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SOIL 



Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
chromium 
Cobalt 
Copper 
Iron 

Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium - 
Silver 
SOdhUll 
Thallium 
Vanadium 
ZiIlC 

6-201N-SBll-00 6-20 lN-SB 12-00 6-20 1 C-SB38-00 6-201C-SB39-00 78-BB-SB-00 4 l-BB-SBO l-00 4 1 -BB-SB02-00 

1120 45.25 748 245 1490 528 1430 
i 4.7 4.8 1.4 1.3 0.33 2.07 0.865 
I 0.28 0.29 0.91 0.28 0.22 0.356 0.3 17 

2 .2.05 16.5 3.5 8.6 1.525 4.06 
0.095 0.1 0.03 0.03 0.11 0.1 0.09 
0.285 0.295 0.58 0.175 0.55 0.392 0.349 
178 108 10700 402 941 18.3 54.6 

0.475 0.49 1.6 0.33 2.2 1.02 0.91 
0.85 0.9 0.195 0,185 1.8 1.965 1.75 
0.55 0.6 3.1 0.75 2 2 87.2 
525 160 684 238 1020 83 970 
2 3 62.9 25.1 20.4 2.59 10.9 

11.65 10.1 200 26 118 8.85 39.1 
3.1 1 16 4.5 11.1 0.87 10.2 
0.01 0.01 0.05 0.06 0.05 0.0305 0.078 
1.6 1.65 0.8 0.75 2.2 3.55 3.15 

36.55 37.5 54.5 30.6 102 91.5 81.5 
0.47 0.485 0.5 0.465 0.31 0.311 0.277 
0.95 1 0.195 0.185 0.33 0.1965 0.175 
19.65 15.85 14 4.7 67.5 44.1 39.3 
0.19 0.195 0.205 0.185 0.11 0.565 0.505 
1.05 0.8 2.8 1.6 5.3 2.505 2.23 

BASE BACKGROUND 
SURFACE SOIL 

MCB CAMP LEJEUNE, NORTH CAROLINA 
TAL INORGANICS 

0.55 ’ 0.8 23.1 4.6 

Concentrations are in millograms per kilogram (mg/kg). 
Qualifiers have been removed per Baker’s standards. 
Qualifiers R, U, and UJ have been given one-half the detection value. 
Qualifiers J, NJ, and B have been removed with no detection value change. 

28.3 2.66 6.11 



Aluminllm 
44Ilthmy 
Arsenic 

Barium 
Beryllium 
cadmium 
Calcium 
chromium 
Cobalt 
COPPer 
Iron 

Magnesium 
Manganese 
MercUry 
Nickel 
Potassium 
Selenium 
Silver 
SOdiUIll 
Thallium 
VaIladium 
zinc 

BASE BACKGROUND 

SURFACE SOIL 

MCB CAMP LEJEUNE, NORTH CAROLINA 

TAL INORGANICS 

41-BB-SB03-00 41-BB-SB04-00 69-BB-SBOl-00 69-BB-SB02-00 69-BB-SB03-00 69-BB-SB04-00 74-BB-SBOl-00 

2100 5370 1310 
i 0.87 0.94 0.85 
t 0.3205 0.345 0.31 

4.53 13.4 5.6 
0.09 0.095 0.14 . 

0.3525 0.38 0.26 
79.2 46.3 28.2 
2.64 3.24 0.75 
1.77 1.905 2.1 
1.8 1.94 1.75 

1120 2160 425 
9.98 6.61 2.8 
74 144 37.3 

11.6 11.8 15.1 
0.057 0.08 0.015 

3.2 3.45 2.9 
190 177 32.25 ,. 

0.2795 0.301 0.27 
0.177 0.1905 0.045 
39.65 42.75 20 
0.51 0.55 0.495 

2.255 2.43 1.8 
5.97 7.15 3.1 

Concentrations are in millograms per kilogram (mgikg). 
Qualifiers have been removed per Baker’s standards. 

4150 9570 5360 3110 
0.95 0.95 0.95 0.905 

0.345 0.79 0.35 0.3325 
15.4 19.6 20.8 11.1 

0.155 0.155 0.155 0.148 
0.285 0.29 0.29 0.2695 
43.6 282 53 181 

4 12.5 5.8 0.84 
2.3 2.35 2.35 2.225 
1.9 1.95 1.95 4.56 

1430 9640 3890 1740 
6 5.3 5.6 5.19 

91.8 610 ?47 70 
12.7 12.3 8.3 9.44 
0.06 0.045 0.025 0.04 
1.6 1.65 1.65 1.56 

35.5 361 106 87.5 
0.295 0.3 0.3 0.29 
0.045 4.3 0.39 0.046 

22 22.4 22.3 70.4 
0.55 0.55 0.55 0.53 
1.95 13.5 5.6 5.21 
5.2 10.8 7.9 1.27 

Qualifiers R, U, and UJ have been given one-half the detection value. 
Qualifiers J, NJ, and B have been removed with no detection value change. 



Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
chromium 
Cobalt 
Copper 
Iron 

Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
SOdhtl 
Thallium 
Vl-UladiUm 
ZiIlC 

74-BB-SB02-00 74-BB-SB03-00 74-BB-SB04-00 l-BB-SB38-00 l-BB-SB39-00 l-GW13-00 2%BB-SB37-00 2%BB-SB38-00 

1730 
0.925 
0.339 

1.6 
0.151 
0.275 
46.9 
2.7 

2.27 
3.92 
401 
3.79 
37.5 
3.13 
0,048 
1.59 
89 

0.296 
0.047 
71.8 
0.54 
1.94 
1.15 

1000 2100 3920 4930 
0.855 0.96 3.6 3.15 
0.3 14 0.352 0.3 15 0.28 
3.12 16 9.6 9.3 
0.14 0.1565 0.105 0.10 

0.2545 0.285 0.3 15 0.28 
43.9 377 538 353 

0.795 1.98 3.5 4.7 
2.1 2.355 0.42 0.375 

1.755 1.965 1.6 0.6 
787 1640 2270 1470 
1.14 142 5.9 4.5 
16.1 52.5 152 183 
7.37 4.61 10.6 4.2 

0.0305 0.05 0.03 0.025 
1.475 1.65 0.8 0.65 
82.5 92.5 149 153 

0.274 0.307 0.42 0,375 
0.0435 0.0485 0.5 0.465 
87.6 122 11.0 17.2 

0.4985 0.56 0.42 0.38 
1.8 4.69 7.9 6.1 

’ 1.97 2.87 7.2 4.0 

1600 2840 379 
8.0 3.55 2.9 

0.29 0.31 0.255 
2.8 5.1 1.8 

0.095 0.105 0.085 
0.285 0.31 0.255 
248 114 13.10 
4.1 2.0 0.60 
0.38 0.415 0.34 
1.9 0.6 0.50 

1000 1210 444 
4.2 2.8 1.7 

47.2 68.8 12.9 
5.9 2.7 3.3 

0.03 0.025 0.025 
0.65 0.750 0.6 

20.650 29.75 8.35 
0.38 0.415 0.34 

0.475 0.5 0.425 
7.25 28.5 18.2 
0.38 0.415 0.34 
3.5 3.6 2.1 
1.4 0.9 0.71 

BASE BACKGROUND 

SURFACE SOIL 
MCB CAMP LEJEUNE, NORTH CAROLINA 

TAL INORGANICS 

Concentrations are in millograms per kilogram (mg/kg). 
Qualifiers have been removed per Baker’s standards. 
Qualifiers R, U, and UJ have been given one-half the detection value. 
Qualifiers J, NJ, and B have been removed with no detection value change. 



Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
chromium 
Cobalt 
Copper 
Iron 

Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
ZiIlC 

BASE BACKGROUND 
SURFACE SOIL 

MCB CAMP LEJEUNE, NORTH CAROLINA 
TAL INORGANICS 

28-GWO9DW-00 30-BB-SB12-00 30-BB-SB13-00 30-BB-SB14-00 30-BB-SB15-00 30-BB-SB16-00 3O-GWO3-00 35-SSOl-00 

5460 54.6 24.9 49.2 37.5 196 17.7 2220.0 
3.35, 3.2 3.2 3.3 3.5 3.650 3.9 2.45 
1.8, 0.28 0.29 0.29 0.31 0.325 0.34 0.065 

11.6 1.8 0.7 0.7 0.7 3.100 0.8 15.6 
0.10 0.095 0.10 0.10 0.10 0.110 0.12 0.11 

0.295 0.28 0.29 0.29 0.31 0.325 0.34 0.04 
368 11.45 4.3 9.9 9.0 172 5.2 605.0 
6.0 1.6 0.7 1.9 0.7 0.75 0.8 1.9 

0.91 0.375 0.38 0.38 0.41 0.43 0.45 0.60 
2.9 0.55 0.6 0.6 0.6 0.65 0.7 3.9 

2250 276 102 218 69.7 167 80.4 1250.0 
11.6 3.3 0.47 2.4 0.73 4.4 0.86 3.60 
157 6.5 2.6 2.6 2.8 37.1 3.1 71.6 
4.1 11.9 4.4 9.5 1.3 2.5 2.3 5.5 

0.025 0.06 0.02 0.03 0.05 0.03 0.03 0.065 
1.9 0.65 0.7 0.7 1.7 0.9 0.8 1.3 
158 ,. 8.25 11.1 3.8 1.0 29.6 1.2 129.5 
0.94 0.375 0.38 0.38 0.41 0.43 0.45 0.075 
0.49 0.47 0.47 0.48 0.5 0.6 0.6 0.16 
15.0 14.8 26.0 4.9 5.2 18.2 5.8 126.00 

0.395 0.375 0.38 0.38 0.41 0.43 0.45 0.06 
8.3 1.7 0.75 1.7 0.31 0.76 0.34 3.60 
6.6 0.35 0.30 0.48 1.7 2.0 1.2 7.4 

Concentrations are in millograms per kilogram (mg/kg). 
Qualifiers have been removed per Baker’s standards. 
Qualifiers R, U, and UJ have been given one-half the detection value. 
Qualifiers J, NJ, and B have been removed with no detection value change. 



Al&m 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
chromium 
Cobalt 
Copper 
Iron 

Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
SOdil.Ull 
Thallium 
Vanadium 
zinc 

BASE BACKGROUND 
SURFACE SOIL 

MCB CAMP LEJEUNE, NORTH CAROLINA 
TAL INORGANICS 

MM MAX AVG 2Xaverage 

17.7 9570 2104.505 4209.010 
0.33 8 2.406 4.811 

0.065 1.8 0.386 0.772 
0.65 20.8 7.096 14.192 
0.03 0.1565 0.108 0.216 
0.04 0.58 0.306 0.611 
4.25 10700 534.460 1068.920 
0.33 12.5 2.382 4.765 

0,185 2.355 1.174 2.348 
0.5 87.2 4.508 9.016 
69.7 9640 1257.337 25 14.673 
0.47 142 12.059 24.117 
2.55 610 84.698 169.397 
0.87 16 7.044 14.088 
0.01 0.08 0.039 0.078 
0.6 3.55 1.546 3.092 
1 361 79.682 159.363 

0.075 0.94 0.370 0.739 
0.0435 4.3 0.480 0.960 

4.7 126 34.132 68.263 
0.06 0.565 0.403 0.806 

0.305 13.5 3.271 6.541 
0.3 28.3 4.920 9.839 

Concentrations are in millograms per kilogram (mg/kg). 
Qualifiers have been removed per Baker’s standards. 
Qualifiers R, U, and UJ have been given one-half the detection value. 
Qualifiers J, NJ, and B have been removed with no detection value change. 



Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium - 
Silver 
SOdiWtl 
Thallium 
Vanadium 
ZillC 

6-20lN-SBl l-07 6-201N-SB12-02 6-201C-SB38-01 6-201GSB39-04 78-BB-SB-01 2-GWO9-01 I-BB-SB38-05 

672 
, 4.7 

\ 0.31 
2 

0.095 
0.285 
5.35 
1.6 

0.65 
0.475 
257 
1.2 
13.1 

0.475 
0.01 
1.6 

48.9 : 
0.5 

0.95 
12.7 

0.205 
0.75 

0.475 

BASE BACKGROUND 
SUBSURFACE SOIL 

MCB CAMP LEJEUNE, NORTH CAROLINA 
TAL INORGANICS 

857 3620 2970 
4.85 1.4 1.25 
0.315 0.033 0.305 
2.05 7.6 6.5 
0.1 0.03 0.025 

0.295 0.57 0.17 
5.4 4410 12.1 
1.85 6 2.2 
0.9 0.235 0.175 
0.6 1.7 0.65 
126 456 833 
1.6 11.5 2.7 

12.7 133 86.8 
0.395 7.5 2.6 
0.01 0.04 0.015 
1.7 0.8 0.7 

40.8 84.7 187 
0.5 0.55 0.5 
1 0.195 0.175 

12.15 13.25 7.25 
0.21 0.22 0.2 

1 3 4.7 
0.395 11.6 0.9 

10200 8520 
0.355 1.6 
0.24 0.47 
10.9 6.6 
0.12 0.23 
0.6 1.2 

81.3 10.6 
5.7 8.7 

0.95 1.9 
0.95 0.47 
822 2840 
6.1 4.3 
188 260 
2.4 5.2 

0.045 0.11 
2.4 4.7 
123 184 
0.29 0.115 

0.355 0.7 
44.9 31.5 
0.12 0.23 
7.4 13.4 
2.1 1.4 

0.285 0.57 

4580.000 
4.200 
1.100 
7.500 
0.125 
0.370 

35.600 
10.500 
0.495 
6.600 

4940.000 
5.100 

222.000 
4.100 
0.025 
0.850 

409.000 
0.495 
0.600 
12.850 
0.495 
12.200 
4.700 

Concentrations are in milhgrams per kilograms (mg/kg). 
Qualifiers have been removed per Baker’s standards. 
Qualifiers R, U, and UJ have been given one-half the detection value. 
Qualifiers J, NJ, and B have been removed with no detection value change. 



> > 

Aluminum 6180.000 5980.000 4160.000 6600.000 5 170.000 2830.000 5730.000 2970 
Antimony ,3.250 2.950 6.900 3.200 3.550 3.550 3.750 3.9 
Arsenic I 0.290 0.260 0.285 0.280 0.315 0.315 1.500 0.34 
Barium 11.800 8.600 7.500 8.400 9.700 5.000 11.700 0.8 
Beryllium 0.095 0.085 0.095 0.095 0.105 0.105 0.110 0.12 
Cadmium 0.290 0.260 0,285 0.280 0.315 0.315 0.330 0.34 
Calcium 12.250 19.700 52.400 92.600 23.450 6.850 441.000 7.0 
chromium 5.500 5.300 7.100 8.300 7.300 3.400 4.700 3.9 
Cobalt 0.385 0.350 0.380 0.375 0.420 0.420 0.930 0.45 
Copper 0.600 0.500 2.100 1.600 0.650 0.650 0.650 0.7 
Iron 1510.000 1210.000 567.000 959.000 2090.000 749.000 2780.000 908 
Lead 3.800 3.100 3.300 4.000 4.100 2.300 7.400 0.7 
Magnesium 189.000 217.000 131.000 262.000 153.000 66.000 157.000 24.7 
Manganese 4.900 5.400 2.000 4.500 3.200 1.500 5.300 1.7 
Mercury 0.025 0.020 0.050 0.025 0.025 0.025 0.025 0.03 
Nickel 2.300 0.600 0.650 0.650 0.750 0.750 1.000 0.8 
Potassium 191.000 268.000 98.100 308.000 122.000 91.300 136.000 13.2 
Selenium “0.385 0.350 0.380 0.375 0.420 0.420 0.440 0.45 
Silver 0.480 0.435 0.475 0.470 0.500 0.550 0.550 0.6 
SOdhUll 21.600 9.200 9.600 10.900 33.800 28.600 20.300 12.5 
Thallium 0.385 0.350 0.380 0.375 0.420 0.420 0.440 0.45 
Vanadium 6.500 6.100 3.500 10.100 6.400 2.800 8.500 6.2 
ZiIlC 2.900 2.400 1.000 2.700 1.900 0.970 4.200 0.35 

l-BB-SB39-04 l-BB-SB39-06 

BASE BACKGROUND 
SUBSURFACE SOIL 

MCB CAMP LEJEUNE, NORTH CAROLINA 
TAL INORGANICS 

l-GW13-04 l-GW13-08 28-BB-SB37-03 

Concentrations are in milligrams per kilograms (mg/kg). 
Qualifiers have been removed per Baker’s standards. 
Qualifiers R, U, and UJ have been given one-half the detection value. 
Qualifiers J, NJ, and B have been removed with no detection value change. 

28-BB-SB38-04 28-GW09DW-01 30-BB-SB12-03 



Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
chromium 
Cobalt 
Copper 
Iron 

Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
SOdiUm 
Thallium 
Vanadium 
ZiilC 

BASE BACKGROUND 
SUBSURFACE SOIL 

MCB CAMP LEJEUNE, NORTH CAROLINA 

TAL INORGANICS 

30-BB-SB13-01 30-BB-SB14-01 30-BB-SB15-01 30-BB-SB16-02 3O-GWO3-01 35-GWDSOl-03 

17.1 25.7 42.6 777 16.9 2910.0 
3.1 3.6 3.6 3.4 3.9 2.750 
0.28 0.32 0.32 0.30 0.34 0.12 
0.7 0.8 0.8 3.5 0.8 5.5 
0.09 0.11 0.11 0.10 0.12 0.06 
0.28 0.32 0.32 0.30 0.34 0.30 
6.9 4.8 6.3 116 6.6 456.0 
0.7 0.8 0.8 0.7 0.8 2.2 
0.37 0.42 0.43 0.40 0.46 0.65 
0.6 0.7 0.7 0.6 0.7 0.550 
95.9 155 63.3 514 74.5 442.0 
0.47 1.9 0.91 3.2 0.59 8.10 
7.5 2.9 2.9 30.2 3.1 63.5 
4.3 6.7 1.1 3.7 1.7 5’6 
0.03 0.08 0.25 0.03 0.68 0.03 
0.7 0.8 2.2 1.7 0.8 1.050 
6.3 1.1 21.3 21.9 1.2 145.0 
0.37 0.42 0.43 0.40 0.46 0.085 
0.46 0.6 0.6 0.50 0.6 0.39 
11.1 19.3 5.4 14.4 5.8 141.0 
0.37 0.42 0.43 0.40 0.46 0.06 
0.73 1.0 0.84 1.6 0.34 3.00 
0.32 0.39 1.2 1.7 1.3 2.6 

Concentrations are in milligrams per kilograms (mg/kg). 
Qualifiers have been removed per Baker’s standards. 
Qualifiers R, U, and UJ have been given one-half the detection value. 
Qualifiers J, NJ, and B have been removed with no detection value change. 
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Ahlminum 

Antimony 
Apenic 
Barium 
Beryllium 
Cadmium 
Calcium 
chromium 
Cobalt 
Copper 
Iron 

Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
SOdiUlll 
Thallium 
Vanadium 
ZillC 

BASE BACKGROUND 
SUBSURFACE SOIL 

MCB CAMP LEJEUNE, NORTH CAROLINA 
TAL INORGANICS 

MI-N MAX AVG 2Xaverage 

16.900 10200.000 3563.252 7126.505 
0.355 6.900 3.317 6.634 
0.033 1.500 0.382 0.764 
0.650 11.800 5.648 11.295 
0.025 0.230 0.100 0.200 
0.170 1.200 0.369 0.738 
4.750 4410.000 276.762 553.524 
0.650 10.500 4.186 8.371 
0.175 1.900 0.559 1.117 
0.470 6.600 1.076 2.152 

63.300 4940.000 1066.271 2132.543 
0.465 11.500 3.636 7.273 
2.850 262.000 105.964 211.929 
0.395 7.500 3.537 7.073 
0.010 0.680 0.075 0.150 
0.600 4.700 1.305 2.610 
1.050 409.000 119.126 238.252 
0.085 0.550 0.396 0.792 
0.175 1 .ooo 0.523 1.045 
5.400 141.000 22.767 45.533 
0.060 0.495 0.335 0,669 
0.340 13.400 4.765 9.530 
0.320 11.600 2.162 4.323 

Concentrations are in milligrams per kilograms (mg/kg). 
Qualifiers have been removed per Baker’s standards. 
Qualifiers R, U, and UJ have been given one-half the detection value. 
Qualifiers J, NJ, and B have been removed with no detection value change. 
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1.0 INTRODUCTION 

Numerous groundwater investigations have been conducted at Marine Corps Base (MCB), 

Camp Lejeune under the Department of the Navy (DON) Installation Restoration Program 

(IRP). These studies have identified elevated levels of total metals in shallow groundwater at 

almost every site. The degree of contamination, based on dissolved metals analysis of 

groundwater samples, is limited. It is believed that the presence of elevated metals are not 

always related to past disposal activities for several reasons, which is the basis of this study. 

Currently, Records of Decision (ROD) are being prepared for Operable Units No. 1 (Sites 21, 

24, and 78) and No. S (Site 2). Both RODs are proposing to not remediate shallow groundwater 

which contains elevated levels of total metals above State groundwater standards (i.e., North 

Carolina Water Quality Standards) and/or Federal drinking water standards (i.e., Maximum 

Contaminant Levels). Specifically, remediation of shallow groundwater due to elevated total 

metals is not cost effective, or practical, due to the following: (1) the shallow aquifer is not 

used for potable supply, (2) the source of metals in groundwater cannot be correlated with soil 

data or previous disposal practices; (3) the extent of shallow groundwater contamination 
f+=- . 

(based on total metals analysis) is widespread and in many cases undefinable, since there are 

no apparent contaminant plumes or patterns associated with the metals; and (4) deep 

groundwater, which is the source of potable water, is not significantly contaminated with 

metals above the standards. 

.  

2.0 STUDY OBJECTIVES 

The DON/Marine Corps initiated a study on inorganics in grouhdwater throughout MCB 

Camp Lejeune to assess whether total metals in groundwater are related to dispxai practices 

or to other factors. The overall goal of this study is to provide information that would be used 

in consideration of not remediating shallow groundwater at Operable Units No. 1 and No. 5, 

and possibly other operable units where total metals are elevated without cause. The 

following study objectives were identified: 

(1) Determine whether the elevated total metals detected in the shallow aquifer are 
related to past disposal practices, well construction factors, sampling techniques, or 
suspended particulates in the samples; 

(2) Determine whether total metals in shallow groundwater are elevated throughout the 
region or MCB Camp Lejeune; 

(3) Determine whether there is a correlation between elevated total metals in 
groundwater and metals in soil; and 
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(4) Determine whether the concentrations of total metals (i.e., low versus high) is related 
to shallow and deep aquifer characteristics. 

3.0 SCOPE OF WORK 

Groundwater and soil data from a total of 21 sites were compiled as part of the overall study. 

Three of the 21 sites are located outside the boundary of the base. These sites include the ABC 

Cleaners Superfund Site, lo&&along Route 24 in Jacksonville, and two sites located along 

Highway 17 (Off-site Properties No. 1 and No. 2). The two sites along Route 1’7 were 

investigated by the DON/Marine Corps as part of a real estate survey. The other 18 sites are 

located throughout various portions of MCB Camp Lejeune (see Figure il. 

Information from studies conducted by Baker and other consultants were obtained to evaluate 

metal concentrations in groundwater. The study focused on 14 metals of potential concern to 

human health and the environment. Some of the information was collected under the IR 

Program whereas other information was obtained during other investigations (e.g., ABC 

Cleaners RI/FS). The following data tables were then prepared to determine why total metals 

are generally elevated in shallow groundwater. 

Table l- 

Table 2 - 

Table 3 - 

Table 4 - 

Table 5 - 

Table 6 - Total Metal Concentrations in Deep Groundwater by Site 

Table 7 - Summary of Field Parameters in Shallow Monitoring Wells, Deep Monitoring 
Wells, and Supply Wells 

Total Metal Concentrations in Shallow Groundwater by Site . 

Summary of Repeat Sampling of Shallow Wells (Sites 2 and 78) 

Dissolved Metal Concentrations in Shallow Groundwater by Site 

Summary of Total Metal Concentrations in Upgradient Wells 

Comparison of Subsurface Metal Concentrations in Uncontaminated and, 
Contaminated Wells 

The tables are presented at the end of this report. 

- - 

2 

.- 



40 DATA ANALYSIS 

The following discussion represents an analysis of the information contained in each of the 

previously mentioned tables. 

Table 10?otal Metal Concentrations in Shallow Groundwaterl 

All of the sites had at least one (and in most cases several) metal which exceeded either State 

water quality standards or Federal drinking water standards. The most frequently detected 

metals included chromium, lead, and manganese, which were detected at almost every site 

above drinking water standards. Other frequently detected metals which exceeded drinking 

water standards included arsenic, beryllium, cadmium, and nickel. 

An analysis of the data from Table 1 indicates that elevated total metals are present in 

shallow groundwater at every site, including the three sites which are located off base. The 

two sites which did not exhibit significant contamination include the ABC Cleaners site (only 

chromium exceeded the standards) and Site 48 (only manganese exceeded the standards). 

Total metals detected in shallow groundwater at Site 2 exceeded State and/or Federal 

standards in seven of the 11 shallow monitoring wells. Manganese was the most frequently 

detected metal (7/U). Lead (3/H), chromium (2/U), and cadmium (l/11) were also detected 

above the standards,, but less frequently (see Figure 21.’ 

With the exception of Wells 78GWO3 and 78GWl9, total metals were detected at Site 78 

(Hadnot Point Industrial Area) above Federal MCLs or NCWQS in every shallow well (see 

Figure 3). The extent of elevated total metals in groundwater is widespread, encompassing 

approximately one square mile (or approximately 660 acres) in total area. The distribution 

and concentration of total metals in shallow groundwater makes it virtually impossible to 

identify or illustrate contaminant plumes (see Figure 3). 

- - 

An analysis of the total metals results indicates the following pattern. Samples exhibiting 

elevated levels of lead, chromium, or other contaminants of concern, also exhibited elevated 

levels of other metals such as aluminum, antimony, iron, and zinc. Samples which did not 

exhibit elevated levels of lead, chromium, or manganese also did not exhibit elevated levels of 

other metals. This pattern indicates that the elevated total metals are not limited to one or 
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two contaminants, which would be the case if a lead or chromium plume in the groundwater 

truly existed. In other words, if a site is impacted by a particular metal due to disposal 

activities (say chromium for example), then other metals such as aluminum, lead, or zinc 

should not be consistently elevated as in the case of samples collected from the shallow aquifer 

at MCB Camp Lejeune. This point is depicted in the data summary tables provided in 

Appendix A for Sites 2 and 78. These tables were taken from the Remedial Investigation 

Reports for Operable Units No. 1 and No. 6. As an example, note that sample numbers 

78-MWOS, 78-MWlO, 78MWll, and 78MW12 all had elevated levels of total metals when 

compared to samples 78-MW09-2 and 78-MWO9-3. It is clear that most of the metal 

concentrations in a particular sample follow a consistent pattern throughout. 

Table 2 (Comparison of Repeat Sampling of Shallow Wells 

Rive wells from Sites 2 and 78 were randomly chosen to evaluate total metals concentrations 

between sampling rounds. The comparison was limited to only chromium, lead, and 

manganese since these contaminants were frequently detected throughout MCB Camp 

,f+- 
Lejeune. In several cases, metal concentrations were significantly different between the 

sampling rounds. If the shallow aquifer was impacted due to former disposal activities, a 

contaminant plume would be present and concentrations would not significantly deviate. The 
‘. 

deviation in metal concentrations may indicate that sampling results are biased due to 

suspended particulates in the samples. 

Table 3 (Dissolved Metal Concentration in Shallow Groundwater by Site) 

. . 

The data base for Table 3 was limited to 12 sites since many of the previous investigations (i.e., 

prior to Navy CLEAN) did not analyze for dissolved metals. Nevertheless, an analysisof the 

12 sites revealed that elevated levels of dissolved metals in groundwater is limited. 

Manganese was the most frequently detected metal above drinking water standards (10 of 12 

sites exhibited elevated levels). Lead was detected at only one site (Site 21) above drinking 

water standards. Chromium was also detected at only one site (Site 78) above drinking water 

standards. No other metal was detected above the standards. 

Literature searches have indicated that manganese is a naturally occurring metal in North 

Carolina. Therefore, the presence of manganese may not be attributable to site-related 

activities (Greenhorne & G’Mara, 1992). 
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An analysis of the data from Table 3 clearly shows a significant reduction in metal 

concentrations when compared to Table 1 (total metals in shallow groundwater). One possible 

reason for this reduction is that suspended solids or particles are not being introduced into the 

analysis of the sample due to filtering. A second possibility is that the metals are not 

significantly present in a dissolved state in shallow groundwater due to the species of metals 

under site conditions. It should be noted that calcium and sodium did not exhibit such a 

pattern since the salts of these metals are more soluble in water. For example, the 

concentrations of total calcium and total sodium versus dissolved calcium and dissolved 

sodium are similar and are not affected by the removal of the particulates during filtering. 

The fact that these salts do not exhibit the pattern that the other metals show supports the 

possibility that total metal concentrations are influenced by particulates in the sample. 

Table 4 0’otal Metals in &gradient Shallow Wells1 

The data base for Table 4 consists of groundwater results from 14 upgradient shallow 

monitoring wells (i.e., one well per site). These wells were installed to determine baseline 

groundwater quality to which on-site groundwater conditions could be compared. In some 

cases, the upgradient wells were located in areas where other base activities may have 

influenced groundwater quality. 

The analysis of this data shows that manganese was the most frequently detected metal above 

Federal or State standards in upgradient shallow wells. Manganese was detected in ‘7 of the 14 

upgradient wells above drinking water standards. Chromium and lead were also frequently 

detected above drinking water standards in upgradient (background) wells. These 

contaminants were detected in 6 of the 14 upgradient wells. At Site.2, samples collected from 

an upgradient well (2GW9) exhibited elevated levels of chromium (83p/l), lead (27.2p/l) and 

manganese (747p/l). At Site 78, samples collected from upgradient wells 96W4 and 78GW26 

did not exhibit elevated levels of total metals. The concentration range for metals detected 

above NC W&S and/of Federal MCLs in upgradient wells is provided below: 

l beryllium (ND-46.6 p/l) 

l cadmium (ND-10 p/l) 

l chromium (ND-198 zjl) 

l lead (ND-798 p/D 

l manganese (ND-747fl) 

0 mercury (ND-l&J I.lfl) 



Based on the above range representing upgradient wells, none of the on-site wells at Site 2 

exhibited total metals above the maximum background concentrations. However, at Site 78, 

lead and chromium were detected above the maximum background in several on-site wells. 

An analysis of the data from Table 4 indicates that shallow groundwater upgradient of some 

sites contains total metals above drinking water standards. A comparison of Table 4 data 

against Table 1 data indicates that shallow groundwater samples from upgradient wells are 

less contaminated than samples collected from on-site monitoring wells. However, it should be 

noted that the data base for Table 4 consists of only 14 wells whereas the data base for Table 1 

consists of over 130 wells. Therefore, to assume that upgradient groundwater quality is better 

than on-site groundwater quality may not be justified due to the different data bases. 

Table 5 (Comparison of Subsurface Metal Concentrations in Uncontaminated and 

Contaminated Wells) 

The purpose of this table is to determine whether metal concentrations in soils correlate with 

the elevated levels of metals in shallow groundwater. 

To evaluate this, metals in subsurface soils, representing an area of groundwater 

contamination, were compared to metals in subsurface soil in areas which did not exhibit 

groundwater contamination. If the elevated total metals in s.hallow groundwater are present 

due to former disposa! activities, subsurface metals in soil representing an area of 

groundwater contamination would be expected to be elevated or higher than metals in 

subsurface soil representing a non-contaminated area. This evaluation assumes that the well 

exhibiting elevated total metals is within a source area and that the soil sample is 

representative of soil impacted by metal contamination. 

As shown on Table 5, there is no clear pattern or correlation which indicates that elevated 

total metals are due to soil contamination. Note that in many cases, the concentration of 

metals whichrepresent “non-contaminated” areas are greater than the metals which 

represent “contaminated” areas. Also note that the metals in subsurface soil are within or 

close to background subsurface metal concentrations. Therefore, this supports the possibility 

that in many cases at MCB Camp Lejeune, the elevated total metals in shallow groundwater 

cannot be attributable to a source or to past disposal practices. 
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Table 6 (Total Metals in Deep Monitoring Wells) 

Table 6 presents total metal concentrations in deep groundwater for each site. The data base 

is limited to only 8 sites. Metal concentrations in supply wells were also included for 

comparison purposes. 

As shown on Table 6, total metals in deep groundwater are below drinking water standards 

with a few exceptions. Arsenic and cadmium were detected above the standards in one deep 

monitoring well at Site 78 (see Figure 4). Manganese was detected in deep groundwater at 

three sites and a few of the supply wells. Lead was detected in one supply well at 16 p/l, which 

is slightly above the drinking water standard of 16 p/l. 

Elevated total metals are not widespread in deep groundwater for two possible reasons. First, 

most metals are not very mobile in the environment. Second, deep groundwater samples may 

not have significant amounts of suspended particulates due to different geologic conditions. 

Soils in the deeper aquifer are more compacted and consist primarily of calcareous sands, 

clays, and limestone fragments. Soils in the shallow aquifer are loosely compacted and consist 

primarily of fme-grained sands, silts, and clays. This classification may support the possibility 

that suspended solids are collected during sampling, thereby influencing the analysis for total 

metals. 

Table 7 (Summary of Field Parameters in Shallow. Deep, and Supply Wells) 

Table 7 provides-a range of pH and specific conductivity values representative of shallow and 

deep groundwater. In general, lower pH values were noted more often in shallow wells than in 

deep wells (including the supply wells). This condition may influence the leachability and 

speciation of metals in groundwater. 

Deep groundwater usually exhibited higher specific conductivity values. High specific 

conductivity values are representative ofhigh dissolved conditions. The fact that deep 

groundwater generally exhibited higher specific conductivity values indicates that most of the 

metals, if present, are in a dissolved state. The high specific conductivity values could also 

indicate less suspended particulates due to the geologic conditions of the deep aquifer. The 

lower specific conductivity values observed in shallow wells indicates that the metals in the 

shallow aquifer are not in a dissolved state. This also supports the possibility that suspended 

particulates in the shallow aquifer are influencing the analysis of total metals. 
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5.0 ANALYSIS OF THE STUDY OBJECXIVBS 

Each of the objectives identified for this study are analyzed below based on the information 

collected. 

