 m

M
) at five w

eeks, w
ith 500 ppb (5 m

M
) D

C
E present 

at that tim
e.  C

om
plete dechlorination to ethene occurred in the lactate treatm

ent, but 
dechlorination appeared to stall at D

C
E in the EO

S treatm
ent.  Ethene w

as detected in only the 
lactate treatm

ent.

There w
as no m

easurable loss of PC
E in both the killed and live controls over the course of the 

study.  Initial PC
E concentration in the EO

S-am
ended treatm

ents w
as substantially less than in 

the controls and lactate-am
ended treatm

ents; this
is likely the result of PC

E partitioning into the
oil.  For the lactate bioaugm

entation treatm
ent, the reduced initial tim

e zero PC
E concentration

(relative to the controls) m
ay

reflect partial biodegradation of the PC
E w

ithin the 24-hour 
equilibration period.  Evaluation of overall contam

inant m
olar balances w

as inhibited by 
elevated m

ethane concentrations, w
hich interfered w

ith the ethene analysis (T
able 4-5).  Ethene 

analyses for the lactate-am
ended treatm

ents (biostim
ulation and bioaugm

entation) that w
ere not

im
pacted by m

ethane show
ed that final ethene levels of approxim

ately 6.4 m
M

 w
ere obtained, 

w
hich is approxim

ately 1.6-tim
es the stoichiom

etric ethene concentration that w
ould be expected 

based on the initial chlorinated ethene concentrations.  This discrepancy is likely due to sorbed 
PC

E m
ass that w

as initially on the soil.

N
o ethane w

as detected in any of the biological treatm
ents (T

able 4-6).

T
able 4-6 

E
thane L

evels (µM
) in the B

ioaugm
entation and B

iostim
ulation M

icrocosm
s 

E
thane

T
im

e
(W

eeks)
SD

C
-9

™ + Lactate
SD

C
-9

™ + EO
S

L
actate

E
O

S
L

ive C
ontrol

K
illed C

ontrol
0

<0.27
<0.27

<0.07
<0.07

<0.07
<0.07

1
<0.24

<0.07
N

D
a

N
D

<0.07
<0.07

5
<0.91

<0.91
<0.91

<0.07
<0.07

<0.07
7

<1.33
<1.33

<66.7
<3.33

<0.07
<0.07

9
N

D
N

D
<6.67

<6.67
<0.07

<0.07
13

N
D

N
D

<0.33
<0.33

<0.07
<0.07

16
N

D
N

D
<0.33

<22.3
<0.07

<0.07
a

N
D

; N
o data point taken. C

oncentration less than detected
lim

it.

The pH
 data obtained during the course of this study are presented in T

able 4-7.  There w
ere no 

significant changes in pH
 over the course of the study, w

ith pH
 ranging betw

een 6.7 and 8.0 in 
all treatm

ents.
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T
able 4-7 

pH
 (Standard U

nits) in the B
ioaugm

entation and B
iostim

ulation M
icrocosm

s 

pH
T

im
e

(W
eeks)

SD
C

-9
™+ L

actate
SD

C
-9

™ + EO
S

L
actate

E
O

S
L

ive C
ontrol

K
illed C

ontrol
0

7.17
7.35

7.08
7.42

7.75
7.52

1
7.12

7.30
N

D
a

7.40
7.72

7.48
5

6.71
6.49

6.68
6.85

7.59
6.99

9
N

D
a

N
D

a
6.78

7.04
7.99

7.14
13

N
D

a
N

D
a

6.77
6.88

7.11
7.26

a
N

D
; N

o data point taken.

The O
R

P data obtained during the course of this study are presented in T
able 4-8.  N

egative 
O

R
P values w

ere observed in the three successful biological treatm
ents (both bioaugm

entation
treatm

ents and biostim
ulation w

ith lactate), w
hich is consistent w

ith the success of these
treatm

ents.  Positive O
R

P values w
ere observed in the controls, w

hich is consistent w
ith the lack 

of dechlorination in these treatm
ents.

T
able 4-8 

O
R

P (M
illivolts) in the

B
ioaugm

entation and B
iostim

ulation M
icrocosm

s 

O
R

P
T

im
e

(W
eeks)

SD
C

-9
™ + Lactate

SD
C

-9
™ + EO

S
L

actate
E

O
S

L
ive C

ontrol
K

illed C
ontrol

0
62

5
100

120
120

200
1

-120
-156

N
D

a
N

D
a

50
220

5
-120

-105
-86

18
2

11
9

N
D

a
N

D
a

78
112

126
163

13
N

D
a

N
D

a
31

138
124

177
a

N
D

; N
o data point taken.

ZV
I M

icrocosm
s

D
ata from

 the ZV
I testing are presented in T

ables 4-9 and 4-10.  B
oth ZV

I treatm
ents, N

ZV
I 

and M
ZV

I, w
ere effective at treating the chlorinated ethenes.

