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P051TIVE HIT5
SURFACE SOIL

SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 1 OF 4

•
LOCATION 13SB01 13SB02 13SB03 13SB04 135B04 13SB05 13SB06 13SB07 13SB08
N5AMPLE 13SS010002 135S020002 13SS030002 135S040002 13SS040002-D 13S5050002 1355060002 13S50l0002 135S080002
SAMPLE 1355010002 135S020002 13S5030002 1355040002 FD03250301 1355050002 1355060002 1355070002 1355080002
5UBMATRIX 55 55 55 55 55 55 55 55 55
DEPTH RANGE 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2
5AMPLE DATE 3/25/2003 3/25/2003 3/25/2003 3/25/2003 3/25/2003 3/25/2003 3/25/2003 3/26/2003 3/30/2003
VALIDATED y y y y y y y y y

COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Dioxins (ng/kg)
1,2,3,4,6,7,8,9-0CDD 2240 1910 2810 3310 3580 2910 4140
1,2,3,4,6,7,8,9-0CDF 0.2 U 0.2 U 0.5 U 2 U 3.4 J 1.6 U 4.6 J
1,2,3,4,6,7,8-HPCDD 9.8 7.9 18 28.4 37.3 34.3 45.4
1,2,3,4,6,7,8-HPCDF 0.1 U 0.09 U 0.2 U 0.87 U 1.9 J 0.68 U 2.1 J
1,2,3,4,7,8,9-HPCDF 0.1 U 0.1 U 0.3 U 0.7 U 0.3 U 0.7 U 0.7 U
1,2,3,4,7,8-HXCDD 0.2 U 0.1 U 0.3 U 0.6 U 0.5 J 0.7 U 0.6 J
1,2,3,4,7,8-HXCDF 0.1 U 0.07 U 0.2 U 1 U 1.6 J 1.2 U 1.8 J
1,2,3,6,7,8-HXCDD 0.1 U 0.1 U 0.3 U 0.54 U 0.77 J 0.86 U 1 U
1,2,3,6,7,8-HXCDF 0.09 U 0.07 U 0.2 U 0.3 U 0.51 J 0.4 U 0.39 U
1,2,3,7,8,9-HXCDD 0.2 U 0.1 U 0.3 U 0.6 U 1.4 J 2 U 1.5 J
1,2,3,7,8,9-HXCDF 0.1 U 0.09 U 0.2 U 0.4 U 0.2 U 0.5 U 0.4 U
1,2,3,7,8-PECDD 0.2 U 0.1 U 0.5 U 0.5 U 0.3 U 0.8 U 0.6 U
1,2,3,7,8-PECDF 0.1 U' 0.09 U 0.3 U 0.35 U 0.45 J 0.4 U 0.3 U
2,3,4,6,7,8-HXCDF 0.1 U 0.07 U 0.2 U 0.3 U 0.65 J 0.4 U 0.7 J
2,3,4,7,8-PECDF 0.1 U 0.1 U 0.4 U 5 J 5 3.7 J 8
2,3,7,8-TCDD 0.2 U 0.1 U 0.4 U 0.4 U 0.95 J 0.6 U 1.2. U
2,3,7,8-TCDF 0.64 J 0.46 J 0.3 U 2 2.7 5 5.8
TOTAL HPCDD 19.8 16.3 36.9 66 95.4 78.5 112
TOTAL HPCDF 0.1 U 0.1 U 0.3 U 1.9 U 4 1.7 J 4.8 J
TOTAL HXCDD 1.3 J 1.2 J 1.1 U 5.2 J 11 J 15.7 J 15.1 J
TOTAL HXCDF 0.1 U 0.07 U 0.2 U 3.9 J 6.7 2.5 J 9.8 J
TOTAL PECDD 0.2 U 0.1 U 0.5 U 0.5 U 0.3 U 0.8 U 2.8 U
TOTAL PECDF 0.1 U 0.94 J 0.3 U 48 J 46.3 J 23.1 J 79 J
TOTAL TCDD 0.2 U 0.1 U 0.4 U 1.8 U 2.9 0.6 U 2.1 J
TOTAL TCDF 7 J 15.7 J 1.8 238 J 216 J 177 J 328 J
Volatile Organics (ug/kg)

ITRANS-1,2-DICHLOROETHENE I I I I I 2 J I I I
ITRICHLOROFLUOROMETHANE I I I I 2 J I I
5emivolatile Organics (ug/kg)
ACENAPHTHENE 3.9 U 4 U 3.8 U 4.2 U 4.3 U 4.9 U 4.3 U
ACETOPHENONE 80 U 80 U 78 U 84 U 87 U 99 U 87 U
ANTHRACENE 3.9 U 4 U 3.8 U 4.2 U 4.3 U 4.9 U 5 J
BENZO A)ANTHRACENE 3.9 U 4 U 3.8 U 20 22 4.9 U 32
BENZO A)PYRENE 3.9 U 4 U 3.8 U 27 34 4.9 U 42
BENZO B)FLUORANTHENE 3.9 U 4 U 3.8 U 37 40 7 J 58
BENZO G,H,I)PERYLENE 3.9 U 4 U 3.8 U 18 32 4.9 U 29
BENZO K)FLUORANTHENE 3.9 U 4 U 3.8 U 18 25 5 J 26



TABLE A-l
POSITIVE HITS
SURFACE SOIL

5WMU 13 - MINE FILL B
N5WC CRANE, INDIANA

PAGE 2 OF 4

LOCATION 135BOl 135B02 135B03 135B04 135B04 135B05 135B06 135B07 135B08
N5AMPLE 1355010002 1355020002 1355030002 1355040002 1355040002-0 1355050002 1355060002 1355070002 1355080002
SAMPLE 1355010002 1355020002 1355030002 1355040002 FD03250301 1355050002 1355060002 1355070002 1355080002
5UBMATRIX 55 55 55 55 55 55 55 55 55
DEPTH RANGE 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2
SAMPLE DATE 3125/2003 3/25/2003 3/25/2003 3/25/2003 3/25/2003 3/25/2003 3/25/2003 3/26/2003 3/30/2003
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
BIS(2-ETHYLHEXYL)PHTHALATE 130 J 91 J 78 U 120 J 130 J 99 U 140 J
CHRYSENE 3.9 U 4 U 3.8 U 28 35 7 J 50
DIBENZO(A,H)ANTHRACENE 3.9 U 4 U 3.8 U 4.2 U 4.3 U 4.9 U 4.3 U
FLUORANTHENE 6 J 4 U 3.8 U 34 35 10 75
FLUORENE 3.9 U 4 U 3.8 U 4.2 U 4.3 U 4.9 U 4.3 U
INDENO(1,2,3-CDlPYRENE 3.9 U 4 U 3.8 U 16 23 4.9 U 26
NAPHTHALENE 3.9 U 4 U 3.8 U 4.2 U 4.3 U 4.9 U 4.3 U
PHENANTHRENE 4 J 4 U 3.8 U 15 19 5 J 23
PYRENE 7 J 4 U 3.8 U , 45 65 10 65
Pesticides PCBs (ug/kg)

IAROCLOR-1248 220 210 I 20 U I 46000 J 140000 J 5100 1300 I
Herbicides (ug/kg)
PENTACHLOROPHENOL I 1.6 R I 1.6 R I 0.52 U I 0.57 U I 1.1 J I 0.66 U I 0.58 U I I
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Miscellaneous Parameters
CATION EXCHANGE CAPACITY (ME0I1)(
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•

(
T
T

T
T
T

T
T
T

•

T
T
I

I
I

T

I
T
T

T
T
T

14 I
7.4 T.

1000 U T

15
5.1

1000 U

•

1
1
1



• TA~-1
P051TIVE HIT5
5URFACE 50lL

5WMU 13· MINE FILL B
N5WC CRANE, INDIANA

PAGE 3 OF 4

•
LOCATION 135B08 135B09115 135B09/15 135B10 135B11 135B12 135B13 135B14 135B09115
N5AMPLE 1355080002-D 1355090002 1355090002-D 1355100002 1355110002 1355120002 1355130002 1355140001 1355150002
5AMPLE FD03300301 1355090002 FD03260301 1355100002 1355110002 1355120002 1355130002 1355140001 1355150002
5UBMATRIX 55 55 55 55 55 55 55 55 55
DEPTH RANGE 0-2 0-2 0·2 0-2 0·2 0·2 0-2 0-2 0-2
5AMPLE DATE 3/30/2003 3/26/2003 3/26/2003 3/26/2003 3/26/2003 3/26/2003 3/26/2003 4/10/2003 4/10/2003
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Dioxins (nalka)

, i - .

l,2,3.4,6,7,8,9-0CDD 1570 J 2070 J 2270 J 828 J 813 J 2390 J 2340
1,2,3.4,6,7,8,9-0CDF 1.7 J 1.8 J 1.3 U 0.55 J 0.2 UJ 0.3 UJ 9.5 J
l,2,3.4,6,7,8-HPCDD 13.6 18.4 18.8 6.2 8.1 19.1 22.7
l,2,3.4,6,7,8-HPCDF 2.3 J 2.4 J 3.1 J 0.18 U 0.1 U 0.57 J 4 U
1,2,3,4,7,8,9-HPCDF 0.3 U 0.2 U 0.3 U 0.1 U 0.1 U 0.2 U 1.3 J
1,2,3.4,7,8-HXCDD 0.2 U 0.2 U 0.2 U 0.1 U 0.1 U 0.63 J 0.42 J
l,2,3,4,7,8-HXCDF . 0.46 U 0.5 U 0.41 U 0.33 U 0.08 U 0.51 U 6.4
l,2,3,6,7,8-HXCDD 0.2 U 0.41 J 0.2 U 0.1 U 0.1 U 0.69 J 0.84 J
l,2,3,6,7,8-HXCDF 0.3 U 0.1 U 0.1 U 0.07 U 0.08 U 0.41 U 1.6 J
l,2,3,7,8,9-HXCDD 0.72 J 0.69 J 0.79 J 0.1 U 0.49 U 1.6 J 1.5 J
l,2,3,7,8,9-HXCDF 0.2 U 0.2 U 0.2 U 0.09 U' 0.1 U 0.31 J 0.33 J
1,2,3,7,8-PECDD.. 0.34 U 0.2 U 0.3 U 0.2 U 0.2 U 0.71 J 0.2 U
l,2,3,7,8-PECDF 0.2 U 0.1 U 0.2 U 0.09 U . 0.1 U 0.36 J 2.5 J
2,3.4,6,7,8-HXCDF 0.21 U 0.1 U 0.21 J 0.07 U . 0.07 U 0.42 J 1.8 J
2,3.4,7,8-PECDF 0.53 U 1.1 J 1.2 J 1 J 0.1 U 0.47 J 21.8
2,3,7,8-TCDD 0.52 J 0.49 U 0.4 U 0.1 U 0.2 U 0.2 U 0.1 U
2,3,7,8-TCDF 0.35 J 1.1 0.56 J 1;2 0.1 U 0.53 J 21
TOTAL HPCDD 28 38.4 36.2 11.8 14.5 36.5 56
TOTAL HPCDF 3.7 4.6 J 5.3 0.38 J 0.1 U 0.57 10.1 J
TOTAL HXCDD 3.1 4.2 J 3.8 0.77 J 1.1 J 5 8.4 J
TOTAL HXCDF 3.1 J 3.4 J 4.1 J 0.33 0.08 U 1.6 19.4 J
TOTAL PECDD 0.34 U 0.2 U 0.3 U 0.2 U 0.2 U 0.71 2.1 U
TOTAL PECDF 7.6 J 15.3 J 11.8 J 4.6 J 0.1 U 0.83 135 J
TOTAL TCDD 0.52 1.1U 0.71 U 0.33 U 0.2 U 0.2 U 2.2 U
TOTAL TCDF 39.9 J 55.4 J 59.4 J 36.1 J 0.1 U 7.8 J 540 J
Volatile Organics (ug/kg)
TRANS-l,2-DICHLOROETHENE I I I I I I 1.4 U
TRICHLOROFLUOROMETHANE I I I I I I 3 J
5emivoilltile Organics (ualka)
ACENAPHTHENE 52 J 4.4 UJ 4.1 U 3.9 U 4 U 4 U 4.2 U
ACETOPHENONE 90 U 150 J 82 U 80 U 82 U 81 U 85 U
ANTHRACENE 210 J 4.4 UJ 4.1 U 3.9 U 4 U 4 U 4.2 U
BENZO A)ANTHRACENE 1100 J 44 J 7 J 5 J .. 4 J 4 U 8 J
BENZO AjPYRENE 1000 J 71 J 7 J 6 J 4 U 4 U 10
BENZO B)FLUORANTHENE 1100 J 93 J 14 9 4 U 4 U 14 J
BENZO G,H,I)pERYLENE 750 J 57 J 8 J 6 J 4 U 4 U 9
BENZO K)FLUORANTHENE 640 J 74 J 8 J 5 J 4 U 4 U 10
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TABLE A-1
P051T1VE HIT5
5URFACE 50lL

5WMU 13 - MINE FILL B
N5WC CRANE, INDIANA

PAGE 4 OF 4

LOCATION 135B08 135B09/15 135B09115 135B10 135B11 135B12 135B13 135B14 135B09/15
N5AMPLE 1355080002-D 1355090002 1355090002-D 1355100002 1355110002 1355120002 1355130002 1355140001 1355150002
5AMPLE FD03300301 1355090002 FD03260301 1355100002 1355110002 1355120002 1355130002 1355140001 1355150002
5UBMATRIX 55 55 55 55 55 55 55 55 55
DEPTH RANGE 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2
5AMPLE DATE 3130/2003 3/26/2003 3/26/2003 3/26/2003 3/26/2003 3/26/2003 3/26/2003 4/10/2003 4/10/2003
VALIDATED y y y y y y y y y

COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
BIS(2-ETHYLHEXYL)PHTHALATE 140 J 100 J 110 J 80 U 130 J 81 U 190 BU
CHRYSENE 1100 J 77J 13 10 4 U 4 U 11
DIBENZO(A,H)ANTHRACENE 200 J 16 J 4.1 U 3.9 U 4 U 4 U 4.2 U
FLUORANTHENE 1800 J 23 J 10 6 J 7 J 4 U 9
FLUORENE 50 J 4.4 UJ 4.1 U 3.9 U 4 U 4 U 4.2 U
INDENO(1,2,3-CD)PYRENE 650 J 51 J 7 J 4 J 4 U 4 U 7 J
NAPHTHALENE 4.4 U 4.4 U 5 J 3.9 U 4 U 4 U 4.2 U
PHENANTHRENE 1000 J 8 J 5 J 3.9 U 6 J 4 U 4.2 U
PYRENE 2400 J 26 J 10 6 J 7 J 4 U 12
Pesticides PCBs lua/kal
AROCLOR-1248 I 5400 J 6700 J I 160000 I 67000 J I 330 J I 39000 J 150000 I I
Herbicides lua/kal
PENTACHLOROPHENOL I 0.6 U I 0.6 U I 0.55 U I 0.54 U I 0.55 U I 0.54 U I 0.57 U I
Miscellaneous Parameters

ICATION EXCHANGE CAPACITY (MEQ/ll 18 I I I I I I
IPH (S.U.) 5.2 I I I I I I
ITOTAL ORGANIC CARBON (mQ/kq) 1300 I I I I I I

• • •
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• •TABLE A-2
POSITIVE HITS SUBSURFACE SOIL

SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 1 OF 4

•
LOCATION 13SBOl 13SB02 13SB03 13SB04 13SB05 13SB06 13SB07 13SB08 13SB09/15
NSAMPLE 13SB010204 13SB020204 13SB030204 13SB040204 13SB050204 13SB060204 13SB070810 13SB080608 13SB090204
SAMPLE 13SB010204 13SB020204 13SB030204 13SB040204 13SB050204 13SB060204 13SB070810 13SB080608 13SB090204
SUBMATRIX SB SB SB SB SB SB SB SB SB
DEPTH RANGE 2-4 2-4 2-4 2-4 2·4 2-4 8-10 6-8 2-4
SAMPLE DATE 3/25/2003 3/25/2003 3/25/2003 3/25/2003 3/25/2003 3/25/2003 3/26/2003 3/30/2003 3/26/2003
VALIDATED y y y y y y y y y

COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Dioxins (nW!<g)
1,2,3,4,6,7,8,9-0CDD 4430 1900 3030 1250 3250 330 923 J
1,2,3,4,6,7,8,9-0CDF 0.2 U 0.2 U 0.3 U 3.4 U 0.6 U 0.7 U . 0.4 UJ
l,2,3,4,6,7,8-HPCDD 26.2 8.5 11.8 7.7 23.2 5 8.1
1,2,3,4,6,7,8-HPCDF 0.1 U 0.09 U 0.2 U 1.3 U 0.2 U 0.2 U 0.69
1,2,3,4,7,8-HXCDD 0.2 U 0.1 U 0.2 U 1.5 U 0.2 U 0.2 U 0.2 U
l,2,3,4,7,8-HXCDF 0.1 U 0.07 U 0.1 U 2.7 J 0.1 U 0.1 U 0.73
1,2,3,7,8,9-HXCDD 0.67 J 0.69 J 0.2 U 1.5 U 1.2 U 0.3 U 0.5 U
1,2,3,7,8-PECDD 0.2 U 0.1 U 0.3 U l.lU 0.2 U 0.2 U 0.2 U
l,2,3,7,8-PECDF 0.2 U 0.09 U 0.2 U 0.7 U 0.2 U 0.1 U 0.31
2,3,4,6,7,8-HXCDF O.lU 0.07 U 0.1 U 0.8 U 0.1 U 0.1 U 0.2 U
2,3,4,7,8-PECDF 0.2 U 0.1 U 0.2 U 15.4 0.2 U 0.2 U 0.66 U
2,3,7,8-TCDF 0.2 U 0..1 U 0.2 U 2.9 0.1 U 0.24 U 0.5 U
TOTAL HPCDD 44.2 16.4 25.1 17.4 52.1 8.7 17
TOTAL HPCDF 0.2 U 0.1 U 0.2 U 1.4 U 0.2 U 0.2 U 1.5 J
TOTAL HXCDD 1.1 J 1.5 J 0.2 U 1.4 U 4.2 J 1.1 2.5 J
TOTAL HXCDF 0.1 U 0.07 U 0.1 U 2.7 0.1 U 0.1 U 2.4 J
TOTALPECDD 0.2 U 0.1 U 1.4 U 1.1 U 0.2 U 0.2 U 0.2 U
TOTAL PECDF 0.2 U 0.1 U 0.2 U 71.8 J 0.2 U 0.49 U 6.1 J
TOTAL TCDD 0.2 U 0.1 U 0.3U 5.2 U 0.2 U 0.2 U 0.1 U
TOTAL TCDF 0.2 U 0.1 U 0.94 U 292 J 1.7 1.3 U 24.6 J
Volatile Oraanics (ualka)
2-BUTANONE 1 U
4-METHYL-2-PENTANONE 1 U
ACETONE 1 UJ
DICHLORODIFLUOROMETHANE 1 U
TRICHLOROFLUOROMETHANE 2 J
Semivolatile Organics (ug/kg) .
3&4-METHYLPHENOL 81 U 78 U 79 U 81 U 80 U 87 U 560
BIS(2-ETHYLHEXYL)pHTHALATE 110 J 110 J 79 U 120 J 130 J 90 J 76 U
CHRYSENE 4 U 4 J 3.9 U 4 U 3.9 U 4.3 U 3.7 U
FLUORANTHENE 4 U 7 J 3.9 U 4 U 3.9 U 4.3 U 3.7 U
PHENANTHRENE 4 U 6 J 3.9 U 4 U 3.9 U 4.3 U 3.7 U
PHENOL 81 U 78 U 79 U 81 U 80 U 87 U 110 J
PYRENE 4 U 13 3.9 U 4 U 3.9 U 4.3 U 3.7 U
Pesticides PCBs (uW!<g)
AROCLOR-1248 20 U 20 U I 20 U I 35000 J I 20 U 370 J f I 190 J
Herbicides (uW!<g)
PENTACHLOROPHENOL 0.85 J I 0.52 U I 0.53 U I 0.54 U I 0.54 U I 0.58 U I I 0.51 U



TA8LE A-2
P051TIVE HIT5 5U85URFACE 50lL

5WMU 13 - MINE FILL 8
N5WC CRANE, INDIANA

PAGE 2 OF 4

LOCATION 135801 135802 135803 135804 135805 135806 135807 135808 135809/15
N5AMPLE 1358010204 1358020204 1358030204 1358040204 1358050204 1358060204 1358070810 1358080608 1358090204
5AMPLE 1358010204 1358020204 1358030204 1358040204 1358050204 1358060204 1358070810 1358080608 1358090204
5U8MATRIX 58 58 58 58 58 58 58 58 58
DEPTH RANGE 2-4 2-4 2-4 2-4 2-4 2-4 8 -10 6-8 2-4
5AMPLE DATE 3/25/2003 3/25/2003 3/25/2003 3/25/2003 3/25/2003 3/25/2003 3/26/2003 3/30/2003 3/26/2003
VALIDATED y y y y y y y y y
COLLECTION METHOD GRA8 GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Miscellaneous Parameters
CATION EXCHANGE CAPACITY (MEQ/11 I T 14 I 13 I
PH (S.U.) T 5.3 I 5.8 I
TOTAL ORGANIC CARBON (maiko) T 1100 J I 1000 U I

• • •
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POSITIVE HITS SUBSURFACE SOIL

SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 3 OF 4

LOCATION 13SB10 13SB11 13SB12 13SB13 13SB09/15
NSAMPLE 13SB100204 13SB110204 13SB120204 13SB130204 13SB150204
SAMPLE 13SB100204 13SB110204 13SB120204 13SB130204 13SB150204
SUBMATRIX SB SB SB SB SB
DEPTH RANGE • 2-4 2-4 2·4 2-4 2·4
SAMPLE DATE 3/26/2003 3/26/2003 3/26/2003 3/26/2003 4/11/2003
VALIDATED Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB
Dioxins (na!ka)
1,2,3,4,6,7,8,9-0CDD 1410 J 3460 J 2720 J 3210 J
1,2,3,4,6,7,8,9'OCDF 2.9 J 0.1 UJ 0.2 UJ 0.3 UJ
l,2,3,4,6,7,8-HPCDD 10.6 25 15.3 17
1,2,3,4,6,7,8-HPCDF 1.1 J 0.08 U 0.1 U 0.2 U
1,2,3,4,7,8-HXCDD 0.2 U 0.09 U 0.1 U 0.44 J
1,2,3,4,7,8-HXCDF 1.7 J 0.2 U .0.13 U 0.1 U
l,2,3,7,8,9-HXCDD 0.53 J 1.1 J 0.1 U 0.96
1,2,3,7,8-PECDD 0.3 U 0.1 U 0.21 J 0.1 U
1,2,3,7,8-PECDF 0.66 U 0.08 U 0.3 J 0.08 U
2,3,4,6,7,8-HXCDF 0.59 J 0.09 J 0.07 U 0.1 U
2,3,4,7;8-PECDF 6.8 0.31 J 0.1 U 0.1 U
2,3,7,8-TCDF 5.2 0.2 U 0.09 U 0.1 U
TOTAL HPCDD 21.4 47.3 26.4 44.1
TOTAL HPCDF 2 J 0.1 U 0.1 U 0.2 U
TOTAL HXCDD 1.5 J 4 J 0.65 J 3.4 J
TOTAL HXCDF 5.4 J 0.43 0.13 U 0.1 U
TOTAL PECDD 0.3 U 0.1 U 0.21 0.1 U
TOTAL PECDF 40.1 J 1.8 0.3 0.09 U
TOTAL TCDD 3 J 0.15 0:1 U 0.1 U
TOTAL TCDF 211 J 12.8 J 0.09 U 0.1 U
Volatile Oraanics (uQ/ka)
2-BUTANONE 18
4-METHYL-2-PENTANONE 3 J
ACETONE 89 BJ
DICHLORODIFLUOROMETHANE 7 J
TRICHLOROFLUOROMETHANE 3 J
Semivolatile Organics (ua!ka)
3&4-METHYLPHENOL 77 U 78 U 76 U 83 U
BIS(2-ETHYLHEXYLlPHTHALATE 110 J 78 U 76 U 83 U
CHRYSENE 3.8 U 3.9 U 3.8 U 4.1 U
FLUORANTHENE 3.8 U 3.9 U 3.8 U 4.1 U
PHENANTHRENE 3.8 U 3.9 U 3.8 U 4.1 U
PHENOL 77U 78 U 76 U 83 U
PYRENE 3.8 U 3.9 U 3.8 U 4.1 U
Pesticides PCBs (ua!ka)
AROCLOR-1248 210000 I 59 J I 590 J I 220 J I I
Herbicides (ua/ka)

IPENTACHLOROPHENOL 0.52 U 0.53 U I 0.67 J I 0.55 U I I

•
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TABLE A-2
POSITIVE HITS SUBSURFACE SOIL

SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 4 OF 4

LOCATION 13SB10 13SB11 13SB12 13SB13 13SB09/15
NSAMPLE 13SB100204 13SB110204 13SB120204 13SB130204 13SB150204
SAMPLE 13SB100204 13SB110204 13SB120204 13SB130204 13SB150204
SUBMATRIX SB SB SB SB SB
DEPTH RANGE 2-4 2-4 2-4 2-4 2-4
SAMPLE DATE 3/26/2003 3/26/2003 3/26/2003 3/26/2003 4/11/2003
VALIDATED Y Y Y y y

COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB
Miscellaneous Parameters
CATION EXCHANGE CAPACITY (MEQ/1l
PH (S.U.)
TOTAL ORGANIC CARBON (maiko)

• •
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POSITIVE HITS

GROUND WATER
SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 1 OF 10

•
LOCATION 13MWT01 13MWT02 13MWT03 13MWT03 13MWT04 13MWT05 13MWT05 13MWT06
NSAMPLE 13GWT0101 13GWT0201 13GWT0301 13GWT0301-F 13GWT0401 13GWT0501 13GWT0501-F 13GWT0601
SAMPLE 13GWT0101 13GWT0201 13GWT0301 13GWT0301-F 13GWT0401 13GWT0501 13GWT0501-F 13GWT0601
SUBMATRIX GW GW GW GW GW GW GW 'GW
DEPTH RANGE - - - - -- - - -
SAMPLE DATE 4/26/2003 4/26/2003 4/26/2003 4/26/2003 4/27/2003 4/27/2003 4/27/2003 4/27/2003
VALIDATED y y y y y y y y

COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Volatile Organics (uglL)

!TRICHLQHOETHENE T I I I -, I --_. I . =r= 1
Energetics (ua/Ll
1,3-DINITROBENZENE 0.47 U 0.495 U 0.265 U 0.26 U 0.3 J 0.19 U
2,4,6-TRINITROTOLUENE 0.47 U 0.495 U 0.265 U 0.26 U 0.155 U 0.19 U
2-AMINO-4,6-DINITROTOLUENE 0.47 U 0.495 U 0.265 U 0.26 U 0.155 U 0.19 U
4-AMINO-2,6-DINITROTOLUENE 0.47 U 0.495 U 0.265 U 0.26 U 0.155 U 0.19 U
4-NITROTOLUENE 0.47 U 0.495 U 0.265 U 0.26 U 0.155 U 0.19 U
HMX 1 0.495 U 0.29 J 3.3 13 0.97
RDX 0.44 U 0.465 U 0.25 U 4.1 0.77 J 2
Total Metals (ugfL)
ALUMINUM 598 J 659 J 3990 J 8050 J 21700 J 12300 J
ARSENIC 0.23 U 0.65 J 1.0 J 1.8 J 4.7 J 4.0 J
BARIUM 55.4 J 27.5 J 74.5 J 154 J 126 J 178 J
BERYLLIUM 1.2 U 0.63 U 1.2.U 3.5 J 1.2 U 0.58 U
CADMIUM 0.18 U 0.38 U 0.82 U 1.9 U 0.39 U 0.56 U
CALCIUM 9720 J 94100 J 34800 J 34800 J 40200 J 36700 J
CHROMIUM 0.20 U 1.1 J 7.1 J 1.5 J 36.4 J 18.7 J
COBALT 36.0 J 119 J 48.8 J 111 J 34.2 J 3.6 J
COPPER 2.9 J 2.7 J 5.6 J 3.8 J 10.1 J 7.3 J
IRON 135 J 10500 J 1910 J 5400 J 9860 J 12000 J
LEAD 1.4 U 0.53 U 2.0 U 3.2 J 8.1 J 7.1 J
LITHIUM 21.1 J 208 J 74.0 J 126 J 40.0 J 15.7 J
MAGNESIUM 6790 J 60200 J 17000 J 16700 J 35700 J 17700 J
MANGANESE 689 J 4580 J 302 J 1330 J 172 J 505 J
MERCURY 0.16 J 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U
NICKEL 26.6 J 289 J 99.7 J 314 J 96.2 J 11.7 J
POTASSIUM 494 J 6910 J 2860 J 7760 J 8390 J 10300 J
SELENIUM 0.17 U 0.91 U 0.32 U 0.61 U 0.42 U 0.69 U
SODIUM 24300' J 102000 J 37400 J 22800 J 57900 J 58000 J
STRONTIUM 53.3 J 396 J 97.8 J 101 J 189 J 203 J
TITANIUM 4.0 J 5.8 J 32.0 J 7.8 J 180 J 85.0 J
VANADIUM 0.08 U 0.68 J 5.8 J 0.79 J 34.3 J 15.8 J
ZINC 29.7 J 140 J 161 J 358 J 114 J 30.3 J
Dissolved Metals (uQ/L)
ALUMINUM, FILTERED 226 J I 254 J
ARSENIC, FILTERED 0.50 U I 0.80 J I I
BARIUM, FILTERED I 71.1 J I I 22.8 J I I

(1) Sample, 13GWT0902-D, was not detected for any analytes with positive detections.



TABLE A-3
POSITIVE HITS

GROUND WATER
SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 2 OF 10

LOCATION 13MWT01 13MWT02 13MWT03 13MWT03 13MWT04 13MWT05 13MWT05 13MWT06
NSAMPLE 13GWT0101 1.3GWT0201 13GWT0301 13GWT0301-F 13GWT0401 13GWT0501 13GWT0501-F 13GWT0601
SAMPLE 13GWT0101 13GWT0201 13GWT0301 13GWT0301-F - 13GWT0401 13GWT0501 13GWT0501-F 13GWT0601
SUBMATRIX GW GW GW GW GW GW GW GW
DEPTH RANGE - - -- -- - - -- -
SAMPLE DATE 4/26/2003 4/26/2003 4/26/2003 4/26/2003 4/27/2003 4/27/2003 4/27/2003 4/27/2003
VALIDATED Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
BERYLLIUM, FILTERED 1.1 U 0.46 U
CALCIUM, FILTERED 30900 J 39800 J
CHROMIUM, FILTERED 0.48 U 2.6 J
COBALT, FILTERED 55.7 J 35.0 J
COPPER, FILTERED 4.5 J 3.4 J
IRON, FILTERED 344 J 93.8 J
LEAD, FILTERED 0.25 U 0.21 U
LITHIUM, FILTERED 78.5 J 27.4 J
MAGNESIUM, FILTERED 16800 J 32200 J
MANGANESE, FILTERED 300 J 133 J
NICKEL, FILTERED 107 J 90.5 J
POTASSIUM, FILTERED 1890 J 4540 J
SELENIUM, FILTERED 0.33 U 0.28 U
SODIUM, FILTERED 35000 J 55000 J
STRONTIUM, FILTERED 97.1 J 188 J
TITANIUM, FILTERED 2.6 J 4.5 J
VANADIUM, FILTERED 0.31 U 0.46 U
ZINC, FILTERED 178 111 J
Miscellaneous Parameters (mall)

IAMMONIA-N I 0.01 U I 0.13 I 0.12 I I 0.39 0.05 I I 0.02
INITRITEINITRATE-N I 0.07 I 0.02 U I 0.07 I I 0.24 I 0.03 I I 0.03
Field Parameters
DISSOLVED OXYGEN (moiL) 1.28 1.98 4.5 4.3 0.6 3.15
OXIDATION REDUCTION POTENTIAL (MV)' 220 191 152.7 216.1 76 88
PH (S.U.) 4.68 4.61 5.56 4.77 5.83 6.63
SPECIFIC CONDUCTANCE (MS/CM) 0.229 1.244 0.445 0.316 0.632 0.495
TEMPERATURE (C) 12.59 15.28 13.14 13.73 15.18 12.46
TURBIDITY (NTU) 3.8 6.8 38 6 8.8 650

(1) sa.3GWT0902-D, was not detected for any analytes with positive detections. • •



• TA.-3
POSITIVE HITS

GROUND WATER
SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 3 OF 10

•
LOCATION 13MWT06 13MWT07 13MWT08 13MWT09 13MWT09 13MWT09 13MWT10 13MWT11
NSAMPLE 13GWT0601-F 13GWT0701 13GWT0801 13GWT0901 13GWT0901-D .13GWT0902 13GWT1001 13GWT1101
SAMPLE 13GWT0601 13GWT0701 13GWT0801 13GWT0901 FD04280301 13GWT0902 13GWT1001 13GWT1101
SUBMATRIX GW GW GW GW GW GW GW GW
DEPTH RANGE - - - - - -- - -
SAMPLE DATE 4/27/2003 4/27/2003 4/26/2003 4/28/2003 4/28/2003 5/912003 4/27/2003 4/27/2003
VALIDATED y y y y y y y y

COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Volatile OrQanics (uQ/L)

ITRICHLOROETHENE I I J 0.3 U I 0.3 U I I I I
EnerQetics (uQ/L)
1,3-DINITROBENZENE 0..6 U 0.345 U 1.4 J 1.5 J 0.265 U 0.83 J
2,4,6-TRINITROTOLUENE 0.6 U 0.345 U 19 20 J 0.265 U 31
2-AMINO-4,6-DINITROTOLUENE 0.6 U 0.345 U 8.6 J 8.6 J 0.265 U 6 J
4-AMINO-2,6-DINITROTOLUENE 0.6 U 0.345 U 18 18 0.265 U 19
4-NITROTOLUENE 0.6 U 0.345 U 0.215 U 0.385 U 0.265 U 0.43 U
HMX 0.6 U 0.345 U 84 66 0.265 U 34
RDX 7.2 0.325 U 1100 1100 0.25 U 560
Total Metals (uglL)
ALUMINUM 4320 J 907 J 297 J 278 J 1430 J 719 J
ARSENIC 1.6 J 0.20 U 0.09 U 0.07 U 1.1 J 0.22 U
BARIUM 10.4 J 24.5 J 155 J 159 J 18.3 J 27.4 J
BERYLLIUM 8.4 J 0.14 U 0.41 U 0.42 U 4.3 J 1.6 U
CADMIUM 0.64 U 0.05 UJ 0.05 UJ 0.05 U 0.94 U 0.12 U
CALCIUM 69400 J 2580 U 48600 J 50100 J 26700 J 5760 J '.
CHROMIUM 0.71 U 0.99 J 0.02 U 0.02 U 1.0 J 0.35 U
COBALT 140 J 2.2 J 17.2 J 17.6 J 246 J 26.3 J
COPPER 5.0 J 1.0 J 1.2 J 1.4 J 4.3 J 3.0 J
IRON 128 J 600 J 25.0 U 24.7 U 3560 J 4250 J
LEAD 8.4 J 0.34 U 0.44 U 0.46 U 7.7 J 1.5 U
LITHIUM 154 J 6.6 J 31.1 J 31.8 J 158 J 66.8 J
MAGNESIUM 54300 J 2230 J 38700 J 39900 J 22200 J 4770 J
MANGANESE 1800 J 57.6 U 608 J 624 J 1580 J 250 J
MERCURY 0.16 J 0.02 U 0.034 J 0.026 J 0.02 U 0.032 J
NICKEL 299 J 4.2 J 23.7 J 25.3 J 371 J 66.5 J
POTASSIUM 4380 J 240 J 983 J 1010 J 2570 J 668 J
SELENIUM 0.13 U 0.08 U 0.05 U 0.07 U 0.07 U 0.05 U
SODIUM 82300 J 8360 J 35000 J 36700 J 25500 J 24000 J
STRONTIUM 163 J 14.5 J 229 J 236 J 86.9 J 31.0 J
TITANIUM 4.4 J 16.8 J 2.5 J 2.4 J 5.9 J 6.7 J
VANADIUM 0.14 U 1.4 J 0.05 U 0.05 U 0.58 U 0.29 U
ZINC 382 J 7.4 J 22.0 J 22.9 J 208 J 82.7 J
Dissolved Metals (uglL)
ALUMINUM, FILTERED 826 J
ARSENIC, FILTERED 0.51 U
BARIUM, FILTERED 41.6 J

(1) Sample, 13GWT0902-D, was not detected for any analy1es with positive detections.
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TABLE A-3
POSITIVE HITS

GROUND WATER
SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 4 OF 10

LOCATION 13MWT06 13MWT07 13MWT08 13MWT09 13MWT09 13MWT09 13MWT10 13MWT11
. NSAMPLE 13GWT0601-F 13GWT0701 13GWT0801 13GWT0901 13GWT0901-D 13GWT0902 13GWT100l 13GWTll0l
SAMPLE 13GWT0601 13GWT0701 13GWT0801 13GWT0901 FD04280301 13GWT0902 13GWT1001 13GWT1101
SUBMATRIX GW GW GW GW GW GW GW GW
DEPTH RANGE - - - - -- - -- -
SAMPLE DATE 4/27/2003 4/27/2003 4/26/2003 4/28/2003 4/28/2003 5/9/2003 4/27/2003 4/27/2003
VALIDATED Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
BERYLLIUM, FILTERED 0.05 U
CALCIUM, FILTERED 34900 J
CHROMIUM, FILTERED 1.3 J
COBALT, FILTERED 1.3 J
COPPER, FILTERED 0.63 U
IRON, FILTERED 772 J
LEAD, FILTERED 0.30 U
LITHIUM, FILTERED 9.7 J
MAGNESIUM, FILTERED 16700 J
MANGANESE, FILTERED 543 J
NICKEL, FILTERED 3.2 J
POTASSIUM, FILTERED 7110 J
SELENIUM, FILTERED 0.29 U
SODIUM, FILTERED 49700 J
STRONTIUM, FILTERED 159 J
TITANIUM, FILTERED 9.3 J
VANADIUM, FILTERED 1.1 J
ZINC, FILTERED 3.6 J
Miscellaneous Parameters (mq/L)

IAMMONIA-N 1 I 0.03 I 0.01 U I 3.3 3.2 ·1 0.98 I 0.1 I
1NITRITEINITRATE-N 1 1 0.07 I 0.02 U I 92 94 I 0.02 U I 0.02 U I
Field Parameters
DISSOLVED OXYGEN (mg/L) 0.34 2.45 1.69 1.21 1.4 0.85
OXIDATION REDUCTION POTENTIAL (MV) 278 206 205.6 148 364 265
PH (S.U.) 3.98 5.06 5.36 5.38 3.01 3.64
SPECIFIC CONDUCTANCE (MS/CM) 1.03 0.74 0.829 0.725 0.582 0.251
TEMPERATURE (C) 15.6 14.65 13.33 14.36 15.6 15.73
TURBIDITY (NTU) 6.8 10 3 0.1 10 10

(1) sa.3GWT0902-D, was not detected for any analytes with positive detections. • •



• TA_-3
POSITIVE HITS

GROUND WATER
SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA
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•
LOCATION 13MWT12 13MWT12 13MWT13 13MWT13 13MWT14 13MWT15 13MWT16 13MWT17
NSAMPLE 13GWT1201 13GWT1201-F 13GWT1301 13GWT1301-D 13GWT1401 13GWT150i 13GWT1601 13GWT1701
SAMPLE 13GWT1201 13GWT1201-F 13GWT1301 FD05070301 13GWT1401 13GWT1501 13GWT1601 13GWT1701
SUBMATRIX GW GW GW GW GW GW GW GW
DEPTH RANGE - - - - - - - -
SAMPLE DATE 4/27/2003 4/27/2003 5nJ2003 5nJ2003 4/29/2003 5/612003 5/6/2003 5nJ2003
VALIDATED Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Volatile Oraanics (uQ/L) , ' '-:-#.~4:. i-~ ~ , - ."_.'. .

ITRICHLOROETHENE I I I I I I
Eneraetics (uQ/L)
1,3·DINITROBENZENE 0.6 U 0.37 U 0.18 U 0.345 U 0.485 U 0.11 U 0.43 U
2,4,6-TRINITROTOLUENE 1.8 0.37 U 0.18 U 0.345 U 0.485 U 0.11 U 0.43 U
2-AMINO-4,6-DINITROTOLUENE 3.7 J 0.37 U 0.18 U 0.345 U 0.485 U 0.11 U, 0.43 U
4-AMINO-2,6-DINITROTOLUENE 5.8 J 0.37 U 0.18 U 0.345 U 0.485 U 0.12 J 0.6 J
4-NITROTOLUENE 0.6 U 0.37 U 0.18 U 0.345 U 0.485 U 0.11 U ,0.43 U
HMX 50 9.5 8.4 0.345 U 0.485 U 22 J 92 J ."

RDX 150 12 10 1.6 0.46 U 10 430 .'
Total Metals (ug/L) -":.'

ALUMINUM 2170 J 1080 J 1060 J 57.1 U 1440 J 123 J 418 J . ."
ARSENIC 1.3 J 0.39 U 0.41 U 5.8 J 7.0 J 0.66 U 0.50 U .
BARIUM 36.5 J 43.8 J 43.3 J 31.1 J 43.3 J 72.9 J 19.3 J
BEf:lYLLIUM 0.27 U 2.1 J 2.1 J 0.06 U 4.2 J 0.13 U 0.04 U
CADMIUM 0.10 U 0.09 U 0.12 U 0.35 U 1.0 U 0.14 U 0.05 U
CALCIUM 2800 J 3740 J 3700 J 29700 J 14600 J 27200 J 12100 J'~

CHROMIUM 4.1 J 0.29 U 0.33 U 0.18 U 0.82 U 0.29 U 0.63 U.'·
COBALT 8.1 J 30.1 J 30.2 J 14.2 J 106 J 5.4 J 1.5 J. ,.
COPPER 2.2 J 5.0 J 4.9 J 0.28 U 3.0 J 0.59 U 0.26 U··
IRON 2020 J 860 J 846 J 10500 J 9260 J 2570 J 357 J
LEAD 1.9 U 1.0 U 0.99 U 0.20 U 23.8 J 0.14 U 0.35 U
LITHIUM 15.3 J 29.3 J 28.7 J 33.9 J 133 J 2.3 J 5.7 J
MAGNESIUM 2560 J 3660 J 3680 J 26100 J 14300 J 11600 J 9470 J
MANGANESE 216 J 600 J 584 J 1910 J 1300 J 712 J 56.3 U
MERCURY 0.02 U 0.20 U 0.20 U 0.02 U 0.20 U 0.20 U 0.20 U
NICKEL 16.4 J 25.3 J 24.8 J 24.7 J 222 J 7.1 J 2.9 J
POTASSIUM 724J 649 J 641 J 2080 J 2230 J 576 J 481 J
SELENIUM 0.25 U 0.10 U 0.12 U 0.41 U 1.1 U 0.26 U 0.10 U
SODIUM 21900 J 6030 J 6330 J 48300 J 16000 J 15000 J 8450 J
STRONTIUM 14.6 J 18.5 J 18.3 J 71.7 J ,65.5 J 129 J 27.4 J
TITANIUM 34.6 J 3.7 J 3.7 J 1.9 U 4.6 J 3.2 J 7.2 J
VANADIUM 4.2 J 0.07 U 0.10 U 0.08 U 0.32 U 0.27 U 0.72 U
ZINC 14.6 J 35.1 J 34.4 J 17.8 J 266 J 3.9 J 3.0 J
Dissolved Metals (uQ/L)
ALUMINUM, FILTERED 257 J
ARSENIC, FILTERED 0.37 U
BARIUM, FILTERED 26.2 J

(1) Sample, 13GWT0902-D, was not detected for any analytes with positive detections.
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TABLE A·3
POSITIVE HITS

GROUND WATER
SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 6 OF 10

LOCATION 13MWT12 13MWT12 13MWT13 13MWT13 13MWT14 13MWT15 13MWT16 13MWT17
NSAMPLE 13GWT1201 13GWT1201-F 13GWT1301 13GWT1301-D 13GWT1401 13GWT1501 13GWT1601 13GWT1701
SAMPLE 13GWT1201 13GWT1201-F 13GWT1301 FD05070301 13GWT1401 13GWT1501 13GWT1601 13GWT1701
SUBMATRIX GW GW GW GW GW GW GW GW
DEPTH RANGE - - - - - - - -
SAMPLE DATE 4/27/2003 4/27/2003 5nJ2003 5nJ2003 4/29/2003 5/612003 5/6/2003 5nJ2003
VALIDATED y y y y y y y y

COLLECTION METHOD GRAB GRAB GRAB . GRAB GRAB GRAB GRAB GRAB
BERYLLIUM, FILTERED 0.17 U
CALCIUM, FILTERED 2980 J
CHROMIUM, FILTERED 0.63 U
COBALT, FILTERED 9.0 J
COPPER, FILTERED 3.4 J
IRON, FILTERED 203 J
LEAD, FILTERED 0.31 U
LITHIUM, FILTERED 14.6 J
MAGNESIUM, FILTERED 2500 J
MANGANESE, FILTERED 224 J
NICKEL, FILTERED 18.3 J
POTASSIUM, FILTERED 366 J
SELENIUM, FILTERED 0.26 U
SODIUM, FILTERED 21800 J
STRONTIUM, FILTERED 13.6 J
TITANIUM, FILTERED 8.1 J
VANADIUM, FILTERED 0.46 U
ZINC, FILTERED 13.5 J
Miscellaneous Parameters (mglL)
AMMONIA-N I 0.06 I I 0.03 I 0.03 I 0.08 I 1 I 0.4 I 0.Q1 I
NITRITEINITRATE-N I 1.3 I I 1.1 I 1.1 I 0.13 I 0.02 U I 0.02 U I 0.86
Field Parameters
DISSOLVED OXYGEN (mall) 2.35 3.37 1.2 0.53 0.81 0.53
OXIDATION REDUCTION POTENTIAL (MV) 242 268.2 23.2 286.8 -30.4 112
PH (S.U.) 4.83 4.2 5.5 3.74 6.16 5.35
SPECIFIC CONDUCTANCE (MS/CM) 0.135 0.106 0.885 0.391 0.356 0.17
TEMPERATURE (C) 14.46 13.82 14.34 15.89 14.27 15.7
TURBIDITY (NTU) 60 5.8 1.6 7.3 2.7 10

(1) sa.13GWT0902-D, was not detected for any analytes with positive detections. • ••



• •TABLE A-3
POSITIVE HITS

GROUND WATER
SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA
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•
LOCATION 13MWT18 13MWT18 13MWT19 13MWT20 13MWT20 13MWT20 13MWT21 13MWT21
NSAMPLE 13GWT1801 13GWT1801-F 13GWT1901 13GWT2001 13GWT2001-F 13GWT2002 13GWT2101 13GWT2101-D
SAMPLE 13GWT1801 13GWT1801-F 13GWT1901 13GWT2001 13GWT2001-F 13GWT2002 13GWT2101 FD04250301
SUBMATRIX GW GW GW GW GW GW GW GW
DEPTH RANGE - -- - - - - -- -
SAMPLE DATE 51612003 51612003 51712003 412812003 412812003 51912003 412512003 412512003
VALIDATED Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Volatile Oraanics (ualL) .~ , ;. u "
TRICHLOROETHENE I I 1 J I I I I
Eneraetics (uCI!L1
l,3-DINITROBENZENE 0.08 U 0.55 U 0.37 U 0.28 U 0.345 U
2,4,6-TRINITROTOLUENE 0.08 U 0.55 U 0.37 U 26 J 33 J
2-AMINO-4,6-DINITROTOLUENE 0.08 U 0.55 U 0.37U 0.28 U 0.345 U
4-AMINO-2,6-DINITROTOLUENE 0.08 U 0.55 U 0.37 U 0.28 U 0.345 U
4-NITROTOLUENE 0.08 U 0.55 U 0.37 U 0.5 J 0.345 U-
HMX 8.6 6.4 0.37 U 390 350
RDX 150 5.9 0.35 U 2700 3100 .
Total Metals (ugfL) .-
ALUMINUM 19000 J 195 J 12900 J 354 349
ARSENIC 4.2 J 0.43 U 1.8 J 0.18 U 0.16 U
BARIUM 118 J 401 J 16.7 J 41.7 J 40.5 J
BERYLLIUM 3.0 J 0.77 U 5.8 J 0.97 U 1.0 U
CADMIUM 0.33 U 0.72 U 1.0 U 0.14 U 0.11 U •.
CALCIUM 19300 J 32500 J 72200 J 12000 J 11600 J ..:
CHROMIUM 25.6 J 0.59 U 3.3 J 0.90 J 0.43 U..•
COBALT 52.8 J 44.1 J 234 J 16.4 J 16.7 J ~.

COPPER 14.0 J 1.1 U 10.5 J 0.83 J 0.92 J
IRON 15800 J 117 U 143000 J 127 J 109 U
LEAD 9.5 J 0.89 U 12.5 J 1.1 J 1.1 J
LITHIUM 181 J 40.8 J 340 J 45.8 J 49.2 J
MAGNESIUM 25600 J 37800 J 70300 J 8150 J 8100 J
MANGANESE 2170 J 1450 J 11600 J 612 J 628 J
MERCURY 0.20 U 0.20 U 0.02 U 0.02 U 0.02 U
NICKEL 140 J 79.4 J 477 J 35.7 J 35.4 J
POTASSIUM 6390 J 1290 J 6660 J 845 J 848 J
SELENIUM 0.42 U 0.29 U 0.13 U 0.05 U 0.08 U
SODIUM 35200 J 160000 J 53500 J 16000 J 16000 J
STRONTIUM 39.8 J 173 J 72.0 J 45.6 J 44.1 J
TITANIUM 166 J 5.1 J 5.5 J 4.4 J 4.3 J
VANADIUM 26.6 J 0.31 U 0.63 J 0.20 U 0.16 U
ZINC 175 J 57.0 J 661 J 21.9 J 23.0 J
Dissolved Metals (uCJ!L)
ALUMINUM, FILTERED 382 J 11800 J
ARSENIC, FILTERED 1.4 J 1.7 J
BARIUM, FILTERED 20.9 J 15.6 J

(1) Sample, 13GWT0902-D, was not detected for any analytes with positive detections.
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TABLE A-3
POSITIVE HITS

GROUND WATER
SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 8 OF 10

LOCATION 13MWT18 13MWT18 13MWT19 13MWT20 ·13MWT20 13MWT20 13MWT21 13MWT21
NSAMPLE 13GWT1801 13GWT1801-F 13GWT1901 13GWT2001 13GWT2001-F 13GWT2002 13GWT2101 13GWT2101-D
SAMPLE 13GWT1801 13GWT1801-F 13GWT1901 13GWT2001 13GWT2001-F 13GWT2002 13GWT2101 FD04250301
SUBMATRIX GW GW GW GW GW GW GW GW
DEPTH RANGE - - - - - -- - -
SAMPLE DATE 5/6/2003 5/6/2003 5nJ2003 4/28/2003 4/28/2003 5/9/2003. ·4/25/2003 4/25/2003
VALIDATED Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
BERYLLIUM, FILTERED 2.0 J 5.6 J
CALCIUM, FILTERED 20300 J 70900 J
CHROMIUM,FILTERED 0.20 U 2.7 J
COBALT, FILTERED 49;5 J 230 J
COPPER, FILTERED 6.4 J 10.6 J
IRON, FILTERED 1980 J 142000 J
LEAD, FILTERED 0.91 U 11.5 J
LITHIUM, FILTERED 154 J 322 J
MAGNESIUM, FILTERED 22700 J 67900 J
MANGANESE. FILTERED 2090 J 11500 J
NICKEL, FILTERED 123 J 470 J
POTASSIUM, FILTERED 2590 J 6520 J
SELENIUM, FILTERED 0.29 U 0.19 U
SODIUM, FILTERED 34400 J 52100 J
STRONTIUM. FILTERED 32.8 J 68.9 J
TITANIUM, FILTERED 2.8 U 4.2 J
VANADIUM, FILTERED 0.05 U 0.45 U
ZINC, FILTERED 138 J 695
Miscellaneous Parameters (mg/L)
AMMONIA-N 0.02 I 0.01 U 1.6 0.05 0.04 I

INITRITEINITRATE-N I 0.09 0.02 U 0.07 0.64 0.65
Field Parameters
DISSOLVED OXYGEN (mg/L) 2.17 3.51 0.11 0.54 1.45
OXIDATION REDUCTION POTENTIAL (MV) 324.1 224.1 265 224 193.6
PH (S.U.) 3.88 5.12 3.48 3.65 5.46
SPECIFIC CONDUCTANCE (MS/CM) 0.514 1.241 1.504 1.445 0.212
TEMPERATURE (C) 16.75 13.81 15.78 16.7 13.01
TURBIDITY (NTU) 450 5.0 19 1.4 8.2 .

(1) Sae13GWT0902-D, was not detected for any analytes with positive detections. • •
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POSITIVE HITS

GROUND WATER
SWMU 13 - MINE FILL B
NSWC CRANE,.INDIANA
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LOCATION 13MWT22 13MWT23 13MWT24 13MWT25 13MWT25 13MWT26
NSAMPLE 13GWT2201 13GWT2301 13GWT2401 13GWT2501 13GWT2501-F 13GWT2601
SAMPLE 13GWT2201 13GWT2301 13GWT2401 13GWT2501 13GWT2501 13GWT2601
SUBMATRIX GW GW GW GW GW GW
DEPTH RANGE - -- - - - -
SAMPLE DATE 5/6/2003 5/6/2003 4/28/2003 4/26/2003 4/26/2003 4/25/2003
VALIDATED Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB
Volatile Organics (ug/L) •..'. -'~ .." ~ f ~ ~. .'.

ITRICHLOROETHEN~~-~- ---.L..- I ---.1...- ~ - 1_- -"_-_-r_-·_~
Energetics (ug/L)
1,3-DINITROBENZENE 0.395 U 0.5 U 0.65 U 0.145 U 0.19 U
2,4,6-TRINITROTOLUENE 0.395 U 0.5 U 0.65 U 0.145 U 0.19 U
2-AMINO-4,6-DINITROTOLUENE 0.395 U 0.5 U 0.65 U 0.145 U 0.19 U
4-AMINO-2,6-DINITROTOLUENE 0.395 U 0.5 U 0.65 U 0.145 U 0.19 U
4-NITROTOLUENE 0.395 U 0.5 U 0.65 U 0.145 U 0.19 U
HMX 19 13 2.1 0.34 2.4
RDX 20 17 7.3 0.4 0.4 J
Total Metals (uQ/L)
ALUMINUM 709 J 192 J 47.3 U 39000 J 241
ARSENIC 0.30 U 0.41 U 0.07 U 15.4 J 0.25 U
BARIUM 25.0 J 38.4 J 22.7 J 303 J 21.2 J
BERYLLIUM 3.7 J 0.06 U 0.03 U 2.3 J 0.03 U
CADMIUM 0.40 U 0.13 U 0.05 UJ 2.7 J 0.05 U
CALCIUM 13100 J 10300 J 34300 J 117000 J 22700 J
CHROMIUM 0.44 U 0.55 U 0.37 U 64.9 J 0.76 J
COBALT 80.5 J 5.1 J_ 3.7 J 33.0 J 5.0 J
COPPER 4.8 J 0.35 U 4.0 J 89.5 J 0.45 U
IRON 434 J 414 J 65.7 U 36000 J 238 J
LEAD 2.4 J 0.36 U 0.18 U 54.3 J 0.15 U
LITHIUM 208 J 12.2 J 18.2 J 74.4 J 35.7 J
MAGNESIUM 11300 J 10800 J 34500 J 19900 J 13700 J
MANGANESE 381 J 404 J 525 J 2080 J 391 J
MERCURY 0.20 U 0.20 U 0.02 U 0.052 J 0.02 U
NICKEL 153 J 5.5 J 6.3 J 82.1 J 8.0 J
POTASSIUM 705 J 796 J 1010 J 11000 J 474 J
SELENIUM 0.05 U 0.24 U 0.29 U 1.8 J 0.09 U
SODIUM 15400 J 37200 J 44200 J 27900 J 29200 J
STRONTIUM 64.9 J 49.9 J 81.0 J 262 J 56.9 J
TITANIUM 5.1 J 6.9 J 2.1 U 285 J 6.8 J
VANADIUM 0.18 U 0.51 U 0.06 U 75.3 J 0.46 U
ZINC 278 J 4.0 J 8.2 J 260 J 4.7 J
Dissolved Metals (ug/L)
ALUMINUM, FILTERED 344 J
ARSENIC, FILTERED 0.36 U
BARIUM, FILTERED 62.6 J
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(1) Sample, 13GWT0902-D, was not detected for any analytes with positive detections.



TABLE A·3
POSITIVE HITS

GROUND WATER
SWMU 13· MINE FILL B
NSWC CRANE, INDIANA

PAGE 10 OF 10

LOCATION 13MWT22 13MWT23 13MWT24 13MWT25 13MWT25 13MWT26
NSAMPLE 13GWT2201 13GWT2301 13GWT2401 13GWT2501 13GWT2501-F 13GWT2601
SAMPLE 13GWT2201 13GWT2301 13GWT2401 13GWT2501 13GWT2501 13GWT2601
SUBMATRIX GW GW GW GW GW GW
DEPTH RANGE - - - - - -
SAMPLE DATE 5/6/2003 5/6/2003 4/28/2003 4/26/2003 4/26/2003 4/25/2003
VALIDATED Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB
BERYLLIUM, FILTERED 0.09 U
CALCIUM, FILTERED 64700 J
CHROMIUM, FILTERED 0.81 U
COBALT, FILTERED 2.5 J
COPPER, FILTERED 2.8 J
IRON, FILTERED 198 J
LEAD, FILTERED 0.44 U
LITHIUM, FILTERED 57.3 J
MAGNESIUM, FILTERED 14100 J
MANGANESE, FILTERED 460 J
NICKEL, FILTERED 26.3 J
POTASSIUM, FILTERED 5560 J
SELENIUM, FILTERED 2.0 J
SODIUM, FILTERED 27100 J
STRONTIUM, FILTERED 135 J
TITANIUM, FILTERED 7.3 J
VANADIUM, FILTERED 0.80 U
ZINC, FILTERED 22.8 J
Miscellaneous Parameters (maiL)

IAMMONIA-N I 0.01 U 1 0.01 U I 0.02 0.09 '1 0.02 I
INITRITEINITRATE-N I 0.02 U 0.5 I 0.39 I 0.02 U I I 0.03 I
Field Parameters'
DISSOLVED OXYGEN (mq/ll 0.64 4.09 2.89 4.21 4.2
OXIDATION REDUCTION POTENTIAL (MV) 264 131 284 219.1 189
PH (S.U.) 3.95 5.19 5.9 6.45 6.05
SPECIFIC CONDUCTANCE (MS/CM) 0.245 0.314 0.671 0.511 0.352
TEMPERATURE (C) 14.15 16.46 16.76 12.0 12.01
TURBIDITY (NTU) 0 0.7 5.2 999 > 7.1

(1) sa.3GWT0902-D, was not detected lor any analy1es with positive detections. • •
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• TA~4
POSITIVE HITS
SURFACE SOIL

SWMU 13 • MINE FILL B
NSWC CRANE, INDIANA
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•
LOCATION 13SW/SD01 13SW/SD01 13SW/SD02 13SW/SD02 13SW/SD03 13SW/SD03 13SW/SD04 13SW/SD04
NSAMPLE 13SW0101 13SW0101·F 13SW0201 13SW0201·F 13SW0301 13SW0301·F 13SW0401 13SW0401·F
SAMPLE 13SW010l 13SW0101F 13SW0201 13SW0201F 13SW0301 13SW0301F 13SW0401 13SW0401F
SUBMATRIX SW SW SW SW SW SW SW SW
DEPTH RANGE - - - - -- -- - -
SAMPLE DATE 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003
VALIDATED Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Semivolatile Organics (ualL)
BENZO A)ANTHRACENE 0.05 U
BENZO A1PYRENE 0.05 U
BENZO B1FLUORANTHENE 0.05 U
BENZO G,H,IlPERYLENE 0.05 U
BENZO K1FLUORANTHENE 0.05 U
CHRYSENE 0.05 U
FLUORANTHENE 0.05 U
INDENO(1,2,3-CD)PYRENE 0.05 U
PHENANTHRENE 0.05 U
PYRENE 0.05 U
Energetics (ug/L)
2,4,6-TRINITROTOLUENE 2.3 0.53 J 0.265 U 0.5 U
2-AMINO-4,6-DINITROTOLUENE 0.53 J 0.435 U 0.265 U 0.5 U
4-AMINO-2,6-DINITROTOLUENE 1.4 0.52 J 0.265 U 0.5 U
HMX 0.5 U 2.2 0.265 U 0.5 U
RDX 1.5 14 0.25 U 0.47 U
Herbicides (ualL)

(PENTACHLOROPHENOL I I I I I I 0.091 I I
Total Metals (uQ/L)
ALUMINUM 575 J 4280 J 904 J 10600 J
ARSENIC 0.51 U 1.5 J 0.67 U 3.4 J
BARIUM 112 J 71.8 J 57.0 J 94.5 J
CALCIUM 47200 J 39000 J 32800 J 30100 J
CHROMIUM 1.2 J 4.6 J 1.0 U 15.6 J
COBALT 0.16 U 1.6 J 0.69 U 3.2 J
COPPER 5.2 J 6.1 J 3.3 J 12.2 J
IRON 467 J 3180 J 700 J 8940 J
LEAD 3.5 J 3.6 J 0.94 U 7.4 J
LITHIUM 1.3 U 4.4 J 2.2 U 9.1 J
MAGNESIUM 6820 J 7180 J 7210 J 6190 J
MANGANESE 8.2 J 104 J 71.7 J 66.8 J
NICKEL 0.89 J 3.6 J 3.9 J 7.6 J
POTASSIUM 855 J 1630 J 2670 J 3760 J
SELENIUM 0.21 U 0.29 U 0.15 U 0.28 U
SODIUM 2960 J 18400 J 66800 J 16500 J
STRONTIUM 105 J 103 J 83.7 J 74.2 J
TITANIUM 11.1 J 67.5 J 18.4 J 122 J



TABLE A-4
POSITIVE HITS
SURFACE SOIL

SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 2 OF 8

LOCATION 13SW/SDOl 13SW/SDOl 13SW/SD02 13SW/SD02 13SW/SD03 13SW/SD03 13SW/SD04 13SW/SD04
NSAMPLE 13SW010l 13SW010l-F 13SW0201 13SW0201-F . 13SW0301 13SW0301-F 13SW0401 13SW0401-F
SAMPLE 13SW010l 13SW0101F 13SW0201 13SW0201F 13SW0301 13SW0301F 13SW0401 13SW0401F
SUBMATRIX SW SW SW SW SW SW SW SW
DEPTH RANGE - - - - - - - -
SAMPLE DATE 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003
VALIDATED Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
VANADIUM 1.3 J 7.5 J 1.8 J 18.8 J
ZINC 21.9 J 30.5 J 12.7 J 43.7 J
Filtered Metals (ualL)
ALUMINUM, FILTERED 52.7 J 119 82.6 138
ARSENIC, FILTERED 0.35 U 0.36 U OA5 U OA7 U
BARIUM, FILTERED 107 J 47.9 J 50.8 J 40.9 J
CALCIUM, FILTERED 46000 J 38500 J 33100 J 28100 J
CHROMIUM, FILTERED OAO U 0.57 U OAO U OA8 U
COBALT, FILTERED 0.26 U 0.59 U 0.55 U 0.61 U
COPPER, FILTERED 3.2 J 2.0 J 2.5 J 3.8 J
IRON, FILTERED 35.7 J 119 J 97.0 J 176 J
LITHIUM, FILTERED 0.77 U 0.88 U 1.3 U 1.3 U
MAGNESIUM, FILTERED 6590 J 6690 J 7210 J 4970 J
MANGANESE, FILTERED 2.9 J 14A J 28.0 J 5.3 J
NICKEL, FILTERED 0.59 U 0.85 U .. 3.3 J 1.9 J
POTASSIUM, FILTERED 769 J 1100 J 2560 J 1460 J
SELENIUM, FILTERED 0.28 U 0.32 U 0.15 U 0.15 U
SODIUM, FILTERED 2950 J 18000 J 70600 J 16300 J
STRONTIUM, FILTERED 103 J 101 J 83.5 J 64.3 J
TITANIUM, FILTERED 1.6 J 3.5 J 3.5 J 5.1 J
VANADIUM, FILTERED 0.30 U OA7 U 0.37 U OA2 U
ZINC, FILTERED 12.2 J 9.2 J 8.6 J 5.7 U
Miscellaneous Parameters (maiL)

IAMMONIA-N 0.01 U I 0.01 U I 0.04 J I I 0.02 J
INITRITEINITRATE-N 0.15 J I I 0.33 J I I 0.02 U I I 0.02 U
Field Parameters
DISSOLVED OXYGEN (mq/L)· 11.7 9.28 9.12 10Al
OXIDATION REDUCTION POTENTIAL (MV) 95 113 131 174
PH (S.U.) 7A9 7.24 7.39 7.75
SPECIFIC CONDUCTANCE (MS/CM) 0.262 0.28 OA96 0.181
TEMPERATURE (C) 9.29 9.29 11 10.65
TURBIDITY (NTU) 11 59 16 298
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• TA.4
POSITIVE HITS
SURFACE SOIL

SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 3 OF 8

•
LOCATION 13SW/SD05 13SW/SD05 13SW/SD06 13SW/SD06 13SW/SD07 13SW/SD07 13SW/SD08 13SW/SD08
NSAMPLE 13SW0501 13SW0501-F 13SW0601 13SW0601-F 13SW0701 13SW0701-F 13SW0801 13SW0801-F
SAMPLE 13SW0501 13SW0501F 13SW0601 13SW0601F 13SW0701 13SW0701F 13SW0801 13SW0801-F
SUBMATRIX SW SW SW SW SW SW SW SW
DEPTH RANGE - - - - - - - -
SAMPLE DATE 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 5/812003 51812003
VALIDATED Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB

,.
GRAB GRAB GRAB

Semivolatile OrQanics (uQ/L) f' ~ . ;
BENlO A ANTHRACENE 0.05 U 0.22
BENlO A PYRENE 0.05 U 0.26
BENlO B FLUORANTHENE 0.05 U 0.38
BENlO G,H,I)PERYLENE 0.05 U 0.23
BENlO K)FLUORANTHENE 0.05 U 0.2
CHRYSENE 0.05 U 0.35
FLUORANTHENE 0.05 U 0.96
INDENO(1,2,3-CD)PYRENE 0.05 U 0.2
PHENANTHRENE 0.05 U 0.51
PYRENE 0.05 U 0.65
Energetics (uQ/L)
2,4,6-TRINITROTOLUENE 0.475 U 0.5 U 0.265 U 0.29 U
2-AMINO-4,6-DINITROTOLUENE 0.475 U 0.5 U 0.265 U 0.29 U
4-AMINO-2,6-DINITROTOLUENE 0.475 U 0.5 U 0.265 U 0.29U
HMX 3.5 2.8 0.265 U 1.2
RDX 5.3 3.6 0.29 J 2.8
Herbicides (ua/L)

IPENTACHLOROPHENOL I 0.013 U I 0.025.J I I I I
Total Metals (uQ/L)
ALUMINUM 3460 J 1740 J 19100 J 1650 J
ARSENIC 1.3 J 0.97 U 5.8 J 1.2 J
BARIUM 56.3 J 84.7 J 247 J 88.4 J
CALCIUM 28900 J 58800 J 133000 J 59900 J
CHROMIUM 3.5 J 2.0 J 20.5 J 1.9 J
COBALT 2.6 J 1.2 J 5.2 J 0.72 U
COPPER 3.4 J 4.6 J 17.6 J 1.9 J
IRON 3060 J 1380 J 16200 J 1140 J
LEAD 1.5 J 1.9 J 29.9 J 1.2 U
LITHIUM 5.9 J 2.8 J 14.3 J 1.6 U
MAGNESIUM 7500 J 10900 J 18100 J 10500 J
MANGANESE 114 J 89.6 J 195 J 118 J
NICKEL 5.4 J 2.4 J 12.3 J 2.0 J
POTASSIUM 1220 J 1330 J 4380 J 1430 J
SELENIUM 0.24 U 0.55 U 0.51 U 0.19 U
SODIUM 5420 J 55500 J 325000 J 33100 J
STRONTIUM 94.7 J 149 J 245 J 143 J
TITANIUM 63.2 J 33.0 J 356 J 24.2 J
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TABLE A-4
POSITIVE HITS
SURFACE SOIL

SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 4 OF 8

LOCATION 13SW/SD05 13SW/SD05 13SW/SD06 13SW/SD06 13SW/SD07 13SW/SD07 13SW/SD08 13SW/SD08
NSAMPLE 13SW0501 13SW0501-F 13SW0601 13SW0601-F 13SW0701 13SW0701-F 13SW0801 13SW0801-F
SAMPLE 13SW0501 13SW0501F 13SW0601 13SW0601F 13SW0701 13SW0701F 13SW0801 13SW0801-F
SUBMATRIX SW SW SW SW SW SW SW SW
DEPTH RANGE - - -- - -- - - -
SAMPLE DATE 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 5/812003 5/8/2003
VALIDATED Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
VANADIUM 6.6 J 3.1 J 38.1 J 3.2 J
ZINC 14.1 J 9.8 J 79.3 J 7.8 J
Filtered Metals (ua/L)
ALUMINUM, FILTERED 108 57.1 56.0 24.8 U
ARSENIC, FILTERED 0.19 U 0.42 U 0.15 U 0.73 U
BARIUM, FILTERED 40.0 J 75.7 J 149 J 78.1 J
CALCIUM, FILTERED 28800 J 56900 J 121000 J 5660 J
CHROMIUM, FILTERED 0.21 U 0.38 U 0.39 U 0.33 U
COBALT, FILTERED . 1.3 J 0.70 U 0.43 U 0.32 U
COPPER, FILTERED 3.5 J 2.3 J 2.2 J 1.0 U
IRON, FILTERED 120 J 43.4 J 26.9 U 14.9 U
LITHIUM, FILTERED 3.1 J 1.5 U 0.37 U 0.96 U
MAGNESIUM, FILTERED 7210 J 11000 J 14400 J 9870 J
MANGANESE, FILTERED 64.9 J 63.3 J 20.4 J 84.4 J
NICKEL, FILTERED 2.9 J 1.5 J 0.61 U 1.1 J
POTASSIUM, FILTERED 735 J 1080 J 1080 J 1100 J
SELENIUM, FILTERED 0.21 U 0.59 U 0.17 U 0.36 U
SODIUM, FILTERED 5350 J 55800 J 311000 J 3190 J
STRONTIUM, FILTERED 88.0 J 142 J 219 J 140 J
TITANIUM, FILTERED 3.2 J 1.4 J 1.1 U 1.1 U
VANADIUM, FILTERED 0.27 U 0.23 U 0.34 U 0.38 U
ZINC, FILTERED 19.8 J 5.3 U 3.8 U 3.4 J
Miscellaneous Parameters (mwL)

IAMMONIA-N I 0.02 J I 0.01 U I I 0.03 J I I 0.07
INITRITEINITRATE-N I 0.02 U I 0.54 J I 0.18 J I I 0.64 I
Field Parameters
DISSOLVED OXYGEN (mall) 10.8 9.62 8.13 6:91
OXIDATION REDUCTION POTENTIAL (MV) 109 640 177 150.6
PH (S.U.) 7.58 7.41 7.32 6.13
SPECIFIC CONDUCTANCE (MS/CM) 0.203 0.543 1.394 0.462
TEMPERATURE (C) 10.49 10.44 9.8 15.18
TURBIDITY (NTU) 36 352 31
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• •TABLE A-4
POSITIVE HITS
SURFACE SOIL

SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 5 OF 8

•
LOCATION 13SW/SD09 13SW/SD09 13SW/SD10 _ 13SW/SD10 13SW/SD10 13SW/SD10 13SWll 13SWll
NSAMPLE 13SW0901 13SW0901-F 13SW100l 13SW100l-D 13SW100l-F 13SW100l-F-D 13SWll0l 13SWll01-F
SAMPLE 13SW0901 13SW0901F 13SW100l FD03290303 13SW1001F FD03290303-F 13SWll0l 13SWll0l·F
SUBMATRIX SW SW SW SW SW SW SW SW
DEPTH RANGE - -- - -- - -- - -
SAMPLE DATE 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 5/812003 5/8/2003
VALIDATED y y y y y y y y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Semivolatile Oraanics (ualL) , .j . ~ ;.

BENlO A ANTHRACENE
BENlO A PYRENE
BENlO B FLUORANTHENE
BENlO G,H,I)PERYLENE
BENlO KlFLUORANTHENE
CHRYSENE .
FLUORANTHENE
INDENOC1,2,3-CDlPYRENE
PHENANTHRENE
PYRENE
Energetics (ug/L)
2,4,6-TRINITROTOLUENE 0.65 U 0.55 U 0.21 U 0.21 U
2-AMINO-4,6-DINITROTOLUENE - 0.65 U 0.55 U 0.21 U 0.25 R
4-AMINO-2,6-DINITROTOLUENE 0.65 U 0.55 U 0.4 J 1 J
HMX 0.65 U 15 J 13 93
RDX 0.6 U 18 16 610 - .
Herbicides (ug/L)

IPENTACHLORPPHENOL I I I I I I I ==r= I
Total Metals (ug/L)

-- ---- -- --

ALUMINUM 2700 J 2080 J 3260 J 3080 J
ARSENIC 0.91 U 0.80 U 0.98 U 35.7 J
BARIUM 38.0 J 44.1 J 50.3 J 25.3 J
CALCIUM 18900 J 23500 J 23400 J 95400 J
CHROMIUM -2.5 J 1.9 J 3.0 J 4.5 J
COBALT 0.65 U 2.6 J 2.7 J 9.4 J
COPPER 3.6 J 2.2 J 2.6 J 27.1 J
IRON 2350 J 1740 J 2280 J 2340 J
LEAD 1.5 J 1.3 J 1.5 J 2.3 J
LITHIUM 1.8 U 6.6 J 8.1 J 2.9 J
MAGNESIUM 3600 J 6660 J 7050 J 92200 J
MANGANESE 25.0 J 231 J 220 J 126 J
NICKEL 2.1 J 4.5 J 5.2 J 20.4 J
POTASSIUM 1130 J 7750 J 7850 J 690000 J
SELENIUM 0.10 U 0.10 U 0.10 U 2.0 J
SODIUM 3020 J 7780 J 8020 J 72500 J .
STRONTIUM 48.0 J 59.0 J 57.7 J 82.4 J
TITANIUM 51.0 J 36.4 J 59.4 J 64.6 J
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TABLE A-4
POSITIVE HITS
SURFACE SOIL

SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 6 OF 8

,

LOCATION . 13SW/SD09 13SW/SD09 13SW/SD10 13SW/SD10 13SW/SD10 13SW/SD10 13SW11 13SW11
NSAMPLE 13SW0901 13SW0901-F 13SW1001 13SW1001-D 13SW1001-F 13SW1001-F-D 13SW1101 13SW1101-F
SAMPLE 13SW0901 13SW0901F 13SW1001 FD03290303 13SW1001F FD03290303-F 13SW1101 13SW1101-F
SUBMATRIX SW SW SW SW SW SW SW SW
DEPTH RANGE - - - -- - - - -
SAMPLE DATE 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 5/812003 5/8/2003
VALIDATED Y Y y. Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
VANADIUM 4.9 J 3.6 J 5.5 J 43.5 J
ZINC 27.0 J 13.9 J 17.0 J 67.9 J
Filtered Metals (u!llL)
ALUMINUM, FILTERED 822 303 286 212 J
ARSENIC, FILTERED 0.47 U 0.37 U 0.29 U 35.3 J
BARIUM, FILTERED 28.4 J 33.7 J 34.0 J 10.1 J
CALCIUM, FILTERED 18600 J 24300 J 23300 J 94400 J
CHROMIUM, FILTERED 0.89 U 0.55 U 0.46 U 2.0 J
COBALT, FILTERED 0.65 U 1.6 J 1.6 J 8.8 J
COPPER, FILTERED .. 2.1 J 1.2 U 1.3 U 26.4 J
IRON, FILTERED 750 J 343 J 256 J 337 J
LITHIUM, FILTERED 0.66 U 5.5 J 5.5 J 1.3 U
MAGNESIUM, FILTERED 3440 J 6610 J 6780 J 92900 J
MANGANESE, FILTERED 9.2 J 160 J 155 J 72.5 J
NICKEL, FILTERED 1.1 J 3.3 J 3.3 J . 18.6 J
POTASSIUM, FILTERED 846 J 7430 J 7320 J 700000 J
SELENIUM, FILTERED 0.08 U 0.13 U 0.09 U 2.2 J
SODIUM, FILTERED 2920 J 7840 J 7980 J 73200 J
STRONTIUM, FILTERED 45.5 J 56.3 J 54.3 J 79.9 J
TITANIUM, FILTERED '. 19.5 J 8.0 J 7.0 J 18.6 J
VANADIUM, FILTERED 1.6 J 0.73 U 0.65 U 38.5 J
ZINC, FILTERED 10.1 J 8.6 J 10.4 J 30.6 J
Miscellaneous Parameters (m!llL)

IAMMONIA-N I 0.01 J I I 0.08 J I 0.02 J I I I 3.4 I I
INITRITEINITRATE-N 0.02 U I I 0.46 J I 0.47 J I I I 23 I I
Field Parameters
DISSOLVED OXYGEN (mCIIL) 9.81 9.95 4.35
OXIDATION REDUCTION POTENTIAL (MV) 120 145 152.9
PH (S.U.) 8.48 7.74 7.67
SPECIFIC CONDUCTANCE (MS/CM) 0.138 0.199 2.743
TEMPERATURE (C) 11 9.3 16.45
TURBIDITY (NTU) 45 150 85
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• TA4
POSITIVE HITS
SURFACE SOIL

SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 7 OF 8

LOCATION 13SW/SD12 13SW/SD12 13SW/SD13 13SW/SD13
NSAMPLE 13SW1201 13SW1201-F 13SW1301 13SW1301-F
SAMPLE 13SW1201 13SW1201F 13SW1301 13SW1301F
SUBMATRIX SW SW SW SW
DEPTH RANGE - - --- --
SAMPLE DATE 3/30/2003 3/30/2003 3/30/2003 3/30/2003
VALIDATED Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB
Semivolatile Oraanics (ua/L) . ".-,.- ,

BENlO A ANTHRACENE
BENlO A PYRENE
BENlO B FLUORANTHENE
BENlO G,H.IlPERYLENE
BENlO K FLUORANTHENE .
CHRYSENE
FLUORANTHENE
INDENO(1.2.3-CD)PYRENE
PHENANTHRENE
PYRENE
Eneraetics (uaILl
2,4.6-TRINITROTOLUENE 1.9 J 6.8
2-AMINO-4,6-DINITROTOLUENE 0.84 J 1.6 J
4-AMINO-2.6-DINITROTOLUENE 2 J 3.8 J
HMX 26 14
RDX 100 84
Herbicides (ugIL)
IPENTACHLOROPHENOL- J- -- I -_...r--~~ I I
Total Metals (ug/L) -,

ALUMINUM 1330 J 714 J
ARSENIC 4.2 J 0.95 U
BARIUM 80.7 J 58.8 J
CALCIUM 55000 J 38700 J
CHROMIUM 1.8 J 0.98 U
COBALT 1.2 J 1.9 J
COPPER 7.2 J 2.4 J
IRON 1090 J 673 J
LEAD 0.92 U 0.77 U
LITHIUM 2.0 U 3.9 J
MAGNESIUM 18600 J. 7480 J
MANGANESE 69.9 J 107 J
NICKEL 4.5 J 3.8 J
POTASSIUM 97700 J 15100 J
SELENIUM 0.50 U 0.15 U
SODIUM 28300 J 8900 J
STRONTIUM 120 J 94.3 J
TITANIUM 26.3 J 11.6 J
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TABLE A-4
POSITIVE HITS
SURFACE SOIL

SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA

PAGE 8 OF 8

LOCATION 13SW/SD12 13SW/SD12 13SW/SD13 13SW/SD13
NSAMPLE 13SW1201 13SW1201-F 13SW1301 13SW1301-F
SAMPLE 13SW1201 13SW1201F 13SW1301 13SW1301F
SUBMATRIX SW SW SW SW
DEPTH ':lANGE - - - --
SAMPLE DATE 3/30/2003 3/30/2003 3/30/2003 3/30/2003
VALIDATED ~ y y y y

COLLECTION METHOD GRAB GRAB GRAB GRAB
VANADIUM 5.2 J 1.8 J
ZINC 16.1 J 21.2 J
Filtered Metals (uQ!L)
ALUMINUM, FILTERED 137 . 103
ARSENIC, FILTERED 3.6 J 0.66 U
BARIUM, FILTERED 74.6 J 53.7 J
CALCIUM, FILTERED 51400 J 37900 J
CHROMIUM, FILTERED 0.67 U 0.27 U
COBALT, FILTERED 1.3 J 1.7 J
COPPER, FILTERED 6.6 J 1.9 J
IRON, FILTERED 193 J 82.5 J
LITHIUM, FILTERED 1.2 U 3.5 J
MAGNESIUM, FILTERED 18000 J 7630 J
MANGANESE, FILTERED 52.2 J 88.3 J
NICKEL, FILTERED 3.8 J 3.2 J
POTASSIUM, FILTERED 97700 J 15100 J
SELENIUM, FILTERED 0.44 U 0.18 U
SODIUM, FILTERED 27500 J 9160 J
STRONTIUM, FILTERED 117 J 91.8 J
TITANIUM, FILTERED 7.7 J 3.0 J
VANADIUM, FILTERED 3.4 J 0.67. U
ZINC, FILTERED 8.1 J 13.1 J
Miscellaneous Parameters (mg/L)
AMMONIA-N 0.88 J 0.14 J

INITRITEINITRATE-N 5.8 J 1.6 J
Field Parameters
DISSOLVED OXYGEN (mq/L) 11.98 12.32
OXIDATION REDUCTION POTENTIAL (MV) 162 157
PH (S.U.) 7.92 8.07
SPECIFIC CONDUCTANCE (MS/CM) 0.64 0.26
TEMPERATURE (C) 6.85 6.52
TURBIDITY (NTU) 17 12.6
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• •TABLE A-5
POSITIVE HITS

SEOIMENT
SWMU 13 - MINE FILL B
NSWC CRANE, INOIANA

PAGE 1 OF6

•
LOCATION 13SW/SOOl 13SW/S002 13SW/S003 13SW/S004 13SW/S005 13SW/S005 13SW/S006 13SW/S007 13SW/S008
NSAMPLE 13S0010004 13S0020004 13S0030004 13S0040004 13S0050004 13S0050004-0 13S0060004 13S0070004 1350080004
SAMPLE 13S0010004 13S0020004 13S0030004 13S0040004 13S0050004 F003290301 13S0060004 1350070004 13S0080004
SUBMATRIX SO SO SO SO SO SO SO SO SO
OEPTH RANGE 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3
SAMPLE OATE 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 312912003
VALIOATEO Y Y y y y y y y y
COLLECTION METHOO GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Semivolatile Oraanics (ualkal
ACENAPHTHENE 4.1 U 43 J 24
ANTHRACENE 4.1 U 88 72
BENZO A ANTHRACENE 11 330 290 J
BENZO A PYRENE 15 360 J 390 J
BENZO B FLUORANTHENE 18 420 J 460 J
BENZO G,H.I}PERYLENE 10 270 J 380 J
BENZO KlFLUORANTHENE 10 250 J 210 J
CHRYSENE 18 400 430 J
Ol-N-BUTYL PHTHALATE 83 U 87 U 86 J
DI-N-OCTYL PHTHALATE 83 U 87 U 100 J
DIBENZO(A. H)ANTHRACENE 4.1 U 66 J 74 J
FLUORANTHENE 44 860 830
FLUORENE 4.1 U 42 J 33
INDENO(1.2.3-CD)PYRENE 8 J 220 J 290 J
NAPHTHALENE 4.1 U 6 J 6 J
PHENANTHRENE 27 570 620
PYRENE 36 1000 1300 J
Energetics (malkal

IHMX I 0.25 U I 0.25 U 0.25 U I 0.25 U I 0.25 U 0.25 U 0.25 U I 0.25 U I 0.25 U I
IRDX I 0.25 U 0.25 'U I 0.44 J I 0.25 U I 0.25 U 0.25 U 0.25 U 0.25 U I 0.25 U I
Herbicides (uQ/k~1l

IPENTACHLOROPHENOL I I 0.56 U I 0.58 U I I .2.1 J I
Inoraanics (mQ/kQ)
ALUMINUM 9280 8580 J 10900 4250 J 7000 J 4760 J 3920 J 4810 5550 J
ANTIMONY 1.8 J 0.38 U 0.27 U 0.51 U 0.19 U 0.74 U 0.80 J 0.27 U 0.34 U
ARSENIC 6.5 J 6.5 J 8.2 J 10.7 J 5.7 J 6.4 J 5.7 J 3.7 J 9.1 J
BARIUM 364 J 79.7 J 97.4 J 34.4 J 61.4 J 76.4 J 45.1 J 28.5 J 62.5 J
BERYLLIUM 0.52 U 0.79 J 0.67 J 1.3 J 0.63 J 0.38 U 0.37 U . 0.18 U 0.71 J
CADMIUM. 3.5 J 0.55 J 0.45 U 0.36 U 0.35 U 0.65 J 0.41 J 0.66 J 0.62 J
CALCIUM 38500 J 2140 J 2020 J 1120 J 1490 J 116000 J 71000 J 45700 J 14800 J
CHROMIUM 156 J 12.1 J 15.2 J. 18.0 J 9.0 J 18.0 J 11.6 J 9.2 J 14.8 J
COBALT 8.1 J 10.9 J 18.5 J 9.3 J 15.9 J 9.6 J 10.0 J 3.5 J 8.2 J
COPPER 52.1 J 13.9 J 11.7 J 13.7 J 10.6 J 17.4 J 12.7 J 16.6 J 19.2 J
IRON 21300 J 16700 J 22200 J 46100 J 20800 J 15600 J 17500 J 9900 J 26100 J
LEAD 471 J 18.6 J 21.4 J 15.0 J 11.7 J 64.9 J 23.9 J 31.4 J 17.0 J
LITHIUM 8.1 J 7.8 J 8.2 J 2.1 J 6.4 J 5.5 J 4.1 J 4.3 J 3.6 J
MAGNESIUM 3830 J 969 J 1200 J 292 J 908 J 7490 J 4810 J 7540 J 2120 J



TABLE A-5
P051T1VE HITS

5EOIMENT
SWMU 13 - MINE FILL B
N5WC CRANE, INOIANA

PAGE 2 OF 6

LOCATION 135W/SDOl 135W/5002 135W/5003 135W/5004 135W/S005 135W/S005 135W/5006 135W/S007 135W/S008
NSAMPLE 1350010004 1350020004 1350030004 1350040004 1350050004 1350050004-0 1350060004 1350070004 1350080004
SAMPLE 1350010004 1350020004 1350030004 1350040004 1350050004 F003290301 1350060004 1350070004 1350080004
SUBMATRIX SO SO SO SO SO SO SO SO SO
OEPTH RANGE 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3
SAMPLE OATE 3129/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 3/29/2003 312912003
VALIOATEO y y y y y y y y y

COLLECTION METHOO GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
MANGANESE 204 J 641 J 1580 J 302 J 747 J 570 J 773 J 147 J 591 J
MERCURY 0.16 J 0.044 U 0.037 J 0.010 U 0.024 U 0.022 U 0.015 U 0.015 J 0.036 U
NICKEL 16.1 J 11.3 J 12.8 J 13.5 J 13.5 J 13.6 J 10.4 J 7.9 J 12.0 J
POTASSIUM 614 J 394 J 561 J 417 J 319 J 303 J 252 J 317 J 451 J
SELENIUM 0.56 J 0.51 J 0.55 J 0.11 U 0.27 U 0.26 U 0.16 U 0.18 J 0.33 U
SODIUM 41.9 U 75.9 U 126 U 25.2 U 29.7 U 126 J 81.3 J 334 J 71.4 U
STRONTIUM 39.9 J 7.3 J 6.5 J 4.5 J 5.5 J 122 J 70.2 J 52.5 J 18.1 J
TIN 11.4 J 0.64 U 0.57 U 0.31 U 0.49 U 0.47 U 0.40 U 0.52 J 0.61 U
TITANIUM 68.1 J 93.1 J 92.4 J 27.4 J 91.5 J 84.5 J 67.2 J 78.2 J 52.0 J
VANADIUM 23.3 J 21.5 J 28.2 J 24.8 J 17.4 J 18.7 J 13.9 J 11.8 J 18.7 J
ZINC 541 J 67.8 J 41.4 J 40.0 J 97.2 J 52.9 J 43.1 J 58.1 J 78.0 J
AVSISEM Parameters (UMO/g)
ACID VOLATILE SULFIDE 0.49 J 0.88 J 0.85 J 0.62 J
CADMIUM, SEM 0.002 U 0.001 U 0.004 0.004
COPPER, SEM 0.131 J 0.070 J 0.173 J 2.223 J
LEAD, SEM 0.067 J 0.030 J 0.196 J 0.061 J
MERCURY, SEM 0.00007 J 0.00004 J 0.00018 J 0.00004 UJ
NICKEL, SEM 0.048 0.111 0.041 0.028
SEM/AVS S.U. 1.54 '0.70 0.49 3.74
ZINC, SEM 0.503 J 0.407 J 0.296 U 0.426 U
Miscellaneous Parameters

ICATION EXCHANGE CAPACITY (MEQ/1) I 15 9.9 10 12
IPH (S.U.) I 7.2 5 7.6 7.4
ITOTAL ORGANIC CARBON (maiko) I 15000 J 19dOO J 3200 J 4400 J

• • •
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P051TIVE HIT5

5EOIMENT
5WMU 13 - MINE FILL B
N5WC CRANE, INOIANA
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•
LOCATION 135W/5D09 135W/5010 135011 135W/5012 135014 135014 135015 135016 135017
N5AMPLE 1350090004 1350100004 1350110004 1350120004 1350130004 1350140004 1350150004 1350160004 1350170004
5AMPLE 1350090004 1350100004 1350110004 1350120004 1350130004 1350140004 1350150004 1350160004 1350170004
5UBMATRIX 50 50 50 50 50 50 50 50 50
OEPTH RANGE 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3
5AMPLE OATE 3/29/2003 3/29/2003 3/30/2003 3/30/2003 3/30/2003 3/30/2003 3/30/2003 3/30/2003 3/29/2003
VALIOATEO Y Y Y Y Y Y Y Y Y
COLLECTION METHOO GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
5emivolatile Organics (ug/kg)
ACENAPHTHENE , . , "

ANTHRACENE
BENZO A)ANTHRACENE
BENZO A)PYRENE
BENZO B)FLUORANTHENE
BENZO G, H,I)PERYLENE
BENZO K)FLUORANTHENE
CHRYSENE -
DI-N-BUTYL PHTHALATE
DI-N-OCTYL PHTHALATE . -

DIBENZOIA,H)ANTHRACENE
FLUORANTHENE
FLUORENE
INDENOll,2,3-CD)PYRENE
NAPHTHALENE
PHENANTHRENE

..

PYRENE ..
Energetics (mg/kg) .-

IHMX I 0.25 U I 0.25 U 1.9 J I 0.8 J I 0.25 U J 0.25 U I 0.25 U I 0.25 U I 0.25 U
RDX I 0.25 U .1 0.25 U I 2.2 I 0.25 U I 0.25 U I 0.25 U I 0.71 J I 0.25 U I 0.25 U
Herbicides (uglkg)

IPENTt-CHLOROPHENOL I -r=u C I I ~- =r= --- I I I
Inorganics (malka~

- - --- --

ALUMINUM 6430 1480 9260 J 6860 5010 4160 J 10300 9140 10200 J
ANTIMONY 0.45 U 0.16 U 0.52 U 0.55 U 0.47 U 0.13 U 0.26 U 0.25 U 0.24 U
ARSENIC 6.1 J 3.7 J 9.4 J 11.7 J 17.5 J 0.53 U 16.9 J 11.4 J 6.2 J
BARIUM 49.6 J 104 J 67.6 J 257 J 152 J 148 J 65.4 J 113 J 94.1 J
BERYLLIUM 0.74 J 0.88 J 0.63 J 1.0 J 0.96 J 0.53 J 1.4 J 1.4 J 0.70 J
CADMIUM 0.43 J 0.36 U 0.91 J 0.81 J 4.1 J 0.17 U 0.25 U 0.37 U 0.38 U
CALCIUM 6720 J 977 J 33200 J 35400 J 89700 J 998 J 1650 J 767 J 6640 J
CHROMIUM 12.4 J 7.9 J 15.4 J 32.7 J 49.6 J 16.2 J 24.9 J 21.5 J 11.3 J
COBALT 11.7 J 10.3 J 6.8 J 20.6 J 20.0 J 1.8 J 15.0 J 18.9 J 11.8 J
COPPER 11.9 J 7.0 J 12.5 J 10.7 J 11.3 J 8.9 J 24.1 J 13.6 J 11.5 J
IRON 34800 J 1990 J 25900 J 46300 J 83600 J 18400 J 25900 J 26900 J 18300 J
LEAD 17.6 J 11.0 J 20.0 J 21.4 J 38.1 J 4.2 J 14.8 J 20.5 J 13.7 J
LITHIUM 7.3 J 10.1 J 7.2 J 6.5 J 4.0 J 4.3 J 28.4 J 17.5 J 7.7 J
MAGNESIUM 2450 J 983 J 2080 J 1450 J 5620 J 757 J 1840 J 1410 J 1990 J

t-

"
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5EOIMENT
5WMU 13 - MINE FILL B
N5WC CRANE, INDIANA

PAGE 4 OF6

LOCATION 135W/5009 135W/5010 135011 135W/5012 135014 135014 135015 135016 135017
N5AMPLE 13S0090004 13S0100004 13S0110004 13S0120004 13S0130004 1350140004 1350150004 13S0160004 1350170004
5AMPLE 13S0090004 13S0100004 13S0110004 1350120004 1350130004 1350140004 1350150004 13S0160004 1350170004
SUBMATRIX 50 SO SO 50 50 50 50 50 50
DEPTH RANGE 0-0.3 0- 0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3
SAMPLE DATE 3/29/2003 3/29/2003 3/30/2003 3/30/2003 3/30/2003 3/30/2003 3/30/2003 3/30/2003 3/29/2003
VALIDATED y y y y y y y y y

COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
MANGANESE 284 J 67.5 J 372 J 6130 J 1760 J 65.3 J 247 J 1790 J 724 J
MERCURY 0.013 J 0.029 J 0.028 U 0.032 J 0.019 J 0.010 U 0.022 J 0.041 J 0.028 U
NICKEL 13.5 J 19.3 J 8.6 J 14.9 J 13.6 J 8.6 J 35.5 J 33.0 J 12.8 J
POTASSIUM 413 J 442 J 2260 J 1130 J 538 J 1660 J 2390 J 807 J 523 J
SELENIUM 0.21 J 0.30 J 0.29 U 0.30 J 0.22 J 0.02 U 0.34 J 0.51 J 0.27 U
SODIUM 22.6 U 25.8 U 113 J 47.1 U 39.0 U 38.8 U 53.5 U 26.2 U 30.7 U
STRONTIUM 8.5 J 5.5 J 77.1 J 28.2 J. 64.2 J 10.3 J 10.1 J 6.3 J 11.0 J
TIN 2.0 J 0.45 U 0.53 U 12.0 J 0.46 U 0.75 J 0.66 J 0.50 U 0.52 U
TITANIUM 42.8 J 66.6 J 62.7 J 60.2 J 67.9 J 72.0 J 13.8 J 45.1 J 110 J
VANADIUM 20.5 J 15.5 J 23.0 J 39.1 J 44.0 J 16.2 J 17.6 J 21.7 J 21.9 J
ZINC 386 U 37.7 J 116 J 138 U 216 U 7.9 J 65.3 J 46.3 J 62.0 J
AV5/5EM Parameters (UMO/Q)
ACID VOLATILE SULFIDE 0.25 J 0.66 J 0.67 J
CADMIUM, SEM 0.002 0.0014 U 0.001 U
COPPER, SEM 0.055 J 0.036 J 0.061 J
LEAD, SEM 0.033 J 0.006 U 0.035 J
MERCURY, SEM 0.00003 UJ 0.00054.J 0.00005 J
NICKEL, SEM 0.021 0.022 0.020
SEM/AVS S.U. 2.60 . 0.09 0.17
ZINC, SEM 0.538 J 0.031 U 0.285 U
Miscellaneous Parameters
CATION EXCHANGE CAPACITY (MEQ/l) I I 18 I I I 13 I I 16 I
PH (S.U.) I I 7.9 I I I 7.1 I I 7.8 I
TOTAL ORGANIC CARBON (mq/kQ) I I 2600 J I I I 2500 J I I 17000 J I

• • •
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POSITIVE HITS

SEDIMENT
SWMU 13 - MINE FILL B
NSWC CRANE, INDIANA
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•
LOCATION 13S017 13S018 13S019 13S020 13S021 13S022 13S023
NSAMPLE 13S0170004-0 13S0180004 13S0190004 13S0200004 13S0210004 13S0220004 13S0230004
SAMPLE F003290302 13S0180004 13S0190004 13S0200004 13S0210004 13S0220004 13S0230004
SUBMATRIX SO SO SO SO SO SO SO
DEPTH RANGE 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3
SAMPLE DATE 3/29/2003 3/29/2003 3/30/2003 3/30/2003 3130/2003 3/29/2003 3/29/2003
VALIDATED y y y y y y y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Semivolatile Oraanics (ualka) , ." - \

ACENAPHTHENE
ANTHRACENE
BENZO A ANTHRACENE
BENZO A PYRENE
BENZO B FLUORANTHENE
BENZO G,H,IlPERYLENE
BENZO K)FLUORANTHENE
CHRYSENE
DI-N-BUTYL PHTHALATE
DI-N-OCTYL PHTHALATE
DIBENZO(A,H)ANTHRACENE
FLUORANTHENE
FLUORENE
INDENO(l,2,3-CD)PYRENE
NAPHTHALENE
PHENANTHRENE
PYRENE
Eneraetics (malka)

IHMX I 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U I 0.25 U I 0.25 U I
IRDX 0.25 U I 0.25 U I 0.25 U 0.25 U 0.25 'U I 0.25 U I 0.25 U I

,"
"".ii'
;r.~""-,..

,.-':"

.,
"

'J,

1';;

Herbicides (uglkg)

Inorganics (mg/kg)
ALUMINUM 9800 7650 16200 7090 J 6600 18500 11900
ANTIMONY 0.21 U 0.35 U 0.23 U 0.23 U 0.29 U .1.2 J 0.48 U
ARSENIC 7.0 J 8.2 J 7.5 J 11.0 J 8.0 J 35.6 J 10.2 J
BARIUM 109 J 79.5 J 102 J 77.9 J 102 J 203 J 165 J
BERYLLIUM 0.79 J 0.93 J 1.6 J 0.95 J 0.77 J 4.3 J 0.95 J
CADMIUM 0.50 J 0.39 U 0.45 U 0.46 J 0.52 J 1.8 J 0.82 J
CALCIUM 4220 J 1050 J 2440 J 1360 J 1560 J . 2310 J 3400 J
CHROMIUM 16.1 J 24.9 J 13.5 J 36.5 J 10.3 J 140 J 12.7 J
COBALT 13.2 J 17.9 J 107 J 18.2 J 16.0 J 70.2 J 28.5 J
COPPER 14.9 J 11.8 J 12.2 J 14.9 J 13.2 J 32.4 J 17.8 J
IRON 24800 J 24900 J 33100 J 36500 J 14900 J 171000 J 19900 J
LEAD 15.5 J 19.2 J 20.1 J 20.7 J 19.2 J 87.7 J 34.8 J
LITHIUM 7.7 J 6.1 J 38.8 J 9.7 J 5.3 J 10.9 J 9.2 J
MAGNESIUM 1650 J 943 J 1050 J 717 J 825 J 1110 J 1290 J

IPENTACHLQROPtlENOL._ I --I - --r I I I =r=_ _I
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POSITIVE HITS

SEDIMENT
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LOCATION 13S017 13S018 13S019 13S020 13S021 13S022 13S023
NSAMPLE 13S0170004-0 13S0180004 13S0190004 13S0200004 13S021 0004 13S0220004 13S0230004
SAMPLE F003290302 13S0180004 1350190004 13S0200004 13S021 0004 13S0220004 13S0230004
SUBMATRIX SO SO SO SO SO SO SO
DEPTH RANGE 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3
SAMPLE DATE 3/29/2003 3/29/2003 3/30/2003 3/30/2003 3/30/2003 3/29/2003 3/29/2003
VALIDATED Y Y y y y y y

COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB
MANGANESE 834 J 1290 J 2960 J 819 J 1440 J 4580 J 4220 J
MERCURY 0.022 J 0.028 J 0.036 J 0.029 U 0.030 J 0.031 J 0.042 J
NICKEL 15.0 J 13.0 J 45.5 J 18.6 J 11.7 J 83.9 J 19.3 J
POTASSIUM 563 J 392 J 599 J 482 J 367 J 482 J 629 J
SELENIUM 0.36 J 0.43 J 0.54 J 0.45 J 0.38 J 0.69 J 0.45 J
SODIUM 29.0 U 43.8 U 63.6 U 48.3 U 62.5 U 58.2 U 26.3 U
STRONTIUM 7.6 J 4.1 J 7.4 J 6.4 J 5.2 J 8.6 J 8.5 J
TIN 0.51 J 0.46 U 0.46 U 0.40 U 0.42 U 0.82 J 0.82 J
TITANIUM , 81.4 J 72.3 J 67.0 J 66.6 J 77.4 J 112 J 62.3 J
VANADIUM 25.0 J 26.1 J 21.5 J 26.2 J 19.7 J 115 J 24.6 J
ZINC 77.1 J 31.7 J 75.9 J 40.4 J 33.4 U 273 U 64.5 J
AVs/SEM Parameters fUMO/a)
ACID VOLATILE SULFIDE 0.23 J
CADMIUM, SEM 0.001 U
COPPER, SEM 0.075 J
LEAD, SEM 0.047 J
MERCURY, SEM 0.00009 J
NICKEL, SEM 0.078
SEM/AVS S.U. 0.87
ZINC, SEM 0.113 U
Miscellaneous Parameters .
CATION EXCHANGE CAPACITY (MEQ/1l I 12 I 1 I I
PH (S.U.) I 7.2 I 1 I .1
TOTAL ORGANIC CARBON (malkol I 2600 J 1 1 I I

• •
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• T.S-1
FREQUENCY OF DETECTION

SURFACE SOIL
SWMU 13 - MINE FILL A
NSWC CRANE, INDIANA

PAGE 1 OF 2

•

'""

Volatiles- _._.----
34 NA 180000 680 69000 783.73 156-60-5 TRAN8-1,2-DICHLOROETHENE 2 J 2 J UGIKG 1388060002 1/2 1.4

8000 1100000 NA NA 390000 16400 75-69-4 TRICHLOROFLUOROMETHANE 2 J 3 J UG/KG 1388150002 212 NA
Semivolatiles

31000 NA 9500000 130000 3700000 682000 83-32-9 ACENAPHTHENE 52 J 52 J UGIKG 1388090002 1/12 3.8 -4.9
650000 NA 47000000 51000 22000000 1480000 120-12-7 ANTHRACENE 5 J 210 J UG/KG 1388090002 2112 3.8-4.9

80 NA 5100 19000 620 5210 56-55-3 BENZO A ANTHRACENE 4 J 1100 J UG/KG 1388090002 7/12 3.8 -4.9
410 NA 510 8200 62 1520 50-32-8 BENZO A PYRENE 6 J 1000 J UG/KG 1388090002 6/12 3.8 -4.9
200 NA 5100 57000 620 59800 205-99-2 BENZO B FLUORANTHENE 7 J 1100 J UGIKG 1388090002 7/12 3.8 -4
NA NA NA NA 2300000 119000 191-24-2 BENZO G,H,I)PERYLENE 6 J 750 J UG/KG 1388090002 6/12 3.8-4.9

2000 NA 51000 .39000 6200 148000 207-08-9 BENZO KlFLUORANTHENE 5 J 640 J UG/KG 1388090002 7/12 3.8 -4
180000 NA 310000 3600000 35000 925.94 117-81-7 BI8(2-ETHYLHEXYLjPHTHALATE 91 J 140 J UG/KG 1388060002 7/12. 78 -.190
180000 NA 310000 3600000 35000 925.94 117-81-7 BI8(2-ETHYLHEXYL)PHTHALATE 91 J 140 J UGIKG 1388090002 7/12 78-190
8000 NA 510000 26000 62000 4730 218-01-9 CHRY8ENE 7 J 1100 J UGlKG 1388090002 7/12 3.8 -4
80 NA 510 18000 62 18400 53-70-3 DIBENZO(A,HlANTHRACENE 200 J 200 J UG/KG 1388090002 1/12 3.8-4.9

310000 NA 6300000 880000 2300000 122000 206-44-0 FLUORANTHENE 6 J 1800 J UG/KG 1388090002 9/12 3.8-4
41000 NA 6300000 170000 2600000 122000 86-73-7 FLUORENE 50 J 50 J UG/KG 1388090002 1/12 3.8 -4.9
700 NA 5100 3100 620 109000 193-39-5 INDENO(1,2,3-CD}PYRENE 4 J 650 J UGIKG 1388090002 6/12 3.8-4.9
3100 170000 3200000 700 56000 99.39 91-20-3 NAPHTHALENE 5 J 5 J UGIKG 1388100002 1/12 3.8 -4.9
NA NA NA NA 2300000 45700 85-01-8 PHENANTHRENE 4 J 1000 J UGIKG 1388090002 7/12 3.8-4.2

230000 NA 5500000 570000 2300000 78500 129-00-0 PYRENE 6 J 2400 J UG/KG 1388090002 9/12 3.8-4
PesticideslPCBs

NA 5600000 NA NA 220 679.71 12672-29-6 AROCLOR-1248 I 210 160000 UGIKG 1388100002 11/12 20
DioxinslFurans

NA NA NA NA 39000 0.199 3268-87-9 1,2,3,4,6,7,8,9-0CDD 813 J 4140 NGlKG 1388060002 12112 NA
NA NA NA NA 39000 38.6 39001-02-0 1,2,3,4,6,7,8,9-0CDF 0.55 J 9.5 J NGIKG 1388140001 4/12 0.2-2
NA NA NA NA 390 0.199 35822-46-9 1,2,3,4,6,7,8-HPCDD 6.2 45.4 NG/KG 1388060002 12112 NA
NA NA NA NA 390 38.6 67562-39-4 1,2,3,4,6,7,8-HPCDF 0.57 J 3.1 J NG/KG 1388100002 4/12 0.09 -4

. NA NA NA NA 390 38.6 55673-89-7 1,2,3,4,7,8,9-HPCDF 1.3 J 1.3 J NGIKG 1388140001 1/12 0.1-0.7
NA NA NA NA 39 0.199 39227-28-6 1,2,3,4,7,8-HXCDD 0.42 J 0.63 J NGIKG 1388130002 3/12 0.1-0.7
NA NA NA NA 39 38.6 70648-26-9 1,2,3,4,7,8·HXCDF 1.8 J 6.4 NG/KG 1388140001 2112 0.07-1.2
NA NA NA NA 39 0.199 57653-85-7 1,2,3,6,7,8-HXCDD 0.69 J 0.84 J NG/KG 1388140001 2112 0.1-1
NA NA NA NA 39 38.6 57117-44-9 1,2,3,6,7,8-HXCDF 1.6 J 1.6 J NGIKG 1388140001 1/12 0.07 - 0.41

3200 2500000 NA NA 39 0.199 19408-74-3 1,2,3,7,8,9·HXCDD 0.72 J 1.6 J NG/KG 1388130002 5/12 0.1 -2
NA NA NA NA 39 38.6 72918-21·9 1,2,3,7,8,9-HXCDF 0.31 J 0.33 J NG/KG 1388140001 2112 0.09 - 0.5
NA NA NA NA 3.9 0.199 40321·76-4 1,2,3,7,8-PECDD 0.71 J 0.71 J NG/KG 1388130002 1/12 0.1 -0.8
NA NA NA NA 78 38.6 57117-41-6 1,2,3,7,8-PECDF 0.36 J 2.5 J NGIKG 1388140001 2112 0.09 - 0.4
NA NA NA .NA 39 38.6 60851-34-5 2,3,4,6,7,8-HXCDF 0.21 J 1.8 J NGIKG 1388140001 4/12 C

Sample
CAS Minimum Minimum Maximum Maximum

Units
Containing Detection Range of

SSLDAF1 SSLINH IDCLRESD IDCLRSGW R9S0RES R5DQLSO
Number

Chemical
Concentration Qualifier Concentration Qualifier Maximum Frequency Nondetects

Concentration
... ...