Objective No. 1 (Determine whether the elevated total metals in the shallow aquifer are 

related to past disposal practices, well construction factors, sampling techniques, or suspended 

particulates in the samples) 

Based on the analysis of information provided in Tables 1 through 7 and Appendix A, it 

appears that suspended particulates in groundwater samples could influence the 

concentration of total metals in groundwater. Well construction factors and sampling 

techniques are probably not a significant factor since the data base is representative of data 

obtained by Baker, ESE (Site 28 and 301, Roy F. Weston (ABC Cleaners), and Halliburton 

NUS (Site 7). No particular pattern was noted between sites which Baker obtained the 

samples versus sites in which other consultants obtained the data. Sampling methods were 

also considered. For Sites 63 and 65 for example, samples were collected with a bailer. At 

Sites 2 and 78, samples were collected with a low flow pump. All four sites exhibited elevated 

levels of total metals in groundwater samples. In addition, due to the fact that deep 

groundwater quality is not significantly impacted with metals indicates that well construction 

or sampling techniques are probably not factors related to elevated total metals in 

groundwater. 

Withrespect to past disposal practices, Table 5 clearly shows that soil concentrations do not 

correlate with elevated total metals in groundwater. Based on this analysis, and on many of 

the sites previously investigated, the source of total metals in groundwater cannot be 

attributable to soil contamination or disposal practices in many cases. This is based on both 

the history of the site as well as the analytical soil results. In some cases, total metals were 

detected at elevated levels even when the site history did not correlate with the contaminants 

found. For example, Sites 2 and 21 have a history of pesticide storage and handling, and there 

are no known disposal areas (i.e., buried debris) within the site boundary. Nevertheless, both 

of these sites exhibited several metals above drinking water standards that would not be 

expected to be present at high concentrations based on the historical use of the site. These 

metals included lead, chromium, beryllium, cadmium, and manganese. 
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Objective No. 2 (Determine whether total metals in shallow groundwater are elevated 

throurrhout the region or MCB Camp Lejeunel 

Based on groundwater data obtained from both upgradient wells and off base wells, total 

metals were detected above drinking water standards in shallow groundwater in areas that 

would not be influenced by former disposal activities at the sites. Given that some of the 

upgradient wells are contaminated, it is apparent that total metals in shallow groundwater 

are elevated in certain areas of the base outside of the influence of site-related disposal 

activities. However, it is unknown whether the shallow aquifer upgradient of the sites is 

contaminated due to other base-related activities or whether the levels in groundwater 

samples are also elevated due to the influence of suspended fines in the samples. 

Obiective No. 3 (Determine whether there is a correlation between elevated total metals in 

groundwater and metals in soil) 

An evaluation of the data presented in Table 5 shows that metals in soil samples collected in 

areas of groundwater contamination are not elevated when compared to metals in soil samples 

collected in areas that did not exhibit groundwater contamination. This supports the 

possibility that in many cases, elevated levels of total metals in shallow groundwater are not 

related to the disposal history at the site. As previously mentioned, sites which did not exhibit 

soil contamination (when compared to background soil levels) or did not have a history of 

disposal indicative of metals contamination still exhibited elevated levels of total metals in 

groundwater. Since there is no apparent correlation between metals in soil and total metals in 

groundwater, then the possibility exists that the elevated total metals in groundwater are 

biased high due to suspended particulates. 

Objective No. 4 (Determine whether the concentrations of total metals in Proundwater is 

related to shallow and deep aquifer characteristic@ 

There is some evidence that the geologic conditions of the shallow and deep aquifers influence 

the amount of total metals detected in groundwater samples. The fact that the deep aquifer 

generally exhibited higher specific conductivity values indicates that there is more dissolved 

constituents in the deep aquifer when compared to the shallow aquifer. This was evident when 

comparing Table 1 (total metals in shallow groundwater) to Table 6 (total metals in deep 

groundwater). Table 6 did not indicate significant levels of total metals in deep groundwater 

throughout MCB Camp Lejeune. 
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The geologic conditions of the shallow aquifer would tend .to result in samples that may 

contain suspended particulates. The suspended particulates could influence the total metals 

concentrations in the samples. 

6.0 CONCLUSIONS 

1. Elevated levels of total metals in the shallow aquifer are probably influenced to some 

degree by the geologic conditions of the site. 

2. There is no correlation between metal levels in soil and total metals in groundwater. 

Therefore, elevated total metals in groundwater cannot be attributable to soil 

contamination of past disposal practices. 

3. Elevated levels of total metals in the shallow aquifer may be biased high due to suspended 

particulates in the samples. 

4. Dissolved metals in groundwater were generally below Federal MCLs and NC WQS and 

therefore, do not present a significant problem at MCB Camp Lejeune. . 

5. Total and dissolved metal concentrations in the Castle Hayne aquifer were generally 

below drinking water standards and therefore,.do not present a significant problem at 

MCB Camp Lejeune. 

. . 

6. The presence of manganese inshallow and deep groundwater may be due to naturally 

occurring geologic conditions. 

- - 
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7.0 RECOMMENDATIONS 

1. Remediation of total metals in the shallow aquifer at Operable Units 1 and 6 is not 

recommended based on the following 

Elevated metals in groundwater at both operable units does not appear to be related to 
soil contamination or past disposal practices; 

The distribution of total metals in groundwater is not characteristic of a plume that 
would be present due to a source of contamination; 

Remediation of total metals would not be practical from an engineering or cost 
standpoint; and 

Currently, there is no human or environmental exposure to shallow groundwater. 

2. Additional background wells should be installed at all sites in order to provide a baseline 
for comparing on-site groundwater quality. 

:: 

- - 

11 



- - 

Tables 



TABLE 1 

TOTAL METALS BY SITE 

SHALLOW MONITORING WELLS 
MCB, CAMP LJZJEUNE, NORTH CAROLINA 

I 

FEDERA& 

Sk Numbtr NCWQS MCL site 1 site 2 site 6 me I site 9 site 21 Silt 24 site 28 site 30 site 41 Sltt 43 site 44 

units urn 4- us& u8n urn u8n “pn urn. urn w u8n wn u8n uen. 

A-smic 50 SO 1.2.57.4 2.2 - 23.6 ND - 23.3 ND - 43.4J ND ND- 101 ND- 1161 5.4- 13J 6.4 - 12J 2.4 - 36.3 ND - 23.4 ND-570 
Barium 2000 ZOO0 335 - 833 46- 1420 ND - 1020 427.641 ND- 1060 ND - 641 ND-1120 18.8 - 576 60.1- 396 55.2 - 999 220 f 745 315-3180 
Bqllium NE 4 2.7 J - 43.4 l-3 ND - 7.5 ND. 10.3J ND ND-8 ND-19 ND- 1.21 ND-2.4 0.80 - 42.8 1.5-4.2 1.4 - 36.6 
Cadmium 5 5 ND - 12.9 7 ND ND ND ND ND-12 33J - 17.3J ND - 10.71 3.2-110 ND - 6.9 ND-31 
Calcium NA NA 8850 - 726000 s710 - 45oooo 5430.64900 5050 - 51300 16100-90700 61301.63000J ND- 151000 20200 - 160000 1730.11900 8750 - 828000 10300-91900 2430- 191000 
Chromium 50 100 172 - 627 11-117 ND-201 47.8 - 220 ND-214 ND - 3481 19.316 9.OJ - 140 42.8 - 1061 10.5 - 244 161- 249 126 - 895 
copper 1000 1300 44.6-117 3.23 ND - 175 17.7 - 36.4 ND - 39.7 ND-84 ND-52 18.8J - 75.4 15.8 - 42.5 16.3 - 1030 64.2 - 104 28.6-313 
Lead 15 15 40.8J - 176J 2.1-44.8 ND-200 23 - 37.3 ND - 127 ND - 2OOOJ 5.1 - 89 20.3J - 2341 7.71-115J 4.8 -9340 16.5 - 28.8 15.8 - 508 
hiangantsc 50 50(l) 125 - 1720 21 f 190 ND - 362 56.9 - 220 ND-91.3 59.2763 29.518 82.2 - 304 78.5 - 578 56.6-2110 72.6 - 297 88.1730 

1.1 2 ND - 1.23 ND ND - .46 0.2 - 0.36 ND - 1.4 ND - 2.41 ND - 3.2 ND - 1.4J 0.88J - 0.91 0.13 - 0.92 ND - 0.24 ND- 1.1 
Nickel 100 100 28.5 - 426 ND ND - 41.9 ND ND ND - 123 ND- 140 ND - 59.8 17.11- 52.6J 28.8 - 137 20.5 - 143 21.9 - 486 
Sodium NA NA 9090 - 19000 ND - 103000 1110 - 68700 7040 - 156000 1390-4170 7950 f 15700 5230 - 19200 9480 - 74700 5320 - 8100 2080 - 40200 9160-22100 4060 - 12600 
Vanadium NE NE 214-640 9.184 ND-330 37.8 - 423 ND-175 ND-419 ND - 408 6.1 - 164 57- JO1 20.4 - 244 122-233 184-759 
zii 2100 5000 (1) ND-1110 6.146 ND - 1620 83.6 - I33 ND-118 27J. 4873 20 - 650 ND 79.2 - 104 25.7 - 5180 19 I-661J 87.3 - 28OOJ 

ND-23.4 ND - 308 2.9 - 29.0 ND - 4051 ND - 67.8 ND-12 105.160 ’ 
, I .-_ _.. ..- ._-_ _.- -.- -_ __̂  ..m ._̂  

ND NOTES: 

56.1-5410 105 - 638 46.5-850 1 ND- UJO N,, - J4” JJ - 12” pl”~40~ ND 
J - Value is estimattd 

ND-3.1 ND U-10.6 1 ND-19 NA ND - 8.5 ND 
JB - Value is tstimattd btlow the CRDL but greakr than the IDL 

ND . NE-Nutilii 
ND ND 2.4-11.4 1 ND-21 ND NA ~ em ND NA - Na andyred 

ND.22800 1 ND-52M _- _____ . - ._. J ND-Nud#&d. 

52.8 - 636 ND-94 NCWQS . Nor01 Carolina Water Qualii Standard 

ND-140 ND 
MCL - Maxbnum Contambnnt Level 
(1) - Secceduy h(CL 



TABLE 2 
COMPARISON OF REPEAT SAMPLING OF SHALLOW WELLS 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

NOTES: 
J-Valueisedmdd.. 
ND-NOtdChkd. 

. 
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TABLE3 
DISSOLVEDDTALSBYSITE 

SHALL0WM0Nn0RINGwELLS 
MCB,CAMPLEJBUNE,NORTHCAROL~A 

NOTES: 

I-VdlUhcrtirmtsd 
ni.vaIwhestbtedb~cRDLbut~ 

NE-Not ahblii 

NA-Natuul~ 

ND-NoCL+Zt@d. 
NCWQS - Noah Cudii Wda Qdity hxkd 

thanthe mL 
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TABLE 4 

SUMMARY OF TOTAL MRTALS IN UPGRADIENT WELLS 

SHALLOW MONITORING WELLS 

MC& CAMP LRJEUNE, NORTH CAROLINA 
/ 

NOTES: 
J.VdUOir- 
~~-VdueisertirmtcdbclowtheCRDL,butgMtathn16elDL 
NE.Nd&diSW. 
NA-Notadyt.4 
ND-Ndddedc6 
NCWQS-NorthCuolimWataQdityStdd 
MCL-MaximumCoataminsntLml 
(I)-ScmndayMCL 



TABLE 5 
COMPARISON OF INORGANIC SUBSURFACE SOIL CONCENTRATIONS IN “CLEAN” ANB “CONTAMINATED” WELLS 

MCB, CAMP LEJEUNE, NORTH CAROLINA 



i 
!  

TABLES 
COMPARlSONOFINORGANlCSUBS~ACESOILCONCENTRATIONSIN"CLEAN"AND"CONThMINATED"WELLS 

MCB,CAMPLEJEUNE,NORTECAROLINA. 
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TABLE 5 
COMPARISON OF INORGANIC SUBSURFACE SOIL CONCENTRATIONS IN “CLEAN” AND “CONTAMINATED” WELLS 

MCB, CAMP LEJEUNE, NORTH CAROLINA 



. . 
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TABLE5 
COMPARISONOFENORGAMCSUBSURFACESOILCONCENTRATIONSM"CiEAN"AM)"CONTAMMATED"WEL~ 

MCB,CAMPLEJFJNE,NORTHCAROLINA 
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TABLE 6 

TOTAL METALS BY SlTE 
DEEP MONJTORING WELLS 

MCB, CAMP LFiJEUNEl, NORTH CAROLINA 



TABLE 7 
SUMMARY OF FIELD PARAMETERS IN 

SHALLOW, DEEP, AND SUPPLY WELLS 
MCB; CAMP LEJEUNE, NORTH CAROLINA 

I 
Shallow Wells I Deep Wells I Supply Wells 

I I 1 

pH (standard units) 

Specific 
Conductivity 

Range (1) 

4.5 - 7.28 

40- 580 

Average 
Maximum 

6.08 

267 

Raw (2) 

7.52 - 11.34 

149.525 

Average 
Maximum 

8.88 

350 

Raw (3) 

6.91 - 7.45 

212-511 

Average 
Maximum 

7.32 

353 

(micromhoskm) I I I I I 

(1) - Based on data from 11 sites. 
(2) - Based on data from 6 sites. 
(3) - Based on data from 9 supply wells. 
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Appendix A 
Data Summary Tables 

>for Sites 2 and 78 



OPERABLE UNIT NO. 1 - SITES f&24,78 

SHALLOW, INTERMEDIATE AND DEEP MONITORING WELLS 
GROUNDWATER DATA AND FREQUENCY SUMMARY 

REMEDIAL INVBSTIGATION Cl’0 - 19177 

MCB CAMP LEJEUNE, NORTH CAROLINA 

TAL METALS AND CYANIDE 

MMIMUM MAXlMUh4 MMIMUh4 MAXIMUM LOCATION OF FREQUENCY ,; 

NONDETECTED NONDETECTED DETECTED DETECTED MAXIMUM OF .,. 

UG/L Uff5 UGA# UG/L DETECTED DETECTION 

ALUMINUM NA NA 68 J 542000 J 78.GWO6-01 59 I 59 

ANTIMONY i 3U 20 u 3.3 B 169 J 78.GWO2-0 1 7 I 33 

ARSENIC I 2u 10 u 2.3 J 405 J 78-GWO2-01 44 I 48 I 

BARIUM NA NA 17 B 1250 78QW07-01 59 I 59 

BERYLLIUM 1u 4u 1B 19 24-GWO2-01 52 I 59 

CADMIUM 5U 25u 5 21 78.GWO43-01 9 I 59 

CALCIUM NA : NA 2420 B’ 642000 78-GWO4-l-01 59 I 59 

CHROMRJM 10 u 50 u 10 858 J 78-GWO6-0 1 46 I 59 

COBALT 8U 8U 8B 170 78GW22-2-01 25 I 59 

COPPER PU 2u 38 699 78-GW39-01 58 I 59 

IRON NA NA 32 B 523000 78GWO43.01 59 I 59 

LEAD 1.8 U 4.9 u 2.9 B 2000 J 21-GWOB-01 50 I 59 

MAGNESIUM NA NA 88 B 37100 24-GW03-01 59 I 59 

MANGANESE 2u 2u 2B 714 78:GW24-l-01 57 I 59 

MERCURY 0.2 u 0.2 u 0.23 J 3.2 24-GWO6-01 24 I 52 

NICKEL 20 u 20 u 20 B 234 78-GW22.2-O 1 31 159 

POTASSIUM NA NA 982 B 67300 78-GW32-3-01 59 I 59 

SELENIUM 1u 5u 1.1 J 99.5 i: 78-GW32-2-O 1 41 I 54 

SILVER 3u 15 u 5J 5J 78-GWO93-01 1159 

SODIUM NA NA 2450 B 42500 78.GW323.01 59 I 59 

IU 1u 1B 7.3 J 78-GW32-2-O 1 16 I 59 

VANADIUM 4u 4u 4J 1700 78-GWO8-01 55 I 59 

ZINC 6U 6U 65 967 J 78-GW22.2.01 57 I 59 

CYANIDE 10 u 10 u ND ND ND 0 I 54 
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OPERABLE UNIT NO. 1 - SITES 21.24.78 
SHALLOW, INTERMEDIATE AND DEEP MONITCRING WELLS 

‘! GROUNDWATER DATA AND FREQUENCY SUMMARY 
REMEDIAL INVR!3TIGATION CT0 - 19177 
MCB CAMP LRJRUNE, NORTH CAROLINA 

TAL METALS AND CYANIDE 

SAMPLE NO. 21-GWOl-01 21-Gwo2-01 21-GWO3-01 ~21-GWO4-01 21-GWOA-01 2lGWOB-01 

UNITS UGiL UGR, UG/L UGR, UGIL UGiL 

AL- * 4910 J 319000 J 4820 3 20100 J 16900 J 118000 J 

ANTIMONY 7 UJ 7u 7u 7u 7R 7u 

ARsmc! 
i 

IS IO 2u 11.8 45.2 J 30.4 

BARlUh4 
\ 

32 B 647 51 B 119 B 100 B 386 

BERYLLIUM IB 5 1B 1B IB 6 

CADMIUM SU 10 u 5u 5u 5u 10 u 

cALcm 63000 J 24100 J 6130 J 21700 J 23800 6250 J 

CHROMIUM 10 UJ 348 J 10 UJ 33 J 21 J 192J 

COBALT 8U I8 B 8U IOB 8U 36 B 

COPPER 4B 79 78 28 24 B 38 

IRON 9920 J 122000 J 13400 J 24900 J 38900 J 72900 J 

LEAD 1.8 UJ 214 J 4.9 UJ 33 J 29 . 2000 J 

h4AGNESiUM 5070 15400 4550 B 5490 4850 B 11600 

MANGANESE 64 J 179 J 134 J 193 J 59 276 J 

MERCURY 0.2 R c 0.2 R 24 J 0.2 R 0.2 u 0.2 R 

NICKEL 20 u 86 20 u 20 u 20 u 60 

POTASSIUM 2390B 10500 2240 B 3800 B 2360 B 9520 

sELENluMe IU 11 J IU 1u I UJ 3.7 J 

SILVER 3u 3u 3u 3u 3 UJ 3u 

SODIUM 15700 12600 7950 14400 12600 14400 

THaLLruM IU 1 UJ IU 1 UJ 1 UJ 1u 

VANADIUM 30 B 281 11 B 42 B 48 B 243 

‘ZINC 65 J’ 136 i 27 J 57 J 41 J 175 J 

CYANIDE 10 u IO u IO u 10 u 10 u 10 u 
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OPERABLE UNIT NO. 1 - SITES 21,24,78 

‘! 
SHALLOW, INTERMEDIATE AND DEEP MONITORING WELLS 

GROUNDWATER DATA AND FRBQUENCY SUMMARY 
REMEDIAL INYBSTIGATION CT0 - 19177 

MCB CAMP LBJBUNB, NORTH CAROLINA 
. TAL METALS AND CYANIDE 

SAMPLE NO. 21-0w0GO1 24.GWOl-01 24-GWO2-01 24-GWO3-01 24-GWO4-01 

UIilTs UG/L UGIL UG/L UG5 UGIL 

AL- 209000 J 262000 93700 50200 58900 

AMTMONY .7u 3u 3 UJ 3u 4.6 B I 
ARSENIC 101 10 UJ 2.3 J 4.1 J 116 J s 
BARIUM 467 380 1120 480 290 

BERYLLIUM 8 3B 19 5 2B 

CADMIUM 10 u 5U 12 5U 5u 

’ CALCIUM 35200 J 4120 B 2420 B 124000 65600 

CHROMIUM 291 J 296 316 110 153 

COBALT 60 8U 41 B 66 8U 

COPPER 84 49 52 22 B 31 

IRON 106000 J 58600 395000 16300 70500 

92.5J 89 17.9 21.6 23.6 

hlAGNESIUM 16300 12200 7240 37100 7690 

h4ANGANESE 273 J 117 518 393 66 

h4ERCURY 0.23 J 0.23 2.6 0.2 u 0.2 u 

NlCKJ3L 123 38 B 140 85 20 u 

POTASSIUM 11800 12000 7550 15400 6130 

SEL- 4.3 B 1.3 J 1.1 J 16.2 J 4.3 J 

SILVER a u’ 3 UJ 15 UJ 3 UJ 3 UJ 

SODIUM 15200 6030 11600 19200 5230 

THALLIUM 1U 1U 1u 2.4 B IU 

VANADIUM 419 304 408 92 202 

ZINC 487 J 118 461 650 80 

24-GWO6-01 

UG/L 

19800 

3.5 B 

10.1 J 

159 B 

9 

5 

151000 

78 

35 B 

I5 B 

69500 

7.4 

4320 B 

431 

3.2 

93 

3370 B 

1 UJ 

3 UJ 

7280 

IB 

83 

489 

a Pit 

m 

11 
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OPERABLE UNIT 
SHALLOW, INTERMEDIATE AND DEEP MONITORING WELLS 

‘! GROUNDWATER DATA AND FREQUENCY SUMMARY 
r REMEDIAL INVESTIGATION CT0 - 19177 

MCB CAMP LE!JEUNE, NORTH CAROLINA 
. . TAL METALS AND CYANIDE 

1. 
0 , 

SAMPLE NO. 24-GWO7-01 24-GWOS-01 24-Gwo9-01 24-GW10-01 78-GWO2-01 78-GWO3-01 

UNITS UG/L UG/L UGiL UG5 UG/L UG/L 

ALUMINUM 36000 61100 12800 23300 29200 J 23900 J 

ANTIMONY 3u 3u 3.3 B 5.7 B 1695 38.5 J 

ARSENIC I 3.7 J 8J 4.3 J 2.5 J 405 J 5.7 J 

BARlUM , 85 B 112B 164 B 59 B 109 B 36 B 

BERYLLIUM IB 2B 1B 1U 12 2B 

cADMluh4 5U 5u su 5u 8 5U 

CALC,JUM 4960 B 27000 9530 3820 B 37000 32900 

cHRoMluh4 37 85 19 21 18J 10 UJ 

COBALT 8U 8U 11 B 8U 8U 8U 

COPPER 19 B 24 B 11 B 13 B 20 B SB 

IRON 13700 27500 13100 7010 427000 J 5020 J 

LEAD 11.4 23.8 5.1 7.3 19.6 3.4 

MAGNESIUM 2670 B 5050 7630 1760 B 3650 B 2210 B 

MANGANESE 39 47 180 29 141 27 

MERCURY 0.2 u 0.2 u ' 0.2 u 0.2 u 0.2 u 0.2 u 

NICKEL 20 u 20 u 20 u 20 u 20 u 20 u 

POTASSIUM 3870 B 5580 4280 B 2620 B 2770 B 1320 Ji 

SELENIUM 2.1 J 1.9 J 2.6 J 1 UJ 19.8 J 24J 

- SILVER 3 UJ 3 UJ 3 UJ 3 UJ 15 UJ 3 UJ 

SODIUM 6520 6550 6010 6650 5120 4270 B 

THALLIUM 1u 1U 1U IU 1 UJ 1 UJ 

VANADlUM 64 129 26 B 34B 1660 50 

ZINC 41 47 50 20 58 J 7 12 J 

CYANIDE 10 u 10 u 10 u 10 u 10 u 10 u 

Page4 of 11 GWMP.XLS 
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OPERABLE UNIT NO. 1 - SITES 21,24,78 
SHALLOW, INTERMEDIATE AND DEEP MONITORING WELLS 

GROUNDWATER DATA AND FREQUENCY SUMMARY 
REMEDIAL INVESTIGATION CT0 - 19177 
MCB CAMP LEJEUNE, NORTH CAROLINA 

TAL METALSAND CYANIDE 

SAMPLE NO. 78-GWO4-l-01 78-GW04-2-01 78-GWO43-01 78-GWO5-01 78-GWO6-01 78-GWO7-01 

UNITS UG/L UG/L UG/L UGIL UG5 UGIL 

ALlJMRaJM 297000 J 286 115 B 23000 J 542000 J 207000 J 

ANTIMONY / 7R 7R 7R 7u 7u 7u 

ARSENIC 18.6 J 2R 118 J 5.2 J 26 B 16.2 

BARIUM 728 519 547 54 B 1200 1250 

BERYLLIUM 19 IB IB 2B 9 5 

CADMIUM 
. 

12 SU 21 5u 5u 5u 

CALCIUM 642000 170000 105000 90200 J 7180 J 18700 J 

cHRoMluM 496 J 10 u 50 u 17 J 858 J 400 J 

COBALT 28 B 8U 8U 8U 11 B 20 B 

COPPER 87 4B 7B 8B 127 53 

IRON 267000 J 32 B 523000 14900 J 142000 J 96700 J 

LEAD 

MAGNESIUM 

MANGANESE 
MERCURY 

NICKEL 

POTASSIUM 

SELENIUM- 

SILVER 

126 

25500 

703 

0.75 

136 

18800 

9J 

6 UJ 

2u 2u 13.1 J 

88 B 3210 B 12700 

51 591 161 J 

0.2 u 0.3 0.2 R 

20 B 20 u 20 u 

21800 11300 4770 B 

IR 1R 6.4 

3u 15 u 3u 

155 J 61.5 J 

24000 20000 

c 184 3 135 J 

1.1 J 0.44 J 

86 54 

25600 13200 

5.5 B 9.1 

3u 3u 

SODIUM 8870 11500 9290 23900 5090 9260 

THALLIUM 1.2 J IU IU 1 UJ 1.1 B 1 UJ 

VANADIUM 591 4 UJ 24 J 28 B 811 406 

ZKNC 373 J 7J 79 J 32 J 223 J 158 J 

CYANIDE IO u IO u 10 u 10 u 10 u 10 u 

,. m w .XLS 



---- --___-- OPERABLE UNIT NO. 1. SITES 21,24,78 
SHALLOW, INTERMEDIATE AND DEEP MONITORING WELL8 

‘! GROUNDWATER DATA AND FREQUENCY SUMMARY 
REMEDIAL INVESTIGATION CT0 - 19177 

MCB CAhfP LEJEUNE, NORTH CAROLINA . . 
TAL METALS AND CYANIDE 

SAMPLE NO. 78-GWO8.01 78-GW09-2-01 78.GWO9-3-01 78-GW10-01 78-GWll-01 78-GW12-01 

UNITS UGR. UGIL UG/L iJG/L UGK, UG/L 

ALuMmuM 483000 J 68 J 2710 J 404000 J 332000 108000 J 

AialMoNY ; 7iJ 7R 7R 7R 7R 7R 

ARSENIC I 60.5 2R 2R 43J 10 R 9.6 J 

BARIUM 740 27 b 41 B 582 631 155 B 
- . 

BERYLLIUM 9 . 1u 1B 8 5 28 

CADMIUM 25 U 5u 5u 10 u 25 U 10 u 

CALCIUM 28200 J 114000 99100 54400 9130 31200 

CHROMIUM 491 J 10 UJ 10 UJ 362 J 412 114 J 

COBALT 29 B 8U 8U 31 B 8U 8U 

COPPER 

IRON 

LEWD 
MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 
POTASSIUM 

SELENIUM- 

SILVER 
SODIUM 

+rHALLrn 
VANADIUM 

ZINC 

86 

138000 J 

131 J 

18500 

213 J 

1.3 J 

89 

14700 

25.3 

3u 

4710 B 

1.3 J 

1700 

200 3 

4B 

955 J 

2u 

2550 B 

19 

0.2 u 

20 u 

1220 B 

1 UJ 

3 UJ 

5820 

1 UJ 

4u 

11 J 

4B 

99J 

2u 

249 B 

2u 

0.2 u 

20 u 

7820 

1 UJ 

5J 

7280 

1 UJ 

9B 

181 J 

91 84 

157000 J 120000 

257 195 

17400 15400 

326 ( 174 

1.5 0.75 

108 79 

15800 13000 

18 J 12 J 

3 ilJ 3u 

3340 B 3490 B 

1 UJ IU 

499 526 

217 J ‘120 J 

30 

26400 J 

35.5 

7220 

47 

0.2 u 

20 u 

6090 

3.6 J 

3 UJ 

5420 

1 UJ 

145 

64 J 

CYANIDE IO u 10 u 10 u 10 u 10 u 10 u 

I  
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OPERABLE UNIT NO. 1 - SlTES 21,249 78 
SHALLOW, INTERMEDIATE AND DEEP MONITORING WELLS 

GROUNDWATRR DATA AND FREQUENCY SUMMARY 
REMEDIAL INVESTIGATION CT0 - 19177 

MCB CAMP LRJEUNR, NORTH CAROLINA 
TAL METALS AND CYANIDE 

SAMPLE NO. 78-GW13-01 * 78-GW14-01 786W15.01 78-GWl6-01 78-GW17-l-01 78-GW17-2-01 

UNlTS UG/L UG/L U0K.a UG5 UGK. UG/L 

ALUMINUM 61800 J 103000 J . . 205000 J 341000 J 168000 J 541 J 

ANTIMONY 7u 7R 7R 7R 7R 7R 
/ 

ARSENIC 38.3 18.4 J 4R 19 J 11.6 J 2R 
, 

BARIUM 236 321 469 511 261 57 B 

BERYLLIUM ..3B 1B 4B 6 4B 1B 

CADMRJM 5 U’ 10 u 5u 5u 10 u 5u 

CALCluM 4040 J 5300 29100 62700 86900 144000 

CHROhdluM 222 J 113 J 215 J 353 J 200 J 10 UJ 

COBALT 20 B 8U 9B 13 B 9B 8U 

COPPER ,iSB, 33 49 80 40 5B 

’ IRON 61800 J 49600 J 43300 J 80900 J 48700 J 2120 J 

LEAD 26.4 J 63 53 224 81 5.9 

MAGNESIUM 11800 10600 13400 10800 9940 2570 B 

MANGANBSE 57 J 68 115 150 96 33 

MERCURY 0.3 J 0.38 0.2 u 0.38 0.2 u 0.2 u 

NICKEL 40 34 B 29 B 61 30 B 20 u 

POTASSIUM 8210 6460 12000 14000 11600 1630 B 

SELENIUM. .4.7 B 12.4 J 21 J 14.5 J 5 UJ 1 UJ 

SILVER 3U 3 UJ 3 UJ 3 UJ 3 UJ 3 UJ 

SODIUM 15000 15400 6410 4120 B 3180 B 9480 

THALLIUM 1u 1 UJ IJ 1.4 J 1J . IUJ 

VANADlllM 158 122 248 371 289 4u 

ZINC * 96J 51 J 116 J 157 J 98 J 6 UJ 

CYANIDE 10 u 10 u 10 u 10 u 10 u 10 u 



. . 

‘ !  
SHALLOW, INTERMEDIATE AND DEEP MONITORING WBLLS 

GROUNDWATER DATA AND FREQUENCY SUMMARY’ 

REMEDIAL INVESTIGATION CT0 - 19177 

MCB CAMP LEJBUNE, NORTH CAROLINA 
TAL MBTALS AND CYANIDE 

SAMPLE NO. 78-GWl9-01 78-GW20-01 78-GW21-01 78-GW22-01 78-GW22-l-01 78-GW22-2-01 

UNlTs * UG/Ja UG/L UG/L UG/L UG/L UGR. 

fiw 4110 J 149000 J 23800 J 78900 J 2J7000 190000 J 

I , .i ANidoNY 7R 7u 7u 14 J 7R 7 UJ 

/iRsENlc I 3.1 J 30.3 6.3 J 10 J 59.5 J 73.6 

BARIUM 101 B 430 382 107 B 411 471 

BERYLLliJM 1B 4B 2B 1B 4B 12 

CADMIUM 5u 5u SU 10 u 25 u 6 

CALCIUM 3700 B 5450 J 32900 J iO100 44500 118000 J 

CHROMIUM 10 UJ 231 J 22 J 83 J 238 389 J 

COBALT 8U 35 B 10 B 811 8U 170 

COPPER 3B 61 11 B 34 54 92 

IRON .8500 I 101000 I 26400 J 27600 J 62300 140000 J 

LEAD 8.3 119J 19.1 J 37.2 272 360 J 

MAGNESIUM 5740 13100 9110 5500 12000 13000 

MANGANESE . 26 93 J 85 J 70 158 348 f  

MERCURY 0.2 u 0.37 J 0.2 R 0.3 0.45 0.2 R 

NICKEL 20 u 75 20 u 21 B 99 234 

POTASSIUM 2130 B 9100 4100 B 6180 12000 10200 

SELENIUM - 1 us 4.2 B 1.1 B 4.2 1 7.5 J 45 

SILVER 3 UJ 3u 3u 3 UJ 3u 3u 

SODIUM 24000 11900 9480 12100 9910 8230 

THALLIUM 1 UJ 1.8 B 1u 1.7 J 1u 3B 

VANADIUM 9B 236 86 114 269 547 

ZINC 6J 250 J 108 J 50 J 150 J 967 J 

CYANIDE 10 u 10 u 10 u 10 u 10 u 10 u 

Page8 of 11 GWh@.XLS 



OPERABLE UNIT NO. 1. SITES 21,24,78 

‘! 
SHALLOW, INTERMEDIATE AND DEEP MONITORING WELLS 

GROUNDWATER DATA AND FREQUENCY SUMMARY 
RBMEDJAL INVESTIGATIONCTO - 19177 

MCB CAMP LJZJEUNE, NORTH CAROLINA 
TAL METAL8 AND CYANIDE 

SAMPLE NO. 78.GW23-01 78-GW24-l-01 78-GW24-2-01 78-GW243-O 1 78.GW25-01 78-GW29-01 

UNITS UGR, UGIL UGiL UGIL UGiL UGR, 

ALuMlNuM 111000 J 160000 1340 304 101000 J 78800 J 

ANTMONY / 7R 7R 7R 7R 7R 7R 

ARSENIC 7.6 J 100 J 2R 2R 11.4 J 19 J I 
BARIUM 230 396 34 B 17 B 119B 1070 

BERYLLIUM 2B 7. ._ 1B 1u 2B 12 

CADMIUM 5u 5u 5 5 5u 5u 

CALCIUM 10800 34400 107000 73400 37800 41600 

CHROMIUM 101 J 264 10 10 u 82 J 252 J 

COBALT 8B 39 B 8U 8U 8U 17 B 

COPPER 25 71 6B 5B 26 34 

IRON 30800 J 159000 2320 2370 26300 J 125000 J 

LEAD 50 152 3.3 2.9 B 30.5 25.5 

MAGNESIUM 7110 11600 1740 B 1SOq B 4500 B 21900 

MANGANESE 87 714 21 41 33 341 

MERCURY 0.3 0.75 0.2 u 0.2 u 0.2 u 0.2 u 

NICKEL 42 91 20 u 20 u 20 u 12s 

POTASSIUM 5450 9090 1050 B 982 B 4950 B 11600 

SELENIUM- 4.4 J 17.6 J 1R 1R 1.6 J 2.5 J 

SILVER 3 UJ 3u 3u 3u 3 UJ 3 UJ 

SODIUM . 7450 10800 83SO 7oso 16400 21200 

THALLIUM a’1.7 J 1.5 B IU IU 1.3 J 1 UJ 

VANADIUM 108 436 4J 4 UJ 144 183 

ZINC 67 J 291 J 11 J 16 J 34 J 330 J 

CYANIDE 10 u 10 u 10 u 10 u 10 u 10 u 

Pa 11 

II. e P.XLS 



SAMPLE NO. mGw3 l-2-01 

SHALLOW, INTERMEDIATE AND DEEP MOiIT&ING WELLS 
GROUNDWATER DATA AND PREQUENCY SUMMARY 

REMEDIAL INVRSTIGATION CT0 - 19177 
MCB CAMP LEJEUNE, NORTH CAROLINA 

TAL METALS AND CYANIDE 

78-GW31-3-01 786W32-2-01 78-GW323-01 78-GW33-01 78-GW34-01 

UNITS UGlL UGIL UGR, UGR. UGR. UC/L 

AL- 110 B 1200 112000 J 539 J 78200 6870 

ANTIMONY 7R IR 7R IR 3u 3u 

ARSENIC 
L 2R 2R 21.6 J 2R 5.6, J 4.4 J 

B4RNM , 17 B 415 476 42 B 162 B 173 B 

.> BBRYLLIUM IB 1B 10 1B 1B 1u 

CADMIUM 5u 5u 10 5u 5u 5u 

CALClUh!f ‘7760.0 308000 94600 5440 64800 10400 

cHRoh4IuM .H)U 21 215 J 10 UJ 65 10 u 

COBALT 8U 8U 84 8U 8U 8U 
. COPPER . 3B 5B 87 2u 20 B 11 B 

IRON 280 72 B 98500 J 112J 14900 7250 

LEAD 2u 2u 146 2u 18.1 5.5 

MAGNlSUJh4 2200 B * 151 B 13700 319B 7290 2880 B 

h4ANGANESE 8B 2B 328 2u 86 96 

h4BRCURY 0.3 .. 0.2 u 0.3 0.2 u 0.2 u 0.2 u 

NICKEL 2OU 20 u 166 20 u 20 B 20 u . 

