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Legend for Data Summary Tables

DF: Dilution Factor

Conc: Concentration

Qual: Qualifier

J: Estimated Concentration

=:Detected Concentration

jig/ L: micrograms per liter

mg/ L: milligrams per liter

pg/ kg: micrograms per kilogram

* ~~mg/kg: milligrams per kilogram



Attactument G
Study Area 1: Summary of Gas" In Groundwater 794 6 65
Met. Installation, Memphis Depot

Ars. StaflonlD D.wCdl.&.d Sample Wit ETYLENE ETHANE ETHENE I MEMANE
DF, COMIOuallDFI 1,Go6a.',IC,6ia1l DE DF Cone, Qual

1IW-5 21-M IWS-EBT�B UGIL I I I = 1 16
1IW-5 23-Jan-03 IW5-EBT4S7 UGIL 1 0.661 = 1 1.6 = 112000

WS 21-May-O IV46-EBT-B UGIL 1 0.99 = 1 0.66 = 1 2.9
11W.6 2�.,,4X]l IW6-EST-TS7 UGIL I 0 89 = I I 8 = 18500
IIW-7 23-jan-03 Wl`�EBT4S7 UG/L 1 0.35 1 016 = 112000
IMW-100B 22-Mar-02 IGOB-117-BL UGUL I 11DO

MwMiOOB 23-May-O IDOB-EST-8 UGtL 1 0.27 =
Imw-iwe �,,1-02 IWB-EST�TSI UGIL 1 0.41 1 0 039 = I 1
IMWA008 29-JuW2 IGOB-EBT-TS2 UGIL 1 0.24 1 0.38 =

MW-lOOB 3-Sep-02 WW10011�118T-TS3 UGfL 1 0.52 = I 0 66 = 1 17
IMW-IOOB 7-Oct-02 MWIOOB-EBTwTS4 UrILI 1 0.66 = 1 0.91 = 13600
IMW-IOOB I II-NOV-02 MWlWB.EBT-TSS UGIL I 03i = I 0 41 a 117000
IMWAGOB 19-Dec-02 MWI008�1EST-TS6 UG& II0.08 = I 0.18 = 17000
IMW-100B 20-Jam-03 MWIOOB�EBT-TS7 UG/L I 0 361 = 1 0.23 = 119000
1MW-100B 26-Feb-03 MW100B.EBT-TS8 UGJL 1 0.3 = I 018 m 124000
IMW-100B 24-Mar-03 MWIOOB-EBT-TS9 UG& 1 0.781 = I 0.11 = 126000

MwMlOOB 21-Apr-O MWiOOB.EBT-TSIO UGIL 1 0 46 = I 0.19 = 126000
MwM1009 il)Maywl) MWiOOB.EBT-TSII UGIL 1 0 28 = I OA 1 = 122000

IMW-100B 25-Jun-03 MW100B-EBT-TS12 UGfL 1 0.018 = I11000
MW-100B 23-Jul-03 MWIOOB-EBT-TS13 UGJL 1 0.15 = I 0 059 = 122000
MwWlis 21-May-O MWI15-EBT-B UGIL 1 0.75 = 1 0.42 =

IMW-115 8-Jul-02 MWI15-EBT-TSI UGIL 1 0.51 = I 0.17 =
IMW-1 15 31,Jul-02 MWI15wEBTwTS2 JUG&I 1 0 24
1MW-115 4-Sep-0 MWIi5wEBT-TS3B UGIL 1 OM = 1 0.13 = I15301
1MWwl 15 8,Oct-02 MWIi5-EBT-TS4 UG/L 1 0,014 = 13000
1MW-115 12wNov-02 MWI15-EBT-TSS UGIL 12900
1MW�115 i7-Dec-02 MWIi5-EBT-TS6 UGfL 1 0.027 = I4000
1MW-115 22,Jan-03 MWIi5-EBT-TS7 UGIL I 0 051 1 0.037 = I4900
IMW-Ii5 24-Feb-03 iWIIS-EBT-TS8 UGIL 1 0.051 I 0 14 = I49W
1MIN-lis 26-Mar-03 MWli5.EBT-TS9 UG[L 1 0 028 1 0,026 = 14800

MW�li5 22-Apr.03 MWIIS.EBT-TSIO UGtL 1 0.0421 1 0.047 = I45DO
MwwIi5 21-May-O MWI15-EBT-TS11 UGIL 1 0.0331 I 0 03 = 15400

IMW-115 25-JunwO3 MWI15-EBT-TS12 UGIL 10,0082 = 15100
1MIN-115 23-Jul-03 MWI15-EBT-TS13 UGIL 1 1.9
1MW-116 9-JulwO2 MWI16-EST-TSI UGILI I 0.042 1 0.049 = I 1.1
IMW-116 3I-JuIwO2 MWI16-EBT-TS2 UGIL I1 0.4 = II I

MW-116 4-S."2 MWI16-EST-TS3B UGR. 1 0.078 1 0.19 = 1 230
IMW-116 9-W-02 MWI16wEBT-TS4 UGIL 1 0.043 12400
IMW-116 13-No,02 MWI16-EBT-TSS UGJL Iwoo
1Mw-iI6 17-Dee-02 MWI16-EBT-TS6 UGIL 1 590
1MW-116 22-Jan-03 MWI16-EBTwTS7 UG/L 1 0 014 1 0.02 = 12200
IMW-116 25-Feb-03 MW116-EBT-TSO UG/L 1 0 022 1 0.18 = 12200
1Mw-iI6 25-Mar-03 MW116.EBT-TS9 UGIL I 0 006 1 0.031 = 13300

mwwii6 22,Apr-03 MW116wEBT4S10 UGfL 1 0 017 1 0.034 = I3200
mwwii6 20-My-03 MW116-EBT-TS11 UGfL 1 0.014 = 1 0.026 = 12600

1MW-li6 24-Jun-03 li6-EBT-TS12 UG/L 1MO
1MW-116 22,JuW3 16-EBT-TS13 UGA. 1 14
1MW-117 1 1 -JuW2 117-EBT-TSI UGIL 1 1.7 = II 0 3 = I111.71
1MW-117 3�Jul�2 117�ESTJS2 UGfL 1 3= 1 0.27 I I 8

MWAI7 5-SepwO2 117-EST-TS33 UGIL I 0.81 = 1 0.74 12600
IMW-117 9-0d�2 117-EBT-TS4 UGIL 1 2.8 = T I 16200
IMW-117 U-Nov-02 117-EBT-TSS UGIL I I= 1 0.73 112000
1MW-l 1 7 18-De"2 117-EBT-TS6 UGIL I 0 311 = 1 0.67 1MOO
IMW.117 23�Jar,40 il7-EBT-TS7 UGIL I I II0 431 = I 0 64 I9100
IMWA17 27-Feb-03 iI7-EBT-TS8 UGIL 1 0.23 = 1 0.58 118000
IMW-117 26-Mar-03 117-EBT-TS9 UGJL I 0 25 = I O 59 = I19000
1MW-117 23-Anr-03 il7-EBT-TSIO UGJL 1 0.21 = I 0 49 = 118000
IMWwlI7 MWI17-EBT-TS11 UGL 1 0 28 = I 0.50 = 118000
IMWwl 17 25-Jun-03 MWiI7-EBT-TSI2 UGIL 1 0.26 = 114000
1MW-117 21-JuW3 MWI17-EBT-TS13 UG/L 1 1= I 0.361 = I11130001

MwwliS MWIi8-EBT-B VG/L 1 1 2 = I 0 881 = II I
IMW-118 9,Jul-02 18-EBT-TSI UG/L 1 02 = 1 0.161 = II1O�971
IMw-liB 30-JuW2 MWI18-EBT-TS2 UG/L 1 2.2 = I 0.321 = I113.41

Mwwiia 118-EBT-TS3B UG/L 1 0.2 = 1 0.17 1 130
IMW-118 8-WwO2 18-EBT-TS4 UGIL 1 0.06 = 13400
1MW-118 12.1,1.��2 118-EST-TS5 UGIL I4600
1MW-118 17-Dec-02 118-EBT-TS6 UGr. 1 0.03 15300
IMIN-118 21-Jan-03 il8-EBT-TS7 UGIL 1 0 D44 = 1 O�051 I6800
1MW-118 25-Feb-03 MWI18-EBT-TSB UGILJ I 0 048 = 1 0.12 16400
IMW-118 25-Mar-03 MWI18-EBT-TS9 UGIL 1 0.031 1 0.036 16400

Mw4ill 22-Apr-O MWIlawEBT-TSIO UG/L 110 05 1 0.042 = 17100
MwMiia 20-May MW118-EBT-TS11 UG/L 1 0.036 1 0 055 = 13200

1MW-1 18 24-Jun-03 MWli8-EBT-TS12 UG/L 15700
IMW-118 22-Jul-03 MWIMEBT-TSI3 UG/L 1 O�077 I 0 025 = 16900

mwwii9 22-May UGIL 1 0.77 I GM =
1MW-1 19 !],.1.142 MWI19-EBT-TSI UGIL 1 0 036 I 0 096

Mw-ii9 5-S.l,412 MWI19-EST-TS3 UG� I 0 027 =
1MW-1 19 5-Selp-02 119-EBT 3d UGL 1 OM6 =
1MW-119 8-Oct-02 W119-EBTJS4 UG/L IEO EO1 40 Oil
1 119 16-Dec-02 MW119-EBT-TSG UGIL 0 028
1 i19 21-JanD3 li9-EUT-TS7 UGIL 1 1 Oil 0.0094

W- 27:FMe 119-EBT-TS8 ILIGIL 0.12 1 11
I 1: 1 26 zrO3 119-EUT-TS9 JUGILI I 1 19
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Statiorill) DateCollected Sanpte Unit A E ETHANE ETHENE METHANE
DE �Qw. " 105 PE AMIL w TF TWW 7 'WI

MW-119 23AW-0 MWI19-EBT-TSIO UG(L I 92
MW-119 21-May MWli9-EBT-TSIl UGIL I 0 0067 = 1 27-

1MW-119 24,Jun-03 MW119-EBT-TS12 UG/L 1O�0097 1 O�012 = 1 61-
IMW-1119 23-JuW3 MWI19-EBT-TS13 UG/L 1 08 -

MW-120 22-May-O MW120-EBT-8 UGIL 1 0.81 1 0 49 =
IMW-120 lO-JuW2 MWI20-EST-TS1 UGIL 1 0.52 i OA7 = 1 0 71
IMW-120 30-JuJ-O2 MW12O-EBT-TS2 UGIL I 099 i 0.35 = 1 4.4

MW-i2O 4-Sep,02 MW120-EBT-TS38 UG/L 1 0.19 1 0.23 = 13800
MW-120 8-Oct-02 MWl2O-EBT-TS4 UGIL. 1 0.42 1 0.37 = 19400
MW-120 13-Nov-02 MWl2O-EBT-TS5 UGtL i 1A 1 0.35 = 1120001

IMW-120 13-Nov-02 MW120.FBT-TS5D UGfL 1 1.6 1 0.3 = 112000
MW-120 17-Dec-02 MWI20-EBT-TS6 UGIL I 0. j I 0 42 = 113000

IMWA20 17�Dec-02 MWI20-EBT-TSGD UGIL 1 0.35 J 1 0 35 = 1130DO
1MW-120 22,Jan-03 MWl2O-EBT-TS7 UGIL 1 0.081 = 1 0.066 = I120DO
1MW-120 22-Jan-03 MW12G-EST-TS7D UGIL 1 O�087 = I O�08 = 114000
1MW-120 25-Feb-03 MWI20-EBT-TS8 UGIL I 0.0`16 = 1 0.12 = i15000
IMW-120 25-Fb-03 M120-EBT-TSBD UGtL I 0.0� = 1 0.14 = I15"
IMW-120 25-Mw-03 MWI20�EBT-TS9 UGIL 1 0.038 = I 0 059 = 114000
IMW-120 25-Mar-03 MWl2O-EBT-TS9D UGIL 1 O�034 = 1 0.066 = 115000

MW-120 22,Apr-03 MWI20-EBT-TSIO LIGIL 1 OL82 J 1 O�095 J Ii5OOO
MW-120 22-Apr-03 MWI20-EBT-TSIOD UG/L 1 0.066 J 1 0.07 J 116000
MWmi2O 20-May-03 MWI20-EBT-TSI I LIGIL i 1 0.078 1 0.0721 =I1117000

1 IMW-120 I 20-May-03 MW120-EST-TSIID UGIL I 1 0.078 1 0.0641 =III 1 NMI
IMW-120 23,Jun-03 MW120-EBT-TS12 UGtL Iis"
IMW-120 23-Jun-03 MWI20-EBT-TS12D UGIL 118000
IMW-120 22-Jul-03 MWI20-EBT-TS13 UGIL 1 0.064 1 0.046 i14000
IMW-120 22-Jul-03 MW120-EBT-TS13D UGIL I 0 058 1 0�0441 113000

MW-121 22-May-O MWI21-EBT-B UGIL I 1 1 0.62 1 2.7
MW-121 22-May-O MW121-EST-B-0 UGIL II 0.95 j I 0 67 J

1MW-121 10-JuW2 MWi2l-EBT-TSl UG/L 1 0.19 = 1 0.087 =
MWwi2l 4-Sep-02 MWi2l-EBT-TS3B UG/L 1 0.036 = 1 51

IMW-121 8-W-02 MW121-EBT-TS4 UGIL i0,0082 = 1 210
IMW-121 12-Nov-02 MW121-EBT-TS5 UGIL 1 320
IMW.12i 18-De"2 MW121-EBT-TS6 UGIL 1 0.027 = i 320
1MW.121 22-Jan-03 MW121-EBT-TSI UGIL Ii18401
1MW-121 27-Feb-03 MWI21-EBT-TS8 UGIL 1 0.12 1 460
1MW-121 25-Mar-03 WN121-EBT-TS9 UGIL 1 630

MW-121 24,Apr-03 MW121�1EBT-TS10 UGIL 1 0.011 = 11600
MW-121 21-May-O MWl2I�EBT-TSIl LIGIL 1 0.013 = I 0 015 1 890

1MW-12i 26,Jun-03 MW121-EST-TS12 UGIL I 960
IMW-121 23,Jul-03 MW121-EBT-TS13 UGIL I I

MW-122 23-May-02 MW122-EBT-B UGIL 1 0.2
IMW-122 II-Jul-02 MW122-EBTJS1 UGIL I OLU = 1 OZ38
IMW-i22 31-Jul-02 MW122-EBT-TS2 UGIL 1 0.56 = 1 0.43

MW-122 6-Sep-02 MWI22-EBT-TS3 LIGIL 1 0.82 = 1 0.069
IMW-122 9-Oct-02 MWI22-EBT-TS4 IUG(Lj 1 3.71 - 1 0 62
IMW-122 13-Nov-02 MWI22-EBT-TS5 UGIL 1 0.28 - I 0 341 = 114501
IMW-122 18-Dec-02 MWI22-EBT-TS6 UG/L I 015 = I 0 251 = 1 860
IMW-122 21,Jan-03 MWI22-EBT-TS7 UG/L I 0 051 = 1 0.181 = II1000
1IVIW-122 25-Feb-03 MWI22-EBT-TS8 UGIL 1 OA6 1200
IIVIW-122 26-Mar-03 MWI22-EBT-TS9 UG[L 10.0057 1 O�0681 I14200

IVIWA22 22-Apr-O MWI22-EBT-TS10 UGtl- 1 0.0571 I15200
MW-122 20-Ma MWI22-EBT-TS11 UGJL 10.0077 1 0.0391 i14600

IMW-122 24,Jw-03 MWI22-EBT-TS12 UG/L I17200
IMW-122 22-Jul-03 MW122-EST-TS13 UG/L I0 0078 = 1 0.024 17100

MW-123 23-May-02 MWI23-EBT-B UG/L I 0 32
IMW-123 iO-JuI-O2IMW123-EBT-TSi UGIL I 0 098 = I 0 093
IMW-123 3D-Jul-02 MW123-EBT-TS2 UGtL i 0.67 = 1 0.64 = 1 27

MVV-123 5-Sep-O WW123-EBT-TS3 UGIL I 0 461 = 1 OA = I16001
1MW-123 10-Oct-02 MW123-EBT-TS4 UGIL 0.72 = 18000
IMW-123 10-Od-02 MWi23-EST-TS4D UGfL I1 1.31 = 1 0.71 = IF1 00
IMW-123 13-N.-02 MWi23-EBT-TS5 UGIL I 0.19 = 1 0.15 = 1i3OOO=
1MW-123 18-Dec,02 MW123-EUT-TS6 UG/L I10.0621= I Oil = 114000
1MW-123 2.2-Jan-03 MWI23-LBT-TS7 UGIL 1 0.22 = i 0.13 = 116000=
1MW-123 2�.�3 M123�13T-TSB UGIL I 0 057 = i 016 = 117000=
1MW-123 27-Mar-03 MW123-EBT-TS9 UG/L 1 O�06 = 1 0.097 = I19000=
1MW-123 23-Aw-03 MWI23-EBT-TS10 UG/L 1 O.D98 = I 0 087 = I18000=
IMW-123 21-May-03 MWI23-EBT-TS11 UG& 1 0.15 = 1 O�09 = I2iODO
IMW-123 25,Jun-03 MW123-EBT-TS12 UGR- I20000
IMW-123 23-Jul-03 MW123-EBT-TS13 UGIL I 0.1 = 1 0.088 = 421000

MVV-1241 23-May-O MW124-EBT-B UGfL I 0 281 =II I
IMWA24 IO-Jul-02 MWI24-EBT-TSI UG/L 1 0,041 = I 0 0441 =II I
IMW-124 lO-JLd-O2 MW124-EBTJSI-D UGIL I 0 036 c 1 Ob4i =II
1MW-124 31,Jut-02 MWI24-EBT-TS2 UGIL I 0 -

MW-124 3-Sep-02 MAH24-EBT-TS3 UGIL 1 0,034 = 1 0.0331 II
1MW-124 9-Oct-02 MWI24-EBT-TS4 UGtL
1MWA24 i7-De"2 MWI24-EBT-TS6 UG/L

al MW-124 21-Jan-03 MWI24-EBT-TS7 UGIL 1
1MWA24 25-Feb-63 MWI24-EBT-TSB UG[L = I

Arent MW-124 25-Mar-03 MW124-EBT-TS9 UGIL = I
ta-1 W 12-4 2=3 Aa -013 '4-CBTT:TS10 UGtL = I

4 24-E, 1�11 ju� I
A,..l IIAW-`124 I 2�Jun-031M`124-EBI-ISIZ JUGILIL
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Study Are 1: Summntay of Gases In Groundwate
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AraStationiD Date~ollected Samrple Unit AEYNE ETH-ANE ETHENE MEn-AE

I MW-124 22-Jul-03 MW124-EBT-TSI3 UGL 1 0.8 = I 0 0015 1 9 7 =
a1MW41253 10-JuW2 MW25-EBTTSI UG/L _ . = 0.27 1 38
1iMW-125 10-Jul-02 MWl25-EBT-TS2 UG/L. 1 2.83 = 1 0.387 I1 3.8 =

relMW-125 5-Sep-02 MW125-EBT-TS3 UG/IL 1 0.13 = 1 0.42 I 137001=
1~iMW-125 9W-Ot02 MW20ET 0/4UIL .4 .1 150
I MW-125 12-Nov.02 MW125-EBT-TS5 0U/IL 160
I MW-125 18-Dec-02 MWI25-EDT-TS6 UG/1L 1 0.08 1 I11000
I MW-125 21-Jan-03 MW125-EBT-TS7 UGh. 1 0.028 = I 0.038 = 1 7900=

aIMW-125 28-Feb-03 MWI2S-EBT-TSB UG/L 1 0.025 = 1 0.19 = 1 9200
eIlMW-125 28Mar-03 MWI2S-EBT-TSQ UG/t I 0.08 = 1 0 034 = II1S00M

I MW-125 23-Apr-03 MW125-EBT-TSIO UG/L 1 0.026 = 1 0 032 = 1 13000=
I MW-125 22-May-0 MW125-EBT-TSI I UG/IL I_ 1 0 0311 1 0 026 = 1 12000
1IMW-125 25-Jun-03 MWI25-EBT-TS12 UIJ0L I I_ I I - - T12000

cIMW-125 23-Jul-03 MWI25-EBT-TS13 JUG - 1 0.013 = 1 0 006 = TI 9100
1 MW-21 21Mar.02 MW21-BL UGIL I1000 =

alMW-21 9-Jul-2 MW21-EBT-TSI 00/1. I 061
I MW-21 29-Jul.2 MW21-EBT-TS2 00/I 1 2
1MW-21 3-Sep-02 MW21-EBT-TS3 UGIL I1 7.21

cIMW-21 20-Jan-03 MW2I-EBT-TS7 UG/L 1 0.0052 = 1 0 016 -

I MW-21 24-Feb-03 MW21-EBT-TS8 0UG1. 1 0.18 = I 2
1 MW-21 24-Mar-03 MW21-EBT-TS9 00/1. 1 0.0058 = 1 21
1MW-21 21-Apr-03 MW21-EBT-TS10 0UG1. - 0.015 I 0 014 = 1 1 9 2
1 MW-21 I 19-May-03 MW2I-EBT-TS11 UG/IL 1 3.9

i JMW-21 I 23-Jun-03 MW21-EBT-T312 UGIL I 1 M34
real JMW-21 I 21-Jul-3jMW21-EBT-TS13 0U/IL - T 001 = 0 0171 I I1 491
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Attachment G3
Study Area 1: Summary of General Chemistry in Soil
Main Installation, Memphis Depot

Area StationflD DateCollected Sample Unit TOTAL ORGANIC CARBON

NelIW-7 5-May-02 1W7-108 MGIKG 1 290
AelMW-100 8-Oct-01 MW100-98Ft-10 MG/KG 1 601 -

alMW-116 21-Apr-02 MW-116-100 MG/KG 1 670 =

AelMW-121 20-Apr-02 MW-121-102 MG/KG 1 627 =

relMW-121 20-Apr-02 MW-121-102D MG/KG 1 240



7 9 4 6 6 9
SlawK, O� SA,,a`R um � INITY. T BROMIDE CHLORIDE

"M�- -M,,W
-21W,142 BT-B MGA- I 79 I 0 21 2 Ii

2�1-43 7 MG& I U2 4 M 4 12 9
2",B MCM. I ad I 0 17 i 1 12
.1.,dG I MG& 2 W3 40 IN 4. Sa
21-MAI-0 MG& Be I 01? i 2 12
23,MR,4M MG& I us I 50t I Ila

ON 22-M.412 IM-117-BL MGA- I as
15�42 MGM- 1 ON I SA

1003 9,.),A-02 -MG& 67 1 0 28 1 12
21,1,01-02 IONEST-TS2 RAGAL. 1 139 5 38 5 1 119 m
a-S,,,AW M(N. I US 25 165 2 144 m

I 0091 7�,02 AN. I 355 to Ts 9 I is
I 0013 1144a,,42 MCM. I 411 10 61 I IIA
I. 4. 19-� 2 RGIMEST-TS6 I 419, 5 44 6 2 I.B
I"A" 20,I-43 INBEBT-TS7 I 444 5 .5 1 2 143

MRAW10M] 24+,640 MIQN4UIT-TS8 I 356 4 24 0 1 101
IH im 24� � MWI0NkEBT-TN I M 2 la a 2 14,2

~ 0N 21-Al-0 WIDN-EST-TSID I no 4 14 9 4 13
Mwmi0N I",,03 MIN&EST-TSII 2 10 4 2 14 6
mw-im 26,0��3 MIME-EWT-TS12 I IN 1 4 M 2 14 1
Mw-ION 23�1-03 MIMB EBT-TS13 1 236 5 3 1 5 15 1
m4is 21-MAIG MWIIS-EBT-B I 55 I on 5 22

1MW-115 � MII5-EBT-TSl I 110 10 52 1 12
Mw-l's 31�14 ~ 1 ST-TS2 I 113 I 7 37 2 12 0
mw-m S-SIO MWIIS-EBT-TS3 I IN I oiia i 2 IRS
Mw-II5 � ,02 MWIIS-EHT-TSA 1 133 I 1 31 2 121

Imda-lis 12-R.-02 MIIlJl5-E8T-TN I 117 I 08 2 12A
.MW-lS I 174I.�2 MVVIl5-EBT-TSG I I's 1 0,631 2 12Z

Imwmiis 22,I--D3 M115-EBT-TS, I 1. I a 2 12 4
1MW-II5 Wat-03 MII5-EBT-TS� MG& I IN I Ball 2 12.4
IMw-IIS 264A.M M115-EBT-TS9 ml I -Lo-3 2 131

mwmii5 22 AI-C)3 MIAGIS-EST-TS10 MGA- 1 120 I 0 48 2 133
Mw4iii 21,M.,() MVIIIS-EBT-TSII MGA- I 65 6 I 0,235 2 14 8

IMw-IIS lS-I-.3 M111E.1-TIG2 MOI 1 93 6 2 Ili
IMW-115 23,1,A63 "Ilfi-EBT-TS13 MG1 1 833 2 is 6

mwiis 22W., WIHAEBTwil RAD& I 64 I GA4 i I 11
MWWII5 � Wil�alr-Tsl MG& I 86 1 4 3 I II
M-116 31,GRO Ml 1&EST-TS2 MG& I 116 I 0 62 I IGR
Mw*iia MG& 1 92 1 I 0 2. I !!A
M-116 � 4)2 MI WEST-TSl MGA- I 105 I 0 2W I 12
Mw-lia 1�1�402 MWII�BT-TSS MGI I IN 1 0,23 2 1IJ
M-116 11-� 2 MAIIIS-ERT-TS6 GA- 1 89 2 1 0216 I ILI)

f la 22Jd,,03IMVIlIBAE8T-TS7 MG& I NA I 0 281 2 Ila
116 2�.64)3 Ml I6-EBT-TN MGM. I T.-I I 0291 2 Ila

I 116 25404,40 MII&EBT-TS9 MOIR I I IN 2 122
mil- 10 MGI 1 97.8 I 0 2V9 2 12 5

20-MR,03 MI WEBT-TSil MG& I 113 2 13A
I lie 244.43 MII6-EBT-TSI2 MGA- 1 113 I oiO8 i 2 12A
I 11. 22�.G Mll.E.T-I.13 MG& I 91 2 1 G3. 2 12'.

2241,14 M!17*EBT-B MG& 1 93 I 0 19 i 2 14
1 117 II-.W2MWII7-E8T-TSl MGA. 20 370 10 95 2 13
1 117 30-AA02 MWlI1-EBT-TS2 MG& 10 IN 10 68. 2 14 4

S-SI-0 MWIl7mEBT.TS3 MG& 5 83 7 4 35S 4 16,2
I .1, R� III-E8TaTSA GI I 214 4 W 4 4 14 5
1 117 14� -(U ~ 17-EBT-TS5 MGA- 1 238 2 18 7 2 15A
I IT 18 DA�02 M117-EBT-TM MGA. 1 315 2 15 7, 2 13 4
1 17 234-T3 IITwE8T-TS7 MGA- 1 AM 2 12.0 2 13 4.
1 17 21�.I,03 MWIIT EfiT-TSA MG,& I mg I 0243 I Ila]
IMW-111 MIIl-NT-TS9 MG& 1 352 1 19, 2 Is 9
I 17 23,�4*IMWIII-EBTwTSI0 MG&I I I 337 1 4 19 4 16 3

Ill 2I4R.,GMMII1-E.TwTSIl MG& I uo 1. .11 Is 17 8
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W4 2144,,�02 iwa�BT-B PAGAL I 10 a 53 i
W-6 23�.-03 � BT-TS7 MG4. I Go i We
IWWY 21,M.,�02 W�BT-B M� 1 12

IW-1 23�--03 W�BTJST MG& IN 6%IMW-1008 22-M.42 �1000-117-13L MCA. I 0 79 i
MWAND la-�.Z .1.41L MG& 1 6A
MWADOB �W2 MWI0W-ERT.TS1 MG& I 11

IMW-1008 ��W2 MlOW-EBT-Y52 MGIL I lot 2 67 a
3� 02 MVVIOOB EST-TS3 1 1.7 So all -

IMw-l" 7�� lnvlooe-EBT-T� MGA. I 1 32 20 R2
I"Am ll�-02 MWIWB EBT-TS5 MG"L 1.2 IN .58

H im 19� 02 MIMmEBT-TS6 M� 25 526 .W-10013 �.-03 MWI0WEBT-TS7 MGVL I 5 19 IN 318 .
IMVmIONI MG& 40 131IMw-l00B 2".43 MW1008�EBT-TS9 MG& I ON2 i 20 U

~ OW 21��3 MWIOOB EBT-TSIO MCOL I 0 7119 i I .. ,I
W-1006 MWIOOB�BT-Mll I 19 9W-ION � 43 MWIM-EST-TS12 Meal. I N

IWANG 2"W3 MGelL 5 68
W-i15 MVVII�BT.B MG& 1 12

1MYVAIS &�W2 "II&EBT-TSI MGIL 1 12 1D 230
IPOW-115 31�.2 .11�RT-TS2 MG41- 1 7 75 4 79 3

MWA15 ��02 MWII&EaT-TS3 MGM. 1IJ 2 W3
IMw-IIs $�-02 ~ I&EBT-TU MG& I 6 95 2 U 71
1MW-115 12� MVWII�EBT4S5 MG& 1 657 10 Ss's
IMW-115 ll� a .11�I,.TWTS. W& 1 7 86 I 25A
I 22�.�3 IAVIIS-EBT-TS7 MG& I 9 s 313
1MW-II5 24��03 ~ 15-EBT-TS11 MGtL I 8 5 2 13 aIMWAIS I �M.43IMWIIS-EHT-TS. MG`L1 I 8 88 . 1 7.5IMwmij5 22-�.3 ,l�BT-Tslo MG& I .8-64 I 9 17Mw4is 21~ MII&UT.TSII MG& I - 9.78 a 1 6 42
IMWAIS 25� 03 WII�EBT-TSQ MG& 1 1.4 m 2 16
1Mw-II5 � �03 MWII�BTJS13 MG& 1 12. - 4 441

n�, WII&EBT-B MGlL I la
M-116 . MwII..T-T.I M. I 9 1 2l

IPAW-115 31� 2 WII"BT-TS2 Mel. I "I 1 817mwiiG &S1,0 Wil"ST-TO MG& 1 7 87 I 6,54
IMW-116 9�� IAVII�61`-TU Mall. 1 847 I owl

Mw4io !� -02 MWIIG-EBT-TSS MCUL 1 92 1 21 7�Als ll-��2 II"5T-Tsl MG& I 9 96 I lie
W-Its 224.43 MWIWEBT-TS7 M(A 1 9 78 2 10
WmIle �.� W116-EST-TSII MCOL I 1.� a - - I 7 0IMWAIS 25-M.433 MWII6-EBT-TS9 MG& I a 95 1 5 33I 116 n-A,43 Ml I&EBT-TS10 MGA. 1 9 66 1 9 26mwmila �M,1-03 Ml WEBT-TSI I MG& I I I I a 74
low-lia 2� 43 Ml WEBT-TS12 MG& 1 117 1 3 95

IMW-116 22 �603 MII&EBT-TS13 MGWL 1 12A I 5 42
"417 22-WIAG W117-EBT-0 MCOL 1 12

IMW-117 11�602 .117mEBTmTSI MG& I Se 2aN .
1MW-117 ��02 MIV�BTJS2 PAGAL 1 2 21 50 I'lo .

MWA17 5-S14)2 W117�BT453 MOW. I I'll 1 0.5 i 20 465IW-111 �� W117: �T-m WC -I '11 20 5MS
IMW 117 14� MVlI17wEmBT-TS5 M� 1 IA6 20 us
IMW417 il)�N�02 ~ 17-EBT-TES MG& so w
IMw-iIT 2�.�03 WIII-EBT-TS7 MG& 200 WeIMWA I? 21�..� Ml 1 ROT -TSO W� -I 9 .2 IN We
IMW-111 26-M.M WII74a3T-TS9 MCA I I N IN 494

MW-111 I 2� 4GIWI17�BTJSIO MG& I a 916 i 25 443
IMW-117 21.� ~ 174a3"Sll MG& I 10,91 20 442IM-117 2"-�03 M117-ERT-TS12 MG&I 20 4461�-117 21-�W3 MVVW�BT-TSU MOVIL so 352

PAW-iia 22W,4 W118-EBT-B M� I 20
.11. �W2 Ml I&EBT-TSI MGA- 1 19 IN

1MW-Ile �JMW2 MII&EBT-TS2 MG& 1 12 5 n 452"*lie &SN-O MVVII"BT-TS3 PAGAL 1 8 85 4 110IMw-IIs .2 PW-11.EBT-TSI MG& 1 7 .2 6 232
IMW-118 12��02 "II&EBT-TSS MG& I a a 60 ImIMW-118 17 Dle,02 MWlIS-EBT-TG6 mm 1 512 4 IN.
IMW-118 2W-,()3 II EUT-TST MG/L 4 1. 20 71
IMw-IIB 2&F."3 Mlla-EBT-TSH MG& 1 7 42 10 516
IMW 118 25-M.M MII&EBT-TSO WTL - 1 8 30 10 U 7

mw-lig 22-Al-03 MII&EBT.TSIO MG& 1 7 28 4 96
IMW 118 20-M.,4131MI18�8T.TS11 MG& I 9 11 2 13 7IMW Ila 2� 03 MWII�BTJS12 MG& I 10 7 I 9 5IM.mlls � .l .11".T-TS13 Mae. 1 14 1 2 WA
.. Aig 22 MMa� ~ 19�13T-B - I a I
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mwmil9 �� MWlI9-EBT-TS3 mcw� 1 102 1 1 82
mwmii9 5-S,-02 MWII9mEBT-TSM MG& I ID3
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IW-iI9 13 � MWII�EBT-TSS MGL 1 la
IMW 119 i&D�02 MIME-BT.TS6 -1 10 2
1MW-119 2W--03 MWII9-EBT-TS7 MG& I 101
1mW-119 21�."3 �119-EBT.TS.
IMW 119 26-M.�03 MWIIR-ERT-TS9 MG& 1 9 57
1M-119 2� 3.�II�BT-TSIO MG&I I 9 65

MW-119 2144.10 MlMII.FOT-TSIl I I la 7
1W-119 2,4� 03 ~ I�OTJS12 I I ..a
IJAY-119 23�AA43 W119-LBI-TS13 I I 11 2 1 20

mwi2a U-M�10 MWI20-EBT-B I 13
IMw-I" I�W2 P WI2�13T-TSI 1 12 1 2 N 14M
IMW-120 � W2 MWI2G-EBTwTU 1 3 m I U i 20 415

MW-120 S-Sle ~ 20�ERTwTS3 I tu 4 123
IMW-120 � � .120-EBT-TS4 1 3 71 5 IIIIMW 120 33��-02 MWI2GEST-TS5 1 3 9. 5 tog 7-
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� IMI� BT-TS12 I 5,55 2 21A
� IMI�BTJSUID I am 1 161
n� 3 ~ M=EBT-TSI3 1 6�52 2 16
n4lW3 ~ 20�BTJSIn MCA I an 2 47A

22�1� ~ 21�13T�B i 17
V~ 2 M!21=EBT� M� 1 la
10� W121-EBT-TSI 1 12 4 In
31�02 IMI21 EBT-TS2 M'M I a I i5s
66,1� IMQI�T-TS3 1 121 6 le
3� 02 IMQI�T-TS4 I 9 32

1 12� ~ 21�BT�TSS MGA- I 9 53 1 11521 15� 02 W121� -T% M� I a.05 I
1 121 =4�3.~ 21�T-TSI M�. I 94

21 27�.� �121�13T-TSS I 10 a
1 25�.� WI2I-EBT-TS9 1 9.19

IM121�13T TSIO 1 9.3 .
214II10 IAVI2I�BT-TSII MI a
214A14 W!21�81`-TS!!� 1 on

21 � 03 W121�STJS12 1 12.
21 23� W121�87-TS13 1 12 I 33

� ,� WIn=EEJTw0 m I II
ll�W2 WIU�BTJSI M'M I 10 I 3A
31�02 IMM�T-TS2 M'M 1 ago
&S�02 W122-EBT-TS3 I&GA. 1 8 01 I IIA
� � Mln�T-TSo4 1 306 1 35,5

u 13� wl"�TVTSS 1 3A6I 1 21 3
n 18� 02 Mln�BTJW 1 326 1 24 8
n 21� 03IWIU�BT-TST 5 21 8

�422 �� W122�87-Tss 2 10 5will N-�� �IM-IEBT-T!59 M� 1 3 91 I 10 5W-in 22�� Wln-EBT-TSIO M� I 423 I 10A
~ 22 "In-m-Tsil MCA 1 4 08 1 6.32
W-In 2� Wln�BTJSU MCI& 1 S35 I t5l
�lu Zz� "M�BT-TS13 1 3.12 1
W-123 MAI "12�MT� M� I U
W-123 1� 02 �123�51`-TSI MgA. 1 9 a 4W-123 � 2 WIM�BT-TS2 I 5 a, i 10 on
M-123 5-S�O IAVU� T-TS3 M� I 279 I go i 10 307

1VaV-123 1� �Z Mln�BTJM 1 2,03 10 mlIM-123 10� IMI23�81`-TM I 2,04 Io 2941
�123 1� W123�ST-TW oY3& I 2.85 10 1 24411~ 23 lgw!�02 WU�M-TSa 1 2 11 . I 1.1
W-123 n� 031~ 23� -Tsl M� 25 166
~23 �� M12� M�. 20 In~ m 27�� WIn-EBT-TS9 M� I I as I go'W-123 23� WIn-EBT-TSlO M� I Im 4 go
MvIn 21W,1,0 ~ 2�EBT-TSII M� 1 113 4 56
"-M � 03 NWWISEBT-TSI2 MIM I I 8 4 SO 7Him 2� 3 M12�131`-TSO 5 is i 10 52 7
IM-124 23MIA M12�EBT-B MG& I I
IM424 10�02 MUM T-TSI M'M I 11

1"-124 10��02 ~ 2� T-TSI� W& I 11
IM-124 31�M IAVW� T IrS2 W& 1 M
IW-124 �S,,O M12� T-TS3 I 11 1 9,27MY-124 "� "Q� T-TSA MCA I 10.6 I a go

"A24 12� "12�13T-TSS M� 1 9.3 I 0.5 i 1 394
M-124 17� 2 MQ� T-TSG M� I 10 9 I 3A

11IM-124 214�31MI2�EBTJSI M(A I 9 83 1 2.54
~ 24 2�EKJSS M� I 9AS
.1. 2. 1.12�E.T-TSg M� -1 9A2
MW-124 23�1� M12�13T-TSIO M� 1 9m
VW 1-24 Wi24-EBT-TSII M� I IOT
IAV-124 �-�3 VWINWT-TS12 MIM I ID,9
KNW-124 M�� W12"ST-TS13 I II 7 I �86
UW-12-5 �102VWI-2�BTB M� 1 12
M-125 10�02 W!25�BT-TSI I .1 I 0 7 i 10 2.

IW-125 � 02 W125�91`-ISZ I 5,99 4 100W-125 5-SI-02 MI25-EBT-TS3 I 6" 4 512
1M-125 9� 02 M1297EST-TM I B24 2 14

~ 26 12� M12�81`-Tss I 6 4 24 5
M-125 18��02 ~ 25-EBT454 MG& 1 6 63 I 486IM425 2W�3 ~ �BTvTS1 MG& 1 6,69 2 122
mw-Im �.� M125-EBT-TS8 M� I 7A9 1 5,67
IM-125 ��-03 "125-EBT-ng 1 6 53 I 5 04

,MW-125 23��31~ 25-!EBT-Tsio M� I 6 85 1 5.54.W-125 I 9 59 I 3m64MWvIn �-03 "12�13T-TS12 I .�o 1 4 W
W-125 2�1-03 M125�81`4313 I low, 1 2.88

1M-21 21-tW� M-21-81L I OA
IM-21 �M M21�T-TSI I I
1AM-21 � 2 MV�T-TS2 1 7.29
IIM 21 � 02 M21-EBT-TS3 M� I I I I go

�-21 �� "21�T-T� M� 1 6
1IM-21 ll�� � I�BTJSS M� I 6 79 I 0 671

M-21 1� 2 � 1�131`-TSS � I I 6VU9
MW-21 20�� � 1�11T-TS7 M� 1 6 9
Mv2l 2�.� � I�BTJSA M� I 6 6,
W-21 2�m.-o3 M'M on
W-21 21-�413 � 1�131-TSIO a i

21 19� 03 W21�T-TSll I I '2�1 . I
I 1 7851 = I
I 1 7991
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W� I � ,,,0311W�BT-TSI MIX I 1956 I 262 2
W4 2�."3 W�BT-W MG& 10 837.1 10 WB 7
IW-7 �."3 W�OT-TSI MG& 10 IN 1 1415
MWAOOB M�1-02 MWIOOO-117�1- MG& 1 Oa i 1 0 5 i

1".10015 � 2 ~� BT-TS2 MG& 1 29 2 1 2
MAOOB MWIO(A�BT-TS3 MG& 1 181 1 3

IM-1005 7�-02 MIOOB�BT-T&I MG& 1 16`1 1 4t5
IMAWS 1141.42 MWIOO�BT-TW MG& 1 78 5 1 49 9
IM-1008 1�� MWI� BT-TS6 MCA 1 1192 1 47
IMAOOB 2(W.�3 MWIOOF�BT-TS7 MG& 1 M 6 1 29 I 0 7 i
I".100t, �II&03 MIWB�BT-Tso MG& I n.1 I 10 3
IM-1008 2�3 MWIW�OT-Tn TCX -I - 13 4 I 0 8 i

M-lOOB 214�4 MWIN�BT-TSIO M�j 1 TO I 0 5. i
1MA 15 � Mwll�BT-ml MIm-1 1 43 1 i 1 5 1 5 9
1M-115 31�� Mll�OT-vsz MD&I 1 215
IM-115 �102 MII�RTJSn M(A 1 27 8 1 6 7
IM-1 15 � -02 MII&EBT-TS4 MG& 1 20,6 I 2.9
IMA 15 12�-()2 MIIF� �BTM M� 1 25 7 i 1 6 2
IM-116 17� MWII�BT�TN MG& 1 1 a
IM-I 15 n�"3 MWII�BT41il M� 1 0A i I -0 7 J
IM-1 15 2�� MWII&EBT-TSIS M(A 1 2.9 1 0.5 i

W-1 15 26-M.,-03 MWII�EBT-Tn M(n.
"-I 15 22-A14 MWII&EBT-TSIO MG& 1 27
M-iis � ,03 MWI IS-EBT-TS12 MG& 1 23 I 06 i
M-ils � 4-03MWII�BT-TSU MG&

IM-116 9,00-()2 MWI I&MT-TSI MG& I 6,9
MA 16 9-0d-O2 MWII I I 9
M-116 1� 42 MWII&ERT-TS5 MIA 1 1.7

IM-1 16 n��3 MWII&EST-TSI MGa- I 06 I
IM-1 16 2��3 MWII&EBT.TSB MG& 1 2A I I I 0 5 i

MAIO 22-AIA Mllp�ff-B-T-Tslo wa -I 17
1M-1 16 22� MWI IS-EOT-Ml 3 MGa-
IM-117 11�412 M117-EBT-Mi MG4. 1 92.5 1 15 9 1 39
1MW.117 � 412 MWIW�BT-M MG& 1 1031 1 24 2

MAI? 5-S�12 M117�BT-IMM MG& 10 In 1 31J
IMW.117 9-0d-02 Ml 17�T-� MG& 1 15,13 I 59 I
1MW-117 1�-02 MWI 17�BT-MS wa -1 -Ins 1 67 A
1MW-117 lfl� MWW�STJS6 wCT -I -170 6 1 1189
ImW-111 2��03 M117�BTJS7 MG& I In 3 I 113 1 2 2

W I 1-7 27-�-�3 MW1 17-EBT-TU MG& 1 �13 1 1017 1 2.2
ImW-111 � 43 MWl 17-EBT-TS9 MG& 5 1 n4 6 5 1 135a 1 2

M417 2341-03 MWl 1 I�OTJSl 0 MG& I 1 45 I 1 25A
M-111 21-W"3 MWI 17-EBT-TSI 1 MG& 6 1687 5 107 9

1MW.117 2�"31~ 17-EBT-TS12 MGA- 1 1012 I 1046
MW-117 214W-()3 MWI 17-EBT-TS1 3 MG& 1 715 I m i
M-118 0�02 MWI I�BT-Tsl MG& 1 U,5 I 101
M-IIB � 2 MWII&EST-TS2 W(X -1 - W 3 1 21 3 i
M-lio �,-OQ MWII&EBT-TS38 M� 1 411 I Ii6
M-118 � 412 MWIIS-EBT--�- WCA - 1 46.8 1 12Z
".118 12�-02 Mll�BT-M MG4. 1 28.3 1 16 8
M-118 17� MII&EBT-TS6 MIn- I 24A 1 15 4
mW-118 21�03 MW11STB-T.TS7 WCWL - 1 20.1 1 14 2 1 0 7 i
mw-Ilfl 25�� "II�BT-TSEI MG& I 12B 1 .9 I I
mW-118 2�14I3 MWI I&EBT.TS9 MOIL 1 7.7
MW-118 22�-Wmwll BT-TSIO Wa - 1 - 9 2 1 14

IPAW-118 nJW-03 MWI 18-EBT-TS13 MG& 1 4,2
MW419 �."2 MW11�EST-TS3

IM-119 27��W MWI I�ESTJSA MG& I 1 7
1".119 23AI,�Q MWIl�EBT-TSIO MIA 1 1.7

M-120 10�� MWI2O-EBT-TSl MD& S47 1 l9a 1 3 3
IHim � t� MWI�EBT-M MG& 1 72

MAW MW12MBT.M3B MIA I 51 3 1 15 5
M-120 0,C)U-02 MW120-EBT-T&I MGA. 1 29 a 1 105

I".120 1��-02 Ml=�RT4SS Wa -1 - 26 9 1 Ill 1 0 7 i
AZW-12-0 -M--.�2 MW12�T-TSSD M� 10 28 1 Ka
TW-12-0 -- FT�--2 MW1�11T-Tn MG& 1 21.1 1 5 9

IMW-120 17-0�02 MlNl�BTJS60 Wa - I 20 3 I 5 8
1MW-120 n4II"3 MWIWE-BT.TS7 WGPL - I ITO I 11.9 1 06 i
IMW-120 n�-03 ~�EOTJS71) MIX I la 5 I 11 I 0 8 i
IM-IN 2&F�03 MWI�BTJSII M� I 11.7 I 2 1

WW-IN ��03 MWI2O-EBT-TS8O j
M-12() 2�1431~20-ESTJSg M(Aj I 1 109
W-120 2� �03 MW12 T-TS90 MIA 1 94
MAZO 2241,A) MWI2OmE8T-TSlO MG& 1 9
MWwl2O 22�11� MWl2�BT=TSlW AG& 1 89

IMW-120 2",10 "12�BT.Tsll Mm. 1 7.320-M,-0 MWI20�BT.MID Ma - -1 83
2��03 MWI�BT.�12 TGE -I -8 9

MW-120 2�1-03 "lN-MTTSIW WCX -1 8 3
1M-120 =,Jd-03 MWI�BT-TS13 MG& 50 i -

M420 nJW-C)3 MWIW�ESTJSIM M� 20 7A
M-121 104W�2 MWI21EBT-TSI MG& 1 202

I.121 10-� 2 MWI21-EaT-TSO M�
1".121 27��03 MWI21-EST-TSB I I 8
1MW-121 2� 43 M121-EBT-TS9 MG& I 0 8 i
IM-14 �,I-02 MWI22-EBT.M3 wa -
1M-122 U�BT-� MG4.1 10 1 141 I 7
1M-lu im 22�BT-TS5 MG4. 1 15 1 3.8
1MW-122 I ln�BTJS6 M� I 17 4
I 21,,a ln�BTJS7 M� 1 08 i I 0 7 i

n 2 in-liBT-Tsa MG& I 10B I 0,8 i
I n 26-M. In-EBT-TS9 MG& 1 2 5

122-EBT-TSIO M� 1 6 2
n 22 22-EBT-TS13 MG&
a 10� 2�EOTJSl M� 1 216 I 0 5 i 1 2 2I

123 30�-() t2&EBT-TS2 MGa- I NS --
2�178T-T$3 M� 10 EF3 -6 20 6

I m 12 10�-O 2�11BT-T&I M� 1 7631 28 9 i
1 MW-123 23�13T-TS5 M� I 65 23,5

2�08T-TS6 M� 1 29 20 2
VW� 2� !M NBTJ��7 42 171 I 0 9

1 25��03 M22 . 1R I 32 i 7A
I IMW-123 I 27�1-031MWU�EB T 1

M-'. I [.�j 20 7
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ImW-2 23-3 MW13-ET-T313 MG 1 110 ____

IM-24 12-No-0 MW124EBT-TSS MGA I 1.7 =__

IM -24 21-Jn-3 lMt124-BT-S7 I0 ____10

W-24 25$e-3 MV124-ET-TSO IOI 1 0
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W4 � 3 W&EBT-TS7 1 1046
wB ��"3 IW&EaT-TS1 la 092
W-7 � ":, lm�BTJST I 10 IM.3
M-Im �-W,�2 MWlWB-ll7,BL I 07 i
M-IN11 29,J� MINB�BTJU 1 37.5
mw=iND �.,O MWIWE�BT-TM 1 07 i 1 379 3
"AmB 7A)d4)2 MWIWB�BT.� 5 M 2
M-lNE1 1 1�4)2 MIW�BT-T� 1 1803

IMw-lNB 1� 2 MWIMB�BT-TSEI 1 0.2 i I INS
M-1008 ��3 MIMMEIT-TS7 5 1676

1W-lwa ��3 MWINE�BT-Tsa 1 "A
1"-IwB � 143 MWIN�BTJSS 1 29A

IM-ims 21�1141 MINB�BT-TS10 1 96
IW-lis JWMI432 MWII�EST-Ml I 49 6
1"415 31� 2 MWII5-EBT-TS2 MM 1 0.7 i I 033

M-115 �.,02 MWII�EST-MB MM 1 M 3
1~ 15 � 432 Mwll�BT-TS4 MM- I US
iM-115 12-ti.402 MWI 197EBT-M5 MM I a I
1M-115 17-N� MWII�EBT�TN MM 1 17 7

M-115 UJ."3 MW11�110T-TS7 MM 1 21A
1MW-115 2��N MII�BT-TSB MM 1 13 4
IMW-115 26�14)3 MW11�11T-Tlig MM 1 2�

M-iis "11&EBT-TSIO MM 1 7.1
MW.115 ��"3 Mll�BTJS12 MM 1 3 5
mW-115 2�4)3 Mll�BT-T$13 MM 1 4 i
mw-llfi SJ.1402 Mll�BTJSI MM 1 3 7
Mw-Il6 � 402 Ml 16�13T-TSI MM
M-116 1"�42 Mll�BT-TS5 MM 1 6,5
mW-116 22,b"3 MIl6-EBT-TS7 MM I I 8
MA16 ��3 Mllfl�BT-TSII MM 5 6A
MwAia U-A,4 Mll�BTJSIO MM- 1 38
M-116 �4MI403 Ml 1�T-M3 MM 20 42
Mw-Il? I I�M Ml 17-EST-TSI MM 20 1398
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Attachment G
Study A.a 2: Stumnwy of Gases In Groundwaater79 94
Main Instlalation, Memphis Depot

flaStatlonio DateCollected Sample Unit ACTLNE I_ ETHANE ETHENE IMETHANE
________ oa~~i W G X~9WIo P WMuSDFj-1on Qual

a2 lw-I ~2`1-May-0 IWI-EBT-8 UG/L 1 024 =

2 w- 23-Jan-03 IWI-EST-IS7 UGJL 1 018 1 I 023 = I13400
rea2 lW-2 ~22-May-02 W2-EBT-8 UGiL 1 0 21 =

a2 MW-105 23-May-02 MI0S1-EBT-B UGIL 1 0.2 25

2 MW-lOS 231-ul-02 MWIO-EBT-TS7 UGIL - T 0.062 - I 0223 = I137.5 =
2 MW-lOS 51-Sep02 MWIOSEBT-TS3 UGh.-L04 1 0.26 = 1I0

82IW-l4 93-Oct-02 MWI-EBT-TS7 UG/L T A = I0 7 1700
a2 MW-los 13-No-0 MWl05-EBT-BS UGI. 1 01532 1 21605
2 W-o 18-Dec-02 MW105-EBT-TSI UGILI 0 1 0.182 1 20 F5

2 W-1OS 22-Jan-03 MWI05-EBT-TS2 UG/L T 0.027 1 .1 = I1 1307 =
2 MW-lO 26-Mar-031MWI05-EBT-TS9 UG/L - 0T0017=I 042 = 1 2300=

2MW-lOS 23-Apr-03 MW105-EBT-TSIO UGIL1 01 1 0.2 1 1700
2MW-los 218-Ma-03 MWI5-EBT-TSII UGh.- T 1 1 0.4 I 2000
2MW-lOS 25-Jun-03 MWI0S-EBT-TSI2 UGh. I T 0 037 1 0,55 = 31 520

e2MW-lO5 23-Jul-03 MWI05-EBT-TS19 UGh. 1 0.681709 = I0 70300 =
a2MW-lOS 20-Aug-03 MWIOS-EBT-TSI4 UGh.- I 018 = I 0.26 I6700

e2MW-lOG 21-May-0 MWIO6-EBT-Bi UGh. ______ 1 021 120
e2MW-105 11-Jul-02 MW105-EBT-TSi2 UGh.- 10f037 = 0155 50

2MW-lOG 29-Jul-02 MWIO6-EBT-TS23 UGh. 1 ~ 047 1 00
re2MW-lOG 3-Sep-02 MW105-EBT-TS34 UGh.L 1 0.06 = 0I181 16

2MW-tO6 7i-Oc-0 MWI06-EBT-BS UGh. - T0.051
2MW-laO 11u-No-2jMWIO6-EBT-TSS UG/L 0-34 1 0.13
2MW-106 16-Dec-2 MWlO6-EBT-TS2 UGh. - - - T 012149

a2MW-lOG 2-Jan-03 MWIO6-EBT-TS3 UGL - T 0.025 = 096 1 8
2MW-lOB 25-Mar-03 MWI06-EBT-TS4 UG/I. - T0 = 1 008 1
2MW-lOG 22-Apr-03 MW106-EBT-TS1O UGh.- L08 1 015 = 1 10=
2MW-lOB 20-May-03 MW106-EBT-TS61 UGIL II ~i = 1 0 19 = 1 I1691
2MW-lOG 24-Jun-03 MW106-EBT-TS12 UGIL - 0.052 1 0.087 = 1 526 -

re2MW-lOG 25-Jul-03 MWI06-EBT-TSI3 UGh. - T 09 = I 0. = 1 160
a2MW-lOB 19-Apg-03 MWIO6-EBT-TSI4 UGIL I0 8 0215 = 1 14400
2MW-109 20-May-02 MW106-EBT-TS1 UGh. 0 .12J 1 1.3 J 1 14.40

re2MW-l09 84-Jul-02 MW109-EBT-TSl2 UGIL - V 0.098 1 0.247 = 1 23.40
a2MW-106 30-Jul-02 MW109-EBT-TS32 US/I. 01 1 0.93 = 11645

a2MW-109 49-Se 203MW106-EBT-T1S3 UG/L 1I 0.28 14300=
a2MW-109 8-Oct-02 MWI09-EBT-TS UGh. - T .03 = 1. 1 4904

e2MW-109 12-Nov-2 MWI09-EBT-TS1 UGh. - V 0.049 = 1 0.23 = 260 4
02MW-lO9 17-Dec-02 MW1O9-EBT-T56 UG/t I I 0.25 I 12005
e2MW-lO9 21S~-J(-0 MWIOSEBT-TS7 UG/IL I .2=1 0 26 = 1 280
e2MW-lS 25-Mar-03 MW109-E8T-TS4 UGfL 1 0.031 = 1 .4= 1 42900

Aea2 MW-log 22-Apr-03 MWIO9EBT-TSIO UG/IL - 0.042 = I 0.281 = I1265001
aM2 MW-lO9 20-May-03 MW109-EBT-TSi UGh. - 03= 1 0.41 = I 51200=

Aea2 MW-109 24-Jun-03 MW109-EBT-TS72 UGh. 1 0.02 = 1 0.06 = 121000 =

Am2 MW-lOS 22-Jul-03 MW109-EBT-TSI3 UG. - 700071 = ¶ 0091 = 127900=
ema2 MW-lOS 19-Aug-03 MW109-EBT-TSIO UGh1 004 1 I 0.16 = 196500

Area2 MW-lie 90-Jua0 MWI09-EBT-TSII Ur. I7 0 014 = 04 = IS0
2MW-lb9 9 -Jul-02IMWl1O-EBT-TSI-D UGh. I- 7 0015 =00

re2MW-liD 30-Jul-02 MWIIO-EBT-TS23 UG/L I 071= 1 0 091= 90
re2MW-lb 30-Jul-02 MWIIO-EBT-T32 UGh. I - V 0.39 = 90
re2MW-lb0 8-Oct-02 MWW1IO-EBT-TSI UG/L I¶I0 012

2MW-liD 8-Oct-02 MWIIO1-EBT-TS4-D UG/L 1I0.038 =
re2MW-lb0 17-Dec-02 MWi10-EBT-TS2 UGIL 1 0.016 =
ra2MW-i 10 17-Dec-2 MWIIlO-EBT-TS2D UGIL 1 002 =
e2MW-hiO 21-Jan-03 MWI10-EBT-1S7 UGSLI. 1000083 I
e2MW-l0 24-Mar-03 MW~i0-EBT-TSSD UGhL.003 1 0.6I1 11__
02MW-hO 24-Mar-032 MW1I0-EBT-TS9D UG/L __1047J 1 0.071 = 10.5__
e2MW1-lb 21-Apr-03 MWI10-EBT-TS10 UG/L 1 0.016 J= .3
a2MW-lbO 21-Apr-03 MWl10-EBT-TS10 UGt. __1 003J 10 0053 J= .3
re2MW-lie 19-May-03 MWIIO-EBT-TSII UGIL ______ 0.042 J 1 3.2 ___

e2MW-lb0 19-May-03 MW110-EBT-TS91) UGIL 1 0.04 J 071 = 1 005 J 1 5. J_
a2MW-lO 23-Jun-03) MW110-EBT-TSI2 UGIL 1__1 006= I 0.016 = 10 20
2MW-lb 23-Jun-03 MWIIO-EBT-TSI2D UIGh. 1 0.011 J I 0071 J 1 22

re2MW-lb 21-Ju- MWII0-EST-TS113 UGh.I IT 0 011 = 1 0185 I1 5.16 J
02MW-hO0 21-Jul-03 MWIIO-EBT-TSID UIG/L 1 0.017 = 1 0.198 = 1 216 -
a2MW-lO 18-Aug-03 MWIIO-EBT-TS12D UGh. I__10.0074 = I 0.18 = I 26 -
e2MW-lID 18-Aug-03 MWIIO-EBT-TS140 UG/IL 1001 I 0.1 S I 426 -
re2MW-ill 9-Jul-02 MWI11-EBT-TS13 Ur~l. -V 00071 = I 01_=_ 1
02MW-Ill 5-Sepg-02 MWIil-EBT-1834 UG/L 0074= I 0099 = 2 =
ea2 MW-Ill 98-Act-02 MWiIl-EBT-18I4 UG/L - V 0006142=
re2MW-ill 18-Dec-2 MWIIl-EBT-TSl UG/L I0__ 100.035
re2MW-ill 22-Jan-03 MWllIl-EBT-TS7 UG/L 0 029 =
ea2MW-ill 26-Mar-03 MWIII-EBT-TS4 UG/I. I0__ 1 048 1 7
a2MW-ill 23-Apr-03 MWIli-E8T-TSO UG/L. I 0038 = 1 4.=

ea2 MW-ill 21-May-03 MWIII-EBT-TS1l UGIL - 029 1 0.0~
7I 1

032 MW-Ill 25-Jun-3 MWl1I-EBT-TSl2 U/.1 0.023 = 1 9
032 MW-Ill 23-Jul-03 MWI1I-EBT-TS13UGL-V094=1 06= 1 10=

rea2 MW-ill 20-Aug-03 MvWlIl-EBT-,TS`I4 GL- 1004 I] Z 7
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Attachment G
Study Are 2: Stummary of Gases In Groundwater
Main Instsllalion, Memphis Depot

flaStatconlD DateCollected Sample Unit ACETYLENEI ETHAN'E ETHENE I METHIANE

a2MW-1 12 20-May-02 MW`1I2-EBT-B UG&L 1 0.51 = 1 0.47 =

2MW-112 10-Jul-02 MWII2-EBT-TSI UGTL 1 0.069 = 1 0.13 1 0.98 =
a2MW-112 31-Jul-02 MWI12-EBT-TS2 UGJL 1 0091 1 0 27 =

2MW-112 5-Sep-02 MW112-EBT-TS3 UGL 1I0 0841= 1 0.39 = I
2MW-1 12 9-Oct-02 MW112-EBT-TS4 UGIL 1 0.025 = 1 55
2MW-112 13-Nov.02 MWII12-EBT-TSS UGCIL 1 0.27 = 1 230
2MW-I112 18-Dec-02 MWI112-EBT-TS6 UGC/I 0.21 = 1I 440 =

2MW-1`12 22-Jan-03 MWII2-EBT-T57 UGAL 1 0.015 = 1 0.2 = 1 930
2MW-112 26-Mar-03 MW112-EBT-TS9 U1G/L 1 0057 = 1 0.29 = 1 3000
2MW-112 23-Apr-03 MWII12-EBT-TSIO UiC/I 1 0.072 = I 0.2 = 1I 1600

MW-1 12 21-May0 MW112-EBT-TS11 UGCIL I 0.1 = 1 0.26 = I 1100
2MW-1`12 25-Jun-03 MWII2-EBT-TS12 UGh. __ I 0-033 = 1 0.28 = 1 1200

MW-112 23-JUl-03 MW112-EBT-TS13 UG/IL I 0.066 = 1 0.27 = 1 5700
2MW-11 20-Au-0 MWI12-EBT-TS14 UGCIL 1 033 = 1 4300
2 W-uS3 22-May0 MWl1I3-EBT-B UG/L I 055 = 1 0.48 =

2MW-1 1 10-Jul-02 MW113-EBT-TS1 UG/L - - - 1 01 = 1 0.087 = I I
e2MW-1 13 31-JuL-02 MW113-EBT-TS2 UGL T 48

2MW-uS3 S-!Ž9 MWII3-EBT-TS3 UGh. 1 0.034 = 1 0 099 = 1 15=
2MW-113 9-Oct-02 MWII3-EBT-T84 UGCIL - - 1 0.033 =
2MW-113 18-Dec-02 MWII13-EBT-TS6 UGCIL 1 0041 =

MW-113 22-Jan-03 MWII13-EBT-TS7 UGIL 1 0.012 = 1 0.06 =
MW-1u3 26-Mar-03 MWII3-EBT-1S9 UIG/1 1I 0.01 = 1 0035 = 1 9.9=

2MW-113 23-Apr-03 MW113-EBT-TSIO th 1 0.099 = I 0051 = I 4.3=
MW-uS3 21-May-03 MWI3-EBT-TSII iCI 1 0.014 = 1 0.053 = 1 28=

2MW-Iu1 25-Jun-03 MW113-EBT-TS12 Ii/.1 0.021 = 1 0.062 = 1 29=
2MW-11S1 23-Jul-03 MWII3-EBT-TSIS3 i/I I 0012 = 1 0.043 = 1 22 =

MW-1u1 20-Aug-03 MW1 13-EBT-TS14 I~10.0092 = I 0.061 1 1 9 =
MW-114 22-May-02 MWII14-EBT-B UGh I 022 =

MW-114 9-Jul-2 MW1I4-EBT-TS1 L1G/i. I 0.047 = I 0.092=
MW-114 4-e-2MW114-EBT-TS3 UGCIL I 033=

2MW-114 8-Oct-02 MWI14-EAT-TS4 UGh. I 0.029 = - T 130 =
2MW-114 17-Dec-02 MWII14-EBT-TS6 UGh. 1 0.059 =
2MW-1 14 21-an-03JMW114-EBT-TS7 UG(LI 1 0 008 = 1 0065 = 1 49 =

e2MW-114 25-Mar-03 MW114-EBT-TS9 UGh. 1 0.11 1 0.11 = 1 3601=
2MW-1 14 22-Apr-03 MWII4-EBT-TS10 AG/I. 1 0061 1 I 0.11 = I 180 =

2MW-114 20-~May.0 MWI14-EBT-TSII UG/L 1I 0.11 = 1 014 1 1100 =

MW-114 24-Jun-03 MWII4-EBT-TS12 UG/. 1 0.024 = 1 0086 = 1 360 =

2MW-114 22-Jul-03 MWI14-EBT-T313 UGCIL I - 1 0 032 = 1 0078 1 940 =

2MW-114 19-Au-03 MW114-EBT-TS14 LIG/I. -T 0.24 = i 600o0
2MW-26 21-Mar-02 MW26-106-BL UGI. I11000-=
2MW-26 24-Jul-03 MW26-EBT-TS13 tiGI. 1 4 =

2MW-26 18-Aug-03 MW26-EBT-TSI4 UGhL 1 0.07 =_ 1 0.021 = 1 0.18 =

a2MW-S6 20-Mar-02 MW86-108-BL lAG/I. I 1000 =

a2MW-S6 9-Jul-02 MW86-EBT-TSI UtLCI 1 0.059 = I 0,099 =

2MW-SO 30-Jul-02 MWSB-EBT-TS2 UtIC/ 1 0.19 =
a2MW-SB 4-Sep-02 MW86-EBT-TS3 UGhL 1 0.3 = 1 0.171 =I I
2MW-SB 8-Oct-02 MW86-EBT-TS4 UGCIL _ 1 03 =
2MW-SB 12-Nov-02 MW86-EBT-TS5 UGh. I 0.058 = 1 0.27 =
2MW-SO 17-Dec-02 MW86-EBT-TS6 AG/I. 1 0.4 =
2MW-S6 21-Jan-O3 MW8S-EBT-TS7 JUGILI 1 0.038 = 1 0.44 = 1 57 =

2MW-S6 25-Mar-03 MW86-EBT-TS9 LIG/I. I 0.16 = 1 0.54 = I 1100 =

2MW-SO 22-Apr-03 MW8OEBT-TSIO UG/IL 1 0.12 = 1 0.55 = 1 2700 =

2MW-86 20-May0 MW8S-EBT-TSII tG/L 1 0 0057 = 1 0.43 = 1 2900=
MW-SB 24-Jun-03 MW86-EBT-TS12 UGCIL 1I 0.01 z 1 018 = 1 2200 =

2MW-DO 22-Jul-03 MW86-EBT-TS13 UtLCI I 0.11 1 I 0.12 = 1 1400 =

2MW-SO 19-Aug03 MW86-EBT-TS14 UGCIL 1 0.00941 1 _0.26 = I 1800
a2MW-SD 21-Mar-02 MWaS-BL AG/I. 1 1000 =

2MW-SB 11-Jul-02 MW88-EBT-TS1 AG/I. I 1.6
MW-DO 1-Aug-02 MW88-EBT-TS2 AG/IL I1 771

2MW-SD 6-Sep-02 MW88-EBT-TS3 UAG/I. I 1-
MW-a8 19-Dec-02 MW88-EBT-T86 UiCI. - - - - 0 .o56 = 64

2MW-SD 24-Jan.03 MW88-EBT-TS7 UG/L 1~ 1 5
2MW-SB 27-Mar-03 MW88-EBT-TS9 UAG/I. _ 1 59

2 w MW-S 24-Apr.03 MW88EBT-TSIO U L 1 51
e Ww-SB8 22-May-03 MMW883-EBT-TSII lAI I 0.0051 = 1 44

ea2 MW-OS ~26-Jun-031MW8-BT-TS12 I 0/I 017 1 150
2 W-SD8 24-Jul-031MW88-EBT-T513 lG/IL *i1 0.01

e ww-SB 21Ag 3MWS8-EBT-TSI4 UG/1 = 1 82I
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Attachment G
Study Area 2: Summary of Total Organic Carbon In Soil. ain Installation, Memphis Depot

Area StationiD) DateCollected Sample Unit TOTAL ORGANIC CARBON

Area2 II1W-2 I 19-Apr-021IlW-2-104 jMGIKG1 6801 -

Area2 I W-3 I 20-Apr-021lW-3-103' MG/KG1 6401 -

Area2 IMW-112 1 21-Apr-021MW-112-98 MG/KG1 2901 -



MW-los ±60.002 MWIOS-E9T-TSE MOO. I 005~~~. I I 0.7± I I 2.1

Sfrd-l04 20-4m03 t4Wl~fl-ElT-TOT MOO. I 532 I 0.62 * I 10.