TABLE B-1
FREQUENCY OF DETECTION

SURFACE SOIL
SWMU 13 - MINE FILL A
NSWC CRANE, INDIANA

PAGE 2 OF 2

Sample

SSLDAF1 SSLINH IDCLRESD IDCLRSGW R9S0RES R5DQLSO CAS Chemical
Minimum Minimum Maximum Maximum

Units
Containing Detection Range of

Number Concentration Qualifier Concentration Qualifier Maximum Frequency Nondetects
Concentration

NA NA NA NA 7.8 38.6 57117-31-4 2,3,4,7,8-PECDF 0.47 J 21.8 NG/KG 1355140001 7/12 0.1-0.53
0.28 43 NA NA 3.9' 0.199 1746-01-6 2,3,7,8-TCDD 0.52 J 0.52 J NG/KG 1355090002 1/12 0.1-1.2
NA NA NA NA 39 38.6 51207-31-9 2,3,7,8-TCDF 0.35 J 21 NG/KG 1355140001 10/12 0.1-0.3
NA NA NA ·NA NA NA 37871-00-4 TOTAL HPCDD 11.8 112 NG/KG 1355060002 12/12 NA
NA NA NA NA NA NA 38998-75-3 TOTAL HPCDF 0.38 J 10.1 J NG/KG 1355140001 7/12 0.1-1.9
NA NA NA NA 9.4 NA 34465-46-8 TOTAL HXCDD 0.77 J 15.7 J NG/KG 1355050002 11/12 1.1
NA NA NA NA NA NA 55684-94-1 TOTAL HXCDF 0.33 19.4 J NG/KG 1355140001 8/12 0.07 - 0.2
NA NA NA NA NA NA 36088-22-9 TOTAL PECDD 0.71 0.71 NG/KG 1355130002 1/12 0.1 - 2.8
NA NA NA NA NA NA 30402-15-4 TOTAL PECDF 0.83 135 J NGlKG 1355140001 9/12 0.1-0.3
NA NA NA NA NA NA 41903-57-5 TOTAL TCDD 0.52 2.1 J NG/KG 1355060002 2/12 0.1-2.2
NA NA NA NA NA NA 55722-27-5 TOTAL TCDF 1.8 540 J NG/KG 1355140001 11/12 0.1

Miscellaneous Parameters
NA NA NA NA NA NA TINU5014 CATION EXCHANGE CAPACITY 14 15 MEQ/1 1355080002 2/2 NA
NA NA NA NA NA NA TINU5002 PH I 5.1 7.4 I 5.U. 1355070002 2/2 I NA

•

Associated Samples:
1355010002
1355020002
1355030002
1355040002
1355050002
1355060002
1355070002
1355080002
1355090002
1355100002
1355110002
1355120002
1355130002
1355140001
1355150002

•

"

•
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FREQUENCY OF DETECTION

SUBSURFACE SOIL
SWMU 13 - MINE FILL A
NSWC CRANE, INDIANA
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•
Volatiles-_._..._-

4400 9000000 20000000 11000 7300000 89600 78-93-3 2-BUTANONE 18 18 UG/KG 135B150204 112 1
620 490000 1100000 990 790000 443000 108-10-1 4-METHYL-2-PENTANONE 3 J 3 J UG/KG 135B150204 112 1
730 NA 3900000 3100 1600000 2500 67-64-1 ACETONE 89 89 UGIKG 135B150204 1/2 1

28000 250000 NA NA 94000 39500 75-71-8 DICHLORODIFLUOROMETHANE 7 J 7 J UGIKG 135B150204 1/2 1
8000 1100000 NA NA 390000 16400 75-69-4 TRICHLOROFLUOROMETHANE 2 J 3 J UGIKG 135B150204 2/2 NA

Semivolatiles
NA NA NA NA 310000 NA TTNU5042 3&4-METHYLPHENOL 560 560 UGlKG 135B090204 1/11 76-87

180000 NA 310000 3600000 35000 925.94 117-81-7 BI5/2-ETHYLHEXYL)PHTHALATE 90 J 130 J UGIKG 135B050204 6/11 76-83
8000 NA 510000 26000 62000 4730 218-01-9 CHRY5ENE 4 J 4 J UGlKG 135B020204 . 1/11 3.7 -4.3

310000 NA 6300000 880000 2300000 122000 20644-0 FLUORANTHENE 7 J 7 J UGlKG 135B020204 1/11 3.7 -4.3
NA NA NA NA 2300000 45700 85-01-8 PHENANTHRENE 6 J 6 J UG/KG 135B020204 1111 3.7 -4.3

2800 NA 88000000 110000 37000000 120000 108-95-2 PHENOL 110 J 110 J UG/KG 135B090204 1111 76 - 87
230000 NA 5500000 570000 2300000 78500 129-00-0 PYRENE 13 13 UGIKG 135B020204 1/11 3.7 -4.3

PesticideslPCBs
NA 5600000 NA NA 220 679.71 12672-29-6 AROCLOR-1248 59 J 210000 UGIKG I 135B100204 7/11 20 I

Herbicides
1.4 NA 20000 28 3000 119.27 87-86-5 PENTACHLOROPHENOL 0.67 J 0.85 J UG/KG 135B010204 I 2/11 0.51 - 0.58

DioxinslFurans
NA NA NA NA 39000 0.199 3268-87-9 1,2,3,4,6,7,8,9-0CDD 330 4430 NG/KG 135B010204 11/11 NA
NA NA NA NA 39000 38.6 39001-02-0 1,2,3,4,6,7,8,9-0CDF 2.9 J 2.9 J NG/KG 135Bl00204 1111 0.1 - 3.4
NA NA NA NA 390 0.199 35822-46-9 1,2,3,4,6,7,8-HPCDD 5 26.2 NGIKG 135B010204 11/11 NA
NA NA NA NA 390 38.6 67562-39-4 1,2,3,4,6,7,8-HPCDF 0.69 1.1 J NG/KG 1358100204 2/11 0.08 - 1.3
NA NA NA NA 39 0.199 39227-28-6 1,2,3,4,7,8-HXCDD 0.44 J 0.44 J NG/KG 135B130204 1/11 0.09-1.5
NA NA NA NA 39 38.6 70648-26-9 1,2,3,4,7,8-HXCDF 0.73 2.7 J NGIKG 135B040204 3/11 . 0.07 - 0.2

3200 2500000 NA NA 39 0.199 19408-74-3 1,2,3,7,8,9-HXCDD 0.53 J 1.1 J NGIKG 135Bl10204 5/11 0.1-1.5
NA NA NA NA 3.9 0.199 40321-76-4 1,2,3,7,8-PECDD 0.21 J 0.21 J NG/KG 135B120204 1111 0.1-1.1
NA NA NA NA 78 38.6 57117-41-6 1,2,3,7,8-PECDF 0.3 J 0.31 NGIKG 135B090204 2/11 0.08 - 0.7
NA NA NA NA 39 38.6 60851-34-5 2,3,4,6,7,8-HXCDF 0.09 J 0.59 J NG/KG 135Bl00204 2/11 0.07 - 0.8
NA NA NA NA 7.8 38.6 57117-31-4 2,3,4,7,8-PECDF 0.31 J 15.4 NGIKG 135B040204 3/11 0.1-0.66
NA NA NA NA 39 38.6 51207-31-9 2,3,7,8-TCDF 2.9 5.2 NGIKG 1358100204 2/11 0.09- 0.5
NA NA NA NA NA NA 37871-00-4 TOTAL HPCDD 8.7 52.1 NG/KG 135B050204. 11/11 NA
NA NA NA NA NA NA 38998-75-3 TOTAL HPCDF 1.5 J 2 J NGIKG 135Bl00204 2/11 0.1 -1.4
NA NA NA NA 9.4 NA 34465-46-8 TOTAL HXCDD 0.65 J 4.2 .J NG/KG 135B050204 9111 0.2 -1.4
NA NA NA NA NA NA 55684-94-1 TOTAL HXCDF 0.43 5.4 J NG/KG 135Bl00204 4/11 0.07 - 0.13
NA NA NA NA NA NA' 36088-22-9 TOTAL PECDD 0.21 0.21 NG/KG 135B120204 1111 0.1 - 1.4
NA NA NA NA NA NA 30402-15-4 TOTAL PECDF 0.3 71.8 J NG/KG 135B040204 5111 0.09 - 0.49
NA NA NA NA NA NA 41903-57-5 TOTAL TCDD 0.15 3 J NGIKG 135Bl00204 2/11 0.1 - 5.2
NA NA NA NA NA NA 55722-27-5 TOTAL TCDF 1.7 292 J NGIKG 135B040204 5/11 . 0.09 -1.3

CAS
Sample

SSLDAF1 SSLINH IDCLRESD IDCLRSGW R9S0RES R5DQLSO Chemical
Minimum. Minimum Maximum Maximum Containing Detection Range of

Number Concentration Qualifier Concentration Qualifier
Units

Maximum Frequency NonCletects
Concentration

... ...
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Sample

SSLDAF1 SSLINH IDCLRESD IDCLRSGW R9S0RES R5DQLSO
CAS

Chemical
Minimum Minimum Maximum Maximum

Units
Containing Detection Range of

Number Concentration Qualifier Concentration Qualifier Maximum Frequency Nondetects
Concentration

Miscellaneous Parameters
NA NA NA NA NA NA TINU5014 CATION EXCHANGE CAPACITY 13 14 MEOJ1 135B070810 212 NA

-NA NA NA NA NA NA TINU5002 PH 5.3 5.8 5.U. 135B080608 212 NA
NA NA NA NA NA NA TINU5003 TOTAL ORGANIC CARBON 1100 J 1100 J MGIKG 135B070810 1/2 1000

Associated Samples:
135B010204
135B020204
135B030204
135B040204
135B050204
135B060204
135B070810
135B080608
135B090204
135B100204
135B110204
135B120204
135B130204
135B150204

• • •
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•
Minimum Minimum Maximum Maximum

Sample Containing
Detection Range of

FEDMCL FEDSMCL R9TAPW IDCLRGDF CAS Number Chemical Units Maximum
Concentration Qualifier Concentration Qualifier

Concentration
Frequency Nondetects

Volatile OrQanics
I 5 NA 0.028 5 79-01-6 ITRICHLOROETHENE I 1 I J I 1 I J I UGIL I 13GWT2001 I 1/2 I 0.3

Explosives
NA NA 3.6 NA 99-65-0 1,3-DINITROBENZENE 0.3 J 1.4 J UGIL 13GWT0901 at26 0.08·0.65
NA NA 2.2 NA 118-9&-7 2,4,6·TRINITROTOLUENE 1.8 31 UGIL 13GWT1101 4/26 0.08 - 0.65
NA NA NA NA 35572-78'2 2-AMINO-4,&-DINITROTOLUENE 3.7 J 8.6 J UGIL 13GWT0901 3126 0.08 - 0.65
NA NA NA NA 19406-51-0 4-AMINO-2,&-DINITROTOLUENE 0.12 J 19 UGIL 13GWT1101 5/26 0.08- 0.65
NA NA 61 NA 99-99-0 4-NITROTOLUENE 0.5 J 0.5 J UGIL 13GWT2101 1/26 0.08- 0.65
NA NA 1800 NA 2691-41-0 HMX 0.29 J 390 UGIL 13GWT2101 19/26 0.265 -0.6
NA NA 0.61 NA 121·82-4 RDX 0.4 J 2700 UGIL 13GWT2101 19/26 0.25 -0.465

TotallnorQanics
NA 50 36000 NA 7429-90-5 ALUMINUM 123 J 39000 J UGIL 13GWT2501 24/26 47.3 - 57.1
10 NA 0.045 50 7440-38·2 ARSENIC 0.65 J 15.4 J UGIL 13GWT2501 13126 0.07 - 0.66

2000 NA 2600 2000 7440-39-3 BARIUM 10.4 J 401 J UGIL 13GWT1901 26/26 NA
4 NA 73 4 7440-41-7 BERYLLIUM 2.1 J 8.4 J UGIL 13GWT0701 9/26 0.03-1.6
5 NA 18 5 7440-43-9 CADMIUM 2.7 J 2.7 J UGIL 13GWT2501 1/26 0.05-1.9

NA NA NA NA 7440-70-2 CALCIUM 2800 J 117000 J UGIL 13GWT2501 25/26 2580
100 NA 110 NA 7440-47-3 CHROMIUM 0.76 J 64.9 J UGIL 13GWT2501 13126 0.02 - 0.82
NA NA 730 NA 7440-48-4 COBALT 1.5 J 246 J UGIL 13GWT1001 26/26 NA

1300 1000 1500 1300 7440-50-8 COPPER 0.83 J 89.5 J UGIL 13GWT2501 20126 0.26-1.1
NA 300 11000 NA 7439-89-6 IRON 127 J 143000 J UGIL 13GWT2001 23126 25-117
15 NA NA 15 7439-92-1 . LEAD 1.1 J 54.3 J UGIL 13GWT2501 11/26 0.14-2
NA NA 730 NA 7439-93-2 LITHIUM 2.3 J 340 J UGIL 13GWT2001 26/26 NA
NA NA NA NA 7439-95-4 MAGNESIUM 2230 J 70300 J UGIL 13GWT2001 26/26 NA
NA 50 880 NA 7439-9&-5 MANGANESE 172 J 11600 J UGIL 13GWT2001 24/26 56.3- 57.6
2 NA 11 2 7439-97-6 MERCURY 0.032 J 0.16 J UGIL 13GWT0101 5/26 0.02 - 0.2
2 NA 11 2 7439-97-6 MERCURY 0.032 J 0.16 J UGIL 13GWT0701 5/26 0.02 - 0.2

NA NA 730 730 7440-02-0 NICKEL 2.9 J 4n J UGIL 13GWT2001 26/26 NA
NA NA NA NA 7440-09-7 POTASSIUM 240 J 11000 J UGIL 13GWT2501 26/26 NA
50 NA 180 50 n82-49-2 SELENIUM 1.8 J 1.8 J UGIL 13GWT2501 1/26 0.05 - 1.1
NA NA NA NA 7440-23-5 SODIUM 6030 J 160000 J UGIL 13GWT1901 2&'26 NA
NA NA 22000 NA 7440-24-6 STRONTIUM 14.5 J 396 J UGIL 13GWT0201 2&'26 NA
NA NA NA NA 7440-32·6 TITANIUM 2.5 J 285 J UGIL 13GWT2501 24/26 1.9-2.1
NA NA 260 NA 7440-62-2 VANADIUM 0.63 J 75.3 J UGIL 13GWT2501 10126 0.05 - 0.72
NA 5000 11000 11000 7440-66-6 ZINC 3 J 661 J UGIL 13GWT2001 26/26 NA

Dissolved Inorganics
NA 50 36000 NA 7429-90-5 ALUMINUM 226 J 11800 J UGIL 13GWT2001·F 717 NA
10 NA 0.045 50 7440-38-2 ARSENIC 0.8 J 1.7 J UGIL 13GWT2001-F 317 0.36 - 0.51

2000 NA 2600 2000 7440-39-3 BARIUM 15.6 J 71.1 J UGIL 13GWT030H 717 NA
4 NA 73 4 7440-41-7 BERYLLIUM 2 J 5.6 J UGIL 13GWT2001-F 217 0.05-1.1

NA NA NA NA 7440-70-2 CALCIUM 2980 J 70900 J UGIL 13GWT2001-F 717 NA
100 NA 110 NA 7440-47-3 CHROMIUM 1.3 J 2.7 J UGIL 13GWT2001-F 317 0.2-0.81
NA NA 730 NA 7440-48-4 COBALT 1.3 J 230 J UGIL 13GWT200H 717 NA

1300 1000 1500 1300 7440-50-8 COPPER 2.8 J 10.6 J UGIL 13GWT2001-F &'7 0.63
NA 300 11000 NA 7439-89-6 IRON 93.8 J 142000 J UGIL 13GWT200H 717 NA
15 NA NA 15 7439-92·1 LEAD 11.5 J 11.5 J UGIL 13GWT2ooH 1n 0.21-0.91
NA NA 730 NA 7439-93-2 LITHIUM 9.7 J 322 J UGIL 13GWT2001·F 717 NA
NA NA NA NA 7439-95-4 MAGNESIUM 2500 J 67900 J UGIL 13GWT2001-F 717 NA
NA 50 880 NA 7439-9&-5 MANGANESE 133 J 11500 J UGIL 13GWT2001-F 717 NA
NA NA 730 730 7440-02-0 NICKEL 3.2 J 470 J UGIL 13GWT2001-F 717 NA
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•
Minimum Minimum Maximum Maximum

Sample Containing
Detection Range of

FEDMCL FEDSMCL R9TAPW IDCLRGDF CAS Number Chemical Units Maximum
Concentration Qualifier Concentration Qualifier

Concentration
Frequency Nondetects

NA NA NA NA 7440-09-7 POTASSIUM 366 J 7110 J UGIL 13GWT0601-F 7fT NA
50 NA 180 50 nB2-49-2 SELENIUM 2 J 2 J UGIL 13GWT250H 1n 0.19·0.33
NA NA NA NA 7440-23-5 SODIUM 21800 J 55000 J UGIL 13GWT0501·F 7fT NA
NA NA 22000 NA 7440-24-6 STRONTIUM 13.6 J 188 J UGIL 13GWT0501-F 7fT NA
NA NA NA NA 7440-32·6 TITANIUM 2.6 J 9.3 J UGIL 13GWT0601-F 6n 2.8
NA NA 260 NA 7440-62-2 VANADIUM 1.1 J 1.1 J UGIL 13GWT0601·F 1n 0.05 -0.8
NA 5000 11000 11000 7440-66-6 ZINC 3.6 J 695 UGIL 13GWT2oo1-F 7fT NA

Miscellaneous Parameters

I NA NA NA NA TINUS493 IAMMONIA·N 0.01 I 3.3 I I MGIL I 13GWT0901 21/26 I 0.01 I
I NA NA NA NA TINUS494 NITRITEINITRATE-N 0.03 I 92 I I MGIL I 13GWT0901 17/26 I 0.02 I

Field Parameters
NA NA NA NA TINUS034 DISSOLVED OXYGEN 0.11 4.5 MGIL 13GWT0301 28/28 NA
NA NA NA NA TINUS033 OXIDATION REDUCTION POTENTIAL -30.4 364 MV 13GWT1oo1 28/28 NA
NA 0 NA NA TINUSOO2 PH 3.01 6.63 S.U. 13GWT0601 28/28 NA
NA NA NA NA TINUS038 SPECIFIC CONDUCTANCE 0.106 1.504 MS/CM 13GWT2oo1 28/28 NA
NA NA NA NA TINUS047 TEMPERATURE 12 16.76 C 13GWT2401 28/28 NA
NA NA NA NA TINUS023 TURBIDITY 0 999 > NTU 13GWT2501 28/28 NA

Associated Samples:
13GWT0101
13GWT0201
13GWT0301
13GWT0301·F
13GWT0401
13GWT0501
13GWT0501·F
13GWT0601
13GWT0601·F
13GWT0701
13GWT0801
13GWT0901
13GWT0902
13GWT1001
13GWT1101
13GWT1201
13GWT120H
13GWT1301

13GWT1401
13GWT1501
13GWT1601
13GWT1701
13GWT1801
13GWT1801-F
13GWT1901
13GWT2oo1
13GWT2ooH
13GWT2002
13GWT2101
13GWT2201
13GWT2301
13GWT2401
13GWT2501
13GWT2501-F
13GWT2601
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•
Semivolatile 0

Minimum Minimum Maximum Maximum
Sample Containing

Detection Range of
FEDMCL FEDSMCL IDCLRGDF R9TAPW RSDQLSW CAS Number Chemical Units MaximumConcentration Qualifier Concentration Qualifier

Concentration
Frequency Nondetects

Semivolatile Orqanics
NA NA 1.2 0.092 0.839 56-55-3 BENZO A ANTHRACENE 0.22 0.22 UG/L 13SW0601 113 0.05
0.2 NA 0.2 0.0092 0.014 50-32-8 BENZO A PYRENE 0.26 0.26 UG/L 13SW0601 113 0.05
NA NA 1.2 0.092 9.07 205-99-2 BENZO B FLUORANTHENE 0.38 0.38 UG/L 13SW0601 113 0.05'
NA NA NA 180 7.64 191-24-2 . BENZO G,H,IlPERYLENE 0.23 0.23 UG/L 13SW0601 113 0.05
NA NA 0.8 0.92 0.0056 207-08-9 BENZO K FLUORANTHENE 0.2 0.2 UG/L 13SW0601 113 0.05
NA NA 1.6 9.2 0.033 218-01-9 CHRYSENE 0.35 0.35 UG/L 13SW0601 113 0.05
NA NA 210 1500 8.1 206-44-0 FLUORANTHENE 0.96 0.96 UG/L 13SW0601 113 0.05
NA NA 0.022 0.092 4.31 193-39-5 INDENO(1,2,3-CD)PYRENE 0.2 0.2 UGIL 13SW0601 1/3 0.05
NA NA NA 180 2.1 85-01-8 PHENANTHRENE 0.51 0.51 UGIL 13SW0601 1/3 0.05
NA NA 140 180 0.3 129-00-0 PYRENE 0.65 0.65 UGIL 13SW0601 1/3 0.05

Explosives
NA NA NA 2.2 NA 118-96-7 2,4,6-TRINITROTOLUENE 0.53 J 6.8 UG/L 13SW1301 4113 0.21-0.65
NA NA NA NA NA 35572-78-2 2-AMINO-4,6-DINITROTOLUENE 0.53 J 1.6 J UGIL 13SW1301 3/12 0.265 - 0.65
NA NA NA NA NA 19406-51-0 4-AMINO-2,6-DINITROTOLUENE 0.52 J 3.8 J UGIL 13SW1301 . 5/13 0.265 - 0.65
NA NA NA 1800 NA 2691-41-0 HMX 1.2 93 UG/L 13SW1101 8113 0.265 -0.65
NA NA NA 0.61 NA 121-82-4 RDX 0.29 J 610 UGIL 13SW1101 10/13 0.25-0.6

Herbicides
1 NA 1 0.56 5.23 I 87-86-5 PENTACHLOROPHENOL 0.025 I J I 0.091 I UGIL 13SW0401 2/3 0.013

Totallnorganics
10 NA 50 0.045 53 7440-38-2 ARSENIC 1.2 J 35.7 J UGIL 13SWll0l 7/13 0.51 -0.97

2000 NA 2000 2600 5000 7440-39-3 BARIUM 25.3 J 247 J UGIL 13SW0701 13/13 NA
NA NA NA NA NA 7440-70-2 CALCIUM 18900 J 133000 J UGIL 13SW0701 13/13 NA
100 NA NA 110 42 7440-47-3 CHROMIUM 1.2 J 20.5 J UGIL 13SW0701 11/13 0.98-1
NA NA NA 730 5 7440-48-4 COBALT 1.2 J 9.4 J UGIL 13SWll01 9/13 0.16 - 0.72
15 NA 15 NA 1.3 7439-92-1 LEAD 1.3 J 29.9 J UGIL 13SW0701 9/13 0.77 -1.2
NA NA NA 730 NA 7439-93-2 LITHIUM 2.8 J 14.3 J UG/L 13SW0701 8113 1.3-2.2
NA NA NA NA NA 7439-95-4 MAGNESIUM 3600 J 92200 J UG/L 13SWll0l 13/13 NA
NA 50 NA 880 NA 7439-96-5 MANGANESE 8.2 J 231 J UGIL 13SW100l 13/13 NA
NA NA NA NA NA 7440-09-7 POTASSIUM 855 J 690000 J UGIL 13SWll0l 13/13 NA
50 NA 50 180 5 7782-49·2 SELENIUM 2 J 2 J UG/L 13SWll01 1113 0.1-0.55
NA NA NA NA NA 7440-23-5 SODIUM 2960 J 325000 J UGIL 13SW0701 13/13 NA
NA NA NA 22000 NA 7440-24-6 STRONTIUM 48 J 245 J UG/L 13SW0701 13/13 NA

Dissolved Inorganics
NA 50 NA 36000 NA 7429-90-5 ALUMINUM 52.7 J 822 UG/L 13SW090H 12/13 24.8.
10 NA 50 0.045 53 7440-38-2 ARSENIC 3.6 J 35.3 J UG/L 13SWll0l·F 2/13 0.15 - 0.73

2000 NA 2000 2600 5000 7440-39-3 BARIUM 10.1 J 149 J UGIL 13SW0701-F 13/13 NA
NA NA NA NA NA 7440-70-2 CALCIUM 5660 J 121000 J UG/L 13SW070H 13/13 NA
100 NA NA 110 42 7440-47-3 CHROMIUM 2 J 2 J UG/L 13SW1101-F 1/13 0.21 - 0.89
NA NA NA 730 5 7440-48-4 COBALT 1.3 J 8.8 J UGIL 13SWll0H 5/13 0.26 - 0.7

1300 1000 1300 1500 5 7440-50-8 COPPER 1.9 J 26.4 J UGIL 13SW110H 11/13 1-1.2
NA 300 NA 11000 NA 7439-89-6 IRON 35.7 J 750 J UG/L . 13SW0901-F 11/13 14.9 - 26.9
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Minimum Minimum Maximum Maximum
Sample Containing

Detection Range of
FEDMCL FEDSMCL IDCLRGDF R9TAPW R5DQLSW CAS Number Chemical Units Maximum

Concentration Qualifier Concentration Qualifier
Concentration

Frequency Nondetects

NA NA NA 730 NA 7439-93-2 LITHIUM 3.1 J 5.5 J UGIL 13SW100l-F 3/13 0.37 -1.5
NA NA NA NA NA 7439-95-4 MAGNESIUM 3440 J 92900 J UG/L 13SWll0l-F 13/13 NA
NA 50 NA 880 NA 7439-96-5 MANGANESE 2.9 J 160 J UGIL 13SW100l-F 13/13 NA
NA NA 730 730 29 7440-02-0 NICKEL 1.1 J 18.6 J UGIL 13SWll0l-F 10/13 0.59 -0:85
NA NA NA NA NA 7440-09-7 POTASSIUM 735 J 700000 J UG/L 13SWll0l-F 13/13 NA
50 NA 50 180 5 7782-49-2 SELENIUM' 2.2 J 2.2 J UG/L 13SWll0l-F 1113 .0.08 - 0.59
NA NA NA NA NA 7440-23-5 SODIUM 2920 J 311000 J UGIL 13SW0701-F 13/13 NA
NA NA NA 22000 NA 7440-24-6 STRONTIUM 45.5 J 219 J UGIL 13SW0701-F 13/13 NA
NA NA NA NA NA. 7440-32-6 TITANIUM 1.4 J 19.5 J UG/L 13SW0901-F 11/13 1.1
NA NA NA 260 19 7440-62-2 VANADIUM 1.6 J 38.5 J UG/L 13SWll0l-F 3113 0.23 - 0.73
NA 5000 11000 11000 58.9 7440-66-6 ZINC 3.4 J 30.6 J UGIL 13SWll0l-F 10/13 3.8-5.7

Miscellaneous Parameters
NA NA NA NA NA TINUS493 AMMONIA-N 0.01 J 3.4 MG/L 13SWll0l 10/13 0.01
NA NA NA NA NA TINUS494 NITRITE/NITRATE-N 0.15 J 23 MGIL 13SWll0l 9/13 0.02.

Field Parameters
NA NA NA NA NA TINUS034 DISSOLVED OXYGEN 4.35 12.32 MG/L 13SW1301 13/13 NA
NA NA NA NA NA TINUS033 OXIDATION REDUCTION POTENTIAL 95 640 MV 13SW0601 13/13 NA
NA 0 NA NA NA TINUS002 PH 6.13 8.48 S.U. 13SW0901 13/13 NA
NA NA NA NA NA TINUS038 SPECIFIC CONDUCTANCE 0.138 2.743 MS/CM 13SWll0l 13/13 NA
NA NA NA NA NA TINUS047 TEMPERATURE 6.52 16.45 C 13SW1101 13/13 NA
NA NA NA NA NA TINUS023 TURBIDITY 11 352 NTU 13SW0701 12/12 NA

•

Associated Samples:
13SW010l
13SW010l-F
13SW0201
13SW020H
13SW0301
13SW030H
13SW0401
13SW0401-F
13SW0501
13SW050H
13SW0601
13SW060H
13SW0701

13SW070H
13SW0801
13SW0801-F
13SW0901
13SW0901-F
13SW100l
13SW100l-F
13SWll0l
13SWll0l-F
13SW1201
13SW1201-F
13SW1301
13SW1301-F

• •
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•
Minimum Maximum Maximum

Sample Containing
Detection Range ofMinimum

Units MaximumIDCLRESD R9S0RES R5DQLSD CAS Number Chemical
Concentration Qualifier Concentration Qualifier Frequency NondetectsConcentration

Semivolatiles
9500000 3700000 6.71 83-32-9 ACENAPHTHENE 24 43 J UG/KG 1350050004 2/3 4.1
47000000 22000000 46.9 120-12-7 ANTHRACENE 72 88 . UG/KG 1350050004 2/3 4.1

5100 620 31.7 56-55-3 BENZO A ANTHRACENE 11 330 UG/KG 1350050004 3/3 NA
510 . 62 31.9 50-32-8 BENZO A PYRENE 15 390 J UG/KG 1380060004 3/3 NA
5100 620 10400 205-99-2 BENZO B FLUORANTHENE 18 460 J UG/KG 1350060004 3/3 NA
NA 2300000 170 191-24-2 BENZO G,H,IlPERYLENE 10 380 J UGIKG 1350060004 3/3 NA

51000 6200 240 207-08-9 BENZO K FLUORANTHENE 10 250 J UG/KG 1380050004 3/3 NA
510000 62000 57.1 218-01-9 CHRY8ENE 18 430 J UGIKG 1380060004 3/3 NA

18000000 6100000 110.5 84-74-2 Ol-N-BUTYL PHTHALATE 86 J 86 J UG/KG. 1380060004 1/3 83 - 87
3700000 2400000 40600 117-84-0 Ol-N-OCTYL PHTHALATE 100 J 100 J UG/KG 1350060004 1/3 83-87

510 62 6.22 53-70-3. OIBENZO A,HlANTHRACENE 66 J 74 J UGlKG 1350060004 2/3 4.1
6300000 2300000 111.3 206-44-0 FLUORANTHENE 44 860 UG/KG 1350050004 3/3 NA
6300000 2600000 21.2 86-73-7 FLUORENE 33 42 J UGIKG 1350050004 2/3 4.1

5100 620 200 193-39-5 INOENO(1,2,3-COlPYRENE 8 J 290 J UGIKG 1380060004 3/3 NA
3200000 56000 34.6 91-20-3 NAPHTHALENE 6 J 6 - J UGIKG 1350050004 .2/3 4.1
3200000 56000 34.6 91-20-3 NAPHTHALENE 6 J 6 J UG/KG 1380060004 2/3 4.1

NA 2300000 41.9 85-01-8 PHENANTHRENE 27 620 UG/KG 1380060004 3/3 NA
5500000 2300000 53 129-00-0 PYRENE 36 1300 J UGIKG 1380060004 3/3 NA

Explosives
NA 3100 NA 2691-41-0 HMX 0.8 J I 1.9 . I J I MG/KG I 1350110004 I 2/23 0.25
NA 4.4 NA 121-82-4 ROX I 0.44 I J 2.2 I MGIKG 1380110004 3/23 I 0.25

Herbicides
20000 3000 30100 87-86-5 PENTACHLOROPHENOL I 2.1 J I 2.1 I J UG/KG 1350060004 I 1/3 0.56 - 0.58

Inorganics
NA 76000 NA 7429-90-5 ALUMINUM 1480 18500 MG/KG 1380220004 23/23 NA
140 31 NA 7440-36-0 ANTIMONY 0.8 J 1.8 J MGIKG 1380010004 3/23 0.13 - 0.55
3.9 0.39 5.9 7440-38-2 AR8ENIC 3.7 J 35.6 J MGlKG 1350220004 22/23 0.53

24000 5400 NA 7440-39-3 BARIUM 28.5 J 364 J MGIKG 1380010004 23/23 NA
680 150 NA 7440-41-7 BERYLLIUM 0.53 J 4.3 J MG/KG 1380220004 20/23 0.18 - 0.52
12 37 0.596 7440-43-9 CAOMIUM 0.41 J 4.1 J MGIKG 1350130004 13/23 0.17 - 0,45
NA NA NA 7440-70-2 CALCIUM 767 J 89700 J MG/KG 1380130004 23/23 NA
NA 30 26 7440-47-3 CHROMIUM 7.9 J 156 J MG/KG 1380010004 23/23 NA
NA 900 50 7440-48-4 COBALT 1.8 J 107 J MGIKG 1380190004 23/23 NA

13000 3100 16 7440-50-8 COPPER 7 J 52.1 J MG/KG 1380010004 23/23 NA
NA 23000 NA 7439-89-6 IRON 1990 J 171000 J MGIKG. 1380220004 23/23 NA
400 400 31 7439-92-1 LEAD 4.2 J 471 J MGIKG 1350010004 23/23 NA
NA 1600 NA 7439-93-2 LITHIUM 2.1 J 38.8 J MG/KG 1350190004 23/23 NA
NA NA NA 7439-95-4 MAGNE81UM 292 J 7540 J MGIKG 1350070004 23/23 NA
NA 1800 NA 7439-96-5 MANGANE8E 65.3 J 6130 J MGIKG 1350120004 23/23 NA
55 23 0.174 7439-97-6 MERCURY 0.013 J 0.16 J MGIKG 1350010004 14/23 0.01 -0.044

6900 1600 16 7440-02-0 NICKEL 7.9 J 83.9 J MG/KG 1380220004 23/23 NA
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Detection Range ofIDCLRESD R9S0RES R5DQLSD CAS Number Chemical Units MaximumConcentration Qualifier Concentration Qualifier

Concentration Frequency Nondetects

NA NA NA 7440-09-7 POTA881UM 252 J 2390 J MGIKG 1380150004 23/23 NA
1700 390 NA 7782-49-2 8ELENIUM 0.18 J 0.69 J MGIKG 1380220004 16/23 0.02 - 0.33
NA NA NA 7440-23-5 80DIUM 81.3 J 334 J MG/KG 1380070004 3/23 22.6 - 126
NA 47000 NA 7440-24-6 8TRONTIUM 4.1 J 77.1 J MG/KG 1380110004 23/23 NA
NA 47000 NA 7440-31-5 TIN 0.52 J 12 J MG/KG 1380120004 8/23 0.31·0.64
NA NA NA 7440-32-6 TITANIUM 13.8 J 112 J MG/KG 1380220004 23/23 NA
NA 550 NA 7440-62-2 VANAOIUM 11.8 J 115 J MG/KG 1380220004 23/23 NA

100000 23000 120 7440-66-6 ZINC 7.9 J 541 J MGIKG 1380010004 18/23 33.4 - 386
AVs/SEM

NA NA NA TTNU8010 ACIO VOLATILE 8ULFIOE 0.23 J 0.88 J UMO/G 1380050004 717 NA
NA NA NA 7440-43-9 CAOMIUM 0.002 0.004 UMO/G 1380080004 217 0.001 - 0.002
NA NA NA 7440-50-8 COPPER 0.036 J 2.223 J UMO/G 1380080004 717 NA
NA NA NA 7439-92-1 LEAO 0.03 J 0.067 J UMO/G 1380020004 6/7 0.006
NA NA NA 7439-97,6 MERCURY 0.00004 J 0.00054 J UMO/G 1380140004 5/7 0.0000 - 0.0000
NA NA NA 7440-02-0 NICKEL 0.02 0.111 UMO/G 1380050004 717 NA
NA NA NA TTNU8305 8EMJAV8 0.09 3.74 8.U. 1380080004 717 NA
NA NA NA 7440-66-6 ZINC 0.407 J 0.538 J UMO/G 1380110004 317 0.031 -0.426

Miscellaneous Parameters
NA NA NA TTNU8014 CATION EXCHANGE CAPACITY 9.9 18 MEQ/1 1380110004 717 NA
NA NA NA TTNU8002 PH 5 7.9 8.U. 1380110004 717 NA
NA NA NA TTNU8oo3 TOTAL ORGANIC CARBON 2500 J 19000 J MG/KG 1380050004 717 NA

•

Associated Samples:
1380010004
1380020004
1380030004
1380040004
1380050004
1380060004
1380070004
1380080004
1380090004
1380100004
1380110004
1380120004

1380130004
1380140004
1380150004
1380160004
1380170004
1380180004
1380190004
1380200004
1380210004
1380220004
1380230004

• •
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• TA_-1
P051TIVE HIT5
5URFACE 50lL

5WMU 16 - B146 CA5T HIGH EXPL051VE5 INCINERATOR
N5WC CRANE, INDIANA

PAGE 1 OF 15

•
LOCATION 165B01 165B02 165B03 165B04 165B05 165B06 165B07 165B08 165B09
N5AMPLE 1655010002 1655020002 1655030002 1655040002 1655050002 1655060002 1655070002 1655080002 1655090002
5AMPLE 1655010002 1655020002 1655030002 1655040002 1655050002 1655060002 16550~0002 1655080002 1655090002
5UBMATRIX 55 55 55 55 55 55 55 55 55
DEPTH RANGE 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0·2 0-2
5AMPLE DATE 3/27/2003 3/27/2003 3/27/2003 3/27/2003 3/27/2003 3/27/2003 3/27/2003 3/27/2003 3/27/2003
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB, GRAB
Dioxins (ng/kg)
1,2,3,4,6,7,8,9-0CDD 4660 89.4 U 396 J 1600 J -
1,2,3,4,6,7,8,9-0CDF 1,9 U 2,6 UJ 1,8 UJ 1.4 UJ
l,2,3,4,6,7,8-HPCDD 151 4.2 J 4.2 J 14.7
1,2,3,4,6,7,8-HPCDF 0.5 U 0.6 U 0,5 U 0.81 U
1,2,3,4,7,8,9-HPCDF 0.7 U 0.8 U 0.7 U 0,5 U
1,2,3,4,7,8-HXCDD 0.6 U 0.7 U 0.6 U 0.6 U
1,2,3,4,7,8-HXCDF- 0.3 U 0,3 U 0.3 U 0.2 U
l,2,3,6,7,8-HXCDD 0,92 U 0.7 U 0.6 U 0.5 U
l,2,3,6,7,8-HXCDF 0.3 U 0.3 U 0,3 U 0.2 U
1,2,3,7,8,9-HXCDD 2,2 J 0.7 U 0.6 U 0.6 U
1,2,3,7,8,9-HXCDF 0.4 U 0.4 U 0.4 U 0,3 U
l,2,3,7,8-PECDD 0.6 U 0.7 U 0.6 U 0.6 U
2,3,4,6,7,8-HXCDF 0.3 U 0.4 U 0.3 U 0.3 U
2,3,7,8-TCDF 0.3 U 0.3 U 0.3 U 0.3 U
TOTAL HPCDD 208 4.2 9.7 32.7
TOTAL HPCDF 0,6 U 0.7 U 0.6 U 1.4 U
TOTAL HXCDD 18.2 J 0.7 U 0.6 U 2 U
TOTAL HXCDF 0.3 U 0.4 U 0.3 U 1.5
TOTAL PECDD '0.6 U 0.7 U 0.6 U 0.6 U
TOTAL PECDF 0.5 U 0.5 U 0.4 U 3.7 J
TOTAL TCDF 0.3 U 0.3 U 0.86 7.9 U
Volatile Or!lanics (uW\<!I)
ACETONE 7 J 1.1 UJ 1.1 UJ 3 J 1.2 UJ 1.2 UJ 1.1 UJ 1.1 UJ 1.1 UJ
CIS-1,2-DICHLOROETHENE 1 U 1.1 U 1.1 U 1.2 U 1.2 U 1.2 U 2 J 1.1U 1.1U
DICHLORODIFLUOROMETHANE 1 U 1.1 U 1.1U 1.2 U 1.2 U 1.2 U 1.1U 1.1 U 1.1 U
STYRENE 1 U 1.1 U 1.1 U 1 J 1,2 U 1.2 U 1.1 U 1,1 U 1,1 U
TOLUENE 1 U 1.1 U 1,1 U 1.2 U 1.2 U 1.2 U 1.1U 1.1 U 1.1U
TRANS-1,2-DICHLOROETHENE 1 U 1 J 2 J 1 J 1.2 U 1.2 U 1.1 U 1.1 U 1.1 U
TRICHtOROETHENE 1 U 1.1 U 1.1 U 1.2 U 1.2 U 1.2 U 3 1.1 U 1.1 U
TRICHLOROFLUOROMETHANE 1 U 2 J 1.1U 2 J 2 J 1.2 U 1.1U 2 J 2 J
VINYL ACETATE 1 U 1.1 UJ 1.1 UJ 1.2 UJ 1.2 U 1.2 U 1.1 UJ 1.1 UJ 1.1 UJ
5emivolatile Oraanics (uwk!l)
2-METHYLNAPHTHALENE 3.4 U 3.8 U 94 3.9 U 3.8 U 4 U 3.7 U 3,6 U 3.8 U
ACENAPHTHENE 5 J 3.8 U 1800 3.9 U 3.8 U 4 U . 3.7 U 3.6 U 3.8 U
ACENAPHTHYLENE 13 3.8 U 680 3.9 U 3.8 U 4 U 3.7 U 3.6 U 3.8: U
ANTHRACENE 27 3.8 U' 3500 3.9 U 3.8 U 4 U 10 3.6 U 5 J
BENZOIA)ANTHRACENE 100 3.8 U 9600 15 3.8 U 4 U 25 4 J 28 J

(1) Duplicate sample, 168S320002-D, had no data for any analy1es found to be positively detected.
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PAGE 2 OF 15

LOCATION 165BOl 165802 165B03 165B04 165B05 165B06 165B07 165B08 165B09
N5AMPLE 1655010002 1655020002 1655030002 1655040002 1655050002 1655060002 1655070002 1655080002 1655090002
5AMPLE 1655010002 1655020002 1655030002 1655040002 1655050002 1655060002 1655070002 1655080002 1655090002
5UBMATRIX 55 55 55 55 55 55 55 55 55
DEPJH RANGE 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2
5AMPLE D~TE 3/27/2003 3/27/2003 3/27/2003 3/27/2003 3/27/2003 3/27/2003 3/27/2003 3/27/2003 3/27/2003
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
BENZO AlPYRENE 94 3.B U 8400 12 3.8 U 4 U 17 4 J 32
BENZO B)FLUORANTHENE 110 3.8 U 9200 17 3.8 U 4 U 19 5 J 50 J
BENZO G,H,I\PERYLENE 48 3.B U 5100 8 6 J 4 U 7 J 4 J 28
BENZO KlFLUORANTHENE 58 3.8 U 5000 11 3.8 U 4 U 13 4 J 22
BI8(2-ETHYLHEXYL\PHTHALATE 69 U 76 U 150 U 92 J 77U 160 J 75 U 73 U 76 U
CHRY8ENE 130 4 J 11000 34 3.8 U 4 U 22 3.6 U 36
DIBENZO(A,H)ANTHRACENE 15 3.8 U 1600 3.9 U 3.8 U 4 U 3.7 U 3.6 U 8
DIBENZOFURAN 69 U 76 U 560 J 78 U 77 U 81 U 75 U 73 U 76 U
FLUORANTHENE 220 3.8 U 19000 41 3.8 U 4 U 58 5 J 64 J
FLUORENE 23 3.8 U 2300 4 J 3.8 U 4 U 11 3.6 U 3.8 U
INDENO(1,2,3-CD)PYRENE 41 3.8 U 4400 6 J 3.8 U 4 U 6 J 3.6 U 23
NAPHTHALENE 3.4 U 3.8 U 180 3.9 U 3.8 U 4 U 3.7 U 3.6 U 3.8 U
PHENANTHRENE 140 3.8 U 8700 24 3.8 U 4 U 49 3.6 U 28
PYRENE 200 6 J 35000 44 3.8 U 4 U 54 4 J 60
8AFROLE 69 U 76 U 150 U 78 U 77U 81 U 75 U 73 U 76 U
Energetics (mglkg)
HMX 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0;25 U 0.25 U 0.25 U
Herbicides (ua!ka)
HEXACHLOROPHENE 0.62 U 0.68 U I 2.6 J I 0.7 U I 0.69 U 0.72 U 0.67 U I 0.66 U I 0.68 U
PENTACHLOROPHENOL I 0.46 U I 0.51 U , 0.49 U I 0.53 U I 14 0.54 U I 0.5 U I 0.49 U I 0.51 U
Inoraanics (ma!kc::al
ALUMINUM 10500 J 13600 J 3610 U 18800 J 2740 J 16000 J 7590 J 4230 J 5010 J
ANTIMONY 0.43 U 0.40 U 0.36 U 0.62 U 0.95 U 0.75 U 0.29 U 2.9 U 8.9 J
ARSENIC 6.0 J 4.0 J 1.3 J 9.0 J 1.2 J 4.0 J 1.3 J 0.94 J 1.6 J
BARIUM 48.1 J 52.0 J 19.7 J 69.8 J 18.0 J 84.5 J 25.3 J 53.1 J 95.0 J
BERYLLIUM 0.36 J 0.43 J 0.12 U 0.59 J 0.25 U 0.47 J 0.54 J 0.49 J 0.49 J
CADMIUM 0.35 U 0.57 U 0.48 U 0.57 U 0.20 U 0.29 U 0.19 U 0.66 U 1.9 J
CALCIUM 56500 J 40000 J 246000 J 7760 J 20800 J 8910 J 4040 J 10400 J 17300 J
CHROMIUM 15.5 J 18.8 J 11.9 J 20.5 J 8.3 J 20.5 J 19.3 J 12.1 J 12.1 J
COBAL'f 3.2 J 3.6 J 1.1 J 5.9 J 0.87 J 5.7 J 3.8 J 4.4 J 3.6 J
COPPER 10.4 J 9.9 J 3.5 J 12.7 J 13.9 J 12.1 J 13.8 J 52.5 J 84.0 J
IRON 15800 J 18600 J 4230 J 22200 J 8590 J 20900 J 7890 J 14400 J 13600 J
LEAD 8.8 J 12.3 J 4.7 J 11.4 J 15.9 J 15.0 J '16.0 J 195 J 311 J
LITHIUM 7.7 J 10.7 J 9.9 J 14.1 J 3.0 J 13.5 J 17.1 J 7.2 J 6.1 J
MAGNESIUM 2860 J 6350 J 62500 J 4650 J 8230 J 2980 J . 1970 J 830 J 2490 J
MANGANESE 97.0 J 140 J 78.2 J 147 J 28.2 J 75.0 J 31.0 J 108 J 132 J
MERCURY 0.027 J O.OOB U 0.007 U 0.026 J 0.22 J 0.029 J 0.002 U 0.Q18 J 0.016 J
NICKEL 7.9 J 9.3 J 9.9 J 13.3 J 4.2 J 11.5 J 16.7 J 13.0 J 9.4 J

(1) DW sample, 16S8320002-D, had no data for any analytes found to be positively detect.

•
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•
LOCATION 165B01 165B02 165B03 165B04 165B05 165B06 165B07 165B08 16SB09
N5AMPLE 1655010002 1655020002 1655030002 1655040002 1655050002 1655060002 1655070002 1655080002 16S5090002
5AMPLE 1655010002 1655020002 1655030002 1655040002 1655050002 1655060002 1655070002 1655080002 16SS090002
5UBMATRIX 55 55 55 55 55 55 55 55 55
DEPTH flANGE 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2
5AMPLE DATE 3127/2003 3/27/2003 3/27/2003 3/27/2003 312712003 3/27/2003 3/27/2003 3/27/2003 3/27/2003
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
POTASSIUM 982 J 1180 J 1160 J 1690 J 807 J 1120 J 1510 J 1140 J 919 J
SELENIUM 0.23 U 0.22 U 0.22 U 0.41 U 0.14 U 0.17 U 0.20 U 0.04 U 0.12 U
SILVER 0.13 U 0.04 U 0.04 U 0.05 U 0.03 U 0.03 U 0.04 U 0.03 U 0.04 U
SODIUM 162 J 178 J 496 J 84.9 U 66.0 U 49.6 U 69.5 U 45.7 U 36.2 U'
STRONTIUM 93.8 J 51.2 J 252 J 20.8 J 26.5 J 50.2 J 16.6 J 33.6 J 41.5 J
THALLIUM 0.18 U 0.15 U 0.06 U 0.23 U 0.05 U 0.17 U 0.12 U 0.06 U 0.08 U
TIN 0.43 U 0.47 U 0.38 U 0.57 U 0.33 U 0.63 U 0.42 U 12:3 J 2.4 U
TITANIUM 128 J 121 J 39.1 J 239 J 61.8 J 125 J 68.2 J 82.7 J 53.6 J.
VANADIUM 27.1 J 29.3 J 13.9 J 37.1 J 10.8 J 32.3 J 12.3 J 11.1 J 10.6 J ..
ZINC 24.2 J 24.0 J 33.6.J 40.7 J 24.2 J 33.6 J 48.1 J 271 J 552 J.
Miscellaneous Parameters
CATION EXCHANGE CAPACITY (MEQ/l) 20 I 1 I I 7.4 I I
PH (S.U.) 8 I T T I 7.7 I I
TOTAL ORGANIC CARBON (malka) 3800 J I I T I 1000 U I I

(1) Duplicate sample, 16SS320002-D, had no data for any analytes found to be positively detected.
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LOCATION 165B09 165Bl0 165Bll 165B12 165B13 165B14 165B15 165B16 165B17 .
N5AMPLE 1655090002-0 1655100002 1655110002 1655120002 1655130002 1655140002 1655150002 1655160002 1655170002
5AMPLE FD03270301 1655100002 1655110002 1655120002 1655130002 1655140002 1655150002 1655160002 1655170002
5UBMATRIX 55 55 55 55 55 55 55 55 55
DEPTH RANGE 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2
5AMPLE DATE 3/27/2003 3/27/2003 3/27/2003 3/28/2003 3/28/2003 3/27/2003. 3/27/2003 3/27/2003 3/27/2003
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Dioxins (nalkal
1,2,3,4,6,7,8,9-0CDD 1110 J 815 U 3840 4980 3070 735 282 J 731 J 935
l,2,3.4,6,7,8,9-0CDF 2.1 UJ 2 UJ 1.1 U 1 U 20.1 1.8 J 1.8 UJ 2.1 UJ 1.4 U
l,2,3.4,6,7,8-HPCDD 10.4 7 29.2 45.2 42.4 9.3 4.1 J 7.4 10.4
l,2,3,4,6,7,8-HPCDF 1.2 J 0.73 J 0.5 U 0.9 UJ 8 0.81 J 0.4 U 0.5 U 0.5 U
l,2,3.4,7,8,9-HPCDF 0.6 U 0.6 U 0.7 U 1.2 UJ 1.8 J 0.6 U 0.6 U 0.7 U 0.8 U
l,2,3,4,7,8-HXCDD 0.4 U 0.5 U 0.5 U 0.5 U 0.69 J 0.4 U 0.5 U 0.6 U 0.5 U
l,2,3,4,7,8-HXCDF 0.3 U 0.3 U 0.3 U 0.4 U 0.98 J 0.2 U 0.3 U 0.72 J 0.3 U
l,2,3,6,7,8-HXCDD 0.4 U 0.5 U 0.5 U 0.5 U 1.4 J 0.4 U 0.5 U . 0.6 U 0.5 U
l,2,3,6,7,8-HXCDF 0.3 U 0.2 U 0.3 U 0.4 U 0.64 J 0.2 U 0.3 U 0.3 U 0.3 U
l,2,3,7,8,9-HXCDD 0.5 U 0.5 U 1.1 J 0.5 U 1.8 J 0.86 J 0.5 U 0.6 U 0.5 U
l,2,3,7,8,9-HXCDF 0.4 U 0.3 U 0.4 U 0.5 U 0.3 U 0.3 U 0.4 U 0.81 J 0.4 U
l,2,3,7,8-PECDD 0.4 U 0.6 U 0.5 U 0.4 U 0.4 U 0.3 U 0.6 U 0.8 U 0.5 U
2,3,4,6.7,8-HXCDF 0.3 U 0.3 U 0.3 U 0.4 U 0.7 J 0.2 U 0.3 U 0.3 U 0.3 U
2,3,7,8-TCDF 0.3 U 0.3 U 0.4 U 0.4 U 0.51 J 0.2 U 0.3 U 0.3 U 0.4 U
TOTAL HPCDD 20.9 15.1 J 52.2 82.4 86.1 16.4 9 J 15.9 J 22.2
TOTAL HPCDF 3 0.73 0.6 U 1 UJ 27.5 J 1.4 J 0.5 U 0.6 U 1.3
TOTAL HXCDD 2.8 0.5 U 2.8 2.3 13.5 3.4 0.5 U 0.6 U 2
TOTAL HXCDF 0.3 U 0.3 U 0.3 U 0.4 U 10.3 J 0.46 0.3 U 1.5 0.4 U
TOTALPECDD 0.4 U 0.6 U 0.5 U 0.4 U 0.79 U 0.3 U 0.6 U 0.8 U 0.5 U
TOTAL PECDF 0.3 U 0.4 U 0.3 U 0.3 U 7.6 J 0.87 U 0.4 U 0.5 U 0.3 U
TOTAL TCDF 1.2 J 0.51 U 0.4 U 0.4 U 7 U 2.7 U 0.3 U 0.3 U 0.4 U
Volatile Oraanics lualkal
ACETONE 1.2 UJ 1.2 UJ 1.3 UJ 1.3 UJ 1.3 UJ 1.2 UJ 1.1 UJ 1.2 UJ 1.2 UJ
CIS-l,2-DICHLOROETHENE 1.2 U 1.2 U 1.3 U 1.3 U 1.3 U 1.2 U l.lU 1.2 U 1.2 U
DICHLORODIFLUOROMETHANE 1.2 U 1.2 U 1.3 U 1.3 U 1.3 U 1.2 U 1.1 U 1.2 U 1.2 U
STYRENE 1.2 U 1.2 U 1.3 U 1.3 U 1.3 U 1.2 U 1.1 UJ 1.2 U 1.2 U
TOLUENE 1.2 U 1.2 U 1.3 U 1.3 U 1.3 U 1.2 U 1.1 U 1 J 1.2 U
TRANS-l,2-DICHLOROETHENE 1.2 U 1.2 U 1.3 U 1.3 U 1.3 U 1.2 U 1.1 U 1.2 U 1.2 U
TRICHLOROETHENE 1.2 U 1.2 U 1.3 U 1.3 U 1.3 U 1.2 U l.lU 1.2 U 1.2 U
TRICHLOROFLUOROMETHANE 2 J 1.2 U 1.3 U 2 J 3 J 2 J 1.1 U 2 J 2 J
VINYL ACETATE 1.2 U 1.2 U 1.3 U 1.3 U 1.3 U 1.2 UJ 1.1 UJ 1.2 UJ 1.2 UJ
5emivolatile OrClanics (ualkCl)
2-METHYLNAPHTHALENE 4 U 3.8 U 4.1 U 4.2 U 4.3 U 4 U 3.8 U 4 U 3.8 U
ACENAPHTHENE 4 U 3.8 U 4.1 U 4.2 U 4.3 U 4 U 3.8 U 4 U 3.8 U
ACENAPHTHYLENE 4 U 3.8 U 4.1 U 4.2 U 4.3 U 4 U 3.8 U 4 U 3.8 U
ANTHRACENE 4 U 3.8 U 4.1 U 4.2 U 4.3 U 4 U 3.8 U 4 U 3.8 U
BENZOlAlANTHRACENE 16 J 3.8 U 4.1 U 4.2 U 4.3 U 4 U 5 J 6 J 3.8 U

(n DU. sample, 16SS320002-D, had no data for any analytes found to be positively detecte. •
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LOCATION 165B09 165B10 165B11 165B12 165B13 165B14 165B15 165B16 165B17

N5AMPLE 1655090002-0 1655100002 1655110002 1655120002 1655130002 1655140002 1655150002 1655160002 1655170002
5AMPLE FD03270301 1655100002 1655110002 1655120002 1655130002 1655140002 1655150002 1655160002 1655170002
5UBMATRIX 55 55 55 55 55 55 55 55 55
DEPTH RANGE 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2
5AMPLE DATE 3/27/2003 3/27/2003 3/27/2003 3/28/2003 3/28/2003 3/27/2003 3/27/2003 3/27/2003 3/27/2003
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
BENlO AIPYRENE 20 3.8 U 4.1 U 4.2 U 4.3 U 4 U 4 J 10 3.8 U
BENlO BIFLUOAANTHENE 24 J 9 4.1 U 4.2 U 4 J 4 U 11 12 3.8 U
BENlO G,H,IlPEAYLENE 20 3.8 U 4.1 U 4.2 U 4.3 U 6 J 6 J 10 3.8 U
BENlO KIFLUOAANTHENE 17 3.8 U 4.1 U 4.2 U 4.3 U 4 U 3.8 U 8 J 3.8 U
BISC2·ETHYLHEXYLlPHTHALATE 140 J 98 J 170 85 U 180 BU 96 J 97 J 110 J 130 J
CHRYSENE 22 5 J 4.1 U 4.2 U 4.3 U 4 U 6 J 10 3.8 U
DIBENlOCA,HIANTHRACENE 4 U 3.8 U 4.1 U 4.2 U 4.3 U 4 U 3.8 U 4 U 3.8 U
DIBENlOFUAAN 81 U 77U 84 U 85 U 87 U 80 U 77U 81 U 78 U -
FLUORANTHENE 34 J 6 J 4.1 U 4.2 U 4.3 U 6 J 8 15 3.8 U -
FLUORENE 4 U 3.8 U 4.1 U 4.2 U 4.3 U 4 U 3.8 U 4 U 3.8 U·
INDENOC1,2.3-CD)PYRENE 16 3.8 U 4.1 U 4.2 U 4.3 U 5 J 5 J 8 3.8 U --~

NAPHTHALENE 4 U 3.8 U 4.1 U 4.2 U 4.3 U 4 U 3.8 U 4 U 3.8 U
PHENANTHRENE 17 3.8 U 4.1 U 4.2 U 4.3 U 4 U 4 J 7 J 3.8 U
PYAENE 42 6 J 4.1 U 4.2 U 4.3 U 7 J 8 15 3.8 U
SAFROLE 81 U 77U 84 U 85 U 15000 80 U 77U 81 U 78 U
Eneraetics (malka)
HMX I 0.25 U 0.25 U 0.25 U 0.25 U I 0.25 U 0.25 U .0.25 U I 0.25 U I 0.25 U·::-
Herbicides (ua!kQ) , .-:::: .

IHEXACHLOROPHENE I 0.72 U 0.69 U 0.75 U I 1.1 U I 1.1 U 0.72 U 0.69 U 0.72 U 0.7 U '
IPENTACHLOROPHENOL . I 0.54 U I. 0.52 U I 0.56 U 1- 0.57 U I 0.58 U I 0.54 U 0.51 U 0.54 U 0.52 U
Inoraanics (mg!kQ)
ALUMINUM 7230 J 7410 J 23800 J 12000 J 11000 J 13900 J 12900 J 11900 J 9880 J
ANTIMONY 13.6 J 7.3 J 3.4 U 3.6 J 13.0 J 27.2 J 4.4 J 6.6 J 1.4 U
ARSENIC 3.3 J 1.4 J 10.9 J 6.7 J 7.0 J 4.7 J 5.9 J 4.7 J 2.7 J
BARIUM 194 J 203 J 76.2 J 134 J 303 J 144 J 177 J 148 J 119 J
BERYLLIUM 0.50 J 0.80 J 0.73 J 0.64 U 0.49 U 0.45 J 0.68 J 0.63 J 1.4 J
CADMIUM 1.9 J 1.0 J 0.38 U 1.3 J 2.4 J 0.60 U 2.8 J 0.94 J 0.75 J
CALCIUM 34900 J 548 J 818 J 985 J 1580 J 63000 J 6860 J 2570 J 219 J
CHROMIUM 14.0 J 17.7 J 28:9 J 12.9 J 11.8 J 16.0 J 19.2 J 16.7 J 26.0 J
COBALT· 5.5 J 7.4 J 5.6 J 11.5 J 13.7 J 4.5 J .9.4 J 9.0 J 25.9 J
COPPER 190 J 127 J 16.9 J 62.6 J 122 J 231 J 413 J 66.9 J 39.5 J
IRON 16000 J 23600 J 28900 J 18900 J 17200 J 15700 J 22500 J 17900 J 31000 J
LEAD 480 J 345 J 15.2 J 258 J 405 J 1240 J ·211 J 154 J 140 J
LITHIUM 8.0 J 9.8 J 19.2 J 9.7 J 8.7 J 10.7 J 12.1 J 10.1 J 21.5 J
MAGNESIUM 6490 J 957 J 1560 J 1520 J 1400 J 2940 J , 1890 J 1420 J 2330 J
MANGANESE 371 J 311 J 231 J 706 J 1040 J 301 J 575 J 566 J 536 J
MERCURY 0.024 J 0.040 J 0.16 J 0.073 J 0.070 J 0.042 J 0.015 J 0.009 U· 0.026 J
NICKEL 11.3 J 19.9 J 15.1 J 12.4 J 13.4 J 9.9 J 15.0 J 12.1 J 41.3 J

(1) Duplicate sample. 16SS320002·D. had no data for any analytes found to be positively detected.
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LOCATION 165B09 165B10 165B11 165B12 165B13 165B14 165B15 165B16 165B17
N5AMPLE 1655090002·0 1685100002 1655110002 1655120002 1655130002 1655140002 1658150002 '1655160002 1655170002
5AMPLE FD03270301 1685100002 1655110002 1655120002 1655130002 1655140002 1655150002 1655160002 1655170002
5UBMATRIX 55 55 55 55 55 55 55 55 55
DEPTH RANGE 0·2 0-2 0·2 0-2 0-2 0-2 0·2 0-2 0-2
5AMPLE DATE 3/27/2003 3/27/2003 3/27/2003 3/28/2003 3/28/2003 3/27/2003 3/27/2003 3/27/2003 3/27/2003
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
POTASSIUM 996 J 1240 J 2240 J 707 J 595 J 791 J. 1340 J 1280 J 1440 J
SELENIUM 0.21 U 0.12 U 0.26 U 0.43 U 0.54 U 0.22 U 0.31 U 0.24 U 0.25 U
SILVER 0.07 U 0.09 U 0.08 U 0.04 U 0.26 U 0.18 U 0.10 U 0.05 U 0.05 U
SODIUM 55.3 U 48.5 U 53.2 U 20.4 U 24.5 U 68.8 U 40.3 U 38.5 U 40.7 U
STRONTIUM 80.8 J 55.0 J 14.1 J 58.8 J 145 J 81.8 J 46.5 J 47.0 J 34.8 J
THALLIUM 0.10 U 0.10 U 0.32 J 0.15 U 0.26 U 0.17 U 0.20 U. 0.18 U 0.17 U
TIN 2.2 U 1.1 U 0.83 U 0.98 U 2.3 U 1.9 U 2.1 U 2.2 U 0.58 U
TITANIUM 81.2 J 22.9 J 348 J 113 J 71.7 J 99.9 J 123 J 119 J . 67.0 J
VANADIUM 16.6 J 14.1 J 52.8 J 23.3 J 22.8 J 25.7 J 30.3 J 26.0 J 21.6 J
ZINC 1320 J 972 J 55.9 J 603 J 1560 J 575 J 1150 J 563 J 438 J
Miscellaneous Parameters

ICATION EXCHANGE CAPACITY (MEQ/l) I I I I 17 I I
(PH (S.U.) I I I I 5.7 I I
ITOTAL ORGANIC CARBON (maiko) I I I I 6200 J I I

(1) DU. sample, 16SS320oo2-D, had no data for any analytes found to be positively detecte. •
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LOCATION 165B17 165B18 165B19 165B20 165B21 165B22 165B23 165B23 165B24
N5AMPLE 1655170002-0 1655180002 1655190002 1655200002 1655210002 1655220002 1655230002 1655230002-0 1655240002
SAMPLE FD03270302 1655180002 1655190002 1655200002 1655210002 1655220002 1655230002 FD03280301 1655240002
5UBMATRIX 55 55 55 55 55 55 55 55 55
DEPTH RANGE 0-2 0-2 0-2 0-2 0·2 0-2 0-2 0-2 0-2
SAMPLE DATE 3/27/2003 3/28/2003 3/28/2003 3/28/2003 3/28/2003 3/28/2003 3/28/2003 3/28/2003 3/28/2003
VALIDATED y y y y y y y y y

COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB. GRAB GRAB GRAB
Dioxins (ng/kg)
1,2,3,4,6,7.8,9-0CDO 859 2350 2510 49.4 1370 1290 1490 J 2410 2070 J
1,2,3,4,6,7,8,9-0CDF 1 U 0.62 J 0.5 U 0.79 J 0.5 U 0.2 U 0.8 UJ 1.4 U 1.3 J
1,2,3,4,6,7,8-HPCOD 7 13.1 13.5 1.5 U 9.7 8.8 20.3 22 16.9 J
1,2,3,4,6,7,8-HPCDF 0.7 U 0.33 J 0.1 U 0.27 U 0.2 U 0.07 U 0.76 U 0.1 U 0.56 J
1,2,3,4,7,8,9-HPCDF 0.6 U 0.08 U 0.2 U 0.08 U 0.2 U 0.09 U 0.3 U 0.2 U 0.2 UJ
1.2,3,4,7,8-HXCDD 0.4 U 0.2 J 0.2 U 0.1 U 0.2 U 0.1 U 0.4 U 0.2 U 0.37 J
1,2.3,4,7,8-HXCDF 0.2 U 0.13 U 0.38 J 0.12 U 0.31 U 0.05 U 0.43 J 0.2 U 0.35 J
1,2,3,6,7.8-HXCDD 0.3·U 0.27 J 0.42 J 0.09 U 0.2 U 0.09 U 0.64 J 0.43 J 0.48 U
1.2,3,6,7,8-HXCDF 0.2 U 0.06 U 0.09 U 0.04 U 0.09 U 0.04 U 0.2 U' 0.1 U 0.1 UJ
1,2,3,7,8,9-HXCDD 0.4 U 0.47 J 0.9 U 0.1 U 0.2 U 0.1 U 0.81 J 0.9 J 0.71 J
1,2,3,7,8,9-HXCDF 0.3 U 0.06 U 0.1 U 0.06 U 0.1 U 0.06 U 0.2 U 0.1 U 0.2 UJ
1,2,3,7,8-PECDD 0.3 U 0.14 J 0.3 U 0.1 U 0.2 U 0.1 U 0.4 UJ 0.3 U 0.3 UJ
2,3,4,6,7,8-HXCDF 0.2 U 0.12 J 0.1 U 0.05 U 0.1 U 0.05 U 0.2 U 0.1 U 0.21 U
2,3,7,8-TCOF 0.2 U 0.06 U 0.1 U 0.05 U 0.1 U 0.05 U 0.2 U 0.1 U 0.1 UJ
TOTAL HPCDD 13.4 25.6 26.3 3.3 U 20.1 20.2 42.8 44 34.2•. J
TOTAL HPCDF 0.7 U 0.48 J 0.1 U 0.53 U 0.2 U 0.08 U 0.76 U 0.1 U 0.56~J

TOTAL HXCOD 1.3 3.5 J 2.8 J 0.94 U 1.6 2 J 6.2 J 4 J 3.7J
TOTAL HXCDF 0.2 U 0.42 J 0.67 " 0.51 U 0.5 J '0.05 U 1 J 0.2 U .0.83 J
TOTAL PECDD 0.3 U 0.34 0.3 U 0.1 U 0.2 U 0.1 U 0.4 UJ 0.3 U 0.3 UJ
TOTAL PECDF 0.2 U 0.07 U 0.36 U 0.07 U 0.2 U 0.07 U 0.2 UJ 0.1 U 0.2 UJ
TOTAL TCDF 0.2 U 0.06 U 0.1 U 0.26 0.1 U 0.05 U 2.4 J 0.1 U 0.1 UJ
Volatile Organics (ug/kg)
ACETONE 1.1 UJ 1.2 UJ 8 J 1.1 UJ 1.1 UJ .3 J 30 J 1.3 UJ 1.3 UJ
CIS-1,2-DICHLOROETHENE 1.1 U 1.2 U 1.2 U 1.1 U 1.1 U 1.2 U 1.3 U 1.3 U 1.3 U
DICHLORODIFLUOROMETHANE 1.1 U 1.2 U 1.2 UJ 1.1 U 1.1 U 1.2 UJ 1.3 UJ 1.3 UJ 1.3 U
STYRENE 1.1 U 1.2 U 1.2 U 1.1 U 1.1 UJ 1.2 U 1.3 U 1.3 U 1.3 U
TOLUENE 1.1 U 1.2 U 1.2 U 1.1 U 1.1 U 1.2 U 1.3 U 1.3 U 1.3 U
TRANS-1,2-DICHLOROETHENE 1.1 U 1.2 U 1.2 U 1.1 U 1.1 U 1.2 U 1.3 U 1.3 U 1.3 U
TRICHLOROETHENE 1.1 U 1.2 U 1.2 U 2 J 1.1 U 1.2 U 1.3 U 1.3 U 1.3 U
TRICHLOROFLUOROMETHANE 2 J 2 J 2 J 2 J 2 J 2 J 3 J 2 J 3 J
VINYL ACETATE 1.1 U 1.2 U 1 J 1.1 U 1.1 U 1.2 U 1.3 U 1.3 U 1.3 U
5emivolatile Organics (ug/kg)
2-METHYLNAPHTHALENE 3.8 U 3.9 U 3.8 U 4 J 3.8 U 3.9 U 4.2 U 4.2 U 4.2 U
ACENAPHTHENE 3.8 U 3.9 U 3.8 U 3.6 U 3.8 U 3.9 U . 4.2 U 4.2 U 4.2 U
ACENAPHTHYLENE 3.8 U 3.9 U 3.8 U 3.6 U 3.8 U 3.9 U 4.2 U 4.2 U 4.2 U
ANTHRACENE 3.8 U 3.9 U 3.8 U 3.6 U 3.8 U 3.9 U 4.2 U 4.2 U 4.2 U
BENZO(A)ANTHRACENE 8 3.9 U 3.8 U 3.6 U 3.8 U 3.9 U 4.2 U 4.2 U 4.2 U

(1) Duplicate sample, 16SS320002-0, had no data for any analytes found to be positively detected.
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LOCATION 16SB17 16S818 16SB19 16SB20 16SB21 16SB22 16SB23 16SB23 16SB24

NSAMPLE 16SS170002-D 16SS180002 16SS190002 16SS200002 16SS210002 16SS220002 16SS230002 16SS230002-D 16SS240002
SAMPLE FD03270302 16SS180002 16SS190002 16SS200002 16SS210002 16SS220002 16SS230002 FD03280301 16SS240002
SUBMATRIX SS SS SS SS SS SS SS SS SS
DEPTH RANGE 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2
SAMPLE DATE 312712003 312812003 312812003 312812003 312812003. 312812003 312812003 312812003 312812003 .
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
BENZO AlPYRENE 7 J 3.9 U 3.8 U 3.6 U 3.8 U 3.9 U 4.2 U 4.2 U 4.2 U
BENZO BlFLUORANTHENE 8 3.9 U 3.8 U 3.6 U 3.8 U 3.9 U 4.2 U 4.2 U 4.2 U
BENZO G,H,llPERYLENE 7 J 3.9 U 3.8 U 3.6 U 3.8 U 3.9 U 4.2 U 4.2 U 4.2 U
BENZO KlFLUORANTHENE 6 J 3.9 U 3.8 U 3.6 U 3.8 U 3.9 U 4.2 U 4.2 U 4.2 U
BIS(2-ETHYLHEXYLlPHTHALATE 77 U 78 UJ 730 BU 130 BU 110 BU 180 BU 270 BU 140 BU 89 BU
CHRYSENE 8 3.9 U 3.8 U 3.6 U 3.8 U 3.9 U 4.2 U .4.2 U 4.2 U
DIBENZO(A,HlANTHRACENE 3.8 U 3.9 U 3.8 U 3.6 U 3.8 U 3.9 U 4.2 U 4.2 U 4.2 U
DIBENZOFURAN 77U 78 UJ 77U 74 U 77U 78 U 85 U 85 U 84 U
FLUORANTHENE 6 J 3.9 U 3.8 U 3.6 U 3.8 U 3.9 U 4.2 U 4.2 U 4.2 U
FLUORENE 3.8 U 3.9 U 3.8 U 3.6 U 3.8 U 3.9 U 4.2 U 4.2 U 4.2 U
INDENOll,2,3-CDlPYRENE 6 J 3.9 U 3.8 U 3.6 U 3.8 U 3.9 U 4.2 U 4.2 U 4.2 U
NAPHTHALENE 3.8 U 3.9 U 3.8 U 5 J 3.8 U 3.9 U 4.2 U 4.2 U 4.2 U
PHENANTHRENE 3.8 U 3.9 U 3.8 U 3.6 U 3.8 U 3.9 U 4.2 U 4.2 U 4.2 U
PYRENE 9 3.9 U 3.8 U 3.6 U 3.8 U 3.9 U 4.2 U 4.2 U 4.2 U
SAFROLE 77 U 78 UJ 77U 74 U 77U 78 U 1200 J 450 J 84 U
Energetics (mglkg)

IHMX I 0.25 U I 0.25 U 0.25 U I 0.25 U 0.25 U 0.25 U 0.25 U I 0.25 U I 0.25 U
Herbicides (uglkg)

IHEXACHLOROPHENE I 0.69' U 0.99 U I 0.98 U I 0.94 U I 0.97 U I 1 U I 1.1 U I 1.1 U I 1.1 U I
IPENTACHLOROPHENOL 0.51 U 0.53 U I 0.52 U I 0.5 U I 0.52 U I 0.53 U I 0.57 U I 0.57 U I 0.57 U I
Inorganics (mglkg)
ALUMINUM 9250 J 4690 J 8340 J 3170 J 2510 J 9330 J 17300 J 8480 J 8940 J
ANTIMONY 3.6 U 0.59 U 0.29 U 7.7 J 14.8 J 2.0 U 1.3 U 9.1 J 2.0 J
ARSENIC 2.1 J 1.5 J 3.4 J 1.2 J 1.1 J 3.3 J 10.5 J 4.9 J 5.6 J
BARIUM 45.2 J 48.2 J 36.2 J 159 J 243 J 61.3 J 85.2 J 162 J 91.7 J
BERYLLIUM 0.95 J 0.59 U 0.22 U 0.86 J 0.23 U 0.79 J 0.60 J 0.48 U 0.51 U
CADMIUM 0.32 U 0.16' U 0.21 U 0.66 J 0.56 U 0.57 U 0.43 U 0.64 J 0.30 U
CALCIUM 468 J 316 J 152 U 3290 J 3890 J 478 J 236 U 668 J 888 J
CHROMIUM 21.3 J 13.6 J 10.9 J 13.8 J 6.7 J 17.0 J 18.5 J 9.0 J 10.0 J
COBALT 10.3 J 8.7 J 2.9 J 15.6 J 8.3 J 6.6 J 7.8 J 12.9 J 6.6 J
COPPER 22.4 J 12.8 J 6.9 J 65.4 J 391 J 28.3 J 23.0 J 42.2 J 15.3 J
IRON 22500 J 19800 J 14200 J 43000 J 15800 J 42000 J 28500 J 12900 J 13900 J
LEAD 27.8 J 9.8 J 8.1 J 765 J 211 J 69.9 J 43.0 J 95.8 J 18.0 J
LITHIUM 18.8 J 8.0 J 5.6 J 5.7 J 3.4 J 8.3 J 12.8 J 8.3 J 8.0 J
MAGNESIUM 989J 854 J 1030 J 989 J 851 J 1190 J '2320 J 1210 J 1250 J
MANGANESE 238 J 155 J 130 J 945 J 244 J 208 J 275 J 809 J 205 J
MERCURY 0.030 J 0.002 U 0.Q11 U 0.015 U 0.026 J 0.006 U 0.047 J 0.033 J 0.047 J
NICKEL 18.1 J 15.9 J 5.6 J 23.6 J 15.7 J 13.5 J 15.0 J 10.2 J 8.4 J

(1) Du.samPle, 16SS320002-D, had no data for any analytes found to be positively detecte. •
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LOCATION 165817 165818 165819 165820 165821 165B22· 165B23 165B23 165B24
N5AMPLE 1655170002-0 1655180002 1655190002 1655200002 1655210002 1655220002 1655230002 1655230002·0 1655240002
5AMPLE FD03270302 1655180002 1655190002 1655200002 1655210002 1655220002 1655230002 FD03280301 1655240002
5UBMATRIX 55 55 55 55 55 55 55 55 55
DEPTH RANGE 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2
5AMPLE DATE 312712003 312812003 312812003 312812003 312812003 312812003 312812003 312812003 312812003
VALIDATED Y Y Y Y Y Y. Y ,Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
POTASSIUM 1800 J 484 J 360 J 750 J 696 J 514 J 893 J 593 J 535 J
SELENIUM 0.19 U 0.11 U 0.09 U 0.16 U 0.05 U 0.17 U 0.49 U 0.37 U 0.28 U
SILVER 0.02 U 0.02 U 0.02 U 0.04 U 0.06 U 0.02 U 0.03 U 0.05 U 0.03 U
SODIUM 40.7 U 19.3 U 18.1 U 36.0 U 64.2 U 27.1 U 19.7 U 17.3 U 14.5 U
STRONTIUM 22.8 J 6.8 J 7.1 J 22.4 J 140 J 30.4 J 14.8 J 86.5 J 48.8 J
THALLIUM 0.13 U 0.10 U 0.07 U 0.22 U 0.08 U 0.09 U 0.21 U 0.19 U 0.12 U
TIN 1.3 U 0.53 U 0.46 U ... 0.65 U 2.2 U 0.68 U 0.64 U 0.91 U 0.47 U
TITANIUM 55.5 J 26.7 J 73.3 J 16.1 J 7.5 J 33.7 J 179 J 44.9 J 82.4 J
VANADIUM 13.6 J 10.0 J 16.1 J 8.2 J 5.8 J 23.8 J 32.1 J 17.8 J 17.5·J
ZINC 132 U 47.8 J 17.6 U 132 U 2510 U 197 U 102 J 786 J 174 J
Miscellaneous Parameters ,
CATION EXCHANGE CAPACITY (MEQ/1l 13 I I 22
PH (S.U.) 5.3 I I 6.5
TOTAL ORGANIC CARBON (matkol 3800 J I I 5800 J

,'"

~~

(1) Duplicate sample, 16SS320002-D, had no data for any analy1es found to be positively detected.



TABLE C-1
P051TIVE HIT5
5URFACE 50lL

5WMU 16 - B146 CA5T HIGH EXPL051VE5 INCINERATOR
N5WC CRANE, INDIANA

PAGE 10 OF 15

LOCATION 165B25 165B26 165B26 165B27 165B28 165B29 165B30 165B31 165B32

N5AMPLE 1655250002 1655260002 1655260002-0 1655270002 1655280002 1655290002 1655300002 1655310002 1655320002 (1)

5AMPLE 1655250002 1655260002 FD04090302 1655270002 1655280002 1655290002 1655300002 1655310002 1655320002
5UBMATRIX 55 55 55 55 55 55 55 55 55
DEPTH RANGE 0-2 0·2 0-2 0-2 0-2 0·2 0-2 0-2 0-2
5AMPLE DATE 3/28/2003 4/912003 4/9/2003 3/28/2003 3/28/2003 3/28/2003 3/28/2003 3/28/2003 4/912003
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Dioxins (nQ!k!:l)
1,2,3,4,6,7,8,9-0CDD 3250 79.1 3300 2210 3950 3920 972 3130
1,2,3,4,6,7,8,9-0CDF 0.5 U 0.3 U 17.7 14.2 0.7 U 0.4 U 1.1 U 7.5 J
1,2,3,4,6,7,8-HPCDD 32.9 l.lJ 90.9 63.2 48.4 38.4 18 36.1
1,2,3,4,6,7,8-HPCDF 0.49 J 0.2 U 6.2 U 3.6 J 0.28 U 0.2 U 0.72 J 2.7 J
1,2,3,4,7,8,9-HPCDF 0.2 U 0.1 U 0.49 U 0.45 U 0.3 U 0.2 U 0.1 U 0.3 UJ
1,2,3,4,7,8-HXCDD 0.34 U 0.1 U 1.5 J 0.82 U 0.56 U 0.2 U 0.35 J 1.2 J
1,2,3,4,7,8-HXCDF 0.17 J 0.06 U 0.88 J 0.4 U 0.2 U 0.1 U 0.44 U 0.36 J
1,2,3,6,7,8-HXCDD 0.52 U 0.1 U 2.5 J 1.6 J 0.86 U 0.2 U 0.49 J 1.8 J
1,2,3,6,7,8-HXCDF 0.1 U 0.05 U 0.45 J 0.32 U 0.2 U 0.1 U 0.21 U 0.41 J
1,2,3,7,8,9-HXCDD 0.72 J 0.1 U 4.7 J 2.4 J 1.1 U 0.59 J 0.61 J 2.8' J
1,2,3,7,8,9-HXCDF 0.1 U 0.07 U 0.25 J 0.1 U 0.2 U 0.1 U 0.09 U 0.57 J
1,2,3,7,8-PECDD 0.2 U 0.2 U 0.88 J 0.2 U 0.4 U 0.2 U 0.2 U 1.5 J
2,3,4,6,7,8-HXCDF 0.1 U 0.06 U 0.75 J 0.28 U 0.2 U 0.1 U 0.27 J 0.33 J
2,3,7,8-TCDF 0.1 U 0.08 U 0.75 J 0.29 U 0.2 U 0.1 U 0.09 U 0.1 U
TOTAL HPCDD 68.4 2.3 302 235 87 66 34.4 73.1
TOTAL HPCDF 0.49 0.2 U 17.9 J 11.7 J 0.28 U 0.2 U 1.2 6.5
TOTAL HXCDD 6.1 J 0.1 U 45.9 32.9 J 8.3 J 4.4 J 5.9 J 14.7 J
TOTAL HXCDF 0.17 0.2 U 11.7 J 4.5 J 0.2 U 0.1 U 1.7 J 5.5 J
TOTALPECDD 0.2 U 0.2 U 4.4 J 0.59 0.4 U 0.2 U 0.87 3.1 J
TOTAL PECDF 0.2 U 2.3 J 5.1 J 1.3 J 0.3 U 0.2 U 1.5 J 6.3 J
TOTAL TCDF 0.1 U 3.9 U 4.5 J 1.9 J 0.2 U 0.1 U 1 U 13.3 J
Volatile Or!:lanics (uWk!:l)
ACETONE 34 J 8 BU 6 BU 1.1 UJ 1.2 UJ 71 J 32 J 1.2 UJ 1.2 UJ
CI8-1,2-DICHLOROETHENE 1.2 U 1.1 U 1.1 U 1.1 U 1.2 U 1.3 U 1.3 U 1.2 U 1.2 U
DICHLORODIFLUOROMETHANE 1.2 UJ 1.1 UJ 1.1 UJ 1.1 U 1.2 U 1.3 UJ 1.3 U 1.2 U 1.2 UJ
8TYRENE 1.2 U 1.1 UJ 1.1 U 1.1 U 1.2 U 1.3 U 1.3 U 1.2 U 1.2 U
TOLUENE 1.2 U 1.1 U 1.1 U 1.1 U 1.2 U 1.3 U 1.3 U 1.2 U 1.2 U
TRAN8-1,2-DICHLOROETHENE 1.2 U 1.1 U 1.1 U 1.1 U 1.2 U 1.3 U 1.3 U 1.2 U 1.2 U
TRICHLOROETHENE 1.2 U 1.1 U 1.1 U 1.1 U 1.2 U 1.3 U 1.3 U 1.2 U 1.2 U
TRICHLOROFLUOROMETHANE 2 J 1.1 U 2 J 2 J 2 J 3 J 2 J 2 J 2 J
VINYL ACETATE 1.2 U 1.1 U 1.1 U 1.1 U 1.2 U 1.3 U 1.3 U 1.2 U 1.2 U
5emivolatile Organics (ug/kg)
2-METHYLNAPHTHALENE 4 U 3.7 U 3.7 U 3.7 U 3.9 U 4.2 U 4.2 U 4 U 4.1 U
ACENAPHTHENE 4 U 3.7 U 3.7 U 3.7 U 3.9 U 4.2 U 4.2 U 4 U 4.1 U
ACENAPHTHYLENE 4 U 3.7 U 3.7 U 3.7 U 3.9 U 4.2 U 4.2 U 4 U 4.1 U
ANTHRACENE 4 U 3.7 U 3.7 U 3.7 U 3.9 U 4.2 U 4.2 U 4 U 4.1 U
BENZO(A)ANTHRACENE 4 U 10 J 3.7 UJ 3.7 U 3.9 U 4.2 U 4.2 U 4 U 4.1 U

(1) DU.sample, 1688320002-D, had no data for any analyles found to be positively detecte. •
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LOCATION 165B25 165B26 165B26 165B27 165B28 165B29 165B30 165B31 165B32
N5AMPLE 1655250002 1655260002 1655260002-0 1655270002 1655280002 1655290002 1655300002 1655310002 1655320002 (1)

5AMPLE 1655250002 1655260002 FD04090302 1655270002 1655280002 1655290002 1655300002 1655310002 1655320002
5UBMATRIX 55 55 55 55 55 55 55 55 55
DEPTH RANGE 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2 0-2
5AMPLE DATE 3/28/2003 4/912003 4/9/2003 3/28/2003 3/28/2003 3/28/2003 3/28/2003 3/28/2003 4/912003
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
BENlO AjPYRENE 4 U 9 J 3.7 UJ 3.7 U 3.9 U 4.2 U 4.2 U 4 U 4.1 U
BENlO B)FLUORANTHENE 4 U 13 J 3.7 UJ 3.7 U 5 J 4.2 U 4.2 U . 4 U 4.1 UJ
BENlO G,H,ljPERYLENE 4 U 3.7 U 3.7 U 3.7 U 3.9 U 4.2 U 4.2 U 4 U 4.1 U
BENlO K)FLUORANTHENE 4 U 8 J 3.7 UJ 3.7 U 3.9 U 4.2 U 4.2 U 4 U 4.1 U
BIS(2-ETHYLHEXYLlPHTHALATE 150 BU 87 BU 74 U 110 BU 140 BU - 410 BU 240 BU 140 BU 83 U
CHRYSENE 4 U 7 J 3.7 U 3.7 U 6 J 4.2 U 4.2 U 4 U 4.1 U
DIBENlO(A,HlANTHRACENE 4 U 3.7 U 3.7 U 3.7 U 3.9 U 4.2 U 4.2 U 4 U 4.1 U
DIBENlOFURAN 82 U 74 U 74 U 76 U 78 U 85 U 85 U 81 U 83 U
FLUORANTHENE 4 U 4 J 3.7 U 3.7 U 7 J 4.2 U 4.2 U 4 U . 4,1 U_

FLUORENE 4 U 3.7 U 3.7 U 3.7 U 3.9 U 4.2 U 4.2 U 4 U 4.1 8
INDENO(1,2,3-CD)PYRENE 4 U 3.7 U 3.7 U - 3.7 U 3.9 U 4.2 U 4.2 U 4 U 4.1 U·
NAPHTHALENE 4 U 3.7 U 3.7 U 3.7 U 3.9 U 4,2 U 4.2 U 4 U 4.1 U
PHENANTHRENE 4 U 3.7 U 3.7 U 3.7 U 3.9 U 4.2 U 4.2 U 4 U 4.1 U
PYRENE 4 U '5 J 3.7 U 3.7 U 7 J 4.2 U 4.2 U 4 U 4.1 U
SAFROLE 4600 74 U 74 U 76 U 78 U 1500 340 J 81 U 83 U
Energetics (mg/kg) -

IHMX I 0.25 U I 0.25 U I 0.25 U I 0.25 U I 0.25 U I 0.25 U I 0.25 U I 0.25 U 0.25·,U
Herbicides (ualkal - "--' -
HEXACHLOROPHENE I 1 U I 0.94 U 1 0.94 U I, 0.96 U I 0.99 U I 1.1 U I 1.1U I 1 U 1 1.1 U
PENTACHLOROPHENOL I 0.55 U I 0.5 U I 0.5 U I 0.51 U I 0.53 U I 2.5 J I 8 J I 0.55 U I 0.56 U
Inorganics (malka)
ALUMINUM 13800 J 4060 J 3720 J 4230 J 9480 J 16900 J 16200 J 5750 J 12000 J
ANTIMONY 1.5 U 0.19 U 0.38 J 0.27 U 0.66 U 2.8 U 1.2 U 1.6 U 0.79 J
ARSENIC 7.6 J 1.6 J 1.3 J 1.4 J 7.3 J 10.4 J 11.2 J 3.0 J 8.5 J
BARIUM 57.8 J 44.4 J 40.0 J 33.7 J 69.5 J 138 J 59.6 J 134 J 41.8 J
BERYLLIUM 0.46 U 0.81 J 0.76 J 0.37 U 0.63 J 0.53 J 0.52 J 0.28 U 0.38 J
CADMIUM' 0.41 U 0.48 J 0.38 J 0.27 U 1.2 J 0.64 J 0.39 U 0.47 U 0.33 J
CALCIUM 496 J 831 J 4120 J. 858 J 1650 J 821 J 198 U 898 J 1100 J
CHROMIUM 17.0 J 11.8 J 11.0 J 6.9 J 18.3 J 17.8 J 19.2 J 7.0 J 16.6 J
COBALT' 4.1 J 20.0 J 18.1 J 1.4 J 4.1 J 7.2 J 5.1 J 1.9 J 4.2 J
COPPER 19.0 J 13.0 J - 11.1. J . 5.1 J 19.8 J 35.0 J 18.8 J 42.5 J 15.9 J
IRON 25000 J 19700 J 20100 J 9380 J 23500 J 26300 J 29400 J 8870 J 22600 J
LEAD 24.9 J 14.8 U 15.7 U 8.3 J 31.8 J 85.7 J . 16.9 J . 150 J 17.2 J
LITHIUM 10.5 J 10.7 J 9.9 J 4.3 J 9.7 J 13.1 J 12.7 J 5.6 U 9.0 J
MAGNESIUM 1440 J 687 J 2250 J 793 J 1320 J 2080 J 2320 J 794 J 1910 J
MANGANESE 141 J 794 J 620 J 5.1 J 51.6 J 277 J 108 J 183 J 139 J
MERCURY 0.034 J 0.002 U 0.013 U 0.003 U 0.008 U 0.053 J 0.084 J 0.033 J 0.035 J
NICKEL 9.8 J 24.8 J 19.9 J 3.5 J 12.1 J 15.5 J 13.2 J 5.0 J 10.4 J

(1) Duplicate sample, 16SS320002-D, had no data for any analytes found to be positively detected.

.~~

~=,='1:

--.'oC
+7'.....

"_ 0' ._.'~~:
.~:;'...---- -. ~:~~
~:::';':'-.t. -". :". ~~~~--:._

:-f"

".:.-;;.'
_~.h'



TABLE C-l
POSITIVE HITS
SURFACE SOIL

SWMU 16 - B146 CAST HIGH EXPLOSIVES INCINERATOR
NSWC CRANE, INDIANA
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LOCATION 16SB25 16SB26 16SB26 16SB27 16SB28 16SB29 16SB30 16SB31 16SB32
NSAMPLE 16SS250002 16SS260002 16SS260002-D 16SS270002 , 16SS280002 16SS290002 16SS300002 16SS310002 16SS320002 (1)

SAMPLE 16SS250002 16SS260002 FD04090302 16SS270002 16SS280002 16SS290002 16SS300002 16SS310002 16SS320002
SUBMATRIX S~ SS SS. SS SS SS SS SS SS
DEPTH RANGE 0-2 0-2 0-2 0-2 0~2 0-2 0-2 0-2 0-2
SAMPLE DATE 3/28/2003 4/912003 4/9/2003 3/28/2003 3/28/2003 3/28/2003 3/28/2003 3/28/2003 4/912003
VALIDATED Y Y Y Y y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
POTASSIUM 664 J 751J 685 J 466 J 462 J 827 J 807 J 400 J 496 J
SELENIUM 0.44 U 0.07 U 0.07 U 0.10 U 0.14 U 0.51 U 0.43 U 0.24 U 0.31 J
SILVER 0.04 U 0.09 U 0.19 U 0.14 U 0.03 U 0.06 U 0.06 U 0.06 U 0.11 U
SODIUM 16.2 U 27.6 U 34.4 U 29.3 U 26.0 U 19.4 U 22.3 U 28.5 U 33.8 U
STRONTIUM 21.8 J 13.5 J 16.5 J 48.0 J 136 J 82.8 J 10.4 J 86.2 J 18.7 J
THALLIUM 0.15 U 0.13 U 0.15 U 0.14 U 0.09 U 0.23 U 0.19 U 0.10 U 0.14 U
TIN 0.70 U 0.87 J 0.70 J 0.32 U 0.49 U 0.85 U 0.63 U 0.58 U 1.7 J
TITANIUM . 99.9 J 29.6 J 26.0 J 10.2 J 32.0 J 147 J 210 J 57.3 J 145 J
VANADIUM 27.7 J 9.3 J 8.4 J 8.4 J 25.4 J 32.9 J 32.2 J 11.6 J 28.1 J
ZINC 97.2 J 49.0 J 45.7 J 24.3 U 144 U 401 U 68.2 J 633 J 40.6 J
Miscellaneous Parameters
CATION EXCHANGE CAPACITY (MEQ/1) 15
PH (S.U.) 5.8
TOTAL ORGANIC CARBON (mQ/kQ) 4700 J

(1) DU. sample, 16SS320.o02-D, had no data for any analyles found to be positively detecte. •



• •TABLE C-1
POSITIVE HITS
SURFACE SOIL

5WMU 16 - B146 CAST HIGH EXPLOSIVES INCINERATOR
N5WC CRANE, INDIANA
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LOCATION 165B33 165B34 165B35 165B36 165B37 165B38 165B39
N5AMPLE 1655330002 1655340002 1655350002 1655360002 1655370002 1655380002 1655390002
SAMPLE 1655330002 1655340002 1655350002 1655360002 1655370002 1655380002 1655390002
5UBMATRIX 55 55 55 55 55 55 55
DEPTH RANGE 0-2 0-2 0-2 0-2 0·2 0-2 0·2
SAMPLE DATE 4/9/2003 4/9/2003 3/28/2003 4/912003 3/28/2003 3/28/2003 3/28/2003
VALIDATED V V V V V V V
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Dioxins (nalkal
1,2,3,4,6,7,8,9-0CDD 11500
1,2,3,4,6,7,8,9-0CDF 4.2 J
1,2,3,4,6,7,8-HPCDD 34
1,2,3,4,6,7,8-HPCDF 2.1 J
1,2,3,4,7,8,9-HPCDF 0.2 UJ
1,2,3,4,7,8-HXCDD 0.2 U
1,2,3,4,7,8-HXCDF 0.33 J
1,2,3,6,7,8-HXCDD 0.2 U
1,2,3,6,7,8-HXCDF 0.24 J
1,2,3,7,8,9-HXCDD 0.95 J
1,2,3,7,8,9-HXCDF 0.2 U
1,2,3,7,8-PECDD 0.3 U
2,3,4,6,7,8-HXCDF 0.1 U
2,3,7,8-TCDF 0.1 U
TOTAL HPCDD 83.1 -
TOTAL HPCDF 3.8 J
TOTAL HXCDD 2.6
TOTAL HXCDF 2.7
TOTALPECDD 0.3 U
TOTAL PECDF 2.5 J
TOTAL TCDF 2.4 U
Volatile Oraanics (uQ!kQ)
ACETONE 1.1 UJ 1.1 UJ 1.1 UJ 1.2 UJ 1.1 UJ 1.1 UJ 1.2 UJ
CI8-1,2-DICHLOROETHENE 1.1 U 1.1 U 1.1 U 1.2 U 1.1 U 1.1 U 23
DICHLORODIFLUOROMETHANE 10 J 1.1 UJ 1.1 U 1.2 UJ 1.1 U 1.1 U 1.2 UJ
8TYRENE 1.1U 1.1 U 1.1 U 1.2 U 1.1 U 1.1U 1.2 U
TOLUENE 1.1 U 1.1U 1.1 U 1.2 U 1.1 U 1.1 U 1.2 U
TRAN8-1,2-DICHLOROETHENE 1.1U 1.1 U 1.1 U 1.2 U 1.1U 1.1 U 2 J
TRICHLOROETHENE 1.1 U 1.1 U 1.1U 1.2 U 1.1 U 6 86
TRICHLOROFLUOROMETHANE 3 J 2 J 3 J 2 J 2 J 2 J 2 J
VINYL ACETATE 1.1 U 1.1 U 1 J 1.2 U 1.1 U 1.1U 1.2 U
5emivolatile Oraanics TuWkll)
2-METHYLNAPHTHALENE 3.8 U 3.5 U 3.8 U 3.8 U 3.7 U 3.8 U 3.8 U
ACENAPHTHENE 3.8 U 3.5 U 3.8 U 3.8 U 3.7 U 3.8 U 3.8 U
ACENAPHTHYLENE 4 J 3.5 U 3.8 U 3.8 U' 3.7 U 3.8 U 3.8 U
ANTHRACENE 3.8 U 3.5 U 3.8 U 3.8 U 3.7 U 3.8 U 3.8 U
BENZO(A)ANTHRACENE 36 '3.5 U 8 3.8 U 5 J 3.8 U 3.8 U

•
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(1) Duplicate sample, 1688320002-0, had no data for any analytes found to be positively detected.
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LOCATION 165833 165B34 16SB35 165B36 165B37 165B38 165B39
N5AMPLE 1655330002 1655340002 1655350002 1655360002 1655370002 1655380002 1655390002
SAMPLE 1655330002 1655340002 1655350002 1655360002 1655370002 1655380002 1655390002
SUBMATRIX S5 55 55 55 55 55 5S
DEPTH RANGE 0-2 0-2 0-2 0-2 0-2 0-2 0-2
5AMPLE DATE 4/9/2003 4/9/2003 . 3/28/2003 4/912003 3/28/2003 3/28/2003 3/28/2003
VALIDATED Y Y y y y y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB
BENlO A)PYRENE 45 3.5 U 10 3.8 U 5 J 3.8 U 4 J
BENlO B)FLUORANTHENE 62 J 3.5 UJ 12 3.8 UJ 5 J 3.8 U .9
BENlO G,H,IlPERYLENE 23 3.5 U 5 J 3.8 U 3.7·U 3.8 U 3.8 U
BENlO KIFLUORANTHENE 46 3.5 U 8 3.8 U 4 J 3.8 U 3.8 U
BIS(2-ETHYLHEXYLlPHTHALATE 76 U 72U 220 BU 1200 BJ 74 U 160 BU 170 BU
CHRYSENE 42 3.5 U 9 3.8 U 4 J 3.8 U 7 J
DIBENlO{A,HlANTHRACENE 3.8 U 3.5 U 3.8 U 3.8 U 3.7 U 3.8 U 3.8 U
DIBENlOFURAN 76 U 72 U 76 U 78 U 74 U 76 U 78 U
FLUORANTHENE 50 3.5 U 6 J 3.8 U 4 J 3.8 U 3.8 U
FLUORENE 3.8 U 3.5 U 3.8 U 3.8 U 3.7 U 3.8 U 3.8 U
INDENO{1,2,3-CD)PYRENE 24 3.5 U 5 J 3.8 U 3.7 U 3.8 U 3.8 U
NAPHTHALENE 4 J 3.5 U 3.8 U 3.8 U 3.7 U 3.8 U 3.8 U
PHENANTHRENE 12 3.5 U 3.8 U 3.8 U 3.7 U 3.8 U 3.8 U
PYRENE 55 3.5 U 10 3.8 U 5 J 3.8 U 5 J
SAFROLE 76 U 72 U 76 U 78 U 74 U 76 U 78 U
Energetics (malka)
HMX I 0.34 J I 0.25 U I 0.25 U I 0.25 U I 0.25 U I 0.25 U I 0.25 UJ I
Herbicides (ualkal

IHEXACHLOROPHENE I 0.97 U 0.91 U I 0.97 U I 0.99 U I 0.94 U I 0.97 U I 0.99 U I
(PENTACHLOROPHENOL ( 0.51 U I 0.48 U ( 0.51 U f 0.52 U I 0.5 U ( 0.79 J 0.52 U I
InorQanics (mCl!ka)
ALUMINUM 8020 J 1780 J 6760 J 11900 J 5470 J 10900 J 13800 J
ANTIMONY 1.1 J 0.51 J 0.75 U 0.55 J 0.44 U 0.36 U 0.78 U
ARSENIC 4.8 J 0.75 J 2.6 J 4.8 J 1.9 J 5.4 J 8.8 J
BARIUM 55.6 J 11.9 J 33.7 J 39.4 J 17.6 J 81.9 J 83.4 J
BERYLLIUM 0.43 J 0.06 U 0.20. U 0.23 J 0.27 U 0.27 U 0.42 U
CADMIUM 0.45 J 0.19 J 0.21 U 0.20 J 0.13 U 0.30 U 0.28 U
CALCIUM 1980 J 212 J 727 J 1010 J 347 J 6750 J 808 J
CHROMIUM 13.7 J 4.3 J 9.0 J 12.8 J 7.6 J 13.0 J 15.9 J
COBALT 2.5 J 1.5 J 1.3 J 2.7 J 1.1 J 3.6 J 4.7 J
COPPER 33.5 J 2.4 J 9.3 J 11.4 J 5.3 J 13.9 J 13.1 J
IRON 23100 J 2170 J 11500 J 17100 J 8360 J 18100 J 24000 J
LEAD 123 J 3.5 J 11.9 J 9.6 J 4.2 J '14.0 J 13.4 J
LITHIUM 4.0 J 0.81 J 4.2 J 6.0 J 4.3 U 7.6 J 10.7 J
MAGNESIUM 765 J 105 J 801 J 1210 J 553 J . 2160 J 2130 J
MANGANESE 132 J 3.8 J 10.4 J 49.8 J 6.8 J 91.6 J 256 J
MERCURY 0.030 J 0.002 U 0.008 U 0.030 J 0.004 U 0.021 U 0.048 J
NICKEL' 5.2 J 0.71 J 3.5 J 6.5 J 2.9 J 10.4 J 11.1 J

(1) DU. sample, 16SS320002-D, had no data for any analytes found to be positively detect. •
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LOCATION 165B33 165B34 165B35 165B36 165B37 165B38 165B39
N5AMPLE 1655330002 1655340002 1655350002 1655360002 1655370002 1655380002 1655390002
SAMPLE 1655330002 1655340002 1655350002 1655360002 1655370002 1655380002 1655390002
5UBMATRIX 55 55 55 55 55 55 55
DEPTH RANGE 0-2 0-2 0-2 0-2 0·2 0-2 0-2
SAMPLE DATE 41912003 41912003 312812003 41912003 312812003 312812003 312812003
VALIDATED Y Y Y Y V V V
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB
POTASSIUM 266 J 312 J 311 J 378 J 206 J 470 J 672 J
SELENIUM 0.11 U 0.03 U 0.10 U 0.16 J 0.06 U 0.14 U 0.47 U
SILVER 0.28 J 0.16 U 0.02 U 0:07 U 0.02 U 0.02 U 0.13 U
SODIUM 23.0 U 12.7 U 20.6 U 20.5 U 22.7 U 39.7 U 43.7 U
STRONTIUM 39.8 J 4.5 J 27.1 J 38.6 J 7.0 J 48.8 J 13.5 J
THALLIUM 0.16 J 0.03 U 0.07 U 0.10 U 0.06 U 0.10 U 0.19 U
TIN 0.45 J 0.25 J . 0.45 U 0.38 J 0.39 U 0.40 U 0.60 U
TITANIUM 54.8 J 12.2 J 24.8 J 84.1 J 29.0 J 135 J 143 J
VANADIUM 19.5 J 3.6 J 11.2 J 20.6 J 10.2 J 20.1 J 27.3 J
ZINC 193 U 5.2 U 23.5 U 24.1 J 7.6 U 42.6 U 42.1 U
Miscellaneous Parameters
CATION EXCHANGE CAPACITY (MEQ/1l I I I I 21 I
PH (S.U.) I I I I 5.2 I
TOTAL ORGANIC CARBON (mglkg) I I I I 1000 J I
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(1) Duplicate sample, 16SS320002-D. had no data for any analytes found to be positively detected.
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• •.TABLE C-2
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SUBSURFACE SOIL
SWMU 16 - CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
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•
LOCATION 16SB01 16SB02 16SB11 16SB12 16SB13 16SB17 16SB18 16SB19 16SB22
NSAMPLE 16SB010406 16SB020406 16SB110204 16SB120204 16SB130204 16SB170204 16SB180203 16SB190203 16SB220203
SAMPLE 16SB010406 16SB020406 16SB110204 16SB120204 16SB130204 16SB170204 16SB180203 16SB190203 16SB220203
SUBMATRIX SB SB SB SB SB SB SB SB SB
DEPTH RANGE 4-6 4-6 2-4 2-4 2-4 2-4 2-3 2-3 2-3
SAMPLE DATE 3/27/2003 3/27/2003 3/27/2003 3/28/2003 3/28/2003 3/27/2003 3/28/2003 3/28/2003 3/28/2003
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Volatile Oraanics (uQ/ka)
ACETONE 1.2 UJ 1.1 UJ
CIS-l,2-DICHLOROETHENE 1.2 U 1.1 U
TRANS-l,2-DICHLOROETHENE 1.2 U 1.1 U
TRICHLOROETHENE 1.2 U 1.1 U
TRICHLOROFLUOROMETHANE 2 J 2 J
Semivolatile Oraanics(uQ/kg)
2-METHYLNAPHTHALENE 3.9 U 3.7 U 3.8 U 4.1 U 3.9 U 3.7 U 3.9 U 3.8 U 3.8 U
ANTHRACENE 3.9 U 3.7 U 3.8 U 4.1 U 3.9 U 3.7 U 3.9 U 3.8 U 3.8 U
BENZO A ANTHRACENE 3.9 U 3.7 U 3.8 U 4.1 U 3.9 U 3.7 U 3.9 U 3.8 U 3.8 U
BENZO A PYRENE 3.9 U 3.7 U 3.8 U 4.1 U 3.9 U 3.7 U 3.9U 3.8 U 3.8 U
BENZO B FLUORANTHENE 3.9 U 3.7 U 3.8 U 4.1 U 3.9 U 3.7 U 3.9 U 3.8 U 3.8 U
BENZO G,H,IlPERYLENE 3.9 U 3.7 U 3.8 U 4.1 U 3.9 U 3.7 U 3.9 U 3.8 U 3.8 U
BENZO K FLUORANTHENE 3.9 U 3.7 U 3.8 U 4.1 U 3.9 U 3.7 U 3.9 U 3.8 U 3.8 U
BIS(2-ETHYLHEXYLIPHTHALATE 80 U 130 J 77U 83 U 80 U 250 BU 390 BU 260 BU 77U
CHRYSENE 3.9 U 3.7 U 3.8 U 4.1 U 3.9 U 3.7 U 3.9 U 3.8 U 3.8 U
DIBENZO(A,H)ANTHRACENE 3.9 U 3.7 U 3.8 U 4.1 U 3.9 U 3.7 U 3.9 U 3.8 U 3.8 U·
FLUORANTHENE 3.9 U 3.7 U 3.8 U 4.1 U 3.9 U 3.7 U 3.9 U 3.8 U 3.8 U
FLUORENE 3.9 U 3.7 U 3.8 U 4.1 U 3.9 U 3.7 U 3.9 U 3.8 U 3.8 U
INDENO(1,2,3-CDjPYRENE 3.9 U 3.7 U 3.8 U 4.1 U 3.9 U 3.7 U 3.9 U 3.8 U 3.8 U
ISOSAFROLE 80 U 76 U 77U 83 U 80 U 74 U 80 U 76 U 77U
NAPHTHALENE 3.9 U 3.7 U· 3.8 U 4.1 U 3.9 U 3.7 U 3.9 U 3.8 U 3.8 U
PHENANTHRENE 3.9 U 3.7 U 3.8 U 4.1 U 3.9 U 3.7 U 3.9 U 3.8 U 3.8 U
PYRENE 3.9 U 3.7 U 3.8 U 4.1 U 3.9 U 3.7 U 3.9 U 3.8 U 3.8 U
SAFROLE 80 U 76 U 77U 83 U 80 U 74 U 80 U 76 U 77U

. Herbicides (ua/ka)
HEXACHLOROPHENE 1 U 0.68 U I 0.98 U I 1 U I 1 U 0.94 U 1 U 0.97 U 0.98 U
PENTACHLOROPHENOL 0.54 U 0.51 U I 0.52 U I 0.55 U I' 0.54 U 0.5 U 0.54 U I 0.51 U 0.52 U
Inoraanics (mQ/kg)
ALUMINUM 8090 J 13800 J 7110 J 13500 J 12900 J 5160 J 3520 J 6040 J 2120 J
ANTIMONY 0.52 U 0.31 U 0.39 U 0.71 U 0.41 U 0.31 U 0.51 U 0.24 U 0.14 U

. ARSENIC 2.7 J 3.2 J 3.3 J 8.3 J 3.5 J 1.8 J 5.9 J 2.3 J 0.63 J
BARIUM 20.6 J 76.3 J 34.8 J 40.2 J 91.8 J 23.0 J 32.6 J 33.2 J 20.0 J
BERYLLIUM 0.38 U 0.50 J 0.33 U 0.53 U 0.88 J 0.87 J 2.4 J 0.41 U 0.40 U
CADMIUM 0.16 U 0.18 U 0.17 U 0.19 U 0.22 J 0.24 U 0.74 J 0.13 U 0.10 U
CALCIUM 468 J 602 J 334 J 143 J 380 U 607 J . 1510 J 234 J 218 J
CHROMIUM 11.9 J 17.8 J 11.3 J 16.0 J 25.1 J. 11.8 J 20.2 J 10.7 J , 6.0 J
COBALT 1.7 J 2.2 J 3.0 J 3.7 J 2.9 J 15.7 J 7.0 J 3.0 J 2.4 J
COPPER 6.7 J 6.7 J 8.7 J 13.2 J 19.3 J 15.5 J 34.8 J 6.8 J 3.6 J



TABLE C-2
POSITIVE HITS

SUBSURFACE SOIL
5WMU 16 - CAST HIGH EXPL051VES INCINERATOR

NSWC CRANE, INDIANA
PAGE 2 OF 8

LOCATION 165B01 165B02 165B11 165B12 165B13 165B17 165B18 165B19 165B22
N5AMPLE 165B010406 165B020406 165B110204 165B120204 165B130204 165B170204 165B180203 165B190203 165B220203
5AMPLE 165B010406 165B020406 165B110204 165B120204 165B130204 165B170204 165B180203 165B190203 165B220203
5UBMATRIX 5B 5B 5B 5B 5B 5B 5B 5B 5B
DEPTH RANGE 4-6 4-6 2-4 2-4 2-4 2-4 2-3 2-3 2-3
5AMPLE DATE 3127/2003 3/27/2003 3/27/2003 3/28/2003 3/28/2003 3/27/2003 3/28/2003 3/28/2003 3/28/2003 .
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
IRON 14800 J 15100 J 15900 J 24600 J 13400 J 20500 J 8520 J 12500 J 12800 J
LEAD 6.0 J 7.2 J 8.1 J 10.3 J 9.5 J 6.1 J 14.2 J 6.3 J 3.4 J
LITHIUM 5.9 U 11.8 J 7.0 J 9.9 J 12.4 J 23.6 J 6.9 J 5.6 U 2.0 U
MAGNESIUM 939 J 1070 J 1250 J 1970 J 1260 J 1330 J 910 J 849 J 535 J
MANGANESE 28.8 J 10.0 J 82.0 J 111 J 7.3 J 254 J 47.2 J 64.4 J 87.9 J
MERCURY 0.012 U 0.023 J 0.003 U 0.069 J 0.013 J 0.031 J 0.079 J 0.003 U 0.004 U
NICKEL 4.8 J 6.8 J 7.2 J 10.2 J 14.7 J 35.6 J 25.1 J 6.3 J 6.5 J
POTASSIUM 245 J 621 J 366 J 646 J 2070 J 867 J 413 J 325 J 350 J
SELENIUM 0.06 U 0.11 U 0.10 U . 0.38 U 0.24 U 0.07 U 0.63 J 0.10 U 0.02 U
SILVER 0.11 U 0.03 U 0.04 U 0.14 U 0.14 U 0.03 U 0.05 U 0.02 U 0.05 U
SODIUM 70.8 U 75.8 U 34.3 U 28.4 U 46.2 U 32.5 U 52.5 U 23.1 U 29.6 U
STRONTIUM 4.9 J 13.6 J 4.6 J 5.6 J 21.8 J 5.3 J 9.9 J 4.0 J 7.9 J
TIN 0.67 U 0.57 U 0.52 U 0.56 U 0.50 U 0.47 U 0.34 U 0.31 U 0.36 U
TITANIUM 75.9 J 58.5 J 82.1 J 162 J 43.5 J 36.7 J 13.8 J 43.1 J 12.2 J
VANADIUM 17.5 J 24.0 J 15.6 J 25.8 J 21.3 J 7.9 J 6.9 J 12.3 J 5.5 J
ZINC 10.2 J 11.8 U 20.6 J 35.9 J 15.2 U 59.0 J 17.8 J 14.0 J 15.6 J
Miscellaneous Parameters
CATION EXCHANGE CAPACITY (MEQ/l) I I 24 I I 25 24 I I
PH (S.U.) I I 5 I I 5.1 . 5.8 I I
TOTAL ORGANIC CARBON (mg/kQ) I I 3400 J I I 5300 J 14000 J I . I
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• T.C-2
POSITIVE HITS

SUBSURFACE SOIL
SWMU 16 - CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 3 OF 8
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LOCATION 16SB23 16SB23 16SB24 16SB25 16SB26 16SB26 16SB27 16SB28 16SB29
NSAMPLE 16SB230203 16SB230203-D 16SB240203 16SB250203 16SB260204 16SB260204-D 16SB270203 16SB280203 16SB290203
SAMPLE 16SB230203 FD03280302 16SB240203 16SB250203 16SB260204 FD04090303 16SB270203 16SB280203 16SB290203
SUBMATRIX SB SB SB SB SB SB SB SB SB
DEPTH RANGE 2·3 2-3 2-3 2-3 2-4 2-4 2-3 2-3 2-3
SAMPLE DATE 3/28/2003 3/28/2003 3/28/2003 3/28/2003 4/912003 4/9/2003 3/28/2003 3/28/2003 3/28/2003
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Volatile Oraanics (uCllkal
ACETONE
CIS-1,2-DICHLOROETHENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
TRICHLOROFLUOROMETHANE
Semivolatile OrQanics (uCllkgl
2-METHYLNAPHTHALENE 3.9 U 3.8 U 3.8 U 3.9 U 3.5 U 3.5 U 3.6 U 3.7 U 4 U
ANTHRACENE 3.9 U 5 J 3.8 U 3.9 U 3.5 U 3.5 U 3.6 U 3.7 U 4 U
BENlO A ANTHRACENE 3.9 UJ 38 J 3.8 U 3.9 U 3.5 U 3.5 U 3.6 U 3.7 U 4'U
BENlO A PYRENE 3.9 UJ 41 J 3.8 U 3.9 U 3.5 U 3.5 U 3.6 U 3.7 U 4',U
BENlO B FLUORANTHENE 3.9 UJ 47 J 3.8 U 3.9 U 3.5 UJ 3.5 UJ 3.6 U 3.7 U 4·U
BENlO G,H,I)pERYLENE 3.9 UJ 17 J 3.8 U 3.9 U 3.5 U 3.5 U . 3.6 U 3.7 U 4 U
BENlO K)FLUORANTHENE 3.9 UJ 22 J 3.8 U 3.9 U 3.5 U 3.5 U 3.6 U 3.7 U 4 U
BIS(2-ETHYLHEXYL)PHTHALATE 81 BU 86 BU 130 BU . 480 BU 70 U 71 U 91 BU 150 BU 82 U .
CHRYSENE 3.9 UJ 41 J 3.8 U 3.9 U 3.5 U 3.5 U 3.6 U 3.7 U 4 U
DIBENlO A,HlANTHRACENE 3.9 U 6 J 3.8 U 3.9 U 3.5 U 3.5 U 3.6 U 3.7 U 4 U
FLUORANTHENE 3.9 UJ 49 J 3.8 U 3.9 U 3.5 U 3.5 U 3.6 U 3.7 U 4 U
FLUORENE 3.9 U 5 J 3.8 U 3.9 U 3.5 U 3.5 U 3.6 U 3.7 U 4',U
INDENOl1,2,3-CDlPYRENE 3.9 U 15 3.8 U 3.9 U 3.5 U 3.5 U 3.6 U 3.7 U 4U
ISOSAFROLE 79 U 78 U 76 U 80 U 70 U 71 U 73 U 75 U 82 U
NAPHTHALENE 3.9 U 3.8 U 3.8 U 3.9 U 3.5 U 3.5 U 3.6 U 3.7 U 4 U
PHENANTHRENE 3.9 UJ 16 J 3.8 U 3.9 U 3.5 U 3.5 U 3.6 U 3.7 U 4 U
PYRENE 3.9 UJ 58 J 3.8 U 3.9 U 3.5 U 3.5 U 3.6 U 3.7 U 4 U
SAFROLE 480 78 U 76 U 80 U 70 U 71 U 73 U 75 U 82 U
Herbicides (ug/kg)
HEXACHLOROPHENE I 1 U I 0.99 U I 0.97 U I 1 U I 0.96 J I 0.89 J I 0.93 U 0.96 U I 1 U I
PENTACHLOROPHENOL I 0.53 U I 0.52 U 0.51 U I 0.53 U I 0.47 U I 0.47 U I 0.49 U I 0.51 U 0.55 U I
Inorganics (mQ/kal
ALUMINUM 8380 J 4740 J 6110 J 9170 J 3610 J 3370 J 1540 J 2540 J 9780 J
ANTIMONY' 0.24 U 0.33 U 0.28 U 0.57 U 0.14 U 0.18 U 0.97 U 0.19 U 0.41 U
ARSENIC 4.1 J 2.0 J 2.2 J 3.5 J 1.6 J 1.6 J 0.35 J 1.0 J 5.6 J
BARIUM 30.9 J 21.3 J 26.5 J 33.2 J 24.1 J 27.0 J 9.4 J 9.1 J 42.5 J
BERYLLIUM 0.31 U 0.18 U 0.32 U 0.53 U 0.62 J 0.69 J 0.17 U 0.75 J 0.37 U
CADMIUM 0.16 U 0.10 U 0.12 U 0.20 U 0.32 J 0.37 J 0.09 U 0.17 U 0.18 I,.J
CALCIUM 68.7 J 58.7 U 139 J 312 J 420 J 343 J 204 J 199 J 184 J
CHROMIUM 12.4 J 6.7 J 9.4 J 15.4 J 9.1 J 9."1 J 5.1 J 8.0 J 11.6 J
COBALT 3.0 J 1.8 J 2.4 J 2.5 J 13.9 J 22.6 J 0.54 J 7.9 J 3.2 J
COPPER 8.6 J 5.2 J 7.8 J 10.0 J 10.8 J 10.7 J 3.9 J 6.8 J 11.5 J
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TABLE C-2
POSITIVE HITS

SUBSURFACE SOIL
5WMU 16 - CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 4 OF 8

LOCATION 16SB23 16SB23 16SB24 16SB25 16SB26 16SB26 16SB27 . 16SB28 16SB29
N5AMPLE 165B230203 1658230203-0 1658240203 1658250203 1658260204 1658260204-0 1658270203 1658280203 1658290203
SAMPLE 165B230203 FD03280302 165B240203 165B250203 165B260204 FD04090303 16SB270203 1658280203 16SB290203
SUBMATRIX 5B 5B SB 58 SB SB SB SB SB
DEPTH RANGE 2-3 2-3 2-3 2-3 2-4 2-4 2·3 2·3 2·3
SAMPLE DATE 3/28/2003 3/28/2003 3/28/2003 3/28/2003 4/912003 4/9/2003 3/28/2003 3/28/2003 3/28/2003
VALIDATED Y Y Y Y Y Y Y y y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
IRON 16900 J 9670 J 13500 J 21500 J 8210 J 8250 J 3630 J 21800 J 15400 J
LEAD 7.3 J 4.0 J 5.8 J 7.4 J 7.9 U 8.8 J 4.4 J 6.4 J 6.5 J
LITHIUM 6.3 U 4.2 U 4.6 U 7.1 J 11.6 J 11.4 J 2.1 U 4.1 U 6.3 U
MAGNESIUM 1350 J 786 J 955 J 1010 J 737 J 707 J 279 J 628 J 1930 J
MANGANESE 81.3 J 33.4 J 44.6 J 9.8 J 286 J 520 J 3.2 J . 35.9 J 55.9 J
MERCURY 0.003 U 0.034 J 0.005 U 0.010 U 0.004 J 0.006 U 0.002 U 0.006 U 0.074 J
NICKEL 6.8 J 4.0 J 5.6 J 5.7 J 16.6 J 18.1 J 2.0 J 20.8 J 8.5 J
POTASSIUM 407 J 245 J 334 J 383 J 752 J 769 J 487 J 333 J 487 J
SELENIUM 0.15 U 0.08 U 0.08 U 0.10 U 0.04 U 0.08 U 0.03 U 0.06 U 0.12 U
SILVER 0.02 U 0.02 U 0.02 U 0.03 U 0.14 U 0.22 J 0.02 U 0.06 U 0.03 U
SODIUM 18.9 U 12.8 U 13.9 U 30.3 U 26.0 U 28.9 U 23.6 U 15.8 'U 26.9 U
STRONTIUM 3.8 J 2.7 J 4.3 J 5.4 J 11.0 J 11.3 J 2.8 J 3.1 J 5.8 J
TIN 0.36 U 0.41 U 0.36 U 0.60 U 0.31 J 0.42 J 0.22 U 0.32 U 0.49 U
TITANIUM 106 J 56.3 J 63.5 J 47.7 J 25.1 J 24.0 J 16.7 J 15.3 J 131 J
VANADIUM 17.5·J 9.9 J 12.0 J 18.0 J 5.9 J 5.6 J 2.9 J 7.4 J 16.7 J
ZINC 20.2 J 12.1 J 17.5,J 11.5 J 48.9 J 49.2 J 4.5 U 59.6 J 29.1 J
Miscellaneous Parameters

ICATION EXCHANGE CAPACITY (MEQ/l) I I 18 I
IPH (S.U.) I I 4.9 I
ITOTAL ORGANIC CARBON (mg/kg) I I 4700 J I

• • •



• •TA6LE C-2
POSITIVE HITS

SU6SURFACE SOIL
SWMU 16 - CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 5 OF 8

•
LOCATION 16S630 16S632 16S633 16S634 16S636 16S638 16S639 16S640 16S640
NSAMPLE 16S6300203 16S6320204 16S6330204 16S6340203 16S6360203 16S6380203 16S6390203 16S6400506 16S6400608
SAMPLE 16S6300203 16S6320204 16S6330204 16S8340203 16S6360203 16S6380203 16S8390203 16S8400506 16S8400608
SUBMATRIX S8 SB SB SB S6 SB SB S6 S8
DEPTH RANGE 2-3 2-4 2-4 2-3 ;2-3 2-3 2-3 5-6 6-8
SAMPLE DATE· 3/2812003 4/9/2003 4/9/2003 4/9/2003 4/9/2003 3/28/2003 3/28/2003 3/28/2003 3/28/2003
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRA6· GRAB GRAB GRAB GRA6 GRAB GRAB GRA6
Volatile OrQanics (ug/kg)
ACETONE 1.2 UJ 1.1 UJ 1.2 UJ 1.2 UJ 1.2 UJ
CIS-l,2-DICHLOROETHENE 1.2 U 1.1 U 200 1.2 U 1.2 U
TRANS-l,2-DICHLOROETHENE 1.2 U 1.1 U 12 1.2 U 1.2 U
TRICHLOROETHENE 1.2 U 4 280 1.2 U 1.2 U
TRICHLOROFLUOROMETHANE 1.2 U 2 J 2 J ,2 J 2 J
Semivolatile Organics (ualkal
2-METHYLNAPHTHALENE 4 U 3.9 U 3.8 U 3.7 U 3.8 U 3.7 U 4.1 U 3.9 U 3.9 U
ANTHRACENE 4 U 3.9 U 3.8 U 3.7 U 3.8 U 3.7 U 4.1 U 3.9 U 3.9 U
BENlO A)ANTHRACENE 4 U 3.9 U 4 J 7 J 3.8 U 3.7 U 4.1 U 3.9 U 3.9 lJ
BENlO AIPYRENE 4 U 3.9 U 6 J 10 3.8 U 3.7 U 4.1 U 3.9 U 3.9·'U·
BENlO BIFLUORANTHENE 4 U 3.9 UJ 8 J 16 J 3.8 UJ 3.7 U 4.1 U 3.9 U 3.9 U
BENlO G,H,IlPERYLENE 4 U 3.9 U 3.8 U 6 J 3.8 U 3.7 U 4.1 U 3.9 U 3.9 U
BENlO KIFLUORANTHENE 4 U 3.9 U 6 J 13 3.8 U 3.7 U 4.1 U 3.9 U 3.9 U
BIS(2-ETHYLHEXYLIPHTHALATE 420 BU 80 U 80 BU 74 U 110 BU 150 BU 1000 BU 1400 BJ 660 BU
CHRYSENE 4 U 3.9 U 6 J 10 3.8 U 3.7 ·U 4.1 U 3.9 U 3.9 U
DIBENlO(A,H)ANTHRACENE 4 U 3.9 U 3.8 U 3.7 U 3.8 U 3.7 U 4.1 U 3.9 U 3.9 U
FLUORANTHENE 4 U 3.9 U 6 J 9 3.8 U 3.7 U . 4.1 U 3.9 U 3.9 U
FLUORENE 4 U 3.9 U 3.8 U 3.7 U 3.8 U 3.7 U 4.1 U 3.9 U 3.9·U·
INDENO(1.2.3-CDjPYRENE 4 U 3.9 U 3.8 U 6 J 3.8 U 3.7 U 4.1 U 3.9 U 3.9 U
ISOSAFROLE 81 U 80 U 76 U 74 U 77U 75 U 82 U 80 U 80 U
NAPHTHALENE 4 U 3.9 U 3.8 U 3.7.U 3.8 U 3.7 U 5 J 3.9 U 3.9 U
PHENANTHRENE 4 U 3.9 U 3.8 U 3.7 U 3.8 U 3.7 U 4.1 U 3.9 U 3.9 U
PYRENE 4 U 3.9 U 7 J 12 3.8 U 3.7 U 4.1 U 3.9 U 3.9 U
SAFROLE 81 U 80 U 76 U 74 U 77U 75 U . 82 U 80 U 80 U
Herbicides (ugfkQI

(HEXACHLOROPHENE 1 U f 1 U I 0.97 U I 0.94 U I 0.98 U I 0.96 U 1 U I 1 U I 1 U
IPENTACHLOROPHENOL 1.6 J I 0.54 U 0.51 U ( 0.5 U I 0.52 U I 0.51 U 0.55 U ( 0.54 U I 0.54 U
InorQanics (mg/kg)
ALUMINUM 9080 J 10300 J 5330 J 4790 J 7450 J 4530 J 12600 J 9140 J 8330 J
ANTIMONY 0.48 U 0.51 J 0.25 U 0.33 J 0.62 J 0.40 U 1.5 U 0.54 U 0.57 U
ARSENIC 5.6 J 10.2 J 2.1 J 2.8 J 2.6 J 2.4 J 7.9 J 5.7 J 4.6 J
BARIUM 37.6 J 119 J 30.2 J 34.7 J 45.3 J 26.7 J 58.2 J 58.2 J 72.2 J
BERYLLIUM 0.33 U 0.75 J 0.20 J 0.25 J 0.37 J 0.25 U 0.39 U 0.35 U 0.42 U
CADMIUM 0.18 U 0.43 J 0.19 J 0.57 J 0.24 J 0.19 U 0.28 U 0.21 U 0.22 U
CALCIUM 122 J 1040 J 146 J 2150 J 408 J 192 U 528 J 601 J 1130 J
CHROMIUM 11.9 J 13.6 J 6.7 J 8.0 J 10.9 J 10.0 J. 14.5 J 13.5 J 11.4 J
COBALT 3.3 J 7.8 J 0.89 J 1.6 J 1.8 J 1.5 J 6.7 J 7.1 J 7.9 J
COPPER 11.2 J 17.1 J 5.4 J 12.4 J 15.5 J 5.5 J 13.7 J 8.7 J 17.2 J
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TABLE C-2
POSITIVE HITS

SUBSURFACE SOIL
SWMU 16 - CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 6 OF 8

LOCATION 16SB30 16SB32 16SB33 16SB34 16SB36 16SB38 16SB39 16SB40 16SB40
NSAMPLE 16SB300203 16SB320204 16SB330204 16SB340203 16SB360203 16SB380203 16SB390203 16SB400506 16SB400608
SAMPLE 16SB300203 16SB320204 16SB330204 16SB340203 16SB360203 16SB380203 16SB390203 16SB400506 16SB400608
SUBMATRIX SB 58 SB SB SB SB SB SB SB
DEPTH RANGE 2-3 2·4 2-4 2-3 2-3 2-3 2-3 5-6 6-8
SAMPLE DATE 3/28/2003 4/912003 4/9/2003 4/9/2003 4/9/2003 3/28/2003 3/28/2003 3/28/2003 3/28/2003
VALIDATED Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
IRON 16900 J 18200 J 8650 J 9870 J 13300 J 12800 J 23900 J 17900 J 13600 J
LEAD 8.3 J 20.1 J 12.9 J 30.0 J 34.0 J 6.9 J 11.6 J 14.1 J 12.3 J
LITHIUM 5.9 U 8.3 J 3.4 J 3.7 J 4.6 J 4.3 J 9.7 J 7.9 J 7.3 J
MAGNESIUM 1740 J 1440 J 495 J 630 J 710 J 593 J 2000 J 1100 J 1010 J
MANGANESE 77.8 J 143 J 8.1 J 16.7 J 15.6 J 24.7 J 415 J 314 J 229 J
MERCURY 0.007 U 0.017 J 0.007 J 0.002 U 0.003 J 0.002 U 0.047 J 0.032 J 0.026 J
NICKEL 7.6 J 10.4 J 3.6 J 3.4 J 4.3 J 3.8 J 11.0 J 7.6 J 8.4 J
POTASSIUM 458 J 461 J 282 J 270 J 285 J 225 J 610 J 429 J 448 J
SELENIUM 0.19 U 0.22 J 0.07 U 0.11 U 0.05 U 0.06 U 0.31 U 0.36 U 0.30 U
SILVER 0.03 U 0.05 U 0.05 U 0.42 J 0.08 U 0.02 U 0.05 U 0.05 U 0.07 U
SODIUM 23.1 U 50.5 J 20.8 U 19.3 U 27.1 U 27.9 U 44.2 U 19.9 U 38.2 U
STRONTIUM 4.7 J 19.6 J 7.8 J 15.9 J 16.6 J 4.0 J 8.2 J 7.3 J 9.4 J
TIN 0.50 U 1.3 J 0.31 J 0.35 J 0.46 J 0.30 U 0.66 U 0.49 U 0.50 U
TITANIUM 121 J 74.4 J 23.0 J 29.4 J 42.2 J 30.1 J 99.3 J 82.0 J 70.3 J
VANADIUM 17.9 J 21.6 J 9.5 J 11.2 J 14.5 J 12.1 J 24.3 J 20.1 J 17.7 J
ZINC 27.9 J 31.2 J . 8.6 U 54.5 J 83.3 J 11.6 U 39.7 U 26.7 U 33.3 U
Miscellaneous Parameters
CATION EXCHANGE CAPACITY (MEQ/1)
PH (S.U.)
TOTAL ORGANIC CARBON (mg/kQ)
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• T"C-2
POSITIVE HITS