POTASSIUM 1640 B 61600 8460 67300 6900 2620 B 

SELENIUM 1R 1.i J 99.5 J 1 UJ 12.8 J 1 UJ 

SILVER 3u 3u 3 UJ 3 UJ 3 UJ 3 UJ 

SODIUM 10400 26100 7510 42500 7030 4070 B 

THALLIUM 1u 1 UJ 7.3 J 1.3 J IU 1u 

VANADlUM 4J 10 J 462 5B 74 15 B 

ZINC 23J 10 J 826 J 6 UJ 37 59 

CYANIDE 10 u 10 u 10 u 10 u 10 u 10 u 
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OPERABLE UNIT NO. 1 - SITES Z&24,78 

‘I 
. SHALLOW, INTERMEDlATE AND DEEP MONITORING WELL8 

GROUNDWATER DATA AND FREQUENCY SUMMARY 
REMEDIAL INVESTIGATION CT0 - 19177 

s 
MCBCAMPLEJIQJNE, NORTHCAROLINA 

TAL METALSAND CYANIDE 

SAMPLE NO. 78-GW35-01 78-GW36-01 78-GW37-01 78-GW38-01 78-GW39-01 

UNlTs UGIL UGh UGIL UGR, UGIL 
ALUMINUM 41100 120000 73500 102000 60000 

ANTIMONY 3u 20 u 3u 20 u 20 u 

ARSENIC ! 2UJ 3.1 J 4J 33.6 J 4 UJ 

BARIUM 123 B 420 256 : 
261 . 152 B 

BERYLLIUM 1B 2u 2B 4u 1u 

CADMIUM 5U 5u 5U 25u 5U . . 
cALcm 7480 35400 10100 62200 16800 
CHROhiIuM 55 Ill 65 201 60 

COBALT 8U 8U 8U 8U 10 B 
COPPER 15.B 29 22 B 110 699 
IRON 11800 21200 18800 67500 28800 
LEAD 13.2 30.2 21.8 41.2 186 
MAGNESIUM . 5680 5740 4600 B 17500 14300 
MANGANESE 57 62 62 106 84 

MEFicuRY 0.2 u 0.3 0.2 u 0.2 u 0.52 
NICKEZ 20 u 24 B 20 u 32 B 32 B 
POTASSl’@l 6150 5820 5990 8180 3840 B 

SELENIUM 3.5 J 1.7 J 1.1 J 1.3 J 4.3 J 

SILVER 3 UJ 3 UJ . .3UJ 3 UJ 3 UJ 

SODIUM 10300 2450 B 7270 10300 19500 
. 

THALLIUM ’ . 1u 1u 1u 1u 1u 

VANADIUM 59 98 106 235 67 

ZINC 30 57 58 134 138 

CYANIDE 1ou 10 u 10 u 1ou 10 u 

Pa 
a 

I 11 



OPERABLE UNIT NO. 5 - SITE 2 
SHALLOW AND DEEP MONITORING WELLS 
GROUNDWATBR STATISTICAL SUMMARY 

REMEDJAL XNVESTIGATION CT0 - 19174 
MCB CAMP LRIEUNB, NORTH CAROLINA 

TAL METALS AND CYANJDE 

ALuMfNuM 

ANTIMONY 

ARSENIC 

BARIUM 
BERYLLIUM 
CADMKJM 
CALCIUM 
CHROMluM 

COBALT 
COPPER 

IRON 
LEAD 
MAGNESIUM 
MANGANBSE 
h4ERcuRY 
NICKEL 
POTASSlUh4 
SELENKJM 

SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZJNC! 

SAMPLE NO. 2-Gwo1-01 2-Gwo2-0 1 2-GW03-01 2-GW03DW.01 2-GW04-01 2.GWOS-01 

UNlTs * UGR’ UGIL UG/L. UGiL UG/L 

36000 5200 269 16800 4050 

10 u 10 u 3.5 u 10 u 10 u 

’ 21.2 2.5 B 1 UJ 23.6 2.2 B 

52 B 46 B 1420 .95 B 100 B 

1B 0.5 u 0.5 u 2B 0.5 u 

7 2.5 U 2s u 2.5 U 2.5 u 

-it3700 8460 450000 11100 21000 

18 11 16 5U 5U 

10 B 4u 4u 4u 4u 

. 10B 4B 8B SB 3B 

103m 7190 127 28100 12700 

* . 15.5 Jd 3.5 J 1.1 UJ 2.7 J 0.5 UJ 

SbbjJ 1600 B 75 B 1920 B 4800 B 
. . 

: ‘35 21 2u 21 46 > 
0.1 u 0.1 u 0.1 u 0.1 u 0.1 u 

10 u 10 u 10 u 10 u 10 u 

2560 B 1030 B 187000 1210 B 2130 B 

; 4.2 B 0.s u 0.5 u ’ 0.5 u 0.5 u 

15 u 1.5 u 1.5 u 1.5 u 1.5 u 

4040 B 5490 103000 5560 10100 

, .' 0.5 u 0.5 u 0.5 UJ 0.5 u 0.5 u 

‘72 10 B 2u 89 9B 

146 13 B 9B 16B 6B 

CYANIDE SU 5U 5u SU 5u 

.  .  : :  
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OPERABLE UNIT NO. 5 - SITE 2 
SHALLOW AND DEEP MONITORING WELLS 

GROUNDWATER STATISTICAL SUMMARY 

REMEDIAL INVESTIGATION CT0 - 19174 
MCB CAMP LEJEUW NORTH CAROLINA 

TAL MFiTALS AND CYANIDE 

,i 
SAMF’LB NO. 2-GWO6-01 2-GWO7-01 2-GWO8-0 1 2-Gwo9-0 1 

UNrrs UGh UG/L UG/L UGR. 

ALUMINUM 

ANTIMONY 

AFtsNIc! 

BARIUM 

BERYLLIUM 
CAD- 

CALCIUM 

cBRoh4IuM 

COBALT 
COPPER 

IRON 

LEAD 

h4AGNlBlUM 
MANt3IANESE 

MERCURY 

NICKEL 
POTMSNN 

SELENIUM 
SILVER 

SODKbl 

THALLIUM 

VANADKM 

ZINC 

CYANIDE 

L 13600 

10 u ! 
5.4 B 

173 B 

. 0.5 u 

2.5 U 

7940 

15 

12 B 

5B 

11700 

6.7 J 

4120 B 

79 

O.! u 

10 u 

2570 B 

0.5 u 

1.5 u . 

21900 

0.5 u 

15 B 

26 

8550 6380 56300 

10 u 3.5 UJ 10 u 

5.7 B 9.2 B 129 

98 B 98B ’ 328 

0.5 u 0.5 u 3B 

2.5 U 2.5 U 2.5 U 

9350 5710 

15 5u 

4u 4u 10 B 

7B 6B 25 

12500 9150 

8.3 J 1.8 UJ 27.b 

362QJ3 2020.B 9989 

.72 - 54. 296 

0:1 iJ 0.1 u 0.1 u 

10 u 10 u 25 B 

1940 B 1550 B 6610 ,. 

0.5 u 0.5 u 0.5 u 

1.5 u 1.5 u 1.5 u 
. 

‘8180 11800 18300 

0.5 u 0.5 u 0.5 u 

18 B 12B 86 

22 27 103 

5u 5U I 5u 5u 

2MGWLXLS 
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OPERABLE UNIT NO. 5 - SITE 2 

SHALLOW AND DEEP MONITORING WELLS 
GROUNDWATER STATISTICAL SUMMARY 

REMEDIAL INVESTIGATION CT0 - 19174 
MCB CAMP LEJBUNB, NORTH CAROLINA 

DISSOLVED METALS 

SAMPLE NO. 2-GWOlD-01 2-Gwo2D-O 1 2.GW03D-O I 2.GW03DWD-01 2-GW04D-0 1 2-GWO5D-01 

UNlTS UG5 UG/L UGIL UGiL UG/L 

ALLlMTNuM 

ANTMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMlUM 
CUItJM 
cHRoIvlluh4 
COBALT 
COPPER 
IRON 
LEAD 
MAGNlNUh4 
MANGANJZSE 
MEmxlRY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLm 
VANADlUM 
ZINC 

1930 

1ou . 

2.2 B 

42 B 

1B 

2.5 u 

24400 

5u 

4u 

4B 

2560 

2.1 J 

5220 

51 

0.1 u 

10 u 

2140 B 

0.5 u 

1.5 u 

3590 B 

0.5 u 

2u 

28 

66 B 

10 u 

1u 

25 B 

0.5 u 

2.5 u . 

7100 

su 

4u 

2B 

2170 

0.5 UJ 

1030 B 

4.5 u 

0.1 u 

10 u 

589 B 

0.5 u 

1.5 u 

5400 

0.5 u 

2u 

3u 

89 B 

3.5 Uf 

1 UJ 

1400 

0.5 u 

2.5 U 

441000 

11 

4u 

6B 

10 u 

0.5 UJ 

26 B 

1u 

0.1 u 

10 u 

188000 

0.5 u 

1.5 u 

103000 

0.5 Ii 

2u 

3u 

60 B 

10 u 

6.1 B 

64 B 

0.5 u 

2.5 U 

11300 

5u 

4u 

9B 

2720 

0.5 UJ 

1840 B 

17 

0.1 u 

IO u 

1130 B 

0.5 u 

1.5 u 

5710 

0.5 u 

2u 

8B 

1990 

10 u 

1u 

98 B 

1B 

2.5 U 

21800 

5u 

4u 

4B 

7400 

0.5 UJ 

4900 B 

46 

0.1 u 

10 u 

2170 B 

0.5 u 

1.5 u 

9970 

0.5 u 

2u 

9B 

CYANIDE 



I  

OPERABLE b,nlT NO. 5 - SITE 2 

SHALLOW AND DEEP MOMTORING WELLS 
GROUNDWATER STATISTICAL SUMMARY 

REMEDIAL INVESTIGATION CT0 - 19174 
MCB CAMP LBJRUNE, NORTH CAROLINA 

DISSOLVED METALS 

ALUMINUM 

ANTIMONY 

ARSENIC 
BARIUM 
BERYLLIUM 

CADMIUM 
CALcrcTM 

CHROMIUM 

COBALT 

COPPER 
IRON 

LEAD 

MAGNESIUM 
MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

- SILVER 

SODIUM 

VANADIUM 
ZINC! 

SAMPLE NO. 2-GWO6D-01 2-Gwo7D.h 2GWOSD-01 2-GWO9D-01 

UNITS UG/L UG/L. . i UGIL UG/L 

149 B 43B 95 B 1230 

10 u 10 u 35 u 10 u 

I 2.9 B 1u 7.1 B 1u 

f 126 B 49 B 62 B 149 B 

0.5 u 0.5 u 0.5 u 1B 

2.5 u 2.5 U 2.5 U 2.5 U 

8080 9590 5800 20800 

5u 5u 5u 10 

10 B 8B 4u 14 B 

2B 5B 4B 5B 

7070 4660 6180 7040 

0.5 UJ 0.5 UJ 0.5 UJ 0.5 UJ 

3610 B 3060 B 1730 B 6890 

65 48 40 129 

0.1 u 0.1 u 0.1 u 0.1 u 

10 u 10 u 10 u 10 u 

1970 B 1490 B 1150 B 2790 

0.5 u 0.5 u 05 u 0.5 u 

1.5 u 1.5 u 1.5 u 1.5 u 

22600 8720 12100 17200 

0.5 u 0.5 u 0.5 u 0.5 v  

2u 2u 2u 2u 

12 B 13 B 19 B 35 

2MGWlD.XLS 
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SURFACE WATER 
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ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CIIROMIUM 

COBALT 

COPPER 

CYANIDE 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM _ 

ZINC 

BASE BACKGROUND 
SURFACE WATER 

MCB, CAMP LFJEUNE, NORTH CAROLINA 
TAL INORGANICS 

Sample ID: 6-BHOl-SW-06B 6-BHOI-SW-06M 6-BH02-SW-06M 6-WCOl-SW-06B 6.wcot-SW-06M 6-WC02-SW-06B 6-WC03-SW-06B 

, 

1210 

17.2 UJ 

3 u 

13.4 JB 

0.3 u 

1.9 UJ 

612 B 

3.6 U 

2 u 

3.2 UJ 

10 u 

958 

1 u 

588 B 

6.5 B 

0.04 u 

7.9 UJ 

117 UJ 

5 u 

2 UJ 

4680 B 

2 UJ 

1.8 UJ 

4.5 u 

1230 

14 u 

3 u 

14 JB 

0.3 u 

2.6 UJ 

600 B 

3.6 U 

2 u 

3 UJ 

10 u 

818 

1 u 

612 B 

6.2 B 

0.05 u 

7.9 UJ 

146 UJ 

s u 

2 UJ 

48SO B 

2 UJ 

1.8 UJ 

4.9 u 

868 

14 u- 

3 UJ 

25.1 JB 

0.3 u 

1.9 u 

16100 

7 u 

3 UJ 

7 UJ 

10 u 

921 

3 u 

1010 B 

14 JB 

0.04 u 

7.9 u 

685 B 

s u 

4 UJ 

5250 

2 UJ 

2JB 

13.1 u 

1350 

14 u 

3 UJ 

16 JB 

0.3 u 

1.9 u 

3640 B 

3.6 UJ 

2 u 

1.9 u 

10 u 

1050 

2.3 JB 

632 B 

9 UJ 

0.04 u 

7.9 UJ 

376 B 

5 UJ 

2 UJ 

3930 B 

2 u 

3.3 JB 

8.7 U 

1220 

14 u 

3 UJ 

16.2 JB 

0.3 u 

1.9 u 

3670 B 

3.6 UJ 

2 u 

1.9 u 

10 u 

941 

1.9 JB 

639 B 

8.9 UJ 

0.04 u 

7.9 UJ 

341 ,B 

S UJ 

2 UJ 

3980 B 

2 UJ 

1.9 JB 

7.6 U 

633 

16.2 UJ 

2 u 

19.3 B 

0.3 u 

1.9 u 

9990 

3.6 U 

2 u 

1.9 u 

10 UJ 

844 

1.2 B 

1110 B 

8.8 B 

0.07 u 

7.9 u 

604 B 

s u 

3.8 UJ 

7790 

2 UJ 

2.1 JB 

7.5 u 

747 

49 u 

2 u 

21 u 

1 u 

3 u 

9360 

5 u 

6 U 

4 u 

10 u 

849 

5 

916 B 

9.8 JB 

0.2 u 

17 u 

610 B 

s u 

10 u 

6240 

2 UJ 

5 u 

7.4 u 

Concentrations presented in micro~ams per liter (UG/L) 



ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

cALcIuM 

CHROMIUM 

COBALT 

COPPER 

CYANIDE 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM . 

ZINC 

BASE BACKGROUND 

SURFACE WATER 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

TAL INORGANICS 

Sample ID: 6-WC03-SW-06M 6-WC03-SW-312M 41-TC-SW06 41-UN-SW01 

633 

49 u 

2 u 

21 u 

1 u 

3 u 

8890 

5 u 

6 U 

4 u 

10 u 

756 

5 

883 B 

8.2 JB 

0.2 u 

17 u 

603 B 

5 u 

10 u 

6100 

2 UJ 

5 u 

10.4 u 

676 390.0 

49 u 7.60 U 

2 u 2.90 u 

21 u 23.6 

1 u 0.760 U 

3 u 3.19 u 

9430 lS900.0 

5 u 8.31 U 

6 U 16.0 U 

129 16.3 U 

IO u NZ 

830 1460.0 

10.4 1.40 

936 B 1620.0 

9.2 JB 25.7 

0.52 0.171 u 

1380 17.4 u 

640 B 2210 

5 u 1.60 UJ 

10 u 1.60 U 

6500 15000 

2 UJ 3.00 u 

5 u 20.4 U 

111 21.4 

447.0 J 

7.60 U 

2.20 u 

23.3 

0.760 U 

3.19 u 

41600.0 

8.31 u 

16.0 U 

16.3 U 

NZ 

1300.0 J 

1.85 

1770.0 

17.5 

0.182 UJ 

28.8 U 

1860 

1.60 UJ 

1.60 U 

22100 

3.00 u 

20.4 U 

24.9 

41-NE-SW05 

178.0 

7.60 U 

2.90 u 

27.2 

0.760 U 

3.19 u 

40300.0 

8.31 U 

16.0 U 

16.3 U 

NZ 

469.0 

1.17 

2410.0 

40.0 

0.160 U 

17.4 u 

1620 

1.60 Ui 

1.60 U 

12300 

3.00 u 

20.4 U 

33.2 

2-oc-SW01 69-UTl-SW-06 

556 

7 u 

2 u 

18 B 

1 u 

5 u 

22900 

10 u 

8 u 

4 B 

NZ 

413 

2 u 

1960 B 

24 

0.2 u 

20 u 

SO9 B 

1 u 

3 UJ 

6190 

1 u 

4 u 

23 UJ 

1110 

49 u 

3 u 

23 B 

1 u 

3JB 

1380 B 

5 u 

SJB 

7 JB 

10 u 

1000 

2 B 

846 B 

9 JB 

0.2 u 

17 u 

385 B 

5 u 

10 u 

4790 JB 

2 UJ 

10 JB 

18 B 

Concentrations presented in micrograms per liter (UG/L) 



ALUMINUM 178 

ANTIMONY ND 

ARSENIC ND 

BARIUM 13.4 

BERYLLIUM ND 

CADMIUM 3 

CALCIUM 600 

CHROMIUM ND 

COBALT 8 

COPPER 4 

CYANIDE ND 

IRON 413 

LEAD 1.17 

MAGNESIUM 588 

MANGANESE 6.2 

MERCURY 0.52 

NICKEL 1380 

POTASSIUM 341 

SELENIUM ND 

SILVER ND 

SODIUM 3930 

THALLIUM ND 

VANADIUM 1.9 

ZINC 18 

BASE BACKGROUND 

SURFACE WATER 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

TAL INORGANICS 

Mmumum Maximum 

(ugn) @is-) 

1350 803.4 

ND NA 

ND NA 

27.2 17.9 

ND NA 

3 1.5 

41600 13383.7 

ND NA 

8 3.7 

129 12.7 

ND NA 

1460 900.6 

10.4 2.6 

2410 1138.0 

40 13.4 

0.52 0.1 < 

1380 105.1 

2210 776.8 

ND NA 

ND NA 

22100 7835.7 

ND NA 

10 4.4 

111 18.0 

Average 

hdJ4 

Qualiiers have been removed per Baker’s standards. 

Qualifiers U and UJ have been given one-halfthe detection value. 

Qualifiers J, NJ, and B have been removed with no detection value change. 



SEDIMENT 



ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

Sample ID: Z-OCSDOl-06 

8680 

4 R 

t 0.56 UJ 

30.5 B 

0.85 B 

1.4 u 

6320 

9.9 

2.3 U 

1.1 B 

842 

8.8 

322 B 

4.8 

0.14 u 

5.6 U 

229 B 

1.7 J 

0.85 UJ 

86.2 B 

0.31 J 

6.8 I3 

18.9 

BASE BACKGROUND 
SEDIMENT 

MCB, CAMP LEJEXJNE, NORTH CAROLINA 
TAL INORGANICS 

2-OCSDOl-612 6-BHOl-SD-612B 

9090 

R 

0.57 UJ 

30 B 

0.86 B 

1.4 u 

6180 

10 

2.3 U 

0.86 B 

845 

8 

307 B 

5.7 

0.14 u 

5.7 u 

237 B 

2.1 J 

0.86 UJ 

78.9 B 

0.29 J 

6.6 B 

18.9 

6760 

4.7 UJ 

1u 

9.7 JB 

0.13 B 

0.51 UJ 

59.3 u 

5.1 

0.53 u 

3.2 JB 

765 

8.9 

128 B 

4.9 

0.05 u 

2.1 UJ 

125 B 

1.7 UJ 

0.53 UJ 

35.5 UJ 

0.69 U 

5.7 B 

2.1 u 

6-BHOl-SD-612M 

7790 

5.9 u 

1.1 u 

14.4 B 

0.17 B 

0.8 UJ 

82.8 U 

4.7 

0.84 U 

10.1 JB 

1590 

12.3 

160 B 

6B 

0.05 u 

3.3 UJ 

163 B 

1.9 u 

0.84 UJ 

42.8 UJ 

0.76 U 

6.5 B 

1.4 u 

6-BHO l-SD-6B 

5610 

4.9 UJ 

1.1 u 

8.5 UJ 

0.14 B 

0.86 UJ 

61.9 U 

4.9 

0.55 u 

4.2 JE3 

638 

11.3 

103 B 

4.7 

0.05 u 

2.2 UJ 

122 B 

1.8 UJ 

0.55 UJ 

41.5 UJ 

0.73 u 

4.8 B 

1.6 U 

6-BHOl-SD-6M 

6360 

4.8 U 

0.93 u 

9.9 JB 

0.1 u 

0.65 UJ 

70.2 U 

3.6 

0.69 U 

6.2 JB 

956 

10.2 

130 B 

4.9 B 

0.04 UJ 

2.7 UJ 

140 B 

1.6 UJ 

0.69 UJ 

39.4 UJ 

0.62 U 

4.9 B 

1.8 U 

6-BH02-SD-06M 

3010 

3.8 U 

0.77 u 

12.5 B 

0.08 U 

0.54 JB 

1410 

3.3 u 

1.1 UJ 

2.5 UJ 

1240 

6.9 

77.9 B 

4.4 J 

0.03 u 

2.7 UJ 

76.8 UJ 

1.3 u 

0.82 UJ 

25.4 UJ 

0.51 u 

3.3 JB 

12 

Concentrations presented in milligrams per kilogram (mgkg). 



ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 

THALLIUM - 

VANADlUM 

ZINC 

BASE BACKGROUND 
SEDIMENT 

MCB, CAMP LEJEUNE, NORTH CAROLINA 
TAL INORGANICS 

Sample ID: 6-BH02-SD-612M 6-WCOl-SD-06B 6.WCOl-SD-612B 6-WC02-SD-06B 6-WC02-SD-612B 6-WC03-SD-06B 6-WC03-SD-06M 

4.6 U 

1.6 JB 

30 B 

0.33 B 

1.3 JB 

3890 

9.9 

2.6 UJ 

2.3 UJ 

3150 

8.9 

187 B 

8.6 J 

0.07 u 

7.2 UJ 

151 u 

2.9 

1.3 UJ 

39.9 UJ 

0.65 UJ 

14.1 B 

12.6 

2090 J 

3.3 u 

1.2 JB 

5.2 JB 

0.07 u 

0.45 u 

329 B 

3 UJ 

0.48 U 

0.86 UJ 

724 J 

9.7 J 

50.5 B 

2.4 UJ 

0.03 u 

1.9 UJ 

92.1 B 

1.4 UJ 

0.48 UJ 

38.3 UJ 

0.55 u 

5.7 B 

3.1 u 

2510 

3.1 u 

0.73 UJ 

15.3 B 

0.07 u 

0.42 U 

1060 B 

2.5 UJ 

0.44 u 

0.64 UJ 

1430 J 

2.3 J 

57 B 

4.7 J 

0.04 u 

1.8 UJ 

98.1 B 

1.2 UJ 

0.44 UJ 

27 UJ 

0.49 u 

4.4 B 

3.1 u 

6540 J 

3.1 u 

0.81 U 

19.6 JB 

0.26 U 

0.42 U 

1090 JB 

4.2 

0.6 JB 

0.43 JB 

1200 J 

4.8 J 

372 JB 

8.8 

0.08 U 

1.7 UJ 

145 B 

IU 

0.52 UJ 

491 JB 

0.4 UJ 

5.8 B 

1.6 U 

5390 J 

4.1 u 

0.64 U 

23.7 JB 

0.33 u 

0.74 UJ 

1790 J 

3.4 

0.87 JB 

0.62 JB 

1570 J 

4.8 J 

356 JB 

6.5 

0.06 U 

2.8 B 

97 u 

1.3 u 

1.2 UJ 

469 JB 

0.5 UJ 

7B 

2.4 U 

6480 J 

6.8 UJ 

1.4 UJ 

15.8 JB 

0.27 U 

1.2 UJ 

2850 J 

6.2 

0.94 u 

5.8 JB 

6870 J 

9J 

440 JB 

9.7 

0.11 u 

3.7 UJ 

220 B 

2.7 U 

1.5 UJ 

277 UJ 

1.1 UJ 

11.6 B 

16.3 U 

4780 J 

3.4 u 

0.82 UJ 

37.1 JB 

0.32 U 

0.46 U 

22200 J 

6.4 

1.3 JB 

53200 

6940 J 

314 J 

852 JB 

23 

0.06 U 

1.9 UJ 

360 B 

1 UJ 

7.3 

489 JB 

0.4 UJ 

9.1 B 

926 

Concentrations presented in milligrams per kilogram (mgkg). 
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ALuMlNuM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCJUM 

CHROMIUM 

COBALT 

COPPER 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENJUM 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

BASE BACKGROUND 
SEDIMENT 

MCB, CAMP LEJEUNE, NORTH CAROLINA 
TAL INORGANICS 

Sample ID: 6-WC03-SD-612B 41-UN-SDOl-06 

7040 J 1720.0 

, 6.8 u 2.15 u 

1.3 JB 0.789 U 
, 

25.2 JB 5.24 

0.26 U 0.351 u 

0.92 U 0.639 U 

4500 J 1250.0 

8.3 4.81 U 

0.97 u 2.65 U 

79.6 4.41 u 

6050 J 924.0 J 

10.3 J 13.8 J 

333 JB 62.5 

8.3 2.94 

0.11 u 0.068 u 

3.8 UJ 5.97 

457 B 136.0 U 

2.3 U 0.688 u 

1.3 UJ 0.435 u 

382 UJ 73.6 J 

0.93 UJ 1.25 U 

15.7 B 4.52 U 

12.3 U 10.5 u 

41.UN-SDOl-612 41-NE-SD05-06 

2780.0 

2.09 U 

0.768 U 

7.66 

0.342 U 

0.622 U 

1660.0 

3.18 U 

2.58 U 

4.29 U 

1160.0 J 

12.6 J 

59.4 

2.67 

0.066 u 

3.79 

132.0 U 

0.670 U 

0.424 U 

49.3 UJ 

1.22 u 

4.40 u 

15.2 U 

437 J 

1.91 u 

0.542 U 

3.2 U 

0.196 U 

0.823 U 

314 J 

2.42 J 

4.13 u 

4.21 U 

354 J 

1.94 

21.5 

1.96 J 

0.064 U 

7.4 u 

197 u 

0.387 UJ 

0.413 UJ 

95 u 

0.748 UJ 

5.26 U 

7.41 u 

41-NE-SD05-612 

351 J 

1.88 u 

0.532 U 

3.14 u 

0.193 u 

0.809 U 

216 J 

2.11 UJ 

4.06 U 

4.13 u 

262 J 

2.19 

18.2 U 

1.79 UJ 

0.063 U 

7.3 u 

193 u 

0.38 UJ 

0.406 UJ 

117 

0.735 UJ 

5.17 u 

13.6 

41-TC-SD06-06 

2580.0 J 

2.28 U 

0.702 

13.5 

0.234 U 

0.982 u 

1090.0 J 

3.42 J 

4.92 U 

5.02 U 

2840.0 J 

18.7 

99.8 

8.72 J 

0.077 u 

8.90 U 

235.0 U 

0.462 UJ 

0.492 UJ 

347.0 

0.892 UJ 

6.28 U 

18.0 

Concentrations presented in milligrams per kilogram (mgkg). 



BASE BACKGROUND 

SEDIMENT 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

TAL INORGANICS 

ALxlMINuM 

ANTIMONY 

ARSENIC 

BARIUM 

BERYLLIUM 

CADMIUM 

CALCIUM 

CHROMIUM 

COBALT 

COPPER 

IRON 

LEAD 

MAGNESIUM 

MANGANESE 

MERCURY 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODlUM 

THALLIUM 

VANADRJM 

ZINC 

Sample ID: 410TC!-SD06-612 69-UTI-SD-06 

6600.0 J 

2.11 u 

0.864 

25.3 

0.377 

0.909 u 

1230.0 J 

8.72 J 

4.56 U 

4.64 U 

6030.0 J 

13.6 

235.0 

13.7 J 

0.071 u 

8.20 u 

381.0 

0.862 J 

0.456 UJ 

105.0 u 

0.826 UJ 

12.7 

19.9 

1240 

9.4 u 

0.62 U 

4u 

0.19 u 

0.58 U 

264 B 

3.3 

1.2 UJ 

1.5 UJ 

3530 

1 

48.9 B 

2.9 J 

0.11 u 

3.3 u 

81.1 B 

1u 

1.9 u 

122 JB 

0.42 UJ 

4 UJ 

4.4 u 

Concentrations presented in milligrams per kilogram (mgikg). 





WHITE OAK RIVER BASIN REFERENCE STATIONS 

Water Body Description 

Hadnot Creek, Holland Mill Creek (including Cartwheel Branch) and the section of the White Oak River that 
encompasses Hadnot Creek, Holland Mill Creek, and Webb Creek are classified as SA from their source to the 
White Oak River. The SA classifies the water body as a tidal saltwater with shellfishing for market purposes and 
the following uses: primary recreation, aquatic life propagation and survival, fishing, wildlife, and secondary 
recreation. Webb Creek is classified as C from its source to the White Oak River. The C classifies the water body 
as a fresh water with the following uses: aquatic life propagation and survival, fishing, wildlife, and secondary 
recreation. The section of the White Oak River that encompasses these three creeks is designated by the North 
Carolina Fisheries Rule as Class C - coastal fishing waters (NCMFC, 1993). 

Biological Sampling 

Biological samples collected at the background stations consisted of fish and benthic macroinvertebrate. The 
biological samples were collected to obtain population statistics for fish and benthic macroinvertebrates and to obtain 
fish tissue samples for chemical analysis (Hadnot Creek only). Prior to initiating the sampling event at each station, 
the following information describing the site was recorded in the field log book: 

Average width, depth and velocity of the water body 

Description of substrate 

Description of “abiotic” characteristics of the reach such as pools, riffles, runs, channel 
shape, degree of bank erosion, and shade/sun exposure 

Description of “biotic” characteristics of the reach including aquatic and riparian 
vegetation and wetlands 

Water quality measurements were collected during the benthic macroinvertebrate sampling, at a minimum, and 
during collection of some of the fish samples. On-site water quality measurements at these stations consisted of 
temperature, pH, specific conductance, salinity and dissolved oxygen. These measurements were conducted prior 
to sample collection. The station locations and sampling procedures for the collection of the fish and benthic 
macroinvertebrates is discussed later in this appendix. 

Fish and Shellfish 

This section discusses collection of the fish and shellfish samples in the reference stations at Webb Creek, Hadnot 
Creek, and Holland Mill Creek. 

A literature review was conducted to determine the fish species that may potentially be exposed to contaminants in 
the surface water/sediment exposure pathway. This review included compiling information from State and Federal 
natural resources agencies. In addition, Bakers experience in sampling similar areas formed a basis for a database 
of expected species for the area. 

Sampling variability can prevent the same species of fish from being sampled at each station because either the 
preferred species was not captured, or adequate numbers of uniform-size individuals were not captured. Therefore, 
if the preferred species was not successfully collected to satisfy the above requirements, a substitute species was 
collected that, if possible, exhibiting a similar trophic position in the estuarine ecosystem. 

The collected fish species were identified, measured, and counted. The small fish (less than 20 mm) were weighed 
in groups of 10 or 20 because of their low individual weight; the larger fish were weighed individually. The 



proportion of individuals as hybrids and the proportion of individuals with disease, tumors, fin damage, and skeletal 
anomalies was recorded at each station. 