MW-log 25MrO3 MWIOS.EBT-TS9 MOO. 2 *0±0 * 9 20.9 * ~ ~ ~ ~~~~~~~~~ 2 19.

2IWOlO I2.k3M±9t703 MI 3 2300 ± II.7 - 1 0.7

MW-lOS 21- 02 94W-909-E~~~tG MOO. I 05 I I.,0 2 02o

MW-loG 20~~A-02 SIWIOOE~r-T02 MOO. 4 IN4 2 12 * 2 14.0

66W-toO 4 2 MW909EBTT53 MOO. 5 395 I ± 4.73 2 ±4.4

MW-lO 8002MIS-t-0 OO 0 925 I IA

MW-lO 21.20 MW~oOEOT-1072 MO. 57wi 54 I Ill12

MWlg W,00 MWIoI-E0-75± MOO 1"' * 10 2577

6-lg 22-ii03 MWIOE674T012 MOO. 20 0200 IS ±07 I I 3

MW-Ill 30 M~~~llOE0T0T MO. I 431 2 6 ±3

-ISO 6-h*02MW150-E67It MO. 5 2 * I 0.2 * ±
MW-ISO O-MAO2MW±SOEBT-TS±0 MOO. 9 32 * 0It 0.2 * 2 5

MWIS looM02MW10ET-fl MO24 0±0 2 3..6

-- MW-ISO 4- 2 MWI I0-EGT-T03 MOO.11 1 0.16 .2 14.7
2MW-ISO 4 MW±SO-E6T4S~d MOO. I 23. I 0±5 2 04.

.2554-153 23-kt-03MW17.E.r-To±3 MO. ±20 I I.4 5



MW11 I 1.4EWT-TI4 MA 10 SSW I 3 4

2W-O 202511 O. 5 4.
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0 ~Attachment H: Data Quality Evaluation
(April 2002 through January 2003)

The purpose of the data quality evaluation (DQE) process is to assess the effect of the overall
analytical process on the usability of the data. The two major categories of data evaluation are
laboratory performance and matrix interference. Evaluation of laboratory performance is a check
for compliance with the method requirements; either the laboratory did, or did not, analyze the
samples within the limits of the analytical method. Evaluation of matrix interference is subtler
and involves the analysis of several areas of results including surrogate spike recoveries, matrix
spike recoveries, and duplicate sample results.

Introduction
Groundwater and soil samples included in this DQE were collected during two separate baseline
studies, one soil drilling activity, and 7 subsequent performance monitoring evaluation studies
between April 2002 and January 2003. The studies samples were collected over a 4 to S day
period and soil samples from drilling were collected during a one month period of time. Each
activity was initiated on the following dates: soil drilling (4/18/02); Main Installation Baseline
(3/18/02); EBT Baseline (5/20/02); EDT Event 1 (7/8/2002); EBT Event 2 (7/29/2002); EDT
Event 3 (9/3/2002); EDT Event 4 (10/7/2002); EDT EventS5 (11/11/02); EBT Event 6 (12/16/02);
and EBT Event 7 (1/20/2003).

Field QC samples included duplicates, field blanks, trip blanks (analyzed for VOCs only),
equipment rinsate blanks, and matrix spikes. The number of each type of sample is listed by
analytical method and matrix in Tables 5-1. The samples were analyzed for the following
analytical fractions:

• Alkalinity by EPA Method 310.2;
* Anions by SW-846 Method 9056;
* Metals by SW-846 Methods 6010B and 6020;
* Methane, Ethane, and Ethane (MEEs) by Microseep SOP AM20GAX, AM18 or R.S.Kerr

Laboratory SOP RSK175;
* Oil and Grease by EPA Methods 1664 and 413.1;
* Senmivolatile organic compounds (SVOCs) by SW-846 Method 8270;
• Sulfide by EPA Method 5376.1;
* TOC by EPA Methods E415.1 and Lloyd Kahn;
* Volatile Fatty Acids by mnodified SW-846 Method SliSH3; and
* Volatile Organic Compounds (VOCs) by SW-846 Method 826013

Project chemists using the process outlined in the EPA guidance document USEPA CLP National
Functional Guidelines for Inorganic (Organic) Data Review (1994a, revised October 1999)
reviewed the hardcopy data packages for this DQE. A summiary of all raw analytical data for all
samples in this report including copies of the chain-of-custody forms and data validation
checklists can be found as Appendix A - Summary of Raw Analytical Data.

Areas of review included (when applicable to the method) holding time compliance, calibration
verification, blank results, matrix spike precision and accuracy, method accuracy as demonstrated
by laboratory control samples (LCSs), field duplicate results, surrogate recoveries, and internal0 ~~~standard performance. A data review worksheet was completed for each of these data packages
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and any non-conformance documented. The data review and validation process is independent of
the laboratory's checks and focuses on the usability of the data to support the project data
interpretation and decision-making processes.

Data that were not within the acceptance limits were appended with a primary qualifying flag,
which consists of a single- or double-letter abbreviation that reflects an uncertainty or problem
with the data. Although the qualifying flags originate during the database query process, they are
included in the final data summary table deliverables so that the data will be used only for the
intended purpose and with the qualifiers known. The qualifiers also include secondary, or two-
digit sub-qualifier flags which are entered into the comments field of the database. The secondary
qualifiers provide the reasoning behind the assignment of a qualifier to the data. The sub-
qualifiers are presented and defined in Table 5-2. The following primary flags were used in this
text:

1! Detected. Analyte was analyzed for and detected at the reported concentration;
[U]l Undetected. Analyte was analyzed for but not detected above the method

detection limit (MDL);
IUJI Detection limit estimated. Analyte was analyzed for and qualified as not

detected. The result is estimated;
1.11 Estimated. The analyte was present, but the reported value may not be accurate

or precise; and
[RI Rejected. The data are unusable. (NOTE: Analyte/compound may or may not be

present.).

Inorganic and organic numerical sample results that are greater than the NML but less than the
laboratory reporting limit (R(L) are qualified with a "J" for estimated as required by the EPA
Functional Guidelines for Evaluating Data Quality.

Once the data review and validation process was completed, the entire data set was reviewed for
chemical compound frequencies of detection, dilution factors that might affect data usability, and
patterns of target compound distribution. The data set was also evaluated to identify potential data
limitations, uncertainties, or both in the analytical results. Appendix B - Summary of Qualified
Sample Results lists the changes in data qualifiers due to the validation process.

The data contained many dilutions due to the linear range of the calibration curve being exceeded.
As a result, there were two valid values in the database for several samples. Project chemists
compared the dilution with the original results and selected the proper record from the two results
available. The other value was rejected, as there can be only a single valid record per compound,
per sample.

Where data were qualified as estimated, a "J" flag was applied to positive hits. The entire
database was also queried for frequency of detection in blanks and samples, detailed listing of
blank detects, matrix spike/matrix spike duplicate (MS/MSD) results; field duplicate precision,
surrogate recoveries, preparation, and analysis dates pertaining to holding times.

Holding Times, Calibration, and Internal Standards

Holding Times and Preservatives
For the project data, four records were qualified as estimated (J) and three records were qualified
as rejected (R) due to holding time deficiencies. The estimated records consisted of one lactic0
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acid and three nitrate results. The rejected records consisted of three nitrite results. No other
records were qualified from holding time and preservative criteria.

Calibration
For the project data, thirty-nine records were quantified as detects were qualified as estimated (J)
due to continuing calibration deficiencies. These records consisted of ten carbon tetrachloride,
twelve acetone, and seventeen acrolein results. No other records were qualified from calibration
criteria.

Internal Standards
For the project data, no records were qualified from internal standard deficiencies.

Potential Field Sampling and Laboratory Contamination
Four types of blank samples were used to monitor potential contamination introduced during field
sampling, sample handling, and shipping activities, as well as sample preparation and analysis.

Trip Blank (ITB): A sample of ASTM Type II water that is prepared in the laboratory prior
to the sampling event. The water is stored in VOC sample containers, which are not
opened in the field, and travels back to the laboratory with the other samples for VOC
analysis. This blank is used to monitor the potential for sample contam-ination during the
sample container trip. One trip blank should be included in each sample cooler that
contained samples for VOC analysis. A total of 18 trip blanks for VOC and 5 trip blanks
for MEEs were submidtted to the laboratory with the samples in this DQE report;

•Equipment Rinsate Blank (ER): A sample of the analyte-free water used for the final rinse0 ~ ~~~~during the equipment decontamination process. This blank sample is collected by rinsing
the sampling equipment after decontamination and is analyzed for the same analytical
parameters as the corresponding samples. This blank is used to monitor potential
contam-ination caused by incomplete equipment decontamination. One equipment
rinsate blank should be collected per day of sampling, per type of sampling equipment.
Depending on the analysis, up to six equipment rinsate blanks were submitted to the
laboratory for analysis;

* Source Blank or Ambient Blank (SB or AB): The field blank is an aliquot of the source
water used for equipment decontamination. This blank monitors contamination that may
be introduced from the water used for decontamination. One field blank was collected
from each source of decontamination water and analyzed for the same parameters as the
associated samples. Six source blanks were submitted to the laboratory for VOC analysis

* Laboratory Method Blank or Method Blank (MB): A laboratory method blank is an
analyte-free matrix to which all reagents are added in the same volumes or proportions
as used in sample processing. The method blank should be carried through the complete
sample preparation and analytical procedure. The method blank is used to document
contamination resulting from the analytical process. One method blank was prepared
and analyzed for every 20 samples or per analytical batch whichever was more frequent.

According to the EPA Functional Guidelines, concentrations of common organic contaminants
detected in samples at less than 10 times the concentration of the associated blanks can be
attributed to field sampling and laboratory contamination rather than environmental
contamination from site activities. Common organic contaminants include acetone, methylene
chloride, 2-butanone, and the plhthalates. For other general chemistry, inorganic, and organic
contaminants, 5 times the concentration detected in the associated blanks rather than 10 is used to0 ~ ~~qualify results as potential field and/or laboratory contamination rather than environmental
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contamination.
A number of metals and general chemistry parameters were detected in various instrument
calibration blanks. This data is not stored in the project database and is not summarized in the
DQE report. Concentrations detected in the calibration blanks can be attributed to instrument
noise at or near the MDL. Associated field sample results less than 5 times the maximum
concentration found in the calibration blanks were attributed to field sampling or laboratory
contamination and are not considered to be indicative of environmental contamination.

Contaminants were found in various equipment, source, and trip blanks for the project data as
listed in the following tabulation.

Parameter Sample Type Number of Detections
Acetone Equipment Blank 1
Alkalinity, total (as CaCO3) Equipment Blank 1
Alkalinity, total (as CaCO3) Laboratory Blank 1
Chloroform Equipment Blank 2
Chloroform Source Blank I
Ethene Equipment Blank 1
Formic Acid Equipment Blank 1
Manganese Equipment Blank 3
Methylene Chloride Trip Blank 5
Nitrogen, Nitrate (as N) Equipment Blank 3
Propionic Acid Equipment Blank 1
Total Organic Carbon Equipment Blank 3
Xylenes, Total Equipment Blank 1
-Xylenes, Total Source Blank 1

The parameters that were qualified as not detected and indicated with a "U" qualifier are listed in
the following tabulation.

Parameter Sample Type Number of Detections
Methane Normal or Field Duplicate 103
Total Organic Carbon Normal or Field Duplicate 84
-Manganese Normal or Field Duplicate 73
-Ethane Normal or Field Duplicate 67
-Formic Acid Normal or Field Duplicate 61
-Ethene Normal or Field Duplicate 58
Acetone Normal or Field Duplicate 41
Acetic Acid Normal or Field Duplicate 34
Nitrogen, Nitrate (as N) Normal or Field Duplicate 22
Methylene Chloride Normal or Field Duplicate 21
Sulfate (as S04) Normal or Field Duplicate 14
Selenium Normal or Field Duplicate 13
Alkalinity, Total (as CaCo3) Normal or Field Duplicate 12
Propionic Acid Normal or Field Duplicate 8
Chloroform Normal or Field Duplicate 7
1 ,2,3-Trichlorobenzene Normal or Field Duplicate 4
Alkalinity Normal or Field Duplicate 4
Hexachlorobutadiene Normal or Field Duplicate 2
Naphthalene Normal or Field Duplicate 2
1 ,2,4-Trtchlorobenzene Normal or Field Duplicate 1
1 ,4-Dichlorobenzene Normal or Field Duplicate 1
Arsenic Norma or Field DuplicateI
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1Methy e thylI ketone Normal or Field Duplicate1

Matrix Effects

Surrogate Spike Recovery
Surrogate spike compounds were added to every sample analyzed for the organic parameters,
including field and laboratory blanks as well as field environmental samples. Surrogate spikes
consist of organic compounds, which are similar to the method analytes in chemical composition
and behavior in the analytical process, but which are not normally found in environmental
samples.

Surrogate spike recoveries were used to monitor both laboratory performance and matrix
interferences. Surrogate spike recoveries from field and laboratory blanks were used to evaluate
laboratory performance because the blanks should represent an "ideal" sample matrix. Surrogate
spike recoveries for field samples were used to evaluate the potential for matrix interference.
According to EPA (1999), data are not qualified with respect to surrogate recoveries unless
multiple surrogates are out of specifications.

Table 5-2 summarizes the project VOC, SVOC, and MEE average surrogate recovery and the
number of results flagged based on surrogate recovery exceptions.

The surrogate recovery values for all organic analytical fractions generally recovered well. No
samples were qualified as rejected due to poor surrogate recoveries. These recoveries indicate that
the specific sample matrix did not interfere with the analytical process.

Matrix Spike Recoveries
Matrix spikes are prepared in order to document the accuracy and precision bias of a method in a
given sample matrix. For inorganic matrix spikes, three aliquots of a single sample were
analyzed; one native sample, one native duplicate, and one sample spiked with analytes. Spike
recovery is used to evaluate potential matrix interference as well as analytical accuracy. Precision
is evaluated by comparing the native sample and native duplicate results for each analyte. Three
aliquots of a single sample are also analyzed for organic compounds, however, using one native
and two spiked aliquots. Unlike the surrogate spike compounds, organic matrix spike compounds
are found on the method TCL. The duplicate results, consisting of MS/MSD or native/duplicate),
are compared to evaluate precision.

Organic results are not qualified based on MS/MSIJ results alone. The results are evaluated in
conjunction with surrogate and internal standard (if applicable) results. In instances when the
native levels of the target compounds were greater than the amount added to the matrix spike
samples the recovery results are considered to be inconclusive and are not used to assess matrix
accuracy and precision.

The GC/MS volatile and sernivolatile MS/MSD recovery and precision data all fell within
method control limits, except for 2-chloroethyl vinyl ether. The recovery results for 2-chlorocthyl
vinyl ether were reported as zero percent in all samples preserved with HCI (pH less than 2). All
results for 2-chloroethyl vinyl ether have been qualified as rejected and flagged "R."
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The GC methane, ethane, and ethane MS/MSD recovery and precision data all fell within method
control limits. The GC volatile fatty acid MSIMSD recovery and precision data all fell within
method control limits for most analyses.

Number of samples Flagged due to MSIMSD QCResults
I ~~~Element INumber Samples Flagged I Flag Assigned

Acetic Add 1 "J"t /'L1J" non-detects
flutyc Acid 2 "1" hits / UJ" non-detects
Propionic Acid 1 "J" hits / UJ" non-detects

Inorganic results are qualified based solely on the results of the MSIMSD precision and accuracy.
All of ICP and ICP-MS metals accuracy and precision results were well within established
criteria, indicating that the specific sample matrix did not influence the overall analytical
process or the final numerical result. General chemisty parameters including anions,
alkalinity, oil and grease, sulfide, and TOC were within established criteria with few
exceptions indicating an effective analytical process and accurate and precise final
numerical results.

Number of samples Flagged due to MSIMSD QC Results
Elemn Number Samples Flagge Flag Assigned

IAlkalinity, total (as CaCO3) 1 "J" hits
Chloride (as Cl) 1 'J7 hits
Oil & Grease, total recoverable 2 "J" hits "U'LJ" non-detects
Total Organic C-arbon 1 "J" hits

Field Duplicate Sample Results
Field duplicate analyses measure both field and laboratory precision and can also be affected by
the homogeneity of the samples. Therefore, the results may have more variability than lab
duplicates, which measure only lab performance. According to the EPA Functional Guidelines,
there are no qualification criteria for field duplicate precision.

A control limit of±+ 35 percent (soil) and ±20 percent (water) for the RPD was used for original
and duplicate sample values greater than or equal to five times the RL. A control limit of ± two
times the RL (soil) and ± one times the RL (water) was used if either the sample or the duplicate
value was less than five times the RL.

Precision criteria were met for greater than 95 percent of all parameters, demonstrating minimal
matrix heterogeneity.

Number of Sam e Flagged due to Field fluplicat QC Results
Element Number Samples Flagged Flag Assigned

Ethane 5 "1" hits / "UT" non-detects
Ethene 2 "J hits
Oil & Grease 2 "J" hits
Alkalinity, Total (as CaCO3) 5 "J" hits
Total Organic Carbon 5 TJ hits
Acetic Acid 3 "1" hits
flutyric Acid I "J" hits

roiicAcid 3 "1" hits

Nirgn Nitate (as N) 2 ""hits
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In one instance the field duplicate precision results for the volatile fatty acid analyses for the
native and field duplicate pair resulted in qualifying the field duplicate results as rejected. The
results for acetic acid, butyric acid, and propionic acid produced analytically significant
measurements in the native sample; whereas the associated field duplicate measurements were all
non-detected.

Inductively Coupled Plasma (1CP) Serial Dilution
The serial dilution of samples quantified by ICP determines whether or not significant physical or
chemical interferences exist due to sample matrix. If the analyte concentration is sufficiently
high, the serial dilution analysis must agree within a 10 percent difference of the original
determination after correction for dilution. All serial dilutions were acceptable.

Samples Requiring Dilution
During sample analysis, a dilution may be required for various reasons. Diluting a sample is
usually performed to provide more accurate quantification of the target compounds and to protect
the analytical instrumentation. If the concentrations of the target compounds are above the
calibration range of the instrument, the sample extract must be diluted in order to obtain an
accurate quantification. Laboratories typically dilute the sample extracts such that the responses
of the target compounds are in the upper part of the calibration range. This is done in order to
give a clear, strong signal from the detector while providing the lowest possible reporting limits.

Another reason for diluting samples is the presence of non-target compounds and chemical
interferences, or matrix effects. Matrix effects can be produced from a variety of sources,
including conductivity, pH1, organic content, and biota (oils and lipids). Laboratories often
perform a clean-up procedures on the sample extract prior to analysis. Standard clean-up
procedures are designed to recover the analytes, while minimizing or removing interfering non-
analytes; however, interferences can still persist, even after the clean-up procedures have been
completed.

Some organic and inorganic samples were diluted for selected parameters in order to prevent
concentrations from exceeding the instrument linear ranges or when excessive interference was
present. Many GC/MS VOC samples had to be diluted due to levels of analytes present in the
samples. In all cases the VOC analyses were also analyzed without a dilution. Both results were
reported. The analyses providing the lowest non-detected reporting limit or the measurement
calculated from a test performed within the instrument linear range is maintained while the
alternate measurement is qualified as rejected so that a single result is tagged as valid. Some of
these were diluted to a level at which surrogate and spike recoveries could not be determined.

Precision, Accuracy, Representativeness, Completeness, and
Comparability (PARCO)
Precision--is defined as the agreement between duplicate results, and was estimated by
comparing duplicate matrix spike recoveries, sample duplicates, as well as the field duplicate
sample results. Other than the documented exceptions, the precision between native and field
duplicate sample results were within acceptable criteria for 90 percent of the measurements,
indicating that sample matrix did not significantly interfere with the overall analytical process.