C
ontam

inant degradation rates in 
each of the ZV

I treatm
ents w

ere com
parable.  B

oth ethane and ethene w
ere detected in each ZV

I
treatm

ent at the final sam
pling event (t=5 w

eeks).

The rate of PC
E degradation in the ZV

I treatm
ents w

as less than the rate of PC
E degradation

observed in the bioaugm
entation and lactate biostim

ulation studies.  H
ow

ever, no transient 
accum

ulation of D
C

E or V
C

 w
as observed in the ZV

I treatm
ents.
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T
able 4-9 

C
ontam

inant L
evels (µM

) in Jones R
oad ZV

I M
icrocosm

s.

PC
E

T
C

E
T

im
e

(W
eeks)

N
ZV

I
M

ZV
I

L
ive

C
ontrol

N
ZV

I
M

ZV
I

L
ive

C
ontrol

0
2.5±0.6

2.0±0.4
2.3±0.5

0.5±0.1
0.4±0.1

0.5±0.1
1

1.5±0.3
1.1±0.4

2.2±0.4
<0.4

<0.4
0.5±0.1

3
0.6±0.2

0.3±0.1
1.7±0.4

<0.2
<0.2

0.4±0.1
4

0.4±0.2
0.1±0.0

a
1.3±0.2

<0.2
<0.2

0.4±0.1
5

0.4±0.2
<0.1

1.2±0.3
<0.2

<0.2
0.4±0.1

D
C

E
V

C
T

im
e

(W
eeks)

N
ZV

I
M

ZV
I

L
ive

C
ontrol

N
ZV

I
M

ZV
I

L
ive

C
ontrol

0
0.5±0.1

<0.5
0.5±0.1

<0.8
<0.8

<0.8
1

0.4±0.0
<0.4

0.5±0.1
<0.8

<0.8
<0.8

3
0.3±0.0

<0.2
0.5±0.1

<0.4
<0.4

<0.4
4

0.2±0.0
<0.2

0.4±0.1
<0.4

<0.4
<0.4

5
0.2±0.0

<0.2
0.5±0.1

<0.4
<0.4

<0.4
a

O
ne-half of the

detection lim
it w

as used for non-detect replicates.

T
able 4-10 

Final E
thane and E

thene V
alues (µM

) for ZV
I M

icrocosm
s. 

N
ZV

I
M

ZV
I

L
ive

C
ontrol

Ethene
1.9±0.3

2.4±0.2
<0.1

Ethane
0.6±0.1

0.8±0.1
<0.1

PC
E concentrations in the Live C

ontrol decreased by approxim
ately 50 percent during the 

5-w
eek study.  The reason for this decrease is unclear.  C

ontam
inant m

olar balances in the tw
o 

ZV
I treatm

ents show
ed greater than an 83 percent m

olar conversion to ethene (based on initial 
aqueous phase chlorinated ethene concentrations).  N

o ethene or ethane w
as detected in the 

control.

4.3
Conclusions

R
esults of the Law

renceville Technology Laboratory study indicate the follow
ing: 

� 
B

ioaugm
entation w

ith lactate or EO
S, and biostim

ulation w
ith lactate, resulted in the

com
plete dechlorination of PC

E; 
� 

B
ioaugm

entation 
w

ith 
SD

C
-9

™ 
increased 

the 
treatm

ent 
kinetics 

relative 
to

biostim
ulation;

� 
Treatm

ent using both N
ZV

I and M
ZV

I resulted in com
plete dechlorination of PC

E, w
ith 

no transient accum
ulation of D

C
E or V

C
. 

O
verall, results of this study show

 that bioaugm
entation, biostim

ulation w
ith lactate, and 

N
ZV

I/M
ZV

I are potential treatm
ent options for PC

E at the site. 
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5.0
CONCLUSION AND RECOMMENDATION

Treatability studies using both m
icrocosm

 testing of soils and groundw
ater from

 the Jones R
oad 

site have identified several insitu technologies that successfully degraded PC
E and its daughter 

products.  Treatability testing determ
ined that perm

anganate oxidation w
as the m

ost effective 
ISC

O
 technology.  B

iorem
ediation treatability testing determ

ined that both bioaugm
entation and 

biostim
ulation effectively treated PC

E and its daughter products in Jones R
oad soils and

groundw
ater.  B

iostim
ulation w

ith lactate had the best reaction kinetics.  ZV
I also effectively 

treated the PC
E and its daughter products. 

A
s discussed in Section

1.0 of this report, subsurface soils at the Jones R
oad site are clays,

clayey sands, and sandy clays w
ith interm

ittent sand lenses.  Sand layers are discontinuous and at 
variable depths in the shallow

 saturated zone (depths of approxim
ately 28-50 feet bgs) at the site.

PC
E and its daughter products are also present in the vadose zone soils at the site, and at deeper 

depths in the saturated zone.  D
ue to the presence of low

 perm
eability zones, site conditions pose

a challenge to im
plem

enting an insitu rem
edialtechnology at the site.