Fish that exhibited signs of being dead for an extended period of time (i.e., brown gills, bloating) were not retained 
for tissue analysis because of the potential for decomposition and leaching of contaminants from the organs into 
the edible portions of the fish. 

Webb Creek 

This section discusses collection of the fish samples in Webb Creek including the station locations and sampling 
procedures. 

Station Location 

The fish station WC02 was located on Webb Creek approximately 300 feet upstream from the Camp Lejeune 
railroad crossing. Station WC03 was located in the White Oak River approximately 25 feet downstream from its 
confluence with Webb Creek. See fish and benthic macroinvertebrate sampling station figure found later in this 
appendix for approximate sample locations. 

Sampling Procedures 

Fish were collected in Webb Creek using gill nets and hoop nets. All fish that were collected were processed for 
population statistics; no fish at these stations were collected for tissue analysis. 

The gill nets were six feet deep by 50 to 100 feet long with a stretch mesh size ranging from two to four inches, 
and an approximate twine break strength of 29 pounds. The nets were deployed approximately at the locations 
shown on the figure found later in this appendix. Weights were attached to the nets to secure them on the bottom 
of the stream and yellow buoys marked with “Baker Environmental” were attached to the tops of the nets. The nets 
were deployed in the morning or evening, and they were checked for fish within twelve hours after deployment. 

The hoop nets were three to four feet in diameter and fourteen to sixteen feet in length. Twenty-five foot wings 
were attached to the nets to help direct fish into the net. The nets were deployed in the middle of the channel with 
the wings stretched across the creek in a forty-five degree angle. The end of the net and the wings were secured 
using 6.5 foot wooden posts. The nets were checked at least once daily, as the fish usually survive when captured 
in these nets. 

Hadnot Creek 

This section discusses collection of the fish samples in Hadnot Creek including the station locations and sampling 
procedures. 

Station Location 

Fish were collected from four stations in Hadnot Creek (HCOl, HC02, HC03 and HC04). HCOl was located 
approximately 100 feet upstream of Rt. 1104. Station HC02 was located approximately 2,500 feet upstream of 
Rt. 58. Station ICC03 was located in the White Oak River approximately 100 feet upstream from its confluence 
with Hadnot Creek. Finally, station HC04 was located in Hadnot Creek by the road off of the Rt. 1105 crossing. 
In October, 1993, fish were collected by Baker in Hadnot Creek as part of another investigation (Baker, 1993). 
Fillet samples of these fish were chemically analyzed and the results are included in this ERA. 

Sampling Procedures 

Fish were collected at these stations for population statistics; fish were not collected at these stations for tissue 
analysis. Fish were collected in Hadnot Creek using hoop nets, gill nets, a haul seine, pole fishing, and the 



,- backpack electroshocker. The same sample collection and sample processing procedures used in Webb Creek were 
conducted at the Hadnot Creek stations for the gill nets and hoop nets. Pole fishing only was conducted during the 
October 1993 sampling. 

Fish were collected in the furthest upstream stations using electrofishing, conducted with a Smith-Root, Inc., 
backpack electrofisher powered by a 300-watt portable generator. A DC current was applied utilizing a “rattail” 
as the cathode and a hand-held electrode as the anode. Blocking seines were placed downstream and upstream of 
the shocking areas to aid in the collection of the fish. The length of the shocking time per subsection was recorded 
as seconds of applied current. Stunned fish were collected with one-inch mesh or smaller dip nets handled by 
members of the field sampling team. 

Holland Mill Creek 

This section discusses collection of the fish samples in Holland Mill Creek including the station locations and 
sampling procedures. 

Station Location 

Fish were collected from three stations in Holland Mill Creek (HMOl, HM02, and HM03). HMO1 was located on 
Cartwheel Branch just upstream of Rt. 1444. Station HMO2 was located at the confhtence of Holland Mill Creek 
and Cartwheel Branch. Station HMO3 was located in the White Oak River approximately 50 feet downstream from 
Holland Mill Creek. 

Sampling Procedures 

Fish were collected at these stations for population statistics. Fish were not collected at these stations for tissue 
analysis. Fish were collected in Holland Mill Creek using hoop nets, gill nets, a haul seine, and the backpack 
electroshocker. The same sample collection and sample processing procedures used in the Webb Creek and Hadnot 
Creek stations were conducted at the Holland Mill Creek stations. 

Benthic Macroinvertebrates 

This section discusses collection of benthic macroinvertebrate samples in the reference stations at Webb Creek, 
Hadnot Creek, and Holland Mill Creek. 

Webb Creek 

Benthic macroinvertebrates were collected in Webb Creek using the ponar grab deployed from the boat. 

Benthic macroinvertebrates were collected from a boat using a standard ponar grab. The dimensions of the ponar 
are 23 x 23 cm (9 x 9 in.) for a sampling area of 529 cm’ or 0.0523 m2 (81 in2). 

The ponar was deployed from the boat, which was positioned in slightly different locations for each replicate to 
prevent re-sampling the same area. After retrieving the ponar with a sediment sample, it was opened into a clean 
tub and the sediments were removed with a teflon spatula. The sediments were transferred to a 0.5 mm sieve that 
was agitated (by hand) in water to remove the small particles. The remaining contents in the sieve were transferred 
into 16-ounce plastic sample jars. The jars were filled up to one-half full with sediments, and buffered formalin 
solution (10 percent by weight) was added to the remainder of the jar to preserve the benthic macroinvertebrates 
contained in the sediments. A 100 percent cotton paper label, marked in pencil with the sample number, was placed 
inside the jar. The outside of the jar was labeled with the sample number using a black permanent marker to 
identify the sample containers. 

After all the benthic macroinvertebrate sampling at the New River was completed, the sample jars were transported 
to RMC Environmental Services, Inc. for sample sorting and taxonimic identification of the benthic 



,- macroinvertebrates. 

Hadnot Creek 

Benthic macroinvertebrates were collected in Hadnot Creek using the ponar grab deployed from the boat. The boat 
was not used at HCOl or HC04 because the water was too shallow. Benthic macroinvertebrates were collected using 
the same procedures used for collecting benthic macroinvertebrates in Webb Creek. 

Holland Mill Creek 

Benthic macroinvertebrates were collected in Holland Mill Creek using the ponar grab deployed from the boat. The 
boat was not used at HMO1 because the water was too shallow. The same sample collection and sample processing 
procedures used in Webb Creek were conducted at the Holland Mill Creek stations. 

Biological Tissue Sample Results 

The analytical parameters included TCL VOCs, TCL SVOCs, TAL metals, and TCL pesticides/PCBs. Background 
fish fillet tissue were collected from Hadnot Creek and analyzed these results are discussed below. 

Hadnot Creek 

Several metals were detected in the Hadnot Creek fillet tissue samples. These metals included aluminum, arsenic, 
calcium, chromium, copper, magnesium, manganese, mercury, nickel, potassium, sodium and zinc in the fillet 
samples. The range of detected levels for these chemicals in the fish fillet tissue samples from Hadnot Creek are 
as follows: 

Minimum (mg/kg) Maximum (mg/kg) 

Aluminum 36.5 36.5 
Arsenic 0.34 3.9 
Calcium 154 1,170 
Chromium 0.21 0.68 
Copper 0.18 0.46 
Magnesium 254 319 
Manganese 0.008 0.38 
Mercury 0.05 0.24 
Nickel 0.45 0.45 
Potassium 3,270 4,040 
Sodium 505 1,060 
zinc 3.9 6.5 

The maximum detect of manganese was in the southern flounder. The maximum detect of sodium was found in 
the red drum. Aluminum, calcium, chromium, magnesium, mercury, and potssium were detected at their highest 
concentrations in the largemouth bass. The maximum detects of arsenic, copper, nickel, and zinc were found in 
the longnose gar. 

Two pesticides were detected in the fillet tissue samples, 4-4’-DDE and alpha-chlordane. 4,4’-DDE was detected 
twice, both in the longnose gar. Alpha-chlordane was detected once in the largemouth bass. The range of detected 
concentrations for these constituents were as follows: 

Minimum (uglkg) Maximum tug/k& 

4-4’-DDE 9.7 12.0 
alpha-Chlordane 0.17 0.17 



Two VOCs and three SVOCs were detected in the fillet tissue samples. Common laboratory contaminants were 
the primary detections, which included methylene chloride, acetone, di-n-octyl phthalate and bis(2- 
ethylhexyl)phthalate. Phenol was also detected in the fillet tissue samples. The concentration ranges for these 
chemicals were the following: 

Minimum (ug/kgj Maximum (ug/kgl 

Methylene chloride 
Acetone 
di-n-octyl phthalate 
bis(2-ethylhexyl) 

phthalate 
Phenol 

3 .O 41.0 
16 130 
6 1 500 
820 17,000 

460 2,100 

Field Chemistry Results 

Samples from these surface water bodies were collected from the water surface and bottom. 

Webb Creek 

At Webb Creek, the salinity at station WC02 ranged from 0 to 7 ppt. Conductivity ranged from 850 to 10,500 
micromhos/cm. Dissolved oxygen levels ranged from 4.4 to 9 mg/L. The pH at station WC02 in Webb Creek 
ranged from 6.85 to 7.48 S.U. in the surface water. The temperature of the water at WC02 ranged from 17.5 to 
21 “C. 

At WC03, the salinity ranged from 10 to 12.8 ppt. The conductivity ranged from 16,500 to 18,000 micron&o&m. 
Dissolved oxygen levels ranged from 8.5 to 10 mg/L. The pH at WC03 in Webb Creek ranged from 7.33 to 7.56 
S.U. in the surface water. The temperature of the water at WC03 ranged from 19 to 23 “C. 

Hadnot Creek 

In Hadnot Creek, the salinity at station HCOl was 0 ppt. The conductivity was 13.5 micromhos/cm. The dissolved 
oxygen level was 7.7 mg/L. The pH at HCOl was 6.89 S.U in the surface water, and the temperature of the 
Hadnot Creek water was 17 “C. 

At station HC02, the salinity ranged from 0 to 16.5 ppt. The conductivity ranged from 720 to 22,800 
micromhos/cm. The dissolved oxygen levels ranged from 1 to 7.3 mg/L. The pH at HC02 ranged from 6.7 to 
7.2 S.U. in the surface water. The temperature of the water at HC02 ranged from 15.5 to 22 “C. 

At station HC03, the salinity ranged from 17 to 17.9 ppt. The conductivity ranged from 25,500 to 26,500 
micromhos/cm. The dissolved oxygen level was 12 mg/L. The pH at HC03 ranged from 7.69 to 7.79 S.U. in the 
surface water. The temperature of the water at HC03 ranged from 17.5 to 17.8 “C. 

At station HC04, the salinity was 0 ppt. The conductivity was 65 micromhoslcm, and the dissolved oxygen level 
was 5.3 mg/L. The pH at HC04 was 6.16 S.U. in the surface water, and the temperature of the water was 17.3 
“C. 

Holland Mill Creek 

In Holland Mill Creek, the salinity was 0 ppt at station HMOl. The conductivity was 140 micromhos/cm, and the 
dissolved oxygen level was 8.0 mg/L. The pH at station HMO1 was 6.9 S.U. in the surface water, and the 
temperature of the water was 17.5 “C. 



At station HM02, the salinity ranged from 1 to 25 ppt. The conductivity ranged from 2,490 to 38,000 
micromhoskm. The dissolved oxygen levels ranged from 5.0 to 11.8 mg/L. The pH at station HMO2 ranged from 
6.72 to 7.9 S.U. in the surface water. The temperature of the water at HMO2 ranged from 15.2 to 20 “C. 

At station HM03, the salinity ranged from 13.5 to 22 ppt. The conductivity ranged from 19,000 to 32,000 
micromhos. The dissolved oxygen levels ranged from 3.4 to 10.8 mg/L. The pH at station HMO3 ranged from 
6.81 to 7.90 S.U. in the surface water. The temperature of the water at HMO3 ranged from 17.5 to 17.8 “C. 



Statistical Summary of 
Analytical Results 

(Surface Water) 



r”-\ KEY TO STATISTICAL AND ANALYTICAL SUMMARY TABLES 

U - Indicated analyte was analyzed for but not detected 

J - Indicates an estimated value 

UJ - Not detected, quantitation limit may be inaccurate or imprecise 

R- Result is rejected and unusable 

B - Not detected substantially above the level reported in laboratory or field blanks (organics) 

P - There is greater than 25 % difference for detected pesticide/PCB concentrations between the 
two GC columns, the lower of the two values is reported 

L - Result is biased low 

K - Result is biased high 

ND - Analyte not detected 

NZ - Analyte not analyzed 

mg/L - Milligrams per liter 

ug/L - Micrograms per liter 

mg/kg - Milligrams per kilogram 

ug/kg - Micrograms per kilogram 



APPENDIX N (CONT.) 

BACKGROUND - UPSTREAM 

SURFACE WATER - METALS 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. 

DETECTED DETECTED OF MAXIMUM ARlTHMETlC 

VALUE VALUE DETECTED AVERAGE 

@g/L) (ug/L) VALUE @g/L) 

LOG NORMAL 

UPPER 95% 

RME CONFIDENCE LEVE No. OF TIMES No. OF TIMES FREQUENCY OF 

(l&l/L) @g/L) DETECTED ANALYZED DETECTION 

Aluminum 692.00 692.00 *t HCSW04 333.17 656.66 265365.03 1 3 33% 
Barlum 9.00 49.00 *t HM-SW01 25.67 60.76 15294.20 3 3 100% 
Calcium 11600.00 27000.00 *+ HCSWOl 17566.67 31499.62 92567.15 3 3 100% 
Iron 425.00 746.00 *t HCSWOl 575.67 647.77 1123.79 3 3 100% 
Magnesium 954.00 2630.00 *+ HM-SW01 1744.67 3363.46 22741.37 3 3 100% 
Selenium 1.50 1.50 *+ HM-SW01 0.63 1.61 29.24 1 3 33% 
Sodium 6090.00 16500.00 *t HM-SW01 9630.00 19592.11 124165.69 3 3 100% 

l = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 
+ = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

l t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 
RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



APPENDlX N (CONT.) 
BACKGROUND - UPSTREAM 
SURFACE WATER - PESTICIDES/PCBs 
STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. 
DETECTED DETECTED OF MAXIMUM ARlTHMEiIC 

VALUE VALUE DETECTED AVERAGE 
(ug/L) @g/L) VALUE @g/L) 

LOG NORMAL 
UPPER 95% 

RME CONFIDENCE LEVE No. OF TIMES No. OF TIMES FREQUENCY OF 
@g/L) @g/L) DETECTED ANALYZED DEFECTION 

No Pesticides/PCBs Were Detected 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 
+ = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE: THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 
*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE: THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 
RME = REASONABLE MAXIMUM EXPOSURE 
NA = NOT APPLICABLE 



APPENDlX N (CONT.) 

BACKGROUND - MIDSTREAM 

SURFACE WATER - METALS 
STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. 

DETECTED DETECTED OF MAXIMUM ARlTHMETlC 

VALUE VALUE DETECTED AVERAGE 

@g/L) &Q/L) VALUE &g/L) 

RME 

@g/L) 

LOG NORMAL 

UPPER 95% 

CONFIDENCE LEVE No. OF TIMES No. OF TIMES FREQUENCY OF 

@g/L) DETECTED ANALYZED DETECTION 

Uuminum 535.00 535.00 *t HM-SW02 270.67 657.22 47743.23 1 3 33% 

3arium 20.00 36.00 *t HM-SW02 29.00 44.17 75.32 3 3 100% 

Z-dcium 36600.00 46900.00 *t WC-SW02 41233.33 50045.63 52734.83 3 3 100% 
Chromium 36.00 36.00 *t HM-SW02 17.67 44.49 looo9.89 1 3 33% 

Iron 528.00 660.00 *+ wC-Swo2 562.33 698.70 731.17 3 3 100% 

Wagnesium 29000.06 109000.00 *+ HM-SW02 60933.33 132363.27 2716191.24 3 3 100% 

Dotassium 10900.00 41100.00 *t HM-SW02 22166.67 49975.40 1126700.03 3 3 100% 

3odium 202000.00 739000.00 *+ HM-SW02 441333.33 901929.85 17057165.85 3 3 100% 

* = THE RME IS GREATER THAN THE MAXIMUM DEiECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

l t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DEtECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 
NA = NOT APPLICABLE 



I APPENDlX N (CONT.) 

BACKGROUND - MIDSTREAM 

SURFACE WATER - PESTlClDE/PCBs 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

PARAMETER 

MINIMUM MAXIMUM 

DETECTED DETECTED 

VALUE VALUE 

(ugll) (ug/L) 

SAMPLE No. 
OF MAXIMUM ARlTHMEl-IC 

DETECTED AVERAGE 

VALUE @g/L) 
RME 

@g/L) 

LOG NORMAL 

UPPER 95% 

CONFIDENCE LEVE No. OF TIMES No. OF TIMES FREQUENCY OF 

@g/L) DETECTED ANALYZED DETECTION 

Aldrin 0.04 0.04 *+ wcswo2 0.03 0.04 0.04 1 3 33% 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

+ = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



APPENDIX N (CONT.) 

BACKGROUND - DOWNSTSREAM 

SURFACE WATER - METALS 
STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. 

DETECTED DETECTED OF MAXIMUM ARITHMETIC 

VALUE VALUE DETECTED AVERAGE 

(q/L) (ugll) VALUE @g/L) 

LOG NORMAL 

UPPER 95% 

RME CONFIDENCE LEVE No. OF TIMES No. OF TIMES FREQUENCY OF 

&g/L) (ug/L) DETECTED ANALYZED DETECTION 

Arsenic 

Barium 
Calcium 

Chromium 

Iron 

Lead 
Magnesium 

Potassium 

Selenium 

Silver 
Sodium 

20.00 20.00 t HC-SW03 8.13 17.54 334.25 

20.00 27.00 l t WC-SW03 24.25 27.89 29.23 

40500.00 302000.00 t HM-SW03 134025.00 269777.00 4658189.53 

97.00 158.00 t HM-SW03 127.50 156.90 176.16 
291 .OO 339.00 l t HC-SWOB 317.75 341.11 347.02 

58.10 58.10 t HM-SWOI 16.41 49.11 3685198.93 

44800.00 754000.00 *t HM-SW03 511200.00 884281.78 5105380691.44 

138ooO.00 288000.00 t HM-SW03 207250.00 280542.42 373364.83 

6.00 41.00 t HM-SW03 12.50 35.01 330407465.64 

37.00 37.00 t HM-SW03 19.13 33.16 80.27 

895000.00 6750000.00 t HM-SW03 3073750.00 6072745.87 108244495.85 

1 

4 
4 

4 

4 

1 
4 

4 

2 
1 

4 

4 25% 

4 100% 

4 100% 

4 100% 
4 100% 

4 25% 
4 100% 

4 lW% 
4 50% 
4 25% 
A 100% 

l = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

+ = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

l t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 
RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 
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APPENDlX N (CONT.) 

BACKGROUND - DOWNSTREAM 

SURFACE WATER - PESTICIDES/PCBs 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. 
DETECTED DETECTED OF MAXIMUM ARlTHMET’lC 

VALUE VALUE DETECTED AVERAGE 

@g/L) @g/L) VALUE @g/L) 

LOG NORMAL 
UPPER 95% 

RME CONFIDENCE LEVE No. OF TIMES No. OF TIMES FREQUENCY OF 

(ugll) (q/L) DETECTED ANALYZED DETECTION 

I No Pesticides/PCBs Were Detected J 
l = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

+ = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 
*+ = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPUCABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - HADNOT CREEK 

SURFACE WATER - METALS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. 
DETECTED DETECTED OF MAXIMUM ARITHMETIC 

VALUE VALUE DETECTED AVERAGE 
(ug/L) (ugll) VALUE (ug/L) 

RME 

(@J/L) 

LOG NORMAL 

UPPER 95% 

CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

(ug/L) DETECTED ANALYZED DETECTION 

Aluminum 692.00 692.00 t HC-SW04 253.10 488.87 

Arsenic 20.00 20.00 + HCSWOB 5.30 13.35 

Barium 9.00 26.00 t HC-SW03 19.60 25.87 

Calcium 11600.00 107000.00 t HCSWOBD 53760.00 92784.90 

Chromium 125.00 130.00 t HC-SW05 54.70 118.12 

Iron 291 .oo 746.00 t HC-SW01 492.00 666.33 

Magnesium 954.00 633000.00 t HCSWO3 258640.80 576299.05 

Potassium 14500.00 203000.00 t HC-SW03 84234.00 187308.88 

Selenium 6.00 6.00 t HCSWOB 2.00 4.29 

Sodium 6090.00 2560000.00 t HC-SW03D l.OlEt06 2.17Et06 

1019.72 1 

3190.11 1 

35.22 5 
456379.04 5 

40374.07 2 

793.41 5 

1.50Et16 5 

5.24Et12 3 

38.67 1 

4.80Et14 5 

5 

5 

5 
5 

5 

5 

5 

5 

5 

5 

20% 

20% 

100% 

100% 

40% 

100% 

100% 
60% 

20% 

100% 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - HADNOT CREEK 

SURFACE WATER - PESTlCIDES/PCBs 

PAFIAMFTER 

MINIMUM MAXIMUM SAMPLE No. 

DETECTED DETECTED OF MAXIMUM ARlTHMETlC 

VALUE VALUE DETECTED AVERAGE 

(ug/L) @g/L) VALUE @g/L) 
RME 

(q/L) 

LOG NORMAL 

UPPER 95% 

CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

(ug/L) DETECTED ANALYZED DETECTION 

NO PESTICIDES/PCBs WERE DETECTED 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 
+ = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

l t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - HADNOT CREEK 

SURFACE WATER - SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. 

DETECTED DETECTED OF MAXIMUM ARITHMETIC 

VALUE VALUE DETECTED AVERAGE 

@g/L) (q/L) VALUE @g/L) 
RME 

(ug/L) 

LOG NORMAL 

UPPER 95% 

CONFIDENCE LEVEL No, OF TIMES No. OF TIMES FREQUENCY OF 

(ug/L) DFTECTED ANALYZED DETECTION 

NO SEMIVOLATILE ORGANIC COMPOUNDS WERE DETECTED 

l = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

+ = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXiMUM EXPOSURE 
NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - HADNOT CREEK 
SURFACE WATER -VOLATILE ORGANIC COMPOUNDS 

MINIMUM MAXIMUM SAMPLE No. 

DETECTED DETECTED OF MAXIMUM ARITHMETIC 

VALUE VALUE DETECTED AVERAGE RME 

LOG NORMAL 

UPPER 95% 

CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

PARAMETER @g/L) (ug/L) VALUE @g/L) (q/L) (ug/L) DETECTED ANALYZED DETECTION 

NO VOLATILE ORGANIC COMPOUNDS WERE DETECTED 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

+ = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

l + = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - HOLLAND MILL CREEK 

SURFACE WATER - METALS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. 

DETECTED DETECTED OF MAXIMUM ARITHMETIC 

VALUE VALUE DETECTED AVERAGE 

@g/L) (ug/L) VALUE (ug/L) 
RME 

(ug/L) 

LOG NORMAL 

UPPER 95% 

CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

(q/L) DETECTED ANALYZED DETECTION 

Aluminum 535.00 535.00 *+ HMSW02 269.50 657.32 40037.76 1 3 33% 

Barium 20.00 49.00 *+ HM-SW01 35.67 60.35 204.30 3 3 100% 

Calcium 14100.00 302000.00 * t HMSW03 118766.67 387190.45 4.42Et14 3 3 100% 

Chromium 36.00 158.00 *t HM-SW03 66.33 202.69 3.67Et12 2 3 67% 

Iron 320.60 559.00 *t HM-SW02 434.67 636.62 843.56 3 3 100% 

Lead 58.10 58.10 *t HM-SW03 19.95 75.65 1.70E t27 1 3 33% 

Magnesium 2830.00 754000.00 l t HMSW03 288610.00 973947.76 1.02Et35 3 3 100% 

Potassium 41100.00 288000.00 *t HM-SW03 109978.33 372096.67 1.33Et36 2 3 67% 

Selenium 1.50 41 .OO *t HM-SW03 15.00 52.97 8.42Et13 2 3 67% 

Silver 37.00 37.00 *t HM-SW03 16.83 46.42 284713.82 1 3 33% 

Sodium 16500.00 8750000.00 *t HM-SW03 2501833.33 8733985.25 1.96E t44 3 3 100% 

l = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - HOLLAND MILL CREEK 

SURFACE WATER - PESTICIDES/PCBs 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. 

DETECTED DETECTED OF MAXIMUM ARITHMETIC 

VALUE VALUE DETECTED AVERAGE 

(ugll) @g/L) VALUE (u9N 

RME 

(ugll) 

LOG NORMAL 

UPPER 95% 
CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

(u9lL) DETECTED ANALYZED DETECTION 

NO PESTICIDES/PCBs WERE DETECTED I 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

l t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - HOLLAND MILL CREEK 
SURFACE WATER - SEMIVOLATILE ORGANIC COMPOUNDS 

I 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. 

DETECTED DETECTED OF MAXIMUM ARITHMETIC 

VALUE VALUE DETECTED AVERAGE 

@g/L) (ugll) VALUE @g/L) 

NO SEMIVOLATILE ORGANIC COMPOUNDS WERE DETECTED 

RME 

@g/L) 

LOG NORMAL 

UPPER 95% 

CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

(ug/L) DETECTED ANALYZED DETECTION 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

+ = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

* + = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - HOLLAND MILL CREEK 

SURFACE WATER -VOLATILE ORGANIC COMPOUNDS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. 

DETECTED DETECTED OF MAXIMUM ARITHMETIC 

VALUE VALUE DETECTED AVERAGE 

(us/L) @g/L) VALUE (&l/L) 

NO VOLATILE ORGANIC COMPOUNDS WERE DETECTED 

RME 

WL) 

LOG NORMAL 

UPPER 95% 

CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

(ug/L) DETECTED ANALYZED DETECTION 

l = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE: THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND-WEBB CREEK 

SURFACE WATER - METALS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. 

DETECTED DETECTED OF MAXIMUM ARITHMETIC 

VALUE VALUE DETECTED AVERAGE 

&g/L) (ug/L) VALUE (ugll) 

RME 

(us/L) 

LOG NORMAL 

UPPER 95% 

CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

(ug/L) DETECTED ANALYZED DETECTION 

Barium 27.00 29.00 *t WC-SW02 28.00 34.31 32.19 2 2 100% 
Calcium 40500.00 46900.00 l t WC-SW02 43700.00 63904.80 58284.51 2 2 100% 
Chromium 97.00 97.00 *t WC-SW03 52.25 334.80 1.32Et20 1 2 50% 
Iron 321 .OO 660.00 *t WC-SW02 490.50 1560.72 14358.69 2 2 100% 
Magnesium 29000.00 44800.00 *t WC-SW03 36900.00 86780.60 133710.58 2 2 100% 
Potassium 10900.00 136000.00 * t WC-SW03 73450.00 468390.70 l.OlEt23 2 2 100% 
Sodium 202000.00 895000.00 *t WC-SW03 548500.00 2736301 .OO 6.83Et 11 2 2 100% 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM MPOSURE 
NA = NOT APPLICABLE 
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MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND -WEBB CREEK 

SURFACE WATER - PESTICIDES/PCBs 

PARAMETER 

MINIMUM MAXIMUM 
DETECTED DETECTED 

VALUE VALUE 

(ug/L) &g/L) 

SAMPLE No. 

OF MAXIMUM ARITHMETIC 
DETECTED AVERAGE 

VALUE (ug/L) 

RME 

(ugll) 

LOG NORMAL 

UPPER 95% 

CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

(ug/L) DETECTED ANALYZED DETECTION 

Aldrin 0.04 0.04 l t WC-SW02 0.03 0.06 0.07 1 2 50% 

= = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

* t = BOTH THE RME AND LOG NORMAL 9SX UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONiC DAILY INTAKE 

RME = REASONABLE MAXIMUM MPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND-WEBB CREEK 

SURFACE WATER * SEMIVOLATtLE ORGANfC COMPOUNDS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. 

DETECTED DETECTED OF MAXIMUM ARlTHMETlC 

VALUE VALUE DETECTED AVERAGE 

(ug/L) (q/L) VALUE (ugll) 

LOG NORMAL 
UPPER 95% 

RME CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

&g/L) (ug/L) DETECTED ANALYZED DETECTION 

c NO SEMIVOLATILE ORGANIC COMPOUNDS WERE DETECTED I 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE: THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 
t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND -WEBB CREEK 

SURFACE WATER -VOLATILE ORGANIC COMPOUNDS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. 

DETECTED DETECTED OF MAXIMUM ARITHMETIC 

VALUE VALUE DETECTED AVERAGE 

(w/L) (ug/L) VALUE @g/L) 
RME 

@g/L) 

LOG NORMAL 

UPPER 95% 
CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

(ugll) DETECTED ANALYZED DETECTION 

NO VOLATILE ORGANIC COMPOUNDS WERE DETECTED 

l = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 
*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

FitviE = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 
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APPENDIX N (CONT.) 

BACKGROUND - UPSTREAM 

SEDIMENT - METALS 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. LOG NORMAL 

DETECTED DETECTED OF MAXIMUM ARITHMETIC UPPER 95% 
VALUE VALUE DmECTED AVERAGE RME CONFIDENCE LEVE No. OF TIMES No. OF TIMES FREQUENCY OF 

(mdkg) (mgikg) VALUE (mglkg) (mg/kg) (mgkg) DETECTED ANALYZED DETECTION 

Aluminum 337.00 2940.00 t HC-SDol-06 1165.57 1864.95 3139.37 7 7 100% 
Arsenic 0.26 0.46 *t HC-SDO1-06 0.37 0.50 0.91 4 7 57% 
Barium 4.10 16.30 t HCSDO1-06 6.46 11.12 35.74 4 7 57% 
Beryllium 0.14 0.14 t HC-SDO1-06 0.09 0.13 3228.49 1 4 25% 
Cadmium 0.03 0.11 HM-SDOl-OGD 0.04 0.06 0.07 6 7 86% 
Calcium 282.00 3620.00 t HGSDO1-06 1967.14 2972.71 10565.45 7 7 100% 
Chromium 1.10 3.20 HGSD01-612 1.86 2.38 2.66 7 7 100% 
C+per 0.66 1.10 HC-SD01-612 0.75 0.92 0.98 4 7 57% 
Iron 225.00 648.00 t HC-SDiJ1-06 433.71 568.82 659.45 7 7 100% 
Lead 0.62 1.00 l t HM-SD01-612 0.79 1.11 1.34 3 3 100% 
Magneeium 26.70 87.70 HGSDOl-06 45.25 64.25 76.34 5 7 71% 
Manganese 1.30 6.90 t HC-SWl-06 3.63 5.31 7.80 7 7 100% 
Mercury 0.09 0.18 *t HM-SD01-612 0.14 0.22 16712.85 3 3 100% 
Selenium 0.21 0.34 t HGSD01-612 0.19 0.27 0.36 4 7 57% 
Silver 0.49 0.49 HM-SDO1-06 0.25 0.33 0.33 1 7 14% 
Thallium 0.13 0.16 HGSD01-612 0.10 0.13 0.15 3 7 43% 
Vanadium 0.66 2.80 t HC-SD01-612 1.52 2.23 4.68 6 7 86% 
Zinc 6.70 9.70 t HMSDOl-06 5.11 7.40 10.62 3 7 43% 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t 3: THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

J 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



APPENDIX N (CONT.) 
BACKGROUND - UPSTREAM 

SEDIMENT - PESTICIDEWPCBs 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

~AWM~ER 

MINIMUM MAXIMUM SAMPLE No. LOG NORMAL 

DETECTED DETECTED OF MAXIMUM ARITHMETIC UPPER 95% 

VALUE VALUE DETECTED AVERAGE RME CONFIDENCE LEVE No. OF TIMES No. OF TIMES FREQUENCY OF 

(uancg) (us/kg) VALUE (ugkg) (ugncg) (us/kg) DETECTED ANALYZED DETECTION 

beta-BHC 1.70 7.30 HM-SDO1-06D 2.51 4.22 5.97 3 7 43% 
delta-BHC 0.64 0.64 *+ HCSDOl-06 1.09 1.26 1.34 1 7 14% 
Heptachlor 0.46 2.00 HCSD04-612 1.18 1.51 1.79 2 7 29% 
Aldrin 0.56 0.72 *t HM-SD01-612 1.05 1.27 1.41 2 7 29% 
Dieldrin 0.56 1.50 *t HM-SDOl-612 1.96 2.49 3.51 2 7 29% 
4,4’-DDE 1.00 4.30 HM-XXX-612 2.42 3.15 .3.70 2 7 29% 
4,4’-DDD 0.87 3.10 HM-SDOl-612 1.57 2.12 2.33 2 7 29% 
4,4’-DOT 1.70 1.70 *+ HM-SDOl-612 2.20 2.44 2.47 1 7 14% 
Methoxychlor 0.94 0.94 *t HC-SDO4-06 10.21 13.34 49.17 1 7 14% 
Endrin aldehyde 0.59 0.59 l t HC-SDOl-06 2.01 2.51 3.54 1 7 14% 
alpha-Chlordane 1.30 1.30 t HM-SD01-612 1.20 1.29 1.30 1 7 14% 

gamma-Chlordane 3.00 3.00 HM-SDO1-612 1.44 1.95 1.98 1 7 14% , 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

+ = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 
NA = NOT APPLICABLE 
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APPENDIX N (CONT.) 