Accuracy--is a measure of the agreement between an experimental determination and the true
value of the parameter being measured. For the organic analyses, each of the samples was spiked

* ~~~with a surrogate compound; for organic analyses, an MS, MSD, and laboratory control standard
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(LCS) were spiked with a known reference material before preparation; and for inorganic
analyses an MS and LCS were spiked with target analytes before preparation. Each of these
approaches provides a measure of the matrix effects on the analytical accuracy. The LCS results
demonstrate the accuracy of the method and the laboratory's ability to meet the method criteria.
MS and MSD results establish precision and accuracy of the matrix. Accuracy can be estimated
from the analytical data and was not measured directly. Spike recoveries were within the method
acceptance limits in greater than 95 percent of the measurements and surrogate recoveries were
within acceptance limits in greater than 95 percent of the measurements; therefore, other than the
documented exceptions, there was no evidence of significant matrix interference that would affect
the usability of the data.

Representativeness--a qualitative measure of the degree to which sample data accurately and
precisely represent a characteristic environmental condition. Representativeness is a subjective
parameter and is used to evaluate the efficacy of the sampling plan design. For all data,
representativeness was demonstrated by providing fuill descriptions in the project scoping
documents of the sampling techniques and the rationale used for selecting sampling locations.

Completeness--is defined as the percentage of measurements that are judged to be valid
compared to the total number of measurements. Of a total of 19,183 validated results in the more
than 99 percent of the data were determined to be valid.

Comparability--is another qualitative measure designed to express the confidence with which
one data set may be compared to another. Factors that affect comparability are sample collection
and handling techniques, sample matrix type, and analytical method. Comparability is limited by
the other PARCC parameters because data sets can be compared with confidence only when
precision and accuracy are known. Data from these investigations are comparable with other data
collected at the site because only EPA methods were used to analyze the sample and standard
EPA Level HII QC data are available to support the quality of the data.

Summary and Conclusion
The laboratory analyzed the samples according to the EPA methods stated in the project plan as
demonstrated by the deliverable summaries and analytical run sequences. The project objectives
or PARCCs were met, and the data can be used in the project decision-making process as
qualified by the DQE process, except data qualified as rejected and flagged with an"R.
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Table 5-1
Analysis Totals by Method and Matrix
Memphis Depot

Method Analysis Matrix EB FD MS N SB SD TB
kM2OGAX\AM1B\RSK175 MEEs WG 6 11 12 232 0 12 5
=16641E413.1 OiI&Grease WG 5 5 5 69 0 5 0
=310.2 Alkalinity WG 6 13 16 219 0 16 0
E376.1 Sulfide WG 6 13 16 219 0 16 0
=415.1 00C WG 6 13 16 219 0 16 0
-YDKHN 00C so 0 0 0 17 0 0 0
SW60I0B Metals WG 6 13 16 212 0 16 0
SW6020 Metals WG 1 2 3 18 0 3 0
SW8015M VFA WG 6 13 17 219 0 17 0
SW8260B 0OCc LO 0 0 0 10 0 0 0
SW8260B VOCS SO 0 0 0 4 0 0 0
SW8260B 0OCS WG 5 13 16 254 6 16 18
W8270C IVOCs WG 0 0 0 5 0 0 0

VW9056 jnions WG 16 13 16 12181 0 116 0
ES, equipment blank; FD, field duplicate; MS, matrix spike; N, normal;, SB, source blank; SD, matrix spike
duplicate; TB, thip blank.
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Table 5-2
Surrogate Recovery Performance
Memphis Depot

Average
Surrogate Number of'Results Qualified

Method AnalyteI Recovery J for Surrogate Deficiencies
Oil M atrix _ _ _ _ _ _ _ _ _ _ _ _ _

SW8260B 1 ,2-Dichloroethane-d4 91.8
SW8260B 4-Bromofluorobenzene 92.4
SW8260B Oibromofluoromethane 90.8 0
SW8260B Toluene-08 84.2 ____________

Soil Matrix
SW8260B 1 ,2-Dic loroethane-dI4 98.5
SW8260B 4-Bromofluorobenzene 105
SW8260B Dibromofluoromethane 96.9 0
SW8260B Toluene-OB 89.0
Water Matrix
RSK175M Acetylene 95.0 0
SW8260B 1,2-Dichloroethane-D4 106
SW82608 Dibromofluoromethane 104
SW8260B 4-Bromofluorobenzene 109 0
SW8260B Toluene-08 101 ___________

SW82700 2,4,6-Tribromophenol 80.80 ~ ~~SW8270C 2-Fluorobiphenyl 63.2
SW8270C 2-Fluorophenol 30.2
SW8270C Nitrobenzene-D5 56.2 0
SW8270C Phenol-D5 21.0
,SW82700 p-TerphenyI-dl14 64.2
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0 ~~~Table 5-3
Matrix Spike Accuracy and Precision Performance
Memphis Depot

Recover % %RPD Control Limits
Analyte CountI MsI MD jPrecision LCL UCL

Method EPA 1664
Oil & Grease, hexane extractable 5 190 89.7 0.3 164 1109
Method EPA 310.2
Alkalinity ,total (as CaCO3) 16 T51.6 52.9 2.5 8 2

Method EPA 376.1
Sulfide 16 34.8 34.8 0.0 80 1120

Method EPA 415.1
Total organic carbon 16 80.4 182.9 3.1 80 111l

Method SW9056
Bromide 16 101 100 1.1 .80 120

Chloride (as Cl) 16 105 105 0.48 80 120
Nitrogen, Nitrate (as N) 16 103 102 0.43 80 120
Nitrogen, Nitrite (as N) - 16 -102 102 0.43 80 120
Sulfate (as S04) 16 99.1 98.6 0.51 80 120

Methods SW6010B and SW6020 ___

Manganese J 16 96.2 956 065 7j125
Arenic 3___ 94 967 28 75 j125

Selenium 3 81.7 83 4 75 125
Methods AM18, AM2OGAX, and RSK175 ___

Ethane J 6 90.5 92.7 2.4 70 J130
Ethene { 6 88.7 190.2 j 1.7 70 j130
Methane 6 90.3 93 1 2.9 70 1130
Method SW8OI5M (VFA) ___

Acetic Acid 14 709 186 120 70 130
Butyric Acid 14 107 128 17 70 130
Formic Acid 14 92 113 21 70 130
Lactic Acid 14 104 128 21 70 130
Propionic Acid 14 212 254 18 70 130
Pyruvic Acid 14 117 106 9.9 70 130
Method SW8260B
1,1,1,2-Tetrachloroethane 16 116 117 0.96 80 130
1, 1,2.2-Tetrachloroethane 16 97.4 99.2 1.8 79 125
1, 1,2-Trich loroethane 16 105 105 0.54 80 125
1,1-Dichloroethane 16 106 105 0.77 80 125
1,1-Dichloroethene 16 104 103 1.1 80 132
1,2,3-Trichlorobenzene 16 97.2 99.5 2.4 62 140
1,2,3-Trichloropropane 16 95.8 97.6 19 80 126
1,2,4-Trimethylbenzene 16 105 106 0.3 80 125
1,2-Dibromo-3-chloropropane 16 96 97.8 1.8 6C5 129
Method SW8260B
1,2-Dibromoethane 16 105 106 1.2 80 1125
,1,2-Dichlorobenzene 16 j102 103 0.79 80 1125
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Table 5-3
Matrix Spike Accuracy and Precision Performance
Memphis Depot

Recoveryf4 %RPD Control Limits
Analyte Count MS IMSD Precision LCL UCL

1,2-Dichloroethane 16 112 112 0.5 80 129
1,2-Dichloropropane 16 102 102 0.18 80 120
1 ,3,5-Thriethylbenzene 16 106 106 0.059 80 127
1,3-Dichlorobenzene 16 104 105 0.3 80 120
1,4-Dichlorobenzene 16 100 101 0.75 80 120

-hioroethyl vinyl ether 16 0 0 n/c 10 211
-exanone 16 91.1 92.4 1.4 56 136

cetn 16 93.9 95.5 1.7 40 142
Bnne 16 104 104 0.18 80 121

romodichlorornethane 16 113 114 0.88 80 131
Brormoforrn 16 98.1 98.6 0.57 74 130

oomethane 16 93.2 89 4.6 61 151
'arbon disulfide 16 83 82.2 0.98 58 138
"arbon tetrachloride 16 65.9 77.3 16 80 137
hlorobenzene 16 104 104 0.3 80 120

'hloroethane 16 101 99.6 1.8 77 133
Chloroform 16 90.1 90.6 0.55 80 125
'hioromethane 16 94.8 92.5 2.5 60 130
~is-1,2-Dichloroethylene 16 87.6 90.6 3.3 80 121
~s-1,3-D)ichloropropene 16 110 I111 0.73 80 132
)ibromochloromethane 16 111 112 0.62 80 127
)ibromomethane 16 109 110 0.29 80 126
3ichlorodifluorornethane 16 82.6 79 4.4 50 133
Ethylbenzene 16 105 105 0.24 80 122
lodomethane 16 120 122 1.1 10 308
Isopropylbenzene 16 107 105 1.9 80 122
Methyl ethyl ketone 16 94 96.8 2.9 58 149
Methyl isobutyl ketone 16 88.8 90.3 1.6 64 140

Methylene Chloride 16 100 100 0.062 80 123
i-Sutylbenzene 16 103 101 1.2 80 131
i-Propylbenzene 16 104 104 0.3 80 129
-Cyrnene 16 101 99.6 0.94 80 122

;ec-Butylbenzene 16 102 102 0.43 80 127
styrene 16 110 110 0 80 123
ert-Butyl methyl ether 16 99.1 101 2.2 77 138
Fetrachloroethylene 16 n/ n/c n/c 80 124
Toluene 16 105 104 0.3 80 124
Method SW8260B
trans-1,2-Dichloroethene 16 105 -106 0.36 80 127
trans-1,3-Dichloropropene 16 109 110 0.91 80 130
Trichloroethylene 16 91.6 186.7 5.5 .80 122

richloro ooehne 16 97.6 .93.9 3.8 62 -- 151
inyl acetate 16 79.6 181.1 -1.9 10 285
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Table 5-3
Matrix Spike Accuracy and Precision Performance
Memphis Depot

Recoery} J %RPD Control Limits
Analyte Count Ms MVISD Precision LCL UCI

Viny Ichloride 16 105 96.3 9.1 65 140
Xlenes, total 16 108 107 0.41 80 121

Definations:
n/c is not calculated
n/a is not applicable
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O ~Attachment H continued: Data Quality Evaluation
(February 2003 through August 2003)

The purpose of the data quality evaluation (DQE) process is to assess the effect of the overall
analytical process on the usability of the data. The two major categories of data evaluation are
laboratory performance and matrix interference. Evaluation of laboratory performance is a check
for compliance with the method requirements; either the laboratory did, or did not, analyze the
samples within the limits of the analytical method. Evaluation of matrix interference is subtler
and involves the analysis of several areas of results including surrogate spike recoveries, matrix
spike recoveries, and duplicate sample results.

Introduction
Groundwater and soil samples included in this DQE were collected during seven performance
monitoring evaluation studies between February 2003 and August 2003. The studies samples
were collected over a 4 to 5 day period. Each activity was initiated on the following dates: EBT
Event 8 (2/24/2003); EBT Event 9 (3/24/2003); EBT Event 10 (4/21/2003); EBT Event I11
(5/19/2003); EBT Event 12 (6/23/2003); EBT Event 13 (7/21/2003); and EBT Event 14
(8/18/2003).

Field QC samples included duplicates, field blanks, trip blanks (analyzed for VOCs only),
equipment rinsate blanks, and matrix spikes. The number of each type of sample is listed by
analytical method and matrix in Tables 5-I1. The samples were analyzed for the following

analytical fractions:

* Alkalinity by EPA Method 310.2;
* Anions by SW-846 Method 9056;
* Metals by SW-846 Methods 601DB3;
* Methane, Ethane, and Ethane (MEEs) by Microseep SOP AM20GAX, AM18;
* Oil and Grease by EPA Methods 1664;
* Sulfide by EPA Method E376.1;
* TOG by EPA Methods E415.1;
• Volatile Fatt Acids by modified SW-846 Method 801583; and
* Volatile Organic Compounds (VOCs) by SW-846 Method 82608.

Project chemists using the process outlined in the EPA guidance document USEPA CLP National
Functional Guidelines for Inorganic (Organic) Data Review (1994a, revised October 1999)
reviewed the hardcopy data packages for this DQE. A summnary of all raw analytical data for all
samples in this report including copies of the chain-of-custody forms and data validation
checklists can be found as Appendix A - Summary of Raw Analytical Data.

Areas of review included (when applicable to the method) holding time compliance, calibration
verification, blank results, matrix spike precision and accuracy, method accuracy as demonstrated
by laboratory control samples (LCSs), field duplicate results, surrogate recoveries, and internal
standard performance. A data review worksheet was completed for each of these data packages
and any non-conformance documented. The data review and validation process is independent of
the laboratory's checks and focuses on the usability of the data to support the project data
interpretation and decision-making processes.



794 739

Data that were not within the acceptance limits were appended with a primary qualifying flag,
which consists of a single- or double-letter abbreviation that reflects an uncertainty or problem
with the data. Although the qualifying flags originate during the database query process, they are
included in the finial data summary table deliverables so that the data will be used only for the
intended purpose and with the qualifiers known. The qualifiers also include secondary, or two-
digit sub-qualifier flags which are entered into the comments field of the database. The secondary
qualifiers provide the reasoning behind the assignment of a qualifier to the data. The sub-
qualifiers are presented and defined in Table 5-2. The following primary flags were used in this
text:

[j Detected. Analyte was analyzed for and detected at the reported concentration;
[UI Undetected. Analyte was analyzed for but not detected above the method

detection limit (MDL);
1W]I Detection limit estimated. Analyte was analyzed for and qualified as not

detected. The result is estimated;
[J1 Estimated. The analyte was present, but the reported value may not be accurate

or precise; and
[RI Rejected. The data are unusable. (NOTE: Analyte/compound may or may not be

present.).

Inorganic and organic numerical sample results that are greater than the MDL but less than the
laboratory reporting limit (Rb) are qualified with a "J" for estimated as required by the EPA
Functional Guidelines for Evaluating Data Quality.

Once the data review and validation process was completed, the entire data set was reviewed for
chemical compound frequencies of detection, dilution factors that might affect data usability, and
patterns of target compound distribution. The data set was also evaluated to identify potential data
limitations, uncertainties, or both in the analytical results. Appendix B - Summary of Qualified
Sample Results lists the changes in data qualifiers due to the validation process.

The data contained many dilutions due to the linear range of the calibration curve being exceeded.
As a result, there were two valid values in the database for several samples. Project chemists
compared the dilution with the original results and selected the proper record from the two results
available. The other value was rejected, as there can be only a single valid record per compound,
per sample.

Where data were qualified as estimated, a "J" flag was applied to positive hits. The entire
database was also queried for frequency of detection in blanks and samples, detailed listing of
blank detects, matrix spike/matrix spike duplicate (MS/MSD) results, field duplicate precision,
surrogate recoveries, preparation, and analysis dates pertaining to holding times.

Holding Times, Calibration, and Internal Standards

Holding Times and Preservatives
For the project data, 36 records were qualified as estimated (J or UJ) and two records were
qualified as rejected (R) due to holding time deficiencies. The qualifiers were applied to nitrate
and nitrate results. No other records were qualified from holding time and preservative criteria.

Calibration
For the project data, twenty-five records were quantified as detects were qualified as estimated (J)0
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due to continuing calibration deficiencies. These records consisted of two butyric acid,
three acetone, seven cis-1 ,2-dichloroethylene, and 13 carbon tetrachloride results. No other
records were qualified from calibration criteria.

Internal Standards
For the project data, no records were qualified from internal standard deficiencies.

Potential Field Sampling and Laboratory Contamination
Four types of blank samples were used to monitor potential contamination introduced during field
sampling, sample handling, and shipping activities, as well as sample preparation and analysis.

•Trip Blank (TB): A sample of ASTM Type II water that is prepared in the laboratory prior
to the sampling event. The water is stored in VOC sample containers, which are not
opened in the field, and travels back to the laboratory with the other samples for VOC
analysis. Thi-s blank is used to monitor the potential for sample contamdination during the
sample container trip. One trip blank should be included in each sample cooler that
contained samples for VOC analysis. A total of 12 trip blanks for VOC analyses were
submitted to the laboratory with the samples in this DQE report. Trip blanks were not
submitted for MEEs analyses;
Equipment Rinsate Blank (ER): A sample of the analyte-free water used for the final rinse
during the equipment decontamination process. This blank sample is collected by rinsing
the sampling equipment after decontaimiation and is analyzed for the same analytical
parameters as the corresponding samples. This blank is used to monitor potential
contamdination caused by incomplete equipment decontamination. One equipment
rinsate blank should be collected per day of sampling, per type of sampling equipment.
Depending on the analysis, up to eight equipment rinsate blanks were submitted to the
laboratory for analysis;

* Source Blank or Ambient Blank (SB or AR): The field blank is an aliquot of the source
water used for equipment decontamination. This blank monitors contamination that may
be introduced from the water used for decontamination. One field blank was collected
from each source of decontamination water and analyzed for the same parameters as the
associated samples. Six source blanks were submitted to the laboratory for VOC analysis

* Laboratory Method Blank or Method Blank (MB): A laboratory method blank is an
analyte-free matrix to which all reagents are added in the same volumes or proportions
as used in sample processing. The method blank should be carried through the complete
sample preparation and analytical procedure. The method blank is used to document
contamination resulting from the analytical process. One method blank was prepared
and analyzed for every 20 samples or per analytical batch whichever was more frequent.

According to the EPA Functional Guidelines, concentrations of commnon organic contaminants
detected in samples at less than 10 times the concentration of the associated blanks can be
attributed to field sampling and laboratory contamination rather than environmental
contamination from site activities. Common organic contaminants include acetone, methylene
chloride, 2-butanone, and the phithalates. For other general chemistry, inorganic, and organic
contaminants, 5 times the concentration detected in the associated blanks rather than 10 is used to
qualify results as potential field and/or laboratory contamination rather than environmental
contamination.

Anumber of metals and general chemistry parameters were detected in various instrument
calibration blanks. Instrument blank data is not stored in the project database and is not
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summarized in the DQE report. Concentrations detected in the calibration blanks can be attributed
to instrument noise at or near the MDL. Associated field sample results less than 5 times theS
maximum concentration found in the calibration blanks were attributed to field sampling or
laboratory contamination and are not considered to be indicative of environmental contamination.

Contaminants were found in various equipment, source, and trip blanks for the project data as
listed in the following tabulation.

Parameter Sample Type Number of Detections
1 ,2,3-Thchlorobenzene Laboratory Blank 4
Acetone Source Blank 1
Acetone Equipment Blank I
Acetone Trip Blank 1
-Alkalinity Equipment Blank 1
-Alkalinity Laboratory Blank 7
Chloride Equipment Blank 1
Chloroform Source Blank 1
Chloroform Equipment Blank 1
Manganese Laboratory Blank 3
Manganese Equipment Blank 2
Manganese Laboratory Blank I

-Methylene chloride Trip Blank 6
Nitrate Equipment Blank 3
Sulfate Equipment Blank I
Toluene Source Blank 1
Toluene Equipment Blank 1
Toluene Trip Blank 2
_TOC Equipment Blank 4
_Xylenes Source Blank 2
Xylenes Equipment Blank 2

The parameters that were qualified as not detected and indicated with a "U" qualifier are listed in
the following tabulation.

Parameter Sample Type Number of Detections

1 ,2,3-Trichlorobenzene Normal or Field Duplicate 1
Acetone Normal or Field Duplicate 21

Alkalinity Normal or Field Duplicate 3
Chloroform Normal or Field Duplicate 2

Manganese Normal or Field Duplicate 38
Methylene chloride Normal or Field Duplicate 21
Nitrate Normal or Field Duplicate 8
Sulfate Normal or Field Duplicate 6
TOC Normal or Field Duplicate 1 7
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O ~~Matrix Effects

Surrogate Spike Recovery
Surrogate spike compounds were added to every sample analyzed for the organic parameters,
including field and laboratory blanks as well as field environmental samples. Surrogate spikes
consist of organic compounds, which are similar to the method analytes in chemical composition
and behavior in the analytical process, but which are not normally found in environmental
samples.

Surrogate spike recoveries were used to monitor both laboratory performance and matrix
interferences. Surrogate spike recoveries from field and laboratory blanks were used to evaluate
laboratory performance because the blanks should represent an "ideal" sample matrix. Surrogate
spike recoveries for field samples were used to evaluate the potential for matrix interference.
According to EPA (1999), data are not qualified with respect to surrogate recoveries unless
multiple surrogates are out of specifications.

Table 5-2 summarizes the project VOC average surrogate recovery and the number of results
flagged based on surrogate recovery exceptions.

The surrogate recovery values for all organic analytical fractions generally recovered well. No
samples were qualified as rejected due to poor surrogate recoveries. These recoveries indicate that
the specific sample matrix did not interfere with the analytical process.

Matrix Spike Recoveries
Matrix spikes are prepared in order to document the accuracy and precision bias of a method in a
given sample matrix. For inorganic matrix spikes, three aliquots of a single sample were
analyzed; one native sample, one native duplicate, and one sample spiked with analytes. Spike
recovery is used to evaluate potential matrix interference as well as analytical accuracy. Precision
is evaluated by comparing the native sample and native duplicate results for each analyte. Three
aliquots of a single sample are also analyzed for organic compounds, however, using one native
and two spiked aliquots. Unlike the surrogate spike compounds, organic matrix spike compounds
are found on the method TCL. The duplicate results, consisting of MS/MSD or native/duplicate),
are compared to evaluate precision.

Organic results are not qualified based on MSIMSD results alone. The results are evaluated in
conjunction with surrogate and internal standard (if applicable) results. In instances when the
native levels of the target compounds were greater than the amount added to the matrix spike
samples the recovery results are considered to be inconclusive and are not used to assess matrix
accuracy and precision.

The GiC/MS volatile MS/MSD recovery and precision data all fell within method control limits,
except for 2-chloroethyl vinyl ether. The recovery results for 2-chloroethyl vinyl ether were
reported as zero percent in all samples preserved with HCI (pH less than 2). All results for 2-
chloroethyl vinyl ether have been qualified as rejected and flagged "R."

Number of samnples Flagged due to NIMSIME)Q Results
Element Number Samples Flag ed Flag Assigned

1,2-Dichioroethane 1 "J" hits
2-Chloroethy v inyl ether 158 "R" all data
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The GC methane, ethane, and ethane MS/MSD recovery and precision data all fell within method
control limits. The GC volatile fatty acid MS/MSD recovery and precision data all fell withinS
method control limits for most analyses.

Nmbe o Smles Flagged due to MS/MSI)O Results
Element Number Samples Fla ged Flan Assi ned

Butyrc Acid 1 "J" hits
Lactic Acid 2 rbits

Inorganic results are qualified based solely on the results of the MSIMSD precision and accuracy.
Inorganic metals including manganese and general chemistry parameters including
anions, alkalinity, oil and grease, sulfide, and TOC were within established criteria with
few exceptions indicating an effective analytical process and accurate and precise final
numerical results.

Nube ofSapes Flagged due to MS/MSDO Results
Element Number Samples Flagged Flag Assijrned:

IIAlkalinity ,Total 2 J. hits
IMangane~se 1 ¶"hits

Field Duplicate Sample Results
Field duplicate analyses measure both field and laboratory precision and can also be affected by
the homogeneity of the samples. Therefore, the results may have more variability than lab
duplicates, which measure only lab performance. According to the EPA Functional Guidelines,
there are no qualification criteria for field duplicate precision.

A control limit of ± 35 percent (soil) and ±20 percent (water) for the RPD was used for original
and duplicate sample values greater than or equal to five times the RI. A control limit of ± two
times the RL (soil) and ± one times the RI (water) was used if either the sample or the duplicate
value was less than five times the RI.

Precision criteria were met for greater than 95 percent of all parameters, demonstrating minimal
matrix heterogeneity.

Number of Sam fles Flagged due to Field Duplict Q)C Results
Element Number Samples Flagged Flag Assigned

Butyric acid 1 'J' hits
cis-1 ,2-Dichloroethylene 1 'J' hits
Ethiane 2 'J' hits I "UJ' non-detects
Ethene 3 '¾J' hits
Methane 1 'J" hits
Sulfate 2 "J' hits
Tetrachloroethvlene 3 "J' hits
Total Organic Carbon 7 "J" hits
Trichloroethylene 1 'J" hits
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0 ~~Inductively Coupled Plasma (ICP) Serial Dilution
The serial dilution of samples quantified by ICP determines whether or not significant physical or
chemical interferences exist due to sample matrix. If the analyte concentration is sufficiently
high, the serial dilution analysis must agree within a 10 percent difference of the original
determination after correction for dilution. All serial dilutions were acceptable.

Samples Requiring Dilution
During sample analysis, a dilution may be required for various reasons. Diluting a sample is
usually performed to provide more accurate quantification of the target compounds and to protect
the analytical instrumentation. If the concentrations of the target compounds are above the
calibration range of the instrument, the sample extract must be diluted in order to obtain an
accurate quantification. Laboratories typically dilute the sample extracts such that the responses
of the target compounds are in the upper part of the calibration range. This is done in order to
give a clear, strong signal from the detector while providing the lowest possible reporting limits.

Another reason for diluting samples is the presence of non-target compounds and chemical
interferences, or matrix effects. Matrix effects can be produced from a variety of sources,
including conductivity, pH, organic content, and biota (oils and lipids). Laboratories often
perform a clean-up procedures on the sample extract prior to analysis. Standard clean-up
procedures are designed to recover the analytes, while minimizing or removing interfering non-
analytes; however, interferences can still persist, even after the clean-up procedures have been
completed.

Some organic and inorganic samples were diluted for selected parameters in order to prevent
concentrations from exceeding the instrument linear ranges or when excessive interference was
present. Many CC/MS VOC samples had to be diluted due to levels of analytes present in the
samples. In all cases the VOC analyses were also analyzed without a dilution. Both results were
reported. The analyses providing the lowest non-detected reporting limit or the measurement
calculated from a test performed within the instrument linear range is maintained while the
alternate measurement is qualified as rejected so that a single result is tagged as valid. Some of
these were diluted to a level at which surrogate and spike recoveries could not be determnined.

Precision, Accuracy, Representativeness, Completeness, and
Comparability (PARCC)

Precision--is defined as the agreement between duplicate results, and was estimated by
comparing duplicate matrix spike recoveries, sample duplicates, as well as the field duplicate
sample results. Other than the documented exceptions, the precision between native and field
duplicate sample results were within acceptable criteria for greater than 99 percent of the
measurements, indicating that sample matrix did not significantly interfere with the overall
analytical process.

Accuracy--is a measure of the agreement between an expenimental determination and the true
value of the parameter being measured. For the organic analyses, each of the samples was spiked
with a surrogate compound; for organic analyses, an MS, MSD, and laboratory control standard
(LCS) were spiked with a known reference material before preparation; and for inorganic
analyses an MS and LCS were spiked with target analytes before preparation. Each of these0 ~~~approaches provides a measure of the matrix effects on the analytical accuracy. The LCS results
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demonstrate the accuracy of the method and the laboratory's ability to meet the method criteria.
MS and MSD results establish precision and accuracy of the matrix. Accuracy can be estimatedS
from the analytical data and was not measured directly. Spike recoveries were within the method
acceptance limits in greater than 99 percent of the measurements and surrogate recoveries were
within acceptance limits in greater than 95 percent of the measurements; therefore, other than the
documented exceptions, there was no evidence of significant matrix interference that would affect
the usability of the data.

Representativeness--a qualitative measure of the degree to which sample data accurately and
precisely represent a characteristic environmental condition. Representativeness is a subjective
parameter and is used to evaluate the efficacy of the sampling plan design. For all data,
representativeness was demonstrated by providing full descriptions in the project scoping
documents of the sampling techniques and the rationale used for selecting sampling locations.

Completeness--is defined as the percentage of measurements that are judged to be valid
compared to the total number of measurements. Of a total of 14,116 validated normal and field
duplicate results in the more than 99 percent of the data were deternined to be valid.

Comparability--is another qualitative measure designed to express the confidence with which
one data set may be compared to another. Factors that affect comparability are sample collection
and handling techniques, sample matrix type, and analytical method. Comparability is limited by
the other PARCC parameters because data sets can be compared with confidence only when
precision and accuracy are known. Data from these investigations are comparable with other data
collected at the site because only EPA methods were used to analyze the sample and standard
EPA Level III QC data are available to support the quality of the data.

Summary and Conclusion
The laboratory analyzed the samples according to the EPA methods stated in the project plan as
demonstrated by the deliverable summaries and analytical run sequences. The project objectives
or PARCCs were met, and the data can be used in the project decision-making process as
qualified by the DQE process, except data qualified as rejected and flagged with an"R.
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Table 5-I
Analysis Totals by Method and Matrix
Memphis Depot

Method Analysis Matrix SB EB FO MS N SD TB
AM18\AM2OGAX VEEs WG 0 0 12 12 140 12 0
E1664 Dil&Grease WG 0 6 6 6 72 1 0
E310.2 kikalinity WG 0 8 12 12 139 12 0
E376.1 3ulfide WG 0 8 12 12 139 12 0
E415.1 roc WG 0 8 12 12 139 12 0
QDHC :late Count WG 0 0 0 0 3 0 0
SW6010B Aetals WG 0 8 12 12 139 12 0
SW8015M /FA WG 0 0 12 12 140 12 0
830-MBA /FA WG 0 0 0 0 4 0 0
SW8260B /OCs WA 0 0 0 0 4 0 0
SW8260B /OCs WG 6 6 15 12 145 12 12
SW9056 knions WG 0 8 112 12 1391 121 0

ES, equipment blank; FD, field duplicate; MS, matrix spike; N, normal; SB, sourceblank; SD, matrix spike
duplicate; TB, trip blank.

Table 5-2
Surrogate Recovery Performance

Memphis Depot _____

Number of
Surrogate Percent Results

Recovery Qualified for
I I ~~~Surrogate

Method ~~~~Analyte Mx Average Deficiencies
Water Matrix
SW8260B 1,2-Dichloroethane-04 84 137 103
SW8260B Dibromofluoromethane 90 117 102
SW82608 4-Bromofiuorobenzene 92 112 102
SW8260B Toluene-OB 94 112 102 ______
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Table 5-3
Matrix Spike Accuracy and Precision Performance
Memphis Depot

Recover% Control Limits
Analyta Count MS MSD LCL UCL

AMI 8iAM2OGAX
Ethane 8 90.5 91.9 70 130
Ethene 8 89.1 90A4 70 130
Methane 8 111.1 110.8 70 130
Method EPA 11664
Oil & Grease, Total REC 5 94.2 90 65 114
Method EPA 310.2
Alkalinity 10 93.7 96.6 85 115
Method EPA 376.1
Sulfide 10 68.3 67.5 86 109
Method EPA 415.1
Total Organic Carbon 10 162.7 154 74 119
Method EPA SW9056
Bromide 10 96.7 95.5 80 120
Chloride 1 0 95.8 96.4 80 120
Nitrate 10 99.5 99.4 80 120
Nitrite 10 102.1 102.4 80 1200 ~ ~~~Sulfate 10 98.9 98.7 80 120
Method EPA SW601OB
Manganese 10 91.2 93.2 75 125
Method EPA SW801 5 modified
Acetic acid 9 178 181 70 130
Butyric acid 9 131 107 70 130
Formic acid 9 70.8 72.8 70 130
Lactic acid 9 96.6 93.1 70 130
Propionic acid 9 213 255 70 130
Pyruvic acid 9 71.8 72.3 70 130
Method EPA SW8260B
1, 1.1,2-Tetrachloroethane 1 0 115.1 115.4 80 130
1,1,1 .- Trichloroethane 1 0 114.8 113A4 80 134
1, 1,2,2-Tetrachloroethane 1 0 103.3 105.3 79 125
1.1, 2-Trichloroethan e 1 0 105.9 107.1 80 125
1,1 -Dichloroethane 1 0 108.7 108.9 80 125
1,1 -Dichloroethene 1 0 108.6 109 80 132
1,2,3-Tnichlorobenzene I10 99.8 101.1 62 140
1,2,3-Trichloropropane 1 0 99.5 100.8 80 126
1,2,4-Trimethylbenzene 1 0 106.8 106.3 80 125
1,2-Dibromo-3-chloropropane 1 0 93.8 96.9 65 129
1,2-Dibromoethane 1 0 108.1 108.8 80 125
1 ,2-Dichlorobenzene 1 0 105.6 106.6 80 125
I1.2-Dichloroethane 1 0 113.9 114.2 80 1290 I ~~~,2-Dichloropropane 1 0 102.8 103.6 80 120
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Table 5-3
Matrix Spike Accuracy and Precision Performance
Memphis Depot

Recove (% Control Limits
Analyte Count MS MSD LC UL

-Method EPA SW82608
1.3.5-Trimethylbenzene 10 108.5 108.5 80 127
1 ,3-Dichlorobenzene 1 0 103.4 103.6 80 120
1 ,4-Dichlorobenzene 1 0 103.9 104.2 80 120
2-Chloroethyl vinyl ether 1 0 0 0 1 0 211
2-Hexanone 10 94.7 98.1 56 136
Acetone 10 82.6 85.4 40 142
Benzene 10 105.6 105)7 80 121
BromodiGhloromethane 10 117 117.1 80 131
Bromoform 10 96.4 97.7 74 130
Bromomethane 10 94.8 96.2 61 151
Carbon disulfide 10 83.3 814 58 138
Carbon tetrachloride 10 85.7 82.7 80 137
Chlorobenzene, 10 106.7 106.3 80 120
Chloroethane 10 99.5 101.1 77 133
Chloroform 10 90.7 90.7 80 125
Chloromethane 10 93.9 93.9 60 130
cis-1,2-Dichloroethylene 10 70.3 69.4 80 121
cis-1,3-Dichloropropene 10 105 105.2 80 132
Dibromochloromethane 10 110.9 111.9 80 127
Dibromomethane 10 108.5 109.5 80 126
Dichlorodifluoromethane 10 86 85.5 50 133
Ethylbenzene 10 107.8 108 80 122
lodomethane 10 129.7 146.7 10 308
lsopropylbenzene 10 107.2 106.5 80 122
Methyl ethyl ketone 10 99.6 103.3 58 149
Methyl isobutyl ketone 10 92.9 94.3 64 140
Methylene chloride 10 103.4 105.3 80 123
n-Butylbenzene 10 108.7 108.5 80 131
n-Propylbenzene 10 108.9 108.8 80 129
p-Cymene 10 106.3 106.2 80 122
sec-Butylbenzene 10 107 107 80 127
Styrene 10 109 109.1 80 123
tert-Butyl methyl ether 10 103 104 77 138
Tetrachloroethylene 10 -44.5 -42.3 80 124
Toluene 10 107.4 107.2 80 124
trans-1,2-Dichloroethene 10 111.3 110.9 80 127
trans-1,3-Dichloropropene 10 107.6 106.5 80 130
Thichloroethylene 10 81.5 84.6 80 122
Trichlorofluoromethane 10 106.2 104 62 151
Vinyl acetate 10 110)7 111.9 10 285
Vinyl chloride 10 110.3 105 65 140
Xylenes, Total 10 108.9 108.6 80 121
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ATTACHMENT I

Ml Baseline Sampling Technical Memorandum
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. ~~~TECHNICAL MEMORANDUM SA.O3 CH2MHILL

Analysis of Groundwater Data Collected During the
Main Installation (MI)-Wide Baseline Groundwater
Sampling Event
TO: IS. Army Engineering and Support Center, Ittsville

COPIES: Defense Distribution Center (Memphis)

15. Environmental Protection Agency (SEPA), Region 4

Tennessee Department of Environmeht and Conservation (TDEC)

FROM: CPM ILL

DATE: September 17, 2003

Introduction
The Technical Memorandum, Baseline Groundwater Sampling Plan for Monitoring Wells
Associated with the Main Installation, Memphis Depot (CPM ILL, January 2002), which can
be found as Appendix A to the Enhanced Biorernediation Treatment Treatability Study Workplan0 ~ ~~(CBM ILL, May 2002), was prepared to descri be groundwater sampling activities needed
in preparation for the Enhanced Bioremediation Treatment (EBT) Treatability Study for the
MI. This sampling was necessary because the Remedial Design (RD) phase for the MI,
which includes the EBT Treatability Study, began with completion of the MI Record of
Decision (ROD) in September 2001 (CEM ILL, September 2001) and no complete, site-
wide groundwater study had been performed within the MI since October 1998; more
recent groundwater sampling events have only focused on individual sites within the MI.
All available onsite and offsite monitoring wells (W) and piezometers (P7 associated
with the MI were sampled to complete this study and to develop recent groundwater
contamiunant plume configuration information.

Objectives of the MI-Wide Baseline Groundwater Sampling
Event
The primary obpctive of the baseline gr oundwater sampling event was to collect
groundwater samples from available monitoring well and piezometer locations associated
with the MI and analyze these samples for volatile organic compound (VOC) and various
geochemical parameters. Figure 1 presents the location of existing monitoring wells and
piezometers at the MI during this March 2002 baseline sampling event. Several monitoring
wells at the site had been sampled previously during the November/December 2001 Long
Term Operational Area (LTOA) investigation (CEM ILL, July 2002) and were, therefore,
not re-sampled during the baseline event. The data resulting from the LTOA event is
repeated here only in the context of being part of this site-wide event.

P:M6O492ATASI(SA03- LT0A MI OVERSIGHTWI RD BASELINE SAMPtINGIBASELINE TECH MEMO'EVISED PER COMMENTS\TEXP)REV I MIWiDEM6 BASELINE
TECH MEMOICOMMENTSI.OOCI
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In addition to the obpctive described abov e, the groundwater data achieved from this
baseline study has been used to: (1) define the chlorinated VOC (CVOC) groundwate
contaminant plume configuration, which was used as a basis for locating monitoring and
inpiction wells for the EBT study (Figure 1); (2) define groundwater contaminant
concentrations to formulate the final quantity of electron donor substrate material injted
into the aquifer for the EBT study; and, (3) provide a baseline geochemnical measurement for
upgradient and downgradient locations of the EBT Treatability Study areas. Also, the
groundwater contaminant plume configuration data will be used within the RD to
demarcate the area of the aquifer underlying the MI that requires remnediation.

Data Quality Objectives
The data quality obfrtives (DQOs) found belo w were established to achieve the obpctive
and data needs outlined above.

Data Quality Objectives for MI-Wide Baseline Groundwater Sampling Event

Data Quality
Sampling Activity Objective Category Sampling Purpose

Groundwater samples for volatile Definitive Define areas of groundwater contamination within
organic compounds (VOCs) the MI and use the data to optimize the EBT

_________________________________study.

Groundwater samples for Definitive Use data to optimize the EBT study and serve as
-geochemnical parameters a baseline for the Ml RD.

Twenty-eight (28) monitoring wells and seven piezometers were selected for sampling of
VOCs during the baseline sampling event (Table 1). Eighteen (18) monitoring wells were
also sampled for various geochemidcal parameters, as presented below. Five (5) monitoring
wells located on the NH were not included in either the LTOA or this baseline event because
of dry conditions (MW-27), sample repetition (NMW-i), and well obstructions (MW-i7, -25,
and 48). In addition, the analytical data ft omn samples of monitoring well MW-63 may be
suspect because the ground surface completion of the well casing was repaired prior to
sampling using PVC cleaner and glue. The upper portion of the water column was removed
by pumping soon after the repair was completed and before the well was sampled.

MW-63 and MW-25 were abandoned in summer 2002 and were reinstalled in September
2002. Two new wells were installed at MW-63 to screen across the thickness of the aquifer at
that location. All three wells were recently sampled and the results of that sampling will be
reported under separate cover.

All baseline groundwater samples were analyzed for:

Laboratory Field
*VOCs (EPA 82608) * Ferrous Iron (H-ach Method 8146)
*Manganese (EPA 60108) * Carbon Dioxide (Hach Method 8205)
*Total Organic Carbon (EPA 9060) * Dissolved Oxygen (DO)
*Metabolic Acids (ion Chromatography based on SW846 Method) * pH
*Methane, Ethane, and Ethene (RSK175M) * Temperature
*Alkalinity (Method 31 0. 1) * Specific Conductivity (SC)
*Nitrate/Nitrite (EPA 9056) * Oxidation-Reduction Potential (ORP)
*Sulfate/Sulfide (EPA 9056/376.2) * Turbidity
*Chloride (EPA 9056)

P:\160492\TA5K SA.03 -LTOA MI OVERSIGI-RIMI RD) BASELINE SAMPLINGRBASEIUNE TECH MEMO\EVISED PER COMMENTSITEX7TREV I MI-WIDE GIN BASELINE
TECH MEMO-COMMENTSI.DOC 2
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In addition to analyzing groundwater for VOCs and geochemnical parameters, two0 ~ ~monitoring wells, MW-89 and 90, were sa mpled for semi-volatile organic compounds
(SVOCs). These wells were sampled as a result of questions raised by the Memphis Depot
HRAC Cleanup Team (BCT) pertaining to a portion of the LTOA groundwater data.
Specifically, the question concerned whether contaminants, particularly pentachlorophenol
(PCP), in soil at the former PCP Dip Vat on the MI had leached into groundwater beneath
that LTOA location. Collection and analysis of groundwater for SVOCs was not part of the
original, approved scope for the baseline event.

Investigative Methodology
Groundwater Sampling
Groundwater samples were collected from each monitoring well as described in the January
2002 Technical Memorandum, with variances described below. Monitoring wells were
sampled for VOCs using polytethylene diffusion bag samplers (PDBs). Lengths of one, two,
or five feet were used in each well depending on the thickness of the aquifer within the
screened interval (Table 1). PDB samplers allow for collection of discrete water samples and
consist of polyethylene bags filled with distilled water. The concentration gradient between
the VOCs in the groundwater in the well screen and the water-filled bag results in diffusion
of contaminants into the sampler. With the exception of MW-89 and 90, which had two
diffusion bags each because of the long screen lengths, one diffusion bag sampler was
installed in each well and positioned in the center of the aquifer within the screened zone.
Construction, installation, and sampling of PDB samplers followed guidelines established in
the User's Guide for Polyethylene-Based Passive Diffu~sion Bag Samplers to Obtain Volatile Organic
Compound Concentrations In Wells, Part 1: Deployment, Recovery, Data Interpretation, and
Quality Control and Assurance, (EGS, 2001).

The semi-permeable membrane used for the PDB samplers is engineered for VOC collection
only. Therefore, diffusion bag samplers were not used for collection of SVOCs or
geochemical parameters. Collection of groundwater samples for these analyses occurred
using low-flow techniques, as described in Low-Flow (Minimal Drawdown) Groundwater
Sampling Procedures from the Environmental Investigations Standard Operating Procedures
Quality Assurance Manual (EISOPQAM), Sections 7.2.2 and 7.3.3, (SEPA, November 2001)
and Puls and Barcelona (1996). Before sampling, each well was purged using a bladder
pump in order to minim-ize agitation of the groundwater and sample turbidity. Field
measurements of dissolved oxygen (DO), oxidation-reduction potential (ORP), turbidity,
pi-Iemperature, and specific conductance we re recorded periodically. These parameters
were measured using an airtight flow-through cell. Purging continued until field
measurements were stable according to the following standards: plus or minus 0.1 p~plus
or minus ten midllivolts ORP, plus or minus 3 percent for specific conductance, and plus or
minus 10 percent for turbidity and DO. Samples were then collected via the bladder pump.

Collection of groundwater samples from piezometers differed from monitoring wells. The
small diameter (0.5 inches) of the casing necessitated the use of a small diameter bailer
instead of a bladder pump. Before sampling, each piezometer had at least three well
vol umes purged using a small-diameter bailer. Field measurements of DO, ORP, turbidity,

ptepertr, and specific conductanc e were made during the purging process.

PA160492\ASI< SA03 -LT0A MI OVERSIGHTWI RD BASELINE SAMPIJNGWASELINE TECH MEMO\EVISED PER COM4MENTSWEX11EV I MII-WIDEMO BASELINE
TECH MEMO-COMMENTS1IDOC 3
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Piezometers were sampled using the small-diameter bailers, whidch were discarded after
each use.

All samples were preserved as required in the January, 2002, Technical Memorandum and
delivered to the fixed-base laboratory within the appropriate holding period.

In addition to the geochemnical samples collected for laboratory analysis, water collected
during the monitoring well purge process was also analyzed in the field for carbon dioxide
and ferrous iron using Hth T" kits.

In addition to groundwater samples, quality assurance/quality control (QA/QC) samples
were collected during the field effort. The QA/QC samples included field duplicates, matrix
spike/matrix spike duplicates, ambient blanks, equipment blanks, and trip blanks. The
quantity of QA/ QC samples collected at the site were in accordance with guidelines in
Section 5.13.11 and 5.13.12 of the EISOPQAM.

Variances from the Groundwater Sampling Plan
As stated in the previous section, groundwater samples were collected according to the
January 2002 Technical Memorandum; however, several samples collected during the
March 2002 effort had to be recollected as a result of violation of sample holding times. The
samples effected included the EPA Method 9056 sample from MW-85 and the sulfate
samples from monitoring wells MW-93, -10OB, and 4-01. MW-85 was resampled
approximately 24 hours after the original sample whereas MW-93, -10DB, and 101 were
resampled approximately two weeks after the original baseline sampled was collected. For
each well the re-sampling effort was conducted using a bailer instead of the bladder pump.
The bailer was slowly lowered into the well to the same depth that had been used for the
pump in an effort to avoid mixing water within the water column. Four full bailers were
slowly removed from each well prior to sampling. A new, disposable bailer was used for
each sample.

Investigation-Derived Waste (IDW)
Development and purge water were containerized in a 55-gallon drum during field
activities. Analytical results from the sampling event were within discharge permit
requirements for the Dunn Field recovery system; therefore, approximately 50 gallons of
IDW were pumped into the Dunn Field disposal system.

Sample Analysis Results
Groundwater samples were collected as described in the previous section. Field parameters
collected from the monitoring wells during the low-flow purge process are shown in
Table 2. All concentrations of VOCs and SVOCs detected above laboratory reporting limits
from both the MI baseline and LTOA sampling events are located in Tables 3 and 4,
respectively. Geochemical parameter analysis results are found in Table 5. Detected
concentrations of VOCs and SVOCs are spatially shown on Figure 2. Isoconcentration
contours are depicted on Figures 3 and 5 through 8 for tetrachioroethene (PCE),
trichloroethene (TCE), cis-1,2-dichloroethene (cis-1,2-DCE), carbon tetrachioride, and
chloroform, respectively.

P\ISO49ZJASK SA.O3 -LTOA MI OVERSIGHIWI RD BASELINE SAMPLINGWBASELUNE TECH MEMO~RE\ASED PER GOMMENTSkTEXTIEV I M!-WDE GW BASELINE
TECH MEMO COMMENTSIDOC 4
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It is important to note that with installation of new monitoring wells during the LTOA0 ~ ~~investigation, a limited to no-flow boundary of the fluvial aquifer has been defined in the
northwest corner of the NUI. The boundary demarcates the intersection of the water table in
the fluvial aquifer with the clay that directly underlies the fluvial deposits leaving fluvial
deposits unsaturated. As shown in Figure 4, the boundary also demarcates a window into
an intermediate aquifer that underlies the fluvial aquifer. This limited to no-flow boundary
may also act as a restriction to the flow and migration of contaminant plumes in
groundwater of the fluvial aquifer.

Volatile Organic Compounds
Although several VOCs (Tables 3 and 4) were detected within the groundwater samples
collected during the baseline and LTOA sampling events, only those that are typically
considered biodegradation ("daughter") products of PCE and TCE are discussed in this
section. These daughter products include cis-1,2-DCE and vinyl chloride. In addition,
carbon tetrachloride and chloroform, which had not been detected at the higher levels
revealed during the baseline sampling event, are also discussed below.

PCE
Data from the baseline sampling event indicate five PCE plumes within the MI above the
groundwater maximum concentration limnit (MCL) of 5 gg/L, with interconnection between
two of these plumes (Figure 3). These plumes originate in the vicinity of MW-21/-101
(southwest corner), MW-86/-92 (southeast corner), MW-64 (southeast central), PZ33 (South
central), and MW-63 (north central).

The southwest corner plume had the highest PCE concentrations of 480 Pg/L (MW-101) and
90 gg/L (MW-21), and, based on configuration of the plume and the average direction of
groundwater flow, as shown in Figure 4, the plume appears to be migrating from the
southwest towards the northeast.

The southeastern plume had concentrations of 198 gig/ L (MW-86) and 150 pg/ L (MW-92),
and, based on configuration of the plume and the average direction of groundwater flow,
appears to be migrating in a fan-like pattern, southwest and south-southwest away from the
source area. The southeast central plume surrounding MW-64 is closely associated with this
plume, although these plumes do not appear to have a common source area.

The other central plumes have PCE concentrations slightly above the MCL: 7.1 jag/l, (PZM3)
and 9.7 pg/L (MW-63).

A possible sixth plume is located in the vicinity of the monitoring well cluster MW-89/-90,
where the southwest and north central plumes converge. Samples for VOCs were collected
at two different intervals within monitoring wells MW-89 and 90 because each of these
wells has a 30-foot screen interval and the aquifer is approximately 57 feet thick in this area.
MW-89 is screened in the lower portion of the aquifer while MW-90 is screened in the upper
portion, thereby screening the entire watertable. Of the four samples collected from these
two wells, PCE was detected only in MW-90 at concentrations of 8.8 gg/L from 125 to
130 feet below top-of-casing PToC] and 60 [tg/L from 135 to 140 feet BTOC. Based on a
review of soil boring logs for each well, as found in the MI Remedial Investigation Report
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(CEM JILL, January 2000), no low permeability layers exist between the top and bottom
of each screened interval. i

TOE
Data from the baseline sampling event indicate five TCE plumes within the MI and one
outside of the N11 are present in the aquifer at levels above the groundwater MCL of 5 p1g/L
(Figure 5). These plumes originate in the vicinity of MW-21/-100B (southwest corner),
NM-85/-86 (southeast corner), MW-64 (southeast central), PZJ5 (southeast corner outside
the WL, MW-63 (north central), and NMW-104 (northeast corner).

The southwest corner plume had the highest TCE concentrations of 79 Pg/L (MW-10OB) and
76 fig/L (MW-21), and, based on configuration of the plume and the average direction of
groundwater flow, as shown in Figure 4, the plume appears to be migrating in a southwest
to northeast direction.

The southeastern plume within the MI revealed TICE concentrations of 20 Pg/L (MW-86)
and 23 .ig/L (MW-85), and, based on configuration of the plume and the average direction
of groundwater flow, the plume appears to be migrating to the southwest away from the
source area. Another plume, centered around MW-64, contained even higher concentrations
of TICE at 45 pg/L.

The northeastern plume within the MI had a high concentration of 11 Mg/L (MW-104), and,
based on configuration of the plume and the average direction of groundwater flow, this
plume appears to be migrating from the northeast to southwest.

The offsite southeastern plume had a high concentration of 46 gg/L (Pal)5). The potential
migration pattern of this plume can not be defined due to limited data in this area; however,
its origin appears to be from an offsite source.

TCE plumes located in the southwest and northeast, centered around MW-63, appear to
converge in the central portion of the MI near the MW-89/-90 well cluster.

cis-1 .2-DOE
Data from the baseline sampling event indicates a cis-1,2-DCE plume in the vicinity of
MW-62 (northeast area) with a cis-1,2-DCE concentration of 190 [ig/ L (Figure 6). This
concentration is above the groundwater MCL of 70 jig/L. The movement of this plume can
not be determined due to limited contaminant and hydrogeologic data in this area.

This compound also appeared in samples from wells MW-85, -86, and 88 albeit at levels
below the MCL. The presence of cis-1,2-DCE could be indicative of degradation of the PCE
and TCE in the same area.

Vinyl Chloride
Data from the baseline sampling event revealed the presence of one vinyl chloride plume
within the MI above the groundwater MCL of 2 jig/L, also in the vicinity of MW-62
(northeast area). A concentration of 28 pg/L was reported in MW-62. The movement of this
plume can not be determined due to contaminant and hydrogeologic limited data in this
area. The presence of vinyl chloride in this one particular area indicates that degradation of
other "predecessor" VOCs may be occurring.
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Carbon Tetrachloride
Baseline sample results indicates one carbon tetrachioride plume is present within the MI
above the groundwater MCL of 5lgg/L (Figure 7). The primary plume can be found
surrounding the vicinity of MW-85/-86 (southeast corner). The highest average value of
carbon tetrachloride to be found in MW-85 and MW-86 is 122 gg/L and 75 pg/L,
respectively. Assuming that this plume is migrating along with the predominant
groundwater flow direction of this area, then the movement of this plume will be towards
the southwest. There may also be two other potential plumes albeit at concentrations below
the MCL present around MW-64 (southeast central) and MW-90 and -107.

Chloroform
Data from the baseline sampling event indicate three chloroform plumes within the MI
above the groundwater MCL of 80 gg/L, although it is noted that this MCL is currently
under review by EPA (EPA, 2002). These plumes originate in the vicinity of MW-85/-86
(southeast corner), MW-63 (north central), and MW-103/-104 (northeast corner) (Figure 8).

The southeastern plume revealed the highest chloroform concentrations of 77 gig/ L
(MW-86) and 64 pg/L (MW-85), and, based on configuration of the plume and the average
direction of groundwater flow for this area, the plume appears to be migrating from the
source area toward the west and south. This plume also mirrors the carbon tetrachloride
plume at the same location and may be a product from the degradation of carbon
tetrachloride.

Samples collected from monitoring wells MW-103 and MW-104 revealed chloroform
conentatinsof 12 ~ig/L in MW-103 and 13 jig/L in MWI04 and, based on configuration

of the plume and the average direction of groundwater flow for this area, the plume appears
to be migrating from the northeast to the southwest.

The third plume can be found smrrounding MW-63 and MW-108 in the north central portion
of the MI. The highest concentration of chloroform detected in this plume is 12 pg/L in well
MW-63.

The plume surrounding monitoring wells MW-85 and MW-86 may have originated from the
breakdown of carbon tetrachioride in the same area. The origin of the other two plumes
may have been from other unknown previous disposal activities.

Semi-volatile Organic Compounds
SVOCs were collected from monitoring wells MW89 and 90 only as part of a follow-up
action to the LTOA effort. These wells were sampled because of potential concerns over
leaching of contaminants from soil to groundwater at the former PCP Dip Vat on the MI.
None of the four samples collected from these two monitoring wells contained PCP above
the reporting limit of 2.66 pg/L. Within MW-89, bis(2-ethylhexl)phthalate was detected at
152 feet BTOC (4.23J gg/L) and 162 feet BTOC (6.59 ig/ L). No other SVOCs were detected.

Geochemical Parameters
Geochemnical parameter analysis results are presented in Table 5. Carbon dioxide and
ferrous iron field measurements are found in Table 1. Samples were collected from existing
monitoring wells located upgradient, within, and downgradient of both of the EBT
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Treatability Study areas. The samples were analyzed for a variety of geochem-ical analytes,
as described previously. Based on a review of Table 5, the most common analytes detected0
(not necessarily in order) include: alkalinity, chldoride, nitrate, and sulfate. These analytes are
also discussed below along with carbon dioxide and ferrous iron.

A review of Table 5 indicates that, in addition to the analytes mentioned in the previous
paragraph, total organic carbon (TOC) was detected in 5 of 18 samples and usually at levels
less than 5 midlligrams per liter (mg/L), attesting to the fact that TOC levels are low
throughout the aquifer. Metabolic acids, such as formic, acetic, and lactic acid, were also
detected in almost all samples, albeit always with a J qualifier, indicating an estimated
detection.

Alkalinity
According to Wiedemeier, et al. (1999), "biologically active portions of a dissolved
contaminant plume typically can be identified by an increase in alkalinity" as a result of an
increase of carbon dioxide during biodegradation of organic carbon. As shown on Figure 9,
alkalinity measurements were collected from monitoring wells located across the EBT
treatability study sites with values ranging from not detectable above the laboratory
reporting limit of 1 mg/L to 160 mg/L. The data revealed that levels of alkalinity in
monitoring wells upgradient to the sites appear to be higher than those within and
downgradient of the study areas. This difference can be interpreted in several ways:
(1) Microbially mediated reactions that would typically cause a higher than normal carbon
dioxide content and, subsequently, increased alkalinity level, are suppressed because of the
lack of respiration by microorganisms during anaerobic degradation; (2) Differences in the
geologic characteristics of the fluvial aquifer with regards to elemental calcium, magnesium,
sodium, potassium, or ammonia; and, (3) Low transfer of carbon dioxide from the
atmosphere to the aquifer.

CBM ILL compared alkalinity levels found in the site monitoring wells to values
reported for trace inorganic constituents from the fluvial aquifer in the Memphis area by the
ElGeological Survey (EGS, 1988). The EGS sampled 28 points located in the Memphis
area and screened within water-table aquifers for sampling of inorganic constituents. One
well, located in the City of Memphis'Allen Well Field that is approximately one mile from
the MI, was found to have alkalinity levels at 139 mg/Lt (as CaCO34. In comparison, the
alkalinity levels found in wells at the NU appear to be, on average, much lower.

Chloride
Chloride measurements collected in groundwater samples are shown in Figure 10 with
values ranging from 5.1 mg/L to 230 mg/L. The results indicate no distinct pattern,
although chloride content appears to be higher upgradient of the treatability study sites
than within or downgradient of each site. Chloride is typically released into the
surrounding groundwater when chlorinated hydrocarbons are biodegraded. The results
found during this sampling event may indicate that there is little biodegradation of the
chlorinated hydrocarbons occurring within the outline of the contaminant plumes. The
EGS (1988) reported a chloride level of 19 mg /L in a well located very near the MI. This
level is comparable to levels detected in wells considered background to the MI EBT
Treatability Study sites, but still higher than the level found in wells within the treatability
study sites. When compared to the average value for each treatability study site, the EGS
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reported value is slightly lower than the average 21 mg/L value for Treatability Study Area
1, and is much lower than the 61 mg/UL for Treatability Study Area 2.

Nitrate
Nitrate is used by microorganisms as an electron acceptor during biodegradation of organic
carbon after dissolved oxygen has been depleted, in a process referred to as denitrification.
During the denitrification process, nitrate levels tend to decrease. As Wiedemeier, et al.
(1999), state '...nitrate concentrations below background in areas with dissolved
contamidnation provide evidence for denitrification." Figure 11 reveals that nitrate levels are
the same or higher than background (upgradient) in both of the study areas. The
denitrification process in these areas appears to be limited.

Sulfate
According to Wiedemeier, et al. (1999), "after dissolved oxygen, nitrate, and biologically
available Mn(IV) and FeOll) have been depleted in the midcrobiological treatment zone,
sulfate may be used as an electron acceptor for anaerobic degradation via sulfate reduction."
During this process, sulfate levels compared to background should decrease. Importantly,
according to Wiedemeier, et al. (1999), sulfate levels greater than 20 mg/L "may cause
competitive exclusion of dechlorinating bacteria...' The data collected during the baseline
sampling effort revealed that sulfate levels within the treatability study areas are, in some
cases, significantly less than background (Figure 12). Also, several locations upgradient to
the treatability study areas have levels of sulfate much higher than 20 mg/ L. The EGS
(1988) reported a sulfate level of 25 mg/L in a well located near the MI, a value higher than
levels found in wells within the treatabilit-y study sites.

Carbon Dioxide
Microbiologic degradation of chlorinated compounds can lead to the production of carbon
dioxide, therefore, increased levels relative to background indicate microbially mediated
reactions are occurring. A review of Table 1 indicates that carbon dioxide levels within
Treatability Study Area 1 are higher relative to surrounding upgradient and downgradient
monitoring wells. This is the opposite case for Study Area 2 where the wells within the
study area contained less carbon dioxide than surrounding wells. Carbon dioxide levels
detected during the sampling effort range from 63 to 235 mg/L. The EGS (1988) reported a
level of 68 mg/L in a well near the MI. This level is very similar to carbon dioxide levels
reported in wells outside (both upgradient and downgradient) of the treatability study sites.

Ferrous Iron
Wiederneier, et al. (1999), state that "When fe rric iron] is used as an electron acceptor
during anaerobic biodegradation of organic carbon, it is reduced to ferrous iron] which is
soluble in water." Groundwater samples were not analyzed for ferric iron, however
increased concentrations of ferrous iron relative to background indicates degradation of
organic carbon has occurred. At Study Area 1, ferrous iron levels in wells in the study area
are less than upgradient and downgradient wells, whereas Study Area 2, the opposite is
true. bkever, none of the levels are above 1 mg/L, except at MW-96, indicating that what
ferrous iron is present may be a result of little biodegradation activity.
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Comparison of PCE and TCE Plume Configuration Maps to
Historical Data
The MI ROD presents two figures (Figures 2-11 and 2-13) that depict the configuration of
contaminant plumes of PCE and TCE as of October/November 1998. The plume
configurations were based upon comprehensive groundwater sampling efforts from
monitoring wells, temporary monitoring wells, and piezometers that existed on- and offsite
of the MI. In general, as depicted in Figure 2-11, two PCE plumes were found in the aquifer
underlying the site. The plume located under the southwest corner of the MI was shown to
have a southwest to northeast to east trend. The semicircular PCE plume located under the
southeast corner of the MI has no particular trend but the larger portion of that plume
appears to be along the western half. The highest concentration of PCE detected in either of
these plumes was 120 ptg/L at MW-21.

Figure 2-13 from the MI ROD depicts three TCE plumes at the MI, although one plume
appears to be located immediately off the southeast corner of the site. A plume located
under the southwest corner of the site has a southwest to northeast trend but also has
northwest vector along the northern edge of the plume. The highest concentration of TCE in
this plume was also found to be 37 pLg/l, at MW-62. The third plume underlying the site was
depicted in a semicircular pattern and radiating outward from MW-64. The TCE
concentration in this plume was reported at 28 gg/ L.

Since completion of the MI ROD, several new wells have been installed within the footprint
of the previously known configuration of the plume, as part of the November/December
2001 LTOA effort. In addition, the March 2002 baseline groundwater sampling effort was
conducted to provide recent comprehensive data on the configuration of the contaminant
plumes. Figures 13 and 14 present comparisons between the PCE and TCE plume
configuration maps, respectively, from the MI ROD and the results of the baseline sampling
effort. As noted previously, with the installation of new wells during the LTOA
investigation, a limited to no-flow boundary of the fluvial aquifer has been defined in the
northwest corner of the MI. The boundary demarcates the intersection of the water table in
the fluvial aquifer with the clay that directly underlies the fluvial deposits leaving fluvial
deposits unsaturated. This feature, which was not well defined when the plume maps for
the MI ROD was developed, may act as a restriction to the flow and migration of
contaminant plumes in groundwater of the fluvial aquifer, and importantly, has changed
the mapping of the contam-inant plumes.

Figure 13 reveals that the PCE plume in the southwest corner of the MI appears to be longer
in length than presented in the MI ROD, and the plume trends southwest to northeast from
PX)4 to MW-63. The greatest concentratio n of PCE detected has also increased from
120 ptg/L to 480 Vg/L. The plume in the southeast corner of the site appears to centered
around MW-86 and 92 rather than MW-26 as or iginally depicted. Concentrations in this
plume are also higher at 198 pg/L. In addition, two other separate PCE plumes are shown
and appear to be centered around MW-64 and P2)3.

Figure 14 reveals that the TCE plume in the southwest corner of the site is much more linear
and thinner than previously conceived while trending from MW-21 to MW-63. There is also
a northern vector that appears to be centered around MW-62. In addition, the large plume
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that was shown in the MI ROD within the southeast corner is now configured as two
separate plumes centered around monitoring wells MW-85 and 86 as well as MW-64. The
highest concentration of TCE within these two plumes ranges from 23 pg/L to 45 jitg/L.

As described within the LTOA Technical Memorandum (CRM ILL, July 2002), several of
the monitoring wells installed during the LTOA investigation were located at points
anticipated to be within the fluvial aquifer, which underlies the entire MI. Instead, these
wells, including MW-98, -99, -101, and 108 were installed within a window into a lower
intermediate/confined aquifer. Geologic cross-sections within the LTOA report show that
the fluvial aquifer shares water with the intermediate aquifer where there is connection. The
MI RI and ROD did not depict this window to the lower aquifer to be as extensive as is now
known. In addition, the geologic description of the material from the LTOA wells has
revealed the presence of a trough from MW-101 northeast towards MW-108 and extending
northwest towards monitoring wells MW-89 and -90. The trough is composed of a mixture
of the fluvial and intermediate aquifers, and has been found to have a relatively thick
saturated zone along the length of the trough. As a result, the contaminant plumes present
in the southwest part of the MI, trending from southwest to the northeast, are most likely
more extensive vertically than previously thought and, as revealed in this and the LTOA
technical memorandum, are present within another, separate aquifer.

Summary and Conclusions
* Twenty-eight monitoring wells and seven piezometers associated with the MI were

selected for the baseline sampling event. Seventeen monitoring wells had been sampled
earlier during the November/ December 2001 LTOA investigation and were included as
part of this comprehensive event.

* Twenty-eight monitoring wells and 7 piezomneters were sampled for VOCs, eighteen
monitoring wells were sampled for geochemnical parameters, and 2 monitoring wells
were sampled for SVOCs.

* Data from the baseline sampling event indicates five PCE plumes are present in the
aquifer underlying the MI above the groundwater MCL of 5 Mg/L. These plumes
originate in the vicinity of MW-21/-401 (southwest corner), MW-86/-92 (southeast
corner), P233 (south central), MW-63 (north central), and MW-64 (southeast central).

* Data from the baseline sampling event indicates five TCE plumes are present in the
aquifer underlying the MI and one TCE plume outside above the groundwater MCL of
5 pg/L. These plumes originate in the vicinity of MW-21/-100B (southwest corner),
MW-85/-86 (southeast corner), MW-104 (northeast corner), MW-63 (north central),
MW-64 (southeast central), and PX35 (southeast corner outside the MI).

* Data from the baseline sampling event indicates a cis-1,2-DCE plume is present in the
aquifer underlying the MI above the groundwater MCL of 70 pg/L. This plume
originates in the vicinity of MW-62 (northeast area).

* Groundwater samples collected during the baseline sampling event have revealed a
vinyl chldoride plume within the MI above the groundwater MCL of 2 jag/L. This plume
originates in the vicinity of MW-62 (northeast area).
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* Data from the baseline sampling event indicates that a carbon tetrachloride plume above
the groundwater MCL of 5 lig/L is present in the vicinity of MW-85/-86 (southeast
corner).

* Groundwater samples collected during the baseline sampling event have revealed that
there are three chloroform plumes within the MI; however, none of these plumes contain
concentrations above the groundwater MCL of 80 pg/L. These plumes originate in the
vicinity of MW-85/-86 (southeast corner), MW4103/-104 (northeast corner), and MW-63
(north central).

* Bis(2-ethylhexl)phthalate was detected in MW-89; no other SVOCs were detected.

* Although groundwater samples collected during this event have shown presence of PCE
degradation daughter products, analytes collected from geochemnical samples have
shown limited evidence of midcrobiologic degradation activity. Various analytes,
especially sulfate, have shown evidence that thids activity may be occurring without
enhancement.

* The configuration of the PCE and TCE plumes that were depicted in figures presented in
the MI RI and ROD have changed primarily as result of the installation of additional
monitoring wells during the LTOA investigation. Although these plumes have changed
configuration, they are still in simiflar locations as previously recognized. One important
difference is that the plumes are now believed to be thicker than previously understood
as a result of the discovery of a trough that is composed of an intermediate aquifer
underlying the fluvial aquifer.
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. ~~~~Table 1
Sampling Details for Baseline Monitoring Points
Main installation Baseline Groundwater Sampling Event

Identficaion Ttal epth Depth to Water - ters
Identifiation Tta DethC 11/01/2001 (ft Distance of Pump

(ft BTOC) BTOC) Above Bottom of Well
(Ft)

1 MW-fl 75.00 58 42 ~ 9 5
2 MW-i9 95 50 89 65

3 ~~MW-20 100.50 85 91
4 MW-21 1095so 95 05 8 4
5 MW-22 107 80 98 01 6 1
6 MW-23 113 60 100 42
7 MW-24 1114.70 108 89
8 MW-2l 110 00 100 66
9 MW-~34 156 70 143 31
1 0 MW-36 209,40 158 71
1 1 MW-38 155 00 137,48
1 2 MW-39 115 60 104 39
1 3 MW-A? 120.00 102 50 5 0
1 4 MW-S0 125 00 86 61 5.0
1 5 MW-52 104 00 82.01
1 6 MW-53 82 50 73 71
1 7 MW-55 74 00 71.00
1 8 MW-62 96 00 93 94
1 9 MW-032 134 50 108 60
20 MW-64t 112 00 107 38
21 MW-66 112 50 80 06
22 MW-72 121 20 89 20 5
23 MW111-SI 211 00 144 95
24 MW-82 200.00 140 27
25 MW-83 187 00 146.73 6 0a ~~~~26 MW-BA 89 50 82 70
27 MW-85'- 110 90 99 97 5

W ~~~~28 MW-861 117 50 98 27 9 6
29 MW-8Sr 97,00 80 987
30 MW.8l 177 50 120 41
31 MW-90 145.50 120,25
32 MW-92" 108 00 96 75 5 6
33 MW-93" 107 00 102 45 2 3
34 MW-941 11050o 107 07
35 MW-961, 95 50 83 02 6 2
36 MW-97- 117 50 101 25 8 1
37 MW-Sr1 147 00 102,00
38 MW-Sr1 111 50 89 60
39 MW-10OB" 1 127 50 92 95 10 0
40 MW-1O1-- 134 00 93 32 J 5 (middle screen int)

Middle Interval
Lower Interval

41 MW-1028"' 140 50 110 66 10 0
42 MW-103 90 00 69 43
43 MW-104r 90 50 63 01
44 MW-107" 158 00 114 43

Lower Interval
45 MW-br 17000 ~~~~~~113 21

1 P7-Cl 113 70 105 02
2 PZ-03 118 90 107 04
3 PZ-04 108 30 98 34
4 P7-0S 78 10 59 50
6 P7-OS 99 40 73 52
6 P7-07 111 30 98,98
7 P7-08 108 20 84 49

Notes.
Five monitoring wells were not sampled during this event, including MW-1l
'=Replacement Monitoring Wells for MW-100and MW-102 Depth-to-wa

2=MW-63 was sampled after the top of the casing at ground surface hadt
"= Monitoring wells sampled during the LTOA event.

Depth-to-wvatermeasurement for MW-CO is from the November 12, 19989g0 ~~~NA = Not Applicable
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VOC and SVO PDB ad Lw.Flo Saiple Resui Surss -Marc fl
Main nIolItW Bakn aoneae Sanwfi E.nl

Dale of Ad,.t~d Adjusted

________________________ Limit ~~ ~~~Limit
MW2O-I05-l1OBEL 031182002 CU3FOM 27 J )125 I

CS-I1.2DCMTETSNE 9 - 25
MW2I-98-ID3BL 0300200 TETRC~GETGNIE so 0 25

THU~eET8NE 76 = 0 25 1
MW22-99-IO4BL 03/151202 2-BUANONE 25 J 2.5 10

TETRC~eET8NJE 0Z7 i 25
MW23S-95-100L 0316100 ACETONE 75 J 25 10 I

TETRC~GErNE 8.1 * 0 25 5
MW-26106-BL 03/2112002 CABON TETRCW9E 3 0 5

TBROETSNE I 0 5
C~9FOM 3 e 125 1

MW3-147-1529L 0311612002 CASON TETRCW9E 0 02
T8BOET8NE 0 3 0 25

M~fl1450IBOL 031162002 TOLSNE 03 J 0 25 1
TETAC~eETBNE 8.2 * 0 25 1
TflGET6NE 3, 025

MW3S-107*l1126L 03/1612002 1 ,2-DC~ETRNE .27 J )25 I
CWBFOIM 18 J )125 1
CB-12DCMGETBNE 0I J 25
T6GBETBNE 1. 025

M~601l75-1225BLt 03/19/002 C~OFOIU 25 J )125 I
C8-l2*0C~GET8NE 0 4 25

TETRC~~~9ET6NE 6~~4 0 25
MVY2-98 5-101 SEaL 03/19/2002 C~GFOM ~ 35 4 125 1

CO-1 2-MC~ET8NE 0 4 .25
IT6S ETSNE 0.9 0 5i

NM~S375-80BL 03l162002 2-BIDANONE 2 7 J 2.5 10
TETRCTETSNE C6 .25
l.1-DC~ETSNE 3 - 05 I
CS-1,2-DC~TETBNE 190 0.25 1

MM62-94-95BL 03/1812002 T8RGETSNE 6 5 * 025 1
UhrCWSE 268 0 25 1
C~GFOM '8 4 )125 I
TOWONE 0.85 4 0 25
C~BFOM 12 * 125 I
TETRC~GETBNE 9.7 0 25

MM~-2O-13BL. 0311612002 T6iGET8NE 15 0.250 tPDC~~~~~~~~~~~~~,GMETANE 05 i 125 1

CASON TETACICQE 3. 0 25
TETRCHOSETGNE 10 = 0 25 1

MM0-l08-I 10BL 03/8/002 T6R~TETSNE 45 0 25
1.2-DCflETRNE .51 J 25 1
C~GFOM M8 J )125 I
CS-1,2-DC~9ETBNE 0 45 4 .25

MM~17 5~13 55 MU202 C METMNE I 0 25 I
M~i8378 5-53,58 03/2/2002TOLENE 0 47 4 0 25

1I2-MC~ETANE 14 ) 25 I
MW~-OB8BL 03/181200 CANON TETRC~9E 33 0 25 1

CWGDFOM 52 4 3125 1
________________ ~~~TETRC~OETBNE 0 7 25

NM19-15O-I5SBL TOLBNE 0.27 4 0 25
MW-S152-BL- B8(2-ETXkMliLATE 4 23 4 2 Of 532
NMW-8-152-BLD 03/192002 B8(2-ETWBXhkPiRLATE 3.97 4 2 66 532
MW4162BL- BS(2.ET~XklPIRLATE 8.59 * 2 BE 5.32
M~e1-67*172BL T8BGETSNE 019 0 25I
MM9,l67-172BLD TfiOETBNE 04 0 25 I I

C~GFOH 5 * 125 I
TETAC~QETRNE 5.8 0 25

Mv~0-25-l30BL 03/9/002 T6HGETBNE 2. 0 25 1
1I2-MC~PePANE .37 4 125 I

_______________ _______CARON TETRCLOBE 0.: 2 0 25
C~GFOM Be * 125 1
TETAC~TETBNE Be 0 25 1

M~.0-35.140BL 0311/2002 TGf)9ET6NE 10 * 0 25 1
ljlDC~ETANE 4 4 125 I
CASON TETRC E 0505

________________ ~~CS-I. ,2D~ ETBNE 0 _ __ _ J 25

Page I of2
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O T.hl. 3
VOC ad SVOC PDB and Lo.-Flo SrpW Resut Sunrnay. Mard 200

Date of Adjusted Adjusted
Sample Identifcatio SamPle Paramter Result Minimum

Collection ~~~~~~~~~~~~~~~Limit Lit

CIDDFOM 9 - 125 1
TETRC~eETSNE so 025 I

M~e0I3514BL0 031912002 T8BGET8NE tO 0 25 I
1,MI-JOETANE 14 J 125 I
CABON TETRC~9E 0 9 025

________________ ~~CS-1.2-0,C~ETSNE 01 I . .25
TETACWGETBNE 7.1 - 0 25 I

PZ03-Il0- 12BL 03/02002 CS-1,2-DC~ETSNE 0 55 J 25
________________ ~~TBIWD ETBNE 0 1 8 0.25

PZ04102.1048L TETRC1,01ETENE 27 .25
03/012I02 BENZENE 03 J 0125 1

PZ0-102-1 4LDI ACETONE 160 25 I 100 0
PZ0S74-786L 03/20/02 TRICET6NE 441 12

ACETONE 4 J 25 1
PZ0696-986L OMW20/02 TOLENE 0.37 J 0 25 i

____________________T81,0ETONE 0 I_____ 0 25
PZ07-11-l08BL. MM=l00 C6-I,2-0CC9ETBNE .9 I 2

_______ ______ ___ __ ______ T6G BETSNE 2 0a2
All uirao ai fMriiM i/

0 SA.. tel d .......,- prodot.r in m

All ampa uti awlt~d wordia EEPAMmmdSwod t~tB, ulessOg.i 2dfmo2
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. Tables
VOC and SVOC PDB and Low-low Sample Result Summary -Noverrbertaemb&r 20fl1
Mai tnusla/Wo L TOA Sa gEeod

Field Identification Date ol Sample A lyeRs lt ~ at~ory Detection Rprinmii
CollectionAalt Rsl Qualifier Limit RIotr ii

i,i ,22-Tetrmchlo...ethane 1 7 = 009 1
1.1-Dictilorom... 0 13 J 0 11 1
1,2-Dichloroefthane 01 is J 0.11 1

MW-iCCi 12/1101 Acetone 49 J 1 1 5
cia-i 2-Dichlo...ethene 1 I 0 12 1
Totrachloroethene 14 = 0 12 1
rnc-i ,2-Oichlor..ethene 0.14 J 0.11 1

MW-I0D-IlDL 12/1/0 Trichloroethene 44 =0 65 5
1.1 2,2-Tetruchloroethne 03m J 009 1
ll-Dlchlbroeme~ne 0 12 J Cli1

MW-1002 1211/01 1.2-Dichloroeftine 0 15 4 0 11I
cit-i 2-Dichioroetheno 1 1 = 0 12 1

frn- 2-Dichloroethene 0 18 4 0 11

MW-i00-20L ivitrn Tetrachloroetheno, 41 =1 2 10
Trichl .. microo 58 1 3 10
1,1,2,2-Tetrschloroethana 0 42 4 0 09 1
1I1-Dichi ... ethere 0 14 i 011 1

MW-i00-3 12/11/01 1,2-Dichlor.efthane 0 21 i 0 11 1
cia-i 2-Dichloroethene 1 2 - 0 12 1
frnrl-1,2-Dichlo...ethee 0 12I 4 011 1

MW-100-301 12/11/01 Tetrachloroetheno 43 -1 2 10
Trichloroethene 65 1 3 10
1,-Dichloroethene 0 28 4 0 11 1
1,2-Dichloroethane 0.18 J 0 11 1

MW-100- 12/1/0 Bromomethane 0.2 4 0 18 1
cia-I 2-Dichloroeth,,ne 1 2 - 0 12 1
Man.-1,2-Dichloroethene 0 18 J 0 11 1

MW-10C-ADL 12/11/01 Tetrachloroolhone 63 =1 2 10
__________________ ~~Th,,hl.orothono 81 =1 .3 10

1,12 22-T.Mrchlo...ethan. 0 59 4 009i 1
11-Dichtoroetlene 0 29 4 0 11 1

MW-lOG-S 12/1ivi1/01 1,2-Oichloroed~an 0 17 4 O 11l
ci.-I 2-Cichloroehene 1 3 a 0 12 1
flns-1,2-Dichl~orothene 0 15 4 0 Ii I

MW-100Q-DL 12/1/01 Tetrachloroethono $5 1 2 10
_______________ ______________TrihlOr...theme 97 *1 3 10

1,12,22-Tetrchloroethane 0 12 4 009 1

MW-100.-6 12/11/0 1 2-Dichloroethane 0 11 4 0 11 1
cia-I 2-Dichloroethene 1 2 - 0 12 1

_________________ tra~mns-1 ,2-DicHloroetl,e 0 15 4 0 11 1

MW-1~01D 12/11/0 Totrachloroetheno 51 -

________________ ~~~~Trichlor..thene 75 1 3 1 0
1 1,2,2-Tetnachloroathane 0 15 4 0 09 1
1,1-Oichloroetean 0 2 4 0 11 1

MW-101-i 12/11/0 1,2-Dichloroathiae 0 16 4 0 11 1
cit-i 2-Dchl~orothene 1 2 = 0 12 1

________________ ~~~trans-1,2-Dhichoroathehe 0 16 4 0 11 1
MW.100-7 12111101 Tetrachloroethene 55 1 2 10
MW-100-7DL 12/11/01 ~~Tichlorocheno 94 =1 3 10

1,1,2,2-Tetrachl ...ethane 023 4 009O
1,1-Dichloroethent 0.21 4 Oil1

MW-l00-8 12/11/0 1,2-Dichloroemfane 0 17 .4 0 11 1
cia-I 2-Dichl .... thn. I 2 = 0 12 I

________________ tranahm-I 2-Oichl .... then. 0 13 4 Olt I

MW-1C-aOL 12/11/0 Tetrachloroethene. 61 =1 2 10
________________ ~~~Trichloroetlheno 97 1 3 10

I.I,2,2-Tetruchloroethane 0 13 5 009 1
lI-Dichloroethene 0 18 .4 0 Il I

MW-10G-9 12/11/01 1,2-Dichloroefthane 0 14 .4 0 1
cia-i12-Dichloroethene 1.2 = 0 12 1

______________ _____________ frnc 2-Dch or"'thene 017 .01 1
!MW-10D-90L 12/11/01 ITetrachloroethene 3 12 10

________________ ~~~Tnichlorothone 99 1 3 10

Page 1 of 1 0
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. Table 4
VOC and SVOC PDB and Low-Flow, Sample Result Summary -Novemberflecembr 200

~ &la lslflbo L TOA Samplng Eiui

Pilad Identficati.n Daaof Sample AsayeResult Laboratoy Detectio
Collection An~~~~lyt. ~Qualifier Limit Reportin Limit

MW-10l-lOSi im c's-1,2-Dichlo..etmene 0 27 J 0 12 1
Trichlorethene- 0.87 4 0.13 1

MW-101.1090L 12,21/01 Tetrachlorotheno 450 =4.8 40
Chlorofor 02 J 012 1

MW-101*124 12,101 c.1,-iclretl 03 4 0 12 1
________________ ~~~~Trchlo...ethene 0 84 4 0 13 1

MW.101-124DL 12,21101 TotrechWrothene 480 =4 8 40
Chlorofor 0.38 4 0 12 1

MW*10t~89 12121/01 cis-l,2-D)ichlor.offetn 03 4 0 121
ITrichlrothen.. 095 4 0 131

MW-101-010. 12/21/01 Tetrachloroethene 53no ___ 48 40
1,1,2,2-Tetrechloroethane 0 23 4 0 09 1

MW-102-1 12/11/0 Carbnm disulfide 03 4 0 14 1
Tchcllorothene 09 J 0 13 1
1,12,2-T.tiahioroethane 04 J 0.09 1

MAW-102-2 12111/0 Carbn disft.d 0 28 4 0 14 1
Trichloroettiene 03 4 0 13 1
1.1 ,2,2-T~teht.ahlroth... 03 4 009

MW-102- 12/11/1m Carbon disultide 0 21 4 0 14 1
Tr~ichorothene 0 25 4 0 13 1

MW-102-4 12/11/01 1.l,2,2-Tetrachlorothane 0 3 4 0 09 1
________ _______ _______ _______ Trichloroethene 0 22 4 0 13 1

MW-102-5 12/11/01 1.12,22-Tetrchlomethana 0 23 4 009 1
Trichlo....thene 0 18 4 0 13 1

MW-1026 1211/01 1,12,22-Tetrchlomethan, 0 13 4 0,09 1
1l1-0*chloroeaffi 0 21 4 0 14 1
Acetone 1.5 4 1 4 5
Chlorofor 1 9 = 0 14 1

MW-103-1 iirWOt Ethylbenzene 0 14 4 0 12 1
rn, p-Xylana 0 45 4 0.23 2
o-Xylene 0 13 4 0 13 1

Toluane 018 4 0 11
_____________________________Trichl.rothene 0,3 J 0 12 1

1,1*Oichloroeffine 0 42 4 0 14

MW-103-2 11/3/01 Chloroform 43 =0 14 1
m-.p-Xylene 0 28 4 0 23 2

________________ ~ ~~Trichloroethene 069 4 0.12 1
1.1-Dichloroeman. I 7 = 0 14 1
1I1-Dic~hl ...eflhne 1 4 = 0 23 I
1,2-Dichloroeftr.n 0 1s 4 0 1 1

MW-ba-S 1 O Chlorofono 16 =0 14 1
cia-i1,2-Ol~ichlrothene 0 39 4 0 12 1
Ethylbenzane 0 13 4 0 12 1
,,-p-Xylene 0 38 4 0 23 2

__________________ ~~Tnrichoroathene 4 8 0 12 1
1,-Otchloroem.n 1 4 D 014 1
ll-Dichloroemen. 1.1 0 23 1

MW.103-4 11/0/0 1 2clroro0 18 4 0 1 I
Chloroform 14 = 0 14 1
cia-I 2-Dichloroethen 0 33 4 0 12 1

________________ ~~~Tnchloroethen 3 9 I 0,12 1
I 1-Oichloroefli..e 1 8 0 14 1
1,1-0lchloroebi... 1.5 = 0 23 I
1,2-Olchlo.oefane 0,16 4 0 I 1

MW-103-5 i Chloroform 15 =0 14 1
cie-1,2-Dhi ...rothen. 0,34 4 0,12 1
Ethylbe~nzen 05 4s 0 12 1
m-.p-Xylene 0 44 4 0 23 2

________________ ~~~~Trnchlorethene 4,4 =0 12 1
1.1*OIchloroethan. 1 7 = 0 14 1
1,l-Dichloroethene 1.2 = 0 23 1

MW-IOa- 11M3/0 1.2*Dichloro. lane 0 17 4 0 1 I
Chloroform 16 * 0 14 1
cia-I 2-Dichloroethene 03 4 0 12 1
Trichloroethene 4.6 a 0,12 1

Pao 2 of 10
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. Table4
VOC and SV0C PDB and Low.Ftow Sample Result Summary . Novsrnbertlecemibe 2001
Main lnsi&alWo L TOA SaniOfn Even

Field Identification Date ol Samp~le Any.Ieul aborator, [Deteton ReotnLit
CoIllectiont R.. I Qualifier Limit RprigLn

1.1-Dichlo... inane 1 8 0 14 1
1.1-Dichloroethene 1 4 = 0 23 1

MW*10~7 11~ 1,2-Dichlomoefiame 0 18 J 0 1 1
Chloroform, 17 0 14 1
cia-1,2-1)chloroethene 0.39 .1 0 12 1
Trichlorethen. 4 9 a 0 12 1
1.I*Dichloroethano 1 7 a 0 14 1
1.1-Oichloroethene I 2 = 0 23 1

MW-103- jco 1.2-Dichloroeffian. 018 J 0 1 1
Chlorofor, Is 0 14
cis-1,2-Dichi ... ethere 03 J 0 12 1
Trichl...ethene 4 9 = 0.12 1
1.1-Dichlor... tane 1 5 = 0 14 1
1.1-Dichi oroethane 1 1 a 023 1
1l2-Oichl.oroft,.n, 015 40 1 1

MW-103-9 1 1/301 Chlorlofor 1 7 =0 14
,i.-1 .2-Dichloro.ethene 0 37 .1 0 12 1
m-p-Xylene 0.27 J 0 23 2

__________ _____ ____ __________ Tnchloroethono 6.6 a 0 12 1
1,1-DOIchroem'ane, Q16 J 0 14 1
Acetone 1 7 J 1 4 5
Carton disulIde 1.3 a 0 22 1
Chloroform 4 = 0 14 1

MWA-10- huG/01 Ethylbomnzen 0.61 J 0 12 1
-, P-Xylone I a J 0 23 2

o-Xylene 0.57 J 0 13 1
Toluene 0.45 J 0 11 1

________________ ~~~~~Tnchloroethene 08 J 0 12 1
Acetone is J 1 1 5
Carton disulfide 1 7 a 041
Chloroform 4 6 = 0121

MW-104-2 irwavi Ethylbo.z.n. 0869 4 0 11
rn,,p-Xyln.. 2 2 =02 2
Meihylene chlorde. 013 4 00(6 1
o-Xylene 06(9i 4 01 I

________________ ~~~~Trichioroothene I I 0 13 1
11I-Diehloroethine 0 16 4 0 12 1
Acetone 1 4 4 1,1 5
Carbon disulfide 1 5 = 0 14

MW-104=3 11/30/01 Chloroforn, 4 8 a012 1
Ethylbemnzen 0 73 4 0 11 1
m,-o-Xylene 2 4 =0 2 2
o-Xylene 0 74 4 0 1 1

________________ ~~~~~Tnhbloroethone Ii = 0 13 1
11,-Dichloroethan. MB 1 4 0 12 1
Caron disulfldo 1 4 a 0 14 1
Chlorlofor 5 a 0 12 1

MW*10.4 11130/0 Ethylberi.zene 0 7 4 0 11 1
m-,p-Xylene 2 2 M 0 2 2
o-Xylene 0.68 4 0 1 1

________________ ~~~~~Tnchlorthone I 3 =0 13 1
Il-Dichloroeffiane 0.37 4 0 12 1

1,1-DichloroeMen. 0.48 4 0.11 1
Acetone 3 1 4 11 5
Carton disulfide 0.94 4 0 14 1
Chloroform 10 = 0 12 1

MW-104-5 11'30101 cia-I .2-Dichioroothene 0 22 4 0 12 1
Ethylbenzene 0 55 4 0 II 1
m,-,p-Xyleno 1,6 4 0 2 2
Mothylono chloride 0 21 S 0 06 I

o-Xylene 0 44 4 0 1 1
________________ ______________ TrIchloroethono 6.4 a0 13

Page 3 of 10
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O Tables4
VOC and SV0C PDB and Low-Flow Sample Result Summary -NovembnercDember 2001
Main lnstafaboi K IOA Svampin Everl

Field ldentffication Date of Sample Anlt eut Laborator IetectioLmi
CollectionA~lt R. Qualifier Limit pangLit

1.1.D.ich..othelone 055 J 0 12 1
Il-Dichloro.tloene 1 1 = O1l I
Acetone 2.2 4 1 1 5
Chloroform 17 = D012 1

MW-104.6 11(300 cia-i 2-Dichloroe thene 04 4 0 D12 1
Ethylbon..ene 0 36 a olli
rn,p-Xylon. 1 3 4 0 2 2
Methylene chlonde 0 12 4 0 06 1
o-Xylee 0 3 .1 01 1

1 ~~T..ichlrootheno is I 0 13 1
l1l-Dichlor.. mene 0 65 4 0 12 1
ll-Dichlor..ethene 1 4 a 0 11 1
Chloroform 18s 0 12 1

MW-l04*7 11(30/0 ci.l12-Dichlorootherne 0 47 4 0.12 1
Ethylbenzene 0 14 4 0 11 1
m-,p-Xylene 0 39 J 0 2 2
Trichloroetheno is 0 13 1
lIl-Dichloroelane 0 49 4 0.12 1
1,1-Dichloroeflhen 1 2 = 0 11 1
BromometIhan 1 5 = 0.18 1

MW-10448 11M3/01 Chlorofor 14 =0.12 1
cit-i 2-D.Whlroethene 03m 4 0 12 1
Ethylbeozene 01 4a 0.11I
m-'p.)(ylr~e 048 4 02 2
Trichloroethene tS I I 0 13 1
11-Dichloroelohane 058 J 0121
lI-Dichloroethen 1 3 M 0 1

MW-10,4.9 11(3/1 Acetone 2 2 I11 5
Chloroform 19 a 0 12 1
cia-I 2-DlchIoroethene 045 4 0 12 1
Trichiorocthene 20 a 13 1

Carbon tetchoride 0 52 4 0 1 ¶

MW-107-125B 12121/01 cis-12-Oichloothene 04 4 0 12 1

Trichlroethen. 2 8 = 0 13 1
Carboh nntoahlonde 0 6 4 0 1 1
Chloroorm, 016 4 0 12 1

MW-107-147 122/0 is-1.2-Oichloroeltene 0.29 4 0 12
Tetrachlorothene 0 67 4 0 12 1
Thchloro.ethene 2 6 = 013 1
bis(2-EthylhoayI),,hthalat. 9 4 0 59 10
Carbon dlculilde 0 28 4 0 14 1
Chlorofor 64 = 0 12 1

MW*108==12210 cit-i 2-Dichlorothene 018 4 0 12 1
Methlene chloride 0 34 4 0 06
Tet.hrachlootene 2 6 = 0 12 1
Toluene Q 23 4 0.12 1

________________ ~~~TrihOroethene 6.4 =0 13 1
l~l-Dichloroeil,... 0.5 4 0.28 1
Chloroform 5.69 = 0 26 1

MW-63 09/7/01 cia-I 2-Dhicoroefthen 0.46 4 0 13 1
TelrachWorothene 2 4 a0 4 1
Trichlo...ethene 4.4 = 035 1
1,2-Dichloroethane 1.3 = 0 11 1
1,2-Dichioroprop... 0.45 4 0 11 1
Bromomethane 0.33 4 0 18 1
Chiorobe~nze 0.27 4 0 I

MW-852 1irWO1 Chicromethane 0 2 4 0 13 1
Ethylbemnzen 0.15 4 0.11 1
m,.p-Xylene 0.55 4 0.2 2
Methylene chlride 0.59 4 0 06 1
o-Xylene 0.11 4 0 1 1

______________ _____________ tran-Il2-Dichl,,oethene 0.49 4 0 11 I

Page 4 of 10
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. Table4
VOC and SVOC PDB and Low-Flow Sample Result Summary -Novemnbfertuemb.r 2011
J~o,, Iehol/ao LTOA SaaOwnQ Ehwl

Field IdenifIcation Date of Sample Anll eut Laboratory Detection Reporting Limit
Collection A ly.R.ft Qualifier Limit

Carbon lerachloride 110 2 20
Chlorform SI1 2 4 20

MW-85-20- 11/0/0 ci.-i 2-Dihloroelthene 25 =2 4 20
Tetrachlorothen. 45 =2 4 20
Trichloroethne 21 =2 6 20
1,2-Dichioroeftine 1 4 = 0 11 1
1,2-Dlchoropropane 0 58 .J 011 1

MW-85-3 lSeln,,ene 0 12 .J 0 12 1
Chlorobenzene 0 29 S 0 1 1
Methytene chloride 0 23 J 00 1

_____________________ Irons-I 2-Dichloroe theno 0 74 J 0 11I
Carbon toetrahloid 140 =2 20
Chloroform 6 2 4 20

MW-85-3DL 11/3/0 cia-i 2-DIchloroethene 20 2 4 20
Totrachloroetheno C'7 2 4 20
Trichlo...ethono 26 =2 6 20
1,2-Dichloro. thane 1,3 = 0 11 1
l,2-Dichloro~p~rop 0.48 J 0 11 1

MW854 11/30/01 Chloober,zene 0.26 J 0.1 1
rr-pl-Xyleno 0.43 J 0 2 2

________________ I~~~rans-i 12-Dichloroethone 0.62 J 0 11
Carbn terochloide. 130 =2 20
Chlorofotrm 67 =2 4 20

MW-85-4DL 11/3/1 cis-1,2-Dichloroethene 30 2 4 20
Telrachl.roelhne 4 2 4 20

__________________ ~~Trichloroothono 23 =2 6 20
I 2-Dlchloroefrane 1 3 = 0 11 1

1,2-Dochloroprpano 0.57 J 0 11 1
MW-85 -5o Chlorobenzen 0.28 J 0 1 1

r-p-Xylene 0.34 J 0 2 2
Methylene chlorde 0.61 J 0 06 1

________________ ~~~trons-1,2-Dichloroelhene 0,9 J 0 11 1
Carbn tolrachloride 120 =2 20
Chloroform 63 2 4 20

MW-85-5DL 11/0,0 cit1i2-Dichloroethe~ne 28 =2 4 20
Totrachloroolhene 49 =2 4 20

__________________ ~ ~Trichloroelhne 25 2 6 20
1,2-Drchloroeflran I 2 = 0 11 1
l12-DIchloropropane 0 4 J 0 11 1
Acetone 4 3 J I11 5
Chlorobon,..e 0 24 J 0 1 1

MW-85-l6 ~ Chlorornthane 014 J 0 13 1
Ethylbenene 0 25 J 0 11 I
rr-,p-Xylene 06 J 0 2 2
Methylene chloride 0 55 4 0 06I
o-Xylene 0 21 4 0 1 1

__________________ I~Unns-i 2-DichloroethNe 0 58 .1 0 11
Carbon lnotrhlondo 110 =2 20
Chlorform 64 2 4 20

MW-8MDSL 11/0,0 cit-I 2-Dichloroetlhene 28 =2.4 20
Totrochloroothono 31 =2 4 20
Trichlo...theno 21 =2 6 20
1,2-Dichl ... ian. 7.5 =0.1

I 2-Dichloopropane 1.1 = 0 08 1
cis-1,2-Dichloroethene 1a 0.12 1
Ethylbenrene 0.22 4 0 12 1

MW-Se-i 1 t=30/0l m-~,p-Xylene 0.66 4 0 23 2
o-Xylene 0 23 4 0 13 1
Tetrachlorootono 19 0 12 1
Toluene 0.52 4 0 11 1
Ira,ns-l2-Dchkroethen. 0.28 4 0 15 1

________________ ~~~Trichloroethene 52 =0 12 1

MW-8OIDL 11/3/r Caron trahoride 26 *0 75

Page Sofia0
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. Table4
VOC and SVOC PDB and Low-lo Sample Result Summary -Novembteraecmbr 2DOl
Aw,, lns/alaton LTOCA Samplin Eed

FieldIden~tfi,,fica~n Dateof SampleAalt ResulIt Laboratory Detetion RP ii
Collection Aly.Qualifier Limit R.r Lit

1 .2-Dichlor.. mane 6 7 = 0 1 1
MW-862 r130/01 12-1)ichlorop..pare 1 5 = 08 1s

Chlorobenz... 0 11 .1 0.1 I
tran.-1 2-Dichloro. etho 0 39 .1 0 15 I
Carbonm tetrachloride 79 1 4 10
Chlorofomrm 73 = 1 4 10

MW-8620L- I1/0(0 cia-i1.2*Oichioro.ethono 47 = I2 10
Tetrachlorothen. 190 = 1 2 10

________________ ~~~ThOhloroetlono 21 =1 2 10
I 2-D~ichlrootan 2 8 = 0 I 1

MW-86-3 1,2Di30orpro1ne1 3 = 0 00 I
Chlorobemnzen 0 12 J 0 1 1
ftaran-i12-Dichlorothon. 0 92 J 015s 1
Carbon tetrachioride 94 2.8 20
Chlorofor 84 = 2 8 20

MW*86-31)1 11/3/0 cia-i2-Dichioroetlhone 58 =2 4 20
Tetrrih....eth.,ne 2900 2.4 20

__________________ ~~Trichloroethen. 25 2 4 20
I 2-Dichloroethan 2 5 = 0 1 1

MW-80-4 11/30/1 12-1)ichlropropane 1 3 = 008 I
Chlorobentene 0 12 J 0 1

__________________ ~~trans-I 2-Dichloroethene i 7 = 0 15 1
cartbon tetrachioride 95 2 8 20
Chloro.form, e1 2 8 20

MW-8841)1. 1/30O1 cia-i1,2~1.Oichoetlhene 59 2 4 20
Telrachioroethne 280 2 4 20

__________________ ~~Thohi ...ethon. 25 =2 4 20
I 2-Dichloroeffiene 2 = 0.1 1

MW-86-5 11/30/01 1,2-Dichloropropane 1 2 a0 08 1
Chlorobeozene 012 J 0 1 1

________________ trans-m1,2-1O1,hloroethene 1 = 0 15 1
Carton totrachatrnde 93 = 2 8 20
Chloroform 80 2 8 20

MW-801SDL 11130/0 ia-I 2-Dl1,hloroethere 57 =2 4 20
Toftachloro..tmen. 280 = 2 4 20

__________________ ~~T,,chlorotheno 25 =2 4 20
1I2-Dichloroeflin. 2 9 = 01 1

MW-88 11130/0 1,2-Dchloroprpane 1 3 = 0 08 1
Chltrobentene 0 11 1 0 1 1
trans-i ,2-Oichloroetone. 1 1 = 015 1
Carbo totrchlondo 89 = 2 8 20
Chloroform so 2 8 20

MW41"-DL 11/30/1 cia-i 2-D)ictlorootlheno 55 =2 4 20
Totrachioroethnen 230D 2 4 20

_____ _____ _____ ____ _____ _____ Tmhhlroetllono 23 =2 4 20
I 2-Dichlroethane 2 9 0 1

MW807 1raOio *,2-Dichoropropene 1 3 = 0 081
Chlorobenzena 0.11 i 0 1

__________________ ~~trans-I 2-D)ichlroethene 09 Jt 0 iS
Carton totracmlond 90 = 2 8 20
Chloroform 78 2 8 20

MW-86-7DL. 11/30(0 ci-i 2-Oichloroethene 53 2 4 20
Tetmohi or..theno 24M 2 4 20

__________________ ~~T.Wch.orothon. 24 2 4 20
1 2-Dichloofiano 2 8 = 0 1

MvW-8- 1 1/001 1,2-Oichlo,opmpano 1 3 008s 1
trans-1,2-Dhichonoth~n. 083 J 0 15 1

Catontotrciondo 099 2 8 20
Chloroform 83 = 2 8 20

MWB&801- 11/30/01 cie-I 2-Dichioroethene 50 2 4 20
Totrachtoroethene 200 = 2 4 20

__________________ ~~Trichltorothone 24 =2 4 20

Page 6 of 10
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. Table 4
VOC and SVOC P02 and [ow-Flow Sample Result Summary -Novemberlflacmbr 2001
Man/n/tao L rOA San~ng Eaad

Field Identification Date of Sample Anslyte Resul t et'W fl~eict'on ReoinLmt
Collection Qualifier Limit ReotnLit

1.2-1)ichloaoman 2 1 = 011 1
1.2-Dichloropropane 0 97 J 011t 1
Ethylberrene 0 22 J 0O1l 1

MW-86-9 l~ l m-,p-Xylene 0 56 J 0 2 2
Methylene chloride 7.9 = 0 081
o-XyWen 0 16 J 0 1 1
Toluana 0 22 J 0 12 1
Tri~hlorothorno 12 0 13 1
Caroon tatr,,hioride 37 =1 10

MW-84-91)1 11/3/1 Chlnomform 99 1 2 10
cis-1,2-Dhichoroehene 76 =1 2 10
Teftrachioroeth. so 1 2 10
Carbo etrmaclhlode 3 2 0 14 1
Chloroform 1 1 = 0 14 1
cia-1 2-Dichloroeter. 2 1 = 012 1
Ethylbemnzen 0.48 J 012 1

MW-88-1 1 1/30/ m-,p-Xylene I 3 J 0 23 2
o-Xylene Q 41 J 0 13 1
Tetrachiorothen. 8 1 = 0 12 1
Toltiene Q68 J 0 11 1
Tnchloroalhene 1 1 0 12 I
Carbon ttahoie2.9 = 0 14 1
Chloroform 1 = 0 14 1
cia-i 2-Dichloroethene 1 a 0 12 1
Ethylbenzene 0 42 4 0 12 I

MW-882 I1/301 m,-p-Xylerre 0 7 4 0 23 2
o-Xylene 0 22 1 0,13 1
Totrachloroethorre 53 = 0 12 1
Toluorra 08 4 O Il I
Tfichloroethiene 0 97 4 0 12 1
Carbon tetrachlofide 1.8 = 0.14
Chloroform 0864 4 0 14 1
ci-1,2-Dichio.oothn. I I 0 12

MW-88-3 1i1o1 Ethylberrzere 0 26 4 0.12 1
m-,p-Xylana 0.26 4 0 23 2
Tetrachlo..ethene 2 5 = 012 1
Toluone 0 53 4 0.11 1
T.chlor..ethene 0 71 4 0 12 1
Cafboni tetrachloride 1.3 = 0 14 1
Chl.oroor 051 4 0 14 1
cia-I,2-Oichl~oroelei 0,81 4 0 12 1
Efthyllbentrrz 04 4 0 12 1

MW-B84 l11/3/0 n,-,pXylene 0-82 4 0 23 2
o-Xyleri 0.29 4 0 13 1
Tetrachlo...thene 2 3 e 012 1
Toluenre 0 57 4 0 11 1

________________ ~~~Thchlorfelhene 0 58 4 0 12 1
Carton tetrachlonide I = 0 14 1
Chloroform Q 42 4 0 14 1

cia-I 2-ichloroeherieD0.3 4 0 12
Ethylbo~nzen 0.31 4 0 12

MW-OS-S 11/311 m-pXylene 0.61 4 0 23 2
o-Xylen. al 4 0 13
Tetrachlo....thenie 2.2 = 0 12 1
Toluene 0 29 4 0 11 1
Trichlo...tmore 0 52 4 0 12 1
Carton tetrachlofide 3 1 = 0 14 1
Chloroform 1 2 = 0 14 1
cia-i 2-Dhi ...rothene 09 4 0 12 1

MW-.88S 11/3/1 Ethylbenzoene 016 4 0 12 1
m,.p-Xykee 0 28 4 0 23 2
Totrachlmmoroln 89 = 0 12 1
Trichloroethena 3 8 0 12 1
Carbon Weracfho.d 6.2 = 0 14 1

MW-8S-7 11/30/0 Chloroom. 1.9 =0.14 1
ca-1,2-Dichloroelheno 1 4 = 0.12 1

Trichloroethene ~5.6 * 0 12 I
MW-&-7DL 11/30/01 ~~Totahorohne 29 a0 24 2

Page 7 of 10
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. Table 4
VOC and SV0C PflB and Low-Flow Sample Result Summary -Novamber/Dacember 2001

,,Morntndalaio LTOCA Samp,*g FEod

F~iedtdentlilcation Dateof Sam~ple An~'Iay Result LabratorY Detection

Collection Qualifier Limift Reporting Limit

Carbon tetachioride 5.8 0 14

MW-888 1 mm Chlorofom, 1 9 0 14 1
cia-i 2-Dichloroethene 1 5 = 0 12 1
Trichloroetheno 6.1 0 12 1

MW-88 1-8 11/30/1 Totrachloro.. hene 27 0 24 2
1.2-Dichioroefmane 0 14 J 0 1 1
1,2-Dichloopibpane 0 095 J 008 1

MW-92-2 1M Carboin Wetrahloride 20 0 14
Chloroform 6 9 0 14 1
cis-i 2-Dichloroelhana 7 = 0 12 1
Trichloretlhene 4 5 = 012 1

MW-92-20L 11/30/0 Totrachlo~rootheno ISO 1 2 10
1,2-Dichloro..fiane 0.14 J 0 1 1
1.2-Dichloropitpane 0 087 J 00 1S

MW-92-3 1 inotn Carbon Worachloride 20 =0 14 1
Chloroform 6 7 = 0 14 1
cit-I 2-Dachlo...ethene 7 = 0 12 1
Trih01oroethene 4 5 = 012 I

MW-92-3DL 1113/0 Tolach0loroeano ISO 1 2 10
1 2-Dichlotroe .n 0 12 J 0 1 1
Carton ltra~chlonde 18 = 0.14 1

MW-92-4 1 1/30/01 Chloroform 61 =0 14 1
cit-i 2-Dichloroethene 6,2 = 0 12 1
Trihloroethene 4 2 = 0 12 1

MW-92-4DL 1 1/3/0 Telrach...otheno ISO =1 2 10
1,2-Dichlbroetlhane 0 11 J 0 1 1
1 2-Dichloropropane 0 082 J 0 08 1
Carton lerachlonde 19 = 0 14 1

MW-92-5 1 1/0/0 Chloroform 6 5 =0 14 1
cia,1 2-Dichloroethene 6 6 = 0 12 1
Vans-1,2-Cwichlmothen 0 19 J 0.15

________________ ~~~~Trihlo.... mane 4 5 =012 _ _

MW-92-SDL I11/3/0 Tetrchloroothno 1SO = 1 2 10
1,2-Dichloroethane 0 14 J 0.1

1,2-Dichloropropane 0 08 J 0.08 1
Carton totrechioride IS 0 14 1

MW-92-6 II(3Q1 Chlorofor 62 =0.14 1
cit.1,2-Dichloroethie 6 1 = 0.12 1
Toluene 0 12 J 0 11 1
front-1,2-Olhloroethr.. 0 21 J 0 15 1
Trichlor..thon. 4 3 = 0 12 1

MW-92-SDL 11/30/0 ToMitracloroethene 130 =1 2 10
MW-93,5 11I/30/0 Acetne 8 j 1.1 5

Carbon diautid. 0 45 4 0 14 1
Chloroform 0 69 0 12 1

MW-93-7 1 1/3/0 Ethylben..z.ne 03 4 0 11 1
m-,p-Xylen 1 2 4 0 2 2
o-Xylen. 0 29 4 0 1 1
Toluene 0.3 4 0 12 1

MW-93-7DL- 1 1/30101 Acetone 220 4 4 4 20
Carbon disijlllde 0 21 4 0.14 1

MW-94-2 12/11/01 Ethylbe.nzn 0 2 4 0 11 1
,,pXylc~ne 0 48 4 0 2 2
o-Xylene 0 13 4 0 1 1

MW-9,1-2DL 12/11/01 Actone 2M0 4 200
Carton etirachionde I a 0 1 1
Chlorfom. 2 = 0 12 1
cia1,2-1).hlonietlhen. 0 23 4 0 12 1
Ethylbenu,.. 0 3 4 0 11 1

MW-95-l 1 1/30/0 m-.p-Xylen 0 82 4 0 2 2
Mehylene, chlor~de 0 31 4 0 06 1
o-Xylene 0 23 4 0.1 1
Tetrachloroethoene 19 0 12 1
Toluene 0 18 4 0 12

Trcloothene 019 I 0 13 1
MW -961L 11/30/01 Aeoe2200 J 4 -420
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. Table 4
VOC and SV0C POB and Low-Flow Sample Result Summary.- Novrn~berIoecember 2001

Field Identification, Oats of Sample Analyt. Resul t LaboratoY Detectio
Collection Qualifier Limit Reportu'g Limit

Chl.oroom, 2 7 = 0 12 1
Ethylberizen 0 71 J 0 11 I
m,,p-Xylene 2.1 =0 2 2

MW-962 11/3/1 Methylene chloide 0,49 J 0 06 1
o-ylenoe 0 6 J 01 1
Tetrachloro..thene 0.Be J 0 12 1
Toluene 0 57 J 0 12 I

MW-96-2DL 11/3(1 Acetone 250 4 4 20
Chlooform 3 8 = 0 12 1
Chtoromelhane 0 13 4 0 13 1
Ethylbeizenem 0 7 J 0 11 I

MW9-~3 11130(1 m-.p-Xylene 2 =0 2 2
Mettytene chloride 1.2 = 0 06 1
o-Xyline 0 56 4 0 1 1
TetrachW.rothene 0 21 4 0.12 1
Toluene 0 76 .4 0 12 1

MW-SG3l. 11w3001 Acetone I~ 4 4 200
Carton disulflde 017 4 0 14 1
Chlorofor 5 6 = 0 12 1
Chloronithane 015 4 0 13 1
Ethylberlene 0 59 4 0 11 1

MW-W64 11130/01 m-.p-Xytene 1 7 41 0 2 2
Methylerechoie 1 8a 0 06 1
o-Xylene 0 42 4 0 1 1
Tetrachtoroethene 0 3 4 0 12 1
Toluene 08 4K 0 12 1

MW-S6,4DL 1113(1 Acetone 10 4 4 200
Chloroform 6 3 0 12 1
Ethylben,.ne 0 81 4 0 11 1
m-,P-XyloeM 27 =0 2 2

lMw-565 i1113(0 Methytene chlonde 1.9 =006 1

,,Xylene 0 75 4 0 1
Tetrachloroethene 013 4 0 12 1
Toluene 0 6 4 0 12 1

MW-SO-50L- 1113/1 Actone 1200 .4 200
Chloro.fom 5 9 = 0 12 1
Ethylbenene 0 78 4 0.11 1
m-,P-Xylane 2 5 =0 2 2

IVW-966 1113/0 Methyene chloride 1,6 006 1
,,Xylene 0 76 4 01I 1
Tetrachloroe~thene 0 14 4 0 12 1

_______________ ~~~Tolueno 0 49 4 0 12 1
lvW-960-6 1130/0 MActone 640 44 200

Aceton 4 6 4 1 1 5

MW-97-I 11300 Cron ditultlde 0 31 4 0 14
Chlroromthane 0 13 4 0 13 1

________________ ~~~Trichloroethene 0 14 4 0.13 1

MW-97-2 11/3/1 Acetone 4 8 J 11 6
________________ ~~~Chlnoromethane 0 18 .1 0 13 1

MW-97-3 11,3/1 Acetone 7,2 4 1 4 5
MW-9i-4 1113/1 Actotne 6 2 4 1,4 5
MW-9i-5 1113/1 Acetone 10 4 1 4 5
MW-97-6 11/30/0 Acetne 13 4 1 4 5

______________ _____________Methylne chlorde 0 12I 4 011 1
MW-57-i 11/2C/0 Acetone 12 4 1 4 5

Ethylbenz.n 0.19 4 0 12 1

MW-97-El 11/3/1 m-,p-Xylene 0 42 4 0 23 2
Methylene choride 0.15 4 0 11 1

_____________ o-Xylene ~~0 14 4 0 13 1
MW*97-BDL 11)/1 Acetone 73 4 2 7 10

2-Butaunone 2 2 4 0.77 5
Chloroform, 0.24 4 0 14 1
Ethyllbenene 0.37 4 0 12 I

MW-ga-i 11/30/0 rn-,p,-Xy1ene 1 2 4 0 23 2
o-Xylene 0.38 4 0 13 1
Tetrachorothene 4,4 = 0 12 1
Toluene 0.26 4 0 11 1
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. Table 4
VOC and SVOC PDB and Low.Flow Sample Result Summary -Novemberiflcacmber 2001
Mobi nTStllAto L TOA SaOWpr Eleat

Field Identlfication Date of Sample Analyte Result Laboratoy Detection
Collection Qualifier Limit Reporting Limit

MW*9810L 11/30/0 Acetone. 150 J 2 7 10
2-13Wanon 1 4 J 0 77 5
Chloroform 0 26 i 0 14 1
Ethrylberozerno 0 32 J 0 12 1

MW-98-2 11(3O1 rn-'p Xyeno 1 2 J 0 23 2
o-Xylen. 03 J 0 13 1
Tetrachloroethbon. 5.5 = 0 12 1
Toluone 0 24 J 0 11 1
Tdchlor..eth... 0 89 J 0 12 1

MW-GS-2DL 11WO/1 Acetone 100 .1 2 7 10
2.Buianon. 1 7 J 0 77 5
Acetone 96 . 1 4 5
Crton dislbllfde 0 24 .J 0 22 1
Ch~lorforn, 0 24 J 0 14 1

MW-98-3 1 l30t1 Ethylberrzene 0 21 4 0 12
m p.Xylene 0 97 4 0 23 2
o-Xylene 0 28 J 0 13 1
Totrochloroothon. 7.7 = D012 1
Toluene 015 4 0 11 1
Trtchlor..etherro ON 4 0 12 I
2-Butaonon 1.7 4 0 77 5

Actoe 98 4 1 4 5
Chloroborn 0 26 4 0 14 1
Ethylbenrseo 0 4 4 0 12 1

MW-98*4 11W0/1 rn-,p-Xylene 1 3 4 0.23 2
o-Xylen. 03 n i 0 13

Te r.c.oothene 3 7 0 12 1
Touene 0.19 4 Oil1

Trclroothene 09 4 0 12 1
2-Butanon, 2 5 4 077 5
Chloroform 0.23 4 0 14 10 ~ ~~~~~~~~~~~~ ~ ~~Ethylbeozen, 0 41 4 0 12 1

MW-9&5 1100/01 m-.p-Xyl.ne II 4 0 23 2
o-Xylene 0 32 4 0 13 1
Tetrachloroethene 1 5 = 0 12 1
oTuone. 0 71 J 0.11 1