SUBSURFACE SOIL
SWMU 16 - CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 7 OF 8

LOCATION 16SB40 16SB41 16SB41
NSAMPLE 16SB400608-D 16SB410305 16SB410507
SAMPLE FD03280303 16SB410305 16SB410507
SUBMATRIX SB SB SB
DEPTH RANGE 6-8 3-5 - 5-7
SAMPLE DATE 3/28/2003 3/27/2003 3/27/2003
VALIDATED Y Y Y
COLLECTION METHOD GRAB GRAB GRAB
Volatile Organics (ug/kg)
ACETONE 1.2 UJ 4 J 14 J
CIS-1,2-DICHLOROETHENE 1.2 U 1.2 U 1.2 U
TRANS-1,2-DICHLOROETHENE 1.2 U 1.2 U 1.2 U
TRICHLOROETHENE 1.2 U 1.2 U 1.2 U
TRICHLOROFLUOROMETHANE 3 J 1.2 U 2 J
Semivolatile Organics (ualko)
2-METHYLNAPHTHALENE 4 U 4 U 4 J
ANTHRACENE ~... 4 U 4 U 4.1' U
BENZO A ANTHRACENE 4 U 4 U 4.1 U
BENZO A PYRENE 4 U 4 U 4.1 U
BENZO B FLUORANTHENE 4 U 4 U 4.1 U
BENZO G,H,IlPERYLENE 4 U 4 U 4.1 U
BENZO K)FLUORANTHENE 4 U 4 U 4.1 U
BIS(2-ETHYLHEXYL)PHTHALATE 350 BU 81 U 86 J
CHRYSENE 4 U 4 U 8
DIBENZO(A,H)ANTHRACENE 4 U 4 U 4.1 U
FLUORANTHENE 4 U 4 U 4.1 U
FLUORENE 4 U 4 U 4.1 U
INDENO(1,2,3-CD1PYRENE 4 U 4 U 4.1 U
ISOSAFROLE 81 U 81 U 150 J
NAPHTHALENE 4 U 4 U 6 J
PHENANTHRENE 4 U 4 U 6 J
PYRENE 4 U 4 U 6 J
SAFROLE 81 U 81 U 67000
Herbicides (ug/kg)

IHEXACHLOROPHENE 1 U I 0.73 U I 0.74 U I
IPENTACHLOROPHENOL 0.55 U 0.55 U I 0.56 U I
Inorganics (maiko)
ALUMINUM 11300 J 18600 J 11800 J
ANTIMONY 0.74 U 0.75 U 0.33 U
ARSENIC 7.2 J 6.0 J 9.4 J
BARIUM 68.6 J 76.8 J 36.5 J
BERYLLIUM 0.44 U 0.47 J 0.34.J
CADMIUM 0.27 U 0.27 U 0.25 U
CALCIUM 1740 J 1540 J 586 J
CHROMIUM 14.7 J 20.0 J 21.8 J
COBALT 7.2 J 4.4 J 4.0 J
COPPER 12.5 J 11.5 J 7.0 J
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TABLE C-2
POSITIVE HITS

SUBSURFACE SOIL
SWMU 16 - CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 8 OF 8

LOCATION 16SB40 16SB41 16SB41
NSAMPLE 16SB400608-D 16SB410305 16SB410507
SAMPLE FD03280303 16SB410305 16SB410507
SUBMATRIX SB SB SB
DEPTH RANGE 6-8 3-5 5-7
SAMPLE DATE 3/28/2003 3/27/2003 3/27/2003
VALIDATED y y y
COLLECTION METHOD GRAB GRAB GRAB
IRON 22100 J 20800 J 30300 J
LEAD 12.6 J 9.7 J 8.6 J
LITHIUM 9.7 J 13.5 J 8.4 J
MAGNESIUM 1550 J 2620 J 1290 J
MANGANESE 443 J 298'J 167 J
MERCURY 0.060 J 0.058 J 0.020 J
NICKEL· 9.9 J 11.5 J 6.5 J
POTASSIUM 635 J 1550 J 810 J
SELENIUM 0.42 U 0.28 U 0.26 U
SILVER 0.03 U 0.04 U 0.03 U
SODIUM 38.6 U 69.4 U 62.0 U
STRONTIUM 15.7 J 17.1 J 8.0 J
TIN 0.59 U 0.55 U 0.49 U
TITANIUM 123 J 177 J 173 J
VANADIUM 25.1 J 33.9 J 32.4 J
ZINC 34.2 U 31.8 J 17.6 J
Miscellaneous Parameters

ICATION EXCHANGE CAPACITY (MEQ/1) I I 22 15
IPH (S.U.) .) I 7.5 5.3
ITOTAL ORGANIC CARBON (maiko) I I 1400 J 3400 J
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• •TABLE C-3
POSITIVE HITS

GROUND WATER
SWMU 16 - B146 CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 1 OF 4

•
LOCATION 16MWOl 16MW02 16MW02 16MW03 16MW04 16MW05 16MWTOl 16MWT02 16MWT03 16MWT04
NSAMPLE 16GW010l 16GW0201 16GW0202 16GW0301 16GW0401 16GW0501 16GWT010l 16GWT0201 16GWT0301 16GWT0401
SAMPLE 16GW010l 16GW0201 16GW0202 16GW0301 16GW0401 16GW0501 16GWT010l 16GWT0201 16GWT0301 16GWT0401
SUBMATRIX GW GW GW GW GW GW GW GW GW GW
DEPTH RANGE - - - - - -- - - - -
SAMPLE DATE 4/23/2003 4/24/2003 5/11/2003 . 5/11/2003 4/23/2003 4/2212003 4/22/2003 4/2212003 4/25/2003 4/2212003
VALIDATED Y Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Volatile Organics (uglL)
1,1,2-TRICHLOROETHANE 0.3 U 0.3 U 0.3 U 0.3U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U
l,l-DICHLOROETHENE 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U
4-METHYL-2-PENTANONE 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
ACETONE 0.5 UR 0.5 UR 0.5 UR 0.5 UR 0.5 UR 1.3 J 0.5 UR 0.5 UR 0.5 UR
BENZENE 0.3 U 0.3 U 0.3·U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U
BROMODICHLOROMETHANE 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U
CARBON DISULFIDE 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U
CARBON TETRACHLORIDE 0.3 U 0.3 U 15 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U
CHLOROFORM 0.3 U 0.3 U 5.6 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U
CIS-l,2-DICHLOROETHENE 0.3 U 0.3 U 0.4 J 0.3 J 0.3 U 1.9 0.3 U 0.3 U 0.3 U
TETRACHLOROETHENE 0.3 U 0.3 U. 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U
TOLUENE 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U
TRANS-l,2-DICHLOROETHENE 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U
TRICHLOROETHENE 2 0.3 U 5.6 0.5 J 0.5 J 16 1.2 0.3 U 2.2
VINYL CHLORIDE 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 J 0.3 U 0.3 U 0.3 U
Semivolatile Organics (uglLl
2-METHYLNAPHTHALENE 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U
ACENAPHTHENE 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U
BENZO(BlFLUORANTHENE 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U
CHRYSENE 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U
DIETHYL PHTHALATE 1 U 1 U 1 U 1 U 1 U . 1 U 1 U 1 U 1 U
FLUORANTHENE 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U
FLUORENE 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0;05 U
PHENANTHRENE 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U
PYRENE 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U
PYRIDINE 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
Eneraetics (uQ/L)
2-AMINO-4,6-DINITROTOLUENE 0.65 U 0.21 U 0.48 J 0.165 U 0.42 U 0.385 U 0.5 U 0.55 U
4-AMINO-2,6-DINITROTOLUENE 0.65 U 0.21 U 0.86 J 0.165 U 0.42 U 0.385 U 0.5 U 0.55 U
HMX 0.65 U 0.21 U 5.7 0.39 1.2 J 0.385 U 0.5 U 7.8
RDX 0.6 U 0.195 U 52 1.7 4.8 0.79 0.48 U 77
Inorganics (uglLl
ALUMINUM 19.2 J 85.6 60.6 U 1050 9680 5030 168 140 1050
ARSENIC 2.7 J 0.16 U 0.33 U 0.10 U 1.5 J 1.6 J 0.81 J 1.6 J 0.41 U
BARIUM 5.0 J 21.6 J 18.0 J 13.5 J 9.4 J 12.0 J 107 J 18.1 J 68.7 J
BERYLLIUM 0.16 U 0.42 U 0.34 U 0.48 U. 2.0 J 1.1 U 0.06 U 0.28 U 0.16 U
CADMIUM 0.05 U 0.31 U 0.22 U 0.17 U 0.83 J 1.1 J 0.13 U 0.20 U 0.16 U



TABLE C·3
POSITIVE HITS

GROUND WATER
SWMU 16· B146 CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 2 OF 4

LOCATION 16MW01 16MW02 16MW02 16MW03 16MW04 16MW05 16MWT01 16MWT02 16MWT03 16MWT04
NSAMPLE 16GW0101 16GW0201 16GW0202 16GW0301 16GW0401 16GW0501 16GWT0101 16GWT0201 16GWT0301 16GWT0401
SAMPLE 16GW0101 16GW0201 16GW0202 16GW0301 16GW0401 16GW0501 16GWT0101 16GWT0201 16GWT0301 16GWT0401
SUBMATRIX GW GW GW GW GW GW GW GW GW GW
DEPTH RANGE - - - - -- - - - - -
SAMPLE DATE 4/2312003 4/24/2003 5/11/2003 5/1112003 4/23/2003 4/2212003 4/2212003 4/2212003 4/25/2003 4/2212003
VALIDATED Y y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
CALCIUM 194000 J 99400 J 97300 J 48900 J 66900 J 72800 J 47200 J 39500 J 22600 J
CHROMIUM 0.27 U 0.43 U 0.29 U 0.44 U 0.55 U 0.51 U 0.56 U 0.41 U 0.68 J
COBALT 154 J 12.9 J 9.2 J 15.1 J 51.7 J 34.4 J . 3.9 J 40.9 J 7.1 J
COPPER 0.06 U 0.87 J 0.15 U 0.82 J 0.12 U 0.11 U 2.8 J 2.1 J 3.4 J
IRON 52700 J 287 J 415 J 698 J 4870 J 2190 J 5850 J 39400 J 568 J
LEAD 0.03 U 0.21 U 0.28 U 0.12 U 0.43 U 0.89 J 0.51 U 1.1 J 0.43 U
LITHIUM 328 J 32.7 J 33.6 J 33.2 J 120 J 92.7 J 0.72 U 101 J 8.5 J
MAGNESIUM 84500 J 6240 J 6480 J 14000 J 29000 J 30600 J 10900 J 25000 J 8270 J
MANGANESE 29300 J 916 J 864 J 1960 J 3710 J 2550 J 2590 J 3930 J 353 J
NICKEL 198 J 34.2 J 27.0 J 43.1 J 186 J 134 J 1.5 J 93.4 J 21.1 J
POTASSIUM 9390 J 738 J 3390 U 2780 J 3240 J 3760 J 1400 J 4260 J 1360 J
SELENIUM 0.05 U 0.05 U 0.06 U 0.36 U 0.05 U 0.05 U 0.20 U 0.32 U 0.43 U
SODIUM 25900 J 18000 J 17900 J 7190 J 13400 J 13500 J 26900 J 26700 J 18200 J
STRONTIUM 197 J 88.4 J 98.4 J 254 J 199 J 279 J 387 J 158 J 278 J
TITANIUM 1.2 J 3.8 J 3.0 J .1.0 J 2.0 J 2.0 J 4.3 J 2.9 J 8.4 J
VANADIUM 0.05 U 0.30 U 0.35 U 0.05 U 0.86 J 0.60 J 0.36 U 0.14 U 0.51 J
ZINC 157 J 50.0 J 42.9 J 69.5 J 244 J 222 J 31.9 J 108 J 15.9 J
Miscellaneous Parameters (mg/L)

IAMMONIA-N I 0.41 I 0.04 I I 0.02 I 0.08 0.03 I I 0.53 I 0.33 I 0.03 I
INITRITEINITRATE-N J 0.02 U I 0.02 U I I 0.54 J 0.02 U I 0.02 U I 0.03 0.02 U I 0.6 I
Field Parameters
DISSOLVED OXYGEN (mQlL) 0.32 0.64 1.18 1.63 0.29 0.9 4.51 0.82 0.64 5.41
OXIDATION REDUCTION POTENTIAL (MV) -130 7.1 -46.1 154.2 207.4 152 63.1 -7.1 35 79.7
PH (S.U.) 6.4 6.65 6.69 5.84 3.68 4.38 6.51 6.33 5.23 6.28
SPECIFIC CONDUCTANCE (MS/CM) 1.606 0.568 0.496 0.483 0.72 0.625 1.061 0.4 0.607 0.225
TEMPERATURE (C) 13.79 11.8 12.84 14.17 13.31 12.95 13.01 11.51 12.26 12.41
TURBIDITY (NTU) 0.05 2.2 0.4 2.8 0.5 0 999 > . 3.4 10. 9.2
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• •TABLE C-3
POSITIVE HITS

GROUND WATER·
SWMU 16 - B146 CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 3 OF 4

LOCATION 16MWT05 16MWT05 16MWT06 16MWT06
NSAMPLE 16GWT0501 16GWT0501-D 16GWT0601 16GWT0602
SAMPLE 16GWT0501 FD04240301 16GWT0601 16GWT0602
SUBMATRIX GW GW GW GW
DEPTH RANGE -- - - --
SAMPLE DATE 412412003 412412003 412812003 511112003
VALIDATED Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB
Volatile Oraanics (ua/Ll
1,1,2-TRICHLOROETHANE 0.3 U 0.3 U 38 J
1,1-DICHLOROETHENE 0.3 U 0.3 U 26 J
4-METHYL-2-PENTANONE 0.5 U 0.5 U 3.5 J
ACETONE 0.5 UR 0.5 UR 10 U
BENZENE 0.3 U 0.3 U 0.9 J
BROMODICHLOROMETHANE 0.3 U 0.3 U 0.8 J
CARBON DISULFIDE '·0.3 U 0.3 U 0.8 J
CARBON TETRACHLORIDE . 0.3 U 0.3 U 0.3 UJ
CHLOROFORM 0.3 U 0.3 U 12 J
CIS-1,2-DICHLOROETHENE 0.3 U 0.3 U 600
TETRACHLOROETHENE 0.3 U 0.3 U 13 J
TOLUENE 0.3 U 0.3 U 32 J
TRANS-l,2-DICHLOROETHENE 0.3 U 0.3 U 3.1 J
TRICHLOROETHENE 0.3 U 0.3 U 35000
VINYL CHLORIDE 0.3 U 0.3 U 65 J
.Semivolatile Oraanics (ua/L)
2-METHYLNAPHTHALENE 0.05 U .0.05 U 0.11
ACENAPHTHENE 0.05 U 0.05 U 0.07 J
BENZO(BlFLUORANTHENE 0.05 U 0.05 U 0.09 J
CHRYSENE 0.05 U 0.05 U 0.1 J
DIETHYL PHTHALATE 1 U . 1U 1 J 1 U
FLUORANTHENE 0.05 U 0.05 U 0.11
FLUORENE 0.05 U 0.05 U 0.1 J
PHENANTHRENE 0.05 U 0.05 U 0.54
PYRENE 0.05 U 0.05 U 0.2 .
PYRIDINE 1 U 1 U 1 U 9
Eneraetics (ua/Ll
2-AMINO-4,6-DINITROTOLUENE 0.375 U 0.135 U 0.34 U
4-AMINO-2,6-DINITROTOLUENE 0.375 U 0.135 U 0.34 U
HMX 0.375 U 0.135 U 0.34 U
RDX 0.355 U 0.13 U 4
Inoraanics (uaILl
ALUMINUM 6020 6120 222 J
ARSENIC 3.5 J 3.3 J 4.5 J
BARIUM 14.2 J 14.7 J 36.9 J
BERYLLIUM 4.7 J 4.2 J 0.03 U.
CADMIUM 0.21 U 0.22 U 0.05 UJ
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TABLE C-3
POSITIVE HITS

GROUND WATER
SWMU 16 - B146 CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 4 OF4

LOCATION 16MWT05 16MWT05 16MWT06 16MWT06
NSAMPLE 16GWT0501 16GWT0501-D 16GWT0601 16GWT0602
SAMPLE 16GWT0501 FD04240301 16GWT0601 16GWT0602
SUBMATRIX GW GW GW GW
DEPTH RANGE -- - - -
SAMPLE DATE 4/24/2003 4/24/2003 4/28/2003 5/11/2003
VALIDATED y y y y

COLLECTION METHOD GRAB GRAB GRAB GRAB
CALCIUM 57000 J 56800 J 96800 J
CHROMIUM 0.58 U 0.73 J 0.93 J
COBALT 92.1 J 93.4 J 2.0 J
COPPER 1.4 J 1.5 J 4.9 J
IRON 29700 J 30400 J 171 J
LEAD 1.8 J 1.9 J 0.40 U
LITHIUM 310 J 318 J 21.9 J
MAGNESIUM 27200 J 27900 J 19700 J
MANGANESE 6510 J 6680 J 482 J
NICKEL 304 J 301 J 8.1 J
POTASSIUM 3590 J 3660 J 11900 J
SELENIUM 0.19 U 0.19 U 1.2 J
SODIUM 14300 J 14700 J 37100 J
STRONTIUM 106 J 109 J 186 J
TITANIUM 3.2 J 3.1 J 4.0 J
VANADIUM 0.60 J 0.58 J . 0.80 J
ZINC 329 J 294 J 6.2 J
Miscellaneous Parameters (mQ/L)

IAMMONIA-N I 0.32 I 0.33 I 0.57 I I
INITRITEINITRATE-N I 0.02 U I 0.02 U I 0.5 I I
Field Parameters
DISSOLVED OXYGEN (mQlL) 0.2 0.48 6.94
OXIDATION REDUCTION POTENTIAL (MV) 185 -106 -117.1
PH (S.U.) 4.42 7.7 6.93
SPECIFIC CONDUCTANCE (MS/CM) 0.684 0.516 0.96
TEMPERATURE (C) 14.47 15 14.2
TURBIDITY (NTU) 6.8 8.8 43.1
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• T!tC4
POSITIVE HITS

SURFACE WATER
SWMU 16 - B146 CAST HIGH EXPl-OSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 1 OF 2

•
LOCATION 16SWOl 16SW01 16SW02 16SW02 16SW07 16SW07 16SW07 16SW07
NSAMPLE 16SW0101 16SW0101-F 16SW0201 16SW0201-F 16SW0701 16SW0701-D 16SW0701-F 16SW0701-F-D
SAMPLE 16SW0101 16SW0101F 16SW0201 16SW0201F 16SW0701 FD041 00301 16SW0701F FD04100301-F
SUBMATRIX SW SW SW SW SW SW SW SW
DEPTH RANGE - - .- - -- -- -- -
SAMPLE DATE 4/1/2003 4/1/2003 4/10/2003 4/10/2003 4/10/2003 4/10/2003 4/10/2003 4/10/2003
VALIDATED Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
Semivolatile Orqanics (uq/Ll
2-METHYLNAPHTHALENE 0.67 J 0.05 U 0.05 U 0.05 U
ACENAPHTHENE 0.9 J 0.05 UJ 0.05 UJ 0.05 UJ
ANTHRACENE 0.31 J 0.05 U 0.05 U 0.05 U
BENZ0(AIANTHRACENE 0.31 J 0.05 U 0.05 U 0.05 U
BIS(2-ETHYLHEXYLIPHTHALATE 86 BJ 2 BU 3 BU 2 BU
CHRYSENE 0.78 J 0.05 U 0.05 U 0.05 U
FLUORANTHENE 1.09 J 0.05 U 0.05 U 0.05 U
FLUORENE 0.59 J 0.05 U 0.05 U 0.05 U
NAPHTHALENE 1.3 J 0.05 U 0.05 U 0.05 U
PHENANTHRENE 1.26 J 0.05 U 0.05 U 0.05 U
PYRENE 2.34 J 0.05 U 0.05 U 0.05 U
Energetics (ualLI
2,4,6-TRINITROTOLUENE 0.455 U 0.8 U 2.1 2.1
2-AMINO-4,6-DINITROTOLUENE 0.455 U 0.8 U 0.89 J 0.86 J
4-AMINO-2,6-DINITROTOLUENE 0.455 U 0.8 U 2.2 J 2.2 J
HMX 29000 1.5 J 0.55 U 0.42 U
RDX 88000 9.2 2.9 2.9
Herbicides (uglLI

(HEXACHLOROPHENE I 0.082 J I I 0.025 U I I 0.025 U 0.025 U
IPENTACHLOROPHENOL 0.19 J I ( 0.02 J I 0.015 R I 0.016 J (

Total Metals (ugIL)
ALUMINUM 7.6 U 82.4 U 298 J 228 J
ARSENIC 0.38 U 3.4 J 2.9 J 2.9 J
BARIUM 66.3 J 91.0 J 73.4 J 72.9 J
CALCIUM 30300 J 30400 J 37100 J 36500 J
CHROMIUM 0.25 U 3.4 J 2.0 J 1.8 J
COPPER 2.0 J 17.2 J 10.7 J 11.0 J
IRON 60.5 J' 77.1 U 194 U 167 U
LEAD 0.15 U 13.1 J 4.6 J 4.6 J
MAGNESIUM 5190 J 5700 J 6560 J 6540 J
MANGANESE 44.3 J 10.6 J 5.2 J 4.9 J
MERCURY 2.0 0.020 U . 0.020 U 0.020 U
NICKEL 1.8 J 0.61 U 0.95 J 0.97 J
POTASSIUM 1640 J 839 J 2430 J 2380 J
SODIUM 12400 J 29300 J 84800 J 83300 J
STRONTIUM 190 J 213 J 226 J 233 J
TITANIUM 0.24 U 2.2 J 10.2 J 4.3 J



TABLE C-4
POSITIVE HITS

SURFACE WATER
SWMU 16 - B146 CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 2 OF 2

LOCATION 16SW01 16SW01 16SW02 16SW02 16SW07 16SW07 16SW07 16SW07
NSAMPLE 16SW0101 16SW0101·F 16SW0201 16SW0201·F 16SW0701 16SW0701-D 16SW0701-F 16SW0701-F-D
SAMPLE 16SW0101 16SW0101F 16SW0201 16SW0201F 16SW0701 FD041 00301 16SW0701F FD04100301-F
SUBMATRIX SW SW SW SW SW SW. SW SW
DEPTH RANGE - -- - - -- -- - -
SAMPLE DATE 4/1/2003 4/112003 4/10/2003 411012003 4/10/2003 4/10/2003 411012003 4/10/2003
VALIDATED Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
VANADIUM 0.05 U 0.39 U 1.2 J 1.0 J
ZINC 3.2 U· 178 J. 80.1 J 79.7 J
Dissolved Metals (ug/L)
ALUMINUM, FILTERED 575 22.3 U 49.4 U 40.4 U
ANTIMONY, FILTERED . 2.1 U 2.8 U 2.5 U 3.2 J
ARSENIC, FILTERED 0.60 U 3.2 J 2.8 J 2.8 J
BARIUM, FILTERED 70.5 J 91.5 J 71.8 J 71.4 J
CADMIUM, FILTERED 3.3 J 0.40 U . 0.15 U 0.41 U
CALCIUM, FILTERED 31000 J 29200 J 37700 J 38200 J
CHROMIUM, FILTERED 1.7 J 3.2 J 1.5 J 1.6 J
COPPER, FILTERED 17.9 J 16.2 J 9.1 J 9.3 J
IRON, FILTERED 4100 J 36.6 U 42.3 U 42.5 U
LEAD, FILTERED 26.2 J 8.4 J 1.9 U 2.3 J
MAGNESIUM, FILTERED 5310 J 5620 J 6560 J 6530 J
MANGANESE, FILTERED 23.4 J 10.1 J 2.8 U 2.9 U
NICKEL, FILTERED 2.2 J 0.50 U 0.84 J 0.80 U
POTASSIUM, FILTERED 1940 J 842 J 2370 J 2360 J
SODIUM, FILTERED 12100 J 28200 J 87000 J 89000 J
STRONTIUM, FILTERED 196 J 207 J . 234 J 237 J
TITANIUM, FILTERED 3.9 J 1.3 U 3.2 J 2.2 J
ZINC, FILTERED 78.6 J 170 J 68.0 J 68.3 J
Miscellaneous Parameters (mg/L)
AMMONIA-N 2.8 J I I 0.01 U I I 0.01 U 0.02 I I I
NITRITEINITRATE-N 3.3 J I I 0.22 I I 1.5 1.5 I I I
Field Parameters
DISSOLVED OXYGEN (mall) 10.51 10.63
OXIDATION REDUCTION POTENTIAL (MVl 90.9 89.1
PH (S.U.l 8.13 8.4
SPECIFIC CONDUCTANCE (MS/CMl 0.281 0.591
TEMPERATURE (C) 9.14 11.78
TURBIDITY (NTUl 2.1 4.2
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• •TABLE C-5
POSITIVE HIT5

SEOIMENT
SWMU 16 - B146 CAST HIGH EXPLOSIVES INCINERATOR

N5WC CRANE, INOIANA
PAGE 1 OF 4

•
LOCATION 165002 165003 165004 165005 165006 165006 165008 165009 165010
NSAMPLE 1650020004 1650030004 1650040004 1650050004 1650060004 1650060004-0 1650080004 1650090004 1650100004
SAMPLE 1650020004 1650030004 1650040004 1650050004 1650060004 F004010302 1650080004 1650090004 1650100004
5UBMATRIX SO SO SO SO SO SO SO SO SO
SACOOE NORMAL NORMAL NORMAL NORMAL ORIG OUP NORMAL NORMAL NORMAL
OEPTH RANGE 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3
SAMPLE OATE 4/1/2003 4/1/2003 4/1/2003 4/1/2003 4/112003 4/1/2003 4/1/2003 4/1/2003 4/1/2003
VALIOATEO Y Y Y Y Y Y Y Y Y
COLLECTION METHOD GRAB GRAB GRAB . GRAB GRAB GRAB GRAB GRAB GRAB
Semivolatile Organics (ug/kg)
2-METHYLNAPHTHALENE 4.4 U 5 J 4.3 U 4 U 4.1 U 4.2 U 4.4 U 4.3 U 4.3 U
ACENAPHTHENE 4.4 U 3.9 U 4.3 U 8 J 4.1 U 4.2 U 4.4 U 4.3 U 4.3 U
ACENAPHTHYLENE 4.4 U 8 5 J 4 J 4.1 U 4.2 U 4.4 U 4.3 U 4.3 U
ANTHRACENE 4.4 U 3.9 U 5 J 15 4.1 U 4.2 U 4.4 U 4.3 U 5 J
BENlO A ANTHRACENE 6 J 13 J 7 J 66 5 J 5 J 4.4 UJ 4.3 U 15
BENlO A PYRENE 8 J 3.9 UJ 12 84 7 J 7 J 4.4 UJ 4.3 U 21
BENlO B FLUORANTHENE 20 3.9 UJ 32 120 10 9 4.4 UJ 6 J 30
BENlO G,H,I)PERYLENE 11 62J 33 65 5 J 7 J 4.4 UJ 4.3 U 29
BENlO K)FLUORANTHENE 9 3.9 UJ 8 J 65 7 J 5 J 4.4 UJ 4.3 U 18
CHRYSENE 19 60 J 18 100 12 7 J 4.4 UJ 5 J 31
DI-N-BUTYL PHTHALATE 89 U 79 U 86 U 82 U 84 U 85 U 130 J 87 U 87 U
DIBENlO(A,HIANTHRACENE 4.4 U 3.9 UJ 4.3 U 18 4.1 U 4.2 U 4.4 UJ 4.3 U 4.3 U
DIPHENYLAMINE 89 U 170 J 86 U 82 U 84 UJ 460 J 90 U 140 J 87 U
FLUORANTHENE 25 22 . 12 160 11 8 J 5 J 6 J 30
FLUORENE 4.4 U 3.9 U 4.3 U 8 J 4.1 U 4.2 U 4.4 U 4.3U 4.3 U
INDENO(1,2,3-CD)PYRENE 7 J 43 J 24 55 4.1 U 6 J 4.4 UJ 4.3 U 19
NAPHTHALENE 4.4 U 6 J 4.3 U 5 J 4.1 U 4.2 U 4.4 U 4.3 U 4.3 U
PHENANTHRENE 14 14 8 J 100 6 J 6 J 4 J 4.3 U 18
PYRENE 20 44 J 17 170 13 10 9 J 6 J 39
Energetics (mg/kg)

\RDX 0.25 U I 0.27 J I 0.25 U I 0.25 U I 0.25 U I 0.25 U I 0.25 U I 0.25 U 0.25 U
Herbicides (ualko)
PENTACHLOROPHENOL I 0.6 U I 2.9 J. 7.6 0.55 U 0.56' U I 0.57 U 0.6 U I 2.6 J 9.4 J
Inorganics (maiko)
ALUMINUM 11800 6060 J 12900 J 6620 J 5560 6950 8190 J 9830 6940 J
ANTIMONY 7.8 J 69.6 J 42.0 J 35.3 J 174 J 4.8 J 4.3J 15.1 J 25.5 J
ARSENIC 11.2 J 3.4 J 8.7 J 6.6 J 3.9 J 2.6 J 8.8 J 9.8 J 14.1 J
BARIUM 1240 J 2820 J 231 J 1460 J 1680 J 357 J 143 J 572 J 257 J
BERYLLIUM 0.63 J 0.39 U 0.56 J 0.43 J 0.52 J 0.41 U 0.59 J 0.56 J 0.88 J
CADMIUM 4.8 J 18.1 J 7.1 J 18.1 J 19.5 J 4.5 J 0.80 J 11.1 J 6.8 J
CALCIUM 2980 J 54200 J 2450 J 59800 J 28600 J 6760 J 1520 J 4240 J 1480 J
CHROMIUM 20.5 J 15.4 J 19.6 J 24.7 J 23.8 J 12.9 J 13.3 J 19.6 J 68.5 J
COBALT 12.4 J 3.4 J 11.2 J 9.3 J 6.3 J 4.3 J 12.8 J 11.6 J 14.0 J
COPPER 172 J 1980 J 68.7 J 1790 J 2570 J 274 J 85.3 J 332 J 250 J
IRON 30600 J 21000 J 25500 J 25800 J 30500 J 20900 J 18200 J 25700 J 65100 J
LEAD 770J 4990 J 229 J 3570 J 15200 J 2510 J 336 J 1480 J 1010 J



TABLE C-5
POSITIVE HITS

SEOIMENT
SWMU 16 - B146 CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INOIANA
PAGE 2 OF4

LOCATION 16S002 16S003 16S004 16S005 16S006 16S006 16S008 16S009 16S010
NSAMPLE 16S0020004 16S0030004 16S0040004 16S0050004 16S0060004 16S0060004-0 16S0080004 16S0090004 16S0100004
SAMPLE 16S0020004 16S0030004 16S0040004 16S0050004 16S0060004 F004010302 16S0080004 16S0090004 16S0100004
SUBMATRIX SO SO SO SO SO SO SO SO SO
SACOOE NORMAL NORMAL NORMAL NORMAL ORIG OUP NORMAL NORMAL NORMAL
OEPTH RANGE 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3 0-0.3
SAMPLE OATE 4/1/2003 4/1/2003 4/1/2003 4/1/2003 4/112003 4/1/2003 4/1/2003 4/1/2003 4/1/2003
VALIOATEO y y y y y y y y y

COLLECTION METHOO. GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB GRAB
LITHIUM 8.8 J 2.9 J 10.4 J 4.7 J 4.1 J 5.1 J 7.2 J 8.1 J 4.5 J
MAGNESIUM 1620 J 4820 J 2100 J 6080 J 2220 J 1320 J 1310 J 1540 J 677 J
MANGANESE 893 J 175J 300 J 790 J 376 J 63.9 J 966 J 596 J 918 J
MERCURY 0.17 J 2.7 J 0.35 J 0.18 J 0.22 J 0.006 J 0.080 J 0.10 J 1.1 J
NICKEL 13.5 J 12.5 J 13.2 J 17.6 J 16.5 J 8.8 J 10.6 J 12.1 J 12.1 J
POTASSIUM 606 J 282 J 645 J 350 J 438 J 581 J 492 J 605 J 328 J
SELENIUM 0.55 J 0.17 U 0.46 J 0.33 J 0.14 U 0.12 U 0.50 J 0.47 J 0.39 J
SODIUM 40.2 U 43.8 U 23.6 U 34.4 U 20.6 U 18.5 U 44.0 U 16.3 U 11.7 U
STRONTIUM 51.0 J 2740 J 109 J 791 J 886 J 196 J 62.2 J 227 J 57.8 J
TIN 2.2 J 12.3 J 3.2 J 12.5 J 19.0 J 1.1 J 1.1 J 2.4 J 2.8 J
TITANIUM 82.5 J 35.7 J 156 J 64.3 J 9.4 J 20.6 J 112 J 60.7 J 95.3 J
VANADIUM 34.9 J 12.8 J 35.8 J 21.0 J 17.1 J 16.1 J 25.0 J 29.5 J 48.9 J'
ZINC 1700 J 23400 J 952 J 14300 J 7700 J 826 J 573 J 1570 J 2330 J
AVSlSEM Parameters (UMO/a)
ACID VOLATILE SULFIDE 0.53 0.56 0.54 0.59
CADMIUM, SEM 0.024 J 0.145 J 0.084 J 0.075 J
COPPER, SEM 1.83 18.3 17.4 4.98
LEAD, SEM 2.6 16.3 14.6 4.14
MERCURY, SEM 0.00011 0.00014 0.00009 0.00015
NICKEL, SEM 0.028 0.068 0.063 0.035
SEM/AVS S.U. 51 220 190 50
ZINC, SEM 22.4 J 91 J 72.6 J 20.6 J
Miscellaneous Parameters
CATION EXCHANGE CAPACITY (MEQ/ll 25 J I I 5.7 J 17 J I 18 J I I
PH (S.U.l 7.4 I I 8 8 I 7.8 I I
TOTAL ORGANIC CARBON (motkQl 8600 I I 1600 1000 u. I 3900 I I

• • •



• •TABLE C·S
POSITIVE HITS

SEDIMENT
SWMU 16· B146 CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 3 OF 4

LOCATION 16SDll 16SDll
NSAMPLE 16SDll0004 16SDll0004·D
SAMPLE 16SDll0004 FD04010301
SUBMATRIX SD SD
SACODE ORIG DUP
DEPTH RANGE 0·0.3 0·0.3
SAMPLE DATE 4/1/2003 4/1/2003
VALIDATED Y Y
COLLECTION METHOD GRAB GRAB
Semivolatile Organics lualkal
2-METHYLNAPHTHALENE 5.8 U 6 J
ACENAPHTHENE 5.8 U . 5.9 U
ACENAPHTHYLENE 5.8 U 6 J
ANTHRACENE 6 J 9 J
BENZO A ANTHRACENE 31 J 52 J
BENZO A PYRENE 43 J 69 J
BENZO B FLUORANTHENE 57 J 87 J
BENZO G,H,I)PERYLENE 63 J 110 J
BENZO K)FLUORANTHENE 28 J 59 J
CHRYSENE .' 52 74 J
DI·N·BUTYL PHTHALATE 120 U 120 U
DIBENZO A,H)ANTHRACENE 5.8 UJ 5.9 UJ
DIPHENYLAMINE 120 U 120 U
FLUORANTHENE 55 85
FLUORENE 5:8 U 5.9 U
INDENO(1,2,3·CD)PYRENE 38 J 73 J
NAPHTHALENE 5.8 U 5.9 U
PHENANTHRENE 30 42
PYRENE 88 130 J
Energetics {mglk91

IRDX -_-L 0.2~ I 0.25 U I
Herbicides {ua/kal
PENTACHLOROPHENOL 19 J I 24 J
Inorganics (malkq)
ALUMINUM 10300 J 9650 J
ANTIMONY 8.1 J 7.6 J
ARSENIC 10.3 J 8.4 J
BARIUM 171 J 351 J
BERYLLIUM 0.80 J 0.64 J
CADMIUM 3.0 J 3.4 J
CALCIUM 7740 J 9750 J
CHROMIUM 27.0 J 17.7 J
COBALT 10.2 J 13.1 J
COPPER 266 J 282 J
IRON 28500 J 20900 J
LEAD 1120 J 991 J
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TABLE C-S
POSITIVE HITS

SEDIMENT
SWMU 16 - B146 CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 4 OF 4

LOCATION 16S011 16S011
NSAMPLE 16S0110004 16S0110004-0
SAMPLE 16S0110004 F004010301
SUBMATRIX SO SO
SACOOE ORIG OUP
DEPTH RANGE 0-0.3 0-0.3
SAMPLE DATE 411/2003 411/2003
VALIDATED Y Y
COLLECTION METHOD GRAB GRAB
LITHIUM 8.1 J 8.4 J
MAGNESIUM 1700 J 1870 J
MANGANESE 976 J 1630 J
MERCURY 0.25 J 0.26 J
NICKEL 22.5 J 22.6 J
POTASSIUM 589 J 672 J
SELENIUM 0.90 J 0.98 J
SODIUM 160 J 203 J
STRONTIUM 58.0 J 79.0 J
TIN 5.3 J 4.3 J
TITANIUM 100 J 103 J
VANADIUM 40.3 J 35.3 J
ZINC 2680 J 2250 J
AVS/SEM Parameters (UMO/g)
ACID VOLATILE SULFIDE
CADMIUM, SEM
COPPER, SEM
LEAD, SEM
MERCURY, SEM
NICKEL, SEM
SEM/AVS S.U.
ZINC, SEM
Miscellaneous Parameters

ICATION EXCHANGE CAPACITY (MEQ/1)
IPH (S.U.)
ITOTAL ORGANIC CARBON (mg/kq)

• •
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• TAtl-1
FREQUENCY OF DETECTION

SURFACE SOIL
SWMU 16 - 8146 CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 1 OF3

•
Volatiles-_._-----

730 NA 3900000 3100 1600000 2500 67-64-1 ACETONE 3 J 71 J UG/KG 16SS290002 8/39 1.1 - 8
20 NA 110000 400 43000 783.73 156-59-2 CIS-1,2-DICHLOROETHENE 2 J 23 UG/KG 16SS390002 2/39 1-1.3

28000 250000 NA NA 94000 39500 75-71-8 DICHLORODIFLUOROMETHANE 10 J 10 J UG/KG 16SS330002 1/39 1-1.3
180 1500000 11000000 3500 1700000 4690 100-42-5 STYRENE 1 J 1 J UG/KG 16SS040002 1/39 1- 1.3
590 650000 1700000 12000 520000 5450 108-88-3 TOLUENE .1 J 1 J UG/KG 16SS160002 1/39 1-1.3
34 NA 180000 680 69000 783.73 156-60-5 TRANS-1,2-DICHLOROETHENE 1 J 2 J UG/KG 16SS030002 4/39 1-1.3
34 NA 180000 680 69000 783.73 156-60-5 TRANS-1,2-DICHLOROETHENE 1 J 2 J UG/KG 16SS390002 4/39 1-1.3
2.8 4600 45000 57 53 12400 79-01-6 TRICHLOROETHENE 2 J 86 UG/KG 16SS390002 4/39 1-1.3 .

8000 1100000 NA NA 390000 16400 75-69-4 TRICHLOROFLUOROMETHANE 2 J 3 J UG/KG 16SS130002 31/39 1- 1.3
8000 1100000 NA NA 390000 16400 . 75-69-4 TRICHLOROFLUOROMETHANE 2 J 3 J UGIKG 16SS230002 31/39 1- 1.3
8000 . 1100000 NA NA 390000 16400 75-69-4 TRICHLOROFLUOROMETHANE 2 J 3 J UGIKG 16SS240002 31/39 1-1.3
8000 1100000 NA NA 390000 16400 75-69-4 TRICHLOROFLUOROMETHANE 2 J 3 J UGlKG 16SS290002 31/39 1-1.3
8000 1100000 NA NA 390000 16400 75-69-4 TRICHLOROFLUOROMETHANE 2 J 3 J UGIKG 16SS330002 31/39 1-1.3
8000 1100000 NA NA 390000 16400 75-69-4 TRICHLOROFLUOROMETHANE 2 J 3 J . UG/KG 16SS350002 31/39 1- 1.3
7800 990000 1100000 2300 430000 12700 108-05-4 VINYL ACETATE 1 J 1 J UGIKG 16SS190002 2/39 1- 1.3
7800 990000 1100000 2300 430000 12700 108-05-4 VINYL ACETATE 1 J 1 J UGIKG 16SS350002 2/39 1-1.3

Semivolatiles
NA NA 3700000 16000 56000 3240 91-57-6 2-METHYLNAPHTHALENE 4 J 94 UG/KG 16SS030002 2/39 3.4 - 4.3

31000 NA 9500000 130000 3700000 682000 83-32-9 ACENAPHTHENE 5 J 1800 UG/KG 16SS030002 2/39 3.5-4.3
NA NA NA NA 3700000 682000 208-96-8 ACENAPHTHYLENE 4 J 680 UG/KG 16SS030002 3/39 3.5-4.3

650000 NA 47000000 51000 22000000 1480000 120-12-7 ANTHRACENE 5 J 3500 UGIKG 16SS030002 4/39 3.5 -4.3
80 NA 5100 19000 620 5210 56-55-3 BENZO A ANTHRACENE 4 J 9600 UGlKG 16SS030002 12/39 3.5-4.3
410 NA 510 8200 62 1520 50-32-8 BENZO A PYRENE 4 J 8400 UG/KG 16S5030002 13/39 3.5-4.3
200 NA 5100 57000 620 59800 205-99-2 BENZO B FLUORANTHENE 4 J 9200 UGlKG 16SS030002 16/39 3.5-4.2
NA NA NA NA 2300000 119000 191-24-2 BENZO G,H,llPERYLENE 4 J 5100 UGlKG 16S5030002 12/39 3.5-4.3

2000 NA 51000 39000 6200 148000 207-08-9 BENZO K)FLUORANTHENE 4 J 5000 UG/KG 1655030002 11/39 3.5 - 4.3
180000 NA 310000 3600000 35000 925.94 117-81-7 BIS(2-ETHYLHEXYLjPHTHALATE 92 J 1200 UG/KG 1655040002 9/39 69 -730
8000 NA 510000 26000 62000 4730 218-01-9 CHRY5ENE 4 J 11000 UGlKG 165S030002 15/39 3.5-4.3

80 NA 510 18000 62 18400 53-70-3 DIBENZO A,HjANTHRACENE 8 1600 UG/KG 16S5030002 3/39 3.5 - 4.3
2400 NA 730000 9700 290000 NA 132-64-9 DIBENZOFURAN 560 J 560 J UG/KG 1655030002 1/39 69-87

310000 NA 6300000 880000 2300000 122000 206-44-0 FLUORANTHENE 4 J 19000 UGIKG 16S5030002 15/39 3.5 -4.3
41000 NA 6300000 170000 2600000 122000 86-73-7 FLUORENE 4 J 2300 UGIKG 16S5030002 4/39 3.5-4.3

700 NA 5100 3100 620 109000 193-39-5 INDENO(1,2,3-CDjPYRENE 5 J 4400 UGlKG 16SS030002 10/39 3.5 -4.3
3100 170000 3200000 700 56000 99.39 91-20-3 NAPHTHALENE 4 J 180 UGIKG 1655030002 3/39 3.4 - 4.3
NA NA NA NA 2300000 45700 85-01-8 PHENANTHRENE 4 J 8700 UG/KG 165S030002 8/39 3.5-4.3

230000 NA 5500000 570000 2300000 78500 129-00-0 PYRENE 4 J 35000 UGIKG . 16SS030002 17/39 3.5 - 4.3
NA NA NA NA NA 403.98 94-59-7 5AFROLE 340 J 15000 UG/KG 1655130002 5/39 69-150

Explosives
NA NA NA NA 3100 NA 2691-41-0 HMX 0.34 J 0.34 J MGIKG 1655330002 1/39 0.25

Herbicides
570000 NA NA NA 18000 198.78 70-30-4 HEXACHLOROPHENE 2.6 J 2.6 J . UGlKG 165S030002 1/39 0.62 -1.1

1.4 NA 20000 28 3000 119.27 87-86-5 PENTACHLOROPHENOL 0.79 J 14 I UG/KG I 1655050002 4/39 0.46 - 0.58

Minimum Minimum Maximum Maximum
Sample Containing

Detection Range ofCAS
Units MaximumSSLDAF1 SSLINH IDCLRESD IDCLRSGW R9S0RES R5DQLSO

Number
Chemical

Concentration Qualifier Concentration Qualifier Frequency NondetectsConcentration
~. . ."



TABLE 0-1
FREQUENCY OF DETECTION

SURFACE SOIL
SWMU 16 - B146 CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 2 OF 3

CA5 Minimum Minimum Maximum Maximum
5ample Containing

Detection Range of
55LDAF1 55L1NH IDCLRE5D IDCLR5GW R950RE5 RSDQL50 Chemical Units Maximum

Number Concentration Qualifier Concentration Qualifier
Concentration

Frequency Nondetects

DioxinslFurans
. NA NA NA NA 39000 0.199 3268·87·9 1,2,3,4,6,7,8,9·0CDD 49.4 11500 NGIKG 1655330002 26/28 89.4 • 815

NA NA NA NA 39000 38.6 39001-02-0 1,2,3,4,6,7,8,9-0CDF 0.62 J 20.1 NG/KG 1655130002 9/28 0.2 -2.6
NA NA NA NA 390 0.199 35822-46-9 1,2,3,4,6,7,8-HPCDD 1.1 J 151 NGIKG 1655060002 27/28 1.5
'NA NA NA NA 390 38.6 67562-39-4 1,2,3,4,6,7,8-HPCDF 0.33 J 8 NGIKG 1655130002 10/28 0.07 - 6.2
NA NA NA NA 390 38.6 55673-89-7 1,2,3,4,7,8,9-HPCDF 1.8 J 1.8 J NG/KG 1655130002 1/28 0.08 -1.2
NA NA NA NA 39 0.199 39227-28-6 1,2,3,4,7,8-HXCDD 0.2 J 1.5 J NGIKG 1655270002 6/28 0.1 -0.82
NA NA' NA NA 39 38.6 70648-26-9 1,2,3,4,7,8-HXCDF 0.17 J 0.98 J NGIKG 1655130002 9/28 0.05 - 0.44
NA NA NA NA 39 0.199 57653-85-7 1,2,3,6,7,8-HXCDD 0.27 J 2.5 J NGIKG 1655270002 8/28 0.09 - 0.92
NA NA NA NA 39 38.6 57117-44-9 1,2,3,6,7,8-HXCDF 0.24 J 0.64 J NGIKG 1655130002 4/28 0.04 - 0.4

3200 2500000 NA NA 39 0.199 19408-74-3 1,2,3,7,8,9-HXCDD 0.47 J 4.7 J NGIKG 1655270002 14/28 0.1-1.1
NA NA NA NA 39 38.6 72918-21-9 1,2,3,7,8,9-HXCDF 0.25 J 0.81 J NGIKG 1655160002 3/28 0.06 - 0.5
NA NA NA NA 3.9 0.199 40321-76-4 1,2,3,7,8-PECDD 0.14 J 1.5 J NGIKG 1655320002 3/28 0.1-0.8
NA NA NA NA 39 38.6 60851-34-5 2,3,4,6,7,8-HXCDF 0.12 J 0.75 J NGIKG 1655270002 5/28 0.05·0.4
NA NA NA NA 39 38.6 51207-31-9 2,3,7,8-TCDF 0.51 J 0.75 J NG/KG 1655270002 2/28 0.05 - 0.4
NA NA NA NA NA NA 37871-00-4 TOTAL HPCDD 2.3 302 NG/KG 1655270002 27/28 3.3
NA NA NA NA NA NA 38998-75-3 TOTAL HPCDF 0.48 J 27.5 J NG/KG 1655130002 12/28 0.08 -1.4
NA NA NA NA 9.4 NA 34465-46-8 TOTAL HXCDD 1.6. 45.9 NGIKG 1655270002 20/28 0.1·2
NA NA NA NA NA NA 55684-94-1 TOTAL HXCDF 0.17 11.7 J NG/KG 1655270002 15/28 0.05 - 0.51

. NA NA NA NA NA NA 36088-22-9 TOTAL PECDD 0.34 4.4 J . NGIKG 1655270002 5/28 0.1-0.8
NA NA NA NA NA NA 30402-15-4 TOTAL PECDF 1.3 J 7.6 J NGIKG 1655130002 8/28 0.07 -0.87
NA NA NA NA NA NA 55722-27-5 TOTAL TCDF 0.26 13.3 J NGIKG 1655320002 6/28 0.05 -7.9

Inorganics
NA NA NA NA 76000 NA 7429-90-5 ALUMINUM 1780 J 23800 J MG/KG 1655110002 38/39 3610

0.27 NA 140 5.4 31 0.1423 7440-36-0 ANTIMONY 0.51 J 27.2 J MG/KG 1655140002 14/39 0.19-3.4
0.29 770 3.9 29 0.39 5.7 7440-38-2 AR5ENIC 0.75 J 11.2 J MG/KG 1655300002 39/39 NA
82 710000 24000 1700 5400 1.04 7440-39-3 BARIUM 11.9 J 303 J MG/KG 1655130002 39/39 NA
32 1400 680 63 150 1.06 7440-41-7 BERYLLIUM 0.23 J 1.4 J MG/KG 1655170002 23/39 0.06-0.64

0.38 1800 12 7.5 37 0.00222 7440-43-9 CADMIUM 0.19 J 2.8 J MGIKG 1655150002 15/39 0.13 - 0.66
NA NA NA NA NA NA 7440-70-2 CALCIUM 212 J 246000 J MGlKG 1655030002 36/39 152 - 236
2 280 NA NA 30 0.4 7440-47-3 CHROMIUM 4.3 J 28.9 J MG/KG 1655110002 39/39 NA

NA NA NA NA 900 0.14033 7440-48-4 COBALT 0.87 J 25.9 J MGlKG 1655170002 39/39 NA
560 NA 13000 580 3100 2.96 7440-50-8 COPPER 2.4 J 413 J MG/KG 1655150002 39/39 NA
NA NA NA NA 23000 NA 7439-89-6 IRON 2170 J 43000 J MG/KG 1655200002 39/39 NA
NA NA 400 81 400 0.05373 7439-92-1 LEAD 3.5 J 1240 J MGIKG 1655140002 38/39 14.8
NA NA NA NA 1600 NA 7439-93-2 LITHIUM 0.81 J 21.5 J . MGIKG 1655170002 37/39 4.3- 5.6-

MAGNE51UM MGIKG 1655030002NA NA NA NA NA NA 7439-95-4 105 J 62500 J 39/39 NA
110 69000 NA NA 1800 NA ' 7439-96-5 MANGANE5E 3.8 J 1040 J. MG/KG 1655130002 39/39 NA
0.1 2.9 55 2.1 23 0.073 7439-97-6 MERCURY 0.015 J 0.22 J MGIKG 1655050002 24/39 0.002 - 0.021
48 NA 6900 950 1600 13.6 7440-02-0 NICKEL 0.71 J 41.3 J MGIKG 1655170002 39/39 NA
NA NA NA NA' NA NA . 7440-09-7 POTA551UM 206 J 2240 J MG/KG 1655110002 39/39 NA

0.26 NA 1700 5.2 390 0.02765 7782-49-2 5ELENIUM 0.16 J 0.31 J. MG/KG 1655320002 2/39 0.03 - 0.54
1.6 NA 1700 31 390 4.04 7440-22-4 51LVER 0.28 J 0.28 J MG/KG 1655330002 1/39 0.02 c0.26

• • •



• TA_.1
FREQUENCY OF DETECTION

SURFACE SOIL
SWMU 16·8146 CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 3 OF3

•
CAS Minimum Minimum Maximum' Maximum Sample Containing

Detection Range of
SSLDAF1 SSLINH IDCLRESD IDCLRSGW R9S0RES R5DQLSO

Number
Chemical

Concentration Qualifier Concentration Qualifier
Units Maximum

Frequency Nondetects
Concentration

NA NA NA NA NA NA 7440-23-5 50DIUM 162 J 496 J MG/KG 1655030002 3/39 12.7.-84.9
770 NA NA NA 47000 NA 7440-24-6 5TRONTIUM 4.5 J 252 J MG/KG 1655030002 39/39 ·NA
0.04 NA 31 2.9 5.2 0.05692 7440-28-0 THALLIUM 0.16 J 0.32 J MG/KG 1655110002 2/39 0.03 - 0.26
NA NA NA NA 47000 7.62 7440-31-5 TIN 0.25 J 12.3 J MG/KG 1655080002 6/39 0.32 - 2.4
NA NA NA NA NA NA 7440-32-6 TITANIUM 7.5 J 348 J MG/KG 1655110002 39/39 NA
260 NA NA NA 550 1.59 7440-62-2 VANADIUM 3.6 J 52.8 J MG/KG 1655110002 39/39 NA
680 NA 100000 14000 23000 6.62 7440-66-6 ZINC 24 J 1560 J MG/KG 1655130002 26/39 5.2 - 2510

Miscellaneous Parameters
NA NA NA NA NA NA TINUS014 CATION EXCHANGE CAPACITY 7.4 22 : MEQ/1 1655240002 m NA
NA NA NA NA NA NA TINUS002 PH 5.2 8 5.U. 1655020002 m NA
NA NA NA NA NA NA TINUS003 TOTAL ORGANIC CARBON 1000 J 6200 J MG/KG 1655120002 6/7 1000

Associated Samples:
1655010002 1655210002 .. ~.

1655020002 1655220002 ..
1655030002 1655230002 ::;:.-...~
1655040002 1655240002 ..>. _.' ..... ~.: :.rr
1655050002 1655250002

. . , ~

¥','
"",,,..,

1655260~J
. -~..~...--.-

1655060002 ~?::

1655070002 1655270002 '"

1655080002 1655280002 . :/:

1655090002 1655290002 -- :.~.~~
1655100002 1655300002

... rl'
.-;-....t.

1655110002 1655310002
1655120002 1655320002
1655130002 1655330002
1655140002 1655340002
1655150002 1655350002
1655160002 1655360002
1655170002 1655370002
1655180002 1655380002
1655190002 1655390002
1655200002
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• • ••TABLE 0-2
FREQUENCY OF DETECTION

SUBSURFACE SOIL
SMWU 16 - B146 CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 1 OF2

Volatiles

Sample
CAS Minimum Minimum Maximum Maximum

Units
Containing Detection Range of

SSLDAF1 SSLINH IDCLRESD IDCLRSGW R9S0RES R5DQLSO
Number

Chemical
Concentration Qualifier Concentration Qualifier Maximum Frequency Nondetects

Concentration
••• _0.

730 NA 3900000 3100 1600000 2500 67-64-1 ACETONE 4 J 14 J UG/KG 168B410507 2/9 1.1 -1.2
20 NA 110000 400 43000 783.73 156-59-2 CI8-1,2-DICHLOROETHENE 200 200 UG/KG 168B390203 1/9 1.1 -1.2
34 NA 180000 680 69000 783.73 156-60-5 TRAN8-1,2-DICHLOROETHENE 12 12 UG/KG 168B390203 1/9 1.1 - 1.2
2.8 4600 45000 57 53 12400 79-01-6 TRICHLOROETHENE 4 280 UG/KG 168B390203 2/9 1.1 - 1.2

8000 1100000 NA NA 390000 16400 75-69-4 TRICHLOROFLUOROMETHANE 2 J 2 J UG/KG 168B010406 7/9 1.2
8000 1100000 NA NA 390000 16400 75-69-4 TRICHLOROFLUOROMETHANE 2 J 2 J UG/KG 168B020406 7/9 1.2
8000 1100000 NA NA 390000 16400 75-69-4 TRICHLOROFLUOROMETHANE 2 J 2 J UG/KG 168B380203 7/9 1.2
8000 1100000 NA NA 390000 16400 75-69-4 TRICHLOROFLUOROMETHANE 2 J 2 J UG/KG 168B390203 7/9 1.2
8000 1100000 NA NA 390000 16400 75-69-4 TRICHLOROFLUOROMETHANE 2 J 2 J UG/KG 168B400506 7/9 1.2
8000 1100000 NA NA 390000 16400 75-69-4 TRICHLOROFLUOROMETHANE 2 J 2 J UG/KG 168B400608 7/9 1.2
8000 1100000 NA NA 390000 16400 75-69-4 TRICHLOROFLUOROMETHANE 2 J 2 J UG/KG 168B410507 7/9 1.2

Semivolatiles

NA NA 3700000 16000 56000 3240 91-57-6 2-METHYLNAPHTHALENE 4 J 4 J UG/KG 168B410507 1/27' 3.5 -4.1
80 NA 5100 19000 620 5210 56-55-3 BENZO A ANTHRACENE 4 J 7 J UG/KG 168B340203 2/27 3.5 -4.1

410 NA 510 8200 62 1520 50-32-8 BENZO A PYRENE 6 J 10 UG/KG 168B340203 2/27 3.5 - 4.1
200 NA 5100 57000 620 59800 205-99-2 BENZO B FLUORANTHENE 8 J 16 J UGIKG 168B340203 2/27 3.5-4.1
NA NA NA NA 2300000 119000 191-24-2 BENZO G,H,llPERYLENE 6 J 6 J UGIKG 168B340203 1/27 3.5-4.1

2000 NA 51000 39000 6200 148000 207-08-9 BENZO KlFLUORANTHENE 6 J . 13 UG/KG 168B340203 2/27 3.5 -4.1
180000 NA 310000 3600000 35000 925.94 117-81-7 BI8(2-ETHYLHEXYLjPHTHALATE 86 J 1400 .UG/KG 168B410507 3/27 70 -1000
8000 NA 510000 26000 62000 4730 218-01-9 CHRY8ENE 6 . J 10 UG/KG 168B340203 3/27 3.5-4.1

310000 NA 6300000 880000 2300000 122000 206-44-0 FLUORANTHENE 6 J 9 UG/KG 168B340203 2/27 3.5 -4.1
700 NA 5100 3100 620 109000 193-39-5 INDENO(1,2,3-CD)PYRENE 6 J 6 J UGIKG 168B340203 1/27 3.5 - 4.1
NA NA NA NA NA 9940 120-58-1 1808AFROLE 150 J 150 J UGIKG 168B410507 1/27 70-83

3100 170000 3200000 700 56000 99.39 91-20-3 NAPHTHALENE 5 J 6 J UGIKG 168B410507 . 2/27 3.5 -4.1
NA NA NA NA 2300000 45700 85-01-8 PHENANTHRENE 6 J 6 J UG/KG 168B410507 1/27 3.5 -4.1

230000 NA 5500000 570000 2300000 78500 129-00-0 PYRENE 6 J 12 UG/KG 168B340203 3/27 3.5-4.1
NA NA NA NA NA 403.98 94-59-7 8AFROLE 480 67000 UG/KG 168B410507 2/27 70-83

Herbicides

570000 NA NA NA 18000 198.78 70-30-4 HEXACHLOROPHENE 0.96 J 0.96 J UG/KG 168B260204 I 1/27 I 0.68 -1
1.4 NA 20000 28 3000 119.27 87-86-5 /PENTACHLOROPHENOL 1.6 I J I 1.6 I J I UGIKG I 168B300203 1/27 0.47 - 0.56

Inorganics

NA NA NA NA 76000 NA 7429-90-5 ALUMINUM 1540 J 18600 J MGIKG 168B410305 27/27 NA
0.27 NA 140 5.4 31 0.1423 7440-36-0 ANTIMONY 0.33 J 0.62 J MGIKG . 168B360203 3/27 0.14 - 1.5
0.29 770 3.9 29 0.39 5.7 7440-38-2 AR8ENIC 0.35 J 10.2 J MGIKG 168B320204 27/27 NA

82 710000 24000 1700 5400 1.04 7440-39-3 BARIUM 9.1 J 119 J MGIKG 168B320204· 27/27 NA

32 1400 680 63 150 1.06 7440-41-7 BERYLLIUM 0.2 J 2.4 J MGIKG 168B180203 12/27 0.17 - 0.53

0.38 1800 12 7.5 37 0.00222 7440-43-9 CADMIUM 0.19 J 0.74 J MG/KG 168B180203 7/27 0.09 - 0.28

NA NA NA NA NA NA 7440-70-2 CALCIUM 68.7 J 2150 J MG/KG 168B340203 25/27 192 - 380

2 280 NA NA 30 0.4 7440-47-3 CHROMIUM 5.1 J 25.1 J MGIKG 168B130204 27/27 NA

NA NA NA NA 900 0.14033 7440-48-4 COBALT 0.54 J 15.7 J MG/KG 168B170204 27/27 NA



TABLE 0-2
FREQUENCY OF DETECTION

SUBSURFACE SOIL
SMWU 16 - B146 CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
PAGE 2 OF 2

Sample

SSLDAF1 SSLINH IDCLRESD IDCLRSGW R9S0RES R5DQLSO
CAS

Chemical
Minimum Minimum Maximum Maximum

Units
Containing Detection Range of

Number Concentration Qualifier Concentration Qualifier Maximum Frequency Nondetects
Concentration

560 NA 13000 580 3100 2.96 7440-50-8 COPPER 3.6 J 34.8 J MG/KG 1658180203 27/27 NA
NA NA NA NA 23000 NA 7439-89-6 IRON 3630 J 30300 J MG/KG 1658410507 27/27 NA
NA NA 400 81 400 0.05373 7439-92-1 LEAD 3.4 J 34 J MG/KG 1658360203 26/27 7.9

. NA NA NA NA 1600 NA 7439-93-2 LITHIUM 3.4 J 23.6 J MGIKG 1658170204 18/27 2- 6.3
NA NA NA NA NA NA 7439-95-4 MAGNE51UM 279 J 2620 J MG/KG 1658410305 27/27 NA
110 69000 NA NA 1800 NA 7439-96-5 MANGANE5E 3.2 J 415 J MG/KG 1658390203 27/27 NA
0.1 2.9 55 2.1 23 0.073 7439-97-6 MERCURY 0.003 J 0.079 J MG/KG 1658180203 15/27 0.002 - 0.012
48 NA 6900 950 1600 13.6 7440-02-0 NICKEL 2 J 35.6 J MGIKG 1658170204 27/27 NA
NA NA NA NA NA NA 7440-09-7 POTA551UM 225 J . 2070 J MGIKG 1658130204 27/27 NA

0.26 NA 1700 5.2 390 0.02765 7782-49-2 5ELENIUM 0.22 J 0.63 J MG/KG 1658180203 2/27· 0.02 - 0.38
1.6 NA 1700 31 390 4.04 7440-22-4 51LVER 0.42 J 0.42 J MG/KG 1658340203 1/27 0.02 - 0.14
NA NA NA NA NA NA 7440-23-5 50DIUM 50.5 J 50.5 J MGIKG 1658320204 1/27 13.9 -75.8
770 NA NA NA 47000 NA 7440-24-6 5TRONTIUM 2.8 J 21.8 J MG/KG 1658130204 27/27 NA
NA NA NA NA 47000 7.62 7440-31-5 TIN 0.31 J ' 1.3 J MGlKG 1658320204 5/27 0.22 - 0.67
NA NA NA NA NA NA 7440-32-6 TITANIUM 12.2 J 177 J MGIKG 1658410305 27/27 NA
260 NA NA NA 550 1.59 7440-62-2 VANADIUM 2.9 J 33.9 J MG/KG 1658410305 27/27 NA
680 NA 100000 14000 23000 6.62 7440-66-6 ZINC 10.2 J 83.3 J MG/KG 1658360203 19/27 4.5 - 39.7

Miscellaneous Parameters
NA NA NA NA NA NA TTNU501 CATION EXCHANGE CAPACITY 15 25 MEQ/1 1658120204 6/6 NA .
NA NA NA NA NA NA TTNU500 PH 4.9 7.5 5.U. 1658410305 6/6 NA
NA NA NA NA NA NA TTNU500 TOTAL ORGANIC CAR80N 1400 J 14000 J MG/KG 1658180203 6/6 NA

•

Associated Samples:
1658010406
1658020406
1658110204
1658120204
1658130204
1658170204
1658180203
1658190203
1658220203
1658230203
1658240203
1658250203
1658260204
1658270203

•

1658280203
1658290203
1658300203
1658320204
1658330204
1658340203
1658360203
1658380203
1658390203
1658400506
1658400608
1658410305
1658410507

•
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GROUNDWATER
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•
Minimum Minimum Maximum Maximum

Sample Containing
Detection Range of

FEDMCL FEDSMCL R9TAPW IDCLRGDF CAS Number Chemical Units Maximum
Concentration Qualifier Concentration Qualifier

Concentration
Frequency Nondetects

Volatile Organics
5 NA 0.2 5 79-00-5 1,1,2-TRICHLOROETHANE 38 J 38 J UGIL 16GWT0601 1/11 0.3
7 NA 340 7 75-35-4 . 1,I-DICHLOROETHENE 26 J 26 J UGIL 16GWT0601 1/11 0.3

NA NA 160 210 108-10-1 4-METHYL-2·PENTANONE 3.5 J 3.5 J UGIL 16GWT0601 1/11 0.5
NA NA 610 770 67-64-1 ACETONE 1.3 J 1.3 J UGIL 16GWT0101 1/2 10
5 NA 0.34 5 71-43-2 BENZENE 0.9 J 0.9 J UGIL 16GWT0601 1/11 0.3
80 NA 0.18 100 75-27-4 BROMODICHLOROMETHANE 0.8 J 0.8 J UGIL 16GWT0601 1/11 0.3
NA NA 1000 1300 75-15,0 CARBON DISULFIDE 0.8 J 0.8 J UGIL 16GWT0601 1/11 0.3
5 NA 0.17 5 56-23-5 CARBON TETRACHLORIDE 15 15 UGIL 16GW0301 1/11 0.3
80 NA 6.2 100 67-66-3 CHLOROFORM 5.6 12 J UGIL 16GWT0601 2111 0.3
70 NA 61 70 156-59-2 CIS-l,2-DICHLOROETHENE 0.3 J 600 UGIL 16GWT0601 4/11 0.3
5 NA 0.66 5 127-18-4 TETRACHLOROETHENE 13 J 13 J UGIL 16GWT0601 1/11 0.3

1000 NA 720 1000 108·88-3 TOLUENE 32 J 32 J UGIL 16GWT0601 1/11 0.3
100 NA 120 100 156-60-5 TRANS·1,2-DICHLOROETHENE 3.1 J 3.1 J UGIL 16GWT0601 1/11 0.3
5 NA 0.028 5 79-01-6 TRICHLOROETHENE 0.5 J 35000 UGIL 16GWT0601 8/11 0.3
2 NA 0.02 2 75-01-4 VINYL CHLORIDE 0.3 J 65 J UGIL 16GWT0601 2111 0.3

Semivolatile OrClanics
NA NA 6.2 150 91-57-6 2·METHYLNAPHTHALENE 0.11 0.11 UGIL 16GWT0601 1/10 0.05
NA NA 370 460 83-32-9 ACENAPHTHENE 0.07 J 0.07 J UGIL 16GWT0601 1/10 0.05
NA NA 0.092 1.2 205-99-2 BENZO(B)FLUORANTHENE 0.09 J 0.09 J UGIL 16GWT0601 1110 0.05
NA NA 9.2 1.6 218-01·9 CHRYSENE 0.1 J 0.1 J UGIL 16GWT0601 1/10 0.05
NA NA 29000 29000 84-66-2 DIETHYL PHTHALATE 1 J 1 J UGIL 16GWT0601 1/12 1
NA NA 1500 210 206-44-0 FLUORANTHENE 0.11 0.11 UGIL 16GWT0601 1/10 0.05
NA NA 240 310 86·73-7 FLUORENE 0.1 J 0.1 J UGIL 16GWT0601 1/10 0.05
NA NA 180 NA 85-01-8 PHENANTHRENE 0.54 0.54 UGIL 16GWT0601 1/10 0.05
NA NA 180 140 129·00-0 PYRENE 0.2 0.2 UGIL 16GWT0601 1/10 0.05
NA NA 36 NA 110-86-1 PYRIDINE 9 9 UGIL 16GWT0602 1/12 1

Explosives
NA NA NA NA 35572-78-2 2-AMIN0-4,6-DINITROTOLUENE 0.48 J 0.48 J UGIL 16GW0301 1/10 0.165-0.65
NA NA NA NA 19406-51-0 4-AMINQ-2,6-DINITROTOLUENE 0.86 J 0.86 J UGIL 16GW0301 1/10 0.165-0.65
NA NA 1800 NA 2691-41-0 HMX 0.39 7.8 UGIL 16GWT0401 4/10 0.21-0.65
NA NA 0.61 NA 121-82-4 RDX 0.79 77 UGIL 16GWT0401 6/10 0.195-0.6

Totallnoraanics
NA 50 36000 NA 7429-90-5 ALUMINUM 19.2 J 9680 UGIL 16GW0401 10/11 60.6
10 NA 0.045 50 7440-38-2 ARSENIC 0.81 J 4.5 J UGIL 16GWT0601 7/11 0.1·0.41

2000 NA 2600 2000 7440-39-3 BARIUM 5 J 107 J UGIL 16GWT0201 11/11 NA
4 NA 73 4 7440-41-7 BERYLLIUM 2 J 4.7 J UGIL 16GWT0501 2111 0.03 - 1.1
5 NA 18 5 7440-43·9 CADMIUM 0.83 J 1.1 J UGIL 16GW0501 2111 0.05-0.31

NA NA NA NA 7440-70-2 CALCIUM 22600 J 194000 J UGIL 16GW010l 11/11 NA
100 NA 110 NA 7440-47-3 CHROMIUM 0.68 J 0.93 J UGIL 16GWT0601 2111 0.27-0.58
NA NA 730 NA 7440-48-4 COBALT 2 J 154 J UGIL 16GW010l 11/11 NA

1300 1000 1500 1300 7440·50-8 COPPER 0.82 J 4.9 J UGIL 16GWT0601 7/11 '0.06-0.15
NA 300 11000 NA 7439-89-6 IRON 171 J 52700 J UGIL 16GW010l 11/11 NA



• •TABLE D-3
FREQUENCY OF DETECTION

GROUNDWATER
SWMU 16 - B146 CAST HIGH EXPLOSIVES INCINERATOR

NSWC CRANE, INDIANA
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•
Minimum Minimum Maximum Maximum

Sample Containing
Detection Range of

FEDMCL FEDSMCL R9TAPW IDCLRGDF CAS Number Chemical
Concentration Qualifier Concentration Qualifier

Units Maximum
Frequency Nondetects

Concentration

15 NA NA 15 7439-92-1 LEAD 0.89 J 1.8 J UGIL 16GWT0501 3/11 0.03-0.51
NA NA 730 NA 7439-93-2 LITHIUM 8.5 J 328 J UGIL 16GW0101 10/11 0.72
NA NA NA NA 7439-95-4 MAGNESIUM 6240 J 84500 J UGIL 16GW010l 11/11 NA
NA 50 880 NA 7439-96·5 MANGANESE 353 J 29300 J UGIL 16GW010l 11/11 NA
NA NA 730 730 7440-02-0 NICKEL 1.5 J 304 J UGIL 16GWT0501 11/11 NA
NA NA NA NA 7440-09-7 POTASSIUM 738 J 11900 J UGIL 16GWT0601 10/11 3390
50 NA 180 50 7782-49-2 SELENIUM 1.2 J 1.2 J UGIL 16GWT0601 1/11 0.05 ·0.43
NA NA NA NA 7440-23-5 SODIUM 7190 J 37100 J UGIL 16GWT0601 11/11 NA
NA NA 22000 NA 7440-24-6 STRONTIUM 88.4 J 387 J UGIL 16GWT0201 11/11 NA
NA NA NA NA 7440-32-6 TITANIUM 1 J 8.4 J UGIL 16GWT0401 11/11 NA
NA NA 260 NA 7440-62·2 VANADIUM 0.51 J 0.86 J UGIL 16GW0401 5/11 0.05 - 0.36
NA 5000 11000 11000 7440-66-6 ZINC 6.2 J 329 J UGIL 16GWT0501 11/11 NA

Miscellaneous Parameters

I NA I NA I NA NA TINUS493 IAMMONIA-N I 0.02 I I 0.57 I I MGIL I 16GWT0601 I 10/10 I NA I
I NA I NA NA NA TINUS494 INITRITElNfTRATE-N I 0.03 I I 0.6 I I MGIL I 16GWT0401 I 4/10 I 0.02 I

Field Parameters
NA NA NA NA TINUS034 DISSOLVED OXYGEN 0.2 6.94 MGIL 16GWT0602 13/13 NA
NA NA NA NA TINUS033 OXIDATION REDUCTION POTENTIAL -130 207.4 MV 16GW0401 13/13 NA
NA 0 NA NA TINUS002 PH 3.68 7.7 S.U. 16GWT0601 13/13 NA
NA NA NA NA TINUS038 SPECIFIC CONDUCTANCE 0.225 1.606 MS/CM 16GW010l 13/13 NA
NA NA NA NA TINUS047 TEMPERATURE 11.51 15 C 16GWT0601 13/13 NA
NA NA NA NA TINUS023 TURBIDITY 0 999 > NTU 16GWT010l 13/13 NA

Associated Samples:
16GW010l
16GW0201
16GW0202
16GW0301
16GW0401
16GW0501
16GWT0101
16GWT0201
16GWT0301
16GWT0401
16GWT0501
16GWT0601
16GWT0602
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•
Minimum Minimum Maximum Maximum Sample Containing

Detection Range of
FEDMCL FEDSMCL IDCLRGDF R9TAPW R5DQLSW CAS Number Chemical Units MaximumConcentration Qualifier Concentration Qualifier

Concentration •
Frequency Nondetects

Semivolatile Organics
NA NA 150 6.2 329.55 91-57-6 2-METHYLNAPHTHALENE 0.67 J 0.67 J UG/L 16SW010l 1/3 0.05
NA NA 460 370 9.9 83-32-9 ACENAPHTHENE 0.9 J 0.9 J UG/L 16SW0101 113 0.05
NA NA 43 1800 0.029 120-12-7 ANTHRACENE 0.31 J 0.31 J UG/L 16SW0101 113 0.05
NA NA 1.2 0.092 0.839 56-55-3 BENlO(A)ANTHRACENE 0.31 J 0.31 J UGIL 16SW0101 1/3 0.05
6 NA 6 4.8 2.1 117-81-7 BIS(2-ETHYLHEXYL1PHTHALATE 86 86 UG/L 113 2-3

NA NA 1.6 9.2 0.033 218-01-9 CHRYSENE 0.78 J 0.78 J UG/L 16SW010l 113 0.05
NA NA 210 1500 8.1 206-44-0 FLUORANTHENE 1.09 J 1.09 J UG/L 16SW0101 113 0.05
NA NA 310 240 3.9 86-73-7 FLUORENE 0.59 J 0.59 J UGIL 16SW0101 1/3 0.05
NA NA 8.3 6.2 44 91-2Q..3 NAPHTHALENE 1.3 J 1.3 J UG/L 16SW0101 113 0.05
NA NA NA 180 2.1 85-01-8 PHENANTHRENE 1.26 J 1.26 J UG/L 16SW0101 1/3 0.05
NA NA 140 180 0.3 129-00-0 PYRENE 2.34 J 2.34 J UGIL 16SW0101 1/3 0.05

Explosives
NA . NA NA 2.2 NA 118-96-7 2,4,6-TRINITROTOLUENE 2.1 2.1 UG/L 16SW0701 113 0.455 - 0.8
NA NA NA NA NA 35572-78-2 2-AMINO-4,6-DINITROTOLUENE 0.89 J 0.89 J UG/L 16SW0701 1/3 0.455 - 0.8 ,
NA NA NA NA NA 19406-51-0 4-AMINO-2,6-DINITROTOLUENE 2.2 J 2.2 J UGIL 16SW0701 1/3 0.455 - 0.8
NA NA NA 1800 NA 2691-41-0 HMX 1.5 J 29000 UGIL 16SW0101 2/3 0.55
NA NA NA 0.61 NA 121-82-4 RDX 2.9 88000 UG/L 16SW0101 313 NA

Herbicides
NA NA NA 11 0.228 7Q..30-4 HEXACHLOROPHENE 0.082 J 0.082 J UGIL 16SW0101 1/3 I 0.025 I

I 1 I NA 1 0.56 5.23 '87-86'5 . PENTACHLOROPHENOL 0.02 J 0.19 I J I UGIL I 16SW0101 I 2/2 NA
Totallnorganics

NA 50 NA 36000 NA 7429-90-5 ALUMINUM 298 J 298 J UGIL 16SW0701 1/3 7.6 - 82.4
10 NA 50 0.045 53 7440-38-2 ARSENIC 2.9 J 3.4 J UGIL 16SW0201 2/3 0.38

2000 NA 2000 2600 5000 744Q..39-3 BARIUM 66.3 J 91 J UG/L 16SW0201 3/3 NA
NA NA NA NA NA 7440-70-2 CALCIUM 30300 J 37100 J UGIL 16SW0701 3/3 NA
100 NA NA 110 42 7440-47-3 CHROMIUM 2 J 3.4 J UG/L 16SW0201 2/3 0.25

1300 1000 1300 1500 5 7440-50-8 COPPER 2 J 17.2 J UGIL 16SW0201 3/3 NA
NA 300 NA 11000 NA 7439-89-6 IRON 60.5 J 60.5 J UG/L 16SW0101 113 77.1 -194
15 NA 15 NA 1.3 7439-92-1 LEAD 4.6 J 13.1 J UGIL 16SW0201 2/3 0.15
NA NA NA NA NA 7439-95-4 MAGNESIUM 5190 J 6560 J UGIL 16SW0701 3/3 NA
2 NA 2 11 0.0013 7439-97-6 MERCURY 2 2 UGIL 16SW0101 1/3 0.02

NA NA 730 730 29 7440-02-0 NICKEL 0.95 J 1.8 J UGIL 16SW0101 2/3 0.61
NA NA NA NA NA 744Q..09-7 POTASSIUM 839 J 2430 J UGIL 16SW0701 3/3 NA
NA NA NA NA NA 7440-23-5 SODIUM 12400 J 84800 J UGIL 16SW0701 3/3 NA
NA NA NA 22000 NA 744Q..24-6 STRONTIUM 190 J 226 J . UGIL 16SW0701 3/3 NA
NA NA NA NA NA 7440-32-6 TITANIUM 2.2 J 10.2 J UGIL 16SW0701 2/3 0.24

NA NA NA 260 19 7440-62-2 VANADIUM 1.2 J 1.2 J UGIL 16SW0701 1/3 0.05 - 0.39
NA 5000 11000 11000 58.9 7440-66-6 ZINC 80.1 J 178 J UGIL 16SW0201 2/3 3.2

Dissolved Inorganics

NA 50 NA 36000 NA 7429-90-5 ALUMINUM 575 I '1 575 I I UG/L 16SW010l-F 113 22.3 -49.4

I 10 NA 50 0.045 I 53 7440-38-2 ARSENIC 2.8 J 3.2 J UGIL 16SW0201-F 2/3 0.6
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Minimum Minimum Maximum Maximum
Sample Containing

Detection Range of
FEDMCL FEDSMCL IDCLRGDF R9TAPW RSDQLSW CAS Number Chemical Units Maximum

Concentration Qualifier Concentration Qualifier
Concentration

Frequency Nondetects

2000 NA 2000 2600 5000 7440-39-3 BARIUM 70.5 J 91.5 J UG/L 16SW0201-F 3/3 NA
5 NA 5 18 0.66· 7440-43-9 CADMIUM 3.3 J 3.3 J UG/L 16SW010l-F 1/3 0.15-0.4

NA NA NA NA NA 7440-70-2 CALCIUM 29200 J 37700 J UGIL 16SW0701-F 3/3 NA
100 NA NA 110 42 7440-47-3 CHROMIUM 1.5 J 3.2 J UG/L 16SW0201-F 3/3 NA

.1300 1000 1300 1500 5 7440-50-8 COPPER 9.1 J 17.9 J UG/L 16SW010l-F 3/3 NA
NA 300 NA 11000 NA 7439-89-6 IRON 4100 J 4100 J UGIL 16SW010l-F 1/3 36.6 - 42.3
15 NA 15 NA 1.3 7439-92-1 LEAD 8.4 J 26.2 J UGIL 16SW0101-F 2/3 1.9
NA NA NA NA NA 7439-95-4 MAGNESIUM 5310 J 6560 J UGIL 16SW0701-F 3/3 NA
NA 50 NA 880 NA 7439-96-5 MANGANESE 10.1 J 23.4 J UGIL 16SW010l-F 2/3 2.8
NA NA 730 730 29 7440-02-0 NICKEL 0.84 J 2.2 J UGIL 16SW010l-F 2/3 0.5
NA NA NA NA NA 7440-09-7 POTASSIUM 842 J 2370 J UGIL 16SW0701-F 3/3 NA
NA NA NA NA NA 7440-23-5 SODIUM 12100 J 87000 J UGIL 16SW0701-F 3/3 NA
NA NA NA 22000 NA 7440-24-6 STRONTIUM 196 J 234 J UG/L 16SW0701-F 3/3 NA
NA NA NA NA NA 7440-32-6 TITANIUM 3.2 J 3.9 J UG/L 16SW010l-F 2/3 1.3
NA 5000. 11000 11000 58.9 7440-66-6 ZINC 68 J 170 J UG/L 16SW0201-F 3/3 NA

Miscellaneous Parameters
I NA I NA NA NA I NA I TTNUS493 IAMMONIA-N 2.8 I J I 2.8 J MGIL 16SW0101 I 1/3 I 0.01 I

NA NA NA NA NA TTNUS494 NITRITEINITRATE-N 0.22 3.3 J MG/L 16SW010l 3/3 NA I
Field Parameters

NA NA NA NA NA TTNUS034 DISSOLVED OXYGEN 10.51 10.63 MGIL 16SW0701 2/2 NA
NA NA NA· NA NA TTNUS033 OXIDATION REDUCTION POTENTIAL 89.1 90.9 MV 16SW0201 2/2 NA
NA _ 0 NA NA NA TTNUS002 PH 8.13 8.4 S.U. 16SW0701 2/2 NA
NA NA NA NA NA TTNUS038 SPECIFIC CONDUCTANCE 0.281 0.591 MS/CM 16SW0701 2/2 NA
NA NA NA NA NA TTNUS047 TEMPERATURE 9.14 11.78 C 16SW0701 2/2 NA
NA NA NA NA NA TTNUS023 TURBIDITY 2.1 4.2 NTU 16SW0701 2/2 NA

Associated Samples:
16SW010l
16SW010l-F
16SW0201
16SW0201·F
16SW0701
16SW0701-F

• • •
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•
Minimum Minimum Maximum Maximum

Sample Containing
Detection Range ofUnits MaximumIDCLRESD R9S0RES R5DQLSD CAS Number Chemical

Concentration Qualifier Concentration Qualifier Frequency Nondetects
:Concentration

Semivolatiles
3700000 56000 3240 91-57-6 2-METHYLNAPHTHALENE 5 J 5 J UG/KG 1680030004 1/9 4 - 5.8
9500000 3700000 682000 83-32-9 ACENAPHTHENE 8 J 8 J UG/KG 1680050004 1/9 3.9 - 5.8

NA 3700000 682000 208-96-8 ACENAPHTHYLENE 4 J 8 UG/KG 1680030004 3/9 4.1 - 5.8
4700.0000 22000000 1480000 120-12-7 ANTHRACENE 5 J 15 UG/KG 1680050004 4/9 3.9 -4.4

5100 620 5210 56-55-3 BENZO A ANTHRACENE 5 J 66 UG/KG 1680050004 7/9 4.3 - 4.4
510 62 1520 50-32-8 BENZO A PYRENE 7 J 84 UG/KG 1680050004 6/9 3.9 -4.4
5100 620 59800 205-99-2 BENZO B FLUORANTHENE 6 J 120 UG/KG 1680050004 7/9 3.9 - 4.4
NA 2300000 119000 191-24-2 BENZO G,H,IlPERYLENE 5 J 65 UG/KG 1680050004 7/9 4.3 - 4.4

51000 6200 148000 207-08-9 BENZO K FLUORANTHENE 7 J 65 UG/KG 1680050004 6/9 3.9 - 4.4
510000 62000 4730 218-01-9 CHRY8ENE 5 J 100 UG/KG 1680050004 8/9 4.4

18000000 6100000 149.79 84-74-2 Ol-N-BUTYL PHTHALATE 130 J 130 J UG/KG 1680080004 1/9 79 -120
510 62 18400 53-70-3 OIBENZO A,H)ANTHRACENE 18 18 UG/KG 1680050004 . 1/9 3.9 - 5.8
NA 1500000 1010 122-39-4 OIPHENYLAMINE 140 J 170 J UGIKG 1680030004 2/9 82-120

6300000 2300000 122000 206-44-0 FLUORANTHENE 5 J 160 UG/KG 1680050004 9/9 NA
6300000 2600000 .122000 86-73-7 FLUORENE 8 J 8 J UG/KG 1680050004 1/9 3.9 - 5.8

5100 620 109000 193-39-5 INOENO(l,2,3-G0)PYRENE 7 J 55 UGIKG 1680050004 . • 6/9 4.1-4.4
3200000 56000 99.39 91-20-3 NAPHTHALENE 5 J 6 J UG/KG 1680030004 2/9 4.1 - 5.8

NA 2300000 45700 85-01-8 PHENANTHRENE 4 J 100 UG/KG 1680050004 8/9 4.3
5500000 2300000 78500 129-00-0 PYRENE 6 J 170 UG/KG 1680050004 9/9 NA

Explosives
NA 4.4 NA 121-82-4 ROX I 0.27 J. 0.27 J MG/KG 1680030004 I 1/9 0.25

Herbicides
20000 3000 119.27 87-86-5 PENTACHLOROPHENOL 2.6 J 19 J UG/KG 1680110004 5/9 0.55 - 0.6' I

InorQanics
NA 76000 NA 7429-90-5 ALUMINUM 5560 12900 J MG/KG 1680040004 9/9 NA
140 31 0.1423 7440-36-0 ANTIMONY 4.3 . J 174 J MG/KG 1680060004 9/9 NA
3.9 0.39 5.7 7440-38-2 AR8ENIC 3.4 J 14.1 J MGlKG 1680100004 9/9 NA

24000 5400 1.04 7440-39-3 BARIUM 143 J 2820 J MG/KG 1680030004 9/9 NA
680 150 1.06 7440-41-7 BERYLLIUM 0.43 J 0.88 J MG/KG 1680100004 8/9 0.39
12 37 . 0.00222 7440-43-9 CAOMIUM 0.8 J 19.5 J MGIKG 1680060004 9/9 NA
NA NA . NA 7440-70-2 CALCIUM 1480 J 59800 J MGII<G 1680050004 9/9 NA
NA 30 0.4 7440-47-3 CHROMIUM 13.3 J 68.5 J MGIKG 1680100004 9/9 NA
NA 900 0.14033 7440-48-4 COBALT 3.4 J 14 J MGIKG 1680100004 9/9 NA

13000 3100 2.96 7440-50-8 COPPER. 68.7 J 2570 J MG/KG 1680060004 9/9 NA
NA 23000 NA 7439-89-6 IRON 18200 J 65100 J MG/KG 1680100004 9/9 NA
400 400 0.05373 7439-92-1 LEAO 229 J 15200 J MG/KG 1680060004 9/9 NA
NA 1600 NA 7439-93-2 LITHIUM 2.9 J 10.4 J MG/KG 1680040004 9/9 NA



TABLE 0-5
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NSWC CRANE, INDIANA
PAGE20F2

Minimum Minimum Maximum Maximum
Sample Containing

Detection Range of
IDCLRESD R9S0RES R5DQLSD CAS Number Chemical Units Maximum

Concentration Qualifier Concentration Qualifier
Concentration

Frequency Nondetects

NA NA NA 7439-95-4 MAGNE81UM 677 J 6080 J MGIKG 1680050004 9/9 NA
NA 1800 NA 7439-96-5 MANGANE8E 175 J 976 J MG/KG 1680110004 9/9 NA
55 23 0.073 7439-97-6 MERCURY 0.08 J 2.7 J MG/KG 1680030004 9/9 NA

6900 1600 13.6 7440-02-0 NICKEL 10.6 J 22.5 J MG/KG 1680110004 9/9 NA
NA NA NA 7440-09-7 POTA881UM 282 J 645 J MG/KG 1680040004 9/9 NA

1700 390 0.02765 7782-49-2 8ELENIUM 0.33 J 0.9 J MG/KG 1680110004 7/9 0.14 -0.17
NA NA NA 7440-23-5 800lUM 160 J 160 J MG/KG 1680110004 1/9 11.7-44
NA 47000 NA 7440-24-6 8TRONTIUM 51 J 2740 J MG/KG 1680030004 9/9 NA
NA 47000 7.62 7440-31-5 TIN 1.1 J 19 J MG/KG 1680060004 9/9 NA
NA NA NA 7440-32-6 TITANIUM 9.4 J 156 J MG/KG. 1680040004 9/9 NA
NA 550 1.59 7440-62-2 VANAOIUM 12.8 J 48.9 J MG/KG 1680100004 9/9 NA

100000 23000 6.62 7440-66-6 ZINC 573 J 23400 J MG/KG 1680030004 9/9 NA
AVS/SEM

NA NA NA TINU8010 ACIO VOLATILE 8ULFIOE 0.53 0.59 UMO/G 1680090004 3/3 NA
NA NA NA 7440-43-9 CAOMIUM 0.024 J 0.145 J UMO/G 1680060004 3/3 NA
NA NA NA 7440-50-8 COPPER 1.83 18.3 UMO/G 1680060004 3/3 NA
NA NA NA 7439-92-1 LEAO 2.6 16.3 UMO/G 1680060004 3/3 NA
NA NA NA 7439-97-6 MERCURY 0.00011 0.00015 UMO/G 1680090004 3/3 NA
NA NA NA 7440-02-0 NICKEL 0.028 0.068 UMO/G 1680060004 3/3 NA
NA NA NA TINU8305 8EM/AV8 50 220 8.U. 1680060004 3/3 NA
NA NA NA 7440-66-6 ZINC 20.6 J 91 J UMO/G 1680060004 3/3 NA

Miscellaneous Parameters
NA NA NA TINU8014 CATION EXCHANGE CAPACITY 5.7 J 25 J MEQJ1 1680020004 3/3 NA
NA NA NA TINU8002 PH 7.4 8 8.U. 1680060004 3/3 NA
NA NA NA TINU8003 TOTAL ORGANIC CARBON 1600 8600 MG/KG '1680020004 3/3 NA

Associated Samples:
1680020004
1680030004
1680040004
1680050004
1680060004
1680080004
1680090004
1680100004
1680110004

• • •
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-01

SAMPLE LABELING

1.0 PURPOSE

This Standard Operating Procedure (SOP) describes the procedures to be used for labeling and tagging

sample containers. Sample labels and tags are used to document the sample ID, date, time, analysis to

be performed, preservative, matrix, sampler, and the analytical laboratory. A sample label and a sample

tag will be attached to each sample container. The label and tag for each container will contain identical

information.

2.0 REQUIRED FIELD FORMS AND EQUIPMENT

Writing utensil

Disposable medical-grade gloves (e.g. latex, nitrile)

Sample logsheets

Required sample containers: All sample containers for analysis by fix-based laboratories will be supplied

and deemed certified clean by the laboratory.

Preprinted sample labels and sample tags

Chain-of-custody records

Sealable polyethylene bags

Heavy-duty cooler

Ice

3.0 PROCEDURES

3.1 The following information will be printed on the labels and tags prior to field activities.

• Project number (CTO 166)

• Project location (NSWC Crane)

• Sample ID

• Preservative

090307/P CTO 0166
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• Analysis to be performed

• Matrix type ..

• Laboratory name

3.2 Preprinted sample labels and tags will be prepared before the team mobilizes to the field. Check

to determine if

• One sample label and tag exists for each sample container that is to be collected for all media

during the field activities.

• The information printed on each tag and label is correct.

• Extra blank labels and tags are brought to the site in case additional environmental samples

or QA samples are collected that are not anticipated in the QAPP. Additional blank labels and

tags should also be brought to the site in case a sample container is broken or some of the

preprinted labels or tags are accidentally lost before they are attached to a container.

•

3.3 Once at the field site, sample containers should have labels affixed before sampling activities

begin. •3.4 Select the labeled containers that are appropriate for a given sample and fill in the date, time, and

sampler's initials just before sampling begins. Use a black waterproof marker or pen.

3.5 Fill the appropriate containers with sample material. Securely close the container lids without

overtightening.

3.6 Write the same date, time, and sampler's initials on the sample tag as written on the label.

3.7 Place the sample container in a ziplock plastic bag and place in a cooler containing ice.

3.8 Fill in appropriate information on the Sample Collection Log Form and the Chain-of-Custody

Form.

Example sample labels and tags are attached at the end of this SOP.

4.0 ATIACHMENTS

1.

090307/P

Sample Label and Tag

CTO 0166
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-02

SAMPLE IDENTIFICATION NOMENCLATURE

1.0 PURPOSE

The:"purpose of this Standard Operating Procedure (SOP) is to establish' a consistent sample

nomenclature system that will facilitate subsequent data management at the Naval Surface Warfare

Center (NSWC). The sample nomenclature system has been devised such that the following objectives

can be attained.

• Sorting of data by site, location, or matrix

• Maintenance of consistency (field, laboratory, and database sample numbers)

• Accommodation of all project-specific requirements

• Accommodation of laboratory sample number length constraints

• Ease of identification and direct link to site and year

The NSWC Crane Environmental Protection Department must approve any deviations from this

procedure.

2.0 REQUIRED FIELD FORMS AND EQUIPMENT

Pen with indelible ink

Sample tags

Sample container labels

3.0 SAMPLE IDENTIFICATION NOMENCLATURE

3.1 Monitoring Samples

All monitoring samples collected at NSWC Crane will be properly labeled with a sample label affixed to the

sample container and a tag tied around the neck of the sample container. Each sample will be assigned a

unique sample tracking number. The sample tracking number will consist of a four- or five-segment

alpha-numeric code that identifies the sample's associated solid waste management unit (SWMU) or

090307/P CTO 0166
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associated site, sample type, location, and, for aqueous samples, where applicable, whether a sample is

filtered, and/or the sample round number. For soil or sediment samples, the final four tracking numbers

will identify the depth at which the soil or sediment sample was collected.

The alpha-numeric coding to be used in the NSWC Crane sample system' is explained in the diagram and

the subsequent definitions:

•

NN AA Aor N NN and/or A NNNN

2 to 5-Characters Aqueous only Soils and Sediment

only

SWMU or Site Sample Type Location. Round Identifier Depth Interval

Number and/or Filtered

Character Type:

SWMU or Site Number:

A

N

=

=

Alpha

Numeric

•12 =

13 =

16 =

19 =

Sample Type:

GW

ID

SB

SD

SP

SS

SW

Mine Fill A

Mine Fill B

Cast High Explosives Fill/B146 Incinerator

Pyrotechnic Test Area

Groundwater Sample from a Permanent Monitoring Well

Investigation-Derived Waste Sample

Soil Boring Sample

Sediment Sample

Seep Sample or Spring Sample

Surface Soil Sample

Surface Water Sample

Location:

The sample location code is the well number, soil sample location, sediment sample location, or the

.stream sample location (Le., surface water, springs, or seeps). The location code for each sample is

listed on figures and tables in the site-specific work plan. Existing well numbers are used when unique. •
090307/P CTO 0166
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New wells will be designated by a SWMU or site number, followed by "MW" for permanent monitoring well,

"TW" for temporary well, etc.; a "T" for Tetra Tech NUS; and numbered sequentially, by SWMU, beginning

with zero one (MWT01).

Well clusters that are newly installed by TtNUS (two or more wells in close proximity) in the same

investigative effort will be designated with the letter P followed by the number 2, 3, 4, etc. The number

signifies the well depth in relation to other wells in that cluster. This two-digit code will follow the well

identification. Using well T02 as an example of a three-well cluster, the well identification will be as

follows:! ..

·:"T02 =I.'.j

T02P2 =
T02P3 =

The deepest well in the cluster.

Intermediate well

Shallowest well in the cluster

•

•

Note: To keep the sample identification nomenclature to a minimum number of characters and to avoid

redundancy, "MW" (monitoring well) is used for text, figures, and tables and replaced with "GW"

(groundwater) in the sample identification. For example, MWT01 would be GWT01.

Round Identifier and/or Filtered:

This code section will be used for aqueous samples only.

Round Identifier:

A two-digit round identifier will be used to track the number of aqueous samples (GW, SW) taken from a

particular aqueous sample location. The first sample collected from a location will be assigned round

identifieG 01, the second 02, etc. This applies to both existing and proposed monitoring wells and surface

water locations.

Filtered:

Water samples that are field filtered (dissolved analysis) will be identified with an "F" in the last code

section. No entry in this segment signifies an unfiltered (total) sample.

Depth Interval:

This code section will be used for soil and sediment samples only.

The depth code is used to note the depth below ground surface (bgs) at which a soil or sediment sample

is collected. The first two numbers of the four-number code specify the top interval, and the third and

090307/P CTa 0166
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fourth specify the bottom interval in feet bgs (soil) or inches bgs (sediment) of the sample. The depths will

be noted in whole numbers only; further detail, if needed, will be recorded on the sample log sheet, boring

log, logbook, etc.

Depth (for soils, in feet bgs)

0002 = soil collected from 0 to 2 feet bgs

0204 = soil collected from 2 to 4 feet bgs

0810 = soil collected from 8 to 10 feet bgs

Depth (for sediments, in inches bgs)

0006= sediment collected from 0 to 6 inches bgs

0612= sediment collected from 6 to 12 inches bgs

3.1.1 Examples of Sample Nomenclature

The first groundwater sample collected from existing monitoring well 01 at the Cast High Explosives

Fill/B146 Incinerator (SWMU 16) for a filtered sample would be designated as 16GW01 01 F.

The second groundwater sample collected from existing monitoring well C20P2 at SWMU 16 for an

unfiltered sample would be designated as 16GWC20P202.

The first unfiltered groundwater sample collected from new monitoring well MWT01 at SWMU 13 would

be designated as 13GWT01 01.

The second surface water sample collected from point 01 at SWMU 13 for an unfiltered sample would be

designated as 13SW01 02.

A surface soil sample collected from soil boring 03 at SWMU 16 at the 0- to 2-foot interval would be

designated as 16SS030002.

A subsurface soil sample from the same soil boring 03 at an interval of 4 to 5 feet bgs would be

designated as 16SB030405.

A sediment sample collected at SWMU 19 from 0 to 6 inches at location 14 would be designated as

19S0140006.

•

•

•
090307/P CTO 0166
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Field Quality Assurance/Quality Control (QA/QC) Sample Nomenclature

Field QA/QC samples are described in the approved field sampling plan and QAPP. They will be

designated using a different coding system. The QC code will consist of a three- to four-segment alpha

numeric code that identifies the sample QC type, the date the sample was collected, and the number of

this type of QC sample collected on that date.

AA NNNNNN NN F

QC Type Date Sequence Number Filtered

(per day) (aqueous only, if needed)

The QC types are identified as:

TB =Trip Blank

RB =Rinsate Blank (Equipment Blank)

FD =Field Duplicate

AB =Ambient Conditions Blank

SB = Source Water Blank

The sampling time reco~ded on the Chain-of-Custody Form, labels, and tags for duplicate samples will be

0000 so that the samples are "blind" to the laboratory. Notes detailing the sample number, time, date, and

type will be recorded on the sample log sheets and will document the location of the duplicate sample

(sample log sheets are not provided to the laboratory).

3.2.2 " .,.Examplesof Field QA/QC Sample Nomenclature

The first duplicate of the day for a filtered ground water sample collected on June 3, 2000 would be

designated as FD06030001 F.

The third duplicate of the day taken of a subsurface soil sample collected on November 17, 2003 would be

designated as FD111 ~0303 .

. The first trip blank associated with samples collected on October 12, 2000 would be designated as

TB10120001.

• The only rinsate blank collected on November 17, 2001 would be designated as RB11170101.

090307/P CTO 0166
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-03

SAMPLE CUSTODY AND DOGUMENTATION OF FIELD ACTIVITIES

1.0 PURPOSE

This Standard Operating Procedure (SOP) establishes the procedures for sample custody and

documentation of field sampling and field analyses activities.

2.0 REQUIRED FIELD FORMS AND EQUIPMENT.

The following logbooks, forms, and labels are required.

•
Site logbook

. Field logbook

Sample label

Chain-of-Custody Form

Custody seals

Equipment calibration log

Monitoring Well Inspection Form

Water-Level Measurement Form

Low-Flow Purge Data Sheet

Ground Water Sample Log Sheet

Surface Water Sample Log Sheet

Soil and Sedim~nt Log Sheet

3.0 PROCEDURES

\

•

This section describes custody and documentation procedures. All entries made into the logbooks,

custody documents, logs, and log sheets described in this SOP must be made in indelible ink (black is

preferred). No erasures are permitted. If an incorrect entry is made, the entry will be crossed out with a

single strike mark, initialed, and dated.

090307/P CTO 0166
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3.1 Site Logbook

The site logbook is a hard-bound, paginated, controlled-distribution record book in which all major
..

on-site activities are documented. At a minimum, the following activities and events will be

recorded (daily) in the site logbook:

• All field personnel present

• Arrival/departure of site visitors

• Arrival/departure of equipment

• Start or completion of sampling activities

• Daily on-site activities performed each day

• Sample pickup information

• Health and safety issues

• Weather conditions

The site logbook is initiated at the start of the first on-site activity (e.g., site visit or initial

reconnaissance survey). Entries are to be made for every day that on-site activities take place.

The following information must be recorded on the cover of each site logbook:

• Project name

• Project number

• Book number

• Start date

• End date

Information recorded daily in the site logbook need not be duplicated in other field notebooks but

must summarize the contents of these other notebooks and refer to specific page locations in

these notebooks for detailed information (where applicable). At the completion of each day's

entries, the site logbook must be signed and dated by the field operations leader (FOL).

3.2 Field Logbooks

•

•

090307/P

The field logbook is a separate dedicated not~book used by field personnel to document his or

her activities in the field. This notebook is hardbound and paginated. •

CTO 0166
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Sample Labels

, Adhesive sample container labels must be completed and applied to every sample container.

Information on the label includes the project name, location, sample number, date, time,

preservative, analysis, matrix, sampler's initials, and the name of the laboratory performing the

analysis.

~.

3.4Chain-of-Custody Form

The Chain-of-Custody Form (COC) is a multi-part form that is initiated as samples are acquired

and accompanies. a sample (or group of samples) as it is transferred from person to person.

Each COC is numbered. This form must accorppany any samples collected for laboratory
I' .

chemical analysis. A copy of a blank COC form is attached at the end of this SOP.

The FOL must include the name of the laboratory in the "Remarks': section to ensure that the

samples are forwarded to the correct location. If more than one COC is necessary for any cooler,

the FOL will indicate "Page _ of _" on each COCo The original (top) signed copy of the COC

. will be placed inside a large Ziploc-type bag and taped inside the lid of the shipping cooler. Once

the samples are received at the laboratory, the sample custodian checks the contents of the

cooler(s) against the enclosed COC(s). Any problems are noted on the enclosed COC Form

(bottle breakage, discrepancies between the sample labels, COC form, etc.) and will be resolved

through communication between the laboratory point-of-contact and the Task Order Manager

(TOM). The COC Form is signed and retained by the laboratory and becomes part of the

sample's corresponding analytical data package.

•

3.5

090307/P

Custody Seal

The custody seal is an adhesive-backed label with a number on each seal. It is part of the chain

of-custody process and is used to prevent tampering with samples after they have been collected

in the field and sealed in coolers for transit to the laboratory. The custody seals are signed and

dated by the samplers and affixed across the opening edges of each cooler (two seals per cooler)

containing environmental samples. The laboratory sample custodian will examine the custody

seal for evidence of tampering and will notify the TOM if evidence of tampering is observed.
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3.6 Equipment Calibration Log

The Equipment Calibration Log is used to document calibration of measuring equipment (e.g.,

multi-parameter water-quality meter) used in the field. The Equipment Calibration Log documents

that the manufacturer's instructions were followed for calibration of the equipment, including

frequency and type of standard or calibration device. An Equipment Calibration Log must be

maintained for each electronic measuring device requiring calibration. Entries must be made for

each day the equipment is used.

3.7 Monitoring Well Inspection Form

The Monitoring Well Inspection Form is used to document the inspection of existing monitoring

wells in accordance with SOP CT0166-09.

3.8 Water-Level Measurement Form

The Water-Level Measurement Form is used to document the determination of water levels in

monitoring wells in accordance with SOP CT0166-17.

3.9 Low-Flow Purge Data Sheet

The Low-Flow Purge Data Sheet is used to document field measurements made while purging

wells to stabilization in accordance with SOP CT0166-15.

3.10 Ground Water Sample Log Sheet

The Ground Water Sample Log Sheet is used to document the samples taken from a monitoring

well at the end of low-flow well purging. This sheet is used in conjunction with SOP CT0166-05.

3.11 Surface Water Sample Log Sheet

The Surface Water Sample Log Sheet is used to document the samples collected from surface

waters. This sheet is used in conjunction with SOP CT0166-18.

•

•

•
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Soil and Sediment Sample Log Sheet

The Soil and Sediment Sample Log Sheets are used to document the sampling at soils and

t~ sediments. This sheet is used in conjunction with SOP CT0166-08 and SOP CT0166-19.

•

•

4.0 ":,' ATTACHMENTS

1. Chain-at-Custody Record

Po'.
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•

•

BOREHOLE ADVANCEMENT AND SOIL CORING USING

DIRECT-PUSH TECHNOLOGY AND HAND AUGER TECHNIQUES

'1.0 PURPOSE

This Standard Operating Procedure (SOP) describes the procedures for collecting surface and subsurface

. soil cores from unconsolidated overburden materials using direct-push technology (OPT) and hand

augering techniques at the NSWC Crane facility. For this investigation, a Geoprobe® rig with a

Macrocore Sampler will be the type of OPT used.

2.0 REQUIRED FIELD FORMS AND EQUIPMENT

Cut-resistant non-latex Impermeable Gloves

Cotton gloves

Disposable medical-grade gloves (e.g., latex, nitrile),

Writing utensil

Boring log sheets: A copy of this form is included in SOP CT0166-07

Photoionization detector (PID) (see SOP CTO 166-06)

Geoprobe® or equivalent DPT equipment

."Geoprobe® Macrocore Sampler or equivalent

Geoprobe® Sampling Kit or equivalent

Clear acetate liners: one new liner for each soil core

Stainless Steel Auger Buckets

Stainless Steel Extension Rods

Cross Handle

Required decontamination materials (see SOP CT0166-16)

..",Bentonite pellets
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3.0 BOREHOLE ADVANCEMENT AND SOIL SAMPLING USING A GEOPROBE®

OPT wiI," be employed to collect soil cores. OPT refers to sampling tools and sensors that are driven

directly into the ground without the use of conventional rotary drilling equipment. OPT typically utilizes

hydraulic pressure and/or percussion hammers to advance the sampling tools. Geoprobe® is a

manufacturer of a hydraulically powered, percussion/probing machine utilizing OPT to collect subsurface

environmental samples.

3.1 Clear the area to be sampled of any surface debris (herbaceous vegetation, twigs, rocks, litter,

etc.).

3.2 Place a new clear acetate liner in the detachable Macrocore core barrel and attach the coring

device to the Geoprobe® rig.

•

3.3 Drive the macrocore sampler (lined with acetate) into the ground to a depth of 2 feet using

hydraulic pressure. The 0- to 2-foot depth soil'interval is considered to be the surface soil.

3.4 Retract the sampler from the borehole and remove the acetate liner and the soil core from the

Macrocore barrel. •
3.5 Attach the metal trough from the Geoprobe0 Sampling Kit firmly to the tailgate of a vehicle. If a

vehicle with a tailgate is not available, secure the trough on another suitable surface.

3.6 Place the acetate liner containing the soil core in the trough.

3.7 While wearing cut-resistant gloves (constructed of non-latex over cotton), cut the acetate liner

through its entire length using the dOUble-bladed knife that accompanies the Geoprobe0 Sampling

Kit. Then remove the strip of acetate from the trough to gain access to the collected soils.

CAUTION: Do not attempt to cut the acetate liner while holding it in your hand.

3.8

090307/P

Scan the entire length of the soil core for vacs using the PIO. Record the specific depth interval

and the associated PIO reading on the Boring Log Sheet. Collect a soil vac sample using

Encore samplers from the soil interval that had the highest PIO reading. If no above-background

PIO readings were detected, collect the vac sample from an interval that is discolored or displays
\

other visual signs of being contaminated. If no visual sign of contamination is evident, collect the

CTO 0166
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soil VOG sample from the center of the core interval (Le., 1-foot depth). Details for collecting a

VOG sample using the Encore sampler are included in SOP GT0166-08.

3.9·; Log the soil core on the Boring Log Sheet (see SOP GT0166-07).

3.10::' Place the soil core in a stainless-steel mixing bowl, homogenize, and collect the remainder of the

soil sample aliquots, as described in SOP GTO 166-08.

3.11';" Repeat steps 3.2 through 3.11 for the next depth intervals.

3.12 The depth to bedrock should be recorded on the Boring Log and the estimated moisture content

of the soil and the presence or absence of water in the boring should be noted.

3.13 If readings from the PID are all at background levels below field screening criteria, then excess

.;isoil core materials will be returned to the hole and tamped. If insufficient soil is available to fill the

.fhole to the ground surface, then bentonite pellets mixed with the soil will be used to backfill the

hole.

3.14 If screening instruments indicate that contaminants may be present in the soil materials, then all

excess soil core materials will be placed in a plastic bag (or drum if larger quantities). The bag will

be tagged identifying the locations and depths from where the soils came from and the date. The

bag will then be placed in a 55-gallon drum and stored on site until laboratory analyses of the soil

are completed and classification of the soil waste materials can be determined (see SOP

GT0166-14).

3.15 ~i, If soil materials from the boring are suspected of being contaminated (see 3.14 above), the soil

~ boring will be backfilled with bentonite pellets up to the ground surface.

3.16 Decontaminate all soil sampling equipment in accordance with SOP GT0166-16 before collecting

the next sample.

4.0 :. BOREHOLE ADVANCEMENT AND SOIL SAMPLING USING A HAND AUGER

Hand Augers may be employed to collect soil cores where non-VOG samples will be collected. A hand

augering system generally consists of a variety of all stainless steel bucket bits (i.e. cylinders 6-1/2" long

and 2-3/4", 3-1/4", and 4" in diameter), a series of extension rods (available in 2', 3', 4' and 5' lengths), a
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cross handle. A larger diameter bucket bit is commonly used to bore a hole to the desired sampling depth

and then withdrawn. In,turn, the larger diameter bit is replaced with a smaller diameter bit, lowered down

the hole, and slowly turned into the soil at the completion depth or refusal. The apparatus is then

withdrawn and the soil sample collected.

The hand auger can be used in a wide variety of soil conditions. It can be used to sample soil, both from

the surface, or to depths in excess of 12 feet. However, the presence or rock layers and the collapse of

the borehole normally contribute to its limiting factors.

4.1 Attach a properly decontaminated bucket bit into a clean extension rod and further attach the

cross handle to the extension rod.'

4.2 Clear the area to be sampled of any surface debris (vegetation, twigs, rocks, letter, etc.)

•

4.3 Begin augering (periodically removing accumulated soils from the bucket -bit) and add additional

rod extensions as necessary. Also, note (in a field notebook or on standardized data sheets) and

changes in the color, texture or odor of the soil. •4.4 After reaching the desired depth, slowly and carefully withdraw the apparatus from the borehole.

4.5 Remove the soiled bucket bit from the extension rod extension and replace it with another

properly decontaminated bucket bit. The bucket bit used for sampling is commonly smaller in

diameter than the bucket employed to initiate the borehole.

4.6 Carefully lower the apparatus down the borehole. Care must be taken to avoid scraping the

borehole sides.

4.7 Slowly turn the apparatus until the bucket bit is advanced approximately 6 inches.

4.8 Discard the top of the core (approximately 1"), which represents any loose material collected by

the bucket bit before penetrating the sample material.

4.9 Scan the soil core using the PID. Record the specific depth interval and the associated PID

reading on the Boring Log Sheet.

•
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Utilizing a properly decontaminated stainless steel trowel or disposable trowel, remove the sample

material from the bucket bit and place into a properly decontaminated stainless steel mixing bowl

and thoroughly homogenize the sample material prior to filling the remaining sample containers,

as described in SOP CTO 166-8.

Log the soil core on the Boring Log Sheet (see SOP CT0166-07). .
I

If readings from the PID are all at background levels below field screening criteria, then excess

soil core materials will be returned to the hole and tamped. If insufficient soil is available to fill the

hole to the ,ground surface, then bentonite pellets mixed with the soil will be used to backfill the

hole.

,..'

•
"

'4

4.13 If screening instruments indicate that contaminants may be present in the soil materials, then all

excess soil core materials will be placed in a plastic bag (or drum if larger quantities). The bag will

',be tagged identifying the locations and depths from where the soils came from and the date. The

.bag will then be placed in a 55-gallon drum and stored on site until laboratory analyses of the soil

are completed and classification of the soil waste materials can be determined (see SOP

CT0166-15).

4.14 'If soil materials from the boring are suspected of being contaminated (see 4.12 above), the soil

boring will be backfilled with bentonite pellets up to the ground surface.

4.15 Decontaminate all soil sampling equipment in accordance with SOP CT0166-16 before collecting

the next sample.
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-05

MONITORING WELL SAMPLING

1.0 PURPOSE

This Standard Operating Procedure (SOP) establishes the procedure for monitoring well sampling. Low

flow sampling techniques will be used for ground water sampling at the NSWC Crane facility.

2.0 REQUIRED FIELD FORMS AND EQUIPMENT

The following field forms and equipment are required for low-flow sampling of monitoring wells:

Ground Water Sample Log Form: A copy of this form is attached at the end of this SOP

• Bound field log book

Chain-of-Custody Form

Bladder pump

Peristaltic Pump

Surgical gloves

Labeled sample containers: Sample containers are certified clean by the laboratory supplying the

sample containers.

Tag for each sample container

-.
Plastic storage bags

Shipping containers with ice
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3.0 MONITORING WELL SAMPLING PROCEDURES

3.1 Ground water sampling may be initiated when the monitoring well has been purged and stabilized

in accordance with SOP CT0166-15.

3.2 Record the sample start time (using military time) on the Ground Water Sample Log Sheet.

Record the field measurements for pH, (ORP), specific conductance, temperature, dissolved

oxygen, and turbidity.

3.3 With the pump continuing to run, disconnect the flow-through cell from the pump discharge tube

and immediately start filling sample bottles directly from the pump discharge. All sample

containers will be supplied by the laboratory, and the laboratory will pre-preserve all sample

containers, where appropriate.

•

3.4 Allow the pump discharge to flow gently down the inside of the container with minimal turbulence

when filling sample containers. Avoid immersing the discharge tube into the sample as the

sample container is being filled. Sample containers for volatile constituents (VOCs) must be

completely filled so that no headspace exists in the container. The VOC vials will be filled to the

top so that a convex meniscus is formed. -Gently secure the cap, turn the vial upside down, and

check to see if any air has been trapped inside the vial. If so, open the cap, reform the meniscus,

and attempt again to sec;ure the lid without trapping air in the sample. All other sample containers

can have air space included when the container lid is secured.

•
3.5 Cap each container immediately after filling.

3.6 Record the sample time on the Ground Water Sample Log Form, the sample tag, and the sample

label.

3.7 Secure the associated tag to each sample container.

3.8 Place the tagged sample container into a plastic storage bag and then into a cooler containing

ice.

3.9

090307/P

Enter the proper information on the Chain-of-Custody Form for each sample container (see SOP

CT0166-03).
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Repeat steps 3.3 through 3.9 for each sample container collected.

The pump rate should not be adjusted after sampling has commenced. If it becomes necessary

to adjust the pump rate, document the change on the Ground Water Sample Log Form.

All samples will be collected into pre-preserved bottles (if required) supplied by an approved

laboratory. All samples will be collected in the following sequence (where applicable):

•

• Volatile organic compounds (VOCs)
",

• Other organics
H:
h.

Appendix IX Metals plus Sn (totals)•
• Nitrate

• Nitrite

. 3.13 "If the last turbidity measurement prior to the commencement of sampling showed turbidity to be

greater than 10 nephelometric turbidity units (NTUs), then filtered aliquots of ground water will be

collected and analyzed for dissolved metals. Without turning off the pump, attach a disposable,

inline, OA5-um filter cartridge at the end of the discharge tube. Fill sample containers marked for

"dissolved metals so that the laboratory knows that these aliquots are distinct sample fractions and
~I' . j~~"i ..

that the results should be reported as dissolved analytes.

3.14 Repeat steps 3.5 through 3.9 for the filtered sample containers.

3.15 After completion of sample collection, remove the bladder pump from the well and decontaminate

following the procedures in SOP CT0166-16.

3.16 Replace the outer protective well cap and lock the well.

3.17 All equipment should be cleaned and packed into the sample vehicle, along with the sample

cooler for transport. Disposable gloves and other equipment should be placed in a plastic trash

bag and handled as investigation-derived waste (SOP CT0166-14).

4.0 ATTACHMENTS

• 1.

090307/P

Ground Water Sample Log Sheet
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["R:] T,I,. Too" NUS, I~,

Project Site Name:
Project No.:

[] Domestic Well Data
[] Monitoring Well Data
[] Other Well Type:
[] QA Sample Type:

SAMPLING DATA:

Date:

Time:

Method:

Color

(Visual)

GROUNDWATER SAMPLE LOG SHEET

Page of

Sample ID No.:
Sample Location:
Sampled By:
C.O.C. No.:
Type of Sample:
o Low Concentration
oHigh Concentration

:;:: :" ....>,., .< . ,,;: :"''.'',; ... .,
" >i..... ,...,.;', ";.".: .,.,.' ..... C''' .. , •.

pH s.c. Temp. Turbidity DO Salinity Other

(S.U.) (mS/cm) [Jq (NTU) (mgll) (%)

•

PURGE DATA: ' ..."•....., ".

Date:

Method:

Monitor Reading (ppm):

Well Casing Diameter & Material

Type:

Total Well Depth (TD):

Static Water Level (WL):

One Casing Volume(gal/L):

Start Purge (hrs):

End Purge (hrs):

Total Purge Time (min):

Volume pH S.c. Temp. Turbidity DO Salinity Other

Total Vol. Purged (gal/L):

SAMPLE'COLLECTION:INFORMATION: '.,'
...... '.." "",'

Analysis Preservative Container Requirements Collected

OBSERVATIONSINOTES: "'.

• CircleJf.'Applicable:·""·";:'·""··' .".', .... ",;", ... '.' .' :.'.

MS/MSD Duplicate 10 No.:

"",,,"",',, '.' '.' Signature(s):
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-06

CALI BRATION AND USE OF PHOTOIONIZATION DETECTOR

1.0 PURPOSE

This Standard Operating Procedure (SOP) establishes procedures for the maintenance, calibration, and

use of a photoionization detector (PID). The Photovac 2020 Photoionization Air Monitor will be used

during the NSWC Crane facility investigation. The procedures for its use are discussed in detail in the

following sections.

2.0 GLOSSARY

Electron-volt (eV) - A unit of energy equal to the energy acquired by an electron when it passes through a

potential difference of 1 volt in a vacuum.

Intrinsically Safe (I.S.) - Based on wiring, configuration, design, operation, gasketing, construction, this

:instrument may be employed within locations where flammable gases and/or vapors may exist.

Ionization Potential (I.P.) - The energy required to remove an electron from a molecule yielding a

positively charged ion and a negatively charged free electron. The instrument measures this energy

level.

Photoionization Detector (PIO) - Photoionization detector is employed as the general reference to air

monitors of this type. PID's detection method employs ultraviolet (UV) radiation as an energy source. As

air and contaminants are drawn through the ionization chamber, the UV light source causes the

contaminant with ionization potentials equal to or le~s than the UV source to break into positive and

negatively charge ions. The created ions are subjected to an electrostatic field. The voltage difference is

measured in proportion to the calibration reference and the concentration of the contaminant.