BACKGROUND - MIDSTREAM 

SEDIMENT - METALS 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

PARAMETER 

MINIMUM MAXIMUM 

DETECTED DETECTED 
VALUE VALUE 

OWW OWW 

SAMPLE No. LOG NORMAL 

OF MAXIMUM ARITHMEFIC UPPER 95% 
DETECTED AVERAGE RME CONFIDENCE LEVE No. OF TIMES No. OF TIMES FREQUENCY OF 

VALUE (mg/kg) (mdkg) (mgikg) DETECTED ANALYZED DETECTION 

Aluminum 7820.00 14800.00 WC-SD02-06 10728.33 13079.42 13758.44 6 6 

Arsenic 1.10 1.90 l t HC-SD02-812 3.12 5.54 12.64 2 8 

Barium 8.70 28.20 WC-SW2-06 15.30 21.29 25.25 6 6 

Beryllium 0.25 0.32 *t HGSD02-612 0.29 0.51 137.32 2 2 
Cadmium 0.04 0.26 t WC-SDO2-08 0.11 0.17 0.26 6 6 

Calcium 1810.00 7860.00 HM-SD02-812 3845.00 5883.04 7847.17 6 6 

Chromium 8.00 38.40 t HM-SDO2-06 17.55 28.53 68.22 6 6 

c&an 3.50 4.40 t HM-SDO2-06 2.18 3.35 5.20 2 6 

Ww 0.81 1.50 *t HC-SDO2-08 2.24 3.54 5.85 2 5 

Iron 3880.00 32400.00 t HM-SD02-612 13201.67 21966.51 53108.97 6 6 

Lead 6.00 16.90 t WC-SDO2-08 10.50 16.35 5555.00 4 4 
Magnesium 618.00 4940.00 t HM-SDO2-06 2123.00 3438.32 6614.15 6 6 

Manganese 4.90 67.20 t HM-SDO2-08 33.38 54.41 357.04 6 6 

Mercury 0.27 0.40 *t WC-sDO2-06 0.34 0.40 2.78 4 4 

Nickel 1.80 11.20 t HM-SDO2-06 5.58 8.93 24.88 5 6 

Potassium 623.00 1600.00 + HM-SD02-612 759.00 1280.80 3459.84 3 6 

Selenium 0.40 0.60 *t HC-SDO2-06 0.44 0.62 0.85 3 6 

Sodium 1630.09 2750.00 *t HCSDO2-06 2190.00 5725.84 1 BE+83 2 2 

Thallium 0.28 0.42 t HC-SW2-08 0.27 0.38 0.56 4 6 

Vanadium 7.00 30.00 t HM-SW2612 17.57 25.67 41.76 6 8 

50% 
50% 

100% 

6% 

100% 

Zinc 27.80 52.00 t WGSW2-06 27.38 43.72 355.99 4 8 67% 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



APPENDlX N (CONT.) 
BACKGROUNb - MIdSTREAM 

SEDIMENT - PESTICIDffPCBs 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

-. 

? 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. LOG NORMAL 

DETECTED DETECTED OF MAXIMUM ARlTHMETlC UPPER 95% 

VALUE VALUE DETECTED AVERAGE RME CONFIDENCE LEVE No. OF TIMES No. OF TIMES FREQUENCY OF 

(ug/kg) (q/kg) VALUE (us/kg) (@kg) (uglkg) DETECTED ANALYZED DEFECTION 

delta-BHC 0.79 0.79 l t WC-sDo2-612 2.03 2.67 3.61 1 6 17% 
Aldrin 1.20 1.20 *t wcsDo2-06 1.99 2.50 2.81 1 6 17% 
Dieldrin 3.70 3.70 *t WC-SD02-06 4.10 4.92 5.23 1 6 17% 
4,4’-DDE 16.00 16.00 WC-SDO2-06 6.15 10.20 13.96 1 6 17% 

4,4’-DDD 1.50 12.00 t WC-SD02-06 4.84 6.05 19.53 2 6 33% 

4,4’-DDT 1.10 2.60 *t WC-SW2-06 3.48 4.83 7.47 2 6 33% 
Endrin aldehyde 0.77 7.10 t HCSDO2-06 4.50 6.25 18.84 2 6 33% 

l = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

* + = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, ME MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 
RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



APPENDIX N (CONT.) 

BACKGROUND - DOWNSTREAM 

SEDIMENT - METALS 
STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

PARAMFFER 

MINIMUM MAXIMUM SAMPLE No. LOG NORMAL 

DETECTED DETECTED OF MAXIMUM ARITHMETIC UPPER 95% 

VALUE VALUE DEFECTED AVERAGE RME CONFIDENCE LRlE No. OF TIMES No. OF TIMES FREQUENCY OF 

(mgkg) (mgikg) VALUE (mg/kg) (mglkg) (mg/kg) DETECTED ANALYZED DFTECTION 

Alumtnum 

Barium 

Cadmium 

Calcium 
Chromium 

Cobalt 

Iron 

Lead 
Magnesium 

Manganese 

Mercury 
Nickel 

Potassium 

Thallium 

Vanadium 

3120.00 14600.00 ** WC-SD03812 9864.29 12793.35 

10.20 19.20 t WC-SD03612 12.44 16.57 
0.03 0.66 t HGSDO3-06 0.14 0.31 

2000.06 3380.00 + HCSDO3-06 2932.86 3371.27 

16.10 42.60 t WC-SD03612 30.87 38.46 

3.90 5.00 t HC-SD03612 3.20 4.30 

1700.00 20700.00 t WGSD03-612 12668.57 17941.12 

3.70 9.20 t HM-SDO3-06 5.75 7.28 
4130.00 6540.00 HCSD63-612 5081.43 5807.10 

17.10 64.70 t HC-SD03612 45.66 57.52 

0.23 0.42 HGSW3-612 0.30 0.35 

5.50 14.20 HM-SDO3-06 10.21 12.28 
1260.06 1840.00 HGSD03-612 1570.00 1729.32 

0.24 0.44 HGSDO3-612 0.25 0.32 

18.40 36.90 HGSD03-612 26.59 31.50 

86863,15 

35.31 
0.68 

3536.80 

43.57 

5.76 

46249.04 

15.49 

5694.11 
71.47 

0.36 

13.51 

1753.19 

0.34 
32.88 

7 7 100% 
8 7 86% 

6 7 86% 

7 7 100% 

7 7 100% 

4 7 57% 

7 7 100% 

6 8 100% 
7 7 100% 

7 7 100% 

7 7 100% 

7 7 100% 

7 7 100% 

4 7 57% 

7 7 100% 

zinc 20.80 40.00 HGSD03-612 30.66 35.18 36.50 7 7 100% 

l = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 
+ = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



APPENDlX N (CONT.) 

BACKGROUND - DOWNSTREAM 

SEDIMENT - PESTICIDES/PCBs 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. LOG NORMAL 

DETECTED DETECTED OF MAXIMUM ARITHMETIC UPPER 95% 

VALUE VALUE DETECTED AVERAGE RME CONFIDENCE LEVE No. OF TIMES No. OF TIMES FREQUENCY OF 

@g/kg) (us/kg) VALUE (us/&l) (uglkg) (ugncg) DETECTED ANALYZED DETECTION 

4,4’-DDD 1.10 4.00 *t HC-SD03-612 3.36 4.56 6.24 4 7 57% 

4,4’-DDT 0.76 1.20 *t HC-SDO3-06D 4.12 5.76 14.23 2 7 29% 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 
BACKGROUND - HADNOT CREEK 

SEDIMENT - METALS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. LOG NORMAL 
DETECTED DETECTED OF MAXIMUM ARITHMETIC UPPER 95% 

VALUE VALUE DETECTED AVERAGE RME CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

(mgikg) (mg/kg) VALUE (wk9) (mcdkg) (mgk9) DETECTED ANALYZED DETECTION 

Aluminum 
Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 
Chromium 

Cobalt 

Copper 
Iron 

Lead 

Magnesium 

Mercury 

Nickel 

780.00 14000.00 t HC-SD03-612 5467.78 8305.91 

0.26 1.90 *t HC-SD02-612 1.71 2.67 
4.10 17.20 t HC-SD03-612 9.75 13.11 

0.14 0.32 t HC-SDO2-612 0.16 0.24 

0.03 0.66 HC-SDO3-06 0.11 0.24 
i 030.00 3620.00 t HC-SDOl-06 2645.56 3233.82 

1.30 41.60 t HC-SDO3-612 10.81 18.97 

4.50 5.00 HC-SDO3-612 1.87 2.91 

0.66 1.50 *t HC-SD02-06 1.35 1.75 

382.00 11100.00 t HC-SD03-06D 3396.56 5709.65 

3.70 5.30 *t HC-SDO3-06 4.50 9.55 

77.10 6540.00 t HC-SDO3-612 1977.79 3486.31 

3.50 64.70 HC-SD03-612 16.54 29.38 

0.25 0.42 *t HC-SDO3-612 0.34 0.48 

1.80 12.10 t HC-SDO3-612 3.77 6.49 

623.00 1840.00 t HC-SDO3-612 671.39 1079.26 

0.21 0.60 HC-SDO2-06 0.30 0.39 

1630.00 2750.00 t HC-SDO2-06 845.25 1750.35 

0.14 0.44 t HC-SDO3-612 0.23 0.31 

1.50 36.90 t HC-SD03-612 11.11 18.54 

Selenium 

Sodium 

Thallium 

Vanadium 

Zinc 20.80 40.00 t HCSDO3-612 12.71 22.07 

20353.32 9 9 100% 
8.56 6 9 67% 

21.84 8 9 89% 
4.60 3 6 50% 
0.42 7 9 78% 

3840.09 9 9 100% 
53.55 9 9 100% 

4.01 2 9 22% 
2.01 6 9 67% 

28323.00 9 9 100% 
305.02 2 2 100% 

1292043.17 7 9 78% 
62.63 9 9 100% 
11.17 3 3 100% 

17.25 4 9 44% 

2769.97 4 9 44% 
0.48 5 9 56% 

183541390882.91 2 6 33% 

0.46 6 9 67% 

56.26 9 9 100% 

63.76 3 9 33% 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 
+ = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = POW THE RME AND LOG NORMAL 95% UCL i4P.E GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAX!F.W~ VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - HADNOT CREEK 

SEDIMENT - PESTICIDES/PCBs 

PARAMETER 

MINIMUM MAXIMUM 

DETECTED DEFECTED 

VALUE VALUE 

(w&4 o-Jg/kg) 

SAMPLE No. LOG NORMAL 

OF MAXIMUM ARITHMETIC UPPER 95% 

DETECTED AVERAGE RME CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

VALUE wk4 @g/kg) ww DE-TECTED ANALYZED DETECTION 

beta-BHC 1.70 1.70 *+ HC-SD04-612 1.93 2.39 2.58 1 9 11% 

delta-BHC 0.64 0.64 *t HC-SDOl-06 1.82 2.35 2.91 1 9 11% 

Heptachlor 0.48 2.00 *t HC-SD04-612 1.89 2.42 3.26 2 9 22% 

4,4’-DDD 1.50 4.00 HC-SD03-612 2.16 3.11 3.50 3 9 33% 

4,4’-DDT 1.20 1.20 l t HC-SD03-06D 3.23 4.23 5.08 1 9 11% 

Methoxychlor 0.94 0.94 +t HC-SD04-06 17.66 23.58 92.52 1 9 11% 

Endrin aldehyde 0.59 7.10 t HCSD02-06 3.56 5.02 10.80 3 9 33% 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE: THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA 5: NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYtICAL RESULTS 

BACKGROUND - HADNOT CREEK 

SEDIMENT - SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. LOG NORMAL 

DETECTED DFTECTED OF MAXIMUM ARITHMETIC UPPER 95% 

VALUE VALUE DETECTED AVERAGE RME CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

(u9/k9) @g/kg) VALUE (ugikg) @9/k9) @g/kg) DETECTED ANALYZED DETECTION 

L NO SEMIVOLATILE ORGANIC COMPOUNDS WERE DETECTED 

l = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE: THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

fiME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICAELE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - HADNOT CREEK 

SEDIMENT - VOLATILE ORGANlC COMPOUNDS 

PARAMETER 

MINIMUM MAXIMUM 

DETECTED DETECTED 
VALUE VALUE 

(w/kg) bJ!mJ) 

SAMPLE No. LOG NORMAL 

OF MAXIMUM ARITHMETIC UPPER 95% 
DETECTED AVERAGE RME CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

VALUE wb) (u&4 klF9) DETECTED ANALYZED DETECTION 

Acetone 70.00 70.00 HC-SDOI -06 18.06 30.44 36.73 1 9 11% 
Carbon Disulfide 14.00 19.00 HC-SD02-612 12.44 15.67 18.14 2 9 22% 
2.Butanone 7.00 7.00 *t HC-SDol-06 11.06 13.94 15.49 1 9 11% 

l = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUhI VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

+ = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

l + = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE: THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - HOLLAND MILL CREEK 

SEDIMENT - METALS 

PAAAMETER 

MINIMUM MAXIMUM SAMPLE No. LOG NORMAL 
DETECTED DETECTED OF MAXIMUM ARITHMETIC UPPER 95% 

VALUE VALUE DETECTED AVERAGE RME CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

@xdW (mgkg) VALUE W$k4 OWM Wks) DETECTED ANALYZED DETECTION 

Aluminum 337.00 13600.00 t HM-SD02-06 6181.29 10282.21 655067.62 7 7 100% 

Barium 11.00 18.70 t HM-SD02-06 8.71 13.92 68.49 4 7 57% 
Cadmium 0.03 0.11 HM-SDOl-06D 0.06 0.08 0.10 7 7 100% 

Calcium 282.00 7860.00 + HM-SDO2-612 2952.86 4844.12 22431.34 7 7 100% 

Chromium 1.10 38.40 t HM-SDu2&6 19.63 32.39 2021.73 7 7 100% 

Cobalt 4.00 4.40 t HM-SD02-06 2.02 3.18 6.18 2 7 29% 

Iron 225.00 32400.00 t HM-SDO2-612 12262.43 21399.01 27918943.98 7 7 100% 

Lead 0.62 9.20 t HM-SD03-06 4.35 6.94 32.96 7 7 100% 
Magnesium 26.70 5700.00 + HM-SD03-06 2576.66 4422.69 136198282.35 7 7 100% 

Manganese 1.30 67.20 t HM-SD02-06 34.14 56.82 8851.72 7 7 100% 

Mercury 0.09 0.35 t HM-SD03-06 0.23 0.30 0.38 7 7 100% 

Nickel 9.60 14.20 t HM-SD03-06 6.76 11.07 359.48 4 7 57% 

Potassium 1510.00 1760.00 t HM-SD03-612 1007.00 1596.65 13233.89 4 7 57% 

Selenium 0.25 0.40 HM-SD02-06 0.21 0.29 0.39 2 7 29% 

Silver 0.49 0.49 *t HM-SDOl-06 0.39 0.49 0.60 1 7 14% 

Thallium 0.13 0.37 t HM-SD02.06 0.20 0.29 0.52 4 7 57% 
Vanadium 0.66 30.00 t HM-SDO2-612 16.69 27.76 18094.26 6 7 86% 

Zinc 6.70 43.10 t HM-SD02-06 23.57 34.53 65.13 7 7 100% 

l = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAX:MUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

l t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 
RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - HOLLAND MILL CREEK 

SEDIMENT - PESTICIDES/PCBs 

PARAMETER 

MINIMUM MAXIMUM 
DETECTED DETECTED 

VALUE VALUE 

b4ml) b43fig) 

SAMPLE No. LOG NORMAL 
OF MAXIMUM ARiTHMETlC UPPER 95% 

DETECTED AVERAGE RME CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

VALUE kKJ/kg) b4l/k9) (ugkg) DETECTED ANALYZED DETECTION 

beta-BHC 3.80 7.30 HM-SDOl-06D 3.24 4.69 5.98 2 7 29% 

Aldrin 0.56 0.72 *t HM-SDOl-612 1.84 2.60 4.20 2 7 29% 

Dieldrin 0.58 1.50 l t HM-SDOl-612 3.55 5.13 12.37 2 7 29% 

4,4’-DDE 1.00 4.30 l t HM-SD01-612 4.01 5.37 8.82 2 7 29% 

4,4’-DDD 0.87 3.10 l t HM-SDOl-612 2.85 4.16 6.44 4 7 57% 

4,4’-DDT 1.70 1.70 l t HM-SDOl-612 3.79 5.13 6.75 1 7 14% 

alpha-Chlordane 1.30 1.30 *t HM-SDOl-612 1.99 2.61 3.14 1 7 14% 

gamma-Chlordane 3.00 3.00 t HM-SDOl-612 224 2.86 3.56 1 7 14% 

l = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE: THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - HOLLAND MILL CREEK 

SEDIMENT - SEMIVOLATILE ORQANIC COMPOUNDS 

PARAMETER 

MINIMUM MAXIMUM 

DETECTED DETECTED 

VALUE VALUE 

(ug/kg) (ug/kg) 

SAMPLE No. LOG NORMAL 

OF MAXIMUM ARlTHMETlC UPPER 95% 

DETECTED AVERAGE RME CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

VALUE (us/kg) ww @g/kg) DETECTED ANALYZED DETECTION 

DCn-butylphthalate 534.00 619.00 t HM-SD02-612 423.29 573.31 766.73 3 7 43% 
bis(2-Ethylhexyl)phthalate 454.00 454.00 * t HM-SD03-612 378.64 500.04 607.73 1 7 14% 

l = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

‘+ = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = !jOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - HOLLAND MILL CREEK 

SEDIMENT-VOLATILE ORGANIC COMPOUNDS 

‘\ 

f 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. LOG NORMAL 

DETECTED DETECTED OF MAXIMUM ARITHMETIC UPPER 95% 

VALUE VALUE DETECTED AVERAGE RME CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

@g/kg) @g/kg) VALUE oJclkg) (wkd Wkg) DETECTED ANALYZED DETECTION 

NO VOLATILE ORGANIC COMPOUNDS WERE DETECTED 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

+ = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM MPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND -WEBB CREEK 

SEDIMENT - MEX’ALS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. LOG NORMAL 

DETECTED DETECTED OF MAXIMUM ARlTHMETlC UPPER 95% 

VALUE VALUE DETECTED AVERAGE RME CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

(wlkg) b-w/kg) VALUE (m9ks) (wk9) @v/kg) DETECTED ANALYZED DETECTION 

Aluminum 8200.00 14800.00 * t WC-SDO2-06 12275.00 15932.10 19239.95 4 4 100% 
Barium 13.30 28.20 t WC-SD02-06 i a.83 26.76 35.92 4 4 100% 

Cadmium 0.06 0.26 t WGSDO2-06 0.13 0.24 1.11 4 4 100% 

Calcium 2190.00 4060.00 * t WC-SDO2-06 3222.50 4132.21 4914.08 4 4 100% 
Chromium 8.70 42.60 + WC-SDO3-612 24.93 42.26 246.57 4 4 100% 

Cobalt 3.50 3.90 *t WC-SDO3-612 2.44 4.16 21.71 2 4 50% 

Iron 8120.00 20700.00 t WC-SDO3-612 13980.00 20133.62 29586.84 4 4 100% 

Lead 5.10 16.90 t WC-SDO2-06 9.85 16.48 51.03 4 4 100% 

Magnesium 618.00 6060.00 *t WC-SDO3-612 3197.00 6127.63 817766.37 4 4 100% 

Manganese 26.00 47.80 l t WC-SDO3-612 39.35 50.44 60.95 4 4 100% 

Mercury 0.23 0.40 *t WC-SDO2-06 0.31 0.41 0.48 4 4 100% 

Nickel 3.80 11.40 t WC-SD03-612 7.25 11.11 21.80 4 4 100% 
Potassium 1410.00 1590.00 *t WC-SDOS-612 905.88 1719.51 81148.45 2 4 50% 

Thallium 0.24 0.24 t WC-SDO3-06 0.16 0.23 0.31 1 4 25% 
Vanadium 11.90 31.00 t WC-SD03-612 21.33 30.50 45.84 4 4 100% 

Zinc 27.20 52.00 t WC-SDO2-06 33.83 48.09 61.59 4 4 100% 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

l + = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 

STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - WEBB CREEK 

SEDIMENT - PESTICIDESIPCBs 

PARAMETER 

MINIMUM MAXIMUM 

DETECTED DETECTED 

VALUE VALUE 

Q-MW @g/kg) 

SAMPLE No. LOG NORMAL 

OF MAXIMUM ARITHMETIC UPPER 95% 

DETECTED AVERAGE RME CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 
VALUE (uglkg) kl&l) (udkg) DETECTED ANALYZED DEfECTION 

delta-BHC 0.79 

Aldrin 1.20 

Dieldrin 3.70 

4,4’-DDE 16.00 

4,4’-ODD 12.00 
4,4’-DDT 0.76 

0.79 *+ WC-SDO2-612 1.99 3.02 
1.20 *t WC-SDO2-06 1.93 2.65 
3.70 l t WCSD02.06 4.00 4.79 

16.00 t WC-SD02-06 7.08 14.12 

12.00 t WC-SDO2-06 6.08 i 0.78 

2.60 *+ WC-SD02-06 2.37 4.64 

9.99 1 4 25% 

3.66 1 4 25% 

4.98 1 4 25% 
97.81 1 4 25% 
28.91 1 4 25% 
91 .oo 3 4 75% 

l = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE: THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 
* t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MAfliNE CORPS BASE CAMP LEJEUNE 
STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND - WEBB CREEK 

SEDIMENT - SEMIVOLATILE ORGANIC COMPOUNDS 

PARAMETER 

MINIMUM MAXIMUM 

DETECTED DETECTED 

VALUE VALUE 

(udkg) ww 

SAMPLE No. 

OF MAXIMUM ARITHMETIC 

DETECTED AVERAGE 

VALUE WW 

LOG NORMAL 

UPPER 95% 

RME CONFIDENCE LNEL No. OF TIMES No. OF TIMES FREQUENCY OF 

bJcm) Wkg) DETECTED ANALYZED DETECTION 

Bento(a)pyrene 544.00 544.00 l t WC-SD03-612 436.25 554.81 635.17 1 4 25% 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

+ = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*, = BOTH THE-RME AND LOG NORMAL 95% UCL ARE.GREATER THAN THE MAXIMUM bXECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS UStD TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



MARINE CORPS BASE CAMP LEJEUNE 
STATISTICAL SUMMARY OF ANALYTICAL RESULTS 

BACKGROUND -WEBB CREEK 

SEDIMEM - VOLATILE ORGANIC COMPOUNDS 

PARAMETER 

MINIMUM MAXIMUM SAMPLE No. LOG NORMAL 

DETECTED DETECTED OF MAXIMUM ARlTHMETlC UPPER 95% 

VALUE VALUE DETECTED AVERAGE RME CONFIDENCE LEVEL No. OF TIMES No. OF TIMES FREQUENCY OF 

P-dm b-cm) VALUE b&uw 6Jdw kJ9kJ) DETECTED ANALYZED DETECTION 

NO VOLATILE ORGANIC COMPOUNDS WERE DETECTED 

* = THE RME IS GREATER THAN THE MAXIMUM DETECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

t = THE LOG NORMAL 95% UCL IS GREATER THAN THE MAXIMUM DETECTED VALUE: THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

*t = BOTH THE RME AND LOG NORMAL 95% UCL ARE GREATER THAN THE MAXlMUM DR’ECTED VALUE; THEREFORE, THE MAXIMUM VALUE IS USED TO CALCULATE CHRONIC DAILY INTAKE 

RME = REASONABLE MAXIMUM EXPOSURE 

NA = NOT APPLICABLE 



Analytical Summary of Results 
(Surface Water) 



MARINE CORPS BASE CAMP LEJEUNE 
ANALYTICAL SUMMARY OF RESULTS 
BACKGROUND - HADNOT CREEK 
SURFACE WATER - METALS 

BAKER I.D. HC-SW01 HC-SW02 HCSW03 HC-SW03D HC-SW04 
LABORATORY I.D. 5167-16 5162 5166 5163 5152 
DATE COLLECTED 08-MAY-1994 06-MAY-1994 06-MAY-1994 06-MAY-1994 08-MAY-1994 
UNITS UG/L UG/L UG/L UG/L UG/L 

Aluminum 
Arsenic 
Barium 
Calcium 
Chromium 
Iron 
Magnesium 
Potassium 
Selenium 
Sodium 

356 U 303 U 301 U 187 U 692 
1 U 1 UJ 20 10 UJ 1 u 

19 J 20 J 26 J 24 J 9 J 
27000 36600 86600 107000 11600 

9 U 19 U 130 J 125 J 9 u 
746 528 339 291 556 

1450 44800 633000 613000 954 
1670 U 14500 203000 202000 1670 U 

1 U 5 U 6 J 1 UJ 1 UJ 
6900 383000 2090000 2560000 6090 



MARINE CORPS BASE CAMP LEJEUNE 
ANALYTICAL SUMMARY OF RESULTS 
BACKGROUND - HADNOT CREEK 
SURFACE WATER PESTICIDES AND PCBs 

BAKER I.D. 
LABORATORY I.D. 
DATE COLLECTED 
UNITS 

HC-SW01 HC-SW02 HC-SW03 HC-SW03D HC-SW04 
5167-i 6 5162 5166 5163 5152 

08-MAY-1994 06-MAY-1994 06-MAY-1994 06-MAY-1994 08.MAY-1994 
ug/l ugll ug/I ug/l ug/l 

NO PESTICIDES OR PCBs WERE DETECTED 



MARINE CORPS BASE CAMP LEJEUNE 
ANALYTICAL SUMMARY OF RESULTS 
BACKGROUND - HADNOT CREEK 
SURFACE WATER - SEMIVOLATILE ORGANIC COMPOUNDS 

BAKER I.D. HC-SW01 HC-SW02 HC-SW03 HC-SW03D HC-SW04 

LABORATORY I.D. 5167-16 5162 5166 5163 5152 
DATE COLLECTED 08-MAY-1994 06-MAY-1994 06-MAY-1994 06-MAY-1994 08-MAY-1994 
UNITS q/l ug/l ugll ug/I ug/l 

NO SEMIVOLATILE ORGANIC COMPOUNDS WERE DETECTED 



MARINE CORPS BASE CAMP LEJEUNE 
ANALYTICAL SUMMARY OF RESULTS 
BACKGROUND - HADNOT CREEK 
SURFACE WATER -VOLATILE ORGANIC COMPOUNDS 

BAKER I.D. HC-SW01 HC-SW02 HC-SW03 HC-SW03D HC-SW04 

LABORATORY I.D. 5167-16 5162 5166 5163 5152 
DATE COLLECTED 08-MAY-1994 06-MAY-1994 06-MAY-1994 06-MAY-1994 08-MAY-1994 

UNITS ug/l ug/l q/l ug/l ug/l 

NO VOLATILE ORGANIC COMPOUNDS WERE DETECTED 



MARINE CORPS BASE CAMP LEJEUNE 
ANALYTICAL SUMMARY OF RESULTS 
BACKGROUND - HOLLAND MILL CREEK 
SURFACE WATER - METALS 

BAKER I.D. HM-SW01 HM-SW02 HM-SW03 
LABORATORY I.D. 5167-18 5161 5160 
DATE COLLECTED 08-MAY-1994 06-MAY-1994 06-MAY-1994 
UNITS UG/L UG/L UG/L 

Aluminum 259 U 535 
Barium 49 J 38 
Calcium 14100 40200 
Chromium 10 U 36 
Iron 425 559 
Lead 1 U 2.5 
Magnesium 2830 109000 
Potassium 1670 U 41100 
Selenium 1.5 J 5 
Silver 10 U 17 
Sodium 16500 739000 

288 U 
20 J 

302000 
158 J 
320 
58.1 

754000 
288000 

41 J 
37 J 

6750000 



MARINE CORPS BASE CAMP LEJEUNE 
ANLAYTICAL SUMMARY OF RESULTS 
BACKGROUND - HOLLAND MILL CREEK 
SURFACE WATER - PESTICIDES AND PCBs 

BAKER I.D. 
LABORATORY I.D. 
DATE COLLECTED 
UNITS 

HM-SW01 HM-SW02 HM-SW03 
5167-18 5161 5160 

O&MAY-l 994 06-MAY-1994 06-MAY-1994 
ug/l ugll q/l 

NO PESTICIDES OR PCBs WERE DETECTED 



MARINE CORPS BASE CAMP LEJEUNE 
ANALYTICAL SUMMARY OF RESULTS 
BACKGROUND - HOLLAND MILL CREEK 
SURFACE WATER - SEMIVOLATILE ORGANIC COMPOUNDS 

BAKER I.D. HM-SW01 HM-SW02 HM-SW03 
LABORATORY I.D. 5167-I 8 5161 5160 
DATE COLLECTED 08-MAY-1994 06-MAY-1994 06-MAY-1994 
UNITS ug/l ug/l y/l 

NO SEMIVOLATILE ORGANIC COMPOUNDS WERE DETECTED 



MARINE CORPS BASE CAMP LEJEUNE 
ANALYTICAL SUMMARY OF RESULTS 
BACKGROUND - HOLLAND MILL CREEK 
SURFACE WATER - VOLATILE ORGANIC COMPOUNDS 

BAKER I.D. HM-SW01 HM-SW02 HM-SW03 
LABORATORY I.D. 5167-l 8 5161 5160 
DATE COLLECTED 08-MAY-1994 06-MAY-1994 06-MAY-1994 
UNITS ug/l ug/l &!/I 

NO VOLATILE ORGANIC COMPOUNDS WERE DETECTED 



MARINE CORPS BASE CAMP LEJEUNE 
ANALYTICAL SUMMARY OF RESULTS 
BACKGROUND -WEBB CREEK 
SURFACE WATER - METALS 

BAKER I.D. WC-SW02 
LABORATORY I.D. 5167-8 
DATE COLLECTED 06-MAY-1994 
UNITS UG/L 

Barium 29 J 27 J 
Calcium 46900 40500 

Chromium 15 u 97 J 
Iron 660 321 
Magnesium 29000 44800 
Potassium 10900 136000 
Sodium 202000 895000 

WC-SW03 
5158 

OB-MAY-1994 
UG/L 



MARINE CORPS BASE CAMP LEJEUNE 
ANALYTICAL SUMMARY OF RESULTS 
BACKGROUND -WEBB CREEK 
SURFACE WATER - PESTICIDES AND PCBs 

BAKER I.D. WC-SW02 WC-SW03 

LABORATORY I.D. 5167-8 5158 
DATE COLLECTED 06-MAY-1994 OSMAY-1994 

UNITS ug/l ug/l 

Aldrin 0.035 J 0.05 u 



MARINE CORPS BASE CAMP LEJEUNE 
ANALYTICAL SUMMARY OF RESULTS 
BACKGROUND - WEBB CREEK 
SURFACE WATER - SEMIVOlATILE ORGANIC COMPOUNDS 

BAKER I.D. WC-SW02 WC-SW03 
LABORATORY I.D. 5167-8 5158 
DATE COLLECTED 06-MAY-1994 06-MAY-1994 
UNITS ug/l q/l 

NO SEMIVO’LAT!LE ORGAN!C COMPOUNDS WERE DETECTED 



MARINE CORPS BASE CAMP LEJEUNE 
ANALYTICAL SUMMARY OF RESULTS 
BACKGROUND -WEBB CREEK 
SURFACE WATER -VOLATILE ORGANIC COMPOUNDS 

BAKER I.D. WC-SW02 WC-SW03 
LABORATORY I.D. 5167-8 5158 
DATE COLLECTED 06-MAY-1994 06-MAY-1994 
UNITS uall Udl 

NO VOLATILE ORGANIC COMPOUNDS WERE DETECTED 



Analytical Summary of Results 
(Sediment) 



MARINE CORPS BASE CAMP LEJEUNE 

ANALYTICAL SUMMARY OF RESULTS 

BACKGROUND - HADNOT CREEK 

SEDIMENT - METALS 

BAKER I.D. HC-SDOI-06 HC-SDOI-612 HC-SD02-06 HC-SD02612 HC-SD03-06 HC-SD03-06D HC-SD03-612 HC-SD04-06 HC-SD04-612 

LABORATORY I.D 5050 5044 5057.2 5054 5230 5237 5236 5052 5051 

DATE COLLECTED E-MAY-1994 E-MAY-1994 6-MAY.1994 6-MAY-1994 07-MAY-1994 07-MAY-1994 07-MAY-1994 E-MAY-1994 a-MAY-1994 

UNITS MG/KG MGIKG MG/KG MGIKG MG/KG MG/KG MGIKG MG/KG MGIKG 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Sodium 

Thallium 

Vanadium 

Zinc 

2940 J 

0.46 J 

16.3 J 

0.14 J 

0.03 J 

3620 J 

2.3 

1.6 U 

648 

0.77 R 

87.7 

6.9 

0.19 R 

1.6 U 

349 u 

0.27 J 

339 u 

0.14 

2.6 

4.9 u 

1880 J 

0.28 J 

14.6 J 

0.16 U 

0.03 J 

3330 J 

3.2 

1.8 u 
1.1 

586 

0.88 R 

77.1 

6.5 

0.13 R 

1.0 u 

396 U 

0.34 J 

385 u 

0.16 

2.8 

4.5 u 

7820 J 

1.1 J 

9.2 J 

0.25 J 

0.1 J 

2030 J 

6 

2.7 u 

1.5 

3660 

1.1 R 

1450 

6.5 

0.42 R 

2.7 U 

623 

0.6 J 

2750 

0.42 

a.4 

9.7 u 

10100 J 

1.9 J 

0.7 J 

0.32 J 

0.04 J 

1610 J 

6 

4.8 u 
0.81 

4630 

7.1 R 

1040 

4.9 

0.24 R 

1.8 

395 u 

0.47 J 

1630 

0.28 

7 

6.6 u 

3120 J 

7.5 u 

3.9 u 

0.95 R 

0.66 

3380 J 

16.1 

3.7 u 

4.9 u 

7280 J 

5.3 

4420 

17.1 

0.34 

9.9 

1420 

0.48 UJ 

14100 R 

0.34 u 

20.5 

20.8 

7310 J 

6.5 U 

10.2 

0.92 R 

0.08 

3350 J 

l&0 

4.5 

4.3 u 

11100 J 

3.7 

4130 

35.1 

0.25 

5.5 

1250 

0.41 UJ 

9860 R 

0.29 

18.4 

34.3 

14000 J 

7.9 u 

17.2 

1.3 R 

0.04 u 

3310 J 

41.6 

5 

3.5 u 

1700 J 

8.6 R 

6540 

64.7 

0.42 

12.1 

1840 

0.51 UJ 

6620 R 

0.44 

36.9 

40 

780 J 

0.45 J 

4.1 J 

0.13 u 

0.03 J 

1030 J 

2 

1.5 u 

0.66 

382 

1 R 

48.2 u 

3.7 

0.11 R 

1.5 u 

324 U 

0.21 J 

315 u 

0.13 u 

1.5 

4.5 u 

1260 J 

0.26 J 

5.5 J 

0.15 u 

0.03 UJ 

2150 J 

1.3 

1.6 U 

0.73 

583 

1.1 R 

62.5 U 

3.5 

0.08 R 

1.6 U 

355 u 

0.2 UJ 

344 u 

0.15 u 

1.9 

8.3 u 



MARINE COPRS BASE CAMP LEJEUNE 

ANALYTICAL SUMMARY OF RESULTS 

BACKGROUND - HADNOT CREEK 

SEDIMENT - PESTICIDES AND PCBs 

BAKER I.D. HC-SDOl-06 HC-SDOl-612 HC-SD02-06 HC-SD02-612 HC-SD03-06 HC-SD03-06D HC-SD03-612 HC-SD04-06 HC-SD04-612 
LABORATORY I.D. 5057-7 5044 5055 5054 5238 5237 5236 5052 5051 

DATE COLLECTED 8-MAY-1994 8-MAY-1994 6-MAY-1994 6-MAY-1994 07.MAY-1994 07-MAY-1994 07-MAY-1994 8-MAY-1994 8-MAY-1994 

UNITS ‘-@kg Km uglkg wlkg wlkg wlkg uglkg uglkg uglkg 

beta-BHC 2.4 U 2.8 U 4.2 U 2.8 U 5.8 U 4.9 u 6.2 U 2.3 U 1.7 J 

delta-BHC 0.64 J 2.8 U 4.2 U 2.8 U 5.8 U 4.9 u 6.2 U 2.3 U 2.5 u 

Heptachlor 0.48 J 2.8 U 4.2 U 2.8 U 5.8 U 4.9 u 6.2 U 2.3 U 2 J 

4,4’-DOD 2.4 U 2.8 U 1.5 J 2.8 U 11 u 2 J 4 J 2.3 U 2.5 U 
4,4’-DDT 4.7 u 5.4 u 8.2 U 5.3 u 11 u 1.2 J 12 u 4.4 u 4.8 U 

Methoxychlor 24 U 28 U 42 U 28 U 58 U 49 u 62 U 0.94 J 25 U 

Endrin aldehyde 0.59 J 5.4 u 7.1 J 0.77 J 11 u 9.6 U 12 u 4.4 u 4.8 U 



MARINE CORPS BASE CAMP LEJEUNE 

ANALYTICAL SUMMARY OF RESULTS 

BACKGROUND _ HADNOT CREEK 

SEDIMENT - SEMIVOLATILE ORGANIC COMPOUNDS 

BAKER I.D. 