~~~~~~~~~~~Trichoroethene 04 * 4 0,12 1
MW.W50SL 1100/0 Acetone 100 4 2 7 10

,Aceton 4 4 1 1 5
MW-99-I 1100~i/01 cartnm disultide 0 25 4 0 14 1

rm-.p-XylerO 0 38 J 0 2 2
Trichlo.Mroehn 0 58 4 0 13 1

MW-992 1100/01 Triehloroethene 03 4 0,13 1
MW-99-3 1 1w000 Trichloroethene 0 28 4 0 13 1
MvW-99- 1100/0 Chloroform 0 13 4 0 12 1
MW-99`5 130/01 Chloroform 0 15 4 0 12

~~~~~~~~~~~TriohlOroethono 0 14 4 0 13 1
MW-OS7 11/01 Chlorofomrm 0 15 4 0 12 1

MW*99-8 1100/01WO Cohloroform 0 13 4 0 12 1
MW-0- 110/0 chooom- i -rr-- -r - -
NOTES
All reul. ,,1.otd in c~roe~oori

Only den yareo,,tels .I.td o the ubW

MW Montitng Wlt

PZ Pezorata

EoomPte S eNfo -MW-964, 6ae.I'yeet the ftt dft.lto ag sampl from the op Of he .atr ut.
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794 778

Oochmkl rman ow lwSamplng Swnay -Mad 200

Addjustetd
Well Loctyo to DT IAnalysis . tUbo..toIy Min~um htulo

IC ~ Md 09 .J 0.0 I I
IC rn d 0.3 .J 0.0 I I

M~~-BL ~ IC LadleOO 0.5 J 0.00 I I
E310 2 A1QIbrIty 120 5 ID I

SWOON0 Nmia 3.2 O 000 0.6 1
SWOOSS Suja~~~tw 24 = 05 I I

IC Fceocd GA * 0.0 I I

E3102 AKwatet 120 5 10 I
SWOOSO ~~~~Nikt 3 2 * 000 0.6 I

SW9058 Sulfate ~~~ ~ ~~~24 * 0 5 I
MW.72.BLO~tl SW9OON 03112002 ChoIdeN 14 0.2 0.4 2

&1.-72-OLDLI SWOS 0321202 CloIde 13 * 0.2 04 2
IC AtU~d09 4 0.0 1
IC Em~l~n 0.3 0.05 I I
IC lmi dlcoz d0.0 4 0.0 I

MW-7 UpgiIWadntSkidk1 MW71 3102 Mka.tdt 83 * 5 10 I
SWDOSO Mut.1 0.007 00 I
SWOS Sulal 14 * 0.5 I I

fMW47-BL-DLI SWOONO 0312122 Cisode1 0.2 0.4 2
IC ttd0 8 4 0.m 1

IC LaOodd0 .1 0.0 I I
MWIO2B-8 IC WWO1 /20 OD2IM-102B pw UalntSti a 03102 MkaUrtt IQ0 5 10 I

SW9N6O N/bt 5 6 = 000 0.6 I
St/O~ Sult I 53 0 O I I

MW-1026-8t0L1 SWDOON 0OMI12002 OIMO 35 * OJS I
IC Acebed I I - .0 1
IC F.. MOn 0 3 4 0.0 I I
IC 0=ct=0j 00 4 0.0 I I

MW-22 Upgtad~obtSra I £310,2 Mkabt, 100N 5 1 0 I
SWOONO Nitats 4,9 ow0l0 06 I
$WOS Sulat 20a 0.5 1

MW-22-1OLDL SVV0S 0321202 C3a~ 3M 0.5 1 5

____________ 0415 Tntal~~~~gankca~nI 09 a 4 05M I I

IC meiad 01 4 0.08
M-21 up"~~M~ S" I~ 1-111- IC Ladle ud id 0 1 4 0.00

St/OS BoWd 0.8 I O0,1
~~M 2-11St/I S W O NIibo& 1.3 * 02.067

IC Faecd0.3 4 0.0 I I
IC Lal d07 4 0.00 1

0310 2~~~~~~~~~~~~~~~0

S~~e~~lOB Manganese 0.14 * ~~~~~0.01 0.01 1

SW906G Sulat 86 4 0.5 I 1
MW-9-OtOI StD~tS 03E21251 ThOtid 1~ ,I .9 * 0O2 0. 2

03102 mmwrty 580 5 10 1
Oo~w~mdor4 a omnty a MWOO14tSL SWE4l5 03/2/200 klngane 0.027 0.0 0.1 1

SIDC filt 59 1 05M I I

St/S ont 3 0067 02 1
MW-9S-10-0L~tl SWODONS 01020 W~oid 243 0W 5 I0~~~~~~~~~~~~~~~~~~~~~SON1 ,
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Geocdtwmci Parsnn Lou.fo Saplig Suinat -March 2002

Ident~~llc~t~oo Tm.15y Study An. ' St~IedF 0,ah O~ston Idbg FItn

ml~~~~ IC Ate A4 II008 I

£3102 =1=2 n uty I00 = 10 I
MW-l UP 9-aWft Sud Ia2 SWOiOSm OaMnse02 = 00 0 01 I

5M)W06Nfre 17 ow006 06 I

MW-18-64--OLOLI 03/21/2002 O~~~~~~l~i~e 49 = 1 2 10
SWOCOS S.8hta ~~~ ~~ ~ ~~~67 = 5 10 10

IC 1ctcn A 0.0 1

IC Fad d0.3 4 0.0 I I
W~~~ Upg,~~~~~~WMW~~~~2 ICo ld07 4 0.0 I

W/-OS Up~ad~entb~ Studykea 2 kWS8S-SL 041 21 om02 ouTOrgakcbc 4.3 OS0. 1
SW60108 Mana 0I 14 = 0.6 0.01 I
SVI9OSO '6 0.06 0.6 I
SVW9MIIS~tt 14 = 0.5 1 I

MW-88-LDLI SWS306 031I21W02 CtI'd 48 = 2 10
IC Ao nd0.6 4 00N I
IC F cnd0.2 4 0 05 1

MWSO-II9-9L LadICic~f220.5 4 0.0 1
MW-S UpgflnttSbWh2 £3102 032/20 arz* 62 = 5 10 I

SWOS Mba~ 3 0.67 0.
SW0656 ~~SL/a 29 = 05 "i I

__________________ MW-O-I 19-OLOU SWOS 03/2/202 I,La. 230 = 5 1-0 SO
IC AscAd08 4 0.0 I I
IC Oamld03 4 0.0 I

MW-03 fl, Ouy ma2 M2--I.IC 0320202 tdoA 06 4 0Om I I
SIII9MI) W/as93 Os0 I 1
SIJO)N ________mta~ 3 4 0.06 0.0 I

_________________ MW-92-99-8L~t1 SWOS 0329202 ddme 0.5 I S
IC A~ cd0.8 4 0,0 I 1

MW5102-8 IC 03191200 Fonekn 04 4 0.0 I1
IC DI____ L~~d0 4 0.0 1 I

ItN-8 WaisS"uyfla2 MW-5-15-L SVMOIOm 03/19/202 If~ 0439 Omi__ 06 0.01 I
SM10OS Nitral. is ow006 0,6 1

t.~W95-0t-O 03/1/202 satsit D 05 I

M-05- AI-SOL SWOS 03/1/00 Orde27 = 05 I

IMW10IB Mangnee 050 = 0.0 001 1
MW-O Wait smci ~ I W 10-L SMIOOS 03/2/202 Sttue = 0 I 1

IM__________ SM)W OSOM CI,10u 2. 3 0067 0 4 1

IC Aeocd172 e 0.0 1

IC F6-ccd0 3 4 0.05 I I
IC Lai t0 6 4 0.0 I I

La~e.~Oadieo~b~tidy MVYSO-92-8LE3102 03/f21/02 Amka~ul 110 5 ¶0 1
Aa2 E4151 Tdalo taboo 20 2 4 4

591010 Manans 053 = 000 0.01 I
5WE9060 Nikl 2.6 = 006 0.6 I

5919056 ~~~ ~~SL~t 25 = 0 5 I I
IMW-9692OLLI 59106 03/1/202 Ctid 63 = 1 2 10

IC ActcOd0 I 4 00 1 I
Ooang iOta W tSkadys MWO6106-L E3102 mi Aiw"nt SO = 5 10 I

MW-20 5919050 ~ 8 sf 206 0067 0.6 I
2 5919060 Stittate IS -ON 1 0 5 1 I

MW-26-100-OlO 59105 03/2202 (3Iwd SI - 2 1 0

E3102 NA~ktuy L1 5 10 I

£416 I TMta Otpt Caron I S 0.5
IC Acd d0 9 4 0.0 I I

MW-93 ngan 03/l202 FcqcAd 04 4 005m I
2 IC La W 0 7 4 0.0 I I

5910050 BWId 0.2 = 0 I 02 1
SW~~~~0 Ctude ~~~~~~~12 = 0 1 0.2 1

5919056 ~~~~~Sula~ 78 0.5 I 1

- *~~~awi* - -, Apd 15.300.~ ~ ~ ~ ~ ~ ~ ~ ~ ~
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WI LCLEAR~h
Sodium Lactate

For Bioremediation Applications

Description JRW Technologies' WLLCLEARTm Sodium Lactate for bioremediation is a clear, slightly
viscous liquid that is 60% solids by weight in USP purified water. WILCLEARTm
Sodium Lactate provides the lowest metals content, as measured by a nationally
recognized analytical laboratory, of any sodium lactate available and exceeds US
Pharmacopoeia standards. It is the only sodium lactate that meets all primary MCL's
(maximum contaminant levels) for drinking water in a 60% form, thus minimizing
concern for underground injection.

Specification Typical
Specifications Sodium Lactate, % by wt. 60 + 1.2 60 + 0.5

H20 40 + 1.2 40 +0.5
pH 7.0 + 0.5 6.8 -7.2
Color, APHA 25 max. 10
Iron, ppm 2 max <5
Specific Gravity 1.3100-1.3400
Citrate, Oxalate,

Phosphate, Tartrate none detected
Sulfate none detected
Sugars none detected
Sodium, % 12.3 +0.2
Odor Practically odorless

Applications WILCLEARTm Sodium Lactate is used to enhance the microbial activity in situ for
biodegradation and reduction of chlorinated solvents. Technical support for
bioremediation applications is provided through an exclusive agreement with SRP
Technologies, developers of Bioavailability Enhancement Technology (B.E.Ti"'9, patent
pending).

Packaging 55 gallon (600 lbs. Net) Polyethylene Drums; 2.850 lb IBC's

Storage Store unopened under dry conditions at ambient temperatures.

* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~5/01



794 797 tCENTRAL SOYA
Lecithin Division0

MODIFIED
MATERIAL SAFETY DATA SHEET
for Central Soya Company, Inc.

SECTION I

TADDESSPRO0C Box E 140, NTRt OMyeIN' BR488E01-1400SI AE:09140
CEICALroino ta thME above namedhi (widud adoeoettdedinitMON ofMESpecalzard y Lhemith s inedI h SAHw

ADnotS appicBle ND00 nort dearyinedI 6040

S ECTION I I - I NGREDIENTS - THRESHOLD LIM IT VALUES

I ~~~OSHA PEL ACGGI Thy-TWA ACGIH TLV-STEtL
NO. ~~INGREDIENT %(PERMISSIBLE -UNITS UNITS

EXPOSURE (TIME (SHORT TERM
UIMITS) WEIGHTED EXPOSURE)

____ __ ____ ___ ___ ____ ___ _ _ ____ ___ _ _ ____ ___ ___ A V ERA G E) _ _ _ _ _ _ _

Ethoxylated NA NA NA NA
mono-diglycerides _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Propylene glycol NA NA NA NA

SECTION III - PHYSICAL AND CHEMICAL CHARACTERISTICS

INPRODUCT El INGREDIENT NO. SOLUBILITY IN WATER Dispersible
BOILING POINT(F.) D SPECIFIC GRAVITY (H20=1) 0.9071
IVAPOR PRESSURE (mm Hg.) JD PERCENT, VOLATILE BY ND

I ~~~~~VOLUME(%6)
VAPOR EST AR1 i MELTING POINT ND
APPEARANCE AND ODOR icjs ambrnlrolored riquid; fattyoily odor.

SECTION IV - FIRE AND EXPLOSION HAZARD DATA

NM PRODUCT FlINGREDIENT NO. LEL -UEL
FLASH POINT: ND ~~~~~~~FLAMMABLE LIMITS: ND IND

EXTINGUISHING MEDIA: Dry chemical or CO, preferable; water may cause spattering or spreading.

SPECIAL FIRE FIGHTING PROCEDURES: NA

UNUSUAL FIRE AND EXPLOSION HAZARDS: NA

SECTION V - HEALTH HAZARD DATA

PROBAB3LE ROUTE OF EXPOSURE: Ingestion (food additive); contact with skin or eyes-
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EFFECTS OF OVEREXPOSURE: None known (perhaps mild irritation to eyes).

EMERGENCYAND FIRST AID PROCEDURES; AS wihayfrinlqdinesluhwtwte ek
1adca help If irritation ocurs.

SECTION VI - REACTIVIY DATA

STABILITY:9Stable (Unstable

CONDITIONS TO AVOID: NA
INCOMPATABILITY: (Matesials to amoid) NA -
HAZARDOUS DECOMPOSITION PROOUCTS:
HAZARDOUS POLYMERIZTO:()MyOcr SWl o cu
CONDITIONS TO AVOID: NA

SECTION VII - SPILL OR LEAK PROCEDURES

STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED: Small spills - use absorbent material to~
collectlcontain. Large spills - contain and purnp Into suiabl tanIL

WASTE DISPOSAL METHOD: Check with local, state, federal authorities for proper disposal of large
sills.

SECTION Vill - SPECIAL PROTECTION INFORMATION

RESIRAORYPROTECTIVE (specify Type): Disposable dustlmist type mask recommended if product is
torized.

VENTIATION LOCAL EXHAUST: NA SPECIAL: NA
* Normal ~~MECHANICAL (Geiieral: Rcornunended OTHER:

POETVE GLOVES: Optional EYE PROTECTION: Safety glaSSeslgoggles
comnded.

OHRPOTECTIVE EQUIPMENT: NA

SECTION IX - SPECIAL PRECAUTIONS AND COMMENTS

PRECUTINS T BETAKN IN HANDLING AND STORING: NA

OTHER: NA
rrade Product Namne: CENTROMIXO RR

All Information Provided herein Is offered In good faith and whth the belief It Is accurate. In the event of an adverse Incident associated withthIs produce, consult with appropulately trained Personnel.

2
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* ~Acronyms

AFCEE Air Force Center for Environmental Excellence
ASTM American Society for Testing and Materials
BCT BRAC Cleanup Team
bgs Below ground surface
BRAC Base Realignment and Closure
BaT BRAC Cleanup Team
COC Chemical of concern
DCE Dichloroethene
DLA Defense Logistics Agency
DO Delivery Order
DP Decision point
DQO, Data Quality Objective
EBT Enhanced Bioremediation Treatment
EPA U.S. Enviromnmental Protection Agency
FID Flame ionization detector
ft Feet
FTL Field Team Leader
I.D. Inside diameter
IDW Investigation derived waste
LTM Long-term monitoring
MCI Maximum contaminant level
ml Main Installation
MW Monitoring well
pg/L Micrograms per liter
OU Operable unit
OVA Organic vapor analyzer
PCE Tetrachloroethene
PDB polyethylene diffusion bag
ppm Parts per midllion
PVC Polyvinyl chloride
QA/QC Quality assurance and quality control
RA Remedial action
RA-O Remedial action operations
RAO Remedial action objective
RD Remedial design
RI Remedial investigation
ROD Record of Decision
RPO Remedial Process Optim-ization
SVOCs Semid-volatile organic compounds
TCA Trichloroethane
TCE Trichloroethene

TDEC Tennessee Department of Environment and Conservation
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USAESCH United States Army Engineering and Support Center, Huntsville
USCS Unified Soil Classification System
VOC Volatile organic compound
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1.0 Introduction

As part of the Remedial Design (RD) for the Main Installation (MI) of the Defense
Distribution Center (Memphis), also referred to (and hereafter) as the Memphis Depot, this
Long-Term Groundwater Monitoring Plan has been developed to satisfy monitoring
requirements described within the September 2001 MI Record of Decision (ROD). This
document is in compliance with requirements specified in Delivery Order 13 of Contract
No. DACA87-94-D-0009. Under this delivery order, CH2M HILL provides
architectural/ engineering services for the United States Army Engineering and Support
Center, Huntsville (USAESCH). CH2M HILL is the contractor responsible for the delivery
and execution of the RD for the NU of the Memphis Depot.

This document has been reviewed and approved by the Base Realignment and Closure Act
(BRAC) Cleanup Team (BCr). The BCT for the Memphis Depot consists of representatives
from the Defense Logistics Agency (DLA), the U.S. Enviromnmental Protection Agency (EPA),
and the Tennessee Department of Environment and Conservation ('TDEC). This LTM plan
may be revised with approval of the BCT as the remedial action progresses and more data
on plume conditions are available.

The activities necessary to develop this LTM plan included:

* Reviewing historical groundwater analytical data, geologic and hydrogeologic data,
potentiometric surface data, and contaminant plume maps

* Conducting a statistical review of the data

This plan presents the initial monitoring frequencies and a list of analytes for the monitoring
wells (Figure 1-1) to be included as part of the Remedial Action (RA) for the MI. For most
LTM programs, the length of the monitoring period is generally not defined in terms of
time. Instead, the length of the monitoring period is defined by performance objectives.
Thus, this LTM program may be modified or terminated in the future in response to
changed conditions determidned by the LTM data, changes in remedial objectives, or
achievement of the remedial action objectives (RAC~s). Since the U.S. Army deems LTM
programs as starting once active remedial action operations (RA-O) at a site are complete,
this document is meant to be dynamic and reviewable for changes or optimization of the
LTM program. As a result, the monitoring network can be designed and installed, as
necessary, and the monitoring begun as part of the site restoration.

ATIIWM16C492WASJ( RD.03- tO REMEDIAL OESIGIfAMJ LOfl3-TEM MONJITORING TECH MEMIOTEV. 3 LIMa TECH MEMMTEXTREV 3 MI CGW RD RPT.DOC G
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* ~2.0 Objectives of the LTM Plan

The objectives of this plan include:

* Presentation of the sampling history at the MI and discussion of the sampling results
leading to development of the list of volatile organic compound (VOC) and
biogeochemical parameters for the LTM program.

* Review of the current understanding of the VOC plume location within the fluvial
aquifer (horizontal and vertical extent) and the potentiometric surface therein. This
information is used to develop the list of wells to include within the LTM and the
frequency of sampling.

* Development of the LTM program. The number of wells sampled may vary year to
year. Sampling frequency will also vary as a result of program optimization.

* Completion of temporal and spatial analyses of existing data for the chemicals of
concern (COCs). These analyses are useful in optimizing the LTM program.

* Development of a sampling frequency decision tree and LTM decision rules that will
be used to develop the optimal frequency and sampling location list for the LTM

* ~~~~program.

* Development of the list of parameters that will be analyzed for during the LTM
program. This list is restricted to the COCs for the site, specifically VOCs, and
natural attenuation parameters.

* Presentation of a list of potential optimization elements for consideration after the
LTM program has begun to generate additional data. If implemented correctly, these
optimization elements will help reduce costs associated with the LTM program and
may reduce the time required for site closure.

ATUPA160492ATASK RO 1.0- Ml RMEDAJ. DESIOWAM LONG-IEW MliONliNG TECH )AEMOUREV. 3 LTM TECHI MEMaThUMEV. 3 N GWMAP RD RPT DOC 2-1
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* ~3.0 Historical Groundwater Monitoring at the

ml
Groundwater monitoring at the MI has been primarily associated with environmental
investigations, either for the Remedial Investigation (RI or subsequent events. Except for
the MI Enhanced Bioremediation Treatment (EBT) Treatability Study, monitoring wells
have not been sampled on a consistent basis for an extended period of time. Samples
collected for the MI EBT Treatability Study were focused on a group of wells in two
particular areas of the site. Table 3-1 presents a list of historical groundwater monitoring
events at the NU. This section presents information about groundwater sampling and
analytical results from each major groundwater sampling effort from the RI conducted by
CH2M HILL through the March 2002 MI baseline groundwater sampling event.

Construction details for the 84 monitoring wells, injection wells, and piezorneters
considered part of the MI groundwater monitoring system are provided in Table 3-2. The
original purpose of each monitoring well, injection well, and piezometer located on the MI
and the current monitoring status are provided in Table 3-3.

3.1 Remedial Investigation (RI) Data
The Memphis Depot Main Installation Remedial Investigation Report (CH2M HILL, 2000)
provides details regarding the MI RI. The groundwater sampling program included five
sampling events conducted between January 1996 and November 1998. The purpose of the
RI was to collect additional data to characterize the nature and extent of the groundwater
contamination resulting from past operations. A total of 289 groundwater samples were
collected from 8 piezomneters, 9 hydropunch borings, 10 stratigraphic test borings, and 59
monitoring wells. The groundwater samples were analyzed for VOCs, semi-volatile organic
compounds (SVOCs), metals (total), pesticides/polychlorinated biphenyls) PCBs, and
herbicides. Of these groups of chemicals, a total of 20 VOCs, 5 SVOCs, and 22 metals (total)
were detected. Herbicides and pesticides/PCBs were not detected in the groundwater
samples.

Of the 20 VOCs detected (Table 3-4), only 6 were defined as persistent and were determined
to warrant detailed discussion based on the frequency and concentration of detected
concentrations per well and spatial occurrence: carbon tetrachloride (CC14), total 1,2-
dichloroethene (total 1,2-DCE), tetrachloroethene (PCE), trichlorothene (TCE), 1,1,1-
trichioroethane (1,1,1-TCA), and chloroform. PCE and TCE were the most frequently
detected VOCs. The PCE concentrations at the MI during the RI sampling events from
January 1996 to November 1998 ranged from 1J to 120 gg/L, TCE concentrations ranged
from 1J to 58 gg/L, total 1,2-DCE concentrations ranged from 1J to 9J gg/L, 1,1,1-TCA
concentrations ranged from 1J to 14 r'g/L, CC14 concentrations ranged from 1J to 4J pg/L,
and chloroform concentrations ranged from 1J to 5J milligrams per liter (mg/ L).0 ~~Based on review of data and plume maps provided in the RI report, PCE and TCE were
detected in 40 and 37 percent of the samples, respectively. CCL4 and chloroform were

ATUPA6O492TASK RD.0 -Ml REMEDIA OESIMMI LONGTERM MOITMbNG TECH MEMOJREV 3 LWM TEC MEMaTEXI-SEV. 3 Ml GWIP RD HPT.DOC 3-1
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detected in 12 percent of the samples analyzed. Total 1t2-DCE, a reductive dechlorination
product of PCE, was found in 8 percent of the RI samples. 1tl,1-TCA was found in 6 percent
of RI groundwater samples. There were 14 other contamidnants detected less frequently in
groundwater samples during the RI. These contaminants are either common degradation
products of PCE, TCE, or CCl4 or common laboratory and decontamination products.
Except for acetone, all were tentatively identified at or below laboratory detection limnits.

3.2 Long-Term Operational Area Investigation
The Evaluation of Soil and Groundwater Data Collected from Long-Term Operational Areas
(LTOAs), Main Installation, Memphis Depot, presented in Appendix A of the RD Workplan
(CH2M HILL, July 2002), presents information on groundwater contaminant extent in the
fluvial aquifer, as defined by additional monitoring wells installed subsequent to the RI. The
LTOA investigation was conducted from September through December 2001. The purpose
of the LTOA investigation was to evaluate groundwater downgradient of known or
suspected historical LTOAs on the MI where hazardous materials were used/ stored, as
identified by TDEC. The LTOAs were selected by TDEC for further testing because
groundwater monitoring wells were not installed downgradient of these sites during the MI
RI.

During the LTOA investigation, 132 groundwater samples (including quality assurance and
quality control [QA/QC] samples) were collected from 17 monitoring wells. Table 3-5
presents the detection frequency for VOC contaminants regarded as persistent and
sporadic1 . Persistent VOCs include compounds similar to those detected during the RI:
CCl4, chloroform, cis-1,2-DCE, PCE, and TCE. In addition, methylene chloride, an anaerobic
degradation product of CCl4, was also regarded as persistent. However, the range of
detected concentrations (maximum detected concentration is 8 ptg/ L) , aerobic nature of the
fluvial aquifer, and the relatively low frequency of detection indicate that methylene
chloride could be a laboratory contaminant. Sporadic VOCs tended to have reported
concentrations no greater than 10 gg/L, except for acetone. In general, concentrations of
these sporadic VOCs are near or at laboratory detection limits.

The results of the LTOA investigation showed that the potentiometric surface of the fluvial
aquifer and groundwater flow directions did not significantly change from previous
conceptual models. Groundwater flow directions were presented as being primarily to the
southwest, northeast, and east. However, based on the data from this investigation, flow
directions within the fluvial aquifer in the center portion of the MI changed and appear to
be influenced by the connection between the fluvial and intermediate aquifers located in the
northwest quadrant of the MI. Additionally, the areal extent of the vertical window to the
lower intermediate/confined aquifers appeared to be larger than previously hypothesized
(in the vicinity of MW63 and MW1O8) (see Figure 3B of the LTOA technical memorandum
(TMl) in the NU RD Workplan). The LTOA investigation also showed that the 'no flow to
limited flow' boundary (i.e., clay confining layer) extended further to the southeast and that
the trough underlain by the clay confining layer present throughout the MI subsurface will

1 Persistent chemicals are those that were detected relatively frequently and in a discernable pattern. VOCs classified as
sporadic were detected relatively infrequently and in no discemnable pattern around the Ml.

AT1UP:.~6O92ZTASRDO3. SM R MEDALDSIMI LON-hAM a4ITORING CH MEMO~ 3LTIM TEQH MMTEXTIFEV 3 M U W RTDO 3-2
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have to be further defined. Figure 3-1 presents the July 2003 and latest interpretation of the
potentiometric surface underlying the MI.

In addition, the groundwater sample analysis results revealed that the groundwater
contaminant extent is slightly larger than presented within the MI RI. VOCs detected in
samples from MW103 and MW104 in the north-central portion of the MI had not previously
been detected; the concentrations were not significantly higher than detection limits.
Groundwater samples from other wells, including MW98, MW101, and MW1OS, revealed
higher concentrations of VOCs in the plume in the southwestern part of the MI. Similarly,
samples from MW85, MW86, MW88, MW92, and MW96 have shown that VOC
contamination in the southeast corner of the site (near the present day Memphis Police
Precinct) is higher than previously believed and contains levels of carbon tetrachloride and
chloroform previously unrecorded in thids area. Figure 3B of the LTOA TM in the NU RD
Workplan presents the VOC levels detected in groundwater during the LTOA.

One other important change noted in the LTOA TM for this event was that the plumes are
now believed to be thicker than previously understood. This information is based on:

* The discovery of a trough in the clay layer that underlies the fluvial aquifer. The trough
originates in the vicinity of MW101 and is oriented northeast-southwest, with the
deepest portion near MW1O8. At the terninus, the absence of the clay confining layer
allows vertical connectivity between the intermediate and fluvial aquifer sands.

* The use of polyethylene diffusion bag (PDB) samplers to sample VOCs from wells. The
PDBs were deployed continuously throughout the screened zone of the wells installed
during the LTOA effort. The analytical results from these samples indicated that
contamination was not restricted to a particular zone, but was found throughout the
saturated portion of the aquifer.

3.3 Baseline Sampling Event
The Analysis of Groundwater Data Collected During the Main Installation (Ml)-Wide Baseline
Groundwater Sampling Event TM (CH2M HILL, 2003) provides details regarding the baseline
groundwater sampling event at the MI. This sampling was part of the RD phase for the MI,
and was a precursor of the EBT Treatability Study. Prior to this event, a complete, site-wide
groundwater study had not been performed within the MU since October 1998. Seventeen
monitoring wells had been sampled earlier during the November/December 2001 LTOA
investigation and were considered to be contemporaneous with this comprehensive event
gTable 3-5).

The baseline sampling event was conducted in March 2002 to collect groundwater samples
from 36 monitoring wells and 7 piezometers associated with the MI for VOC analysis and
various geochemnical parameters. As shown in Table 3-6, only 5 of the 15 VOCs detected are
regarded as persistent. These include TCE, PCE, chloroform, cis-1,2-DCE, and CCl4. Except
for a detection of vinyl chloride at 28 ug/ L, all the other compounds were detected at below
maximum contaminant levels (MCLs). The groundwater data from this baseline study
represent the current, site-wide configuration of the chlorinated VOC groundwater
contaminant plumes.

AURUP6O92%TASI RD.03 -MI REMEOLA DESIGMf LONC-WWJ MOJIT0ORN TECH )JEMOQSEV. 3 LIM TECH *JEMNTEXTJ1V 3 14 GWMAP RD RPTDOC 3-3



7 94 13

TABLE 3-1
Historical Groundwater Monitoring at Main Installation Memphis Depot
Rev. 2 Ml Long-Term Gmoundwater Monitorng Plan

Groundwater Sampling Event Month/Year Sampled Number of Wells Contractor
Sampled

Remedial Investigation Novemnber-93 13 Law Environmental
Remedial Investigation February-96 18 CH2M HILL
Remedial Investigation June-97 18 CH2M HILL
Remedial Investigation September-97 17 CH2M HILL
Remedial Investigation March-98 16 CH2M HILL
Remedial Investigation April-98 1 CH2M HILL
Remedial Investigation October-98 22 CH2M HILL
Remedial Investigation November-98 5 CH2M HILL

Operation and Maintenance* February-99 1 Parsons
Operation and Maintenance* May-99 I Parsons
Operation and Maintenance* August-99 1 Parsons

Remedial Investigation October-99 1 CH2M HILL
Operation and Maintenance* November-99 1 Parsons
Operation and Maintenance* February-00 I Parsons

Monitored Natural Attenuation Study March-00 9 CH2M HILL
Operation and Maintenance* May-00 I Parsons
Operation and Maintenance* August-00 1 Parsons
Operation and Maintenance* November-00 I Parsons

Supplemental Sampling March-01 1 CH2M HILL
Long-Term Operational Area Investigation Septemnber-01 1 CH2M HILL
Long-Term Operational Area Investigation November-01 11 CH2M HILL
Long-Term Operational Area Investigation December-01 6 CH2M HILL

EBT Baseline March-02 45 CH2M HILL
EBT Evaluation April-02 2 CH2M HILL
EBT Evaluation May-02 30 CH2M HILL
EAT Evaluation July-02 23 CH-2M HILL
EBT Evaluation August-02 I CH2M HILL
EBT Evaluation September-02 23 CH2M HILL
EBT Evaluation October-02 23 CH2M HILL
EBT Evaluation November-02 23 CH2M HILL
EBT Evaluation December-02 23 CH2M HILL
EAT Evaluation January-03 30 CH2M HILL
EBT Evaluation February-03 13 GH2M HILL
EBT Evaluation March-03 23 CH2M HILL
EBT Evaluation April-03 23 CH2M HILL
EBT Evaluation May-03 23 CH2M HILL
EBT Evaluation June-03 23 CH2M HILL
EAT Evaluation July-03 25 CH2M HILL
EBT Evaluation August-03 1 1 CH2M HILL

'Dunn Field Groundwater Operation and Maintenace Program

\\Peachtree\Proj\160492\Task RD.03-MI Remedial Desing\Long-Term Monitoring Tech Memokiable 3-
1 _HistoricalMonitoring.xls
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. TAB3LE 3-

Freqoenc of VOC DetcOams in Grount.* dzmng the MI RI
Rev. 2 Mt Long-roa CqmtmdnW Mbobrg Plan

N.~~~~, Num~~~~~ MInimu Midu MaxinioUnParameter Nnr Nuer percn of Minimum DMelon D.A... etcin ntAnalyzd Deteted DeYtecton Detcto Qualm., Q~o .Ualifier

TETACLMO~EHtnME(PCE) 83 33 40 0004010 *rL
IRICHLOROETHAnkE (TCE) 83 31 37 .0 .008
TOTAL I,2-OCHLOROETHENE 83 7 8 % 00010 j ___ 009

I.I~~l-TRIC~~~tOROST~~tflJE ~83 5 1 % I 0 0010 I 00140
CARBON TETRAHLORIOE 83 1 10 1 12% 00WIG0 4 00040o
CHLOROFOMA 8 3 1 10 1 12% 000 WI 4 0 DON

AC(ETN 83 3 1 41' 00O0 01900 - mg
BROMO0ICHLOROMETIWE 83 2 2% 00010 00020
BROMOFOM. 83 I 1% 0,0010 4 00010
CARSON DISULFIDE 83 2 2% 00010 4 00WIG0
BENEE 84I 1% 0003 4 00O30
CHLOROOENZENE 83 2 2% 0,0010 4 0 0040
CHLOROETIflE 83 I 1% 00010 4 0 00I0
CHLOROMUftME 83 2 2% 0,0010 4 0000
DIBROMOHLOROMEHWE 83 2 2% 0.0010 4 000n
OAII ETHYL KETN (2-BUTANOE) 83 4 5% 0 0040 4 000N
l.1. 2,2TTRCIROOTAe 83 2 2% 0000 000D40

TOLUENE 84 I 1~ ~ ~~~~~~~ ~ ~ ~~~~~~~% 000254002
24IE~~~~~~flJONE ~~~~~~83 I -I005 W. 00060

1i200CHLOROETHA*E 83 I 1%001 01

*4-. Indium en totd ~~~~~~~~~~~~~~~~~~~~~~~~~~tta~~'
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TABLE 3-5
Frequency of VOC Detections in Groundwater During the LTOA Investigation
Re v. 2 MtlLong- Term Groundwater Moniftorng Plan

Numbr NmberPerent minimum Minimum Jmaximum Maximum
VOCS JAnumbzer Numerete Peerctent Detection Detection Detection Detection Units

Analyzd' Detcted Dtected Value Qualifier Value Qualifier
Persistent VOCs

CARBON TETRACHLORIDE 113 32 28% - 0.52 J 140 = ug/L
CHLOROFORM 113 73 65% 0.13 J 98
ds-l1.2-DICHLOROETHYLENE 113 60 53% 0.18 -- J 76 =

TETRACHLOROETHYLENE(PCE) 113 61 54% 0.13 J 530
TRICHLOROETHY[.ENE (TCE) 113 86 76% 0.14 J 98
MErHYLENE CHLORIDE 113 17 15% 0-12 J 7.9

Sporadic VOCs
lIl.2,2-TETrRACHLOROETHANE 113 16 14% 0.1 J 1.7 = ugtL
1,1-DICHLOROErHANE 113 19 17% 0.16 J 1.8
lI-DICHLOROETHENE 113 23 20% 0.12 .1 1.5=
1,2-DICHLOROETHRANE 113 39 35% 0.11 J 7.5=
1.2-DICHLOROPROPANE 113 19 17% 0.082 J 1.5
ACETONE 113 36 32% IA4 J 2700
BENZENE 113 I 1% 0.12 .1 0.12
BROMOMETHANE 113 3 3% 0.2 J 1.5=
CARBON DISULFIDE 113 17 15% 0.17 - 1.7=
CHLOROBENZENE 113 iI 10% 0.11 J 0.29 J
CHLOROMETHANE 113 9 8% 0.13 J 0.22 J
ETHfYLBENZENE 11 8 32% 0.13 .1 0.81 .1
M.P-XYLENE (SUM OF ISOMERS) 11 2 37% 0.26 .1 2.7
ME7HYL ErHY[ KETONE (2-BUTANONE) 13 5 4% 1.4 J 2.5 J
O-XYIENE (1.2-DIMETHYIBENZENE) 11 0 27% 0.11 J 0.76 J
TOLUENE 11 3 20% 0.12 J 0.83 J

:tas1,2DICHLOROETrHENE 11 5 22% 0.12J17

V. -Indkctes an estimated value.

-~- Idictes a detection.

ugAt. = iraograms w lite
'This table does in incude ONfQC sampe resuts

LTOA sapling s conduce from Septembe to 0e~mbe 2001.

AMl14754~c2 TatWe0 Table slsWO Tab~ 3-I 3-18
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. TABLE 346
Frequency of VOC Detections in Groundwater Duning the Ml Baseline Event'
Rev. 2 Ml Long-Ternr Groundwater Monitoring Plan

Number Number 1Percent j Minimum inmm Mxmm MaximumParameter nalyzed Dtected I etected DDetectionetection Detection Detection Units

_ _ _ _ _ _ _ _ _ _ _~~~Inalze Deec d _eece Value Qualifier IValue jQualifier _

Persistent VOCS
CARBON TETRACHLORIDE 36 6 1% j .2. 3.8 = uo/L
CHLOROFORM 36 11131 10.18 .J 12
dis-1.2-OICHLOROETHYLENE 36 10 28% j 0.36 J190=
TETRACHLOROETHYLENE(PCE) 36 13 136% j 0.27 J 90
TRICHLOROETHYhENE (TCE) 36 1 6 j 44% j 0.31 _____ 76

1,1,2.2-TETRACHLOROETHANE 36 1 3% 3.5 =3.5 = ug/L
1.1.DICHLOROETHANE 36 2 6% 0.4 J 0.65 .1
1,1-DICHLOROETHENE 36 2 6% 0.7 J 1.3
1,2-DICHLOROETHANE 36 3 6% 0.27 J 3.4
1,2-DICHLOROPROPANE 36 I 3% 0.37 J 0.37 J
ACETONE 35 2 6% 4 J 7.5 J
BENZENE 36 I 3% 0.3 .1 0.3 J
METHYL ETHYL KETONE (2-BUTANONE) 36 2 6% 2.5 Ji 2.7 I
TOLUENE 36 4 11% 0.27 J 0.65 J
VINYL CHLORIDE 36 1 3% 28 =28

Notes:
-J Indictes an esfrnated value.

'e- Indcates a detection.O uw/L Micrgram per Liter
Ormly detected compounds reported.

A~TtI47543\3eC32-TablsW0D Tables.4sW0OC-Table 3-1 32-18
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* ~4.0 Temporal and Statistical Analysis of

Groundwater Data

4.1 Introduction
Temporal and statistical analyses of the existing groundwater analytical data were
conducted using visual and statistical methods to identify trends within the data. Temporal
analysis included scanning graphical and tabulated VOC and geochemnical data to define
any potential trends. Statistical analysis of data was conducted using a Mann-Kendall test.
The occurrence of a trend, or lack thereof, affects monitoring frequency, constituents to be
monitored, and location of any additional wells needed during the RA. Before the MI
groundwater data were analyzed, monitoring wells were divided into several categories to
help define future monitoring objectives.

4.2 Categorization of Monitoring Well Locations
There are 84 monitoring wells, injection wells, and piezometers located on- or offsite of the
MI that are part of the monitoring system for this site. To accomplish the purposes of
tracking plume conditions and performance monitoring within the active treatment areas,
the wells are divided into four groups based upon spatial, geologic! hydrogeologic, and
chemical characteristics. Table 4-1 presents the category name, category characteristics, and
wells in each category. The groupings are carried forward within the temporal analysis and
the characteristics are used in part to determine the frequency of monitoring at each well.

4.3 Time Versus Concentration Plots
Time versus concentration plots (Attachment A) were developed for monitoring wells with
at least four sampling events. Plots of VOCs and natural attenuation parameters 2 were
constructed for all categories of monitoring wells presented in Table 4-1. A visual evaluation
of the plots was conducted for each monitoring well to identify trends in the data. Four
categories were used to classify trends:

* Generally increasing with time
* Generally decreasing with time
* No visible trend present
* Not applicable as a result of only one or no sample results

The results of the analysis (Table 4-2) were used with existing plume maps to confirm the
initial categorization in Table 4-1. The information was also used to define the initial
sampling frequency.

2 A~l~Iinitjchlorides,manganese nitrate sifate and slfide.

AThUPl6O92¶TASK RD 03- MI REMEDIAL DESkG~l LONG-TERM MCITORING ItCH MEMDE. 3 LTM TEEN ME~flTEXITREV. 3 MI GIMP RD RPT.DOC -
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4.0 TEMPORALMID STA'iSTICAL ANALYSIS OF GROUNDWATER DATA

4.3.1 Background Monitoring Wells
Upgradient wells were identified as potential background wells in Table 441. The time
versus concentration plots for the background monitoring wells (MW16, MW19, MW2O,
MW36, MW53, and MW55) include only those constituents that have been detected on more
than one occasion. The plots indicate that very few VOC and natural attenuation parameters
have been detected in these monitoring wells; therefore, no trends are established. TCE has
been detected in three wells, MW16, MW2O, and MW53, but at concentrations less than
1.5 pg/L. PCE was also detected in MW53, though the concentration was at or below the
laboratory detection limit. In summary, these wells will serve as background locations for
the MI because of their upgradient locations and low to non-detect levels of site
contaminants.

4.3.2 Boundary Monitoring Wells
In general, boundary wells (Table 4-1) are those along the perimeter of the NU. The time
versus concentration plots for the boundary monitoring wells include only those
constituents that have been detected on more than one occasion. For all boundary wells,
there were either no discernible trends in VOC concentrations or an insufficient number of
results (usually only 2 results) to identify a trend. The concentration data caused no changes
to the designation of these wells.

4.3.3 Sentinel Monitoring Wells
Sentinel wells (Table 4-1) are used to detect migration of contaminants from the fluvial
aquifer into the intermediate aquifer. The time versus concentration plots for the sentinel
monitoring wells include only those constituents that have been detected on more than one
occasion. VOCs (including PCE, TCE, cis-1,2-DCE, and CC14) have been detected in MW34
and MW38, although no trends can be discerned. Most of the other sentinel wells have been
sampled only once. The presence of VOCs in samples from these wells, the locations of these
wells, and the lack of analytical data indicate the need for additional monitoring.

4.3.4 Performance Monitoring Wells
Performance monitoring wells (Table 4-1) will be used to assess the effectiveness of the
remedial actions. The time versus concentration plots for the performance monitoring wells
include only those constituents that have been detected on more than one occasion. Some of
the performance monitoring wells are associated with the MI EBT Treatability Study
(Appendix A). The plots for these wells show trends within the VOC and natural
attenuation parameter results. These trends and their significance are discussed in the MI
EBT Treatability Study report (Appendix A).

Twelve of the performance monitoring wells have been sampled only once. Additional
sampling efforts to identify trends in VOCs or natural attenuation parameters are required
for the LTM program.

4.4 Trend Analysis in Groundwater Data
Statistical evaluation of trends in data can be performed in a number of ways. One of the
most commonly used trend analysis methods for environmental data is the Mann-Kendall

ARAIW M TOSfASI RDO03- MI RMEDW DESGtji LONI-MMPJ MONTORING Tha MEMOREV. 3 LTM TECH IaEM~hX~EV. 3 MI GVP RD RPTDOC 4-2
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0 ~~~test (Gilbert, 1987; Gibbons, 1994). This is a non-parametric method, so there are no
distributional assumptions. Missing data values (nondetects) are easily handled by
assigning a common value. The exact value does not affect the computations as long as it is
less than the detected values. Irregularly spaced sampling intervals are permitted as well.
This technique can be viewed as a non-parametric test for a zero slope in the linear
regression of time-ordered data versus time.

Data for the Mann-Kendall test were gathered from the monitoring wells that are described
as being within or surrounded by a VOC plume. These wells were selected for analysis
because the test results will affect future analytical frequency of each well and decisions
regarding location of future monitoring well installation.

The results for the Mann-Kendall test for intrawell trends in the groundwater data are
shown in Tables 4-3 and 4-4 for PCE and TCE only. These two parameters were selected
because they are more prevalent than other contaminants in groundwater and are principal
risk assessment contaminants for the site. In addition, other VOC contaminants will be
affected by increases or decreases in these contaminants. The wells that that may have been
influenced by the ERT study thereby affecting the trend analysis are noted in Tables 4-3 and
4-4.

The p-value for the test, which represents the calculated probability that any observed trend
would occur purely by chance (given the variability and saimple size of the data set) is
provided in Tables 4-3 and 4-4. A significance level of 0.05 was used for comparisons with
the p-value and the resulting decision is reported. This could be a significantly increasing or0 ~ ~~decreasing trend or no significant change (over time). The test statistic, 5, is also provided in
this table. A positive S is associated with increasing trends, while a negative S is associated
with decreasing trends.

The results of the Mann-Kendall tests will be re-evaluated as new LTM data are collected.

AT1.WMW92TASJ( R.03 -M REMEDIA DESIOMM LOIC-TERMONI "TORWG TECH ~MEMEV 3 TIA TECH MEM@TEXTRJEV. 3 Ml GWMP RD R'TCOC 4-3
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TABLE 441
Monitoring Well Categories for Ml Monitoflng Wells
Rev. 3 MI Long-Tenn Groundwater Monitoring Plan

Category Name Category Characteristics Wells in Category

Background Well Monitoring wells or piezomneters screened in the MWIO, MW19, MW2O, MW36,
fluvial or Memphis aquifer; located along or MW53, MW55
outside of the MI boundary; located upgradient to
or at a distance from contaminant plumes on the
Ml and Dunn Field; no (or only low-level) previous
detections of site contaminants in well samples.

Example: MW16 is a background well because of
upgradient location and there has been only one
low-level VOC detection in the well to date.

Boundary Well Monitoring wells or piezometers screened in the MW22, MW23, MW24, MW47,
fluvial aquifer located along or outside the Ml MW5O, MW52, MW66, MW72,
boundary. They are designed to monitor intrusion MW9O, MW93, MW1O2, MW102B,
of contaminants from offsite sources. PZO11. PZ04, PZO5, PZ08

Example: MW1 028 located in the southwestern
corner of the site is considered a boundary well
because of the well location.

Sentinel Well Monitoring wells or piezometers screened within MW34, MW38, MW63A, MW63B,
the fluvial and intermediate (interpreted to be MW811, MW82, MW83, MW84,
within the Jackson Formnation/Upper Claibomne MW89, MWI107, MW1O8
Group) aquifers; located adjacent to or within a0
window to the intermediate aquifer.

Example: MW38 is screened within the
intermediate aquifer and is located within a
window to the intermediate aquifer.