A
nother challenge, not 

addressed by this report, are logistics for a pilot study or full-scale im
plem

entation, since the
facility is occupied and the lot on the south side of the form

er dry cleaner is an open public area,
and the area w

ith the highest shallow
 groundw

ater contam
ination (G

P-3A
) is a narrow

 alley w
ith 

underground utilities.  These conditions do not elim
inate the possibility of perform

ing a pilot 
study and full-scale technology application at the Jones R

oad site.  Insitu treatm
ent in the

shallow
 source area is critical for m

ass V
O

C
 destruction and m

itigation of the source area.
Figure 1-1, the Site Plan, show

s the potential locations for pilot studies. 

Site conditions at Jones R
oad, including abundant clays, deep contam

ination m
igration, and an 

existing source area, m
ay require the application of rem

edial technologies in com
bination.  The 

technology that addresses the shallow
 source area m

ay
not be w

hat is needed at deeper depths. 
For exam

ple, ISC
O

 technologies m
ay be m

ore
appropriate in shallow

er source zones and 
biotechnologies m

ay be m
ore appropriate at depth or in extended plum

e areas.  A
n im

m
ediate 

need is to im
plem

ent a technology that w
ould, in a short am

ount of tim
e, significantly reduce the 

m
ass and m

obility of PC
E source m

aterial.  July 2006 G
eoprobe

® studies detected significant
concentrations of PC

E (i.e.,G
P-3A

 = 190,000 µg/L, G
P-7A

 = 43,000 µg/L) near the form
er B

ell
D

ry C
leaners.  A

n ISC
O

 pilot study, using potassium
 perm

anganate, should be perform
ed in this 

area.  Prior to selecting one of the proposed test sites show
n on Figure 1-1, a conceptual site 

m
odel (C

SM
) needs to be developed that includes, as detailed as possible, geologic cross

sections and hydraulic inform
ation.  The C

SM
 w

ill allow
 for the placem

ent of both injection and
m

onitoring w
ells and selection of w

ell screen intervals.  The C
SM

 w
ill help evaluate w

here to
install pilot study m

onitoring points to evaluate how
 the ISC

O
 acts w

ithin the various clay and 
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sand layers.  PC
E and daughter products have m

igrated laterally and dow
nw

ard through the 
subsurface at the site.  A

pplying an insitu technology like ISC
O

, or a biotechnology, has a good
chance of destroying V

O
C

s along preferential flow
 pathw

ays.

C
SM

 and pilot study results w
ill also allow

 for an evaluation and planning of a full-scale
technology application.  C

SM
 inform

ation is also critical for developing an appropriate 
im

plem
entation of an ISC

O
 or biotechnology to deeper zones.

A
lthough in som

e areas ISC
O

 
should be conducted first, another pilot study to evaluate application and sustainability of a 
bioaugm

entation technology in deeper zones should be considered.  In deeper zones, greater than 
50 feet and possibly 100 feet, PC

E contam
ination m

ay be addressed by developing zones w
ithin 

sand units w
here a sustained active biorem

ediation
zone acts as a m

igration barrier.  Such an 
approach utilizes ISC

O
 in shallow

er source type areas and biotechnology in deeper m
igration

pathw
ay zones.  B

ecause of com
plex site conditions and the deep nature of the contam

ination,
TC

EQ
 w

ill need to considera m
ultiple technology approach to the Jones R

oad site. 

M
ore specific details (design) on how

 to address site-specific conditions w
ould be included in a

pilot study w
ork plan.  A

ctions often associated w
ith pilot studies m

ay include short-term
 aquifer 

tests (open w
ell and packer studies) to evaluate site hydraulics.  B

rom
ide tracer studies are often

used w
ith insitu applications to evaluate

delivery and distribution pathw
ays.  Potassium

 
perm

anganate w
ith its unique purple color acts as its ow

n tracer.

A
 pilot test w

ould include a test w
ell netw

ork, including injection and extraction w
ells, and

m
onitoring w

ells.  Insitu technology am
endm

ents
(ISC

O
 or biotechnology) are placed in the test 

treatm
ent zone through the injection w

ells.  The pilot test m
ay include single or m

ultiple
injections.  O

ne or several injection/extraction
w

ell pairs m
ay be used during the test.  Several 

m
onitoring w

ell points m
ay be installed betw

een the injection and extraction w
ells.  W

henever
possible, existing m

onitoring w
ells are used as m

onitoring points.  The treatm
ent dosage is based 

on treatability study results and the hydraulic data collected during short-term
 aquifer tests. 

G
roundw

ater is recovered from
 the extraction w

ells and analyzed on a pre-determ
ined frequency 

to evaluate PC
E and daughter product concentrations.  A

long w
ith V

O
C

s, natural attenuation 
param

eters and m
etals are often part of the pilot test analytical program

.  Extraction w
ell flow

 
rates are based on short-term

 aquifer test data and tracer test results.  Injection, extraction, and 
m

onitoring w
ell placem

ent and screen intervals w
ould be based on the C

SM
 and aquifer

characteristics.