LABORATORY I.D. 

DATE COLLECTED 

UNITS 

HC-SDOl-06 HC-SDOl-612 HC-SD02-06 HC-SD02-612 HC-SD03-06 HC-SD03-06D HC-SD03-612 HC-SD04-06 HC-SD04-612 

5057-7 5044 5055 5054 5236 5237 5236 5052 5051 

&MAY-1994 &MAY-1994 6-MAY-1994 6-MAY-1994 07-MAY-1994 07-MAY-1994 07-MAY-1994 6-MAY-1994 B-MAY-1994 

w/kg udh wkJ wlkg uglkg @kg w/kg Wkg w/kg 

NO SEMIVOLATILE ORGANIC COMPOUNDS WERE DETECTED 



MARINE CORPS BASE CAMP LEJEUNE 

ANALYTICAL SUMMARY OF RESULTS 

BACKGROUND - HADNOT CREEK 

SEDIMENT-VOLATILE ORGANIC COMPOUNDS 

BAKER I.D. HC-SDol-06 
LABORATORY I.D. 5057.7 

DATE COLLECTED s-MAY-1 994 

UNITS uglkg 

HC-SDOl-612 
5044 

8-MAY-1994 

uglkg 

HC-SD02-06 
6055 

B-MAY-1 994 

wml 

HC-SD02-612 
5054 

6.MAY-1994 

wk3 

HC-SD03-06 
5238 

07-MAY-1994 

w/hg 

HC-SD03-06D 
5237 

07-MAY-1994 

udkg 

HC-SD03-612 
5236 

07-MAY-1994 

w/kg 

HC-SD04-06 
5052 

a-MAY-1 994 

uglkg 

HC-SD04-612 
5051 

a-MAY-1 994 

‘@kg 

Acetone 70 J 16 UJ 25 UJ 16 UJ 34 UJ 29 UJ 37 UJ 13 UJ 15 UJ 
Carbon Disulfide 14 u 16 U 14 19 J 34 u 29 u 37 u 13 u 15 u 
2-Butanone 7 J 16 UJ 25 UJ 16 UJ 34 UJ 29 UJ 37 UJ 13 UJ 15 UJ 



MARINE CORPS BASE CAMP LEJEUNE 

ANALYTICAL SUMMARY OF RESULTS 

BACKGROUND - HOLLAND MILL CREEK 

SEDIMENT - METALS 

BAKER I.D. HM-SDOl-06 HM-SDOI-06D HM-SDOl-612 HM-SD02-06 HM-SD02-612 HM-SD03-06 HM-SD03-612 

LABORATORY I.D. 5243-l 8 5220 5219 5242 5241 5240 5239 

DATE COLLECTED 08-MAY-1994 08-MAY-1994 08-MAY-1994 07-MAY-1994 07-MAY-1994 07-MAY-1994 07-MAY-1994 

UNITS MG/KG MG/KG MG/KG MG/KG MG/KG MG/KG MG/KG 

Aluminum 457 J 

Barium 3.4 u 

Cadmium 0.03 

Calcium 282 J 

Chromium 1.6 

Cobalt 1.3 u 

iron 262 J 

Lead 0.62 J 

Magnesium 35.5 

Manganese 1.9 
Mercury 0.09 

Nickel 1.3 u 

Potassium 297 u 

Selenium 0.17 u 

Silver 0.49 

Thallium 0.12 u 

Vanadium 0.84 

Zinc 9.7 

337 J 

2.1 u 

0.11 

508 J 

1.1 

1.4 u 

225 J 

0.74 J 

26.7 
1.3 

0.16 

1.4 u 

304 u 

0.17 u 

0.37 u 

0.12 u 

0.62 U 
6.7 

505 J 13600 J 

3.9 u 18.7 
0.03 0.08 
2850 J 4250 J 

1.5 38.4 

1.4 u 4.4 

350 J 15800 J 

1 6 

34.4 4940 

1.6 67.2 
0.18 0.27 

1.4 u 11.2 

317 u 1510 
0.25 J 0.4 J 

0.39 u 0.85 U 

0.13 0.37 
0.66 27.1 

8.3 43.1 

9850 J 8760 J 

13.7 11 

0.06 0.05 

7860 J 2920 J 

28.1 30.7 

3.5 u 3.9 u 

32400 J 16900 J 

7.2 9.2 

3000 5700 
55.5 50.2 

0.32 0.35 

9.6 14.2 

1600 1720 

0.45 UJ 0.5 UJ 

0.95 u 1.1 u 

0.32 0.35 u 

30 28.4 

33.2 34.1 

9760 J 

12.9 

0.03 

2000 J 

36 

4 
19900 J 

5.7 
4300 

61.3 

0.27 

10.3 
1760 

0.37 UJ 

0.79 u 
0.27 

29.5 

29.9 



MARINE CORPS BASE CAMP LEJEUNE 

ANALYTICAL SUMMARY OF RESULTS 

BACKGROUND - HOLLAND MILL CREEK 

SEDIMENT - PESTICIDES AND PCBs 

BAKER I.D. HM-SDOI-06 

LABORATORY I.D. 5243-l 8 

DATE COLLECTED 08-MAY-1994 

UNITS uglkg 

HM-SDOl-06D HM-SDOl-612 

5220 5219 

08.MAY-1994 08-MAY-1994 

uglkg q/kg 

HM-SD02-06 

5242 

07-MAY-1994 

w/kg 

HM-SD02-612 

5241 

07-MAY-1994 

ug/kg 

HM-SD03-06 

5240 

07-MAY-1994 

uglkg 

HM-SD03-612 

5239 

07-MAY-1994 

uglkg 

beta-BHC 2.1 UJ 
Aldrin 2.1 u 
Dieldrin 4 u 

4,4’-DDE 4 u 

4,4’-DDD 4 u 

4,4’-DDT 4 u 

alpha-Chlardane 2.1 u 
gamma-Chlordane 2.1 u 

7.3 J 3.8 
0.56 J 0.72 J 

0.58 J 1.5 J 

1 J 4.3 

0.87 J 3.1 

4.1 u 1.7 J 

2.1 u 1.3 J 

2.1 u 3 

5.1 u 

5.1 u 
9.8 II 

9.8 U 

9.8 U 

9.8 U 

5.1 u 

5.1 u 

5.5 u 

5.5 u 
11 u 

11 u 
11 u 

11 u 

5.5 u 

5.5 u 

6 U 4.5 u 
6 U 4.5 u 

12 u 8.8 u 

12 u 8.8 u 

2.5 J 1.1 J 

12 u 8.8 u 

6 U 4.5 u 

6 U 4.5 u 



MARINE CORPS BASE CAMP LEJEUNE 

ANALYTICAL SUMMARY OF RESULTS 

BACKGROUND - HOLLAND MILL CREEK 

SEDIMENT - SEMIVOLATILE ORGANIC COMPOUNDS 

BAKER I.D. HM-SDOI-06 

LABORATORY I.D. 5243-l 8 

DATE COLLECTED 08-MAY-1994 
UNITS q/kg 

HM-SDOl-06D HM-SDOl-612 

5220 5219 

O&MAY-l 994 08-MAY-1994 

uglkg udb 

HM-SD02-06 

5242 

07-MAY-1994 

uglkg 

HM-SD02-612 

5241 

07-MAY-1994 

ug/kg 

HM-SD03-06 

5240 

07.MAY-1994 

w/kg 

HM-SD03-612 

5239 

07-MAY-1994 

udkg 

Di-n-butylphthalate 401 u 412 U 429 u 614 J 619 J 1150 u 534 J 
bis(2-Ethylhexyl)phthalate 401 UJ 412 UJ 429 UJ 943 u 1058 U 1150 u 454 J 



MARINE CORPS BASE CAMP LEJEUNE 

ANALMICAL SUMMARY OF RESULTS 

BACKGROUND - HOLLAND MILL CREEK 

SEDIMENT -VOLATILE ORGANIC COMPOUNDS 

BAKER I.D. HM-SDOl-06 

LABORATORY I.D. 5243-l 8 

DATE COLLECTED 08-MAY-1994 

UNITS q/kg 

HM-SDOl-06D HM-SDOl-612 

5220 5219 

08-MAY-1994 08-MAY-1994 

q/kg uglkg 

HM-SD02-06 

5242 

07-MAY-1994 

uglkg 

HM-SD02-612 

5241 
07-MAY-1994 

w/kg 

HM-SD03-06 

5240 

07-MAY-1994 

uglkg 

HM-SD03-612 

5239 

07-MAY-1994 

uglkg 

NO VOLATILE ORGANIC COMPOUNDS WERE DETECTED 

. . 



MARINE CORPS BASE CAMP LEJEUNE 
ANALYTICAL SUMMARY OF RESULTS 
BACKGROUND -WEBB CREEK 
SEDIMENT - METALS 

BAKER I.D. WC-SD02-06 WC-SD02-612 WC-SD03-06 WC-SD03-612 
LABORATORY I.D. 5243-l 0 5232 5235 5234 
DATE COLLECTED 06-MAY-1994 06-MAY-1994 07-MAY-1994 07-MAY-1994 
UNITS MGIKG MG/KG MG/KG MGlKG 

Aluminum 
Barium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Thallium 
Vanadium 
Zinc 

14800 J 8200 
28.2 13.3 
0.26 0.12 

4060 J 3260 J 
18.1 8.7 

3.5 2.3 U 
14600 J 8120 

16.9 11.9 
1690 618 
40.2 26 

0.4 0.36 
5.7 3.8 

739 u 508 U 
0.3 u 0.21 u 
21 11.9 
52 27.8 

11500 J 14600 J 
14.6 19.2 
0.06 0.07 

2190 J 3380 J 
30.3 42.6 

2.4 U 3.9 
12500 J 20700 J 

5.1 5.5 
4420 6060 
43.4 47.8 
0.23 0.26 

8.1 11.4 
1410 ,! 590 

0.24 0.32 U 
21.4 31 
28.3 27.2 



MARINE CORPS BASE CAMP LEJEUNE 
! ANALYTICAL SUMMARY OF RESULTS 

BACKGROUND -WEBB CREEK 
SEDIMENT - PESTICIDES AND PCBs 

BAKER I.D. WC-SDC2-06 WC-SD02-612 WC-SD03-06 WC-SD03-612 
LABORATORY I.D. 5243-l 0 5232 5235 5234 

DATE COLLECTED 06-MAY-1994 06-MAY-1994 O-/-MAY-l 994 07-MAY-1994 
UNITS w/kg ug/kg Wkg w&l 

delta-BHC 5.2 U 0.79 J 3.7 u 5.4 u 
Al&in 1.2 J 3.9 u 3.7 u 5.4 u 
Dieldrin 3.7 J 7.5 u 7.1 u 10 u 
4,4’-DDE 16 7.5 u 7.1 u 10 u 
4,4’-DDD 12 7.5 u 7.1 u 10 u 
4,4’-DDT 2.6 J 1.1 J 0.76 J 10 u 



MARINE CORPS BASE CAMP LEJEUNE 
ANALYTICAL SUMMARY OF RESULTS 
BACKGROUND -WEBB CREEK 
SEDIMENT - SEMIVOLATILE ORGANIC COMPOUNDS 

BAKER I.D. WC-SD02-06 WC-SD02-612 WC-SD03-06 WC-SD03-612 
LABORATORY I.D. 5243-l 0 5232 5235 5234 
DATE COLLECTED 06-MAY-1994 06-MAY-1994 07-MAY-1994 07-MAY-1994 
UNITS w/kg ug/kg w/kg w/kg 

Bento(a)pyrene 1000 u 688 u 714 u 544 J 



MARINE CORPS BASE CAMP LEJEUNE 
ANALYTICAL SUMMARY OF RESULTS 
BACKGROUND -WEBB CREEK 
SEDIMENT -VOLATILE ORGANIC COMPOUNDS 

BAKER I.D. WC-SDO2-06 WC-SDO2-612 WC-SD03-06 WC-SDO3-612 
LABORATORY I.D. 5243-l 0 5232 5235 5234 
DATE COLLECTED 06-MAY-1994 06-MAY-1994 07-MAY-1994 07-MAY-1994 
UNITS ug/kg wm w/kg w/kg 

NO VOLATILE ORGANIC COMPOUNDS WERE DETECTED 



Field Chemistry Results 



Sample Sample 
Identification Location 

FIELD CHEMISTRY FROM BIOLOGICAL SAMPLES 
HADNOT CREEK, HOLLAND MILL CREEK, AND WEBB CREEK 

MCB CAMP LEJEUNE, NORTH CAROLINA 

HCOl-SW/SD- 
FS/BN 

HCOZSWISD 

HCOZ-FSIBN 

HC03-SW/SD 

HC03-FS/BN 

HCO4-SW/SD- 
FSIBN 

HMOl-SW/SD- 
FSlBN 

HM02-S W/SD 

HMO’L-FSIBN 

HMOS-SW/SD 

HMOS-FS/BN 

Salinity 

@pt) 
7 

Conductivity 
(micromhoshm) (Zgk) 

ES 

(EJ.) 
Temperature 

(deg. Cl 

surface 
bottom 

surface 
bottom 

0 
NA 

0.8 
15.5 

13.5 
NA 

1,810 
21,900 

7.7 
NA 

5.9 
1.0 

6.89 
NA 

-- 
6.71 
6.73 

17 
NA 

16.1 
18.2 

surface 0.3 1,200 NA NA 20.5 
bottom 13.1 20,900 NA NA 22 

surface 0 720 7.3 7.2 15.5 
bottom 10.5 17,200 1 6.7 20 

surface 
bottom 

surface 
bottom 

0 
16.5 

NA 
NA 

17 
NA 

1,050 
22,800 

25,500 
NA 

12 
NA 

NA 20.5 
NA 21 

7.79 17.5 
NA NA 

surface 
bottom 

i surface 
( bottom 

surface 
bottom 

surface 
bottom 

17.9 
NA 

26,500 
NA 

65 
NA 

140 
NA 

36,000 
38,000 

NA 
NA 

0 
NA 

5.3 
NA 

0 
NA 

8.0 
NA 

24 
25 

11.8 
11.6 

7.69 
NA 

6.16 
NA 

-- 
6.9 
NA 

7.9 
7.6 

17.8 
NA 

17.3 
NA 

17.5 
NA 

17.2 
17.6 

surface 
bottom 

21 
19 

2 
3.75 

1 
1.1 

29,000 7.75 NA 21 
27,000 7.75 NA 20 

surface 
bottom 

3,810 NA NA 19 
6,000 NA NA 19.5 

surface 
bottom 

surface 
bottom 

2,490 
2,700 

19,000 
NA 

5.8 
5.0 

13.5 
NA 

3.4 
NA 

6.85 15.5 
6>.72 15.2 

6.81 17.8 
NA NA 

surface 22 32,000 10.8 7.90 17.5 
bottom NA NA NA NA NA 



Sample Sample Salinity Conductivity Temperature 
Identification Location @pt) (micromhosJcm) (fg?L) g., (deg. Cl 

WC02-SW/SD surface 4.5 9,000 9.0 7.48 21 
bottom 5.5 9,000 7.0 7.48 20.5 

surface 0 975 5.1 7.08 17.5 
bottom 0 1,250 4.4 7.15 17.5 

WC02-FSJBN surface 0 850 5.5 6.98 20.5 
bottom 7 10,500 6.1 6.85 21 

WC03-SW/SD surface 10 16,500 10 7.33 23 
bottom 10 16,500 8.5 7.36 

I 

22.4 

WCOS-FSJBN surface 12 17,200 9.1 7.43 20 
bottom 12.8 18,000 9.6 7.56 19 

PPt = parts per thousand FS = Fish sample I 
S.U. = Standard Units BN = Benthic Macroinvertebrate sample 
NA = Not Analyzed SW/SD = Surface water/sediment sample 
Sample Location = Water surface or water bottom 
DO = Dissolved Oxygen level 



Positive Detection Summary 
Fish Fillet Tissue Analysis 



MARINE CORPS BASE CAMP LEJEUNE 
BACKGROUND - HADNOT CREEK 

POSITIVE DETECTIONS SUMMARY 
FISH FILLET TISSUE SAMPLES 

Parameter 

Volatiles 
Acetone 
Methylene Chloride 

Semivolatiles 
Phenol 

Di-n-octyl phthalate 
Bis(2-ethylhexyl)phthalate 

Pesticides/PCBs 
4,4’-DDD 

4,4’-DDE 
alpha-Chlordane 
Aroclor-1260 

lnorganics 
Aluminum 
Arsenic 

Barium 
Cadmium 
Calcium 
Chromium 
Copper 
Iron 
Lead 
Magnesium 

Manganese 
Mercury 
Nickel 
Potassium 
Sodium 
Zinc 

HCl A-RD 
qed Drum) 

b-w/W 

0.13 J 
0.04 1 

ND 

ND 
1.1 B 

ND 
ND. 
ND 
ND 

ND 
0.7 L 

ND 
ND 
154 
0.38 L 
0.3 J 
ND 
ND 
285 
0.13 
0.07 

ND 
3930 
1060 

5 

HCl A-SF 
(Southern 
Flounder) 

@g/kg) 

0.056 J 
0.013 B 

0.46 

ND 
0.82 B 

ND 
ND 

ND 
ND 

ND 
0.82 

ND 
ND 
271 
ND 

0.18 J 
ND 
ND 
254 

0.38 
0.05 
ND 

3700 
607 

5 

iC1 A-LBA 
.argemouth 

Bass) 

@wlkt) 

0.077 J 
0.017 B 

ND 

0.061 J 
3.6 B 

ND 
ND 

ND 
ND 

ND 
0.34 L 

ND 
ND 
528 
0.23 L 
0.2 J 
ND 
ND 
298 

0.09 J 
0.22 
ND 

3740 
505 
3.9 

iC1 A-LBB 
-argemouth 

Bass) 

b-w/kg) 

0.07 J 
0.016 B 

2.1 

ND 
3.2 B 

ND 
ND 

ND 
ND 

36.5 
0.37 L 

ND 
ND 
684 
0.68 L 
0.24 J 
ND 
ND 
292 

0.09 J 
0.24 
ND 

3610 
580 
4.4 

iC1 A-LBC 
,argemouth 

Bass) 

O-w/W 

ICl A-BCA 1Cl A-BCA 
3lue Crab) 31ue Crab) 

O-WW 

0.037 J 
0.003 B 

hdkg) 

0.11 J 
0.011 B 

0.099 J 
0.022 B 

1.6 ND 

0.085 ND 
4.8 B ND 

ND 

ND 
ND 

ND 0.0066 0.0056 

ND 0.0087 0.0046 

0.00017 P 0.0018 0.0012 

ND ND ND 

ND ND 
0.36 K 0.68 

ND ND 
ND 0.14 

1170 4480 
0.63 L ND 
0.28 J 7.9 
ND ND 
ND ND 
319 591 
0.08 J 1.8 

0.17 K 0.08 
ND ND 

4040 2170 
529 4060 
4.6 L 25 

ND 
0.39 

10.1 
0.11 J 

32200 
0.52 L 
5.8 
ND 
ND 

1800 
13.6 
0.02 J 

ND 
1860 
4270 
17.9 

ICl A-GA 
Longnose 

Gar) 

(w/kg) 

0.028 J 
0.004 B 

ND 

0.29 J 
11 J 

ND 
0.012 

ND 
ND 

ND 
2.5 

ND 
ND 
493 
0.32 L 
0.46 J 
ND 
ND 
286 
0.24 J 
0.22 

0.45 L 
3410 
623 
6.5 

HCI A-GB 
Longnose 

Gar) 

@g/kg) 

0.016 J 
0.015 B 

ND 
0.5 J 
17 J 

ND 
0.0097 

ND 
ND 

ND 
3.9 L 

ND 
ND 
520 
0.21 L 
0.18 J 
ND 
ND 
300 
0.21 J 
0.14 

ND 
3270 
523 
4.6 



Fish Distribution and Characterization 



FISH DISTRIBUTION AND CHARACTERIZATION 
BACKGROUND STATIONS - WEBB, HADNOT, AND HOLLAND MILL CREEKS 

MCB CAMP LEIEUNE, NORTH CAROLINA 

Common Name Scientitic Name Length Length Water Type Habitat Spawning Tolerance Family Sources 
N.C. (cm) Atlas (cm) 

Atlantic Menhaden Brevoortia tvrannus 20 46 Brackish or marine, Rivers, streams NA Intermediate Clupeidae 1,2,3,4 
enters freshwater 

spot Leiostomas xanthurus NA NA Brackish or marine, NA NA NA Sciaenidae 1 
enters freshwater 

Stripped Mullet cephalus Munil NA 23-35 Brackish or marine, Rivers NA NA Mugilidae 192 
enters freshwater 

Pin&h rhomboides Laaodon NA 38 Marine, seldom Shallow waters NA NA Sparidae I,2 
enters freshwater 

Mud Cattish (Yellow ictalunus natalis 24 -38 Freshwater Rivers Streams April Tolerant Ictaluridae 1~3 
Bullhead) through 

May 

Redbreast Sunfish Lenomis au&us 18 6-15 Freshwater Streams April NA Centrarchidae 1,2,3 
through 

June 

Atlantic Croaker Micropogonias undulatus NA 61 Estuaries, brackish- NA NA NA Sciaenidae 192 
water or marine 

Pumpkinseed Lenomis gibbosus 20 8-20 Freshwater Streams Creeks April Moderately Centrarchidae 1,2,3,4 
through Tolerant 
October 

Longnose Gar Lepisosteus osseus 80 -150 Freshwater; May Rivers April Intermediate Lepisosteidae I ,2,3 
enter brackish water through 

May 

Summer Flounder-, Paralichthvs dentatus NA 31 ” Brackieb cr marine, Rivers NA NA .- Bothidae 1 
enters freshwater 

Flier Centrarchus macroptems 12 7-19 Freshwater Streams April NA Centrarchidae ~2~3 
through 

May 

Chain Pickerel niger Esdx 44 38-45 Freshwater Streams Creeks Febtuary Intermediate Esocidae 1,2,3 
through 
March 



FISH DISTRIBUTION AND CHARACTERIZATION 

BACKGROUND STATIONS - WEBB, HADNOT, AND HOLLAND MILL CREEKS 
REMEDiAL INVESTIGATION, CTO-0232 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Common Name Scientific Name Length Length 
N.C. (cm) Atlas (cm) 

Water Type Habitat ,Spawning Tolerance Family Sources 

ledear Fish microloohus Leoomis 18 14-25 Freshwater Streams May Intermediate Centrarchidae 1,W 
through 

August 

flatmouth gulosus Lepomis 16 8-26 Freshwater Rivers Streams May 
through 
August 

Intermediate Centrarchidae i,2,3 

White Perch americana Morone NA to 48 

Bluefish Pomatomus saltatrix NA NA 

Brackish water; 
Freshwater 

Coastal waters 

Bays and estuaries; 
Rivers and lakes 

Surface waters; 
Near shore and off 

shore 

NA Intermediate Percichthyidae 3,s 

NA NA Pomatomidae 2 

Bluegill macrochirus Leoomis 25 18-20 Freshwater Rivers Streams 

Creeks 
May Intermediate Centrarchidae 1X+ 

through 

October 

White Catfish Ictalums catus 31 -46 Freshwater Rivers May 
through 

June 

Intermediate Ictaluridae 1,X3 

Largemouth Bass Microoterus salmoides 48 12-70 Freshwater Rivers Streams 

Creeks 
May Intermediate Centrarchidae 1~23 

through 
June 

Mummichog Fundulus heterclitus 

Redfin Pickerel & americanus 

I 

7 8-10 Shallow coastal Rivers Streams April NA Cyprinodontid 1,2,3 
waters through ae 

August .-- 

23 25-30 Freshwater Streams Creeks February NA Esocidae IA3 
through 

March 

Hog Choker Trinectes maculatus 5 7-12 Shallow coastal Rivers Streams March NA Soleidae 1,2,3 
waters; Occasionally through 

enters freshwater April 

-. 

3 



FISH DISTRIBUTION AND CHARACTERIZATION 

BACKGROUND STATIONS - WEBB, HADNOT, AND HOLLAND MILL CREEKS 
REMEDIAL INWSTIGATION, CT04232 

MCB CAMP LEJEUNJ$ NORTH CAROLINA 

Common Name Scientific Name Length I--w@ 
N.C. (cm) Atlas (cm) 

Water Type Habitat Spawning Tolerance Family Sources 

Pirate Perch Anhredoderus savanus 9 7-14 Freshwater Streams Creeks January Jntermediate Aphredoderida 1 A3 
through e 

March 

Eastern Mosquito 

(Mosquitofish) 

afiinis Gambusia NA NA Fresh or Ponds, lakes, NA Intermediate Poeciliidae 295 
brackish water ditches, backwaters, 

I r , sluggish streams , 

I Menhinick, 1992. 

2 Boschung, 1983. 
3 USEPA, 1989d. 
4 Raasch, 1991. 

5 Kennish, 1986. 
NA = Information not Available 



. . 
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TOTAL NUMBER AND PERCENT OF AQUATIC SPECIES IDENTIFIED PER AREA 
WEBB CREEK AND HADNOT CREEK 

MCB CAMP LEJ-EUNE, NORTH CAROLINA 

SPECIES 

FISH SPECIES 

spot 

Stripped Mullet 

Pumpkinseed 

Mudcat 

Redbreast sunfish 

Lpng-Nosed Gar 

American flier 

Chain pickerel 

Redear fish 

Atlantic croaker 

War-mouth 

Bluefish 

Yellow Bullhead 

Blue gill 

White catfish 

Largemouth bass 

Summer flounder 

Mummichog 

Pinfish 

Atlantic menhaden 

Redtin pickerel 

White perch 

Hog choker 

Pirate perch 

WEBB CREEK Total HADNOT CREEK Total 

WC02 WC03 Detected HCOl HC02 HC03 HC04 Detected 

4 4 12 12 

4 4 3 3 

0 3 3 

3 3 3 3 

1 1 2 2 

9 5 14 0 

0 3 3 

0 1 1 

0 1 1 

0 5 5 

0 1 1 

0 3 3 

3 3 2 2 

4 4 0 

1 1 0 

/ 1 2 2 ‘k”. 0 : 

1 1 0 

3 3 0 

25 24 49 5 5 

0 2 2 

0 2 2 

0 1 1 

0 1 1 

0 8 8 



TOTAL NUMBER AND PERCENT OF AQUATIC SPECIES JDENTIFlED PER AREA 
WE!BB CREEK AND HADNOT CREEK 

MCB CAMP LEJEUNE, NORTH CAROLINA 

SPECIES 
WEBB CREEK Total HADNOT CREEK Total 

WC02 I WC03 Detected HCOl 1 HC02 1 HC03 1 HC04 Detected 

NO. OF SPECIES 9 4 12 5 2 8 2 18 

NO. OF INDIVIDUALS 53 33 86 10 4 32 10 56 

OTHER AQUATIC SPECIES 
Grass shrimp 3 3 0 

Crayfish 0 3 3 

NUMBER OF SPECIES 0 1 1 0 0 0 1 1 
!  I  

NO. OF INDIVIDUALS I 0 3 I 3 1 0 I 0 I 0 1 3 I 3 I 



TOTAL NUMBER AND PERCENT OF AQUATIC SPECIES IDENTIFIED PER AREA 
HOLLAND MILL CREEK 

MCB CAMP LEJEUNE, NORTH CAROLINA 

I HOLLAND MILL CREEK I 
(CARTWHEEL BRANCH) I Total Detected 

HMOl. HMO2 HMO3 
spot 8 8 

Stripped Mullet 11 3 14 

Pumpkinseed 16 2 18 

Chain pickerel 

Swamp darter 
I  I  I  I  

I 6 I I I 6 

Mud sunfish 

Black drum 

, 
1 1 

1 1 

Ligar 3 3 

Gizzard Shad 2 2 

Spotted sunfish 2 2 

Blue gill 2 1 3 

Atlantic menhaden 199 199 

Largemouth bass 1 1 

Hog choker 

Summer flounder 

I  I  

2 2 

1 17 18 

Mummichog 6 6 -.-. ! 
Pinlish 7 4 11 

Goby, freshwater 1 1 2 

t NUMBER OF SPECIES 
I I 1 I 
I 6 I 12 I 6 I 18 1 
I I I I 

NO. OF INDIVIDUALS 28 38 I 233 I 299 I 



TOTAL NUMBER AND PERCENT. OF AQUATIC SPECIES IDENTIFIED PER AREA 
HOLLAND MILL CREEK 

MCB CAMP LEJEUNE, NORTH CAROLINA 

SPECIES 

OTHER AQUATlC 
SPECIES 

HOLLAND MILL CREEK 
(CARTWHEEL BRANCH) Total Detected 

HMO1 HMO2 HMO3 

unknown I 
1 I 1 

Grass shrimp 13 I 13 

NUMBER OF SPECIES 2 1 0 3 

NO. OF LNDIVIDUALS 4 13 0 17 

Crayfish 
I  I  I  I  

3 
I 

3 



HADNOT CREEK _ BACKGROUND STATIONS 

SPECIES COC SAMPLE NO. 

HCOl 

Fish Mass 

Length Weight 

(cm) 

Average 

Weight 

(Q) 

HC02 

Fish 

Length 

(cm) 

Mass 

Weight 

Average 

Weight 

(cl) 

HC03 

Fish 

Length 

(cm) 

StrIppet Mullet HC03 15.25 45 45 

12.5 20 20 

12.5 20 20 

COUNT 3 3 

AVERAGE 13.416666667 26.333333333 

MAXIMUM 15.25 45 

MINIMUM 12.5 20 

Atlantic Menhaden HC03 

+ 1 collected, no length or weight 

5 <5 2.5 

Blue Fish 

spot 

AVERAGE 5 2.5 

MAXIMUM 5 2.5 

MINIMUM 5 2.5 

HC03 7 7 7 

11 17 17 

6 a a 

AVERAGE 6.6666666667 10.666666667 

MAXIMUM 11 17 

MINIMUM 7 7 

HC03 12.5 22 22 

5.5 <5.0 2.5 

6.75 <5.0 2.5 

5 45.0 2.5 

3.5 <5.0 2.5 

5.5 <5.0 2.5 

14 40 40 

13.5 35 35 

12 35 35 

14 35 35 

5.5 4.0 2.5 

ii.5 20 x) 

COUNT 12 12 

AVERAGE 9.0206333333 16.633333333 

MAXIMUM (4 40 

MINIMUM 3.5 2.5 



HAONOT CREEK. BACKGROUND STATIONS 

SPECIES 

White Perch 

CCC SAMPLE NO. 

HC03 

COUNT 

AVERAGE 
MAXIMUM 

MINIMUM 

HCOl 

Flmh 

Length 

(cm) 

Mars 

Weight 

HC02 

Fllh 

Length 

(cm) 

M.¶I$ 

Wolght 

HC03 HC04 

AkWge FI& Mare Average FM Mars Average 

Weight Length Welghl Wright Length Welght Welght 

(sl b-d (8) (cm) kl) 

18.5 105 105 

1 1 

18.5 105 

18.5 105 

te.5 to5 

HOgChoker HCOJ 5.5 5 5 

COUNT t 1 

AVERAGE 5.5 5 

MAXtMUM 5.5 5 

MINIMUM 5.5 5 

Pinlinh 

HC03 t3 35 35 

10.8 25 25 

11 22 22 

10.5 25 25 

13 37 37 

COUNT 5 5 

AVERAGE 11.66 28.8 
MAXIMUM 13 37 

MINIMUM 10.5 22 

Atlantic Croaker tic03 11.5 20 M 

10.5 16 16 

0 10 10 

10.5 14 14 

7.5 <5 2.5 

CWNT 5 5 

AVERAGE 9.8 12.5 

MAXIMUM 11.5 20 
MINIMUM 7.5 2.5 

Redbreest Sunlish HCOt 23.5 a35 265 

20 175 175 

COUNT 2 2 

AVERAGE 21.75 220 

MAXIMUM 23.5 285 
MINIMUM a 175 

HCOl 

COUNT 

AVERAGE 
MAXIMUM 

MINIMUM 

16.5 85 05 

0.5 15 15 

+l collected, no length 0, wolght 
3 3 

13 40 
18.5 55 

9.5 15 



HADNOT CREEK. BACKGROUND STATIONS 

SPECIES COC SAMPLE NO. 