Performance Monitoring wells or piezometers screened in the IWI, 1W2, 1W3, 1W4, 1W5, IW6, 1W7,
Monitoring Well fluvial aquifer, located within the limits of known MW21, MW25A, MW26, MW27,

contaminant plumes; or repeatedly have MW39, MW62, MW64, MW85,
contaminants in samples from location located in MWS6, MW88, MW92, MW94,
areas targeted for treatment during the RA. MW96, MW97, MW98, MW99,

MW100, MWIOOB3, MW1OI, MWIO3,
Example: MW86 is located in the VOC MW1104, MW1 05, MW1 06, MW1 09,
contaminant plume in southeastern corner. MWIIO , MW1I11, MWI 12, MW1I13,

MWI1I4, MWI1I5, MWI 16, MWI117,
MW118, MW119, MWI2O, MW1121,
MW122, MW123, MW124, MW125,
PZ3, PZO6, PZO7
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Tabie 4-~2
Stsnnmry of RPsuts for Visual AaalyIs of Cosentrbation Versus Time Plats

0 Mt! LngThms GrotnssartansAonnaig Ptan ______________

Sta~on]DGrouping Analyte, Not Applicable, one or n Generally Generally No Observable Change
sampleresult Increasing Decreasing thogTie

MWS Background VOC, Non-Detect Result _____X

GeoDhem ,
Un - x

MW-19 Background VOC. NonDetect Result _____X

Geochern X
_ _ _ _ _ _ _ Mn _ _ _ _ _ _ _ _ _ _ _ __I_- x _ _ _ _ _ _ _

MW-20 Bac~groun VOC. NonDetect Result x

G.Chlrom X
__________ _________ Mn " x _ _ _ _ _ _ _ _ _ _

W- ackground VOC, Non-Detect Result X
G.oChem X
Chloride X _ _ _ _ _ _ _ _ _

Mn Has detection
Sulfate x

MW-53 Background VOC, Non-Detect Result X
GeoChem, X

Mn _ _ _ _ _ _ _ _ _ _ x
MW-as Background VOC. Non-Detect Resut x

GoaCheri
chlordea Has detect~ons

Mn X _ _ _ _ _ _ _

Nltrste X _ _ _ _ _ _ _ _ _

I ~~~Sulfate x
MW-22 Boundary VOC. Non-Detect Result x

Geochen, X
Chloride _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _

CLa-1,2 DCE __ _ _ _ _ _ _ _ _ _X _ _ _ _ _ _ _ _ _

Methane _ _ _ _ _ _ _ _ X
r= NlfaeNbt _______Has detections

Sulft __________ Has detections

P CE __ _ _ _ _ _ _ _ _X

MW-23 Boundary VOC, Non-Detect Resut __________X

Geocher X
Chloride __ _ _ _ _ _ _ _ _X

Mn x

Nitrate-Nibite X
Sulfate _____ X

MW-47 Boundary VOC, Non-Detect Result X
Geochenn X

_______ ~~~~~ ~~~Mn x _ _ _ _ _ _ _

W-52 Boundary VOO. Non-Deatec Reul

TCE Haes detection

total 1.2-DCE __________ Has detections

MW-66 Boundary VOC. Non-Detect Result
Geochern X

MW-f52 Boundary VOC, Non4Detect Result X

POE X __ __ d_ ____ ____

Mn X

PW.93 Boundary VOCN.NnDetet Resut x
Geoadnem x

MW-I02B Bounday VOC, Non-Detect Result IC
Geoche.m IC

PZ-91 Boundary VOC, Non-Detect Result __________x

Page Ilof 11
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Tatl 4-2
Swnnny of Resultsf too iul Anasly. of Coceafrtlon Venus Tml Plols

Not Applicable, one or nGeneeslly Generally No Observable Change
Statlovill Grouping Analyt sample reult Increasing Decreasing through Time'

will, Time with lime
FZ- Boundary VOC, N.onDtect Result _ __X

Oeodhem X
POE X _ _ _ _ _ _ _ _ _ _ _ _ _ _

PZ-05 Boundary VOC. Non-Detct Resuftt __ x

TOE X
P1-08 Boundary VOC, Non-Detect Result _____X

Geochenm X
TOE X _ _ _ _ _

W-1 Remnediation VOC, Non-Detect Result _ __ X
Goocham, Non-Dotd Result __ _ _ _ _ _ _ _ _ _ _ _ _ _ _X

Acetic Acid __ _ _ _ _ _ _ _ _ X
-Adkaflnity. Total X

Bromide __ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _ _ _

Catmon Tetrachlorde X
Chloride X

Chlorofom __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X
Ca-1,2 DOE X _ _ _ _ _ _ _

Formic dd X

Methane X
Nitrte X
Nitrite X

Proionic, tAcd X
Sulfate X

TOE X

IW-2 Remdatio VOC. Non-Detect Raesut X
Geocthern, Non-Detect Result X

Acetic Acid X ____

Alkalinity. Total X _____

BryomAide X
Carbon Tetradhloride _ __ X

Chl.Woon X ____

CiA-1.2 DCE _ _ _ _ _ _ _ _ X
Elihane __ _ _ _ _ _ _ __ _ _ _ _ _

Ethen,. _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _ _

Formic Adid __ _ _ _ _ _ _ _ _ X _ _ _ _

Lactic Acid __ _ _ _ _ _ _ _ _ _ X _ _ _ _

Mn X _ _ _ _ _ _ _ _ _ _ _

MNirte X _ _ _ _ _ _ _ _

Proplonic Add X _____

Pyruvic Acid X
Sulla"e X _ _ _ _ _ _ _

IW-3 Rennediation, VOC, Non-Detect ResultX
Geochemn, Non-Detect Reult _ ______ X

il1-DCE X
Acetic Acid X

Alkalinity. Total X
Bromide X

Butyiic Add X
Carton Tetrachortde X

Chloride X
Chloroform X

Cis-1,2 DOE X
Etheane X
Effieno X

Formic Adbd X
Lactic Acid X

Mn X _____

Methane X ____

Propionic Acid __ _ _ _ _ _ _ _ X _ _ _

Pysuic Adid __ _ _ _ _ _ _ _ X _ _ _

Sulfide __ _ _ _ __ _ _ _ _ X

POE _________________ X _ _ _ _

Tranar .2-DO _____ ______ _____ X _ _ _ _

TOE __ ____ __ _P_ ___2 0__ ___
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Table 4-2
Suana'my of Rasublt, Mealho Analysis of Ceccanbation V.r.. Time Nlots,
Rev. OMt LofgTSMn PincesigDerasn

Not Applicable, one or no Genemlly Geeal No Observable Change
StatloniD Grouping Analyto sampie result ~~~~~with Time with Time through Time'

iW4 Rernediatton VOC. NonDetect Resut ________ X
Geocodm. Non-43tote Result __________X

AceticAcId ___ ____ X
Alkafinitv, Total ________ X

Bromide __ _ _ _ _ _ _ _ _ X
Butyric Acid _ _ _ _ _ _ _ _ X

Cadton TofracIloride IX
Chloride X

Cs-1,2 DCE X
Etianeo X

Fomdc Add X
LadlecAcid _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _

Methane, _ _ _ _ _ _ _ X _ _ _

Nitrate __ _ _ _ _ _ _ _ _X _ _ _ _ _ _ _ _

NItfite __ _ _ _ _ _ _ _ _X

Propionic Acid ________ X ____

POE __ _ _ _ _ _ _ _ _x _ _ _ _ _ _ _ _

TCE X _________

lW-5 Remediation VOC, Non-Detect Result _________ ___ X
Geochemn, Non-Dotedt Result _ ______ ___ x

Acetic Acid _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _ _ _

Alkalinity, Total _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _

Bromide ________ X _ __ _______

Butyfic Acid ________ X _____________

Chloride _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _

Chlorofor I _ _ _ _ __ _ _ _ __ _ _ _ X _ _ _ _ _ _ _

Qs-1,2 DOE _ _ _ _ _ _ _ X _ _ _ _ _ _ _

Ettoane _________ ___ X _________

Etheane, X ____________

Methane X
Nitrate X

Proplonic Acid ___________ ___

Sulfate __________X

POE x
lW-S Remnedlation VOC. Non-Doted Result _____X

Goodhern, Non-Detect Reult X
Acetic Acid X

Alkalinity. Total X
Bromide X

ButrIc Acid X ____

Chloride X
CAs-l,2 DOE X

Etene X

Methane X

Muite x
Proplonlc Acid X

Sulfate X
sumsid X
PCE X

IW-7 Rennedlalion VOC. Non-Doted Result X
GoZchew, Non-toted Result X

Ajol~inity, Total X
Brmnide X

Buic Acid X

Cas-1,2 DOE X
Ethane X

Mn X ________

Methane X
Nbitrte X

~Prianlc Acid X

PCE ___________X

Page 3 of I11
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Swmmary of Results forVIsua Analysta of Corntration V.r.i Tin. Plots

StationiD Grouping itAnyew Not Applicable, one ore (o Gnemalb Geere"ally No Observable Change
sample result wIth asng it Dcesng through lime2

MW-21 Remediateo, VOC, No.-Detect Result _________ ___ X
Geochen, Non-Detect ResultX

Alkalinity, Total Has detctions
13,omide Has detectons
Chle~dO de________ Has detections

CJs-l,2 DOE Has detections
Ethane Has detections
Ethane H-as detections

Fermic Acid H-as detections
Mn X

Nitrate ___________Has detections
Mitrteos_____ Has detections

Sulfate _ _ _ _ _ _ _ X
PCE X

Trans-I 2-DOE Has detections

LI-25A Rernediation VOC, Non-Detect Result X
Gechm, Nodn-Detect Result x

MW-26 Rcdalotn VOO. Non-Detect Result _________ __ _X

Geochiem, Non-Detect Resut _____________x

Acetic Acid X
-Aiksllniy, Totat X _____

BronImmde X ____

Carto., Tetrachlorkde Has detectors
Chloride Has detections

Mn __ _ _ _ _ _ _ _ _ _x _ _ _ _ _ _ _ _ _

Nitrate X
Sulfate X

TOE ~~~~~~~~~~~~~~~~~Has detecions
MW-39 Remedistion VOC. Non-D~etect Result _ ______ X

Geoche.r, N~on-Detec Result X
O~s-1.2 DOE X

Mn X
POE X

W-62 Rernediaffon VOC, Non-Detect Result X
Geochenm, Non-etec Result _ __ X

ailor'oer, __ _ _ _ _ _ _ _ _ X _ _ _ _

TOE __ _ _ _ _ _ _ _ _X

Vinyl hl.utd _ _ _ _ _ _ _ X
MW-64 ReMediW.o VOC, Non-etect Result _ ______ ___ X

Geochem, Non-Detec Result _ ___________ X
Carbon, Tetrachlorid X ____

Chloroform __ _ _ _ _ _ _ _ _X

PCE Has detectons

MW-O5 Rennediafon VOC X
Geochem X

TW-06 ReMe.dbaio VOC. Non-Detect Result X
Geochem, Non-Detec Result X

1,1-DCE Has detections
Acetic Add X

Makllnity, Total X
Bromide X

Butyic Add X
Carton Tetrectlorlde X

Chloride Kas detections
Chlorlofor X _ _ _ _ _ _ _ _

Cis-I.2 DOE __ _ _ _ _ _ _ _X

Ethsers X
Latic Acid _ _ _ _ _ _ _ X _ _ _ _

Mn X ____

Nitrate Ilsdtcin
PmplorcAcic~d X ____

SulfateX
Sulfide Hsdtcin
POE X
TCE X

Page 4 of I I
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Table Q.
Stanury of Reult ftr Visua Analyids of Corceantica Ve. ins maePlts

StatloniD Grouping Analyo Not Applicable. one orno Generally Generally No Observable ChangeSample result Increasing Decreasing thoh el
______ _______________ ______________ ~~~~with Time witl meT ruh Time

t

l~W-f88 RFamed-M. VOC. NonDotedt Result ________ x
Geochem, Non-Detect Resldt ________ x

Acetic Acdd ____________ Has detections
Alkalinity, Total ________________Has detections

Bromide _________ __ Has detecons
Carton Toetachiloride _________ ___ Has detections

Chloride I-as detecion
CNormf..TI Has detctons

Cis-1.2 DCE ~~~~~~~~~~~~~Has detections

Nitrate ~~~~~~~~~~~~~~~~~~~Has detections,
Sulfate ~~~~~~~~~~~~~~~~~~Has detections,
Pa __________ ~~~~~~~~~~~~~~~Has dletections

__________ __________ Ta ~~~~~~~~~~~~~~~~~~~~~~~~Has distactons
M-2 Reniediation VOC x
________ Ge---- -C Ochm X

MWW g Remediation VOC X
Gsoohem X

MW-ge Remedlation VOC X

MW--97 Reniedlatlo VOC _________

MW-Se Remediation VOC X

MW-99 Remiedlafion VOC X

MW-laS Rmeodlation VOC. NonDetect Result x
Geoc hem, Non-Detect Result x

Acetic Acid Ka. detections
A~kaliniy, Total x _ _ _ _ _ _ _ _ _

Bromide x _ _ _ _ _ _ _ _ _

ButywlcAcid X _ _ _ _ _ _ _ _

Chloride _________ ___ Has detections
ClS-1,2-DCE X _ _ _ _ _ _ _ _ _

Elthane __ _ _ _ _ _ _ _ _X

Ethane X _ _ _ _ _ _ _ _ _

Formic Add Has deteions
Lact__ __ _c__sold ___I-aa detections

Mn X
Methane X _ _ _ _ _ _ _ _ _

M~~mic x _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Prop~onic Acid _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _X

Sulfate _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ x
PCE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~X
Trans-I 2-OCE ______________________ H~~~~as detectons
TCE ~~~~~~~~~~~X

________ _________ Vln~~~~~~~~4 Cidoride ~~~Has detections
MWi10 Remnediation VO.NnDtc eutX

MW-103 Remedraton VOC No-Detect Result X
_______ ~~~GeohenNo-etc ReIt x

MW104 Remedllatlon VOC. Non-Dtect Resultu X
_______ Geocliem.. Mo-UTfft Reut x

MW-lOS iRe-Medat OC No-eetResl X
Geochn, Non-Dtect Result x

Aceic Adid X
AlkloinityT. Tt x

Bromide x
B WAdd X

Carto Tetracd,lorqcde X _________

Chloride ________ ___ has detections
Chloroform _ _ _ _ _ _ _ X _ _ _ _ _ _ _

Cia-i1.2-DCE _ _ _ _ _ _ _ _ X
Eth~ane _ _ _ _ _ _ _ X _ _ _ _ _ _ _

Ethen __ _ _ _ _ _ _ _ _ X
Pot~lc ~Acdd ____________ Has detections,
Lacti add K_____________Hs detectfions

Mn ___________ Has detections
Methae _ __ _ __ _ __ _ x

Proplonic Adid _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _

Pr~vi Ad _ _ _ _ _ _ __ _ _ _ _ _ _ Has detetion
Sulfate _ _ _ _ _ _ _ X
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Tfl 4-2
Sammay of lensest tm Vwoad Analysis of Coecesatlon Verne TUs Plots
Rev. OW A oe-T &emud nt& r"n-- egl anq_ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _

StatinlD roupig fialSylte Not Applic~able, one or no Geeal Genewally No Observable Change

Statlonlo Grouping sample result ~~~~~~with Time with Time fieg ie

W-106 Remeditaton VOC, NonDotedt Resul _________ _________X

Geochem, Non-Dotedt Result ______________ _____X

Alkalinity, Total __ _ _ _ _ _ _ _ _ X

Carbon Tetrachbiode X
chlorkde x

Chbomfom, I-las detections
CIS-1,2-DCE X

Edhane H-as dletectmons
Ethere, Has detections

Fonru Acid K-as detections
Lacki acid X

Methane X
Nitrate Has detectons
Nifite H-ls, detedons

Proplonic Acid X _ _ _ _ _ _ _

Pynnle Acid Has detection
Sulfat H-as deatection

PCE X

MW.109 Remaiedaton VOC, Non-Deotd Resut X
Good,emn. Non-Deteaesult ________ X

Acetic Acid _ _ _ _ _ _ _ _ X
-Ajkftrny, Totl ________ X

Bl e,mide _ _ _ _ _ _ _ _ X
Butyric Acid __ _ _ _ _ _ _ _ _ _ _ _ X

- aro Tetractilonide ____ X
cM aode __ _ _ _ _ _ _ _ _ _ X

Chlorofom, __ _ _ _ _ _ _ _X

Cis-1,2-13CE __ _ _ _ _ _ _ _ _ X _ _ _ _
Etbane __ _ _ _ _ _ _ _ _X

Ethene __ _ _ _ _ _ _ _ _ _ _ _ X
Lactic acid Fl___________ ______ ______ as detections

Mn __________ _ _ _ _ Has detections
Methane _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _

Nitrate Has detections
Nhftit Fl____ as detections

S.Md. tie~~~~~~~~~~~~~~~~Hs detections

MW-1 ID Renmediaton VOC, Non-Detect Result X
Geocheni. Non-Detec Result Has detections,

Acetic Acdd
Alkainity. Total X

Bro ide X _ _ _ _ _ _ _ _

Carbon Teftachlnnodd x _________

Chloride Has detections
Chiorfom, X

Cis-1,2-DCE X
Ethane has detecions
Ethene X

Lactic acid _____________ ____ _Has deteconS
Mn X

Methan. _ _ _ _ _ _ _ X _ _ _ _ _ _ _

Nitrate __ _ _ __ _i___ __ _ __ _ _ Hs detecions
-Prpionic Adid H.________ _________ -a detecion

PyrricAcid ____________ _____ _____ Has detections
Sulfate _ _ _ _ _ _ _ _ _ _ _ Has dtcin
PC2 _ _ _ _ _ _ _ _ _ _ _ _ _ x _ _ _ _ _ _ _ _ _

TCE x _ _ _ _ _ _ _ _ _

Page 6 of I1I
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Tabl 4-2
&arnsawy of Results for Visual Anulyze of Concentratlonoo Verus i Pelot

Rev 0Ml l cg-TndGan, vasate'-,* ia,

StationiDf Grouping AnWNot Applicable, on. or no Generlly Generall No Observable Change
wii~~~ ~ _________________ ~ ~ampl $eul Increasing Decreasing thr:g T:izm

___________________ ~~~~~with Time with rme hog ie

PjAiintyotal ________ Has detections

Butfric Acid X7
C~aron Tetbachulode X

Chloride x
Chloroform Has detectons

CIS-1I2.2DOE X
EtharneX
Ethane x

Lactic acid ____ Has detectios
Mn x

Metane x
Nitrate X

Propionic Acid Has dletections
Sullate X

Trans-I .2-DOE ~~~~~~~~~~~~~~~Has doteclions

MW-1l2 Remedlatlon VOC No-etect Result X
Geo~ce, -Non-Dete Result X

Acetic Acdd _ _ _ _ _ _ _ _

Aikafinity, Total __ _ _ _ _ _ _ _ _ x

Bromide x

Chloride _ _ _ _ _ _ _ _ _ _ _ _ Has detecdons
Chilocoform __ _ _ _ __ _ _ _

%St;~Eno x
Stheno Has deatections,

Formic Acid H-as deatection
Lactie add Has detections

Mn h-as detections
Methanex
Nitrate H-as detections

Pyo~nic Acid Has detections

___ __ __ T OE __ _ _ _ _ _ _ _ _ _

MWll Re...cdation VOC, Non-Detct Result X
GeOCltemn, Non-Deec Result X

Acetic Add X ____

Alkalinity, Total _ ______ x

Butyric Acid _ _ _ _ _ _ _ _ X
Carton Tetrchlodde __ _ _ _ _ _ _ _ _ _X

Chlontde K____________ as detections
Chloroform ___________Has detectons

Euhene X
L-act]. add X

Mn Has detections
Methane x
Nitmte _ _ _ __ _ _ _ _ Has detectons
Nitrite __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _Has dete dt~on

I Proplonic Acld _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _
iSulfate __ _ _ _ _ _ _ _ _ _ _ _Has detectins
IPCE _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _

I__ _ _ TCE __ _ _ _ _ _ _ _ _ _X

Page loll I
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TtI 4-2
Swaq of ReutsforVWnIADnsysh ofCoaca faln Vrasu.in,. pi

StationlDGrouping AnalyteI Not Applicable, one or no Generally Generally No Obnservable Change
samle;;;lt Increasing Decreasing ti

StWt114i GroupaiongA a te rsl with Time will, Tim, th____ gh______

-114 Remediation VOC, Non-Detect Result ________ _______ X
Geochemn, Non-Detect Result _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X

Acetc Acid __ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _

Alkalinity, Totel X _ _ _ _ _ _ _ _ _ _ _ _ _ _

Bromide __ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _ _ _

Butyic Acid X _ _ _ _ _ _ _ _ _ _ _ _

Carbon Teftradloride _ _ _ X _ _ _ _ _ _ _

Chloride _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _ _ _

Chloroform __ _ _ _ X _ _ _ _ _ _ _ _

Cls-I1.2-DOCE __ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _ _ _ _

Ethiane _ _ _ _ X _ _ _ _ _ _ _ _ _

Ethone _____ _____ Has detections

Fonnic Acid _____Has detections,
Lacti acdd_______ ___ ____ Has detections

Mn._____ Has detectlc.s
Methane X _ _ _ _ _ _ _ _ _ _ _

Niarate s,__ _____ Has detelctios
Prapn.oc Acid X ____

Pywuric Add _ ___ Has detections
Sulfate _ _ _ _ X _ _ _ _ _ _ _ _ _ _

PCE _ _ _ _ X _ _ _ _ _ _ _ _ _ _

Trans-I 2-DOE H.____te detections

-115S Remediabon '100, NonDeec Result __________X

Geo nrn, Non-Detect Resuldt x
Acetic Acid __ _ _ _ X _ _ _ _ _ _ _ _

A~klkdinty Total _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Has dleteciors,
Bromide X _ _ _ _ _ _ _ _

Butyric Acid X _ _ _ _ _ _ _

Chloride __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ H as detections,
Ethane __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _

Ethone __ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _

Fornic Acid X _ _ _ _ _ _ _

M n __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _

Methane __ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _

Nitrate __________ Has detections
Nftfto _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Has detections

Prop btni Add _ _ _ X _ _ _ _ _ _ _

Statie _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Has detections
PCE _____ _____ Has detections

x
M-116 Remedlation VO00. Non-Detect Result _________ _________X

Geodiemn. NonDetect Result _____ _____X

Acetic Acdd _____ ______ Has detections
Alkalinity. Total _____ _____ Has detection

Bromnide __ _ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _

ciadoIde____ Has detections
Cls-l 2-DOE _ _ _ X _ _ _ _ _ _ _

Ethaene __ _ _ _ X _ _ _ _ _ _ _ _

Etoane X _ _ _ _ _ _ _ _

Foonic AcdHas detections
Mn X _ _ _ _ _ _ _

Nitrate X _ _ _ _ _ _ _ _ _

PNitt _____ ____ Has detecton
Mrpoi cid ____ ____ Has dletections,

Sullaen X _ _ _ _ _ _ _ _ _

PCE X _ _ _ _ _ _ _ _ _ _

lt.E ~~ ~~~~~~X _ _ _ _ _ _ _ _ _ _ _ _

W-117 Remediation VOC. Non-Detect ResultX
Geodhenm. Non-Deteact Result x

1.1-DCE Has detecions
Awtic Acid X _ _ _ _ _ _ _ _

Alkalinity. Toal x _ _ _ _ _ _ _ _ _

Butyric Aci X
Ctdoride .________ Has detections

C~s-1,2-DCE _ _ _ _ _ _ _ _ X

Ethene __ _ _ _ _ _ _ _X

Formic Adsd Has detectrios
Lactic acid ________________Has detections

Mn __ _ _ _ _ _ _ _ X
Methane __ _ _ _ _ _ _ _ X
Ndrt.W_ _ __ _ _ __ _ _ Has detections

Nitfte _________ Has detections
Propqini Acid _ _ _ _ _ _ _ _ _ X

Sulfate X
Sulfide __________ _________ Has detectios
PCE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Has detections

Trans-I1.2-DOE __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TO'Ea X _ _ _ _ _ _ _ _

________ ________ Virb4 C hl rde I _ _ _ __ _ _ _ _ X _ _ _ _ _ _ _ _ _
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Suruary of Fslows, for Visual Analsi~s of Coecstration eruSISISohT PlCt

OeN DM1org-was, Girlan"tigPlan __________

StationID Grouping ~~~~~~Not Applicable, one oren Gene,11y Geeal No abservable Change
sample result with Tinte with Tinie trug i.

V-118 Ramediation VOC. Non-Deated Result
Geociten,, NonDetect Result X ________

Acetic Add X _ _ _ _ _ _ _ _ _

Aikalinfty. otal __ _ _ _ _ _ _ _ _ _X _ _ _ _ _ _ _ _ _

Broride X _ _ _ _ _ _ _ _

Sulyric Acid X _ _ _ _ _ _ _

Chloride Has detections
Cia-I 2-DOE Has detections

Etitene X
ForMic Acid X

Mn X
Medhane X
Nitrate X
thos. Has detections

PnopJonic Add X
Pynn vi Acid Has detections

Sulfate _________ __ Has detctions,
PCE X
TOE _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _

M-119 Rannedlaton VOClC Non-Detec Result X
Geochern, Non-Dated R~esult __________X

Acetic Adid Has detection
Aika"Jty otal Has detecos"

Bromde Has detections,
Chloride Has detections
Ethane X
Edietie X

Mn, Has detectiors
Methans X
Nlfate Has detcton
Suffate, Has detections

i POE Hsdetections

MW-120 Rermediaton VOC, Non-Detect Result X
Geochemn. Non-Doetedk Result X

AceticAcid X _ _ _ _ _ _ _ _

Malkslhy, TOta Has detections

Butyki Acid X
Ch~lode Has detcton

Cll-I 2-DOE X
Etitane X
Ethene X

Fonnic Acid Has detections

Maten, __ _ _ _ _ _ __ _ _ _

Nehnde X

Nitrfte ________ _Has detections
1`ropiloric Acid __ _ _ _ _ _ _ _X

Py__ __ _ __ __ _ __Acid_ __ _ __ _ _Has detections
Sulfate __ _ _ _ _ _ _ _ _X

Sulfide _ _ _ _ _ _ _ _ _ _ _ _ X
POE __ _ _ _ _ _ _ _ _ X
TCE __ _ _ _ _ _ _ _ _ _ _ _Has detections

_________ _________ Vinyl Cr~orde X
MW-121 Rernedlatior VOC. Non-etect Resul _________ ___ X

Geochern, Non-Doetec Remult ________ ___ ____X

Acetic Acid __ _ _ _ _ _ _ _ _ _ _ _ _ _ _Has detections
Alkalnty, Total _________Has detecions

Chlorde M.__ _ _ _ _ __ _ _ _ _ a detctons
Ethane __ _ _ _ _ _ _ _X _ _ _ _ _ _ _

Ethene __ _ _ _ _ _ _ _X

Mn X
Mediane __ _ _ _ _ _ _ _ X _ _ _

Melsae_ _ _ _ _ _ _ _ _ _ _ _ _ _ Has detections
MeNtie ___________ X _____ Has detections

Sulfate ._______ Has detcton
PCE I__ _ _ _ _ _ _ _ _ _ _ _ X I _ _ _ _ __ _ _ _

________ ________ TO~~I E X
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StationiD Grouping Anatifte1 Not Applilcable, one or no nmmrlly Generally No Observble Change
sample reult Increasing Decreasing iugToe

with Time with Ti--e thogrme
W-122 Remedlation VOC, Non-Detect Resuft ____ ____X

Geodieni, Non-Detect Result _____X

AceticAcid X
Alkalnity, Total X

ButylicAcid __ _ _ _ _ _ _ _ _ _ _ _ X
Chloride _________ ___ Has det*oeton

Cis-1.2-DOCE X
Ethiane X
Ethane X

Formic Acid ___ _Has detections
Lacti. add X

Mn X
Methane X
Nitrate X
Niltrte H-as detecions

Propiodo Acid X
PyVi.~Acid Has detections

POE __ _ _ _ _ _ _ _ _ _X
Trans-I 2-DOE ________________Has detections

T E __ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _

W-123 Remnedlation VOC, Non-Detect Result X
Geohdiern Non-Detect Result __________X

AHccicAd X
Alkalinity. Total ________________Has detection

lromide _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _

Butyic Acid _ _ _ _ _ _ _ _ X
Chloride Has deteclions

Cia-1,2-DOCE X
Ethane X _ _ _ _ _ _ _

Ethe,en X _ _ _ _ _ _ _ _

Foni. Adid Has detecton
Lactic add X _ _ _ _ _ _ _

Mn X
Methane X

Nifafte _____Has detections
Proplonic Acid _ _ _ X _ _ _ _ _ _ _

Pyravic Acid Has deteCtions

M-124 Remediatfon VOC, Non-Detect Result __________X

Goode. NonDetect Result X
Acetic Acdd _____________ Has detections

Alkalinity. Total _____X

Bromnide, X
Chloride X _ _ _ _ _ _ _ _ _ _ _ _

rsi 2-DCE X ____

Etheane X
Eltene X

Mn X
Methane .X _ _ _ _

Nindte M.____ -e detections
Nftr~te H-as detections

PropionIc Adid Has detectdons
Sulfate Has detections
POE -Hasdetections

Trans-t,2-I)CE _ _ _ _ _ _ _ _ X
________ ________ ~~~TCE X

M-125 Remedlistion VOC. Non-D3etect ResultX
Ge Ne.1Nn-etect Result X

Acetic Adid __ _ _ _ _ _ _ _ _X

-Alkaliniy. Total Has detections
Broide X

Butyric Acid X
Chloride Has detectons

CiaI .2-DOE X
Ethane X _ _ _ _ _ _ _

Ethene X _ _ _ _ _ _ _

Mn X
Methane __ _ _ _ _ _ _ _ _ X
Nflfrtel.___ Has detectons
Nitrite Has detections

PropionicAcd _ _ _ _ _ _ _ X _ _ _ _ _ _ _

Sulfate Hsdtcin
POE ____ ___ Has detection

Page Il0of I I
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T" 4-2
Stirmary of Results for Visual Analsth of Co certgioe Vims Thu. plta

Re Ad Wtor-Tenn, Grandema Akrtfta Plan __________ _________

StatlonilD Grouping Alll' Not Applicable, one or n t Gnbmlly Genemll, No Observable Change
Aml~~~~e ~sample result Increasing Decreasing thoglie

PZ-03 Rerndidatron VOC. Non-D).adt Result X
Geochern, Non-Doted Result

PCE Has detectons
TCE - Has detections

PZ-O6 R~ededlaton VOC. Non-Dote Result X

PZ-07 Remnedlation VOC X
Gemchem X

Mw-3 Sentinel VOC. Non-Dtatd Result X
Geodem, Non-Detec Result X

Carbon Tefrachioddle Has detectons
Chlodrie X

Chlordofor Has detections
Mn X

Nitrate Has detections
Sulfate X
POE Has detecstions
ICE-- Hr -As detections

MW-38 Sentinel VOC. Non-Dotedt ResutA X
Geocherm, Non-Doted Result X

stlate X
ICE Has~~~~~~~~~~~~~~K detections

MW-O Sentinel VOC, Non-Doete Result X
Geodrern, Non-Doted Result X

Chlo ofotn. X _ ___

Cls-I1.2-DCE - __ _Has detetaions
PCE x _ _ _ _ _ _ _ _ _ _ _ _ _

MWO63A Sentinel VOC X
Geodienm x

MW4-38B Sentinel VOC X

MW-81 Sentinel VOC X
---- G;odrer x

.W-82 Sentinel VOC X

M W: Sentinel ~~~~~VOC _ _ _ _ _ _ _ _ _ _ _ _ _ _

MW-89 Sentinel -VOC - X
Geochtern X

AW-gO Sentinel VOC X

-1,07 Sentinel VOC X

M 107 Sentinel VOC X
Ge~chatrn X

dascied ongart crbon: n~s; rite ti sls,:slfide. cartn do46e: borr~de; chtrde; Venous Iron: nwlgntim:
alkcaindy metaotic favy adds.)

- VOC =Vcdstfl Organi Cor*Wnrcods~dett from Sws280O analysi.
VOC Non-etec .resl * My V isult repoted bMt lessM IeWan .ral detection ftrl
Geohen, flio-etc reslt MAy gede fl eut rePotd hot Wms Mmt laoatmoso detection trnt

2 Has detect~ns = The anayt .a detecte but en bInaing o, deaeastg mn ws not lisacenuble Man, Me data.
MP = Manganese
TOE * Trileconehyleoe
PME e TebIdrtorofl~tyten

MW63 = This well wa abandoned in late 2002and replaced by MW63A and MW63B
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TABLE 4-3
Mann-Kendall Trend Test Conclusions for PCE
Rev. 2 MI! Long-Term Groundwater Monitoring Plan

EBT Study Number of
Location Well Type WelIt'~ Sample Rounds p-valuelb) Decision SI

MW16 Background 7 -All Non-Detects 0
MW19 Background 7 -All Non-Detects 0
MW20 Background 8 - All Non-Detects 0
MW21 Performance 21 0.000 Significantly Increasing 132
MW22 Boundary 8 OJOC0 No Significant Change I
MW23 Boundary 8 0.191 No Significant Change -5
MW24 Boundary 8 -All Non-Detects 0
MW25A Performance 1 - <4 sample rounds
MW26 Performance 9 0.500 No Significant Change -1
MW34 Sentinel 15 0.102 No Significant Change -12
MW36 Background 5 -All Non-Detects 0
MW38 Sentinel 7 - All Non-Detects 0
MW39 Performance 8 0.012 Significantly Increasing 19
MW47 Boundary B 0.083 No Significant Change -12
MW5O Boundary 6 - All Non-Detects 0
MW52 Boundary 6 0.235 No Significant Change 5
MW53 Background 6 0.235 No Significant Change 5
MW55 Background 6 - All Non-Detects 0
MW62 Performance 3 - <4 sample rounds
MW63A Sentinel 1 - <4 sample rounds
MW63B Sentinel 1 - <4 sample rounds
MW64 Performance 2 - <4 sample rounds
MW66 Boundary 3 - <4 sample rounds
MW72 Boundary 4 - <4 sample rounds
MWB1 Sentinel I - <4 sample rounds
MW82 Sentinel 1 - <4 sample rounds
MW83 Sentinel I - <4 sample rounds
MW84 Sentinel 1 - <4 sample rounds
MW85 Performance 1 - <4 sample rounds
MW86 Performance Area 2 14 0.062 No Significant Change -29
MW88 Performance 14 0.104 No Significant Change 21
MW89 Sentinel 1 - <4 sample rounds
MW90 Boundary 1 - <4 sample rounds
MW92 Performance 1 - <4 sample rounds
MW93 Boundary 1 - <4 sample rounds
MW94 Performance 1 - <4 sample rounds
MW96 Performance 1 - <4 sample rounds
MW97 Performance 1 - <4 sample rounds
MW98 Performance 1 - <4 sample rounds
MW99 Performance 1 - <4 sample rounds

MW100 Performance 1 - <4 sample rounds
MWIOOB Performance Area 1 13 0.000 Significantly Decreasing -60
MW1O1 Performance 1 - <4 sample rounds
MW102 Boundary 1 - <4 sample rounds0 ~ ~~~MW1O2B Boundary 1 - <4 sample rounds
MWlO3 Performance I - <4 sample rounds
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TABLE 4-3
Mann-Kendall Trend Test Conclusions for POE
Rev. 2 Ml Long-Tenn Gmoundwater Mon (toting Plan

ERT Study Number of S
Location Well Type We~lli Sample Rounds p-value(b) Decision
MW1O4 Performance 1 - <4 sample rounds -

MW105 Performance Area 2 14 0.090 No Significant Change -25
MWI06 Performance Area 2 14 0.350 No Significant Change -8
MW107 Sentinel 1 - <4 sample rounds -

MWIO8 Boundary 1 -<4 sample rounds -

MWI09 Performance Area 2 14 0.000 Significantly Decreasing -62
MWIIO Performance Area 2 14 0.023 Significantly Decreasing -37
MW11I Performance Area 2 14 0.067 No Significant Change -28
MW112 Performance Area 2 14 0.006 Significantly Decreasing -47
MWI13 Performance Area 2 14 0.500 No Significant Change 0
MWI14 Performance Area 2 14 0.012 Significantly Decreasing -42
MW115 Performance Area 1 14 0.838 No Significant Change 19
MW116 Performance Area 1 14 0.134 No Significant Change 21
MW117 Performance Area 1 14 0.327 No Significant Change -9
MWII18 Performance Area 1 14 0.175 No Significant Change -18
MWI19 Performance Area 1 14 0.434 No Significant Change -4
MW12O Performance Area 1 14 0.100 No Significant Change 23
MW121 Performance Area 1 14 0.727 No Significant Change 12
MW122 Performance Area 1 14 0.007 Significantly Decreasing -45
MW123 Performance Area 1 14 0.778 No Significant Change 14
MW124 Performance Area 1 14 0.004 Significantly Increasing 48
MW125 Performance Area 1 14 0.744 No Significant Change 13

PZOI Boundary I - <4 sample rounds -

P703 Performance 1 - <4 sample rounds -

P704 Boundary 1 - <4 sample rounds -

PZ05 Boundary 1 - <4 sample rounds -

PZO6 Performance 1 - <4 sample rounds -

P707 Performance 1 - <4 sample rounds -

P708 Boundary ____ 1 - <4 sample rounds-

Notes
(a) - Trend analysis results may be influenced by enhanced reductive dechlorination during EBT study. Area
designation indicates the specific study area (Area 1: soybean oil injection; Area 2: sodium lactate)
(b) - p--value: is the probability that observed patterns in data appear to agree with an assumption that there are
no trends in the data over time.
S~p - Mann-Kendall Test Statistic



0 ~ ~~~TABLE 4.
Mann-Kendall Trend Test Conclusions for TCE
Rev. 2 Ml Long-Term Groundwater Monitoring Plan

EBT Study Number of
Location Well Type Well(a) Sample Rounds p-value~b Decision S

MlW1O Background 7 0.106 No Significant Change -6
MW19 Background 7 - All Non-Detects 0
MW2O Background 8 0.317 No Significant Change 5
MW21 Performance 21 0.038 Significantly Increasing 55
MW22 Boundary 8 0.064 No Significant Change -13
MW23 Boundary 8 - All Non-Detects 0
MW24 Boundary 8 AllI Non-Detects 0

MW25A Performance 1 - <4 sample rounds
MW26 Performance 9 0.365 No Significant Change -4
MW34 Sentinel 15 0.068 No Significant Change 30
MW36 Background 5 - All Non-Detects 0
MW38 Sentinel 7 0.198 No Significant Change -6
MW39 Performance 8 0.360 No Significant Change 4
MW47 Boundary 8 0.172 No Significant Change -8
MW50 Boundary 6 0.235 No Significant Change 5
MW52 Boundary 6 0.235 No Significant Change 5
MW53 Background 6 0.121 No Significant Change -5
MW55 Background 6 - All Non-Detects 0
MW62 Performance 3 - <4 sample rounds
MW63A Sentinel I - <4 sample rounds
MW63B Sentinel 1 - <4 sample rounds
MW64 Performance 2 - <4 sample rounds
MW66 Boundary 3 - <4 sample rounds
MW72 Boundary 4 -<4 sample rounds
MW81 Sentinel 1 -<4 sample rounds
MW82 Sentinel 1 -<4 sample rounds
MW83 Sentinel 1 -<4 sample rounds
MWB4 Sentinel I <4 sample rounds
MW85 Performance 1 - <4 sample rounds
MW86 Performance Area 2 14 0.379 No Significant Change -6
MW88 Performance 14 0.0311 Significantly Decreasing -35
MW89 Sentinel I - <4 sample rounds
MW90 Boundary I - <4 sample rounds
MW92 Performance 1 - <4 sample rounds
MW93 Boundary 1 - <4 sample rounds
MW94 Performance 1 - <4 sample rounds
MW96 Performance 1 - <4 sample rounds
MW97 Performance 1 - <4 sample rounds
MW98 Performance 1 - <4 sample rounds
MW99 Performance I - <4 sample rounds

MW100 Performance I - <4 sample rounds
MWIOOB1 Performance Area 1 13 0.000 Significantly Decreasing -64
MW1O01 Performance 1 - <4 sample rounds
MW102 Boundary 1 - <4 sample rounds

MW1O2B Boundary I - <4 sample rounds
MW1O3 Performance 1 - <4 sample rounds
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TABLE 4-4
Mann-Kendall Trend Test Conclusions for TCE
Rev. 2 Ml Long-Term Groundwater Monitoring Plan

EBT Study Number ofSI
Location Well Type Well(a3 Sample Rounds p-value~bl DecisionS
MWI04 Performance 1 -<4 sample rounds -

MW1O5 Performance Area 2 14 0.178 No Significant Change -16
MW1O6 Performance Area 2 14 0.603 No Significant Change 5
MW107 Sentinel 1 - <4 sample rounds -

MW108 Boundary 1 - <4 sample rounds -

MWI09 Performance Area 2 14 0.002 Significantly Decreasing -52
MW11O Performance Area 2 14 0.026 Significantly Decreasing -31
MWIII Performance Area 2 14 0.152 No Significant Change -18
MW112 Performance Area 2 14 0.034 Significantly Decreasing -32
MW1I3 Performance Area 2 14 0.118 No Significant Change -21
MWII4 Performance Area 2 14 0.105 No Significant Change -22
MW115 Performance Area 1 14 0.000 Significantly Decreasing -70
MW116 Performance Area 1 14 0.000 Significantly Increasing 62
MWII17 Performance Area I 14 0.000 Significantly Increasing 70
MWI18 Performance Area 1 14 0.000 Significantly Decreasing -72
MWII19 Performance Area 1 14 0.000 Significantly Decreasing -64
MWI2O Performance Area 1 14 0.696 No Significant Change 1 0
MWI21 Performance Area 1 14 0.000 Significantly Decreasing -64
MW122 Performance Area 1 14 0.027 Significantly Decreasing -36
MW123 Performance Area 1 14 0.034 Significantly Decreasing -33
MW124 Performance Area 1 14 0.002 Significantly Increaslng 520
MW125 Performance Area 1 14 0.000 Significantly Decreasing -67

P701 Boundary 1 - <4 sample rounds -

P703 Performance 1 - <4 sample rounds -

P704 Boundary I - <4 sample rounds -

PZ05 Boundary I - <4 sample rounds -

PZ06 Performance 1 - <4 sample rounds -

P707 Performance 1 - <4 sample rounds -

PZ08 IBoundary 1 - <4 sample rounds -

Notes
(a) - Trend analysis results may be influenced by enhanced reductive dechlorination during EBT study. Area
designation indicates the specific study area (Area 1: soybean oil injection: Area 2: sodium lactate)
(b) - p-value: is the probability that observed patterns in data appear to agree with an assumption that there are
no trends in the data over timne.

ISp- Mann-Kendall Test Statistic
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* ~5.0 Monitoring Frequency

This section presents a decision tree for defining well sampling frequency and the results of
using this tree in concert with information developed in Section 4 to define the sampling
frequency of the monitoring wells at the MI. The wells proposed for long-term groundwater
monitoring are then identified. Wells recommended for abandonment are also identified,
and the rationale for the selection is provided. Installation of additional monitoring wells is
also considered part of the LTM plan at the MI, and the rationale for these locations is
discussed in this section. Finally, this section also presents the close-out procedures for
demonstrating compliance with the RAOs.

5.1 Sampling Frequency Decision Tree
One of the most important tools required to optimtize an LTM program is a sampling
frequency decision tree. This is a logic flow diagram made up of a series of interconnected
decision points (DPs). Figure 5-1 presents a sampling decision tree to determine sampling
frequency at the MI. This decision tree is derived from the Final Long-Term Monitoring
Optimization Guide, prepared by the Air Force Center for Environmental Excellence
(AFCEE, 1997). At each point within the decision tree in Eigure 5-1, a "Yes" or "No" answer
leads either to another DP or to a recommendation. A narrative describing each DP is
presented in Attachment B.

5.2 Decision Rules for Sampling Frequency
Decision rules are important within the optimization process for a site because they can
promote consistent actions and acceptance for the program. Decision rules for defining
sampling frequency are typically "if-then" statements that specify the conditions under
which a specific action will be taken or a decision will be made. This section presents several
decision rules that to be used to define the sampling frequency during the LTM program.

5.2.1 Decision Rules for Treatment Areas
The following decision rules apply to wells within treatment areas or wells considered
essential to the optimization of the treatment system:

* Wells within the designated treatment areas are automatically considered for quarterly
sampling to monitor (1) the effectiveness of the electron donor injections (i.e., assess
organic carbon distribution) and (2) the progress of the enhanced reductive
dechlorination process. Verification of treatment system effectiveness will allow for
more rapid decisions regarding future remedial activities at the site.

Bi-weekly dissolved oxygen (DO), oxygen-reduction potential (ORP), temperature, pH,
conductivity measurements will be collected in the performance monitoring wells
(PMWs) starting one month after the initial injection event to assess the degree to which
groundwater quality is responding to the injection. These geochemical parameters were
selected because they are commonly used to evaluate anaerobic conditions and can be

AT1Wi160492¶TASK RD 03-kM REMEDIAL DESIGPNI LONG.TERM MONrTORLNG TECH MEMCWEV.3 LW TEGIMEMkTEWXIWV 3 MIGWW RD RPTDCC 5-I
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obtained from direct-reading field instruments resulting in real-dine adjustments in
injection strategy. Groundwater elevation measurements will also be collected as part of
the secondary performance monitoring events. This initial monitoring period will be re-
evaluated after six months to define the frequency of further monitoring events.

Sampling of the wells immediately downgradient or cross-gradient of the defined
treatment or injection area will coincide with the first sampling event for primary
parameters in the PMWs. Thereafter, the wells will be sampled semiannually for three
consecutive events before the sampling frequency is re-evaluated using recent and
historical data. Information from these wells will typically be used to verify that natural
attenuation processes are resulting in reduction of the plume size. Though not as
significant as the treatment area wells, this group of wells is expected to have
measurable COC and geochemical concentration changes relative to baseline conditions.

* Wells with lim~ited historical data that are immediately upgradient of the treatment area
will be sampled for four consecutive quarters before the sampling frequency is re-
evaluated. Information from these wells will be used to provide background
information for each treatment area and will alert stakeholders to changes in the
contaminant status of a comparison location, as the situation arises. I

* If samples from all wells within a designated treatment area indicate that the maximum
concentration of contaminants is below MCLs; for four consecutive sampling events,
then the treatment area warrants no further monitoring until the close-out monitoring
period begins. See Section 5.2.7 for further details on close-out monitoring.

5.2.2 Decision Rules for Background Wells
All background monitoring wells have been in place since the 1990's and have been
sampled at least four times, although the sampling frequency has varied. As discussed in
Section 4.3.1, COC concentrations have been near or below detection limidts in these wells.
The following decision rules for these wells are based upon review of existing data and the
purpose of background wells:

* If a background well has shown no contaminants above MCLs for the last four
consecutive sampling events, then the well will be sampled biannually to provide an
ongoing record of background conditions.

* If a sample from a background well reveals contamination above the MCLs for three
consecutive sampling events during the LTM program, then the well will be sampled for
four consecutive quarters to establish a revised trend for that location.

* If a new monitoring well is installed in a location considered to represent background
conditions, then the well will be sampled for four consecutive quarters to establish a
reliable data set for that location.

• If the treatment area nearest to the background well location is considered closed by
reason of reduction of contaminants to less than MCLs at the end of the compliance
monitoring period, then the associated background well warrants no further monitoring.
Section 5.2.7 presents additional information on the compliance monitoring for close-
out.
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* ~~5.2.3 Decision Rules for Boundary Wells
In this project, boundary wells are those along the boundary or perimeter of the MI and are
designed to monitor intrusion of contaminants from offsite sources. These wells can
typically be adjacent to or significantly up- or cross-gradient from a treatment area. Decision
rules regarding boundary wells are as follows:

* If a well has shown no contaminants above MCLs for the last four consecutive sampling
events, then the well will be sampled annually to provide an ongoing record of
background conditions.

* If a boundary well has been sampled fewer than four times since installation, then the
well may be sampled quarterly until four total samples have been collected to establish a
trend.

* If data from a boundary well indicate contamination above MCLs for two consecutive
sampling events during the LTM program, then a revised trend will be established for
that location.

* If a new monitoring well is installed as a boundary well, then the well will be sampled
for four consecutive quarters to establish reliable trend data for that location.

* If groundwater concentrations exceed MCLs for four consecutive sampling events at the
boundary wells, then contingency provisions will be established for implementation of
more active plume control measures.

0 *~~~ If the treatment area nearest to a boundary well is considered closed after completion of
the compliance monitoring period and there is no evidence (using historical data and
trend analysis) that contaminants are migrating from offsite, then the boundary well
warrants no further monitoring.

5.2.4 Decision Rules for Sentinel Wells
Sentinel wells are screened within or adjacent to a geologic window to the intermediate
aquifer. Decision rules regarding the sentinel wells are as follows:

* If a well has shown no contaminants above MCLs for the last four consecutive sampling
events, then four annual samples will be collected from the sentinel well to retain
measurement of groundwater quality and before re-evaluating the sampling frequency.

* If a sentinel well has been sampled fewer than four times since installation, then the well
will be sampled semiannually until four total samples have been collected to establish a
trend.

* New sentinel monitoring well will be sampled for four consecutive quarters to collect
reliable trend data for that location.

* If groundwater concentrations exceed MCLs for two consecutive sampling events at the
sentinel wells not scheduled for abandonment, then the following will occur:

1. A revised trend analysis will be conducted for that location.
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2. The B~r will consider another sampling frequency based upon review of historical
groundwater analytical daba and site geological/ hydrogeological characteristics. The
well may also be reclassified as a remediation or boundary well.

3. As discussed in the Final MI RD, contingency provisions will be established for
implementation of more active plume control measures.

If the plume(s) upgradient of the sentinel well has met the RAOs after the compliance
monitoring period is complete, then the sentinel well may be removed from monitoring.
Section 5.2.7 presents additional information on the compliance monitoring for close-
out.

5.2.5 Decision Rules for Well Abandonment
Wells will typically be selected for abandonment for one or more of the following reasons,
as shown in Figure 5-1:

1. The well is redundant, which is defined as:

* Wells that duplicate information.

* Wells that have been used to monitor a plume that has met cleanup criteria.

* Wells outside of plumes that are not in the flow pathway of on-coming plumes and
not required to establish background.

* Wells with analytical data that will have no clear, reasonable use in future decision
making such as consideration of when to implement a contingency.0

2. The well has sustained damage and cannot be repaired, or an object that cannot be
removed has become lodged in the well. A replacement well will be installed as needed.

3. Water quality is poor (e.g, very high turbidity). A replacement well may be installed as
needed.

4. The well may provide a path for contamination of groundwater because of substandard
construction. A replacement well may be installed as needed.

5. The well is permanently dry.

6. The well is not screened at an elevation that makes it usable for the LTM program.

7. The well was installed for a specific reason that no longer applies (e.g., the investigation
is complete). The well and location are no longer necessary for continued monitoring
based upon review of hydrogeological and chemical data.

8. If the treatment area nearest to the well location is considered closed because
contaminants are below MCLs, there is no evidence (using historical data and trend
analysis) that rebound of contaminant levels is occurring, and the BCT has determined
that the well warrants no further monitoring.
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5.2.6 Decision Rules for Future Sampling Efforts
Data trends will be used to establish the frequency of ongoing monitoring. The
Groundwater Monitoring Annual Report, as described in Section 9, will provide an
opportunity to review the data and establish the monitoring frequency for the coming year.
The monitoring frequency will be established using the following guidelines:

1. Trend of statistically increasing concentration of a COC over four or more sampling events:
Sample the well each quarter as long as the trend continues. Subsequent annual
sampling frequency reassessments and possible remedial response will consider well
type (i.e., treatment area, boundary, or sentinel well), contaminants, consultations with
regulatory agencies, and historical data, at a minimum.

2. No trend or stable concentrations: Continue to sample the well at the rate specified in the
decision tree and decision rules. Reassess annually.

3. Trend of decreasing concentrations or non-detections: Annually evaluate whether to decrease
the sampling frequency.

Analytical results in wells downgradient of treatment areas may be used to trigger a
contingency response action, as necessary; however, the concentrations should be
considered in light of the remedial method being used in the treatment areas. For example,
an increase in cis-1,2-DCE may be a result of the degradation of PCE and TCE and may be
temporary as the contaminants degrade to ethene.

* ~~5.2.7 RAO Compliance for Groundwater Plumes
As a result of multiple contaminant plumes in the fluvial aquifer beneath the ML a strategy
was developed for demonstrating compliance with the RAOs for all plumes. This strategy
will use the existing monitoring well network within each plume for sample collection and
to provide the required data. There are three parts to the strategy and each is defined as
follows:

1. No later than 18 months after initial electron donor injections are started, the RA
contractor will identify in a technical memorandum a subset of monitoring wells for
each plume that are representative of the entire plume at that time, both in area and
concentration. The subset should include wells that define the down-gradient boundary
of the plume (i.e., clean wells), wells within the treatment areas, and wells within the
areas subject to natural attenuation. Once approved by EPA and TDEC, this subset of
wells for each plume will be considered the compliance well network (CWN) for
purposes of demonstrating compliance with the RAOs.

2. When for any individual plume, the LTM results indicate that the plume is at or close to
MCLs in all locations, compliance monitoring will be initiated in the CWN.

3. Four consecutive rounds with all samples from CWN wells revealing contaminants less
than MCLs will be deemed as demonstrating compliance with the ROD for that plume.
Groundwater monitoring in that plume may cease, and wells unique to the plume's
LTM network, including the CWN wells, may be proposed for abandonment, with
approval from EPA and TDEC.
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5.3 Recommended Sampling Frequencies
The sampling frequencies recommended in this LTM plan are based upon review of
available data, decision rules for the sampling frequency, and review of each well in
comparison to the sampling frequency decision tree. The results of this analysis are shown
in Table 5-1 and summarized in Table 5-2. Figure 5-2 presents a color-coded map of each
location and the recommended sampling frequency. Sampling frequencies of monitoring
wells to be installed to address data gaps or to complete portions of the LTOA investigation
are discussed in Section 5.3.1. Abandonment was also recommended for 37 wells and
piezometers as discussed in Section 5.3.2.

5.3.1 Monitoring Wells to be Installed
As shown in Table 5-1 and on Figure 3-1 of the Final RD document, 26 new wells are to be
installed as part of the design-related investigation and up to an additional 20 more wells as
part of the performance monitoring for the MI RA. Data gaps exist in the southwestern VOC
plume location and concentration, specifically in the area surrounded by NM39, MW89,
MW9O, MW97, MW98, MW99, MW100B, and MWIO1. The aquifer in this area may range up
to 50 feet in thickness, therefore, well pairs may need to be installed to provide complete
coverage of the aquifer. Up to 16 design-related investigation wells will be installed in 'flA
1 by the RA Contractor to characterize the plume. In addition, data from these wells will
allow further refinement of TlTA 1 and associated treatment system. In TTA 2,
approximately 8 design-related investigation wells will be installed to refine the treatment
system layout. All of the design-related investigation wells will be sampled immediately
after installation and development to provide critical water quality information for the
additional proposed well locations. If the data indicate that the plume can be reliably
contoured, the additional wells may not be necessary.

In addition to the design-related investigation wells, up to 20 wells are recommended for
performance monitoring during the RA (Section 4 of MI RD). These wells will be divided
amongst the two treatment areas and will be installed during the mobilization for the
injection well installation. All available groundwater sample analysis data for VOCs will be
reviewed to optimize the locations of these performance monitoring wells.

Four other wells were installed during the design-related investigation from April through
June 2004 as part of the closure process for the LTOA. These reasons for installation of each
well and the location are as follows:

* As stated within the LTOA technical memorandum (CH2M HILL, July 2002), MW94 did
not meet the primary objective of being downgradient of LTOA Site SS-78. To meet this
objective, the BCT agreed to install a monitoring well approximately 500 to 700 feet
northeast of Site SS-78. This well is labeled as MW-94A.

* A well was installed within the "window" to the intermediate aquifer as part of the
closure of the LTOA program and to develop groundwater quality measurements
within a downgradient location in the intermediate aquifer. The location is at the
northwest boundary of the MI. Since contaminant concentrations have been detected
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within two wells, MW-34 and MW89, that are considered to be installed within the
upgradient portions of the "window," the downgradient location will be used to
establish a water quality baseline for the boundary location. This well is labeled as MW-
140.

During the LTOA effort, a monitoring well (MW-98) was installed in an inferred
downgradient position of LTOA site R134, based on available groundwater flow data.
However, with the installation and collection of potentiometric surface data from the
LTOA monitoring wells, groundwater appears to be flowing northeast instead of
southeast. Therefore, MW-98 does not meet the primary objective of being
downgradient of LTOA Site RIM4. To meet the objective, an additional monitoring well
was installed adjacent to MW-39 and is labeled as MW-39A

Upon review of the hydrogeologic data derived from the LTOA investigation, MW-108 does
not appear to be downgradient of Sites SS-42/43. Therefore, the primary objective of
installing a monitoring well downgradient of the LTOA sites was not met. A sentry well
was completed in the intermediate aquifer west of LTOA Site SS-42/43 as part of the design-
related investigation. This well was labeled as MW-141.. A decision tree for developing the
optimal location for sentry (or sentinel) wells has been developed and is included as Figure
5-3. Installation of additional sentinel wells will require knowledge of the chemical,
hydrogeological, and geological characteristics of the area surrounding the window into the
intermediate aquifer within the northwest corner of the MI.

* ~~5.3.2 Wells Recommended for Abandonment
Thirty-seven wells and piezometers are recommended for abandonment, based upon
review of location with respect, potential future use, and chemical and hydrogeological
importance. The principal reasons for recommending abandonment included redundancy of
the well and completion of sampling requirements during treatability studies. Table 5-3
presents the rationale for each well.
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TABLE 5-2
Summary of Sampling Frequency Analysis
Rev. 2 Ml Long-Term Gmoundwater Monitoring Plan

Frequency Well Number

multiyear (biennial) MW16, MW19, MW23, MW24, MW36, MW5Q, MW53, MW5,.

Annual MW22, MW3B, MW84, MWQ3, MW99, MW102B

Semiannual MW25A, MW52, MW63A, MW638, MW64, MW89, MW90, MWQ7. MW1O3, MWIO4,
MW1O7, MW1O8, P703, PZ06

Quarterly MW21, MW26, MW34, MW39, MWG2, MWBS, MW86, MWBS, MW92, MW94A (new),
MW96, MW98, MW100B, MW1O1, MVWI 13, MW1 1S, MVW1 25, MW140 to MW142 (new),
PZO7, IW1, IWS (Also includes appmoximately 38 wells to be installed as part of design-
related investigation and RA performance effort)
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TABLE 5-3
Rationale ftr Wells Recommended to be Abandoned
Rev. 2 Ml Long-Ternm Groundwater Monitoring Plan

Reason
Well Number(s) Numbert" Rationale

MWIB8 5 The well has not had enough groundwater to collect a sample.

MW20 5 The well was installed across the vadose zone-saturated aquifer interface
and does not produce representative sample data.

MW22 I The well is redundant due to its proximity to MWIO2B.

MW27 4 and 5 The well has been dry and has not had enough groundwater to collect a
sample or be gauged.

MW47 1 The well is redundant due to its proximity to MW102B.

MW66 2 A bladder pump is stuck in the well casing. MW66 will be replaced with a well
dlose to former monitoring well MW48.

MW72 1 The well was installed to detect an offisite plume, but 1999, 2000, and 2002
groundwater VOC analytical results from MW72 have been below reporting
limits and therefore the well is not serving its original purpose or the RD
objectives.

MWB1, MWB2, 5 The wells were installed to clarify the conceptual site model and orientation of
and MW83 the clay confining unit. The three wells satisfied the conceptual site model's

requirements and are not screened at the correct elevation for the RD
objectives. In addition, MW82 and MW83 are not located within a window to
the intermediate aquifer as other wells are (e.g., MW34) and >70 feet of a
dlay aquitard exists between the fluvial and underlying intermediate aquifers
at each of these locations.

MW94 Not The well was installed to be a monitoring well downgradient of the suspected
applicable, area-of-concern in the LTOA 3. However, recent groundwater potentiomnetric

surface maps indicate the monitoring well is not downgradient in the LTOA 3
site. Therefore, replacement well MW94A will be installed in a downgradient
position of the suspected area-of-concern in LTOA 3.

MWIOO, MW102 2 These wells are damaged but due to proximity of replacement well MW100S
and MW1O28 (they could be affected by the abandonment process),
abandonment is not recommended at this time.

MWIO5, MWIO6, 1, 6 These wells were installed for the FBT Treatability Study at the MI. The wells
MW1O9, MWI 10, are no longer required for the proposed RA for Treatment Areas 1 and 2
MWI I1, MWI1 2, because of redundancy.
MW1 14, MW1 16,
MW1 17, MWI 18,
MW1I19, MW1 20,
MW121, MW122,
MW123, MW124,
1W2, 1W3, 1W4,
IW5, 1W`7

PZO1, PZ04, 1 The piezometers are redundant due to their proximity to MW23, MWG6,
PZO5, PZ0B MWS2, and MW1O028. respectively. It is recommended that TOEC evaluate

Ithe usefulness of these piezorneters for their offsite investigations.

Note
(a) - from the Decision Rules
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6.0 Field Procedures

The sampling and analysis procedures presented below outline required activities
associated with the LTM at the MI. All sampling procedures presented herein will adhere as
closely as possible to procedures described in the EPA Region 4 Science and Ecosystems
Services Division Environmental Investigations Standard Operating Procedures and Quality
Assurance Manual (EISOPQAM), dated November 2001, USACE's Engineer Manual (EM)
200-1-3, dated February 2001, and the AFCEE Final LTCM Optimization Guide (October 1997).

6.1 Data Quality Objectives
The data quality objectives (DQOs) presented in Table 6-1 are established to achieve the
objectives of the LTM.

6.2 Well Installation
According to Table 5-1 and the MI RD, additional monitoring wells will be installed to meet
the LTOA objectives, as part of a design-related investigation, and for performance
monitoring during the RA. Each well will be installed using a drilling method selected by
the RA contractor. Well screen intervals typically will be positioned at different depths
within the fluvial aquifer. The estimated depth of the wells ranges from 110 to 135 ft bgs.
Wells will also be installed in the intermediate aquifer as needed.

6.2.1 Standard Well Installation Procedures
Monitoring and injection well installation will be performed in accordance with Shelby
County Rules and Regulations of Wells and Rules of the TOEC, Division of Water Supply,
Chapter 1200-410, Well Construction and Abandonment Standards. Where appropriate,
methods described in the 2003 American Society for Testing and Materials (ASTM) D5092-
02, Standard Practice for Design and Installation of Ground Water Monitoring Wells in Aquifers,
US Army CoTps of Engineers OIE EM 1110-1-4000, and EPA Region 4, Science and
Ecosystems Services Division ETSOPQAM (2001) will also be used. All drilling and well
installation activities will be conducted under the supervision of a professional geologist or
engineer registered in the State of Tennessee. Borehole diameters should be a minimum of 7
inches for a 2-inch ID monitoring well.

New monitoring wells will be constructed of 2-inch inside diameter (I.D.) polyvinyl chloride
(PVC) casing and screens. Injection wells will also be constructed of PVC, but will have a 4-
inch 1.0. Each well will have a filter pack around the screen and extending above the top of
the screen a minimum of 1 foot, a 2-foot thick bentonite seal above the filter pack, and
cement grout to ground surface installed through the drill casing. The wells will be straight
and plumb to allow passage of pumps or sampling devices.

ATUP.A1(fl9ZASK RD 03 -MI REMEOI~tOESenIGI LONG-TERM MONIT011ING TECH MEMOREV.3LTM TECH ME81EXEV.3 MIGIMP RD PTODOC -
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6.0 FIELD PROCEDURES

The documentation record and forms will document the following information for each
boring:

* Boring or well identification
* Purpose of the boring (e.g., soil sampling, monitoring well)
* Location in relation to an easily identifiable landmark
* Names of drilling subcontractor and logger

*Start and finish dates and times
*Drilling method
*Types of drilling fluids and depths at which they were used, if applicable
*Diameters of surface casing, casing type, and methods of installation
*Depth at which saturated conditions were first encountered
*Lithologic descriptions and depths of lithologic boundaries
*Sampling-interval depths
*Zones of caving or heaving
*Depth at which drilling fluid was lost and the amount lost
*Changes in drilling fluid properties
*Drilling rate
*Drilling rig reactions (e.g., chatter, rod drops, and bouncing)

Prior to drilling activities and between each well location, all drilling equipment and the rig
will be decontaminated using a high pressure steam cleaning wash as described in the
Section 6.7.