A
 report of pilot test results, including a description of the test design and procedures, expected 

results, and actual results, w
ould be prepared after the test.  The report w

ould also include 
recom

m
endations 

and 
a 

conceptual 
design 

for 
a 

full-scale 
(selected 

area 
or 

site-w
ide)

application.
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O
nce a C

SM
 is developed and pilot tests are conducted, a m

ore com
plete technology assessm

ent
and application strategy can be developed w

hich addresses cost, site conditions, and life-cycle 
engineering for a full-scale rem

edial technology im
plem

entation.
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VOC Analytical Data 
Laboratory Chemical Oxidation Treatment Study 

Jones Road Superfund Site 
November 2006

Water Soil

Treatment Dosage
(g/L)

Sample
ID VC

(µg/L)
trans-DCE

(µg/L)
Cis-DCE

(µg/L)
TCE

(µg/L)
PCE

(µg/L)
Oxidant
(mg/L) pH VC

(µg/kg)

trans-
DCE

(µg/kg)

Cis-
DCE

(µg/kg)

TCE
(µg/kg)

PCE
(µg/kg

wet soil) 

Solids
content

PCE
(µg/kg

dry soil) 
NA C1-0 25 U 25 U 34.412 16.687 1243.918 0 7.49 3.43 U 3.43 U 3.43 U 3.43 U 42.583 77.42% 0

0 day Control
NA C2-0 25 U 25 U 14.823 8.382 1252.424 0 7.57 4.83 U 4.83 U 4.83 U 4.83 U 39.909 75.51% 0

14 day control NA C2-14 25 U 25 U 63.504 57.295 1575.233 0 7.12 5.55 U 5.55 U 5.55 U 5.55 U 91.464 75.46% 0

21 day control NA C1-21 2.5 U 2.5 U 2.5 U 2.5 U 95.547 0 7.9 5.67 U 5.67 U 5.67 U 5.67 U 15.009 70.16% 0

3 M1-1 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2540 4.63 U 4.63 U 4.63 U 4.63 U 4.63 U 64.90% 0

5 M2-1 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 4280 5.2 U 5.2 U 5.2 U 5.2 U 5.2 U 67.55% 01 day,
permanganate

10 M3-1 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 8800 4.43 U 4.43 U 4.43 U 4.43 U 12.481 67.55% 18.48

3 M1-4 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2590 4.75 U 4.75 U 4.75 U 4.75 U 4.75 U 68.40% 0

5 M2-4 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 5480 4.98 U 4.98 U 4.98 U 4.98 U 4.98 U 67.36% 04 days,
permanganate

10 M3-4 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 8800 5.13 U 5.13 U 5.13 U 5.13 U 5.13 U 70.44% 0

3 M1-14 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2630 5.38 U 5.38 U 5.38 U 5.38 U 5.38 U 72.20% 0

5 M2-14 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 4240 5.26 U 5.26 U 5.26 U 5.26 U 5.26 U 69.02% 014 days,
permanganate

10 M3-14 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 8360 5.24 U 5.24 U 5.24 U 5.24 U 5.24 U 67.77% 0

2 S1-4 2.5 U 2.5 U 57.938 55.494 1191.344 1785 7.56 9.45 U 9.45 U 9.45 U 9.45 U 118.825 75.50% 0

5 S2-4 2.5 U 2.5 U 28.352 16.379 795.244 4760 7.64 8.9 U 8.9 U 8.9 U 8.9 U 60.864 69.14% 04 days,
persulfate

10 S3-4 2.5 U 2.5 U 18.523 7.973 424.266 9401 7.69 7.0 U 7.0 U 7.0 U 7.0 U 34.79 71.64% 0

2 S1-8 2.5 U 2.5 U 15.388 5.759 251.393 1963.5 7.74 3.9 U 3.9 U 3.9 U 3.9 U 45.111 68.34% 0

5 S2-8 2.5 U 2.5 U 28.223 15.094 909.551 4760 7.44 4.55 U 4.55 U 4.55 U 4.55 U 52.275 75.35% 08 days,
persulfate

10 S3-8 2.5 U 2.5 U 24.851 14.057 438.149 9282 7.4 3.78 U 3.78 U 3.78 U 3.78 U 37.022 72.55% 0

2 S1-21 2.5 U 2.5 U 2.5 U 2.5 U 42.011 1696 7.65 4.83 U 4.83 U 4.83 U 4.83 U 9.069 73.08% 0

5 S2-21 2.5 U 2.5 U 20.934 11.016 498.767 4641 7.21 4.90 U 4.90 U 4.90 U 4.90 U 27.065 71.44% 021 days,
persulfate

10 S3-21 2.5 U 2.5 U 10.819 4.465 154.452 9044 6.94 4.24 U 4.24 U 4.24 U 4.24 U 9.007 74.79% 0

U – Laboratory reporting limits

P: Adminasst(Pittfp3)\WordProc\1128885\128885-01 Shaw Project No. 128885
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Metal Analysis Data 
Laboratory Chemical Oxidation Treatment Study 