Chain Pickerel 

Yellow Bullhead 

Pumpkinseed 

Warnwuth 

Aedfin Pickerel 

Pirate Perch 

Crayfish 

HCOI 
Fish 
Length 

(-4 

Maat 

Weight 

HC02 HC03 HC04 
Aversge Flrh Mans Average Fish Ma*s Average Fish Mass Averags 

Weight Length Welghl Wolghl Length Weight Wolght Length Weight Weight 

(g) (cm) M km) (8) (cm) (8) 

HCOl 37 290 290 

CCUNT 1 1 
AVERAGE 37 zao 

MAXIMUM 37 PO 
MINIMUM 37 280 

tic01 28.5 i70 270 
28.5 275 275 

COUNT 2 2 
AVERAGE 28.5 272.5 
MAXIMUM 28.5 275 

MINIMUM 28.5 270 

HC02 13 50 50 
17.5 125 125 

16 100 100 

COUNT 3 3 
AVERAGE 15.5 91.666667 
MAXIMUM 17.5 123 
MINIMUM 13 50 

HCOZ 

COUNT 
AVERAGE 
MAXIMUM 
MINIMUM 

HC04 

COUNT 
AVERAGE 

MAXIMUM 
MINIMUM 

22 250 250 

1 1 

22 250 
22 250 
22 250 

+t collected, no length or wslghl 
17 30 30 

2 2 
17 30 
17 30 
17 30 

HC04 5 z-5 2.5 
4.5 2.5 

CWNT 
- +6 collected, no ler& or welghl 

8 8 --~ 
AVERAGE 4.75 2.5 
MAXIMUM 5 2.5 
MINIMUM 4.5 2.5 

HCO4 8 10 3.3 
4.5 3.3 

4 3.3 

COUNT 3 3 
AVERAGE 4.a333333 3.3 
MAXIMUM 8 3.3 
MINIMUM 4 3.3 

3 collected at HCOl, no length or weight 



HCL‘AND MILL CREEK - BACKGROUND STATIONS 

SPECIES CDC SAMPLE NO. 

Ht.401 
Fish 
Length 

km) 

Mass 
Weight 

HMO2 HMO3 
Average Fish Mess Average Fish Masr Average 
Weight Length Weight Weight Length Weight Weight 

(9) (cm) (9) (cm) (Sl 

HMO2 38.5 640 
39.5 60 
34.5 400 
34.5 400 

33.5 360 
34 340 
37 460 
35 5M 

33.5 410 
32 320 
3, 370 

HMO3 

640 

6cd 

400 

400 
360 

340 

460 

5z.Q 
410 
320 
370 

14.5 40 40 

6.5 <5 2.5 

COUNT 11 
+t collected. no length or weight 

11 3 3 

AVERAGE 34.av3~ma2 436.1816162 10.5 21.25 

MAXIMUM 39.5 6-40 14.5 40 

MINIMUM 31 320 6.5 2.5 

Atlantic Menhaden HMO3 6 
6 

5.7 
5.4 
5.5 
5.6 

5.7 
5.5 

5 

5.5 
5.5 
5.2 
5.5 

5.5 
5.6 
6.2 

6 
5.5 

5 
5.5 
5.5 
5.5 

6 

5 
5.5 
5.5 

5.7 
5 
5 
6 

5.5 
5.5 

6 

6 

5.5 
5.5 
5.6 
5.5 

5.7 
6 

6 
6.5 

5.5 
6.5 

5.5 
5.5 

5.5 
6 

5.5 
5.5 
5.5 

4.5 
5 

5.5 
5.5 
5.5 
5.5 

6 
5.5 

6 
6 

24 4 

4 
4 
4 
4 

4 
22 2.2 

22 
2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
22 
2.2 

25 2.5 
25 
25 

25 
2.5 
2.5 
25 
25 
2.5 

20 2 

2 
2 
2 

2 

2 
2 

2 
2 

2 
27 I..3 

1.6 
1.6 

I.8 

1.8 

1.8 

j.8 

1.8 

1.8 

1.6 

I.8 

1.8 

1.6 

1.6 
1.8 

20 2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

138 collected no length or weight 

COUNT 199 61 
AVERAGE 5.6 2.25409&1 
MAXIMUM 6.5 4 
MINIMUM 4.5 I..3 



HOUANO MiLL CREEK - BACKGRWND STATIONS 

HMO, HMO2 NM03 

SPECIES COC SAMPI-E NO. Fish Mass Average Fish Mass Average Fish Mass Awraga 

Length Weight Weight Length Weight Weight Length Weight Weight 

(4 (9) (cm) (9) (4 (91 

Summer Flaundar HMO2 29.5 250 zso 

HMO3 33 400 4m 

43 650 850 

23.5 Qo 90 

24 120 120 

CWNT 

AVEJ3AGE 

MAXIMUM 

MINIMUM 

1 

29.5 

28.5 

28.5 

+I3 collected. no length cx might 

1 17 . 

250 30.125 365 

250 43 650 

250 XL5 Qo 

Black Drum HMO2 26 350 350 

spotted Sunlish 

COUNT 1 1 

AVERAGE 26 350 

MAXIMUM 26 353 

MINIMUM 28 350 

HMO2 IS.5 65 65 

17 110 110 

AVERAGE 16.25 87.5 

MAXIMUM 17 110 

MINIMUM 15.5 65 

;- Largemouth Bscr HMO2 34 540 540 

COUNT 1 t 

AVERAGE 34 540 

MAXIMUM 34 540 

MINIMUM 34 540 

Blue Gill 

f-“-. 

HMO3 

Cl collectad. rx) length or weight 

6 10 10 

COUNT 2 1 

AVERAGE 6 10 

MAXIMUM 6 10 

MlNlMLJM 6 10 

HMO3 

COUNT 

AVERAGE 

MAXIMUM 

MINIMUM 

5 <5 25 

12 25 a 

5.8 2-J 4 

6 4 

6.2 4 

6.4 4 

6.5 4 

+I mllected. no length or weight 

8 7 

6.02857143 5.76571429 

12 25 

5 2.5 

HMO2 17 105 

“MO, 10.5 10 10 

COUNT 

AVERAGE 
MAXMUM 

MlNlM”M 

+I collected. no length a weight 

2 1 t 1 

10.5 10 17 105 
10.5 10 17 105 

10.5 10 17 105 



HCXLAND MILL CREEK. BACKGROVND STATIDNS 

HMO1 HMO2 HMO3 

SPECIES COC SAMPLE NO. Fish Mass Average Fish Mass Average Fish Mass Average 

f--l Length Weight Weighf Lens& Weighi Weigh1 Lengm Weight Weight 

(cm) (9) (-4 (9) (cm) (9) 

Pumpkinseed HMO2 15 50 50 
11.5 24 30 

HMO1 7.5 45 4.5 

6.5 4.5 
7.5 4.5 
7.5 4.5 

6 4.5 
6 4.5 

4.5 4.5 
8.5 4.5 

8 4.5 
5.5 4.5 

8 50 8.3 

8.5 8.3 
6.5 a.3 
8.5 8.3 
11 6.3 

7.5 8.3 

COUNT 16 16 2 2 
AVERAGE 7.34375 5925 13.25 40 

MAxlMlJM 11 6.3 15 50 
MINIMUM 4.5 4.5 11.5 30 

Long-nose GM HMO2 73 1250 1250 

83 ax0 a00 
725 1640 1840 

CWNT 3 3 

AVERAGE 76.16666667 1630 

MAXIMUM 83 23ca 
MINIMUM 72.5 1250 

F- Pi”fi* 

Gizzard Shad 

Chain Pickerel 

Unknown Fiti 

HMO2 
HMO3 

COUNT 

AVERAGE 

MAXIMUM 
MINIMUM 

17.5 a0 60 

5 <5 2.5 

+6 collected, no length or weight +3 collected. no kmgth w weight 

7 1 4 1 
17.5 80 5 2.5 

17.5 80 5 25 

17.5 60 5 2.5 

HMO2 33 480 480 
34 460 464 

COUNT 2 2 
AVERAGE 33.5 470 
MAXIMUM 34 460 

MINIMUM 33 4M) 

lit.401 13 10 5 
13.5 5 

CWNT 2 2 

AVERAGE 13.25 5 
MAXIMUM 13.5 5 
MINIMUM 13 5 

HMO1 7.5 4 2.5 

CWNT 1 1 
AVERAGE 7.5 2.5 
MAXlMUM 7.5 2.5 
MINIMUM 7.5 2.5 

HMO1 6 18 3 

6 3 
6 3 

6 3 
6 3 

6 3 

COUNT 6 6 
AVERAGE 6 3 
MAXIMUM 6 3 
MINIMUM 6 3 



HOLLANO MILL CREEK - BACKGROUND STATIONS 

HMO1 HMO2 HMO3 r/--- SPECIES COC SAMPLE NO. Fish Mass Average Fish t&SS Awage fish Mass Average 

Length Weight Weight Length Weight Weight Length Weight Weight 

(cm) (9) (cm) (9) (cm) (e) 

Crayfish HMOI a.5 15 5 

4.5 5 

5.5 5 

COUNT 3 3 

AVERAGE 6.16666667 5 

MAXIMUM 6.5 5 

MlNlMUM 4.5 5 

Mud Sunfish 1 cdlected at HMOl, no length or weight 

Mummichog 6 cdlected at Hh402, no length or weight 

Gd~y. freshwater 1 cdlected at HMO1 and 1 collected at tiMO2. no length or weight 

Gras shrimp 13 cdkted at HM02. no length or weight 



WEBB CREEK - BACKGROUND STATIONS 

WC02 WC03 
,-- SPECIES COC SAMPLE NO. fish Mass Average Fish Mass Average 

Length Weight Weight Length Weight Weight 

(cm) (9) b-4 (9) 

snippet Mullet 

Summw Flounder 

Largemcuth Bass 

Redbreast Sunfish 

White Catfish 

spot 

BIue Gill 

WC02 39.5 500 500 

35.5 360 3-w 

41.5 700 700 

37 6cc! wo 

COUNT 4 4 

AVERAGE 38.375 545 

MAXlMUM 41.5 700 

MINIMUM 35.5 380 

WC03 21 60 60 

COUNT 1 1 

AVERAGE 21 60 

MAXIMUM 21 60 

MINIMUM 21 60 

WC02 34 525 525 

34 6co 600 

COUNT 2 2 

AVERAGE 34 562.5 

MAXIMUM 34 600 

MINIMUM 34 525 

WC02 16 60 60 

COUNT 1 1 

AVERAGE 16 60 

MAXIMUM 16 60 

MINIMUM 16 60 

WC02 37 760 750 

COUNT 1 1 

AVERAGE . . 37 750 

MAXIMUM 37 750 

MINIMUM 37 750 

WC02 

COUNT 

AVERAGE 

MAXIMUM 

MINIMUM 

14.5 10 10 

13 10 10 

13 Cl0 5 

+I collected. no length or weight 

4 4 

13.5 6.33333333 

14.5 10 

13 S 

WC02 23 300 300 

23.5 so0 303 

21.5 250 250 

16.75 65 65 

COUNT 4 4 

AVERAGE 21.1675 233.75 

MAXIMUM 23.5 300 

MINIMUM 16.75 65 



WEBB CREEK - BACKGROUND STATIONS 

,f=-- WC02 WC03 

SPECIES COC SAMPLE NO. Fish Mass Average Fish Mass Average 

Length Weight Weight Length Weight Weight 

N-f-4 (9) b-4 (9) 

Long-nose Gar WC02 68 

71.5 

73.5 

72.5 

66.5 

72.5 

71.5 

69.5 

75 

WC03 

1100 1100 

1220 1220 

1350 1350 

1220 1220 

1120 1120 

1260 1260 

1340 1340 

1240 1240 

1420 1420 

87 1900 1900 

83 1850 1850 

97 2650 2850 

7! .5 1000 1000 

73 1580 1580 

COUNT 9 9 5 5 

AVERAGE 71 .16667 1252.222 82.3 1836 

MAXIMUM 75 1420 97 2850 
MJNIMUM 66.5 1100 71.5 1000 

.- 
Pinfish WC02 

COUNT 

10.5 NA 

i-24 collected, no length or weight 24 collected, no length or weight 

25 24 

AVERAGE 10.5 

MAXIMUM 10.5 

MINIMUM 10.5 

Yellow Bullhead WC02 38.5 900 900 
Catfish 32.5 620 620 

36.5 640 640 

COUNT 3 3 

AVERAGE 35.83333 720 

MAXIMUM 38.5 900 

MINIMUM 32.5 620 

Mudcat 3 fish collected at WCO2. no length or weight 

Mummichog 3 fish collected at WC03. no length or weight 

Grass shrimp 3 collected at WC03, no length or weight 



Benthic Macroinvertebrate 
Characterization and Statistics 



MARINE CORPS BASE CAMP LEJEUNE 

BACKGROUND - WEBB CREEK 

/“lBENTHIC MACROINVERTEBRATES 

WC02-BN WC03-BN 

01 02 03 01 02 03 

EMERTEA 

Anopla 

Heteronemertea 

Lineidae 
Micrura leidyl 

NNELIDA 

Polychaeta 

Capitellida 

Capitellidae 
Heteromestus filiformis 

Phyllodocida 

Nereidae 
Nereis succinea 

Spionida 

Spionidae 
Scolecolepides viridis 

Terebellida 

Ampharetidae 
Hypaniola grayi 

RTHROPODA 

Crustacea 

Amphipoda 

Gammaridae 
Gammarus tigrinus 

lnsecta 

Diptera 

Chironomidae 
Chironomus decorus gr. 

Procladius sp. 

Tanytarsus sp. 

IOLLUSCA 

Bivalvia 

Veneroida 

Corbiculidae 
Polymesoda caroliniana 

Tellinidae 
Macoma tenta 

1 2 2 

2 

1 

1 

4 10 

10 1 1 

8 24 13 38 17 6 

1 3 2 1 

2 1 

1 

1 

‘otal Taxa 4 4 4 4 5 4 

‘otal Specimens 21 33 25 42 22 IO 

leplicate Specimens Average 26.33 24.67 

itandard Deviation 4.42531 10.5317 6.18466 18.3394 7.05691 2.38048 

:riliouin’s Diversity 0.518 0.279 

;PECIES DENSITY (#/MA 2) 134 210 159 268 141 64 

;PECIES DIVERSITY (Shannon-Wiener) 0.473 0.380 0.419 0.180 0.3&l 0.473 



ncm.BN 
0, m  m  



MARINE CORPS BASE CAMP LEJEUNE 

BACKGROUND - HAONOT CREEK 

BENTHIC MACROINVERTEBRATES 

ZMERTEA 

4nopl&l 

Hetetonsmerte.3 

tineidae 

Micrura leidyi 

JNELIDA 

3ligochaet.s 

Tubificida 

Tubificidae 

Limnodrilus hoffmeisteri 

Pdychaeta 

Ariciida 

Orbiniidae 

Scdcplos fragilis 

Capitellida 

Capitdlidae 

Heteromastus tilifcxmis 

Phyilodocida 

Neraidae 

Nerds succinea. 

Spicnida 

Spionidee 

Streblospio benedicti 

Terebellida 

Ampharetidae 

Hypanida grayi (ampharetid worm) 

?THROPODA 

crustacea 

Decapoda 

Pataemonidae 

Palaemonetes pugic 

Insecta 

Dytiscidae 

Hydropocus Sp. 

Elmidae 

Dubiraphis sp. 

Oiptera 

Chacboridae 

Chaobc+us sp. 

Chironomidae 

Ablabesmyia makXhi 

Chironcmus decorus gr. 

Dicrotendipes newOSUS 

Lark sp. 

Pdypedilum illincense 

Pdypedilum ScalawUm 

Tanytarsus sp. 

Tribdos lucundum 

Megaloptera 

Sialidae 

Sialis sp. 

OLLUSCA 

Bivalvia 

Veneroida 

Mactridae 

Mullinia lateralis 

Tellinidae 

Macoma tenta 

~tal Taxa 

~tal Specimens 

plicate Specimens Average 

sndard Oeviation 

illwin’s Diversity 

‘ECIES DENSITY (e/M - 2) 

‘ECIES DIVERSITY (Shannon-Wtener) 1 1 

- 

-01 -BN HM02-BN HM03-SN 

01 02 03 01 02 03 01 02 03 

3 

1 

1 

2 

5 

12 

18 

11 

50 

1 

1 3 

t 

1 

2 

1’ 

1: 

159 3 

10 3 10 3 2 4 

104 162 79 130 189 as 

115 134.667 

15.0864 90.934 9.0609 j6.4254 120.915 36.563 

0.5 0.122 

663 1033 504 829 1205 542 

0.695 0.045 0.793 0.138 0.083 0.186 

7 9 6 

3 : 

120 180 71 1 

3 

17 23 

7 4 4 

29 48 20 

32.3333 

.75698 11.1056 4.0824 

0.497 

185 306 127 

0.593 0.436 0.480 
-- 



SUMMARY STATISTICS OF BENTHIC MACROINVERTEBRATE SPECIES AT 
HADNOT CREEK, HOLLAND MILL CREEK, AND WEBB CREEK 

MCB CAMP LEJEUNE, NORTH CAROLINA 

station 
Species 

Species 
Number of Number of Diversity 

Species 

Species Organisms 
‘Density Diversity 

Wm2) 
(Shannon- 
Weiner) 

(Brillouin’s) 

WC02 I 7 I 79 I 504 I 0.570 1 0.518 9.4 

WC03 r-- ~ ~~~ 7 I ~~ 74 I 472 I 0.323 I 0.279 

HCOl 20 286 1,823 0.802 0.755 

HC02 4 79 504 0.196 0.072 

HC03 8 244 1,555 0.683 0.675 

HC04 13 165 1,052 0.807 0.757 

HMO1 13 345 2,199 0.525 0.500 

HMO2 4 404 2,575 0.128 0.122 

HMO3 I 7 I-~ 97 I 618 I 0.538 I 0.497 

Macroinvertebrate 
Biotic Index 

9.6 

7.8 

7.6 

NA 

7.6 

6.9 

9.6 

9.6 

WC = Webb Creek Stations 
HC = Hadnot Creek Stations 
HM = Holland Mill Creek Stations 
BN = Benthic Macroinvertebrate Sample 
NA = Not Applicable 
Species Density (#m’> is based on a sample area of 0.0523 m2. 



SYSTEMATIC LIST OF BENTHIC MACROINVERTEBRATE SPECIES 
AT BACKGROUND STATIONS 

(WEBB, HADNOT, AND HOLLAND MILL CREEKS) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Species 
USEPA”’ 

Metals 

NERMERTEA Phylum 

Anopla Class 

Heteronemerka Order 

Line&e Family 

Micrura leidvl Genus Species 

ANNELIDA 

Oligochaeta 

Phylum 

Class 

Lumbriculida 

Lumbriculiae 

Eclipidrillus sp. 

Tubificida 

Order 

Family 

Genus Species 

Order 
, 

Tubificidae 

Isochaetides j-eyi 

Limnodrilus hoJineisteri 

Spirospenna carolinensis 

Family 

Genus Species 

Genus Species 

Genus Species 

Polychaeta 

Ariciida 

Orbiniidae 

Class 

Order 

Family 

II Scoloplos frasilis 1 Genus Species 
II 

II Capitellida Order 

Capitellidae 

Heteromestus fi1iJormi.v 

Family 

Genus Species 

Phyllodocida 

Nereidae 

Nereis succinea 

Order 

Family 

Genus Species 

Phyliodocidae 

Eteone heteropoda 

Family 

Genus Species 

Spionida Order 

Spionidae 

Scolecolepides virdis 

Streblospio benedicti 

Family 

Genus Species 

Genus Species 

II Terebellida I Order 



SYSTEMATIC LIST OF BENTHIC MACROINVERTEBRATE SPECIES 
AT BACKGROUND STATIONS 

(WEBB, HADNOT, AND HOLLAND MILL CREEKS) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

USEPA”’ 
Metals 

Ampharetidae Family 

Hypaniola grayi Genus Species 

ARTHROPODA Phylum 

crustacea Class 
II 

AIllphipOda Order 

Corophiidae 

Corophium lacuatre 

Family 

Genus Species 

Gammaridae Family 

Crangonyx pseudogracillus 

Gammarus tigrinus 

Tanaidacea 

Tanaidae 

L.eptochelia rapox 

Decapoda 

Palaemonidae 

Palaemonetes pugio 

Insecta 

Colecptera 

Dytiscidae 

Hydroporus sp. 

Elmidae 

Genus Species 

Genus Species 

Order 

Family 

Genus Species ., 

Order ! 

Family 

Genus Species 

Class 

Order 

Family 

Genus Species 

Family 

Dubiraphia sp. 

Diptera 

Ceratopogonidae 

Palpomyia/sphaeromias sp. 

Genus Species 

Order 

Family 

Genus Species 

Chaoboridae 1 Family 
II 

Chaoborus sp. 

Chironomidae 

Ablabesmyki annulata 

Ablabesmyia mallochi 

Ablabesmyia ramphe gr. 

Clinotanypus pinguis 

Chironomus decorus gr. 

Genus Species ; 

Family 

Genus Species 

1 Genus Species 
II 

Genus Species 

Genus Species 

Genus Species 



SYSTEMATIC LIST OF BENTHIC MACROINVERTEBRATE SPECIES 
AT BACKGROUND STATIONS 

(WEBB, HADNOT, AND HOLLAND MILL CREEKS) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Species 
USEPA”’ 

Metals 1 

Cryptochironomus fulvus gr I Genus Species 
II 

Dicrotendipes nervosus 

Epoicladius sp. 

Glyptotendipes sp. 

L.arsia sp. 

Nilothauma sp. 

Paraiauterbomiella nigrohaite 

Genus Species 

Genus Species 

Genus Species 

Genus Species 

Genus Species 

Genus Species 

Polypedilum illinoense 

Polypedilum scalaenum 

Procladius sp. 

Tanytarsus sp. 

Tribelos jucundum 

Tribelos lucundum 

I Genus Species 

Genus Species 

Genus Species 

Genus Species 

Genus Species 

Genus Species II II 
Tipulidae 

Psuedolimnophila sp. 

Ephemeroptera 

Family 

Genus Species 

Order 

II Ephemeridae 1 Family 
II 

Heragenia billineata 

Megaloptera 

Sialidae 

Sialis sp. 

Odonata 

Coenagrionidae 

Genus Species 

Order 

Family 

Genus Species 

Order 

Family 

II Arnia sp. I Genus Species II 

II Libelluiidae I Family 
II 

Pechydiplar longipennis 

Trichoptera 

Polycentropodidae ’ 

Phylacentropus sp. 

Genus Species 

Order 

Family 

Genus Species 

MOLLUSCA 

Bivalvia 

Mytiloida 

Mytilldae 

Phylum 

Class 

Order 

Family 



SYSTEMATIC L& OF BENTHIC MACROINVERTEBRATE SPECIES 
IAT BACKGROUND STATIONS 

(WEBB, HADNOT, AND HOLLAND MILL CREEKS) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Speciek 
USEPA”’ 

Metals 

II-- Geukznsia demisia I Genus Species 
.----II 

Veneroida 

Corbiculidae 

Polymesoda caroliniana 

Order 

Family 

Genus Species 

Mactridae 

Mullinia lateralis 

Sphaeriidae 

Family 

Genus Species 

Family 

Pisidium casertanum 

Tellinidae 

Genus Species 

Family 

II-- ~~~ Macoma tenta I Genus Species 



,- 

USEPA SENSITIVITY TO METALS AND TOLERANCE TO ORGANIC WASTE AND BIOTIC INDEX 
FOR BENTHIC MACROINVERTEBRATE SPECIES AT BACKGROUND STATIONS 

(WEBB, HADNOT, AND HOLLAND MILL CREEKS) 
MCB CAMP LEJEUNE, NORTH CAROLINA 



USEPA SENSITIVITY TO METALS AND TOLERANCE TO ORGANIC WASTE AND BIOTIC 
FOR BENTHIC MACROINVERTEBRATE SPECIES AT BACKGROUND STATIONS 

(WEBB, HADNOT, AND HOLLAND MILL CREEKS) , 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Species 
USEPA”’ 

Metals 
organics 

NCDEHNRQ 
Biotic Index 

II Ampharetidae ! 
Hypaniola grayi NA NA NA 

ARTHROPODA 
b 

II Co~ophiidae 1 1 1 

II Corophium lacuatre I NA ! NA ! NA 

Gammaridae 

Crangonyx pseudogracillus 

Gammarus tigrinus 

NA NA ( 7.9 

NA 2 I’ NA 

Tanaidacea 

Tanaidae 
1 

II L-eptochelia rapox ! NA 1 NA 1 NA 

II D=poda I 1 ! 
Palaemonidae 

Palaemonetes pugio . NA NA NA 

II Coleoptera 1 

Dytiscidae 

Hydroporus sp. 

Elmidae 

NA NA 8.6 

Dubiraphia sp. NA NA 5.9 

Diptera ., i 

lr-~ ~ Ceratopogonidae 

Palpomyia/sphaero@zs sp. 

Chaoboridae 

Chaoborus sp. 

Chironomidae 

NA NA 7.0 

NA NA 8.5 

II Ablabesmyia annulata NA 1 3.5 

Ablabesmyia mallochi 

Ablabesmyia ramphe gr. 

Clinotanypus pinguis 

S 2 7.2 

NA 2 NA 

S 3 8.1 

INDES 



USEPA SENSITIVITY TO METALS AND TOLERANCE TO ORGANIC WASTE AND BIOTIC INDES 
FOR BENTHIC MACROINVERTEBRATE SPECIES AT BACKGROUND STATIONS 

(WEBB, HADNOT, AND HOLLAND MILL CREEKS) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

I USEPA”’ 
I 

organics 
I 

NCDEHNRn’ 
Metals Biotic Index 

Chironomus decorus gr. NA NA 9.6 

Cryptochironomus fidvus gr NA 3 6.4 

Dicrotendipes net-vows S 2 9.7 

Epoicladius sp. NA NA 0.0 

Glyptotendipes sp. NA NA 9.4 

Larsia sp. NA 2 9.3 

Nilothauma sp. NA NA 5.0 

Paraiauterbornielkz NA NA NA 
nigrohaite 

Polypedilum illinoense NA 3 9.0 

Polypedilum scalaenum NA 2 8.4 

Sialis sp. 

Odonata 

T 4 7.2 

Coenagrionidae 

Argia sp. 

Libelluiidae 

Pechydiplax longipennis 

Trichoptera 

Polycentropodidae 

Phyktcentropus sp. 

MOLLUSCA 

Bivalvia 

NA NA 8.2 

NA NA NA 

NA NA ’ 6.2 



USEPA SENSITIVlTY TO METALS AND TOLERANCE TO ORGANIC WASTE AND BIOTIC INDES 
FOR BENTHIC MACROINVERTEBRATE SPECIES AT BACKGROUND STATIONS 

(WEBB, HADNOT, AND HOLLAND MILL CREEKS) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

(1) Macroinvertebrate Field and Laboratory Methods for Evaluating the 
Biological Integrity of Surface Waters 

Q Lenat, 1993 
NA = Not Available 
S = Sensitive to heavy metals 
T = Tolerant to heavy metals 
Organics Ranking = 0 to 5 with 0 being the least tolerant 



Sampling Station 
Location Maps 
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Baker, 1994. Baker Environmental Inc., 1994. “Supplemental Aquatic Survey for Wallace 
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FISH AND BENTHIC MACROINVERTERBRATE 
SAMPLING LOCATION IN HADNOT CREEK 

MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA 

SOURCE:  N.C. DIVISION O F  MARINE 
FIDHERIES. REPORT AFC-9, NOV. 1975. 
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FISH A N D  BENTHIC MACROINVERTERBRATE 
SAMPLING LOCATION I N  HOLLAND MILL CREEK 

MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA 

SOURCE: N.C. DIVISION OF MARINE 
FIDHERIES, REPORT AFC-9, NOV. 1975. 
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SHOWER INHALATION MODEL 

INHALATION OF CONTAMINANTS VOLATILIZED FROM SHOWER WATER 
. . 

In the model developed by Foster and Chrostowski (1986), inhalation exposures to volatile 
organic chemicals (VOCs) while showering are modeled by estimating the rate of chemical 
releases into the air (generation rate), the buildup of VOCs in the shower room air while the 
shower is on, and the decay of VOCs in the shower room air after the shower is turned off, and 
the quantity of airborne VOCs inhaled while the shower is both on and off. 

Estimation of the rate of VOC release into the air is based upon Liss and Slate& (1974) 
adaptation of the two-film gas-liquid mass transfer theory. The two-film boundary theory 
provides the basis for estimating the overall mass transfer coefficient (IQ for each VOC of 
interest, according to the following equation: . 

. *.. . . . . . . . . 
. . . . . - : . . . *. . . . . . . . . . 

(1) . . *. * . . 

where, 

Kt = overall mass transfer coefficient (centimeter per hour 
[cm/hr3), 

H = Henry’s law constant (a&n-m3/mol-K), 

RT = 2.4~10’~ atm-m3/mole (gas constant of 8.2~10~’ 
atm-~3/mole-K times absolute temperature of 293 K), 

Ecg = gas-film mass transfer coefficient (crnhr), and 

kl = liquid-film mass transfer coefficient (cm/hr). 

Equation 1 descrii the mass transfer rate of a compound at an air-water interface where 
difiksion may be limited by both liquid- and gas-ibase resistances. 

1 



Typical values of kr (20 cm/h@ and & (3,000 cm/hr), which have been measured for CO, and 
H,O, respectively, may be used to estimate VOC-specific values for these parameters (Liss and 
Slater, 1974): 

k,(VOC) =kg(H..0(18/Mw,) ‘.’ (2) 

k, (VOC) =rc, (CO, (44/Mm) OaS (3) 

where, 

Mw= molecular weight -01). 

. * 

- The mass transfer coefficient, & is adjusted to the shower water temperature, T,, according to 
a semi-empirical equation developed to estimate. the effect of teniperaiure on oxygen mass- - . 

.. . transfer rate’(O’Connor’ arid Dobbins,. 1956): . . . -.. . . . . . . * . - : .’ . . . . . _* 

K,=K-,( TIPS/ T&)-O -= (4) * ,. 

where, 

,- rzr,= adjusted overall mass transfer coeficient (cm/hr), 
T, = calibration water temperature of I(L (K), 
T, = shower water temperature (K), 
pl = water viscosity at T, (cp), and 
P = water viscosity at T, (cp). 

The concentration leaving the shower droplet, C, is obtained from an integrated rate equation 
based on a mass-balance approach: 

Cd=Cwo(l-exp [-Kat,/60d ) (5) 

where, 

c = wd concentration leaving shower droplet after time 6 
we), 

c, = shower water concentration @g/Q), 
= 

; = 
shower droplet diameter (mm), and 
shower droplet drop time (se+ 

The term KJ60d combines both the rate transfer and the available interfacial area across which 
volatilization can occur. The value 1/6Od equals the specifiq interfacial area, 6/d, for a special 

2 



shower droplet of diameter “d” multi&d by conversion factors @r/3,600 set and 10 mm/cm). 

The VOC generation rate in the shower room, S, can then be calculated by the equaticsu 

s=c&w /sv (6) 

where, 

= 

& = 
indoor VOC generation rate (erg/m’-min), 
shower water flow’rate (liter/mm), and 

sv = shower room air volume (m’). 

. - 

. A simple one-box indoor air pollution model was -used to estimate VOC air concentrations in the 
shower room. This model can be expressed as a differential equation describing the rate of 

. change.of the indoor polhnant concentration with time: . *. : . ., _ . . :. _. . : -- . . . . . . . . : . 
.  *  

l .  

, -  . *  .  

.  .  .  

dC,/dt=RC,+S .  .  (7) . . . 

n 

where, 
c, = indoor VOC air concentration (pg/m3, and 
R = air exchange rate (miri’). 

When Equation 7 is integrated, the time-dependent indoor concentration can be estimated as 
foltows: 

C,(t)=(S/R) (I-exp[-Rtl) for t = D, 

and 

C,(t)~(S/R) kxp[RDs]-l)exp(-Rt]) t> OS 

where, 

indoor air VOC concentration at time t @g/m?, 
shower duration @in), and 
time @in). 
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,- The inh&tion exposure per shower can then be calculated according tc the equation: 

where, 

Eph = inhalation exposure per shower &g/kg/shower), 
VR = ventilation rate (liter/min), 
BW = MY weight 0, and 
Dl = total duration in shower room (min.) 

This equation can be solved as: 

: . . . . . . q&=.:(W (S) / [pa. (8) (lo61 I D, .- l/R + f?xp 6-qJ /RI . . . . . . .* . . . . . . . . . . * ._ . . f. . * . . . ‘.. . . . . . _: . 
for-the ‘d&&on of the shower, and as : “. . ’ 

. . 

J&= (VR) (S) / i (BW) (RI (IO61 1 x i ID,+ 
em 1 -RDJ 

R I - 
kxp [R&-&l 

R 
1 

for both the duration of the shower and the duration in the room afkr the shower is turned off. 

Assuming that an individual showers daily, Eti is then equivalent to the chronic daily intake. 

Table C-1 lists the input parameters to the shower model. 

Molecular weights and Henry’s Law constants for the contaminants of concern are given in the 
respective toxicological profiles (see Appendix F). 
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PARAMmmausEDlNTEEc ALCULATION OF SHOWER DOSE 

PARAMETER VALUE 

Calibration water temperature, TI K 293 

Shower water temperature, T, K 318 

Water viscosity at T,, ,,1 centipoise 1.002 

WaterviscosityatT,,, C~tipOoise 0.596 

Shower water dropkt diameter, d mm 1.0 

Shower $roplet drop time, t, . . set . 2 

Show&water-floG.r&,FR ‘:i .. . . ... ‘liqzrhih . 10 .’ . . 

Shower r&m-air volume, SV - . li13 : : 6- - 

Air exchange rate, R h-1 0.0083 

Shower duration, D, min 12 

Total duration in shower room, Dt mill 15 

Ventilation rate, VR (adult) literhin 10 

Ventilation rate, VR (child) liter/min 13.3 

Body weight, BW (Adult) Irg 70 

Body weight, BW (Child) k 15 

f _ 

*.. -- . 
. . . *. 