6.2.1.1 Logging of Bareholes0
Lithologic samples will be collected continuously in 10-foot intervals beginning at the
ground surface. Lithology of unconsolidated materials encountered in the boreholes will
generally be described in accordance with the 1990 ASTM D-2488-90, Standard Practice for
Description and Identification of Soils (Visual-Manual Procedure). A boring log will include:

*The Unified Soil Classification System (USCS) group symbol
*Identification of the predominant particle size and range of particle sizes
*Percent of gravel, sand, fines, or all three
*Description of grading and sorting of coarse particles
*Particle angularity and shape
*Maximum particle size or dimension
*Color using Munsell Color System
*Moisture (dry, wet, or moist)
*Consistency of fine grained soils
*Structure of consolidated materials

* Cementation (weak, moderate, or strong)

Additional information to be recorded in the log includes: depth to the water table, caving
or sloughing of the borehole, changes in drilling rate, depths of laboratory sample collection,
presence of organic materials, presence of fractures or voids in consolidated materials, and
other noteworthy observations or conditions, such as the locations of geologic boundaries.

AMU'AW42lASI( R03 -hREMEDIALDESQAA$L04GWm MWTRJG ENM EM'N~ 3 LTMTEEN MEMlEX V. 3 MJ WA D M RPfO62
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6.0 FIELD PROCEDURES

The headspace of soil samples will be screened with a flame ionization detector-organic
vapor analyzer (RID-OVA). The headspace samples will be brought (if necessary) to a tem-
perature of between 200C (680F) and 320C (900E), and the reading will be obtained 5 minutes
thereafter. The soil sample will be split into two jars and readings will be made with the FR)
(unfiltered) on one jar. If the FID reading is greater than 10 parts per million (ppm), a
reading will be made on the second jar with an activated charcoal filter on the RID. A total
corrected hydrocarbon measurement of the sample will be calculated by subtracting the
filtered reading from the unfiltered reading. Analytical instruments must be calibrated in
accordance with the manufacturer's instructions. The headspace samples will be collected
and analyzed using the following procedure:

1. From the sampling location, remove the top I to 2 inches of soil using a decontaminated
stainless steel spoon.

2. Fill ½h of two decontaminated 16-ounce containers with soil from the resulting hole
using the stainless steel spoon.

3. Cover the jars immediately with alumidnum foil and fasten the jar lids.

4. Allow the sample vapors to equilibrate in the jars (approximately 5 minutes).

5. Punch a hole in the alumninum foil with the tip of a calibrated FID.

6. Record the highest reading.

7. If the FID reading is > 10 ppm, repeat Steps 5 and 6 with the activated charcoal filter on0 ~ ~~~the calibrated FID for the second jar.
All measurements will be recorded on the logging form at the corresponding depths. The
samples will be handled in such a way as to minimize the loss of volatile compounds. Soil
cuttings will be examined for their hazardous characteristics. If suspect samples are
encountered, they will be noted on the boring log form for reference during investigative
derived waste (LOW) sampling.

6.2.1.2 Casing Requirements
The casing requirements that will be followed include:

* All casing will be new, unused, decontaminated, 2-inch inside diameter, schedule 40
PVC with internal flush joined threaded joints.

* The PVC will conform to the ASTM Standard F-480-88A or the National Sanitation
Foundation Standard 14 (Plastic Pipe System).

• Glue or solvent-welded joints will not be used to join casing.

6.2.1.3 Well Screen Requirements
Well screen requirements are as follows:

* All requirements that apply to casing will also apply to well screen, except for strength
requirements.

Monitoring wells will not be screened across more than one water-bearing unit.
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* The screen sections will be factory-slotted or wire-wrapped with 0.010-inch openings, no

less than la-ft in length, and no greater than 20 feet in length.

* A threaded PVC cap or point will be placed at the bottom of the screen.

6.2.1.4 Filter Pack Requirements
The filter pack material will be clean, bagged, sieve sized, silica sand, inert, hard, well
rounded (less than 2 percent flat particles), and free from roots, trash, and other deleterious
material. The sand will be certified free of contaminants by the vendor or contractor. The
filter pack will extend from the bottom of the hole to at least 2 ft above the top of the well
screen.

The filter pack will be installed with a bottom-discharge tremie pipe. The tremie pipe will be
lifted from the bottom of the hole at the same rate the filter pack is set. The contractor will
record the volume of the ifilter pack emplaced in the well. Potable water may be used, with
the approval of the field team leader (FT1L), to emplace the filter pack so long as no
contaminants are introduced.

6.2.1.5 Bentonite Seal Requirements
Following filter pack placement, a minimum 2-foot-thick bentonite seal will be placed above
the filter pack. The 100 percent sodium bentonite seal will consist of 1/4-inch or 3/S-inch
diameter coated (for slow dissolving) bentonite pellets. The bentonite seal will be installed
by gravity methods. The bentonite seal will be allowed to hydrate for a minimum of 4 hours
prior to the installation of the cement grout.

6.2.1.6 Casing Grout Requirements
Cement grout will be placed in the annular space above the bentonite seal to ground
surface. The grout will be pumped through a side-discharge tremie pipe and the length will
be no more than 5 feet from the top of the grout at all times. The pumping will continue
until grout has returned to the surface. No method will be permitted that does not force
grout from the bottom of the borehole to the surface. The grout seal will be Type 11 Portland
cement or American Petroleum Institute Class A cement with no more than 4 percent
bentonite. The grout will be mixed in the following proportions: 94 lbs. of neat cement, not
more than 4 lb. of 100 percent sodium bentonite powder, and not more than 8 gallons of
potable water. The grout will have a mixed minimum specific density of 9.4 pounds per
gallon (lb/ gal) or the manufacturer's recommended density. A mud balance will be used to
ensure the density of the mixture conforms to the manufacturer's standards. Prior to the
well completions, the boreholes will be topped off with grout to approximately 1 to 2 feet
bgs.

6.2.1.7 Surface Completion Requirements
Wells will be set as flush-mounted completions. The casing will be cut approximately
3 inches bgs and a watertight casing cap will be placed on the well. A small diameter (e.g.,
1/4-inch) vent hole will be placed in the upper portion of the casing, or a ventilated well cap
will be used. A small notch will be cut in the top of the casing to be used as a measuring
point for water levels.
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A freely draining 10-inch I.D. manhole cover with a locking lid will be placed over the
casing. The top of the casing will be at least 6 inches above the bottom of the box. The
manhole will be centered in a 3-foot-diameter, 4-inch-thick concrete pad that slopes away
from the manhole at ¾/-inch per foot. The identity of the well will be permanently marked
on the concrete pad. Where heavy traffic may pass over the well or for other reasons, the
concrete pad and valve box/lid assembly will be constructed to meet the strength
requirements of surrounding surfaces.

When a well is not installed in a concrete or asphalt drive or parking area, four 3-inch-
diameter concrete-filled steel guard posts will be installed. The guard posts will be 5 feet in
total length and installed at the corners of the well pad. The guard posts will be recessed
approximately 2 feet into the ground and set in concrete. The guard posts will not be
installed in the concrete pad placed at the well base. The protective sleeve and guard posts
will be painted a high-visibility yellow.

Wells will be secured with corrosion-resistant locks as soon as possible after drilling. The
locks will either have identical keys or be keyed for opening with one master key.

A well completion diagram will be submitted for each monitoring well or injection well
installed. It will include the following information:

a Well identification (this will be identical to the boring identification described)
* Drilling method
* Installation date(s)
* Elevations of ground surface and the measuring point notch
* Total boring depth
* Lengths and descriptions of the screen and casing
* Lengths and descriptions of the filter pack, bentonite seal, casing grout, and any back-

filled material
a Elevation of water surface before and immediately after development
* Summary of the material penetrated by the boring

The locations and elevations of the monitoring and injection wells will be surveyed by Allen
& Hoshall using benchmarks consistent with previous MI surveys.

6.3 Well Abandonment
After receiving approval from the BC`I' that specific wells are no longer needed, the project
team will abandon wells following the procedures described in the Rules of TDEC, Division
of Water Supply, Chapter 1200-4-10, Well Construction and Abandonment Standards. In
general, procedures should include grouting of the well in place. Grout should be brought
to the surface and replaced as the grout cures. Surface completion of the abandoned location
should be commensurate with the expected use. Additional procedures for well
abandonment are described in Section 6.9 of the EISOPQAM.

6.4 Well Development
Well development is essential for restoration of physical and hydraulic properties of the0 ~ ~~aquifer after new installation or, possibly, for existing well locations. Poorly developed
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wells can contain suspended solids that bias chemical analyses so that groundwater samples
do not represent subsurface conditions. Development will be carried out on well locations
according to procedures described in Section 6.8 of the EIS3OPQAM and Model Field
Sampling Plan (AECEE, 1997). Wells will not be developed for at least 24 hours after the
surface pad and outer protective casing are installed. All newly installed (and existing, as
necessary) wells will be developed until the column of water in the well is free of visible
sediment, and the pH, temperature, turbidity, and specific conductance have stabilized. In
general, field parameters are stable when nephelometric turbidity units (NTUs) are less than
10, pH is within 0.1 on consecutive readings, and temperature and specific conductance are
within 10 percent of previous readings. Records of well development will be kept within the
approved, site-specific field logbook.

6.5 Well Maintenance
Inspection of the monitoring wells in and around the MI will be conducted annually, in
addition to the site-wide groundwater monitoring activities. The inspections will be
conducted to evaluate the integrity of the monitoring wells and to perform repairs, as
necessary.

Before the inspections, geographidc information system (GIS) maps showing the monitoring
well locations for the MI will be generated for field use. The following information will be
recorded on Table 6-2 for each monitoring well:

*Date of inspection
*Depth to water and total depth of well
*Condition of protective casing/manhole cover
*Presence of well lock/well tag
*Condition of surface pad
*Condition of well cap
*Comments on other observations made during the well inspection

During the well inspections, simple repairs (replacing well caps, locks, etc.) will be made
when a deficiency is observed. Once the well inspection is complete for the MI, Table 6-2
will be reviewed and repair recommendations will be forwarded to the BCT within the 30
days for their consideration and approval. Well repairs will then be scheduled and
completed as necessary.

A well will be abandoned in accordance with Section 6.3 if it has sustained damage and
cannot be repaired, or an object that cannot be removed has become lodged in the well. A
replacement well will be installed as needed.

6.6 Groundwater Elevation Surveying
Groundwater elevation surveys will be performed site-wide twice each year, once during
the season of high groundwater elevations (May) and once during the season of low
groundwater elevations (November). These site-wide groundwater elevation surveys will
be performed just prior to quarterly sampling events (to minimize mobilization costs).
Groundwater elevations will be measured in all monitoring wells and piezometers at the
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MI. Results will be used to prepare groundwater contour maps, derive the groundwater
flow direction, assess hydraulic gradients, and monitor changes in groundwater elevations.

6.7 Groundwater Sampling
Sampling methods and equipment have been chosen to minimize decontamination
requirements, purge-water handling requirements, and the possibility of cross-
contamination, and are consistent with EPA ELSOPQAM (2001). Prior to sampling, sufficient
water must be removed (purged) from the well to ensure that the water being analyzed is
representative of the aquifer conditions.

6.7.1 Monitoring Technology
This section describes the three methods to be used for collecting groundwater samples:

1. Modified low-flow purging/sampling using Teflon®-lined tubing with either a
submersible pump, bladder pump, or peristaltic pump. This is the default method for
all wells.

2. Sampling using a polyethylene diffusion bag sampler (PDBs), whidch requires no
purging.

3. Use of a disposable Teflon® bailer.

The method selected for each well will depend on:

* The ability of the aquifer to provide sufficient recharge to support the low-flow
purging/ sampling method.

* Presence of vertical flow conditions within the aquifer at the well.

* The diameter of the well.

• The need to minimize effects on static aquifer conditions due to aquifer tests and other
studies being performed in the immediate area.

* The need to sample disarete sample intervals simultaneously.

If the monitoring well does not have a sufficient volume of water for the modified low-flow
sampling method, that well will be purged and sampled using a new disposable bailer. If
the diameter of the well is too small for a pump or the well is too deep for a peristaltic
pump, then the well will be purged and sampled using a new disposable bailer. If another
monitoring well located in the study area may be negatively affected by the withdrawal of
groundwater in the area, then diffusion samplers will be used. If it is necessary to gain an
assessment of the vertical distribution of VOCs at a particular location, then multiple
diffusion bags will be used to collect the samples.

6.7.2 Standard Sampling Procedures
The procedures described in this section are primarily for sampling groundwater using low-
flow techniques. The methods and procedures used in the field will adhere to procedures
described in the EPA EISOPQAM (2001). Where appropriate the sampling and purging
procedures presented in Low-Flow (Minimal Drawdown) Groundwater Sampling Procedures
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(Puls and Barcelona, 1996), Sections 7.2.2 and 7.3.3 will be followed. Construction,
installation, and sampling of the diffusion bag samplers will follow guidance developed by
the U.S. Geological Survey (2001) in User's Guide for Polyethylene-Based Passive Diffusion Bag
Samplers to Obtain Volatile Organic Compound Concentration in Wells.

Groundwater levels will be measured in monitoring wells prior to and during each
sampling event. Water levels will be measured using an electronic sensor with tape
graduated in 0.01-foot increments. Measurements will be recorded as depth to water from
the mark on the top of the well casing. Well number, date and time of measurement, and
depth to water will be recorded in the field logbook.

Before sampling, each well will be purged using low-flow methods to minimize both
agitation of the groundwater and sample turbidity. The following methods are consistent
with Low-Flow (Minimal Drawdown) Groundwater Sampling Procedures (EPA, 1996). The
intent of these procedures is to remove stagnant water from the well and introduce fresh
groundwater into the well at a rate that does not produce significant drawdown of the water
level in the well being sampled. This procedure reduces both the time it takes to purge the
wells and the quantity of water removed (IDW). The field team should keep the pumping
rate as low as possible, being careful not to lower the water level in the well. The anticipated
pumping rate is 0.15 to 0.25 gallon per minute (gpm) so that water levels do not decline
more than 1.2 inches (0.1 foot). Water level measurements should be made concurrently
with the water quality parameter measurements. Field measurements of DO, ORPV
turbidity, pH, temperature, and specific conductance will be made at the beginning and at
5-minute intervals during purging. The water quality parameters should be measured using
an airtight flow-through cell. Measurement data will be recorded in the field logbook, other
appropriate field form. Purging will continue until field measurements are stable to within
+1- 10 percent over three successive measurements. The above parameters will be
documented and the wells will then be sampled using the same low-flow pump rate.

Samples will be collected from monitoring wells using the low-flow bladder pump and
Teflon® tubing once the field parameters have stabilized. Headspace in the volatiles sample
container must be minimized by filling the sample jar until a positive meniscus is present.

Containers will be quickly and adequately sealed; container rims and threads will be clean
before tightening lids; unless otherwise specified, Teflon®-lined screw lids will be used to
seal the jar. Sample containers will be properly labeled and will be immediately cooled to
40C plus or minus 20C2, and this temperathire will be maintained through delivery to the
laboratory until the samples are analyzed. New tubing will be used and the pump
decontaminated for each well.

In addition to groundwater samples, QA/ QC samples will be collected during the field
effort. The QA/QC samples include field duplicates, matrix spike/matrix spike duplicate
(MS/MSD), ambient blanks, equipment blanks, and trip blanks. The quantity of QA/QC
samples collected at the site will be in accordance with guidelines in Section 8.

Proper documentation will be maintained throughout the sample collection effort, which
includes the maintenance of the field logbook, electronic capture of data using a hand-held
datalogger (optional), chain-of-custody records, and notation of monitoring well conditions.
Any unnecessary agitation of the groundwater during sample collection will be avoided to0
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prevent loss of the volatile constituents during the sample collection process. The use of
proper sampling containers is important to ensure that no chemical alteration occurs
between the time of field sampling and field analysis or laboratory analysis of the samples.
The sample containers and preservatives for each analysis are discussed in Section 7.

6.8 Decontamination Procedures
Decontamination procedures will vary according to the equipment being decontamidnated;
however, all procedures will be according to the EISPOQAM. All downhole drilling
equipment as well as other equipment will be decontam-inated according to procedures
presented in Appendix B of the EISOPQAM. Decontamination of the drill rig, drilling tools,
pipes, and bits, and all downhole equipment will be conducted between each well
installation. Decontamination of development equipment will be performed between each
well developed. Decontamination will consist of the following:

• Perform high pressure, low volume steam-cleaning.
* Wash and scrub with non-phosphate detergent (Liquinox) and potable water.
* Rinse with tap water.
* Rinse with deionized (or analyte-free) water.
* Rinse with laboratory grade isopropyl alcohol (PVC or plastic material will not be rinsed

with solvent).
* Rinse with organic-free water.
* Air dry to the extent practical.
* Wrap in plastic sheeting or aluminum foil.

Decontamination activities will be conducted on a concrete decontamination pad at the site.

Standard procedures for field equipment are described below.

Well Sounders and Groundwater Measurement Tapes: Decontamination procedures for
Teflon®, PVC, stainless-steel, and glass tubing used for groundwater sampling are listed
below.

* Wash with laboratory detergent and tap water.
* Rinse with tap water.
* Rinse with analyte-free (deionized) water.
* Wrap equipment in aluminum foil.

Field Parameter Measurement Probes: Field parameter measurement probes, (e.g., pH- or
specific ion electrodes, geophysical probes, or thermometers) that come in direct contact
with the sample will be decontaminated using the procedures listed below, unless
manufacturer's instructions indicate otherwise. Probes that make no direct contact (e.g.,
OVA equipment) will be wiped with clean paper towels.

* Rinse with tap water.
* Rinse with analyte-free (deionized) water.
* Solvent rinse if obvious contamination remains after rinsing and if solvent will not

damage probe.

* Rinse with analyte-free (deionized) water.
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Sampling Equipment for Organic and Metal Analysis: Teflon®, stainless-steel, glass, or
metal sampling equipment used to collect samples for organic and metal analysis will be
cleaned between sample locations as listed below.

*Wash and scrub equipment thoroughly with laboratory detergent and tap water.
*Rinse thoroughldy with tap water.
*Rinse thoroughly with deionized, analyte-free water.
*Rinse with solvent (reagent-grade isopropanol). Note: Do not rinse PVC or plastic

materials with solvent.
*Rinse with organic-free water and allow to air dry as long as possible.
*Wrap with aluminum foil to prevent contamination.

6.9 Residuals Management
Waste handling will be dealt with during the field activities. Waste may be classified as non-
investigative waste or investigative/field-generated waste. Non-investigative waste, such as
lifter and household garbage, will be collected on an as-needed basis to maintain the site in
a clean and orderly manner. This waste will be containerized and transported to the
designated sanitary landfill or collection bin. Acceptable containers will be sealed containers
or plastic garbage bags.

investigative/field-generated waste will be properly containerized and temporarily stored
at each site, prior to offsite disposal. The number of containers will be estimated on an as-
needed basis. Acceptable containers will be sealed, U.S. Department of Transportation-
approved steel 55-gallon drums or roll-off box-type containers. The containers will be
transported in a manner to prevent spillage or particulate loss to the atmosphere.

The field-generated waste will be segregated at the site according to the matrix (solid,
including soil, sediment, and PPE, or liquid, such as wastewater and development and/or
purge water) and means of derivation (drill cuttings and decontamination fluids). Each
container will be properly labeled with site identification, sampling point, depth, matrix,
COC, and other pertinent information for handling.

Soil cuttings generated from monitoring point installation procedures will be placed in
drums or other appropriate storage devices and stored at the site. The soil will be sampled
for final disposal purposes according to methods and analyses required by the accepting
transportation/storage/disposal facility (TSDF). Once the soil analytical data have been
obtained, the soil will either be removed from the NU within 60 days or if analytical results
for soil cuttings compare favorably with Region 9 PRGs for industrial exposure, the soil
cuttings can be disposed of by spreading on-site.

Wastewater generated from well development, purging, sampling, and equipment
decontamination activities must also be stored at the site prior to removal from the MI. Once
analytical data have been obtained, the water will be removed from the site within 60) days.

During past investigation activities at the MI and Dunn Field, IDW water was disposed of in
the City of Memphis sewer system after a temporary permit had been obtained from the

City of Memphis Public Works Department. The permit provided an explanation that the0
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water contained concentrations of contaminants similar to the effluent from the operating
I . ~~~Dunn Field groundwater extraction system, which discharges into the city's sewer system.

The same procedure will be followed during LTM activities.

6.1 0 Health and Safety
A Health and Safety Plans (HASP) has been prepared by CH2M HILL for the MI and Dunn
Field at the Memphis Depot (CH2M HILL, April 2002; last updated in August 2003). The
HASP includes company safety goals, objectives, and procedures. This HASP meets the
requirements specified in the USACE Safety and Health Requirements Manual, EM 385-1-1
(USACE, September 1996) The HASP can be modified to include the tasks presented herein.
A brief overview of the primary topics for the LTM program is presented in the following
sections.

6.10.1 Groundwater Sampling: Use of Pumping Equipment
The equipment used to obtain samples includes air-operated bladder-type pumps, electrical
generators, tubing, diffusion bags, and portable direct-reading instruments. The field
activities will include potentially hazardous environments and will require controls on
ambient air hazards.

6.10.2 Monitoring and Injection Well Installation
The installation of wells will require the use of rotasonic drill rigs, or other drilling
equipment selected by the RA contractor. The use of this equipment has inherent hazards,
including rotating mechanical equipment, potential hazardous atmospheres, high noise
levels, and potential slip, trip, and fall hazards.

6.10.3 Ambient Air Monitoring Action Levels
The existing HASP provides action levels for upgrading personal protective equipment
(PPE) from Level D/modified Level D to Level C and Level B. However, using engineering
controls to prevent VOC emissions is preferable to using PPE. If the action levels for Level
D/ modified Level D are exceeded during this project, the study work efforts will be revised
for corrective actions. Actions may include changing ambient air measurement locations or
bringing in equipment to reduce the hazards.

6.10.4 Contingency Procedures

6.10.4.1 Initial Response
Evacuation routes will be established by the site safety and health officer (SSHO). Personnel
will be notified of evacuation with intervals of three short blasts on an air horn or vehicle
horn, or by direct verbal communication. An air horn will be kept in the Support Zone at all
times during site activities. If evacuation is necessary, all personnel are to:

• Decontaminate to the maximum extent practical.
* Evacuate to the pre-determined evacuation point specified by the SSHO.
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The SSHO will account for all personnel and notify the FTL. Procedures have been
established in the HASP to protect human health and the environment both onsite and
offsite in the event of an accident or emergency during site activities.

6.10.4.2 Personnel and Lines of Authority
The SSHO is responsible for the overall direction and implementation of the contingency
plan and for overall coordination of any emergency response actions. Specific
responsibilities of the SSHO include, but are not limited to, the following:

* Notifying the local police, fire department, and other offsite emergency units, as
required

* Notifying the project manager and providing updates as conditions change
* Establishing emergency decontamination protocols and providing emergency first aid
* Site control
* Preventing further injury and contamination of personnel
* Directing offsite emergency response personnel to the scene and providing assistance
* Ensuring that onsite emergency response personnel don the proper PPE, if needed
* Providing medical background information about the sick and/or injured and

applicable site health and safety information to the offsite emergency medical
responders

*Accounting for all personnel, subcontractors, and visitors
*Assign individual(s) to accompany sick and/or injured personnel to hospital
*Completing any follow-up reports

In the event that the SSHO is unable to perform any of these duties, the site manager will
assume the responsibilities.

6.10.4.3 Subcontractor and Visitor Responsibilities
All site personnel, subcontractor personnel, and visitors will be responsible for:

*Reporting any site emergencies to the SSHO
*Knowing the exit location and evacuation route within the exclusion zone
*Knowing the pre-planned assembly point and going there in the event of an emergency
*Decontaminating to the fullest extent possible before leaving any containment area
*Preventing the spread of further contamination by leaving all contaminated PPE and

equipment at the work site
*Assisting emergency response personnel as requested
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TABLE 6-1
Data Quality Objectives
Rev. 2 Ml Lon g-Tenn Groundwater Monitoflng Plan

Qualitative 000 Quantitative 000 Method to Obtain 000
Assess temporal and spatial Collect groundwater samples from Analyze groundwater samples
distribution of COCs to monitoring wells, injection wells, and collected during LTM events. Analyze
evaluate possible offsite piezometers during LTM events, all by SW846 Method 82608.
migration to receptor exposure Results will be compared temporally
points and spatially.

Assess temporal and spatial Collect groundwater samples from Analyze groundwater samples
distribution of natural monitoring wells, injection wells, and collected during LTM events by
attenuation parameters to piezometers during LTM events. Also various methods including AM119A,
evaluate its occurrence and includes field measurements of EPA 415.1, E300.O, E31 0, E325.2
effectiveness, temperature. pH, turbidity, color, E354.11, E374, E375, SW846 9056,

visible particulate, water level, redox SWB46 6010B.
potential, dissolved oxygen, Hach Kit
for ferrous/total iron, and carbon
dioxide Hach, digital titrator test.

Develop vertical profile of VOC Collect groundwater samples from Analyze groundwater samples
distribution within fluvial aquifer monitoring wells, injection wells, and collected during LTM events. Analyze
to help evaluate overall piezometers during LTM events, all by SW846 Method 8260B.
performance of the remedial Results will be compared temporally
systems and long-term and spatially.
migration of COCs.

Assess spatial and temporal Compare results of groundwater Collect groundwater samples from
impact of electron donor sample analysis for CVOC and natural monitoring wells in pre- and post-
injection on CVOC attenuation parameters for pre- and injection events and analyze according
concentrations and aquifer post-injection samples. Statistical to SW-846 Method 8260B and for
geochemistry. trends will be developed and analyzed natural attenuation parameters.

to evaluate treatment system effect.

Assess CVOC, tracer, and Analyze dlowngradient groundwater Inject groundwater tracer prior to
geochemical concentration sampling for CVOCs, natural injection of electron donor substrate.
changes and flow patterns attenuation parameters, and Install monitoring wells and collect
within aquifer to evaluate groundwater tracer. Statistical trends groundwater samples according to
transport of reductive will be developed and analyzed to SW-846 Method 82608 and analyze
dlechlorination enhancement evaluate treatment system effect. for spatial and temporal patterns of
materials within the aquifer results in each dlowngradient well.
(i.e., radius of influence).

Calculate rate of reduction of Use baseline and post-test CVOC Install injection wells. Install monitoring
OVOC concentrations and concentrations, time elapsed, and wells and collect baseline groundwater
estimate time required to meet groundwater flow rate from tracer test samples according to SW-846 Method
regulatory levels to estimate the time required to reduce 8260B. Inject groundwater tracer prior

entire plume to regulatory levels, to injection of electron donor substrate.
Calculate changes in CVOC mass Collect groundwater samples from
over time, monitoring wells and analyze for

patterns of results in each
dlowngradient well.
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TABLE 6-1
Data Quality Objectives
Rev. 2 Ml Long-Term Gmouncwater Monitoring Plan

Qualitative DQO Quantitative 000 Method to Obtain 000

Evaluate persistence or Analyze downgradient groundwater Install injection wells. Install monitoring
depletion of electron donor samples for OVOCs and natural wells and collect baseline groundwater
substrate in aquifer. attenuation parameters. Compare samples according to SW-846 Method

concentrations after end of test to 8260B. Also analyze for substrate
baseline levels considering the time content. Inject electron donor
elapsed. Also, determine if substrate substrate. Collect groundwater
continues to appear in monitoring wells samples from monitoring wells and
as product. Calculate changes in analyze for patterns of results in each
electron donor mass over time. downgradient well.

Verify that cleanup goals have As part of the site closeout process Collect groundwater samples from
been met at points of (Section 1 1), a rebound study involves monitoring wells following the last
compliance using a rebound terminating enhanced bioremediation anticipated injection event and analyze
study. treatment and allowing the according to SW-M46 Method 8260B

groundwater system to reach steady- and for natural attenuation parameters.
state. Groundwater sampling (CVOCs
and natural attenuation parameters)
and trench analysis is then used to
verify that remediation goals have
been attained.

Characterize solid and Collect water and soil samples from Analyze water samples from aqueous
aqueous waste for appropriate disposal containers according to waste according to Methods SW846
offsite disposal. sampling plan and compare results to 8260B, 60108, and 8270G. Analyze

disposal criteria. soil samples from solid waste by
Methods SW1311 82601B, 8270C,0
8081A, 8151A, and 7470A, and 1030,
9045A, and Chapter 7.3
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* ~7.0 Analytical Protocols

7.1 Analytical Parameters
Water samples will be normally be analyzed for VOCs and natural attenuation parameters.
Samples will also be analyzed for arsenic, selenium, iron, and manganese to assess
groundwater geochemnistry within the treatment areas.

Based upon review of VOC frequency of detection (Tables 3-4, 3-5, and 3-6) a revised,
shorter list of VOCs is planned. Table 7-1 presents the short list of VOCS. Table 7-1 also
presents the proposed list of parameters to assess the extent to which natural attenuation is
occurring. For VOC analysis, US EPA Method SW826OB will be used for the first four
consecutive rounds for new monitoring points. Method SW8021B may be used for
performance monitoring after the initial four events. Method SW8260B will also be used for
the RAO compliance monitoring samples. Bi-weekly dissolved oxygen (DO), oxygen-
reduction potential (ORP), temperature, pH, conductivity measurements will be used to
assess the degree to which groundwater quality is responding to the injection (Section 3 and
5.2.1 of MI RD). Table 7-2 presents a summary of the sampling and analyses proposed for
the initial LTM program.

* ~7.2 Detection Limits
Detection limits achieved by the laboratory performidng the analyses must be sufficient to
achieve the DQOs of the sampling program. The analytical methods listed in Table 7-2 are
recommended for use during the LTM program because they typically have low detection
limits. Recommended detection limits are provided in Attachment C.
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TABLE 7-11
Proposed List of Analytical Suites and Parameters0
Rev. 3 Ml Long-Term Groundwater Monitoring Plan

Parameters Analytical Method

Volatile Organics (Shodt List)
1,1,2,2-Tetrachloroethane cis-1,2-Dichlroroethene SW80218B or SW8260B (Note: Method 8260B
1 ,1-Dichlmoroethane Ethylbenzene will be used for the first four consecutive
1 1-Dichlroroethene mn,p-Xylene (sum of isomers) rounds for new monitoring points. 80218B may
1, M 1-Trichloroethene Methylene chloride be used for performance monitoring after the
I1.2-Dichlroroethane Methyl ethyl ketone (2-Butanone) initial four events. 8260B will also be used for
2-Hexanone o-Xylene (I1,2-Dimethylbenzene) the RAO compliance monitoring samples.)
Acetone MTBE
Benzene Tetrachloroethene
Carbon disulfide Toluene
Carbon tetrachloride trans-i1,2-Dichlmoroethene
Chloroform Trichloroethene
Chloromethane Vinyl chloride
Chloroethane

Natural Attenuation Parameters

Dissolved Gases (ethane, ethene, and methane) ASTM 1945, AM19A. or RSK175
Total and dissolved organic carbon EPA 415.1 or 415.2
Nitrate, nitrite E300.0 or E354.1
Sulfate E30040 or 375
Sulfide E374
Carbon Dioxide CHEMetrics Method 4500
Carbon Dioxide b Hach Kit0
Bromide SW-846 9056
Chloride E325.2
Ferrous Iron b Hach Kits
Alkalinity E31 0

-Metabolic Fatty Adids Ion Chromatography or Lab will specify

Metals

Arsenic SW6010817471A
Manganese
Selenium
Total iron
Notes
a) 10% ofsamples will be analyzed for carbon dioxide in the laboratory to calibrate field results.
b) Conducted in the field with a test kit
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0 ~8.0 Data Management, Analysis, and

Interpretation

8.1 Data Management
Data management for this LTM program will match the requirements of the DQOs
presented in Section 6.0. Data will include field data from direct-reading instruments and
laboratory analysis of samples. The information presented in this section is considered
supplemental to the Final Generic QAPP for the Memphis Depot activities.

8.1.1 Sample Numbering System
During sampling events conducted during the field effort, nomenclature will be used to
distinguish between categories of sampling events, sample locations, and, where appro-
priate, depth of sample collection. Sample numbering protocol will be as shown in Table 8-1.

8.1.2 Screening Data Management
Field screening efforts will include ambient air screening around monitoring wells;
monitoring well borings; confirmation borings using an OVA-FID; screening of ground-
water during purging procedures with portable direct-reading instruments; and field
analysis of various parameters using Hach field test kits. During field measurements, the
data collected from instruments will require the full attention of the operator to ensure that
reported values are not misinterpreted or misunderstood. Data that will be recorded with
each measurement include the following:

* Date and time
* Elapsed time since test began, as necessary
* Location of measurement and/or location where the sample was collected, as necessary
* Instrument measurement

Each measurement will be handwritten into a field logbook and the data will be transferred
into an electronic file.

Other field notes to be collected and written in the field logbook include: weather
information; personnel present during onsite activities; subcontractor names and activities;
sketches of the site; and all other pertinent information that may affect study results. Also
recorded in the field notes will be Hach field test kit calibration procedures, Hach test
results, and observations made during the field analysis process. This information will be
included in the Annual Groundwater Monitoring Report, as necessary.

Laboratory screening data will be collected using standard laboratory methods. The data
quality will be limited by the level of QA/QC procedures applied. All results of screening
tests conducted by laboratories will be qualified in the reports of the treatability tests to

* ~~~assure appropriate use.
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Sfl DATA MANGEMFNT, ANAIYSIS. AND INTERPRETAllON

8.1.3 Analytical Laboratory Data Management
Multiple samples will be submitted to an analytical laboratory for VOC and natural
attenuation analysis and reporting. During collection of groundwater and soil samples, the
date, time, location of sample collection, and sample number will be recorded in the field
logbook. This information will be transferred, as required, to the chain-of-custody
documents. Copies of the chain-of-custody documents will be kept at the site until the
project is over and will be transferred to the site files for record keeping.

After the analytical data have been received from the laboratory, the data will be stored
electronically, summarized, and reproduced for the Annual Groundwater Monitoring
Reports, described in Section 9. All data will be reviewed by a project chemist for QA prior
to finalization. If there are any differences between the chemist's and the laboratory's review
of the data, a letter report will be issued describing the differences and any potential results
from the study. An electronic deliverable (EDD) will be submitted according to parameters
set forth in the SEM Environmental Data Management System tool set (EDMS).

Data management tasks for CH2M HILL Memphis Depot projects have been accomplished
through the use of the EDMS. The current tool set being utilized is EDM597._Generic. This
CH2M HILL tool set is proprietary software, and was developed to support a variety of
needs and site management projects. The EDMS tool set is Microsoft Access 97 based, with
associated project data tables residing in either an Access 97 database or in a Microsoft SQL
Server database. Through the use of menu-driven screens, the various EDMS components
can provide both field and analytical support for a project.

Field data support includes the management of field data such as location survey
information, field sampling information, well construction information, lithology and
stratigraphic data, water level data, in situ field measurements, downhole measurements,
and vapor data. hin addition, field support includes the ability to generate sample container
labels, chain-of-custody documentation, and various reports to assist with the scheduling
and login functions.

Analytical data support includes automated QC checks of the laboratory EDDs, support for
the data validation and data quality evaluation functions, and the generation of both
electronic and hard copy data deliverables. EDDs include data exports for risk assessment
support, CAD support, GIS support, as well as client-specified EDDs. In addition,
standardized and custom data tables or reports can be generated to support the project
report development process.

The laboratory EDI~s are submitted by the laboratory in a comma separated variable (CSV)
format that is directly importable by EDMS. The EDD consists of 47 fields of data per row,
which represents one record. Each record in the EDD is one analytical result, and all the
information required to evaluate that record or link it to its associated laboratory QC is
contained in that record. Additional information on the EDMS system can be found in
Attachment D.

All analytical fractions are reviewed, data are validated for compliance with the analytical
method requirements, and findings documented. This process also includes a review of the
data to assess the accuracy, precision, and completeness following procedures modeled on
the following:
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* Chemical Quality Assurance for Hazardous, Toxic and Radioactive Projects (EM-200-1-6) (U.S.0 ~ ~~~Army Corps of Engineers, 1997)
* National Functional Guidelines for Organic Data Review (USEPA Contract Laboratory

Program, October 1999)
* National Functional Guidelines for Inorganic Data Review (USEPA Contract Laboratory

Program, July 2002)

QA/QC summary forms and data reports are reviewed.

8.2 Data Analysis and Interpretation
Laboratory analytical and field natural attenuation data for all sampling efforts will be
summarized (tabulated) and graphed in Annual Groundwater Monitoring Reports. Data
collected at each monitoring location during LTM will be compiled to compare
changes/ trends in the natural attenuation and target groundwater analytical parameters
during sequential sampling events. Additional information on the annual report contents
can be found in Section 9.

Analyti'cal data will also be routinely contoured by an experienced investigator using Surfer
8.0 (or similar software) to view changes within each natural attenuation parameter as well
as VOCs and degradation products. Radial concentration plots of natural attenuation
parameters will also be developed for each well and sampling event and placed on a map to
identify site-wide patterns. All Surfer 8.0 and radial concentration maps will be presented
within the Annual Groundwater Monitoring Report. As data sets are developed from0 ~ ~~sampling, the data will be analyzed using the Mann-Kendall test, as described in Section 4.4,
to identify possible trends and assess potential required changes in sampling frequency.

Groundwater modeling of the natural attenuation process may be performed to optimize
the LTM program. The groundwater model will use the available analytical results and
groundwater parameters. The results of the modeling may be used to reassess the rates of
natural attenuation of the contaminant plumes.
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TABLE 8-I
Sample Numbering Protocol

Rev. 2 Ml Groundwater Monitoring Plan

Type of Sample(s) Example Sample
Sampling Event and Location Sample Number Description Number
Treatment Area MI Groundwater All samples will be designated "TTA1- MW148-TTAl-B
Baseline Sampling of B" to reflect this baseline event at Area
Monitoring and 1 and rrTA2-Bn to reflect the baseline
Injection Wells event at Area 2. Sample numbers will

reflect monitoring well locations.
MI Wide Baseline Ml Groundwater All samples will be designated with a MW141-B
Sampling of B" to reflect this baseline eventL Sample
Monitoring Wells numbers will reflect monitoring well

locations.
Treatment Area and Ml Groundwater Samples will be designated "QE" to MW92-QE-1
Ml wide Quarterly reflect the quarterly event. A number
Sampling of (beginning with 1) will be posted at the
Monitoring and end of "GE' reflecting the sequential
Injection Wells sampling events. Sample numbers will

reflect monitoring well locations
Treatment Area and Ml Groundwater All samples will be designated with MW1 6-BA-i or MW23-
MI-wide Biannual, either "BA, A", or "SA followed by a A-i or MW63A-SA-l
Annual, or number (beginning with 1) reflecting the
Semiannual Sampling sequential sampling events. Sample
of Monitoring and numbers will reflect monitoring well
Injection Wells locations.
Notes
For duplicate samples, a "false" well number will be used in order to create a double-blind duplicate. Matrix
spike/matrix spike duplicates will be denoted with an 'MS/MSD" at the end of the sample number. Equipment,0
field, and trip blanks will be designated with 'EB', "FB", and 'TB", respectively.

If groundwater samples are collected with PDBs, each sample number must reflect the top and bottom depth of
the diffusion bag in the well.
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0 ~9.0 Program Review Plan

This section presents information on the contents of the Annual Groundwater Monitoring
Report, as well as information on potential optimization aspects of the LTM program.

9.1 Reporting Requirements
Quarterly monitoring reports will be reduced to searchable databases that will be posted on
the worldwide web or given to stakeholders on a compact disc (CD). The validated data will
typically be available 2 months after the end of each sampling event. The Annual
Groundwater Monitoring Report will be a much more comprehensive document, and will
include:

* Summary of the scope of activities to date within the time period that the report covers
* Summaries and description of field and analytical data collected to date
* Basewide well location maps for all monitoring and injection wells
* Any deviations that occurred from the approved sampling and analytical standard

operating protocols during the previous year.
* Maps showing plumes, COCs, contaminant concentration and mass, and potentiometric

surfaces
* Description of wells installed or abandoned within the monitoring periodS *~~~ Review of geology and hydrogeology, including cross-sections, of the site A cumulative

presentation of data (and trend analyses as appropriate) indicating the progress of the
remedy toward achieving the RAOs.

* Data Quality Evaluation reports
* Effectiveness summary of the enhanced bioremediation treatment system and of the

entire remedy in comparison to RAOs (see Section 9.1.1 below)
* Optimization efforts within the LTM program
* Evaluation of possible new exposure pathways and receptors (i.e., risk assessment re-

evaluation)

The annual Groundwater Monitoring Program report will be 60 days after receipt of data
from the annual or fourth quarter sampling events. Annual Groundwater Monitoring
Reports will be made available electronically and on the worldwide web. Paper copies of
final documents will be sent to the information repositories and one paper copy of all
primary documents will be sent to EPA.

9.1.1 Remedial Process Review
In parallel with the development of the Annual Groundwater Monitoring Report, annual
performance assessments are required under the Defense Environmental Restoration
Program (DERP) guidance. These assessments consist of reviewing the remedy for
effectiveness and advancement toward achieving RAOs. Figure 9-1 presents a flow chart for
the annual evaluation process. If the remedy has not achieved the RAOs, the following

process review points may be addressed:
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* Is the remedy performing as intended against established performance metrics?
* Are there methods for optimization to improve the performance of the remedy?
* Are other remedies available that can achieve better performance?

If all of the answers are positive, the remedy may undergo a review for optimization or a
contingency remedy may be identified and implemented. If the process review indicates
that all of the responses are "no," then the remediation may undergo evaluation of technical
impracticability. This review may ultimately lead to continuing with the selected remedy
and LTM of performance. If the groundwater data indicate that COCs are migrating off-site
or into underlying aquifers at levels greater than MCLs, the BCr will evaluate changes to
the remedial action plan as discussed in Section 3.4 of the Final RD.

9.2 Optimization Elements of the LTM
This section presents several possible aspects of optimization to be considered after data are
accumulated from the monitoring events. The optimization process focuses on collecting
relevant data and optimizing the LTM process in order to most efficiently achieve the
objectives of the LTM program and eventually enabling it to be terminated. To promote
efficiency of an existing LTM program, the optimization process should be reviewed and
updated periodically using the LTM optimization guidance principles developed by AFCEE
(19974

9.2.1 Groundwater Analysis
Data analysis wrnl be performed on a consistent basis as outlined in Section 8.3. As data
packages are developed, software can be used to make the LTM program more efficient and0
effective. For example, the Monitoring and Remediation Optim-ization software (MAR05) 3

is a decision support tool based on statistical methods applied to site-specific data that
accounts for relevant current and historical site data as well as hydrogeologic factors (e.g.
groundwater velocity) and the location of potential receptors (e.g., wells, discharge points,
or compliance boundaries). Based on this site-specific information, the software helps
identify monitoring wells that are: (1) sampled too frequently, or (2) redundant because the
well provides little additional information about the plume. The software is intended to
serve as a combined data management/ data analysis system for those involved in
monitoring groundwater plumes but who are not statistical experts.

9.2.2 Optimization of Groundwater Monitoring
The role of groundwater monitoring has changed over the past decade, from tracking the
basewide distribution of indicator chemicals, to tracking COCs during the individual site
remedial investigations, to the current program of monitoring the performance of RAs and
assessment of natural attenuation. Groundwater RAs and associated monitoring are long-
term activities because of the slow dissolution of non-aqueous liquids, the gradual
desorption of contaminants from the soil matrix to the groundwater, the large variability of
groundwater flow velocities, and the slow diffusion of contamination from low-
permeability zones within the aquifer.

3MARS is a public-domain software developed by tkndwater Serv ices, Inc.for th Atl assist in implementation of
tb AM Pkimiation (Rde (A6i 997).Additional information and guidance on bw to use MARS can be foundS
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The main objective of natural attenuation assessments is to verify plume control using
measurements of naturally occurring physical, chemical, and biological processes. This is
primarily accomplished through groundwater quality sampling downgradient from the
plume to show that the plume is not migrating.

Groundwater monitoring during LTM is also conducted to gather data to support periodic
modeling updates, to support the 5-year reviews, to support the selection of permanent
remedies as part of the MI ROD, to support potential technical impracticability waivers, and
to support site closeout decisions. To help optimize the groundwater monitoring process
towards site closeout, the following processes should be considered:

* The frequency with which individual monitoring wells will be sampled will be deter-
mined by the location of the well with respect to the plume -a decision tree (see
Figure 5-1) summarizes the rules governing sampling frequency.

* Samples collected during all sampling events for VOCs will be analyzed for an
abbreviated list of 27 chemicals instead of the entire suite of EPA Method SW8260
analytes. Using this approach will not result in cost savings for analyses. However, there
will be savings in the labor costs for sample management, data validation, database
management, and EDMS subm-iktals to the BCT. Queries will be run much faster, and the
size of the database will lend itself more easily to web-based applications. EDMS
submittals will be reduced by thousands of data points, which will significantly reduce
the labor time involved.

* Computer applications will be increasingly utilized for data validation of samples
collected at locations with a long historical record.

* Modified low-flow sampling with peristaltic pumps, bladder pumps, and dedicated
Teflon® tubing will be the default groundwater sampling technique.

* Sampling events should be timed so that biannual, annual, semiannual, and quarterly
events are performed during the same mobilization, as much as possible.

* Quarterly Groundwater Monitoring Reports will consist of the electronic data
summaries provided on a CD or made available on the internet. A brief technical
memorandum will summarize the key findings of these events. The Annual
Groundwater Monitoring Report will include data summaries and will also provide
interpretations of the data.

9.2.3 Reducing Quality AssurancelQuality Control Requirements
The Memphis Depot Final Generic Quality Assurance Project Plan (CH2M HILL, 1995) [QAPP]
is a flexible document, and may be changed as the needs of the LTM program change. The
RA contractor will be developing the new QAPP for the MI and Dunn Field. Currently, the
QAPP requires one field duplicate is taken for every 10 samples, and 1 MS/MSD is taken for
every 20 samples. The MS/ MSD is actually two analyses (both the MS and the MSD are
analyzed), so although it appears less frequently than field duplicates, the costs are
equivalent. Trip blanks accompany samples to the lab, one trip blank per cooler.

The frequency of collecting field duplicates and MS/MSDs may be reduced without
jeopardizing data quality. Several years of high-quality data have been collected to support
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RD activities at the MIs. Site COCs have been established, as have baseline concentrations.

Most monitoring wells (excluding newly installed wells) have a long history of monitoring
data to which future sample results can be compared, reducing the need for field duplicates
and MS/MSDs. Not only will the reduction in QA/QC sampling result in a reduced
laboratory cost, but the number of sampling result data points may also be reduced. The
consequence of this reduction in data points is a significant reduction in data management,
data validation, and EDMS submittal costs. As these are possible optimization steps, the RA
contractor will need to propose any changes to the LTM and the BCT must approve any
changes.

9.2.4 Data Management
Data validation is an area that can be streamldined to reduce the level of effort and labor
costs. For locations with sufficient historical data, computer applications will be used to
make all of the comparisons against the parameter detection limits. This will include data
flagging for method blanks, equipment blanks, hrip blanks, ambient blanks, laboratory
control samples, matrix spike samples, surrogate recoveries, and reconciliation of dilutions
and re-extractions. Locations that have insufficient historical data will be hreated as at
present until enough data are collected to move the location into the "well-defined"
category. Automatic comparisons to historical data mean that statistical methods will be
performed by the data validation application. New data will be compared against two
standard deviations of the mean. Results falling outside of this limit will undergo further
review.

As with the reduction in QA/QC samples, this shift in data validation procedures will occur
gradually. Data package case narratives will continue to be reviewed for analytical issues.
Data packages will continue to be reviewed for exception and corrective action reports. The
data quality assessment reduction process will be reviewed to determine its effectiveness
and how it could be improved.

Through reduction in data points (requesting a shorter list of chemical analyses and
reducing QA/ QC samples) and further automating data validation, much of the labor spent
on data validation and database management will be eliminated. This will represent a
significant optimization for the Groundwater Monitoring Program and will not jeopardize
data quality.
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* ~10.0 Schedule of Activities

The wells to be sampled and analyses to be performed in Year 1 are presented in Table 10-1.
The decision tree in Figure 5-1 will be applied for monitoring beyond Year 1. The Year 1
annual report will present the sampling schedule for Year 2 and any recommendations for
optimizing the LTM plan. An annual review of the sampling events will continue until the
site achieves closure status. The 5-year review report will summarize the past 5 years of the
LTM. The Master MI Schedule is presented in Section 3 of the MI RD.
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* ~1 1.0 Site Closeout

Section 5.2.7 presents the process by which the groundwater plumes underlying the MI will
achieve compliance with the RAOs. The process will include selection of wells representing
each plume and will be referred to as the CWN for that plume. Groundwater quality data
collected as part of the LTM program will be used to verify that the compliance monitoring
stage within each CWN can begin.

If for four consecutive sampling events, the analytical results indicate that each
contaminant is below the MCL in the CWVN wells, then the CWN will be deemed as
demonstrating compliance. Groundwater monitoring in that plume may cease, and wells
unique to the plume's LTM network, including the CWN wells, may be proposed for
abandonment, with approval from EPA and TDEC.

When the sampling ceases for all CWNs and all performance monitoring data indicate
RAOs are attained, the MI will be eligible for closure. However, under CERCLA the
Memphis Depot will not be recognized as closed until RAOs for Dunn Field have been
satisfied as well. Under CERCLA, this milestone is marked by a Final Closeout Report for
the Memphis Depot as a whole. Following site closure, the Memphis Depot will pursue de-
listing from the NPL under the terms of the Federal Facilities Agreement (FFA).
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Attachment B

Description of Decision Points on Decision Tree
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The following sections are taken and well's sand pack, or a poorly constructed
adapted from the Final Long-Term well could allow contaminants from the
Monitoring Optimization Guide, surface to reach the ground water. Wells
version 1.1, Appendix A, October or piezorneters that could act as
1997, AFCEE contaminant conduits should-be

evaluated for abandonment, as discussed
INTRODUCTION under Recommendations 6 and 17

The purpose of the following narrative is below.
to provide sufficient information toDeionPnt Ithwe dy
enable a non-technical person using the Dcso on .I h eldy
Sampling Frequency Decision Tree Wells or piezometers may be dry for a
(SDT) to answer "Yes" or "No" to the variety of reasons, including, but not
question at each decision point in the limited to, (1) installing the well screen
SDT. The data supporting the Long- at the wogdph 2 oeigo h
Term Monitoring (LTM) program wrgongl daepthl (2) towenngifter
should be reviewed in total by the SDT regleional 3 lclie water-table det qie

evauatr t esur thdeisofs are drawdown due to a nearby pumping
made within the proper context oftewell, (4) naturally occurring seasonal
program. fluctuations mn the water-table elevation,

NARRATIVE DESCRIPTIONS OF and (5) lowering of the regional water
SDT DECISION POINTS, table by drought. Dry wells orS ~ ~~STATEMENTS AND piezometers should be evaluated for
RECOMMENDATIONS abandonment or multi-year sample

intervals if sufficient data is- available to
Decision Point)1. Is the well a possible support the conclusion that they will be
contaminant conduit? of no further value to the LTM program.-

Could the well or piezometer serve as a Decision Point 3. Is the well damaged
conduit by which contaminated ground or have an object stuck?
water could reach uncontaminated levels
of the subsurface? For instance, if a well If a well or piezometer is damaged or
or piezometer has screens in both the has an object stuck in the casing to the
aquifer containing the plume and an point where it cannot be sampled or
uncontaminated aquifer or is screened compromises the integrity of the ground
across the separating aquitard, water sample, then the well or
contaminated ground water from the piezometer should be evaluated for
plume could move through the well to abandonment, as discussed under
contaminate the previously Reconmmendatios 6 and 17 below.
uncontaminated aquifer. Other
possibilities exist. A well or piezometer Decision Point 4. Is the well
constructed across a confining layer in redundant?
an area of dense non-aqueous phase
liquid (DNAPL) contamination could Are there wells or piezometers in the0 ~ ~~allow DNAPL to contaminate a lower same spatial area but not contributing
aquifer by gravity flow through the additional data to support the LTM
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program? For example, wells that were plume and aquifer, respectively, in
installed as injection and monitoring addition to a knowledge of water table
wells during the enhanced elevation and fluctuations, chemicals of
bioremediation treatability study are concern (COCs), and the subsurface
located in the same spatial area. After geology near the well or piezometer.
the enhanced bioremediation treatability Recommendation 6& Evaluate the well
study is finished, many of these wells for abandonment.
will be providing redundant data.
Redundant wells or piezometers should Wells or piezometers that are (1)
be evaluated for abandonment, as possible contaminant conduits, (2)
discussed under Recommendations 6 and permanently dry, (3) damaged or-have
17 below. an object stuck (4) redundant, or (5)

screened at elevations that make them
Decision Point 5. Is the well screened at unusable for the LTM program should
an appropriate elevation? be abandoned properly to reduce

maintenance expenses and to eliminate
If a well or piezometer screen is not the possibility that they could allow the
appropriately located, the well will not introduction of contaminants to the
serve its intended purpose in the LTM aquifer by accident or vandalism.
program. For example, if a well or
piezometer is intended to sample the Well and piezometer abandonment,
plume, the screen must be situated at an which generally consists of removing the
elevation that allows it to intersect the well casing and grouting the borehole, is-
mass of contaminated ground water. If a discussed in greater detail in Section 6.0.
well or piezometer is located upgradient, The appropriate regulations should be-
crossgradient, or downgradient from a consulted to determine the procedure to
plume rather than within the plume be followed when abandoning a
itself, the screen should still be located monitoring well or piezometer.
at an elevation that would allow the
screen to intersect the plume if the Decision Point 7. Was well initially
plume were extended to the well. If a sampled for 4 consecutive quarters?
well or piezometer is intended to
monitor a particular aquifer, whether Every newly installed monitoring well,
contaminated or not, the well screen existing monitoring well, or piezometer
must be located within the aquifer. In should initially be sampled for a
some cases, a well must be screened minimum of four quarterly sampling
across the water table in order to sample rounds in order to provide-data to serve,
floating contaminants such as petroleum as a baseline for future comparisons.
products, or the screen must extend deep
enough to allow for seasonal water table Decision Point 9. Is the well an off-site
fluctuations. contingenc~y upgradient, or boundary

Evaluating the appropriate well orwel
piezometer screen elevation, therefore, Off-site contingency, upgradient, or
requires knowledge of the top and boundary wells/piezometers are used for
bottom elevations of the screen and special purposes. These wells or
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piezometers are likely to have prescribed injections of the electron donor, sodium
sampling frequencies. An off-site lactate. The perimeter of a well's radius
contingency, upgradient, or boundary of influence may vary from nearly
well/piezometer is generally sampled at circular to highly irregular, depending
the frequency required by the Base on hydrogeological conditions -in the
Realignment and Closure Cleanup Team vicinity of the well. Groundwater and
(BCT) authorities. (See any dissolved'contamninants within the
Recommendation I11 regarding radius of influence potentially-may be
regulatory negotiations.) reflect the biological reaction that occurs

after the electron donor is injected.
Decision Point 10. Is well needed for Monitoring wells or piez6meters within
compliance with the Record of Decision the radius of influence (remediation
(ROD) Remedial Action wells) thus may provide advance notice-
Objective(ROA)? of the biological reactions occurring and

the treatment of groundwater. The size
A monitoring well or piezometer may be and shape of a well's radius of influence
placed at a particular location in order to can be estimated with knowledge of the
comply with the ROD ROA aquifer characteristics, geochemistry in
requirements. Such wells are generally the aquifer, and degradation rate of the
sampled at the frequency required by the contaminants. Techniques ranging from
BCT (See Recommendation 11I simple calculations to computer
regarding BCT negotiations.) modeling may be required, depending on

the complexity of the subsurface
Recommendation 11. Negotdate with the conditions.
BCT to achieve lowest sampling
frequency. Remediation wells are monitoring wells

or piezometers screened in the fluvial
Sampling frequencies that are set by the aquifer; located within the limits of
BCT for a specific purpose unrelated to known contaminant plumes; repeatedly
LTM may be higher than needed for have contaminants within samples from
LTM programs. The BCT may consider location; within areas targeted for
another frequency based upon review of treatment during the RA. Example:
historical groundwater analytical data MW86 is located in VOC contaminant
and site geologicallhydrogeological plume in southeastern plume.
characteristics. By negotiating with the
regulators, you may be able to lower Decision Point 14. Is the well located
sampling frequencies to mutually within the plume boundaryP
satisfactory levels.

Decision Point 12. Is the well within The delineation of plume boundariesis-
area of influence of the Main an important element in constructing a
Installation treatment area? plume map for use with a decision tree.

The basis for delineating plume
The "area of influence" of the treatment boundaries should be negotiated with
areas on the MI is part of the radius of regulators prior to constructing a plume
influence from wells that will receive map. Plume maps based upon maximum
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contamination levels (MCLs) depict the Decision Points 15, 19, 22 and 27. Were
horizontal extent of only those parts of COCs detected in the most recent
the plume in which concentrations are sample?
above regulatory limits. The SDT is
designed to be used with a plume map A negative answer at any-of these l)Ps
that depicts as nearly as possible the alerts the SDT user to the possibility
maximum measurable size of the entire that, after due evaluation, the goal of
contaminant plume. Plume map optimizing the LTM program migh be
boundaries based on MCL advanced by abandoning the target well
concentrations may satisfy regulatory or reducing its sampling frequency.
requirements, but because they depict
only the central mass of the plume and Factors to be evaluated for each
omit the fringes, they do not give a true monitoring well include historical
picture of the fill size of the plume. detection of COCs, the well's or
Thus, a well or piezometer that appears piezomneter's location with respect to the
outside the plume on a map based on plume, its proximity to other
MCLs might appear within the plume if contaminant sources or plumes, and
the boundary were based on the MDL. whether or not it could be considered

redundant.
The MDL is not ideally suited to
represent the measurable plume Recommendation 17. Evaluate
boundary. This is due to variability in abandonment or multi-year sampling
laboratory procedures, instruments, and intervals.
samples. It is important that definitive
criteria be established that allow the Abandonment should be considered as a-
application of the SDT. While the possible alternative for wells that are
cleanup boundary of the plume is within the contaminant plume or are -
represented by the MCL, a decision upgradient or remote from the plume if
boundary should be established by no COCs were detected in the most
extending the isoconcentration lines to a recent sample. Abandoning a well
value that is one-half the MCL so the (Recommendation 6 narrative) is the
SDT can function effectively. This value preferred alternative when it can be
would perform the protective functions justified, because it eliminates the
designed into the SDT. The decision for possibility that the well can become a
establishment of the plume boundary for contaminant conduit, and because it
application of the SDT should be made eliminates any further expense related to
with fuill regulatory approval, the well. However, if the need for

continued data from the well location
Current plume maps being used for the outweighs the perceived liabilities of
LTM optimization should be checked maintaining the well, it may be
against previous plume maps. beneficial to retain the well in the LTM
Differences should be resolved before program and sample it at longer
proceeding. Computer-generated contour intervals. Multi-year sampling intervals
maps should always be reviewed by a (e.g., 2-year, 3-year, 4-year, 5-year) still
geologist or hydrogeologist. allow periodic assessments of the

condition of the aquifer at the well, but
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associated sampling and analytical costs Memphis aquifer; located along or
are reduced. outside of the MI boundary; located

upgradient to or at a distance from
Decision Point 18. Is the well contaminant plumes on the MI and Dunn
horizontally or vertically upgradient or Field; low or n& pvevious' detection of
remote from the contaminant plume? site contaminants in well samples.

Example: MWl16 is a background well
The locations of monitoring wells because of upgradient-location and there
outside the plume are defined in relation has been only one low level VOC
to groundwater movement. Groundwater detection in the well to date.
flows "downstream" along a hydraulic Boundary wells are defined as
gradient from areas of higher head (i.e., monitoring wells or piezometers
upgradient areas) to areas of lower head screened in the flirvial aquifer; marking
(i.e., downgradient areas). Thus, the the limit of the known contamination
plume's leading edge, or "toe," is said to plume or treatment area; or located
be downgradient from the source of along or outside the MI boundary.
contamination located at the upgradient Example: MWlI02B located along the
end of the plume. southwestern corner of the site is

An upgradient well is located considered a boundary well because of
"upstream" from the plume on the the well location.
hydraulic gradient. They provide Recommendation 20. Evaluate the
background information on thenedoadioalnesgaon
composition of the ground water before ne o diinlivsiain
it reaches the contaminant source. The detection of COCs. in an upgradient

A remote well is located farther from the or crossgradient well or a well remote
plume than the estimated maximum from the plumne is a potential indication,
distance that the plume can travel in a that an unknown source may be
year. The dividing line between near operating or that-the well has been
and remote wells should be based on impacted by a second plume. The need
site-specific aquifer and contaminant for an investigation to determine the
characteristics, reason for the appearance of the CO~s

All plumes are three-dimensional and in the well should be evaluated.
have both vertical and horizontal
components to their migration. Decision Point 21. Is the well
Decisions based on the relationship of a crossgradient from the contaminant
well screen to a plume's migration plume?
pathway must include consideration of
the three-dimensional aspects of plume Crossgradientwells are~locaied.
migration. Both background and adjacent to the plume and perpendicular
boundary wells can be located to its three-dimensional direction of
horizontally upgradient or remote from migration. They may become
the contamination plumes. contaminated if the plume branches or

Back rund wlls ae monioringwells changes direction due to a shift in the
Bakrudwlsae oioigwls direction of the hydraulic gradient. Such

or piezometers screened in the fluvial or adietolshfcnbeaudbyfr
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example, the startup of an adjacent and consultations with regulatory
injection well. Boundary wells can be agencies.
located cross gradient from theBonaywlscnblcte

containatin plues. Se Decsiondowngradient from the contamination
Point 18 for an explanation of boundary plumes. See Decision Point 1 8 for an
wells. explanation of boundary wells.

Statement26. The well is horizontally or Decision Point 23. Is the well
vertically downgradient from the considered a sentinel well?
contaminant plume.

Downgradient wells are located Sentinel wells are monitoring wells or
"downstream" from the plume on the piezometers screened within the.
three-dimensional hydraulic gradient. intermediate aquifer interpreted to be
They are in the path of the plume as it within the Jackson Formation/Upper
migrates downgradient and will become Claiborne Group; located adjacent or
contaminated when/if the plume reaches within window to intermediate aquifer.
them. Downgradient wells on receptor Example: MW38 is screened within the
pathways can give advance notice when intermediate aquifer and is located
the target plume approaches an active within window to intermediate aquifer.
production well and can also be affected
by unknown sources. However, it is
generally assumed that the detection of
COCs in a previously uncontaminated
downgradient well indicates that the
leading edge of the target plume has
reached the well location to be
confimned in future sampling events.

Analytical results in wells downgradient
of treatment areas may be used to trigger
a corrective action, as necessary;
however, the concentrations should be
considered in light of the remedial
method being used in the treatment
areas. For example, an increase in cis-
1,2-DCE may be a result of the
degradation of PCE and TCE and may
be temporary as the contaminants
degrade to methane. Review of potential
corrective action may be required, for
example, if concentrations of CO~s
increase in three consecutive events in a
downgradient well. The actual scope of
the action will depend on site conditions
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Afttachment C

Example Standard Detection Limits for VOCs and Other
Parameters

S
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KEMRON ENVIRONMENTAL SERVICES

QC LIMITS

*Method Class: 3260

matrix Class: SOLID

General Class: 8Th

Rep ort Date: 07/14/2003 10:01

True Valu*5 control Limits

Parameter N4DL RDL LCS Xs8 am1 WE usD SUR ID Units

,l.I.2~~TZT~kOIL0RflU~flfl .5 _________ 20 20 - 13-7 71j37 7 0 ug/k

-11TXIH ER1IE. 0 20Y 33 68 133 0 ugkg

1 
20~~~~~~~~~ 48 72 -3Tug/kgI

.1.2,2~~~TKTRAOIWR0U~~~h~~~ I .5 20 3 0 72 - 1 i2-_3_2 _ _

,2TRCH0RU~l~l 5 ___2__2 20 - 6712972 9 8u ~kg
2020 Fl133-0f73 /g

,1DICfl0RlT-f .1 
0 20 - 61133 61 133 1ugk1

-tDI 
---U~fK 5- -

__

* 1Drc 
20PlP3I. ____ 20 - 1T4 -138 134I8gk

-23TRI3Rf~l. 
____ 02

3 ~ ~ ~ ~ ~~.420 20 64SW6414jIMU1k

.2,3~~TRXCHL0RDPROP~~B .5 _________ ~20 20 - 1 _3 3 7_1 f3_3 gk

,2,4-TR~~~~~~~cNWRO~~~~~m~~fl(' - - ~~~~~~- -7 3

,2,4~~TRZMU~flL3U~~f3 .5 _________ ~20 20 - 1275 132 5 ug/k

,2~~D~~hR0X0ZTRME .5 ~~~~ir 20 - __- 2

2-DICHLOROD .5 =0~~~- 270 70 1o 7013
,2-DIc ~oZNtENB .5~ 2 20-6_

HDOWR0ETE~ZD 
__ _ 40 _ _ ____12

DX __3 20 70i3' 7.

MET --ja~~~~~~~~~~~~~~~~~~~~~~~3 20 70 130 70 19 SO

DICHLORDBENZ.5 ___ ___ - -T_ -

. DIOILOROPOPfl.5 
20 0 W 2 - ~

.4DICHWOROBZZZ .75 - 202 - -- =

* DIOXANE ~50
-UhOL ~25 - - I76- -16

.5S 20 2 6

-EtlTW~~~~~~fl 2.~7 5 20 2 I 7 7. 17 -- _

- CHLROETHL VINL ETHR .5~2 0291023 1k

-cHWROTOLUENE .5 20 20 - ~~~~~~~~~~~~~ ~ ~~~63147 63 175 /

.HZZ N 2.5 2 20 - 919 919 62 ug/

-NZTROPROPANZ 5---

- RLOO-1-PROPME p 
0277 3 7013

-CHLORl0'TlLUENH 
75 2 __46_ 47 1I5-

YfT~LS2.fTYRNONZ 
20 202 2

-NTYDfENE 
13 30 

___

CETONE 5 ____ ________ ___ 96 ~~~~~~~~~~~~~~ug/kg

20 - - - -~~2

RONOEINZENE .5 ________ ~~~~~~~~~~~ii2 20 - 237 136

ROWOFORN .5 ~~~~~~~~~~~~~~~~~20 20 - 41693

202137136 
/
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Method Class: 8260
matrix Class: SOLID

General Class: iaT

Report Date: 07/14/2003 l0~01

True Values8 Control Limt

Parmamter XDL ROL LCS NB BURR WE Ms BURR R ID Units

rspOM~~cHLOROM~~rHM4E s ________ ____ 1W11 ___13 59 136 7 ug~ /k'

-20-SO- 0 10 ___

S -io~- -T- ro T - - rz/

___ -iO-20 53213
ICEL0RODIVLU0R0METI~~~~~~~~hR T- - --- F -701

~~~~~~~~~~~~~~~~~~~~~~~~~------------------------------------j---------------g----o-----F--------------

AwntSLFIDEL 5 20 2

Nfl ETHER 25~~~r-- 20 20 - -- 9

PROEMADIEZNE .520 20 6513 6 35 rug/kg

SOSTHCYLIACHLT 250 2

soPRO~flhEN~fl4E- .5 _________ 0- 20 ___ 7 2 68 128 33 -T

-,p-ULENR .s __________~~~~~~2 2W 0 - 3W 3 4 60Ii Cug

X.ERT-SUTYL ETHER ¶ s T0.. -n 37sr I u/

-S~~~~flL~~~fl~~~~m U ~~20 20 70 15 7 3W 7 fl

Hfl~~~~~fl 1 *~~~~~~~~ ~20 20 24 l t 24 167 7 g h

..POPLBHZ4 1 520 20 - 7 16 2 153 9 gkI

-PROPYLENE ]20 i 20 so 14I 50 146 39 It
2020 010 701.3 luk

-ZYLZNB 
- 50 4 121-

-BROX0WLUORODfl2NN 
--- -- - 72 28- 18W

EOPIOMZRLUEN 2.5- -

C-EUYLHNZ RI .s i 20 -

max ~~ ~ ~~~~~~.5 2 0fl10 74 305fug/kg

RR-BUTYLBflZfl .5 F_____20 2 ___ 7T2 1Y3-0 7T2 1T30 -2ugk

own. .5 ________ t~52-0 20- 7127162 .