Jones Road Superfund Site 
November 2006

Sample ID 
Ag

(mg/L)
Al

(mg/L)
As

(mg/L)
Ba

(mg/L)
Be

(mg/L)
Ca

(mg/L)
Cd

(mg/L)
Co

(mg/L)
Cr

(mg/L)
Cu

(mg/L)
Fe

(mg/L)
K

(mg/L)
Mg

mg/L)
MDL 0.012 0.086 0.012 0.005 0.005 0.150 0.012 0.026 0.026 0.026 0.150 0.75 0.015
C1-0 <0.012 1.54 <0.012 0.171 <0.005 34.1 <0.012 <0.026 <0.026 <0.026 0.486 <0.75 6.39
C2-0 <0.012 1.35 <0.012 0.162 <0.005 32 <0.012 <0.026 <0.026 <0.026 0.479 <0.75 6.50
C1-21 <0.012 8.59 <0.012 0.162 <0.005 27.2 <0.012 <0.026 <0.026 <0.026 4.7 <0.75 5.86
C2-14 <0.012 1.41 <0.012 0.213 <0.005 40.5 <0.012 <0.026 <0.026 <0.026 0.566 <0.75 8.01
M1-14 0.076 0.519 <0.012 1.61 <0.005 203 <0.012 <0.026 0.232 <0.026 < 0.150 116 35.8
M2-14 0.114 0.863 <0.012 2.19 <0.005 220 <0.012 <0.026 0.288 <0.026 < 0.150 284 44.1
M3-14 0.242 0.788 <0.012 4.5 <0.005 472 <0.012 <0.026 0.472 <0.026 < 0.150 920 68.9
S1-21 0.017 0.936 <0.012 0.438 <0.005 133 <0.012 <0.026 <0.026 <0.026 44.5 <0.75 20.6
S2-21 0.034 0.974 <0.012 0.164 <0.005 220 <0.012 <0.026 <0.026 <0.026 86.4 <0.75 35.1
S3-21 0.044 0.309 <0.012 0.106 <0.005 322 <0.012 0.070 <0.026 <0.026 115 <0.75 48.7

Sample ID 
Mn

(mg/L)
Mo

(mg/L)
Na

(mg/L)
Ni

(mg/L)
P

(mg/L)
Pb

(mg/L)
S

(mg/L)
Sb

(mg/L)
Se

(mg/L)
Sn

(mg/L)
Ti

(mg/L)
V

(mg/L)
Zn

mg/L)
MDL 0.026 0.026 0.055 0.012 0.026 0.012 0.026 0.012 0.012 0.026 0.012 0.026 0.012
C1-0 <0.026 <0.026 133 <0.012 0.242 <0.012 6.45 <0.012 <0.012J <0.026 <0.012 <0.026 <0.012
C2-0 <0.026 <0.026 125 <0.012 0.303 <0.012 6.62 <0.012 <0.012J <0.026 <0.012 <0.026 <0.012
C1-21 <0.026 <0.026 120 <0.012 0.161 <0.012 6.45 <0.012 <0.012J <0.026 <0.012 <0.026 <0.012
C2-14 <0.026 <0.026 132 <0.012 0.211 <0.012 6.49 <0.012 <0.012J <0.026 <0.012 <0.026 <0.012
M1-14 574 <0.026 186 <0.012 <0.026 0.015 9.24 <0.012 0.153J <0.026 0.243 <0.026 <0.012
M2-14 839 <0.026 205 <0.012 <0.026 0.033 10.1 <0.012 0.299J <0.026 0.496 <0.026 <0.012
M3-14 1163 <0.026 233 <0.012 <0.026 0.107 19.0 <0.012 0.747J 0.031 1.30 <0.026 <0.012
S1-21 0.376 <0.026 403 0.065 0.151 0.357 361 <0.012 <0.012J <0.026 <0.012 <0.026 0.066
S2-21 0.358 <0.026 736 0.050 0.120 0.350 528 <0.012 <0.012J <0.026 <0.012 <0.026 0.034
S3-21 1.10 <0.026 1137 0.062 0.102 0.298 552 <0.012 <0.012J <0.026 <0.012 <0.026 0.047

J Qualifier = Estimated values maybe biased slightly low.  Continuing standard outside 80-120% criteria at 79%. 
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ES-1

Executive Sum
m

ary 

The Texas C
om

m
ission on Environm

ental Q
uality, through a C

ooperative A
greem

ent w
ith the 

U
.S. Environm

ental Protection A
gency, is undertaking a rem

edial investigation and feasibility 
study in the residential and com

m
ercial area surrounding the form

er location of the B
ell D

ry 
C

leaners site (B
ell facility).  The B

ell facility is located at 11600 Jones R
oad, H

ouston, Texas.  
The Jones R

oad G
roundw

ater Plum
e Site (Jones R

oad site) is located approxim
ately one-half 

m
ile north of the intersection of Jones R

oad and FM
 1960, outside the H

ouston city lim
its in 

northw
est H

arris C
ounty.  The groundw

ater is contam
inated w

ith tetrachloroethylene (PC
E), 

trichloroethene,cis-1,2-dichloroethylene (D
C

E), trans-1,2-D
C

E, and vinyl chloride.  The extent 
of the plum

e has been docum
ented from

 the southern end of Echo Spring Lane to Tow
er O

aks 
B

oulevard and from
 Tim

ber H
ollow

 D
rive to the eastern side of Jones R

oad. 