Ultraviolet Radiation (UV) Lamp - Ultraviolet radiation is the energy source employed by the instrument to

ionize collected sample gas streams. The UV lamp source is required to be equal to or greater than the

ionization potential of the substance drawn through the instrument in order to create separate ionized

species.
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3.0 REQUIRED EQUIPMENT

Pen

Equipment Calibration Form

Photoionization detector

Isobutylene calibration gas (i.e., span gas)

Regulator

4.0 PROCEDURES

4.1 Principle of Operation

The Photovac portable photoionizer detects many organic (and a few inorganic) species. The basis for

detection of this instrument is the ionization of components in gaseous streams. The incoming gas

molecules are subjected to ultraviolet (UV) radiation, which is energetic enough to ionize many

compounds associated with industrial activities. Molecules are transformed into charged-ion pairs,

creating a current between two electrodes. Each molecule has a characteristic ionization potential, which

is the energy required to remove an electron from the molecule, yielding a positively charged ion and a

free electron. The instrument measures this energy level.

This instrument measures the concentration of airborne photoionizable gases and vapors and

automatically displays and records these concentrations. It does not distinguish between individual

substances'. Readings displayed represent the total concentration of all photoionizable chemicals present

in the sample. This instrument is factory-set to display concentration in units of ppm or mg/m3
. The

meter display updates itself once per second.

The 2020 also performs short-term exposure limit (STEL), time-weighted average (TWA), and PEAK

calculations. Any of these results can be viewed, but only one mode may be viewed at a time.

The 2020 has six keys for alphanumeric entry and for accessing multiple functions. The keys are used to

set up and calibrate 2020. They allow the user to manipulate the concentration data in various ways.

All information entered with the keys and stored in the 2020's memory is retained when the instrument is

switched off. The clock and calendar continue to operate and do not need to be set each time the 2020 is

turned on.

•

•

•
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The 2020 has a meter display for reporting detected concentration and a display used for status/

information to guide you through configuration options. All functions of the 2020 will be controlled or

reported using one of these displays.

4.1.1.1 Meter Display

The meter display is four digits. It will always be used for reporting detected concentration. When the

detector and pump are off, the meter display will be blank.

·In order to accommodate the range of concentrations the 2020 can detect, the meter reading will be

reported using one of two resolutions. A resolution of 0.1 will be used for concentrations below 100 ppm,

and a resolution of 1 will be used for concentrations above 100 ppm.

The status display is a two- line by 16-character display. The top line is used to display status information

and prompts the user for inputs. The bottom line is used for soft key names. Up to three names can be

displayed for the three soft keys. If a name does not appear for a soft key, then the soft key has no

associated function ..

•
4.1.1·.2

4.1.2

4.1.2.1

Status Display

Keys

Fixed Keys

•

The three round keys below the soft keys each have a fixed function. The first key is the ON/OFF key,

the middle key is the EXIT key, and the last key is the ENTER key.

The ON/OFF key is used to both turn power on and off. To turn on the 2020, press the ON/OFF key. To

turn the power off, press the ON/OFF key and hold it down for 2 seconds, and then release it. This is
r:.":,--

done to prevent accidental power off.
.',

• 'I'

The EXIT key provides a way of returning to the default display. In the functional map, the soft keys allow

the user to advance and the EXIT key provides a way to go back. If the user is at the initial entry of the

menu, EXIT will return you to the default display.
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The ENTER key has a context sensitive function. When the user is operating or navigating through the

function map, the ENTER key is used to exit the functions and return to the default display. When

entering data such as a name, number, date, or time, ENTER is used to confirm the entry.

•
4.1.2.2 Soft Keys

The three soft keys on the 2020 are located directly below the status display. Each key has varying

functions for configuring the 2020, editing the data logger, and controlling the display. Because only three

soft keys are available, each function is broken down into a path.

4.1.2.3 Entering Text with the Soft Keys

For all information that is entered, the left, center, and right soft keys correspond to the up, down, and

right arrow.

The up and down arrows are used to change the character highlighted by the cursor. The right arrow is

used to advance the cursor to the next character on the right. When the cursor is advanced past the right

most character, it wraps around to the first character again. To accept the changes, press the ENTER

key. To ignore the change, press EXIT.

Formatting characters, s'uch as the colon (:) in the time, the decimal (.) in a concentration, and the slash

(I) in the date, are skipped when advancing the cursor.

All inputs are an eight-character input, which is displayed on the right side of the top line of the status

display. The prompt, describing the input, occupies the left half of the top line. The soft keys are defined

on the bottom line of the status display.

4.2 Default Display

The meter display shows the detected concentration. The resolution of the display changes with the

magnitude of the reading. A reading of 0 to 99.9 will be displayed with a resolution of 0.1 ppm. A reading

greater than 99.9 will be shown with a resolution of 1 ppm or 1 mg/m3
. The meter will display

concentrations up to 2000 ppm or 2(99) mg/m3
.

The status display is used to display the instrument status, date, time, units, and active soft keys.

•

•
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The default display provides the following information: instrument status, current detected concentration,

time, date, and measurement units. The status display toggles between showing time and units and then

the date.

When the display mode is MAX, the date and time correspond to the date and time the MAX

concentration was recorded. In TWA mode, the time represents the number of hours and minutes during

which the TWA has been accumulating. For PEAK and STEL monitoring, the date and time correspond

to the current date and time.

4.3 Monitoring

4.3.1 Instrument Status

The instrument status is shown on the left of the first line of the status display and on the Table and

Graph outputs. Each status has a priority assigned to it. If more than one status is in effect, then the

status:with the highest priority is displayed until the condition is corrected or until the option is turned off.

• 4.3.2 Alarms

•

While operating the instrument, anyone of three alarm conditions can occur. To accurately identify the

source of the alarm, each type of alarm has been given a unique status.

In addition to the status, the 2020 also has an audible alarm and a visual alarm LED. To conserve power,

the 2020 alternates between these two alarm indicators, rather than operating both concurrently.

Different alarms are identified by the frequency at which the 2020 alternates as follows: PEAK alarm, 5

times per second; STEL alarm, 2.5 times per second; and TWA alarm, 1.25 times per second.

The left soft key is used for acknowledging alarms, and is labeled "Ack." If no alarm exists, then the "Ack"

key is not shown. To clear the alarm, press the "Ack" key. Once acknowledged, the alarm indicators are

cleared. The alarm status will remain until the alarm condition clears.

The 2020 updates the peak concentration once every second. Following every update, the peak

cpncentration is compared to the peak alarm level, and, if exceeded, an alarm is triggered.

If a 15-minute average concentration exceeds the selected STEL, a STEL alarm is generated.

090307/P CTO 0166



NSWCCrane
Draft QAPP
Revision: 0

Date: October 2003
Section: SOP_CT0166-06

Page 6 of 21

The TWA alarm is generated when the current average concentration over an a-hour period, since the

TWA was last cleared, has exceeded the TWA exposure limit.

During calibration, all alarms are disabled. Once the calibration is complete,the alarms are re-enabled.

4.4 STEL, TWA, MAX, and PEAK Operation

The 2020's meter display can be configured to show one of four values: STEL, TWA, PEAK, and MAX.

4.4.1 Short-term Exposure Limit Mode

The STEL mode displays the concentration as a 15-minute moving average. The 2020 maintains 15

samples, each representing a 1-minute averaging interval.

Once every minute, the oldest of the 15 samples is replaced with a new 1-minute average. This moving

average provides a 15-minute average of the last 15 minutes with a 1-minute update rate. Because the

average is calculated using 15 one-minute averages, the meter display will only update once every

minute.

The STEL is set to zero each time the instrument is turned on. Because STEL is a 15-minute moving

average, there is no need to clear or reset the STEL.

STEL calculations are always being performed by the 2020. The user can display the results of the

calculations by selecting "STEL" as the Display mode.

4.4.2 Time-weighted Average (TWA) Mode

The TWA accumulator sums concentrations every second until a hours of data have been combined. If

this value exceeds the TWA alarm setting, a TWA alarm is generated. The TWA is not calculated using a

moving average. Once 8 hours of data have been summed, the accumulation stops. In order to reset the

TWA accumulator, press the "Clr" key.

This sum will only be complete after 8 hours, so the meter displays the current sum divided by 8 hours.

While in TWA mode, the time on the status display will show the number of minutes and hours of data

that TWA has accumulated. When this reaches 8 hours, the 2020 stops accumulating data and the TWA

is complete.

•

•

•
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TWA calculations are always being performed by the 2020. The user can display the results of the

calculations by selecting TWA as the Display mode.

4.4'.3 MAX Mode

The MAX mode displays the maximum signal, with the date and time that it was recorded. The 2020

continues to log data according to the selected averaging interval, but only the maximum detected

concentration is displayed on the meter display.

The right soft key is used to clear the meter when displaying MAX. The "Clr" key only affects the reading

that the meter is displaying. For example, if the MAX reading is displayed, and "Clr" is pressed, only the

MAX-value is cleared?:The TwA is still accumulating in the background.

4.4.4 PEAK Mode

The PEAK mode displays the current detected concentration. The reading is updated once a second. In

the background, the 2020 data logger is sampling the concentration and measuring minimum, maximum,

and average concentrations for the selected averaging interval. At the end of every interval, one entry is

placed in the data logger until the data logger is full. For CTO 166, the instrument should be operated in

this mode. Operation within the other specialized modes is the responsibility of the 550.

4.5 Set Functions

Set functions are used to set up the 2020. Three functions can be set on the 2020: Pump, Clock, and

Calibration.

4.5.1 Pump

The Pump function is used to control the pump. After selecting "Set Pump," the 2020 responds by

displaying the new pump status. ,

The detector is also turned off when the pump is turned off. This prevents the detector from being

damaged when there is no sample flowing through the detector.

When the pump and the detector are off, the meter display will be blank. Turn the pump and detector off

when concentration measurements are not necessary, and the 2020 will only be used for reviewing data
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or generating reports. By operating the instrument with the pump and detector off when they are not

needed, the lives of the battery and ultraviolet (UV) lamp will be conserved.

To set the pump:

1. Press the ENTER key. The top line of the status display changes to "Select?" The bottom line

displays three soft key names: "Set,': "Log," and "Disp."

2. Press the soft key below "Set."

3. The names of the soft keys change to reflect the Set options. The display now shows three

devices that can be set: "Clock," "Pump," and "Cal." Press the "Pump" key.

4. The 2020 turns the pump off. If the pump was off, pressing "Pump" will turn the pump on.

5. A message will be displayed to show the status of the pump. The 2020 reverts back to the

previous menu after a few seconds.

6. To return to the default display, press the ENTER key.

4.5.2 Clock

The Clock function is used to set both the current date and time.

To set the clock:

1. Press the ENTER key.

2. Press the "Set" key.

3. When the names of the soft keys change, press the "Clock" key.

The up and down arrows are used to change the character underlined by the cursor. The right

arrow is used to advance the cursor to the next character on the right. When the cursor is

advanced past the right-most character, it wraps around to the first character again.

.-

•

•
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Formatting characters, such as the colon (:) in the time and the slash (I) in the date are skipped

when advancing the cursor.

4.

6.

;;:'.:?

4.5.3

Use the "arrow keys" to enter the correct time. The time is formatted as Hour:Minute:Second.

Press the ENTER key to confirm the time and move to the date option.

When setting the date, the 2020 prompts for the current date formatted as Year/Month/Day. Use

the "arrow keys" to enter the correct date.

Press the ENTER key to confirm the date and return to the Set options. Wait for the display to

timeout or press ENTER to return to the default display.

Calibration (Cal)

•
"Cal" allows the user to set up and calibrate the 2020. There are three options under the Cal function:, .

"Zero," "Span," and "Mem."

A calibration memory consists of a name, a response factor, and PEAK, TWA, and STEL alarm levels.

Ihe "Zero" and "Span" keys are covered in detail in the manufacturer's operations manual for the

instrument.

To edit the calibration memory, select "Mem" and then "Chng." The 2020 prompts the user with two new

·soft keys: "User" and "Lib."

4.5.4 Library (Lib)

Library selections simplify Cal Memory programming and provide standard response factors for

approximately 70 applications. "Lib" allows the user to select an entry from a pre-programmed library.

...The name, response factor, and. three alarm levels are all set from the library. To select a library entry to

program the selected Cal Memory:

1. Select "Set," "Cal," "Mem," "Chng," and "Lib."

•
2.

090307/P

Use the "Next" and "Prev" keys to scroll through the list. See the manufacturer's manual

Appendix 8.7 for a list of the library entries.
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4.6 Preparing for Field Operation of the Photovac 2020

Turning The 2020 On

1. Turn the 2020 on by pressing the ON/OFF key.

2. The 2020 will display the software version number. Wait for the 2020 to proceed to the default

display.

3. Allow 10 minutes for the instrument to warm up and stabilize.

4. Press the Enter Key. The default display will provide three soft key selections, "Set," "Log," and

"Display."

•

5. Press "Set." From this option, three, other soft key selections will be offered:' "Pump," "Clock,"

and "Cal."

6. Press "Cal." This will begin the calibration sequence. The first selection is to zero the instrument. •
7. Press Enter; zeroing will begin. (Note: When employing zero gas, attach and activate zero gas

supply at this time.)

8. The next selection offered will be Span. Press Enter, at which time the concentration will be
,
requested. The isobutylene calibration gas employed under general service will be marked on

the side of the container. Use the soft keys to toggle into position and to log the concentration.

Once the concentration is logged, press "Enter." The direction on the status display will indicate

spanning. At this time, hook up the span gas with a regulator to the Photovac 2020 and open it to

supply enough flow to elevate the flow rate indicator to the green indicator line (1/8 inch from the

rest position).

9. Once spanning is complete, the alarms, which have been disabled during calibration, will activate,

indicating that calibration is complete.

10.

090307/P

Document' this calibration procedure using a Document of Calibration form (included in

Appendix A).
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This instrument is ready for general purpose application.

Calibration is to be performed daily or prior to each use, in accordance with this section.

4.7 Maintenance and Calibration Schedule

Function Frequency

Routine Calibration Prior to each use.

F.actory Inspection and Calibration Once a year, or when malfunctioning.

Wipe Down the Outer Casing of the Unit After each use.

Clean UV Light Source Every 24 hours of operation.

Sample Inlet Filter Change on a weekly basis or as required by level of
use.

Battery charging After each use.

Clean'ionization chamber Monthly.

4.7.1 Cleaning the UV Light Source Window
',\!.\"

1.

2.

3.

"..···.1

"

Turn the FUNCTION switch to the OFF position. Use the 2020 multi-tool and remove the lamp

housing cover. CAUTION: The UV lamp is delicate and expensive; handle carefully.

Tilt the lamp housing with one hand over the opening; slide the lamp out of the housing.

The lamp window may now be cleaned with any of the following compounds using lens paper:

a. 11.7 eV Lamp - Dry Aluminum Oxide Powder (3.0 micron pOWder)

b. All other lamps-HPLC Grade Methanol

••

4. Following cleaning, reassemble by first sliding the lamp back into the lamp housing. Replace the

o-ring as necessary, reinstall the lamp housing cover, and tighten it using the 2020 multi-tool.

(Do not over tighten.)

5. Recalibrate the instrument as per Section 4.6.
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4.7.2 Cleaning the Ionization Chamber

1. Turn the FUNCTION switch to the OFF position and remove the lamp housing cover and lamp as

per Section 4.7.1 .

2. Using a gerntle jet of compressed air, gently blowout any dust or dirt.

3. Following cleaning, reassemble by first sliding the lamp back into the lamp housing. Replace the

o-ring as necessary, reinstall the lamp housing cover, and tighten it using the 2020 multi-tool.

(Do not over tighten.)

,- 4. Recalibrate the instrument as per Section 4.6.

4.8 Instrument Advantages

The Photovac 2020 is easy to use in comparison to many other types of monitoring instrumentation. Its

detection limit range is in the low parts-per-million range. Response rapidly reaches 90 percent scale of

the indicated concentration (less than 3 seconds for benzene). This instrument's automated performance

covers multiple monitoring functions simultaneously, incorporating data logging capabilities.

4.9 Limitations of the Photovac 2020 Photoionization Monitor

• Because the 2020 is a nonspecific total gas/vapor detector, it cannot be used to identify unknown

chemicals; it can only quantitate them in relationship to a calibration standard (relative response

ratio).

• For appropriate application of the 2020, ionization potentials of suspected contaminants must be

known.

• Because the types of compounds that the 2020 can potentially detect are only a fraction of the

chemicals possibly present at a hazardous waste site or incident, a background or zero reading on

this instrument does not necessarily signify the absence of air contaminants.

• The 2020 instrument can only monitor certain vapors and gases in air. Many nonvolatile liquids, toxic

solids, particulates, and other toxic gases and vapors cannot be detected.

e

•

e-
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PIDs are generally not specific. Their response to different compounds is relative to the calibration

gas used. This is referred to as relative response ratio. Instrument readings may be higher or lower

than the true concentration. This can be an especially serious problem when monitoring for total

contaminant concentrations if several different compounds are being detected at once.

The 2020 is a small, portable instrument that cannot be expected to yield results as accurately as-,

laboratory instruments.

•

•

-',
4.9.1 Variables Affecting Monitoring Data

Monitoring a hazardous waste site environment can, pose a significant challenge in assessing airborne

concentrations and the potential threats to site personnel. Several variables may influence both

dispersion and the instrument's ability to detect actual concentrations. Some of the variables, which may

impact these conditions, are as follows:

• Temperature - Changes in temperature or pressure will influence volatization and affect airborne

concentrations. Additionally, an increase or decrease in temperature ranges may have an adverse

effect on the instrument's ability to detect airborne concentrations.

• Humidity - Excessive levels of humidity may interfere with the accuracy of monitoring results,

• Rainfall - Through increased barometric pressure and water, rainfall may influence dispersion

pathways affecting airborne emissions.

'. Electromagnetic interference - High voltage sources, generators, other electrical equipment may

interfere with the operation and accuracy of direct-reading monitoring instruments.

5.0 TROUBLESHOOTING

5.1 Fault Messages
, ~;}-

';"When the "Fault" status is displayed, the 2020's operation is compromised.

Fault 1: Signal from zero gas is too high.

Cause: If another fault occurred while the 2020 was setting its zero point, then this fault is displayed.

Action: Ensure no faults are occurring and calibrate the 2020 again.
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Cause: Contamination of sample line, sample probe, or fittings before the detector.

Action: Clean or replace the sample line, sample probe, or the inlet filter.

Cause:. Span gas and zero air are switched.

Action: Ensure clean air is used to zero the 2020. If you are using gas bags, mark the calibration and

zero gas bags clearly.

Cause: Ambient air is contaminated.

Action: If you are unsure about the quality of ambient air, use a supply of commercial zero grade air to

zero the 2020.

Fault 2: Signal from span gas is too small.

•

Cause: Operator may have switched the span gas and zero air.

Action: Ensure clean air is used to zero the 2020. If you are using gas bags, mark the calibration and

zero gas bags clearly.

Action: Ensure the span gas is of a reliable concentration.

Cause: UV lamp window is dirty.

Note: 00 not remove the detector lamp in a hazardous location.

Action: Clean the UV lamp window. •

Cause: UV lamp is failing.

Note: 00 not remove or replace the detector lamp in a hazardous location.

Action: Install a new UV lamp.

Cause: Incompatible application.

Action: The concentration and sample gas are incompatible for use with the 2020.

Fault 3: UV lamp fault. UV lamp has not started.

Cause: The UV lamp has not started immediately.

Action: This fault may be seen momentarily wheri 2020 is first turned on. Allow 30 to 60 seconds for the

UV lamp to start and the fault to clear.

Cause: The UV lamp serial number label is blocking the photocell.

Note: 00 not remove or replace the detector lamp in a hazardous location.

Action: If you have a UV lamp with a white serial number label, it is possible that the label is blocking the

photocell. Rotate the lamp approximately 90 degrees and then try to start the 2020 again. If the

fault persists, replace the lamp.

Cause: the UV lamp is not installed.

Note: 00 not remove or replace the detector lamp in a hazardous location. •
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Action: Install a UV lamp.

Cause: The UV lamp has failed.

Note: Do not remove or replace the detector lamp in a hazardous location.

'"Action: Install a new UV lamp.

Cause: Electronic problem.

Action: If a new UV lamp still generates this fault, then contact the Photovac Service Department.

Fault 4: Pump current too low or too high.

Cause: If the pump sounds labored, then the pump is operating beyond normal operating parameters.

Action: Check for an obstruction in the sample line. Make sure sample line, sample probe, or inlet filter

are not plugged.

Note: Do not replace the inlet filter in a hazardous location.

Action: Replace the inlet filter.

Action: Ensure the sample outlet, located on the underside of the 2020, is not obstructed.

Cause: The UV lamp is too wide, causing flow to be restricted.

Note: Do not remove or replace the detector lamp in a hazardous location.

Action: If you have a UV lamp with a white serial number label, it is possible that the lamp is too wide for

the lampholder. Contact the TtNUS equipment manager.

Caus,e:The 2020 has been exposed to a solvent that can pass through the inlet filter and liquid has been

aspirated.

Action: Contact the TtNUS equipment manager.

Cause: The pump has failed.

Action: Contact the TtNUS equipment manager.

5.2 Specific Problems

Problem: Very low or no instrument response detected, yet compounds are known to be present.

Cause: The 2020 has not been calibrated properly.

Action: Ensure the calibration gas is of a reliable concentration and then calibrate the instrument as

outlined in Section 4.6 of the User's Manual. After the instrument has been calibrated, sample the

bag of calibration gas. Areading equivalent to the calibration gas should be displayed. If not,

. contact the TtNUS equipment manager.

Note: Do not remove or recharge the battery pack in a hazardous location.

Action: Disconnect the battery charger before calibrating the 2020.

Cause: Calibration memories have not been programmed correctly.
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Action: Progr~m all the calibration memories you require for your application. You must use the correct

calibration gas and concentration for each Cal Memory.

Cause: The response factor has been set to zero.

Action: Enter the correct response factor. Refer to Appendix 8.6 for a list of response factors. If the

compound is not listed in Appendix 8.6 or you are measuring gas mixtures, then enter a value of.

1.0. See User's Manual provided by the manufacturer.

Cause: You are not using the correct Cal Memory.

Action: Select the correct Cal Memory for your application.

Note: It does not matter which Cal Memory is selected or which response factor is entered.

The 2020's response is not specific to anyone compound. The reading displayed

represents the total concentration of all ionizable compounds in the sample.

Cause: Detector is leaking. A decrease in sensitivity may be due to a leak in the detector.

Note: Do not remove or replace the detection lamp in a hazardous location.

Action: Ensure the UV lamp has been installed correctly.

Action: Ensure the lamp cover has been tightened down. Do not overtighten the cover.

Action: Ensure the o-ring seal on the lamp cover is positioned correctly.

Cause: The UV lamp is too long, causing flow to be restricted.

Note: Do not remove or replace the detector lamp in a hazardous location.

Action: If you have a UV lamp with a white serial number label, it is possible that the lamp is too long for

the lampholder. Replace the lamp and contact the TtNUS equipment manager.

Cause: UV lamp is too wide, causing flow to be restricted.

Note: Do not remove or replace the detector lamp in a hazardous location.

Action: If you have a .UV lamp with a white serial number label, it is possible that the lamp is too wide for

the lampholder. Contact the TtNUS equipment manager.

Cause: The sampling environment is extremely humid.

Action: Water vapor is not ionized by the PID, but it does scatter and absorb the light and results in a

lower reading. The 2020 detector has been designed to operate under high humidity conditions.

Under extreme conditions, you may notice decreased response due to humidity.

Cause: The UV lamp is failing.

Note: Do not remove or replace the detector lamp in a hazardous location.

Action: High concentration of non-ionizable compounds. Chemical compounds, such as methane, with

IPs greater than the 10.6 eV scatter and absorb the UV light. Sensitivity may be decreased

significantly. Application with high backgrounds of such materials may be incompatible with the

2020. Contact the Photovac Applications Group for more information.

•

•

•
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•

•

Cause: Sampling environment is extremely humid.

Action: Water vapor may contain mineral salts, which carry a charge. The water vapor becomes an
irt,';,'

electrolytic solution, which becomes ionized when it enters the detector. Atmospheric water in

areas around the sea or stagnant water may produce a response in the absence of contaminants.

The same effect may be seen when conducting ground water investigations in areas where the

water is hard because it contains a significant concentration of minerals.

Cause: The 2020 has not been calibrated properly.a'; _
Actior: Ensure the calibration gas is 9f a reliable concentration and then calibrate the instrument as

outlined in Section 4.6. After the instrument has been calibrated, sample the bag of calibration
Jk,

gas. A reading equivalent to the calibration gas should be displayed. If not, contact the TtNUS

equipment manager.

Cause: Cal Memories have not been programmed correctly.

Action: Program all the Cal Memories you require for your application. You must use the correct

calibration gas and concentration for each Cal Memory. See Section 3.4 of the User's Manual.

Cause: You are not using the correct Cal Memory.

Action: Select the correct Cal Memory for your application. See Section 3.2.2 or 3.3.2 of the User's

Manual.

__ • ;0 Note: It does not matter which Cal Memory is selected or which response factor is entered.
)....t.

The 2020's response is not specific to anyone compound. The ~eading displayed

represents the total concentration of all ionizable compounds in the sample.

Cause: The detector has been short circuited by foreign matter in the detector cell.

Note: Do not service the 2020 in a hazardous location.

Actio~_: Do not touch the wire grid inside the detector cell. Use a gentle jet of compressed air to remove

_," any dust in the detector cell.

Warning: Do not insert any object, other than the UV lamp, into the lampholder.

Cause: There is an undetermined problem.

Actiori: Contact the TtNUS equipment manager.

Problem: Date and time settings are not retained.

Cause: The battery pack was removed before the 2020 was turned off.

Note: Do not remove or recharge the battery pack in a hazardous location.
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Action: Replace the battery pack and reset the time and date. Ensure that the 2020 has been turned off

before removing the battery pack.

Cause: The 2020 has not been used for 3 months or more and the internal battery (not the external

battery pack) has discharged.

Note: 00 not remove or recharge the battery pack in a hazardous location.

Action: Connect the 2020 to the AC adapter and turn the 2020 on. Turn the pump off. While the 2020 is

running, the internal battery is charging. Leave the instrument running for approximately 24

hours.

Problem: Instrument status shows "Over."

•

Cause: High concentrations of gases and vapors will cause a rapid change in signal level. The detector

and associated electronics may become temporarily saturated.

Action: Wait a few seconds for the status to return to normal. PIDs are designed to detect relatively low

. concentrations of gases and vapors. Exposure to very high concentrations may result in a very

high or maximum response.

Cause: The detector has become saturated.

Action: Move the 2020 to a location where it can sample clean air. Sample clean air until the reading •

stabilizes around O.

Cause: Detector has been short circuited by foreign matter in the detector cell.

Note: 00 not service the 2020 in a hazardous location.

Action: Do not touch the wire grid inside the detector cell. Use a gentle jet of compressed air to remove

any dust or dirt in the detector cell.

Warning: Do not insert any object, other than the UV lamp, into the lampholder.

Cause: There is an undetermined problem.

Action: Contact the TtNUS equipment manager.

Problem: Display is blank.

Cause: Battery pack is critically low.

Note: 00 not remove or recharge the battery pack in a hazardous location.

Action: Replace the battery pack or connect the 2020 to the AC adapter.

Cause: The battery pack is not connected to the instrument correctly.

Action: Ensure the battery pack connector is securely attached to the connector on the 2020.

Cause: There is an undetermined problem.
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Action: Reset the 2020. You must leave the instrument on while you disconnect the battery pack. This

will reset the instrument. Reconnect the battery pack and· close the battery hatch. Turn on the

2020, set the time and date, and program all the calibration memories that you are using.

Action: Contact the TtNUS equipment manager.

Problem: Sample flow rate is less than 300 mUmin.

Cause: The inlet filter is plugged.

Note: 00 not replace the inlet filter in a hazardous location.

Action: Replace the inlet filter.

Cause: The inlet filter has not been installed properly.

Action: Ensure that the inlet filter has been installed correctly.

Cause: The UV lamp is too long, causing flow to be restricted.

Note: 00 not remove or replace the detector lamp in a hazardous location.

Action: If you have a UV lamp with a white serial number label, it is possible that the lamp is too long for

the lampholder. Replace the lamp and contact the TtNUS equipment manager.

Cause: The UV lamp is too wide, causing flow to be restricted.

Action: If you have a UV lamp with a white serial number label, it is possible that the lamp is too wide for

the lampholder. Contact the TtNUS Equipment Manager.

Cause:'l.The 2020 has been exposed to a solvent that can pass through the inlet filter and liquid has been

aspirated.

Action: Contact the TtNUS equipment manager.

Cause: Sample outlet is obstructed.

Action: Ensure the sample outlet is not obstructed in any way.

Cause: Pump has been damaged.

Action: Contact the TtNUS equipment manager.

Problem: Liquid has been aspirated.

Cause: The 2020 has been exposed to a solvent that can pass through the inlet filter.

Action: Contact the TtNUS equipment manager.

Problem: Corrosive gases and vapors have been sampled.

Cause: The 2020 has been exposed to corrosive gases and vapors.

Action: Corrosive gases and vapors can affect the electrodes within the detector as well as the lamp

window. Prolonged exposure to corrosive materials may result in permanent fogging or etching
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of the window. If the 2020 is exposed to corrosive material, contact the TtNUS equipment

manager.

6.0 SHIPPING

The Photovac may be shipped as cargo or carried on as luggage if there is no calibration gas cylinder

accompanying the kit. When shipping or transporting .the calibration gas, a Hazardous Airbill must be

completed.

7.0 REFERENCES

Photovac 2020 Photoionization Monitor User's Manual, ~ 995.

8.0 ATTACHMENTS

1. Equipment Calibration Log

•

•

•
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-07

BOREHOLE AND SOIL SAMPLE LOGGING

1.0 PURPOSE

This Standard Operating Procedure (SOP) describes the standard procedures and technical guidance on

the logging of soil cores collected at the NSWC Crane facility.

2.0 FIELD FORMS AND EQUIPMENT

Knife

Ruler (marked in tenths and hundredths of feet)

Boring Log: An example of this form is attached.

Photoionization detector (PID) (see SOP 166-06)

Writing utensil

3.0 RESPONSIBILITIES

A field geologist or engineer is responsible for supervising all boring activities and assuring that each

borehole is properly and completely logged.

4.0 PROCEDURES FOR BOREHOLE AND SAMPLE LOGGING

To maintain a consistent classification of soil, it is imperative that the field geologist understands and

accurately uses the field classification system described in this SOP. This identification is based on visual

examination and manual tests.

4.1 USCS Classification

'Soils' are to be classified according to the Unified Soil Classification System (USCS). This method of

classification is detailed in Figure 1 (attached to this SOP).

This method of classification identifies soil types on the basis of grain size and cohesiveness.

090307/P CTO 0166



NSWC Crane
Draft QAPP
Revision: 0

Date: October 2003
Section: SOP_CT0166-07

Page 2 of 7

Fine-grained .soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C).

Some classification systems define size ranges for these soil particles, but for field classification

purposes, they are identified by their respective behaviors. Organic material (0) is a common component

of soil but has no distinguishable size range; it is recognized by its composition. The careful study of the

USCS will aid in developing the competence and consistency necessary for the classification of soils.

Coarse-grained soils will be divided into categories: rock fragments, sand, or gravel. The terms "sand"

and "gravel" not only refer to the size of the soil particles but also to their depositional history. To insure

accuracy in description, the term "roc.k fragments" will be used to indicate angular granular materials

resulting from the breakup of rock. The sharp edges that are typically observed indicate little or no

transport from their source area; and therefore, the term provides additional information in reconstructing

the depositional environment of the soils encountered. When the term "rock fragments" is used, it will be

followed by a size designation such as "(1/4 inch<l>-1/2 inch<l>)" or "coarse-sand size" either immediately

after the entry or in the remarks column. The USCS classification would not be affected by this variation

in terms.

4.2

Soil colors will be described utilizing a single color descriptor preceded, when necessary, by a modifier to

denote variations in shade or color mixtures. A soil could therefore be referred to as "gray" or "light gray"

or "blue-gray." Because color can be utilized in correlating units between sampling locations, it is

important for color descriptions to be consistent from one boring to another.

Colors must be described while the sample is still moist. Soil samples will be broken or split vertically to

describe colors. Samplers tend to smear the sample surface, creating color variations between the

sample interior and exterior.

The term "mottled" will be used to indicate soils irregularly marked with spots of different colors. Mottling

in soils usually' indicates poor aeration and lack of good drainage.

4.3 Relative Density and Consistency

•

•

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil type.

Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not adhere

well when compressed). Finer-grained soils (silts and clays) are cohesive (particles will adhere together

when compressed). •
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Granular soils are given the USCS classifications GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1).

':The consistency of cohesive soils is determined by performing field tests and identifying the consistency

.as shown in the following table.

CONSISTENCY FOR COHESIVE SOILS

Consistency Standard Unconfined Field Identification
Penetration Compressive'
Resistance Strength
(Blows per (Tons/Sq. Foot by

Foot) pocket
penetration)

Very soft o to 2 less than 0.25 Easily penetrated several inches by fist.

Soft 2 to 4 0.25 to 0.50 Easily penetrated several inches by
thumb.

Medium stiff 4 to 8 0.50 to 1.0 Can be penetrated several inches by
thumb'with moderate effort.

Stiff 8 to 15 1.0 to 2.0 Readily indented by thumb but
penetrated only with great effort.

Very stiff 15 to 30 2.0 to 4.0 Readily indented by thumbnail.

Har,d. Over 30 More than 4.0 Indented with difficulty by thumbnail.

Cohesive soils are given the USCS classifications Ml, MH, Cl, CH, Ol, or OH (see Figure 1).

The consistency of cohesive soils is determined by hand by determining the resistance to penetration by the

. thumb. The thumb determination methods are conducted on a selected sample of the soil, preferably the
;'"1,-. -

lowest 0.5 foot of the sample. The sample will be broken in half and the thumb pushed into the end of the

sample to determine the consistency. Do not determine consistency by attempting to penetrate a rock

fragment. If the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard

soil. One of the other methods will be used in conjunction with it. The designations used to describe the

consistency of cohesive soils are shown in the above-listed table.

4.4 Weight Percentages

In nature, soils are consist of particles of varying size and shape and are combinations of the various

grain types. The following terms are useful in the description of soil:
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Terms of Identifying Proportion of the Defining Range of
Component Percentages by Weight

Trace . 0 - 10 percent

Some 11 - 30 percent

Adjective form of the soil type (e.g., sandy) 31 - 50 percent

Examples:

• Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt.

• Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent silt.

• Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent clay.

• Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand.

4.5 Moisture

Moisture content is estimated in the field according to four categories: dry, moist, wet, and saturated. In

dry soil, there appears to be little or no water. Saturated samples obviously have all the water they can

hold. Moist and wet classifications are somewhat subjective and often are determined by the individual's

judgment. A suggested parameter for this would be calling a soil wet if rolling it in the gloved hand or on

a porous surface liberates water (i.e., dirties or muddies the surface). Whatever method is adopted for

describing moisture, it is important that the method used by an individual remains consistent throughout

an entire field activity.

4.6 Classification of Soil Grain Size for Chemical Analysis

To determine the gross grain size classification (e.g., clay, silt, and sand) from the USCS classification

described above, the following table will be used.

Gross Soil Grain USCS Description
Size Classification Abbreviation

Clay CL inorganic clays of low to medium plasticity, gravelly clays, sandy
clays, silty clays, lean clays.

CH inorganic clays of high plasticity, fat clays.

OH organic clays of medium to high plasticity, organic silts.

Silt ML inorganic silts and very fine sands, rock four, silty or clayey fine
sands with slight plasticity.

OL organic silts and organic silty clays of low plasticity..

MH inorganic silts, micaceous or diatomaceous fine sand or silty soils.

•

•

•
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Gross Soil Grain USCS Description
Size Classification Abbreviation

Sand SW well graded sands, gravelly sands, little or no fines.

SP poorly graded sands, gravelly sands, little or no fines......,.
SM silty sands, sand-silt mixtures.. .
SC clayey sands, sand-clay mixtures.

Summary of Soil Classification

In summary, soils will be classified in a similar manner by each geologist/engineer at a project site. The
~4 •

hierarchy of classification is as follows:

• Density and/or consistency

• Color

• Plasticity (optional)

• Soil:types

• Moisture content

• Other distinguishing features

• Grain size

• Depositional environment

4.0 ATTACHMENTS

1. Figure 1 - Unified Soil Classification System

2. Boring Log

f."~....... -
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Highly Organic Soils

Ix
Pt· Peat and other highly organic soils

Grain Size Chart Relative Density (SPT)

•

Range of Grain Sizes

Classification U.S. Standard Grain Size
Sieve Size In Millimeters

Boulders Above 12" Above 305

Cobbles. 12" to 3" 305 to 76.2

Gravel 3" to No.4 76.2 to 7.76
coarse 3- to 3/4- 76.2 to 4.76
fine 3/4-to No.4 19.1 to 4.76

Sand NO.4 to No. 200 4.76 to 0.074
coarse No.4 to No. 10 4.76 to 2.00
medium No. 10 to No. 40 2.00 to 0.420
fine No. 40 to No. 200 0.420 to 0.074

Silt and Clay Below No. 200 Below 0.074

SANDS AND GRAVELS BLOWS/FOOT

VERY LOOSE 0-.4
LOOSE 4-10

MEDIUM DENSE 10-30
.DENSE 32-50

VERY DENSE OVER 50

Consistency (SPT)
SILTS AND CLAYS BLOWS/FOOT

VERY SOFT 0-2
SOFT 2-4

MEDIUM STIFF 4-8
STIFF 8-16

VERY STIFF 16 - 22
HARD OVER 3~
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BORING LOG

•
[11:]Tetra Tech NUS, Inc.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY: _

DRILLING RIG'

Page_of_

BORING No.:
DATE:
GEOLOGIST: _

DRILLER'

MATERIAL DESCRIPTION PIDIFID Reading (ppm)

Sample Depth Blows! Sample Lithology U
No. (Fl.) 6" or Recovery Change 5
and ROD ! (Depth/Fl.) Soli Density! N . .or lD . NConsistency C .oS! ..

Type 0 Run (%) Sample or Remarks .. '0 lDa- ..
ROD No. Length Screened or Color Material Classification 5 E 'ii. ~ ..

. f! ..
Interval Rock III E ::. III III 0 CHardness III lD

./

./

./
/
/
./
/
/
./
/
/ c

./

./
/
/
/
./
/
/
/
/
/ ,

/
./
/

• When rock coring, enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:--------------------------

•

•

/

Converted to Well: Yes No -----

Drilling Area
Background (ppm):l--

WeIlI.D. #: _
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-08

SURFACE AND SUBSURFACE SOIL SAMPLING

1.0 PURPOSE

This Standard Operating Procedure (SOP) describes the procedures to be used for surface and

subsurface soil sampling using direct-push technology (OPT) , split-barrel samplers. or hand augers

during field activities at the NSWC Crane facility. This procedure also describes the collection of samples

for analysis of volatile organic compounds (VOCs) using EnCore samplers and the use of field screening

[i.e., photoionization detector (PIO)] to select the most appropriate subsurface soil interval for VOC

sampling.

2.0 REQUIRED FIELD FORMS AND EQUIPMENT

Writing utensil with indelible ink

Disposable medical-grade gloves (i.e. latex, nitrile)

Boring log

Soil sample logsheets

Stainless-steel mixing bowls

Stainless-steel trowel or soup spoon

Disposable trowels

EnCore handle and samplers

Required sample containers: All sample containers including shipping coolers for analysis by fix-based

laboratories will be supplied and certified clean by the laboratory.

Required decontamination materials

Chain-of-custody records

Required personnel protective equipment (PPE)

Photoionization detector (PID) (see SOP 166-06)

Wooden stakes or pin flags

Survey tape

Marking Paint

Sealable polyethylene bags
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Heavy-duty cooler

Ice

Razor knife

Geoprobe® and sampling equipment

Sample labels and tags

3.0 COLLECTION OF SOIL SAMPLES FOR VOLATILE ORGANIC COMPOUNDS (VOCs)

When soil cores are collected using DP~ such as Geoprobe®, 2-foot soil intervals will be collected in clear

acetate tubes, which can be extracted from the Geoprobe® core barrel (see SOP CT0166-04) upon

retrieval at the surface.

3.1 Slit the acetate liner lengthwise with a razor knife, remove a section of the liner, and expose the

length of the soil interval (see SOP CT0166-04).

•

3.2

3.3

090307/P

Scan the soil core interval with a PID, slowly moving the intake nozzle along the length of the core

where the acetate liner has been slit open. Note on the boring log the range of PID readings that

are detected and the specific location(s) along the sample interval where above-background

readings are encountered. If elevated volatile organics are measured via the PID, collect the VOC

samples from the specific interval where the highest PID reading is measured. If no above

background PID readings are measured, then the VOC sample will be collected from a specific

interval where visual signs of contamination (staining, etc.) are observed. If no above-background

PIO reading is measured and no discoloration or odor in the soil core indicates potential

contamination, then collect the VOC sample from near the center of a core.

The 0- to 2-foot core interval will be collected as a surface soil sample. Determine where in this

core interval the highest PID reading was encountered. Soil samples collected for volatile

organics will be obtained directly from soil cores using four EnCore samplers for each VOC

sample.. These samples are to be collected by pushing the EnCore samplers directly into the soil

core where the highest PID readings were measured, ensuring that the sampler is packed tight

with soil and leaving no headspace between cap and container. All four EnCore sample

containers will be collected as close to each other as possible. Make sure that all caps are

securely fastened to the samplers and locked in place with both clips (see instructions that come

with samplers). Write the sample identification on the strip labels that come with the samplers

and place a label on each of the four samplers.

CTO 0166
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Place the four EnCore samplers in the ziplock pouches that come with the samplers and fill in

appropriate informatiolJ, including sample identification, date, time, and other information on the

label. Place the four pouches in a plastic bag and place the tag on the bag, identifying the sample

identification and other necessary information (see SOP CT0166-01).

•

3.5 Once the samples are properly labeled, bagged, and tagged, place the sample into the cooler

containing ice and a trip blank. The cooler should be kept at 4°C and shipped to the analytical

laboratory for preservation or extraction within 48 hours.

3.6 .,:.:Fill in the required information on the Soil Sample Log Sheet (attached at the end of this SOP)

.and fill in the required information on the Chain-of-Custody (COC) Form.

3.7 Up to two additional subsurface soil samples will be collected from each boring. For these
'\

subsurface soil samples, the collected cores will be scanned with the PID before a specific depth

is selected for VOC sampling. Choose the specific location within the collected cores that had the

.. highest PID reading and proceed to collect four EnCore samples, as described above in 3.2

through 3.6. If readings are not elevated, samples will be collected from the center of each cored

.,. interval using the default sample depths identified in tlie QAPP. Place the samples in the cooler

.. containing ice, after they have been properly labeled, bagged, and tagged.

4.0 COLLECTION OF OTHER SOIL SAMPLE ALiQUOTS

Note: A surface soil sample is collected from the 0- to 2-foot depth (Le., one core length). Additional

subsurface soil samples each consist of two 2-foot core segments.

4.1 ~After the VOC sample has been collected for the soil interval of interest (see 3.0 above), the
~~l:

.• ,Jemainder of the soil interval will be composited and used to fill the remainder of the sample

containers. Any surface debris (e.g., herbaceous vegetation, twigs, rocks, litter, etc.) should first

be removed from the top of the surface soil core. For other core intervals, the top 2 inches of

each core should be discarded because it often contains material scraped from the side of the

borehole and not fresh material from the bottom of the borehole.

•
4.2

090307/P

Slide the remaining core material out of the acetate liner and into a clean, decontaminated

stainless-steel mixing bowl. Mix the soil thoroughly with a stainless-steel spoon and remove

gravel, large pebbles, and other coarse materials. Fill the required sample containers in the

following order:
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• Containers for organic analyses

• Container for metals

• Container for Nitrate

• Container for Nitrite

4.3 Complete all required information on the sample labels (see SOP CT0166-01).

4.4 . Fill in all required information on the sample tag and secure the tag to the sample container.

4.5 Place the sample container in a ziplock plastic bag and seal shut. Place the bag in a cooler

containing ice and cool to 4 ±2°C.

4.6 Record the required information on the Soil ~ample Log Sheet and the COC Record form.

•

5.0 COLLECTION OF SOIL SAMPLES FOR PCBS USING A HAND AUGER

5.1 Utilizing a properly decontaminated stainless steel trowel or disposable trowel, remove the sample

.material from the bucket bit and place into a properly decontaminated stainless steel mixing bowl.

Mix the soil thoroughly and remove gravel, large pebbles, and other coarse materials. Fill the

required sample containers for PCB analysis.

•
5.2 Complete all required information on the sample labels (see SOP CT0166-01).

5.3 Fill in all required information on the sample tag and secure the tag to the sample container.

5.4 Place the sample container in a ziplock plastic bag and seal shut. Place the bag in a cooler

containing ice and cool to 4 ± 2°C.

5.5 Record the required information on the Soil Sample Log Sheet and the COC Record form.

6.0 PACKAGING AND SHIPPING OF SAMPLES

Samples. will be packaged and shipped according to SOP CT0166-04.

•
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SOIL &SEDIMENT SAMPLE LOG SHEET["11:) Tetra Tech NUS,lnc.

- -

Project Site Name: Sample 10 No.:
Project No.: Sample Location:

Sampled By:
[] Surface Soil C.O.C. No.:
[] Subsurface Soil
[] Sediment Type of Sample:
[] Other: o Low Concentration
[] QA Sample Type: [] High Concentration

GRAB SAMPLE DATA: '. > > .<','·,'>i,'.,:"·"" ):., "l,'''',·,· '..,,', .,y..:"";";'>,"'::.: ..•..,.:,•.. ,,}.,,,.:..,,....,.,!,, .. '

Date: Depth Interval Color Description (Sand, Silt, Clay, Moisture, etc.) .

Time:

Method:
Monitor Reading (ppm):

COMPOSITE SAMPLE.DATA; •. i·'. /"..,:',':.,.,"";"";"':',:';;:' :{ ':':".,.:".,"'" \?(,:., ";:,..",,'.,',)...,, 'c,.

Date: Time. Depth Interval Color Description (Sand, Silt, Clay, Moisture, etc.)

Method:

Monitor Readings

(Range in ppm):

SAMPLE' COLLECTION INFORMATION: ., , .' ,.:",,,,,: "'i'c','':''.,''''''.''' ",:,. ·,.,<;:""' ..:.,.,:."/·..;i/,,,:,. ::,::,i,.(; .. "., ". ,.;.... : ; .... , ,",:;'i'
"""

Analysis Container Requirements Collected Other

OBSERVATION$INOTES:,;, '., '," .' "','" ...... ', ,i,':'·"·i:Y·;:'·', ,.,.X, .X·'''':/''··' ':;..j::.. :/('::....,."..',,;:

Signature(s):.

MS/MSD Duplicate ID No.:

•

•

•
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-09

INSPECTION AND REHABILITATION OF EXISTING MONITORING WELLS

1.0 PURPOSE

This Standard Operating Procedure (SOP) establishes procedures for the inspection and repair of existing

monitoring wells at the NSWC Crane facility.

2.0 REQUIRED FIELD FORMS AND EQUIPMENT

The following equipment and field forms are required for inspection of existing monitoring wells.

Monitoring well inspection form: A copy of the monitoring well inspection form is attached.

Writing utensil with indelible ink

Bound field logbook

Well keys

Disposable medical-grade gloves (e.g., latex, nitrile)

Photoionization detector (PID)

Electronic water-level indicator

Steel rod (about 1 inch in diameter with eye bolt at one end)

100 feet of nylon rope

Internal pipe cutter

File, v notch

3.0 INSPECTION PROCEDURES

3.1 Record the well identification information (ID), date, and time on the Monitoring Well Inspection

Form.

3.2 Record the condition of the well ID tag. Is the tag in place and legible? If not, note the

discrepancies on the Monitoring Well Inspection Form.
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3.3 Record the condition of the protective casing, caps, and lock. Has the casing, cap, and/or lock

been tampered with or damaged? Has the well been damaged in any way or does it show signs of

deterioration?

3.4 Record the condition of the concrete or gravel pads, if a pad is present. Check the condition of the

pad (or the area around the well if no pad exists) and note any abnormalities. Are concrete pads

cracking or heaving? If a gravel pad is present, is there any erosion or plant growth in the pad

area?

3.5 Record the condition of the cement seal surrounding the protective casing. Has the seal cracked or

pulled away from the protective casing? Record any visible signs of deterioration in the area of the

seal.

3.6 Record the presence of depressions and/or standing water around the casing or pad. ,

3.7 Unlock the well cap and open the protective cover, if one exists..

•

3.8 Inspect and record the condition of the polyvinyl chloride (PVC) riser pipe and the surveyed •

reference point. The surveyed reference point is a V-notch on the top of the PVC riser pipe.

3.9 Measure the height of the protective casing and riser pipe above the ground surface. Record these

readings on the inspection form to the nearest 0.01 foot.

3.10 Check the existing well log to verify the total original depth of the monitoring well being inspected.

3.11 Open the well cap and use the PIO to screen the air within the well opening to determine whether

above-background levels of VOCs are present within the well. Refer to the Health & Safety Plan

(HASP) for procedures to follow for the presence of VOCS in a well.

3.12 Lower the electronic water-level indicator probe down the well casing. If an obstruction is

encountered, record the depth of the obstruction and whether the obstruction is partial or complete.

3.13 If no obstruction is encountered, continue lowering the water-level indicator down the well casing

until ground. water is encountered. Measure the depth to water to the nearest 0.01 foot (see SOP

CT0166-17) and record the depth on the Inspection Log. •
090307/P CTO 0166
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3.14 Continue lowering the indicator probe down the casing until a solid bottom is reached or an

obstruction is encountered. Record the depth to the bottom of the well (from top of casing) on the

Inspection Log.

3.15 If'an obstruc:;tion is encountered in the casing before the well bottom is reached, record the depth of

obstruction on the Inspection Log and whether the obstruction is partial or complete.

3.16 Remove the water-level indicator from the well.

3.17 If'an obstruction was encountered during steps 3.12 or 3.14, lower a heavy steel rod slowly down

the··well casing until the obstruction is encountered. Attempt to loosen the obstruction by raising

and dropping the steel rod, letting it hit the obstruction with gradually increasing force. Record

whethe·r the obstruction could be loosened.

3.18 If step 3.17 is performed, remove the steel rod from the well and remeasure the depth to the

obstruction. If the obstruction has been knocked loose and settles to the bottom, then the well may

still be used as a piezometer but will not be used for ground water sampling.

3.19 . Close the well cap and lock, if lock is present.

3.20 Decontaminate the water-level indicator and steel rod, if used, per SOP CT0166-16.

3.21 Make recommendations on the Inspection Log, if necessary, for repair of the monitoring well.

Replace lock, if needed, as soon as possible.

3.22 Perform repair of well as soon as possible.

4.0 Field Repairs to Monitoring Wells

Field repairs to mon.itoring wells, for the most part, will be limited to the repair.of the PVC riser (inter case).

If a monitoring well is damaged beyond the repair capabilities of the field crew, the NSWC Crane

Environmental Department will be notified and a decision will be made to repair or replace the well using a

drilling contractor.

• 4.1

090307/P

Remove a short section of the top of the PVC riser that is broken, using an inside pipe cutter.

Before the riser is cut, a clean rag will be inserted into the riser to just below the cut to prevent
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cuttings from entering the well. Insert the cutter just below the damaged area and remove only

the damaged section of riser. Carefully remove the rag, measure and record the length of riser

removed and mark the top of the riser for water-level measurement (filing a V notch is the

preferred method).

4.2 If the riser damage indicates that a riser must be added, a section of PVC may be attached to the

existing riser. After removing the damaged riser (see 4.1 above), cut a new section of riser to the

needed length and attach a slip coupler to one end. In most cases, the coupler will fit securely to

the pipe without the need for mechanical fasteners (pop-rivets/screws). If needed, fasteners may

be used, but in no case will glue be used to attach the coupler. Attach the new coupler and PVC

pipe to the existing riser, mark the top for measurement purposes, and document the length of

pipe added. All new materials (pipe and couplers) will be decontaminated prior to installation.

5.0 ATTACHMENTS

1. Monitoring Well Inspection Sheet

•

•

•
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Well 10: _

MONITORING WELL INSPECTION SHEET

Time: Date: Inspector's Name:

Inspection Item Types of Problems Status Observation

S U

Well Tag Is it in-place, legible

Well security Condition protective case, cap, lock

Well pad Concrete or gravel & condition

Well seal Condition of...

Area Immediately around Record any evidence of/or standing
well pad water in area of well

Dedicated sampling Condition of ...
equipment

PVC Riser Condition of riser & survey reference
point

Comments:

Signature(s) _

Note: S= Satisfactory, U= Unsatisfactory
Check one, if unsatisfactory explain

• •
NSB-NLON
Field Form
Revision: 1

.ry:1999
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STANDARD OPERATING PROCEDURE

NUMBER CT0166·1 0

MONITORING WELL DEVELOPMENT

1.0 PURPOSE

This procedure provides general guidance and information pertaining to proper development of new and

existing monitoring wells. The methods described herein are specific for monitoring wells located at the

NSWC Crane facility. Guidelines by South Division, Naval Facilities Engineering Command, (SOUTHDIV

NAVFAC, 1997) and the State of Indiana regulatory requirements in Article 16 Water Well Drillers of

Chapter 310 of the Indiana Annotated Codes (310 lAC 16) should be consulted.

)~.o RESPONSIBILITIES

The drilling contractor will provide adequate and operable equipment, sufficient quantities of materials,

• and an experienced and efficient labor force capable of developing monitoring wells. The drilling

-contractor personnel must have all the health and safety training required to perform the work, as

"~pecified in the health and safety plan (HASP). -

3.0 REQUIRED EQUIPMENT/ITEMS

The following list includes equipment and items required for monitoring well installation:

Health and safety equipment as required by the HASP and the site safety officer.

Well development equipment with associated materials (typically supplied by the driller).

Hydrogeologic equipment (weighted' engineer's tape, water-level indicator, retractable engineers rule,

electronic calculator, clipboard, mirror and flashlight for observing downhole activities, paint and ink

marker for marking monitoring wells, sample jars, well installation forms, and a field notebook).

•
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4.0 WELL DEVELOPMENT METHODS

The development of new wells will not occur until at least 48 hours after the well has been installed and

grouted. This time is required so that the grout in the annulus can set and harden. The purpose of well

development is to stabilize and increase the permeability of the sand pack and the well screen and to

restore the permeability of the formation that may have been reduced by drilling operations. Wells are

typically developed until all fine material and drilling water, if any, is removed from the well.

Sequential measurements of pH, specific conductance, turbidity, and temperature taken during

development yield information (stabilized values) that sufficient development is reached. Development

should proceed until criteria are met as stated in Navy Guidelines.

•

A surge plunger (also called a surge block) that is approximately the same diameter as the well casing

will be used to agitate the water. There are two basic types of surge plungers, solid and valved surge

plungers. Site-specific conditions will dictate which type will be used. In formations with low yields, a

valved surge plunger may be preferred because solid plungers tend to force water out of the well at a

greater rate than it will flow back in. Valved plungers are designed to produce a greater inflow than

outflow of water during surging. •

Surging causes water to move in and out of the screens. This movement of water pulls fine materials into

'.the well, preventing bridging of sand particles in the gravel pack. These fine materials can then be

removed by any of several methods such as submersible pumps (i.e. whale pumps), bailers, or even

peristaltic pumps. Whale pumps can be used to surge and sweep the well screen as it pumps. Another

alternative method for development would be to utilize a waterra (i.e. check valve method). This method

allows for surging and purging of the well by moving the tubing in an up and dowt:l motion. On the

downward stroke, the ball in the foot valve lifts and the tubing fills with water; and on the upward stroke

the ball is set and surged ground water is forced out of the tubing and into a purge bucket.

Development should proceed until the following criteria are met:

• The well water is clear to the unaided eye.

and

•

or

090307/P

A minimum removal of five times the standing water volume in the well (to include the well screen

and casing plus saturated borehole annulus, assuming 30% annular porosity).
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When pH measurements remain constant within 0.1 Standard Units and specific conductance

and temperature vary no more than plus or minus 3 percent for at least three consecutive

readings. Turbidity should also show stabilization and ideally be below 10 nephelometric turbidity
- ...~.

. units (NTUs).

•

•

• 'If'the well has been purged dry at least three times while waiting 15 to 20 minutes to allow the

well to recharge between pumping intervals. Recharge rates will be documented while the well is

allowed to recover.

. ;-. " ~

If for any reason the above criteria cannot be met, the site geologist should document the event in writing

and consult with the Task Order Manager regarding an alternate plan of action.

Well development must be completed at least 24 hours before well sampling. The intent of this hiatus is

to provide time for the newly installed well and backfill materials to sufficiently equilibrate to their new

environment and for the new environment to re-stabilize after the disturbance of drilling. All development

water should be handled in accordance with SOP CT0166-14.

5.0 ATTACHMENTS

1. Monitoring Well Development Record

090307/P CTO 0166
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•
["II:) Tetra Tech NUS,lnc.

•
MONITORING WELL DEVELOPMENT RECORD

•
Page_of __.

Bore Hole-ppm

Breathing Zone-ppm

Well: Depth to Bottom (ft.): _
Site:. Static Water Level Before (ft.): _
Date Installed: Static Water Level After (ft.): _
Date Developed: Screen Length (ft.): _
Dev. Method: One Well Volume (gaI/L): _
Pump Type: Casing 10 (in.): _

Responsible Personnel: _
Drilling Company: -'- _
Project Name: _
Project Number: _

PID Readings:
PID Readings:

Cumulative
Water Level Specific

Water Flow Rate
Readings

Temperature
pH Conductance Turbidity (NTU) Remarks (odor, color, etc.)Time

Volume (mUmin.) (Degrees C)
(Gal.)

(Ft. below TOC) (Units __)
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-11

DRILLING AND GEOLOGIC LOGGING OF BOREHOLES IN ROCK

1.0 PURPOSE

This procedure describes the methods and equipment necessary to drill rock borings. and identify the

equipment, sequence of events, and appropriate methods necessary to obtain rock cores and prepare

boring logs during drilling activities. Up to five types of drilling methods will be used to drill boreholes at

the NSWC Crane facility:

• Auger drilling may be used to drill through the overburden material and weathered bedrock.

Diamond bit coring techniques may be used to core through the bedrock. NX or similar size diamond

core barrels will be used to collect 2- to 3-inch-diameter continuous rock core. These cores will be used

to describe the lithologic characteristics and fracture distributions in the bedrock.

• Air-rotary drilling may be used to drill through the bedrock or to ream out core holes to a larger

diameter to accommodate well installation.

• Rotary drilling with a water wash may be used to drill through the bedrock or to ream out core holes to

a larger diameter to accommodate well installation.

• Rotosonic drilling and coring may be used to core through the bedrock. Four inch diameter rock core

will be collected from these boreholes. These cores will also be used to describe the lithologic

characteristics and fracture distributions in the bedrock.

2.0 RESPONSIBILITIES

Field Operations leader (FOl) - The FOl is responsible for coordinating all on-site personnel and for

providing technical assistance, when required. The FOl, or designee, will coordinate and lead all

activities and will ensure the availability and maintenance of all materials and equipment. The FOl is

• responsible for the completion of all field activities and field and chain-of-custody documentation. The
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FOL will assume custody of all samples and will ensure the proper handling and shipping of samples. The

FOL is a highly experienced environmental professional who will report directly to the TtNUS Task Order

Manager (TOM). Specific FOL responsibilities include the following:

.• Function as a communications link among field staff members, the site quality a~surance/quality

control advisor, site safety officer, the site manager, and the TOM.

• Oversee the mobilization and demobilization of all field equipment and subcontractors.

• Coordinate and manage the field technical staff.

• Adhere to the work schedules provided by the TOM.

• Maintain the site logbook and field recordkeeping.

• Initiate field task modification requests, when necessary.

• Identify and resolve problems in the field, resolve difficulties in consultation with the NSWC Crane

Site Manager, implement and document corrective action procedures, and provide communication

between the field team and upper management.

Field Geologist - The field geologist is responsible for ensuring that standard and approved drilling

procedures are followed. The field geologist will generate a detailed boring log for each borehole.. This

log will include a description of geologic materials, samples (if any), method of sampling, and other

pertinent information and observations that may be obtained during drilling.

Drilling Subcontractor - The subcontractor operates under the supervision of the FOL. He or she is

responsible for performing all work in accordance with the procedures outlined in the executed

subcontract agreement.

Site Safety Officer - The site safety officer is responsible for clearing the drill site for underground and

overhead utilities or other potentially hazardous obstructions.

•

•

•
090307/P CTO 0166
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•

•

The purpose of drilling boreholes is

• To determine the type, thickness, and certain physical and chemical properties of the soil, water, and

rock strata that underlie the site.

• To install monitoring wells or piezometers.

All drilling and sampling equipment will be cleaned between samples and borings using appropriate

decontamination procedures as outlined in SOP CT0166-17. Unless otherwise specified, it is generally

advisable to drill borings at "clean" locations first and at the most contaminated locations last to reduce.

the risk of spreading contamination between locations. All borings must be logged by the site geologist

as they proceed.

3.2 Rock Coring

Roc~i~cored by rotating and applying downward pressure hydraulically or with vibratory means using

eithe[(-~diamond bit coring methods or Rotosonic techniques. A continuous core is collected in a core

barrel in five to ten foot length sections called runs. Care should be taken during drilling to maximize

recovery, and if necessary, shorter runs may be used to achieve this goal. Core diameter can be any

size, but must be large enough to adequately evaluate the core. Reaming of the borehole may be

necessary to accommodate well installation and backfill materials. After drilling the desired run length,

remove the core barrel from the hole and take out the core.
.... ''t.

Since rock structures and the occurrence of bedding planes, porosity type and distribution, and fracture

patterns are among the most important items to be detected and described, take special care to obtain

and record these features.

3.3 .Rock Core Management and Labeling

i·
When the core barrel has been recovered, the rock core will be carefully removed from the barrel, placed

in a core tray (previously labeled "top" and "bottom" to avoid confusion), classified, and measured for

percentage of recovery as well as the rock quality designation (ROD). Each core will be described,

classified, and logged using a uniform system (Section 3.5 of this SOP).
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Rock cores will be placed in the sequence of recovery in well-constructed wooden or cardboard boxes

provided by the drilling contractor. Rock cores from two different borings will not be placed in the same

core box. Partitions will be placed at the end of each core run. The depth from the surface of the boring

to the top and bottom of the drill run and run number will be marked on the partitions with indelible ink.

The partitions will serve to separate successive core runs and indicate depth intervals for each run. The

order of placing cores will be the same in all core boxes. Rock core will be placed in the box so that,

when the box is open, with the inside of the lid facing the observer, the top of the cored interval contained

within the box is in the upper left corner of the box and the bottom of the cored interval is in the lower right

corner of the box. The top and bottom of each core obtained and their true depths will be clearly and

permanently marked on each box. The width of each row must be, compatible with the core diameter to

prevent lateral movement of the core in the box. Similarly, an empty space in a row will be filled with an

appropriate filler material or spacers to prevent longitudinal movement of the core in the box.

The inside and outside of the core-box lid will be marked by indelible ink to show all pertinent data about

the box's contents. At a minimum, the foll9win9 information will be included:

Project name

• Project number

• Boring number

• Run numbers

• Footage (depths)

• Recovery

• ROD (%)

• Box number and total number of boxes for that boring (Example: Box 5 of 7)

•

For easy retrieval when core boxes are stacked, the sides and ends of the box will also be labeled and

will include project name, number, boring number, top and bottom depths of core, and box number.

Before final closing of the core box, a photograph will betaken of the recovered core and the labeling on

the inside cover will be taken. If moisture content is not critical, the core shall be wetted and wiped clean

for the photograph. (This will help to show true colors and bedding features in the cores.)

•

•

•
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•

•

3.4 Drilling Techniques that Generate Drill Cuttings

Some drilling methods may require classification and borehole logging based on identifying drill cuttings
..«

removed from the borehole. Such cuttings provide only general information on subsurface lithology.
(,.,.

Some procedures that will be followed when logging cuttings are as follows:........

• Obtain cutting samples at approximately 5-foot intervals and sieve and wash the cuttings to obtain a

.cleaner sample. Cuttings will be closely examined to determine general lithology.

•. ..t:Jote any change in color of drilling fluid or cuttings to estimate changes in lithology.

• Note drop or chattering of drilling tools or a change in the rate of drilling to determine fracture

locations or lithologic changes.

• ..Observe loss or gain of drilling fluids or air (if air rotary methods are used) to identify potential fracture

~zones.

• . Record this and any other useful information onto the boring log.

This logging provides a general description of subsurface lithology, and adequate information can be

obtained through careful observation of the drilling process. It is recommended that rock core sampling

methods be used at selected boring locations during the field investigation to provide detailed information

to supplement the less-detailed data generated through borings drilled that generate drill cuttings.

3.5 Drill Cuttings Management and Labeling
,~

Each 5 foot run of drill cuttings will be collected in plastic bags and logged for lithologic description. Each

bag will be labeled with a magic marker with the boring number and depth interval. The cuttings will be

retained for future' correlation purposes and field reference until project completion, then will be discarded.

4.0 GEOLOGIC DESCRIPTION OF BOREHOLES IN ROCK

These· procedures provide descriptions of ,the standard techniques for borehole and sample logging.

These logging techniques will be used for each boring to provide consistent descriptions of subsurface

lithology. While experience is the only method to develop confidence and accuracy in the description of
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soil and rock, \~he field geologist or engineer can do a good job of classification by careful, thoughtful

observation and by being consistent throughout the classification procedure.

The classification of soil and rocks is one of the most important jobs of the field geologist or engineer. To

maintain a consistent flow of information, it is imperative that the field geologist or engineer understand

and accurately use the field classification system described in this SOP. This identification is based on

visual examination and manual tests.

4.1 Required Field Forms and Equipment
J

When logging soil and rock samples, the geologist or engineer should be equipped with the following:

Rock hammer

Knife

Camera

10% Dilute hydrochloric acid (HCI)

Ruler (marked in tenths and hundredths of feet)

Hand lens

Writing utensil with indelible ink

Field logbook

Disposable medical-grade gloves (e.g., latex, nitrile)

Soil/rock classification sheets '\

Strainer

Shovel

4.2 Classification of Rocks

Claystone - Very fine-grained rock made up of particle less than 1/256 mm in diameter. Fractures

irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of drilled cores.

Shale - A fissile, very fine-grained rock with particles less than 1/256 mm in diameter. Fractures along

bedding planes.

Limestone - Rock made up predominantly of calcite (CaC03• which is mainly fossilized animal and plant

debris). Effervesces strongly upon the application of dilute hydrochloric acid.

e

e.

e
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"Coal- A very dark colored rock consisting mainly of organic (mainly fossilized plant debris) remains.

Others - Numerous other sedimentary rock types are present in lesser amounts in the stratigraphic

record'.

The local abundance of any of these rock types is dependent upon the depositional history of the area.

Conglomerate, halite, gypsum, dolomite, anhydrite, lignite, etc. are some of the rock types found in lesser

amounts.

In classifying a sedimentary rock, the following hierarchy will be noted: Rocks are grouped into three main
~ ~I,~"

" divisi6'ns:sedimentary, igneous, and metamorphic. Sedimentary rocks are by far the predominant type

exposed at the earth's surface and are the only type present at NSWC Crane. The following basic names

are applied to the types of rocks found in sedimentary sequences:

Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm in diameter.

Siltstone - Made up of granular materials between 1/16 to 1/256 mm in diameter. Fractures irregularly.

Medium thick to thick bedded.

4.2.1 Rock Type

As described above, there are numerous types of sedimentary rocks. In most cases, a rock will be a

combination of several grain types; therefore, a modifier such as "sandy siltstone" or a "silty sandstone"

can be used. The modifier indicates that a significant portion of the rock type is composed of the

modifier. Other modifying descriptions can include carbonaceous, calcareous, siliceous, fossiliferous, etc.

Grain size is the basis for the classification of clastic (sandstones, siltstones, and shales) sedimentary

rocks. The Udden-Wentworth classification will be assigned to sedimentary rocks (shown below). The

individual boundaries are slightly different than the USGS subdivision for soil classification. For field

determination of grain sizes, a scale can be used for the coarse-grained rocks. Alternatively, the division
",

between siltstone and shale may be measurable in the field by the use of a hand lens. If the grains

cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a siltstone. If the

grains are not distinguishable with a hand lens, the rock is a shale.

090307/P CTO 0166



4.2.2 Color

GRAIN SIZE CLASSIFICATION FOR ROCKS

Particle Name Grain Size Diameter

Cobbles >64mm

Pebbles 4 - 64 mm

Granules 2 - 4 mm

Very Coarse Sand 1 - 2 mm

Coarse Sand 0.5 - 1 mm

Medium Sand 0.25 - 0.5 mm

Fine Sand 0.125 - 0.25 mm

Very Fine Sand 0.0625 - 0.125 mm

Silt 0.0039 - 0.0625 mm

After Wentworth, 1922
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The color of a rock can be determined in a similar manner as for soil samples. Rock core samples will be

classified while wet,' when possible, and drill cuttings will be cleaned with water prior to color •

classifications. Since color can be utilized in correlating units between sampling locations, it is important

for color descriptions to be consistent from one boring to another.

4.2.3 .Bedding Thickness

The bedding thickness designations listed below will also be used for rock classification.

BEDDING THICKNESS CLASSIFICATION

'090307/P

Thickness Thickness
(metric) (Approximate Classification

English Equivalent)

> 1.0 meter > 3.3' Massive

30 cm - 1 meter 1.0' - 3.3' Thick bedded

10 cm - 30 cm 4" - 1.0' Medium bedded

3 cm - 10 cm 1" - 4" Thin bedded

1 cm - 3 cm 2/5" . 1" Very thin bedded

3 mm - 1 cm 1/8" - 2/5" Laminated

1 mm - 3 mm 1/32" - 1/8" Thinly laminated

<1mm <1/32" Micro laminated

CTO 0166
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(Ingram, 1954)

.......
4.2.4 Hardness

•

•

The"hardness of a rock is a function of the compaction, cementation, and mineralogical composition of

the rock. A relative scale for sedimentary rock hardness is as follows:

SoH... Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by fingernail.

Soft·.rock crushes or deforms under pressure of a pressed hammer. This term is always used for the

har9.n~ss of the saprolite (decomposed rock that occupies the zone between the lowest soil horizon and

firm bedrock).

Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with crumbly edges from

single hammer blow.

Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges from single

hammer blow.

Hard- Requires several hammer blows to break and has sharp conchoidal breaks. Cannot be scratched

with screwdriver.

Note the difference in usage of the words "scratch" and "gouge." A scratch will be considered a ~light

depression in the rock (do not mistake the scraping off of rock flour from drilling with a scratch in the rock

itself), and a gouge is much deeper....,..

Fracturing

Method of Calculating ROD

(Af~er Deere, 1966)

Fractures should also be noted.

ROD % = r/I x 100

090307/P 'CTO 0166
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= Total length of all pieces of the lithologic unit being measured that are greater than

4 inches in length and have resulted from natural breaks. Natural breaks include

slickensides, joints, compaction slicks, bedding plane partings (not caused by drilling).

friable zones, etc.

Total length of the coring run.

4.2.6 Weathering

The degree of weathering is a significant parameter that is important in determining weathering profiles

and is also useful in engineering designs. The following terms can be applied to distinguish the degree of

weathering:

Fresh - The rock shows little or no weathering effect. Fractures or joints have little or no staining and rock

has a bright appearance.

Slight - The rock has some staining that may penetrate several centimeters into the rock. Clay filling of

joints may occur. Feldspar grains may show some alteration. Oxidation and weathering may affect the

degree of fracturing or brokenness of a rock. After eliminating drilling breaks, the average spacing of

natural breaks is calculated and the fracturing is described by the following terms:

Very broken (V. BR.) - Less than 2-inch spacing between fractures

Broken (BR.) - 2-inch to 1-foot spacing between fractures

Blocky (BL.) - 1- to 3-foot spacing between fractures

Massive (M.) - 3- to 10-foot spacing between fractures

The structural integrity of the rock can be approximated by calculating the rock quality designation (ROD)

of cores recovered. The ROD is determined by adding the total lengths of all pieces exceeding 4 inches

and dividing by the total length of the coring run to obtain a percentage.

Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened due to

weathering and can be easily broken with a hammer.

Severe - All rock including quartz grains is stained. Some of the rock is weathered to the extent of

becoming a soil. Rock is very weak.

•

•

•
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•

The following items ~ill be included in the rock description:

Description of contact between two rock units. These can be sharp or gradational.

• Stratification (parallel, cross stratified).

• Description of any filled cavities or vugs.

• Cementation (calcareous, siliceous, hematitic).

• Description of any joints or open fractures.

• Observatiorf'of the presence of fossils.

• Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating, and

degree of weathering.

All information shown on the boring logs will be neat so it can be reproduced on a copy machine for report

presentation. The data will be kept current to provide control of the drilling program and to indicate

various areas requiring special consideration and sampling.

4.2.8'-'" Additional Terms Used in the Description of Rock

The following terms are used to further identify rocks:

Seam - Thin (12 inches or less), probably continuous layer.

Some - Indicates' significant (15 to 40 percent) amounts of the accessory material. For example, rock

composed of seams of sandstone (70 percent) and shale (30 percent) would be "sandstone -- some shale

seams."

Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material. For example, rock

composed of seam of sandstone (90 percent) and shale (10 percent) would be "sandstone -- few shale

seams."

Interbedded - Used to indicate thin or very thin alternating seams of material occurring in approximately

equal amounts. For example, rock composed of thin alternating seams of sandstone (50 percent) and

shale (50 percent) would be "interbedded sandstone and shale."
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Interlayered - Used to indicate thick alternating seams of material occurring in approximately ~qual

amounts.

4.2.9 Abbreviations

Abbreviations may be used in the description of a rock. However, they will be kept at a minimum.

Following are some of the abbreviations that may be used:

C - Coarse Lt - Light YI - Yellow

Med - Medium BR - Broken Or - Orange

F - Fine BL - Blocky SS - Sandstone

V - Very M - Massive Sh - Shale

Sl - Slight Br - Brown LS - Limestone

Occ - Occasional BI - Black Fgr - Fine-grained

Tr - Trace

5.0 BORING LOGS AND DOCUMENTATION

•

This section describes in more detail the procedures to be used in completing boring logs in the field. •

Information obtained from the preceding sections will be used to complete the logs. A sample boring log

is attached at the end of this SOP.

The field geologist or engineer will use this example as a guide in completing each boring log. Each

boring log will be fully described by the geologist or engineer as the boring is being drilled. Every sheet

contains space for 25 feet of log. Information regarding classification details is provided either on the

back of the boring log or on a separate sheet, for field use. All data will be written directly on the boring

log. Additional notes may be entered in a field notebook if more space is needed.

5.1 Remarks Column

The following information will be entered under the "Remarks" colu~n and will include, but is not limited

to, the following:

090307/P

Moisture - Estimate moisture content using the following terms: dry, moist, wet, and

saturated. These terms are determined by the individual. Whatever method is used to

determine moisture should be consistent throughout the log.
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Angularity -' Describe angularity of coarse-grained particles using the terms angular,

subangular, subrounded, or rounded. Refer to ASTM 0 2488 or the Earth Manual for

criteria for these terms.

Particle shape - flat, elongated, or flat and elongated.

Maximum particle size or dimension.

Water-level observations.

Reaction with Hel - none, weak, or strong.

Additional comments:

Indicate presence of mica, caving of hole, when water was encountered, difficulty in

drilling, loss or gain of water.

Indicate odor and photoionization detector (PID) readings.
\t_ .••

Indicate any change in lithology by drawing a line through the lithology change column

and indicate the depth. This will help when cross-sections are subsequently constructed.

At the bottom of the page, indicate type of rig, drilling method, hammer size and drop,

. and any other useful information (i.e., borehole size, casing set, changes in drilling
~..

method).

Vertical lines shall be drawn in the Material Description column from the bottom of each

sample to the top of the next sample to indicate consistency of material from sample to

sample, if the material is consistent. Horizontal lines will be drawn if there is a change in

lithology, then vertical lines will be drawn to that point.

Indicate screened interval of well, as needed, in the lithology column. Show top and

bottom of screen. Other details of well construction are provided on the well construction

forms,
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5.2 Review

Upon completion of the borings logs, copies will be made and reviewed. Items to be reviewed include

• Checking for consistency of all logs

• Checking for conformance to the guideline

• Checking to see that all information is entered in their respective columns and spaces

Originals of the boring logs will be retained in the project files.

6.0 ATTACHMENTS

1. Boring Log

•

•

•
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BORING LOG
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BORING LOG["lI:]Tetra Tech NUS, Inc.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY: -----------
DRILLING RIG'

BORING No.:
DATE:
GEOLOGIST:
DRILLER'

Page_of_

---.
MATERIAL DESCRIPTION PlolFlo Reading (ppm)

Sample Depth Blows! Sample Lithology U
No. (Fl.) 6" or Recovery Change S ...
and or· ROD ! (DepthIFl.) Soil Density! N "

C CD CD "CD N
Type 0 Run (%) Sample or Consistency Remarks c. .. '0 CD

Color Material Classification S E
CD

~ ..ROD No. Length Screened or C.
Interval Rock CD E l!! ~• VI CD 0 CHardnass VI CD

/
1/
/
/
/
/
/
/
1/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/ J

/
Drilling Area

Background (ppm):l--I

Converted;-:t-o'7W~el;';""I:-----;Y:-:e-s------~N:-o--------:W":"':"""e7.'"II-:-I.=D-."':':"#-:~~~~~~~~~~~~~~~~~~~~~~:__.

• When rock conng. enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:-----------------------



•

'•

•

NSWC Crane
Draft QAPP
Revision: 0

Date: OCtober 2003
Section: SOP_CT0166-11

Page 16 of 16

References

Deere, D.U. and Miller, R.P., (1966). Engineering Classification and Index Properties for Intact Rock, Air

Force Weapons Lib. Tech. Report AFWL-TR-65-116, Kirtland Base, New Mexico.

Wentworth, C.K., 1'922. A Scale of Grade and Class Terms for Caustic Sediments: Jour. Geology, v. 30,

p.377-392.

Ingram, R.L., ~ 954':'" Terminology fm the Thickness of Stratification and Parting Units in Sedimentary

Rocks: Geological.Society of America Bulletin, v. 65. p. 937-938.

;p'"

090307/P CTO 0166



'.•
NSWC Crane

Draft QAPP
" Revision: 0

Date: October 2003
Section: SOP_CT0166-12

Page 1 of 6

STANDARD OPERATING PROCEDURE

NUMBER CT0166-12

MONITORING WELL INSTALLATION

1.0 PURPOSE

This procedure provides general guidance and information pertaining to proper design and installation of

ground water monitoring wells. The methods described herein are specific for monitoring well

construction at the NSWC Crane facility. Guidelines by South Division, Naval Facilities Engineering

Command (SOUTHNAVFACENGCOM, 1997) and the State of Indiana regulatory requirements in Article

16 Water Well Drillers of Chapter 310 of the Indiana Annotated Codes (310 lAC 16) were consulted

during development of this procedure.

2.0 RESPONSIBILITIES

• Field Operations leader (FOl) - The FOl is responsible for coordinating all on-site personnel and for

providing technical assistance, when required. The FOl, or designee, will coordinate and lead all

activities and will ensure the availability and maintenance of all materials and equipment. The FOl is

responsible for the completion of all field activities and field and chain-of-custody documentation. The

FOl will assume custody of all samples and will ensure the proper handling and shipping of samples. The

FOl is a highly experienced environmental professional who will report directly to the TtNUS Task Order

Manager (TOM). Specific FOl responsibilities include the following:

• Function as a communications link among field staff members, the site quality assurance/quality

control advisor, site safety officer, the site manager, and the TOM.

• Oversee the mobilization and demobilization of all field equipment and subcontractors.

• Coordinate and manage the field technical staff.

•
• Adhere to the work schedules provided by the TOM.

• Maintain the site logbook and field recordkeeping.
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• Initiate field task modification requests, when necessary.

• Identify and resolve problems in the field, resolve difficulties in consultation with the NSWC Crane

Site Manager, implement and document corrective action procedures, and provide communication

between the field team and upper management.

Field Geologist - The field geologist supervises and documents well installation and construction

performed by the driller and ensures that the screen interval for each monitoring well is properly placed to

provide representative groundwater data from the monitored interval. Geotechnical engineers, field

technicians, or other suitable trained personnel may also serve in this capacity,

Drilling Subcontractor - The subcontractor operates under the supervision of the FOL. He or she is

responsible for performing all work in accordance with the procedures outlined in the executed

subcontract agreement.

Site Safety Officer - The site safety officer is responsible for clearing the drill site for underground and

overhead utilities or other potentially hazardous obstructions ..

3.0 REQUIRED EQUIPMENT/ITEMS

The following list includes equipment and items required for monitoring well installation:

Health and safety equipment as required by the HASP and the site safety officer.

Well drilling and installation equipment with associated materials (typically supplied by the ,drilling

subcontractor) .

Hydrogeologic equipment (weighted engineer's tape, water-level indicator, retractable engineer's rule,

electronic calculator, clipboard, mirror and flashlight for observing downhole activities, paint and ink

marker for marking monitoring wells, sample jars, well installation forms, boring logs, soil sample log

forms, chain-of-custody records, sample coolers with ice, and a field notebook).

4.0 WELL DESIGN AND CONSTRUCTION,

•

•

Two basic types of wells may be drilled at NSWC Crane (Shallow and deep). Shallow wells include any

well that is installed into the first water yielding zone encountered during drilling at a particular well •

090307/P CTO 0166



location. Deep wells include any wells that are installed below th~ first water yielding zone encountered

during drilling at a particular well location. Typically, deep wells will be installed adjacent to shallow wells

in cases, ~hen a vertical profile of groundwater contamination is desired at a particular location. The well

construction techniques are identical between deep and shallow wells, however, all deep wells will have a

minimum 6 inch inside diameter steel isolation casing placed to the bottom of the first water yielding zone

that will be cemented in place with a cement-bentonite slurry and allowed to cure for a minimum of 24

hours. Drilling will resume inside the isolation casing after the grout cures. In this manner, the potential

for shallow contamination in the first water yielding zone to migrate deeper is minimized.

• \, , .....> ••
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•

•

'...."..... ~.....:.:.,.

Monito.ring:well borings will be drilled using a variety of techniques including hollow stem auger, rotary,

rotosonic. 'Specific techniques are determined based on numerous issues including expected materials

encountered during drilling, well depth, diameter, access, sampling requirements, etc.

Boreholes drilled in materials that tend to collapse drilling (overburden and / or weathered or highly

fractured bedrock) may require the advancing of a hollow drilling tool (hollow stem auger, temporary

casing, etc) to ensure that the borehole stays open during well installation. If this is the case, the hollow

drilling tool will have a minimum inside diameter of 4 inches to accommodate the installation of the well

construction materials, and will be retracted as well construction materials are installed to ensure

adequate backfill of materials. In all cases, the final outside diameter of all well borings will be a minimum

of 5 Y2 inches.

All monitoring wells will be constructed of Schedule 40, flush-joint-threaded, 2-inch inside diameter

polyvinyl chloride (PVC) riser pipe and flush joint threaded, factory slotted well screen with a threaded

end cap. The well ?creens will be factory slotted to 0.020-inch size. Each section of well casing and

screen:will=be National Sanitation Foundation (NSF) approved. Well screens will be 10 feet long but may

be longer or shorter based on the subsurface conditions that are encountered. A PVC cap will be placed

on the bottom and will also be flush threaded. Other means of joining casings using glue, gaskets, pop

rivets,or screws are not allowed. The screen will pass no more than 10 percent of the pack material or

in-situ aquifer material.

Monitoring"wells will be installed immediately upon completion of drilling, A well screen section with

bottom 'cap and the proper amount of riser pipe will be assembled and lowered down the borehole.

Centralizers will be used as necessary to ensure that the casing and screen are centered and are aligned

straight. The sand pack will be extended from 0.5 foot below the well screen to at least 1 foot above the

top of the well screen. Clean silica sand of U.S. Standard Sieve Size No. 20 to 40 will be used.

090307/P CTO 0166



NSWCCrane
Draft QAPP
Revision: 0

Date: OCtober 2003
Section: SOP_CT0166-12

Page 4 of 6

A minimum 3-foot-thick bentonite pellet seal will be installed above the filter pack and allowed to hydrate

for a minimum of 3 hours before grout is added above the seal. Only 100 percent, certified pure sodium

bentonite will be used for well construction. As an alternative, a high solids bentonite grout can be used

in lieu of the bentonite pellet to minimize downtime to allow for bentonite pellet seal hydration. The depths

of backfill materials will be constantly monitored during well installation using a weighted stainless-steel or

fiberglass tape measure.

The remaining annulus above the hydrated bentonite seal will be backfilled to the surface using a tremie

pipe, with a 20: 1 cement/bentonite grout. A maximum of 10 gallons of water per 94-pound bag of Type 1

cement will be used. The grout mixture should be' blended in an above-ground rigid container or mixer to

produce a thick lump-free mixture. This grout mixture will also be used for placement of steel casings in

deep wells. A tremie grout will be used to install all grout unless the borehole is open and contains no .

standing water above the sand pack.

•

When the well is completed and grouted to the surface, a protective steel surface casing is placed over

the top of the riser pipe. The finished well casing will extend at least 2 feet above the ground level. This

casing will have a cap that can be locked to prevent vandalism. In addition, one hole is drilled just above •

the cement collar through the protective casing, which acts as a weep hole for the flow of water that may

enter the annulus during well development, purging, or sampling. A 4 foot square and 6 inch thick

concrete apron will be installed around each well. Four safety yellow barrier posts (nominal 4-inch

diameter, 5 foot long steel pipes buried 2 feet deep and filled with concrete) will be cemented just outside

the four corners of the concrete apron.

5.0 DOCUMENTATION OF FIELD ACTIVITIES

A critical part of monitoring well installation is recording of significant details and events in the site

logbook, on field forms, and in a field logbook. Details of borehole logging are contained in SOP

CT0166-11.

6.0 ATTACHMENTS

1. Bedrock Monitoring Well Sheet

2. Overburden Monitoring Well Sheet

•
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Not to Scale

,111······1

T.O.R.

Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
Elevation of Top of Riser: 832.64

I.D. of Surface Casing: 6"

Type of Surface Casing: STEEL

Type of Surface Seal: CONCRETE

I.D. of Permanent Casing: 6"

I.D. of Riser: 2"

Type of Riser: CARBON STEEL

Borehole Diameter: 95/8"

Type of Backfill: CEMENT GROUT •Elevation / Depth Top of Seal: 830.3&' 0.0
Elevation / Depth Top of Bedrock: 696.8&' 133.5

Type of Seal: CEMENT GROUT

Elevation / Depth of Top of Fine Sand: 685.381 145.0
Elevation / Depth of Top of Filter Pack: 681.3& 149.0
Elevation / Depth of Top of Screen: 678.9&' 151.4

Type of Screen: STAINLESS STEEL

Slot Size x Length: 10 SLOT X 15.5'

I.D. of Screen: 2"

Type of Filter Pack: No. 10-20 SAND

Diameter of Hole in Bedrock:
Core / Ream: CORE;:;; 5.5"

Elevation / Depth of Bottom of Screen: 663.4&' 166.9

Elevation / Total Depth of Borehole: 660.38/ 170.0

•

BEDROCK WELL No.: MS-53PC

MONITORING WELL SHEET PERMIT No: 638659

DRILLING Co.: .HOART LONGYEAR BORING No.: MS-53PC •DRILLER: K. SMITH DATE COMPLETED: 10/25/99

DRILLING METHOD: ROTOSONIC NORTHING: 1077365.0

DEV. METHOD: NITROGEN AIR LIFT EASTING: 2811070.6

NIROP FRIDLEY

7842 CTO 057

ANOKA PARK

B. HOWZE

•

PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

Ground Elevation = 830.38

Datum MSL:

["'R:]Tetra Tech NUS, [~c.
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["II:] Tetra Tech NUS, Inc, OVERBURDEN MONITORING WELL SHEET BORING NO.,

PROJECT: NIROP FRIDLEY DRILLING Co.: BORING No.:
PROJECT No.: 7842 CTO 0057 DRILLER: DATE COMPLETED:
SITE: ANOKA PARK DRILLING METHOD: NORTHING: -------i

GEOLOGIST: DEV. METHOD: EASTING: •
1--------,;;~---II;;ji======1~-- ELEVATION OF TOP OF SURFACE CASING:

••---+---STICK -UP TOP OF SURFACE qASING:

_~f-If---+----FLEVATIONOF TOP OF RISER PIPE:

I~I----I--- RISER STICK-UP ABOVE GROUND SURFACE:
4---+--- 1.0. OF SURFACE CASING_,;.: _

TYPE OF SURFACE CASIN.:.;G::.:.: _

•

•1

1

1

1
1

1.0. OF SCREEN: _--=2;...· _

SLOT SIZE X LENGTH: ......:...;10:....:S:.:L;.::O:...;.T...:.:x _

+----l--- ELEVATION / DEPTH TOP OF FILTER PACK:

----l---TYPE OF SCREEN: CARBON STEEL

+-__-l-__ELEVATION / DEPTH TOP OF SCREEN:

+-__-1-__ ELEVATION / DEPTH OF SEAL: -...;1---1
+----1--- TYPE OF SEAL: BENTONITE CHIPS

f----4--- ELEVATION / DEPTH BOTTOM OF SCREEN:

f----4--- ELEVATION / DEPTH BOTTOM OF FILTER PACK:

TYPE OF BACKFILL BELOW

WELL:

ELEVATION / DEPTH OF BOREHOLE:

If----I--- TYPE OF FILTER PACK: SILICA SAND

(No. 10-20 U.S. STANDARD SEIVE SIZE)

=---+---RISER PIPE 1.0.: ..;;2;...· _

TYPE OF RISER PIPE: CARBON STEEL

GROUND ELEVATION:

~~~t==TYPE OF SURFACE SEAL;...: _

4----1--- BOREHOLE DIAMETER:
1-----1---TYPE OF SEA...;;L:.;.: _
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•

CALIBRATION AND CARE OF WATER QUALITY METERS

1.0 PURPOSE

This ~t~ndard Operating Procedure (SOP) establishes the procedures for the calibration and

mainterii:ince of field instruments used to measure water quality and for the proper documentation of

calibrat}.!in·· and maintenance. The YSI BOO-Series Environmental Monitoring System will be used to

measure pH, temperature, oxidation-reduction potential (ORP), specific conductance (SC), dissolved

oxygen (DO), and turbidity in water. A LaMotte turbidity meter will be used in conjunction with the YSI to

measure turbidity. The YSI meter has a multiprobe sensor that can be used in conjunction with a flow

through-cell attached to a pump discharge tube to measure water-quality parameters in a ground water

discharge or can be immersed in a surface water body such as a stream, pond, or drainage ditch. The

LaMotte' is a hand held meter that uses a multi-detector optical configuration to assure long term stability

and minimize stray light and color interferences.

2.0 FIELD FORMS AND EQUIPMENT LIST

The following logbooks, forms, equipment, and supplies are required:

Site logbook

Equipment calibration log sheet

YSI Model 600 Serien and Sonde: multi-parameter water-quality meter with flow through cell
, ,

LaMotte Turbidity Meter

Equipment manual

Calibration kit

Deionized water, paper towels, spray bottle, etc.

Disposable medical-grade gloves (e.g., latex, nitrile)

090307/P CTO 0166



3.0 PROCEDURES
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This section describes the calibration procedures for the YSI Model 600 series and the LaMotte. Each

meter is supplied with an instruction manual and will be on site and will be used as the calibration

guidance documents. These procedures will list requirements for frequency of calibration and checks to

be performed on the meter.

3.1 YSI Model 600 Series

The YSI Model 600 series and Sonde is a multi-parameter, water-quality meter that may be used to

measure open water bodies (streams, ponds, springs, etc.) with the probe guard installed. With the flow

through cell attached, the meter has the ability to measure water-quality parameters in ground water via a

pump discharge line. By performing the measurements in the discharge line coming directly from the

well, the parameters are measured before the ground water comes in contact with the atmosphere. The

parameters measured by the YSI for this field effort are as follows:

• DO

• SC

• Temperature

• pH

• ORP

• Turbidity

3.1.1 Documentation

The Equipment Calibration Log is used to document calibration of measuring equipment used in the field.

The Equipment Calibration Log documents that the manufacturer's instructions were followed for

palibration of the equipment, including the frequency of calibration, type of standards used, and checks

performed on calibration during the course of using the equipment. An Equipment Calibration Log must

be maintained for each measuring device that requires calibration. Entries must be made for each day

the equipment is used. A blank Equipment Calibration Log form is attached at the end of this SOP.

3.1.2 Calibration

All the parameters listed in Section 3.0 must be calibrated prior to the start of each field effort. After this

initial calibration, the YSI will be checked each day that it is used. If the check shows any out-of-

•

•
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specification readings, the specific probe will be recalibrated. Meter specifications can be found in the

equipment manual, starting on page 248. Calibration and calibration checks will be documented in the

field logbook and on the Equipment Calibration Log. The name, lot number, and expiration date for all

calibration buffers and standards used will be recorded on the Equipment Calibrafion Log. The meter's

model, serial"number, and name of rental company will also be recorded on the equipment calibration

form.

•
",'.':'

. -: ~ t
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•

3.1.3 Tips for Good Calibration

• The DO calibration is a water-saturated air calibration. Make certain to loosen the calibration cup

seal to allow pr~~ssure to equilibrate before calibrating.

• Make certain that sensors are completely submersed in solution and readings are stable when

calibration values are entered.

• Use a small amount of calibration solution (previously used solution may be used, then discarded for

this purpose) to pre-rinse the sonde.

• Fill a bucket with ambient temperature water to rinse the sonde between calibration solutions.

• Make sure to rinse and dry the probe between calibration solutions. This will reduce carry-over

contamination and increase the accuracy of the calibration.

3.2 Lamotte Turbidity Meter

The Lamotte turbidity meter is a hand held meter that measures the amount of suspended matter in water
~- ~'

using the Nephelometric method.

3.2.1 Documentation

The Equipment Calibration Log is used to document calibration of measuring equipment used in the field.

The Equipment Calibration Log documents that the manufacturer's instructions were followed for

calibration of the equipment, including the frequency of calibration, type of standards used, and checks

performed on calibration during the course of using the equipment. An Equipment Calibration Log must

be maintained for each measuring device that requires calibration. Entries must be made for each day

• the equipment is used. A blank Equipment Calibration Log form is attached at the end of this SOP..
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3.2.2 Calibration

Turbidity must be calibrated prior to the start of each field effort. After this initial calibration, the LaMotte

will be calibrated each day that it is used. If the check shows any out-of-specification readings, the meter·

will be recalibrated. Meter specifications can be found in the equipment manual. Calibration and

calibration checks will be documented in the field logbook and on the Equipment Calibration Log. The

name, lot number, and expiration date for all calibration standards used will be recorded on the

Equipment Calibration Log. The meter's model, serial number, and name of rental company will also be,
recorded on the equipment calibration form.

3.2.2 Tips for Good Calibration

• Thoroughly clean the standard vial with a chem wipe to remove finger prints.

•

• Make sure that the vial is properly aligned according the manual recommendations.

4.0 MAINTENANCE •
The YSI Meter and LaMotte will be rented for the duration of each brief field effort. Therefore, little field

maintenance will be required. For any maintenance other than the routine cleaning, calibrating, or battery

charging, the instrument should be returned to the vendor and a replacement sent immediately to the job

site.

4.1 Meter Storage for the YSI

For this field effort, the meter storage will be short term, [i.e. over night or between work shifts (4-day

break)]. During these breaks, the meter will be charged. One-half inch of tap or distilled water will be

placed in the meter calibration cup and the cup threaded onto the sonde. The key for short-term storage

of probes is to use a minimal amount of water so the calibration cup will.remain at 100 percent humidity.

The water level must be low enough so that none of the probes are actually immersed. Proper storage of

the sonde between usage will extend its life and will also ensure that the unit is ready for use as quickly

as possible for the next application.

•
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Multi-parameter short term storage key points:

• Use enough water to provide humidity but not enough to cover the probe surfaces.

• Make sure the storage vessel is sealed to minimize evaporation.

• Check periodically to make certain that water is still present.
\

""",,,',1;\

4.2 Probe Cleaning

• Rinse the probe .th.()roughly with potable water.

• Wash the probe in a mild solution 'of Liquinox and water and wipe with paper towels and/or cotton

swabs.

• Rinse and soak the probe in deionized water.

• If stronger cleaning is required, consult Section 2.10 on page 89 of the equipment manual.

Note: Reagents that are used to calibrate and check the YSI may be hazardous. Review the health and

safety plan, Appendix A of the equipment manual, and Material Safety Data Sheets (MSDSs), all of which

are on file in the field trailer.

• 4.3 Meter Storage for the LaMotte

For this:'field effort, the meter storage will be short term, [Le. over night or between work shifts (4-day

break)]. Proper storage of the meter between usage will extend its life and 'will also ensure that the unit is

ready for use as quickly as possible for the next application.

Short term storage key points:

• Make sure the storage vessel is moisture free and sealed.

4.4 Sample Vial Cleaning

• Rinse the vial thoroughly with potable water to remove sediments.

• Wipe with chem~:-.wipes or cotton swabs.

5.0 ATTACHMENTS

1.

2.

090307/P
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•
(11:]TO". Tech NUS, Inc.

PROJECT NAME: _

SITE NAME:

PROJECT No.:
l.:..~

•
DOCUMENTATION OF FIELD CALIBRATION

INSTRUMENT NAME/MODEL: HORIBA U-22..;...c..:;",;..,:,,;.::.:....:.....::......:::.::....,. _

MANUFACTURER:

SERIAL NUMBER:

•

Date Person INITIAL READINGS FINAL READINGS Calibration Remarks
of Performing PH COND TURB DO TEMP SAL PH COND TURB DO TEMP SAL Standard and

Calibration Calibration (Lot No.) Comments
, I I I • ,

,
"~
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-14

MANAGEMENT OF INVESTIGATION-DERIVED WASTE

1.0 PURPOSE

This ~tandard Operating Procedure (SOP) describes how investigation-derived waste (IDW) will be

collected, segregated, classified, and managed during the field investigations at the NSWC Crane facility.

The following types of IDW will be generated during this investigation:

• Excess soil and rock materials remaining from subsurface drilling activities

• Well development water and purge water related to monitoring well installation and sampling

• Decontamination solutions

• Personal protective equipment and clothing (PPE)

• Miscellaneous trash and incidental items

2.0 REQUIRED FIELD FORMS AND EQUIPMENT

•

Health and safety equipment (with PPE)

Decontamination equipment

Field logbook and indelible ink pen

Plastic sheeting and/or tarps

55-gallon drums with sealable lids

IDW labels for drums

Wastewater container tanks

Plastic garbage bags

3.0 PROCEDURES

Management of IDWinciudes the collection, segregation, temporary storage, classification, final disposal,

and documentation of the waste-handling activities.

090307/P CTO 0166



3.1 Liguid Wastes

NSWCCrane
Draft QAPP
Revision: 0

Date: OCtober 2003
Section: SOP_CT0166-14

Page 2 of 3 •
Liquid wastes that will be generated during the site activities include well development water, well purge

water (collected during low-flow sampling), and decontamination solutions from drilling and sampling

equipment. As they are collected, these wastewaters will be placed in a 300-gallon (or smaller) portable

tank attached to a truck. Whenever the portable tank approaches full, it will be transported to a central

location at NSWC Crane (adjacent to a Crane-designated sanitary sewer manhole). The water in the

portable tank will be discharged to the sewer by gravity draining.

An accurate record will be kept by the FOL of all wastewaters that have been placed in the large holding

tank. At a minimum, this information will include the following:

• The location and type of each water that has been placed in the tank (e.g .. purge water from wells)

• The quantity of water from each source

• The date the wastewater was generated

• The date and time the wastewater was placed in the tank

• The person(s) present when the wastewaters were discharged to the sewer

3.2 Drill Cuttings and Cores

As cuttings are removed from borings, they will be screened for VOCs. If these results do not show

above-background levels of VOCs, the cuttings materials will be mixed with bentonite and returned to the

borehole when sampling activities in the hole are completed or spread on the ground in the area of the

borehole. The backfill materials will be tamped as they are placed in the hole to increase density and

reduce permeability of the backfill material.

•

If any soil materials from a screened borehole interval show evidence of contamination (based on the field
",

screening results), then the soil material from the screened interval will be placed in a plastic trash bag (or

directly in a drum if a larger quantity) and the bag will be tagged. Information included on the tag will

consist of the hole from which the material came, the depth interval from which the material came, the

date, and the name of the person filling out the tag. The bag will then be placed in a 55-gallon drum and

sealed (more than one bag may be placed in a drum). The waste drums will be stored on site temporarily

until laboratory results have been received concerning the soil samples that were collected from the

suspect borehole. If the results indicate that no contamination is present in the soil samples, then the

soils will be disposed on site. If the levels of contamination of any of the samples from a borehole exceed

Toxicity Characteristic Leaching Procedure (TCLP) limits (using the total soil concentrations), then all •

090307/P CTO 0166
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excess soil from the borehole will be considered as RCRA-hazardous and disposed off site in accordance

with RCRA waste disposal regulations. Alternatively, the toxicity characteristic leaching procedure may

be conducted for any constituent that could exceed the TC limits based'on total concentrations .
.~.

Cuttings from well borings will be handled in the same manner as soil boring cuttings.

3.3 PPE, Pump Discharge Tubing, Direct-Push Technology (OPT) Sample Liners, and

Incidental Trash

AII:PPE wastes, 'pump discharge tubes, DPT sample liners, and incidental trash materials (e.g., wrapping

or packing materials from supply cartons, waste paper) will be decontaminated (if contaminated), double

bagged, securely tied shut, and placed in a designated waste receptacle at NSWC Crane.
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-15

LOW-FLOW WELL PURGING AND STABILIZATION

1.0 PURPOSE

This Standard Operating Procedure (SOP) establishes the procedure for well purging and stabilization

utilizing low-flow techniques.

2.0 REQUIRED FIELD FORMS AND EQUIPMENT

The following field forms and equipment are required for low-flow purging.

•
Low-Flow Purge Data Sheet: A copy of this form is attached at the .end of this SOP.

Ground Water Sample Log Sheet: A copy of this form and instructions for its completion are included in

SOP CT0166-05.

Bound field logbook

Writing utensil

Photoionization detector (PID): The procedures for the operation of the PID are found in the health and

safety plan and SOP CT0166-06.

Well key

Electronic water-level indicator: The water-level indicator must have a cable of sufficient length to reach

the water surface and be capable of measurements of 0.01 foot (see SOP CT0166-17).

Electronic Programmable Controller, model 400: This controller regulates air flow in a bladder pump.

Cylinder of compressed nitrogen with regulator: Compressed gas serves as the power source for the

bladder pump.

Multiple parameter water-quality meter: This unit measures and displays field parameters measured in

the field including pH, dissolved oxygen, oxidation-reduction potential (ORP), temperature, and specific

conductance (see SOP CT0166-13).

Flow-through cell adapter for water-quality meter

LaMotte Turbidity Meter: Used·to measure turbidity (see SOP CT0166-13).

Purge water containers

• Graduated cylinder and stopwatch: Used to calculate flow rate.
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Decontamination supplies: SOP CT0166-16 describes required decontamination supplies.

Disposable medical-grade gloves (e.g., latex, nitrile)

3.0 PROCEDURES F'OR WELL PURGING

3.1 Prior to mobilizing to the site, clean, check for proper operation, and calibrate above equipment in

accordance with manufacturer requirements as necessary.

3.2 Follow the steps outlined in SOP CT0166-17 to obtain a static water-level measurement of the well

to be purged. Record the information on the Ground Water Sample Log Sheet and the Low-Flow

Purge Data Sheet. Leave the water-level meter suspended in the well casing.

3.3 Calculate one well casing volume as follows:

1. Obtain the total depth of the well by measurement.

•

2. Using the static water level determined in Step 3.2 of this SOP and the total depth of the well,

calculate the well casing volume using the following formula: •

v = (0.163)(T)(r2
)

where:

v =
T =
0.163

=

Static casing volume of well (in gallons).

Vertical height of water column (linear feet of water).

A constant conversion factor that compensates for the

conversion of the casing radius from inches to feet, the

conversion of cubic feet to gallons, and pi.

Inside radius of the well casing (in inches).

Note: For wells of 1-inch radius (2-inch diameter), V = 0.163 gallons per foot of water column.

3.4 Connect the pump controller to the well pump air supply (at the well cap) by following the

instructions in the pump control manual. The pump controller must be turned off when it is being

connected.

•
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3.5 Connect the nitrogen cylinder to the pump controller. The nitrogen cylinder valve must be closed

and the regulator line pressure set at zero pounds per square inch (psi) when it is being

connected.

3.6 Following the instructions found in the water-quality meter manual, connect the flow-through cell to

the pump"discharge line (at the well cap).

3.7 Place the discharge tubing from the flow-through cell to direct the purge water discharge into the

graduated cylinder or purge wat~r container.

3.8 Following .t~e instructions in the pump controller manual, start pumping water from the well.

•

3.9 Start with the initial pump rate set at approximately 0.1 liters per minute. Use the graduated

cylinder and stopwatch to measure the pumping rate. Adjust pumping rates as necessary to

prevent drawdown from exceeding 0.3 foot during purging. If no drawdown is noted, the pump

rate may be increased (to a max of 0.4 liters per minute) to expedite the purging and sampling

event. The pump rate will be reduced if turbidity is greater than 10 NTUs after all other field

parameters have stabilized. If ground water is drawn down below the top of the well screen,

purging will cease and the well will be allowed to recover before purging continues. Slow

recovering wells will be identified and purged at the beginning of the workday. If possible,

samples will be collected from these wells within the same 8-hour workday and no later than

24 hours after the start of purging.

The time to sample any given well will vary greatly due to the many variables associated with low

flow purging"and sampling:

.• Stabilization of parameters

• Possible drawdown

• Analytical changes from quarter to quarter

• Varying~QA sample requirements from quarter to quarter

• Variable pump rates

•
Normally, the time from the start of purging to the end of sampling will be between 1 and 4 hours.

3.10 Measure the well water level using the water-level meter every 5 minutes. Record the well water

level on the Low-Flow Purge Data Form (attached at the end of this SOP).
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3.11 Every 5 to 10 minutes, record on the Low-Flow Purge Data Form the water-quality parameters

.(pH, specific conductance, temperature, turbidity, oxidation-reduction potential, and dissolved

oxygen) measured by the water-quality meter and turbidity meter. If the cell needs to be cleaned

during purging operations, continue pumping (allow the pump to discharge into a container) and

disconnect the cell. Rinse the cell with distilled water. After cleaning is completed, reconnect the

flow-through cell and continue purging. Document the cell cleaning on the Low-Flow Purge Data

Form.

3.12 Measure the flow rate using a graduated cylinder. Remeasure the flow rate any time the pump

rate is adjusted.

3.13 During purging, check for the presence of bubbles in the flow-through cell. The presence of

bubbles is an indication that connections are not tight. If bubbles are observed, check for loose

connections.

•

3.14 Stabilization is achieved and sampling can begin when a minimum of one casing volume has •

been removed and three consecutive readings, taken at 5- to 10-minute intervals, are within the

following limits:

• pH ± 0.1 standard units

• Specific conduct ± 3%

• Temperature ± 5%

• Turbidity less than 10 NTUs

• Dissolved oxygen ± 10%

• Oxidation-Reduction Potential (ORP) ± 10 mV

If the above conditions have still not been met after the well has been purged for 4 hours, purging

will be considered complete and sampling can begin. Record the final well stabilization parameters

from the Low-Flow Purge Data From onto the Ground Water Sample Log Form.

If there is a need to leave a well during purging, there are two options:

•
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One, if the sampler must move for 30 minutes or less put still has a clear line of sight to the

well, the sampler may leave the pump running and watch the well from a distance until he or

she is able to return to the well.

Two, if for whatever reason, the sampler must stop purging for an extended period of time or a

clear line' of sight cannot be maintained, the pump and cell will be shut down. All equipment

and supplies will be loaded into the sample vehicle, and the well will be secured before the

sampler departs.

In both cases, the time purging was stopped and restarted will be noted on the Low-Flow Purge

Data Form.

3.15 Rinse the flow-through cell, the water-quality meter probes, and the turbidity cell with analyte-free

water and pack the cell and meters for transport.

·4.0 ATTACHMENTS

•

••

.1·

090307/P
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PROJECT:
PROJECT NUMBER:
PROJECT SITE NAME:

LOW FLOW PURGE DATA SHEET

WELL-ID.: _
DATE:
WEATHER:------------

,....,_~~::~-",I '5J"""~=~:~,,~,~:~,,~~,I~~~~~'::I·i~~'~-~:~~~~Iwe,,t'~,~7¥i'","'I=~,~~:#~1 ~c~:~r,,~:~,1 ...T~~",,,-·I .cm~:~~:" ,,·1 T"I,"-~~ ~•• c..,'
~f;i'(ftrs;1.~~i~'(Ft;~tieloW1,1iOC):1 frii['(aallt:r~?:, Wnltlmiri)X ;i;;~(S;Ujrit i(mS/cmr:.,!?i(NTU);~t: ;'.(mQlU)J :(CelsiLis) ;;<;;(i'riVL::;·

Comments

Water Quality Meter (SIN)
Control Box Type (SIN)
Turbidity Meter (SIN)

SIGNATURE(S): _

Pump Intake Depth _

PAGE_OF_



•
NSWCCrane

Draft QAPP
Revision: 0

Date: OCtober 2003
Section: SOP_CT0166-16

Page 1 of 2

STANDARD OPERATING PROCEDURE

NUMBER CT0166·16

DECONTAMINATION OF FIELD SAMPLING EQUIPMENT

1.0 PURPOSE

This Standard Operating Procedure (SOP) establishes the procedures to be followed when

decontaminating non-dedicated field sampling equipment during the field investigations at the NSWC

Crane facility.

2.0 REQUIRED FIELD FORMS AND EQUIPMENT

Waterproof pens

Non-latex rubber or plastic gloves

Cotton gloves

• Field logbook

Potable water

Deionized water

LiquiNox detergent

Brushes, spray bottles, paper towels, etc.

55-gallon drum or other container to collect and transport decontamination fluids

3.0 DECONTAMINATION PROCEDURES

3.1 Don non-latex and/or cotton gloves and decontaminate sampling equipment (in accordance with

the following steps) prior to field sampling and between samples.

3.2 Rinse the equipment with potable water. Rinsing may be conducted by spraying with water from

a spray bottle or by dipping. Collect the potable water rinsate into a container.

3.3 Wash the equipment with a solution of LiquiNox detergent. Prepare the LiquiNox wash solution in

accordance with the instructions on the LiquiNox container. Collect the LiquiNox wash solution

into a container. Use brushes or sprays as appropriate for the equipment. If oily residue has

•
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accumulated on the sampling equipment, remove the residue with a isopropanol wash and repeat

the Liquinox wash.

3.4 Rinse the equipment with potable water. Rinsing may be conducted by spraying with water from a

spray bottle or by dipping. Collect the potable water rinsate into a container.

3.5 Rinse the equipment with deionized water. Rinsing may be conducted by spraying with water

from a spray bottle or by dipping. Collect the deionized water rinsate into a container.

3.6 Remove excess water by air drying, shaking, or by wiping with paper towels as necessary..

3.7 Document decontamination by recording it in the field logbook.

3.8 Containerized decontamination solutions will be managed in accordance with the procedures

described in SOP CT0166-14 and the QAPP.

•

•

•
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-17

MEASUREMENT OF WATER LEVELS IN MONITORING WELLS

1.0 PURPOSE

This Standard Operating Procedure (SOP) establishes procedures for determining water levels in

monitoring wells. .,.",

2.0 REQUIRED FIELD FORMS AND EQUIPMENT

The following equipment and field forms are required for determining water levels in monitoring wells.

Ground Water Level Measurement Form: A copy of .the Ground Water Level Measurement Form is

attached.

Bound field logbook

Photoionization detector (PID): Operation and calibration of the PID is discussed in SOP CT0166-06.

Well key

Writing utensil

Electronic water-level indicator: The water-level indicator must have a cable of sufficient length to reach

the water surface and be capable of measurements of 0.01 foot.

Decontamination supplies: SOP CT0166-16 describes decontamination procedures including

decontamination supplies.

3.0 WATER-LEVEL MEASUREMENT PROCEDURES

3.1 Check the operation of the electronic water-level indicator or interface meter.

3.2 Record the well identification (ID), date, and time (using military time) on the Ground Water-Level

Measurement Form.

3.3 Unlock the well and remove the well cap.

3.4 . Place the well cap on a clean piece of plastic.
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3.5 Check the well for the presence of organic vapors in the 2-inch polyvinyl chloride (PVC) riser pipe

as follows:

1. Calibration of the PID shall be done in accordance with the calibration procedures

described in SOP CT0166-06. Calibration of the PID shall be done at the field office prior

to entering the field.

2. Insert the PID sample inlet straw approximately 3 inches into the riser pipe.

•

3. Record the PID reading on the Ground Water Level Measurement Form. If the reading is

less than concentrations specified in the site-specific HASP, proceed to step 3.6. If the

reading is greater than the concentration specified in the HASP, measure the

concentration in the breathing zone. If the concentration in the breathing zone is less than

the concentration specified in the HASP, proceed to Step 3.6. If the reading is greater

than the specified concentration, allow the riser pipe to ventilate for 10 minutes and repeat

the measurement of breathing zone concentrations until the concentrations fall below the

level specified in the HASP before proceeding to step 3.6. •
3.6 Ensure that the water-level indicator probe has been decontaminated before use, in accordance

with the procedures outlined in SOP CT0166-16.

3.7 Slowly lower the probe into the well riser pipe until an audible and/or visible signal is produced,

indicating contact with the water surface.

3.8 Read the ground water-level measurement from the top of the inner casing at the surveyed

reference point to the nearest 0.01 foot.

3.9 Record the water-level measurement on the Ground Water Level Measurement Form.

3.10 Wind the meter cable measuring tape back onto the spool.

3.11 Replace the well cap and lock.

3.1 2 Decontaminate the meter's probe and cable following the procedures outlined in SOP

CT0166-16. •
090307/P CTO 0166



•
3.13

NSWC Crane
Draft QAPP
Revision: 0

Date: October 2003
Section: SOP_CT0166-17

Page 3 of 4

Containerize any decontamination fluids and PPE in accordance with the procedures described in

SOP CT0166-15.

•

•

4.0 ATTACHMENTS
"";";.';1<

1. Ground Water Level Measurement Sheet
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~ Tetra Tech NUS, Inc. GROUNDWATER LEVEL MEASUREMENT SHEET
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Project Name: Project No.:

Location: Personnel:

Weather Conditions: Measuring Device:

Tidally Influenced: Yes -- No-- Remarks:

Well or Elevation of Total Water Level Groundwater
Piezometer Date Time Reference Point Well Depth Indicator Reading .Elevation Comments

Number (feet)' FromTOC (feet)' .. . '-: (feet)'
(feeW
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.STANDARD OPERATING PROCEDURE

NUMBER CT0166-18

SURFACE WATER SAMPLING

1.0 PURPOSE

This Standard Operating Procedure (SOP) establishes the procedure for collecting surface water samples

at the NSWC Crane facility.

2.0 REQUIRED FIELD FORMS AND EQUIPMENT

Surface Water Sample Log Sheet: A copy of this form is attached at the end of this SOP.

Field logbook

Writing utensil

Multi-parameter water-quality meter: The water-quality meter is used for the measurement of dissolved

oxygen, pH, specific conductance, temperature, oxidation-reduction potential, and turbidity (see SOP

CT0166-13).

LaMotte Turbidity Meter: Used to measure turbidity in the field (see SOP CT0166-13) ..

Disposable sample containers: Disposable sample containers are used to fill sample containers and

transport sample(s) to a pump for filtering.

Labeled sample containers: Prelabeled, certified-clean sample containers will be provided by the

laboratory that performs the analyses.

Sample tags: One tag is to be completed and attached to each sample container.

0.45-micron filter assembly: These are single-use filter cartridges used to filter samples scheduled for

dissolved metals or dissolved thorium isotope analyses. The filters become investigation-derived waste

(lOW) after one use.

Peristaltic pump

Silicon tubing

Ziploc-type plastic storage bags

Shipping containers (coolers)

Trip blank sample (if VOC samples are being collected)

Temperature blank
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3.0 SURFACE WATER SAMPLING PROCEDURES

3.1 The same methods will be used to collect surface water and seep samples. Sampling will start at

the downstream end 9f a stream and proceed to the farthest upstr~am location.

3.2 While standing downstream or from the bank, gently remove any floating leaves or twigs that may

... be present in a sample pool area in a manner that will not disturb the bottom sediment.

3.3 While standing downstream or from the bank, place the sample container in the water at the

sampling location at a 45-degree angle and lower it to approximately half the sample pool depth.

With the mouth of the container facing upstream, fill the container with water, being careful not to

disturb the sediment.

•

3.4 All samples will be collected into certified-clean, pre-preserved bottles (if preservation is required

for the analysis to be performed) supplied by the laboratory performing the analyses. Sample

containers for volatile constituents (VOCs) must be completely filled so no headspace exists in the

container. Other sample containers should not be filled completely; a small amount of air should

be left at the top. Sample containers will be collected in the following sequence:

Volatile organic compounds (VOCs)

Other Organics

Total metals

Nitrate

Nitrite

Total suspended solids (TSS)

Dissolved metals

•

3.5 Record the date and time that the sample containers are filled on the Surface Water Sample Log

Sheet, the sample labels, the sample tags, and the Chain-of-Custody Form.

3.6 After the sa~ple label and sample tag are completed and checked, place the sample container

into a ziploc-type plastic storage bag and place the plastic storage bag holding the sample

container into a cooler containing ice.

3.7

090307/P

Repeat steps 3.3 through 3.6 until all the sample bottles containing unfiltered samples have been

filled.
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Fill two 1-liter unpreserved polyethylene bottles. Use these bottles to transfer the sample for field

filtering. Set up a peristaltic pump for filtering of the dissolved metals samples. Using new, clean,

disposable sili6bne tubing and a O.45-micron filter, place the intake tubing from the pump into the

transfer bottle with the filter attached to the discharge end and start the pump. Pre-rinse the filter

with approxim~{ely 50-mL of sample water prior to filling the sample containers.

Using the discharge from the filter cartridge, fill one 1-liter polyethylene sample bottle for dissolved

metals. Repeat'steps 3.8 and 3.9 for these sample containers.

3.10 Obtain measurements of dissolved oxygen, pH, specific conductance, temperature, turbidity, and

oxidation-reduction potential using the multi-parameter water-quality meter and LaMotte Turbidity

Meter (see SOP CT0166-13). Record the readings in the appropriate fields on the Surface Water

Sample Log Sheet.

'.
3.11 Estimate the flow rate of the stream or spring in accordance with SOP CT0166-20. This is an

estimate only. Round the flow rate to the nearest 5 gallons and record this number on the Surface

Water Sample Log Sheet.

•

3.12 Decontaminate all equipment and load the equipment and the sample cooler in the sample

vehicle for transport.

4.0 ATTACHMENTS

1. Surface Water. Sample Log Sheet
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Sample 10 No.:
- Sample Location: _

Sampled By:

C.O.C. No.:

•
["II::] Tetra TechNUS, Inc.

Project Site Name:
Project No.:

oStream
[] Spring
[] Pond

[] Lake
[] Other:
[] QA Sample Type:

SURFACE WATER SAMPLE LOG SHEET

Type of Sample:

oLow Concentration
[] High Concentration

Page of

Date: Color pH

Time: Visual Standard

Depth:
Method:

S.C. Temp. Turbidity DO

rnS/cm Degrees C NTU mgII

Salinity ORP

% mV

•

Analysis Preservative Container Requirements Collected

MS/MSD• ~~~~~~~~~~I!!!~!!iig!i!!iT!] Signature(s):
Duplicate 10 No.:
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-19

SEDIMENT SAMPLING

1.0 PURPOSE

This Standard Operating Procedure (SOP) establishes the procedure for sediment sampling at the NSWC

Crane facility.

2.0 REQUIRED FIELD FORMS AND EQUIPMENT

The following field forms and equipment are required for sediment sampling.

Sediment Sample Log Forms: A copy of this form is attached at the end of this SOP.

Bound field logbook

Tags for each sample container

Disposable plastic trowels

Survey stakes and flagging: Used to mark sampling locations after completion of sampling.

Labeled sample containers: See SOP CT0166-01 for sample identification procedures. Sample

containers are certified clean by the laboratory supplying the containers.

Plastic storage bags

Shipping containers (containing ice)

Surgical gloves

Indelible marker

Chain-of-Custody Form

3.0 SEDIMENT SAMPLE LOCATION SELECTION

In general, sediments composed of fine-grained materials with greater surface area available for

adsorption are more desirable for sample selection. The fined-grained materials may act as a sink or

reservoir for adsorbing heavy metals and organic contaminants even if surface runoff concentrations are

below detection limits. Therefore, it is importa'1t to locate the specific sampling points where the sediment

has the greatest percentage of fine particles. The sampling personnel will determine specific sampling

locations with these goals in mind.
\
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4.0 SEDIMENT SAMPLING PROCEDURES

4.1 The sampler will wear clean, disposable, surgical gloves during sampling activities.

4.2 Sampling locations for sediment will be chosen along stream channels and gullies where surface

water is visibly flowing, if possible. At these locations, sediment samples will be collected from

beneath the water surface at the water's edge. If water is not visibly present, then the sediment

sample will be collected from an area of deposition where the finest sediment is present and the

sediment is moist or wet.

4.3 A disposable plastic trowel or spoon will be used to clear vegetative matter, cobbles, and gravel

from the surface of the sediment.

•

4.4 All sediment samples will be collected from a depth of 0 to 4 inches below the sediment surface.

Sample jars for VOCs and AVS-SEM will be collected first by placing exposed sediment material

directly, in the appropriate sample jars. The sediment will not be stirred or homogenized prior to

placement in the jars, and the sediment will be transferred to the jars with a minimum exposure to

air. The jars will be filled to capacity in order to minimize the amount of residual air space in the

containers. Separate jars will be used for VOCs and AVS-SEM analysis.
•

4.5 Use the trowel to dig up and homogenize the sediment in an 18-inch-diameter circular area that is

4 inches deep. Stir the sediment within the circular area; do not move the sediment outside the

circle. Also, do not dig or stir sediment that is deeper than 4 inches below the sediment surface.

4.6 Use the same trowel or spoon to scoop the homogenized sediment into the requisite labeled

sample containers.

4.7 Record the sample time (using military time) on the Sediment Sample Log Form and sample

container labels and tags. Record all other information required on the labels and tags as

specified by SOP CT0166-01.

4.8 Secure the tag to the neck of the sample container using a wire tie.

4.9

090307/P

Place the tagged sample container into a plastic storage bag and then place the plastic storage

bag holding the sample container into a cooler containing ice.
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Record date, sampling site, site conditions, location map, and other information (e.g., presence

and flow rate of water in channel) on the Sediment Collection Log Sheet. Enter the sample

information onto the Chain-of-Custody Form in accordance with SOP CT0166-04.

.\ ~

Using an indelible marker, write the sample identification on a survey stake, and drive the stake

into the ground at the sample location. Tack a piece of brightly colored flagging to the stake. In

addition, tie a piece of flagging to an overhead tree branch or other eye-level object to improve the

ability to relocate the sampling site in the future.

•

•

5.0 ATTACHMENTS

1. Soil and Sediment Sample Log Sheet
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Project Site Name: Sample ID No.:
Project No.: Sample Location:

Sampled By:
0 Surface Soil C.O.C. No.:
D Subsurface Soil
[] Sediment Type of Sample:
[] Other: DLow Concentration
[] QA Sample Type: D High Concentration

GRAB'SAMPLE'DATA::.·; "' ..',':<' '. j',.":"";' "",. .., .....,..;,.,. '::.,,:.'.......' <" .. '...".,. ,."
Date: Depth Interval Color Description (Sand, Silt, Clay, Moisture, etc.)
Time:

Method:

Monitor Reading (ppm):

COMPOSITE SAMPLE:DATA: ", ., ,ii""'':'::!'',:'''': ::",,,; :;P:.J;:",

Date: Time Depth Interval Color Description (Sand, Silt, Clay, Moisture, etc.)

Method:

Monitor Readings

(Range in ppm):

Analysis Container Requirements Collected Other

".,;,.,''''

Signature(s):'"

MS/MSD Duplicate 10 No.:

•

•

•

(11:) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-20

ESTIMATING FLOW IN .SMALL STREAMS

1.0 PURPOSE

This Standard Operating Procedure (SOP) provides technical guidance on the measurement of stream

channel cross-section and flow in a small stream. Stream flow measurements will be obtained to

evaluate the migration potential of contaminants in a stream channel. This method is applicable for free

flowing streams with uniform flow and widths greater than 3 feet and depths greater than about 6 inches.

Stream flow rates will be measured at the same time as water-level measurements are collected.

2.0 REQUIRED FIELD FORMS AND EQUIPMENT

Measuring rod or yardstick

Measuring tape

Waders or rubber boots

Colored flagging tape

2x2 inch wooden stakes

Bound field logbook

Waterproof pen

Orange, apple, or small piece of wood

Surface Water Sample Log Sheet

Indelible marker

Stopwatch

3.0 PROCEDURES

3.1 Establish a transect across the stream, along a straight reach where the stream is relatively

narrow and velocity across the stream is relatively uniform. Orient the transect perpendicular to

the flow.

• 3.2

090307/P

Mark both ends of the transect with colored plastic flagging tape. Tie the flagging to a tree branch

or other elevated (about eye level) object. Drive wooden stakes into the ground at both ends of
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transect and tack a short piece of brightly colored flagging to the stakes. Use a black marker to

identify the transect number, which will be the same as the surface water sample location.

3.3 Measure the total distance across the stream with a measuring tape and record the stream width

(in feet) in the field logbook.

3.4 Measure the depth of water in the stream at three or four points across the stream. Record these

measurements and calculate an average depth. Record the average depth (in feet) in the field

logbook.

3.5 Measure a distance of 20 feet upstream of the transect. Tie a piece of flagging on a tree branch

or other visible location above the stream.

•

3.6 Go another 20 feet upstream and place the orange or apple in the center of the stream or where

the water current is fastest.

3.7 Using a watch with a timer or a stopwatch, measure the length of time it takes the orange (or

apple) to travel from the first marker flag to the transect location (distance of 20 feet). Record the

time. •
3.8 Repeat step 3.7 two more times. Record the readings and calculate an average time.

3.9 Calculate approximate flow rate in the stream channel by multiplying the stream width (from step

. 3.3) times the average depth (from step 3.4) times the average veloCity (from step 3.8). Record

the estimated flow rate (in fe/s) in the field logbook and on the Surface Water Sample Collection

Log Sheet.

•
090307/P
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-21

HYDRAULIC CONDUCTIVITY TESTING

1.0 PURPOSE

This Standard Operating Procedure (SOP) provides technical guidance for the performance and

evaluation of an in-situ hydraulic conductivity testing '(slug testing) in monitoring wells at the NSWC Crane

facility. S·

2.0 REQUIRED FIELD FORMS AND EQUIPMENT

Solid slug

Pressure transducers' and data recorder, including instruction manual

Manual water-level indicator

Hydraulic Conductivity Testing Data Sheet

Watch

Decontamination equipment and supplies

Field logbook

Measuring tape

3~ PROCEDURES

r~-!.,):

Slug tests are short-term tests designed to provide approximate hydraulic conductivity values for the

portion of a formation immediately surrounding the screened/open interval of a well or boring. These

tests are much less accurate than pumping tests, because a much more localized area is involved.

Therefore, a number of slug tests are typically performed and averaged to determine a representative

~ydraulic conductivity value for the formation tested. Performance of slug tests may be preferable to

pumping tests in situations where handling of large volumes of contaminated water is a concern or when

time or budget constraints preclude the more expensive and time-consuming setup and performance of a

pumping test.

The procedure is summarized below:
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3.1 Determine the total depth of the well using a weighted tape or other measuring device. A

pressure transducer attached to a data logger will be placed in the well approximately 1 foot from

the bottom of the well. The transducer will be positioned so that it is about 5 to 10 feet lower than

the slug.

3.2 Record the well number, the transducer probe identification number being used, the PSI rating for

each probe, the depth below top of casing where each probe is positioned, the static water level

in the well, and any other information relative to the setup and performance of the slug test. Data

and information should be recorded in a bound field notebook and on the Pumping Test Data

Sheet.

•

3.3 A falling-head test can be performed where the slug is lowered into the well and the rate of

water-level fall with respect to time is recorded until equilibrium is reached. A rising-head test can

be performed where a slug is lowered into the well and the water is allowed to equilibrate, then

the slug is removed and the rate of water-level rise is measured with respect to time. Falling

head slug tests should only be performed in wells with fully submerged screens, and rising head

slug tests can be performed in wells with either partially or fully submerged screens or open

intervals. •
3.4 Remove or insert the slug and immediately start the data logger. Record the starting time for the

data logger on the hydraulic conductivity testing data sheet.

3.5 Manually measure the depth to water with a water depth indicator to estimate the rate of recovery

while the data logger is in the sleep mode. Enter the reading onto the form sheet, along with the

corresponding transducer reading from the same time.

3.6 Observe the water-level readings when the data logger can be read. Record the times and the

readings on the form sheet.

3.7

090307/P

Rate of recovery measurements shall be obtained from time zero (maximum change in water

level) until water-level recovery exceeds 90 percent of the initial change in water level. In low

permeability formations, the test may be cut-off short of 90 percent recovery due to time

constraints. Time intervals between water level readings will vary according to the rate of

recovery of the well. For a moderately fast recovering well, water-level readings at 0, 0.1, 0.2,

0.3, 0.4, 0.5, 0.75, 1.0, 1.25, 1.5, 2.0, 2.5, 3.0, 4.0, ... minutes may be required. With practice,

readings at down to 0.05-minute (3 seconds) time intervals can be obtained with reasonable

CTO 0166
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accuracy, using a pressure transducer and hal1d-held readout. For wells that recover very fast,

the pressure transducer and data logger can be set on' a logarithmic recording interval. Time

intervals between measurements can be extended for slow recovering wells. A typical schedule

for measurements for a slow recovering well would be 0, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0,

6.0, 8.0, 10.0, 15.0, 20.0, 30.0, ... minutes from the beginning the test. Measurements will be

taken from the~top of the well casing.

3.8 Stop the test when equilibrium is reached and repeat as necessary to ensure reproducibility.

3.9 Remove the pressure transducer, the slug, and the cables from the well and thoroughly

decontaminate, in accordance SOP CT0166-16.

3.10 Check all field notes, copy, and place into one file for each test. Download the data recorder as

soon as possible and check data. Make an electronic file and 'paper file of all data and place with

the file for evaluation later. Confirm that the data are usable for the intended .analysis prior to

leaving the field. Time and recovery should be field p,lotted on semilog graph paper to determine

the data quality. The data set should plot along a sloped, straight line. If excessive data scatter

is observed, the test should be rerun until acceptable results are obtained.

4.0···· PERSONNEL

•

A qualified geologist or hydrogeologist, with experience with these test procedures and equipment, will be

needed for each sampling team to carry out the hydraulic conductivity tests.

5.0 ATTACHMENTS

1. Hydraulic Conductivity Testing Data Sheet
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HYDRAULIC CONDUCTIVITY

TESTING DATA SHEET
Tetra Tech NUS. Inc.

PROJECT NAME: . WElL,laORING NO.: .

PROJECT NO.: . GEOLOGIST: .

WElL DIAMETER: . SCREEN LENGTH/DEPTH: . lEST NO.: ..

STATIC WAlER LEVEL (Depth/Elevatlon): ;........................ DATE: .

g lEST TYPE (Rlslng!Falllng/Constant Head): CHECKED: ..

~ METHOD OF INDUCING WAlER LEVEL CHANGE: PAGE OF .

~ REFERENCE PT. FOR Wl. MEAS. (Top of Casing, Transducer, etc.): :
CSlI-------r----.,....--r------y-------.r--------.r------.,...--------!

ELAPSED MEASURED DRAWDOWN ELAPSED MEASURED DRAWDOWN WEll. SCHEMATIC
co , TIME .) WATER LEVEL OR HEAD (~H) TIME WATER ~VEL OR H~A~, (~H) '""""C::.
~ lmln. or sec. (feet) (fest) (min. or sec.) (feet) lfeet} -;;; 0- WElL f

~
E5 BOREHOlE .,
u
~
=,I--------+-----+-----t------+----+------I

~ ~ ~~
~ .
<

•
~m==z==--
is 21:
a. ~=o 0::-

I...... · f;i:
~I-
<L-~+_--

0::
t:l

'Sllndlcale SWL
Depth on Drawing

REMARKS:
1
8
a

7 .

4

1

•
a CALCS,SKETCH MAPS, ETC.::_--------

•
4
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STANDARD OPERATING PROCEDURE

NUMBER CT0166-22

FIELD TEST KIT ANALYSIS

1.0 PURPOSE

The purpose of this Standard Operating Procedure (SOP) is to establish the procedure for the field

chemical analysis of parameters in ground water using field test kits. The following parameters are

included in this SOP:

• Alkalinity

• Carbon Dioxide

• Dissolved Oxygen

• Ferrous Iron

• Hydrogen Sulfide

• Manganese

• Nitrite

• Sulfide

The NSWC Crane Environmental Protection Department must approve any deviations from this

procedure.

2.0 REQUIRED FIELD FORMS AND EQUIPMENT

Field Chemical Analytical Log Form: A copy of the Field Chemical Analytical Log Form can be found in

Attachment 1 of this SOP.

Field analytical test kits, methods, and reagents: The following table presents the required ar. 3.1

test kits to be used for field analysis. Specific reagents and bottle requirements are included in each

procedure. Current copies of the procedures will be maintained on-site during the field program. They

will be accessible during use of the Field Test Kits.

090307/P CTO 0166



Parameter Make Model Method Number . EquipmentJ
Method Chemistry

Alkalinity CHEMetrics K-9810 ASTM D 1067-92 CHEMets vacuum vials/HCL Titrant
K-9815 w/pH indicator
K-9820

Carbon Dioxide CHEMetrics K-1910 ASTM D 513-82 CHEMets vacuum vials/Rhodazine 0
K-1920 and Indigo Carmine
K-1925 Sodium Hydroxide w/pH indicator

Dissolved Oxygen CHEMetrics K-7501 ASTM D 5543-94 CHEMets vacuum vials/Rhodazine 0
K-7512 and Indigo Carmine

Ferrous Iron HACH DR-850 HACH 8146 Colorimeter /
1,10 Phenanthrolein

Hydrogen Sulfide HACH HS-C HACH Proprietaryl Color Chart!
Mod. SM 426C Effervescence through Sulfide

reactive paper

Manganese HACH DR-850 HACH 8304 Colorimeter /
Cadmium Reduction

Nitrite HACH DR-850 HACH 8507 Colorimeter /
Mod EPA 354.1 Diazotization

Sulfide HACH DR-850 HACH 8131 Colorimeter /
EPA 376.2 Methylene Blue

3.0 FIELD ANALYTICAL PROCEDURES

NSWCCrane
DraftQAAP
Revision 0

Date: October 2003
Section: SOP_CT0166-22

Page 2 of 5 •

•
3.1 General

The procedures for each of the individual analyses will be maintained in the field during the entire

sampling program. The procedures give a detailed explanation on how to perform each particular

method, and include information on sampling/storage, accuracy checks, interference, reagents, and

apparatus.

3.2 Quality Assurance/Quality Control Procedures

Accuracy checks shall be performed to check the performance of the reagents, the apparatus, and the

analytical procedure. These accuracy checks include standard solutions, field duplicates, and reagent

blank correction. The field t~st kit procedures detail how to perform each of the accuracy checks for each

parameter.

Prior to analysis, the expiration dates of reagents will be checked. If the reagents have exceeded their

shelf life, the reagents will be replaced. If deviations from the applicable analytical procedure are

identified, the deviations will be corrected and the associated samples re-analyzed. If no problems are •
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identified with the reagents, apparatus, or procedures, interference may be present. Associated data will

be qualified as estimated in the 'notes'section on the sample logsheet. Field duplicate results will be

evaluated for relative percent difference (RPD). If the RPD exceeds 30 percent, the associated data will

be qualified as estimated.

. The following table describes the type and frequency of accuracy checks required for each parameter.

Parameter Standard. Solution Field Duplicate Reagent Blank
Correction

Alkalinity H,,_ None 1 per 10 None

Carbon Dioxide None 1 per 10 None

Dissolved Oxygen - None 1 per 10 None

Ferrous Iron None 1 per 10 None

Hydrogen Sulfide None 1 per 10 None

Manganese None 1 per 10 None

Nitrite 1 per round 1 per 10 1 per lot....

Sulfide None 1 per 10 None

'. 3.3 Sample Handling and Storage

•

Each of the field parameters requires slightly different sampling procedures and storage limitations. In

order to compile these procedures and limitations into one location for reference in the field, the following

table has been prepared that presents parameter-specific requirements for sampling and storage.

Parameter Handling Storage

Alkalinity Avoid agita~ion and May hold for 1 hr. at 4°C with zero headspace; warm to
exposure to air room temperature before analysis.

Carbon Dioxide Avoid agitation and May hold for 24 hr. at 4°C with zero headspace; warm.
exposure to air to room temperature before analysis.

Dissolved Oxygen Avoid agitation and Analyze immediately.
exposure to air

Hydrogen Sulfide Avoid agitation and Analyze immediately.
exposure to air

Ferrous Iron Avoid agitation and Analyze immediately; keep out of sunlight.
exposure to air; filter if
visibly turbid

Manganese Avoid agitation and Analyze immediately.
exposure to air; filter if
visibly turbid
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Parameter Handling Storage

Nitrite Utilize standard sampling May hOld for 24 hr. at 4°C; warm to room temperature
techniques before analysis.

Sulfide Avoid agitation and Analyze immediately.
exposure to air

4.0 ATTACHMENTS

Field Analytical Log Sheet Geochemical Parameters

•

•

•
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ATTACHMENT 1

FIELD ANALYTICAL LOG SHEET GEOCHEMICAL PARAMETERS

I
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Note: Analyte. method, and/or equipment may be deleted from form if not being performed.

Tetra Tech NUS, Inc.

Proiect Site Name:

Proiect No.:

FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS

Sample ID No.:

Sample Location:

Page of •
Sampled By:

Field Analyst:

Field Form Checked as per QAlQC Checklist (initials):

Duplicate: .. D
Blank: D.--------,

Date:

Time:

Method:

Color

(Visual)

pH S.C. Temp.

(S.U.) (mS/em) (lC)

Turbidity

(NTU)

DO

(mgll)

Salinity

(%)

ORP (Eh)

(+/. my)

ORP (Eh) (+/- mv) Electrode Make & Model: _

Reference Electrode (circle one): Silver-Silver Chloride / Calomel/Hydrogen

Dissolved Oxygen:

Equipment: Chemetrics Test Kit Concentration: _____ ppm

Range Used: Range Method Concentration ppm

HACH Digital Titrator OX-DT

Analysis Time: -'-_D
D

Equipment:

Range Used:

D
o

Notes:

Oto 1 ppm

1 to 12 ppm

Range

1-5 mg/L

2-10 mg/L

K-7510

K-7512

Sample Vol. Cartridge

200 ml 0.200 N

100 ml 0.200 N

Multiplier

0.01

0.02

Titration Count

Analysis Time:

Multiplier

x 0.01

x 0.02

Concentration

mg/L •
Carbon Dioxide:
Equipment: Chemetrics Test Kit Concentration: _____ppm

Range Used:

D
D
D

Range

10 to 100 oom

100 to 1000 ppm

250 to 2500 ppm

Method Concentration ppm

K-1910

K-1920

K-1925

Analysis Time: _

Equipment: HACH Digital Titrator CA-DT

___ 2nd.: 3rd.: _

Range Used: Range Sample Vol. Cartridge Multiplier

0 10-50 mg/L 200ml 0.3636 N 0.1

0 20-100 mg/L 100 ml 0.3636 N 0.2

D 100-400 maiL 200ml 3.636 N 1.0

0 200-1000 mg/L 100 ml 3.636 N 2.0

Standard Additions: 0 Titrant Molarity: Digits Required: 1st.:

. Notes:

HYdrogen, dissolved

EqUipment: Bubble strip sampling field method

Start stripper at (time)

End stripper at (time)

Total stripper time _

Pump rate milliliters/minute

Titration Count

x 0.1

xO.2

x 1.0

x 2.0

Concentration

mg/L

mg/L

mq/L

mg/L

•
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FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS

Note: Analyte. method. and/or equipment may be deleted from form if not being performed.

Tetra Tech NUS, Inc. age 0

Proiect Site Name: Sample ID No.:

Proiect No.: Sample Location:

SamDied Bv: , Duplicate: D
Field Analvst: Blank: D

Alkalinity:
• -'t •.

Equipment: Chemetrics Test Kit.: Concentration: ppm

Ranae Used: Ranae Method Concentration ppm

D 10 to 100 ppm K-981 0 Analysis Time:

D 50 to 500 ppm K-9815

0 100 to 1000'ppm K-9820 Filtered: 0
....

" .. , ..
Equipment: HACH Digital :ritrator Al-DT

Ranae Used: Ranae Sample Vol. Cartridoe IMultiplier Titration Count Multiplier I Concentration

0 10-40 mall 100ml 0.1600 N 0.1 & xO.1 = mall

0 40-160 mall 25 ml 0.1600N 0.4 & x 0.4 = mall

0 100-400 moll 100 ml 1.600 N 1.0 & x 1.0 = mall

0 200-800 mall 50ml 1.600 N 2.0 & x2.0 = mall

0 500-2000 mall 20ml 1.600 N 5.0 & x5.0 = mall

0 1000-4000 mall 10 ml 1.600 N 10.0 & x 10.0 = mall

Parameter: Hvdroxide Carbonate Bicarbonate
.. -

Relationship:
t··· ' ••

DStandard Additions: Titrant Molarity: Digits Required: 1st.: 2nd.: 3rd.:

Notes:

Ferrous Iron'(Fe2+):

Equipment: DR-850 DR-8 -- Range: 0 - 3.00 mgll Concentration: ppm

Program/Module: 500nm 33

Analysis Time:

Equipment: IR-18C Color Wheel Range: 0 - 10 mgll

Notes: Filtered: 0
Hydrogen Sulfide (H2S): Range: 0 - 5 mgll

Equipment: HS-C Other: Concentration: ppm
....- 0Exceeded 5.0 mg/l range on color chart: Analysis Time:

Notes:

Sulfide (52'):

Equipment: Chemetrics Test Kit__ Range: 0 -10 mg/l Concentration: ppm

Ranae Used: Ranae' Method Concentration ppm

0 Oto 1 ppm K-9510 Analysis Time:

0 1 to 10 ppm K-9510

Filtered: 0
Equipment: DR-850 DR-8 -- Range: 0 - 0.70 mg/l

Program/Module: 610nm 93

Notes:

•

•

,.
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FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS

;;' Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

Tetra Tech NUS, Inc. age 0

Proiect Site Name: Sample ID No.:

Project No.: Sample Location:

Sampled By: Duplicate: 0 - "

Field Analvst: Blank: 0
Sulfate (504

2
.):

Equipment: DR-850 DR-8 -- Range: 0 • 70 mg/L Concentration: ppm

Program/Module: 91 Analysis Time: .

Standard Solution: 0 Results: Filtered: 0
Standard Additions: 0 Digits Required: 0.1 ml: 0.2ml: a.3ml:

Notes:

Nitrate (N03'-N):

Equipment: DR-850 DR·8 -- Range: 0 • 0.50 mg/L (1) Concentration: ppm

Program/Module: 55 Analysis Time: Filtered: 0

Standard Solution: 0 Results: Nitrite Interference Treatment: 0 Reagent Blank Correction: 0
Standard Additions: 0 Digits Required: 0.1 ml: 0.2ml: a.3ml:

Alternate forms: N02 NaN02 mg/L

Notes (1): If..results are over limit use dilution method at step 3, 5ml sample 10ml DI result X3, range upto 1.5mg/L

Notes:

Nitrite (N02'-N): Concentration: ppm

Equipment: DR·850 DR·8 Range: 0 • 0.350 mglL Analysis Time: Filtered: 0--

Program/Module: 62

Standard Solution: 0 Results: Reagent Blank Correction: 0
Notes:

Manganese (Mn2+): Concentration: ppm

Equipment: DR·850 DR·8 -- Range: 0 - 20.0 mg/L Analysis Time: Filtered: D'
Program/Module: 525nm 41 -
Standard Solution: 0 Results: Digestion: 0 Reagent Blank Correction: 0
Standard Additions: 0 Digits Required: 0.1 ml: 0.2ml: a.3ml:

Equipment: HACH MN-5 Range: 0 • 3 mglL

Notes:

OAlOC Checklist:

All data fields have been completed as necessary: 0
Correct measurement units are cited in the SAMPLING DATA block: 0
Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: D
Mulitplication is correct for each Multiplier table: 0
Final calulated concentration is within the appropriate Range Used block: 0
Alkalinity Relationship is determined appropriatly as per manufacturer (HACH) instructions: 0 .
QAJQC sample (e.g., Std. Additions, etc.) frequency is appropriate as per the project planning documents: 0
Nitrite Interference treatment was used for Nitrate test if Nitrite was detected: 0
Title block on each page of form is initialized by person who performed this QAJQC Checklist: 0
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PIIItFlD Reading (ppm

Page l-. of -L

Remarks

TO

BORING LOG

MATERIAL DESCRIPTION

SCreened

1...-

lithology
Change

(Oepth/R.)

NSWC CRANE BORING NUMBER: (3 S IS 1"3
.N9060 CTO 0279 DATE:, ---4-::3:-_.........z....6''''':::-_.....:O~3=-----
BOWSER MORNER GEOLOGIST:fV\ b, C. oc.. HR...A AJ

C. eo p fLOOe. ~-'i '-r DRILLER: . ;r. A I~E~~

[-r-b]Tetra Tech NUS,lnc.

sam Oqlth Blows I
No. 8 (Ft.) 6" or RQ
Type or (Yo)

ROO Run
No.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:•

SAMPLED 5 B I ~ <) ).04

@

SAMPLED J

15

12

14

13

• 10

11

• When rock coring, enter rock brokeness.

•• Inetude monitor reading in 6 foot inlervals'@ borehole. Increase reading frequency if elevated rEl\>OOse read.

Remarks: G [0 PR. D 13 E f'I\ A, C,e Q C 0 ~ E..
Drilling Area

Background (ppm):[Q:J

lZNo _.E:....-__YesConverted to Well:• "- .



Page l- of _\_BORING LOG["lI:]Tetra Tech NUS,lnc.

PROJECT NAME: . NSWC CRANE BORING NUMBER: 13SB14
PROJECT NUMBER: "":""N;..::9:..,:.O"":""60.;.....:C-=T=O-.O:-::2=7"'"9-------- DATE: -~--,,-J:.-v~~::-------:-----.
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: <&b ~I;I.\..>1.QVP--
DRILLING RIG: HAND AUGER DRILLER: Jeff Akers

Sample Depth Blows I
No. and (Fl) 6" or ROO

Type 0 or (%)
ROD· Run

No.

Sample

Recovery I
Sample
length

lithology

Change
(l>epthlFl)

or
Screened

Interval

u
s
c
s

PIDIFIO Reading (ppm)

Remarks

2/ I

3/
4/
5/
61/
7/
81/
9/
10/

11

12/

13/

14/

15/
/
/
1/
1/
1/

SAMPLED \A.,J:> \'\ CX)O \

@ \~\O

SAMPLED

@

I
• When rock coring. enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency il elevated reponse read.

Remarks:--------'-------------------
- Drilling Area •

Background (ppm):IO<.ii

Converted to Well: Yes No ----- WeIlI.D. #: -------------



Page lot~

PIDlFlO Reading (ppm)

U 1<
' '>.,'

S 1;< :':.",'

C Remarks
S )~";I

0

~:
I'C''''.

h-L <..,/ 0-1....... 00

\

\Y 0-0 0-0

t ~"o

~ll'\ \.Vu."\","QU) S·c..,

\
~ ',-,

~ \WlM. ~ ",C;'- I,V

-
-='l-Q.tt.t\)~,1) ') -\C:

BORING LOG

Q-il r' '-&~~
~ ~

I«(.\:>. )-( (\.A\(t.'< c,.~'"

I..Q.

• \
L,\·
~ \V
"........
l".Lot'\ .. c.\.A'<.i.~ S~

~ .. 'c....' -1\.';- S~"\'<. y.~

~\:~
\A

MATERIAL DESCRIPTION
Sample

Recovery I

Sample

Length

Blows I
6" or

ROD
(Ok)

1/
1/

Sample Depth

No. (Ft.)

and 0.-

Type 0 Run

ROD No.

lTh}elca Tech NUS,lnc.
PROJECT NAME: NSWC CRANE ~';,. BORING NUMBER: \;()'.\'v\:C)\
PROJECT NUMBER: 7N;-::::9~06~O:-:C~T;:-;:O==-O::::-:2::-::7;-::::9-------DATE: ----:~~)/+.~=-'u-=I'T'"o:..:'1~------

DRILLING COMPANY: BOWSER MORNER GEOLOGIST: BOBBALKOVEC
DRILLING RIG: ROTOSONIC. ':' C".'" ", ui'''lDRILLER: \)~v't.S.

•

•

1/

• When rock coring, enter rock brokeness.

•• Include monitor reading in 6 foot inlelVals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:------------------------

• Converted to Well: Yes x No

Drilling Area
Background (ppm):~

WeIlI.D. It: \'\~\l.)\



["'R;)r- TOOl NUS, loc BEDROCK WELL No.: \"'\ 't't\V "\" \

MONITORING WELL SHEET PERMIT No:

PROJECT: NSWCCRANE DRILLING Co.: BOWSER MORNER BORING No.: \\~W~,,\

PROJECT No.: 9060 CTO 0279 DRILLER: \)!Wi- ~ DATE COMPLETED: Vy;,ki~ •SITE: SWMU 13 DRILLING METHOD: ROTOSONIC NORTHING: \"h\05 '\ l.5'''\
GEOLOGIST: B. BALKOVEC DEV. METHOD: ~£~~ EASTING: X>q.Si:>\S·~"3

-~----, .---+--Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
I~----+- Elevation of Top of Riser:

.---+-- 1.0. of Surface Casing:

PVC

2"

Type of Riser:

'--1--- Borehole Diameter:

~M---+- 1.0. of Riser:

Type of Surface Casing: ~\-