RANS1,2DICNLOROETH .5 2 0 20 i -T SiT26 ;72 1f276 34 ug/kg

S.1,..D~HWROROPUEN .5 ---__ 2-0 20 - 619 65 139 4 g

cHLOR~~rLEENRNZ.5 2-0- 20 - 72- 12-6 72 126 - - 33ufg

ICHWROFLU0ROMETCME 1 ~~~~~~ ~~~~20 204814815 5 i

AYCIETATE 2520 20 -Ts25200 2-5 2-00 50-~

flLCHLORIDE 2 ______20 20 2:5- 130O 25S 130 60 u/

aLNE .5 10--- 30- 7-0 130
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KEMRON ENVIRONMENJTAL SERVICES
QC LIMITS

IMethod Class: 8260

matrix Class: WATER

General Class: STD

Report Date: 07/14/2003 1.O02

True Values Control Limits

pcrsmtet I MDL RDL LCR US BURR LCB No BURR R I1) Units

,L 3. .2 fTI WoTHYJ .5.5 2 0 010 60 130 -5 TugL

.1. 1-T~~lcNWRO~~t~ltlffl .25 .5 20 20 80 ~~134 80 134 a

F1,lS.TRCH1,WR0TA1,22.uv 
POT2

*1,2~~TRIOH~~fl03TMWE .25 .5 20 20 80 1~~2K5- 90 2.25 02

,1.DICHWR0E~~~~~~~flS .125 .3~~~~ 20 20 80o 12-5 680 12 5 1 l

,.-ozcm~~~~oaozl'E~~~fl .5 .5 ~~ 2-0 2-:0 - 80 132 80 1326 ug/L

.1.DWBIOROPROPUU .25 .5 20 ~~~ ~~~~~20 7 13-9 7-4 1-39

,2,3~~~fl~~cRLOK0E~~~flU 125 .5 ~~~ 20 20 ____ 2 ,140 I62 14 J. -

,2 ,4.nI~~~w~o~mfE .2 .5 20 20 77io- 131. 77 131- -

,2.4.2R~~~~~~~flUI~~~~~~~UZ~~~fl .25 ~~~~~.5 20 207 25 6 2
.5 20 2C .ib- 2-5 TO- I 2 - uglL.

,2-DIER0KO-3 .CIIWROPROPAS 2. 1~~~~~ 20 2-- 0 6-5- 129 65 129 -Ug 9 L

.2.DZBROMOZTE~~~~~~~~hU .25 .5 ~~-S 2-0 20- - SO fl-2 -i TO- 12- - ur ZL

,2-D~~~~cEL0RoB~~~~flU~~~ .125 .~5- 20 20 so 1-2-5 80 ±2 5 ugL

,-DICH4LOROETHAN .25 5 2-0 '20 F0- 1i29- 80TO 129 9U'L
25 8 2

.D!CHLOROB2HA-fl4 .25 .5 4~~~~~--0 40 80 12 8012

-DZCSOROP O~f 125 .5 20 20 80 120 80 I20 3

,,5.TRDIKT11LS -fZ 2-5 .5-: 20 20 -80 127 80 127 25 ugL

,3-DIC~~i0ROENEf .25 .5 20 2-o 0 870- 1f20 80 -120 16 L

.2 .5 -2~0- 210- 80 -12-0 O 8012-0 - -- 20 Ug/L

,3DZCHLOROPROINENZ -125 .5 2-0 20 80 1208012 r 'iL
7-0 30 70 30UgL

,4-DICEWROEINZN)IR ~~~~~~~~~~~~~ 100 ~~ 20 20 7 13 70130
,4-DIOXANE 25

..c!EWEOERIMI .125 .~~~~~~~~ ~~~5 2-0 20 6012 80 127 2 uI

,2~~DICHLOR0PR0P~hfl .25 .5 20 20 8 0 13-3 -8 0 133 29u/

-CHWROR7ML VINYL rena 2 10 20 20 10 211~-a,- 10 211 125uL

.cHLOROTOL~~~~~~flhR .125 .5 20 2~~~~~~0 s0 127 80 127 28nL

-EZ~~~~~fl4ONR 2.5 .5 20 2~~~~~~~~~~~~~0 56 136 5 1364 i/

.flTROPROP~~~~~~~~~~kIR 
20 ir L~~20 64 14

CETONE ~~~~~ ~~~~~~2.E5 5 20 20 40CO 1T42 40 42 63UL

CEOITRILK i 2 .5 50 20 20 L

CRLIN ~20 100 20 0- - - - -- _u

WNUTRIU 2.~5 10 20 20 /L.

mEOW ~~~~~~~~~~~~~~~.1255 .5 20 20 80O 1i2180O 121 2

mmOIZZN.2 . 0 2 80 1F20- 80-120 18 wg/L
aottO~~~~~ffLORO~~~~~~flflfl .2 .~~~~~~5 20 20902 0140u/

RONODICH~WRNHANI .25 5 20 20 s0 In-4 80 134-. 20 2g/LI

ROMOFORII ~~~~~~~~~.54 1 20 20 7 '4 107 130 -35 u/L

RONOMI7RANX .~ ~ ~~~~~~~5- .5 2-50 -20 671 151 61151 -56. u/It

NDIBULWIDK . .5 20 2 8195 39 ug IL

EO fTflACHIRIDZ .~ 25 .5 20 2-0 80 178 137 32 /L

ELOROEV4ZDW ~~~~ ~ ~~~~~.125 .5 20 20 * 1 t1b-i .

.5 .5 20 20 17- 133 7 13334uL

ROPORN ~~~~~~~~~~.125 .5 20 208 259 2-5 -

ROMETHANE .25 .5 0 206010 010

IS.1,2.DZCNLOROITMRS ~~~~~~~~~.25 .5 20 2081180 219 I

XS.1.3DICHROPRO lW.25 .5 2 0___8 3 0122 i

CLOHEIMI .56 5 20 20 w~.t
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Method Class: 8260

matrix Class: WATER

General Class: STD

Report Date: 07/14/2003 10:02

TrUe Values Control Limits

Parw~ter MDL RDL ZiCS MgSURR11 LOS Ms R1 -D UnitS

zE~~oXOCHLORONETHANB ~~~~~.25 .5 20 20 -80- 12 7 -8 0 -12-7 UU

xaRoOWfLUOROHNflANl 
25 86 18 u

IBROMONETHM4Z .25 1 ~~~~~~ ~~~~~~~~~2 0 -2 0 80 2-6 80 16 4tl

IOHLOR0DIVLUORONU~~~~~flC .25 .~~5" 20 2501350 131 /

mETHYL DISULVIDE .25 ~ ~~~~~~~~~~~~~5 20 200uL

IMETHYL SULFIDE I * 5 ~ ~~~~~~~~5 20 20L

3AJTIG~~~~RXLATZ ~~.61 20 2

TIITLEENZUIE .2~~~~---5 .5 20 20 812212 22 - 0 g/L

ROSU~~~~hDIEME .~~:25- 1 20 0 2 327 1325u/ -

oD~~~~flT~~~~~h.NE ~~~~.5 5 0 010FO 31- 8 10 3062 /L

go10 20 20 ~/

ga~~~~~ing .~~~~~22 .S5 20 20 80 12 8012 4 /

SOPROPYLBENE~~~~~~~~lE .5E~ .5 4 4 0 122 80 122

OKYLONITRILE ~~~~~2.5 10 20 20 
L

HYLTIRT-BUTIL ETHER .5 .~~~ ~~~5 20 201T3-8 77 138 3s7 u/Lj

.EUTYLBENZEZIS ~~~ ~ ~~.25 .5 20 20 013=1 8T0- 131 29 L

.ERZMB ~~~~~~~~~--.-5 1 2 20 551546 55F 3.56 62 u/L

~~PR0PYLBZNZENR ~~~~~~~.125 .5 20 20 012=9 80O 129 Al7

ETHALENI ~~ ~ ~~~~~~.2 .5 20 20 59 49 5T9 1r4-955 L

-ZYLENE - ~~~ ~ ~~~~~~~~ ~ ~~~~~~~~~~~~~ ~ ~~~~~~~.25 
.5 20 2 0128 2 8ig

-BRONOFLUOROE~~~~~~~~~~~~flZ ~~~25 86 11S/

.ISOPROPYLTOLE25. 
20 20 80128 2 4uiLE

-xmas~~~~~~~~~~~~~~~~1 . 20 20 20 g/L

ROPIONITRILE 2.5 10~~~~~~~~~~-- 20o 20O -O Y 272 U9/L

gc.E~~YLEENK~fl .25 .S 20 20 80~127 80 12 8 ug/

flUME .123 ~~~~~~~~~ ~~~~~.5 20 20 80123 80 23 20 /L

nr-EUTYLBHNZINE .25 .5 20 20~ ~~~~~~~~~~~ 80- 1f26 8 126 27 ti L

ETR~~~flHLOEOET~~~~~flU .23 .~~~5 205 20 80 2-4 80124 122 UgL

oLUSE .25 .~~~~~~~ ~ ~~~~~~~5 20 20 80' -12-4 80 24 22U

LU~~~~~~~~~iD-nB ~~~~~~~~~~~~~~~25 88110 IL

R~l-D 
-CIO-OEHN 25. 0 208 2 80 127 2 4- --'TiL

s~~l,3.DZCEWRDPROPWU .---725 O5 2 20 8 3 0 102 g

S.1.4~~DICELOR0~~~2-IW~ 1. 02 -10 20 20 g

RIOELOROBTUENE .25 .5 ~~~~~~ ~~~~~20 20 80o 1228012 21 ug7L

R~~c.UnR0FLU01OMEII~~~~~U .25 .~5- 20: 2-0 62- 116151 is5 ugIL

LACETATS 2.5 ~~~ ~~~~~~ ~~10 2-0 20 10~ -- 285 1 285- 201 u/L.

L cHLORIDE .2~ ~ ~~~~5 .5 20 20 6510640 0 6 ug/L

38 .5 ~~~~~~~~ ~ ~~~~~~~~~~~~~.5 60 60 80 121 8 2 0u/
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ICEMRON ENVIRONMENTAL SERVICES
QC LIMITS

Method Claus: RSK175

Matrix Class: WATER

General Class: STD

Report L~ate: 07/14/2003 10:03

True ValUGO Control Limits

Parameter NDL RUDL LCS MS BUtR LOS Xs BURRR D Units

.5 19. 19.3 5 13065 1300 L

SHE . 18 163 13 65 1300uL
.5 1031.5 13065 K13 0 0
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KEMRON ENVIRONMENTAL SERVICES
QC LIMITS

Method Class: 9056
Matrix Class: WATER
General Class:ST

Report Date: 07/14/2003 10,04

True Values control Lmt

Parumeter i DL RDL LOS NS SURR LeAS XS BURR I D units

ROWDE 1 ~~~~~~ ~ ~~~~.2 6 6 s n0 So0120 0 _

TR~~~fl __________ ~~~~. 4 4.O .0 90- flO 0 1:7'2-0 0

ITR~~tE ___________ .4 3.4~~~~~5 3.i3 90 1100 12 0 - _

RTEOPBO PHATE _ ______ ____ __ __2_ _ .7-8 9.78 90 11I 0 80- 1f2 0 mgL

LIPATI _____________ __________ 3i0- 3 0 990 110 80 120 0 ___
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iKEMRON ENVIRONMENTAL SERVICES

Method Class: 300

Matrix Class: WATER
General Class: STD

Report Date: 07/14/2003 10:05

True Values Control Limits

Parameter HE DL LCA B KsBUER LCB No BURR R Units

DITY 5 10 100 J75 15 1 2 5 2 29m/L

mITT 10~~~~~~~~5l 200 100 85 12.5 85 1 15 J_2 _ lg/L

nT.BICAPEMnTE 7 10 200 200 86 105686 1106I I mgtL

KAINITY, CARBONATE 5 10 200 200 86 104 86 106I 1 g/

CINTl RTDROXWKE 5 10 200 200 86 10 re I1ii n/

mx ~~~ ~ ~~ ~ ~~~.05 .1 T 70 125 70 1125 2 _nutL

RONDE 1 2 20 10 80 120 801120 2 mg/uL

hIDs 1 ~ 2 5-020F 91 109 91 109 1 M/
.0 0 5 .01 .4 .2 90 110 80 1120 2 m/

Ds ~~~~~~.05 .1 2 rn4 ir z.±s as JI 2 m/
OD~~~~~~n! ~~~~~1 2 20 10 1 75 125 75 125 2r,

ITAT .025 .05 1 .5 1 90 110 90 I110 10m/
.005 .01 .1 .1 84 III 84 1111ML

EHPROPATE I .025 .05 I .4158 150m/

NOSPHORUS ~~~ ~ ~~~.05 .2. 2 .5 70 130 70 130 5var
Cx ~~ ~~~~~ ~~~~~~2 201-0- 80± -20 80 120n cL

23 ~~~~~~~~~2.5 5 20 20 92 113 92113 M/
IDE .5 ~~~~~~~ ~~~~~~1 20 20 8109186 109,

ULYITH ____________ ~~~~~~2 200 200 _____

Tfl LJLDAELNITROGEN .05 .1 1 .5 6015 012 5- -- _m/
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KEMRON ENVIRONMENTAL SERVICES
QC LIMITS

Method Class: 9000

Matrix Class: WATER

General class: - i-

Report Date: 07/1.4/2003 10.0:6

True values control Limi~ts

Par-sntar NDL RDL LcD NS BURR WSD us BUR f Units

RIDE ~ ~ ~~~~~~~~~10 2 50 -2.20.91910 3

ARID! . .~~~ ~ ~~~ ~~~005 20 . .2f 114 90 1.14 4. 0
1:::]=5-, 

-5 -F- - -fl0

TRITE ~~~~ ~ ~~~ ~~~.005 .1 .1 .2. 84- III 8 1

RTHOPEOS~~~~~fl!ZR .--~025 .5 1 .4 85 115 85 115 . 0

zR~~~~euATE ~~~~~~2 4 90o -110- 90 -110 Ug/L

LICB, TOTAL .~~~ ~~00 3 ~ .005 .5 2- 113 ~2- 113 - S

pEC~~flC CONDUCTIV~~~~~n .5 1 i2i -3 T33? 3F iii -31

U~~~jflTE .~~~~~~ 2.5 - 5 20 1 H_ 2 j113 -92 11.3 3

DE 51 2 861096109 .

~~fl~o~o~zqICCAEE0N , .~~ 1 5 5 9-0 11l0 74 -11-92
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KEMRON ENVIRONMENTAL SERVICES
QC LIMITS

Method Class: 6010
Matrix Class: WATER

General Class: STD

Report Date: 07/14/2003 10:09

True Values Control Limits

parameter HEIL RDL LCS MS BURR LCB M BURR flunit.

INONY .01 .2 ~~~~~~~~~~~~10 ji2 rI6iiMgi
SEIUC .01 .1 1 18~~~~~~~~~~~~~~~~0 120175 1251 0 Mg/L

ma .0025 ~~~~~~~.01 1 0 10 0 .207515 0 n/L

EtYLLEUM .00025 ~~~~~~~ ~~.0± 2. 180o 120 751255- 0 mgL

.033 ________ 3. 2. m /

RON I ~~~~~~~~~.03.1 I - - 80 1201 75 11251 0 ag/L

M~~~nK I .0025 .~~ ~~~~~~01 I1 g

ama tr-~~~~~~~~1 .-2 20 Io so 12 7512

ML? .~~~~~~~~~T70025 .02 1 180 105125

nfl . ~~~~~ ~~~~~~~~~.0025 .02 a1217 2 30 207I

RON .~~ ~ ~~~~~~~~02 .04 1 012 g

ITH~~~~~mI .05~~~~A .1 i0I 111- n- _ L

IlIUM ~~~ ~ ~~~~~.25 .5 10 10o8 2.075 125 __g/

9BE31 .001 .01 1 0137 2 ri nf W SiB..

ij30L .t1 F Tgo1201751125 0 vq7L
SlUM ~~~ ~ ~~~~.205 14 50 0 8 120 75 125,

LcoN .25 1 80 EL120 L75 125 0 Mwg/L

ILVU ~~~~ ~ ~~~~~.005 .01 .2 .2 180 11201 75 125M

ODUM .25 .5 35 So 8 12 5125 OJZOL

HALLIUN .~~ ~ ~ ~~~~05 01 1 S 120 75 125

Iv .0~~~~~~~~~o5 .5 1 1 * 80 12 5- 1255

ITANIUM .005 ~~~~~~~~~ ~~.03 2. 1801 120 75 125 0 n/

lNnux .005 .01 1 1 80 120. 7~51Y2-5 r mg/L

INC .~~~ ~ ~~~~~~005 .02 1 180 120 7 2 0 mg/L
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IKEKRON ENVIRONMENTAL SERVICES
QC LIMITS

Method Class: 6010

Matrix Class: SOLID

General Class: T

Report Dates 07/14/2003 10:10

True Values Control Limits

Parameter IRan DL WSB No suRn LCS Hs BUR Units

10 ~~20 50050 Soo0~
.3 ~~10 50o so50I-2- 7S

lux j 1.5 SG0 500 80 120 751250 /k

RON 1 10 ~~~ ~~~~~25 30g- 50 8F07120 75 125 rgkg

.03 ~.5 so s080 12 75 125 a mg

ALCIUN 5 10~~~~~~~fo 50-0 5FO00 80To 120 73 125aImgkI
-T .12 1~ xr0 so arm ri r mgkgI

AlA .12 1~~~~~~~~ go508 120 7512 lj*igk

PflR 1 .~~~~~~~~~ 1~ -So 5-0 8-0 120 7-5 12-5 0 mg/kg

- 1. 2 so -50 so 120 73- 125 0 Mgkg

1251DM 2~~ ~ ~ ~~.5 5 00500 80 120-fS-125

STUN 12 2~~~~~~~5 500 500 so107 2 -- mgZ

lux - .1 .25 5000 80 120 75125 - 0

LUDBNUN ~~~~~1.5 5 ~ 50 --- C

ant .~ ~ ~ ~~~~~5 2 SO 50So2 75150Ogk

OTASSIUN : 25 -50 2500 2500 80 120 712

EL 5 so so au i~v 3 5ug/__

ILVER I .25 2 10 10 80o -120 7T5 125 0mg/kg

ODIUM 
25 2500 2500 80120 75125 0

PTZONTIUN .25 -.5- so 50 80 120 75W T2 5L5

HIILLWN I 1 25 50~~~~~s 508 0 1-207-5125 0 Sk

ITAM, 25 5050 8 1f20 7-5 1-25

1DM ~~~ ~ ~~~.25 .5 0 5 8 TWO 7-- F-520m/k

INC ~~ ~ ~~~~.5 1 50 58107525-0m/k



79 4122 1

:KEMRON ENVIRONMENTAL SERVICES

QC LIMITS

Method Class: 8270

Matrix Class: SOLID

General Class: - STD

Report Dates 07/14/2003 10:11.

True Values Constrol Limits

Parameter XDL RDL LCd NS BURR LCB KS BUIRR a Units

,00-TRIRBTiflPH_--OBPHOROTHIOAT 2. 1.70

* ,4,5~~~TE1RA~liL0R0EfliW 8~~2.5 170

,,TRCHw omnI82. 5 110 6- *j-i 1610 3 F 3 8- 4 u/k

2-OICKLOROBKM 82.5 170 1~~~~~~~~~~6 7-0 1E610 16 835 1-6 -8-5 4I ug/kg I

ItT~~i~aiii~ii~ii~~i&7..........i 82.5 170 1If70 16-70 25 150 25 3150 ug~

110 170- 1716 4 84 4 tag/ kg

,3~~~DIH~~flOBIN1Efl 82.5 170 1~~~~~~~Y6-70 -16170 1Y3- 84- 13 8T44

.4~~NAYNTB00UINONE t ~~~~82.5 170 
g

~~NZT~~flSAPH7HALDS ~~~~82.3 170 1601610 3 50 i-5 B5. .uuhkj t
.ltUH~~~~flLMLINE ~~~~82.5 170 u/g

,a4 ,6.TUTRA O0ENL92.5 1677010 
u3g16kg___

82.5 170 - ~~~~~67 -1- 3 12.6k

.4, 6~~~~~~~tRIEROMOPEEN0L ~~~~~~~~~~~~~3333 1912 ugkg

.46-tRICHOIWOHM 2510 2.:6-70 1670 1T2 --14- 12 i14- 3- -

,4DXOHWRDPHENOL 82.5 170 16~~~~~~~7-0 1670 14 10 4 100 -3.kg

DIKETRY ITO-82. 17 -167-0 1 6 70 -14 107 14 1,07

DfITROPHENOL _____________l 
16170 711 1y- = 2 -7 2R^kg

IJINITROTOLUBIIE 8~~~~-2.5 10 1i670 -16-70 2-4 1i45 2-4- 146 __ up

,6.DICHLOROPHOL 8~~~~~~`2.5 10 - -k

.6~~DhNI2R0TQLDZNB 5~~ ~ ~~2.5 170 -1670- 167-0 T4 ______ ____ -- 9 ug/kg7

~~ACETYL~k~~fl40PLU0Rlfl 8-2.5 170 
u- 

-

.. Ci~~ho~~oNA2H~~fHALEME -t 82.5 17~30- -161-0 136-70 15s 96fi 15 96 - - -0 ug/Ig

~~~gL03OpflEK0L -i 82.5 170~~~~~~:i- 11670 67013 90 13 90 - - 7 u/kg

FWOROEIPRENYL ___________ __________ - ~~~~~~~~~~~1667 -30 115 - _tgk

-MET~~~ff~~~flAPEIHALZNE 82.5 17~~~~~~~0 ~ 167-0 16-70 10fO 1-0-3 ___

-MAPH¶'HYLA~~~~~~~fl3E 170 33~~~~10 13

-NITROILNILINE 330 830 ~~~~~~~~~~_1670 1670 15 13 1 2 x k

~~NZTR0PHEN0L 82.5 170 ±~~~~~~~ ~ ~~~~670 1670 10 1010 02- -- r t/g

~BICE~fl4,DINITnPRO L8. 1 - - -- - - - - - tgk

,3-.DIMETHYLENZIDI ..0.10 
tgk

~~.4-METEYLPH~~~~~~fl0L 82.5 ~~~~170 1j6170iii- -f-0 -Ir 3n5 -ii5 Y3w 2ug-r

-MXHhRO R 8. 70 - -k

-NXTROJIIULIHE 330 8~~~~~~~~~~-3 0 Iif-T -16-7-0 E3-53-3 E- u/

,6.DINIT0V E1~hHNL 3 10a 16=7 0 17-0 11 15r2 11 12- -- r=gk

-AHNIIOEIPHEHYL 823170 - - - --

-BRG HENY P HBY TE ! 82.5 170 1570 1670 ___ 7- 112 17 1122- IsB kg

:-CULORO-3-NT LHM 25 7 f6 7-0 -17-0- 14 *n1-- ir 116 2 g

CURAILIN 82.5 10 16-70- 16-70 10o 11-0 1i0 II10/k

-CELOROENLPHNLrE82510 
170 fl-0i - 147 11-9 14 1-19 6 a

-METHYLPHEMOL 82.5 170 ±~~~~~~~~~6 7-0 1610O 13 99 -13- 9 .- u53 kU

~~NITR0ANILINE t 330 830 ~~~~~~~~~~ 1670 1670 14 169 1419-95 tag/kg

-NITROPBRNOL ~~~~~~~T 33 0 830 167-0 160 - 10 165 10 16 99 tag/kg

-NITEOQUINOLIHE 1-OXIDE 82.5T- ~- 170 
tgk

~NITRO-O-T0LUI~flhE 70 ~ 330 _ 
/

APHTEENI 82.5 ~~~~ ~~~~~~~~~~170 1670 601 123 10 123

HRIPCENOE 
025- --

5 a/

ITE 170 ~~~~~~~~~~~~~~~~330 A k

MoBnti E8. 
7 60 1702 5 5 10tgk



7 942 2

Method Class: 8270
Matrix Class: SOLID
General Class: STD

Report Date. 07/14/2003 10.11

True values control Lnit aSUR nt

parslmetfl XOL RDL WOS me AVER LWS S BR RDUnt

mNZIDXNI 12.5 25~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~301ugk

nzO (K) AETHRAC~~~~~~hU 82.5 170- 16-70 -167-0 10O 15-9 10 135-9 3 1g/k I

xno~~~a)PYRUU ~~~~82.5 170 1:6-70 15670 10 152 10 252 - -- L akl
inO(B)YLU0R~~~~lUE 82.5 170 1670 160 1 .11011 gk

82.5 170 1016002.0 10 160- -- 5

mqzo(On)PERTLRHE -~~~~ £2.5 170 167 1670 10 1=65 10 12659 gk

ZRZ0(E)VLUORU1TSNB ~~~330 8:30 1670 1670 10o 953- 10 9-5- -I /kg

Dn~~~hILOOHOL ~~~~82.5 -170 16G7-0 16=70 1-3- 9T6 -13 9T6- g

IS(2~CEWR03TE~fl)Nfl'E~fl82.5 ~ 170 1 6 70 160 12 -ir 9 ir2 1W9 3 ug/kg

IS (2-CELORDETML) STEER 82.3 ~~170 60 - 167-0 -10 193 10 93 - - 19ww

IS(2~~CliL0E0IS0PROPYL) rl~~~fl 82.5 170 ~ 1670 16 0 10 84 10 84 - - -

IB(2.RTEYLEEZYIOPE'XEAI.1fl 2.5 170 1670 1670 22 157 2 5

WYL aNNUL pz~~~~nL~~fl 82.5 ~170 1670 1670 22 162 22 16 /k

OLEM -~82.5 10 1 6770 1T6-70 - 81 8 -1779 - -- 9 wiU925
W XEBLATR t82.-5 10- -- - -- r

Bass 1~~~~~ 82.5 170 160 17 0 11 1 5 _

I~~N.BUTXLPET~~~hLATN 82.5 10 67170 22 156 2 2 156- -- 2

1--OTY PTRALATE 82.5 170 1601670 17131 7

IALLAZE ~~~~~ ~~~82.5 10- -
gh

InE~~a(A.E)AinaRACENE 8~25 17 1702.7 - -o yo -f-9 jug/k

znnz~~~~~lURAN ~~~~82.5 ~ 170 -17670 1-6-70 18fg 108 1808 5 jug/kg

IETHYLPETRALATR 82.5 ~~~~~~~~170 670 172630 610 - lu/k
IMETHOATE ~~~~~ ~~~82.5 170I&. 26 0

IPNENYLA24flW 82.5 ~~~~~~~~170 lug/kg

NnEAENSULIONATE 82.5 170~~~~~~~~~~~~~~~~~~~12 :9

AMPHUR ~~~~ ~~~~~8205 170N-7- 16 /kg

VORJITHE82.5 170 17010 1018015

SLUORNK 82.5 10 16 17 012 012---rug/kg

HX~cELOROEKNZDE 82.5 170 160 167025i?513- -- r u/k

O~~flR~fl~~lAD~~fl 82.5 170~ 160 67 1 100 15 10028sk

CELCROC~~cWPZNTAMENE 82.*5 170 1670 1670 10921092- - - C ug/

ROSTHAIS 8~~~~1 =2.5 170 1670 1670 108" 7- -- 7U~glk

EMP~IZD 82.5 10 60 1725i6213Uugk

EN0(12.3-D)PLXEN 82 .5 -170 1i67-0 -167-0 105- 162 -10 162 42 ug/kg

SODRIN -i 82.5 170 ~~~~~~~~~~1-67-0 16-70 30 114 3 114

B~~~flORO~~~~h j ~~82:5 170 167 7 1T ____7 10 7__ u/-

SOSAPROLE 1 ~~~~~~8.5110 /

R~~~n j 670 133~~T-- ~60 u

ILROENE ~82.5 10uqk

NIL2,3 XEEANSLWONTE- 2. 170 --------------------------------- 0----------------------------------

82.5 170 16017 Tf--_7--------

.wITR0S0I-ff-EU~l.AJIIWE82.5 170- - - - --

PONET OimROPLAMIE 8 * 70 110671003 013 59wfl

~~NITR0B0IUTH!LflNYL1INI 82.5 ~~~170 1ug/kg
1 82.5 170m

.NITROSOMORMOLIMS 82.5 ~~~~~~170 - -- - -- -

82.5 170 S1g
~~flTROS~flflRIDINN ____6 _7__ -16- - -I- - -- -- -

.NITRCBOPXRROLI~~fl#S -. 82.5 170 17017 0 9510 91 49 gk

AAL BDPHIAM 82.5 170 1670 16170 - -- 172 93 :F. 12 93 6 -50 ug/k

ITROSENZENE-D5 ____________ __________ -7 T _ ___ 1667 - -Y 2O3- - 1 3 12 59_ _

-ITROLUDINE Y 82.5 170

2 ---1 0 5 0 6 0- - O

-DIMETHYLU111N0A20Bfl3 l82. 170- _- - - - - - --



79 4 1223

Method ClaSBI 8270

Matrix Class: SOLID

General Class: 3mD

Report Date; 01/14/2003 10.11

Trus Values Control Limits

Parameter HWL RDL LOS US BURR LA KA BURR RI DUnits

pH~jffLHRDIAJE!NS82.510

-TIRPHDUL-D14 
166 1813

atBON ETHL 82.5 170

AXATBIOI K~~~~~fl~~h 82.5 170ugk

tNT ROZTHAZE 82.5 ~~~~~~170
D1?AdRWR0NITR0E~~~~~ RN, 82.5 ~170 I I- - r g~

ENTACHLOROPHRO 3 930 1670 1L670 21 146 21 146 17 gk

SUMAC XV 82.5 ~~~~~~~~~~170 _____

-82 .5 170 167 157 ir n 0 r44~
ILUNOL 82.~ ~ ~~~~ ~~5 170 16_70 -16150- 13 95 3 9

HZMOL-D5 _________ ___!.2 3 333-2 13

HSLTIRT-BUTYLAXIN 70 33 0

BORATE ~~~~ ~ ~~~~~82.5 170

RONAMZDE - ~~~~ ~ ~~~82.5 170 -.
/

TRUSS ~~~~ ~ ~~~~~82.5 17 17070 0 10 lT10 IS 1 FM/k

LU ~~~~~ ~~~~~82:5 170 uqkq

lONAZIN ~~~~ ~ ~~~~82.5 170



7 9 4122 4

IKEMRON ENVIRONMENTAL SERVICES

I 00~Q LIMITS

*method Class: 8270

matrix Class: WATER

*General Class: STD

Report Dates 07/14/2003 10:11

True Values Control Limits

Parameter MDL EDL LWS MS BURR LCS MS BRR DUnt

~,0,0TRZRT-fla PHOBPEOROTHX-oATE 2.5

, 2 ,4,5.TETRAOIOROEENZE ~~2.5 5 6722672

2~~DZ0R~~~~flO5Uh~~~~fl 2.5 S~5 s so 5 25 C 256 9

-D~~cELOROEIZR 2.5 S 50 50~~s so4 625 24 62o

,2DZPHRNTLHXWRRZZNl 25 5 5 50 0 50gW/L__
2.5 5 0

,3-DflIXTRODSfEN 
--F 5- - ir -ir2 nY--T - /

.4-r 2.5 515051500 ug~~~~~~~5 L

2 ~5_
5 10~~~~~~~~~~~~~~~~~~~~~~~~~~~-

,Z.4,6..TITRACELORO~flHOL j-2.5 -S___ j- -j- jj-6 - - -2 .
,4,5.TRZCHWROPHENOL ~~2.5 10--o 160--o 13

.4, 6.TflflOIC~~~~~~~~~~~fl!WL sojj-0 U - jjj0 - - 0 tilL

,4,6.fl~~~~cEWROPEEHOL ~~~2. 5 -5 so 5

,4-DI~~m.OROPHEHOL ~~2.5 5 so 50 go is go

,6.DWHLOROPHSOL I 2.5 5 ~~~~~~~~~~~- -F- - - - - nl

,6-DD~~~~flOTOLUE I 2.5 ~~~~~5 - so so 20 1 8 12
10. 25 5c 50 - - 2- 11 r g u

~2.5 ~ 5 590- 50fo -2 -O -1

~~ 5 50 50 15781578 - 1 tigi5-0 6 L

10 2 ~ ~ 10 1 G

~iwax~n~nnL3N3
- 2.5 5 50 50 2777 2777 sou34

-NrIHTLPHEHOL ~~~~~ ~~2.5 S so 50 2.5,8 1586 0u/

-flPHTHYLAN~~~~~fl 10I 20 -
_tgfL

-mT~~~om~~rjzME . 1~~~2.5 25 50 so 21 ugt

-flROEHO 2.5 5 so- 50 ~il-l.-i--- g

.SRC.EUTYL4,6DIEZTROPHUOL2.5 - i n iii-1 a

,.IUCEWROB IZZB-2.5 50 5 _ ____

,3.DflgETEXLB~~fl~fl~fl 200 400 - - 09taI

flT~~~flOHOLMT~~~~ffimE 1 s 10- -To -T - 0-iu0L

-NITRO"ILINZ ~~~~~~~~~~~~~~~~~~~~~~~~~~~12 ~~~~~~~~~2s -7i-o 50 -To- -12-1 =0 121~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1.62 5 5 0 2 1 211

.l~~flR~flUL~~hE -~_________ -- -
0 u2L

,6.DXHZT9D~~fl~~flL~fl~L 12.5 5 50 50 30 12 30 125Io 9L

-AINflEPHEML 1020 
ta~-6--2- -o-4, . !L7

-BRCNOPEENTL PEENYL N~~~n I 2.5 5 50 5 210S2ofl......4

-cmnln.3-KRTEYLPHENOL -4 2.5 5 5 20 132011 - - 6o

-CHWROIJULIS 2.5 ~~~~~~~~5 o0 -50 20 0S 2 85 70 L

.-CEWOROPNLPHHNYL ETHE 25 - 5 50 5 81138 102 55 U/L

-UNTEYLPENNOL - I 2.5 ~~~~~~~~5 I0 5-19-. 5 I5.--1- 6 ug/L

-XZTROAZZLIHN 12.5 25 50 50 40~~~~~~~~~~;O -13-6 40- -1-36 95 L

.XXTROPBEXOL 12.5 ~~~ ~~~~ ~~~~25 -g0 50Fo 10 -1739 -- 10 3-9 29ug

-nTROOUXHO~~~~~flhU 1-OXIDE 5 10~~~~~2 uL S

.4(ITRO.0-TOLUIDIXIE ~ ~~5 10

,12.DIETNYLB~~~~h2(A)~~~~~~NE 1 2~5 50 5;O- - --2- 51 L

KEAPHTHYLZNE 2.5 5 ~~~~~ ~ ~~~50 50 35 196 396 -

cATXLIN fl __ - - n i-67 i-71u/
5 ~~~~~~~~~2.5 ~ 5 50 50 - 59118i- -5-91158

___20 _ -
/L .

10 20-i- -4-- - - - - 4 a/
~2.5s 5 so 4084408



7941 225

iMethod Class: 8270
Matrix Class: WATER

iGeneral Class: STD

Report Datet 07/14/2003 10:11

True Values Control Limits

Paracuster NIL ROL LCB mg SU"R LCS KS BURR RID Unit.

DINE D0n 25 ~ 50- 5-0 0S5 5 5 u /L

ENZO (A)MG~THEACRNU 1.L.... so s0 54 1124 54 1241 5 gL

U~O(A) PYRNS 5 50 633 11.24 63 12

ZNZO (B) FLUORANTHRNI 2. 5iU so 3631 17F

dit(MUZ)PZRYLSW2. 5 so s0 59 1224 59 a124

I 0t (K) FLUORANiTUNU 2.5 5 0 50o 62 124 62 1 124g

fIL ALCOHO 12.5 50 100 I1S0 10 ISO29

ALC2 COHOLRlTHI)B2~ l2.5 ~ 5 50 50 23 47 30 7 - 9 - r L

IS(2-CHL0ROETHQXh)ITHflX -2.5 5 50T sro -iU 3T-3 79 - ug L

2- ~~~~~~~2.5 5 50 50 24-0 80 24 80F- 5 U/

I8(2-CHLOR0ISOPROPYL)ETHER I :55 1~--So- 4 0 54-O 140 ___ u

UTYL lEZXIL)PHTHALATE j255 so 50 54 1407541407 u

IS(2ITHElHIL PHTHALATR __-O--_____17____47_2 
g

E OLK S ii 50 so5 36 5 3 Ug/

LROBDEMflaE 102. S - -o- s 20 6020_20 .120_ 40

aMR 2.5 5 so 50 55 1245 5124 5 ug/L

-BUTXLPHTHALATU 2.5 ~ 5 90- -50 65 133 65 133 1 u/

-OCflla PHTHIILATH 255 50so45 138 66___ 138 Itr

H) ANTHRACK1132.5 5 50 s0 5_13 __ 3

153HZ A.H)A~~~flflACDS ~2.5 5 50 so 33 4.1 4- - - C 3U L

zn~flOV~fl IE 255 5 5035 125 35 125 r

IMITHOATS ~~~~~~~72 .3 -5 ug/L

IMETMLPHTHAL&TU ~~~~~12.*5 5 so 50o 27 107 27 1107 7 L

10

ANPEUR ~~~~~~~~~~20 soI0s

LUOWGTUDIU 2.5 5 50 50~~~~~~~~~~~~~~s 63 128 63 2S

LUORKUE ~~~~~~~~~~2.5 5 50 50 40104s40104ug/

CLROSNZENI 2.5 5 50 so 50 1210. T___ u/

flCHWROSU~~~~flh~~~hR 2.5 5 50 1so 27 716 27 76 9$ up L

2.5 S ~ s -o- 50 ___ 107 1 078 17 ug/t.
Kfl TWO ANEOK fDINE2.*5 5 so I5s 21 901 21 90 -47-u -

1 2.5 -_ - I - - - - - - - - -

R PROPIE 5 10I u/

1 0(1,2,31-D)PlflIj2 5 50 50 I 58 1231 58 1123 __3__ /

BODRIN __ __ __ _ 1 I I ± ug L

S0HORONZ . o s - 2 9, _20 1 9 , _/

SAFROLS ~ ~ ~ ~~.55 u/

SOB~~~~flOLI 1 ~~~~~ 200 -500 - --- - -- --

RHPRLMf 510 - - ------ L

N Ml HTHANRBULIOUNATK 5 10 IUg/L

-NT0ODIKTHTLANINE 5 10 ug_

-NZTROSODIPHUYLANIS ________2__ 5~ so 50 'if Th22 43 12217a/
25 5 5050s 34 86348-6 1 ug/L

NI0S0NNTHYLITH AUN110 - - - ------ _nf

- TROSOMORPHOLINU 2___ __ __ _ __ __ __ - - -- - - - - - -

TSOIPEXINN ______ 10 u/

TROEOKURLIDINE 5 10 /L7

IITROBINUZENU . 5 50 5 0 8 2 so8 5 IUg/L,

-TOLUIDINE 5 ~~~~~~~~~10 ___
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Method Class: 8270

Matrix Class: WATER
General Class: STD

Report Date: 07/14/2003 10:11

frue values Control Limit

Parameter ?ML RDlL LCD US BURR LCS KS BURR RD Units

20 50

~~~fl~~~~p~~~~m52r SL-D14 SO 3 12440 /

AflTBIOM METHYL 10 2_5__120_/
flflCBWRODEIGEKNE ~~~2.5 5 0 5 T-_20-!g

~25 10- 4 10 6

mqTA0HI.OROPNOL 12.5 25 50 so 30~-To- 1212012

zh~~~aCZTXN ~~2.5 5 5 5 uaIL.

D ~ ~ ~ ~ ~ 255 - --

2.5 ~~5 u0-r gr 0irL

P~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~- - - - -

- - - ----- --- -- -- -- -- --

BEHOLDS _______ _____ 0 09

L-DI ___________ _________ 10 25 12



KEMRON ENVIRONMENTAL SERVICES
QC LIMITS

Method Class: 8081
Matrix Class: SOLID

General Class: STD

Report Date. 07/14/2003 10*1l.

True values Control Limits
Parameter IQL RDLS Les KS BURR ICB Xs BURR R D Units

,41 3 3 6 7 T -~~~~~~~~~~~~3 1 0 __ ug/kq

.4-DDD .8 . 16.7 T16.7 -416 51- 476 151/a

*4* ..DDH ~~~~~ ~~~~~.825 3.3 1.6.7 16.7 46 1514615 0 1us/kgI

4'-DDT ~~~~~ ~~~~~~~.92 31.3 16.7 16.7 -27 33 1752ug2!.k -

-- r 1.7 16.7 1L-7- -3- 5 145 0 ug/kg

pla-Om.ORDANE i~~~A............... 1.7 1~~6-.7 16-.7 3-8 -15-4 3-8 154- Oug/kEg

ow - 016 I1~~~~~~~~~~~~2L ~-16-.5 83.3833 64- 13-664 16- - - r3 ug0/kg

LO-122 8.5 16.5 83.3 83.3 - - - - - - -_

CO-1242 8.25 16-.5 83.3 83.3 - - - - - --

OW-1248 8.25 1-6-.5 83.3 93.3

CR-1254 8.25 1-6-.5 8i3.3 83.3 - - - -- - -~ 1

R-16 8.25 1.6.5 8-3.3 83.3 673 137 63 137 - 0 U

ETA-DEC - .~ ~ ~~~~ ~~4 1.7 1i6.7 16.7 -44 -13-9 4;4 139 - -r g

ECOLROBIP fL16733 
143 ' u

A-SEC .4 ~~~~ ~~~~~~~~~~~1.7 16.7 16-.7 4;3 - 14-6 4i3 1456 0 u III

12f .825 ~ 3.3 16.7 16-.7 -50- 1T4-7 0 -147 - - - 0 7jug7

BULWM1 I I .4 ~~~~ ~~~~~~~~~1.1 16.7 16.7 29 14.0 29 i ,-e
~3 ~ -R -. i-6. 1- -.3 29 13r2 UW/kv

SU12 ULFATE 3.3 -16-.7 -16.7 - 1 148 16 1.40 0 jugkg

1134 .825 ~~~~ ~~~~~~~~~~~~3.3 16.7 1.6.7 241k2 8 ~g
RIAM pEHYDS .025 ~ 3.3 1P6.7 16.7 12. 118 1I li2.8gkg

RIM InNB 8533 1. 16.7 30 1430 144 0 ~g
moa-SEC .4 1.? ~~~~~~~~~~ ~ ~~~~~~16. 167 391539 145- --

-KC ~IAI.4 1.7 166.7 .7 461 145 140 -rug

ETCKLORM .4 1.7 6-.7 16.7 - 3 5 3 10- 0, Ug

EPAHLRK XD 4 1.7 116.7 16.71 46 42 6 143 -- a

OZYCHI.0fl ~~~~ ~ ~~~.82S 17 16.7 16.7 51 156 51 156-
IADDENE 16.7 33 3.3 83.3 - ir 13 25 - - - r ug/k
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KEMRON ENVIRONMENTAL SERVICES
* O~~C LIMITS

Method Class: 8081
Matrix Class: WATER~

General Class: STD

* Report Date: 07/14/2003 10:12

True Values Control Limits

Parameter )WDL RDL WES Ka BURR Les Ms BURR D Units

.TZTRAORLORON-flL~~~~~~~~fl - - .5 - - - - ~~~~~~~20 180 ug/ I

,4'-DDD ~~~~~~~~~~.025 .1 5 .5 50- 1 SO 145 ugLI

,4-DDR .770235 .1 .5 *B5 53014ii550-o-1745 - - ug/L

-O.25 .1 .55 45I 'L.4 40___

,4'-DDT __ _4__ __ _ 
4___ 

__ 
4__

UN ~~~ ~ ~~~~~~ ~~.01 .05 .5 358 130 3T8 1:30- 0 ILr

a-nc ~~~~~~~~~--.- *l .Os s . irj- n 13i 0 -6i-i.
n-.OflDrNZ 7- .01 .05 .5-15 UF~

ann-I. 15 ~~~~~~~~~5 .s 2i.5 s T2 T 32370 us/LI

OLOR1211I2 .5 
u 

- -- -- -- -

01.02-1232 -T :~ . . ~ ---------- ug/L

cwR-1248 -~~~~~~~ .~2 5 - -- - - - - -- ug/L

01.03-1260 ~~~ ~ ~~~.25 .5 2.5 5 -7 49---7--U~

BA EC .015 - -. 05 .5 .5 61 131 61 31. 0 Ug/L

EDANE - ~~~ ~ ~~~~~.01 . .5 .5 5 4F u/1L,

ZC~~cI~~flR0BIPEENYL 
...........±L. 2514047 14 Iik

IC7kRH .02 .0 5 .7104 4

INLO~~~~~~flI ~~~~.025 . ~ .5 .5 lU- --Iso lU 0 I

SU~~~~tAN I .~~~~~01 .05 .5 .5 50 1.30 50 130 0 1Ug/L

BULFAN II ~~~~ ~~~~025 I1 .5 .5 - O0 1Y3-0 3 0 130 LAUSL.
BULW( SULFATE .1~j:jK2:j -.5 .5 -'0- 130. .30 .100- 01i9L I

NIH ~~~~ ~ ~~~~~~.025 I1 .5 .5 501ISO0ISO - / iL

NDRIN ALDEHIDE ~~~~ ~ ~~.025 .1- .5 5 301330 30 30 0uL

NIX 3170HZ .025 .1 ~~~~~ ~ ~~~~~~.5 .5 31 1f41 31 1.10ugiL

-DEC ~~~ ~ ~~~~ ~~.01 .0 . 37 12-2 43- 122 0 -ug/L

-CHLRD.ANE 0 .05 .s .5 xrF T3n -Tir i3i r twL

TACHWR .01 .05 ~~~~ - - r ugiL
.01 .~~05 .s .5 1WL T1 iW

P2AOELOR EP~~~~~nDE .025 .5 .5 ~~~~~ .5 60TO -132 60 13250/

'HEZHNS 2 51 25 2 ri-i--26-ifT -f2 -60 -ug7L
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KEMRON ENVIRONMENTAL SERVICES
* C~~C LIMITS

Method Class: 8082
Matrix Class: SOLIJD

*General Class:ST

Report Date: 07/14/2003 10:12

True Values Control Limits

Parameter HDL RDL! LCS Ns S;RR LCS usE SURR R ID Units

.4 * 5,6 ~~~TETRACHL0RO~~~~fl~flR 6.69 29 ~~133 u g

MOCWE-l~~~~l6 I ~ 8.25 I 33 13.318.3 141361 64 11361

ZC~~~~c~~~rAROBIPHRML ~ ~ ~ ~ ~ ~ 3. 6.68 30 173go - Fo

QCWR-1260 ~~~~~8.25 3 83.3 83.3 63 137 63 -13.74
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.KEMRON ENVIRONMENTAL SERVICES
QC LIMITS

IMethod Class: 8082

Matrix Class: WATER

General Class: STD

Report Date: 07/14/2003 10:13

True Values Control Limits

Parameter NDL RD!. LCS NO BURR WeS Ns BURE E Units

,4,5d~fTEACIOR-NZLEE 
2 101321 -/

CLOR-1016 .225 3 137 32 137 4 Ug/L

* OCLOE-1260 .25 ~~~~~~2.52.5! 307 3 49 37 149-

Pxcacnwioni~~~fln1~ I I .2 36 144/



KEMRON ENVIRONMENTAL SERVICES
QC LIMITS

Method Class: 8151
Matrix Class: SOLID

iGeneral Class: STD

Report Date: 07/1.4/2003 10:14

True Values Control Limits

Paramelter MDL RDL We mg BURR LCS M NB in RI Unilts

*4.5-T ~ ~ ~~~~~~ ~ ~~2 4 10 10 2144-T201F44 I 0 ugk

,4,5-TP (SILWIZ) 153 0 1031 1321 31 1132 0tg

.4-0 ~~~~~~ ~~~~~20 40 100 100g 32 1321 32 1132 - -- rtgk
40 100 100 29 -134 2 _L134 0ak

~~SXCEUTTL4.5-DflhITR0PHW0L 2~~~0- 50-so 500 51 14510

ALAPON 50 ~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~100 25 5 0 99 10 99

ICASB. 2 4 10 10 T33 -14-s -33 -146 u/

ICHILOROPROP 2040 -ThU -1UV-0 ff5 319 13 IF 3-9 - 0 __

CPA ~~~~~ ~~~~~~~2000 4000000 00 100 19 147 1*9 14
~2000 4000 1000±00 10 219 10 219lk

ZI4TACL0ROPBNOL 24 10 10 ;3b2. 1132 31130s/g
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qKEMRON ENVIRONMENTAL SERVICES

QC LIMITS

Method Class: 8151

Matrix Class: WATER-~

~General Class: STD

Report Date: 07/14/2003 10:14

True ValUes Control Limts

Parameter NDL RDL Leo US BURR Les Ks BURR RP Units

,4,5-T .1 .2 .5 .5 4 1331 24 11303 4 /

,4,5-TP (BILVIX) ~- .1 .2 .5 7V1 38 1301 38 130N 4 uggL

.4-n 2. 2 5 5 29 1331-29 1133

,4-1)8 ~1 2 5 5 -2~9- 123-i 29 -1a23 -41 0 /

,4-D~~~~~~~~~fl 5 ~~5 ~ - 52 01

ALAPON ~~~~~~~~~2.5 B 12.5 2.5W 13 101 13 101 2 ug7U!
CARBA ~ ~ ~ ~ ~ ± 2 .5 5- 43 129 43 1294

IOHWROPROP 2.2 5 5 42 1_42__

aC100 25 0 5~00 500 2611 2 14 'JZL
p 100 ~~~~ ~~~~~~~250 500 500 32119 3r2 11a4TI

WT~~cSWROPBRNOL .1 _______ .~~~ r. 381230 3 8 130
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KEMRON ENVIRONMENTAL SERVICES
QC LIMITS

Method Class: 6010
Matrix Class: SOLID

:General Class:ST

Report Datei 07/14/2003 l1is1

I ~~~~~~True Values Control Limits
Parameter XDL RDL LCB US BURR LCS Ks BURR RP unitts

UNINUM -t ~~~~~~10 20 30o 500 8s0 120 75 125 1 2 _ n/kCg
fly .5~~~~ ~~~~~ 10 so so 80 12 75 125 2 -a/k

mac ~~~~~~ ~~~~1 .5 Soo Soo 801l20 75 125 - 2 V/kG
run ~~ ~ ~~~~.012 .5 500 500 80 1.20 75 125 2 ng~g-

ERYLLIUN .~~~~~-"-012 .5 so 50 -8O ±2-0 -7S 125 2mgk
RON 10 25 500 50801o 2075 125 2 mig/kg

.12 s5o5 50 80 120 75 125 2 mg/kg
'UN ~ ~ ~~~ ~~~~5 10 s0o 500 802.20 75 125 2Mg

MIUII .12 1~~~~~~~ ~~~ 50 50 so 120 75 1125 2zuk
ULT ~~~ ~ ~~ ~~~.12 o s 1o- 120750 12 -2zr
ppn ~~ ~ ~~ ~~~~.5 1 Soo Soo 80 120 75 152 mgk

RON 12 25 Soo So08 -0 7 2 2 k
3 .1 .5 so5 so M8 2 7 2 2 m-/k

IT~~~nIN I 2~~~~.5 5 so0 so 0807105SF125 mg
ONISIUN -~~~~~~ 12. 25 500 500 i 120 75 125 2 2 ak

UKns L25 5 2500 2500 80 120 75 125 -2 -

LYDDINUN 1~~ ~ ~~~.5 5 50 so08075120 15 2 /
L~z - .5 2 50 50 80 120 75 125 2
luf 25 250 2500 2500 800 120 75 125 2 ak

UKN 2 5 B5 so 50! 6 2 75 125 2 -

L~~~eN 1 ~~~~~1 25 50 so iUa 23 fi
IN I ~~~~~ ~~~~5 25 so a08107 2 2

ITAMIUM _______ 2 so 508 12o- 1 2 2~
,aUnu .2S .5 50 50 .1 T715 - 2 /k

INC -~~~~~~~ .5~~ 1 so050 80 1 2 2
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.KEMRON ENVIRONMENTAL SERVICES
QC LIMITS

Method Class: 6010
Matrix Class: WATER

lGeneral Class: BTD

Report Date: 07/14/2003 10:16

True Values Control Limits
Parameter XDL RDL LCS NS SURn LCS BS URR RPP Units

IlIUM ~~~~~~~~.05 .1 2.0 10 ___ 01120 75 125 - 2 -mgI

IMONY ~~~~~~~~.01 .2 1 1 __ 80 1120 75 125 - 2 _ g/L
mac ( ~~~~~~~ ~~.01 .1 1 1 80 120 75 125 - 2 _t/

_______ _______ _______ _______ .0025 .01 10 i r m
80 120 75 125 2~

UN ~~~~~~ ~~~.00025 .01 1 1 80 120 75 125 - - 2 -m/L

PPRR ~~~~~~~~~.033 ______ 1 80 120 75 2.25
I- ~~~~~~ ~~~.002 .21 I0 10 -012 5

______________________ .002 .02 10 100 1 0 7 125 2 = /
.0025 .02 1 1 80 120 75 125 - 2 _ g/L

RON ~~~~ ~~~~ ~~.002 .04 1 1 - 80 120 75 125 2 fF
.01 .02 11 1 80 120 75 125 20 mg/

TRIWI .~~ ~ ~~~~~~052 .01 1 18 2 75rn 125 2 g/
.25 ~.5 10 10 80120 75 125 - 2 g/L

BE -± ~~~~~~.001 .01 3. 1 - 80 120 75 125 2-y/

LOiUM 1 .05 .1 10 1 80 120 75 125 - 2 -mg/

O~~~aL -,~~~~~ .005 .04 2. 1801 20 75 123

TASSIW ~~~~~~~.205 .1 I0 0 80 120 75 123 2
I~~~fhXWI ~~~~~~.005 .01 1 1801 20 75 125 2 /

ILZOO .25 1 -0 - - 80 120 75 125 - g/L
ILVm 205.0 . m0gSIL1

ODIUM ~~~~~~~~~05. I I80 120 75 125 2 g/L
TIXCN ASU I.2 80 120 75 125 - 2 mg/

ILVRR ~~~~~.005 .01 .2 .2 1 so I= _____.

EALLIW - i ~~~~~.05 15 10 51- 80 120 75 123 mg- .
ZN 1 ~~~ ~ ~~~~~.005 .5 1 80120 75 1251 L

i.05 1 1 1 1 ~80 120. 75- 125 ___2 gL,

ITANIUN .005 .03 1 ~ 10 52 21-
1W 1.~~~ ~~~~~00'5 .01 11I _ - SOL

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - I .00 5 .0 - - - - - - n
INC ___0 ___ .02_ __ 1 180 1202
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KEMRON ENVIRONMENTAL SERVICES
QC LIMITS

Method Class: 7000
Matrix Class: SOLID
General Class: BTD

Report Date: 07/14/2003 10:16

True Value. Control Limit.

Parameter WD!. RDL WCS NS BURR L~CB mg SURR fP+ Units

INONY ~~~ ~ ~~~~~.25 1 so so I 8 12 75 125 2 mg
snmc ~~ ~ ~~~~~~~~.1 .2 1.25 125 -- SO 120_ 75 1225 ~ 2 mgk

ERYLLIUN ~~~~~~~~~~~~~~~~~~~~~~ ~~2 mg

ADIUON - -~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 2 __mg/g

____________ ____________ _______ J 4~ ~.25 1.25 1.,25 0120 75 125 2 mg k

can L2 01t ~~~~~~~~~~.25 .167 .167 80120 75 125 __ _ 2 mg/kg
ELINIUN -1~~~~~~~I.1 .2 1.25 1.25 90120 75 125 mg/~kg
HA~~~~jLIUM ~~~~~~.1 .25 1.2S 1.25 8 120 75 125 2 m/k
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IKEMRON ENVIRONMENTAL SERVICES
00 LIMITS

Method Class: 7000
Matrix Class: WATER

General Class: STD

Report Dater 07/14/2003 10:17

True Values Control Limits
Parameter NdDL ItDL LCS KS STURR LcS us BURR RPP units

non ~~~~ ~ ~~~~.003 .02 .025 .025 ___ 80 120 75 125 1 _nl

Du .0015 .004 .025 .025 __ 80 120 75 125 2 ig/
RRYLLIUM ~~~~~~~.00025 .0005 .0025 .00251 80 120 75 125 8 I ul

san ~~~~ ~ ~~~~.002 .003 .025 .025 __ 80 120 75 1252
wRY 1~~~~~~~r .000052 .0002 .001 .001 ___ 0 120 75 125 1 /

ELINIUN ~ ~ ~ ~ ~~ 1~~i00i .004 .025 .025 80 120 75 la112 ul
luxl .0015 .005 .025 .025 80 120 75 125 ~si

r



Attachment D

Information on EDMVS
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. ~DESCRIPTION OF THE DEFENSE DISTRIBUTION CENTER
(MEMPHIS) ENVIRONMENTAL DATA MANAGEMENT SYSTEM

The data management task for CH-2M HIILL Memphis Depot projects has been
accomplished through the use of the SEM Environmental Data Management System tool set
(EDMS). The current tool set being utilized is EDMS97_Generic. This tool set is proprietary
software, and was developed to support a variety of needs and site management projects.
The EDMS tool set is Microsoft Access 97 based, with associated project data tables residing
in either an Access 97 database or in a Microsoft SQL Server database. Through the use of
menu driven screens, the various EDMS components can provide both field and analytical
support for a project.