A
 tw

o-dim
ensional m

odel w
as designed to perform

 a sim
ple capture zone analysis of the C

hicot 
A

quifer underlying the Jones R
oad site.  The prim

ary goal of the m
odel is to assist in quantifying 

the num
ber of w

ells and the respective pum
ping rates required in order to show

 hydraulic capture 
of the existing PC

E plum
e.  The m

odel is intended to be sim
ple, conservative, and is not to be 

used for purposes beyond prelim
inary capture zone analysis.   

In this m
odel, the C

hicot A
quifer is sim

ulated as an unconfined, hom
ogeneous, and isotropic 

aquifer under steady-state conditions.  The w
idth of the m

odel dom
ain along the north-south axis 

is 4650 feet.  The east-w
est axis of the m

odel dom
ain has a total length of 4600 feet.  The grid 

w
as set to uniform

 thicknesses in the vertical, or z, direction of 100 and 200 feet.  The saturated 
thickness of the C

hicot A
quifer is m

ore on the order of 300 feet in thickness at the site (Shaw
 

2008); how
ever, the 100-foot thickness is conservative and m

ost representative of the portion of 
the C

hicot A
quifer im

pacted by the dissolved phase PC
E.  Initially, six hydraulic extraction w

ells 
w

ere sim
ulated in the m

odel.  The num
ber of extraction w

ells w
as increased in specific scenarios 

in order to obtain com
plete hydraulic capture of the contam

ination plum
e.  The w

ells are 
screened 50 feet into the aquifer and pum

ped at a constant rate.  A
ll boundaries of the m

odel are 
treated 

as 
constant-head 

boundaries 
that 

sim
ulate 

the 
observed 

hydraulic 
gradient 

of 
0.003 feet/foot at the site. 

A
 variety of pum

ping rates w
ere m

odeled, w
ith the goal of obtaining the low

est possible 
pum

ping rate that (1) does not dry up m
odel cells and (2) still captures flow

paths w
ithin the 

contam
inated zones.  To account for the fact that hydraulic conductivity at the site has not been 

m
easured, the effects of pum

ping under a range of hydraulic conductivities w
ere considered. 

A
 scenario using a hydraulic conductivity of 50 feet per day results in little draw

dow
n beyond 

the area im
m

ediately adjacent to a w
ell for both the 100- and 200-foot aquifer thicknesses.  The 
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ES-2

capture zone for each w
ell is relatively narrow

, and gaps through w
hich PC

E m
ight m

igrate are 
clearly present in the overall capture zone.  A

dditional pum
ping w

ells w
ould be required in this 

scenario to produce hydraulic capture of the plum
e.  C

onversely, a conductivity of 5 feet per day 
in a 100-foot-thick aquifer results in a significant am

ount of draw
dow

n and a capture zone that 
encom

passes the current plum
e and adjacent areas.  For a 200-foot-thick aquifer, the cone of 

depression is shallow
er for a conductivity of 5 feet per day and therefore results in narrow

er 
capture zones for each w

ell; gaps are present in the overall capture zone for the scenario using a 
hydraulic conductivity of 5 feet per day and a 200-foot-thick aquifer.  For a hydraulic 
conductivity of 20 feet per day and an aquifer thickness of 100 feet, capture can be achieved w

ith 
five w

ells pum
ping continuously at 20 gallons per m

inute and a sixth w
ell pum

ping at 25 gallons 
per m

inute.  The 200-foot-thick aquifer results in less draw
dow

n at each w
ell for a conductivity 

of 20 feet per day, and the plum
e is not hydraulically captured. 

Tw
o additional pum

ping w
ells w

ere added to the scenario w
here the hydraulic conductivity is 

20 feet per day and the aquifer thickness is 200 feet.  In order to obtain com
plete hydraulic 

capture of the PC
E plum

e, four of the eight w
ells have a pum

ping rate of 20 gallons per m
inute 

and four w
ells are pum

ping at a rate of 25 gallons per m
inute.  This is the m

ost reasonable 
scenario and the one recom

m
ended w

hen determ
ining the cost of a potential treatm

ent system
. 

The m
odel results presented in this report are basic and derived from

 a noncalibrated m
odel.  