~~~~~- ' , .~QII': Type of Surface Seal: "4. )C ~ )t. ~ '" "D
tV~It---t--I.D. of Permanent Casing: N A

.....

.....

.....

.....

:.:·~:t~jj:j~j~~~~~~~~:

T.O.A.

Ground Elevation = 1l3, lO
Datum MSL:

Not to Scale

•



>'~f.~,_~., ~ .~':~ ~,~!-,~"Y'~:-:~.'<~~~~'; '~~>~~1~( ':'::~ -:,~~ ;
.",~ '/

·u

Page _\_ of --.LBORING LOG

MATERIAL DESCRIPTION

l-\ lO

\')

\
\t-----t-t-F-""--=""':..L.>...~::.:.....::"'f_..::.:..=-_++_t~~::300.---_i+_I__~+__I,

(1t;)retra Tech NUS, Inc
PROJECT NAME: NSWC CRANE BORING NUMBER:' \)~f\O'd-
PROJECT NUMBER: -:-N:=9~06::-::0:-:C~T~O::-O=-:2~7:-=9-------DATE: -~<'~.n.---=,\-.jy~",~------

DRILLING COMPANY: -;::;B~O:':":W7;S::-;::E=:::R:-:M:"":"O=RN:o'E:=iR~---;''''''---~~,GEOLOGIST: BOB BAU(OVEC

DRILLING RIG: 'lvlc> ~>smO:c.. DRILLER: DAVE S.

Sa Depth Blows I Sample Uthology

No. (Ft.) 6" or Recovery I Change
and or ROD Sample (DepthlFL)

Type· Run (%) Length or
ROD No. SCreened

Interial

..
:

L').

•

•

" When rock coring, enter rock brolieness.

~~!lilClude monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: --'- _

•
Converted to Well: Yes No ----

Drilling Area '
Background (ppm):~

. WeIlI.D. #: _.....J\~)W~~~'UI)'A...dL_ _



•P1D1RO Reacfing (ppm

Page 'l.. of L. BORING LOG

MATERIAL DESCRIPTION

I--f---+----t--+-----+-+-+--+--t •

Depth Blows I Sample UthoCogy

No. (Fq 6 0
Of RecoYer(1 Cl\ange

and or ROD Sample (Dej>th /Ft.)

Type Run (%I Length Of Remarks
ROD No. Screened

Inlernl

(1t;)relroTech NUS, Inc.

PROJECT NAME: NSWC CRANE BORING NUMBER_:_\-=-~~~"-'--"''''---'"U>;;,.;;-><;'d.,-- _
PROJECT NUMBER: 7N7:::9:"::'060:::-:::-C~T:;:"O::::-::O:"::'27:::9::---------DATE: :. 1?t-'jJO)

DRILLING COMPANY: BOWSER MORNER GEOLOGIST: -::B:-::O::-::B"-!a!:r'-A~LI;.,l,i.R~O,..fV=E=C'------

DRILLING RIG: ~~ DRILLER: DAVE S.

• When rock coring, enter rock brokeness.

.0 Include monitor reading in 6 loot intervals @ borehole. Increase reading trequency if elevated reponse read.

Remarks:----------------------------
Drilling Area

Background (ppm):~

Converted to Well: Yes No Well 1.0. #: _---...),\2:>,....J..l.:'f<\l.AJ~..~--=-="'....::~~. _

•



(1t:]Tetra Tern NUS, Inc WELL No.:

NORTHING:

EASTING:

. BORING No.: \)'l'i'W~")

DATE COMPLETED: ~f?,u.lo1
If

\~\O-nO.'S§
~ud.\.\'4~,~'"

PERMIT No:

BEDRO.CK

MONITORING WEll SHEET

DRILLING Co,:,. BOWSER MORNER

DRILLER: QfWf S,
DRILLING METHOD: ROTOSONIC

DEV. METHOD: ttlA2-'£Q. S,S~'

NSWCCRANE

9060 CTO 0279

SWMU 13

B. BALKOVEC

PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

•
",\,' ..

_-r----, _--+-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
l+t----t-- Elevation of Top of Riser.

b",.\ 7 \5'

l..'iS.l I 0'

~C\.\ I \1....
b~S·\ I ~·o'

S'" 6'- ,-\')
Co" (0 -"1')

PVC

2"

Type of Backfill:

Type of Riser.

1.0. of Riser.

_-+-- Borehole Diameter.

_--+-- 1.0. of Surface Casing: . ~r~ .

TYPe of Surface Casing: ~.. S\UJ.-

Type of Surface Seal: \()< u:).'cir ?AQ
, ......--+--1.0. of Permanent Casing: \\1A

Elevation I Depth Top of Seal:

'II~_ Elevation I ~ePth Top of Bedrock:

~ Type of Seal: ~£(\)"\ WAR') .

:1----+--. Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

T.O.R.

Ground Elevation ='1~ .\0
Datum MSL:

•

b"":l.\ I~l"

b~·\ 1).1 "

No. 20-40 SAND

2"

Slot Size x Length:

Type of Filter Pack:

Type of Screen:

1.0. of Screen:

~ +-__-+_ Diameter of Hole in Bedrock: _"

~
. "Core Ream: ::l------

Not to Scale

Jr.

•



Page _'_of LBORING LOG("ft;}etra Tech NUS,lnc
PROJECT NAME: NSWC CRANE BORING NUMBER: \?'1"'M./~~.n)
PROJECT NUMBER: ~Ni-::9:"::-06-=-O~C~T~O~O::-::2:=:7':::'9--------DATE: ~"o (0 "!>
DRILLING COMPANY· BOWSER MORNER GEOLOGIST -=B-=O-=B:"'":lBf:-;A~L~K~O~V;::::E-::::C-----

Drilling Area
Background (ppm):~

• When rock conng, enter rock brokeness.

•• Include monitor reading in 6 fOOl intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: '

DRILLING RIG: ROTOSONIC DRILLER: 'Of'vi S.
MATERIAL DESCRIPTION PlDIFIO Reading (ppm

Sampl< Depth Blows I Sample Lithology U I;:~;, ~F;'I·."
No. (FL) 6" or Recovery I Change S 1::1

..

and or ROO Sample (Depth IFI.) .N ..,

C ':m
Type '" Run (%) Length or Remarks

15
~:, ..z·:
i:CD;"

ROO No. Screened S ~.4."'. ,2\
Interval . ~~,

I;~'''i
'.(IF ';1
':::'~F'"

<f:-~:t;;: I,...

\ / )e\O. \"l ......\~,-\\J\ h.Q L""\-<JUJI.,,\ Sit' o -\C;'

V '(Ul,. SJ-\...\."< /Y"I\"\~ L&t

IV \

/
\') IS" 'S V V 'V

IV ')f.\t\.lC\v -('(\pr\m.~ v

V
IV
1/

\b 1/ 'v €- \0 '"l'i)u

V SA-Nf)'{ ~~\".

1/
V 1/ ~

V ~A'( ~CMA..,~P>.
,

\~

C)'-,) \5 V 1- ')~'( {'M."\x:,<t~

1/ ""t.o.
IVv £.'-\. .... t:.' e.. \t;'" It'! \'>VL

/ \") ..
') \..Q,n--<\J£<") S--\~'

/ \A~ '-'> ,>'

V ~£l\I"'l -\.0 \'

V
V
V
IV
./
IV

.,

Converted to Well: Yes No
-~--

Well 1.0. #: __'\.J...~-=-,-'f":V--w;-u)-=_) ~.



e
["R;]TeITa Te<h NUS, Inc

PROJECT: NSWC CRANE

PROJECT No.: 9060 CTO 0279

SITE: SWMU 13

GEOLOGIST: B. BALKOVEC

BEDROCK

MONITORING WELL SHEET

DRILLING Co.: BOWSER MORNER
l·, .... '(.. -',.

DRILLER: tiMIl 5» .
DRILLING METHOD: ROTOSONIC

DEV. METHOD: UJ\\tni:. S\~f!'!>

WELL No.:

PERMIT No:

BORIN<? No.: \'l:>""'-w"1o1
DATE COMPLETED: ~

NORTHING: \1>\OA-l\O. (d,b
EASTING: 3.0';}4'j~\. ~\

'j).\ .\0

, \5.'" 7 ;, ,
"'\1.~ 1 5/

., ,"1 .'\\t 1 \ /
"1O'i.'\'" 1 \0'"

PVC

2"

Type of Riser:

1.0. of Riser:

Elevation I Depth of Top of Riter Pack:
Elevation I Depth of Top of Screen:

Type of Backfill:

--+- Borehole Diameter:

Elevation I Depth Top of Seal:

I
_II~= Elevation I Depth Top of Bedrock:

Type of sk~i: ~J..N' . ~"il,)

, ,. ,. 0
Type of Surface Seal: ~ A ~ X (,' y '-0

~r,,"ll4---+--I.D. of Permanent Casing: '(\)~

Stick Up of Casing Above Ground Surface:
I+4----+-- Elevation of Top of Riser:

_--+-- 1.0. of Surface Casing: . \(rS&.~

Type of Surface Casing:'· ~t.L

-..-----. ---+-- Elevation of Top of Casing:

T.O.A.

Gr~ Elevation =1 \~ .1~
Datum MSL:

e

~~i~i~~[-I- Elevation I Total Depth of Borehole:.

,
Lo!. :~'\ I. \'S

~.\~ I \~/

/
\0 )( ~)o

No. 20-40 SAND

2"

Type of Riter Pack:

Slot Size x Length:

Type of Screen:

1.0. of Screen:

.*-__-+_ Elevation I Depth of Bottom of Screen:

....

.....

~....

e-
Not to Scale



Page_'_of~BORING LOG[1\;relra Tech NUS. Inc

PROJECT NAME: NSWC CRANE BORING NUMBER: \1o\'u)"'t 04
PROJECT NUMBER: "":-N""'9""'O"""60=-C-:::-T:;:"O:::O-::O""'2=c79=---------DATE: !>(wP1
DRILLING COMPANY- BOWSER MORNER GEOLOGIST' -;::B:;::O:-;:;Bff;jB:;'-;A~O-;;;K*O-;-;V';::"E~C-----

DRILLING RIG: ROTOSONIC DRILLER: \)Av~ S.

MATERIAL DESCRIPTION PIDIFIO Reading (ppm)

Sam1>lE Depth Blows I Sample Lithology I".' ,'.Ce,c.,::: U 1',:;:\

!~llli
No. (FL) 6- or Recovery I Change I:;: ::."

S Itt,and or ROO Sample (Depth /Ft.)
Type", Run (%) Length or C Remarks

ROO No. Screened S
Interval

,,,.'. . I;~,',.......,
.<', .." .." ." I·",

\ V fr\) -v"'-.
~ : ....r '-v\1 SO"H 0.0love.'" l\\L

1, V ,~u.

,.; ..' ~' lv.'-<..i..'<. S1-\..."~"""1.\ IA

') IV ..
\

.:ff';'::'
1t'-':,,~ l~W<l' ; .

\..,.

'1 V \ ~~

5-' S V ~- ~ ~ 'Iibel)'! W

t. IV ~1-<". C\A'{~ S~ Socf,.~ 0 . .:>

l V '1 '("f-.''s\1\t \ ~O\.M.~ CJ..\n.""}(.~ ~

').')

~ V ~~
\l4l..,

~v.~\.~~1I('1\\~ \-IMr\ l \)9.'( (,Q.JI' ':A 1\1<'>'<. Sit-\::t <i'~Nt.. ~ L-
~ //

S"M.-"\'I. N\-"\\;A'\AI.. "'1.N
'( S'
~'"

lO V Cv." "WUc,
Sl' .{-\~~

\, V \ «RuN\

\1, V •'\) V
\~ V
/ V''l ,

V ,0.'':;' /

"

S£.-r. W~\.L~ \'l .1'Nt.-

V '.

~t..U.k."'I=Ntn ~--\,\'

V ').f-\ I\J{) \. 0 \./

V '(l)".lV\ C\-\-u>". \.l> ') ,

V
/
V
IV
V
IV

• When rock conng. enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: "alr}y S- ~" S" -\i\'
Drilling Area

Background (ppm):~

Converted to Well: Yes x No ---- Well 1.0. #: \'2P'\.1,)l.O\\ e.



("'A:l'etJa Teel> NUS, Inc

• ··PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

NSWCCRANE

9060 CTO 0279

SWMU 13

B. BALKOVEC

BEDROCK

MONITORING WELL. SHEET

DRILLIN"~.Go.:,.. BOWSERMORNER

DRILLER: \)AV't ~

DRILLING METHOD: ROTOSONIC

DEV. METHOD: \>Jr,p.u; 2v.mP

WELL No.:

PERMIT No:

BORING No.: \)!'W'V""

DATE COMPLETED: ~Di:)fO)

NORTHING: \~\u~'n .'\~
EASTING: )u)'~5\.\b-h~

_r------, +---+--- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
I+J----f-- Elevation of Top of Riser:

/

d "~,

,w:n I )-.....
<oc\Io:nl ~ ...

b~~:\-' I V~'

~.'\"" I \~'

'<90·'\17 '-\ ....
b~'1. .~, I. ),

2"

No. 20-40 SAND

PVC

2"

Slot Size x Length:

Type of Filter Pack:

Type of Screen:

I.D. of Riser:

1.0. of Screen:

Type of Riser:

+--t-- Borehole Diameter:

Elevation I Depth Top of Seal:
Elevation I Depth Top of Bedrock:

111m--Type of s~~i:

I_---+-- Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

r
+---+-- 1.0. of Surface Casing: 4. ,..SsX~

Type of Surface Casing: ~\...

~7;1"7:.;:=j~ . \. I' '" \. (' k"b'i- fill. f'"'\v, Type of Surface Seal: ""\. ~ '\. r- { I't\J

JV.i1lt---+-I.D. of Permanent Casing: C\) f\

w~---t-- Type of Backfill:

~ + __--+_ Diameter of Hole in Bedrock: /

core/~ . S'
.:'!t----+- Elevation I Depth of Bottom of Screen:

~~~;·~~::j~~~~j~~t~~.~~~j~~~:~~:~~~~:r-Elevation I Total Depth of Borehole:

Not to Scale

:::::.:I--~H----'

9;J9;J;):.....

/ T.O.R.

Ground E;evation = ,.) "\ .'1,"1
Datum MSL:

e

e-



Pageiof~BORING LOGl'1\:fetra Tech NUS,lnc.

PROJECT NAME: NSWC CRANE BORING NUMBER:---l..\~"::'fWJ~:.-"l.._OS=.::,..tL _
PROJECT NUMBER: ~N':':::9:'::"06~O::-=C:;:'TO=-:::O:'::"2::;:79;::---------DATE: ~rn!lJ'3

DRILLING COMPANY' BOWSER MORNER GEOLOGIST: -::;B:-:::O~BBA:-:B!:-A:":lLKC~K~O:-:-V~E=-::C::-------

DRILLING RIG: ROTOSONIC DRILLER:

Sample Depth Blows I
No. (FL) 6' or
and or ROO

~ype 0< Run (%)
ROO No.

\ V
V
1/

u
s
c
s

PlOIFIO Reading (ppm

Remarks

V

1/

to V

\ \

I

V

l~ V
~I'{ 1/

IV
IV
1/
IV
V
V
IV
1/
1/

• When rock conng. enter rock brokeness.

•• Include monitor reading in 6 foot intelVals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:----------------------------
Drilling Area

Background (ppm):~

Converted to Well: Yes No WeIlI.D. #: \·'y{"{"'V.,n,o; •



·~·,r'-"·:~l:. 1 ,,'''.'''',, " v'"~ .. ,,,,,~c:'J'~'~··' .

'~~'~'i\

('1I:;JTeba Ted1 NUS, Inc.

•.'

PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

BEDROCK

MONITORING WELL SHEET

NSWC CRANE DRILLlNG·CO::-_·- BOWSERMORNER

9060 CTO 0279 DRILLER: - 'VAvt; S
..;;:S_W~M.;.:U~1...;;3___ DRILLING METHOD: ROTOSONIC

B. BALKOVEC DEV. METHOD: VJhM&~

WELL No.:

PERMIT No:

BORING No;: \"'\~o5

DATE COMPLETED: :>~

NORTHING: \1 \\)'"'\~~ "
EASTlNG: ~Od-''\~Q .O'd..~

_or----" +_--+-- Elevation of Top of Casing: bc\,. \';l.

~.b\ I ""
4,,-u\1 b'

bctl.l:>l 1 ~ /
b~'t.~ I 1:\"

b"'l"'\ -b\ I. \~;

bll.b\ I \bJ"

No. 20-40 SAND

2"

PVC

2"

Type of Filter Pack:

Type of Screen:

Slot Size x Length:

1.0. of Screen:

Type of Riser:

1.0. of Riser:

--+- Borehole Diameter:

,
D fS C · .'-\rCA. ... ,,""+----t-- I. . 0 urface aSlng:. ~"",u;.

Type of Surface Casing: ---'~::=-~.=..t;....\...__

\J.../ J<.\.{ }.r.:r \he>
\\)~--

Elevation I Depth Top of Seal:

'11~_E1evation I Depth Top of Bedrock:

~ Type of Seal: ~ktJ"' C\-\.~')

I----+-- Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

Stick Up of Casing Above Ground Surfa<;e:
+f----f-- Elevation of Top of Riser:

........•.

WS'7I---I-- Type of Backfill:

t;oj7,A---->'J+:.::i-- Type of Surface Seal:

vA'/I't---+--I.D. of Permanent Casing:

.•...
..•.

....
.::::.....
.....
....
....

....
.....

~ -+----t- Diameter of Hole in Bedrock:

~~~·~II~~~~~~~~~~~j~~j~~~jjj~:,lf:~~:;;;;~:~~_;::::::::::~

T.O.A.

Ground Elevation = bet) ·b\
Oa,!Um MSL:

•

."
Not to Scale



Page _\_ of _t_BORING LOG(11;}etra Tech NUS,lnc
PROJECT NAME: NSWC CRANE BORING NUMBER:' \)~ll1b
PROJECT NUMBER: ';'N;';::90~6~O~C=T=0~O~27:=-:9:---------DATE: ----;"'-\-C'...:..,j..-::,,-='],.s.L.------
DRILLING COMPANY' BOWSER MORNER GEOLOGIST' B08 BALKOVEC
DRILLING RIG: ROTOSONIC DRILLER: DA\£~

MATERIAL DESCRIPTION PlDlAO Reading (ppm

SamplE Depth Blows I Sample Lithology." U >;:
No. (Ft.) 6- or Recovery I Change .]'.5' s .:.and or ROD Sample (0epth1FL)

Type a Run (%) Length or I',:, ;~", c Remarks
ROD No. Screened S

tntervat
;~;;,

.
:~,.

''''·'1' 1:;;FffI·,'
~.-

\ V I I '(1'\0....\~
~~

~

~()~ o.v
I '.>~ .\ ~~ r-~

~ V I
I J ~ - .-
I \ ~~\. .. 0'\ -'-1.. t\}.O( t.'" '':,.1....., l"U"\'u.'<)I ...

IV
I 13 i 1 L,

i J
,,",,-':,'lH fAJ,'1!

\>-\
~ V /Y[ j

t ~ V' ,. 1I\"\oS I
S V \ I '-\-""\ 'I I c...~,<,"( S~, '"'I.. 0'0\

10 V i
\
\ I

/
\ .., ~ ~\~ ~ ,:V 0/ ),>.lVl)~ \".\'-"'\' ~~ ,c, '1. e.- (;,.~'

~ / ~, : ~\':: ~

L, ,'_\....' S:...\..1. ':,""'C"lJ'C\J( I~4' " - '" • %"\ .t\\ :, \,:. "
<, .")..

"\ 1/~ lJM.,< J\\\0 ~~\. V

1/ -- - -'
~.I. S"1-L\ ~""WN~ wi e,lIf'i\0 S~\. .. 00

/ L"

'Y,M) (~~t.'"\1 ~•.n.'\)' ltM'{

1/ -
Q W>-M'- L, S"ll:\ <...\.O(\)t.

\) / ~~
~'t

i \\.\. / i ,I,."'
~,

')-i / l% \t.W\l'<:l4 . ,

l"n'\ \) (')(1,'( ~~ 'V " !'V

1/ \5',,0- \..vF" <;.£\. {" \.( ').Ir QVf .

!/ "xA7.- -N\-"{"'\ .') ....-\')'

1/ 2A\V{) "0 ~.,

1/ \'l'Et\I.. '-0 \'

1/
/
V
IV
/
/

• When rock conng. enter rock brokeness.

•• Include monitor reading in 6 fOOl intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: s/r 0 -\,'
Drilling Area

Background (ppm):~

Converted to Well: Yes . No •



('1b)T~ Tech NUS, Inc. WELL No.:

NORTHING:

EASTING:

BORING No.: \"1>~\.01o

DATE COMPLETED: \..,(j/J.))
; I

\1P~\b.n.,

'10'}~4q.'i.l'1N

PERMIT No:

BEDROCK·

MONITORING WELL SHEET

DRILLING yo.:.. BOWSER MORNER

DRILLER: Q It\) ~ S.
DRILLING METHOD: ROTOSONIC

DEV. METHOD: VJ\\M£ ~\M'C\9

NSWCCRANE

9060 CTO 0279

SWMU 13

B. BALKOVEC

PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

e·
; .. '

< _.r---., _--4-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
I~---4-- Elevation of Top of Riser:

,\,-,.3 f. \,..
'o:a.~ I ,_0

PVC

2"

TyPe of Riser:

1.0. of Riser:

Elevation I Depth of Top of Filter Pack: I.\'l.~ 7 ~;>

Elevation I Depttl of Top of Screen: l\O.~ I S'

Type of Screen: ~.\tL
.,;

Slot Size x Length: _~ A'-O

1.0. of Screen: 2"

Type of Riter Pack: No. 20-40 SAND

Diameter of Hole i.n Bedrock:S'
~Ream:

,-'
Elevation I Depth'of Bottom of Screen: 'lX).~ ./ '\.'j

Elevation I Total Depth of Borehole: "\d).) I \S...

_----1-- Borehole Diameter:

Elevation I Depth top of Seal:

'II~ Elevation I Depth Top of Bedrock:

~ Type of Seal: '()£.N"'o ~~:>

',.
_--4-- 1.0. of Surface CaSing: ." SQ.uJ\ttE.

Type of Surface Casing: ~3€&'-

rAooV,,4---4-- . Type of Backfill:

17'j7}l-:l'J+:.=!-_ Type of Suiface Seal: .

rhll---+-I.D. of Permanent Casing:
'-....;,...,:~--.,-

....
, ....

.....

.....
....

T.O.R.

n\C) -~
Ground Elevation =
Datum MSL:

e,

e·
Not to Scale



Page _'_ of _\_BORING LOGl"ll:fetra Tech NUS,lnc

PROJECT NAME: NSWC CRANE BORING NUMBER: \~fr\uJ\ 0'"
PROJECT NUMBER: -:-N;'::9~06-:"'O~C::::'T=-O~O~27=9"'-----"':----DATE: ----::")==-,/-j}'i----,fi=-'tJ=-'3-·-------,--

DRILLING COMPANY' BOWSER MORNER GEOLOGIST' BOB BALJ<OVEC
DRILLING RIG: ROTOSONIC

PlDIFIO Reading (p

Remarks

MATERIAL DESCRIPTION
~=",....,..."..~ ~~~~~u

5
C
5

Sample Depth Blows I Sample Uthology

No. (Fl.) 6" Of Recovery I Change "i::.,
and or ROO Sample (Deplh/FL) Gi

Type 0 Run (%) Length Of

2ROD No. Screened
Intet'V31 tf,

"

\

\ /

\

~"\ .. Q{l

l, / 'l"-""\~ "<t:~~
II(l,

./ ~
..

") \."'
~

~ / \)(l'<- ... L.i

)" / ~/
\.\ c: \1-::

~\ ~'\

=- " -=.\\

l,.. 1/ .
1

'ff"\l0$,'~ '\l.'U-

~

1 / 'm.<,,'1..U.- ~

~ 1/ 1.0'(, //~ ~ .. (\Q

1/ \Ll:2()
~ i

\\"::...h"::. "t\.'{~ 1."I

lo 1/~<J~
:: \1 .

~"\II -: s.,~-,

/ ::: \\

1II ~-: '--.

1/ -II v
\1t:\Io.

\( .. , ... ~.W<t.C) ~... .

\) / \\'i.~
rl\\1"lt:; ~

\.'"\ ,
=1.,:" t\

l\lo\

\'-1 / 1.\ :: \1 ~
sv~:; I:AA~

=\\": \\

\<; / % \\ - \,-:. 0 JwI' _:..-1\:'1,

1/ \.,{)·\S'"

1/
1/
1/
1/
/
/
/
/
/

I

\l.\ ,.....

'" ~uj) ()IJ

I~ t.
LL

Iw. ~e<::;.,~
V

~a

" When rock conng, enter rock brokeness.

"" Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:-------------------------
Drilling Area

Background (ppm):G:LJ

Converted to Well: Yes 'No ---- WeIlI.D. #: \\~""\ 01 •



[1t;)T'" Ted> NUS, [oc

. ~'h-(?
. ,

'-' ":..
BEDROCK

~~~ 1,;;£' f

MONITORING WELL SHEET

WELL No.:

PERMIT No:

PROJECT No.: 9060 CTO 0279

NSWCCRANEPROJECT:

SITE:

GEOLOGIST:

DRILLING Co.: BOWSER,MORNER
ri' ';''''-r'

DRILLER: 9Avt S .
..:;S-,-W_M_U.:.....;.13.:.....;.__ DRILLING METHOD: ROTOSONIC

B. BALKOVEC DEV. METHOD: .~2~

BORING No.: \"\'n'l,J,f~Q'

DATE COMPLETED: -.,!?tq I",
NORTHING: \'\\05~ ."6.}

. EASTING: '\v~~~", .\6-~

_r-----. +_-~+--Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
.+t----+-- Elevation of Top of Riser:

csl

2"

PVCType of Riser:

----+- Borehole Diameter:

r
+---+--1.0. of Surface Casing: .~,. SG.YJI.1l£.

Type of Surface Casing: S\.t.t..\.-

Type of Surface Seal: ~r>-\.(X.br~\O
1"".*--+--1.0. of Permanent Casing...;.:_N~:..;"" _

Ho"'.:M---+-- 1.0. of Riser:

Not to Scale

T.O.A.

"

.. -:;"

Ground Elevation = b"d'-\ :~<6
Datum MSL:

'':':'

.--

.-



[-q;}.t,aTE:Ch NUS, Inc BORING LOG Page _\_ of L
~ROJECT NAME: .. NSWC CRANE . BORING NUMBER:' \~~\o~/~~
PROJECTNUMBER: "7N-::::9"'::"Q6:::-:0::-:C:::=-:T;:";O::::-:::"02:::::7;-;;9:-:-··---'---....,...---·:·GDAETOEL:O·GIST-. B'03AJ

B
"QL'KO'.'VE""C'

DRILLING COMPANY: BOWSER MaRNER ffBA
DRILLING RIG: ROTOSONIC DRILLER:' '{).\vt-c,··

0.0

\

. ,

. PlDlAD Reading (ppm)

..~

.,
": ",.. . .

'\:oQ .\ '. \..J;) ~LI-~P-
~...""\~ PR'.~

'. II
'<~

! I' {)Q..'\ \., . tA. ;

\

...
I ·~S-\.1t-f v.v.",

I
\

"

\.\- .~
.~

(',(1.

Blows I Sample
6" or . Recovery i
ROD Sample

(%) Length

IV

IV

'IV

V··'

..1/
. /',. '--

·"),1/

\·V

San,pleDepth
.·No:· (Ft.)

and .Of

Typeo . Run.
ROD No,

.IV
.IV.
'IV'

.• When rock coring, enter rock brokeness.. . .

. •• Include monitor reading in 6 f~t iniervals .@ bOrehole.' Increase reading frequencY if elev~ted ~eponse ;ead.
..Remarks: .' . .

Drilling Area
Background. (ppm):~

'Converted to Well: Yes No ---- WeIlI.D. #: \~r{''',"",j\'O~ •



'., '"

["ft;]TetJa Tech NUS, Inc

e PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

NSWCCRANE

9060 CTO 0279

SWMU 13

B.BALKOVEC

BEDROCK
t ~'1.'"

MONITORING WEll SHEET

DRILLING Co.: . BOWSER MORNER

DRILLER: D'mE.~

DRILLING METHOD: ROTOSONIC

DEV. METHOD: \JJw.o£ Qu'1!R

. WELL No.:

PERMIT No:

BORING No.: \'\l'vJt:H;/~~
/

DATE COMPLETED: ~Ni)~

NORTHING: \~\C)"'''\.~bO

EASTING: '\o'}~~)' ·5C:a

_r-----. +---+-- Elevation of Top of Casing:

.';t • \4

b4b·~}.1 )......
bC\t)·~ I ~?

b .............~7 4'
b'\"\·'\":l 'S'

Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

Type of Backfill:

TYPe of Riser: _P_V_C _

1.0. of Riser: 2"---'-----

_ --+- Borehole Diameter:

Elevation I Depth Top of Seal:

I
II~_ Elevation I Depth Top of Bedrock:

Type ~f s~al: _~.........::<...:;o::.:.m::=·~~-__

,
----t-- 1.0. of Surface Casing: .'-\. r5&~

Type of Surface Casirig: ~~\..

P'A7;fj.t=1~ Type of Surface Seal: ~.I','!. ""~X r:I' ~"'0
.ch4----+- 1.0. of Permanent Casing: \\.>.A

Stick Up of Casing Above Ground Surface:
I~----t-- Elevation of Topof Riser:

T.O.A.

Ground Elevation = 8\~ -,",a..
Datum MSL:

e·

~~.~'.). I. \'5" ....
;I

~q.,,>~) I \'5

2"

No. 20-40 SAND

Slot Size x Length:

Type of Filter Pack:

Type of Screen:

1.0. of Screen:

~ter of Hole in Bedrock: ...... //

t) Ream: . --~----

:'!t-----f-- Elevation I Depth'of Bottom of Screen:

~~~~~~ir1-ElevationI Total Depth of Borehole:

Not to Scale

e-



Page_\_ofL

\- .

BORING LOG

L.\

MATERIAL DESCRIPTION

\0

("II:;}etra Tech NUS,lnc.
PROJECT NAME: NSWC CRANE BORING NUMBER:_\~-:--:-f!:+,.=.<..l\...;...;;:...Oe,...!-- -,-
PROJECT NUMBER: -:-N~9~06=O:;"C=T=O~O~27="9""--------DATE: '4..d10 }
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: -;::B:-:::O:-;::B~JB:tl,AF.L":-:Kc;,O""'V"=E"""'C-----

DRILLING RIG: ROTOSONIC DRILLER: ~V

• When rock coring, enter rock brokeness.

•• Indude monitor reading in 6 fool intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:--------------------,------_......:...._--
Drilling Area

Background (ppm):EJ

Converted to Well: Yes No WeIlI.D. #: \\~,\),\ •



["ft;)Teba Ted> NUS, Inc. WELL No.:

NORTHING:

EASTING:

BORING No.: ntl.~ryf\

DATE COMPLETED: ~ f\ /03
Fj

\~o~.O{j,.

60~'W~o..o~u

PERMIT No:

'\ i'r' .... ~~~~i:,:':r}~~'4r
BEDR<q$~' .'

MONITORING WELL SHEET

DRILLlNGGQ.:,! BOWSEf,l MO~NER

DRILLER: 01\\)£.).

DRILLING METHOD: ROTOSONIC

DEV. METHOD: . \..JJA\"\t..l<.AB. BALKOVEC

NSWCCRANE

9060 CTO 0279

SWMU 13

PROJECT:

PROJE9T No.:

SITE:

GEOLOGIST:

.'.
-".---.,. +---t-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
I +I-----+--- Elevation of Top of Riser.

b.')..q! d. /
bQ,.1. :'IAo! ~ h'

"'ct'i.~l <&'
lJ.d.}"! \0'

PVC

2"

Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

Type of Backfill:

Type of Riser:

1.0. of Riser.

---+- Borehole Diameter:

,.r,. <:-.. .1\.4"\;'+---+-- 1.0. of Surface Casing: "" ~\.N"u-

Type of Surface Casing: ~t..\.-.

,
Elevation I Depth Top of Seal:

1
111~_Elevation I Depth Top of Bedrock:

Type of Seal: "bW\ W~~

, r' ()
Type of Surface Seal: '" J' '" )t b" rI'O

WJIr--t--I.D. of Permanent Casing:\\) f\

T.O.R.

""\o~ .'}c\
Ground Elevation = .

-Datum MSL:

•
.....
.....

:1
Type of Screen:

Slot Size x Length:

1.0. of Screen:

Type of Filter Pack:

2"

No. 20-40 SAND

/'"-a1 .'}.'"-' I ~

(,~1.}q I Cf,o/

•
Not to Scale



Page --l- of _BORING LOG-["'A:}elra Tech NUS, Inc
PROJECT NAME: NSWC CRANE BORING NUMBER: \"\"'v..f1 to
PROJECT NUMBER: -:-N;';90-=-6;":O::""C==T:::O~02::=7=9------':""'--DATE: ~(~., ii»
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: -;::;B:-;:;O;r:;B9rB:;"':Af7L-f1KP,!,O~V~E~C------::'.

DRILLING RIG' ROTOSONIC DRILLER- Of\v~ e,
MATERIAL DESCRIPTION PIDIAD Reading (ppm)

sample Depth Blows I --sample Lithology

~ ;"<1Ir~11u I!rlNo. (Ft.) 6" or RecaVetyI Change . .". ',::,< S
and or ROD sample (Depth 1Ft.) ~".~,. "

Type a Run (%) Length or :>::c;',,:; C Remarks
ROD No. Screeried

;~!f~,'~i, / ~
Interval

~a
:i,,;:~ >" ',:'i,:

1:''<,' ,!::',

\ / Jl~ ~.... ~ ,~ hn()..< ""t\1;) ~.,~ h"1-\ l.Ua.JL~",C: of. ,e..o OU

1- V r (h.'n.~ ~~ .<.' (Ill'<...c..,.....L"'\. wi ')5;,. (..01."11. ll\L -( w""j.u un~n

IV
\

,~ 1';.\.-5,~~ SAMl':< C)d-\-"'\ . \.,J!').urt,') \ 'f"L \.("1.' (\AJU'l..t:.~ /ll"t."!IJ

V \\ \ '~

\
I

\\ .
i'-\ " ,"; WI( <-v,'", .. i

')-\ ...
V I~~ "~ J.- \l.\\,1,1 ) S' ,

. ~"-~" 8_1 ~1

IV
:

~"b \\:.,,-:.\,:. i~' ~f>.l\JC'\~c,."1O t--L p-()

V s.vn I-
~

l nn'< ~
L '::l:..L.'"\ ()\oNto r::;.,')'- \,\.<;" Qk ~ e.-.S..C)r

~ IV ~ ~~

9 IV '!t t
)·1

\0 IV~ ~V; ,
(~lw..:tl \ I'~-.,c,\ ~'(

\\ V .., ~\l C-, "

" , c.....-i.L."c;"Otv( (,'LC"'I \.~\."'~ a..J
"- V \.

\\) V.U.d~H~\\~ S""""}~~ . IT"
,

...
\) V \ •
\l\ V ,J., 'v ~

<,.~ \t) / ~ ~" ..
~ b'r~ \)' \t:~) \.OcJ',t -' (lJ P, L S t,1\'I'f\,..

\'" V \l)~ ~\Aw. ~lnJIl ).fJ s/r utA'" \i)--

q / J lMY'>cIlt,C, (lu~l I
V

- -
\'i ~... <;W\~t~ 'ft\A.\.t~-Ut..

\'{ :V \ \
I~I

')0' :/ :J
~O\.O~,')}O I.

1.\ V "'u,
S~\£'( .. ~"'\eQ..v. ... ~\t..n..-(i> \"~

'U, / 1 \l
1/ - -

L)
'O\(

')-:\-L'"\, -rn1\-",\Eo1l.lJ..1.~..
1).\ 1/ -""'""-- .,,1, ""

~:"l

&J; 1/ l\y !~
e.Wl.o/ Q..c\ \1.ollt

1\,')>0 ,'/ \.vL \,\' (i,(,C) .

•
, Drilling Area

Background (ppm):~

WeIlI.D. #: \?;>'OIW"\AbYesConverted to Well:

• When rock conng, enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.
r C. ~;' /

Remarks: h U\f'?£," p g\. wcu.. ,-c.--. )§ \0 SMU»J
')l\NO -w \'\'"



["lI:;]TetraTech NUS, Inc

• PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

NSWCCRANE

9060 CTO 0279

SWMU 13

B. BALKOVEC

DRILLING CeL:,.,. BOWSEH;MORNER

DRILLER: OA\lt, S.
DRILLING METHOD: ROTOSONIC

DEV. METHOD: ~2u~

WELL No.:

PERMIT No:

BORING No.: (~f"W"'90

DATE COMPLETED: )OlfA
NORTHING: \)0 G\eO'q., bt.\3
EASTING: ~0'}'-\.0:)\ •').b1.

-~-~ ---+-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
I-+J----t-- Elevation of Top of Riser.

b'§'"\.:n 7 \) i'

\:R6,:n I \5'

b~\o.." I \\1"
bl\l:n I 5.15'

No. 20-40 SANDType of Filter Pack:

Type of Screen:

Slot Size x Length:

1.0. of Screen:

Type of Riser. _P_V_C _

1.0. of Riser. 2"------

( rr_-1--- Borehole Diameter. \:)

5r
,

Elevation I Depth Top of Seal:

'1IJ=Elevatio~,~ ~ePth Top of Bedrock:

~ Type of Seal: 9n:-1\r~. C\"\.-W~

l----t-- Elevation I Depth of Top of Filler Pack:
Elevation I Depth of Top of Screen:

....

....

r
----t-:..- 1.0. of Surface Casing: . 4." S\1vJl&i:.

Type of Surface Casing: S""'\£'t.\.-

ti';t~-:j;;:::::j~ Type of Surface Seal: \,,1')< ,'): b'r ~ /'1O

'*--+-"'-1.0. of Pennanent Casing: {\J"

w~---t-- Type of Backfill:

.....
....:I----t<If+----f--

',',"

.....

Not to Scale

....

..... :~ ....---+- Diameter of Hole in Bedroc~: _ /,e Ream: __'v~ _
=:~,.

:'It----+- Elevation I Depth of Bottom of Screen: ,",,'";).:"'\1 I -.ct-.,)

~~~·~~~~~~~I~~j~j~j~~jj~~j~j~:j~~~:r- Elevation I Total Depth of Borehole: b-:1-;)..-.1""\--"';.I~·d....u...b.l:!.r-
··'f.f'

T.O.A.

. ~(f\ ,'1Ground Elevation =
••"<6~:':l'"

Datum MSL:

oj"",,~: •

•

•



Page_\_of l

P1D1FlO Reading (ppm

Remarks

BORING LOG

MATERIAL DESCRIPTION

[1\;~etra Tech NUS,lnc.

PROJECT NAME: NSWC CRANE BORING NUMBER: \~~~\ \
PROJECT NUMBER: ~N"":9-=-O-=-60::--":'C=TO::::-:OC=27=9=-----""'----DATE: ---';;::):....~--::-"}jJ7-~-.:..._-----

DRILLING COMPANY: -:::B'""'O""'W'""'S=-=E=::R:::-M:-:-::::O-;::R~N~E-;::R-.------GEOLOGIST: B08 BAlKOVEC

DRILLING RIG: ROTOSONIC DRILLER: QtwE .

Sa Depth Blows I Sample Uthology

No. (Ft.) 6" or Recovery I Change

and . or ROO Sample (OepthlFt.)

TyPe Run (%) Length or

ROD No. Screened
Interval

--0·
I-----,I----l'---::,J-----i \1) ....

• When rock coring. enter rock brokeness.

"" Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:---'---------------------------
Drilling Area

Background (ppm):c=:=J

Converted to Well: Yes No ---- WeIlI.D. #: V\'ftI,W"'t \-\ •



(11:]TeUa Teet> NUS, Inc WEll No.:

NORTHING:

EASTING:

BORING No.: \"\ m".fl\\

DATE COMPLETED: "'> !}-'6/1J1, /
\'\ \1)1.)"\ -'\~H
~O)'\"!io .on

PERMIT No:

7:~&~~f;;0:;:f:~:~ t)1Pt~f1i:;,i):1'·· .
"~ ;~~~~~~~~,. ,,' ;~;~j

BEDRQCif ,l. • •

~-~~~~~.\ .

MONITORING WEll SHEET

NSWCCRANE

9060 CTO 0279

SWMU 13

B. BALKOVEC

PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:
•

_or---.., _--+-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
I++----+-- Elevation of Top of Riser: bn.~

~."'\.lloI}.....

(,'\'4-.'10 I~ l. '

b\.~."Uo 7 "'I. ....

t:,"'\~:lc. I 5'

~'-\~ I \5
~."1b I \'),.

No. 20-40 SAND

2"

PVC

2"

.~' (O-s '~

r/" (S'-\~)

Type of Screen:

Slot Size x Length:

Type of Filter Pack:

Elevation I Depth of Top of Riter Pack:
Elevation I Depth of Top of Screen:

Type of Riser:

1.0. of Riser:

1.0. of Screen:

--.-- Borehole Diameter:

r
_--+---- 1.0. of Surface Casing: \.r SG.uJ\Q.f.

Type of Surface Casing: S""'\£€.L

Type of Surface ~al: ~ )t~'-'10" ~(\O

,:t/r---i-- 1.0. of Permanent Casing: l\J A

Elevation I Depth Top of Seal:

1
&11~=ElevationI Depth Top of Bedrock:

Type of Seal: ~t.I\J\. L\-("~..r>

. .

. .

W5'7I---t-- Type of Backfill:

.•...
....

Not to Scale

.•..•

...••

;'1
..•.. .....
.....
..... ~iameter of. Hole in Bedrock: _ / /

~~~.~·I~~~~~~I~~I~~~i·~j...·i~:;;;~~~~~_:~:~~P:~~~:::en

..............·:1·..... · ."

T.O.A.

Ground Elevation = to,l\ .I~
'DatumMSL:

•.-

•



•
Page -.L of l-

Remarks

PIOiFID Reading (ppm)t-------

BORING LOG

MATERIAL DESCRIPTION

~

OQ,'t

~

•"
S~'V'

'-Jc..-.

or

l/Ihology
Change

(DepIhIFL)

Blows I

'·or
ROD
(%l

("Ib]Te,rarech NUS, Inc.
PROJECT NAME: NSWC CRANE BORING NUMBER_:_\~:\~'rcI.~"'....)-::,\......\d--,,-- ----,,_
PROJECT NUMBER: -:-N:-:=:9060~~C;::':T~O":';'O';'::2=79=--------DATE: '7 Dl(Q)
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: . -;:;B:;::;O-d:.B:lr:B:!':A*LK;7.0~V"E=-:::C::------

DRILLING RIG: ~rw S"N"?<-c DRILLER: DAVE S.

5amp Depth
No. (FL)

and or
Type Run

ROD No.

• When rock coring. enter rock brokeness. .

•• Include monitor reading in 6 foot inteMIIs @ borehole. Increase readin9 frequency if elevated reponse read.

Remarks: .
Drilling Area

Background (ppm):~

Converted to Well: Yes No ---- Well 1.0. #: '2'> 'f1\W\.\T"

•



["FI:]Tetra Ted> NUS, Inc.

• PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

NSWCCRANE

9060 CTO 0279

SWMU 13

B. BALKOVEC

DRILLING Co.:'. BOWSER MORNER
" .' ~,(;\. 'i'[' .... '" 'C -,

DRILLER: p "res
DRILLING METHOD: ROTOSONIC

DEV. METHOD: \F \-'J\\.£. ?u.~

WELL No.:

PERMIT No:

BORING No.: \2fC\W~\A

DATE COMPLETED: ) l'}.lll>3
r I

NORTHING: \'\\OO~O•~,

EASTING: "\u'}~"" .(1.\\~

_r----. +---1-- Elevation of Top of Casing:

2 •.\ b

PVC

2"

Type of Riser:

1.0. of Riser:

Elevation I Depth of Top of Filter Pack: 0'\."\'-' 7 51.1
Elevation I Depth of Top of Screen: (..kct f\tO I lO"

Type of Screen: ~\J(.....

Slot Size x Length: ,)0 ~ lO'

1.0. of Screen: 2"

Type of Riter Pack: No. 20-40 SAND

Diameter of Hole in Bedrock:e Ream
:

sO'
Elevation I Depth of Bottom of Screen: ~o...\~ I ko"
Elevation I Total Depth of Borehole:. 6'iq.~ I }y'

---+- Borehole Diameter:

Type of Backfill: C,swv.'J./4.f'f\.~
J

Elevation I Depth Top of Seal: b'11 .ctto I '-\ /
'II~_ Elevation I Depth Top of Bedrock: ~'"1~~ I )'''

~ Type of Seal: ~'fJ\l"'S. G·q~

,
+----t-- 1.0. of Surface Casing: .~~S&~

Type of Surface Casing: ~~t.\-

Type of Surface Seal: \{)(.~·}tbrpf\{)

'A/iIlI-----"1I---I.D. of Permanent Casing: N~

Stick Up of Casing Above Ground Surface:
-+i----t-- Elevation of Top of Riser:

Not to Scale

.... ~" .....

T.O.A.

~.. , ..

_.._-"

r :1'\ .c\\.p
Ground Elevation = \0

Oatum·MSL:

•

•



l1=l:::fetra Tech NUS, Inc. BORING LOG Page-L of 1-

IIIRemarks·

MATERIAL DESCRIPTION

V_{)~

NSWC CRANE BORING NUMBER: \'\ "()\.vJ\\:'
N9060 CTO 0279 DATE: ~1LO)

BOWSER MORNER GEOLOGIST: -;:BO=B""BA~A:=-:(LJj,«c:-:::O:-:-V=E"=C:------

"Sf\. Q.:¥z DRILLER: {) ON "}.

Depth Blowsf Sample

No. (Ft.) S' .... Recc>II'Il<Y f

and .... ROO Sample

ype Run (%) length ....
ROO No.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

~~- \ \ I~?-+----+-----++-+--+-+++-+-t
~'<

\L

~--'-t''0----7t'''--''''-I-0· L..-_++-~~~~:.:......:..-_-+-('to..:...::.r-- ~H-+--+--fr- - /' r- ~--." ... ' ~ ':'~ c.v.~ l.1...

/........--t-=-+-----Ji<----t-l'+------'----t--t++-lr--t

\t\t. N... 0..0 "'" ~

• When rock coring. enter rock brokeness.

•• Include monitor reading in 6 loot intervals @ borehole. Increase reading frequency if elevated reponse read

Remarks:----------------....,....--------
Drilling Area

Background (ppm):[Q;[J

Converted to Well: Yes No ---- WeIlI.D. #: _-'r,-u:\!'v.f\~:.....:..:...l'.!..._ _

•



PROJECT No.: 9060 CTO 0279

SITE: SWMU 13

GEOLOGIST: B. BALKOVEC

["'R:]Tetrn Tech NUS, Inc

• PROJECT: NSWCCRANE

~"!\t\1ffffi~;t;lI;~f~

BEDROCK' ;:. i.
f"'~~~~/ ..

MONITORING WrC.eSHEeT

DRILLING Co.: BOWSER MORNER
.. ,?l .t:.. fh~;/'-- .J w > 4

DRILLER: \)E.I\!N-.& '}~

DRILLING METHOD: \\';)(>. ROifOSmllC

DEV.METHOD: ~J&~

WELL No.:

PERMIT No:

BORING No.: \",~'>.)

DATE COMPLETED: '-\p:¥03
NORTHING: ~q",,\\ . '\"\0
EASTING: '"\D'}'-\",'\ .b 0 5

-.,..---., ---.J-- Elevation of Top of Casing:
.'':';'

Stick Up of Casing Above Ground Surface:
I~----t-- Elevation of Top of Riser:

,
---+--1.0. of Surface Casing: \"\' ~vJ\~

b<t3 ."}t~ 7 b '"
\l.l\ :\.<6' c<

bC!\.~ I. \~'

bl$)·1% I \c\"

(;~n .';).~ ,').:'
b~b.'~ , \'}.')'"

~:)'"\£.'2\..

\.{">-~('>.hr- \>f\O
(\)~

PVC

2'

No. 20-40 SAND

2'

J.D. of SCreen:

Slot Size x Length:

Type of Riter Pack:

Type of Screen:

Type of Surface Casing:
_~.:>o::..:='--_

Type of Riser:

Type of Backfill:

+-:---+- Borehole Diameter:

Elevation I Depth Top of Seal:

'II~_ Elevation I Depth Top of Bedrock:

~ Type of Seal: CbOO"\.QN~~

I----t-- Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

Diamee;er. Hole in ~rock: r,
Core earn. b_---'::c- _

~__-+_ Elevation I Depth of Bottom of Screen:

WM---t-- J.D. of Riser:

1;7;t7}f~HI- Type of Surface seal:

w~--t--I.D.of ·Permanent Casing:
'~----::~---.--

........
.....:j----t'IH-----:t-
..... .....
....

.~~iii~i[-I-Elevation I Total Depth of Borehole:.

Not to Scale

TO.A.

bo-C\ .'}~
Ground Elevation =
Datum MSL:

•

•



Page _\_of_BORING LOG[1\;}etra Tech NUS, Inc.

PROJECT NAME: NSWC CRANE BORING NUMBER: n'f'/\W\\\..l
PROJECT NUMBER: 7N;-;::9-::-06::::-:0::-C~T~O~O~27:::;;9::---------DATE: ')[\ \ Jl.J~
DRILLING COMPANY' -=B~O""'W';;"'S:::-:E=-=R~M:-::O:-:=R:-:-N'""'E:-;::R:--------"';"-GEOLOGIST' -;::B:-::O:-::B~B{:;:-A.f:L-4ki~o~V~E:-;:C:-------

Drilling Area
Background (ppm):~

W\. L\A'<.",-, QI' •
Well 1.0. #: _\,-,~c..:.C"l\;,;..;~..:.=""t---:.,... ~__No ----YesConverted to Well:

When rock conng. enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: ~/,.""\O 'PI" ':lL\. '-V£.u. e ")--( S!AlfhtfO ,-\')f
~NO 'v \(

DRILLING RIG: ROTOSONIC DRILLE.R: \)A-\J~ C;.

MATERIAL DESCRIPTION PIOIFID Reading (ppm

Sample Depth Blows! Sample L/thoIogy U
:~ir ." ii'"

No. (FLl 6' 0< Recovery! Change
,';

S
I'" I~1and or ROD Sample (DepthIFLl

Type", Run (%) Length or C Remarks
)~.-:~

ROD No. SCreened S -;-.Q.';

Interval . iE'
-:-C1S'j

~'.-.

,;~:~IT:T
...'..'....- ··;'i~·:::·;

\ V P.R T/ \.,'D ~ tr.\. "'L \;..'1 ~(I,'; "\.. \"1.'\ 19__"\

2. V I .~ , ....., W'<t.'<. ~"U;t
,

~ 1/ - \,

~ V '<EU.'
~:S

,

~ Nf'<'< s,'"M...,.---I <."r,...-t,~4

S-\

S / i~
1..."\.

I6'it ,4 .~' 11..tlA.1( (.\.A'( ""Lo-

b 1/ ~~""\'
~

.
~"<. ~.,. ..,/ <>-S~ \.vE",~l'£lrf\. S.c..,"'-""l""1l'C ~-"'."i "t.. 0.1

/ ~\
l:\

l ~, 1..<.--1' ..... S),L, - ~ ,
'a 1/ flQ

"1' ".~" .~"\.~--.Ir "'.~ )f'\ \\\"\OJ ~","\.w..,~
4>t\~

" ,.,

ct 1/ ,1 J- ! i \\"'C; \.oJ ,.....~~ <i, ". ('I'\..","1fP f(l.M,\
Vl

\01/I~ b 1'\!i':" ':>).l.... ~"W'N~ 11\,\ \\..0..... ~ ~.\'~~ \~,':.\\~ U\II'" Ie

" / ~'" \)~ 1\<> ::;t\..... ;\-'M£'\ ~"1.l..\.,\.\)l\Jt 0.0

1/ ..
\'). t>n" \.""'\

Y\ V GM~

\~ V
c,.) \< V I~ \v '" ,~~'n( ,

/
~

I.lc> \ l-'"
\,-~- S~\.~O\(

\1 / V lIMO( ~
~'"' :/ ::4 • hMu, L1Mv ~

Q\-'fue,,\\.e \,.~
,

~ ..'\ Den s.' n-\l.<\ s~~~

l~ :/ ')A IUl\ .. ~"J..\;l

,q 1/ ,

" ~"\'c:n-u..-

Q..-:\ ~ /
1-\ /
)...1.. 1/

\"\S" )J 1/ , \'/ \

1/ ""\.-n"~,:Y"

.



['1I:]TetraT~ NUS,Inc.

e" PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

NSWCCRANE

9060 CTO 0279

SWMU 13

B.BALKOVEC

':;f;;t:r~!<1;:~;~~~t;~i~.~.fi:~~\':~?~~'i

"l~:\+:,";;r~: :... ".
BEDRQPI( .

MONITORING WELL SHEET

DRILLING CO;:", BOWSERMORNER

DRILLER: \) IW£ S'
DRILLING METHOD: ROTOSONIC

DEV. METHOD: \.A}lf\.~AA

WELL No.:

PERMIT No:

BORING No.: \)!c\.yj,~

DATE COMPLETED: ~fb\/Il}
~I

NORTHING: \~O,,\'"''} ),1;)

EASTiNG: 'd).\.\\\O.\b'

~~---.+---+-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
I+tf--'----t-- Elevation of Top of Riser:

f rf Ca . u', <. ."\ •• a.nr-+---+--1.0.0 Su ace Sing: l. ,.)\Jlv.T\\"'C-

{f\~.\:;7 \\'
b~.\) I \'\'"

bC'u\SS I ~/
b~' .b~ I 1\8'

b~·~ 1)..)/

EAo'~ I '}~ /

No. 20-40 SAND

PVC

2·

2·

/
.AP X. \0Slot Size x Length:

Type of Riter Pack:

1.0. of Screen:

Type of Screen:

Type of Riser:

1.0. of Riser.

+--t-- Borehole Diameter:

Elevation I Depth Top of Seal:

'111l-_EleVatiOn, Depth Top of Bedrock:

~ Type of Seal: ~'CI\r~ •~~>

I---+-- Elevation' Depth of Top of Filter Pack:
Elevation' Depth ()f Top of Screen:

rAlY>I'l---i-- Type of Backfill:

Type of Surface Casing: ~\£.t.\..

~7A~'J+:.:+-- r r I'r 1'1
II': Type of Surface Seal: ~ )<\.l ~b rM)

~Jlf---+-I.D.of Pennanent Casing_:_(\).::..a...:f..'--__

Not to Scale

==xF:'! f

Diame~~~le in Bedrock: .
core'V . S//·

.:'!t-----+- Elevation' Depth of Bottom of Screen:

~~~;~]~~]:~~~~~~~~~~j~I~~·~~]j~~~:~~r-1-.Elevation, Total Depth of Borehole:

T.O.R.

. '0> .\cGround Elevation = -;)
Datum MSL:

e

e-



..1

Page-Lof_

Remarks

{j.

BORING LOG

MATERIAL DESCRIPTION
$ampl Depth Blowsf $amPie

No. (Fl.) 6" or Reco~f

and or ROD Sample

Type Run (%) Length or
ROD No.

l"lbyelra Tech NUS. Inc

PROJECT NAME: NSWC CRANE BORING NUMBER: \~~\.v '\ \S
PROJECT NUMBER: 7N;':::9~06::-;O~C~T;";O~02~7;::::9-------DATE: )/5':; 1113
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: -=B-=O-=B'""B=-A~L-;'K~O~V~E:-"C~-----

DRILLING RIG: ROTOSONIC DRILLER: \) AVt. S.

• When rock coring. enter rock brokeness.

•• Include monitor reading in 6 foot'intervals @ borehOle. Increase reading frequency if elevated reponse read.,' "
Ir _ / .. -

Remarks: u.; '.cJ \S \U\.WyIl-Y> H< b /' ' , Wk?ll \t~,e 'IT5' \~-1S';'1,..,
~3i\ \1

Drilling Area
Background (ppm):~

Converted to Well: Yes 6:. No WeIlI.D. #: •



[-n:]Teua Tedl NUS, Inc

• PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

NSWCCRANE

9060 CTO 0279

SWMU 13

B. BALKOVEC

',i,', , ',,"j,r. ':!,\::~t~~,~r'; ',,:t:\~';":~:\r'·

~ ,,~ .F~;l .~ ~ .
BEDR~gl~ .

MONITORING WELL SHEET

DRILLING Co.,:"" BOWSER..MORNER
"".".;.,: ."

DRILLER: ~A"~'S,

DRILLING METHOD: ROTOSONIC

DEV. METHOD: ~ 9v.cl

WELL No.:

PERMIT No:

BORING No.: \)'""-';'1 ,S

DATE COMPLETED: )''}.)(()~

NORTHING: \ '\D(~:SbS .cf~\~
EASTING: ~').·n\l .'io~

_r------. +---i-- Elevation of Top of Casing: ~ct' .\6
Stick Up of Casing Above Ground Surface:

I+if-----;-- Elevation of Top of Riser:

b/r (0 -\S')

'S'" ~')--6-5"')

\loL~Cut< ~ -\\")

J.D. of Riser: .;::2_' _

Type of Riser: ...;..P...:.V.;::C _

Type of Backfill:

+--1--- Borehole Diameter:

+---+-- 1.0, of Surface Casing: 'ut~
Type of Surface Casing: S\E.£.L.

Type of Surface Seal: "-\r.>-~...). bI/- PA-O
,:II't----f-- 1.0, of Permanent Casing: Nl\

-....:..::..:...._--

..... . ...

.....

:',.
:::::

c:D:::O~:

~.::::....

.....

....

.....

:11~11III~~~1~1~;

T.O.A.

t:b.4,').1
Ground Elevation =1;;-'

Datum MSL:

•

.'
Nollo Scale



Page~of -LBORING LOG{11:}etraTech NUS,lnc
PROJECT NAME: NSWC CRANE BORING NUMBER: \?>l!'»fI lb
PROJECT NUMBER: -:-N""::9-=-06=O=-C:':T:;O~02~7=-=9"""'-------DATE: -"'=\~f~~:'''''I'=-iJT.1~-----

DRILLING COMPANY' BOWSER MORNER GEOLOGIST- -::B'""'o=af-:B~A:-:'L~«i=O"""V==E=C-----

DRILLING RIG: ROTOSONIC DRILLER: \n..1rC"

MATERIAL DESCRIPTION PlOIFIO Reading (ppm

sample Depth Blows I sample U1hology

J'z~.·,·;·:t

lilt'
.. u .._.,.. ~'.

No. (Fl.) 6" 0< Recovery I Change

~2'~ S
·l,;Y~·

and or ROD sample (DeplhlFt.) .'Soil;;'
Joe, ,N'

C Remarks
;.~;'

Type 0 Run (%) Length 0<

i~~~
.;,GS"

ROD No. Sereened ;:', f~!;~ s ':~ii";

Intervat
1....... 1.; . ?~;

)jf~.,;.· }i~~: I'{iftl1··:···.',-·.,. "

0 V M ...lt' ~(I' CA~""l4ll... \.0 \"r 0-\) o-lJ -

V lJJ Ii., - ('l.-'( ~l£

IV
V - Q(\\;A> Ul \ ~('f\UJ\ \'1

V ~ u.M\\> \.t"\t..

IV L-'"}..\.\o.~u,(..v
V 0-,~ ~\'\~ ~n.'-'o.L

IV ~ ~~\\J- e..u,.,<\;;."<. ~~L

IV \.AJ\\).n~"JoL.

IV \.\:) - \ i) / ')")..0."- t''''''-ut'..M ... e..-lo ....... D..1

V ,

IV
V
V

s V \J ~

IV 1\:·0.'')' ~£=.\. 'vi tQ e./ Vi'" r/'~
V SrI"> ,.. Sr~\S ,.

V ~~\,(J '-\.1'

IV \l:>£;N'"\. \.0 ,.'
IV
V
V
V
V
V

• When rock conng. enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:---------------------------
Converted to Well: Yes No ----

Drilling Area
Background (ppm):~

•



DEV. METHOD: ~S?~

BEDROCK' .
;;:'.... '~.·7 -

MONITORING WELL SHEET

.i:-':~~{:i;~:·~:,~.~.:~~tt\{;cr?';8').,~,,'~i'

-:'.' ,":,.
',"',

WELL No.:

BORING No.: \'\.....~"j~\b

DATE COMPLETED: )/'}-."'tN), ,
NORTHING: \iUCt~S\.l.)'"\c...

EASTlNG: "\0'}."\)~\ . C\\b

PERMIT No:

ROTOSONIC

BOWSER MORNER

~J£<:>

DRILLlNG.Co.:"
I' •.. ,,':

DRILLER:

NSWCCRANE

9060 CTO 0279

....:;S..:..W:..:.M..:..U~13~__ DRILLING METHOD:

B. BALKOVEC

PROJECT:

PROJECT No.:

SITE:

.GEOLOGIST:

.. [-n:)Tetra Ted> NUS,lnc.

•
-~---. +---+--- Elevation of Top of Casing:

~"ao..t1 / )/
fo'~-\~ / ),,'0'

\""~-\".l 7 4'"
10'"'('\ ,\~ / 5'

No. 20-40 SAND

2"

PVC

2"

Type of Filter Pack:

Type of Screen:

Slot Size x Length:

1.0. of Riser:

1.0. of Screen:

Type of Riser:

--J-- Borehole Diameter:

Elevation I Depth Top of Seal:

'11~_Elevation I Depth Top of Bedrock:

i!l Type of Seal: {?'t.1\T\ c.",,-..P~

I+----t-- Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

~ -
+----+--1.0. of Surface Casing:4

r
S~\.\I\~

Type of Surface Casing: (~::f\'€£.\..

I7Aiwi++- \ .(' r 'rr C'\Type of Surface Seal: ~ )\.u..)<.b yl\(}

'A/JIII---+-I.D. of Permanent Casing,,;..:~NllL:...~~__

rAl'r".e..+----I-- Type of Backfill:

Stick Up of Casing Above Ground Surface:
l+t----+-- Elevation of Top of Riser:

....

.....

.....

....

.....

~Q( .... ::::.
...~ •.4.1 .....

T.O.A.

Ground Elevation =C01Ja •\':.)
Datum MSL:

•

~~ii~~~r1-Elevatjon I Total Depth of Borehole:.

Not to Scale

,.

.-.

~+----+_ Diameter of Hole in Bedrock:
CoreIe ----'5..../1_" _

-i!t----+- Elevation I Depth of Bottom of Screen: b~1 .\'1/. \~'

~l.\) I \\(



PlD{F\o Reading (ppm

II

Page \. of- -'

Remarks

BORING LOG

MATERIAL DESCRIPTION
Depth Blows I Sample UthoIogy

No. (Fl) 6"0< Recovery I ctlange

and or ROD Sample (OepthlFl)

ype Roo N length ....
ROD No. Screened

k1tetvaI

('lbtellBTech NUS, Inc.

PROJECT NAME: NSWC CRANE BORING NUMBER: \?:>Tl\.W\\'"
PROJECT NUMBER:. -:-N~906=O~C;:;::T;:-::O'"=02:::7=-=9-------DATE: -~~-:-'-~;":;""/J-n:"""'-------

DRILLING COMPANY: -=B:';'O~W;";S:-:E;:::R~M-::O===R;':N::':E=R:-------GEOLOGIST: -EfOEn3~ALFtK'f:O=-tV'ii=E:;:;C:------

DRILLING RIG: ROTOSONIC DRILLER: /l.ve. S

• When rod< coring, enter rock brokeness. .

.. Include monitor reading in 6 loot intelVals @ borehole. Increase reading lrequency if elevated reponse read.

Remarks: \-------------------------
Drilling Area

Background (ppm):~

Converted to Well: Yes .~ No ---- Well 1.0. #: _----:.\)..lL~-'---'-""-""\....J...:\\.....:.._ _I•



(-n:JTetra Ted> NUS, Inc

BOWSER MORNER

~~~.• PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

NSWCCRANE

9060 CTO 0279

SWMU 13

B. BALKOVEC

':!'1r
iJ

i;:',?;r'~:~;~~~;~~r7~~~I,r!~,:..
.' -,..

BEDROCK'

MONITORING Y.1~ti.. SHEET

DRILLING Co.:
;",-\":.,:dl;", .

DRILLER:

DRILLING METHOD: ROTOSONIC

DEV. METHOD: ~\!.A

WELL No.:

PERMIT No:

BORING No.: \) tf\",r,\'
DATE COMPLETED: ~')

NORTHING: \1 O\b0';.:l\").

EASTING: 3D')."\ \ '}.'\ .'\b<o

._.,....--....... +-~-+-- Elevation of Top of Casing:

-.'
Stick Up of Casing Above Ground Surface:

I+I----t--Elevation of Top of Riser:

toct."'l<~ 1 ~ /
~'e.bCll 1 \0/

s- O-~

~... ~ ...-\~"

No. 20-40 SAND

PVC

2·

2·

Type of Filter Pack:

1.0. of Screen:

Type of Riser:

Type of Backfill:

1.0. of Riser:

--+-Borehole Diameter:

,
+---+-- 1.0. of Surface Casing: .'-\.,.~

Type of Surface Casing: ~]£.t:.\."

Elevation I Depth Top of Seal:
Elevation I Depth Top of Bedrock:

111m--Type of Seal:

Type of Surface Seal: \.{;.\.( j: b' 280
V.A:/JIlI----,-4--I.D. of Pennanent Casing: (\)f\

I-----+-- Elevation I Depth of Top of Riter Pack: t.'6'.l..~~ 7 (,. /I •.~ :.::::::mTop O_:M_s_c~..!..e,,_e:Jf.~:lo-::,., r.;_~_,l;;_~_1 4(1'

~

~ J'li,'"''

T.O.A.

Ground Elevation =\flO.~1>
Datum MSL:

•

•

___+-_ Diameter of Hole in Bedroc~ . / ,

Core I Ream: '~;r ~ \0 -\;
'5'1" ~~f'f' \<),.- \~,.

•.;,f----I-- Elevation I Depth of Bottom of Screen:' bll-.!:AI I. \~ I'

.' .,' ,~~~;~jjjjj~I~~~~~~I~~t~~~~)~lrr- Elevation I Total Depth of Borehole:.

Not to Scale



•

0·0

O-dO

Drilling Area
Background (ppm):~

WeIlI.D. #: \") cN0\.\\No ----Yes

Sa Depth Blows 1 Samc>1e Lithology U
No. (FL) 6°0< RecoYl!fY 1 Change S
and 0<. ROD . Sample (DeplhIFL)

Type Run N Length 0< C Remarks
ROD No. SCreened S

Interval

['T-I:]Tetra Tec~ NUS. Inc. BORING LOG Page l of ..l
PROJECT NAME: NSWC CRANE BORING NUMBER_:-::;':-,-\~-:,-'f"UJ~,"::-3~\'i~r-- _
PROJECT NUMBER: N9060 CTO 0279 DATE:") l~sJ0' - Y'}..t../o~

DRILLING COMPANY: BOWSER MORNER GEOLOGIST: BOB MLKOVEC~ •
DRILLING RIG: ~2:\O ·S"NX< DRILLER: DAVE S. .

MATERIAL DESCRIPTION

Converted to Well:

• When rock coring. enter rock brokeness.

•• Include monitor reading in 6 loot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:---------------------------



Remarks

MATERIAL DESCRIPTION

','

Uthology
Change

(Depth 1Ft.)

tl"~
Screened

1ntenr.J1 .

Sample
Recove<yl

Sample
Length

Blows I
6· 0<

ROO
(%)

[-w:b)Tetra Tech NUS. Inc. BORI~G LOG page.::h of l
PROJECT NAME: NSWC CRANE BORING NUMBER: .~~\~

PROJECT NUMBER: N9060 CTO 0279 DATE: ----::'")j::-'~'!=-':-~:-07'\;.....::",.:~-----
DRILLING COMPANY: BOWSER MORNER' .... ',. GEOLOGIST: BOBBALKQVEC
DRILLING RIG: YA,TU) Sa"'b-< DRILLER: DAVE S.

=

I·,:
t----f--+----,..f----l ."1-r.-

1---1--+''------:71----1 ' ....

•

•

• When rock coring. enter rock brokeness.

•• Include monitor reading in 6 1001 intelVals @ borehole. Increase reading lrequency if elevated reponse read.

Remarks:---------------------------

•
Converted to Well: Yes ) .. No ----

Drilling Area
Background (ppm):G;;D

WeIlI.D. #: __'~l2L:.rr~VV=_\.::.:;l'\.........· _



('1I:]T- Tech NUS, Ioc

PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

NSWC CRANE

9060 CTO 0279

SWMU 13

B. BALKOVEC

BEDROCK

MONitORING WELL SHEET

DRILLING Co.: BOWSER MORNER

DRILLER: Qm./f ~
DRILLING METHOD:' ROTOSONIC

DEV. METHOD: ~\& \?u«R.

WELL No.:

PERMIT No:

BORING No.: \~~\\$

DATE COMPLETED: )/'oJoft')

NORTHING: \110"\1dlo _q'(o

EASTING: "v~)~) .l\,\o
•

_.r-----. _--+-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
......---+-- Elevation of Top of Riser:

•
l:.u.oS 7 \,,'"
b~.o; I ~'

PVC

2"

Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

Type of Riser:

1.0. of Riser:

--+- Borehole Diameter:

rMn+-----1f- Type of Backfill: VOL tv,') (~"'-\bl

Elevation I Depth Top of Seal: ~ll.6,1 \6'
~iIJ~ElevationI Depth Top of Bedrock: t..<i').m;;1 \S'"

~ Type of Seal: ~tN\'C~~

".
----1-- J.D. of Surface Casing: .~ S~uAQ£.

Type of Surface Casing: Snt-t:.\..,

l7J7A~']+:.:::L- Type of Surface Seal: ~'II.~"A\,'r PI\-f)
vA:/..c.---+--I.D. of Pennanent Casing: {\N\...1--__

T.O.R.

GrouOd Elevation =~00.0<)
DalumMSL:

Not to Scale

•

No. 20-40 SAND

2"

Slot Size x Length:

Type of Filter Pack:

Type of Screen:

. 1.0. of Screen:

.....

....•

::1+---4- Diameter of Hole in Bedrock:e Ream: . -'S~/:_/__----'-_

~---4-Elevation I Depth of Bottom of Screen: b""t>.d; I '"hI>'"

~~~·j~~j~j~~~~~I~:I~~~~~~~~~~~:§§r-1- Elevation I Total Depth of Borehole:. b'1o·6; I ~,,"



Page_\_of LBORiN'G'LOG

MATERIAL DESCRIPTION

~.~ .', ~l;L~J~;~~;:;~;' ·;:~:1'~~.~~f> -~_ ;g':, .. ~.~ J:.;:;

~. . ,..,......["lI:}.Ira Tech NUS, Inc,

PROJECT NAME: NSWC CRANE BORING NUMBER: \~Th""',"'1 \t\
PROJECT NUMBER: ~N~906~~O~C~T~O~~02~7~9::============DATE: --:-~-1~1\~1:-'"l:>-=-3"":"'-------
DRILLING COMPANY: BOWSER MORNER: ; .. . . ,c' GEOLOGIST: BOgBA[KOVEC
DRILLING RIG: ROTOSONIC DRILLER: ~S.

Depth Blows" 5amf>le U1hoIogy

No. (FL) 6" or Reeo¥e<Y
'

Change

and or ROD Sample (DeplhIFL)

ypeo Run (%) length or Remarks
ROD No. ' Screened

1nte<v.>1

\
1,
)

'>-1
\'))1" ~

tlQ'( ~

flf~
./

~~. 11"

').,' -6', ..../,/ W. Lv":.'> ":.€.Afl\
~a. ~~ b"'-"'\....."'IMJ ')/\1\1 :'( S'l-\.\

..,Ii
:: '

~ '1/--l{'~,,~ .l\,j()c",VC'\Jt WU>,.:
s·.... '<\:14

~~ l.Ct ~
't

q_ ~ \1'')~'(S~, M.

\) \• L-\
,

c,'1-\...'\.S t"'\..

\\S"-P;' • .SS'\U{h SfI\ r~> I,,,d."\t.t, -€. \\~

~ S 'iUc \\\"IN v..N\. ,

w\{

•

• When rock coring, enter rock brokeness.

.. Include monitor reading in 6 foot inteMlls @ borehole. Increase reading frequency if elevated reponse read.
Remarks: ----: _

• Converted to Well: Yes x No ----

Drilling Area
Background (ppm):~



PROJECT:

. PROJECT No.:

SITE:

GEOLOGIST:

NSWCCRANE

9060 CTO 0279

SWMU 13

B. BALKOVEC

BEDROCK

MONITORING WELL SHEET

DRILLING Co.: BOWSER MORNER

DRILLER: Oil>vt. C;,
DRILLING METHOD: ROTOSONIC

DEV. METHOD: v,Nrb.;.M

WELL No.:

PERMIT No:

BORING No.: \,\~~\q

DATE COMPLETED: 1.{)'(lJ3
NORTHING: \"JO~ ",,\ .'\\.\

EASTING: ~"d-'\tn \.l.';b~

•
-"...----, ---+-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
~---.J--Elevation of Top of Riser:

•
({r~ '::> "

'5 .....- 15"- \'\,'

2"

PVCType of Riser:

Type of Backfill:

1.0. of Riser:

--~- Borehole Diameter:

/
"r(;.2" ~!"._---+-- 1.0. of Surface Casing: "'"' ~'VV'I.<.c.

Type of Surface Casing: ~t.\-

~7}l'~~=!--. Type of Surface Seal: ~,.,,~ A (:(1'91\0

~r~~--J--I.D.of Permanent Casing_:--,-~:w.... _

T.O.A.

Ground Elevation = 10'\ .\0
Datum MSL:

Not to Scale

•



. ~" I

" .r'-
Page ---L of _,_

PlDlAO Reading (ppm)

Remarks

MATERIAL DESCRIPTION

\ b.

:J,

")

y
' ...
V« \ \Y

\::~\.\.
c.\A"<1.:.\(<fil... :-l.L\ ~

'"'
\.,~

Samp! Depth Blows I Sample
No. (Fl.) 6- or RecOvery I
and or ROD Sample

ypeo Run (%) length
ROD No.

•

•

• When rock coring, enter rock brokeness.

•• Indude monitor reading in 6 fool intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:-----------------------------

• Converted to Well: Yes No

Drilling Area
Backgrou~d (ppm):EJb:D

WeIlI.D. #: \'\'P'4f\'ihJ



("I1:]r- red> NUS, Inc. BEDROCK

MONITORING WELL SHEET

•
WELL No.:

BORING No.: \)fl\vJ\.~

DATE COMPLETED: ........ /\M), ,
NORTHING: \,\oCl0bio =,t;,
EASTING: '\o~~5"}l. }~

PERMIT No:

. ROTOSONIC

BOWSER MORNER

\)fWli ').

DRILLING Co.:

DRILLER:

DRILLING METHOD:

DEV. METHOD: , ,IA"'~B. BALKOVEC

NSWCCF\ANE

9060 CTO 0279

SWMU 13

PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

-,,-----,_--~-Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
+1-----1-- Elevation of Top of Riser:

PVC

2"

Type of Riser:

1.0. of Riser:

--1--- Borehole Diameter:

.....

.....

_--~- 1.0. of Surface Casing: .u:~&~
Type of Surface Casing: ~L

l7j7)f-7+=J- .Type of Surface Seal: '4!}<~r }. Co'I"~f\D

'h'il4----I--I.D. of Permanent Casing,;..:---=-N-~t-...:....- _

....
:I---f<i~---~.....

-....

C::CCClC~·····

.....

.....

~~jjj1jjIjj~~I~~I

T.O.A.

Inq. ~')
Ground Elevation = '1:1' •

Datum MSL:

Not to Scale

•



Page _\_ of _\_
'.,

BORING LOG[11::te,ra Tech NUS, Inc.
"':'4-"':

PROJECT NAME: NSWC CRANE· BORING NUMBER: \~ft\.\.v ,'}\
PROJECT NUMBER: -:-N'""'9-=-06""'O:-C":'T=-O~O-='27=:9:--------- DATE: ----:....:."t-I')sI.=-=-I-:-o~~~---'-----

DRILLING COMPANY: -;::;B:-;:::O:-;-;W:7.S;::-;E=;R~M:-;:::O:-;:R;-;"N-;-;:E~R:--------GEOLOGIST: BOB BACKOVEC

DRILLING RIG' ROTOSONIC DRILLER '()I\V\:.'

MATERIAL DESCRIPTION P1D1F10 Reading (PPm~

Sampl;, Depth Blows I Sample lithology it., u ...

No. (Ft.) 6'ar Recovery I Cllange S
and ar ROO Sample (OepthlFt.)

~:

Type a Run (%) Length or '- j;.nc
C Remarks ;:t~~:~j

.:', Screened S k;C:::-;::ROO No.
,.;.~:ii ,:~~~!o,:

Interval
;~;:.,

. ':'0"

;*\ j~\; 1·\··
"' ....

\ V c,1r 0-\')
.

1I>\l SEI. \"')"'W "\ \I. t:oQ, -

V <:..ur....QU.-\t. b '''<>l.t'll;'(

1/ ~~\.'-( ~"'\.£.I\.-...AL

/ . I,.

\OS\ ~ V 'II'

IV <nu'l:
/
V
/

\\1)0 10 V ,,~ \·\.MI.O [\...., ,..

/ S")...L.~~ ~1.t:.~"U\ ~\...,I"

V [ \

V
/ "

. 1\0') \S / ,:V ,",V-

i/ ,.()
I...vE\.L ~':"'\. -e \< -{~L.

,/ \S'

')0('l ..~.l\l~ S" '-\c,

IV ~oVfI '-v
~/

i/ ~t\\)\ -y-

IV
V
V
IV
1/
1/ _.

•

•

• When rock coring, enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:----------------------------

• Converted to Well: Yes No
-~--

Drilling Area
Background (ppm):~

Well 1.0. #: \~~\'b\



("1I:]Tetra Ted> NUS, Inc.

PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

NSWCCRANE

9060 CTO 0279

SWMU 13

B. BALKOVEC

BEDROCK

MONITORING WELL SHEET

DRILLING Co.: BOWSER MORNER

DRILLER: OA\I~SJ

DRILLING METHOD: ROTOSONIC

DEV. METHOD: ~!li~'WlMU,

WELL No.:

PERMIT No:

BORING No.: \'\~\')j

DATE COMPLETED: )a~/Q)
1 !

NORTHING: nO'llC\\ .00<\
EASTING: ~~C\\b.~~

•
-".....-~ ---+-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
I~---+- Elevation of Top of Riser:

•b~(,.)'1 '}'
<,,'l~.,' I ~ \0'

PVC

2"

Type of Backfill:

Type of Riser:

Elevation I Depth of Top of Filter Pack: b"i"."nl '1.'
Elevation I Depth of Top of Screen: \,Q'\.'>ll 5'

Type of Screen: Q-vL

Slot Size x Length: ~kJ A \.0"

1.0. of Screen: 2"

Type of Filter Pack: No. 20-40 SAND

Diameter of Hole in Bedrock:

core/~ S'"
. (,1Yn I

,;

Elevation I Depth of Bottom of Screen: \~

Elevation I Total Depth of Borehole:. t>,):)1 I \'.i '

_'--;1-- Borehole Diameter:

. r,.. _'\.. A"':----+-- 1.0. of Surface Casing: ·_\l_..lo.S,L,,;~==':;=Q..:..

Type of Surface Casing: ~\.E.EL.

Elevation I Depth Top of Seal:
Elevation I Depth Top of Bedrock:

III~-Type of Seal:

.....

::~:..---+-

Hio"':M--+- 1.0. of Riser:

t7J7A~'J+:.=1-- Type of Surface Seal: "<")o\.{ ,.<..'r (>"'9

ofhlt----+-I.D. of Permanent Casing: t\.>f':.

.•......••.

.....

....

;~~~~j~iIIj~ijj~~~j~

T.O.A.

. Ground Elevation = ~ca~ ~~'1
Datum MSL:

Not to Scale

•



Page_'_of~
.' ".

,. "::11

[~ret'" Tech NUS,lnc.

PROJECT NAME: NSWC CRANE BORING NUMBER: \1>tl\.LV\ #a-:
PROJECT NUMBER: 7N~9~06~O~C~T~O~02~7~9---------------DATE: ~~~/~g~~~&~3~-----------

DRILLING COMPANY: BOWSER MORNER, ,,'" GEOLOGIST: BOB BAr.KOVEC
DRILLING RIG- ROTOSONIC DRILLER: OA\JE.S

MATERIAL DESCRIPTION PlOlFlD Reading (ppm)

Sampl< Depth Blows I Sample Lithology ,'"/ ';,~': U '~',

No. (FL) 6- or Recovery I
Change I~" S i,and or ROD Sample (Depth 1Ft.) I;,', ii~ X, Ii,

Type 0 Run (%) Length or C Remarks
ROD No. Screened ;( S

Interval .
"":,,,

"':", ",, ,V \

\
~ ,-:;~ '-UP S"~l i"l. O<\l D-o

1, V \
"\1'.1.\.

,

I <.to- CUI'<l'<. c::.'"l.L""\ '\ -"\

") IV L ~

~ V I<t\.l. , l'
, -:- .uo. <y".Nf\'<.. S'"}-\..o' '> • 'It-v'"t"\~

~

1)' V ~ ,I '
..

\v 1\1r
~\o 5" \. l,(u.~. ... [,. ~ lot< . '. tI. ft.o

L IV \ ~ 5- b' !/ ~ D-J

1 V \\:." ::\1
~,l.

'\W- 1(....:\\' ~~\\\VN~- ~
·11

::\l:11 ~ ~u...."lO ,,~

IV ..
~

I:! t! 1\ ::
~~ ~"\

l- '0\.\.(.,\0\. \\J-.")- \1::: II

'1 IV q:'I': L'"
~L lI.lJ.,( ~\t{\ (\) l' \~

:,,\,:: \I
~.)

\0 V ~ II :":; l ,

~l'\ <)(L'( , ~V -- OQ

/ :'\1 ~" t\ \ ..,:', ':.. I S"lCi ~"t()f\J t. ~

V : 'I l!-\\
L.. f.

\) W'" (\_ Ie r ~S

\') V \1: \\:

'"
~ " :;, \\

V II: ": ..~ ,
Wtt.Xll ~Q'"'tJ \{\~

~.~ V ~,
: \1 :: "

~ l\'l """~ rs ": " :. ~~ ,
~ """'~ I\> o.J

- V "....\.0. \,)' Stl. wt\..\. e \S' ·t~VL b'/ \.u S' ~f'\'m

V ~t.>en S'-\')' ~--\< U.")

V <)A 1'J{) '"W ~ (

V tbe~ ~w, ",-,>)-1'

V ..

V
V
,V .. ,

IV
". ',~

IV

•

•

• When rock coring. enter rock bri:>keness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:-----'-------------------------

• Converted to Well: Yes No ----

Drilling Area
Background (ppm):[Q;[]

Well J.D. #: V~~)..



["A:]Tetra Ted> NUS, Inc. BEDROCK

MONITORING WELL SHEET

WELL No.:

PERMIT No:

PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

NSWCCRANE

9060 CTO 0279

SWMU 13

B. BALKOVEC

DRILLING Co.: BOWSER MORNER BORING No.: \~ f't'-V''}-d •DRILLER: Q&,,~ S ' DATE COMPLETED: 'fd.%NJ
~f

DRILLING METHOD: ROTOSONIC NORTHING: \,\lRtl'!>b :\)j
DEV. METHOD: 'wffi'C..-M EASTING: ~~~,~S .\:.-,a

-".----, _--+-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
I+t---+-- Elevation of Top of Riser.

•

•

2"

PVCType of Riser.

1.0. of Riser.

Elevation I Depth of Top of Filter Pack: ~TiS3J V
Elevation I Depth of Top of Screen: ~"..i;1 1 S....

Type of Screen: \)\tL.

Slot Size x Length: :N
,.

AU2

1.0. of Screen: 2·

Type of Riter Pack: No. 20-40 SAND

Diameter of Hole in Bedrock: ~ ..../

~Ream: ~

\5/Elevation I Depth of Bottom of Screen: ~~.s) I.

Elevation I Total Depth of Borehole:. ~"I.~1 I \5'

--+-Borehole Diameter.

\.rr~~---+-- 1.0. of Surface Casing: .." ~~

Type of Surface Casing: S\.~t.L

Elevation I Depth Top of Seal:
Elevation I Depth Top of Bedrock:

111~-TYPe of Seal:

w~----t-- Type of Backfill:

~7:IJ~'f+:.=+-- ' ,. ,... nI/': Type of Surface Seal: ~ J'~ A. b' \' I'«)

vA'A---+--I.D. of Permanent Casing: ~

Not to Scale

T.O.R.

Ground Elevation = L~81
Datum MSl:



,u ".;;•. ;r:·'.

Page J.- of _'_.

PlOIFIO Reading (ppm

Drilling Area
Background (ppm):~

BORING LOG

MATERIAL DESCRIPTION==-r

• When rock coring, enter rock brokeness.· (l,t.-(\)"'\. -\.OJ
.. Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: ~/ ,," "})-'

Sampl Depth Blows I Sample Lithology
No. (Ft.) 6- Of Recovery I Change

.and 0< ROD Sample (Depth /Ft.)
Type a Run (%) length Ol' Remarks

ROD No: -Screened
Interval

.(ThYetr. Tech NUS, loc

., I,

PROJECT NAME: NSWC CRANE BORING NUMBER: !'\ "'w' 'd..'3
PROJECT NUMBER: ~N~90~6~O~C';;:'T=O~0727=9"--------- DATE: -u..ll 101
DRILLING COMPANY: BOWSER MORNER.:,,> ".. GEOLOGIST: . -:::BC::::OC::::B,-,ijBf:-:~':t-i~K':::'O""V=EC=------

DRILLING RIG: ROTOSONIC DRILLER: OAV( <;,•

•

Converted to Well: Yes No



("II:]Tetra Tern NUS, Inc WELL No.:

. NORTHING:

EASTING:

•BORING No.: .. \~!'-\H"\.'})

DATE COMPLETED: ~(\lu)
I J

\'O~'OJ .C\~

"\~).~).~<\O

PERMIT No:

BEDROCK·

.MONITORING WELL SHEET

NSWCCRANE

9060 CTO 0279

SWMU 13

B. BALKOVEC

PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

-.,----.. _--+-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
l+l---+-- Elevation of Top of Riser:

t·(da'l.t{61 "1.~ <

~.~I \0 .... '

. ~.\~ 7 q.s,
. (.,'1).\b I \\.s'

No. 20-40 SAND

2"

Type of Filter Pack:

Type of Screen:

I.D. of Screen:

.Slot Size x Length:

"
+---+-- I.D. of Surface Casing: . \\' SQv.p.R€

Type of Surface Casing: ~:tt. 'L.

Elevation I Depth Top of Seal:

'II~_Elevation I Depth Top of Bedrock:

~ Type of Seal:. ~W1. ~

:1----1-- Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

Type of Surface Seal: '"1.' ~xr>-b', ~M)

vA/If<---+--I.D. of Pennanent Casing: (\}.I\

==nl .....

:1 +----+- Diameter of Hole in Bedrock:5 Ream: ---'S....L...r ,, _

::*-__-+_ Elevation I Qepth of Bottom of Screen: b'S. \10 I. '}..\ .5 '

~~~.~~~~~~~~~~~~~~~~~~I~~~~~~~~~:~ir_1- Elevation I Total Depth of Borehole: b'l\j(., 1J)}.9/

T.O.A.

Ground ElevatiOn =G,qb <~
Datum MSL:

Not to Scale



Page_\_of_

Remarks

MATERIAL DESCRIPTION

BOFtiNG LOG

J--t--F----::::+---t ,.

•

•

Drilling Area
Background (ppm):~

WeIlI.D. #: \\~vJ\'}."No ----YesConverted to Well:

1-1.

LO

• When rock coring, enter rock brokeness. ~N' '0 . Vu\. '- \A'<. ... '}'
•• Include monitor-reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: <.f/ Qi..1\1'" Q -)-J)'

'"'-()

1----t-+--"7t----1 '&cr'

•



("FI;)Tetr.l Tech NUS, IT<.

PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

NSWCCRANE

9060 CTO 0279

SWMU 13

B.BALKOVEC

BEDROCK

MONITORING WELL SHEET

DRILLING Co.: BOWSER MORNER

DRILLER: S)wb.) .

DRILLING METHOD: ROTOSONIC

DEV. METHOD: WIfj\"'\.£AA

WELL No.:

. PERMIT No:

BORING No.: \"'\f'I'U.I\ '\-,-\

DATE COMPLETED: '-\f\{l))

NORTHING: \~o'i~ct'J.~o

EASTING: ~~')..C\\b \..\.1'1
•

_r------. ----J-- Elevation of Top of Casing:

•~")S~/ «""
t..c.zo.'}3/ \\'

\,C61.111! \0 ........
~.~, / \'}-"

2"

PVCType of Riser:

1.0. of Riser:

--1---- Borehole Diameter:

I----t-- Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

Elevation I Depth Top of Seal:

1
111~_Elevation I Depth Top of Bedrock:

Type of Seal: ~~I\r\, ~~")

Stick Up of Casing Above Ground Surface:
I+i----+-- Elevation .of Top of Riser:

----f-- 1.0. of Surface Casing: 4.'"rS&\.\.kRt
Type of Surface Casing: S\i&L

~~~,*=l-- Type of Surface Seal: U()..... ,.,.torl' (>f'\O

:;.rzjlll---+-I.D. of Permanent Casing: ~

W~---+-- Type of Backfill:

T.O.A.

GroUnd Elevation = W ~')
Datum MSL:

No. 20-40 SAND

2"

Type of Filter Pack:

Slot Size x Length:

Type of Screen:

1.0. of Screen:

..•..
....
-.......•.

.....

....•

.....
:1 ...---4- Diameter of Hole in Bedrock: C / /'

::::: Core Ie J

..... ".~" 4-_ Elevation I Depth ·of Bottom of Screen:

~~~'~1~[~~~~~~~~~~~~~~~~~~~:~~~~~~~~~r-1-Elevation I Total Depth of Borehole:

~tt?31/1-Y

bb't)1 I d--a-"

•



Page _\_ of l-

Remarks

PlDIFlO Reading (ppm)
t----"-----...",.,,,

.; 'l

MATERIAL DESCRIPTION

: ~ . I l, \. ~ ~.. ~~::i'~ :\.~~' .