Field data support includes the management of field data such as location survey
information, field sampling information, well construction information, lithology and
stratigraphic data, water level data, in situ field measurements, down hole measurements,
and vapor data. In addition, field support includes the ability to generate sample container
labels, chain of custody documentation, and various reports to assist with the scheduling
and login functions.

Analytical data support includes automated quality control checks of the laboratory
electronic data deliverables (EDD), support for the data validation and data quality
evaluation functions, and the generation of both electronic and hard copy data deliverables.
Electronic data deliverables include data exports for risk assessment support, CAD support,
GIS support, as well as client specified EDD. In addition, standardized and custom data
tables or reports can be generated to support the project report development process.

The laboratory EDO are submnitted by the laboratory in a comnma separatevariable (CSV)
format that is directly importable by EDMS. The EDO consists of 47 fields of data per row
which represents one record. Each record in the EDD is one analytical result, and all the-
information required to evaluated that record or link it to it's associated laboratory QC is
contained in that record. The detailed electronic data deliverable specifications are attached
as Attachment A.

While not all features of EDMS are currently used to support Memphis Depot projects, the
features are available in EDMS and can be used should the need arise.

The following screen captures are provided to illustrate the level of detailed information
that can be managed through EDMS. It should be noted that while not all fields must be
populated for all records, there are certain select key fields that must be populated to
support a specific functionality of the tool set. An example would be that for a given sample,
an analysis code is required to take advantage of the label generation capabilities of EDMS.
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EIJMS Main Menu:

94~~~~~~~~~~~~~kh

fie ~ap~e ~~d &R QC ~torne[o~ ~~ee tint97

CHZEWHILL ~ ~ ~ ~ /'~

ft-i lx-j--
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0 ~~~EDMS Sample Login:

9- U~s a '7 ~ W k ' Z 1~y A '-I 'ti- CD

0 1-. o~~ DDMT D-a F.W Beno M.,slta .Sev-ow
Ps 1-ed'p DDMiT D-r F~d Bas~ P)aA.

1 s~ LABO o

Ce.thco tpet OO . et e~pa Dph(ia ALa oeS o

I I I I .JI zi~~~~~F W F~~l

Desth-rthetoaCOC) Saowho~~~escdpboa~~oot~nyenot CCC) 4pooe Cope1

An~~~~~~~~~~~~tot sC
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EDMS Station Information:

I Edo Cs~k F1c , Anv rZ I'~ ~ load ~ido E, AI

* -4-0 1-~AU

P ffl~~~~Co,' oI~ooI oln-ksoI xdjto
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0 ~~~EDMS Well Construction:

14- a~'4 0 Z j 4

EI .~ 10Fd &fAfrlI a( t1fterme1 ALoc t Em.

I ---- ---- -- -

1E12 --- l--- ------- - --- -

~~ Oenftr-I---- i---- -dl -to j

__---------------------Tr

< nee, ] roop

wt:zr

l t~~~~~d IL~~~~~~r -LLLL~~~~~~~~~jl~~~~j 0 ~ ~ ~

JIT~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~/
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]3DMS Field Measurements:

01 14 Y1 - A 5 aq - Q)~~-Al
Lk ~~~.V~ M10dA 4.0

1~~~~~~~~~~~~~~~~~~-~z

It~~~~~~~~~~~X

zi

Yk ,4dA h
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EDMS Water Level:

Lik 1,rq~ Ftd wtcI 1 ~n-. I~ wnt t1rn ue1

WATEFRLEVEL DATA

t FREE PRODUCT HEALTH & SAFETY

VISUAL INSPECTIO
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EMDS Lithology:

African t", O~~~~~~~~~~~~~~~~~~~~~~~~~, ~&

<<-1~ ~~~~~~~~ -W

.iL~~~~~~gJ

¾~~~~~~~~~~~~~~~~~~~'~

77,~~~~~~~~~~~4
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Lab EDD Import:

Eke J.Ve Fd &raWrs QC aen Ld Ida~E~~ UOb

4d]~~~~~~~~~~~~~~~~~~~~~'.

D.. ~ .~
QC~~~~~~~t

h=nJ"
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Validation Flag Entry:

t ~ &.V 4d &n&A.N! jreln o t~o on

i 13-Dch~~,enze~e _ 025 U U 025 __ ND

l2DboI~~o~ch~c~,a~n I uI NO UI

______________________ D__ D25 ND_ U

j~~r~en~~d~ano 01~25 - u j 0Zs NO U

1,4cID"o.rw 0 125 U 0. 9125 ND - u
a,1 DJ~f.eh 0. 5 - <U a ND _ U

0 25 U 'U12 ND U
11 Dcl4~~~0,.no~0.25 + uND U

035 035 N I

o1,3Oop2n 025 +U fU 0.2 NO U L

RWcad 41I I I 11.1, & I 4

WI I~~~~~~~~~~~~~~~~~~~~~~~~~1

N4
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0 ~~~Data Quality Evaluation:

~~e ~pr~~k ~t~d &r~~a~ttol ~~& ~~o~terne I~I Wnt I EcwImA deb

- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ------- ---- --- ---

,mm~ OS SWOO~NNETHOL~GC Wu Is

, Omm LS GWOW9~METO LAQC Wfl as

I GGGlEBT TS1 MA~4~NONFNI MW 103 WU N M
@A0/a-EN T-S1 Ej1OQONENONI MW-100 WO N 0M

A~UJE{BT-TS1 EWM;NTONENLMW1 WO N 0M

OT TS1 E mw~~~~ 008 W N VM

mW.1" WU N Ripi CseMejA
-= W411"

mw 00B WU N 07MA~~~~~~tt ~4

MdY~~~i selected -~mW1JB U N-A-

0~~~~~~~~~~~~~~~~~~~~~W08W W09O S 1O!' M
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Attachment A

Electronic Data Deliverable Format for CH2M HILL
The electronic data deliverable (EDD) file from the laboratory will be a commna-delimited
ASCII (CDA) file in the format listed below. There will be one fife per hardc-copy report and&
the filename of the EDD file will be in the format REI'ORTID.txt or REPORTID.csv, where
REPORTID is the hard copy report identifier of sample delivery group.

The first row of the EDD will contain the 47 field name values as listed in the EDD
Specification Table

The EDD Specification Table lists the attributes of the columns for each row of the CDA file.
The fields should be reported in the order indicated.

The Data Type columnn describes the value in the field as either text (alphanumeric), number
(numeric only), date (format: mm/dd/yyyy), or time (24-hour format hh:mm). If the field is
conditional or optional and there is no value to be reported, report a null (i.e., no) value. For
a text field, do not report a zero-length string (i.e., "").

The Data Length column contains the maximum length of a text value for the particular
data field.

The Rqmt columnn contains a code indicating whether the value is required (R)'for alh'nws,
optional (0) for all rows, or conditional (C) and depends on the type of result reported.
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Modification Notes:
Changes to February 9, 2000 Revision:
1. Change the description of the QAQCrype field (Field No. 6) to clarify how diluted

samples should be reported.
2. Change the description of the LRType field (Field No. 7) to allow for multiple

dilutions, re-analyses, and confirmation sample analyses. Also change the example
values to reflect this change.

3. Change the description of the AnalysisMethod field (Field No. 10) to correct
grammatical error.

4. Minor typographical/ granmmatical changes in the descriptions of the ExtractDate
and ExtractTime fields (Field Nos. 15 and 16).

5. Change requirement of the LabbotCtlNum field (Field No. 20) from Required to,
Conditional. If there is no preparation, then the value in this field should be blank.

6. Change data typ of the Result field (Field No. 24) from Number to Text, length of
10. Clarify the requirement of a text value in the field description.

7. Change the description of the MDL field (Field No. 28) to clarify the contents of the
field.

8. Change the description for the UpperControlLimit and LowerControlLimit fields
(Field Nos. 35 and 36) to explain when a value is required in those fields.

9. Change the description of the MDLAdjusted field (Field No. 39) to clarifftlie
contents of the field.

10. Change the requirement of the SampleDescription field (Field No. 41) from Requfrect-
to Conditional. Lab QC samples (method blanks, blank spike, blank spike
duplicates) do not appear on the COC.

11. Change the description of the CalReflD field (Field No. 47) to clarify the contents of
the field.
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0 ~~APPENDIX C

Land-use Control Implementation Plan

0
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* ~~Defense Distribution Center (Memphis)
Main Installation

Land Use Control Implementation Plan (LAJCIP)-.

1. Introduction

The former Defense Distribution Center (Memphis) (hereafte# referred to as the Memphis
Depot) Main Installation (MI) Record of Decision (ROD) (CH2M HILL, September 2001)
identified land use controls (LUCs) as part of the selected remedy. The ROD provides in
part that:

Land use controls are part of the selected remedy for the Main Installation, and shall
be implemented through a land use controls implementation plan (LUCIP). The
LUCIP shall be developed as part of the remedial design. The timing and nature of
the monitoring and reporting for the land use controls shall be specified in the
LUCIP. However, to remain protective, land use controls depend on annual
monitoring, and maintenance of fences and signs. The results of the annual-
evaluation shall be reported to TDEC [Tennessee Department of Environment and
Conservation] and EPA [U.S. Environmental Protection Agency]. The deed
restrictions will add a layer of protection against future residential use that will
augment current zoning restrictions.

This LUCIP describes the implementation of the MI ROD LUCs. This LUCIP is part of the
Remedial Design (RD) for the MI and will be included as part of the approved design
package and carried out in the Remedial Action (RA).

2. Land Use Control Objectives

The MI LUC objectives are as follows:

1. Prevent direct contact/ingestion of surface soils contaminated with dieldrin and arsenic.
2. Prevent direct contact/ ingestion of surface soils contam-inated with lead for protection

of residential children, including those in daycare.
3. Prevent ingestion of groundwater contaminated with volatile organic compounds from

potential future onsite wells.

3. Land Use Restrictions

The MI land use restrictions are as follows:

1. No residential land use or other child-occupied facilities, including daycare on the MI
(except on Parcels 1 and 2 of Functional Unit (FU)6'l)(depicted in Figure l).

Parcel 1 s the main administration building and adjacent parking areas (formerly known as Building 144). Parcel 2 is the
former Memphis Depot housing area. Per the Ml ROD, neither parcel required any land use restrictions due to environmental
conditions.

REV. I MEMPHIS DEPOT Ml LUCIP-FINAL.DOC



2. No production/consumptive use of groundwater or drilling groundwater wells on the
MI (except on Parcels 1 and 2 of FU6) (depicted in Figure 2).

4. Land Use Controls

The LUCs for the MI consist of institutional controls, including deed and lease restrictionts; a~
Notice of Land Use Restrictions (hereinafter Notice), zoning restrictions, and groundwater
well restrictions. In addition, the fence along the boundary of the Southeast Golf Course
Area (FU2) will be maintained to preclude casual access by adjacent offsiteresidentsjsee-
Figure 1). The following LUCs will be used to minimidze the potential for violations of the
land use restrictions in the future. A summary of the LUCs and monitoring requirements is
provided in Table 1.

A. Lease Restrictions

The Interim Master Lease (now Lease in Furtherance of Conveyance) between the United
States Army (Lessor) and the Depot Redevelopment Corporation of Memphis and Shelby
County (hereinafter the DRC or Lessee) contains environmental protection provisions (EPP)
that prohibit the Lessee and any sublessees from making any modifications, additions, or
alteration• to the Depot property in any way that might affect the cleanup activities, human
health and the environment. Additionally, the lessee cannot conduct or permit its sublessees
to conduct any subsurface excavation, digging, drilling, or other disturbance of the Depot
surface without written approval by the Army. These EPP are enforceable against the
Lessee by the Army as holder of the lease. Furthermore, any sublease by the DRC is subject
to the conditions of the lease (including the EPP) and should any noncomplibnce stem from
the activities of the sublessee, the Lessee is responsible for ensuring compliance either by
corrective action itself or through the sublessee. The EPP are beingupdatedby the-Arny to.
reflect the land use restrictions required in the MI ROD and specified above. These EPP will
provide the same level of protection against unauthorized use of the Depot property, prior to
transfer, as the deed restrictions will provide subsequent to transfer.

B. Deed Restrictions
The Army intends to transfer ownership of all the property on the MI (by parcel) to several
parties, including but not limited to, the DRC, and the City of Memphis through the U.S.
Department of Interior. The Army's property disposal agent will incorporate appropriate
restrictive covenant language to ensure that the above land use restrictions are incorporated
into the deeds transferring the property. The deeds (or other property transfer instruments)
shall include a legal description of where the land use restrictions apply and may reference
the Notice that will be recorded in the Shelby County Register of Deeds-office (see Section.
4.C below).

Such deeds will be prepared in accordance with Tennessee real property, law to ensure that
the restrictions run with the land and shall be binding on all subsequent property owners.
The deeds will be recorded in the Shelby County Registdr of Deeds office. Before executing
the deed for conveyance, the Army will provide EPA with a draft copy of the deed language

REV. I MEMPHIS DEPOT Ml LUCIPFINAL.DOC 2
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(i.e., restrictive covenants consistent with the above land use restrictions) for their review
and comment2. A copy of the final executed deed will be mailed to EPA and TDEC.

C. Notice of Land Use Restrictions
In accordance with Tennessee Code Section 68-212-225 et.seq., the Army's property-disposal -
agent will prepare a Notice and record it in the Shelby County Register of Deeds office. The
Notice will be filed by the Army's property disposal agent within 60 days following
issuance of the final RD) for the MI. A copy of the Tennessee Code Section 68-21-2-225SNotee of
Land Use Restrictions is available at http:/ /www.michie.corn/resourcesl.htmJd

The Notice will: 1) include a legal description of the site; 2) identify the locatioaand
dimensions of the areas of potential environmental concern with respect to surveyed,

0 ~~~~2 The Army normally provides a copy of the Finding of Suitability to Transfer (FOST) document that includes the land use
restriction language, for subsequent use in the deed, to EPA for review.

REV. I MEMPHIS DEPOT Ml LUCK'_FINAL.DOC 3
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permanent benchmarks; 3) identify generally the type, location, and quantity of regulated
hazardous substances known to exist at the site; and 4) identify specific restrictions on the
current or future use of the site. The Register of Deeds will record the Notice and index it in
the grantor index under the names of the owners of the land. Once filed, any of the
aforementioned land use restrictions may be enforced by any owner of the land, TDEC, or
any unit of local government having jurisdiction over the property through issuance of an
order by means of a civil action.

A copy of this Notice will be mailed to the appropriate state and local governments having
jurisdiction over any part of the property within 30 days of being filed. These include, but
are not limited to, the Memphis and Shelby County Division of Planning and Development,
the DRC, and the Memphids and Shelby County Division of Health Services (MSCHD) Water
Quality Branch (hereinafter Water Quality Branch). Copies will also be provided to the EPA
Region 4 and TDEC Memphids Field Office. The Army expects that the DRC will formally
notify any subsequent property transferees on the existence of the Notice. If the DRC is no
longer managing the Memphis Depot, the Army will send a copy of the Notice to the
successor organization.

D. Zoning Restrictions
The Memphis and Shelby County Land Use Control Board has established zoning districts
through zoning regulations and has zoned the area where the MI is located as Ligh~t
Industrial (I-L) (see Attachment A). The principal uses permitted in the I-L district are
manufacturing, wholesaling, and warehousing. The boundaries of the zoning districts are
shown on "City of Memphis and Shelby County Zoning District Maps." A copy of the
Shelby County Zoning Ordinance is available at:

http:/ / livepublish.municode.com/17/1lpext.dll?f=temp~lates&fn=main-j.htm&vid=12392

Unless the zoning classification changes, residential development is not allowed on this site
by the zoning ordinance3 . The Memphis and Shelby County Land Use Control Board (and
not the Army) is responsible for administering and enforcing the zoning regulations. The
zoning regulations are an existing governmental control that provides an additional layer of
protection to the deed restrictions in preventing residential use. The above zoning
restrictions are referenced as a LUC for informational purposes only.

E. Groundwater Well Restrictions
The Ground Water Quality Control Board for Shelby County has established Rules and
Regulations of Wells in Shelby County in accordance with the authority granted by the Code of
Shelby County (Codified through Ord. No. 269% enacted Oct.21, 2002, Chapter 29% Section 29-
58). The rules are known as the Shelby County Well Construction Code, which can be
found at:

3Parceals I and 2 of FUG have been transferred by the Army. Parcel 2 is currently being used for transition housing for
veterans. This land use is considered non-conforming with respect to the current zoning designation (l.L); however, the City of
Memphis allows the use based on the age of the housing units. Additional residential construction or expansion of the housing
units are prohibited.

REV. I MEMPHIS DEPOT Ml WlUCIPFINAICOC
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http://www.co.shelby.tn.us/county goy/divisions/health serv/environ health!/air polku
lion/water wells/wells regs.pdf

The Water Quality Branch is responsible for administering and enforcing these rules.
Section 5.02(E) of the Well Construction Code prohibits installation of drinking water wells
within a half-mile of the designated boundaries of a listed federal Superfund (i.e.,
Comprehensive Environmental Response, Compensation, and Liability Act [CERCLA]) site
unless the well owner can demonstrate that the well will not enhance the movement of
contaminated groundwater or materials into the shallow or deep aquifer. The Water
Quality Branch is aware that the Memphis Depot is a federal CERCLA site with
contaminated groundwater both on and off site. According to the Water Quality Branch
Manager, in the case of offsite groundwater contamination from a CERCLA site, the half-
mile boundary limit means no wells would be permitted on or within a half-mile of the
"facility" (as defined in CERCLA Section 101-9) including all areas with groundwater
contamination 4.

The Water Quality Branch keeps information related to groundwater contamination mn order
to carry out its responsibilities in administering the Well Construction Code. Accordingly,
the Army will provide a copy of the Notice (which includes a survey plat depicting
groundwater contamination areas) to the Water Quality Branch when the Notice is
recorded. The groundwater well regulations are an existing governmental control that are
being referenced as a LUC and provide an additional layer of protection to the deed
restrictions and the Notice in prev'enting production/consumptive use of grotndwater or
drilling groundwater wells on the MI.

5. Monitoring

As stated in Section 2.1.2 of the MI ROD, the timing and nature of the monitoring and
reporting of the LUCs is herein specified in the LUCIP. Prior to transfer of any Depot
property, the Army or its representatives will perform the monitoring. After transfer, the
Army may arrange to have TDEC, the City of Memphis, or some independent third-party
representative conduct any required monitoring. Any reassignment of the monitoring
duties will accordingly be incorporated in any pertinent documentation, such as an
addendum to this LUCIP. Although the Army may transfer responsibility for monitoring to
another party, the Army shall retain ultimnate responsibility for the remedy integrity.

A summary of the monitoring frequency and the party responsible for performing the
activity is provided in Table 1.

A. Annual Site Inspection

An annual site inspection is required by the ROD to ensure that LUC'objectfves are met and
the land use restrictions are being followed (e.g., no residential use) such that the remedy
remains protective. Until determined otherwise, the Army will conduct an annual site
inspection to determine whether the required LUCs remain effective and the land tnse

4Per phone conversation with Mr. Greg Parker on September 10. 2003.
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restrictions are being achieved. The Army must sign and certify that the inspection has been
performed. Attachment B presents the annual inspection checklist and certification form.

In the unlikely event that there is a land use restriction deficiency/violation, the Army (or
its representative) will inform EPA and TDEC within 72 hours by phone, fax, or email, and
include a description of such in the site inspection form. In addition, the Army (or its
representative) will describe any proposed measures to correct the deficiency/violation
and/or any completed corrective actions.

The Army (or its representative) will provide (via mail) a copy of the completed and signed
annual inspection form to EPA and TDEC within 30 days of the inspection.

B. 5-Year LUC Verification
As part of the required CERCLA Section 121(c) 5-Year remedy review process, the Army.
will verify that the LUCs for the MI (i.e., deed and lease restrictions, the Notice, zoning and
groundwater well restrictions) continue to be properly recorded and/or maintained by the
responsible agency or entity (see Section 8 below).

6. Modification of LUCs

The aforementioned LUCs are expected to remain in place until the concentration of
hazardous substances in the soil and the groundwater have been reduced to-levels that
allow for unlimited exposure and unrestricted use. If conditions at the site improve, land
use objectives change and remedial goals are met, then the parties agree to evaluate whether
to modify or discontinue a particular LUC(s). For example, the groundwater remedial
actions are expected to achieve ROD remediation levels by year 2014 so that groundwater
use restrictions may no longer be necessary. Also, due to possible contaminant migration
associated with surface soil re-contouring activities, land use restrictions may no longer be
necessary for certain areas on the MI if the residual risk is eliminated.

The determination to modify or discontinue a LUC(s) will be made by the& Army, with
approval from EPA and TDEC. Per Section XV of the FFA for the Depot, both EPA and
TDEC have review and approval authority over primary documents. The decision to modify
or discontinue a LUC(s) will be documented in a formal memorandum that will be placed in
the Administrative Record file for the Memphis Depot. If the changes to the LUC(s) are
deemed significant and affect the scope of the remedy, then the Army may pursue an
Explanation of Significant Difference (ESD) or Amendment to the MI ROD. An ESD or
Amendment would require review and concurrence by EPA and TDEC.

As stated above, the Army plans to transfer ownership of all of the property on the MI of the
Memphis Depot. Transferees must submit (to the Army, TDEC and EPA concurrently) a
request in writing to modify any LUC(s) described herein. The parties, will review the
request and make any determination in accordance with the process described above.

Under Tennessee Code Section 68-212-225(e), the Notice may be made less stringent or
canceled by the TDEC Commissioner if the risk has been elim~inated or reduced so that less
restrictive LUCs are required to protect human health and the environment.
Notwithstanding the above requirement, any future action to terminate or make less
stringent the LUCs included in this Notice must receive prior written approval by the Army

REV. 1 MEMPHIS DEPOT Ml LUCIP-FINALDOC to
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and EPA. The proposed changes must be publicly noticed and mailed to all local
govermnments having jurisdiction over the property. If the TDEC Commuissioner concurs
with the proposed changes, the Army (or subsequent owners) must request in writing that
the TDEC Commissioner send a statement that the hazards have changed or have been
eliminated to the Shelby County Register of Deeds office. The TDEC, Commissioner's
statement shall contain the names of the owners of the land as shown in the Notice on the
plat book and page. The Register of Deeds shall record the TDEC Commuissioner's
statement in the deed books and index it on the grantor index in thearnaes ci~the owners
and in the grantee index in the name "Comnmissioner of the Department of Environment
and Conservation".

7. Enforcement of LUCs

Under Tennessee Code Section 68-212-225(0) any person who owns or leases a property
subject to a land use restriction(s) that was recorded as part of the Notice shall abide by the
restrictions, If at any time, the Army, EPA, or TOEC determines that the property owner or
occupant is not complying with the land use restrictions, it will notify the others by
telephone, fax and/or by email within 72 hours of the discovery. After consultation with
EPA and TDEC, the Army will exercise any available legal authority and take appropriate
action (e.g., enforce deed covenant or lease restrictions) to enforce the LUC and, where
necessary, correct the violation.

If the matter cannot be resolved, the Army will request that TDEC (or other appropriate
local government agency) take appropriate legal action (e.g., civil order) to enforce the land
use restrictions in accordance with Tennessee Code Section 68-212-225(f) or any other
applicable authority. EPA and TDEC will work with the Army to ensure that theproperty
owner or occupant corrects the violation.

The Army will provide written notification to the EPA and TDEC within 30 days of
discovering the deficiency/violation and any proposed or completed corrective actions.

8. CERCIA Five Year Review

As part of the CERCLA Section 121(c) 5-Year remedy review process, the Army shall
prepare a report certifying the continued effectiveness of the remedy, including all LUCs
implemented at the site. The report will include the information contained in the annual
inspection forms and an evaluation on the need to modify the land use restrictions or scope
of the above LUCs.

At the first 5-Year review, the parties intend to evaluate whether site conditions in several
areas on the MI have changed due to possible contaminant migration associated with
surface soil re-contouring activities. Such evaluation would likely require soil sample
collection and analysis to provide new data sufficient to perform a residual risk assessment.
If conditions have changed at these areas of the site (e.g., due to contaminant migration or
attenuation) and certain land use restrictions are no longer needed, the parties may

determine that inspections could occur less frequently, such as every 5 years.

REV. I MEMPHIS DEPOT Ml WCJIPFINAI.DOC I1I
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* ~~~9. Termination

This LUCIP is part of the post-ROD remedy design documents and is part of the
Admidnistrative Record file for the Memphis Depot. In the event conditions at the site
improve, land use objectives change and all remedial goals are met such that all of the
aforementioned LUCs become unnecessary, then the parties agree to evaluate the continued
implementation of the LUCIP. Discontinuing implementation of all the LUCs would be a
significant change in the scope of the remedy. A determination by the Army to terminate
this LUCIP (part of an PEA primary document) would require concurrence by EPA and
TDEC. The decision will be documented in a site closeout document, an ESD, or an
Amendment to the MI ROD that is added to the Administrative Record file.

REV. I MEMPHIS DEPOT Mt LCIJIFINALDOC 12
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ATTACHMENT A

Zoning Map for Memphis Depot and Surrounding Area

0
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Memphis Depot Main Installation

Annual Site Inspection Form

Pursuant to the Land Use Controls Implementation Plan dated ________for the
former Defense Distribution Center (Memphis) - Main Installation (Memphis Depot) an-
inspection of property at the Memphis Depot was conducted by
[indicate Army or its approved representative] on da te

A summary of the land use restrictions is as follows:

* No residential land use or other child-occupied facilities including daycare on the MI
(except Parcels 1 and 2 of FU6).

* No production/consumptive use of groundwater or drilling groundwater wells on the
Ml.

Verification that land use restrictions are being accomplished and LUCs remain effective

* Verify that boundary fence surrounding golf course area in FU2 remains intact.

* Verify that no residential housing/ development or child daycare activities are occurring
at the site (except Parcels 1 and 2 of FU6).

* Verify that no groundwater wells have been installed at the site (except for monitoring
and injection wells that were done as part of the remedy) and that no
production/consumptive use of groundwater is occurring.

Description of any deficiency or violation of the land use restrictions

[Provide detailed summary of what was observed. If known, indicate which owner/occupant is
responsible for the deficiency/violation. Include the location of where the deficiency/violation was
observed.]

Description of any proposed measures or corrective actions taken to remedy the
deficiency or violation

[Provide detailed summary of any proposed measures that will be undertaken to mitigate or remedy
the deficiency/'violation. Indicate the responsible party and a time frame for completing the necessary
actions.]

Certification Statement

I, the undersigned, do document that the inspection was performed as indicated abovewand that the
above information is true and correct to the best of my knowledge, information, and belief.
D ate: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

N am e/Title: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Organization:

Signature: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

REV. I MEMPHIS DEPOT MI LUCIP
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Completed annual inspection forms shall be sent within thirty (30) days of the inspection to:

Department of Army
Hampton Field Office - Base Realignment and Closure Office
Attn: Tom Lederle
3A Bernard Road
Fort Monroe, VA 26351-5000

U. S. Environmental Protection Agency, Region 4
Federal Facilities Branch
Attn: Jon Johnston
61 Forsyth Street, SW
Atlanta, GA 30303

Tennessee Department of Environment and Conservation
Division of Superfund
Attn: Jordan English
2510 Mt. Motih Road, Suite E645
Memphis, TN 38115-1520

REV. I MEMPHIS DEPOT MI LIJOIP 2
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. ~~TECHNICAL MEMORANDUM CH2MHILL

An Overview of Sodium Lactate Delivery
Alternatives - Memphis Depot, Main Installation
PREPARED FOR: Memphis Depot BCT

PREPARED BY: David Nelson/CH2M HTLL
Casey Hudson/CH2M HILL

DATE: December 2, 2003

Introduction
The Main Installation (MI) Record of Decision (ROD), issued on September 7, 2001,

presented the enhanced bioremediation alternative as the selected remedy for groundwater.

The MI Intermediate Remedial Design (RD) was submitted for review by the Memphis

Depot Base Realignment and Closure Act (BRAC) Cleanup Team (BC'I) on October. 30,2003..

Delivery of the electron donor for enhanced in situ biodegradation can be accomplished.

using a number of methods. Selection of the delivery method is an integral part of the

implementation of the remedial alternative. Each delivery method, viable in its own right,

should be considered based on factors such as site conditions, protection of human health

and the environment, potential to attain media cleanup standards (MCSs), feasibility, ease of

implementation, anticipated project duration, effectiveness, and cost.

Purpose of This Memorandum
Preliminary comments from the BCT on the Intermediate RD indicate that the potential

capital and operation and maintenance (O&M) costs of the proposed enhanced

bioremediation system exceed estimates provided in the ROD, and the remedial systems

may be larger than necessary. Therefore, this memorandum evaluates less expensive

approaches to implementing an enhanced bioremediation system that will achieve the

objectives of the ROD.

This memorandum presents an evaluation of three electron donor delivery methods for

enhanced in situ biodegradation in the two target treatment areas (TTAs) at the MI. The

TM SODIUM LACTATE DELIVERY DOCI
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three delivery methods are (1) frequent or continuous injection; (2) recirculation; and (3)

manual injection.

Since each method is considered to be protective of human health and the environment and

capable of achieving MCSs without a change in project duration, this evaluation focuses on

the implementability, effectiveness, and cost of each method.

Included as part of this memorandum is the recommendation for additional site

characterization activities to further delineate the areas of elevated chlorinated volatile

organic compounds (CVOCs) in groundwater. Findings from the additional investigation

will be used to modify a design that will focus on areas of elevated CVOC concentration.

Summary of Information in This Memorandum
This memorandum presents the following information:

* Recommendation for a focused RD-related investigation of the CVOC source areas in

TfTAs 1 and 2.

• Description and comparison of electron donor delivery methods.

* Cost estimate and comparison of electron donor delivery methods..

Design-related Investigation of Chlorinated Volatile Organic
Compound Source Areas
The current intermediate design layouts in TTA 1 Phase I and T1'A 2 cover areas of 196,000

square feet (ft) and 150,000 ft, respectively. These design layouts, depicted in Figures 5-1

and 5A4 of the Intermediate Remedial Design, Memphis Depot, Main Installation, Revision 0

(CH2M HILL, October 2003), cover most or all of the VOC-impacted groundwater and are

large in comparison to the original source areas (areas where VOCs originally entered- the.

aquifer). The goal of an RD-related investigation would be to identify areas of elevated

parent CVOC concentrations, primarily tetrachiloroethene (PCE) and trichioroethene fTCE)~

in groundwater. Delineation of these areas would be used to modify the existing design

layout to target more focused areas of elevated concentration for treatment. One approach

would be to focus electron donor delivery in interpreted areas of PCE and TCE

concentration greater than 50 midcrograms per liter (jig/L). Such focused RD-related

TM SODIUM LACTATE DELIVERY DOG 2
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investigations are often conducted to support critical design steps in the remediation

process, and for thids site, have the potential to yield millions of dollars in cost savings

during subsequent remedial construction and operation of the selected alternative.

Reduction of each TlA footprint would significantly reduce costs associated with O&M and

capital costs, including the number of injection wells, the amount of trenching, piping, and

sodium lactate (electron donor material), as well as other equipment and material related' to

lactate delivery.

The proposed focused investigation would consist of installing up to 20 new monitoring

wells screened in the fluvial aquifer. The proposed locations of these wells are depicted in

the attached Figure 1. Depending upon results from the samples collected during

installation, not all of these wells may need to be installed. The newly installed monitoring

wells would be used in the subsequent design modification as potential monitoring and

injection wells.

The approach of focusing treatment on the area of greatest groundwater contamination is

commonly used in groundwater remediation and has been found to, be significantly more,

cost effective than attempting to treat the entire plume. This approach is consistent with the

intent of the ROD and will help achieve the target MCSs in groundwater.

Electron Donor Delivery Methods
The three electron donor delivery methods evaluated in this technical memorandum

include:

1. Frequent or continuous injection.

2. Recirculation.

3. Manual injection.

Electron donor delivery methods using frequent or continuousdnjection and recirculatioa

are described in Sections 3.2 of the Intermediate Remedial Design, Memphis Depot, Main

Installation, Revision 0 (CH2M HILL, October 2003). Bioaugmentation and anaerobic-aerobic

sequential bioremediation alternatives that may be implemented as part of the selected

remedy are also presented in Section 3.2 of the referenced document.

TM SODIUM LACTATE DELNVERY.DOC 3
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Frequent or continuous injection of sodium lactate would sustain reducing conditions

favorable for reductive dechlorination. The recirculation system consists of groundwater

recovery downgradient from a series of injection wells, aboveground electron donor

addition, and re-injection within the areas of elevated concenrtration. Manual-injection

involves periodic injection of the electron donor material using portable equipment. For

example, sodium lactate could be added to a storage tank secured on a trailer, mixed With

water to obtain the appropriate injectate concentration, and subsequently injected into one

or a series of injection wells. The system could then be mobilized to perform injections in

other wells at the site.

Evaluation Criteria
Each of the three delivery methods evaluated as part of this memorandum presents not only

the advantages and disadvantages of each method, but also information pertaining to the

method's irnplementability, effectiveness, and cost. These three criteria are described in

more detail below. Results of the evaluation are presented in the attached TabletI

Effectiveness
Delivery methods were evaluated on their ability to sustain anaerobic conditions in the

aquifer and supply the electron donor material in a quantity and concentration to impact

and react with the dissolved CVOCs.

Implementability
Delivery methods were evaluated for any difficulties associated with conducting the

methods (such as the construction disturbances they may create) and the availability of

equipment and resources to implement the delivery of the electron donor.

cost
A net present value of each delivery method was developed. These cost estimates were used

for the relative evaluation of the delivery methods. The estimates were based-on

information available at the time of the intermediate remedial design and on a conceptual

design of the alternative with the proposed delivery method.

Recommended Electron Donor Delivery Method
Based on the evaluation of available viable delivery methods of the electron donor material

at the proposed TTAs, an enhanced in situ biodegradation remedial design employing a

TM SODIUM LACTATE DELIVERY DOC 4
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manual injection is considered by CH2M HILL to be the preferred delivery method.
Although labor intensive, this delivery method is the least expensive and the easiest to
implement and construct, and it will provide the maximum flexibility of focused short-term
injections in localized area(s) within each TlA.

Several factors are necessary for successful implementation of the manual injection scenario,
which include the following:

* Additional investigation activities at both TlAs to further delineate the CVOC source

areas in the fluvial aquifer, especially within the 'ErAs.

* The BaT's acceptance of the goal to initially treat CVOC concentrations greater than 50

jig/ L (or consensus on some other mutually-agreeable definition of the source area).

* Analysis of the data collected during additional characterization activities to furthei

modify and enhance the injection program.

TM SODIUM LACTATE DELIVERY.DOC 5
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. ~~INJECTION WELL SPECIFICATION
REMEDIAL DESIGN, MAIN INSTALLATION, MEMPHIS DEPOT
MEMPHIS, TENNESSEE

INTRODUCTION
As part of the enhanced in situ biodegradation alternative, injection wells for substrate
delivery will be installed at the Memphis Depot Main Installation located in Memphis,
Tennessee. Groundwater and soil at the facility have been impacted by past operations.
Contaminants that may be encountered during drilling operations are chlorinated solvents
in soil and groundwater.

This document provides the specifications for performing drilling services to install injection
wells.

GEOLOGY AND HYDROGEOLOGY
The stratigraphy underlying the proposed drilling locations consists of loess (silts and clays)
from land surface to approximately 30 feet below ground surface (bgs) and fluvial deposits~
consisting of predominately sands mixed with gravel to boring termination.

The target interval to set the well screens is between 90 and 110 feet below ground surface.
Conditions encountered during drilling will be used by the engineer/geologist to determine
the actual interval for the well screen. Groundwater at the proposed drill locations is
approximately 90 feet below ground surface.

SUMMARY OF WORK
* Install 4-inch diameter injection wells or well pairs as necessary to total depths ranging

from 90 to 110 bgs. No well screen will be greater than 15 feet in length.

* Collect continuous samples for lithologic description from the well borings.

* Contain and stage investigation derived waste (IDW) at a predetermined area at the Site.
Manage the off-site disposal of IDW in accordance with all applicable federal, state,
county and local laws and regulations.

* Decontamination of all drilling equipment will be performed in accordance with
Section -Decontamination.

Details of each of the above activities will be described in Section -Scope of Services. The
Remedial Contractor may request that the selected subcontractor use-multiple drill rigs to,
complete the project in a shorter time.

GENERAL CONDITIONS
Quality Assurance
The Subcontractor will be licensed and insured to install wells in the State of Tennessee and
will comply with all applicable federal, state, county and focal -laws and regulations. These
include but are not limited to the Tennessee Department of Environment and Conservation
(TOEC) Underground Injection Control Rules (Chapter 1200-4-6), the TDEC Water Well
Licensing Regulations and Well Construction Standards (Chapter 1200-4-9), and the Shelby
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County Rules and Regulations of Wells. The Subcontractor will obtain all drilling permidts
required to conduct this work. Subcontractor will not mobilize to the facility without written
authorization from Remedial Contractor's representative. The authorization can be in the
format of an email transmission, facsimile transmission, or letter.

Site Access
The Subcontractor will coordinate with the Remedial Contractor prior to initiating site
operations. The Remedial Contractor will coordinate the start of field activities.
Subcontractor will not mobilize to the facility without written authorization from Remedial
Contractor's representative. The authorization can be in the format of an email transmission,
facsimile transmidssion, or letter.

Site Conditions
Each drill location is accessible to truck mounted drill equipment. Potable water will be
attained from an onsite hydrant. Subcontractor will supply necessary equipment to convey
and transport water (i.e., hoses, hydrant tap, tanks, etc.) from the hydrant. Electricity is no~t
available at the facility. Therefore, the Subcontractor will be required to supply electricity
necessary for the drilling activities.

Groundcover near the proposed well locations is primarily asphalt or concrete. Some
locations will require concrete cutting; however, the concrete is typically less than six inches.

House Keeping
The Subcontractor will keep the site neat and orderly, and will provide all proper containers
to keep the site free from all trash.

Schedule
Workdays will be approximately 10 hours during daylight hotzrs Therschedulewill be 5 -
days on and 2 days off. Depending on the occurrence of adverse weather and potential
impacts to the schedule, time lost during a scheduled workweek may be made up on an
accelerated schedule (including weekends) at the discretion of the Remedial Contractor's
representative. The Subcontractor must state with his Bid the estimated'schiedule and
duration for performing each numbered task listed on the Bid Form, and the estimated
schedule for completing the total project.

Subcontractor Submittals
During pre-mobilization, the Subcontractor will submit certificates of H&S training and
medical monitoring for its crew to the Remedial Contractor.

During the bid phase, the prospective subcontractors must provide an Injection Well
Development Plan with the bid that describes in detail the proc-edures-to, develop-the-
injection wells. This plan will be reviewed by the Remedial Contractor for acceptability in
achieving maximum performance of the wells.

The Subcontractor will submit the following information for the materials intended to be
used for the well construction. The information will be submitted to the Remedial
Contractor prior to or at the beginning of mobilization for review and acceptance. Materials
determidned to be unacceptable will not be permitted for use on this project and will be
replaced with materials that are determined to be acceptable.

TPP1PA16G492\TASKRD.03- Ml REmEDiAL. DESIGNREv 0 PRE-FINAL RO'REv. 0 PREFILAL DESIGN DocumENT1WPENDICES 0) THROUGH G3~PPENDIX
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a. Well casing and well screen - Lot number and manufacturers specification sheets.
b. Filter pack material - Sieve analyses that the grain-size distribution curve meets the

4-20 gradation specification.
C. Filter pack material - Certification that the material is contamninant-free.
d. Two-foot diameter well vault and cover for a traffictbearingsatin~cof Departmentof

Transportation (DOT) HS20.

The Subcontractor will maintain a daily log of drilling activities, including number of feet
drilled, number of hours on job, periods of shutdown because of mechanical breakdown,
and other pertinent data. The daily logs will include the following information as
appropriate to the work performed that day:

a. Drilling dates and names of driller and crew
b. Boring or well identification
C. Drilling method
d. Time that drilling began and ended
e. The reference point for all measurements
f. The depth at which groundwater is first encountered
h. The total depth of the completed boring

i. The type of drilling fluid and depths at which they were used, if applicable
j. The depth or locations of any loss of drill water, circulation, loss of tools, or

equipment
k. Sample interval depths
I. Zones of caving and heaving
M. The depth of grouting or sealing
n. The nominal hole diameters
o. Amount (volume) of cement used for grouting or searing
p. Any sealing-off of water-bearing strata
q. Type of well material used (i.e., casing and screen) and method of- installation
r. Types of materials (bentonite, cement) used to seal the annulus
S. Results of daily equipment and materials inspections including corrective actions

involved and maintenance and repairs resulting from these inspections
t. Any unusual occurrence including injuries, breakdowns, weather, or any other out'.

of-the-ordinary event.
U. Levels of protection and other information regarding crew Health and Safety

A copy of this the daily log will be provided to the Remedial Contractor's representative-by
12 noon of the following day.

MOBILIZATION AND CLEANUP
This section covers the work necessary to mobilize and demobilize personnel and
equipment, set up and remove drill rig and temporary facilities (if necessary), and clean up
the site. Subcontractor must provide all materials and equipment required to accomplish
the work as desaribed in Section -Scope of Services.

The Subcontractor will assume that each drill site is accessible by truck mounted drill-
equipment. Underground utility clearances will be conducted and well locations will be
clearly flagged or marked as appropriate. Before drilling at a location the Subcontractor will
post-hole dig or hand auger to approximately 4 feet bgs to ensure no utilities are present.

TPAIPAI 60492\ThSK RD.03 -MI REMEDIAL DESICAREv. 0 PRE-FINAL RD\REv. 0 PRE FINAL. DESIGN DOCUMENTWPPENDICEs D THROUGH G\APENDIX
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Before mobilization, all drilling equipment will be cleaned and decontaminated in
accordance with Section - Decontamination. All drilling equipment will be stored within0
an area designated by the Remedial Contractor's representative. The Subcontractor will
contact the Remedial Contractor's representative before mobilization for the location of the
designated staging and storage area. Decontamination activities will.be~conducted on an
existing conarete decontamination pad at the Site. Subcontractor will construct a minimum 3
feet high splashguard around three sides of the decontam-ination pad using plywood and
plastic sheeting. Decontamination fluids will be pumped by the Subcontractor into drums or
other approved containers. Potable water will not be available at the decontamination pad
location.

Contamination of the project area will be avoided by not dumping waste oil, rubbish, or
other similar materials on the ground. The Subcontractor will clean the storage and staging
area on a daily basis to maintain a neat and orderly appearance.

Upon completion and acceptance of the drilling activities (as designated by the Remedial
Contractor's representative), the Subcontractor will remove the drill rig and equipment, all
debris, unused materials, other equipment, decontamination pads, and- other miscellaneous
items resulting from or used in the operations. The Subcontractor will restore the site to the
satisfaction of the Remedial Contractor's representative. When the Subcontractor has
completed demobilization, payment for the work will be made in accordance with the cost
provided in the attached Bid Schedule. If the Subcontractor cannot complete~thnworkdrntba
time permitted, or leaves the site on his own accord; he will not be compensated for
additional mobilization.

A mobilization is defined as moving required equipment and materials from the
Subcontractor's office to a facility. Demobilization is defined as removing xequixedL.-
equipment and materials from a facility to the Subcontractor's office after completion of
work, or as instructed by the Remedial Contractor's representative.

SAFETY
Work to be performed under this Contract is considered hazardous waste work. Therefore,
Subcontractor will comply with 29 CFR 1910.120 in accordance with OSHA regulations for
the protection of hazardous waste workers. Work is expected to be conducted in modified
Level D (i.e., tyvek).

Subcontractor's personnel will abide by the applicable CISHA guidelines 29C(FR 1910 for
general personal safety around operating heavy equipment. Required safety equipment will
be used at all times during work onsite. Subcontractor will provide all required personal
safety equipment for Subcontractor's employees including, but not limited to, glovestyvek
coveralls, hearing protection, safety glasses, hard hats, and steel-toed/steel-shank boots.

SITE SAFETY AND SECURITY
The Subcontractor will be solely and completely responsible for conditions at the job site,
including safety of his personnel and damage to property during performance of the work.
The Subcontractor will be responsible for maintaining appropriate security during drilling
operations (i.e. orange safety fencing, caution tape and appropriate signage). The
Subcontractor's personnel will abide by the applicable OSH-A guidelines in 29 CFR 1910 for
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general and personal safety around operating heavy equipment. Required safety equipment
will be used onsite at all times.

While working at the Site, the Subcontractor's employees must comply with the site safety
and security rules, and the Remedial Contractor's Health and Safety Plan. Prior to
commencing site activities, Remedial Contractor will provide its Site Health and Safety Plan
and security protocols for workers' review.

Prior to the start of work each day and with Remedial Contractor's representative in.
attendance, the Subcontractor will conduct daily planning/ H-&S meetings to discuss the
work for that day and special equipment or precautions that may be needed. These daily
meetings typically do not exceed 15 minutes duration. Documentation of each-H&S, meeting
will be provided to the Remedial Contractor's representative with the daily drilling logs.

DRILLING WORKMANSHIP
Subcontractor will provide a drill rig(s) capable of installing groundwater injection wells to
the determined depths as described in Section - Scope of Services and, if necessary,
abandon the boreholes in accordance with state and local regulations.

Injection well installation and development will be performed in accordance with COE EM
1110-1-4000 and USEPA Region IV SOPQAM.

The injection wells will be drilled using mud rotary drilling techniques to advance a I0Y-inch
diameter borehole. Soil from drill cutting return will be continuously collected and rinsed of
drilling mud from each borehole, segmented into 10-foot increments or a-lfiholog breaks,
and presented to the Remedial Contractor's representative for lithologic logging purposes.

Before well installation at each location, all drilling equipment wilibe cteanectand
decontaminated in accordance with Section - Decontamination.

All necessary tools, support equipment, and ancillary materials needed to complete the
work as described will be provided by the Subcontractor, including, but not limited to~drili.
pipe, support vehicles, coring tools, core catchers, samples core boxes or plastic sheaths,
sampling equipment bits, pumps, pans, decontamination supplies, steam cleaner, and
caution tape. All drilling and sampling equipment will be in good operating conditions at
all times and operated and maintained in strict accordance with manufacturer's
recommendations. The Subcontractor will also provide one experienced driller and
additional helpers to assist the driller and the Remedial Contractor when needed.
Contamination of the aquifer will be avoided. All necessary precautions will be taken to
prevent contaminated water, gasoline, hydraulic fluids or oils, or other deleterious
substances from spilling to the ground or entering the boreholes.

SCOPE OF SERVICES

Continuous Sampling
Continuous soil sampling will be conducted at each of the well locations. The sampling
interval will not be greater than 10 feet. The sampling technique must provide samples
representative of the interval sampled. A portion of the soil samples will be containerized in
16-ounce glass mason jars supplied by the Subcontractor. The jars will be labeled with the
well ID and the depth interval of the sample, then presented to the Remedial Contractor's
representative at the end of each day.
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Drilling Methods
The well borings will be drilled using the mud rotary drilling techniques to advance a
minimumn 10-inch boring.

Borehole Requirements
A minimum borehole diameter of 10-inches is required for the injection wells. The borehore
will be straight and plumb to allow passage of pumps or sampling equipment.

Drilling Fluids
For mud rotary, the Subcontractor will use Johnson ScreenTm Revert® (or equivalent) to drill
the borehole. Subcontractor will follow the manufacturer's recommendations for mixing
and using the drilling fluid additives, and the manufacturer's recommrendations; for-
preparing the borehole for installation of well materials and well development.

Well Installation
The wells casing and screen will be constructed within the borehole. The annular space will
be filled with well material consisting of the filter pack, bentonite seal, and grout. The depth
of placement of the screen and well material will be as directed by the Remedial
Contractor's representative.

Casing and Screen
Well casings will be new, unused, decontaminated 4-inch I.D. Schedule 80 polyvinyl
chloride (PVC) pipe with internal flush joined threaded joints that conforinmwithtothe--
ASTM Standard F-480-88A or the National Sanitation Foundation Standard 14 (Plastic Pipe
System). Under no circumstances are glue or solvent-welded joints~ac~ceptable. The
Subcontractor will furnish all casing fittings, caps, and plugs. Casing and well screen0
assemblies that fail, collapse, or separate during construction will be removed from the hole
and repaired or replaced at the Subcontractor's sole expense.

Well screens will be made from new, unused, and decontaminated4-inch l.D. -Schedule 80
polyvinyl chloride (PVC) pipe with internal flush joined threaded joints. Well PVC sareen
will have the same requirements that apply to well casing, except strength requiremren~ts
The well screens will be available in 5 and 10 feet lengths. Screens will be Schedule 80
threaded PVC 12ine factory-slotted with 0.040 inch openings. A threaded PVC cap or point
will be placed at the bottom of the screen. Each well will be constructed with a threaded
well cap.

Filter Pack
The filter pack material will be a sand with a grain-size distribution curve that meets the 4-
20 gradation specification.

The filter pack shall consist of inert, hard, well rounded sand (less than 2 percent flat
particles), and free from roots, trask and other deleterious material. The sand will be
certified free of metals and VOCs (see Subcontractor Submittals) by- vendoc-The-ftlter prark"
will extend from the bottom of the hole to at least 2 ft above the top of the well screen.

The filter pack will be installed with a bottom-discharge tremie pipe. The trenmie pipe will be
lifted from the bottom of the hole at the same rate the filter pack is set. The contractor will
record the volume of the filter pack emplaced in the well. Potable water may be used, with
the approval of the Remedial Contractor's representative, to emplace the filter pack so long

as no contaminants are introduced.
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Bentonite Seal
Following filter pack placement, a minimum 2-foot-thick bentonite seal will be placed above
the sandpack. The 100 % sodium bentonite seal will consist of 1/4-inch or 3/S-inch diameter
dry bentonite pellets or chips. The bentonite seal will be installed by gravity methods but
the subcontractor should be prepared to employ the tremie methodiftnecessazy-.M the- seal
is placed above the water table, then sufficient water will be added to the bentonite to allow
complete hydration of the bentonite. The bentonite seal will be allowed to hydrated for a
minimum of 4 hours prior to the installation of the cement grout.

Cement Groutinig
Cement grout will be placed in the annular space above the bentonite seal to ground
surface. The grout will be pumped through a side-discharge tremnie pipe and the length will
be no more than 5 feet from the top of the level of grout at all times. The pumping will
continue until grout has returned to the surface. No method will be permitted that does not
force grout from the bottom of the borehole to the surface. The grout seal will be made using
ASTM C150 Type II Portland cement with no more than 4 percent bentonite. Use
manufacturers recommendations for portioning and mixing the grout materials. A
pressurized mud balance will be used to measure the density of the mixture conforms to the
manufacturer's standards. Neat cement grout shall have a density of 15.6 pounds per gallon
(lbs/gal), ±5%. Grout with 4 percent bentonite shall have a density of 14.1 lbs/gal, ±5%. The
grout will be allowed to cure for a minimum of S hours after placement before further
grouting or other work is done in the well. Prior to installatidn of the surface completions,
the boreholes will be topped off with grout to approximately 1 to 2 feet bgs.

Surface Completion
Wells will be set as flush-mounted to ground completions. The casing will be cut
approximately 12 inches bgs and installation of a PVC coupling and a watertight well cap
will be placed on the well. At the completion of Well Development, a 4-inch diameter
Schedule PVC male-threaded coupling will be installed to the top of the casing using PVC
cement. Care must be taken to not use excessive amounts of cement for the cement to
appear in the inside of the casing. A small notch will be cut in the top of the tee to be used as
a measuring point for water levels. A 4-inch by 4-inch by 2-inch diameter Schedule 80 PVC
female-threaded tee will be installed at the top of the coupling. The open ends of the tee will
be temporarily capped with threaded PVC caps under normal hand pressure.

A freely draining 2-foot inner diameter vault with cover with a locking lid will be placed
over the casing. The manhole will be approximately two feet deep.zTwo-foot diameter well~
vault and cover will be specified for a traffic bearing rating of DOT HS20. The top of the tee
will be at least 12 inches above the bottom of the box. The vault will be centered in a 3-foot
diameter, 4-inch thick concrete pad that slopes away from the vault at ¼/-inch per foot. The
identity of the well will be permanently marked on the concrete pad.

Wells will be secured as soon as possible after drilling with corrosion resistant rocks
(supplied by the Subcontractor). The locks must either have identical keys or be keyed for
opening with one master key.

Well Development
As part of the bid submittal, the bidder will submit a Injection Well Development Plan. The
plan must provide the overall concept for injection well development; techniques,
equipment, and materials used to develop the injection wells; management of IDW; and
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recognizing the intended depths of injection well screen placements and depth to
groundwater.

No air, detergents, soaps, acids, bleaches, or additives will be used during well
development, unless preapproved by the Remedial Contractor. The use of polyphosphates
and other chemicals may be required in order to completely develop the injection wells, and
their intended use should be identified in the development plan. Well development will be
initiated no sooner than 24 hours following grout installation.

Development of the injection wells will continue until clear, sand-free formation water is
produced from the wells and the required injection capacity is achieved. The minimum
required injection capacity islII)gallons per minute (gpm) sust-ained fcrortme hour at a
maximum injection pressure of 40 pounds per square inch (psi) measured at the wellhead.
The Remedial Contractor will determine when injection well developmnent is complete.

Water from development will be contained and disposed in accordance with Section -
Management of Investigation Derived Wastes.

DECONTAMINATION
All downhole drilling equipment as well as other equipment will be decontaminated
according to procedures presented in Appendix B of the Environmental Investigations
Standard Operating Procedures Quality Assurance Manual (EISOPQAM), E3PA, May1996
(revised in 1997). Decontamination of the drill rig, drilling equipment, pipes, bits, tools, and
all downhole equipment will be conducted between each well installation. Decontamination
of development equipment will be performed between each well developed.
Decontamination will consist of the following:0

* High pressure, low volume steam-cleaning
*Wash and scrub with non-phosphate detergent (Liquinox) and potable water
*Rinse with potable water
*Rinse with deionized (or analyte free) water
*Rinse with laboratory grade isopropyl alcohol (PVC or plastic material will not be rinsed

with solvent)
*Rinse with potable water
*Air dry to the extent practical
*Wrap in plastic sheeting or aluminum foil

Decontamination activities will be conducted on a concrete decontamination pad at the Site.
Subcontractor will construct a minimum 3 feet high splashguard around three sides of the
decontamination pad using plywood and plastic sheeting.

A high-pressure, low volume steam cleaning device will be provided by the Subcontractor.
The Subcontractor will also provide all detergents, solvents, fiuckets and brushes necessary
for decontamination of sampling equipment and for the mobile drilling equipment
decontamidnation pad. A power source will be provided by the Subcontractor and will be
attained from a hydrant and transported to the decontamination area by theSuibcontractor%
All tools and drilling equipment to be placed in the drill hole, and the rear of the drill rig
will be steam-cleaned before drilling begins, between each boring, and after work is
completed.
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The Subcontractor will be prepared to collect and containerize all wash and

Wastes. All personneliprotection clothing and articles will be contained in 55-gallon drums

MANAGEMENT OF INVESTIGATION-DERIVED WASTES (lOW)
All soil cuttings will placed in 55-gallon drums(supplied by the Subcontractor) located in a
central staging area at the Site. Soil cuttings may only be temporaril~y stagedckat one drill.
location at any one time during drilling activities. Prior to leaving the site or prior to setting
up at a new location, all soil cuttings will be placed in 55-gallon drums.

Development water and wastewater from equipment decontamination produced during the
drilling operation will be containerized in Frac tank(s) (supplied by the Subcontractor). The
Subcontractor will permanently mark all containers with a weatherproof label, signifying
the date, site number, and well number. The Subcontractor will be responsible for hauling
all liquid waste containers used in well development and during collection of soil cuttings to
a staging area located on-site (up to 1/4 mile from some locations). As a result, the
Subcontractor will provide, at a minimum, a sufficient quantity of 55-gallon drumsthat will
be required to move the soil cuttings from one well to this staging area. Proper and safe
hoisting equipment is required for drum staging operations.

Representative samples of the ID3W will be collected for chemical characterization by the-
Remedial Contractor for off-site disposal. Once analytical results of the IDW are available,
the Subcontractor will be responsible for management of the disposal of all IDW in.
accordance with federal, state, and local regulations. The IDW must be removed from the
site within 60 days following of the receipt of analytical results.
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SECTION 13450
PORTABLE CHEMICAL INJECTION SYSTEM

PART 1 GENERAL

1.1 GENERAL

A. The Portable Chemical Injection System is a self-contained system that can be
transported from one injection site to another, over open highways and grassy
fields. The system includes one trailer on which is mounted one chemical
storage tank, one tank-mounted mixer, one injection pump, one flow totalizer,
associated piping, and one gasoline powered generator. System shall be
suitable for the transportation, mixing and injection of a sodium lactate
solution ranging in concentration from less than one to 40 percent. System
shall be capable of operation in all weather conditions typical of Memphis,
Tennessee. A suitable ladder shall be provided on the trailer to allow access to
all equipment located on the trailer. Sufficient clearance shall be provided
around all trailer-mounted equipment to allow starting, operating, and
maintaining all equipment.

B. SUPPLIER shall be responsible for providing and installing all equipment
required for proper operation of a portable chemical injection system.
SUPPLIER shall furnish and install all associated piping, lexible hosing, or
instrumentation tubing needed for connecting trailer-mounted injection pump
to injection wells.

1.2 QUALIFICATIONS

A. The portable chemical injection system SUPPLIER shall have no less than
five years experience providing self-contained agricultural and/or chemical
trailers.

1.3 SUBMITTALS

A. Provide manufacturer's data on materials, construction, connections,
dimensions, ratings, capacities, storage, handling and operational data
concerning all equipment specified herein.

PART 2 PRODUCTS

2.1 DESIGN CRITERIA

A. Chemical Solution: Solution of sodium lactate ranging in concentration from
less than one to 40 percent.

B. Number of Storage Tanks: One.

C. Minimum Storage: 500 gallons.

160492.RD FEBRUARY 26; 2004
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D. Injection Pump Rate: Normal rated capacity is 20 gpm at 50 psi..

E. Mixing Power: As required to mix a 60 percent sodium lactate solution with
dilution water to prepare a well-mixed sodium lactate solution ranging in
concentration from less than one to 40 percent in the storage tank within 5
ninutes.

2.2 EQUIPMENT

A. General

1 . Entire injection system shall be mounted-on a highway--rate4trailerdthat
can be hitched to a standard Class 4 hitch with a two-inch receiver.

2. All equipment shall be trailer-mounted, manually operated, and electric-
driven, except for the generator which shall be gasoline driven.

3. All hardware shall be stainless steel.

B. Storage Tank

1 . Trailer-mounted polyethylene storage tank shall be chemical resistant,
capable of storing a minimum of 500 gallons of a sodium lactate
solution ranging in concentration from less than-one. ta 40 percnL

2. Ultraviolet inhibitor shall be added to the resin to increase resistance to
ultraviolet light. No titanium or carbon based pigments shallte used.

3. Tank shall be equipped with a minimum of the following nozzles:

a. One sodium lactate injection port, top-mounted, 2-inch, blind
flange required.

b. One water injection port, top-mounted, 2-inch, blind flange
required.

C. One mixer flange, top-mounted, size as required.
d. One air vent, top-mounted, 2-inch.
e. One discharge port, side mounted at tank bottom, 1 -inch, with

isolation ball valve.
4. Tank shall be labeled in a manner consistent with local codes.

C. Tank Mixer

I1. Tank mixer shall be capable of operating for five minutes continuously.
2. Mixer shall be permanently mounted on theitop-of the-storage tank>-
3. Mixer shall be electric powered from the trailer-mounted generator,

manually operated, with switch mounted adjacent to mixer and
accessible from the ground.

160492.RD FEBRUARY- 26,-2004-
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D. Chemical Injection Pump

I. Normal rated capacity is 20 gpm at 50 psi.
2. Transfer pump shall be electric powered from the trailer-mounted

generator, manually operated.

F. Piping, Meters, and Valves

I. Flexible hose shall be two-inch diameter Teflon hosewith stainless& steel
braided cover. Connections to tank shall be made with stainless steel
hose clamps. Connections at pump shall match pump discharge
connection and be capable of withstanding 150 psi.tCornections to welt
head shall include a cam-lock fitting that can be connected to the well
head as shown in the Drawing Detail "Well Head Detail". Provide.a
quick-connect cap for the hose end. Provide a minimum of 50 feet of
discharge hose.

2. All connections to equipment shall include isolation ball valves. Ball
valves shall be rated 150 psi at 120 0F with PVC full port body, PTFE
Teflon seat, Viton or Teflon 0-ring stem, face and carrier seals. Valves
shall be ASAHI-American, Cherntrol or equal.

3. Flow Meter:
a. Function: Measure flow of sodium lactate solution in as full pipe.
b. Type: Turbine.
C. Parts: Meter, integral rate indicator and totalizer.
d. Bearing Type: Self-lubricating, ceramic hybrid ball bearing,

unless otherwise noted.
e. Other Materials: 316 stainless steel, unless otherwise noted.
£. Rate Display: 5 digits, 0.5-inches high, two second update,

decimal selectable.
g. Totalizer Display: S digits, 0.26-inches high, decimal selectable,

configurable units, e.g. gallons.
h. Operating Temperature: minus 4 to 158 degrees F.
i. Accuracy: Plus or minus 0.01I percent reading, plus or minus 1

count
j. Enclosure: NEMA 4X, unless otherwise noted.
k. Mounting: Integral to meter, unless otherwise noted.
1. ManufActurer/Model:

1) Hoffer HO Series Turbine Flowmeter for Liquid Service
with HIT-2A Rate Indicator and Totalizer.

4. SUPPLIER is responsible for providing the piping, piping
connections/accessories/reducers, and valves between the, tank and the
pump and between the pump and the well connection. SUPPLIER shall
provide appropriate support on the trailer for the fifty feet of discharge
hose.

160492.RD FEBRUARY 26; 2004
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2.3 GAS-POWERED GENERATOR

A. Trailer-mounted gasoline generator shall be capable of operating either the
mixer or the injection pump for a minimum of eight hours. SUPPLIER shall
be responsible for determining maximum rated output required for all
electrical equipment located on the trailer.

B. Generator shall be self-contained, trailer-mounted and penmanently wired to
provide power to the mixer and to the transfer pump mounted Mu the tfailer.
Generator shall be equipped with automatic idle control.

PART 3 EXECUTION

3.1 INSTALLATION AND MAINTENANCE

A. Portable Chemical Injection System SUPPLIER shall be responsible for the
engineering, fabrication, and installation of the equipment described above.
All work shall be done in a maniner compliant with local codes and
regulations. All drives shall be tested and made operational.

3.2 TESTING AND) STARTING

A. Provide testing and start up assistance as required to implement satisfactory
operation of the portable chemical injection system. Provide on-site personnel
as and when required during start up period of 2 days.

END OF SECTION

1 60492.RD FEBRUARY- 26j, 2004,
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0 "~APENDIX G

Final Bulk Facility Drawings
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