Site-specific aquifer and pum
p tests w

ould be required prior to com
pleting the design of a 

rem
ediation system

. 
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1

1.0
Introduction ________________________________________________  

The Texas C
om

m
ission on Environm

ental Q
uality (TC

EQ
), through a C

ooperative A
greem

ent 
w

ith the U
.S. Environm

ental Protection A
gency (EPA

), is undertaking a rem
edial investigation 

(R
I) and feasibility study (FS) in the residential and com

m
ercial area surrounding the form

er 
location of the B

ell D
ry C

leaners site (B
ell facility).  The B

ell facility w
as located at 11600 Jones 

R
oad, H

ouston, Texas.  The Jones R
oad G

roundw
ater Plum

e Site (Jones R
oad site) is located 

approxim
ately one-half m

ile north of the intersection of Jones R
oad and FM

 1960, outside the 
H

ouston city lim
its in northw

est H
arris C

ounty.  The groundw
ater is contam

inated w
ith 

tetrachloroethylene (PC
E), trichloroethene, cis-1,2-dichloroethylene (D

C
E), trans-1,2-D

C
E, and 

vinyl chloride.  The extent of the plum
e has been docum

ented from
 the southern end of Echo 

Spring Lane to Tow
er O

aks B
oulevard and from

 Tim
ber H

ollow
 D

rive to the eastern side of 
Jones R

oad. 

A
pproxim

ately 231 public w
ater supply (PW

S) and private w
ells have been identified w

ithin a 
one-half-m

ile radius of the form
er B

ell facility.  Filtration system
s have been installed on 

residential w
ells w

here PC
E has been detected at levels exceeding the m

axim
um

 contam
inant 

level (M
C

L); an additional filtration system
 w

as installed on a w
ell w

here PC
E concentrations 

are below
 the M

C
L, at the request of the ow

ner.  B
etw

een 100 and 150 residential w
ells w

ere 
m

onitored on a quarterly basis betw
een M

ay 2003 and M
ay 2008. 

The EPA
 and TC

EQ
 funded the construction of a w

aterline connecting the C
ity of H

ouston w
ater 

supply to the Jones R
oad com

m
unity.  C

om
m

unity m
em

bers can participate in the EPA
 and 

TC
EQ

-funded w
aterline project on a voluntary basis.  A

s of this report, approxim
ately 50 percent 

of the property ow
ners and w

ell ow
ners have connected to the w

aterline and relinquished their 
w

ater w
ells.  Figure 1 show

s the current Jones R
oad w

aterline service area (TC
EQ

, 2007).  In 
addition, the entire Jones R

oad area falls w
ithin the boundary of the N

orth H
arris C

ounty 
R

egional W
ater A

uthority (N
H

C
R

W
A

, July 2002) (Figure 2).  The effects of groundw
ater 

w
ithdraw

als from
 w

ithin the greater w
ater authority perim

eter, as w
ell as m

ore local-scale 
pum

ping near Jones R
oad, are m

ultidim
ensional and com

plex and by necessity could not be 
included in this sim

ple m
odel.  H

ow
ever, it is im

portant to note that the local hydraulic gradient 
in the Jones R

oad area has changed as a result of hom
eow

ners turning off their ow
n w

ells and 
connecting to the w

aterline. W
hereas the local gradient w

as previously northw
ard (from

 the B
ell 

facility tow
ards the neighborhood north of Jones R

oad), it is now
 m

ore southw
esterly.  This 

change is very likely due to the reduced hydraulic effect of several hundred hom
eow

ner w
ells 

being shut dow
n.   
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2

2.0
Purpose of the Model ________________________________________  

The purpose of this m
odel is to perform

 a sim
ple capture zone analysis of the C

hicot A
quifer 

underlying the Jones R
oad site.  M

ore specifically, the goal is to develop a m
odel to assist in 

quantifying the num
ber of w

ells and the respective pum
ping rates required in order to show

 
hydraulic capture of the existing PC

E plum
e.  These data w

ould then be available to staff w
ho 

are evaluating various rem
ediation alternatives as part of the Jones R

oad FS.  The m
odel is 

intended to be sim
ple, conservative, and is not to be used for purposes beyond prelim

inary 
capture zone analysis.  D

ue to the lack of hydraulic data from
 the residential w

ells, changing 
conditions as those w

ells stopped pum
ping and hom

eow
ners connected to the w

aterline, and the 
short tim

e fram
e required to com

plete the m
odel, the m

odel is not calibrated to local flow
 

conditions.  The aquifer is sim
ulated as an unconfined, hom

ogeneous, and isotropic aquifer under 
steady-state conditions.   