["II:tetra Tech NUS, I"';, :11' BORI~G LOG
PROJECT NAME: NSWC CRANEil .' BORING NUMBER: \3~\J-S
PROJECT NUMBER: "7N-;-::9:::=-06:::-:0::-:C~T;:-;O~02:::::7::-:::9~------DATE: ---'-~)'-::::f}:-:'b;:--;"~O-":~::::=-------

DRILLING COMPANY; -=B=O"""'W"""'S=E=R=-:-::M-=O-=R"""'N=E=R-,.-,·-,·",-,'..----1.,GEOLOGIST:. BOBBAL aVEC

DRILLING RIG: ROTOSONIC DRILLER: \)A\J~ S .

Sampl Depth Blows I Sample

No. (FL) 6- or Recovery I
and or ROD Sample

Type Run (%) length
ROD No.

I-.....,f--+:----:::+--~", .

•

•

• When rock coring. enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: SA4'1i\£() D-\~" {~%:.A",'. '

• Converted to Well: Yes No

Drilling Area
Background (ppm):1 ~u I

WeIlI.D. #: \~'f'C\.W"t b



("'R:)Tetra Ted> NUS, Inc

PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

BEDROCK

MONITORING WELL SHEET

NSWC CRANE DRILLING Co.: BOWSER MORNER

9060 CTO 0279 DRILLER: \hut. e,-
-:S:...;.W.:...;M..:.;.U.:-..;.1.;;.3___ DRILLING METHOD: ROTOSONIC

B.BALKOVEC DEV.METHOD: ~~~~SnA

WELL No.:

PERMIT No:

BORING No.: \"'>~f\

DATE COMPLETED: yvotifj
.... ';J

NORTHING: \"'.lo~b~~ -bl~

EASTING: ~d-"}b,' .~"\"

••
_r---,+----t-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
I....----t-- Elevation of Top of Riser.

.~.'......

•(.;Vo 56'1 ).-/
~bQ..Q' I c...'

fo., u...vl '- '"
c..j)f~' I s'"

PVC

2"

Type of Riser.

Type of Backfill:

1.0. of Riser:

--t- Borehole Diameter.

+---+--1.0. of Surface Casing: '-\~~

Type of Surface Casing: S$\.

Elevation I Depth Top of Seal:
Elevation I Depth Top of Bedrock:

III~-Type of Seal:

~+----+-- Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

~~~~~_ r rr/n
II': TyPe of Surface Seal: '-\ )< '" ).. ,/ y M
~iIlt---+- 1.0, of Pennanent Casing: '(\J A

T.O.A.

Ground Elevation = <0~ .en
DatumMSL:

•

l:b).'~ll \5 ;

~).,<ill \5;

2"

No. 20-40 SAND

Slot Size x Length:

Type of Riter Pack:

Type of Screen:

1.0. of Screen:

~+----+- Diameter of Hole in Bedrock: 1
®Ream: SF..

:If----f- Elevation I Depth of Bottom of Screen:

~~~~i~i[-I-Elevation I Total Depth of Borehole:

Not to Scale



PIDIFID Reading (ppm)

Page Lot L

~." <I"f'_

.;, .. ' ...~ .

""':";'\:f~~,'"
.... ~\ ,.'

MATERIAL DESCRIPTION

("lI:}e", Tech NUS,lnc
PROJECT NAME: NSWC CRANE BORING NUMBER: \~NAJ'U;
PROJECT NUMBER: -;-N::::::9-'::-:06::'::O~C=:=:;T;:-;:O::-O::::-:2::-::7::::::9-------DATE: ~,~'"':fJ-:-'b:=/c1J~=---:----'---

DRILLING COMPANY: BOWSER MORNER . ,", GEOLOGIST: BOSB'ALKOVEC
DRILLING RIG: ROTOSONIC DRILLER: \)AU\; S .

I ",l ~., ....,.

1- ~c,l.m

)

'-\'
I)

0.<) Q

6 GG

1

~ ~~\.

~ c::. '2l' l'IllJ'
~-} \0
l"~(" \J. (I'U.t-'"

•
L"\

1 LuI

l
\-VI 9fJ..

~ ~
\;\~

(..~ )~+ t)1(

Wo-<'). LoA'(

":>on_ L,
(AA't

•

• When rock coring. enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole.' Increase reading frequency if elevated reponse read.

Remarks: '~flL'{ ~ \'1- ~£"\t:'H \l..tJ\t't''W(,.. WI.. ~ \~' IW·"~~\.UW ()\A.\

• Converted to Well: Yes No ------,-

Drilling Area
Background (ppm):r::::QQ:]

WeIlI.D. #: \"~}k



('1I::]T- Tech NUS,Inc BEDROCK WELL No.: \~(r\uv"'\.~

MONITORING WELL SHEET PERMIT No:

PROJECT: NSWCCRANE DRILLING Co.: BOWSER MORNER . BORING No.: \')""-.)""\'"»; •PROJECT No.: 9060 CTO 0279 DRILLER: \){\\I\::' S. DATE COMPLETED: . . ')AVcn
i

SITE: SWMU 13 DRILLING METHOD: ROTOSONIC NORTHING: \~OC6,}'\'} .~~

GEOLOGIST: B.BALKOVEC DEV. METHOD: \.v-NbJ: EASTING: ~o~~bCW .\\.\'6.

-".-----, +---+-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:··
+t----+-- Elevation of Top of Riser:

+----t-- 1.0. of Surface Casing: .~r~~

Type of Surface Casing: ~L

Type of Riser: PVC--=-----

•
b'lb-'llrol )./
b",,~_~1 \v,.

(;g\.C/ol .,,
~",,')..1tDl :3.. \') .\

1.0. of Riser: 2-------

---+- Borehole Diameter:

Elevation I Depth Top of Seal:'111l--Elevation I Depth Top of Bedrock:

~ Type of Seal: ~~ C""m

I_---t-- Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

~~---->'J+:.:+-- Type of Surface Seal: ~'~\.{!'IoK \>1'\9
'A/;llt----+-tD. of Permanent Casing_:---'.S\....*'L:..L. _

r.N~---t-- Type of Backfill:

T.O.R.

Ground Elevation =~u .~b
Datum MSL:

~~ii~~ir1-Elevation I Total Depth of Borehole:

Not to Scale

•

fk'\·~ I. }v(

~"'-~ I ff,.L>(

2-

No. 20-40 SAND

Slot Size x Length:

Type of Filter Pack:

Type of Screen:

1.0. of Screen:

~
. eter·of Hole in Bedrock:........ //

Core Ream:. \:;)------
~--_t-'-Elevation I Depth of Bottom of Screen:



PIOIFlO Reading (ppm

1111

Page _' of _,_

Drilling Area
Background (ppm):13. Co I

Remarks

0150 "\

WeIlI.D. #:_~ _

0\ 02.0

o

/2-@

@ \ 2- 0

TD

No ---""---

SAMPLED

SAMPLED

MATERIAL DESCRIPTION

Yes

[1t)Telra Tech NUS,lnc.
NSWCCRANE'i~'j)· . BORING NUMBER: I 3 <; rs 0 I
N9060 CTO 0279 DATE: - .....3--.,,).--k-=-s:~- ~O:=;,~==----

BOWSER MORNER • GEOLOGIST: "". (, ( Oc. I-f~AIU
GEOPfLOIJf.. ·5'-1 LT' 'DRILLER: ..:r. es l"-£~~

Converted to Well:

• When rock coring, enter rock bfokeness.

- Include monitor reading in 6 loot intervals' @ borehole. Increase reading frequency il elevated reponse read.

Remarks: tJ PI Vv { N\,.. e...-e-D L 0 f<.-[

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

Depth Blows I Sample UlhoIogy
No. (Fl.) 6'"ocRO Recove<yl Q\ange

Type oc (%) Sample (DepIh1FL)

ROO Roo Length oc

No. SCreened
In~

.3/ $. ILl

D

•

•

•



Remarks

@ I 2. ~t;;

@ 00

SAN0'l S IL-T

TO ·0

BORING LOG

SAMPLED l 3 ~5 02-000 <..

SAMPLED 513 07- OLDY

MATERIAL DESCRIPTION

Page .-L of _,_

NSWC CRANE BORING NUMBER: __(1~~o!-.o5.w.:f::,::::O::::.....:"L~ _
N9060 CTO 0279 DATE: . .~ - ~ S- - 0 3>
BOWSER MORNER GEOLOGIST: M· G· C OCHI't "'N •
G E 0 'PRo. 0 f;) E SLi L I DRILLER: T A ~C ,Q->

4

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

3

No.
Type or

ROD Run
No.

.("'II:;) Tetra Tech NUS, Inc.

• When rock coring, enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: ~ P T l.-V / MAc.. t:-O c 0 1<-- L
Drilling Area

Background (ppm):~

Converted to Well: Yes No L....-< WeIlI.D. #: •



PIDIRO Reading (ppm

1111

Page ~of_\_

Remarks

@ 13 15

@ l3 10

SAMPLED 0 2.0t-t

SAMPLED \~' SS -o~OCbz..

MATERIAL DESCRIPTION
Sample

Reco""Y I
Sample
Length

Deplh Blows I
No. (Ft.) 6- or RQ

Type or 1%)
ROO Run

No.

(:nJ ;:~ ~~'~·<\~<~;!~~;~~~~;f~;:~;f~~;}::i;~'i;i;?

~Tetra:Tech NUS, Inc·SO.BING' LOG

PROJECT NAME: NSWC CRANE '~~J~ BORING.NUMBER: ---:::1~3r-:s=--=e:==---:o=::--~-=-- _
PROJECT NUMBER: N9060 CTO 0279 DATE: ~- Z. s- -03
DRILLING COMPANY: BOWSER MaRNER GEOLOGIST: j1\. G. c. 0 C. HA-A,..,
DRILLING RIG: Cd coP R-o ~'E.: 'S'1 L- r . i DRILLER: .:r. A K. e ,.<2.."';>

1

2

3

4

5 To ~·O

6

7

8

9

• 10 :\.

11

12

13

14

15

•

- When rock coring, enter rock brokeness.

-- Include monitor reading in 6 loot intervals @ borehole. Increase reading Irequency if elevated reponse read.

Remarks: 0 PT IA..J I M (II c. r<- [) c.. 0 R- E
Drilling Area

Background (ppm):[L£]

WeIlI.D. #:_~ _\7No --"---YesConverted to Well:.'



("l1:;)Tetra Tech NUS,lnc BORING LOG Page _'_ of _\_

PKlIRD Reading (ppm

Drilling Area
Background (ppm):[L2]

Remarks

OOOL

2...b

@ IS-

T D t..;.D

SAMPLED'

SAMPLED IsS IS a 'i D 2. 0 l.f

MATERIAl·DESCRIPTION
UthoIogy
Change

(Depth /Ft.)

NSWC CRANE BORING NUMBER: _...,;1~3~::=-S-:8~O~Y~ _
N9060 CTO 0279 DATE: ~ - 2. E; - 0 3
BOWSER MORNER GEOLOGIST: f./\.6. C oc..../j f2-lvJ •

G EO Pf!...O&E 54' L r DRILlER:::;r A 'l-f3 R-S

Sample
~I

Sample
Length

9

8

6

5

4

7

1

3

2

10

11

12

13

15

14

Depth Blows I
No. • (Ft.) 6· or R
Type· or (%)

ROD Run
No.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

• When rock coring. enter rock brokeness.

•• Include monitor reading in 6 loot intervals @ borehole. Increase reading frequency If elevated reponse read.

Remarks: b P T l.-v I f'/\ " L P-O C. 0 p.... c:..

Converted to Well: Yes No ~ WeIlI.D. #: ---' •



Page .L of _\_

TOP
.5IL r

1>55

@ 1~50

'TO y.o

SAMPLED l -S ~(S C> s- 020

SAMPLED S ODe2.

MATERIAL DESCRIPTION

':':"6 ':t:::{"':.',:Y;:~~,1jr"'jfi"i;;1'1j!'~i':'·\~\.!i,

• ,·'J\'1I!

"~.',::}~~('~'t:':~ / ..
BOElING LOG

_"l:;~;~''';

NSWC CRANE BORING NUMBER: _-:(~~~S~f3:,~O~:) _
N9060 CTO 0279 DATE: 3> - 2. S" - 0 S
BOWSER MORNER •"I;,,:, k~,EOLOGIST: M, G· c... DC H F<-AN
6 F- () efLof3 E 5'1 (..T DRillER: J. JI\.(~,>

("lb]Tetra Tech NUS. Inc.

Depth _I
No. (Ft.) 6- or RO

Type or (%)
ROD Run

No.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

1

2

3

4

5

6

7

8

9

• 10

11

12

13

14

15

•

• When rock coring, enter rock brokeness.

- Inclooe monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: D P"\ w / /VI A <.. p.. 0 C 0 fL £.

• Converted to Well: Ves No --=----

Drilling Area
Background (ppm):[hID

Welll.p_ #: - _



("II;]Tetra Tech NUS, Inc. BORING LOG Page _'_of_'_

PROJECTNAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

op 1·'1 (.'1 /I I.t}

Remarks

PlOf'AO _ng {ppm

FIt-

J)Ar\P 6 TYl

FE- s.TA,N ED

u
s
c
s

5601.00 O<i

@ 3s

@ /"5 30·

TO .0

SAMPLED \ to 000 2..

SAMPLED

MATERIAL DESCRIPTION
U1hoIogy
Change

(0qICh 1F1.)
or

Saeened-

NSWC CRANE .BORING NUMBER: \"3 S {$ 0 CD
N9060 CTO 0279 DATE: -...:......:3:--::-~Z~5~-~O~~=-----

BOWSER MORfj-JER GEOLOGIST: 1>1· & .. c..OG.H{<AN •
C2 E- Of fL 0 (!;;, l.. S'j L-r DRILLER: ..:I"". A "'" F.. R..

Sample
~I

Sample
Length

Lt,o

2.s/

Depth Blows I
No. (Fl) 6" or R
TJIl" or (%1

RQO R...
No.

• When rock coring. enter rock brokeness.

"Include mon~or reading in 6 1001 intervals @ borehole. Incfease reading Irequency if elevated reponse read.

Remarks: 1> e I lA.J / M A (. R- 0 C. 0«... F

Drilling Area
Background (ppm):[[9J

WeIlI.D. #: ~.\ZNo _--->0<.__YesConverted to Well:



PIIlIFIO Reading (ppm

Drilling Area
Background (ppm):~

Remarks

Wefll.D. #: _'~--'- _

$5 070002-

. C;:) A'III

@ D

No
---:::;--

SAMPLED

SAMPLED I-s. S ~ 0 o'b 10

MATERIAL DESCRIPTION

Yes

'rif;;;!l ~;'lf'4~~\rr .. ,i r'~~\~.fl$f'·f\if:~1', ..l

[11;]Tetra Tech NUS, Inc. n ~oinJ~:~o~ Page _\_ of L
PROJECT NAME: NSWC CRANE ' . '\~i~ BORING NUMBER: L '3 s f3 0 -'7
PROJECT NUMBER: N9060 CTO 0279 DATE: --+:3::::-"'----=Z;..,,:.,.,,:(q'--.,;-;;;..c:>='""="3---
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: t{\ (2 Co 0 C /-fRAAJ

DRILLING RIG: G E.. 0 Pf<-of5.C'"'SLf '-T."DRILLER: J A t::-E";e...!>

1

Converted to Well:

2

" No••

Type 0<

ROO Run
No.

•

••

.5_5.
S. RD

~ -: 'S.fL"I GI2c.

B ~~MP

. • ,

"-
\ ~ e.-A'rTF.flr- ~
;

I
~ ~fW\II

,
E-~\J)AL IJ s'fotfll.

,



(~}etra Tech NUS. Inc BORING LOG Page _,_ of L
PROJECT NAME: . NSWC CRANE, BORING NUMBER:' \\~\o~/~~
PROJECT NUMBER: -:-N:'::"9""'06=-=O:-:C~T;::-:;:O::-O=-:2::-=7:=9----'--'--~--"'GDAETOEL:O'G'1ST: B",o3&B'!OL'KO''VE",C' '.,:'

.: DRILLING COMPANY: ' BOWSER MORNER rfID\
DRILLING RIG: ROTO$ONIC DRILLER:' 'f}I\vt-S·

R.emarks'

,U
S
c.
s.

'~.'

'r

MATERIALDESCRIPTION

~\..:.
' I."

IIJA"

tdW"\ ~
'... ~'l-ti ~U.L

\.(\:

w-.W- \..i
~

lJ(lJ,'{

Ott'<

lithology
Change

(~hlFL)

or
.Screened .

Interval

Sample

Recoveryf

Sample

Length

BIowsf

6" or
RQO
(%)

I----l-+.....-----,..I---~ ,I .j
!. -
I
i'
\. '.

!

.\
!

" When rock coring. enter rock brokeness,

•• Indude monitor reading in 6/oot intervals@ bOrehole. k.crease reading frequencY if elevated reponse read.

Remarks:'
--....----------...,....-------'-,~----'-------'----

Drilling Area .
Background (ppm):~

Converted to Well: Yes No ---- Well 1.0. #: \~~\.O~ •



PIOr'F1O Reading (ppm

Remarks

u
s
c
s

.e

SAMPLED OOOl....

SAMPLED I

MATERIAL DESCRIPTION

(-n;]Tetffi Tech NUS,Inc.~{"~::~~G L~~' Page _\_ of i

NSWC CRANE ;~j.,.<i' BORING NUMBER: _--I..'~-=5~6~O~~ 1-I..L/..:::5"~
N9060 CTO 0279 DATE: Z. (p 0 ~
BOWSER MORNER GEOLOGIST:--G ~-C('II:?-1-
aka p.eo8c . ;;;4 L'T DRILLER: ,7 .A f<-6" /!- ~

Depth Blows I
No. (Ft.) 6" or RQ

Type or. ('1.)
ROO Roo-
o

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

8

9

e, 10

11

12

13

14

15

e

• When rock coring. enter rock beakene5S."

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: feE 0 (i~ 0 D E. Nl A C.EQ (0& r=:
SA FI L e p IN It Ol-C ~,.l r.., -

Drilling Area
Background (ppm):~

WeIlI.D. #:------------vNo _--L.__YesConverted to Well:e··



Pageiof_'_

Remarks

,-) ,j

5M. Mo

S 13 /0 02.ot;

,-0

@

SAMPLED

SAMPLED

MATERIAL DESCRIPTION PlIlIFID Reading (ppm

2

4

9

5

6

8

3

7

1

14

10

12

11

15

13

Deplh Blows I Sample lJthololIY U
No. (A.) 6' orRQ Reco""'l'1 Change S
Type or ('IQ Sample (OepIh1A.)

RQD Run Length or C
No. 5a'eened S

InIenaI

("11;)TelraTech NUS, Inc. BORING LOG

PROJECT NAME: NSWC CRANE BORING NUMBER: --I1-3..e.-5"""-::!B""7-/..........QS:-_·__
PROJECT NUMBER: N9060 CTO 0279 DATE: '3 - 2 W -6 3
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: ",. ( •. C Oc. H~AIV.
DRILLING RIG: G EoPI!!-06~ SLf '- T DRILLER: X· A ......e ,Lc:>

• When rock coring. enter rock brokeness.

.. Include monitor reading in 6 loot intervals @ borehole. Increase reading lrequericy if elevated reponse read.

Remarks: Gf 0 pR. 0 (j E. M AC-g Q C 0 Ie..E

•Converted to Well: Yes No _-J.L.__

Drilling Area
Background (ppm):~

WeIlI.D. #:-------------



Page _\_ of -l

Remarks

U
5
C
5

@

@ 9/5"

SAMPLED

SAMPLED

MATERIAL DESCRIPTION

"',p( "\:'.~ i':({:~~~t'~;V'~1'1 i'.

'BORING LOG

Sample
Recove<yl

Sample
lenglll

1o

[-n:]Te,ra TechNUS,lnc.
NSWC CRANE !~ihY,~' BORING NUMBER: ~:±-/-,,~-=:......:SOlt.:·-LfS=--:~1~/ _
N9060 CTO 0279 DATE: . 3 - 2 (4 - 0 3!
BOWSER MORNER . . . GEOLOGIST: ,,1\. G. COt. H~AIU

6 f: 0 PR.0C~ .' s:t L r" i" DRILLER: r A \"- ~ A: ")

Depth Blows 1
No. (Fl.) 6- or RQ

Type 0 or 1%)
ROD Run

No.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:•

.'

• When rock coring, enter rock brokeness.

.. Include monitor reading in 6 foot intetVals'@ borehole. Increase reading frequency if elevated reponse reild.

Remarks: Gr: 0 P~O (3 € ~ '" C,.IQ. 0 C. OR e

• Converted to Well: Yes No
-----"''---

Drilling Area
Background (ppm):[[1]

Welll.D. #:~__..,-- _



Remarks

@ '3') 5

@ 30

BORING LOG

SAMPLED I I '2- 0 2- OL.(

SAMPLED 1~ S

MATERIAL DESCRIPTION PlDIRDReading(ppm

Page _\_ of _,_

NSWC CRANE BORING NUMBER: I '3 5 B I 2-
N9060 CTO 0279 DATE: . ---'-'3?=-''--'''2-=-=7-/,p--'-~O:;;''''''3J--

BOWSER MORNER GEOLOGIST: ~I'\! Ce . La G 1-/ ~Av.
G e Q p ~o.B~ £'1 t-T DRILLER: S"'. A J'..£ /L'?

1

('II:;)Tetra Tech NUS,lnc.

9

8

PROJECT NAME:
PROJECT NUMBER:
DRILLING .cOMPANY:
DRILLING RIG:

Depth BlOW1i I
No. (Ft.) 6- 0< RQ

Type 0< ('X.)
ROO Run

No.

• When rock coring. enter rock brokeness.

•• Include monitor reading in 6 foot interva1s @ borehole. Increase reading frequency if elevated reponse read.

Remarks: G E oP12 O{St V\f\ A c.. go COR.£;...

•Converted to Well: Yes No

Drilling Area
Background (ppm):~

WeIlI.D. #:-----------



•

.:

APPENDIX F.2

SWMU 16



.. , '.' ,~

... t.

PIOIFlO Reading (ppm

Remarks'

ur------r~~ET~

s
c
s

["'FI:)Telra Tech NUS,lnc. BORING LOG Page -.L of l
PROJECT NAME: NSWC CRANE BORING NUMBER: '\\YTt:y,,P\)\ I';)~~
PROJECT NUMBER: N9060 CTO 0279 DATE: ~('i LO') ,
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: -=B=O=B'-::B'l-:A';-L~ko;;""V:-:-:E=C::------

DRILLING RIG: %.0~ DRILLER: DAVE S.

,"===,.,:,.M:,;,ATERIAL DESCRIPTION
Sampl Depth Blows 1 Sample Lithology

No. (FL) 6- or RecoYeryI Change

and 0< ROD Sample (DepthlFll
Type 0 Run (%) length 0<

ROD No. Screened
Interval

•

Converted to Well: Yes x No Welll.D, #: _\.l..1b~1'!'.:.;Uf\.o~-=\.;-' _

•
• When rock coring, enter rock brokeness.

•• Indude monitor reading in 6 loot inte<Vals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: b' (rc...... \.NtH Sn e '}l.I.' \u r 'X,m,l-'I\l
s ...r '\")4.' ~=w ot

Drilling Area
Background (ppm):~



('1I:;)TO'" Ted> ~US,Inc.
PERMIT No:

•\~~

\")} \\~ .~q,&

X:"'\ '}-~\ ·1-eaS

WELL No.:

BORING No.:

DATE COMPLETED: .

NORTHING:

EASTING:

BEDROCK

MONITORING WELL SHEET

NSWCCRANE

9060 CTO 0279

SWMU 16

B.BAlKOVEC

PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

_r----, ---f-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface: .
I ....---+-- Elevation of Top of Riser.

. .../r
+---+-- 1.0. of Surface Casing: ~ S()uJl(l£

lbL\·S

S rr

PVC

2"

Type of Surface Casing: _·_·S_~__£_\.. _

Type of Riser.

1.0. of Riser.

+--+- Borehole Diameter.

~~7-~1- Type of Surface Seal: \.l,.~ )0- b/' ?"0
~~--+---I.D. of Permanent Casing: .Nl\

....
"-":I--+l~---f--
....
.....
.... -

.....

T.O.A.

Ground Elevation =l..bJ_0l
Datum MSL:

Not to Scale

•



, P1D1FlD Reading (ppm

1111

Page--Lof~

Remarks

-:. ......

/

u
s
c
s

lL.

,/
\0 ').

MATERIAL DESCRIPTION
Sampl Depth BIowsf Sample UtIlology

No. (R) 6" ()( ReeoVllfYf Change
and ()(' ROO Sample (DeplhfA.)

ype Run ('/0) ~ ()(

~o No. Sc.-.ed
Interval

~ ·1..!6:.:~:tj/~·,:';;t~i;&~i. .•..:. ,~'':'

~Ietra Tech NUS,lnc. BORING LOG
.~ r~ '~ •.h:' /

PROJECT NAME: NSWC CRANE J,,;'.;11. BORING NUMBER: \p~,gQ
. PROJECT NUMBER: N9060 CTO 0279 DATE: -~~"'-f\-'.L~u-=1=------

DRILLING COMPANY: -=B;':O~W';";S=-=E==R:-M::-:-=O::R~N=E=R------GEOLOGIST: ' BOBBALKOVEC
. DRILLING RIG: ROTOSONICf,' "DRILLER: {) Avi.. S.•

••

" • When rock coring, enter rock brokeness.

. ... Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

~·.Remarks: '5/r ,,- \f,'" .

Drilling Area
Background (ppm):~

•
Converted to Well: Yes x No ---- WeIlI.D. #: \6n'\A.f\dd:



PROJECT No.: 9060 CTO 0279

["l1:]TeIJa MNUS, Inc

PROJECT:

SITE:

GEOLOGIST:

NSWCCRANE

SWMU 16

B. BALKOVEC

BEDROCK

MONITORING WELL SHEET

DRilliNG Co.: BOWSER MORNER

DRILLER: Qts-''''- C).

DRILLING METHOD: ROTOSONIC

DEV. METHOD: ~~

WEll No.:

PERMIT No:

BORING No.: \b(N..J'-l~

.. DATE COMPLETED:. "1(\'/01

NORTHING: \1'1-\\"'-b."'}.

EASnNG: ')u'\ 6-"I)~'4..\\0
•

-.,----, ---f-- Elevation of Top of Casing:

•

•

""\.l\\.(o 7 b"
""\.""-k. I 9> '

\'i)J~ I ):/
I."\\.{o I \l....

\.1\.·<" I \'!'
L~1...b I \~I

~ \1'( ....

PVC

No. 20-40 SAND

2'

2'tD. of Screen:

tD. of Riser:

Type of Riser.

Slot Size x Length:

Type of Filter Pack:

Type of Backfill:

Type of Screen:

--t-- Borehole Diameter:

..

----+--I.O.of Surface Casing: \(~~~t-

Type of Surface Casing: ~'"'u..\'"

Elevation I Depth Top of Seal:

'II~_ Elevation I Depth Top of Bedrock:

~ Type of Seal: \)f;.(\)". Lh-,z)

I----+-- Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

,. r /rn
Type of Surface Seal: ,,>-~ ). b L f.\C)

w~--t-- tD. of Permanent Casing: wA
.~.....:..=:.;...;...-----

Stick Up of Casing Above Ground Surface:
I~---+-- Elevation of Top of Riser.

.....

.•..•
....

..••.

.... Diameter of Hole in Bedrock:. ( ~,.... e Ream: :::l

:"f----t- Elevation I Depth of Bottom of Screen:

~~~:.~[~j~j~I~I:~~I~jj~j~j~:~~:r-Elevation ITotal Depth of Borehole:

Not to SCale

T.O.A.

Ground Elevation =1.)\ ,~
Datum MSL:



Drilling Area
Background (ppm):~

Remarks

PIDIFID Reading (ppm
t--~------r

III
MATERIAL DESCRIPTION

Sample
Recovery I

. Sample
Length

Depth Blows I
(FL) 6"0<

0< ROO
Run (%)

No.

[11;ret,a Tech NUS, Inc.' '., B6~~G~~OG Page _1_ of~
PROJECT NAME: . NSWCCRANEt~,;·i. BORING NUMBER: \(..,'f'C'V,)\.03/'JO\l..
PROJECT NUMBER: ~N~906=O;;-C~T:;::O~O::::27:::9:---------DATE: ~fWM j

DRILLING COMPANY: -=BO~W:':-:S:::-:E~R::-M:-:-:::O::R-:=:N=E=R------GEOLOGIST:. -;:;B~O~B'B;:';AT[K()1;;KO~V~E~C~.-----
~,...;;;-;;;..,.;,~:;...;...=.....:-_----

DRILLING RIG: ROTOSONIC ',' ... DRILLER: \) A\1&;<) •

-
1-+-+~-f"O--::>f----f-

.• When roc\( coring, enter rock brokeness.

' •• Include monitor readiOg in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

. ,flemarks: ~(r" -). S".)'_ .",,'

Sampl
No.

and
ype
ROD.~ rr

•

•

•
Converted to Well: Yes No ---- WeIlI.D. #: _...I.\~bw.!tYY"-="o!-j.l.Jlo...L)~~ _



P101Fl0 Reading (ppm)

Remarks

MATERIAL DESCRIPTIO;,."..N,;",.,.".,=,...,..".,.,.,.,l

SC1'eened
Interval

Ulhology
Change

(Depth IFL)

Sample
Re<:overy I

Sample
Length

Blows I

6" '"
Rao
(%1

(11:;}etra Tech NUS. Inc. BORING LOG . Page..:+ of 2-
PROJECT NAME: NSWC CRANE BDOATREI~.G NUMBER: \~~?V)L~~~b
PROJECT NUMBER: ";"N;"::9;';06';"O~C~T:::CO~O~27==9:--------'--- '"\~L

DRILLING COMPANY: BOWSER MORNER GEOLOGIST: BOB ALKOVEC
DRILLING RIG: ROTOSONIC DRILLER: \) l\- - <; .

" When rock coring. enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency jf elevated reponse read.

Remarks:-----------_----:._-----------
Drilling Area

Background (ppm):~
.~ \

Converted to Well: Yes x No WeIlI.D. #: _---L-"'<...:C....:...=.:"---=c.=...::=-- _

•



("'II;JTeba Tern NUS, Inc WEll No.:

BORING No.: . \1qn4)"O¥

DATE COMPLETED: ,,¥,of?3
NORTHING: \\).04\\\:). ~\"

EASTING: ~vV)"~C\ .\\0

PERMIT No:

r1·.~-;~ ~~~~~'.: '... ~. ,

ROTOSONIC

BOWSER MORNER

\?PtV~).

DEV. METHOD:

DRilliNG po.:

DRillER:

DRILLING METHOD:

B. BALKOVEC

NSWCCRANE

9060 CTO 0279

SWMU 16

PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:
•

,.
".

_r--......" _---t-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
+t----+-- Elevation of Top of Riser.

"/
----t--I.O. of Surface Casing: ~r.s&v..l'I.{l.~

I",,'ij 04\ 7 '6;)'

'"\b.o.' I AS"

l ",itt) I }oJ"
·'Wi·lt') I ?>"

\~.ct.<;" I ')5 r

"ldlo.l\tl I ')l)'

~\1{....

2"

No. 20-40 SAND

PVC

2"

Slot Size x Length:

Type of Riter Pack:

Type of Screen:

Type of Surface Casing: ~:nf£\..

1.0. of Screen:

Type of Riser.

Type of Backfill:

--t--- Borehole Diameter:

:I----t-- Elevation I Depthof Top of Filter Pack:
Elevation I Depth of Top of Screen:

Elevation I Depth 'rop of Se"at:

I
III~_ Elevation I Depth Top of Bedrock:

Type of Seal: ~tI\J'- ~:W~

l7';I7J'---'"f+:.::t-- Type of Surface Seal: ~~ \.()<. C:' ~~l)
,c/~II----+-I.D. of Permanent Casing.:...:--:.;NAw.L~__

WM---t-- 1.0. of Riser:

Not to Scale

Diameter of Hole in Bedrock: SIt
~Ream: _ "

:If---~- Elevation I Depth of Bottom of Screen:

~~~:'~~jijj~~)))~~~~))~~~)~~))j~~i~~~~r-r-Elevation I Total Depth of Borehole:

't-' .~

T.O.A.

cCGround Elevation =l bl. ~

Datum MSL:

:-,,,,',;;.,

'~."'" .

•

•



•

. Page _,_ of _

Drilling Area
~ackground (ppm):~

\.

No
---'---

BORING LOG

MATERIAL DESCRIPTION

xYes

c....)

(-I

Converted to Well:

" When rock coring. enter rock brokeness.

"" Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency jf elevated reponse read.

Remarks: ~r0_'-\' S/r (,O(tt ,-\'_"Wr Sfr ~t.~('C\ :}{ 'flo;"
. '..Vf.u. Sf] .(, AS' ~I\JC)"'O ,,' ~)£.'"'\ '\) \~- '}..lL(M-< '" 'l....

Sa Depth Blows I Sample

No. (Ft.) 6" 0< Recovery I
and or ROD Sample

Type 0 Run (%1 Length or Remarks
ROD No.

("'R:}e,rn Tech NUS, Inc.
PROJECT NAME: NSWC CRANE . BORING NUMBER: \("'ICf\\A2~ OLt
PROJECT NUMBER: -:-N':'::90=60::-;:::C~T'::::O:-:O::-:::2~7'="9--------DATE: :vtrtH- V'l..{I>~

DRILLING COMPANY: BOWSER MORNER GEOLOGIST: BOS BALKOVEC
DRILLING RIG: ROTOSONIC DRILLER: n \J t. C).



["lI::;]Tetra Ted> NUS, Inc

• PROJ.ECT:

PROJECT No.:

SITE:

GEOLOGIST:

NSWCCRANE

9060 CTO 0279

SWMU 16

B. BALKOVEC

·!·,:·;:;~f~i!i.)/:' ~
·r ,.. :', • ~ <; .

f." '0";'

BEDROCK", ..
.j. ~~

MONITORING WELL SHEET

WELL No.:

PERMIT No:

BORING No.: \b~O'-t

DATE COMPLETED: ~/q,~)
~ ,

NORTHING: \~'} \001 .g~ \
EASnNG: 3>o}J'\\b.~\.\o

_-r-----. ---t-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
+f----+-- Elevation of Top of Riser. )bb.\,-\

I.
---+--1.0. of Surface Casing: ~r~u.An£

No. 20-40 SAND

PVC

2'

2'

Slot Size x Length:

Type of Screen:

Type of Filter Pack:

Type of Backfill:

Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

Type of Riser.

1.0. of Screen:

1.0. of Riser.

_-+- Borehole Diameter.

Elevation I Depth Top of Seal: l'i '-'ill l J-....
...:..:.-:::,:~--=-~-

'11~~Elevation I Depth Top of Bedrock: ~_,=-","""-I,---_7\,-/_..,,.

~ Type of Seal: ~!9"""\ 4~s

:J+----+- Diameter of Hole in Bedrock:.. - ,t
~Ream: . _----'.~-.L- _

Elevation I Depth of Bottom of Screen: "\~ca.~ I }-s r
,

l\~'~ I )-S

Type of Surface Casing: ---'~:.-.:-=-=\...~__

h;t7}f"""7;=t-- \.t.A\' t' "r ff l'.",~v.. Type of Surface Seal: \., ""',-Q \-",.1

W~--t--1.0. of Permanent Casing_:_..:.(\)i\.:::w.. _

.....

....•

..........•

.....

:::::
.....

Not to Scale

~$5~~~~il-r--Elevation I Total Depth of Borehole:

T.O.R.

. lb;~~
Ground Elevation =
Datum MSL:

••

•



U·"]

Page _\_ of 2-

\ '

Drilling Area
Background (ppm):~

BORING LOG

MATERIAL DESCRIPTION
Depth Blows I Sample

No. (FL) 6" or Recowtyl
.".j or ROO Sample

ype Run ("Aol Length or Remarks
ROO No.

["'R:}elra Tech NUS. Inc.

PROJECT NAME: ~N,...-S..,...W".."C.....,C=R=A_N,...".E~ BORING NUMBER: \b%flo; /~'lk
PROJECT NUMBER: N9060 CTO 0279 DATE: \.\l'\fI)3 7 .
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: BOBBALKOVEC
DRILLING RIG: ROTOSONIC DRILLER: ~~ C) .

• When rock coring. enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:--------------------------
Converted to Well: Yes No ---- WeIlI.D. #: ":>~j\0')

•



PllllflD Reading (ppm

1111
Remarks

MATERIAL DESCRIPTION

. 'i'1}'{ti'}lt'i"l;""'~';;':'V-i{>[l''' 11\';;·!it·~;ff.1f~~

["A:yetraTechNUS' Inc ... "~Jli~~~oG Page~of 2-
~~ft~'~·

PROJECT NAME: . ~N;-::,S="W::-::C~C;,::R=-:::A~N=-=E==- BORING NUMBER: \b fC'v,)].vc; / )\\:u,
PROJECT NUMBER: N9060 CTO 0279 DATE: ---'=-:-~"=;(Q,=-I\J1~~'''''''''''''.=.s~---

DRILLING COMPANY: BOWSER MORNER GEOLOGIST: BOB BAf.KOVEC
DRILLING RIG: ROTOSONIC ' , ':".'....1. DRILLER: \)~~.

Depth Blows I Sample lithology U
No. (R) 6' ot Recovery I Change S
and ot ROD Sample (Deplh1A.)
ype Run (%) Length ot C

.j;, ROO No. Screened S
'.":-

Interval

•

• When rock coring, enter rock blOkeness.

.< ., Indude monitor reading in 6 foot intervals @·borehole. Increase reading frequency if elevated reponse read.

Remarks:-----------------"------------

••
Converted to Well: Yes No ----

Drilling Area
Background (ppm):~

WeIlI.D. #: \b(!'W"'\O'"l



BEDROCK

MONITORING WEU SHEET

WELL No.:

PERMIT No:

_.r----, _--+-- Elevation of Top ofCasing:

PROJECT: NSWC CRANE

PROJECT No.: 9060 CTO 0279

SITE: SWMU 16

GEOLOGIST: B. BALKOVEC

.DRILLING Co.: BOWSER MORNER

DRILLER: \)k\J6 .
DRILLING METHOD:' ROTOSONIC

DEV. METHOD: \.Alw.~ \?\A.~

BORING No.: \'o"''9Xf./~
•

DATE COMPLETED:· ~)

NORTHING: \ j? i; e \ '"\ .,"¥\~
EASTING: ?;aS J 93 'l ~d.!a\)..:n;

--- ?- lb', S

•

•

-";'15 7 ~..... '
-l')"S I J)S\'.

L)et]; I 15'
MS/4 .....

PVC

No. 20-40 SAND

2·

2·

Slot Size x Length:

Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

Type of Screen:

Type of Riter Pack:

Type of Riser.

Type of Backfill:

1.0. of Riser.

1.0. of Screen:

--t- Borehole Diameter.

Elevation I Depth Top of Seal:'111-Elevation I Depth Top of Bedrock:

~ Type of Seal: \)i.N'- ~~~

, \.r I r, h
Type of Surface Seal: ~ }- " ,(. p Y~l)

'A/ill\-----+- 1.0. of Pennanent Casing: C\I A
'-...:...:.""'--'----

Stick Up of Casing Above Ground Surface:
+I----i-- Elevation of Top of Riser.

,/,.
---i--I.p. of Surface Casing: " Sc1u.AQ£

Type of Surface Casing: ~~\....

Not to Scale

.....
.}----{<H----f-

....

.....

...••

~~ter of Hole in Bedrock:. r 1/'
::::: ~Ream: _--,.~"",,- _

.-If-----+- Elevation I Depth of Bottom of: Screen: l }SjS I ~t'

~~~i:~I:~I:~~:::~~I~I:~:~~_I_Elevation I Total Depth of Borehole: \).~') I ~V"

T.O.A.

. lb\.l·~
Ground Elevation =~
Datum MSL:



MATERIAL DESCRIPTION PlDlADReading(ppm

Blows I Sample l../thoIogy U
S""" Recovery I Change 5ROD Sample (Depth /Ft.)

(%) Lenglh ""
c Remarks

Screened 5
tot1;n Interval

'~'('." .' '. '. t.',~'~(·~ -ii'

["R:telra Tech NUS. Inc. Bci~lt.m LOG Page lof _,_

PROJECT NAME: NSWC CRANE ,:})l;'i' BORING NUMBER:_\;,.,;~=-~~iU)b~:-- _
PROJECT NUMBER: N9060 CTO 0279 DATE: "-\ :1J)1
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: -=B'""O""B:-\l"""A:-!ILL.,..,K;./:,6~v=E=C-----

DRILLING RIG: ROTOSONIC'· ,. , ';'.,' DRILLER: ~~c:.:a~..'

.'

", When rock coring, enter rock brokeness.

·"·:lndude monitor reading in 6 foot intervals @ borehole, Increase reading frequency if elevated reponse read.

,Remarks:, l",' _

•
Converted to WeH: Yes No ----

Drilling Area
Background (ppm):c=J

WeIlI.D. #: \6 '('l\~r\."So



['1I;]Tetra Tech NUS, Inc. BEDROCK

MONITORING WELL SHEET

•BORING No.: \\}~b

DATE COMPLETED:, ~O)

NORTHING: \,\}-\\~\q

EASTING: \O"\~~ .)....)

WELL No.:

PERMIT No:

BOWSER MORNER

DWN~"~DRILLER:

DRILLING METHOD:

DEV. METHOD: W~t.~

DRILLING Co.:

B.BALKOVEC

NSWCCRANE

9060 CTO 0279

SWMU 16

PROJECT:

PROJECT No.:

SITE:

GEOLOGIST:

_rr----, +----t-- Elevation of Top of Casing:

Stick Up of Casing Above Ground Surface:
I+-1----+- Elevation of Top of Riser:

'\. r ..• \\'_ ..... "
V..s>~UA~ ~ •11JO :'l-" I \ \""

'"l'lp:1.' I ~/

l"'-~-..' 7 \, ......
1~lo-,,1 I \5'

Elevation I Depth of Top of Filter Pack:
Elevation I Depth of Top of Screen:

Type of Riser: _P_V_C _

1.0. of Riser: 2"------

~".--1--- Borehole Diameter: ~

Elevation I Depth Top of Seal:'1Ii-Elevation I Depth Top of Bedrock:

~ Type of Seal: h~~

"---+-- 1.0. of Surface Casing: "'- ~SauAQ£.
Type of Surface Casing: --...;Na-.=;'......A _
Type of Surface Seal:~/".....:...'"..~ ~ "..0

~"'---+--I.D. of Permanent Casing: N p...

rAo'~---+-- Type of Backfill:

T.O.A.

'-10\ \.,Ground Elevation = -

Datum MSL:

Type of Screen:

Slot Size x Length:

LD. of Screen:

Type of Filter Pack:

2"

No. 20-40 SAND'

Diam~~ole in Bedrock: ;;

core~ b r

':'!!'_---,--_-+_ Elevation I Depth of Bottom of Screen:

~~~'::::~~:::~::::~I~::~~~::,:~:~~_t,---Elevation I Total Depth of Borehole:

Not to Scale

-'
'~:l' I d-"
l~:"\' I }S'"

•



P·age _'_ of _'_

Drilling Area
Background (ppm):[U]

Remarks

WeIlI.D. #: _

i

s IL.T

@ 0

No
-~--

SAMPLED

SAMPLED I

MATERIAL DESCRIPTION PlOtAO Reeding (ppm

iili
~iiifl.

Yes

Depth Blows 1 Sample U
No. (R.) 6" o<RQ Reco¥eryl

SType 0< ('1(.) Sample

ROD Run Length 0< C
No. S

':£

Converted to Well:

• When rock coring, enter rock brokeness.

.. InclUde monitor reading in 6 foot intervals @ borehole. Increase reading rrequency if elevated repoose read.

Remarks: G Eo e gO($ E MAG- RoC. o~ E

'(, -': ,rr;~. ~~~ ::,i~;' ' .. ~·1... "",',

[1t:)Tetra Tech NUS,lnc BO~;NG LOG
PROJECT NAME: NSWC CRAN.E .·~<l BORING NUMBER: /0 5 8 0 I
PROJECT NUMBER: N9060 CTO 0279 DATE: -~$""'-""'2~7;"'-~O~3:------

.DRILLING COMPANY: BOWSER MORNER GEOLOGIST: M . V' C eX.. I-I~ AAoI
DRILLING RIG: G F;oeR¢c. 5 L I L-/ DRILLER: .r: A ~ Etf!-~

• t---+--t--_\.----i---+----+-+-+--+-f

•

••



(11;Jietra Tech NUS,lnc. BORING LOG Page~of_l_

Remarks .

01rf"i.P

FILL

We-A T+l&,etr.P

'S~ IN 6~.

M .b F\ f\'I P .7 /·7 {. .

/

~ /tN-a

SAMPLED a z. 0 Y 0

SAMPLED / cx:v L

MATERIAL DESC;RIPTION

NSWC CRANE BORING NUMBER: _-I-/~(o~2~IJ,...=D=--=2-=7--=-__
N9060 CTO 0279 DATE: • 3 - 2. 7 0 "'3
BOWSER MORNER GEOLOGIST: .M G, C 0<:: I-I,;?A-"-.;

C> r:. 0 p~O ~ €- .s~ &-1 DRILLER: _ J""' A- ~ r R- ~

Semple

Reco""'Y 1
Sample

Leng\tl

Depth Blows I
No. (Ft.) 6" or RQ

Type or (%)
ROO Run

No.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

• When rock coring. enter rock brokeness.

- Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: (? E 0 f? e-- 0 f3 t 54 L r
Drilling Area

Background (ppm):lI::7J

•WeIlI.D. #:-----------lcv
No

-~=-----
YesConverted to Well:



['1b]Tetr. Tech NUS, Inc.

,f' ' •• ,'~'(' :•.t!~~~T:;':'\"~'·'~

BORING LOG P<ige~ of _'_

Remarks

u
s
c
s

oz.

.D

@

. @ .,A je.. p r../

C'-A Y£

SAMPLED NOS tJf;, S PI.-,

SAMPLED

MATERIAL DESCRIPTION

NSWC CRANE BORING NUMBER: II, .s (3 0"'3
N9060 CTO 0279 DATE:' -_.L.~..u:."';:_='2.~7=---::o:-:~:-------

BOWSER MORNER GEOLOGIST: M (,. ( 0 c.. N~~~
C eoefL06~ SLi ~) 1 DRILLER: J. A ;Lf:~ ~

No.
Type or

ROD Run
No.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

S'I 1

2

3

4

5

6

7

8

9

e 10

11

12

13

14

15

e':

Drilling Area
Background (ppm):lI:1J\,

WeIlI.D. #: _.'_,_,-~ _No _.lL..__YesConverted to Well:

• When rock coring. enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: ---------------------------"0-

e-



Page _\_. of _.\_

Remarks

PlIliRO Reeding (ppm

ur------~~~~

s
c
s

ML

o s vf3 StJR.FI\f,F-.

@ /0 0

SAMPLED I to S

SAMPLED

MATERIAL DESCRIPTION
DepIh BIowsf 5ampIe Ulhology

No. (FL) 6" or RQ Ile<:o-vl Change

Type or (%) SanipIe (Oepth1fL)

ROO Roo Lenglh or
No. Screened-

')1
1 I· 7/ 1.0

2 . . 5

(11:]TetraT~ NUS. Inc. BORING LOG

PROJECT NAME: NSWC CRANE BORING NUMBER:
PROJECT NUMBER: N9060 CTO 0279 DATE: _..L.-~-=-,-,="_:""""'~ _

DRILLING COMPANY: BOWSER MORNER GEOLOGIST:
DRILLING RIG: 6 E:.o r~06E... S L/ Lr DRILLER:

• When rod< coring, enler rod< brokeness.

•• Include monitor reading in 6 1001 intervals @ borehole. Increase reading frequency if elevaled reponse read.

Remarks: ---------------------------'-

•
Drilling Area

Background (ppm):~

. Welll.D.I:-----------No
------'loC---

YesConverted to Well:



1111
PlM'IO Reading (ppm

Remarks

@

SAMPLED

SAMPLED I

MATERIAL DESCRIPTION

\.0

Sam Depth Blows I Sample lI1hology
No.8 (Ft.) 6" or RO Reco¥etyl O>enge

Type or ('Yo) Sample (Oeplh IF\.)

ROO Run Leng1h or
No. Screened

"::
"

Interval,

[-wtJTetffi Tech NUS,,ncY'C:d~f~::~G Page i of _,_

PROJECT NAME: NSWC CRANE i~;?fIl" BORING NUMBER: I (0 '2 (3. <:> S-
PROJECT NUMBER: N9060 CTO 0279 DATE: _-..L....I.3~.e._-:2~7=-=-::.....C>---:-'O;'=---

DRILLING COMPANY: BOWSER MORNER ,GEOLOGIST: M, C? C OC fiR A-"-
DRILLING RIG: G E 0 ee.O 6C- S4'-7DRILLER: S. A t£. e- f!- ';.

•

• When rock coring, enter rock brokeness. .

•• Include monitor reading in 6 loot, intesvals @ borehole, Increase reading frequency if elevated reponse read.

Remarks: -------------------------'-----
Drilling Area

Background (ppm):[::LJ

.' Converted to Well: Yes No ---""---
Welll.D, #: _



["II6]Te.", Tech ~US.lnc. BORING LOG Page _,_ of _,_

Remarks

/'bO",," J c.O<t..t'~

Fote- .~p,-. VOL-.

MATERIAL DESCRIPTION

NSWC CRANE BORING NUMBER:
N9060 CTO 0279 DATE: ---=~~-=~,.=:;.----

BOWSER MORNER GEOLOGIST:
G E 0 e~Of'J E- 5 4 L-r DRILLER:

Semple
R~I

Sample
Length

S, 1 \.0
2

3 RE ~ \} S I\l.-

4

5

6

7

8

9

10

11

12

13

14

15

SAMPLED

@ (

SAMPLED Ijo ~IJB =:. IJU~(...r;.

@~PL- n )C-f= NI

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

Deplh Blows I
No. (R.) 6'" or R

TfP" or fl'o)
RaO Run

No.

• When rock coring. enter rock brokeness.

•• lnclude monitor reading in 6 loot intervals @ borehole. Increase reading frequency if elevated reponse read.

RemarKs:------------------,----------

•
Drilling Area .

Background (ppm):[[2]

(,7No
--b"'---

YesConverted to Well:



III1

Page _'_ of _'_

Remarks

~oo, 30 C-OIf!G ..

FOfe- :. Pt.. \J 0 L- •

u
s
c
s

~P. F.l-L,.

MJ..

'"

@ 00

SAMPLED f ,lJ, SSOl 000 'Z.-

MATERIALD

. F','··r:'_ ';,!:~~~fjrl>~,.~~(.:'.t'~'.

BOBING~LOG
) , .

.'t"1~''f''· •

NSWC CRANE BORING NUMBER: 1(Q 'S r.::, 0 7
N9060 CTO 0279 DATE: ---=5~-~Z-~7=--""";O=-~.L-_--

BOWSER MORNER ., •. ·..;·: ...,i. <.G~OLOGIST: M . G . c.. 0 C H-t"<A.-J

G~ 0 P~o6e- 5"1 L'- DRILLER: $. A, ,L E./Z'>

Sample
Reco~1

Sample
Length

[11:)1'",ra Tech NUS,lnc.

OeplIi' Blows I
No. (Fli 6- eM'RQ

Type eM' (%1

ROO Run
No.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

$, 1

2

3

4

5

6

7

8

9

• 10

11

12

13

14

15

----

.--

• When rock coring, enter rock brokeness.

~ Include monitor reading in 6 foot'intervals @ borehole. lnaease reading frequency if elevated reponse read.

Remarks: ---------------------------.- ...
Converted to Well: Yes No \/

Drilling Area
Background (ppm):u::::2]

Welll.D. #: _



["lI::;)to.ra T_ NUS. Inc. BORING LOG Page~of_'_

MATERIAL DEPCRIPTION

NSWC CRANE BORING NUMBER: _----l-'-"::........::::....:.-=-~..J..----
N9060 eTO 0279 DATE:
BOWSER MORNER GEOLOGIST:

G G 0 e~o(!J '=-- s'-t L.. T DRILLER:

1 \.0

2 ~ JL T'f SAND

3 f<.e PI,,» A l-- Q
,

,.S
4

5

6

7

8

9

10

~1

12

13

14

15

SAMPLED ,(p~sa 0002.-

@ -0

. SAMPLED NO ~ ,)(3 S lJ P-FAc. E-

n I~A.-

Depth Blows I
No. (Ft.) 6" or RQ
Type or ('1(0)

ROO Run
No.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

• When r'ock coring. enter rock brokeness.

.. Include mooilor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:--------------------------

•
Drilling Area

Background (ppm):[[]]

WeIlI.D. #:
~-~--------

No _---Olo'---_YesConverted to Well:



Page _\_ of _'_ .

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

Remarks

@ '~5~

SAMPLED 0 :> () R FA~

SAMPLED I (p 5 ~ 0 cr 000z.

MATERIAL DESCRIPTION

.~...;..

.. ...

Sample
R~I

SIImpIe
lenglh

t· 3/

2,0

No.
Type or

ROO Run
No.

•.-

1

2

3

4

5

6

7

8

9

,e 10

11

12

13

14

15

• When rock coring. enter rock brokeness.
.. Include monitor reading in 6 fOOl intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:---------------------------
Drilling Area

Background (ppm):1:llJ

e'
Converted to Well: Yes' No \ L

•
WeIlI.D. #: __-=-- _



. ("II:)Te'fa Tech NUS,lnc. BORING LOG Page~ of _'_.

~ft"rI p, r=-, ... '
S~ F~A.r.-· I!:I

Remarks

'rt> 0 "- 3 c 0 ~ ~s

r-o~ ~~c.. VOL.

MATERIAL DESCRIPTION PlDIRDReeding(ppn

NSWC CRANE. BORING NUMBER: ~...L/~tp>Z...-~.=..,.;~..::....,.;'o...-..;;;;.D _
N9060 CTO 0279 DATE: ::,- z. -j - 0:.
BOWSER MORNER GEOLOGIST: M 6 C. DC- H,e.A IV •

G~ DP~6 c- 5L-f L to DRILLER:::r'A 'f...EfC.-~ ~

~ Blows 1 S8mpIe
No. (F\.) 6" orRQ Rec:o-v

'Type or 1'%1 Sample

ROO Run length or

No.

PROJECT NAME:
·PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

13

14

15

@ .J
OOQOl-

@

SAMPLED f

SAMPLED

" When rock coring. enter rock brokeness.

.. Include monitor reading in 6 loot intervals @ borehole. Increase reading Irequency if elevated reponse read.

Remarks: ----------'---------------_--.:..

•
Drilling Area

Background (ppm):~

WeIlI.D. #:------------No
---"'---

YesConverted to Well:



Page _\_' of_'_

Remarks

".

@ IS 2..b

@ I~ 'r)

SAMPLED I 'c, S (3 • I 0 Z. tJ

SAMPLED

MATERIAL DESCRIPTION PIOtF1O-.g(ppm
Sample

Rec:o-r l
Sample
length

~I

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

e.

·~.

• When rock coring, enter rock brOkeness.
•• Ioctudli monitOr reading in 6 Ioot·intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:---------------------------
Drilling Area

Background (ppm):[D

Converted to Well:.-._..
Yes No

----l\F--
WeIlI.D. #: ----'__



Page _,_ of _'_

S/t.-T

@

SAMPLED 2. 006 2-

SAMPLED I lo ) (3 1.2 0 Z.Ci 4-

MATERIAL DESCRIPTION

1

2

3

4 ,.o·)!;

5

6

7

8

9

10

11

12

13

14

15

Depth Blows I
(Ft.) 6· .... R

Type .... ('%)
ROO Run

No.

[1:I;JTetra Tech NUS, Inc. BORING LOG

PROJECT NAME: NSWC CRANE BORING NUMBER: -~'F--==-~~=----
PROJECT NUMBER: N9060 CTO 0279 DATE:
DRILLING COMPANY: BOWSER MORNER GEOLOGIST:
DRILLINGRIG:G EO PfLO (3 e. Sl..f L" DRILLER:

", When rock coring. enter rock brokeness.

•• Inctude monitor reading in 6 loot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:
---------------~----------

Drilling Area
Background (ppm):~

Converted to Well: Yes No ---- WeIlI.D. #:_'_--=- •



Page _\_ot _,_

Remarks

> .

E FtJ S A,L-- '3.5

SAMPLED I loSS

@ 00

SAMPLED to S~ I

@ ca as

MATERIAL DESCRIPTION PIMID -..g (ppm

illl

r;n] "~;";;;;':';;;\',?:.~ i:·~~~~~r·:%>~~':'

~T~tr~Tech NUS,lnc. BORING LOG
"'\Ir~:t. ''t\.

PROJECT NAME: NSWC CRANE BORING NUMBER: _...J/-.300b~~;~R::--:-I-:",,)~ _
PROJECT NUMBER: N9060 CTO 0279 DATE: 3..:'~ B - (;) :,
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: /VI. 6· (.0 LHt€-A----
DRILLING RIG: c:; EO Prz.o6 e:-' .5Y L. r~" DRILLER: S· 1\ ""=c,e....~

Depth Blows I Sample Ulhology
No. (Ft) 6" 0< RQ Rec:ow<yl 01ange
Type 0< (%) Sample (Depth /Ft.)

ROO Run l.englIl 0<

No. . SCreened,
InterYal

'~"':

1 .5

S, 2

3

4

5

6

7

8

9

• 10

11

12

13

14

15

•.-

• When rock coring. enter rock brokeness.

.. Include manito( reading in 6 fool intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:--------------------------..... Converted to Well: Yes

Drilling Area
Background (ppm):[Q]

WeIlI.D. #: _



Page _\_ of _'_

Remarks

MATERIAL DESCRIPTION PlImD_ng{Jl9m

1
~ IL-T O~

2

3 .".().) ....
P-C FvSA L

4

5

6

7

8

9

10

11

12

13

14

15

SAMPLED \

@

SAMPLED 0 ":> IJ (1 S r.J1J- FA<.f-.

@ S PI.- n lL£ f\.J

\

lle¢>
_,

Sample UlholO9Y U
No. (I'L) 6"orRQ Reco~1 Change

S
Type or ('%) Sample (De¢o1Fl.)

ROO - length or C
No. ser->ed S-

[-n:)Tetra Tech NUS, Inc. BORING LOG

PROJECT NAME: NSWC CRANE BORING NUMBER: t ~ '=> 13 It..(
PROJECT NUMBER: N9060 CTO 0279 DATE: -;-'-'Ii<..;'iI::'_-_7-'-O-'-'-:3~---

DRILLING COMPANY: BOWSER MORNER GEOLOGIST: M.u. CO(: H/l.l)iV •

DRILLING RIG: G£.-oe rz-ODE Sy t..' DRILLER: ,J. A ~e,e-> :

• When iock coring. enter roclc brokeness. '

•• Include monitor reading in 6 fool intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:---------------------------
Drilling Area

Background (ppm):lLlJ

Converted to Well: Yes No
--->;''---

WeIlI.D. #: •



~,;;,r';:~~~~~~~f:(\'i~\~";111 ,)~.

'SC)'RING LOG Page_\_of L

1111
PlDIRD Reeding (ppm

Remarks

JJo 50 (..

@

SAMPLED

SAMPLED I (p .s oS I:J 000 L

MATERIAL DESCRIPTION
UlhoIogy
<::hange

(OepCh1FL)

0<

S<:n!ened

t:. In1ervaI

Sample

Reco~1

Sample

Length

/,s/
1.5

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

Depth Blows I
No. (Fl.) 6" 0< R
Type 0< ('l(.)

ROO Run
No.

1--4---f--~--~ .j'

•

•

~-..

• When ioclt coring. enter roclt brokeness.

•• Include monitof reading in 6 IoOl intelVals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: M :') I Nt S 0 S 1\=1"1 Pk ,e; T f\ ~ ~ 1\/

•
Converted to Well: Yes No _ .........0::...--

. Drilling Area
Background (ppm):~

WeIlI.D. #:------------



PageLofl

Drilling Area
Background (ppm):~

IS-

S S I Co 0002..

NO

@

SAMPLED

SAMPLED

MATERIAL DESCRIPTION

15

12

13

11

14

• When rock coring. enter rock bfokeness.

•• Jnctude monitor reading in 6 loot intervals @ borehole. Increase reading frequency if elevated reponse read.'

Remarks:---------------------------

Sam Depth Blowol sample U1hoIogy

No. (Ft.) 6" or 00 Reco-rl QIange

Type or l%) 5arnpIe (Depth IF\.)

ROO Run length or Remarks
No. Saeened

In1eIYaI

1
~~

5\ 1.0/
2 Z.e>
3

,
Z.

4

5

6

7

8

9

[-n::]Tetra Tech NUS. Inc. BORING LOG

PROJECT NAME: NSWC CRANE BORING NUMBER:
PROJECT NUMBER: N9060 CTO 0279 DATE: -~:-""'----=""",,=,---'~~--

DRILLING COMPANY: BOWSER MaRNER GEOLOGIST:
DRILLING RIG: G E Oe«l:)t$ c- S't '- r DRILLER:

Converted to Well: Yes No - ........."--- WeIlI.D. #:---''----------e



P100'10 Reading (ppm

1111

Page _,_ of _,_

Remarks

oooz.

SAMPLED I (J) SO 0,04

@

go
6N 5HAl

SAMPLE

MATERIAL DESCRIPTION

s

2.0

Sample
Reco""'l'f

Sample

Lenglh

Sa Depth Blows I
No. (Fl) 6" 0< Ra
TyPe 0< ("4)

ROO Run
No.

'. .- '0; ':/.:, ~:.!\.,....". ""'>!i.- ":f
~ , iliJr:~'H'

_ ~TetraTechNUS.lnc_ BO~'~G LOG
PROJECT NAME: NSWC CRANE 'S~c~(' BORING NUMBER: I to S f3 , 7
PROJECT NUMBER: N9060 CTO 0279 DATE: - ..........P..;;;;.30;-----:2=-'=7~-..:.-.,O~__S---

DRILLING COMPANY: BOWSER MORNER GEOLOGIST.: !VI. Co2. L. ex: Hie AA/
DRILLING RIG: G e 0 p " () eE. 5c..1 l.. f DRILLER: J. A 1<:'- e fL- ~

'5\ 1

2

3

4

5

6

7

8

9

•• 10

11

12

13

14

15

••

• When rock coring, enter rock brokeness.

•• Include monilOf reading in 6 foofintervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: 15' \) \) P Lie" nc. $ pL-.
pi.) n"!:. 7..7 01 02-

Drilling Area
Background (ppm):l:I£]

Converted to Well: Yes Well 1.0. #: _



(1t;)Tetra Tech NUS. Inc. BORING LOG Page _\_ of _'_

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

I(oSB,<O
~ - 2. e -O~

Remarks

pO:.5/(}.... e. ,
""", re .,.", T L~

~"'H ~ '5,.,eAf'-
bT'M I 5 tOO 0 ()

02.0~

.5'

103 S@

' ..

• @ 10 ~O

SAMPLED

SAMPLED I u ~ ~ 0002..

MATERIAL DESCRIPTION

~.S

NSWC CRANE" BORING NUMBER:
---=,,"'--~~.....,,~---N9060 CTO 0279 DATE: "

BOWSER MORNER GEOLOGIST:
b ~ OpfU> 6 e 5'-/~' DRILLER:

Sample
Reco¥eryl

Sample

Length

9

5

8

4

7

6

1

3

2

13

12

11

15

10

14

De¢> Blows I

No. (Ft.) 6' '" RO

Type "'" l%l
ROO Run

No.

• When roclc coring, enter rock bfokeness.

.. Include monitor reading in 6 foot intervals @ borehole.. Increase"reading Irequency if elevated reponse read.

. Remarks:
-----------~~-------------

Drilling Area
Background (ppm):~

Converted to Well: Yes v Well 1.0. #: •



Drilling Area
Background (ppm): c::::o::=l

Remarks

Welll.D. #: __=-- _

.~ IL.T

@ \04-5

@ 101...(0

No __V~_

SAMPLED t '0 5 6

SAMPLED I (0 S S I g 000 z..

MATERIAL DESCRIPTION PllmO-..g(ppm

YesConverted to Well:

• When rock coring, enter rock brokeness.

•• Include monitor reading in 6 loot int6fVals @ bofehole. Increase reading Irequency if elevated reponse read.

Remarks: _

PROJECT NAME: .
PROJECT NUMBER:
DRILLING COMPANY: •
DRILLING RIG:

sam Sample

No.8 Reawery1
Type 0< Sample

ROD Run leng1It 0<

No.

•'

...

1 2,3)
2

3

4..
5

.<

6
:.l~.

7

8

9

• 10

11

12

13

14

15



("II::]Tetra Tech NUS. 'Inc, BORING LOG Page _\_ of _,_

00002.

L

2.S:

\ \@

@

SAMPLED

SAMPLED

MATERIAL DESCRIPTION

NSWC CRANE BORING NUMBER: l lL' ~ f3 2 0
N9060 CTO 0279 DATE: ---3..:- "2. 6 - 0 ~
BOWSER MORNER GEOLOGIST: M. G. c...oc. we AtJ

G~ OP~oB e 5L..Il-l DRILLER: :S. .,e:...cl2-~

1 I.e>

s-\ 2

3

4

5

6

7

8

9

10

11

12

13

14

15

Depth _.1 Sample I..iIhology
No. (Fl.) 6' 0<00 ~I 01ange
Type 0< ("r,) Sample (DepIh 1F1.)

RQO Run length 0< Remarks
No. Scn!enecI

kllefvaI

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

• When r'ock coring, enter rock brolc:eness.

•• Inctude monitor reading in 6 fool intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:--------------------------

•
Drilling Area

.Background (ppm):[f)]

WeIlI.D. #:
----------~

No 1/------l,.",::
YesConverted to Well:



, Page _'_ of _,_

Drilling Area
Background (ppm):EJs::J

Remarks

/DO~ "3 Co ,

LA.""'VV..J FoR ~p,-, V Oc..

WeIlI.D. #: _

2. CODL

No

SAMPLED'* '10 ~

MATERIAL DESCRIPTION
UthoIogy
Qlange ,

(Dq>Ch IFL)
or

Scn!ened
,..1nterv.Il
•.1.'

Yes

Depth Blows f
(Ft.) 6" or RQ

0< ("lfol
,Run

No.

Converted to Well:

• When rock coring. enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: 'jf '" 'S I M,5 0 Golle.c.-te~ @ -fArs /0<;..".. L;ad "

No.
Type

ROO

PROJECT NAME:
, PROJECT NUMBER:

DRILLING COMPANY:
DRILLING RIG:

1

S\ 2

3

4

5

6

7

8

9

• 10

11

12

13

14

15

•

••

.'

I, '

.~ .



Page _\_ of _'_

Remarks

DIW'\ p. F 1t..1..

@

SAMPLED to s e- ~ 026:j

SAMPLED 'I <0 SS? 2. 0001-

MATERIAL DESCRIPTION PlDiRD-.g(ppm

S \ 1

2

3 WE ATl'l(;./Ze-.o 'S'. STON

4

5

6

7

8

9

10

11

12

13

14

15

[11:)Tetra Tech NUS,lnc. BORING LOG

PROJECT NAME: NSWC CRANE ' BORING NUMBER: _---L{-::(o~~~6~;Z==r_..fio2."""_'--
PROJECT NUMBER: N9060 CTO 0279 DATE: 3 Z"7 f> 70'
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: .All, Cz . La hf(.A.
DRILLING RIG: ,G F;- 0 e I!-o f) r= £;'Y L-T DRILLER: ,J. A .e-£t€- ";) =-

Depth Blows I 5ample
No, (Ft.) 6"orRO ReccM!ry1

Type or (%) Sample
ROD Run Length or

No.

• When rock coring. enter rock brokeness.

.. Include monitor reading in 6 loot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:
---------------~-----------

e·
Drilling Area

Background (ppm):[D]

WeIlI.D. #:
--~---------I

No 0\0:;/YesConverted to Well:



1111

Page _\_ of _'_

Remarks

,..

@ (000

SAMPLED

SAMPLED It> S 52. 3000

MATERIAL DESCRIPTION

.;,,;1''''',.,0.' c'i\'~"~ de ;~'~A~""l'i';;';'~"!i,I..

."'\\'~"9''~"'f .if .'..."'l'':'''''''~N~G, ..,,,';~\lj'

("fb]Tetra Tech NUS. Inc • • B6~7~G''L~~
PROJECT NAME: NSWC CRANE ~fb~, BORING NUMBER: I (p <S B z. "3-
PROJECT NUMBER: N9060 CTO 0279 DATE: -----:::3~,· .....Z.:-.e-==---o~~~---

.DRILLING COMPANY: BOWSER MORNER GEOLOGIST: 1\1\. G C. OC II R. AA,J
DRILLING RIG: (; eo ffLO e; e.. S4 L"'" ;'DRILLER: S-. A tLef2-~e·
Samp
No.
T"", or. ROD RWl or

No.

1
·r

'SI 2
J'~.

3
.~;..~

4

5

6

7

8

9

• 10

11

12

13

14
,"

15

Drilling Area
BaCkground (ppm):CQ]

e--

• When rock coring, enter rock brokeness.

•• tnclude monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:--l0' E P Q ~ z B ~~~:
.(2:) f= D C> 32 e 03:2L

Converted to Well: Yes No V?' WeIlI.D. #: _



["Ih]tetm Tech NUS,lnc. 'BORING LOG Page Lof_'_

Remarks

,.NSWC CRANE BORING NUMBER: -..,......L'~0~'S:::::.....:.rs-5::-=2.'::::--l'-f'-- __
N9060 CTO 0279 - DATE: . 3 ..:-. z. fl- 0-0;

BOWSER MaRNER GEOLOGIST: M., V ~ eCr;l-::R.A--.
G E- 0 e~06 e SY L T DRILLER: ~ _tL- ,-~ :

MATERIAL DESCRIPTION PlDIFIDlleBcIing(ppm

S8mple
Reco~1

S8mple
Length

1
~~t--I\ P

2

3
~S. FilA. 6 6n-:-

4
~eFu ,5'

5

6

7

8

9

10

11

12

13

14

15

SAMPLED 0002-

@ 'to

SAMPLED 203

DepU1 Blows I
No. (Ft.) 6" or RQ

Type _ or N
ROD Run

No.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

• When rock coring, enter rock brokeness.

,. Include monitor reading in 6 loot intwvals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: G E-tJp R-oB E..- M A- L (2...0 '-0~ E
Drilling Area

Background (ppm): (=a2J

Converted to Well: Yes No __....L-_ WeIlI.D. #: •



PIM'lO Reading (ppm .

Page -L of _'_

Remarks

U
5
C
5

:)0

SS 2-S0002.

@

@

SAMPLED

SAMPLED

.,.'(r.f~~~~'~~~fr~:~1G;'~~;'~F:·*~¢;'

. BORING'LOG
BORING NUMBER: _ .....l-=1o~~~(3:---"2.~~5 _

-:-==:-=:::==-=::::---------DATE: :3 }2. fL· 0 L
~...;..;..;;~~~.:_=.:_~-----GEOLOGIST: M~~' .L Q(;'-jlP~

..:r . A "I!"'A--~

t---1--t----::>!f------i.'

(11:)Tetra Tech NUS,lnc.

PROJECT NAME:
PROJECT NUMBER:

• DRILLING COMPANY:
DRILLING RIG:

Deplh Blows I Sample
No•• (R.) 6"O(RQ Recooeryl
Tn>e 0( ('%1 Sample

ROO Run lengUl or
No.

'.:.•

1

51 2
.If

3

4

5

6

7

8

'9

• 10

11

12

13

14

15
""!•• J

• When rock coring, enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency If elevated reponse read.

Remarks: -------------,-----------------

• Converted to Well: Yes No
-~--

Drilling Area
Background (ppm):[ill

WeIlI.D. #: ------------



. Drilling Area .
Background (ppm):C]

Remarks

BORING LOG

SAMPLED. 0l9t'?- to O~O'\O'xJ4-
J.

@ o1;,~ '(\"'f) ~()

SAMPLED ~~~ ~D O"\c.9C\,,i'l01

@ \04t;'

MATERIAL DESCRIPTION

1
~o.. { 1.\.A'{ (L 00 .

2 "<.t:u.
S~<R. \...; S"k..",,<

3 L,

~

":u
4 l ~\0"\'\

5 ~'- e--"\.;
6

7

8

9

10

11

12

13

14

15

No.
Type

ROO

• When I'ock coring. enter rock brokeness.

.. Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:---------------------------

.['lI:]Tetm Tech NUS,lnc.
PROJECT NAME: NSWC CRANE BORING NUMBER:
PROJECT NUMBER: ""N"':'906=O=""'C::::-:T="O~02==7=-=9-------DATE: -.D~:-:-r.~'-f-....!....:...:lO...L..:."-l.._-

DRILLING COMPANY: BOWSER MORNER GEOLOGIST:
DRILLING RIG: DRILLER:

Converted to Well: Yes No X WeIlI.D.#:_--:~ •

I\Xn I\......\.~$ . .

~~"'U>oL~~



ODOO

Page _\_ of _,_

. Remarks

@ \\"2-S

@ 0

SAMPLED

SAMPLED

MATERIAL DESCRIPTION

:"":,;;"" ~,' :'!'i;:~}11~~f~:,~1':'r-:r:':/~1'

BORIN<:i LOG
i·t·~· ~', ,.;

NSWC CRANE BORING NUMBER: I (p 5 f$ 2 7
N9060 CTO 0279 DATE: --'3':::-'""-'-2.---'e-==-"-=,O~2---~
BOWSER MORNER (3~OLOGIST: Il\. f? C. OC-HP-8~

GE-0PU~E...· S-~ Lot 'DRILLER: .;:r= A ~E~

(1t;)Tetra Tech NUS,lnc.

No.•

Type
ROO

PROJECT NAME:
PROJECT NUMBER: '
DRILLING COMPANY:
DRILLING RIG:•

1

~I
2

3
"

4

5

6

7

8

9

• 10

11

12

13

14

15
..."""''"'

." When rodt coring, enter rodt brokeness.

"" Include monitor reading in 6 loot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: M p.. L fl- 0(.. 0 L te.
Drilling Area

Background'(ppm):[§:=J

WeIlI.D. #: - _\/No ------YesConverted to Well:•



Page _\_ of _\_

MATERIAL DESCRIPTION
UIhology
Change

(DeplhIR.I

4

2

6

1

5

3

Depth

No. lR-)
Type or

ROO Run
No.

. ("'FI;)Telffi Tech NUS, Inc.
PROJECT NAME: NSWC CRANE
PROJECT NUMBER: ":"N;":;:9060:"':"';';"C~T;';O;':;":O'::27---9"--------

DRILLING COMPANY: BOWSER MORNER
DRILLING RIG: G E.. Q P~(j~E S'-tL.l QRILLER:

7

8

9

10

11

12

13

14

@ I'

'290002.

o@

SAMPLED

SAMPLED

15

• When rode coring. enter rode brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: -:....- _
Drilling Area

Background (ppm):~

Converted to Well: Yes No so;:: WeIlI.D. #: •



Page _\_ of _'_

Remarks

MATERIAL DESCRIPTION PIIltF1OReading(ppm

NSWC CRANE c'' , BORING NUMBER: I b 'S f3 ""2. 9-
N9060 CTO 0279 DATE: -,-----:::3.".....,~t....;;;;2~@......,I....;;;Q--L?---

BOWSER MORNER GEOLOGIST: ' M. (,. ( OC (((). A-.....
0E:-OPP-00f3-. S'1 L-/ORILLER: ..:r-. A t:-E~

Sample
~I

sample
LengIh

['lI:)Tetra Tech NUS, InC.

Depth Blows I
No. (ft.) 6" or RO
Type or fl'o)

ROD Run
No.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
'DRILLING RIG:

1

2

3
~C,.~

4
~LF\J/A(... ~.5

,,",JiI..••

5

6

7

8

9

• 10

11

\
12 ,",.
13

14

15
~.j,., ..

SAMPLED 0002

@ 00

SAMPLED

@

.---

• When rock coring. enter rock brokeness.

- Include monitor reading in 6 loot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:---------------------------
Drilling Area

Background (ppm):[Q]

• . Converted to Well: Yes No
---"oo~-



("lI:]Tetra Tech NUS. Inc. Page _\_ of _'_BORING LOG

MATERIAL DESCRIPTION

NSWC CRANE BORING NUMBER:
N9060 CTO 0279 DATE: ---::::::"'---=:""""';;or----="' ------

BOWSER MORNER GEOLOGIST:
r0 E Of (t DBe S'i L. I DRILLER:

9

7

6

5

4

8

1

3

2

13

10

12

11

Depth Blows I
No. (A.) 6· 0< RQ

Type or (%)
ROO Run

No.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

14

15

SAMPLED .(p S S "3 b 000

SAMPLED ,to s 6 30 02-0 ~

• When rock coring. enter rock brokeness.

•• Include monitor reaamg in 6 foot intervals @ borehole. Increase reading frequencY if elevated repoose read.

Remarks:--------------------------

•
Drilling Area

Background (ppm):0J

\7No
--"-.---:<...._-

YesConverted to Well:



("11:)Telra Tech NUS, Inc.

:"r ,\F','~,~"':' :,;~,: ;'~.¥'~f"::/' !S?~::r;~~!f, '

, ',".

BORING LOG Page _\_ of _'_

1111
PlDmO -..g (ppm

Remarks

,@ IA,<-

SAMPLED

SAMPLED I <0 5 '5 I 0002.

MATERIAL DESCRIPTION
Uthology
Olange

(Depth /Ft.)
or

SCreened
.,,~

NSWC CRANE "BORING N.UMBER: I (£> S fS '3 'I '
N9060 CTO 0279 DATE: --:'3~--'2.-":"9~~'=O;"""":"~-·..:..---
BOWSER MORNER GEOLOGIST: tJl\' (;;, , C OC./-l M ~

G r: 0 P P-OO e 5"" '-( L ,-' 'DRILLER: ;r, A t<..e"P-S

15

14

Depth Blows I
No, (FL) 6" or RQ

Type or N
ROO Run

No.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

I-~--+----"f--..,......f,,,.~

.'-
,51 1

2

3
" '

4

5

6

7

8

9

• 10

11

12

• When rock coring. enter rock brokeness,

•• Include moni!()( reading in 6 loot intervals @ borehole. Increase reading frequency if elevated reponse read,

Remarks: -,-- ...,...- _
Drilling Area

Background (ppm):CQ:]

WeIlI.D. #:_~ _\7No
---'''--

YesConverted to Well:.'.. ,



Remarks

C\AY

@ \0

SAMPLED \6')S~~~

SAMPLED \bSll.> ~')..o~

1

2

3

~\ 4
\0\0

5 ",.C').~..

6

7

8

9

10

11

12

13

14

15

DepIh Blows I Sample UlhoIogy U
No. (Ft.) 6· or RQ Recove<yl Q\ange S
Type or 1%) Sample (0epIh1R.)

ROO Run Length or C
No. SCreened S

Interval

("II::;)Tetra Tech NUS, Inc. BORING LOG Page.+ of -l-
PROJECT NAME: NSWC CRANE BORING NUMBER: \ b 'S~~d-
PROJECT NUMBER: -=-N:-::'906-=-=-:O:-C~T=::O~02'::;'7=:9~-------DATE: ......;.'\......-.("-Itf3~U;'O:;;;------

;.D~R.:IL;L::IN..:.G~C:.:.:O=M-rP_A_N_Y_:-rB;;;O;;;W;;;S;;;E::;;R=M;;;O;;;R;;;N;:;E=:R~===~~~~=:;G~EO~LO_G..:....IS_T_:""'-T;:;~;;;="~:;~~==;:;\I\;;L,=====~.DRILLING RIG: DRILLER: \)lwp:· =-

MATERIAL DESCRIPTION PDRO Reading (ppm

I111

• When rock coring, enter rock brokeness.

.. Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks: .---------------------------

•
Drilling Area

Background (ppm):c=J

)(No
---'=-->--

Yes. Converted to Well:. .



Page LOf_\_

O.IJ

Remarks

MATERIAL DESCRIPTION
Deplh Blows I Sample Uthalogy .U

No. (Fl.) 6· .... RQ RecovetYl a-ge
5

Type .... (%) S8mple (DepIh /Ft.)

ROO Run Length .... C
No. sa-.ect 5,llnterval

~ 'T·:';-'·\'1< ~'~';'\~+~?:'W~::.;, .

~Tetra Tech NUS, I~c. BORiNG LOG
PROJECT NAME: NSWC CRANE . '. '. BORING NUMBER: _\_to_').:..;~~~~)!..-..- _
PROJECT NUMBER: N9060 CTO 0279 DATE: "\/1:\/0)
DRILLING COMPANY: BOWSER MORNER.. ,\ . GEOLOGIST: (\r\)r,;u,.{uve.~

DRILLING RIG: Stroo SoN'lL DRILLER: QA-\J~"."
1 ./&' L\..A,( CL

2 ~'(. ~~"t <)ANl) ~~.'vJ

3
~. S.c,. ~ ~

~ 4
\;., ~

5

6

7

8

9

• 10

11

12
l.

13

14

15

SAMPLED

@ 0

... SAMPLED \.\

@

• When rock coring, enter rock brokeness.

- Include monitor reading in 6 foot inteivals 0 borehole. Increase reading frequency if elevated reponse read.

Remarks: ....;....__

••• Converted to Well: Yes No _...:'x'::..::..__

Drilling Area .
Background (ppm):~

WeIlI.D. #: _



Page _\_ of _'_

Remarks

@

SAMPLED

SAMPLED \105s ~OOQ).

Depth Blows 1 Sample l1lhoIogJ u
(Fl.) 6" or Rccove<yl Q1ange S

Type or (%) 5ample (DepIhlFl)

ROO Run length or C
No. ~ S

--.at

('11::)Tetr.i Tech NUS, Inc. BORING LOG

PROJECT NAME: NSWC CRANE BORING NUMBER: \ b~S)"\ '-\
PROJECT NUMBER: N9060 CTO 0279 DATE: --:Y~f{-"'l.":-0'3"'=:-------

DRILLING COMPANY: BOWSER MORNER GEOLOGIST: ~V,;to~~ •

DRILLINGRIG: Q.I'boS~ DRILLER: Q~ ~~. :
MATERIAL DESCRIPTION PIOt'RD Reading (ppm

• When rock coring, enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:-------------------------

•
Drilling Area

Background (ppm):~

WeIlI.D. #:------------No
-~.:---

YesConverted to Well:



1111

Page_of_'_

Remarks

I

2.S"

S 3S- 0002.

NO S L.

@

@ YO

·BORING LOG

SAMPLED

SAMPLED

MATERIAL DESCRIPTION

W~/.,.,

\.0

NSWC CRANE BORINGNUMBER: _....:.'~0~=S~B~s~S-:.....-__
N9060 CTO 0279 DATE: "3 - zta -O~
BOWSER MORNER GEOLOGIST: M. 6>. CDC #fRA"'"

G E of 1!-o(3 E ~ y L" DRILLER:· S. ,.. K. £f!- ':>

(1t::)Tella Tech NUS, Inc.

PROJECT NAME:
PROJECT NUMBER:'
DRILLING COMPANY:
DRILLING RIG:

Depth Blows I Sample lithology U
No. (FL) 6" or RQ Reco""'l'1 Change

SType or N Sample (DepCh IF\.)
ROD Roo Lenglh or C

No. Screened S
klte<vaI
'.

1---1--+--?if-------t "I{~.~ .•

I--t--+----::>If------t ''''''-

t--;f--t---:;>t-----I----.--- .. t----t--t-----------+-+-------;f-+-+--t--t

1

2

3

4

5

6

7

8

9,'. 10

11

12

13

14

15

•

• When rock coring. enter rock brol<eness.

- Include monitor reaOing in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read.

Remarks:---------------------------

•• Converted to Well: Yes No __----10<0....-

Drilling Area
Background (ppm):[Q]

WeIlI.D. #: ------------



@

@ O'\~O

~ c...\...t'\'(

~ ~
'<~
<:R-

-e..,\'

SAMPLED \b~S") 10 001)

SAMPLED \

MATERIAL DESCRIPTION P1twFlO_ng(ppm

R~arks II~I
~.~;;$~:::~.~.

1

Deplh Blows I Sample lJlhoIogy
No.• (R.) 6' orRQ Reco""'Y 1 Change

Type or ('%) Semple (Depth1A.)

ROO Run length or

No. ScreenecI
............

("1\;)Tetra Tech NUS, tnc. BORING LOG

PROJECT NAME: NSWC CRANE BORING NUMBER:
PROJECT NUMBER: N9060 CTO 0279 DATE: --,"'=~::......I.JOOI.o1f---l>-"""'"~~--

DRILLING COMPANY: BOWSER MORNER GEOLOGIST:
DRILLING RIG: '2.030 SON~ DRILLER:

• When rock coring, enter rock brokeness.

•• 1000ude monitor reading in 6 foot intelVals @ borehole. lnaease reading frequency if elevated reponse read.

Remarks:---------------------------

•
Drilling Area

Background (ppm):C]

No X WeIlI.D. #:-----------
~

~""k)~""k)"1-,-~

s,..ft'kuX,,-·

YesConverted to Well:



0000

PIDIFlO Reoding (ppm

1111

Page_of_

.Remarks

37OD02.

@

@

SAMPLED

SAMPLED

MATERIAL DESCRIPTION

BORING LOG

.~~~: 'l~ ~ ::; 11 ~J.~ ..:'~ ": ~ ;~ ~

:, ~',

UlhoIogy

O\ange .
(Depth /Ft.)

or
s..e-ed

::'~

NSWC CRANE BORING NUMBER: _...1/-=l..tJ~....:~~f3~~I!:::-'~__
N9060 CTO 0279 DATE: '3 - 2. e -0 3
BOWSER MORNER . GEOLOGIST: fl· G. cc. li/<A·.v
. G E- off.-- 0 (j E.. .5 Y L T DRILLER: S. " IC- f L"'/

Sample
Reco""'Y I

Sample
Length

(11:)i-et,a Tech NUS,lnc.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

Deplh Blows I
No. (fl.) 6' or RQ
Type or (%)

ROO Run
No.

•

•

it"

• When rock coring, enter rock brokeness:

•• Include monitor reading in 6 loot intervals @ borehole. Increase reading Irequency if elevated reponse read.

Remarks: _
Drilling Area

Background (ppm):[Q]

.' Converted to Well: Yes No ---- .WeIlI.D. It: _---= --:- _



("lI:JT~lra Tech NUS, Inc. BORING LOG Pagelof_\

0002.....

10

-
SIL-l

. @ I Y S- .

@

SAMPLED

SAMPLED I ~ '5s

MATERIAL DESCRIPTION

\_ D

NSWC CRANE BORING NUMBER: _.....!/_lo:::::=.~~:.....::::B~3~e'==-__
N9060 CTO 0279 DATE: ~ - L S3 - 0 ~
BOWSER MORNER GEOLOGIST: M, e:,. L be. #4-1< +'V

G c- op R-O ~ t=- . s L..( cr DRILLER: ~ t<.. t:.~ -:,

1

'St 2

3

4

5

6

7

8

9

10

11

12

13

14

15

Depth 810wsl 5ampIe lJ1hoIogy U
No•• (R.) 6- orRQ RecoYetyI CNnge S
Tn><> Of (%I Semple (DepIh fFl.)

ROD Run Length Of c Remarks
No. Screened S-

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

• When rocl< coring, enter rock brokeness.

•• Include monitor reading in 6 fool intervals @ borehole. Increase reading frequency if elevated reponse read.

Remar1<s:---------------------------

•
Drilling Area

Background (ppm):CD]

WeIlI.D. #:-----------No ----YesConverted to Well:



("'R;lT~,;a Tech NUS,lnc. BORING LOG Page _\_ of _\_

1111
PltWF10 Reading (ppm

M; G. c.oC-ItR.AtJ

Remarks

0002

S'L.'

@

@

SAMPLED I w'S S

SAMPLED

MATERIAL DESCRIPTION

NSWC CRANE BORING NUMBER:
N9060 CTO 0279 DATE:
BOWSER MaRNER' GEOLOGIST:

G E.O eR-.()a8 S-'-I '- Y; DRILLER:

Depth Blows I.
(FL) 6" or
or ("41

Run
No.

No.
Type

ROD

1--4--+--""?f----1 _'''' ...

1--4--t---::+----i"._....

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:

.. DRILLING RIG:

e,

e

• When rock coring, enter rock brokeness.

.. Include monitor reading in 6 foot interVals @ borehole. Increase reading frequency if elevated reponse read.

Remar1<s:--------------------------
Drilling Area

Background (ppm):CQ]

e' Converted to Well: Yes No
-~--

Well J.D. #: _



["II:)TetraTech NUS. Inc. BORING LOG Page _\_ of _\_

000

Remarks

DU?

S 11.-' r

@

@

)

mOl S

SAMPLED

SAMPLED'K

MATERIAL DESCRIPTION PlllIRO Reading (ppm

NSWC CRANE BORING NUMBER: -.L:1~(P~S=-,,=B=-L1-==O=- _
N9060 CTO 0279 DATE: :5 - Z to -0 3
BOWSER MORNER GEOLOGIST: M _ ('2 , (Oc ·f.II!,4/'/e

C' E' OPf..--t>6 ~ SL(L-!}' DRILLER: S. A tL-1?;e.~,

5ample
Recovery I

Sample

Length

Depth Blows I
No. (Ft.) 6" or RO
TJP<l or (%)

ROO Run
No.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

•
Drilling Area

Background (ppm):[15]

WeIlI.D. #: ------..,.-------No _---.:=----YesConverted to Well:

• When iock coring. enter rock brokeness.

•• Include monitor reading in 6 foot intervals @ borehole. Ina-ease reading frequency if elevated reponse read.

Remarks: 1+ {) ,'rv S ~"" I



PlMlD Ileecfing (ppm

Page.-Lof~

Remarks

,
""'OIS r

D 9.0

@ /0 (0

@ lOIS"

BORING LOG

SAMPLED , lo S ~ '-I I 0 ~(jl

SAMPLED I

MATERIAL DESCRIPTION

"'1·0

NSWC CRANE BORING NUMBER: / (I). '2 B 4 )
N9060 CTO 0279 DATE: ---I-• ....I~~_...:"2..~7=--=--""""'t>f-=7:---

BOWSER MORNER .GEOLOGIST: M. (;,. C 0 c. fqP A """"'"
G 60 e~~£ .5'1 ",or- DRiLLER: J' A 1C-~~ > .

["l1;]Tetra Tech NUS,lnc.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY:
DRILLING RIG:

. No.

Type 0<

ROO Run
No.

•

•

•
• When rock coring, enter rock brokeness.

•• h1clude monitor reading in 6 foot intetvals @ borehole. Increase reading frequency II elevated reponse read. Drilling Area

Remarks: "'l~%~ '8{:'M"- ? g7f?·6 ;:s..~(?P HieD l..t5 vEL Lf' B6~Background(ppm):c=J

. Converted to Well: Yes No WeIlI.D. #: _



• Schedule '0 PVC Pipe·

3.0'
76L:..37ft ~~SL

35.8'

Grout 31. 7'

~ell Screen

~ater Depth.at Time of Drilling ~SC. Crane. Indiana
Building l'6-0rdnanc~

Demil Fadlity
~ell Completion
Boring Number: WES-14-1-83

50.7'

9.45'
.sz.
39'

2.0'-----

I
17.0'

BentoTli te

Pea Gravel

i

•I
I
I
I
I
I .

--.
-
I



Sandy clay (Cl) : brown, soft, damp, very fine-.

grained sand, gravelly (sandstone).

~hale: dark grey ~o black, yeathered and oxidizec

in regions, very thinly bedded, contains micro

subhedral grains of calcite.

Siltstone: bro~~ to light grey, uniform, co~

position (quartz), soft to stiff, highly ~eatherec

damp.

76... 37 ft !".sL

Clay Shale: red, brown, black, orange brown,

very thinly bedded (1/16"-1/4") highly YeJlthered,

soft to v~ry stiff, brittle, and contains iron

concreations .or lenses.

T
-
1
1
-j
1
J

l
]
J

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

I
I
l

•Coal: black, soft to moderately hare, earth

bituminous, brittle, blocky, contains l1moni

and approximately 5~ sulfides (pyrite and

chalcopyrite).

Sandstone: yhite to light grey, red, and brovn,

thinly bedded, fractured, OXidized, uniform,

predominantly very fine-grained quartz sand,

moderately to slightly friable, bedding dips

approximately 15 degrees from horizontal with

cross-bed6ing visible.

I
I
I
I

40.0 J
continued

~SC, Crane, Indiana
Building 146-0rdnanc~_=pemil Facility

Lithol02V
torin£ Number: PES-lL.-1-83

•



40.0
,

•
oj

~5.0...
.=.
oj

c..
c;;

0

50.0 --
50.7

•

" . '

724.37 ft ~.sL

Sandstone (60:) and shale (40%): very finE
sandstone interbedded with black soft shalE
doing consists of very fine lamina, randor..l)
displaying irregular near shore deposition.

Shale: dark grey, sandy, uniform, soft

~TSC, Crane, Indiana
Building 146 Ordnance Demil Faci
Lithology
Boring Number: ~S-l4-l-83



•·3" Steel Protector Pipe \.lith car:'ii~1:-_--:l

t
3.0'

761..31 ft ~SL

1
Grout 6.8'

J_
lL35'

Bentonite 2.0

Pea
Gravel 17.0'

\J
16'

25.8'

9.04'

5.41'

"-2" Schedule 40 PVC Pipe

•

~ater Depth at Time of Drilling

well Screen

~'SC, Crane, Indiana
Building 1~6-0rdnance
Demil Facility
\.Jell Completion
Boring·Number: ~~S-14-2-83

•



•

Shale: dark grey and bro~~, soft.

Sandstone: brovn, dark brovn, very fine
grained sand (quartz), wet fro: 15 to 16 ft

7M.31 ft l'1SL

Clayey sand (SC): .brovn, ·soft to stiff, ver:
fine-grained sand, uniform, slightly da:?

Clay (CL): brovn, soft, damp, organic :at te:

0.0

25.0
25.6

5.0
c/

Icg::;

10.0
\)'

..,....
.::. ·15.0..,
.c..

c.;
c::

lCllS

20.0

I
I

I
•I

I
I,
I

NWSC, Crane, Indiana
Building 146-0rdnance Demil Facility
Lithology
Boring Number: WES~14-2-83

-~.



Cap I l~.----.

L... 'l
3.0' •

••
35.4'

9.11 '

s.u'

__-+- 761. 65 ft fiSt

-\1.

20.88'

~ 2" Schedule 40 PVC Pipe

52.
25'

17.0'

Grout 16.4'

Ben:onite - 2.0',.-----

Pea
Gravel

3" Steel Protector Pipe ""ith

I

I
1

I
I,
I
I

-

I
I
I
I
I

I
I
I
I
I

~ ~ater Depth at Time of Drilling

§ ~e11 Screen

h~'SC, Crane, Indiana
Building 146-0rdnance
Demil Facility
\,;Iell Completion
Bo~ing Nu~er: ~~S-l'-3-83 .-



•

''-.:,

.;~~_\c
(€;i)\ ') ~)~- »)t~

it~

~~k~~

•

- .

0.0

5.0

10.0

15.0

35.0
35.2

J

761. 65 ft MSL

Clay (CL): brown, soft. sandy, damp,
organic matter (roots)
Clay (CL): greenish grey. very soft,

Sandstone: brown, soft, very fine-gra:
clay lenses

Shale: brown, weathered, hard from 8.1
11 ft (iron)

Sandstone: brown, grey (beginning at
15 ft), very fine-grained, soft

Shale:. grey, dark grey, soft, water a
25 ft

Coal: b~ack, soft (bituminous)

Shale: see above

NWSC, Cr-ane, Indiana
Building 146-0rd nance· Demil Fe
Lithology

. Boring Number: \o!ES-14-~-:3
~



I

I

.'
I

•

760.73 it ~SL

0'

,..;-
.~

3.0'

7.0'

31.38'

Xl.'

.0'

46.

~

E...-....-.

7.0'
~
~

5L t:: 9.09'...-.
35' ...-.

-1
. ...-....-.
~

5.53'

- !

(2" Schedule 00 PVC Pipe

Grout 2

Bentonite 2

Pea
o Gravel 1

••
~ Water Depth at Time of Drilling

gO \.Jell Screen

~SC, Crane, Indiana
B~ilcing 146-0rdnance
Demil Facili ty
\.Jell Completion
Boring Number: ~~S-14-4-83



•

1

I••
I
I
I
I
I,
,.

I

0.0

5.0

°10.0

15.0

40.0

45.0
46.0

_-+__0 II:)"

I
760.73 ft HSL

Sandy ~ilt (ML): brown yith grey streaks,

soft, damp, very fine-grained sand.

Coal: black, soft, earthy

Slltstone~ light to dark grey, light
brown, soft.

Shale: grey, red (13.3 - 13.8 ft), soft

Sandstone and shale: grey to dark grey, sci

thinly bedded, soft.

Shale: " dark grey, soft

Coal: black, soft, yet betyeen 35-36 ft

(bituminous)

Sandstone and/or shale (?)- no cuttings,

very wet

NWSC, Crane, Indiana
Building l46-Qrdnance Demil Facility

Lithology
Boring Number: WES-14-4-81
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brown. soft to very stiff
fine-grained sand.

76i.10 ft MSL

S'andy day(eL):
dry, sandy- very

I
Sandstone and clay: brown. reddish bro_~ ,
thinly bedded. weathered, soft. very fin1
grained sandstone.

0.0

5.0

Shale: grey. soft, uniform. sandy - fiDe
grained.

i

I

I

,

I

I

. f

1

Coal: black, soft

Shale: light grey. soft. uniform

Sandstone and shale: light brown to bro~

and light grey to dark grey thinly bedde1
very fine-grained sandstone. soft •

continued35.0

25.0

10.0

20.0

15.0

'30.0
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Coal: blacK, soft, brittle. uniform -
bituminous.
Shale: grey, soft. thinly bedded with very
fine-grained sandstone.
Sandstone: grey, shaley, very fine-grained

Shale: grey, soft,thinly bedded.with very
fine-grained sandstone •
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NSWC Crane
QAPP Addendum NO.1

Revision: 0
Date: October 2003

Section: Appendix G
Page 1 of 1

STANDARD OPERATING PROCEDURE SUBMITTALS

Laucks Testing Laboratory, Triangle Laboratory, and NSWC Crane Laboratory Analytical Standard

Operating Procedures (SOPs) have previously been submitted as part of other QAPPs. All SOPs for

Microseeps Laboratory have not appeared in any previous Crane QAPPs and are presented here for the

first time. Laucks Testing Laboratory and Triangle Laboratory SOPs were submitted as part of the

approved Quality Assurance Project Plan for Ammunition Burning Grounds Little Sulphur Creek and Jeep

Trail Resource Conservation and Recovery Act Phase III RCRA Facility Investigation. NSWC Crane

.. Laboratory analytical SOPs were submitted as part of the approved Work Plan for RCRA Facility

Investigation Corrective Measures Study and Risk Assessment at Solid Waste Management Unit 2-Dye

Burial Grounds. All analytical SOPs utilized for analysis of samples collected at SWMUs 12, 13, 16, and

19 are listed. However, analytical SOPs which have not changed are incorporated by reference and only

SOPs which have been changed are included in this submission and are shown in italics in the Appendix

I Table of Contents.

0801121P CTO 0166
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Extraction Method for Base, Acid and Neutral Compounds in Soil (8270D by 3545A)
LTL-3101, 5/28/02, Page 2 of7

Revision #2

1. PURPOSE - In this methodpase, acid and neutral compounds are extracted from neutral -•..~.

soils with a mixture of methylene chloride and acetone. The extract is dehydrated,
concentrated in a Kudema-Danish (K-D) apparatus and GPC cleaned prior to analysis by
GC Mass Spectrometer. This method provides for soils of low and medium levels of
contamination.

2. SAFETY - During the conduct of this method, the analyst will be exposed to a number of
reagent chemicals and solvents. The health effects of these various chemicals may be
ascertained by reading the material, safety data sheets (MSDS) available in the general files.
Additionally, the samples, by their very nature may contain significant levels of hazardous
materials. It is incumbent on each analyst to exercise due care and caution executing this
method. The company will provide any protective equipment or clothing needed to assure
employee. safety. .

3. REAGENTS

3.1. All reagents are to be AR grade or better.

3.2. All solvents are t9 be distilled in glass, unless otherwise noted.

3.3.2. Anhydrous. sodium sulfate - prepared by muffling AR grade sodium sulfate
for four hours at 400°C.

3.3.3. Ottawa Sand - prepared by soxhleting for 8 hours with methylene chloride, air
dry for two hours in a hood, followed by two hours in a 100°C oven.

3.3.4. Surrogate solution prepared in methanol:

BaselNeutrals

Acids

Nitrobenzene-d5
p":Terphenyl-dl4
2- Fluorobiphenyl
1,2-Dichlorobenzene-d4

Phenol-d5
2,4,6-Tribromophenol
2-Fluorophenol
2-Chlorophenol-d4

200 ug/ml
200 ug/ml
200 ug/ml
200 ug/ml

300 ug/ml
300 ug/ml
300 ug/ml
300 ug/ml

•
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Extraction Method for Base, Acid and Neutral Compounds in Soil (8270D by 3545A)
LTL-31 01, 5/28/02, Page 3 of 7
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Matdx spiking ;solution prepared in methanol.
" " .·" 3.3.5.

BaselNeutrals

Acids

1,2,4-Trichlorobenzene
Acenaphthene
2,4-DinitrotoIuene
Pyrene
n-Nitroso-di~n-propylamine

1,4·Dichlorobenzene

Pentachlorophenol
Phenol "
2-Chlorophenol
4'-Chloro-3-methyl phenol
4-Nitrophenol

100 ug/ml
100 ug/ml
100 ug/ml
100 ug/ml
100 ug/ml
100 ug/ml

150 ug/ml
150 ug/ml
150 ug/ml
150 ug/ml
150 ug/ml

•

4. EQUIPMENT

4.1. Dionex Accelerated Solvent Extractor - Model ASE 200 - Maintain" per
manufacture's instructions.

4.1.1. 33 ml sample cells

4.1.2. Cellulose filters

4.2. Analytical Biochemical Laboratories, Inc. (ABC) Modell 002B or Model 1000 Gel
Penneation Chromatography (GPC)

4.3. Organomations Assoc., Inc. - N-EVAP (nitrogen evaporator), Model 112

4.4. Standard laboratory glassware to include:

4.4.1. 8 ounce extraction bottles

4.4.2. Small filling funnels

4.4.3. 60 ml collection vials

4.4.4. K-D apparatus: 250 ml. K-D flask, 10 mlor 25 ml ampule and three-ball
snyder column.

4.5. All glassware to be rinsed as follows, prior to use:

4.5.1. Technical grade acetone (if the glassware is wet).

4.5.2. Triple rinsed with methylene chloride.

4.6. Volumetric measurements are to be made with a calibrated fixed or adjustable
volume microdispenser and individually calibrated vials.



Extraction Method for Base, Acid and Neutral Compounds in Soil (8270D by 3545A)
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5. QUALITY CONTROL - The normal level of quality control will consist of blanks, blank
spikes, matrix spikes and matrix spike duplicates (MS and MSD). This is performed on a
per batch basis to include no more than 20 samples. The level of quality control will be
indicated to the extractionist at the time the job is assigned. These samples serve to
provide a measure 'of the recovery efficiency for the analyte and to provide data for
statistical evaluation of the sample. In those instances that a client requires additional or
different quality control measures, the extractionist will be directed accordingly in writing.

6. METHODOLOGY

NOTE: It is necessary to make an intuitive decision as to which level extraction procedure
to follow. If the soil appears clean with little odor, do a low level extraction. If the soil has
appreciable odor, is tar-like, partially miscible, or has an oily appearance, prep both·a low
and a meJium level extraction. Totally miscible samples may only have a medium level
extraction. Remember it is important that holding times be met. If you are in doubt, prep
and store a medium level sample simultaneously.

6.1. Sample Extraction

6.1.1. Mix sample thoroughly in its original container if there is space available
otherwise mix in solvent rinsed aluminum tray.

6.1.2. Weigh 15.0 grams of soil (wet weight) into a extraction bottle.
(Medium Level: 2.00 grams)

6.1.3. Prepare two additional aliquots of a sample if Quality Control is required.

6.1.4. Add 10 grams sodium sulfate and mix well to give the soil a sandy texture.

6.1.5. Insert cellulose filter into bottom of sample cell.

6.1.6. . Using a small filling funnel, add approximately one gram sand to bottom of
sample cell

6.1.7. Transfer sample to cell.

6.1.8. Prepare a blank and a blank spike with sodium sulfate.

6.1.9. Pipet 250 ul surrogate solution to each cell.

6.1.10. Pipet 250 ul matrix spiking solution to each QC cell.

6.1.11. Fill cell to within 1 cm of top with sand or sodium sulfate and cap..

6.1.12. Fill solvent reservoir with 1: 1 methylene chloride/acetone.

6.1.13. Align trays and start.

•

•

•
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6.2.1. Prepare a glass funnel by plugging with glass wool, and filling 1/4 full with
sodium sulfate.

...

• 6.2 . Solvent dehydration:: '.-,

•

••

6.2.2. Pre-rinse the sodium sulfate by passing 40 ml methylene chloride through the
prepared funnel.

6.2.3. Pass the extract from step 6.1.13. through the funnel and collect In an
assembled K-D apparatus.

6.2.4: Rinse the collection vessel with several 10 ml methylene chloride rinses.

6.2.5: Rinse the sodium sulfate with 25 ml of methylene chloride.

6.3. Solvent evaporation

6.3.1. Assemble the full K-D apparatus with a snyder column prewet with 2-3 ml of
methylene chloride.

6.3.2. Immerse K-D apparatus into a hot water bath, using a bath temperature of 90°
C, with a long ampule immersed to a depth of 12 ml. Regulate the
evaporation time to take approx. 30 minutes.

6.3.3. Reduce the volume to 4-5 ml, remove the apparatus from the water bath and
cool to room temperatti'te.

6.3.4. Rinse joint and remove snyder column. Allow rinse solvent to drain into
ampule.

6.3.5. Remove the ampule clamp, and wipe the joint with a Kimwipe. Separate the
ampule and rinse the joint with a small amount of solvent.

6.3.6. Reduce' the extract volume to less than 8 ml on a nitrogen blowdown.
Transfer extract to a 16 x 100 mm culture tube, and adjust to 10.0 ml
intermediate volume (as compared to a measured volume) with methylene
chloride.

6.3.7. At this point the extract will be GPC cleaned -- see Method # LTL-3692.

6.3.8. K-D the GPC cleaned extract. Reduce the extract to 0.5 ml in a warm water
bath with nitrogen. Rinse internal walls of ampule several times during
blowdown.

6.3.9. Transfer the extract to a 1.8 ml vial. The final volume is then adjusted to 0.5
ml (as compared to a measured volume) in methylene chloride.

6.3.10. Label the extract and deliver to 940.
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6.3.11. Complete all paperwork and bench sheet. Bench sheet to include the cleanup .""',
method #, date of GPC, date and time of transfer to 940 and extract location.
Clip the T-Card on the folder and place in GCIMS room extraction folder box.
The file folder color will be blue and the blank name will be MSY.SL .
(Medium Level: __' MSY.SM_.)

8. REFERENCES - The following USEPA methods are the official methods on which this
Laucks Testing Laboratory method is based. The primary methods are those which most
closely parallel the Laucks procedure and are referenced by their USEPA series and'
number. In those instances for which there are no official EPA methods, the most suitable'
reference is given under the miscellaneous references section. The additional reference
s.ection cites those methods which contain additional information. These methods will
frequently be official methods, which apply in part to, or support the Laucks method.

PRIMARY REFERENCES:

Test Methods for Evaluating Solid Waste, USEPA, SW-846

8270D (1998), 3545A (1998), 3640A (1996)

•
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Extraction Method for Organochlorine Pesticides and Polychlorinated Biphenyls in Soil
(8081 B/8082A by 3545A)

LTL-3303, 11/13/02, Page 2 of7
Revision #2

I. PURPOSE - In this method organochlorine pesticides and polychlorinated biphenyls are extracted from neutra.
with a mixture of methylene chloride and acetone. The extract is dehydrated and concentrated in a Kudema-Dar •
(K-D) apparatus. Pesticide/PCB extracts are GPC cleaned prior to analysis by Gc. The PCB only extracts are
sulfuric acid cleaned prior to analysis by GC. .

···1. I.,
J

2.

3.

SAFETY - During the conduct of this method, the analyst will be exposed to a variety of reagent chemicals and
solvents. The health effects of these various chemicals may be ascertained by reading the material safety data sheets
(MSDS) available in the general files. Additionally, the samples;'by their very nature, may contain significant levels
of hazardous materials. It is incumbent on each analyst to exercise due care and caution executing this method. The
company will provide any protective equipment or clothing needed to assure employee safety.

DEFINITIONS
Method Blank - An analytical control consisting of all reagents and surrogate standards that is carried throughout the
entire analytical procedure. The method blank is used to define the level qf laborataory, background, and reagent
contamioation.

Method Blank Spike - An analytical control consisting of all reagents, target analytes, and surrogate standards that is
carried throughout the entire analytical procedure.

Matrix Spike - Aliquot of a matrix spiked with known quantities of specific compounds and subjected to the entire
analytical procedure in order to indicate the appropriateness of the method for the matrix by measuring recovery.

Matrix Spike Duplicate - A second aliquot of the same matrix as the matrix spike that is spiked in order to determine
the precision of the method.

Surrogates - Compounds added to each blank, blank spike, sample, matrix spike and spike duplicate to eval•.
analytical efficiency by measuring recovery.

4 REAGENTS

4.1. All reagents are to be AR grade or better.

4.2. All solvents are to be distilled in glass, unless otherwise noted.

4.3. . The following special reagents should be prepared:

4.3. I.

4.3.2.

4.3.3.

4.3.4.

I: I methylene chloride/acetone (v/v)- prepared by mixing equal volumes of the solvents.

Anhydrous sodium sulfate - prepared by muffling AR grade sodium sulfate for four hours at 400°C.

Ottawa Sand - prepared by soxhleting for 8 hours with methylene chloride, air dry for two hours in a
hood, followed by two hours in a 100°C oven.

Surrogate solution prepared in acetone:

lene

4.3.5 PesticidelPCB matrix spiking solution prepared in acetone:

Gamma-BHC 2.5 ug/ml
Heotachlor 2.5 ug/ml
Aldrin 2.5 ug/ml
Aroclor 1260 25.0 ug/ml •
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PCB Only (AR1660) matrix spiking solution prepared in acetone:

5. EQUIPMENT

Aroclor 1016
Aroclor 1260

5.1. DionexAccelerated Solvent Extractor - Model ASE 200~-Maintain per manufacture's instructions.

5.1.1. 33 ml sample cells

5.1.2. Cellulose filters

5.2. Analytical Biochemical Laboratories, Inc. (ABC) Model 1002B or' Model 1000 Gel-Permeation
Chromatography (GPC)

5.3. Organomations Assoc., Inc. - N-EVAP (nitrogen evaporator), Model 112

5.4. Standard laboratory glassware to include:

5.4.1. 8 ounce extraction bottles

5.4.3. 60 ml collection vials

5.4.2. Small filling funnels

• 5.4.4. K-D apparatus: 250 ml. K-D flask, 10 ml or 25 ml ampule and three-ball snyder colunm.

5.5. All glassware and sample cells to be rinsed as follows, prior to use:

5.5.1. Technical grade acetone (if the glassware is wet).

5.5.2. Triple rinsed with methylene chloride.

5.6. Volumetric measurements are to be made with a calibrated fixed or adjustable volume microdispenser and
individually calibrated vials:

6. SAMPLE COLLECTION & PRESERVATION - Samples are normally collected in glass containers with Teflon
lined caps. All samples and sample extracts are stored at 4°C ± 2°C. Soil samples must be extracted within 14 days of
collection.

7. POLLUTION PREVENTION & WASTE MANAGEMENT - Sample extracts, standards and solvent rinses are
disposed of by depositing them in the hazardous waste container located in the solvent locker. Waste segregation and
disposal from the point of collection is further covered in LTL-200 I.

8. PERSONNEL QUALIFICATIONS - This method is restricted to use by, or under the supervision of; experienced
chemistJextractionists who have demonstarated the ability to perform the described extraction procedures and
techniques.

•
9. QUALITY CONTROL - The normal level of quality control will consist of blanks, blank spikes, matrix spikes and

matrix spike duplicates (MS arid MSD). This is performed on a per batch basis to include no more than 20 samples.
The level of quality control will be indicated to the extractionist at the time the job is assigned. These samples serve
to provide a measure of the recovery efficiency for the analyte and to provide data for statistical evaluation of the
sample. In those instances that a client requires additional or different quality control measures, the extractionist will
be directed accordingly in writing.
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10. METHODOLOGY

10.1. Sample Extraction

10.1.1. Mix sample thoroughly in its original container if there is space available otherwise mix in solvent
rinsed aluminum tray.

10.1.2. Weigh 15.0 grams of soil (wet weight) into a extraction bottle.

10.1.3. Prepare two additional aliquots of a sample if Quality Control is required.

10.1.4. Add 10 grams sodium sulfate and mix well to give the soil a sandy texture.

10.1.5. Insert cellulose filter into bottom of sample cell, .

10.1.6. Using a small filling funnel, add approximately one gram sand to bottom of sample cell

10. I.7. Transfer sample to cell,

10.1.8. Prepare a blank and a blank spike with sodium sulfate.

10.1.9. Pipet 100 ul surrogate solution to each cell,

10.1.10. Pipet 100 ul matrix spiking solution to each QC cell.

10.1.11. Fill cell to within I cm of top with sand or sodium sulfate and cap.

10.1.12. Fill solvent reservoir with I: I methylene chloride/acetone.

10.1.13. Align trays and start.

10.2. Solvent dehydration

••

•
10.2.1.

10.2.2.

10.2.3.

10.2.4.

10.2.5.

Prepare a stainless steel funnel by plugging with glass wool, and filling 1/4 full with sodium sulfate.

Pre-rinse the sodium sulfate by passing 40 ml methylene chloride through the prepared funnel.

Pass the extract from 10.1.13. through the funnel and collect in an assembled K-D apparatus.

Rinse the collection vessel with several 10 ml methylene chloride rinses.

Rinse the sodium sulfate with 25 ml of methylene chloride.

10.3. Solvent evaporation

10.3.1.

10.3.2.

10.3.3.

Assemble the full K-D apparatus with a snyder column prewet with 2-3 ml of methylene chloride.

. .
Immerse K-D apparatus into a hot water bath, using a bath temperature of 90°C, with a long ampule
immersed to a depth of 12 mL Regulate the evaporation ~ime to take approx. 30 minutes.

Reduce the volume to 4-5 ml, remove the apparatus from the water bath and cool to room temperature.

NOTE: PCB Only: Reduce the volume to 4-5 ml and proceed to solvent exchange, 10.3.8.1. Bring to final •
volume. The solvent exchange step must be tested. Take I ml extract, I ml sulfuric acid and vortex.
Check for volume changes between layers. If exchange is complete, proceed to 10.4.
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Rinse joint and remove snyder coluITU1. AlIow rinse solvent to drain into ampule.

•

10.3.5. . Remove the ampule clamp, and wipe the joint with a Kimwipe. Separate the ampule and rinse the
joint with a small amount of solvent.

10.3.6. Pe?ticides/PCB: Reduce the extract volume to less than 8 ml on a' nitrogen blowdown. Transfer
extract to a 16 x 100 mm culture tube, and adjust to 10.0 ml intermediate volume (as compared to a
measured volume) with methylene chloride. ." .

10.3.7. At this point the extract will be GPC cleaned -- see Method # LTL-3692.

10.3.8. K-D the GPC cleaned extract to 4-5 mland exchange into h'exane as folIows:

10.3.8.1. Add 2-3 ml hexane through the top of the snyder coluITU1 while the ampule is still immersed in
the water bath. Reduce to 4-5 m!.

10.3.8.2. Repeat 10.3.8.1. two additional times.

10.3.9. Remove the apparatus from the water bath and cool to room temperature.

10.3.10. Rinse joint with hexane and remove snyder column. Allow rinse solvent to drain into ampule.

10.3.11. Remove the ampule clamp, and wipe the joint with a Kimwipe. Separate the ampule and rinse the
joint with a sma11 amount of hexane.

10.3.12. Reduce the extract to less than 2 ml in a nitrogen blowdown. Transfer extract to a 4.0 ml vial and
adjust to a final volume of2.5 ml (as compared t6 ameasured volume) in hexane. Proceed to 10.4.4.
PCB only final volume will be 5.0 ml in a 16 x 100 mm culture tube.

10.4. Sulfuric Acid Cleanup (PCBs only)

10.4.1.

10.4.2.

10.4.3.

10.4.4.

10.4.5.

Add 2.0 mls concentrated sulfuric acid and vortex for 30 - 60 seconds.

Let stand for a few minutes to allow layers to separate. May be centrifuged.

Transf~r extract to a 1.8 ml vial.

Label the extract and deliver to 940.

Complete all necessary paperwork and bench sheet. Bench sheet to include cleanup method #, the date
of GPC, date and time of transfer to 940 and extract location. Clip the T-card on the folder and place
in the GC room extraction folder box. The file folder color will be purple and the blank name wiII be
__GPX.SL_. PCB only wiII be a tan folder and the blank name wiII be _GPB.SL_.

•

I\. REFERENCES - The folIowing USEPA methods are the official methods on which this Laucks Testing Laboratory
method is·based. The primary methods are those which most closely paralIel the Laucks procedure and are referenced
by their USEPA series and number. In those instances for which there are no official EPA methods, the most suitable
reference is given under the miscellaneous references section. The additional reference section cites those methods
which contain additional information. These methods wiII frequently be official methods, which apply in part to, or
support the Laucks method.

PRIMARY REFERENCES:

Test Methods for Evaluating Solid Waste, USEPA, SW-846

8081 B (2001), 8082A (2001), 3545A (1998), 3640A (1994), 3665A (1996)
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PURPOSE - In' this method p·olynuclear. aromatics are extracted from neutral soils with a mixture of methylene .'
chloride and acetone. The extract is &hydrated, concentrated in a Kudema-Danish (K-D) apparatus and alumina
cleaned prior to analysis by GC Mass Spect~ometer. This method also includes low concentration (SIM).

2. SAFETY - During the conduct of this method, the analyst will be exposed to a number of reagent chemicals and
solvents. The health effects of these various chemicals may be ascertained by reading the material safety data sheets
(MSDS) available in the general files. Additionally, the samples, by their very nature may contain significant levels of
hazardous materials. It is incumbent on each analyst 'to exercise due care and caution executing this method. The
company will provide any protective equipment or clothing needed to assure employee s·afety. .

3. DEFINITIONS
Method Blank - An analytical control consisting of all reagents arid surrogate standards that is carried throughout the
entire analytical procedure. The method blank is used to define the level of laborataory, background,. and reagent
contamination.

Method Blank StJike - An analytical control consisting of all reagents, target analytes, and surrogate standards that is
carried throughout the entire analytical procedure.

Matrix Spike - Aliquot of a matrix spiked with known quantities of specific compounds and subjected to the entire
analytical procedure in order to indicate the appropriateness of the method for the matrix by measuring recovery.

Matrix Spike Duplicate - A second aliquot of the same matrix as the matrix spike that is spiked in order to determine
the precision of the method.

Surrogates - Compounds added to each blank,blank spike, sample, matrix spike and spike duplicate to evaluate
analytical efficiency by measuring recovery.

4. REAGENTS

4.1. All reagents are to be AR grade or better.

4.2. All solvents are to be distilled in glass, unless otherwise noted.

4.3. The following special reagents should be prepared:

4.3.1.

4.3.2.

4.3.3.

4.3.4.

1: I methylene chloride/acetone (v/v)- prepared by mixing equal volumes of the solvents.

Anhydrous sodium sulfate - prepared by muffling AR grade sodium sulfate for four hours at 400°C.

Alumina, Neutral, Brockman Activity I - activate 60-325 mesh alumina by heating for 16 hours at l30°C.

Surrogate solution prepared in methanol:

I-Fluoronaohthalene 250 ug/ml
Fluorene-d 10 250 ug/ml
Pyrene-dlO 250 ug/ml

Low Concentration (SIM) surrogate solution prepared in methanol:

4.3.5.

1-FIuoromiphthalene 12.5 ug/ml
Fluorene-d 10 12.5 ug/ml
Pyrene-dl0 12.5 ug/ml

Matrix spiking solution and Low Concentration (SIM) matrix spiking solution prepared in methanol: •I Acenaphthene 50 ug/ml
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Acenaphthvlene 50 ug/ml
Anthracene

'.' 50 ugiml
Benzo(a)an thracene 50 ug/ml
Benzo(a)pyrene 50 ug/ml
Benzo(b)fluoranthene 50 ug/ml
Benzo(ghi)perylene 50 ug/ml
Benzo(k)fluoranthene 50 ug/ml
Chrysene 50 ug/ml
Dibenzo(a, h)an thracene 50 ug/ml
Fluoranthene 50 ug/ml
Fluorene 50 ug/ml
Indeno( I,2,3-cd)pvrene 50ug,tml
Naphthalene 50 ug/ml
Phenanthrene 50 ug/ml
Pvrene 50 ug/ml
2-Methvlnaphthalene 50 ug/ml

5. EQUIPMENT

5.1. Dionex Accelerated Solvent Extractor - Model ASE 200 - Maintain per manufacture's instructions.

5.1.1. 33 ml sample cells

5.1.2. Cellulose filters

5.2. Organomations Assoc., Inc. - N-EVAP (nitrogen evaporator), Model 112

5.3. Standard laboratory glassware to include:

5.3.1. 8 ounce extraction bottles

5.3.2. Small filling funnels

5.3.3. 60 ml collection vials

5.3.4. K-D apparatus: 250 ml. K-D flask, 10 ml or 25 ml ampule and three-ball snyder column.

5.4. All glassware to be rinsed as follows, prior to use:

5.4.1. Technical grade acetone (if the glassware is wet).

5.4.2. Triple rinsed with methylene chloride.

5.5. Volumetric measurements are to be made with a calibrated fixed or adjustable volume microdispenser and
individually calibrated vials.

5.6. Teflon thistle tubes

•
6.

5.7. Disposable Monstr-pette (large pasteur pipets)

SAMPLE COLLECTION & PRESERVATION - Samples are normally collected in glass containers with Teflon

lined caps. All samples and sample extracts are stored at 4°C ± 2°C. Soil samples must be exn:acted within 14 days of

collection.
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POLLUTION PREVENTION & WASTE MANAGEMENT - Sample extracts, standards and solvent rinses are ......•"'..
disposed of by depositing them in the haiardous waste container located in the solvent locker. Waste segregation and
disposal from the point of collection is further covered in LTL-200 I.

8. PERSONNEL qUALIFICATIONS - This method is restricted to use by, or under the supervision of, experienced
chemistJextractionists who have demonstarated the ability to perform the described extraction procedures and
techniques.

9. QUALITY CONTROL - The normal level of quality control will consist of blank, blank spike, matrix spike and
matrix spike duplicate (MS and MSD). This is performed on a per batch basis to include no more than 20 samples.
The level of quality control will be indicated to the extractionist at the time the job is assigned. These samples serve
to provide a measure of the recovery efficiency for the analyte and to provide data for statistical evaluation of the
sample. In those instances that a client requires additional or different quality control measures, the' extractionist will
be directed accordingly in writing.

10. METHODOLOGY

10.1. Sample Extraction:

10.1.1.

10.1.2.

10.1.3.

10.1.4.

10.1.5.

Mix sample thoroughly in its original container if there is space available otherwise mix in solvent
rinsed aluminum tray.

Weigh 15.0 grams of soil (wet weight) into a extraction bottle.

Prepare two additional aliquots of a sample if Quality Control is required.

Add 10 grams sodium sulfate and mix well to give the soil a sandy texture.

Insert cellulose filter into bottom of sample cell. •
10.1.6. Using a small filling funnel, add ~pproximately one gram sand to bottom of sample cell

10.1.7. Transfer sample to cell.

10.1.8. Prepare a blank and a blank spike with sodium sulfate.

10.1.9. Pipet 100 ul surrogate solution to each cell.
(SIM: 100 ul of low conc. surrogate solution.)

10.1.10. Pipet 250 ul matrix spiking solution to each QC cell.
(SIM: 25 ul of matrix spiking solution.)

10.1.11. Fill cell to within I cm of top with sand or sodium sulfate and cap.

10.1.12. Fill solvent reservoir with I: I methylene chloride/acetone.

10.1.13. Align trays and start.

10.2. Solvent dehydration

10.2.1.

10.2.2.

10.2.3.

10.2.4.

Prepare a stainless steel funnel by plugging with glass wool, and filling 1/4 full with sodium sulfate.

Pre-rinse the sodium sulfate by passing 40 ml methylene chloride through the prepared funnel.

Pass the extract from 10.1.13. through the funnel and collect in an assembled K-D apparatus.

Rinse the collection vessel with several 10 ml methylene chloride rinses.
•



"';,',

Solvent Evaporation
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10.2.5 .

10.3.
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Rinse the sodium sulfate. w.ith 40 ml of methyJen~ chloride.

10.3.1. Assemble the full K-D apparatus with a snyder column prewet with 2-3 ini of methylene chloride.

10.3.2. Immerse K-D apparatus into a hot water bath, using a bath temperature of 90°C, with a long ampule
immersed to a depth of 12 m!. Regulate the evaporation time to take approx. 30 minutes.

10.3.3. Reduce the volume to 4-5 ml and remove the apparatus from the water bath. Cool to room
temperature.

10.3.4. Rinse joint and remove snyder column. Allow rinse solvent to drain into ampule.

10.3.5. Remove the ampule clamp, and wipe the joint with a Kimwipe. Separate the ampule and rinse the
joint with a small amount of solvent.

10.3.6. Reduce the extract to 1.0 ml in a warm water bath with nitrogen. Rinse internal walls of ampule
several times during blowdown.

10.4. Alumina Cleanup

Prepare a Monstr-pette column by plugging with a small amount of glass wool.

Pack column with a minimum of 3 gm. of activated alumina. Top with 112 em of sodium sulfate.

Add extract directly to top of the sodium sulfate and allow to elute onto the column.

Attach Teflon thistle tube and pre-elute column with 10 rnl methylene chloride.

Rinse the ampule twice with a small amount of methylene chloride and add to top of column.

Elute into a 16 x 125 mm cu lture tube.

Re-anach the Teflon thistle tube to the column and add a minimum of 10 ml methylene chloride

Reduce the extract volume to 1.0 ml in a warm water bath with nitrogen. Rinse internal walls of the
culture tube several times during blowdown.

Transfer extract to a \.8 ml vial. The final volume is then adjusted to 0.5 ml (as compared to a .
measured volume) in methylene chloride. (SIM: Final volume adjusted to 0.5 ml. in methylene
chloride.)

10.4.1.

10.4.2.

• 10.4.3 .

10.4.4.

10.4.5.

10.4.6.

10.4.7.

10.4.8.

10.4.9.

10.4.10. Label the extract and deliver to 940.

10.4.11. Complete all paperwork and bench sheet.' Bench sheet to include cleanup method #, alumina lot #, the
date of transfer to 940 and extract location. Clip the T-Card on the folder and place in GC/MS room
extraction folder box. The file folder color will be blue and the blank name will be MPN.SL .

•
II. REFERENCES - The following USEPA methods are the official methods on which this Laucks Testing Laboratory

method is based. The primary methods are those which most closely parallel the Laucks procedure and are referenced
by their USEPA series and number. In those instances for which there are no official EPA methods, the most suitable
reference is given under the miscellaneous references section. The additional reference section cites those methods
which contain additional information. These methods will frequently be official methods, which apply in part to, or
support the Laucks method.
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PRIMARY REF.ERENCES:

. Test Methods for Evaluating Solid Waste, USEPA, SW-846.

8270D (1998), 3545A (1998), 3611 B (1996)
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1. Introduction and Scope

1.1 Method Description

1.1.1 This method is used for the determination of semivolatile organic analytes in aqueous,
soil, sediment, and other matrices. This SOP follows SW-846 Method 8270D e-xcept for
the specific ~eviationslisted below or outlined in a project's specific QAPP. This SOP is
also applicable to SW-846 Method 8270C as all differences between the two revisions
are clerical in nature. There are no technical differences.

1.1.2 This method is restricted to use by, or under the supervision of, analysts experienced in
the use of gas/liquid/chromatography/mass spectroscopy and .in the interpretation of _
chromatograms and mass spectra. Each analyst performing this method must have
demonstrated the ability to perform the described chromatographic analysis and/or data
interpretation.

1.2 Method Deviations & Comments

1.2.1 The following items represent deviations and comments of Method 8270D, as published, •
which are followed as standard operating proce~ure in the performance of this method at
Laucks:

1.2.1.1 Method 3640A (Gel Permeation Chromatography cleanup) is utilized routinely for all
soil/sediment sample extracts. GPC cleanup is performed on aqueous sample extracts
as deemed necessary.

1.2.1.2 The initial calibration has been increased from five to six concentration levels in order
to demonstrate linearity for all target analytes and to provide a low-level standard that
will act as the reporting limit as outlined in the metD-od.

1.2.1.3 The concentration of internal standards added to all sample extracts and calibration
standards have been decreased from 40 nglJlL per compound to 20 nglJlL in order to
accommodate 2 JlL injection volumes as allowed by the method. This adjustment
keeps the total nanograms injected the same and prevents overloading the analytical
column.

1.2.1.4 Laucks uses a relative response factor for all analytes. The method specifies that if the
average RSD of all analytes for the initial calibration is ~15%, then the RRF may be
used for individual analytes with RSDs > 15%.

1.2.1.5 For Appendix IX and TCLP analyses, the compound 3-methylphenol (m-Cresol)
coelutes with 4-methylphenol (p-Cresol). Since the spectrum and retention time for
these two compounds are the same, these two compounds will be reported together as

Laucks Testing Laboratories. Inc.
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the sum of these two compounds and with the assumption that 3-methylphenol has the
same response factor as the 4-methylphenol present in the standards.

1.2.1.6 All standards are stored at less than -10°C or by the. manufacturer's recommendation.
Sample extracts are stored at 4°C ±2°C.

1.2.1.7 The surrogate and matrix spikes will be added to the sample such that the final amount
injected from normally concentrated samples is 100 ng for the base/neutral ~ompounds
and 150 ng for the acids. Acids will not be injected at 200 ng p~r injection to prevent
exce~ding the highest calibration standard of 160 ng.

1.3 Sample Collection, Sample Storage, Holding Times

1.3.1 Samples are normally collected in glass containers with Teflon-lined caps. All samples
and sample extracts 'are stored at 4°C ± 2°C. Water samples must be extracted within 7
days of collection. Soil samples must be extracted within 14 days of collection. All
sample extracts must be analyzed within 40 days of sample preparation.

1.4 Definition of Terms

1.4.1 This section defines terms and ac'ronyms as they are used in this SOP. Other terms, such
as MSIMSD or method blank, are not defined here since it is assumed that the user of this
SOP already understands their more general meaning.

Method Blank Spike

CCC

CCY

A background free matrix (DIW for water, clean sand for
soils/sediments) to which known amounts or target analytes and
surrogates are added each time sample extracts are prepared.
Blank spikes are required on NFESC work. In the context of this
SOP, a blank spike is the same as a QC check standard.

Calibration Check Compound. A compound of analytical interest
whose RRF in the CCY is compared to the average RRF from the
initial calibration. The % difference must be less than the value
specified in the method for the CCY to be considered valid. CCCs
must also meet maximum %RSD criteria in an initial calibration.

Continuing calibration verification. This is the same acronym used
in the CLP program. This, is a standard injected at some prescribed
frequency during the analysis sequence to determine whether the
instrument has remained in calibration, .

Laucks Testing Laboratories. Inc.
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Initial continuing verification. A calibration standard obtained
from a different manufacturer than the standards used for the
initial and continuing calibrations that is analyzed after a
compliant initial calibration.

Contract Laboratory Program. The USEPA program that contracts
with laboratories to provide laboratory services. The term has
come to mean a much broader set of methods and deliverables. In
the context of this SOP, CLP means procedures or operations
which are detailed in the CLP contract and which are extended to
a broader working definition.

OIW

OFTPP

Internal Standard

MDL

MDL Standard

QCPeriod

Deionized water. Lab reagent water. Organic-free water. Since the
systems used to provide DIW at Laucks all contain carbon
polishing filters, they are capable of providing organic-free water
for use in method blanks and method blank spikes.

A solution containing DFTPP, pentachlorophenol, benzidine, and
p,p'-DDT. An aliquot of this ~olution is analyzed at the start of a
12-hour QC period in order to verify DFTPP tuning criteria.

A compound added to every standard, blank, matrix spike, matrix
spike duplicate, and sample extract at a know concentration, prior
to analysis. Internal standards are used as the basis for quantitation
of target compounds.

Method detection limit. The lowest concentration in a sample
which will yield a positive result that is greater than zero at a
known level of confidence. MDLs are empirically determined by
Laucks. .

Method detection limit standard. A standard prepared so that the
concentrations of the target analytes are approximately 4x the
empirically determined MDLs on an extract basis. This standard is
used to verify that the instrument is capable of detecting the target
analytes on an ongoing basis.

Quality control period. An analysis sequence initiated by the
injection of one or more standards, followed by sample extracts. A
QC period is 12 hours starting with the injection of the DFTPP
performance evaluation solution.

Loucks Testing Laboratories. Inc.
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RF

RSDor %RSD

RT

Sequence

SPCC

EICP

Surrogate

Response Factor. The measure of the mass spectral response of an
analyte compared to its internal standard. Respol)se factors are '
detennined by analysis of standards and are used in the calculation
of concentrations of analytes in samples. RF is detennined by the
following equation:

RF = AxxCJ
Ai, X C<

where:
Ax - Area of target analyte primary ion
Cis - Concentration of internal standard
Ais - Area of internal standard primary ion
C~ - Concentration of target analyte

Relative standard deviation or percent relative standard deviation.
The ratio of the standard deviation of a set of values to the mean
of the set ofvalues. A measure of the similarity of the values one
to another.

Retention time. The time (in minutes) at which a target analyte
elutes from the GC column: ..

A set of sample extracts and standard solutions injected into an
instrument in a chronologically continuous group. See also QC
period. .

System Perfonnance Check Compound. A compound of analytical
interest whose relative response factor (RRF) is monitored in the
CCV for signs of chromatographic degradation. SPCCs generally
have low RRFs and tend to decrease in response as the
chromatographic system begins to deteriorate. They must meet a
minimum RRF for initial and continuing calibrations.

Extracted ion current profile-a plot of ion abundance versus time
(or scan number) for ion(s) of specified mass(es).

Compounds added to every standard, blank, matrix spike, matrix
spike duplicate, and sample extract at a known concentration; used
to evaluate extraction and analytical efficiency by measuring
recovery. Surrogates are brominated, fluorinated, or isotopically
labeled compounds not expected to be detected in environmental
samples.

Laucks Testing Laboratories, Inc.
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2. Equipment List and Standards

2.1 Chromatographic System

••

Gas Chromatograph:
Carrier Gas:
Column:

Automatic Sampler:

GCIMS Interface:

Mass Spectrometer:
Data System:

Miscellaneous:

Note:

2.2 Standards

Hewlett Packard 5890 I or II
Helium 99.999% (ultra purity) or better
30 m x 0.25 mm x 0.25 I.l capillary column (Restek RTX5SIL
MS or equivalent)
Hewlett Packard 7673A or"7673 with 19405A and 3396A
controllers
Capillary direct to the ion source of the mass spectrometer,
fixed temperature
Hewlett Packard 5970B or 5972
PC based Teknivent with ENVIROLINK data acquisition and
processing software or HP Chemstation.
Assorted syringes, vials, caps, septa, injection port liners, .
ferrules, etc.
All of the above equipment may be substituted with
equivalent or better equipment ••

2.2.1 Preparation of Semivolatile Standards

. 2.2.1.1 All standards prepared from this operating procedure must be logged into the iLIMS
standards logbook under GCIMS ABNs. When a standard ismade, a solution number
is assigned to it. This solution number is unique and will be used to track and identify
the standard every time it is analyzed.

2:2.1.2 The following is an example of the solution nomenclature used for a semivolatile
standard. The solution number assigned was MS9-1 0-19. This label represents the
following:

MS Solution was made and used as Mass Spec Standard
9 Solution was logged into standard book #9

10 Page number on which solution has been recorded
19 This denotes the nineteenth entry on page 10

2.2.1.3 All standards must also be verified both qualitatively and quantitatively in order to
satisfy EPA requirements for traceability. This may be accomplished by purchasing
solutions that have been fully documented by a commercial vendor. •

Laucks Testing Laboratories. Inc.
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Preparation of Internal Staridard Solution (ABN IS MIX @ 2000 ug/mL).

Internal Standards
1,4-Dichlorobenzene-ci4
Naphthalene-d8
Acenaphthene-d 10
Phenanthrene-d 10
Chrysene-d 12
Perylene-d 12

.,,-,

2.2.2.1 Commercially prepared and certified internal standard solution is purchased at a
concentration of 2000 IlglmL and is used undiluted. This standard is kept at less than
-IO°C until put into use. Once opened, the standard is kept at room temperature to avoid
having the less soluble compounds fall out of solution. A new ampule of internal .
standard is opened on a weekly basis.

2.2.3 Preparation ofDFTPP solution:

2.2.3.1 Prepare a 25 IlglmL tuning solution which consists ofDFTPP, pentachlorophenol,
benzidine, and 4,4' -DDT in methylene chloride. This solution is kept at temperature of
less than -lO°C.

2.2.4 Preparation of Calibration Standards

2.2.4.1 Calibration standards are prepared in methylene chloride from stock solutions that are
purchased from a commercial source (e.g., Supelco or Crescent). If an analyte required
for calibration is not present in an available mixed solution, laboratory-prepared stock
solutions that have been verified by GC/MS may be used. Laboratory prepared stock
solutions should be tested against independent reference standards when they are
available.

2.2.4.2 Calibration standards are prepared at six concentration levels (5, 10,25,40, 60 and 80
ng/IlL). Each calibration standard contains all compounds of interest, surrogates, and
internal standards. The internal standards are added so that they are present in all
calibration standards at a concentration of 20 nglllL each.

2.2.5 Preparation of ABN200 stock solution

2.2.5.1 Assemble the following solutions in order to prepare a combined stock solution which
will contain all analytes of interest at a concentration of 200 JlglmL each:

• Analyte Mix
Benzidines Mix 2
Base/Neutrals Mix 1

Vendor
Crescent
Crescent

Stock #
CC2410
CC2458

Laucks Testing Laboratories. Inc..
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CC2471R
CC2473
4-7261
4-7262

Note: 1,2-diphenylhydrazine is detected as azobenzene. Azobenzene may be substituted
for 1,2-diphenylhydrazine as it is in many commercially purchased calibration mixes.

2.2.6 Preparation of APPEND200 stock solution

2.2.6.1 Assemble the following solutions in order to prepare acombined stock solution which
will contain all analytes of interest at a concentration of 200 Ilg/mL each:

Analyte Mix
Appendix IX Semivolatiles (15)
Appendix IX Semivolatiles (9)
Appendix IX Semivolatiles (lO)
Appendix IX 1,3,5-TNB
Semivolatiles Mix 5
Pentachlorethane

EPA CLP SOW OLM04.2 Semivolatile Mix for
Additional Compounds

Vendor
Crescent
Crescent
Crescent
Crescent
Crescent
Crescent

Supelco

Stock #
CC2289
CC2289A
CC2289B·
CC2289C
8SM-008A
3347D.20

47514-U •
2.2.6.2 The vendor and catalog numbers provided are for reference only. Other vendor's

certified solutions may be substituted.

2.2.6.3 Combine appropriate amounts of all solutions in a clean, 10 mL volumetric flask so
that all analytes are present at 200 Ilg/mL. Dilute to volume with methylene chloride,
stopper the flask and mix well. Record all information in the iLIMS standards logbook
and transfer the contents of the volumetric flask into an amber screw-cap vial. Store
this solution in the freezer when not in use. The vial must be marked with the logbook
name, standard type, preparation date, solvent used, expiration date, and preparer's
initials.

2.2.7 Preparation of working calibration standards

2.2.7.1 To prepare working calibration standards, add the amounts listed below (in ilL) of
ABN200 stock solution, internal standard solution ( ABN IS MIX @ 2000 ug/mL) and
methylene chloride to clean vial inserts and use within one week. .

Amount of
Standard

ABN200 in fll

Amount of
Standard

APPEND200 in fll

Amount of
Internal Standard

in fll

Amount of

CH2Ch in fll •
Laucks Testing Laboratories. Inc.
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Working ABN 5
Working ABN 10

. Working ABN 25
Working ABN 40
Working ABN 60
Working ABN SO

5
10
25
40
60
80

5
10
25
40
60
SO

2
2
2
2
2
2
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190
ISO
150
120
SO
40

3. Safety precautions

J.l Routine Safety Precautions•

2.2.7.2

2.2.7.3

2.2.7.4

. .
Log into the working solutions logbook all of the above information as the standards
are made. Store all standards at less than -10°C for up to one week when not in use.

The ABN 25 standard is the continuing calibration standard and it will need to be
prepared on a weekly basis.

Calibration stock solutions, which are received sealed in ampules from the
manufacturer, are useable up to their manufacturer's expiration date. The mixed
ABN200 and APPEND200 stock solution must be prepared once every twelve
months, or sooner, if standards have degraded or concentrated.

•

3.1.1 All standards and sample extracts should be handled as if they are hazardous substances.

3.1.2 Refer to the instrument manufacturer's manual for routine instrument precautions.

3.1.3 Routine precautions include an awareness of the moving parts on the instrument you're
using. These parts are often charged with power from an electrical component or with
high pressure gas and have the potential to do harm if not used properly.

3.1.4 Electrical shock - All instruments present the possibility of electrical shock. The operator
should take all precautions including ensuring that all instruments are operated with fully
grounded power outlets, turning off the instrument and disconnecting the instrument from
the electrical power supply before working on any electrical components, etc.

3.1.5 Almost all of the analytes under consideration are known or suspected carcinogens.
Analysts should wash their hands after using any standard, solvent or sample extract.
Additionally, a respirator should be worn or a fume hood utilized for extremely
hazardous compounds or very dirty extracts.

3.2 Waste disposal

Laucks Testing Laboratories; Inc.
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3.2.1 All waste solvents, expired standards and old extracts should be disposed of in the
solvent waste can located in the prep area fume hood. Consult the laboratory SOP for
more detail on waste disposal.

4. Operation procedures

4.1 Analytical Conditions

4.1.1 Chromatographic Conditions

•

Initial Temperature:
Initial Time:
Column Temperature Program:
Final Temperature:
Final Time:
Injector Temperature:
Transfer Line Temperature:
Injector Purge Time Off:
Injection Volume:
Column Linear Velocity:

4.1.2 Mass Spectrometer Conditions

Electron Energy:
Mass Range:
Scan Time:

4.2 Method Detection Limit Study

45°C
4 minutes
SOC/minute

.320°C
8 minutes
250-300°C (instrument dependent)
280-310°C (instrument dependent)
0.15 minutes
2 JlL
30-40 em/sec (nominal 35 cm/sec measured at 30°C)

70 volts
35 to 500 AMU
Not to exceed 1 second per scan

•

4.2.1 MOL studies are performed on an annual basis. This procedure is fully described in
Laucks SOP on Determination ofMDLs.

4.2.2 MDLs for this method are in the range of 0.27 - 2.5 Jlg/L for waters and 29.0 - 201
J.1g/kg for soils.

4.3 Method Reporting Limits

4.3.1 The method reporting limit for this method shall be set as described by method 8000B by
using the lowest calibration standard as the method report limit. Values detected below
this level will be reported but will be "J" flagged as outlined in Section 5.3 of this SOP.

4.3.2 Reporting limits for aqueous samples are 5 Jlg/L with the exception ofbenzoic acid and • _
2,4-dinitrophenol which are 10 Jlg/L. Reporting limits for non-aqueous samples are 330
Jlg/kg with the exception of benzoic acid and 2,4-dinitrophenol, which are 670 Jlg/kg.

Laucks Testing Laboratories, Inc.



•
4.3.3

Method No:LTL-8279
. Revision: 7
Date: 04/08/03
Page: 13 of 50
Replaces: 6

For the additional Append IXanalytes, the reporting limit for aqueous samples is 5 ~g/L

with the exception of a,a-dimethylphenylethylamine and famphur where the reporting
limit is 10 ~g/L. Reporting limits for non-aqueous samples are 330 ~g/kg and 670 ~g/kg

respectively.

4.4 Method Validation

4.4.1 Prior to the analysis of any samples, it is necessary to validate the method. A method
validation study is performed in a similar manner to an MDL study. with the exception
that a minimum of 4 replicates is required and the conc·entration levels are typically
higher. This procedure is fully described in Laucks SOP on Determination of QC limits.

4.5 Daily Instrument Maintenance

•
4.5.1

4.5.2

Instrument maintenance may be required for good chromatography and proper calibration.
The following steps may be undertaken if needed before the analysis of any standard or
sample:

A. Cool the GC oven to 30°C.
B. Check the background for the instrument using manual tune to determine the
operating status of the instrument
C. Remove the injector septum and quartz liner.
D. Remove the column from the injector.
E. Install a new column ferrule:
F. Clip off 10 cm of the column. Check for a proper cut.
G. Reinstall the column and adjust the alignment.
H. Install a clean quartz liner.
I. Reinstall the a-ring or replace it if worn.
J. Install a new septum.
K. Clean and reinstall the autosampler syringe.

After any of these steps have been taken, recheck background, correct any leaks by
tightening fittings, then ramp the GC oven twice from 50° to 310°C at 20° Iminute for 10
minutes .

4.6 Instrument Tuning

4.6.1 The HP mass spectrometers use FC-43 (PFTBA) as a mass calibration compound. Each
instrument will require different ion ratios to pass the required DFTPP performance
criteria. See Appendix II for the DFTPP tuning criteria. The following ratios are therefore
approximate..

• Ion
69

% of ion 69
100%

Laucks Testing Ll,lboratories.lnc.
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131 25-35%
219 25-35%
414 1-3%

4.6.2 Ion peak widths should be in the 0.5 to 0.6 AMU range. Excessive peak width can lead to
loss of minor isotope peaks. Insufficient peak width can result in the loss of sensitivity.
Ions for water, nitrogen, and oxygen should be <5% of ion 69. A copy of the PFTBA
spectrum and tabular listing should be kept with the instrument historical file.

4.6.3 The DFTPP tuning solution should also be used to assess GC column perfonnance and
injection port inertn'ess. Degradation of DDT to DDE and DDD should not exceed 20%.
Benzidine and pentachlorophenol should be present at their nonnal responses, with no
visible peak tailing, as demonstrated by the peak-tailing factor. ' A copy of the peak
tailing factors and degradation of DDT is kept with the instrument historical file. The
calculation of peak tailing factors is illustrated in Appendix XIV. The acceptance criteria
for benzidine is <3.0 and pentachlorophenol is <5.0. If degradation is excessive and/or
poor chromatography is noted, the injection port may require cleaning. It may also be
necessary to break off the first 6-12 inches of the capillary column.

4.6.4 Analysis of the DFTPP must meet the ion abundance criteria listed in Appendix II before •
initiation of initial or continuing calibration standard analysis.

4.7 Initial Multi-Point Calibration

4.7.1 After demonstrating compliance with the DFTPP tuning criteria, analyze the calibration
standards within 12 hours.

4.7.2 Check the integration and retention times of all compounds in each standard. Examine
~he peaks to ensure that peak saturation and/or chromatographic overload has not
occurred in the upper calibration standard.

4.7.3 SW 846 allows the use of both linear and non-linear models for the calibration data. The
option for non-linear calibration may be necessary to achieve low detection limits or to
address specific instrumental techniques.

4.7.4 The choice of a specific calibration model should be made in one of two ways. The first
option is to begin with the simplest approach, the linear model through the origin using
RSDs, as described in section 7.5 of 8000B. In methods where this method is not
appropriate, because the calibration acceptance criteria; cannot be met, the next option of

, calibration (1ine~r regression) is used. This calibration' option is typically used in fuels
because ofthe elevated response obtained in these analyses. The requirements for the
linear regression model is that R

2
be greater than or equal to 0.99. The more complex '.

calibration option is use of the quadratic curve. This calibration option requires a
minimum of 6 points and is used in cases where the detector doesn't meet calibration

Laucks Testing Laboratories. Inc,
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criteria over a wide range: The difficulty with the quadratic is that the intercept may be
greater than the detection limit. This calibration option exhibits a greater accuracy in the
mid-range, and may demonstrate more extreme responses at the low and high end of the
calibration, and therefore, it is important-to dilute samples and extracts so that they are in
the mid'-range of the calibration.

A.7.5 For linear calibrations using the RSD, analyze standard solutions using a minimum of 5
different concentration levels. (Six calibration levels are typically used for 8270D.) The
lowest concentration should establish the reporting limit. The highest concentration
should d~fine the upper usable working range of the detector. Criteria for evaluating these
standards are detailed in Section 6.

4.8 Linear Calibration

4.8.1 Internal standard calibration data is evaluated by determining the %RSD of the response
factors.

4.8.1.1 Calculate the individual and average RFs for each compound.

4.8.1.2 RFs are calculated using the equation

RF = As x Cis
Ais X Cs

where:

As "= Response of target analyte
Ais = Response of internal standard
Cs = Amount of target analyte (ng/~L)

Cis = Amount of internal standard (ng/~L)

4.9 Non-linear Calibration

4.9.1 In situations where the analyst knows that the instrument response does not follow a
linear model over a sufficiently wide working range, or when the other approaches
described here have not met the acceptance criteria, a non-linear c"alibration model may
be employed.

4.9.2 When using a calibration model for quantitation, the curve must be continuous,
continuously differentiable and monotonic (the successive members of which either
consistently iricrease or decrease but do not oscillate in relative value. Each.member of a
monotone increasing sequence is greater than or equal to the preceding member; each
member of a monotone decreasing sequence is less than or equal to the preceding
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member) over the calibration range. The model chosen should have no more than four
parameters, i.e~, if the model is polynomial, it may be no more than third order, as in the
equation:

3 2 .
Y= ax + bx + cx + d

4.9.3 The statistical considerations in developing a non-linear calibration model require more
data than the more traditional l.inear approaches. A quadratic (second order) requires a
minimurri of six standards, and a third order polynomial requires seven standards. Do not
force the line through the origin, i.e., do not set the intercept as 0, and do not include the
origin (0,0) as a calibration point.

4.9.4 Whichever option is employed, a surrogate concentration must fall within the calibration
range.

4.9.5 Criteria for evaluating these standards are detailed in Section 6.

4.10 Continuing Calibration Standard and Initial Calibration Verification

4.10.1 Concentration and/or RF Criteria

4.10.2 After demonstrating compliance with the DFTPP tuning criteria and the completion of a
compliant initial calibration curve, analyze the continuing calibration standard within 12
hours.

4.10.2.1 After completion of a compliant initial calibration curve, an initial calibration
verification (lCV) will be analyzed. This standard is from a source different than that
of the calibration standards. At the time of the writing of this SOP, Laucks uses a

.commercially prepared and certified standard solution purchased from Cerilliant
(Catalog # ERS072). This solution contains' the analytes that are most commonly
reported on a routine basis. This ICV standard is analyzed at a concentration range of
32-64 ~g/mL, which is higher than the CCV analyzed on a routine basis. There are no
compound-specific criteria. The %D results should bewithin ±30% of the average RF
or expected concentration from the initial calibration for each analyte. See below for
initial calibration verification criteria.

Initial Calibration Verification Criteria

•'...

•

4.10.2.2 Using the appropriate calculation technique (average RF) compute either RFs or
concentration values. For linear calibrations the CCV standard can be verified by

Army Corps
All analytes %D ~30%

DoD
All analytes%D ~25%

AFCEE
All analytes %D ~25%

•
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calculating either the percent difference or the percent drift.

4.10.2.2.1 The percent difference calculation compares the CCV RFs to the mean RFs from
the initial multi-point calibration. The percent difference is calculated as follows:

%0 =RFv - RF
x 100

RF

•

•

where:
RFv = Response Factor

RF = Mean Response Factor

4.10.2.2.2 The percent drift calculation compares the CCV calculated concentrations to the
theoretical (or actual) concentration of the CCV standard. The percent drift is
calculated as follows:

where:
Cc=Calculated Concentration
CT= Theoretical Concentration

. 4.10.3 The standard analysis must meet the %D and minimum RRF criteria detailed in Section
7.

4.11 Sample Analysis

4.11.1 After completion of a compliant continuing calibration standard, sample analysis may be
perfonned.

4.11.2 Remove the sample extracts from the refrigerator and allow to wann to room
temperature.

. 4.11.3 Transfer 200 ilL of extract to a vial insert.

4.11.4 Add 2 ilL of IS solution (ABN IS MIX @ 2000 Ilg/mL).

4.11.5 Cap the vial and mix well.

4.11.6 Place the vial onto the autosampler for analysis.

4.11.7 For dilutions, decide what dilution is necessary from previous data or analyst judgment.
Make dilution and then add 2 ilL of ABN IS solution prior to capping vial. Mix well prior

Laucks Testing Laboratories, Inc.
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to analysis.

4.11.8 In general, the method blank accompanying the samples is injected prior to the analysis
of the samples. This is not a requirement, however. Samples are then injected until the
end of the 12 hour clock.

4.12 Compound Identification

4.12.1 Compounds are tentatively identified if a peak elutes within 0.5 mip.ute of that compound
in the CCV.standard. In addition, the internal standard for that compound should also be
within 0.5 minute of its counterpart in the CCV standard. To confirm the presence of that
compound in the sample extract, the mass spectrum of the peak must be evaluated.
Spectra are compared against standard spectra of each compound generated on the
instrument used for analysis.

4.12.2 The following criteria are used to evaluate.mass spectra.

4.12.2.1 The intensities of the characteristic ions of a compound maximize within one scan of
each other. Searches performed based on the presence of a target compound at a
compound-specific retention ti~e will be accepted as meeting this criterion. •

4.12.2.2 All ions present in the standard mass spectra at a relative intensity greater than 30%
(most abundant ion in the spectrum equals 100%) or the three ions of greatest intensity
must be present in the sample spectrum.

4.12.2.3 The relative intensities of ions specified must agree within 30% between the standard
and sample spectra. Example: For an ion with an abundance of 50% in the standard
spectra, the corresponding sample ion abundance must be between 20 and 80 percent.

4.12.2.4 If a compound cannot be verified by all of these criteria, but in the technical judgment
of the analyst, the identification is correct, then report that identification and proceed
with quantification.

4.12.2.5 The experienced analyst's judgment weighs heavily in evaluating chromatograms and
mass spectra for compound identification. For instance, the retention tiines of .
surrogate compounds may be outside their expected windows due to sample matrix
effects. If this has occurred, it must be fully documented in the appropriate report
notes.

4.13 Common Analytical Problems

4.13.1 An analyst's professional judgment plays a large role in how data are interpreted. The
following guidelines should be followed in order to facilitate consistency between •
analysts. Any anomalies not addre~sed in this SOP must be discussed with the supervisor .
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prior to implementation. All anomalies and corrective actions must be documented.

4.13.2 Interferences

4.13.2.1 Problems have been associated with the following compounds analyzed by this
method.

4.13.2.2 Dichlorobenzidine and 4-chloroaniline can be subject to oxidative losses during.
solvent concentration.

4.13.2.3 Hexachlorocyclopentadiene is subject to thermal decomposition in the inlet of the gas
chromatograph, chemical reactions in acetone solution, and photochemical
decomposition.

4.13.2.4 N-nitrosodiphenylamine decomposes in the gas chromatograph inlet forming
.diphenylamine and, consequently, may be detected as diphenylamine.

4.13.3 Carryover

4.13.3.1 In some cases, ifanalytes in a sample are very high, there may be carryover from one
analysis to the next. If a sample is suspected of being high due to historical data or
extract color, the sample should be diluted prior to analysis or one or more blanks
should be analyzed after the sample to insure that there is no carryover between
analyses.

4.13.3.2 However, in the case where high levels were not expecied, and do appear in a sample
analysis, the analysis after it should be examined carefully for carryover. Any sample
analyte whose concentration exceeds 250 ng/l-lL in the extract may be considered a
candidate for carryover.

4.13.4 Manual Peak Integrations

4.13.4.1 Manual peak integration should be used only when necessary to correct for matrix
interference, tangent peaks, and rising baselines. Manual integrations are not to be
used in an attempt to meet calibration, surrogate recovery, or spike recovery criteria.
Refer to LTL-I020, The Integration ofIC, GC, HPLC. and GCIMS Peaks for more
detail.

4.13.4.2 If the chromatogram shows degradation due to sample loading e.g. split peaks, lift off,
or severe tailing, the sample should be diluted and reanalyzed if required detection
limits permit.

4.13.4.3 If a manual integration is necessary, use the following guidelines:
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• Integrate only the peak. Start where the peak lifts from the baseline and end as soon
as it returns to the baseline. Do not integrate extra baseline in an attempt to increase
peak area.

• Do not "peak shave". Do not cut off legitimate parts of the peak in order to reduce
peak area.

• In cases 0 f tangent skims, do not increase or decrease peak areas or heights 'by
skimming extra long baselines or drawing the baseline too low.

II Initial and date all manual integrations.

4.14 Compound Quantification

4.14.1 Target compound concentrations are calculated using the following equations:

4.14.2 The equation for internal standard calculations using a linear model is

Axx Cis
Extract Concentra.tion(ng / j.1L) = ----

Ais X RFaverage

where:

••

•
Ax
A is

Cis'

RFaverage

= Response for the target analyte
= Response for the internal standard
= Concentration of internal standard, in ng/JlL
= Average Response Factor (calculated from the initial calibration)

4.14.3 If the %RSD of a compound's relative response factor is 15% or less, than the
. concentration may be determined using the average response factor from the initial

calibration. If the %RSD of any analyte is greater than 15%, then alternative calibration
options must be performed.

4.14.4 The above equation is used directly by the HP computer to yield the extract
concentration.

4.14.5 Aqueous samples

4.14.5.1 To calculate the actual sample concentration, the following calculation must be used..

Fx D x Vrx epC
Extract Concentration (Jlg/L) =-----

Vi

Laucks Testing Laboratories. Inc.
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where:

F = Amount found from HP quantitation report (nglJ.lL)
D = Dilution factor of extract
Vr = Final extract volume (J.lL)
GPC = GPC di lution factor. Use 1 if GPC was not perfonned, 2 if GPC was used
Vi = Initial sample volume (mL)

4.14.5.2 Any sample extracts that exceed the upper calibration range for any analytes of
interest must be diluted and 'reanalyzed to bring the analytes into the working range of
the calibration. . .

4.14.6 Non~aqueous samples

4.14.6.1 The result calculation for non-aqueous samples is very similar to that for aqueous
samples. The only difference is the inclusion of a total solids tenn to calculate the dry
weight equivalent of the initial sample size.

e

e

Fx Ox VrxGPC
Sample Concentration(f.!g/kg) = ------

. WsxTs

where:

Ws = Sample size extracted in grams.
Ts = Total Solids in decimal fonnat (i.e. 0.76 not 76).

4.14.6.2 Any sample extracts that exceed the upper calibration range for any analytes of
interest must be diluted and reanalyzed to brin~ the analytes into the working range of
the calibration.

5. Reports

5.1 Data Packet Organization

5.1.1 See Appendix III for a checklist detailing data packet organization.

5.2 Quality Control Reports

5.2.1 All results for quality control tests are entered into the lab database. Printouts of all data
entered must be included in the data packet. The routine minimum is a method blank
report, a method blank spike report, and an MS/MSD report.
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5.3 Sample Result Reports

5.3.1 Data Qualifying Flags

5.3.1.1 Sample report results are qualified with data qualifying flags. These flags have the
.. following definitions:

U: The analyte of interest was not detected, to the limit of detection indicated.

B: The analyte of interest was detected in the method blank associated with the
sample, as well as in the sample itself. The B flag is applied without regard to the
relative concentrations detected in the blank and sample.

J: The analyte of interest was detected below the practical quantitation limit. This
value should be regarded as an estimate.

D: The value reported is derived from the analysis of a diluted sample or sample
extract.

X:

E:

Indicates an unresolvable isomeric pair. This flag indicates that calculated results·
are the sum of the two isomers.

The value reported is based on a sample or sample extract in which the target
analyte concentration exceeded the calibration range. The value reported should
be considered an estimate. .

•
6. Quality Control

6.1 General Issues

6.1.1 See Appendices VII and VIII for flow chart and QAlQC limit and corrective action
tables.

6.2 Initial Calibration

6.2.1 Criteria

6.2.1.1 Calculate the %RSD for all compounds. CCC criteria are listed in Appendix IV.

6.2.1.2 The calculated RFs are tabulated and the %RSD calculated. Initial calibration data are
evaluated using %RSD of the relative response factors as well as minimum average
RRFs. The average RRF for all SPCC analytes must be ~ 0.05. The %RSD must be :::
30% for each individual Calibration Check Compound (CCC). The %RSDs must be
:::15% for" all other analytes. .

6.2.1.3 Laucks has established an additional criterion by requiring a minimum-acceptable
average RRF for all non SPCC analytes of 0.010. At this time the Appendix IX
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compounds have no minimum RRF. See Appendix IV for a listing of all SPCCs.

6.2.2 If the %RSD of any analyte is greater than 15%, then alternative calibration options must
be considered. The second approach to a linear model is to use a priori knowledge of the
detector response to choose the calibration model. Such knowledge may come from
previous experience, knowledge of physics ,of the detector, or specific manufacturer's
recommendations. See section 7.5 in Method 8000B and section 4.7.4 in this SOP for
more details.

6.2.3 Corrective action

6.2.3.1 If the criteria are not met, other standards may be analyzed or appropriate instrument
maintenance and analysis' of new standards must be performed. Failure to achieve the
required minimum average RRF for the SPCC compounds may indicate the need to
perform instrument maintenance or prepare fresh calibration standards.

6.2.3.2' Some compounds, iocluding but not limited to the nitroanilines, the nitrophenols and
some additional Appendix IX analytes, tend to show poor or erratic response at the
lower calibration levels.

6.2.3.3 For routine analyte lists the lowest standard may be omitted from the initial calibration
, as long as the %RSD does not exceed 30% for any' which are CCCs. Additionally,

those compounds, which are omitted from the lower calibration levels, will also have
an elevated reporting level equivalent to that of the lowest standard.

6.3 Continuing Calibration Verification

6.3.1 Criteria

6.3.1.1 At the beginning of each 12-hour QC period, a CCV standard at a concentration level
of25 ~glmL is analyzed. The RF or concentration for each analyte is calculated and
the percent difference or percent drift is 'calculated as shown above.

6.3.1.2 The RF for each compound is calculated and the percent difference is calculated as
follows:

. RFc- RFi
%DifJerence = x 100

RFi

where:

RF j = Average RF from Initial Calibration.
RFc = RRF from CCV standard.
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6.3.1.3 According to the US ACOE Shell, Section 1.9.2.5.4: "Evaluate the concentration of
each target analyte and surrogate in the CCV. Verify that the percent drift or percent
difference for the Cc;Cs and all project-specified contaminants of concern are within ±
20 percent of their expected values. Evaluate remaining target analytes to assess
instrument stability and survey the need for performing instrument maintenance." It is
recommended that·the list of project-specified contaminants of concern be made
available to the laboratory. -

6.3.1.4 According to the Department of Defense Quality Systems manual, Table B-3
Calibration Verification (CV) "all calibration analytes within ±20%D of expected
value from the ICAL with no individual analytes (except CCCs) > 25%".

6.3.1.5 According to the Air Force Center for Environmental Excellence QAPP, Table 7.2.10
3 Continuing Calibration Verification "all calibration analytes within ±20%D of
expected value".

•

6.3.1.6 The int~rnal standard area responses must be within a factor of two (-50% to +100%)
from that of the mid-point standard level of the most recent initial calibration. In
addition, the retention time must fall within 30 seconds from that in the mid-point
standard level of the most recent calibration sequence. •

6.3.1.7 In addition, all compounds (with the exception of the Appendix IX analytes) must
have a minimum RRF of at least 0.010 compounds. See Appendix V for all CCV
criteria.

6.3.2 Corrective' action

6.3.2.1 Check that all peaks have been properly integrated. Check the calculations. If the %D
o~ the internal standard area criteria are still not met, perform corrective instrument
maintenance or re-tuning, and reanalyze the standard. If the %0, internal standard area
response, or minimum RF criteria are still not met, a new CCV standard may need to
be prepared, a new initial calibration performed, a new column installed, or other
instrument maintenance performed in order to meet the CCV criteria.

6.4 Method Blank

6.4.1 Criteria

6.4.1.1 A method blank is used to verify contamination-free reagents and apparatus. A method
blank is prepared with every set of samples extracted at the same time, at a frequency
of at least one blank per 20 samples.

6.4.1.2 Laucks criterion for a method blank is less than one-half the RL for each analyte.
Method blank corrective action limits are detailed in Appendix VI.
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•

•

6.4.2.1 When these criteria are exceeded, corrective action should be taken to
find/reduce/eliminate the source of this contamination in the method blank. Sample
corrective action may be limited to qualification for blank contamination. When the
concentrations of any target analytes within the method blank are above one-half of
the reporting limit, the effect this may have had on the samples will be assessed.

I) If any analyte is found only in the method blank, but not in any batch samples, no further
corrective action may be necessary. Steps shall be taken to find/reduce/eliminate the source
of this contamination in the method blank. The case narrative should also discuss the
situation.

2) Reanalysis of the method blank and any samples containing the same contaminant(s) which
exceeded. the corrective action limit(s) is performed if an analyte is found in the method
blank and some, or all, of the other batch samples. If the contamination remains, the
contaminated samples of the batch would be re-prepared and reanalyzed with a new method
blank and batch specific QC samples.

3) Sporadic cases of contamination may be difficult to control, however daily contamination
would not be acceptable.

4) Out-of-control surrogate recoveries in the method blank require reanalysis of the method
blank.

5) If common lab contaminants such as phthalates are present, the associated sample results for
these compounds are flagged appropriately. Analytes may be present as long as they are less
than 5 percent of the regulatory limit associated with that analyte, or less than 5 percent of
the sample result for the same analyte, whichever is greater, for the method blank to be
acceptable. Typically, the. regulatory limits for these compounds are well above normal
sporadic contamination levels however, in order to make appropriate determinations in
accordance with the DoD QSM and SW 846, the lab must have the specific regulatory limit
for the common lab contaminants provided by the contractor or oversight agency.

6.4.3 Documentation

6.4.3. I Copies of all method blank analyses are stored with the sample analyses raw data. In
addition, the raw data for the method blank analyses are stored in the laboratory for an
extended period of time. The results for the method blank analyses are reported
electronically via the laboratory's iLIMS database. If criteria are not met, reanalysis of
additional blank(s) are noted in the instrument run log. Outliers are discussed in the
case narrative.

6.5 QC Check Sample (LCS)
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6.5.1 The LCS is used to detennine whether a method is in control during sample preparation.
and analysis. A LCS follows the same protocol as the matrix spike analysis except that
the spiking solution is added to a blank matrix (deionized water for water or sea sand for
soil/sediments) instead of an actual sample. A Lab Control Sample is prepared with
every set of samples extracted at the same time, at a frequency of at least 0I1e LCS per 20
samples.

6.5.2 The USACOE requires at a minimum that all target analytes be spiked into the LCS.
According to the USACOE Shell Document 1.10.2.2.: "The LCS is'spiked with all single
compone'nt target analytes before it is carried through the preparation, cleanup, and
detenninative procedures. A subset ofthe single-co"!ponimt target analytes containing
the specific analytes ofinterest can be substitutedfor the full list oftarget analytes if
specified in project-specific contracts or work plans. "

6.5.3 It is also recommended that all target analytes of concern be spiked into the LCS for non
USACOE projects. NELAP specifies in D.l.l.b.4.: "if the test method has an extremely
long list of components or components are incompatible, a representative number (at a
minimum 10%) of the listed components may be used to control the test method." The
DOD QSM Fina:! Version I specifies, in clarification Box D-5: ''''an extremely long list
of components" means greater than 50 components. If a percentage of the component list
is used, those analytes must be representative of each chemical class covered by the test
method and include any project-specific analytes of concern."

6.5.4 The LCS may fill the requirements for the perfonnance of an initial calibration and
continuing calibration verification standard as specified in Sections 9.4,2.1 and 9.4.2.2 in
the DoD Quality Systems Manual- Final Version 1, October 2000. The spiking levels
vary from 20llg/mL to 30llg/mL.

6.5.5 Criteria

6.5.5.1 At the time of the writing of this SOP, the established control limits are as follows:
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••

•••



-;,.-,./-,

•
TABLE I

Blank Spike Recovery Limits

Method No:LTL-8279
Revision: 7
Date: 04/08/03
Page: 27 of 50
Replaces: 6

Compound

Phenol
2-Chlorophenol
1,4-Dichlorobenzene
N-Nitrosb-di-n-propylamine
1,2,4-Trichlorobenzene
4-Chloro-3-methylphenol
Acenaphthene
4-Nitrophenol.
2,4-Dinitrotoluene
Pentachlorophenol
Pyrene

.' 6.5.6 Corrective action

%Recovery
Water

18-109
23-114
13-85

36-120
19-91

28-120
35-119
10-134
19-132
12-127

·52-118

%Recovery
Soil/Sediment

25-121
31-117
40-102
27-118
43-107
35-121
33-123
10-148
18-135
14-120
45-112

••

6.5.6.1 Check all peak integrations and sample calculations.

6.5.6.2 If the arialyte recoveries still exceed the control limits, the blank spike extract may be
reanalyzed.

6.5 .6.3 If the analyte recoveries are still out of control, re-extraction of the associated samples
is required.

6.6 Matrix Spike/Matrix Spike Duplicate Sample'

6.6~1 A sample is chosen from the samples to be analyzed, and an aliquot of spiking solution is
added to this sample 'prior to extraction. It is not required that a matrix spike analysis be
performed with each extraction batch unless the project QAPP requires it. However, the
minimum frequency for MS analysis is 1 each per 20 samples per matrix. This matrix
spike sample is used to evaluate the matrix effect of the sample upon recovery of
Calculate the recovery of each matrix spike compound using the equation below.

0/ R Spiked sample result - sample result 100
/0 ecovery = x

Spike added

6.6.2 Calculate the relative percent difference (RPD) of the recoveries of each compound in the
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matrix spike and matrix spike duplicate as follows:

IMatrix spike recovery - Matrix spike duplicate recoveryl
RPD = x 100

1/ 2(Matrix spike recovery + Matrix spike duplicate recovery )

The vertical bars in the formula above indicate the absolute value of the difference,
therefore RPD is always expressed as a positive value.

6.6.3 Criteria

6.6.3.1 At the time of the writing of this SOP, the established control limits are as follows:

TABLE 2
Matrix Spike Recovery and Relative Percent Difference Limits

Compound %Recovery RPD %Recovery RPD •••Water Water Soil/Sediment Soil/Sediment

Phenol 10-92 45 35-105 20
2-Chlorophenol 12-95 50 39-100 20
1,4-Dichlorobenzene 24-63 39 21-73 30
N-Nitroso-di-n-propylamine 13-122 31 10-151 28
1,2,4-Trichlorobenzene 31-67 28 27-82 25
4-Chloro-3-methylphenol 27-109 16 25-128 20
Acenaphthene 42-93 22 41-107 20
4-Nitrophenol 10-98 50 10-144 41

'. ~ 2,4-Dinitrotoluene 35-111 20 38-91 20
Pentachlorophenol 10-137 50 10-108 50
Pyrene 44-116 20 32-127 44

6.6.4 Corrective action

6.6.4.1 Samples with spike recoveries outside control limits will be reviewed for possible
corrective action. Corrective action may involve recalculation, re-extraction, and/or

. reanalysis. This process should also look at the recovery of surrogate compounds in
the MS sample and at the recovery ofmatrix spiking compounds from the extraction
batch blank spike analysis. In all cases, a narrative explanation of the condition is
required to detail the corrective actions taken. -

6.6.4.2 If any analyte recovery exceeds the control limits the following action ml.!st be taken:
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If the blank spike analysis yielded recoveries outside the control limits then re
extract and reanalyze all samples extracted with the MSIMSD.

If the blank spike analysis was in control then recoveries outside the control limits
can be attributed to matrix effect and sample results are processed as normal. The
report comments or narrative section must include comments about the out-of
control recoveries.

•

•

6.6.4.3 Corrective action for RPD values that exceed the control limits follows the corrective
. action for MSIMSD recoveries. If more than one RPD exceeds the control limit, re
extraction may not be required if it can be demonstrated that the sample is non-'
homogeneous and all MS/MSD recoveries are within the control limits.

6.7 Surrogate Recovery

6.7.1 Surrogates are chemically similar compounds added to every sample, method blank and
QC sample prior to sample processing. They are used to monitor for potential sample
processing errors and matrix effects.

6.7.2 Surrogate compound recoveries are calculated as follow:

Sm
%Recovery =-. x 100

Sa
where:
Sm = Concentration of surrogate. measured in extract.

. Sa = Concentration of surrogate added.

6.7.3 Criteria

6.7.4 The semivolatile surrogates can be divided into two groups: base/neutral compounds
(nitrobenzene-d5, 2-fluorobiphenyl, 1,2-dichlorobenzene-d4, and terphenyl-dI4); acid
compounds (phenol-d5, 2-fluorophenol, 2,4,6-tribromophenol, and 2-chlorophenol-d4).
At the time of the writing of this SOP, the established control limits are follows:

Laucks Testing Laboratories. Inc.



TABLE 3
SURROGATE RECOVERY LIMITS

Compound %Recovery
. Water

Method No:LTL-8279
Revision: 7
Date: 04/08/03
Page: 30 of 50
Replaces: 6

%Recovery
Soil

--.

Nitrobenzene-d5
2-Flubrobiphenyl
Terphenyl-dl4
Phenol-d5
2-Fluorophenol
2,4,6-Tribromophenol
2-Chlorophenol-d4
1:2-Dichlorobenzene-d4

6.7.5 Corrective Action

39-104
34-104
37-141
25-105
14-108
18-139
37-105 (advisory)

20-91 (advisory)

41-101
43-107
14-164
2'7-115
31-110
16-140
35-112 (advisory)

44-102 (advisory)

6.7.5.1 Check calculations for possible error.

6.7.5.2 Check instrument perfonnance, if necessary correct the problem and re-analyze the
extract.

6.7.5.3 Some samples may require dilution in order to bring one or more target analytes
within the calibration range or to overcome significant matrix interference. This may
result in the dilution of the surrogate response to the point that the recoveries can not
be measured. If the surrogate recoveries are available from a less-diluted or undiluted
aliquot of the sample or sample extract, those recoveries maybe used to demonstrate
that the surrogates were within the QC limits, and no further action is required. For all
package work both the diluted and undiluted analyses will be provided.

6.7.5.4 Re-extraction is not necessary in the case where a sample is chosen for MSIMSD
analyses and the same recovery pattern is present in all three analyses. In this case,
matrix effects may be assumed and re-extraction is not required for this sample.

6.7.5.5 If only one fraction is being analyzed and surrogates that relate to the other fraction
are out-of-control, then re-extraction and reanalysis for the target fraction is not
required.

6.7.5.6 All other circumstances require re-extraction and reanalysis of the affected sample(s).

6.7.5.7 Out of control surrogate recoveries in the method blank require that all the samples in
the associated batch be re-extracted and reanalyzed. In any case, it is imperative to
identify the problem associated with low recovery so that it can be corrected. It is a
requirement that all out of control surrogate recoveries and the corrective action taken
be discussed in the narrative.

Laucks Testing Laboratories. Inc.
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APPENDIX I
Calibration Standard Solution Concentrations, ng/J.1L

Compound STDI STD2 STD3 STD4 STDS STD6
Phenol 5 10 25 40 60 80
bis(2-Chloroethyl)ether 5 10 25 .40 60 80
2-Chlorophenol 5 10 25 40 60 80
1,3-Dichlorobenzene 5 10 25 40 60 80
1,4-Dichlorobenzene 5 10 25 40 60 80
Benzyl Alcohol 5 10 25 40 60 80
1,2-Dichlorobenzene 5 10 25 40 60 80
2-Methylphenol 5 10 25 40 60 80
Bis(2-chloroisopropyl)ether 5 10 25 40 60 80
4-Methylphenol 5 10 25 40 60 80
N-Nitroso-di-n-propylamine 5 10 25 40 60 80
Hexachloroethane 5 10 25 40 60 80
Nitrobenzene 5 10 25 40 60 80
Isophorone 5 10 25 40 60 80 •2-Nitrophenol 5 10 25 40 60 80
2,4-Dimethylphenol 5 10 25 40 60 80
Benzoic Acid 5 10 25 40 60 80
bis(2-Chloroethoxy)methane 5 10 25 40 60 80
2,4-Dichlorophenol 5 10 25 40 60 80
1,2,4-Trichlorobenzene 5 10 25 40 60 80
Naphthalene 5 10 25 40 60 80
4-Chloroaniline 5 10 25 40 60 80
Hexachlorobutadiene 5 10 25 40 60 80
4-Chloro-3-methylphenol 5 10 25 40 60 80
2-Methylnaphthalene 5 10 25 40 60 80
Hexachlorocyclopentadiene 5 10 25 40 60 80
2,4,6-Trichlorophenol 5 10 25 40 60 80
2,4,5-Trichlorophenol 5 10 25 40 60 80
2-Chloronaphthalene 5 10 25 40 60 80
2-Nitroaniline 5 10 25 40 60 80
Dimethylphthalate 5 10 25 40 60 80
Acenaphthylene 5 10 25 40 60 80
2,6-Dinitrotoluene ' 5 10 25 40 60 80
3-Nitroaniline 5 10 25 40 60 80
Acenaphthene ' 5 10 25 40 60 80

. 2,4-Dinitrophenol 5 10 25 40 60 80 •
Laucks Testing La'*!Eatories, Inc,
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Compound STDI ·STD2 STD3 STD4 STD5 STD6
4-Nitrophenol 5 10 25 40 60 80
Dibenzofuran 5 10 25 40 60 80
2,4-Dinitroto1uene 5 10 25 40 60 80
Diethylphthalate 5 10 25 40 60 80
4-Chlorophenyl-phenylether 5 10 25 40 60 80
Fluorene 5 10 25 40 60 80
4-Nitroaniline 5 10 25 40 60 80
4,6-[)initro-2-methylphenol 5 10 25 40 60 80
N-Nitrosodiphenylamine 5· 10 25 40 60 80
4-Bromophenyl-'phenylether 5 10 25 40 60 80

. Hexachlorobenzene 5 10 25 40 60 80
Pentachlorophenol 5 10 25 40 60 80
Phenanthrene 5 10 25 40 60 80
Anthracene 5 10 25 40 60 80
Carbazole 5 10 25 40 60 80
Di-n-butylphthalate 5 10 25 40 60 80
Fluoranthene 5 10 25 40 60 80

• Pyrene 5 10 25 40 60 80
Butylbenzylphthalate 5 10 25 40 60 80
3,3'-Dichlorobenzidine 5 10 25 40 60 80
Benzo(a)anthracene 5 10 25 40 60 80
Chrysene 5 10 25 40 60 80
bis(2-Ethylhexyl)phthalate 5 10 25 40 60 80
Di-n-octylphthalate 5 10 25 40 60 80
Benzo(b)fluoranthene 5 10 25 40 60 80
Benzo(k)fluoranthene 5 10 25 40 60 80
Benzo(a)pyrene 5 10 25 40 60 80
Indeno( 1,2,3-cd)pyrene 5 10 25 40 60 80
Dibenzo(a,h)anthracene 5 10 25 40 60 80
Benzo(g,h,i)perylene 5 10 25 40 60 80
N-Nitrosodimethylamine 5 10 25 40 60 80
2-Fluorophenol 5 10 25 40 60 80
Phenol-d5 5 10 25 40 60 80
2-Chlorophenol-d4 5 10 25 40 60 . 80

1,2-Dichlorobenzene-d4 5 10 25 . 40 60 80
Nitrobenzene-d5 5 10 25 40 60 80
2-Fluorobiphenyl 5 10 25 40 60 80
2,4,6-Tribromophenol 5 10 25 40 60 80
1,2-Diphenylhydrazine 5 10 25 40 60 80

• Benzidine 5 10 25 40 60 80
Terphenyl-d 14 5 10 25 40 60 80
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APPENDIX II

DFTPP Tuning Criteria

SW 846 states that the following approach has been shown to be useful: the mass spectrum of DFTPP
may be acquired in the following manner. Three scans (the peak apex scan and the scans immediately
preceding and following the apex) are acquired and averaged. Background subtraction is required, and
must be accomplished using a single scan no more than 20 scans prior to the elution ofDFTPP. Do not
background subtract part of the DFTPP peak.

Mass Relative Abundance
51 30~60% of mass 198
68 less than 2% of 69
69 present
70 less than 2% of 69
127 40-60% of mass 198
197 less than 1% of 198
198 100%
199 5-9% of mass.198
275 10-30% of mass 198
365 greater than 1% of mass 198
441 0-100 % of mass 443
442 40-100% of mass 198
443 17-23% of mass 442

The above listed tuning criteria will be used for all USACOE and AFCEE work unless otherwise
specified on a project specific basis.
As per SW846 any alternate tuning criteria such as the one below from the OLM04.2 contract
may use used or any other published tuning criteria.

Mass Relative Abundance
51 30-80% of mass 198
68 .less than 2% of 69
69 present
70 less than 2% of 69
127 25-75% of mass 198
197 less than 1% of 198
198 100%
199 5-9% of mass 198
275 10-30% of mass 198
365 greater than 0.75% of mass 198
441 '0-100 % of mass 443
442 40-110% of mass 198
443 15-24% 'of mass 442

CLP requires that the three scans (the peak apex scan and the scans immediately preceding and
following the apex) are acquired and averaged. Background subtraction is required, and must be
accomplished using a single scan no more than 20 scans prior to the elution of DFTPP. Do not
background subtract part of the DFTPP peak.

Laucks Testing Laboratories. Inc.
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APPENDIX III

Data Packet Order List

QC Summary
Surrogate Recovery Summary Report
Blank Spike Recovery Report
MS/MSD Recovery Report
Method Blank Summary
GC/MS Instrument Performance Check
Internal Standard Area and RT Summary Report

.Sample Data
Target Compound Results (Organics Analysis Data Sheet)
Tentatively Identified Compound (TIC) Results (if required)
Sample Chromatograms, quantitation reports and spectra for' all samples

Standards Data
Initial Calibration Summary Report
Chromatograms and quantitation reports for all initial calibration standards
Continuing Calibration Summary Reports
Chromatograms and quantitation reports for allCCV Standards
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e.

Raw QC Data
Bar Graph Spectrum, mass listing and chromatogram for every DFTPP injection
Method Blank Data
Target Compound Results (Organics Analysis Data Sheet)
Tentatively Identified Comp'ound (TIC) Results (if required)

. Chromatograms, quantitation reports and spectra for all method blanks
Blank Spike Data
Target Compound Results (Organics Analysis Data Sheet)
Chromatograms, quantitation reports and spectra for all blank spikes
Matrix SpikefMatrix Spike Duplicate Data
Target Compound Results (Organics Analysis Data Sheet)
Chromatograms, quantitation reports and spectra for all MS analyses
Control Charts

Bench Sheets
All extraction bench sheets, analysis log book pages, chains of custody, and any other pertinent
information

Laucks Testing Laboratories. Inc.



APPENDIX IV

Initial Calibration Criteria

Calibration Check Compound
Phenol
1,4-Dichlorobenzene
2-Nitrophenol
2,4-Dichlorophenol
Hexachlorobutadiene
4-Chloro-3-methylphenol
2,4,6-Trichlorophenol
Acenaphthene
N-Nitrosodiphenylamine
Pentachloropheno1
Fluoranthene
Di-n-octylphthalate
Benzo(a)pyrene

System Performance Check Compound
N-Nitroso-di-n-propylamine
Hexachlorocyclopentadiene
2,4-Dinitrophenol
4-Nitrophenol

Method No:LTL-8279
Revision: 7
Date: 04/08/03
Page: 36 of 50
Replaces: 6

%RSD Limit
~O%

~O%

~O%

~O%

~O%

~O%

~O%

~O%

~O%

~O%

~O%

~O%

~O%

Minimum Average RF
0.050
0.050
0.050
0.050
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APPENDIX V

Continuing Calibrat~on Verification Criteria

•

Calibration Check Compound
Phenol
1,4-Dichlorobenzene
2-Nitrophenol
2,4-Dichlorophenol
Hexachlorobutadiene

.4-Chloro-3-methylphenol
2,4,6-Trichlorophenol
Acenaphthene
N-Nitrosodiphenylamine
Pentachlorophenol
Fluoranthene
Di-n-octylphthalate
Benzo(a)pyrene

System Performance Check Compound
N-Nitroso-di-n-propylamine
Hexachlorocyciopentadiene
2,4-Dinitrophenol
4-Nitrophenol

APPENDIX VI

Method Blank Corrective Action Limits

%D Limit
~O%

~O%

~O%

~O%

~O%

~O%

~O%

~O%

~O%

~O%

~O%

~O%

~O%

MinimumRF
0.050
0.050
0.050
0.050

•

Compound
All compounds

Control Limits
Water
1/2 RL

Soil
1/2 RL

Laucks Testing Laborator~e~, Inc:



APPENDIX VII

Method 82700 Flow Chart
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APPENDIX VIII

Method 82700 QC Requirements and Corrective Actions

QA Element Method Criterion Laucks Criterion Frequency Corrective Documentation
Action

DFTPP Tuning Mass Abundance Mass Abundance Every 12 hours: Retune Copy of tailing
Verification 51 30-60% of 198 51 30-60% of 198 CLP Criteria is . instrument to factor and'
(50 ng) 68 <2% of69 68 <2% of69 used as allowed pass criteria. degradation

69 present 69 present by the method. - breakdown check
70 <2% of69 70 <2% of69 ·stored with
127 40-60% of 198 12740-60% of 198 instrument historical
197 <1% of 198 197 <1% of 198 file.
198 100% 198 100%
1995-9% of 198 1995-9% of 198
2751O-30%ofI98 27510-30% of198
365 >.75% of 198 441 365 >.75% of 198 441
present but < 443 present but < 443
442 40-100% of 198 442 40-100% of 198
443 17-23% of 442 443 17-23% of 442

Alternatively, for non-
ACOE or AFCEE work
any published tuning
criteria may be used.
Peak tailing factors;
benzidine ~%

pentachlorophenol ~%
and 4,4'-DDT
degradation breakdown
~O%

Initial Minimum of 5 levels, Minimum of 5 levels, As necessary Re-analysis of Copies of all raw
Calibration lowest near but above %RSD for CCC ~O, All due to major out of control data, mass

MDL, %RSD for CCC others =::15%, All RFs instrument standards. calibration, tune,
~O, All others should be >0.01<;>. Alternate maintenance or and Form VI.
g 5%. RF· for SPCC calibration models may continuing
>0.05. be used for analytes with difficulties

%RSD >15%. meeting the
CCV
requirements.

Initial Mid-range standard; Once after Re-analysis of
Calibration concentrations range from initial initial
Verification 32-64~g/rnL. Army calibration, calibration.

Corps all analytes ~O%,

DoD all analytes ~5%,

AFCEE all analytes
~5%

Laucks Testing Laboratories. Inc.
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QA Element Method Criterion Laucks Criterion Frequency Corrective Documentation
Action

Continuing Mid-level standard every 25 ngllli stand~rd every Every 12 hours. Perfonn
Calibration 12 hours. 12 hours. %D for system
Verification %D :::20% for CCCs CCC :::20. All RFs maintenance,

SPCCs >0.05. >0.010.40% as an upper re-analyze

IS Area must be -50% to limit. CCV standard.

+100% of the IS in the IS Area must be -50% to
ICV. RT ofIS must be +100% of the IS in the
within ±30 seconds of the IC. No RT limits for IS in

.

RT of the IS in the Ie. the. CCV.
Internal 1,4-DicWorobenzene-d4, 1,4-Dichlorobenzene-d4, All standards, Re-analyze Notation in case
Standards Naphthalene-d8, Naphthalene-d8, blanks, matrix any sample . narrative if

Acenaphthene-d I0, Acenaphthene-d I0,. spikes, matrix which IS areas applicable.
Phenanthrene-d I0, Phenanthrene-d 10, spike or RTs are out
Chrysene-d 12, Chrysene-d 12, Perylene- duplicates, of range.
Perylene-d 12, d12, all @ 20 ngllli ea. blank spikes,
All @ 40 ng/uL ea. Area must be -50% to SRMs, and

+100% of the area of the sample re-
IS in the CCV. RT must extracts.
be within 0.5 minutes of
RTinCCV.

Method Blank Analytes must be <MDL All analytes <1/2 RL. One method Re-analyze Notation in case
except phthalates which blank per 20 blank. If still narrative if any
must be <5X the MDL. samples or each out of control, analytes> 1/2

extraction batch re-extract the reporting limit is
of samples, entire batch of present.
whichever is samples unless
more frequent. the offending

analyte(s) are
not detected in
the associated
samples.

•
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QA Element Method Criterion Laucks Criterion Frequency Corrective Documentation
Action

Surrogate Nirrobenzene-d5, 2- 'Nirrobenzene-d5,2- All samples, RE- Notation in case
Recovery Fluorobiphenyl, Fluorobiphenyl, method blanks, EXTRACTION narrative if

Terphenyl-d14, Phenol- Terphenyl-d14, Phenol- LCSs. OFTHE applicable.
d6, 2-Fluorophenol, & d6, 2-Fluorophenol, & SAMPLE IS
2,4,6-Tribromophenol. 2,4,6-Tribromophenol. REQUIRED IF
Upper and lower recovery Upper and lower recovery ANY
limits determined by 3X limits determined by 3X SURROGATE IS
standard deviation of at standard deviation of at . OUT. ALL
least twenty samples. To least twenty samples. To SURROGATES
be performed at least be performed at least MUST BE IN
semi-annually. semi-annually. CONTROL IN

THE METHOD
BLANK;
OTHERWISE
ALL
ASSOCIATED
SAMPLES MUST
BERE-
EXTRACTED.

Blank Spike MSIMSD Recovery Empirically derived from One per batch Re-extract Narrate in case
Recovery criteria five or more blank spikes. of twenty. batch unless narrative.

QC limit equals 3X MSIMSD is
standard deviation. perfect.
See QC database.

MSIMSD Empirically derived from Empirically derived from One per batch Re-extract Narrate problems in
Recovery & five or more MSIMSD five or more MSIMSD of twenty. batch unless case narrative.
RPD pairs. QC interval equals pairs. QC interval equals blanks spike is

3X standard deviation. 3X standard deviation. perfect or
See QC database. documentable

matrix effect
is present.

Laucks Testing Laboratories. Inc.
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APPENDIX IX

Appendix IX Calibration Standard Solution Concentrations, ng/~L

Compound STDI STD2 STD3 STD4 STDS STD6
Aniline 5 10 25 40 60 80·
2,6-Dichlorophenol 5 10 25 40 60 80
1,2,4,5-Tetrachlorobenzene 5 10 25 40 60 80
2,3,4,6-Tetrachlarophenol 5 10 25 40 60 80
Dinoseb 5 10 25 40 60 80
Methanesulfonate, methyl 5 10 25 40 60 80
Methanesulfonate, ethyl 5 10 25 40 60 80
Phosphorothiotic Acid 5 10 25 40 60 80
Safrole 5 10 25 40 60 80
Isosafrole, cis & trans 5 10 25 40 60 80
1,4-Naphthoquinone

\
5 10 25 40 60 80

I~3-Dinitrobenzene 5 10 . 25 40 60 80
Thionazin 5 10 25 40 60 80 •2,4-D, methyl ester 5 10 25· 40 60 80
Diallate 5 10 25 40 60 80
Phorate 5 10 25 40 60 80
Dimethoate 5 10 25 40 60 80
Silvex, methyl ester 5 10 25 40 60 80
2,4,5-T, methyl ester 5 10 25 40 60 80
Pronamide 5 10 25 40 60 80
Disulfoton 5 10 25 40 60 80
Methyl parathion 5 10 25 40 60 80
Ethyl parathion 5 10 25 40 60 ·80
Isodrin 5 10 25 40 60 80
Chlorobenzilate 5 10 25 40 60 80

. Kepone 5 10 25 40 60 80
Famphur 5 10 25 40 60 80
3-Methylcholanthrene 5 10 25 40 60 80
Ethanamine,N-methyl-N-nitroso. 5 10 25 40 60 80
N-nitrosomorpholine 5 10 25 40 60 80
Butanamine, N-butyl-N-nitroso 5 10 25 40 60 80
2-Naphthalenamine 5 10 25 40 60 80
Diphenylamine 5 10 25 40 60 80
1,3,5-Trinitrobenzene 5 10 25 40 60 80
4-Aminobiphenyl 5 10 25 40 60 80 •Methyapyrilene, HCL 5 10 25 40 60 80

Laucks Testing Laboratories. Inc.
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Compound STDI STD2 STD3 STD4 STD5 STD6
p-Dimethylaminoazobenzene 5 10 25 40 60 80
2-Acetylaminofluorene 5 10 25 40 60 80
7, 12-Dimet~ylbenz( a)anthracene 5 10 25 40 60 80·
2-Picoline 5 10 25 40 60 80
Pentachloroethane 5 10 25 40 "60 80
Acetophenone . 5 10 25 40 60 80
N-Nitrosopyrrolidine 5 10 25 40 60 80
N-Nitrosopiperidine 5 10 25 40 60 80
Hexachloropropene 5 10 25 40 60 80
IA-Phenylenediamine 5 10 25 40 60 80
Pentachlorobenzene 5 10 25 40 60 80
I-Naphthylamine 5 10 25 40 60 80
5-Nitro-o-toluidine 5 10 25 40 60 80
Pentachloroni trobenzene 5 10 25 40 60 80

• N-Nitroquinoline-N-oxide 5 10 25 40 60 80
3,3-Dimethylbenzidine 5 10 25 40 60 80
Hexachlorophene 5 10 25 40 60 80
N-Nitrosodiethylamine 5 10 25 40 60 80
0-Toluidine 5 10 25 40 60 80
Phentennine 5 10 25 40 60 80
Sulfotep 5 10 25 . 40 60 80
Aramite 5 10 25 40 60 80
Phenacetin 5 10 25 40 60 80
Benzaldehyde 5 10 25 40 60 80
Atrazine 5 10 25 40 60 80
I, I' -Biphenyl 5 10 25 40 60 80
Caprolactam 5 10 25 40 60 80

•
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Appendix X

Analytes Amenable to Analysis by Method 8270D

•
Compound
Phenol
bis(2-Chloroethyl)ether
2-Chlorophenol
1,3-Diehlorobenzene
1,4-Diehlorobenzene
Benzyl Alcohol
1,2-Diehlorobenzene
2~Methylphenol

Bis(2-chloroisopropyl)ether
4-Methylphenol
N-Nitroso-di-n-propylamine
Hexac hloroethane
Nitrobenzene
Isophorone
2-Nitrophenol
2,4-Dimethylphenol
Benzoic ,Acid
bis(2-Chloroethoxy)methane
2,4-Dichlorophenol
1,2,4-Trichlorobenzene
Naphthalene
4-Chloroaniline
Hexachlorobutadiene
4-Chloro-3-methylphenol
2-Methylnaphthalene.
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitroaniline
Dimethylphthalate
Acenaphthylene
2,6-Dinitrotoluene
Atrazine
Benzaldehyde
1,1'-Biphenyl
4,6-Dinitro-2-methylphenol
Caprolactam

Current 8270D Target Analytes:
Primary Ion Secondary Ion(s)

94 65, 66
93 63,95
128 64, 130
146 . 148, 111
146 148, 111
108 79, 77
146 148,111
107 108, 77
45 77, 121
107 108, 77
70 42, 101
117 201, 199
77 123,65
82 195,138
139 109,65
122 107,121
122 105, 77
93 95, 123
162 164,98
180 182, 145
128 129, 127
127 129,65
225 223,227
107 144, 142
142 141
237 235,272
196 198,200
196 198,97
162 127,164
65 92, 138
163 194, 164
152 . 151,153
165 '63,89
200 173,215
77 105,106
154 153, 76
198 182, 77
113 55,56
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65, 108
51, 105
168, 167
250, 141
206, 141
165, 167
177,150
142,249
264,268
179, 176
176; 179
84
150
101
200,203
91
254, 126
229,226
226,229
167,279

. 167,43
253, 125
253, 125
253, 125
138,227
139,279
138,277
42
64
66,65

•

.'

•

Compound
3-Nitroaniline
Acenaphthene
2,4-Dini trophenol
4-Nitrophenol
Dibenzofuran
2,4-Dinitrotoluene
4-Nitroaniline .
4,6-Dinitro-2-methylphenol
N-Nitrosodiphenylamine
4-Bromophenyl-phenylether
4-Chlorophenyl-phenylether
Fluorene
Diethylphthalate
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di-n-butylphthahlte
Fluoranthene
Pyrene
Butylbenzylphthalate
3,3'-Dichlorobenzidine
Benzo(a)anthracene
Chrysene
bis(2-Ethylhexyl)phthalate
Di-n-octylphthalate
Benzo(b)f1uoranthene·
Benzo(k)f1uoranthene
Benzo(a)pyrene
Indeno( 1,2,3-cd)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene
N-Nitrosodimethylamine
2-Fluorophenol
Aniline

Current 8270D Target Analytes:
Primary Ion Secondary Ion(s)

138 108,92
154 153,152
184 63,154
139 109,65
168 139
167
'138
198
169
248
204
166
149
284
266
178
178
167
149
202
202
149
252
228
228
149
149
252
252
252
276
278
276
74
112
93
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Compound
Phenol-d5
2-Chlorophenol-d4
1,2-Dichlorobenzene-d4
Nitrobenzene-d5
2-Fluorobiphenyl
2,4,6-Tribromop~enol
.1,2-Diphenylhydrazine
Benzidine
Terphenyl-dl4
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Current 8270D Target Analvtes:
Priman' Ion Secondary Ion(s)

99 42, 71
132 68
152115
82 128,54
172 171
330 332, 141
77 182, 105
184 92, 185
244 122,212

•

Current Appendix IX Analytes:
Compound
2,6-Dichlorophenol
1,2,4,5-Tetrachlorobenzene
2,3,4,6-Tetrachlorophenol
Dinoseb
Methanesulfonate, methyl
Methanesulfonate, ethyl
Phosphorothiotic Acid
Safrole
Isosafrole, cis & trans
1,4-Naphthoquinone
1,3-Dinitrobenzene

. Thionazin
2,4-D, methyl ester
Diallate
Phorate.
Dimethoate
Silvex, methyl ester
2,4,5-T, methyl ester
Pronamide
Disulfoton
Methyl parathion
Ethyl parathion
Isodrin

Priman'Ion
162
216
230
211
80
109
97
162
162
1~8

168
97
199
86
260
87
196
233
173
88
263
291
193

Secondary Ion(s)
164,63

. 214,218
232,234
163, 117
79,95
97
121, 198
104, 131
104, 131
102, 104
76, 122
96, 107
175,234
234,236
231,121
93, 125
225,282
235,268
175,255
274, 142

.125,109
235, 186
195,230

Laucks Testing Laboratories. Inc.
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Current Appendix IX Analytes:
Primary Ion Secondary Ion(s)

139 251,253
272 274,355
218 125,217
268 252,253
42 88,43
56 86, 116
84 41,57
1~3 144, 115
169 168, 167
213 75, 74
169 168, 170
58 97,191
120 225,226
181 180,223
256 241,239
93 92, 78
167 165,119
105 77,51
100 . 41,42
42 114,55
213 215,211
108 80,81
250 252,248
143 144, 115
152 77, 106
237 214,295
190 160,89
212 213,211
196 198,209
74 42
106 107

. 58 91, 134
97 322,202
135 193,208
108 109,179

Compound
Chlorobenzilate
Kepone
Famphur
3-Methylcholanthrene
Ethanamine,N-methyl-N-nitroso
N-nitrosomorpholine
Butanamine, N-butyl-N-nitroso
2-Naphthalenamine
Diphenylamine
1,3,5-Trinitrobenzene
4-Aminobiphenyl
Methyapyrilene, HCL
p-Dimethylaminoazobenzene
2-Acetylaminofluorene.
7,12-Dimethylbenz(a)anthracene
2-Picoline "
Pentachloroethane
Acetophenone
N-Nitrosopyrrolidine
N-Nitrosopiperidine
Hexachloropropene
IA-Phenylenediamine
Pentachlorobenzene
I-Naphthylamine
5-Nitro-o-toluidine
Pentachloronitrobenzene
N-Nitroquinoline-N-oxide
3,3-Dimethylbenzidine
Hexachlorophene
N-Nitrosodiethylamine
o-Toluidine
Phentennine
Sulfotep
Aramite
Phenacetin

•

•
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APPENDIX Xl

Semivolatile Internal Standards With Corresponding Analytes Assigned For Quantitation

•
1,4-Dichlorobenzene-d4

Phenol
.Bis(2-Chloroethyl)ether
2-Chlorophenol .
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Benzyl Alcohol
1,2-Dichlorobenzene
2-Methylphenol
Bis(2-chloroisopropyl)ether
4-Methylphenol
·N-Nitroso-di-n-propylamine
Hexachloroethane
Aniline
Pyridine
Phenol-d5
2-Chlorophenol-d4
1,2-Dichlorobenzene-d4
N-Nitrosodimethylamine
2-Fluorophenol

Methanesulfonate methyl
Methanesulfonate ethyl
Phosphorothiotic acid
Ethanamine, N-methyl-N
hitroso
N-Nitrosomorpholine
2-Picoline
Pentachloroethane
Acetophenone
N-Nitrosopyrrolidine
N-Nitrosopiperidine
Benzaldehyde

Napht~alene-d8

Nitrobenzene
Isophorone
2-Nitrophenol
2,4-Dimethylphenol
Benzoic Acid
bis(2-Chloroethoxy)methane
2,4-Dichlorophenol
1,2,4-Trichlorobenzene
Naphthalene
·4-Chloroaniline
Hexachlorobutadiene
4-Chloro-3-methylphenol
2-Methylnaphthalene
N itrobenzene-d5
2,6-Dichlorophenol
Safrole
Isosafrole, cis & trans
1,4-Naphthoquinone
Butanamine, N-methyl-N
nitroso
Hexachloropropene
1,4-phenylenediamine
Phentermine
Caprolactam

Acenaphthene-dlO

Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitroaniline
DimethylphthaJate
Acenaphthylene
2,6-Dinitrotoluene
3-Nitroaniline
Acenaphthene
2,4-Dinitrophenol
4-Nitrophenol
Dibenzofuran
2,4-Dinitrotoluene
4-Nitroaniline
Fluorene
4-Chlorophenyl-phenylether
Diethylphthalate
1,2,4,5-Tetrachlorobenzene

2,3,4,6-Tetrachlorophenol
1,3-Dinitrobenzene
Thionazin
2,4-D methyl ester

Diallate
Phorate
Dimethoate
Silvex methyl ester
2,4,5-T methyl ester
2-Naphthaleneamine
1,1 '-Biphenyl

LauckS Testing Laboratories. Inc.
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I,4-Dichlorobenzene-d4

N-Nitrosodiethylamine
O-Toluidine

Phenanthrene-dIO

4,6-Dinitro-2-methylphenol
N-Nitrosodiphenylamine
4-Bromophenyl-phenylether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di-n-butylphthalate
Fluoranthene
2,4,6-Tribromophenol
1,2-Diphenylhydrazine
Dinoseb
Pronamide

Disulfotop
Methyl parathion
Ethyl parathion
Isodrin
Diphenylamine
1,3,5-Trinitrobenzene
4-Aminobiphenyl
Methapyrilene, HCL
N-Nitroquinoline-n-oxide
3,3-Dimethylbenzidine
Phenacetin
Atrazine

Naphthalene-d8

Chrysene-dI2

Pyrene
Butylbenzylphthalate
3,3'-Dichlorobenzidine
Benzo(a)anthracene
Chrysene .
bis(2-Ethylhexyl)phthalate
Benzidine
Terphenyl-d14
Chlorobenzilate
Kepone
Famphur
P-Dimethylaminoazobenzene
2-Acetylaminof1 uorene
7,12-
Dimethylbenz(a)anthracene
Hexachlorophene
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Acenaphthene-dIO

Pentachlorobenzene
I-Naphthylamine
5-Nitro-o-toluidine
Pentachloronitrobenzene
Sulfotep .
Aramite

Perylene-dI2

Di-n-octylphthalate
Benzo(b)f1uoranthene
Benzo(k)f1uoranthene
Benzo(a)pyrene
Indeno( 1,2,3-cd)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)peryle~e
3-Methylcholanthrene

Laucks Testing Laboratories. Inc.
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Appendix XIV

Calculation of Peak Tailing Factors

E

'j

D

Peak Tailing Factor = BCIAB

Sample calculation: Peak Height = DE =100mm
10% Peak Height = BD = 10mm

Peak Width at 10% Peak Height = AC = 23mm
AB= 11mm
BC = 12mm

Tailing Factor = 12/11 = 1.1

•

•
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• INTRODUCTION AND SCOPE

1.1 Method Description
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1.1.1 This method is used for the trace analysis ofordnance compounds in water, soil, and
sediment samples by high perfonnance liquid chromatography: The concentrated water sample
extracts are diluted 1: l' (v/v) with reagent grade water prior to analysis. The sample eXtracts are
analyzed using a CI8 (octadecyl) reverse phase column, and target analyte concentrations are
measured at either 254 nm or 210 nm using a UV detector. All positive measurements observed
on the C18 column are confirmed by a second analysis that uses a CN (cyano) column..

1.1.2 The C 18 column is considered the primary column and is used for quantitation of all target
analytes.

1.1.3 This method is used to determine part per billion levels of the ordnance analytes listed
below:

Compound Acronym
Octahydro-I,3,5,7-tetranitro-I,3,5,7-tetrazocine HMX
Hexahydro-I,3,5-trinitro-l,3,5-triazine RDX
1,3,5-Trinitrobenzene 1,3,5-TNB I

1,3-Dinitrobenzene l,3-DNB
Methyl-2,4,6-trinitrophenylnitrarnine Tetryl
Nitrobenzene NB
2,4,6-Trinitrotoluene 2,4,6-TNT
4-Amino-2,6-dinitrotoluene 4-Am-DNT
2-Amino-4,6-dinitrotoluene 2-Am-DNT
2,4-Dinitrotoluene 2,4-DNT
2,6~Dinitrotoluene 2,6-DNT
2-Nitrotoluene 2-NT
J'...Nitrotoluene 3-NT
4-Nitrotoluene 4-NT

Laucks Testing Laboratories, Inc.
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(Separate Analysis at 254 nm)

Compound Acronym
2,4-Diamino-6-nitrotoluene 2,4-DA-6-NT
2,6-Diamino-4-nitrotoluene 2,6-DA-4-NT
3,5-Dinitroaniline 3,5-DNA
I-Nitroso-3,5-dinitro-l,3,5-hexahydrotriazine MNX
1,3,5-Trinitroso-l ,3,5-hexahydrotriazine TNX
2,2_' ,6,6' -Tetranitro-4,4' -azoxytoluene 44'-TN-AZOXY,

PETNING' Compounds
(Separate Analysis at 210 nm)

Compound Acronym
Nitroglycerin NG
Pentaerythritoltetranitrate PETN

1.1.4 Aqueous samples of higher concentration can be directly analyzed by diluting 1: 1 (v/v) with
methanol or acetonitrile, filtering, separating on a CI8 reverse phase column, and determined at
either 254 nm or 210 nm, and confirmed on a CN column.

1.1.5 This method is restricted to use by, or under the supervision of, analysts experienced in the
use of high-pressure liquid chromatography and in the interpretation of chromatograms. Each
analyst performing this method must have demonstrated the ability to perform the described
chromatographic analysis and/or data interpretation.

1.2 Method Deviations & Comments

1.2.1 The following items represent deviations from the published version of method SW 8330
and SW 8-332 that are followed as standard operating procedure in the performance of this
method at Laucks.

1. Single injections of calibration standards are analyzed rather than triplicate
injections in a random order. It has been determined at Laucks that single
injections of these standards yield acceptable calibration and linearity data as
evidenced by the calculated percent RSDs used to evaluate the initial calibration
data.

Laucks Testing"Laboratories, Inc.
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2. Method SW 8330 and SW 8332 specifies that all analyses are to·be
perfonned using a mobile phase that consists ofa 50:50 mixture of
methanol/water under isocratic conditions.

3. According to Method 8330 and 8332, all working standards are to be .
prepared daily in a methanol/calcium chloride solution. The practice at Laucks
for 8330/8332 and the 6 additional compounds is to prepare working standards
using acetonitrile and diluting 50/50 with water just prior to analysis.
NG/PETN are prepared in a 50/50 mixture of acetonitrile and water. . These
working solutions have been demonstrated to be stable for at least 6 months.
The stability of target analyte responses in the working solutions in use
(especially that of tetryl) is used to detennine whether new solutions should be
prepq.red.

4. Tetryl decomposes rapidly in methanol/water·solutions, as well as with heat.
Laucks has experienced erratic recovery of tetryl from spiked sample extracts.

5. Currently, the confirmation column will not demonstrate full separation for
the ordnance compounds. The following target analytes will co-elute: 2
nitrotoluene, 3-nitrotoluene, and 4-nitrotoluene and 4-amino-2,6-dinitrotoluene
and 2-amino-4,6-dinitrotoluene. Therefore, positive confirmation can not be
made when these peaks have been tentatively identified on the primary column.

6. At the time of this writing, analysis of the 6 additional compounds (riot
including PEINING) requires a separate analysis on both the primary and
confinnation columns using a wavelength at 254 nm. However, when only
MNX is added to the 14 ordnance compounds, complete separation is achieved
on the primary column (CI8) anda separate analysis is not required.

7. Although the compounds NG and PETN are not listed in SW 846 Method
8330/8332, Laucks has found that adequate recovery of these compounds can
be achieved using this method by modifying the wavelength from 254 nm to 210
nm.

1.2.2 In order to attain lab-wide consistency among staff members for decision-making processes
with regard to laboratory anomalies, several common items have been addressed in this SOP.
Any occurrences that are not covered in this SOP should be discussed with the supervisor, prior
to implementing a solution.

1.2.3 One example is the detennination of potential carry-over in sample analyses. Any samples
analyzed after a high level sample (which is defined by yielding one or more target analytes above
the calibration range) should be thoroughly examined for potential carry-over of the same target

Lauch' Testing Laboratories, Inc.
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L2.4 Another example is the review of all sample chromatograms for analytes that may not show
up on the sample quantitation report due to data system error or retention time shift. All peaks
should be examined and evaluated based on the retention times and sample concentration in order
to prevent reporting false negatives.

1.3 Interferences

1.3. 1 When there is a significant discrepancy between analytical columns, the analyst needs to
take special care to review data for possible matrix interference on one or both columns. While
the majority of results are reported from the primary column (CI8), there may be times when
reporting results from the confirmation may be more appropriate. This anomaly should also be
noted in the case narrative.

1.4 Sample Collection, Sample Storage, Holding Times

1Al Samples are collected in amber glass containers with Teflon-lined caps. All samples and
sample extracts are stored at 4°C ±2°C. According to guidelines listed in SW-846 for the
extraction of semivolatile compounds, water samples must be extracted within 7 days of. •
collection, and soil samples must be extracted within 14 days of collection. All extracts must be
analyzed within 40 days of sample preparation.

1.4.2 Although not a routine sampling practice, a soil holding time study perfonned by the U.S.
Army Cold Regions Research and Engineering Laboratory recommends a maximum holding time
of eight weeks when samples are frozen.

1.4.3 A similar study performed for water samples recommends a maximum holding time of 50
days for rel~tively sterile samples that are refrigerated. Surface waters, or samples likely to have
significant microbial activity, may suffer significant losses of nitroaromatic compounds
(particularly trinitrobenzene and trinitrotoluene) within 1-2 days, even under refrigeration. If
microbial activity is suspected, water samples should be extracted as soon after collection as is
practicaL -

1.5 Definition of Terms

1.5.1 This section defines tenns and acronyms as they are used in this SOP. Other terms, such as
MSIMSD or method blank, are not defined here since it is assumed that the user of this SOP'
already understands their more general meaning.

Lauck!,. Testing Laboratories, Inc. •
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Method Blank Spike

CCY

CF

OIW

IBLK

ICCY

ICV

IDL

MDL

A background free matrix (DIW for water, clean sand for
soils/sediments) to which known amounts of target analytes and
surrogates are added each time sample extracts are prepared. In
the context of this SOP, a 1:?lank spike is the same as a QC check
standard. See also QC check standard.

Continuing calibration verification. This is the same acronym used
in the CLP program. This is a standard injected at some prescribed
frequency during the analysis sequence to determine whether the .
instrument has remained in calibration.

Calibration factor. The ratio of peak response to nanograms
injected. This term is defined in the same way in both the CLP
contract 'and SW-846.

Deionized water. Lab reagent water. Organic-free water

An instrument blank is solvent containing the method surrogates.
It may be used to monitor the instrument conditions.

Initial continuing calibration verification. A standard that IS
injected at the start of each QC period that is compared to the
initial multi-point calibration to determine whether the instrument
is still in calibration.

Initial calibration verification standard. This standard is analyzed
after the initial calibration using a second source.

Instrument detection limit. The lowest concentration of a target
analytethat will yield a signal:noise ratio of at least 3:1. Used asa
starting point for selecting l\1DL study spiking levels.

Method detection limit. The lowest concentration in a sample
which will yield a positive result that is greater than zero at a
known level of confidence. MDLs are empirically determined at
Laucks.

Laucks Testing Laboratories, Inc.



Quality control check standard. Referred to in this SOP as a blank
spike.' A QC check standard is a requirement of SW-846 method
8000 and is used to determine whether the analytical system is in
control ifMSIMSD recoveries are out of control. See also blank·
spike.
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QC Period

Reporting Limit

RSDor%RSD

RT·

RT Window

Sequence

Quality control period. An analysis sequence initiated by the
injection of one or more standards, followed by sample extracts,
and terminated with a standard injection. A QC period can be
open-ended chronologically, but calibration verification must" be
documented using the procedures in this SOP.

Also known as PQL, or Practical Quantitation Limit, is determined
by the low-level standard concentration.

Relative standard deviation or percent relative standard deviation.
The ratio of the standard deviation of a set of values to the mean of
the set of values. A measure of the similarity of the values 'one to
another.

Retention time. The time (in minutes) at which a target. analyte
elutes from the LC column. .

Retention time window. The ± value that is applied to the ICV to
establish the time range used to make tentative compound
identifications.

A set of sample extracts and standard solutions injected into an
instrument in a chronologically continuous group. See also QC
period.

•

2. Equipment List and Standards

2.1 Chromatographic System

Primary Column: 8330 compounds: C18 (octadecyl) reverse phase HPLC
column, 25 cm x 4.6 mm, 5 ~m particle size, (Restek
9164575-700 or equivalent). 8332 compounds: C18
(octadecyl) reverse phase HPLC column, 15 cm x 4.6 mm,
5 ~m particle size, (Varian R0089200D5 or equivalent)

Laucks Testing Laboratories, Inc. •
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2.1.1 Column Temperature Control:•

Secondary Column:

Mobile Phase: .

UV Detector:

Hewlett Packard System:

CN (cyano) reverse phase HPLC column, 25 cm x 4.6 mm,
5 11m particle size or Phenomenex Synergy 41lm Polar-RP

.80A, 250 mm x 4.6 mm (Supelco 46207-05, Phenomenex
00G-4336-EO or equivalent).

C18 column: methanol (EM Science high purity solvent or
equivalent) and water (EM Science HPLC Grade or
equivalent). CN column: acetonitrile (EM Science high
purity solvent or equivalent), methanol, and 0.01.%
phosphoric acid.

254 nm (210 nm for NG and PETN).

HP Dl3A Autosampler.
lIP G1311 A Quaternary Pump.
lIP G1322A In-line degasser.
HP G1316A Thermostat column compartment.
lIP 1314A Variable wavelength detector.
Acquisition Software: EZChrom.

•

2.1.2 Column temperature is controlled through the use ofa column heater, which is maintained
at a temperature of 25°C.

2.2 Standards

2.2.1 Target Analyte Stock Solution

2.2.1.1 The stock solution used contains the 14 standard compounds in the mix at a
concentration of 1000 Ilg/mL and is generally purchased from AccuStandard Inc. (25 Science
Park, New Haven CT 0(511). Equivalent solutions from this or other vendors are also
acceptable. -

2.2.1.2 The NG and PETN stock solutions are purchased individually from AccuStandard, Inc.
(25 Science Park, New Haven, CT 06511). The NG solution comes in 1 mL ampules at 4000
Ilg/mL in ethanol. The PETN solution comes in 1 mL ampules at 1000 Ilg/mL in methanol.
Equivalent solutions from this or other vendors are also acceptable.

2.2.1.3 The 3,5-Dinitroaniline, 2,4-diamino-6-nitrotoluene, 2,6-diamino-4-nitrotoluene and
2,2' ,6,6' -tetrariitro-4,4' -azoxytoluene standards stock solutions are obtained from AccuStandard,
Inc. (25 Science Park, New Haven, CT 06511). The I-nitroso-3,5-dinitro-l,3,5-
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12 •hexahydrotriazine and 1,3,5-Trinitroso-1 ,3,5-hexahydrotriazine standards are made from standard
analytical reference materials obtained from Stanford Research.

2.2.1.4 Calibration standard surrogate solutions are detailed in Appendix 1.

2.2.2 Surrogate Stock Solution

2.2.2.1 The surrogate stock solution is received in a methanol solution at a concentration of 1000
!1g1mL. The surrogate can also be prepared by weighing 100 mg of3,4-dinitrotoluene.into a 100.
mL volumetric flask and diluting to volume with methanol to yield a concentration of 1000
!1g/mL. (3,4-Dinitrotoluene replaced the surrogate 1,2-dinitrotoluene in June 2002, in order to
eliminate co-elution.)

2.2.3IBLK Working Solution

2.2.3.1 The working instrument blank solution contains only the surrogate compound.

. 2.2.4 Calibration Standards

Analvte Mix Concentration Vendor Stock #
8330 Calibration Mix 1 1000!1.g/mL Restek 31450.

,

8330 Calibration Mix 2 1000!1g/mL Restek 31451

8330 Internal Standard Mix 1000!1g/mL Restek 31452

8330 Calibration Mix 1 8330 Calibration Mix 2
1,3,5-Trinitrobenzene 2,6-Dinitrotoluene
2,4,6-Trinitrotoluene 2-Amino-4,6-dinitrotoluene

2,4-Dinitrotoluene 2-Nitrotoluene
HMX 3-Nitrotoluene

m-Dinitrobenzene 4-Amino-2,6-dinitrotoluene
"

Nitrobenzene 4-Nitrotoluene
RDX Tetryl

2.2.4.1 To prepare the 8330 stock solution, take a 200!11 aliquot of each of the above listed
solutions and put into a 10ml volumetric and dilute to volume with acetonitrile. Invert and
transfer to an amber vial. The final concentration is 20 ppm. This solution is good for 6 months
from the preparation date.

Lauck5 Testing Lahoratories, Inc.
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2,2.4.2 Prepare an intermediate stock solution; take 250~1 of the stock solution at 20 ppm and
dilute it to 1ml with I: 1 Acetonitrile and water. This solution is at a concentration of 5~g/mL.
This solution is made up at the time it is needed. It is not stored.

Standard Name Amount of Intermediate Amount of 1:1 Acetonitrile
8330 Stock Solution in ~l /Water in ~I

Working 0.05 2 198
Working 0.1 4 196
Working 0.5 20 180
Working 1.0 40 160
Working 5.0 An aliquot of the 0

intermediate solution

2.2.4.3 A continuing calibration standard is prepared fresh daily at the same level as the working
1.0 standard (1 OOOppb). This is usually made in a 2ml volumetric by taking 100 JlI of8330 stock
solution at 20~g/mL into 2ml of 1: 1 acetonitrile and water.

2.2.4.4 To prepare the standard for the attenuation compounds, take a 20~1 aliquot of each of
the solutions listed below and put into a 1 ml volumetric, dilute to volume with acetonitrile.
Invert and transfer to an amber vial. This solution is good for 6 months from the preparation
date.

Standard Concentration Vendor Catalog #
8330 Int. Std Mix 1000 ~g/mL Restek 31452

2,4-DA-6-NT 1000 ~g/mL AccuStandard M-'8330-ADD-12-IOX
2,6-DA-4-NT 1000 ~g/mL ,AccuStandard M-8330-ADD-13-IOX

3,5-DNA 1000 ~g/mL AccuStandard M-8330-ADD-14-IOX

MNX Neat SRI Custom order
TNX Neat SRI Custom order

4,4'-TN-AZOXY 1000 J.lg/mL AccuStandard M-8330-ADD-15-IOX

2.2.5 Preparation ofPETNING Stock Solution

2.2.5.1 To prepare the PETNING stock solution, take a 200~1 aliquot of nitroglycerin and 100ui
each ofPETN and the Internal Standard mix and put into a 10mi volumetric and dilute to volume
with acetonitrile. Invert and transfer to an amber vial. This solution is good for 1 year from the
preparation date.

Laucks Testing Laboratories, Inc.
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12 •2.2.5.2 Prepare an intermediate stock solution; take 250~1 of the stock solution and dilute it to
1m1 with 1: 1 Acetonitrile and water. This solution is at a concentration of 5~glmL. This solution
is made up at the time it is needed. It is not stored.

Standard Concentration Vendor Catolo2 #
Nitroglycerin 1000 ~.g/rnL Accustandard ~-8330-AJ)l)-I-I0x

PETN 1000 ~g/rnL AccuStandard ~-8330-AJ)l)-2-1Ox

8330 Internal Standard 1000 ~gi'rnL Restek 31452
Mix

Amount of Intermediate Amount of 1:I Acetonitrile
PETNING Stock Solution /Water in ~I

in ~I

Working 0.25/0.125 10 190
Workin.g 0.5/0.25 20 180
Working 1.0/0.5 40 160

Working 2.5/1.25 100 100
Working 5.0/2.5 An aliquot of the 0

...
intermediate solution ,

2.2.5.3 A continuing calibration standard is prepared fresh daily at the same level as the Working
1.010.5 standard (1 000ppb/500ppb). This is usually made in a 2ml volumetri~ - 100ul of
PETNING stock solution at 20~g/mL into 2ml of 1: I acetonitrile and water.

2.2.5.4 Note: Store all standard and surrog;ate solutions in amber glass vials with screw caps and
Teflon-lined septa. Minimize headspace in these vials and store them in a refrigerator kept at 4°C
±2°C. Allow standards to come to room temperature prior to use.

2.2.5.5 Stock solutions may be used for up to one year, and working solutions are good for six
months or the expiration date of the parent standard, whichever is sooner.

2.2.5.6 All standards are assigned a unique identifier to enable cross-referencing of each
individual standard back to the supplier's lot number. In addition, all standards are labeled with
the standard concentration, the solvent, date prepared, expiration date, analyst's initials, and the
standard reference number. Refer to Laucks' SOP on the traceability, documentation and
preparation of standards.

Laucks Testing Laboratories, Inc.
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3.1 Routine Safety Precautions

3.1.1 All standards and sample extracts should be handled as ifthey are hazardous substances.

3.1.2 .All compounds analyzed by this method are used either in the manufacture of explosives or
are the degradation products of these compounds. When making stock solutions for calibration,
treat each explosive compound with caution. .

3.1.3 Refer to the instrument ma!1ufacturer's manual for routine instrument precautions.

3. 1.4 Routine precautions include an awareness of the moving parts on the instrument you're
using. These parts are often charged with power from an electrical component or with high
pressure gas and have the potential to do harm if not used properly.

3.1.5 Electrical shock - All instruments present the possibility of electrical shock. The operator
should take all precautions including ensuring that all instruments are operated with fully
grounded power outlets, turning off the instrument and disconnecting the instrument from the
electrical power supply before working on any electrical components, etc.

3.1.6 Almost all of the analytes under consideration are known or suspected carcinogens.
Analysts should wash their hands after using any standard, solvent or sample extract.'
Additionally, a respirator should be worn or a fume hood utilized for extremely hazardous
compounds or very dirty extracts.

3.2 Waste disposal

3.2.1 Out of date standards and sample extracts are disposed of in the designated organic waste'
container located in the organic preparation area. .

3.2.2 HPLC liquid waste is disposed of by pouring into the designated organic waste container
located in the solvent storage area.

4. Operation procedures

4.1 Analytical Conditions

Laucks Testing Laboratories, Inc.
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Oscar:
Pump A Solvent:
Pump B Solvent:
Flow:
Gradient:
Run Time:
Acquisition Time:
Injection Volume:

Methanol
Water
0.75 mL/minute:
Linear
35 minutes
35 minutes

50 ~L inj.

4.1.2 Current eN Column Conditions for the 14 Compounds:

Felix:
Pump 8 Solvent:
Pump C Solvent:
Pump 0 Solvent:
Flow: . ,

Gradient:
Run Time:
Acquisition Time:

Initial %B
Initial %C
Initial %0

Water/O.O1% H3P04 buffer
Acetonitrile
Methanol
1.0 mL/minute
Linear
35 minutes
35 minutes

70
15
15

•
4.1.3 Current Synergy Column Conditions for the 14 Compounds:

Felix:
Pump B Solvent:
Pump C Solvent:
Flow:
Gradient:
Run Time:
Acquisition Time:
Initial %8
Initial %C .

Water
Acetonitrile
0.75 mLlminute
Linear
25 minutes
25 minutes
50
50

==================.
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CIS
Pump A Solvent:
Pump B Solvent:
Flow:
Gradient:
Run Time:
Acquisition Time:
Injection Volume:

Methanol
0.01% H3P04

0.6 mL/minute:
Linear
25 minutes
25 minutes
50 I-lL inj.

CN
Pump A Solvent:
Pump B Solvent
Flow: 0.7 mL/min
Gradient:
Run Time:
Acq. Time:
Time:

Methanol
Water
1.2 mL/minute
Linear (1: 1) ,
5 minutes
5 minutes·
50 I-lL

•

•

4.1.5 Current Column Conditions for the 6 Additional Compounds:

CIS CN
Pump A Solvent: Water . Pump B Solvent: Methanol
PumpB Solvent: Methanol Pump C Solvent: Acetonitrile
Flow: 0.75 mL/minute: Pump D Solvent: 0,01%H3P04
Time = 0 minutes 85% A, 15% B Flow: 1.0 mL/minute
Time = 15 minutes 40% A, 60% B Time: 0 minutes 15% B, 12% C, 73%

D
Time = 25 minutes 10% A, 90% B Time: 19 minLites 15% B, 12% C,73%

D
Time = 33 minutes 10% A. 90%B Time: 20 minutes 30% B, 30% C, 40%

D
Time = 35 minutes 85% A. 15% B Time: 35 minutes 30% B, 30% C, 40%

D
Run Time: 40 minutes Time: 36 minutes 15% B, 12% C, 73%

D
AcquisitionTime: 35 minutes Run Time: 45 minutes
Injection yolume: 50 I-ll inj. Acq. Time: 35 minutes

Injection Volume: 50 I-lL inj.

5. Calibration and Quality Control

5.1 Method Detection Limit Study

5. I. 1 Prior to the analysis of any samples, it is necessary to establish method detection limits.
This procedure is fully described in the Laucks SOP on determination of detection limits. Briefly,
it involves the analysis of 7 replicate samples spiked at a concentration near the ariticipated

. .
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5.2 Method Validation

5.2. I Prior to the analysis of any samples, it is necessary to validate the method. A method
validation study is performed in a similar manner to an MOL study with the exception that a
minimum of 4 replicates is required and the concentration levels are typically higher.

5.3 Retention Time Windows

5.3.1 It is necessary to establish retention time windows for the method by analyzing standards
for all target analytes over at least a 72-hour period. At least 3 standards must be injected during
the 72-hour period, at about equal time intervals. These standards should be interspersed with
real sample extracts in order to mimic actual instrument operating conditions~ Tabulate the
retention times for all standard compounds and compute the sample (n-1) standard deviations of
all the retention times.

5.3.2 The retention time window half-width is set at 3 times the above-calculated standard
deviation. This operation must be repeated for each new column, whenever major equipment
changes are made, or whenever the chromatographic method is modified.

5.3.3 [n some cases, the retention time window may be modified in order to take into account
any pattern shifting. This shift is acknowledged by observation of the surrogate peak behavior
and the surrounding CCV standards. If retention time shift has occurred and the possibility of
misidentifying peaks exists, the sample is reanalyzed.

5.3.4 See the Laucks SOP on determination of retention time windows for more specifics on
their determination and use.

5.4 Initial Calibration

5.4.1 Analyze the working standard solutions (which include the surrogate) using at least 5
different coneentration levels. Inject the standard solutions from the lowest concentration to the
highest. The lowest concentration defines the reporting limit. The highest concentration should
define the upper useable working range of the detector.

5.4.2 SW 846 allows the use of both linear and non-linear models for the calibration data. The
option for non-linear calibration may be necessary to achieve low detection limits or to address
specific instrumental techniques. If the %RSD from the initial calibration is less than or equal to
20% when averaged across all compounds, the calibration is considered valid according to SW
846. However, for DOD clients, the use of alternative calibration methods should be employed in

•

==================;====.
Laucks Testing Laboratories, Inc.



•
Method No:
Revision:
Date:
Page:
Replaces:

LTL-8330
13

09/30103
180f39

12

order to eliminate the need for using the average. At the time of this writing, the laboratory can
meet SW 846 and DOD calibration requirements using the %RSD criterion ofless than or equal
to 20% without averaging across all compounds. The alternative calibration methods are
discussed below.

5.4.3 The choice of a specific calibration model should be made in one of two ways. The first is
to begin with the simplest approach, the linear model through the origin, and progressing through
the other options until the calibration acceptance criteria are met, or until the analyte is best
represented by a calibration model. The second approach is to use a priori knowledge.of the .
detector response to choose the calibration model. Such knowledge may come from previous
experience, knowledge of physics of the detector, or specific manufacturer's recommendations.

5.4.4 External standard initial calibration data are evaluated by determining the %RSD of the
calibration factors. CFs are calculated using the equation:

•
CF

%RSDs are calculated using the equation:

response

ng injected

•

%RSD = SD x 100
CF

where:

SD = External calibration standard deviation
CF = AverClge CF

5.4.5 Corrective action

5.4.5. 1 If the criteria are not met, the instrument must be re-calibrated or if appropriate, an
alternative calibration model employed.

5.5 Non-linear Calibration

5.5.1 In situations where the analyst knows that the instrument response does not follow a linear
model over a sufficiently wide working range, or when the other approaches described here have
not met the acceptance criteria, a non-linear calibration model may be employed.

Laucks Testing Laboratories. Inc.
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y = ax3 + bx2 + cx + d

5.5.2 The statistical considerations in developing a non-linear calibration model require more
data than the more traditional linear approaches. "A quadratic (second order) requires a minimum
of six standards, and a third order polynomial requires seven standards. Do not force the line .
through the-origin, i.e., do not set the intercept as 0, arid do not include the origin (0,0) as a
calibration point. The r2 value must be ~ 0.990.

5.5.3 Whichever option is employed, the surrogate concentration must fall within the calibration
range.

5.5.4 Corrective action

5.5.4.1 If the criteria are not met, the instrument must be re-calibrated.

5.6.2 Corrective action

5.6.2.1 If this criterion is not met, an investigation should be made into the discrepancies between
vendors. Appropriate action should be taken such as possibly obtaining a third source standard.

5.7 Initial <::ontinuing Calibration Verification (ICCV)

5.7. I At Jhe beginning of each analysis sequence, an initial calibration verification standard is
analyzed. The initial" calibration standard is comprised of either a mid-point calibration standard
(STD 2) orSTD 3 or STD 4. (The use of varied concentrations is required for DOD clients.)

5.7.2 Since the retention time windows, which were established by the retention time study are
relative and not absolute, the windows are anchored by the ICV. This allows the retention times
from the ICV to become the mid-point of the retention time windows.

5.7.3 Criteria

==========.
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5.7.3.1 Using the average CF calculation technique, compute the CFs for each c;ompound. The
calibration factors for the ICV standard are compared to the mean CFs for the initial multi-point
calibration. The percent difference for these calibration factors is calculated as follows:

(fi
CFa-CFi

% DtifJerence = -. xl 00
CFa

where:
CFa. = .Average CF from the initial multi-point calibration
CFj' = Calibration Factor of the calibration verification standard.

5.7.3.2 The %D cannot exceed 15% for any target analytes or surrogates.

5.7.4 Corrective action

5.7.4.1 If the ICV criteria are not met, no sample extracts can be analyzed. Determine the cause
of the ICV failure and correct. Reanalyze the ICV and if it is still out of control, a new calibration
curve must be analyzed.

5.8 Continuing Calibration Verification

5.8.1 Criteria

5.8.1.1 A CCV standard is analyzed every 10 injections, and after the last sample of the
sequence. The CF for each compound is calculated and the percent difference is calculated as
shown-above.

5.8.1.2 The %D cannot exceed 15% for any target analytes or surrogates.

5.8.1.3 The retention times for all target analytes must fall within the RT windows established by
the ICCV.

. 5.8.2 Corr~ctive action

5.8.2.1 Determine the cause of failure and correct. All samples bracketed by an out of control
CCV must be reanalyzed unless the CCV demonstrates an increase in response and no analytes
are detected above the reporting limit in the associated samples.

5.9 Sample Analysis

5.9.1 Analysis sequence

See Appendix II for a detailed analysis injection sequence.

Laucks Testing Laboratories, Inc.
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5.9.2.1 Prior to injection on the instrument water sample extracts are diluted 1: 1 with water.
Any extract that exceeds the instrument calibration range is diluted with 1: 1 acetonitrile and water
with a dilution factor necessary to quantitate the analytes within the calibration range. The lot
number of acetonitrile used in the dilution will be noted on the bench sheet.

5.9.3 Compound Identification.

5.9.3.1 Compounds are tentatively identified if a peak elutes in the retention time window
characteristicof that compound on the primary column. To confirm the presence ofthat
compound in the sample extract, the peak must also elute in its retention time window on a
second column. When analyte co-elute on the secondary column, the responses are· summed.
Sample results are reported using the C18 column. Retention time windows are established as
previously described and are upda~ed each QC period. Compounds can only be identified if the
ICV and CCV criteria detailed in Section VI are strictly adhered to. Due to constraints of the
software, the RT of co-eluting compounds is determined by assigning the RT to the highest point
within a given window. For co-eluting compounds that may have a slight but not complete
separation, such as: 2-nitrotoluene, 3-nitrotoluene and 4-nitrotoluene, this determination ofRT
can result in RT windows which exceed those identified by the standard (due to the changes in •
peak heights with concentration values). In order to avoid potential problems with RT windows,
and in order to accurately identify these co-eluting target analytes, the retention time windows
may be administratively set for the co-eluting compounds.

5.9.3.2 The experienced analyst's judgment weighs heavily in evaluating chromatograms for
compound identification. For instance, the retention times of surrogate compounds may be
outside their expected windows due to sample matrix effects. The analyst may decide to re-adjust
target analytes' retention time windows on an ad hoc basis based on such an observed shift. This
can occur Only on a sample-specific basis and is used when the analyst examining the data
suspects that a retention time. shift has occurred. If this is done, it must be fully documented in
the case narrative. lfthe concentration of any target analyte exceeds the calibration range, the
sample extract must be diluted and reanalyzed.

5.9.4 Compound Quantification

5.9.4.1 Target compound concentrations are calculated using the following equations:

5.9.4.2 Aqueous samples

The external standard equation, as expressed in SW-846 is

===============.
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where:
Ax'
A
As
Vi
D

= Response for the analyte in the extract, in area or height units.
= Amount of standard injected (in nanograms).
= Response for the external standard, same units as Ax.
= V6lume of extract injected, ~.
= Dilution factor of extract. The final result of an algebraic multiplication of the
ratio of all dilution final volumes to initial volumes. For example, if an extract is
diluted 10 ilL to 1000 III and subsequently diluted an additional 10 !J.L to 1000
ilL, the expression is: (1000110) * (1000/10) = 100 * 100 = 10,000. Ifno
dilution was made, D = 1.
= Final volume of total extract, ilL.
= Initial sample size, mL.

•

•

5.9.4.3 In routine use at Laucks, the equation reduces as follows.

5.9.4.4 First, CF is used directly in the equation. Since Cf= AJA, this substitution is made.
Next, since Laucks routinely measures all final extract voluTJ:les in mL, a conversion factpr for ilL
to mL must be made in the numerator of the expression - i.e., VI = 1000 * mL. Finally, the
sample preparation process is represented as the algebraic ratio of initial sample size to final
extract volume.

5.9.4.5 The equation then becomes

... . ' lOOOxAxxD
(.oncenJratior(m I L)=-----
. Crx Vi x(Vs / TIt)

5.9.4.6 This expression is completely equivalent to the SW-846 equation, yielding the same
result. To report concentrations in alternate units, apply an appropriate factor:

mg/L = Ilg/L * 0.001

Laucks Testing Laboratories, Inc.
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5.9.4.8 The calculation for non-aqueous samples is very similar to that for aqueous samples. The
only difference is the inclusion of a total solids term to calculate the dry weight equivalent of the
initial sample size. (Under normal conditions 8330 soil samples are air-dried prior to extraction·
and this term is I.)

" 1000 x Ax x D
(.oncentration(pg I kg) = -.-,------

CF x Vi x (W / V;) x T,

where:

Ws = Sample size extracted in grams.
Ts = Total Solids in decimal format (i.e. 0.76 not 76).

6. Reports

. 6. I Data Packet Organization

See Appendix III for a checklist detailing data packet organization.

6.2 Quality Control Reports

6.2.1 All results for quality control tests are entered into the lab database. Printouts of all data
entered. must be included in the data packet. The routine minimum is a method blank report, a
method blank spike report, and an MSIMSD report.

6.2.2 Data QualifYing Flags

6.2.3 Sample report results are qualified with data qualifying flags. These flags have the
following definitions:

•

U:

B:

J:

The analyte of interest was not detected, to the limit of
detection indicated.
The analyte of interest was detected in the method blank
associated with the sample, as well as in the sample itself.
The B flag is applied without regard to the relative
concentrations detected in the blank and sample.
The analyte of interest was detected below the practical
quantitation limit. This value should be regarded as an
estimate.
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0:

P:

E:

X:

z:

7. Qmtlitv Control

7.1 Method Blank

7. 1. I Criteria

The value reported is derived from the analysis of a diluted
sample or sample extract.
When a dual column technique is employed, this flag
indicates that calculated results from the two columns differ
by more than 25 percent.

The value reported is based on a sample or sample extract in
which the target analyte concentration exceed.ed the
calibration range. The value reported should be considered
an estimate.
The sample has been analyzed at several dilutions. The value
reported has been determined to be the most appropriate
quantitative value.
The value reported is from the C 18 column and there is
coelution with another target analyte on the CN or CN/C8
columns in series.

•

7.1.1.1 Method blanks are used to verifY contamination free reagents and apparatus. They are
prepared with every set of samples extracted at the same time or at least one blank for every 20
samples, whichever is more frequent. Analytes of interest should not be detected at levels greater
than half the current reporting limit or less than 5% the regulatory limit, or less than 5% of the
sample result for the same analyte. If any analytes are detected above half the reporting limit,
corrective action must be taken.

7.1.2 Corrective action

7.1.2.1 Steps shall be takentofind/reduce/eliminate the source of the contamination. Sample
con'ective action may be limited to qualification for blank contamination. When the
concentrations of any target analytes in the method blank are above 1/2 the reporting limit for the
majority of target analytes or above the reporting limit for target analytes known to be common
laboratory contaminants, the effect this may have had on thesamples will be assessed. If any
analyte is found only in the method blank, but not in any samples associated with the method
blank, no further corrective action may be necessary. The case narrative should discuss the
situation. If an analyte is found in the method blank and some, or all, of the ~ther batch samples,
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the same contaminant. If the contamination remains, the contaminated samples of the batch
would be re-extracted and reanalyzed with a new method blank and batch specific QC samples.
Sporadic cases of contamination may be difficult to control; however, daily contamination would
not be acceptable. .