3.0
Conceptual Site Model _______________________________________  

Tw
o prim

ary hydrostratigraphic units have been defined for the Jones R
oad site: the C

hicot 
A

quifer and the Evangeline A
quifer (Figure 3).  The C

hicot A
quifer is com

posed of the youngest 
w

ater-bearing unit in the C
oastal Plain of Texas.  The unit is laterally discontinuous and includes 

fluvial-deltaic deposits of gravel, sand, silt, and clay.  The presence of the C
hicot A

quifer in the 
subsurface can be delineated by a higher sand-clay ratio relative to the underlying Evangeline 
A

quifer (B
aker, 1979).  A

 thick sequence of laterally discontinuous, interbedded sand and clay 
layers separates the shallow

 sedim
ents of the C

hicot A
quifer from

 the deeper layers (K
asm

arek 
and Strom

, 2002).  This sequence of interbedded sand and clay layers results in a w
eak hydraulic 

connection betw
een the C

hicot A
quifer and the land surface.  The C

hicot A
quifer is com

m
only 

differentiated from
 the Evangeline A

quifer on the basis of its contrasting, relatively low
er 

transm
issivity.  A

 w
eak hydraulic connection exists betw

een the C
hicot and Evangeline 

A
quifers, allow

ing for w
ater to m

ove vertically betw
een the tw

o hydrostratigraphic units.  This 
m

odel exam
ines groundw

ater flow
 in the C

hicot A
quifer only.  Figure 4 w

as adapted from
 the R

I 
report (Shaw

, 2009) and represents a type section for the site.  Figure 4 is quite detailed and w
as 

used as the starting point for the sim
plified block diagram

 presented in Figure 3.   

The 
regional 

groundw
ater 

flow
 

direction 
in 

H
arris 

C
ounty 

is 
generally 

south-southeast 
(K

asm
arek and Strom

, 2002).  This is consistent w
ith the regional flow

 direction and hydraulic 
gradient (approxim

ately 0.003 feet per foot [ft/ft]) developed by the U
.S. G

eological Survey 
(U

SG
S) and show

n in Figure 5.  R
ecent w

ater level m
easurem

ents from
 m

onitoring w
ells at the 

site support a southeasterly flow
 direction under a gradient of 0.003 ft/ft (Shaw

, 2007).  The 
large num

ber of private and PW
S w

ells w
ithin H

arris C
ounty and, m

ore specifically, the Jones 
R

oad site, m
ay affect the local groundw

ater flow
 directions.  D

ata logger inform
ation obtained 
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3

from
 five w

ells w
ithin the Jones R

oad site indicates that the local groundw
ater flow

 direction 
varies from

 south, southeast, and southw
est in the C

hicot A
quifer.  H

ow
ever, the fact that private 

w
ells are contam

inated w
ith PC

E is clear evidence that on a local scale the hydraulic gradient 
w

as, at som
e tim

e, due w
est of the B

ell facility.  In fact, these w
ells w

ere likely to have exerted 
som

e hydraulic control on the plum
e and m

ay continue to do so.  To further com
plicate the 

picture, approxim
ately 50 percent of the private w

ells in the Jones R
oad com

m
unity are now

 
turned off as som

e hom
eow

ners chose to connect to the PW
S pipeline.  This has resulted in a 

change in the site-scale hydraulic gradient, and groundw
ater at the site now

 flow
s to the 

southeast (Shaw
, 2007).  W

hile the effect of these changes on PC
E m

igration is beyond the scope 
of this report, connecting hom

eow
ners to the w

aterline m
ay have resulted in the unintended 

consequence of reducing the hydraulic containm
ent previously exerted by hom

eow
ner w

ells.  

4.0
Statem

ent of the Problem
 _____________________________________  

A
n R

I w
as com

pleted for the site (Shaw
, 2009) and an FS is in progress.  The FS w

ill evaluate a 
num

ber of rem
edial alternatives, including a groundw

ater pum
p and treat system

. This m
odel 

provides decision-m
aking personnel w

ith a conservative estim
ate of the num

ber of w
ells and the 

respective pum
ping rates required in order to capture the existing Jones R

oad PC
E plum

e.  These 
data w

ill be used in FS cost estim
ates of the pum

p and treat alternative.  

5.0
Model Software Selected _____________________________________  

The m
odel w

as developed using a recent version of M
O

D
FLO

W
 to characterize the m

ovem
ent 

of groundw
ater through the system

.  M
O

D
FLO

W
 is a three-dim

ensional, finite-difference, 
groundw

ater flow
 code originally developed by the U

SG
S (M

cD
onald and H

arbaugh, 1988).  
M

O
D

FLO
W

 w
as selected for use in this project because the code is nonproprietary, w

ell 
docum

ented, and has been verified for a w
ide range of field problem

s (A
nderson, 1993).  

G
roundw

ater V
istas w

as used as a graphical interface to the code.  

6.0
Model Param

eters ___________________________________________  

6.1
Model Grid 

Figures 6 and 7 illustrate the approxim
ate m

odel dom
ain w

ith respect to residential w
ells, the 

B
ell facility, and the approxim

ate distribution of PC
E in N

ovem
ber 2007 for both aquifer 

thicknesses sim
ulated.  The m

odel dom
ain is defined by a 93-row

 by 92-colum
n, finite-

difference grid.  C
ells are uniform

ly 50 feet in both the x and y directions.  The east-w
est axis of 

the m
odel grid has a total length of 4600 feet.  The w

idth of the grid along the north-south axis is 
4650 feet.  The vertical, or z, direction of the grid w

as set to uniform
 thicknesses of 100 and 

200 feet.  The saturated thickness of the C
hicot A

quifer is m
ore on the order of 300 feet thick at 