7.2 Blank Spike or QC Check Sample (LCS)

7.2.1 Criteria

7.2.1.1 A blank spike follows the same protocol as the matrix spike analysis except that the
spiking solution is added to a method blank solution instead of an actual sample.

7.2.2 Corrective action

7.2.2.1 The blank spike is used to determine whether a method is in control during sample
preparation and analysis. Sample re-extraction and reanalysis wquld be triggered by any analyies
falling outside of control limits in the blank spike sample unless all sample surrogate recoveries
and MSfMSD spike recoveries are in control.

7.3 Matrix Spike

7.3.1 Criteria

7.3.1.1 A sample is chosen at random (unless designated by project-specific requirements) from
the samples to be analyzed, and an aliquot of spiking solution is added to this sample prior to
extraction. [t is required that a matrix spike analysis be performed with each extraction batch.
However, the minimum frequency for MS analysis is 1 each per 20 samples per matrix. This
frequency may be changed on a project specific basis. This matrix spike sample is used to
evaluate th~ matrix effect of the samples upon recovery of the analytes. This spiking solution is
supplied frdm a source other than the calibration standards. The use of a second source for the
spiking st.andards is employed in order to verify the calibration standards. The recovery of spike
analytes is calculated as follows:

SSR - SR
%Recovery == x 100

SA

where:
SSR == Concentration in spiked sample.
SR == Native concentration in unspiked sample.
SA == Concentration of spike added.
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7.3.2.1 MS samples with spike recoveries outside control limits will be reviewed for possible
corrective action. Corrective action may involve recalculation, re-extraction and/or reanalysis.
This process should also look at the recovery of surrogate compounds in the MS sample and at
the recovery of matrix spiking compounds from the extraction batch blank spike analysis. In all
cases, a narrative explanation of the condition is required to detail the corrective actions taken.

7A Matrix Spike Duplicate

7.4. I Criteria

7A.l.l The compound recovery criteria are identical to those for the matrix spike sample. In
addition, the matrix spike duplicate is used to measure method precision. This is done by
computing the relative percent difference (RPD) between the matrix spike and matrix spike
duplicate recovery values. This calculation is as follows:

81 - 82
RPD =-----x 100

(SI+82)/2

where:
S1 = Measured concentration for MS sample.
S2 = Measured concentration for MSD sample.

7A.2 Corrective action

7A.2.1 If a trend in out of control RPD values is observed, the methods used must be examined
to determine the source of variance. Once this source is identified, the method must be changed
so that samples can be analyzed with predictable reproducibility.

7.5 Surrogate Recovery

7.5.1 Criteria

7.5.1.1 Surrogates are chemically similar compounds added to every sample, method blank, and
QC sample prior to sample extraction. They are used to monitor potential sample processing
errors and matrix effects. Surrogate compound recoveries are calculated as follows:

Sm
% Recovery = - x 100

Sa

where:

Laucks Testing Laboratories. Inc.
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7.5.1.2 At the time this SOP was written the surrogate recovery control limits were 20 to 160
percent. These control limits are updated periodically.

7.5.2 Corrective Action

7.5.2. I Reanalyze the sample. Low surrogate recoveries are better indicators of poor method
performance than high surrogate recoveries since non-GCfMS methods cannot separate co-eluting
interferences. In instances where high surrogate recoveries are attributable to matrix effects, no
corrective action is taken. However, if elevated surrogate recoveries are attributal;>le to
preparation error, re-extraction and reanalysis is performed.

7.5.2.2 Check calculations for possible error. Re-extract the sample if surrogate recovery is less
than the lower control limit. If a poor injection is suspected, reanalyze the sample.

7.5.2.3 Low surrogate recoveries in the method blank may require that all the samples in the
associated batch be re-extracted and reanalyzed. In any case, it is imperative to identify the
problem associated with low recovery so that it can be corrected. It is a requirement tha~ all out
of control surrogate recoveries and the corrective action taken be discussed in the narrative.

Laucks Testing Laboratories, Inc.
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Calibration -Standard Solution Concentrations, ~g/mL

Compound STD1 STD2 STD3 STD4 STDS

NG 0.25 0.5 1.0 2.5 5.0

PETN 0.125 0.25 0.5 1.25 2.5

Surrogate
3,4-Dinitrotoluene 0.25 0.5 2.5 5.0 10.0

•

•

Compound
3,4-Dinitrotoluene

Surrogate Stock Solution

Concentration

1000f..lg/mL

Laucks Testing Laboratories, Inc.
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APPENDIX n

. Analysis Sequence

Sample

Standard #1
Standard #2
Standard #3
Standard #4
Standard #5
ICCV
injections (total of 10 injections between CCVs

CCV Standard
injections (total of 10 injections between CCVs)
CCV Standard
injections (total of 10 injections between CCVs)
CCV Standard
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Data Packet Order List

1. QC SUMMARY

Surrogate Recovery Summary Report
Blank Spike Report
MS/MSD Report
Method Blank Summary

II. SAMPLE DATA:
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Organic Analysis Data Sheet
Sample Confirmation Worksheet
Chromatogram, primary column
Quantitation Report, primary column
Chromatogram, secondary column
Quantitation Report, secondary column

• III. STANDARD DATA:

•

Linearity Report
ICAL Data
ICAL Response, ICAL std concentrations
ICCV reports
CCV reports
Other Standards Used to Support Sample Data and Instrument Blanks

V. Raw QC Data:

-
Method Blank
Chromatograms
Quantitation Report

Blank Spike
Chromatograms,
Quantitation Report

Laucks Testing Laboratories, Inc.



Matrix Spike
Chromatograms
Quantitation Report

Matrix Spike Duplicate
Chromatograms
Quantitation Report

v. Bench Sheets

SDG Report
. Extraction Bench Sheets

Injection Sequence (logbook copy)
Miscellaneous Work Sheets. (HTVRs)
Standards Logs
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VI. Reject Data:

Data not used to support reported sample results.
Non-routine standards used to support sample data should be placed at the last of the Standard
Data section. '
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Method 8330 Requirements and Corrective Actions

QA Method ,Laucks Criterion Frequency Corrective Documentation
Element Criterion Action
Initial Minimum of 5 levels, Minimum of 5 levels. A~ necessary due to Reanalyze out of Target fonns and raw

Calibration
%RSD 'c20% Must demonstrate an major instrument control standard Ifstill data.

RSD (or average RSD) of maintenance or out. determine cause of
- <20%. difficulties meeting the curve failure and

CCV requirements. correct. Re-analyze
curve and any samples
analyzed with curve.

Second +/- 15% of the initial After each initial Investigate third source Stored with data.

Source
calibration response calibration if 2 existing sources do
factor (or average). not match.

Standard
Initial +/- 15% of the initial +/- 15% of the initial Every 24 hr. or at the Determin" cause of Target form and raw

Continuing
calibration response calihration response beginning of an ICCV tailure and data.
tactor. factor (or average). analytical sequence, correct. Reanalyze

Calibration which ever is more ICCV and if out of

Verification frequeni. or as necessary.. control a new
calibration curve must
be analyzed.

I

Continuing +/- 15% of the initial t/- 15% of the initial Every 10 injections and Determine caUSe of Target form and raw

Calibration
calibration response calibration response at the end of an analytical failure and correct. data

Verification
factor. Analyze singly factor (or average). sequence. Reanalyze calibration
every 10 injections curve. All samples
and after the final bracketed by an out of
sample. control CCY must be

reanalyzed unless the
CCY demonstrates an
increase in response and
no analytes are detected
above the reporting
limit.

Method All analytes must be All analytes must be less One method blank per 20 Reanalyze blank. If Method Blank

Blank <MOL than half the Reporting samples or each still out ofcontrol. re- Summary lind raw dat."l.

" Limii. or <5% regulatory extraction batch. e"tract the entire batch Narrative comment
limit. or <5% of the whichever is more of S<"lffiples unles., the when necessary.

- sample result, whichever frequent. detected analyte(s) arc
is greater. not present in the

associated samples.

Surrogate Minimumofl See latest version of All samples, method Re-extract if surrogate Target Surrogate

Recovery surrogate. l."lucks Testing Labs blanks. and QC samples. recovery is < the lower Summary form or
Recoveries must fall controllimil~ database. control limit. Ifa poor special test results.
within the labs All surrogate recoveries injection is suspected, Narrative comment
est..blished windows. mu~t tall within the reanalyze the sample. when necessary.

generated limits.

Laucks Testing Laboratories, Inc.
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QA Method Laucks Criterion Frequency Corrective Documentation
Element Criterion Action
MSIMSD One per 20 samples See late.<:t version of I MS/MSD pair per 20 Per SW 846, if analyte MS/MSD report and

or extraction batch Laucks control limits samples or every recoveries are out of raw data. Narrative
which ever is more located in the QC extraction batch which control in the MS/MSD comment when
frequent. Must be per database. ever is more frequent. but are in control in the ~ecessary.

matrix. associated blank spike,
no furtber action is
required.

..

Blank Spike NfA See latest version of I per 20 samples or every Re-e>.tract if analyte Blank Spike report and
Laucks Testing Labs extraction batch which recoveries are outside of raw data. Narrative
control limits in the QC ever is more frequent. control limits. comment when
database. All recoveries necessary.
must fall within the
generated limits.

•
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Eluti9n Order of Target Analytes
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Compound
HMX
RDX
1,3,5-TNB'
1,3-DNB
Tetryl
NB
2,4,6-TNT
4-Am-DNT
2-Am-DNT
2,4-DNT
2,6-DNT
2-NT
3-NT
4-NT
Surrogate
3,4-Dinitrotoluene

Compound
TNX
2,6-DA-4-NT
2,4-DA-6-NT
MNX
3,5-DNA'
4,4'-TN-MOXY

. Surrogate
3,4-Dinitrotoluene

Compound
NG
PETN
Surrogate
3,4-Dinitrotoluene

Order of Elution on
Primary (CiS) Column

1
2
3
4

6
5
8
9
10
12
11
13
-15
14 .

7
Order of Elution on

Primary (CIS) Column
3
2
1
4
5
7

6
Order of Elution on

Primary (CIS) Column
1

3

2

Order of Elution on
Confirmation (CN) Column

12
8

2
3
11
1
7
9
9
5
6
4
4

4

10

Order of Elution on
. Confirmation (CS/CN) Column

1
2
3
4
5
6

·5
Order of Elution on

Confirmation (CN) Column
2
3
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Compound MDL MDL PQL PQL

(~gIL) (mg/Kg) (~g/L) (mg/Kg)

HMX 0.0427 0.0261 0.65 0.5

RDX 0.0564 0.0418 0.65 0.5

1,3,5-TNB 0.0222 0.0237 0.65 0.5

I)-ONE 0.0647 0.2438 0.65 0.5

Tetryl 0.0720 0.0238 0.65 0.5

NB 0.0413 0.0627 0.65 0.5

2,4,6-TNT 0.0243 0.0406 0.65 0.5

4-Am-ONT 0.0382 0.0479 0.65~--~·· 0.5

2-Am-DNT 0.0344 0.0147 0.65-:"=' 0.5

2,4-0NT 0.0476 0.0319 0.65 -. 0.5

2,6-DNT 0.0297 0.0087 0.65 '-"- 0.5

2-NT 0.0780 0.0479 0.65 0.5

3-NT 0.1322 0.0519 0.65 0.5 •4-NT 0.0517 0.0415 0.65 0.5
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Method 8330 Flow Chart

Check COIs

No Re-inject lrem last

in control CCV

l
No

Dilute Extracts
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Check surrogate

recovery

Yes i
-----1

Ives

Re-extraet or

re-<nject

•
12-1~97
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Compound LCS LCS MS MS

Water Soil Water Soil

HMX 70-115 81-123 59-124 20-160

RDX 66-128 82-126 56-132 28-1'63

1,3,5-TNB 77-118 88-117 61-132 61-132-

1,3-DNB 73-110 92-116 68-114 68-114

Tetryl 81-127 30-146 35-149 43-154

NB 74-112 91-127 69-120 33-177

2,4,6-TNT 79-124 75-134 57-138 48-160

4-Am-DNT 74-117 85-125 63-125 51-152

2-Am-DNT 72-115 89-120 68-117 50-157

2,4-DNT 74-118 87-117 67-116 49-152

2,6-DNT 71-131 ' 84-125 60-137 35-168

2-NT 76-119 86-120 66-126 35-170

3-NT' 73-f17 84-118 63-125 31-164 •4-NT 70-117 84-118 64-124 50~152

Surrogate Water Soil
3,4-Dinitrotoluene 20-160 20-160

*At the time ofthis writing,

'.
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t Introduction and Scope

.1.1 Overview
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. 1.1.1 This method is for the measurement of ammonia as nitrogen in drinking, surface, and
saline waters, domestic and industrial wastes in the range of 0.01 to 2.0 mg/L NH3 as N
by EpA Method 350.1. Higher concentrations can be determined by sample dilution.
Soilleachates and distillates may also be analyzed by this method.

. 1.1.2 This analysis is based on the Berthelot reaction. Ammonia reacts with alkaline phenol,
. then with sodium hypochlorite to form indophenol blue. Sodium nitroprusside
(nitroferricyanide) is added to enhance sensitivity. The absorbance ofthe reaction
product is measured at 630 nm, and is directly proportional to the original ammonia
concentration.

1.2 Sample preservation, storage, and holding times

1.2.1 Preserve aqueous samples by the addition of sulfuric acid - 2 mL / liter sample.

1.2.2 Refrigerate all samples at 4±2 0c.

1.2.3 Recommended holding time from date of collection is 28 days.

1.3 Definition of Terms .

1.3.1 This section defines terms and acronyms as they are used in this SOP. Other temis, such
as MSIMSD or method blank, are not defined here since it is assumed that the user of this
SOP already understands their more general meaning. This section or parts of it may be
deleted if the analysis is basic and has no terminology that may be confusing to anyone
likely to read the procedure.

1.3.2 Batch Identifier - A number given to each preparation or analysis group which uniquely
identifies that batch. This number is generally the blank ID for preparation batches and
either a sequence number for organic analyses or an analysis number which is similar to
the blank ID, only preceded by an "A" rather than a "B" for inorganic batches. The
preparation batch IDs are discussed in other documentation

1.3.3 Blank spike - A background free matrix (DIW for water, clean sand for soils/sediments)
to wbich known amounts of target analytes are added each time samples are prepared.
Blank spikes are required on all NFESC work. Note that an LCS or SRM (see below) will
substitute as a blank spike for most inorganic analyses. In the context of this SOP, a
blank spike is the same as a QC check st~ndard. See also QC check standard.

Laucks Testing Laboratories. Inc.



SOP No:
Revision:
Date:
Page:
Replaces:.

LTL-9109
4

5/28/02
4 of 19

3 •
1.3.4 CCB - Continuing Calibration Blank - This is the same acronym used in the CLP

program. This is a blank which is analyzed immediately after the CCV (almost always
after every 10 samples and at the end of the analytical run) during the analysis sequence
to determine whether the instrument or system has maintained a stable baseline. .

1.3.5 CCV - Continuing calibration verification. - This is the same acronym used in the
CLP program. This is a standard analyzed at some prescribed frequency (almost always
after every 10 samples and at the end of the analytical run) during the analysis sequence
to determine whether the instrument or system has remained in calibration.

.1.3.6 CLP - Contract Laboratory Progra~ - The USEPA program that contracts with
laboratories to provide laboratory services. The term has come to mean a much broader
seto·fmethods and deliverables. In context of this SOP, CLP means procedures or
operations which are detailed in theCLP contract and which· are extended to a broader
working definition.

1.3.7 Corr Coer, CC - Correlation coefficient - A measure of the "goodness of fit" ofa set of
data to a regression model. The closer the value is to 1, the higher the degree of
confidence in the correlation

1.3.8 DIW - Deionized water - Lab reagent water. This water should be free of virtually all
analytes.

1.3.9 ICB - Initial calibration blank - This term is borrowed from CLP. An instrument blank
is made up in the same way as calibration standards, without target analytes.

1.3.10 ICV - Initial calibration verification - This term is borrowed from the CLP protocol. It
is a standard which is analyzed at .the start of each analytical run that is compared to the
initial multi-point calibration to.detenn.ine whether the instrument calibration is accurate.
For most inorganic methods, this verification standard is from a source different from that
used to make the calibration standards.

1.3.11 IDL - Instrument detection limit-The lowest concentration of a target analyte that will
yield a signal noise ratio of least 3x. Used as a starting point for selecting MDL study
spiking levels.

1.3.12 MDL - Method detection limit - The lowest concentration a sample which will yield a
positive result that is greater zero at a known level of confidence. MDLs are empirically
determined by Laucks.

•

1.3.13 MDL standard - Method detection limit standard - A standard prepared so that the
concentrations of the target analytes are no greater than 4x the empirically determined •
MDLs. This standard is used to verify that the instrument or system is capable of

Laucks Testing Laboratories. Inc.
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detecting the target analytes on an ongoing basis.

1.3.14 QC check standard - Quality control check standard - Referred to in this SOP as a
blank spike. A QC check standard is used to detel1l1ine whether the analytical system is'
in control if MSIMSD recoveries are out of control. See also blank spike. .

'1.3.15 SRM or LCS -'Standard Reference Material or Laboratory Control Sa~ple - This is
a material of approximately the same matrix as the samples, containing a known and
usually certified amount of target analyte and which is prepared and analyzed in the same
manner as a typical sample. This sample is used to demonstrate that the analytical system
is in control. It may be considered to be a blank spike for most inorganic analyses and is
preferred over artificially spiking blank materials.

•

•

1.3.16 QC period,. Quality control period - An analysis sequence initiated by the analysis of
one or more standards, followed by sa.mples, and tel1l1inated with a standard and blank
analysis. A QC period can be open-ended chronologically, but calibration verification
must be documented using the procedures in this SOP

1.3.17 RSD or %RSD - Relative standard -deviation or percent relative standard deviation - The
ratio of the standard'deviation ofaset of values to the mean of the ,set of values. A
measure of the similarity of the values one to another.

1.3.18 Sequence - A set of sample extracts and standard solutions injected into an instrument in ,
achronologically continuous group. See also QC period.

2 Interferences

2.1.1 Calcium and magnesium ions may be present in concentration sufficient to cause
precipitation problems during analysis. The 5% EDTA solution is used to prevent the
precipitation of calcium and magnesium ions from river water and industrial waste.

2.1.2 Sample turbidity may interfere with this method. Turbidity must be removed by pressure
filtration through a 0.45 11m filter prior to analysis.

2.1.3 Sulfide interference, ifpresent, may be removed by acidifying the sample to pH<3 with
dilute HCL and aerating vigorously until the sulfide odor can no longer be deteded.

2.1.4 Sample color that absorbs in the photometric detection range used will also interfere.

2.1.5 CyaQate, which may be encountered in certain industrial effluents, will hydrolyze to some
extent even at the pH of9.5 at which distillation is carried out.

2.1.6 Residual Chlorine must be removed 'by pretreatment of the sample with sodium

Laucks Testing Laboratories, Inc.
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3 Safety and Waste Disposal

3.1 Safety

3.1.1 Care should be taken when working laboratory reagents and acids.
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3.1.2 Wear a lab coat and safety glasses while in the lab and especially_during any type of
analysis.

3.1.3 Gloves offer protection from reagents while degassing and handling samples.·

3.1.4 If it is necessary to open the back of the' instrument, disconnect the power first.

3.2 Waste Disposal

3.2.1 Waste products from this process are not considered haimful or of sufficient volume to be
considered hazardous.

4 Reagents and Standards

4.1 Reagents

4.1.1 Anlmonia-free de-ionized water.

4.1.2 Sodium phenolate - Dissolve 83.0g crystalline phenol and 32.0g sodium hydroxide in
DIW. Dilute to 1.Ot and mix until dissolved.

4.1.3 Sodium hypochlorite - Dilute 500 mL of 5.25% NaGCI (bleach) to 1.0 L with DIW.

4.1.4 ,Buffer - Dissolve 50.0g of Disodium salt of EDTA and 5.5g ofNaOH with DIW.Dilute ,
to 1.0 L with DIW and mix until dissolved (about one hour).

4.1.5 Sodium nitroferricyanide - Dissolve 3.50 g of sodium nitroferricyanide in DIW. Dilute to
1.0 L. Make this reagent before it is needed. Greater sensitivity is achieved with 2-day
old reagent.

4.1.6 Carrier (0.02% H2S04) - Dilute 3.0 mL H2S04 to 1.5 L with DIW.

4.1.7 Conbentrated H2S04 (for soil distillation)

4.1.8 Phenolphthalein indicator (for soils) - Dissolve 1 g phenolphthalein in 100 niL
isopropanol. .

Laucks Testing Laboratories, Inc.

•



SOP No:
Revision:
Date:
Page:
Replaces:

LTL-9109
4

5/28/02
7 of 19

3

e

e.

4.1.9 Sodium borate buffer (for soils) - Dissolve 9.5 g sodium borate in DIW, add 88 mL O.lN
NaOH, and dilute to 1.0L. Keep in an amber glass bottle.

4.1.10 Anti-foam ~oh.ition, prepared (for soils)

4.1.11 50 %"NaOH (for soils)

4.1.12 Sodium thiosulfate: Dissolve 3.5 g Na2S203 (CASRN 10102-17-7) in reagent" water and
dilute to 1 L. One mL of this solution will remove 1 mg/L or res!dual chlorine in 500 mL
of sample.

4.2 Standards

4.2.1 All standards should be stored at 4 ± 2°C.

4.2.2 Stock NH3 solution - Dissolve 0.3819g of anhydrous ammonium chloride, NH4CI, dried
at 105°C, in DIW, add 2 mL H2S04and dilute to 1.0 L. 1.0 rnL of stock standard equals
0.1 mg NH3-N (100 ppm solution.). Expires after one year.

4.2.3 2 ppm working standard -Dilute:2 mL of the 100 ppm stock NH3 standard up to 100 mL
with 0.02%H2S04 in a volumetric flask. Pr~pared weekly.

4.2.4 10,000 ppm NH3 standard for spiking soils - Dissolve 38.19 g of anhydrous ammonium
chloride, NH4Cl, dried at 105°C, in DIW, add 2 rnL H2S04 and dilute to 1.0 L. Expires
after one year.

5 Equipment

5.1.1 Lachat Automatic Flow Injection Ion Analyzer

5.1.2 Automatic sampler

5.1.3 Peristaltic pump

5.1.4 Injection module: 150 cm, 0.81 mm 1.D., sample loop

5.1.5 Colorimeter: 10 mm flow cell, 630 nm filter

5.1.6 Heating block: 60 °C

5.1.7 Reac-tion manifold 10-107-06-1-8 or equivalent

5.1.8 Sample and calibration racks, with calibration vials

Laucks Testing Laboratories. Inc.



5.1.9 Helium for degassing reagents

5.1.10 Fritted gas dispersion tube

5.1.11 PC with keyboard and printer (IBM compatible)

5.1.12 Various micropipettes with tips

5.1.13 13 x 100 borosilicate disposal test tubes

5.1.14 100mL volumetric flask

5.1.15 Kjeldahl flasks (for soil distillations)

5.1.16 250 mL beakers (for soils)
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5.1.17 Any laboratory PC equipped with Excel and the ammonia template may be used for
calculation or the calculations may be done by hand, requiring no computer except for
entry into the LIMS database.

6 Quality Control

6.1 Method Detection Limit Study

6.1.1 Prior to the analysis of any samples, it is necessary to establish method detection limits.
This procedure is fully described in Laucks SOP on MDL studies. Briefly, it involves the
analysis of seven replicate samples spiked at a concentration near the anticipated method
detection limit. A Student's t-test is then applied to these measured values to calculate
the MDL. The LTL estimated MDL is 0.01 mg/L.

6.2 Initial Multi-Point Calibration

6.2.1 Calibration Curve:

mL intermediate Ammonia concentration
ammonia intermediate (mglL)
solution, diluted to
2DmLs with carrier

20 2.0
5

.'

0.5
- 1 0.1

0.5 0.05
0 0

Laucks Testing Laboratories, Inc.
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6.2.2 . Prior to the analysis of any samples, a calibration curve must be analyzed in order of
decreasing concentrations. A minimum of a four point curve plus a zero standard should
be analyzed.

6.2.3 Criteria

6.2.3.1 Initial calibration data is evaluated using the correlation coefficient of a linec;rr
regression analysis. The correlation coefficient must be 0.995 or greater for a 4-point
calibration.

6.2.4 Corrective action

6.2.4.1 If the criteria are not met, the instrument must be recalibrated.

6.3 Initial Calibration Verification

6.3.1 One initial calibration verification (ICV) sample must be analyzed at the beginning of
each analytical sequence and be repeated with every 20 samples. The value must faBbe
within the control limits set by the manufacturer or within recovery limits of 90-11 0%.
This sample must be traceable to an NIST.primary standard, and must be of different
origin from the calibration/spiking standard. This check sample serves as the LCS/SRM
when required. Failure to meet recovery criteria requires recalibration.

6.4 Initial Calibration Blank

6.4.1 An initial calibration blank (ICB) must follow the ICV, and must be less than Y2 the RL
(0.01 mglL). Failure to meet criteria requires recalibration and reanalysis.

6.5 Method detection limit

6.5.1.1 A method detection limit (MDL) sample mu~t be analyzed with each analytical run.
The minimum requirement for the MDL is that it be detectable, although it is desirable
that it be within the rangeof64% to 220% of the true value (0.01 mg/L). No corrective
action is indicated should the value fall outside this range.

6.5.2 Corrective Action

6.5.2.1 IfNH3 is not detected, the analysis must be terminated until the problem has been
solved. Alternatively, if the affected samples are well above the detection limit (i.e.
brackete9. by appropriate standards), they may be reported. No undetected values
should be reported if the MDL standard for that analyte(s) is undetected. .

"Laucks Testing Laboratories, Inc.



6.6 Method BlaJ1klPrep Blank
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6.6.1 Method blanks are used to verify contamination free reagents and apparatus. They are

prepared with every set of samples prepared at the same time or at least one blank every
20 samples whichever is more frequent. The reporting limits are considered to be 0.02
mg/L for water and 0.2 mglkg for soil. Any analyte response above Yi the reporting limit
(0.01 mg/L for waters, 0.10 mg/kg for soils) is reported.

6.6.2 . Waters

6.6.2.1 The method blank is carrier reagent. Preparation instructions are located in 4.1.6.

6.6.3 Soils

6.6.3.1 Distill 2.5 g of sand as preparation blank.

6.6.4 Corrective action

6.6.4.1 Corrective action may necessitate re-preparation and re-analysis of the sample set. For
example if an analyte were found in the blank but not in any of the associated samples •
then sample group may not require re-analysis. In addition, if sample levels exceed 10_
times the blank, the level of contamination may be considered insignificant. In any
case, if re-preparation and re-analysis is not being undertaken, the analyst must first
discuss the issue with the Quality Assurance Officer. It is the laboratory's responsibility
to ensure that method interferences caused by contaminants in acids, solvents, reagents,
glassware, and other sample processing hardware leading to discrete artifacts and/or
elevated baselines in the analytical run be minimized. In the extreme case of chronic
contamination, blanks may have to be analyzed from each stage of the sample
processing to determine the contamination source so it 'can be eliminated. In all cases

.where blank contamination exceeds the control limit, a narrative comment must be
made which documents the corrective actions taken.

6.7 Continuing Calibration

6.7.1 A continuing calibration verification (CCV) sample must be analyzed after every ten
samples and at the end of the run, and must be ± 10% of the true value. A suggested
value would be 0.5 mglL. If the CCV sample exceeds the recovery criterion but the'
samples are non-detects the data may be reported. If the CCV sample recovery falls
below 90% the instrument must be recalibrated and all affected samples reanalyzed.

6.7.2 A continuing calibration blank (CCB) must follow each CCV, and must be less than Yz
the RL (~.Ol mglL). If the blank sample response exceeds this level and the sample •
concentrations exceed 20-times the blank level then the data may be reported. Otherwise; ...-,

Lauch Testing Laboratories. Inc.
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the blank sample may be repoured and reanalyzed. Should this fail, the instrument must
~e recalibrated and all affected samples reanalyzed.

6.8 Matrix Spike

6.8.1 A sample is chosen at random from the samples to be analyzed, and an aliquot of spiking
solution is added to this sample prior to analysis such that the final solution is fortified at
0.500 mg/L. The analyst should attempt to avoid selecting samples which are identified .
by the client as blanks. As the purpose of the matrix spike is to t~st the system under
"typical" conditions, the analyst may also avoid selecting the most difficult sample ofthe
batch for spiking. It is always required that a matrix spike analysis be performed with
each preparation/analysis batch, however, the minimum frequency for MS analysis is 1
each per 20 samples per matrix.. This matrix spike sample is used to evaluate the matrix
effect of the sample upon recovery of the analytes. The recovery of spike analytes is
calculated as follows:

(SS - S) * 100
% recovery = ----------------

SA

where:
SS = concentration in spiked sample
S = native concentration in unspiked sample
SA =. spiked added, the amount of spiking material actually added to the sample calculated.
on the sample basis

6.8.2 The recovery criteria are detailed in the Quality Control Database and will change from
time to time. Currently, the LTL recovery criteria for matrix spike recovery is 53-120%
for water samples and 50-128% for soil samples.

6.8.3 Corrective action

6.8.3.1 Samples with spike recoveries outside control limits will be reviewed for possible
corrective action. Corrective action will first involve recalculation, followed by
possible re-preparation, and/or reanalysis. This process should also look at the recovery
of the matrix spiking compounds from the SRM and/or blank spike analysis. If the SRM
is in control, the out of control recovery is due to matrix interference and probably does

.not warrant reanalysis. In all cases a narratIve explanation of the condition is required to
detail the corrective actions taken.

6.9 Matrix Spike Duplicate

6.9.1 The compound recovery criteria are identical to those for the matrix spike sample. In

Laucks Testing Laboratories. Inc.
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addition, the matrix spike duplicate is used measure method precision. This is done by
computing the relative percent difference (RPD) between the matrix spike' and matrix
spike duplicate recovery values. MSIMSD is the preferred method for measuring
precision, however if the client requests, or if it is to reported in CLP format, MSfDUP is
performed. This calculation is as follows:

IS 1 - S21 * 100 .
RPD = ---------------

(Sl + S2)12

where:
S1 = measured concentration for MS sample
S2 = measured concentration for MSD sample

6.9.2 .RPD control limits are detailed in the Quality Control Database and will change from
time to time. Currently, the LTL RPD criteria is 10% for water samples and 30% for soil
samples.

6.10 Sample Duplicate

6.10.1 Criteria

6.10.1.1 Sample duplicates are req4ired only when the client requests, when CLP practices are
employed, or ~hen the method specifically calls for duplicates. At least one duplicate
sample per 20 samples per matrix is required when matrix spikes/duplicates are being
performed. RPD values are calculated in a manner similar to MSIMSD RPDs:

lSI - S21 * 100
RPD = ---------------

(Sl + S2)12

where:
S1 = measured concentration in the initial analysis
S2 = measured concentration in the duplicate analysis

6.10.2 The RPD control limits are detailed in the Quality Control Database and will change from
time-to time. Currently, the LTL RPD criteria is 10% for water samples and 30% for soil
samples. . .

Laucks Testing Laboratories. Inc.
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(Note - additional operational instructions may be found in the Lachat Operations Manual)

7.1 Instrument set-up

7.1.1 Tum on power and all modules, and allow heating block to wann up to 60 0<:;

7.1.2 Degas all reagents (except phenolate reagent) by sparging with h~lium at low flow for 20
minutes.

7.1.3 Place reagent feed lines into proper containers, and raise tension levers on pump tube
cassettes.

7.1.4 Allow reagents to pump through-system until a stable baseline in obtained.

.'

•

7.2

7.2.1

Analysis sequence

A typical analysis sequence is as follows:

2.0 ppm standard
0.50 ppm standard
0.10 ppm standard
O. 05 ppm standard
0.00 ppm standard
SRM
reB
MDL
PBW
Sample 1
Sample 1MS (or D, depending on client needs)
Sample IMSD (or S, depending on client needs)
Sample 2 .
Sample 3
Etc
after 10 samples
CCVl
CCBl
Sample 11
etc.. :-
CCV2
CCB2

Laucks Testing Laboratories, Inc.



7.3 Soil preparation
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7.3.1 Though soil samples can be prepared hy either distillation or by leaching them with 0.2%

H2S04, distillation is the preferred method, and is what is discussed here.

7.3.2 Into a Kjeldahl flask place 2.5g of sample (l.Og for biosolids), 300 mL ofDIW, some
boiling stones, 3 drops of phenolphthalein indicator, 25 mL of sodium borate -solution,
and a squirt of anti-foam solution.

.
7.3.3 Samples should be pink. If they are not, add 50% NaOH drop wise u'!til color forms.

7.3.4 Also distill a preparation blank, a matrix spike sample, and a matrix spike duplicate.

. 7.3.5 Spike MS/MSD with 0.5 mL of the 10,000 ppm solution, for an NH3 spiking value of 5
ppm at the instrument.

7.3.6 Place 50 mL DIW and 0.500 mL conc. H2S04 into 250 mL sample bottles (cubes).

7.3.7 Distill flasks into cubes until distillate levels reach approximately 175-195 mL, about the
shoulder of the cube.

7.3.8 Turn off heat and pull beakers down so as not to draw distillate up the condenser.

7.3.9 Dilute distillates to 235 mL each (to the neck of the cube), and analyze the same as
waters.

7.4 Sample analysis

7.4.1 Place all prepared samples in test tubes and on the autosampler, and start tray analysis.

7.4.2 Dilute samples as needed, and re-analyze.

7.5 Calculations

7.5.1 The soil calculation to reach a final mg/L value is incorporated in the spreadsheet, and is
as follows:

••

mg/KgAR =

mg/KgDB =

Instrument concentration * mL final volume
g sample weight

mg/KgAR
TS

Laucks Testing Laboratories, Inc.
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7.6.1 Barring any problems or excessive dilutions; approximately20 samples with their
corresponding QC Can be analyzed in 90 minutes...

,8 . References

Determination of Ammonia-Nitrogen by Semi-Automated Colorimetry, EPA Method 350.1,
Rev. 2.0, August 1993.

QuikChem AE Automated Ion Analyzer Operating Manual, Lachat Instruments
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QC Elem~nt Method Laucks· Frequency Corrective Documentation

Criterion Criterion Action
Initial Multi-point Multi-point One per run R,ecalibrate Printout of
Calibration . R>0.995 (4 calibration

points plus
blank)

Standard Limits set by One per twenty Reanalyze or Printout of QC
Reference Manufacturer or samples recalibrate database
Material (SRM) 90 - 110 %
Recovery ,.

Method Blank <MDL <Y2 RL «0.01 One per twenty Reanalyze Printout of QC
mg/L) samples database

Continuing 90-110% 90 - 110 % One after every Recalibrate Printout of
Calibration recovery recovery ten samples and result
Verification at the end of the

run.
Continuing <Yz Reporting One after every Recalibrate Printout of
Calibration Limit «0.01 ten samples and result
Blank mg/L) at the end of the

run.
MDL standard Detectable One per run Recalibrate Printout of
recovery result

Matrix Spike 90 - 110 % rec. SeeQC One MSIMSD Dilute and Printout ofQC
Recovery but if sample database. or one MSlDup reanalyze database

fails, may be Currently, per 20 samples
due to matrix if Water 53-120%
SRM /blank Soil 50-128%
spike passes

MSIMSDRPD SeeQC One MSIMSD Dilute and Printout of QC
database. or one MSlDup reanalyze database
Currently, per 20 samples

- Water 10%
Soil 30%

•
Laucks Testing Laboratories. Inc.
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QC Element Method Laucks Frequency Corrective Documentation
Criterion Criterion Action

Duplicate SeeQC One MSIMSD Dilute and Printout of QC
% Difference database. or one MSlDup reanalyze database

.J Currently, per 20 samples
Water 10%
Soil 30%

Laucks Testing Laboratories. Inc.
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I Ammonia as N
....__....;E_P....A...3....5..,O_..1 --J

Matrix: Water

Analyst: German N.

Reviewer:
Calibration Tray Info: Ammonia as N: 01050801

m{A-B)= 004756 m{B-E)= 004747 r(A-B)= 099999

05/08/01 16:53

. r{B·E)= 099962 yO{A-B)= -000005 yO{B-E)= 0 00003

Cup ./ Cafibralion Standard I Dilution ollntermediale Sid. I Absorb· I Determined I'll, R . d I Slandands I T.V.
ance Conc.lmalll es.· ua Loa 10 Imnlll

1 Std. A (Iv=2.0Qmgill 20.0mL 120.0mL 0.0951 2.000 0.00 Intermediate Std: TE6-27-8 2.00

2 Std. B i1v=0.SOOmg:L! 5.00mL 120.0mL 0.0237 0.500 0.00 Stock Std: TE6·1S·' 100.

3 SId C {tv=O. 100rngiLl 1.00mL I 20.0mL 0.0051 0.107 .7.00 LCSW: TE6-18-6 13.00

4 Std. D (tv=O.OSO.ng!L) 0.50mL I 20.0mL 0.0023 0.047 5.53 . CCV: Std. B 0.500

5 Std. E (lv=O.OOOmg!L) OmL 120.0mL -C.OOOI -0.003 0.00

SpIkes = 25'I'L Stock Std In 5.00mL of d.lu'ed sample: 0.50 mglL @ Instrument

Sample Tray Info' Ammonia as N' 01050801 RS 05/08/01 17'47 min rep limit (mg/L)' 0.01

••
01.%

103...%

106.%

107.%

101.%

100.%

Cup ./ Lauck. 10 I'
. -'

1 PIF IAbSorbance. I O~ulion / Conc,@ / Cone. in NH] as N / Rep .
Factor Instrument Sample mg/L" Lim.

101 ICVfLCSWl IV=13•. rng!L 0.97 0.0638 10 1.3431 13.4310 '3 0.1

102 ICB 0.00 .0.0001 1 -C.0023 -0.0023 001 U 0.01

103 MDL tv=O.Olmg/L 0.77 0.0003 1 0.0060 0.0060 0.01 U 0.01

104 B050801NH3WOl
(i.,.t~ti)

0.00 0.0000 1 ·00014 -0.0014 0.01 U 0.01

105 0104323-2 "\.. 0.28 0.0002 1 0.0044 0.0044 0.01 U 0.01

106 0104327-1 i4'J 0.44 0.0003 1 0.0048 0.0048 0.01 U 0.01

107 0104327-2 .. ., 0.14 00002 1 0.0043 0.0043 0.01 U 0.01

108 0104327-211\5 ,.-\ 0.99 0.0254 1 0.5353 0.5353 0.54 0.01

109 0104327·2msd "''1 0.99 0.0257 1 0.5412 0.5412 . 0.54 0.01

110 0104358-1 \ '\ 0.00 -0.0002 1 -0.0053 -C.0053 0.01 U 0.01

2 CCVl 0.99 0.0238 1 0.5006 0.5006 0.50 0.01

5 CCBl 0.00 0.0001 1 0.0013 0.0013 0.01 U 0.01

111 0104359-1 '''' 0.19 -0.0005 1 -0.0120 -0.0120 0.01 U 0.01

112 0104387-1 \ 1 0.84 0.0011 1 0.0233 0.0233 0.02 0.01

113 0104405-1 ..... 0.00 0.0001 1 0.0006 0.0006 0.01 U 0.01

114 0104405-2 .~ <; 0.00 0.0002 1 0.0032 0.0032 0.01 U 001

115 0104406-1 ,oJ 0.71 -0.0003 1 -0.0071 -0.0071 0.01 U 0.01

116 0104412-1 'Lt 0.94 0.0029 1 0.0611 0.0611 0.06 0.01

117 0104541-1 "l 0.69 -0.0005 1 -C.Ol08 -0.0108 0.01 U 0.01

118 0104541-2 , 0.72 -0.0007 1 -C.0157 ·0.0157 001 U 0.01
119 0104541.3 '1 0.00 ·0.0002 1 -0.0048 -0.0048 0.01 U 0.01
120 0104549·1 , 0.99 0.0862 20 1.8141 36.2820 36. 0.2

·2 CCV2 . 0.99 0.0240 1 0.5059 0.5059 0.51 0.01 1

5 CCB2 0.00 0.0000 1 0.0002 0.0002 001 U 0.01
121 0104549-2 1 0.95 0.0109 1 0.2294 0.2294 0.23 0.01
122 0104581·1 ~ 0.61 0.0005 1 0.0094 0.0094 0.01 U 0.01
123 0104581-2 S 0.56 0.0012 1 0.0242 0.0242 0.02 0.01
124 0104581-3 <- 0.00 ·0.0002 1 -0.0053 -0.0053 0.01 U 0.01
125 0104582·1 'L 0.96 0.0152 1 0.3205 0.3205 0.32 0.01

~ 9194li87 1 \ ~ ~ ~ ~ ~ ~ ~

~ ~ (),3& ~ ~ ~ ~ ~ ~

~ 9194li87 1 ,
~ ~ ~ 44633 29&.9499 ~ ~

129 0104587-1 , 0.99 0.0585 250 1.2307 307.6750 310. 2.
~ 9laM ~ ~ ~ lHlG% lHlG% ~ ~

2 CeV3 0.99 0.0241 1 0.5073 05073 0.51 0.01
5 eeB3 0.00 0.0001 1 0.0011 0.0011 0.01 U 0.01

•
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1. Introduction and Scope

1.1 . Method Description
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1.1.1. This method is applicable to the determination of nitrate/nitrite in drinking, surface and
saline waters, domestic and industrial wastes. The method is applicable in the range b·om

'0.05 to 2.0 mg/L as N. Higher nitrate/nitrite concentrations can be determined by diluting
the sample. Some clients may require a reporting limit of 0.0 1 mg/L. If a client requests
this reporting limit, Laucks will analyze a standard at 0.01 mg/L at the beginning of an
analysis.

1.1.2. The nitrate in the sample is quantitatively reduced to nitrite by passing it over a cadmium
reduction column. The diazonium compound formed by diazotation of sulfanilamide by
nitrite in water under acid conditions is coupled with N-(l-napthyl)-ethylenediamine
dihydrochloride to produce a reddish-purple color, which is measured in a
spectrophotometer at 520 nm.

1.1.3. This method is restricted to use by, or under the supervision of analysts experienced in
the technique described. Each analyst performing this method must have demonstrated
the ability to perform the described analysis.

] .2. Sample Collection, Sample Storage, Holding Times

J .2.1. Samples are collected in plastic 500 mL bottles. They are preserved with H2S04 to

pH <2. The samples should be held at 4±2°C until analysis. The holding time is 28 days.
based on time of collection.

1.3. Definition of Terms

1.3.1. This section defines terms and acronyms as they are used in this SOP. Other terms, such
as MS/MSD or method blank, are not defined here since it is assumed that the llser of this
SOP already understands their more general meaning.

1.3.2. Batch Identifier - A number given to each preparation or analysis group which uniquely
identifies that batch. This number is an analysis number, which is similar to the blank 10.
only preceded by an "A" rather than a "B" for inorganic batches. The preparation batch
IDs are discllssed in other documentation. The batch identifier for the third batch of
waters run on Feb 29,1996 would be: A022996LANNW03.

Laucks Testing Laboratories. Inc.
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1.3.3 .. Blank spike - A background free matrix (DIW for water, clean sand for soils/sediments)
to which known amounts of target analytes are added each time samples are prepared.
Note that an LCS 'or SRM (see below) will substitute as a blank spike for most inorganic
analyses. In the context of this SOP, a blank spike is the same as a QC check standard.
See also QC check standard.

1.3.4. CCB - Continuing Calibration Blank - This is the same acronym used in the CLP .
program. This is a blank, which i's analyzed immediately after th6 CCV (almost always
after every 10 samples and at the end of the analytical run) during the analysis sequence
to detennine whether the instrument or system has maintained a stable baseline.

1.3.5. CCV - Continuing calibration verification. - This is the same acronym used in the eLII
program. This is a standard analyzed at some prescribed frequency (after every 10
samples and at the end of the analytical run) during the analysis sequence to determine
whether the instrument or system has remained in calibration.

1.3.6. CLP - Contract Laboratory Program - The USEPA program that contracts with
laboratories to provide laboratory services. The teml has come to mean a much broader
set of methods and deliverables. In context of this SOP, CLP means procedures or
operations which are detailed in the CLP contract and which are extended to a broader
working definition.

1.3.7. Corr Coef, CC - Correlation coefficient - A measure of the "goodness offit" of a set of
data to a regression model. The clpser the value is to 1, the higher the degree of
confidence in the correlation.

1.3.8. DIW - Deionized water - Lab reagent water.· This water should be free of virtually all
analytes.

1.3.9. ICB - Initial calibration blank - This term is borrowed from CLP. An instrument blank. is
made up in the same way as calibration standards, without target analytes.

1.3.10. ICV - Initial calibration verification - This term is borrowed from the CLP protocol. It is
a standard, which is analyzed at the start of each analytical run and that is compared to
the initial multi-point calibration to determine whether the instrument calibration is'
accurate. For most inorganic methods, this verification standard is from a source
different from that used to make the calibration standards.

Laucks Testing Laboratories. Inc.
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I .'3.11. IDL - Instrument detection limit. The lowest concentratio'n of a target analyte that wi II
yield a signal:noise ratio of least 3x. Used as a starting point for selecting MDL study

spiking levels.

1.3.12. MDL - Method detection limit - The lowest concentration of a sample, which will yield a
positive result, that is greater than zero at a known level of confidence. MDLs are
empirically determined by Laucks.

1.3.13. MDL standard - Method detection limit standard - A standard prepared so that the
concentrations of the target analytes are no greater than 4x the empirically determined

·MDLs. This standard is used to verify that the instrument or system is capable or'
detecting the target analytes on an ongoing basis.

1.3.14. QC check standard - Quality control check standard. Referred to in this SOP as a blank
spike. A QC check standard is used to determine whether the analytical system is in
control ifMS/MSD recoveries are out of control. See also blank spike.

1.3.15. SRM or LCS - Standard Reference Material or Laboratory Control Sample. This is a
material of approximately the same matrix as the samples, containing a known and
usually certified amount of target analyte and which is prepared and analyzed in the same
manner as a typical sample. This sample is used to de)Jlonstrate that the analytical system
is in control.

1.3.16. QC period - Quality control period - An analysis sequence initiated by the analysis of
one or more standards, followed by samples, and terminated with a standard and blank
analysis. A QC period can be open-ended chronologically, but calibration verification
must be documented using the procedures in this SOP.

1.3.17. RSD or %RSD - Relative standard deviation or percent relative standard deviation - The
ratio of the standard deviation of a set of values' to the mean of the set of values. A
measure of the similarity of the values one to another.

1.3.18. Sequence - A set of sample extracts and standard solutions injected into an instrument in
a chronologically continuous group. See also QC period.

I .4. Interferences

1.4.1. Build up of suspended matter in the reduction column will restrict sample flow. Since
nitrate and nitrite are found in a soluble state, samples may be filtered.

Laucks Testing Laboratories. Inc.
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1.4.2. Low results might be obtained for samples that contain high concentrations of iron,
.copper or other metals. EDTA is added to the samples to eliminate this interference.

1.4.3. Residual chlorine can produce a negative interference by limiting reduction efficiency.
Before analysis, samples should be checked and if required, dechlorinated with sodium
thiosulfate.

1.4.4. Samples that contain large concentrations of oil and grease will coat the surface of the
cadmium. Pre-extracting the sample with an organic solvent eliminates this interference.

1.4.5 Sample color that absorbs at about 520 nrn will interfere.

2. Equipment List and Standards

2.1. Instrument

2.1.1' Lachat QuickChem AE-200,.

• 2.1.2 QuikChem AE Software, Release 3, October 1994

2.1.2 Reaction Module 10-1 07-04-1-C

2.1.3 Cd/Cu column. This is purchased pre-packed from Lachat.

2.1.4 Autosampler

2.1.5 Proportioning Pump

2.1.6 IBM PC with keyboard and printer (IBM compatible) that is equipped with Excel and the
NN template may be used for calculation or calculation may be done by hand.

2.1.7 Orbit shaker: for leaching soil samples

2.2. Standards

•
2.2.1 Stock Nitrate solution: Dissolve O. 72l8g of potassium nitrate (KNO)) to 1 L in a

volumetric flask with 0.02 % H2S04, This produces a 100. mg/L NO) stock solution.

This stock -is prepared annually and stored at 4±2°C. Alternatively, dilute 10.0 mL of
1000 mg/L NO) standard to 100 mL in volumetric flask with 0.02% H2S04, This.

Lauclc:s Testing Laboratories. Inc.
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produces a 100. mg/L NO, stock solution. This stock is prepared every six months and is
stored at 4±2"C.

2.2.2 Intermediate Nitrate Standard: Dilute 2.0 mL of2.2.1 (or 0.2 mL of 1000 mg/L NO,
standard) to 100 mLs in a volumetric flask with 0.02 % H2S04 , The concentration of this
solution is 2.0 mg/L. This solution should be prepared weekly and stored at 4±2°C. (The.
nitrate and ammonia intennediate standards are prepared in the same 100 mL volurnetric
flask from their respective stock solutions.)

2.2.3 Working standards: These solutions should be made fresh daily:

mL intennediate standard (2.2.2) diluted to Concentration (mg/L)
20.0 mL with Carrier (2.3.3)

0 0
0.500 0.050
1.00 0.100
5.0 0.500

20.0 2.000

2.2.4 Cadmium column reduction efficiency standards: Two standards at the same
concentration (e.g. 5.0 ppm), one of NO) and the other NOz, are used to test the cadmium
column efficiency to reduce nitrate to nitrite. These could be made up from the stock
solutions (see LTL-9135, Nitrite by EPA 354.1, 2.2 for nitrite stock solutions).

2.3 Reagents

2.3.1 Ammonium chloride buffer: Dissolve 85g ofNH4Cl and LOg EDTA into approximately
900 mL ofDIW. Adjust the pH to 8.5 with 50% NaOH solution. Dilute to lL and mix.
(Usually, it is convenient to prepare 2 L of buffer at a time.) Stored at room temperature.

2.3.2 Sulfanilamide color reagent: In a lL volumetric flask, combine 600 mL ofDIW, ioo niL
of 85% H)P04, and 40.0 g of sulfanilamide. Stir on a stir plate and add 1.0 g N-l
napthylethylenediamine dihydrochloride (NED) when all of the sulfanilamide is
dissolved. Dilute to lL and mix. Store in a dark bottle at room temperature. This
solution is stable for one month.

2.3.3 Carrier: Dilute 3 mL of conc. H2S04 to 1.5 L with DIW. Prepare daily.

Laucks Testing Laboratories. II/c.
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2.3.4 Sodium thiosulfate: Dissolve 3.5 g Na2S20J (CASRN 10102-17-7) in reagent w'ater and
dilute to 1 L. One mL of this solution will remove 1 mg/L of residual chlorine in 500 mL
of sample.

*' Degas ammonium chloride buffer and carrier with helium for 2-3 minutes before analysis .

.1. Safety precautions and \Vaste Disposal

3.1. Safety Precautions

3.1.1. All standards, samples and sample solutions should be handled as if they are hazardous
substances.

3.1.2. Refer to the instrument manufacturer's manual for routine instrument precautions.

••••

•

3.1.3. Routine precautions include an awareness of the moving parts on the instrument you're
using. These paris are often charged with power from an' electrical component or with
high-pressure gas and have the potential to do harm if not used properly.

3.1.4. Electrical shock - All instruments present the possibi lity of electrical shock. The operator
should take all precautions including ensuring that all instruments are operated with fully
grounded power outlets, turning off the instrument and disconnecting the instrument from
the electrical power supply before working on any electrical components, etc.

3.1.5 Sodium hydroxide and sulfuric acid are extreme irritants if they come in contact with skin
or eyes. When using these chemicals, the analyst should wear gloves and safety glasses.

3.2. Waste Disposal

3.2.1. Waste from the instrument is carried by a drain to the sink. Leftover sample aliquots are
also disposed of into the sink.

3.2.2. Waste segregation and disposal from the point of collection is further covered in the
Laucks SOP on Waste Segregation and Disposal.

4. Calibration and Quality Control

4.1. Method Detection Limit Study

Laucks Testing Laboratories, Inc.
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4.] .1. Prior to the analysis of any samples, it is necessary to establish method detection limits.
This procedure is fully described in Laucks SOP on MDL studies. Briefly, it involves the
analysis of 7 replicate samples spiked at a concentration near the anticipated method '
detection limit. A Student's T-test is then applied to these measured values to calculate
the MDL. The LTL estimated MDL is 0.014 mg/L.

4.2. Initial Multi-Point Calibration

4.2.1. Analyze standard solutions using at least 4 different concentration levels. The calibration
curve was described in the Standards section 2.2.3. The lowest standard is at 0.050 mg/L.
The highest standard is 2.00 mg/L. The calibration solutions are analyzed from the
highest concentration to the lowest

4.2.2. Criteria

4.2.2.1.Initial calibration data is evaluated using the correlation coefficient of a linear regression
analysis. The correlation coefficient must be 0.995 or greater for a 4-point calibration.
All CCVs and sample concentrations must be computed using the regression equation.

4.2.3. Corrective action

4.2.3.1.If the criteria are not met, the instrument must be recalibrated.

4.3. Initial Calibration Verification

4.3.1. Immediately after the calibration curve, analyze a standard from a source other than that
from which the calibration material was obtained. For this analysis, the ICV is also the
LCS.

4.3.2. Criteria'

4.3.2.1.The calculated concentration of the ICV must be 90%-110% of the true value.

4.3.3. Corrective action

4.3.3.l.Ifthe ICV criteria are not met, no samples can be analyzed. Perfonn system mainteliance
and re-check the ICV. lfthe criteria still cannot be met,the system must be recalibrated.

•

4.4. Initial Calibration Blank

Laucks Testing Laboratories. inc.
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4.4.1. After the analysis of the ICV standard, an instrument blank (ICB) is analyzed. The
absolute value ofNO/NOJ in the 1CB should not exceed one-half of the reporting limit of
0.05 mg/L.

4.4.2. Corrective action

4.4.2.1.Ifthe 1CB contains target analyte levels above one-half of the reporting limit of 0.05
mg/L, the system is out of control. The source of contamination must be identified and
conected before proceeding with the analysis.

4.5. .Method Detection Limit Standard

4.5.1. After the analysis of the ICV and the ICB, but before the analysis of any samples, an
MDL standard at 0.01 mg/L is to be analyzed. The MDL standard is used to provide on
going verification of the ability of the system to detectanalytes at a concentration near
the method detection limit. The MDL standard should give a positive result. It must be
detected for the system to be considered in control.

4.5.2. The MDL solution is prepared by diluting 25 III of2.2.2 into 5.0 mLs of canier (2.3.3).

4.5.3 Conective Action

4.5.3.1 IfNO/N02 is not detected, the analysis must be tenninated until the problem has been
solved. Alternatively, if the affected samples are well above the detection limit (i.e.
bracketed ~y appropriate standards), they may be reported. No undetected values should
be reported if the MDL standard for that analyte(s) is undetected.

4.6.. Continuing Calibration Verification (CCV) and Blank (CCB)

4.6.1. A mid-range calibration standard is analyzed after every 10 samples. The CCV solution
is the 0.500 mg/L standard. Immediately following the CCV, a blank solution is
analyzed. In addition, this standard and blank must be the last samples analyzed in the
run.

4.6.2. The CCV must fail within ± 10% of the true value.,

4.6.3. The levels ofNO/N02 in the CCB should not exceed one-half of the reporting limit of
0.05 mg/L.

. Laucks Testing Laboratories. Inc.
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4.6.4.1 If CCV limits are exceeded, check calculations or perform instrument maintenance.

·Recalibrate and reanalyze. No sample results may be reported that are not bracketed by ;1

successful calibration and a CCV, which is in control or by preceding and following
CCVs, which ar~ within limits.

4.6.4.2 If the CCB contains target analyte levels above one-half of the rePDrting limit of 0.0)
mg/L, the system is out of control. The source of contamination must be identified and
corrected and the affected samples re-analyzed unless the samples are more than 20 times
the blank level. As with the CCVs, no sample results may be reported that are not
bracketed by a successful initial and continuing calibration blank, which are in control or
by preceding and following CCBs, which are within limits.

4.7. Method Blanks

4.7.1. Method blanks are used to verify contamination free reagents and apparatus. They arc
prepared with every set of samples prepared at the same time or at least one blank every
20 samples, which ever is more frequent. Any analyte response above the reporting limit
of 0.05 mg/L is reported. Method blank control limits are that contamination should not
exceed Yz the reporting limit .

4.7.2. Corrective action

•
4.7.2.1 Conective action may necessitate re-preparationand re-analysis of the sample set. For

example, if an analyte were found in the blank but not in any of the associated samples.
then sample group may not require re-analysis.In addition, if sample levels exceed 20··
times the blank, the level of contanlination may be considered insignificant. In any case,
if re-preparation and re-analysis is not being undertaken, the analyst must first discuss the
issue with the Quality Control Officer. It is the laboratory's responsibility to ens'me that
method interferences caused by contaminants in acids, solvents, reagents, glassware. and
other sample processing hardware leading to discrete artifacts and/or elevated baselines in
the analytical run be minimized. In the extreme case of chronic contamination, blanks
may have to be analyzed from each stage of the samp,le processing to determine the
contanlination source so it can be eliminated. In all cases where blank contamination
exceeds the control limit, a narrative comment must be made which documents the
corrective actions taken.

4.8. Matrix Spike

Laucks Testing Lahoratories. Inc.
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4.8.1. A sample is chosen at random from the samples to be analyzed, and an aliquot of spiking
solution is added to this sample prior to analysis, such that the final solution is fortified at
0.500 mg/L. The analyst should attempt to avoid selecting samples, which are identified
by the client as blanks. As the p'urpose of the matrix spike is to test the system under
"typical" conditions, the analyst may also avoid selecting the most difficult sample ofthe
batch for spiking. It is always required that a matrix spike analysis be perform~d with
each preparation/analysis batch, however, the minimum frequency for MS analysis' is I
each per 20 samples per matrix. This matrix spike sample is used 10 evaluate the matrix
effect of the sample upon recovery of the analytes. The recovery of spike analytes is
calculated as follows:

(SS - S) * 100
0/0/( recovery = -----------------

SA

where:
SS = concentration in spiked sample
S = native concentration in unspiked sample
SA = spiked added, the amount of spiking material actually added to the sample

calculation the sample basis

4.8.2. MS/MSD samples are prepared by diluting 25/l1 of nitrate stock solution (2.2.1) to 5.0
mL with the sample.

4.8.3. The recovery criteria are detailed in the Quality Control Database and will change from
time to time. Currently, the recovery control limit for water is 68-122% and for soil is
57-109%.

4.8.4. Corrective action

4.8.4.1 Samples with spike recoveries outside control limits will be reviewed for possible
corrective action. Corrective action will first involve recalculation, followed by possible
re-preparation, and/or reanalysis. This process should also look at the recovery of the
matrix spiking compounds from the SRM and/or blank spike analysis. If the SRM is in

.control, the out of control recovery is due to matrix interference and probably does not
warrant reanalysis. In all cases, a narrative explanation of the condition is required to
detail the corrective actions taken.

• 4.9. Matrix Spike Duplicate

Laucks Testing Laboratories. iI/c.
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4.9.1. The compound recovery criteria are identical to those for the matrix spike sample .. In

addition, the matrix spike duplicate is used to measure method precision. This is done hy
computing the relative percent difference (RPD) between the matrix spike and matrix
spike duplicate recovery values. MS/MSD is the preferred method for measuring
precision. However, if the client requests, or if it is to be reported in CLP format,
MS/DUP is performed. This calculation is as follows:

ISl- S21 * 100
. RPD = ------------------

(S I + S2)/2
where:

.S1 = measured concentration for MS sample
S2 = measured concentration for MSD sample

4.9.2.. RPD control limits are detailed in the Quality Control Database and will change from
time to time. Currently the RPD control limit for water is 10% and for soil is 18%.

4.10. Sample Duplicate

4.10.1. Sample duplicates are required only when the client requests, when CLP practices are
employed, or when the method specifically calls for duplicates. At least one duplicate
sample per 20 samples per matrix is required when matrix spikes/duplicates are beil1g
performed. RPD values are calculated in a manner similar to MS/MSD RPDs:

lSI - S21 * 100
RPD = ------------------

(S 1 + S2)/2
where:

S 1 = measured concentration in the initial analysis
S2 = measured concentration in the duplicate analysis

4.10.1. The RPD control limits are detailed in the Quality Control Database and will change hom
time to time. Currently the RPD control limit for water is 10% and for soil is 18%.

4.10.3. Corrective action

4.10.3.1 If a trend in out of control RPD values is observed, the methods used must be examined
to determine the source of variance. Once this source is identified, the method must be
changed so that samples can be analyzed with a predictable reproducibility. Generally, if
recoveries are in control and no analyte of interest was detected in any of the samples, no

Laucks Testing Laboratories. 1nc.
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immediate action will be taken on that sample set. If integrity ofreported sample vai LIes

is in doubt, re-analysis may be called for. Corrective actions should be discussed with the
Quality Control Officer.

4.1 I. Cadmium Column Efficiency Check

4,1 1. J Two standard solutions, one of nitrate and the other' nitrite, are made up at the same
concentration (e.g. 5.0 mg/L, diluted to fall into the range of analysis) and run on the
LACHAT just before analysis of the first NO/N02 sample. This is to test the efficiency
of the cadmium column for reducing nitrate to nitrite, This efficiency test should be
performed once during every NO/N02 analysis.

4.11.2 Criteria: The percent difference between the N03 solution and the N02 solution should
be less than 10%.

4.11.J Corrective Action: If the cadmium column shows reduced efficiency «10% difference).
then it should be replaced with a newly packed column. Old columns must be sent to

.. LACHAT instruments to be repacked.

5. Operation procedures

5.1. Sample Analysis

5,1. 1. Analysis sequence

SO
Sl
S2
S3
S4
ICV/LCSW
rCB
MDL
PBW
Cadmium column efficiency check standard N03
Cadmium column efficiency check standard N02
Sample A
Sample A Spike
Sample A Spike Dup (or Dup)
Sample B

Laucks Testing Laboratorie.\', Illc.
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etc.
after 10 samples
CCV1
CCBI

A CCVand CCB must be the last samples analyzed.

5.2. Instrumental Conditions

5.2. l. Proportioning pump set at 35.

5.2.2 Injection valve with 17 cm of 0.8 mm i.d. tubing.

"5.2.3 Reaction Module 1O~107-04-l-C

LTL-9125
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5.2.4 Colorimeter with 520 nm filter, and 10 mm flow cell.

5.3 Analytical Operation •5.3.1 Tum on the system at the instrument, and allow to wann up for 5-10 mins.

5.3.2 Download the method by selecting "NN" in the Analysis Select and Download screen.

5.3.3 Place reagent feed tubes into the wash water container.

5.3.4 Lock pump tube cassettes down on the pump, and raise the tension levers to vertical.

5.3.5 Pump water until all air is expelled frointhe tubing. Then place reagent lines into their"
proper containers and pump reagents through all tubing.

5.3.6 Stop the pump, place the cadmium column in line on the manifold, and restart the pump.

5.3.7 Make up the standards as described in the standards section.

5.3.8 Begin calibration by selecting "Calibrate Now" under the "Submit" menu. Follow
instructions on the screen to begin calibration.

5.3.9" After calibration approval, verify that the correlation coefficient is >0.995.

Laucks Testing Laboratories. Inc.
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5.3.10 Submit the tray by choosing "Submit Current Tray". Give the appropriate responses to
the prompted fields. ..

).3.1] After analysis is complete, move to the "Results/Approval" field. To print the repon,
choose Tray selection, Sample tray, Reports, 'print reports.

5.3.12 After analysis is completed, stop pump, remove the Cadmium column, place the re~1gent

tubes in DIW, and pump for 5 mins. to clean the system..

5.3.13 Remove the tubes from the DIW, pump air until all liquid is expelled, unlatch the pump
tubes, and turn off the instrument.

5.3.14 Soil Analysis: 10.0 g of soil must be leached in 100.0 mL of 0.02% H2S04 and placed on
the orbit shaker for a half-hour. Leachate is analyzed as a water sample and NN
concentration calculated to mg/Kg.

5.4 Compound Quantification

5.4.1 The instrument report is in mg/L. This value is corrected for any dilution input into the
software. Any external dilutions need to be accounted for on the report.

5.4.2 Soil samples are reported in mg/Kg DB using the following equation:

NIN in extract (mg/L)* mL final volume ofleachate / g sample
Ni trate/Nitrite, mg/Kg DB = -----------------------------------------------------------------------------

% TS/lOO

5.4.3 Any samples having concentrations above the high standard are diluted with canier and
reanalyzed~

5.4.4 Any samples having concentrations less than -0.05 mg/L will have the pH treated to
approximately 7 and will be reanalyzed.

6. Reports

6.1. Data Packet Organization

6.1.1. A data package will consist of a copy of the calibration, a copy of the quantitation report
for the samples, a data summary showing any external calculations (i.e., TS cOITectionsL
and a QC summary report showing where the records are located in the QC database. /\

Laucks Testing Laborator;cs../I: c.
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CLP like package will also require a runlog showing all the standards preparation,
standard and QC solution references, and the analytical sequence and its timing.

(1.2. Quality Control Reports

6.2.t. All results for quality control tests are entered into the lab database. A report of al~ data
entered must be included in the data packet. The routine minimum is a method blank
report, and an MSfMSD or MS/duplicate report. Many analyses will also require an
SRM, biank spike or other report:

6.3. Sample Result Reports

6~3.1. Data Qualifying Flags

G.3.1.t Sample report results are qualified with data qualifying flags. These flags have the
following definitions:

CODE Definition •U: The analyte of interest was not detected, to the limit of detection indicated.

7. References

'Detennination of Nitrate-Nitrite by Automated Colorimetry,' EPA method 353.2, rev. 2.0,
August 1993.

'Detennination of Nitrate/Nitrite by Flow Injection Analysis Colorimetry,' QuikChem Method
10-107-04-1-C, Sept. 1996.
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QA Element Method Laucks Frequency . Corrective Documentation
.

Criterion Criterion Action
Initial 3 pt calibration 4 pt calibration Daily Recalibrate -_Copy of
Calibration plus a blank plus a blank calibration in

r~0.995 package

- Jnitial 90-110% 90-110% 1/20 Recalibrate Included in raw

Calibration data
Verification!
LCS

fnitial <MDL Less than Y2 the Once per run Reanalyze or Included in raw

Calibration reporting limit -' recalibrate data
Blank of 0.05 mg/L

Continuing 90-110% 90-110 % Every 10 Recalibrate Included in raw

Calibration samples and at data
Verification the end of the

run

Continuing <MOL Less than Y2 the Every 10 Recalibrate Included in raw

Calibration reporting limit samples and at data

Blank of 0.05 mg/L the end of the
run

MOL standard None required Must be Once per run Recalibrate Iilchlded in raw
recovery detectable -data

Method Blank II batch Less than Y2 the One per 20 Reanalyze or Included in raw
<MOL reporting limit samples recalibrate data

of 0.05 mg/L unless
sample>20X
MB

Matrix Spike 10% frequency SeeQC *One per 20 Discuss with QC database
90-110% database; samples the QC officer.

Currently, M':lY require
Water 68-122%, reanalysis .
Soil 57-109%

- Laucks Testing Laboratories. 1nc.



SOP No: LTL-<) 125
Revision:

..,
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Date: I L/07/02

Page 20 uf23 •' .
Replaces: 2

Matrix Spike None required See Matrix *One per 20 Discuss with (Ie database
Duplicate Spike samples the QC officer.

May require
reanalysis.

Duplicate None required SeeQC *One per 20 Discuss with oe database
IX) Difference database; samples the QC officer.

Currently, May require
Water 10%' reanalysis.
Soil 18 %

Lab Fortified II batch See ICV See ICV See ICV See rev
Blank 90-110%

Cadmium Once per day Concentration . Once per day Replace I.ncluded in raw
column ofN03 and cadmium data
reduction concentration of column and
efficiency N02 must be recalibnite.
check. within 10% of

their true value.

* Either a MS/MSD or a MS/DUP will be run with every batch
",.-

Laucks Testing Laboratories. Inc.
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Appendix II

Manifold Schematic from Current Instrument Manual

NlTRATE MANIFOLD DIAGRAM

PUMP FLOW
Probe Rinse

green

Sulfanilamide Color Reagent
black

Anunonia Buffer
yellow. blue

I-C.::;A:;.:,:R~RI:=E:.:..:R:"""":f-:........:2:.; ,,3__--'
orange <r1i7rI

SAMPLE 1.JoJW.... 4
l-...::.:.gr.::;,:.ee'-n::..::...---,f----" ~---+ to port 6 of ne;rt valve

6. 5 . or waste

LTL-9125
l

11/07/02
21 of 23

2

Sample Locp =17 ern
QC8000 Sample Loop =22.5 em

CARJUER is DI Water.

All manifold tubing is 0.8 mm (0.032 in) i.d. This is 5.2 uLlem.

Ime~ferene~ F~ter = 520 nm

7 is 135 em of tubing on n 7 em coil support

APPARATUS: An injection valve, a 10 mm path length flow cell, and a colorimetric detector.
module is required.

Note 1: This is a 2 state switching valve used to pl~ce the cadmium column in-line with the
manifold.

•
Laucks Testing Laboratories. 1nc.



Appendix III

Sample data sheet

SOP No: LTL-0125
Revision: .'
Date: II!O7/ll 2
Page 22 of 2J
Replaces: 2

Laucks Testing Laboratories. Inc.
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... '.~~i:t:~:~~~;:~~~;2aSN :.•....

Matrix: Water

Analyst: Bill A.

Reviewer:
Calibration Tray Info: N03/N02 as N: Oi110602

m(A-E)= 0.03956 r(A-E)= 0.99943 yO(A-E)= -0.00047

11/06/02 13:52

cup#l'
................

:.::::·I':···::.R!iu;l~h.~~:'ii~r±~Ji~~~:~id·:::m.I;:jffi~~~~{·I·~~I~jT~~t~)!H~~toS~dUa.;
".':',: <H:: Siandards :1 , ..... ,.,calib;atio~s,~~~da!d !::.. .. 'cr· ".:' .... ';' TV-Jrng/l)...... !·'::,'F':';:··'''',::: .. LogID .. ' .'

Sid. A (tv=2.000mg/L) 20.0mL 120.0mL 0.0788 2.004 -0.21 Iniermediale Sid: TE7-3-19 2.00

2 Std.·S (tv=0.500mg/L) 5.00mL 120.0mL 0.0186 0.483 3.49 ,Slock Sid: TE7-2-12 100.

3 Sid. C (Iv=0.100mg/L) 1.00mL 120.0mL 0.0036 0.102 -2.06 LCSW: TE6-43-1 5.22

4 Std. 0 (Iv=0.050mg/L) 0.50mL 120.0mL 0.0019 0.059 -18.90 CCV: Std. S 0.500

5 Sid. E (tv=O.OOOmg/L) OmL /20.0mL 0.0001 0.015 000

Spikes = 25uL Stock Sid in 5.00mL of diluted sample. 0.50 mg/L @ Instrument

Sample Tray Info: N03/N02 as N: 02110603. RS 11/06/02 15:27 min. rep. limit (mg/L): 0.01
..

'~P~I,~92:: >R~~:Cup:#. ;
,as.N}iigiiU Hlirit:

101 ICV/LCSW3 tv=5.22mg/L '0.99 0.0330 5 0.8464 4.2320 4.2 0.05 81.%

102 b11 0602nnw03 0.41 -00003 1 0.0049 0.0049 0.01 U 0.0.1

103 0210437-1 0.26 -0.0011 1 -0.0162 -0.0162 0.01 U 0.01

104 0210476-1 0.97 0.0262 500 0.6749 337.4500 340. 5.

105 0210483-1 0.98 0.0571 1 1.4551 1.4551 1.5 0.01

106 b110502nns01 0.75 0.0012 1 0.0421 0.0421 0.04 0.01

107 s110502nns01 0.97 0.0205 1 0.5306 0.5306 0.53 0.01

108 0210182-1 0.98 0.0465 1 1.1886 1.1886 1.2 0.01

~ 02101 a2 2 ~ ~ .1- ~ ~ ~ ~•.~ 0210Hl2 ~ ~ ~ .1- ~ ~ ~ ~

CCV1 0.98 0.0193 1 0.4996 0.4996 0.50 0.01 100.%

5 CCS1 0.28 -0.0001 1 0.0097 0.0097 0.01 U 0.01

111 0210182-3d 0.97 0.0362 5 0.9270 4.6350 4.6 0.05

112 0210182-35 0.99 0.0362 5 0.9258 4.6290 4.6 0.05 -4.%

113 0210182-2 0.97 0.0356 2 0.9114 1.8228 1.8 0.02

114 0210182-3 0.98 0.0370 5 0.9462 4.7310 4.7 0.05

~ 0210l'i27 1 ~ ~ .1- ~ ~ ~ ~

116 0210527-2 0.98 0.0524 1 1.3370 1.3370 1.3 0.01

117 0210535-1 0.98 0.0361 1 0.9245 0.9245 0.92 0.01

118 0210554-1 0.98 0.0116 1 0.3040 0.3040 0.30 0.01

119 0210555-1 0.97 0.0274 1 0.7035 0.7035 0.70 0.01

+20- 0210l'il'il'i 2 ~ ~ .1- ~ ~ ~ ~

2 CCV2 0.98 0.0192 1 0.4970 0.4970 0.50 0.01 99.%

~ ~ Q.,OO Q..,OOCQ. .1- ~ ~ ~ ~

~ GG9 Q.,OO Q..,OOCQ. .1- ~ ~ ~ ~

~ 0210l'il'iil 1 ~ ~ .1- ~ ~ ~ ~

123 0210568-1 0.00 -0.0001 1 0.0094 0.0094 0.01 U 0.01 FarOC
124 0210568-1ms 0.96 0.0186 1 0.4820 0.4820 0.48 0.01 95.% FarOC
125 0210568-1msd 0.97 0.0167 1 0.4348 0.4348 0.43 0.01 85.% FarOC
~ 0210l'i71 1 ~ ~ .1- ~ ~ ~ ~

+2.7- 0210l'i71 2 ~ ~ .1- ~ ~ ~ ~

-1-2S 0210l'i71 J ~ ~ .1- ~ ~ ~ ~

~ 0210902 1 ~ ~ .1- ~ ~ ~ ~

;).JO. 021090J 1 ~ ~ .1- ~ ~ o..J.e ~

2 ~ ~ ~ .1- ~ ~ Q.,4Q ~ ~

~ Q.4+ ~ .1- Q.,OO4.Q. Q.,OO4.Q. ~ ~
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1. Purpose and Applicability

The -purpose of this standard operating procedure is to
define the steps necessary to prevent contamination of
analytical results that may result from the use of dirty
glassware.

This procedure is applicable to all types of glassware
used in the laboratory. Specific washing and rinsing steps
particular to the type of glassware and the analytical
method that will be used are defined in section 4 of this
SOP.

2. Summary of Method

•

Cleaning of glassware methods should be considered both
for substances to be removed and the analysis to be
determined. Water-soluble items for general glassware
uses are washed with hot soapy water and rinsed with tap
water, then distilled water. Difficult residues may
require more intense cleaning solutions such as
detergents, organic solvents, acids, and dichromate
cleaning solutions. •

Analyst should dispose of materials properly and rinse
glassware with tap water soon after use. Allowing residue
to dry on glassware makes it more difficult to remove and

-may destroy the life of the vessels.

2. Responsibility

The analysts using the glassware are responsible for
proper washing. Cleaning of glassware methods should be
considered both -for substances to be removed and the
analysis to be determined. Water-soluble items for general
glassware uses are washed with hot soapy water and rinsed
with tap water and then de-ionized water. Difficult
residues may require more intense cleaning solutions such
as detergents, organic solvents, acids, and dichromate
cleaning solutions.

3.1 It is the responsibility of the analyst to insure that
all glassware being used is labeled.

3.2 Chemicals and samples shall be disposed of properly by
the analyst, according to its waste type - hazardous
or non-hazardous waste. -

•
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All persons using glassware shall rinse the vessels
before placing them on the counter to be washed.
Labels shall be read carefully, not only for safety
considerations but. also to make sure the glassware is
being washed for its proper components.

•

•

4. Procedure
Specific cleaning techniques are outlined below for each
type of glassware to be washed:

4.1 Ordinary Glassware

a. Wash with detergent (Alconox,
Sparkleen or Citranox) and hot water

b. Rinse with tap water
c. Rinse with 1:1 HCl
d. Rinse with tap water
e. Rinse with de-ionized water three

times

4.2 Evaporating Dishes

a. Scour out residue with a scrounge
b. Wash with (Alconox, Sparkleen or

Citranox) and hot water
c.Rinse three times with tap water
d. Rinse three times with de-ionized

water
e. Burn out in a 180°C oven
f. Cool in a desicator

4.3· Biochemical Oxygen Demand Bottles

a. Wash with detergent (Sparkleen
Alconox, or Citranox) and hot water

b. Rinse once with tap water
c. Rinse with 1:1 HCl
d. Rinse with tap water three times
e. Rinse with de-ionized water three times
f. Burn out in a 180°C oven
g. Cool in a desicator
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4.4 Chemical Oxygen Demand Flask

a. Rinse once with tap water
b. Wash with detergent (Sparkleen,

Alconox, or Citranox) and hot water
c. Rinse with tap water·three times
d. Rinse with de-ionized water three

times
e.

4.5 Phenolics Flask

a. Wash with detergent Sparkleen,
Alconox, or Citranox) and hot water

b. Rinse with tap water three times
c. Rinse with 1:1 HCl
d. Rinse with tap water.
e. Rinse with de-ionized water three

times

4.6 Phosphate Flask

•

'.

a. Rinse with tap water •b. Wash with detergent (Citranox) and
hot water

c. Rinse with tap water three times
d. Rinse with 1:1 HCl
e. Rinse with de-ionized water three

times

4.7 Surfactants Glassware

a. Rinse with tap water
b. Rinse with 1:1 HCl
c. Rinse with tap water three times
d. Rinse with deionized water three times

4.8 Metals Glassware

a. Wash with detergent (Citranox) and hot water
b. Rinse with tap water three times
c. Rinse with 1:1 RN03

d. Rinse with de-ionize¢ water three times

•
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4.9 Mercury Bottles
For bottles containing less than O.Ol ppm Hg:

a. Wash with detergent (Citranox) and hot water
b ..Rinse with 1: 1 NH03
c. Rinse with tap water
d. Rinse with de-ionized water three

times

For bottles containing. greater than 0.01 ppm Hg:
a. Soak in aqua regia for 1 hour
b. Rinse with tap water
c. Wash with detergent (Citrranox) and hot water
d. Rinse with 1:1 NH03
e. Rinse with tap water
f. Rinse with de-ionized water three times
g. Check the bottle for contamination prior to use for

samples by using it to run an extra blank through
the mercury procedure to ensure that it is non
contaminated.

•• 4.10 Organic Glassware

a. Wash with detergent (Sparkleen, Alconox,
Citranox) and hot water

b. Rinse with tap water three ~imes

c. Rinse with de-ionized water three times
e. Rinse with acetone three times

4.11 Oil and Grease Flask

a. Rinse with acetone
b. Wash with detergent (Sparkleen,

Alconox, or Citranox) and hot water
h. Rinse with tap water three times
l. Rinse with de-ionized water three

times
j. Rinse with acetone
f. Place in 105°C oven
g. Place in dessicator for storage

4.12 Cyanide Flask

or

••
a. Wash with detergent (Sparkleen, Alconox, or

Citranox) and hot water
b. Rinse with tap water three times
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c. Rinse with 1:1 HCI
d. Rinse with de-ionized water three times

4.13 Hard to clean residues and General Comments

4.13.1 More extensive cleaning procedures for hard-to- ...
clean residues and general comments for cleaning are
as follows:

4.13.2 Volumetric glassware can be thoroughly cleaned
by mixing 4 grams (g) of sodium hydroxide, 4 g of
sodium hexametaphosphate, and 8 g of trisodium
phosphate into a liter of water.

4.13.3 Chromic acid .solution is a powerful cleaning
agent; however, it is extremely dangerous and should
be handled with care. Chromic acid is made by adding
1 liter of concentrated sulfuric acid to 35
milliliters (ml) of saturated sodium dichromate. This
solution is placed into the vessel to be cleaned for
approximately 15 to 30 minutes and then poured back
into the storage bottle. After treatment with chromic
acid, the glassware is then rinsed with tap water and
then distilled water.

4.13.4 Persistent greasy layers or spots may be
removed with acetone or with a warm solution of sodium
hydroxide. Removal of oil and grease from glassware
can be achieved by adding 1 g of sodium hydroxide into
50 ml of warm water and allowing the solution to stand
for about 15 minutes to react. Rinse glassware with
water followed by diluted hydrochloric acid. Rinsing
usually removes stubborn spots .. Alcoholic potassium
hydroxide is also effective in removing grease.

4.13.5 Burets can be washed with detergents and
rinsed with distilled water. Under no circumstances
should burets be dried; they should only be
conditioned with the titrant before use. As a general
rule, solutions should not be stored in burets.

4.13.6 Spectrophotometric cells should be kept free
of fingerprints, smudges, and film residues.
Detergents can ·be used for cleaning but do not allow
soaking for long periods of time. Absorption cells
can be rinsed with either nitric acid or. organic

•
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•

•

5.

solvents prior to use. Rinsing with acetone or
alcohol for storage is preferred. Scratched cells
should be' replaced and taken from service.

4.13.7 Glassware used for phosphorus analysis should
never be washed with detergents containing phosphate
additives, whereas glassware used for ammonia or total
kjeldahl nitrogen should be rinsed with ammonia-free'
water.

4.13.8 Glassware used for the determination of
organics can be cleaned by washing with chromic acid
for 15 minutes and rinsing with tap, water and then
distilled water. The glassware then can be dried by
ei ther an acetone rinse for immediate use or in an
oven prior to storage.

4.13.9 When hazardous or heavily contaminated samples
are encountered, disposable glassware may be preferred.

4.13.10 Following any of the washing procedure
described in this section, the glassware should then
be washed according to the appropriate method
described'in section 4.

Quality Control

Volumetric glassware is glassware that has been accurately
calibrated for precise measurement of volume. The
accuracy by which volumes of solutions are measured
depends on the precision of the volumetric glassware.
Volumetric glassware is calibrated "to contain" (TC) or
"to deliver" (TD) a definite volume of liquid. TD
volumetric pipets are routinely used in the laboratory.
Volumetric pipet (TC) tips are held against the wall of
the receiving vessel until flow has stopped. Do not ever
blowout the remaining liquid left in the tip of the
pipet. All apparatus'used for delivering liquids should be
volumetrically clean( no beading of liquids on the
apparatus walls), this will ensure accurate volume
dispensing.

Analysts should dispose of materials properly and rinse
the glassware with tap water soon after use. Allowing
residue to dry on glassware makes it more difficult ot
remove and may destroy the life of the vessel .



Microseeps, Inc.
Section: SOP-ADMIO •
Revision: 1
Date: 08/24/99
Page: 8 of 8

Final disposal of disposable containers, wastes, spent
chemicals an~ chemical containing wastes are handled in
accordance with the Microseeps Chemical Hygiene Plan and
the Microseeps Waste Disposal Plan.

6. Safety

Safety is a major concern throughout the laboratory
environment, not only at the analytical bench, but also
for the consideration of the dishwasher.

Anyone providing analytical cleaning support shall wear a
lab coat, safety glasses, and protective gloves before
handling any glassware.

7. Equipment and Reagents

7.1 Equipment
7.1.1 Sinks
7.1.2 Scrub brushes
7.1.3 Drying rack

7.2 Reagents
7.2.1 Tap water
7.2.2 Detergents
7.2.3 Deionized water
7.2.4 Nitric acid (1:1)
7.2.5 Aqua Regia (25% by volume conc. HN0 3 in

concentrated HCI). To prepare Aqua Regia:
mix 3 parts of concentrated HCL and 1 part
of concentrated RN03 • Prepare just before
use.

7.2.6 Acetone
7.2.7 Dichromate solution (chromic acid)
7.2.8 Hydroxide solution

8. Documentation and References

Not Applicable

•
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1.0 Scope and Application
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•
Method AM20GAx is used to detennine the concentration of biodegradation indicator gases in
vapor samples. Specifically, Method AM209Ax is used to detennine the dissolved
concentration of the following gases:

Gases

Carbon dioxide
Oxygen.
Nitrogen
Hydrogen
Methane
Ethane
Ethene
Propane
Propene
n-Butane
i-Butane
Carbon Monoxide

CAS Number

124-38-9 .
7782-44-7
7727-37-9
1333-74-0
74-82-8
74-84-0
74-85-1
'74-98-6
115-07-1
106-97-8
75-28-5
630-08-0

This method is recommended for use by, or under the supervision of, analysts experienced in •
sample preparation, the operation of gas chromatographs and in the interpretation of
chromatograms,

2.0 Method Summary

The sample gas is analyzed with a gas chromatograph capable of simultaneous analysis of all of
the target analytes from a single 10 mL gas sample. A single injection of gas from integral,
simultaneously filled sample loops is used to assure consistent injection volume. The pennanent
gases are analyzed using a thennal conductivity detector (TCD). The light hydrocarbons are
analyzed using a flame ionization detector (FID). Hydrogen is analyzed using a reduction gas
detector (RGD). The data are transferred to a microcomputer, converted to digital fonnat, stored,
and processed using a chromatography data system.

2.1 Definitions

Instrument Flush: The front end of the sample loop is flushed with ultra high purity helium
injected into the loop directly from the cylinder to remove possible interference by ambient air
and to avoid cross contamination between samples.

Method Blank: A sample analyzed by all three detectors that consists of ultra high purity
helium. The method blank: is free from the analytes of interest

•
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Laboratory Control Sample: A sample spiked with verified known amounts of analytes. A
LCS is used to assess the performance of the measurement system.

Matrix Spike and Matrix Spike Duplicate: A sample prepared by adding a known
concentration of target analyte to a specific amount of sample. Matrix spikes are used to
determine the effect of sample matrix on a method's recovery efficiency. .

3.0 Apparatus and Materials and Operating Conditions

3.1 Apparatus

Gas Chromatograph: The chromatograph designed and built by Microseeps is equipped with
multiple packed columns and multi-port valves, a TCD, a Fill, a RGD, and multiple sample
loops. The flO, which is also built by Microseeps, is of a special design that allows considerably
more sensitivity than commercially available models. To increase the working range of the
system, there are two outputs to the Fill. Thus, it is a four-channel system: (1) Fill low; (2)
TCD; (3) RGD; and (4) flO high. As discussed in Section 5.3, each channel is calibrated
separately. This instrument provides rapid turn-around for consecutive analyses and a clean
baseline for accurate, reproducible results.

• 3.2 Materials

• Sample vials (Supelco, Inc, Bellefonte, PA or equivalent)
• Syringe: locking gas tight

3.3 Operating Conditions

Gas Chromatograph:

•

• Sample Loop Temperature:
• Thermal Conductivity Detector Temperature:
• Flame Ionization Detector Temperature:
• Reduction Gas Detector Temperature:
• Oven Temp.:
• TCD Signal Range:
• flO Signal Range:
• RGD Signal Range:
• He Carrier Gas Regulator Pressure:
• Sample carrier flow:
• Reference flow:
• N2 Carrier Gas Regulator Pressure:

ambient
100°C
ambient
2800 C
100 °C. isothermal
1
variable depending on concentrations
1
60 psig
30 mL/min.
30 mL/min.
25 psig



• Sample carrier flow:
• Valve Air Pressure:

3.3.1 Interferences

25 mUmin
60 psig.
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•
The most likely source of "interference" i.s ambient air. Due to the relatively high concentrations.
of oxygen and nitrogen, a very small amoUnt ofair as a contaminant will dramatically affect the
results. The analyst must take great care to ensure that air is flushed from the gas tight syringe
before sample preparation and that no air has entered the syringe or needle prior to injection of
the sample into the gas chromatograph.

Contamination by carryover can occur whenever high-level and low-level samples are
sequentially analyzed. An unrestricted flow (Instrument flush) of pure carrier gas from a 10 psig
source should be allowed to flow through each sample loop for 30 seconds prior to each analysis.

As required, the analyst should demonstrate the absence ofcarryover contamination by analysis
of the contents of the sample loop when purged with carrier gas. This demonstration should be
performed when carryover contamination is suspected (after high samples). In the event that
'ghost peaks' (peaks similar to previous sample) appear when a pure carrier gas sample is
analyzed (method blank), measures should be taken to eliminate the carryover contamination.

4.0 Reagents •• Helium (UHP Gas)

• Nitrogen (UHP Gas)

• Certified Commercial Gas Standards

4.1 Standard Preparation Procedures

Calibration standards are prepared by using the procedures below:

4.1.1 Vial Preparation

Headspace vials used for instrument calibration standards for this method are prepared as
follows:

• Crimp and cap each vial, with stopper septa.
• Evacuate each vial to vacuum below 100 millitorr.
• Flush each vial to atmospheric pressure with the vial preparation gas. The gas used

depends upon the detector that is being calibrated and is specified in Table 4.1 below:

•
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Table 4-1
~_~ • .-...- Y'·_~ "~dN_. ~__·".~._,__._·y w·~·.__~_._

:1 ~~~~c.~~~._ .. ..1I.~E~P~.~~ti~~_g~~.J _._~~~_y~;~~.~~ ,
,1._ ~_£!J2Jlm. m~~~.r.~.g~!!m_jL..._.~P~~t.~(l. _
1. ....T~l.?_mH......tI~l~ll~...JI§~~!tY... j

. :1 __ : RGD.. __ ll..__ . ~.~~~~=~ __._ ! ~.~§~~::~ __ _._,

4.1.1. Preparing Calibration Standards

Instrumentation is calibrated using dilutions of custom certified gas mixes. (Refer to Table 4-2
for the correct amounts of standard mix and vial preparation gas to inject into prepared vials.)

• Prepare the correct number of vials as specified above for the detector being calibrated.
• Inject the specified amount of standard by extracting it from the standard mix gas cylinder

using a gas-tight syringe and injecting it into a prepared vial.
• Then the specified amount of vial preparation gas is added to the same vial.

The dilution factor of one is achieved by directly injecting the standard gas mix from the cylinder
into the GC.

Table 4-2

1----0
--------------------------------- ------_..- ---_.-._-------

i Dilution 11 FID II TCD .\ RGD
1-' .F~<:t~r ! Prep. . .1 __.__ ._ .. " . -, Standard Prep·'-·--··

·IJ._.~;;~;: ....lI.._.Q~~ .._.J ~_;;.~;:_il._~G;~·_._._J Qa~Mix!l Gas

11-.-_ - , __ ~i~~~ ..~.~~.~~~_~~.~ ..i~~~.~~_ 1 ~~~~~i~~~~~._~~ .. i~t~..~~ ..! _.~ir~~~ ..~:l;;~~~t::.=i: ,
11 ..-..-..-.?-.--.. 11 -.. _.. 2.IE~ __ . .1 l__m __ ._Q..~.~._mj L__ ._-2.}_~~._ jImQ.~~._]1 ..?I~~m~~~~!Ymll..._m.9_~~_ ;
jl L __JI 15cc IL__~__iL_~_._jL_~_.J1 N/A JL~__..J
11_._l2._m__~I_--~~-lL__15~.£..-_:Lm_ 4cc :1_.!?££_m_1 L_~Ec:....~P~E~_~ L..--!2~~_ .._!
;1......... __ 19Q .._1 L. __m_g:?~~_ .. __J I.__ .. ?~~?~~......J1_._m.9:?~c .....!Im_.?.~:?~~m.j Im_Q:?~~.~P_~~!~(l_J 1_.}~:5~(;_j

4.2 Quality Control Sample Preparation

Quality control samples are prepared as indicated below.
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4.2.1 Laboratory Control Sample (LCS) and LCS Duplicate (LCSD)

The LCS and LCSD are directly injected into the sample port from a second source certified
standard gas mix. A needle is plumbed to the cylinder and used to inject the gas into the sample
loop.

4.2.2 Matrix Spike (MS) and Matrix Spike Duplicate (MSD)

.MS and MSDs are prepared when clients' request and send sufficient numbers of aliquots to
prepare them (e.g. one 40 ml vial each for the MS and the MSD). They are prepared, one at a
time, as follows:

• Using a clean SOml gas-tight locking syringe, withdraw a volume ofwater from the bottom
of the sample vial.

• Withdraw 10 cc of the certified standard gas used for preparing the LCSs and lock the
synnge.

• Shake the syringe by hand (for use a wrist action shaker) for five minutes.
• The equilibrated MS and/or MSD is/are now ready to be analyzed.

4.2.3 Method Blank

Method blanks are made up ofultra high purity helium injected into a vial and then into the
instrument.

·4.3 Glassware and Storage Requirements for Reagents and Standards

Reagents are stored at ambient room temperature and all standards are prepared shortly before
analyses.

5.0 Procedure

The sample must be received and processed via Microseeps SOP fOf those procedures. Gas
samples are shipped and received at a positive pressure, which eliminates a cross-contamination
issue during sample shipment. They are stored at ambient temperature to avoid creating a
pressure reduction in the samples upon cooling. Such a pressure reduction could lead to a
drawing of atmospheric gas into the sample. A sample batch consists of twenty or fewer samples
run during an eight-hour work shift.

Analysts who use this method have been certified for the method by running Initial
Demonstration of Proficiency Samples. The mops are an identical set of 4 samples
(PM01/AM20Gax uses tap water and AM20Gax uses known standard concentrations) run

.-

•

•
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consecutively. IDOPs are run any time there is significant change to an instrument, method, or in
the Training procedure for training a new analyst.

The percent relative standard deviation (%RSD) is calcul~ted for the mops by:

%RSD = (In-I x100%
S

Where:

% RSD = the percent relative standard deviation.

On-I = the standard deviation about the mean.
S = the mean response (XI + X 2 + X3 + ~)/4

The %RSD must be less than 20%. If this criterion is not met, the system is checked and the
mop samples are re-analyzed.

5.1 Sample Preparation

Samples that are collected using the Bubble Strip Sampling Technique, Microseeps Sampling
Method SM9, do not require additional preparation prior to analysis.

Samples that are collected as waters and are to be analyzed for dissolved gases (COi, N2, O2)

must be prepared using Microseeps Standard Operating Procedure PMOIG.

Samples that are collected as gases, for example from a soil gas surveyor from the headspace of
a microcosm sample, need not be collected by a Microseeps sampling method, nor do they
require additional preparation.

5.2 Analysis

"

5.2.1 If the sample is prepared via DGPM 01, it can be injected from the gastight syringe in
which it is prepared by inserting the needle of the syringe through the septum on the "sample in"
port. If the sample is a calibration standard, a bubble strip sample (SM9), or a gas, the septum
inlet to the "sample in" port of the GC must be removed and a luer-Iock needle receptacle is
plumbed to the "sample in" port in place of the needle. A needle is attached to the luer-Iock
receptacle and inserted through the septa of the calibration standard,. bubble stripped sample, or
gas sample.

In order to initiate analysis and introduce the sample into the GC sample loop, a needle is
attached to the entry port on the GC and inserted through the sample septum. The flow through
the sample loop is monitored by a flow meter connected to the sample-loop vent-port on the gas
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. chromatograph. If the loop is not properly pressurized, this is reflected.on the flow meter
immediately.

5.2.2 If the flow is insufficient the vial is rapidly removed. A clean, gas-tight syringe is flushed
with He,the plunger of that syringe is completely depressed, and the needle of that syringe is
inserted through the sample septum. The plunger of that syringe is allowed to expand
completely. The syringe is removed from the sample and its contents are discharged into an
appropriate receptacle. 22 ml. of nitrogen are then used to pressurize the sample vial, the
dilution is noted, and the sample is injected onto the GC as though it were a properly over
pressurize.d sample.

5.2.3 Once the flow out of the sample loop ceases (3 seconds if DGPM 01 is used) the sample
loop valves are activated.

5.2.4 Once the sample loop valves are activated, the ports to and from the sample loop are
flushed with ultra high purity helium injected into the loop directly from the cylinder to remove
any interference from ambient air and to avoid cross contamination between samples.

5.3 Calibration and Results

•

5.3.1 The standard calibration gas should be introduced in the same manner as described in
section 5.2.1 above. Measured peak areas are converted to concentrations using certified
commercial gas standards. Dilutions are made to achieve multi-point calibration curves for each •
detector.

5.3.2 Initial calibration is accomplished by analyzing multiple standards of appropriate
calibration ranges. Table 5.1 specifies the approximate concentrations of calibration standards
for each detector.

Note: Due to the nature of preparing custom gas standards, the component concentration can
fluctuate between purchased lots. This is accounted for during method/calibration development.
These results will be used to establish a multi-point calibration curve.

Acceptance Criteria: A linear fit to an area response versus concentration plot is formed with
the origin forced to zero, and the calibration is accepted for use if ~, the coefficient of
determination is ~ 0.995.

Corrective Action: If the acceptance criteria specified above is not met, the reason is
determined and a new set of calibration standards are analyzed.

5.3.3 An Initial Calibration Verification (ICV) standard immediately follows the initial
calibration. The ICV is made up separately from the same stock standards used to make up the
ICAL. (Second source requirement in LCS) Acceptance criterion for the ICV is an instrument
response of::: (less than or equal to) 20% (%D).

•
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Acceptance Criteria and Corrective Action: If the instrument response for the ICV standard
varies by more than 20% (%D), the analyst will not analyze samples until either the reason is
determined and the problem is corrected, or a new multi-point calibration is analyze

Table 5.1

COMPOUND FID-LOW Fill-HIGH TCD RGD
(ppmv) (ppmv) (% V) (ppmv)

carbon dioxide - - 15, 7.5, 0.15 -
oxygen - - 7,3.5, 0.07 - .

nitrogen - - 66.5, 33.3, 0,665 -
hydrogen - - - 100,25,2.5,

0.25
methane 300, 100,30, 3 1000, 300,.1 00, 4.5, 2.25, 0.045 -

30
ethane 100,33.3, 10, 1 1000, 100, 33.3, - -
ethene 10
propane 100, 33, 10, 1 100,33.3, 10 - -..

propene
i-butane
n-butane

',. .

5.3.4 An initial calibration blank follows the ICV. The blank is made up of the carrier gas.
Compounds must not be detected above the reporting limits.

Corrective Action: If the blank does not meet the acceptance criterion, another blank is injected
until the results are within the acceptance criterion.

5.3.5 The analytes of this method are indicators. Every attempt to achieve and deliver precise
results is made. However, it is realized that for indicator parameters measuring the range of the
analyte concentration (i.e. is the concentration of methane gas>1 mg/l or < 0.1 mg/l?) is the
primary goal of employing these analyses. The calibration range is chosen to extend over the
entire useful bio-indicator concentration range. If the concentration of an analyte exceeds that of
the highest calibration standard, the concentration is calculated by assuming detector response
linearity and using an extrapolation of the calibration plot.

5.3.6 The unique combination of analytes usegjn this method makes it impractical to find a
second source for the calibration mix. To insure that the calibration is accurate, the first use of a
new standard is as a CCV against a calibration prepared with the old standard. If this C;:CV
passes the standard CCV criteria, the new standard is placed into routine use. This insures that as

. the original source of the master mix from which our standards are prepared is switched,
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Microseeps checks the reported calibration of the new against the old. If the client requests a
formalized check of the standard, a calibration check standard can be analyzed and included in
the clients report provided that the request fOf this service is made prior to collection of the
samples.

5.4 Quality €ontrol

The following quality control samples shall be analyzed with each analytical batch of twenty or
fewer samples. '

5.4.1 -A Continuing Calibration Verification: The CCV is made up separately from the same
stock standards used to make up the initial calibration. The acceptance criterion for the CCV is a
percent drift of± 20%.

Corrective Action: If the CCV fails, the instrument shall be recalibrated, and all samples since
the last acceptable calibration shall be reanalyzed, provided sufficient sample volume is present
and the samples have not been compromised by exposure to air.

•

5.4.2 A Continuing Calibration Blank: A CCB follows each CCV. The ~lanks are made up
of the carrier gas. The acceptance criterion for the blank is the result must be less than the
reporting limits for all compounds.

Corrective Action: If the blank does not meet the acceptance criterion, another blank is injected •
until the results are within the acceptance criterion.

5.4.3 Laboratory Control Sample and Laboratory Control Sample Duplicate: The LCS
and LCSD are prepared at a mid-calibration range and comes from a source other than the
calibration standards. The acceptance criterion is a percent recovery between 75% and 125% and
a Relative Percent Difference of less than or equal to 20%.

MeasuredValue
Percent Re cov ery, = xl 00%

True Value

ICI- C21
RPD = xIOO%

CI+C2

2

Where: Cl=LCS
C2=LCSD

Corrective Action: If the LCS fails, a new LCS is prepared and analyzed. If the new LCS falls
within the acceptance criterion, analysis continues. If the new LCS fails, analysis is stopped and
the instrument is checked with a series of standards to determine the cause. Once the cause is
determined and the'instrument repaired, calibration is conducted and analysis continues.

•
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5.4.4 Matrix Spike and Matrix Spike Duplicate: Matrix spikes aqd spike duplicates are
analyzed for water samples only when requested by a client and sufficient sample aliquots are
provided. Acceptance criterion is a percent recovery between 70% and 130%, and a relative
percent difference of less than or equal to 20%.

Corrective Action: If the matrix spike and spike duplicate fails but all the other quality control
samples are within the acceptance criteria, a matrix interference is noted in the Case Narrative.

5.4.5 Method Blank: A method blank is analyzed with each sample batch. The blanks are
made up of UHP helium. The acceptance criterion for the blank is the result must be les~ than
the reporting limits for all compounds.

Corrective Action: If the blank does not meet the acceptance criterion, another blank is injected
until the results are within the acceptance criterion.

5.4.6 Contingency for Handling Out of Control or Unacceptable Data

If the requirements set forth in section 5.4 are not met, the analytical program will be terminated
until the cause is determined and a solution is affected. All samples associated with out of
control quality control samples (with the exception of matrix interference) must be reanalyzed
provided another vial of sample has been provided by the client. If quality control acceptance
criteria cannot be met using the corrective action above, a detailed check of the analytical system
is made. Reagents, standards, and other quality control samples are re-prepared and analyzed. If
problems persist, sample analysis will be halted and the Technical Director shall be contacted
immediately to determine the cause and implement corrective action.

Any data submitted with unacceptable quality control sample results shall be qualified in a case
narrative. The narrative should indicate the out of control event that occurred, the corrective
action that was taken, and any other pertinent information to inform the client of exactly what
occurred.

5.4.7 An experienced analyst shall examine all chromatograms.

5.4.8 Through out analysis the gas samples are injected mechanically into the GC flow path
utilizing a sample loop to achieve a uniform sample size from a flow directly from the sample
preparation syringe. The uniform sample size achieved using the sample loop assures consistent
and accurate results. Table 5.2 (see next page) gives example data from a study performed via
this analysis. That data can also be used for accuracy and precision estimates.
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Carbon Oxygen Nitrogen Methane Hydrogen Methane Ethane Ethylene Propane Propylene Iso-Butane N-Butane
Dioxide

REP. # (%v) (%v) (%v) (%v) (PPMV) (PPMV) (pPMV) (PPMV) (pPMV) (PPMV) (PPMV) (pPMV)
1 0.1221 0.0670 0.5744 0.0410 0.1118 0.2512 0.0525 0.0453 0.0461 0.0581 0.0473 0.0358
2 0.1267 0.0690 0.6020 0.0428 0.1122 0.2608 0.0518 0.0468 0.0521 0.0465 0.0439 0.0407
3 0.1207 0.0657 0.5838 0.0446 0.1247 0.2812 0.0509 0.0485 0.0529 0.0588 0.0436 0.0405
4 0.1193 0.0667 0.6036 0.0444 0.1244 0.2779 0.0549 0.0460 0.0461 0.0536 0.0549 0.0476
5 0.1261 0.0703 0.5860 0.0439 0.1120 0.2894 0.0551 0.0497 0.0520 0.0549 0.0417 0.0460
6 0.1193 0.0665 0.5861 0.0478 0.0943 0.2970 0.0515 0.0467 0.0458 0.0542 0.0435 0.0514
7 0.1227 0.0732 0.5748 0.0353 0.1296 0.3053 0.0532 0.0473 0.0485 0.0584 0.0483 0.0535

AVERAGE 0.1224 0.0683 0.5872 0.0428 0.1156 0.2804 0.0528 0.0472 0.0491 0.0549 0.0462 0.0451
KNOWN 0.1500 0.0700 ·0.6649 0.0450 0.0999 0.1500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500

STD. DEV. 0.003 0.003 0.012 0.004 0.012 0.019 0.002 0.001 0.003 0.004 0.004 0.006

••

•
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5.4.9 The gas matrix for this analysis minimizes the opportunity for matrix effects. If the gas is
prepared from a matrix other than that which is injected into the GC (e.g. prepared through
headspace extraction via Microseeps SOP-PMOI), the client should request that matrix spike

.. (MS) and matrix spike duplicate (MSD) analyses be conducted and should supply suffiCient
sample volume. Since matrix effects are extremely site dependent,the MS and MSD are not part
of the regular analytical quality assurance program.

In order to determine analytical precision, relative percent difference (RPD) is calculated
between the matrix spike and matrix spike duplicate results using the following formula:

IC -C I
%RPDl:~c:(OO

Where: C}= Matrix Spike Result
C2= Matrix Spike Duplicate Result

•

•

In order to determine accuracy, percent recovery of the matrix spike is calculated using the
following formula: ,.
% Recovery = concentration found

concentration added X 100

5.4.10 All of the targetanalytes are gases at room temperature so the opportunity for carry over
is negligible. Because of the configuration of the GC used in this analysis, any possible
carryover would only manifest itself as a ghost peak, well out of the RT windows of any analytes
and thus never misinterpreted. For these reasons, samples that have high concentrations of
analytes do not need to be followed by ablank analysis.

5.5 Capturing and Submitting Data

5.5.1 The output of the chromatograph is directed to a microcomputer where the signal is
converted to digital format, stored, and processed using a chromatography data system.

5.5.2 Automated valve control: Digital control is provided by the microcomputer though the
chromatography data-system software. This control provides constant start and stop times for
directing carrier gas flow. The event times are programmed and saved using the method editor
module of the software.

5.5.3 Calibration records are generated in electronic and hard copy formats and stored. All
such records will be maintained in the laboratory during the course of the project and thereafter
as determined by the client.
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5.5.4 The instrument produces four channels of data, and an output is generated from each •
sample for each channel. Each channel is used for a distinct set of analytes, in a distinct range.
The channel designations are listed in Table 5.3 below, as are the analytes and range specification
for each analyte.

Table 5.3

:1 -.·~ ··:~.~·iI~ :·_·-.··.·.~~.·~il·.··.···_·· f!P/l.9.. . II ·: !.~~ .._: -..J1 ~9P.~~~.==·]
il _.. i~~:-.~~t~~~ (1()'N2....: I...!~()~~~~~~J~~g~LJI.._ ~~~()~.~!()~!~~ __.J hydrogen :I.

iL. ....~=.~~.~~~-<l()~t .1I .~=~~~~e(highL.JI.... ...... ~!!!.()J~~~..J :I

!to p!.()p~J:1e(l0'N) JI PE()p~Il:~(hi~)mmmJ t........()~Ig~~.... . J iI
!I.P!()p~.~.<!()'.\') !Ipr.~p~~.(~!.g~2._J 1._.... __~~~.~~.~.ig~)._.J !I. I !i

l.e.~ha~~(l()~). ; ~t~~.t':.(~ig~) .. .J carbon monoxide·Ii
e.!~_e.n~..(l()'N)!1 ethelle (~ightJ j :1i ;

;l.o _.I!1~!~.Cl~~ (lo\y) ..:I o.~~!h'i.~t':.(~!g~) .1.00 "'_'00 , , ..J 00... _.._...... ...Ji
* If hydrogen is not a required analyte, the GC may be run without this channel activated. This
reduces the generation of unused records and the consumption of power.

If an analyte is not detected on the most sensitive channel, it is recorded as a non-detect. That •
channel, designated low, is used until the detector output as read from the chromatograph of the
channel, exceeds 2V. At that point the next most sensitive detector ("mid" if available, or "high"
otherwise) is used. If that saturates, the "high" detector is used if available. Otherwise, the
sample is diluted and re-analyzed. The saturation limit, in terms of concentration, varies machine
to machine and calibration-to-calibration, so universal cut-offs cannot be supplied here. The
final choice of which channel to use when reporting results is up to the experienced analyst and
depends upon the sample response, the calibration, and the history of the instrument.

5.5.5 This analysis produces concentration of the analyzed gas in PPMV or % V. If the sample
was collected via the bubble-strip method (Microseeps SOP SM9) or prepared through static
headspace preparation (Microseeps SOP DGPM 01), the gas phase concentrations can be used to
specify sample water concentrations via the calculations presented in those Standard Operating
Procedures.

6.0 Secondary Data Review

All analytical data must undergo a minimum of a two-tiered review. The analyst first reviews the
data for completeness and accuracy. The data is then submitted to the Group Lead Analyst for
final review and the data is entered into the LIMS. Once approved at this level, the data is
released as a final report.

•
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7.0 Reporting Limits

The reporting limits for this analysis are listed in table 7.1 below. The method detection limits
for this procedure must be determined by conducting annual MDL Studies. Those MOLs must
be less than the reporting limits specified below. MOL studies are also performed when there is
reason to suspect that method sensitivity has changed. MDLs are determined by analyzing seven
aliquots of a known standard (estimated to be 3 to 5 times the lowest concentration that can be
seen above noise level) through the procedure, and calculating the mean and standard deviation.
Once the seven aliquots are run the results are given' to the Quality Systems Coordinator. The
MOL studies are kept on file in the Quality Systems Office.

Reporting Limits
Table 7.1

j'" .•""._--"'..._ ...-._ ......_.__._".._--------

!1 Parameter iii. Reporting Limit !I Units'
J.'! ! iI .~_,_.,_y_...w,.,""""'"'_.,_~.,._.._..y""y......__-: ~.,__..__¥,__.,....__• __ .J ,..........-_..-._~.......

II.g~!~~l~ ..J?i~J:c.!.~.~ i1..Q:a.~........ .. " :I.~Y..J
;IQ){)'g~~.... H.Q.:Q?. __ __..!L~y ..
iI N' '1 0 04 ;[ 0;; V '!1 ~~g~I?:_. .__.' __..:.... "_."..__~__j _.~. j

il Hydrogen JI 0.02 :1 ppmv i
jIM~~h~~~"-"'-"'''i,..0:06·_--------·· -i I"p~~~-'!
l··..· ·· ..·..·..·.. ··· · · · · ····.. ···· ·,j ..-- ~ - " ---- .

iLp..!~~~._..__...._ll..Q:.Q._l_ ..__....J LEP.E:~J

1:~;;;:~~~==j::~t~:=:~_~~j[_:::;J
l1..!~<?p~I?:~ ....__ j La.:Q}. ...__.....! LpJ?!!l:~._:
jL.~.:!?E!Cl?.! .. j Ii>.:QL . .._.i L.P.J?!E:,_J
II.i::~~t~I?:~jLQ:Q~. _ .....;I_pp~~j

7.2 Conversion Factors

•

This procedure is used to measure the volume concentration of the analytes in a gas. Two
methods are used to extract that gas from the groundwater. The conversion factors that are used
to convert the concentration of the analytes in the water from the concentration of the analytes as
they are measured using this method, are specific to the collection or preparation method and can
be found in either SOP-SM9 or SOP-OGPM 01.
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8.0 Safety

Gloves; proper eye protection, and a laboratory coat shall be worn when handling samples and
standards. Th'e major hazard in this laboratory area is stick from needles. All needles must be
capped when not in use and when moving about the laboratory. The proper way of capping a
needle is to place the cap on the laboratory bench and direct the needle into the cap. A needle is
'never to be directed into a cap while the cap is being held.

All compressed gases are to be moved using a dolly made for transporting gases and shall be
chained in place when in the laboratory. The chain shall be tightened sufficiently to keep the
cylinder upright if jostled.

9.0 Laboratory Waste

Samples are kept for 30 days following analysis. There is no hazardous waste generated during
this analytical process. The analysts dispose of the sample vials in the general laboratory trash
according to Microseeps Standard Operation Procedure for Waste Disposal (SOP-ADM 14).

9.1 Waste Minimization

Where possible, Microseeps takes steps to minimize the amount of waste generated in the
laboratory by using substitution, where possible, and good chemical handling procedures. For
specific information on waste minimization consult SOP-ADM 14.

10.0 References

U.S. Environmental Protection Agency, Test Methods for Evaluating Solid Waste. SW-846,3rd
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Method PM01G is used to prepare a chemically equilibrated gas-phase (i.e. vapor) headspace
above a fixed volume of aqueous sample. The composition of that headspace can then be .
analyzed by Microseeps' AM20GAX and the results can be used to calculate the concentration of
gases in the sample water. Conceptually, this method can be used for any substance that can be
detected in the gas phase, but practical considerations of sensitivity, vapor pressure and air/water
partitioning limit the technique. Method DGPM 01 is used for the following gases:

This method is recommended for use by, or under the supervision of, analysts experienced in
sample preparation, the operation ofgas chromatographs, and in the interpretation of
chromatograms.•

Gases

Carbon dioxide
Oxygen
Nitrogen
Methane
Ethane
Ethene
Propane
Propene
n-Butane
i-Butane

CAS Number

124-38-9
7782-44-7
7727-37-9
74-82-8
74-84-0
74-85-1
74-98-6
115-07-1
106-97-8
75-28-5

•

2.0 Method Summary

A water sample is transferred from a 40 mL vial into a gas-tight syringe and an analyte-free;
inert gas is used to create headspace above that water. At equilibrium, the headspace should
contain each of the analytes in proportion to the air/water-partitioning coefficient of the analyte.
Agitation of the syringe accelerates the onset of equilibrium. Following that agitation, the
equilib.rated sample is ready for analysis (e.g. by method AM20GAX) or storage.

3.0 Apparatus, Materials and Operating Conditions

3.1 Apparatus

• Sample vials (Supelco, Inc, Bellefonte, PA or equivalent).
• Syringe: locking gas tight
• Luer lock valve



3.2 Materials

• Ultra-pure Helium supply.
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•
3.3 Operating Conditions

The following situations are cases where sample "interference" could occur.

3.3.1 Ambient Air

The most likely source of "interference" is ambient air. Due to the relatively high conceritrations
of oxygen and nitrogen, a very small amount of air as a contaminant will seriously ~ffect the
results. The analyst must take great care to ensure that air is flushed from the gas tight syringe
before sample preparation and that no air has entered the syringe or needle prior to injection of
the sample into the gas chromatograph.

3.3.2 Equipment not supplied by Microseeps

Upon occasion a sample will be collected in a vial that was not supplied by Microseeps. In such
cases, the needle on the gas-tight syringe sometimes gouges the septum of the sample vial, rather
then simply tearing it. This gouged out portion may occlude the needle and frustrate further use
of it. As such, the gas-tight syringe should be fit with the water collection needle before the
plunger is inserted into it and depressed. .

3.3.3 Cross Contamination

The gases that are the analytes are extremely volatile. Carryover is generally not a problem.
However, agents, such as surfactants, may be present in some samples and those agents can alter
the partitioning coefficient and even present some chance of carryover. All syringes and re
useable needles should be cleaned thoroughly between sample preparations.

4.0 Reagents
o

Not Applicable

5.0 Procedure

The sample must be received and processed via Microseeps SOP for those procedures. Samples
are stored in a refrigerator at 4 °C and allowed to equilibrate to room temperature prior to sample
preparation.

•

•
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1. Using a clean SOml gas-tight locking syringe, withdraw a volume of water from the bottom
of the sample vial.

2. Withdraw a volume ofan inert gas from a reservoir and lock the syringe.

3. Shake the syringe by hand (or use a wrist action shaker) for five minutes.

4. The equilibrated sample is now ready to be analyzed or injected into a vial for storage for.
analysis at a later date. .

5.2 Calibration and Results

Not Applicable.

5.3 Sample Analysis

Not Applicable.

5.4 Quality Control

Most of the quality control sample analyses that are "typical" of EPA methods, are not applicable
to this analytical method due to the target analytes being naturally occurring substances in water.
The most likely result of any analytical error is compromising the sample through exposure to
ambient air. Since two of the analytes (nitrogen and oxygen) make up nearly 80% and 20%
respectively, ofthe air all around us, it is virtually impossible to generate a truly inert "prep
blank". The best way to detect procedural error is through careful review of all analytical results,
insuring that the oxygen and nitrogen concentration, and their ratio, truly reflects groundwater
geochemistry. The concentration of nitrogen is typically between 10 and 20 mg/l, but the
oxygen concentration can be much lower. In anoxic waters the nitrogen/oxygen ratio is typically
above five. Ratios below this suggest significant sample contamination. A reanalysis should be
performed to insure that the source of the contamination was not simple unsystematic error in the
preparation.

5.4.1 Matrix Spikes/Matrix Spike Duplicates

To insure that there are no matrix effects in a client's samples and to produce client specific
accuracy and precision data, clients should request matrix spike (MS) and matrix spike duplicate
(MSD) analyses during the bottle order process, collect those samples while on site, and.submit
them as separate samples on the chain of custody to the laboratory. These analyses involve the
analysis of an analyte-fortified client sample. The recovery efficiency of that fortification can
reveal matrix effects, and the reproducibility of the result of the analysis of the fortified sample
reveals client sample-specific precision information. Since matrix effects are extremely site
dependent, the MS and MSD are not part of the batch analytical quality assurance program.
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Not Applicable.

6.0 Secondary Data Review

Not Applicable.

7.0 Reporting Limits

Reporting limits for this method are specified below in Table 7.1.

Table 7.0
Reporting Limits

__ __,., _" ....... A __ __ ~¥_"_¥_,

iIAIl:~.~Y_~~......._.. m m jl_._ _..!!~p~!!~g __~!~!! jL W~!~~..l}~!!s .. _m .. _ il
:[~~r.~<?~~i<?'Si~~... _ m.: l.m...._ _.Q:? m.... __........!L".... ............_.~~!- . ;I
lLQxygen JL ~!2 ._!L.__ .,_. __ m.~L.. ...-il
:L~Ltr.<?g~~_ mm'm" ..·.·..·m J! .__ g:i ". ._.:L _..~g!I:.... m.. :1 •

!I.M~.~~~. __ ....___.........m.__ II._._.m.._ _ __...Q:Q!.~.___ .. ..11 _..__ J~g!.I:: : :I

:l~:;:_____ ....J ~_~~~~:l--_..~~-_ ___~=~il
Lpropa!le JI 25 .....,. JI . --.E,Wl:: ._.__._. .!1

1_.]"lE?P~~~ . __ ;_.. _ _:.JL_._..__.__ __ ._.~?_ .. m. .mm __ ._. '.m...n ngiL i I

I. i:?~t~~._.. __ _ _....... .lL_ __.__ ~s.___ .m j L:::-_·-~.~:.~~·~~~-..:-.~.:~m ..::I
Ln.~.~':lt~~~.m __.______ __._................. .JL.. .._ __._. ?..~___mll. __.~g!.I: .__ .. :I

7.1 Calculations

The headspace prepared through this procedure can be analyzed to give the vapor, or gas phase
concentration of the analytes. That concentration can then be used to calculate the concentration
of the analytes in the original water samples. This is done bymultiplying the gas phase (vapor
units) concentrations by the units specified in Table 7.1 below.

• ••
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Table 7.1
Conversion Factors

8.0 Safetv ' ..

The primary concern with this preparation method is the use of sharps. Needles should always
be capped when not in use. The proper method for capping a needle is to insert the needle into
the cap while the cap is lying on the bench top. Never attempt to cap a needle by holding the
cap.

The other safety concern is handling compressed gas cylinders. Cylinders should always be
stored upright and chained in place. Cylinders should only be moved using a dolly designed for
cylinder transport. Safety glasses shall be worn in the laboratory at all times. Consult
Microseeps Chemical Hygiene Plan for more specific information on laboratory safety.

9.0 Waste

Samples are kept for 30 days following analysis. There is no hazardous waste generated during
the analytical process. The analysts dispose of the sample vials in the generallaqoratory trash.
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