APPENDIX 0 (cont.) 
SHOWER MdDEL 

Chemical-specific permeability constants (PCs or kJ were calculated using the following 
equation. (Reference: USEPA, 1992) 

mz kP = -2.72 + 0.71 log hw - 0.0061 lWW 

Where, 

4 = permeability constant (cm/hr) 
k, = 0ctanoVwater coefficient (unitless) 
MW = molecular weight (g/mole) 

Parameter J4Av kp 

acenapthene 4 154 ,O.Ol 

Z-methylnaphthalene 3.86 142.2 1.5x1o-3 
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LEAD UBKMODEL 

Lead exposure at the project site was evaluated using USEPA’s lead UBK modeI. This model 
incorporates exposure from six different media (air, soil, drinking water, diet, indoor dust, and 
paint) to estimate blood lead levels in infants and young children. The lead UBK model 
addresses the lowest age groups because children are exceptionally sensitive to the adverse effects 
of lead.. Factors contributing to this sensitivity include: 1) an apparent intrinsic sensitivity of 
developing organ systems, 2) behavioral traits that result in increased contact with dust and soil, 
3) certain physiological factors that result in greater deposition of lead in the respiratory tract and 
higher absorption rate from the gastrointestinal tract in children, and 4) sufficient tmnsplacental 
transfer of lead to resukin a fetal burden (USEPA, 1990). In contrast to typical exposure 

. * . estimation techniques,-the UBK model predicts blood lead levels in younger children. 
. . . . . * . . : - . . . -. 

* %he~Ulk r&de1 is hoxrble in &at the us6 &I: *ply sitekpecific exposure. p&ame& 6. ‘. 
estimate blood lead levels. In evakating exposure at the project site, it was assumed that infants 
and younger children are exposed to lead in soil, drinking water, diet, air, and indoor dust. The 
following is a discussion of lead exposure via these five pathways and a description of the 
exposure parameters used for each pathway. 

Soil and Indoor Dust 

Soil concentrations of lead at the site were entered into the UBK model to establish the soil and 
indoor dust contribution to blood lead levels. The UBK model assumes that infants and younger 
children ingestion both soil and indoor dust that is contaminated with lead. For the project site, 
both RME and average concentrations of lead in soil were modeled. These values arepresented 
in Appendix D. The following discusses the exposure parameters used in estimating the blood 
lead levels from soil and indoor dust exposure. 

The UBK model e&mates the indoor lead dust concentration as a percentage of the outdoor soil 
lead concentration. A conversion factor of 0.28 is used in the model for establishing the indoor 
lead dust concentration from an outdoor soil source. This value is derived from a study by Davis 
et al. (1990) where they identified a 0.28 dust/soil ration for aIuminum and ,silicon. Because site- 
specific data are not available for the site, the default factor of 0.28 was utilized. The model also 
distributes the infant and young child’s exposure between the soil and indoor dust. This soil/dust 
ingestion weighting factor is dependent on the amount of time spent indoors and outdoors. It is 
expected that the amount of time spent indoors is greater than the amount of time spent outdoors 
for infants and younger children (USEPA, 1990). As a result, the USEPA has selected a default 
value of 45 (i.e., 45% of lead intake from soil and dust is derived from ingestion of soil, 55% 
from ingestion of indoor dust). 

1 



Soil ingestion rates for the various age groups are required in the prediction of blood lead levels. 
The default values in Version 0.4 UBK model are 100 mg/day for each of the age groups. These 
values are unrealistic in that they assume a relatively high ingestion rate for the lower age groups 
(e.g., O-l and l-2 yr.). As a result, the ingestion rate of 100 mglday, especially in the lower age 
groups (O-2 years), is not representative for the site. USEPA’s Exposure Factors Handbook 
(USEPA, 1989) presents values for soil ingestion for the various age groups. In particular, soil 
ingestion values that represent an intermediate tendency to ingest soil are presented. These values 
are more representative of the exposure at the site and were used in oalculating the blood lead 
levels. Table K-l presents the values for each of the age groups. 

Drinkzhg Wafer 

Typically, the UBK model assumes that infants and younger children will be exposed to lead via 
consumption of drinking water at their place of residence. it was assumed that the younger 

. . .’ f . . children and infants ~$11 be exposed via direct ingestion. of .the groundwater at their place’ of 
. . - . &sidenoe. An. ingestion rate of 4 L.&y, v&ich is consist&t tith the grouncl~er pathway, y 

. .nsed in estimatiig the blood lead con&iiution’ of &.irfa& ti&er. Both the RhGZ and+ a&%ge* . ’ 
groundwater cdneentrations were used in estimating an overall blood lead level. . . . 

;- 
In oreating the UBK model, the USEPA assumed a dietary oontriiution of lead based on Food 
and Drug Administration Market Basket Surveys and analysis of food lead content (USEPA, 
1990). As a resuIt , the default exposure parameters do not vary based on medium-specific 

:. conoentrations (i.e., air, soil, water) at the site. The rationale is that foods are harvested f?om 
geographically diverse regions of the country and, for the most part, are not produced &ally. 
Consequently, the lead concentrations in the food are not related to the lead levels in the local 
media. The default values supplied in the UBK model were used in estimating the blood lead 
contributions from dietary intake, 

Air 

Generation of wind blown dust is expected to occur to some extent at the project site. The 
modelled air concentrations were used as input parameters for the UBK model. These vaiues 
were used in estimating the blood lead contribution of the air pathway at the project site. The 
indoor air concentration was calculated as a portion of the outdoor lead level. A default 
conversion factor of 0.3 was applied to the outdoor concentration to derive an indoor air lead 
level. Default values also were used for the amount of time spent indoors versus outdoors and 
the daily breathing volumes for each of the age groups. 
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RISK ASSESSMENT REPORT FOR THE CROWN 
INDusTRlEs 

UBK SOIL INGESTION RATES 

. . 

SOIL. INGESTION RATES (mghiay) 
AGE 

orears) 
Deftit UFK Site Specific 

Values Values* 

O-l 100 0 

l-2 l&J 50 

* 2-5 . . . j(j(j .:. : . “20(j:* * 

3-4 100 200 

4-5 100 50 

5-6 100 10 

. 6-7 loo 10 

* Inmediate tendence ingestion rate values from the Exposure 
Factors Handbook (USEPA, 1989). 

. . * . . -.. 
*. .: . 
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. * , , . 

.- INTRODUCTION 

As part of the review of available site information for use in a risk assessment and feasibility study 
(RNFS), a conceptual evalmtion model of the sites has been formulated.. Originally developed to 
aid in planning site activities for the remediaI investigation (RI), the conceptual site model also can 
be used to identify potential exposure pathways, exposure points and data needs, including modeling 
needs, all of which are key elements in a risk assessment 

As part of the RAIFS for CTO-0231, which includes Sites 1,28 and 30, a conceptual evaluation 
model was developed for each site. The models briefly describe the sites and present potential 
sources of contamination, the constituents present, potentially contaminated media, the routes of 
migration, and potential exposure pathways at each site. Ecological receptors were not be addressed 
in this model. The model was developed in accordance with the guidance provided in USEPA Data 
Oualitv Obiectives for Remedial Resuonse Activities Develoument Process (USEPA, 1987). 

APPROACH 

For the baseline human health risk assessmen&,both current and future land use exposure scenarios 
will be assumed for each site. A reasonable maximumexposure(RME)casescenariowillbeutili2ed 
in the assessments. Consequently, the exposure scenarios presented will include RME assumptions 
for the input parameters-in the exposure dose equations. Tabie 1 .is a summary of these values. 

The baseline risk assessment for each site will be conducted in concordance with the USEPA 1 
r”“? documents: Risk Assessment Guidance for Sunerfumh Human Health Evaluation Manual. Part A 

and “Supplemental Risk Assessment Guidance for Superfund, Volume II, Environmental Evaluation 
ManuaL” 

The documents to be used in the assessment include, but are not limited to the following referencces: 
Risk Assessment Guidance for Suuerfund: Develonment of Risk-based Preliminarv Remediation 
Goals. Part B; “Human Health Evaluation Manual, Supplemental Guidance: Standard Default 
Exposure Factors”; _ Exnosure Factors Handbook; Dermal Exnosure Assessment: Princinles and 
Applications. Interim Reuort; and Superfund Exposure Assessment Manual (SEAM, 1988). 

Toxicity values will be obtained primarily from the.Region III Risk-Based Concentration Table, 
which is based on IRIS, HEAST and provisional and/or recommended USEPA toxicity values, in 
accordance with Region IV recommendations. 

Several mathematical models to estimate exposure may be used. To estimate exposure from the 
inbalation of volatile contaminants iu groundwater while showering, the “Integrated Household 
Exposure Model for Use of Tap Water Contaminated with Volatile Organic Chemicals” developed 
by S.A. Foster and P.C. Chrostowski will be applied. To evahntte the health effects of lead, the 
USEPA lead uptake/biokinetic model wiJl be used., The model addresses the lowest age groups 
because children are exceptionally sensitive to the adverse effects of lead. 
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TABLE 1 

SUMMARY OF EXPOSURE DOSE INPUT PARAMETERS 

Receptor 
Input Parameter units . 

Child Adult Military construction 
Personnel Worker 

SoiI(mg/kg) 

Ingestion Rate, IR m&i 200 100 100 480 

Fraction Ingested, FI unitless 1 1 1 1 

~ Exposure Frequency, EF d/Y 350 350 350 - 90 

Exposure Duration, ED Y 6 24 4 1 

Surface Area, SA cm* 2,300 5,8ti 5,800 4,300 

Absorption Factor, AF mg/cm3 1 1 1 1 

Averaging Time, Noncarc., ATnc d 2,190 8,760 1,460 365 

Averaging Time, Cam., ATcarc d 25,550 25,550 25,550 25,550 

Body Weight, BW kg 15 70 70 70 

Conversion Factor, CF kg/mg 1x10” lxlOd 1x10” 1x10” 

Absorbence Factor, ABS unitless Organics = 0.01; Inorganics = 0.001 

Groundwater (6) 

Ingestion Rate, IR 

Exposure Frequency, EF 

Exposure Duration, ED 

Exposure Time, ET 

Surface Area, SA 

Averaging Time, Noncarc., ATnc 

Averaging Tie, Cam., ATcarc 

Conversion Factor, CF 

Body Weight, BW 

Sediient (mgikg) 

Ingestion Rate, IR 

Fraction Ingested, FI 

Exposure Frequency, EF 

Exposure Duration, ED 

Surface Area, SA 

Absorption Factor, AF 

L/d 

d/Y 

Y 

h/d 

cm* 

d 

d 

Lfcm3 

kg 

mg/d 

unitless 

d/Y 

Y 

cm* 

mg/cm3 

1 2 NA NA 

350 350 NA NA 

6 30 .NA NA 

0.25 0.25 NA NA 

10,000 23,000 NA NA 

2,190 10,950, NA NA 

25,550 25,550 NA NA 

0.001 0.001 NA NA 

15: 70 NA NA 

200 100 100 NA 

1 1 1 NA 

350 350 350 NA 

6 30 4 NA 

2,300 5 5,800 5,800 NA 

1 1 1 NA 
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TABLE 1 (CONTINUED) 

SUMMARY OF EXPOSURE DOSE INPUT PARAMETERS 

Input Parameter Units 

Averaging Tie, Noncarc., ATnc d 

Averaging Time, Cam., ATcarc d 

Body Weight, BW kg 

Conversion Factor, CF uw4 

Absorbence Factor, A.BS unitless 

Receptor 

Child Adult Military Construction 
Personnel Worker 

2,190 10,950 1,460 NA 

25,550 25,550 25,550 NA 

15 70 70 NA 

lxlOd 1x104 lxlod NA 

Orgauics = 0.0 1; Inorganics = 0.00 1 

surffe, Watei(mglL) 
Ingestion Rate, IR 

Exposure Time, ET 

Exposure Frequency, EF 

Exposure Duration, ED 

Surface Area, SA 

Averaging Time, Noncarc., ATnc 

Averaging Time, Cam., ATcarc 

Conversion Factor, CF 

Air (mg/m’) 

Outdoor Air 

Inhalation Rate, IR 

Exposure Time, ET 

Exposure Frequency, EF 

Exposure Duration, ED 

Averaging Time, Noncarc., ATnc 

Averaging Time, Cam,. ATcarc 

Body Weight, BW 

Shower Air 

Inhalation Rate, IR 

Exposure Time, ET 

Exposure Frequency, EF 

Exposure Duration, ED 

Averaging Time, Noncarc., ATnc 

Averaging Time, Cam., ATcarc 

L/h 0.005 0.005 0.005 NA 

h/d _ :< 2.6 2.6 2.6 NA 

d/Y 45 45 45 NA 

Y 6 30 4 NA 

cm* 2,300 5,800 5,800 NA 

d 2,190 10,950 1,460 NA 

d 25,550 25,550 25,550 . NA 

L/cm’ 0.001 0.001 0.001 NA 

m’/d 10 20 20 NA 

Wd 0.25 0.25 0.25 NA 

d/Y 350 350 350 NA 

Y 6 24 4 NA 

d 2,190 8.760 1,460 NA 

d 25,550 25,550 25550 NA 

kg 15 70 70 NA 

m3ih 0.6 0.6 NA NA 

Wd 0.25 0.25 NA NA 

d/Y 350 350 NA NA 

Y 6 30 NA NA 

d 2,190 10,950 NA NA 

d 25,550 25,550 NA NA 
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TABLE 1 (CONTINUED) 

SUMMARY OF EXPOSURE DOSE INPUT PARAMETERS 

I1/_x* Units 

II Body Weight, BW 1 kg I 
15 1 70 1 NA I NA 

Fish (mg/kg) 

Ingestion Rate, IR 

Fraction Ingested, FI 

Exposure Frequency, EF 

Exposure Duration, ED 

Averaging Time, Noncarc., ATnc 

Averaging Tie, Caxc., ATcarc 

Body Weight, BW . 

kg/d NA 0.54 NA NA 

unitless NA 1 NA NA 

d/Y NA 250 NA NA 

Y NA 30 NA NA 

d NA 10,950 NA NA 

d NA 25,550 NA NA 

kg NA 70 NA NA 
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The acceptable cancer risk range, as stipulated by the USEPA, is 10% 104 For these assessments, . . 
cancer risks exceeding lo4 will be considered unacceptable as protective of human health. The total 
noncaminogenic acceptable risk level is a hazard index less than or equal to one. This, value depicts 
a level at or below which adverse systemic effects are not expected to occur in the exposed 
poptdation. 

SITE 1 - FRENCH CREEK LIQUIDS DISPOSAL AREA 

Background 

Historically, waste liquids including petroleum, oil, lubricants and battery acids, were directly 
disposed into the gronnd at this site. The groundwater, surface water, and sediment of this site were 
initially investigated in 1984.1986 and 1993 (groundwater only). Contaminants detected included 
VGCs, SVOCs, and metals. Specific constituents with elevated levels were phenol, cadmium,~ 
chromium and trichloroethene (TCE). In 1986, surface water and sediment were sampled. Results 
indicated elevated levels of phenol and chromium. In 1991, soils were analyzed for chemical 
constituents. Elevated levels of toluene, benzo(a)pyrene (B[a]P), chromium, lead, nickel and zinc 
were detected -v 

The most recent sampling event included investigation of the background surface and subsurface soil, 
the snrface and subsurface soil from the northern and southern portions of the site, and the shallow 
and deep groundwater, including a potable water supply welL Snrface w#er&diment samples also 
were collected from a drainage ditch, but will not be evaluated for risk -The sediment samples will 
be included with the surface soils. . 

Although samples were’coIIected from the northern and southern portions of the site and designated 
as such, they will be combined for this hnman health risk assessment and evaluated as a single data 
set since both, historically and presently simiiar operations and processes occnrred at both areas.. 

Current and Future Exposure Scenarios 

‘_ 

At present, the site is divided into a northern and southern portion. The northern portion is used for 
vehicle maintenance (Building FC-120) and also consists of an office building for the Landing 
Support Battalion. The southern portion of the site is primarily used for equipment, varions waste 
and vehicle storage. There also are office buildings in this portion of the site. which are associated 
with the Marine Corps 8th Engineers and Bridge Snpport Company. The majority of the site consists 
of a mixture of paved or coarse gravel road surfaces. Lawned and wooded areas border the site to 
the north, east and west Consequently, current receptors will .be on-site military personnel. The 
potential exposure pathways will be surface soil incidental ingestion, dermd contact and inhalation 
of fugitive dust from vehicular traffic. 

At present, the groundwater at the site is not used for potable purposes. A water supply well, HP-. 
638, is located on site, but was shut down in 1993 due to benzene contamination (2 ppb). 
Consequently, exposure to groundwater is not considered to be viable at the site. Exposure to - 
subsurface soil is not expected for the on-site receptors. Surface water samples will not be evaluated 
as part of the assessment, since the surface water was collected from a drainage ditch, which is not 
considered to be a significant source of surface water exposure. ,The ditches receive surface water 
runoff from the nearby parking lots. Groundwater does not directly discharge into these ditches. 
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F-‘--Y The sediment resulti from the ditches will be incorporated with the surface soil results and evaluated 
as part of the surface soil exposure pathway. 

Trespassers are not considered to be a viable receptor population. The southern portion of this site 
is guarded by a Sentry~ The northern portion of the site is primarily surrounded by a perimeter fence 
and is capped withasphalt or concrete in most places. These security measures are deemed suflicient 
to discourage and minimize trespassing. It is important to note that there is a .hot dog stand within 
the southern portion of the site, mauned by a civilian attendant. However, it is assumed that this stand 
is frequented by the on-site military personnel and/or visitors. It is assumed that the time spent on- 
site by visitors will be minimaL Consequently, visitors will not be evaluated as part of the 
assessment of this site. 

In the future case, it is expected that the site will remain a military restricted area. As stated 
previously, groundwater is currently not used for potable purposes. As a result, groundwater 
exposure will not be assessed for future military personnel. 

It is unlikely that a future residence will be implemented at this site. However, to be conservative, 
groundwater exposure to a child and adult residential receptor will be assessed. It. @sumed that a 
private well could be installed on-site in the future case. The potential ‘exposure pathways are 
ingestion, dermal contact and inhalation while showering. Similariy~ surface soil exposure via 
ingestion, detmal contact and inhalation will be evaluated for the future residential child and adult 
receptor. 

Similarly, subsurface soil exposure as a result of excavation due to construction activities that may 
occur at the site in the future is to be assessed. A future construction worker will be evaluated for 
subsurface soil ingestion and dermal contact. 

Figure 1 presents a flowchart of the potential exposure pathways and receptors at this site. 

SITE 28 - HADNOT POINT BURN DUMP 

Background 

In the past, this site was used for solid waste disposaL This solid waste, which consisted of industrial. 
solid waste, refuse, garbage, oil-based paints, was burned and covered with fiu The area is now 
grass-covered 

The site is located adjacent to the Mainside sewage treatment plant, which is enclosed with a six-foot 
high chain-link fence. Codgels Creek divides the site .into east and west areas. The New River 
borders the site in the southwest. Currently, the site is a recreational/picnic area. The area is 
frequented by adults and children for recreational purposes. An on-site pond, Orde Pond, is stocked 
with fish and used for recreational fBhing. Military personnel conduct physical training, equipment 
assembly and other related activities at this site. 
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FIGURE 1 

FLOWCHART OF POTENTiALtiXPOSURE PATHWAYS AND RECEPTORS 
SITE 1: FRENCH CREEK LIQUIDS DISPOSAL AREA 
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Field investigations conducted in 1984, 1986 and 1993 revealed specific contaminants in the 
groundwater, surface water, sediment and fish tissue. Of the four wells sampled, the monitoring well 
situated beside the New River indicated the most contamination. VOCs, pesticides and metals were 
prevalent. These contaminants included l,Zdichloroethene, trichloroethene, vinyl chloride, 4,4’- 
DDD, 4,4-DDE, dieldrin, arsenic, lead and mercury. The other three wells indicated the presence 
of SVOCs, pesticides and chromium. Chromium and zinc were detected at elevated levels in the 
surface water samples colhzcted from the New River. 

Recent field investigations included background surface and subsurface soils, site surface and 
subsurface soils, and shallow and deep groundwater, surface water, sediment, fish tissue and benthic 
macroinvertebrates were collected from Orde Pond, the New River and Cogdels Creek. Although 
media samples were collected from the eastern and western portions of the site and designated 
accordingly, the results wilI evaluated as a single data set per medium. Similar historical operations 
occurred at both the eastern and western portions of the site, and current activities do not differ 
between these two areas. 

Current and Future Exposure Scenarios 

At Site 28, on-site military personnel and recreational adults and children frequen; the area In 
addition, anglers mainly fish at Or-de Pond and the New River. Fishing at Cogdels Creek is less 
frequent. No SW’ lmming has been observed at any of the surface water bodies, although wading is 

’ possible. Signs prohibiting swimming are posted at Orde Pond However, it is important to note that 
the on-site military personnel conduct training exercises at this site, including activities in Orde 
Pond. 

In the current exposure scenario, potential receptors include on-site military personnel, recreational 
adults and childxen, aud fishermen. Potential exposure pathways include surface soil ingestion, 
dermal contact and inhalation for. the military personnel and recreational receptor population 
Recreational adults and children are expected to become exposed to surface water and sediment 
while playing/wading in the New River and possibly Cogdels Creek Fishermen may become 
exposed to these media while f=hing at Orde Pond and the New River, with less frequent exposure 
at Cogdels Creek It is assumed that exposure to surface water and sediment at Cogdels Creek and 
the New River will be minimal for the on-site military personnel during physical train& exercises. 
However, exposure to the surface water and sediment of Orde Pond via incidental ingestion and 
dermal contact will be evaluated for the on-site military personneL In addition, fBh ingestion for the 
adult receptor (fisherman) willbe evaluated, 

At present, groundwater is not utilized for potable purposes. As a result, current groundwater 
exposure will not be assessed. Exposure to subsurface soil in the current scenario is unlikely for the 
receptor population. Consequently, subsurface soil exposure is not considered to be viable. 

In the future case, it is unlikely that a residential scenario will be implemented at the site. It is 
assumed that the present activities will continue into the foreseeable future. However, to be 
conservative, groundwater exposure to a residential child and adult receptor will be assessed. . 
Surface soil, surface water, sediment and biota exposure, as calculated in the current scenario for the 
child and adult receptor, is expected to remain the same in the future case. 
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Similar to Site 1, groundwater exposure for future on-site military personnel will not be assessed. 

However, a construction worker will be evaluated in the future case. It is assumed that subsurface 
soil exposure may occur as a result of excavation for potential construction activities at the site. 

Figure 2 presents a flowchart of the potential exposure pathways and receptors at this site. 

SITE 30 - SNEADS FERRY ROAD FUEL TANK SLUDGE AREA 

Background 

Historically, sludge collected from storage tanks containing fuels such as leaded gasoline were : 
disposed of in this area. In addition, cleaning solvents used as part of the sludge removal process 
were disposed. 

In 1984,1986 and 1993, the groundwater was sampled and analyzed for contaminants. Levels of 
methyIene chloride, chloroform, cadmium, chromium, lead and mercury were detected In the 
surface water and sediment samples collected from French Creek in 1986, no VOCs or metals were 
detected. -_ 

The most recent sampling event investigated the following media: background surface and 
subsurface soil, site surface and subsurface soil, groundwater, surface water and sediment. 

Current and Future Exposure Scenarios 

At present, the site is not used by the on-site military personnel for training. However, the area north 
of the site is used for the training exercises tiy military personnel, and an access road-is located on 
the northern border of the site. Access to the site by trespassers is not restricted. French Creek and 
Sneads Ferry Road border the site. The site is sandy with some wooded areas. 

Potential receptors are the on-site military personnel. It is unlikely that trespassers, both adults and 
children, will be Potential receptors because the area is primarily used for military training exercises. 
The potential exposure pathways include surface soil incidental ingestion, dermal contact and 
inhalation. Exposure to the surface water and sediment in French Creek via incidental ingestion and 
dermal contact are‘also viable for the current receptors. 

The groundwater at the site is not potable. Hence, groundwater exposure will not be assessed 
Subsurface soil exposure is not considered to be a viable pathway in the current scenario. 

Similar to Sites 1 and 28, a future residential exposure scenario is not likely at Site 30. The site is 
a military restricted area. It is assumed that the present activities at this site will continue into the 
foreseeable future. However, to be conservative, groundwater exposure to a residential child and 
adult will be assessed. Similarly, subsurface soil exposure to a construction worker will be 
evaluated. 

Figure 3 presents a flowchart of the potential exposure pathways and receptors at this site. 
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FIGURE 2 

FLOWCHART OF POTENTIAL EXPOSURE PATHWAYS AND RECEPTORS 
SITE 28: HADNOT POINT BURN DUMP 

Infittkation/ 
Pemohtion 

Current 
Current Recreational 

Current Military 

Residents 



Current rlJ Military 
Personnel 

I I 

FIGURE3 

FLOWCHARTOFPOTENTIALEXPOSUREPATZIWAYSANDRECEPTORS 
SITE30:SNEADSFERRYROADFUELTANKSLUDGEAREA 

Inhalation 

Future 
Construction 

Workers 

Current 
Military 

Personnel 

Current I Military 
Personnel Waters 

Partitionin e ositio 

--@-II 
Future 

Residents 





Computed by: RSP Checked by: TMB 

EXAMPLE SOIL* INGESTION CALCULATIONS 
OPERABLE UNIT NO. 7 

CONTRACT TASK ORDER 0231 

Purpose: Estimate intake/risk from ingestion of soil 

Intake (mg/k&q) = 
C x CF x EF x ED x IR 

BWxAT 

Where: C 
CF 
EF 
ED 
IR 
BW 

AT, 
AL 

Risks: 

Contaminant concentration in soil (m&g) 
Conversion factor (kg/mg) 
Exposure frequency (days/year) 
Exposure duration (years) 
Ingestion rate (mg/day) 
Body weight (kg) 
Averaging time carcinogen (days) 
Averaging time noncarcinogen (days) 

Carcinogens = Intake (mg/kg-day) x CSF (mg/kg-dayr’ 
Noncarcinogens = Intake (mg/kgday)/RfD (mg/kgday) 

Example Carcinogen: Arsenic 

Date: 12/94 

Intake (mgfkgday) = 1.2 mgfkg x 100 ntgfaby x 350 daysly x 30 yrs x l.OE-6 kgfmg 
70 kg x 25,550 days 

= 7E-07 

Risk = 5E-09 mgikgday x 1.75 mg/kgday-’ = 1.2E-06 

Example Noncarcinogen: Barium 

Intake (mg,kghj = 9.1 mglkg x 100 mgfhy x 350 dayslyr x 30 yrs x l.OE-6 kglmg 
70 kg x 10,950 days 

= 1.2E-05 

Risk = 1.2E-05 mglkgday = 1 8Eeo4 

7E-02 mglkgday . 

* This example calculation also is applicable for sediment ingestion. 
Re: Site 1 Future Residential Adult 



Computed by: RSP Checked by: TMB Date: 12/94 

EXAMPLE DERMAL CONTACT WITH SOIL* CALCULATIONS 
OPERABLE UNIT NO. 7 

CONTRACT TASK ORDER 0231 

Purpose: Estimate intake/risk from dermal contact with soil 

Intake (mglkgdqy) = 
CrCFxUxAFrABSxEFxED 

BWx AT 

Where: C 
CF 
SA 
AF 
ABS 
EF 
ED 
IR 
BW 

AT, 
AL 

Contaminant concentration in soil (mg/kg) 
Conversion factor (kg/mg) 
Surface available for contact (cm*/event) 
Soil to skin adherence factor (mg/cm*) 
Fraction absorbed (percent) - 0.0 1 organics, 0.00 1 inorganics 
Exposure frequency (days/year) 
Exposure duration (years) 
Ingestion rate (mg/day) 
Body weight (kg) 
Averaging time carcinogen (days) 
Averaging time noncarcinogen (days) 

Risks: 

Carcinogens = Intake (mg/kg*day) x dermally - adjusted CSF (mg/kgday]’ 
Noncarcinogens = Intake (mg/kgday)/ dermally - adjusted RfD (mg/kgday) 

Example Carcinogen: Arsenic 

@g/kg-day) 1.2 mglkg x l.OE-06 kglmg x 5,800 cm%vent x 0.001 x 1 Intake mg/cm* x 350 daysllyr x 30 ys = 

70 kg x 25,550 hs 

= 4.1 E-OS 

Risk = 4.1E-08 mg/kg*day x 8.8 mgikgday-’ = 3.6E-07 

Example Noncarcinogen: Cadmium 

0.32 mglkg x l.OE-06 kglmg x 5,800 cm2/event x 1 mglcm’ x 0.001 x 350 Intakz (mg/kg-dq) days/y x 30 ys = 

70 kg x 10,950 days 

= 2.5E-08 

Risk = 2.5E-08 mgik&y = 2SE-04 
1 E-04 mgikgday 

* This example calculation also is applicable for sediment dermal contact. 
Re: Site 1 Future Residential Adult 



Computed by: RSP Checked by: TMB Date: 12/94 

EXAMPLE INHALATION OF PARTICJJLATES CALCULATIONS 
OPERABLE UNIT NO. 7 

CONTRACT TASK ORDER 0231 

Purpose: Estimate intake/risk from the inhalation of soil particulates 

Intake (mglkgday) = C x ZR x EF x ED x UPEF 
BWx AT 

Where: C 
IR 
EF 
ED 
PEF 
BW 
AT, 
AL 

Risks: 

Contaminant concentration in soil (mg/kg) 
Inhalation rate (m3/day) 
Exposure I?equency (days/year) 
Exposure duration (years) 
Particulate Emission Factor (m3ikg) 
Body weight (kg) 
Averaging time carcinogen (days) 
Averaging time noncarcinogen (days) 

Carcinogens = Intake (mg/kg-day) x CSF (mg!kg*day]’ 
Noncarcinogens = Intake (mg/kgday)/RfD (mg/kgday) 

Example Carcinogen: Arsenic 

Intake (mglkgday) = 
1.2 mglkg x 20 m ‘Iday x 350 dcayslyr x 30 yrs x 1/4.6E+O9 m3fkg 

70 kg x 25,550 hys 

= 3.1E-11 

Risk=3.1E-11 mg/kg*dayx 15.1 mg/kg*day” =4.6E-10 

Example Noncarcinogen: Manganese 

Zntake (mg/kEday) = 8.5 mglkg x 20 m31& x 350 day+ x 30 yrs x 1/4.6E+O9 m3Jkg 
70 kg x 10,950 days 

= 5.1E-10 

Risk = S.lE-10 mgJk&q = 3.6E-05 
1.4E-05 mgfkgdq 

Re: Site 1 Future Residential Adult 



Computed by: RSP Checked by: TMB Date: 12/94 

EXAMPLE GROUNDWATER INGESTION CALCULATIONS 
OPERABLE UNIT NO. 7 

CONTRACT TASK ORDER 0231 

Purpose: Estimate intake/risk from ingestion of groundwater 

Intake (mglkgdq) = ’ x FGxEzG ED 

Where: C 
IR 
EF 
ED 
BW 

AT, 
A-L 

Risks: 

= Contaminant concentration in groundwater (mg/L) 
= Daily intake ingestion rate (L/day) 
= Exposure frequency (days/year) 
= Exposure duration (years) 
= Body weight (kg) 
= Averaging time carcinogen (days) 
= Averaging time noncarcinogen (days) 

Carcinogens = Intake (mgikgday) x CSF (mg/kgday]’ 
Noncarcinogens = Intake (mg/kgday)/RfD (mg/kgday) 

Example Carcinogen: Arsenic 

Intake (mglkgday) = 
2.7E-03 mglL n 1 L/day x 350 days x 6 yrs 

15 kg x 25,550 days 

= lSE-05 

Risk = 1.5E-05 mg/kgday x 1.75 mg/kgday-’ = 2.6E-05 

Example Noncarcinogen: 4,4’-DDT 

Intake (mgfkgdqv) = 
1.8E-04 mglL x 1 L/day x 350 abyslyr x 6 yrs 

15 kg x 2,190 duys 

= 1.2E-05 

Risk = 1.21~05 wkday = 2 3gO2 
SE-04 mglkgday - 

Re: Site 28 Future Residential Child 



Computed by: RSP Checked by: TMB Date: 12/94 

EXAMPLE DERMAL CONTACT WITH GROUNDWATER CALCULATIONS 
OPERABLE UNIT NO. 7 

CONTRACT TASK ORDER 0231 

Purpose: Estimate intake/risk from dermal contact with groundwater 

Zntake (mg/kg-day) = 
CxCFxSAxPCxETxEFxED 

BWx AT 

Where: c = 
CF = 
SA = 
PC = 
ET = 
EF = 
ED = 
IR = 
BW = 
AT, = 
AT,, = 

Contaminant concentration in groundwater (mg/L) 
Conversion factor (1 L/1,000 cm3) 
Exposed skin surface available for contact (cm*) 
Chemical-specific dermal permeability constant (cm/hr) 
Exposure time &r/day) 
Exposure frequency (days/year) 
Exposure duration (years) 
Ingestion rate (L/day) 
Body weight (kg) 
Averaging time carcinogen (days) 
Averaging time noncarcinogen (days) 

Risks: 

Carcinogens = Intake (mg/kg*day) x CSF (mg/kgday)’ 
Noncarcinogens = Intake (mg/kgday)/RfD (mg/kgday) 

Example Carcinogen: Arsenic 

lntaGe cmg,kgwy) = 2.7JZ-03 mglL x l.OE-03 Llcm’ x 10,000 cm ‘/event x l.OE-03 cmlhr x 0.25 hrlday x 350 days&r x 6 yrs 
15 kg x 25,550 days 

= 3.7E-08 

Risk = 3.7E-08 mgikg.day x 8.8 mgikgsday-’ = 3.3E-07 

Example Noncarcinogen: Mercury 

Intake (mglkg-dq) = 
5E-04 mgJL x l.OE-03 L/cm 3 x 10,000 cm’levent x l.OE-03 cmlhr x 0.25 hrlday x 350 daysty x 6 ys 

15 kg x 2,190 days 

= 8E-08 

Risk = ~08 mgkdoy = 1 3E-03 
6E-05 mglkgdq ’ 

Re: Site 28 Future Residential Child 



Computed by: RSP Checked by: TMB Date: i2/94 

EXAMPLE INHALATION OF GROUNDWATER VOLATILES CALCULATIONS 
OPERABLE UNIT NO. 7 

CONTRACT TASK ORDER 0231 

Purpose: Estimate intake/risk from the inhalation of groundwater volatiles 

Itiak-e (mg/kgday) = ’ x yTx ED 

Where : c = Contaminant concentration in shower air (m&g/shower) - Foster Model 
(Appendix 0) 

EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
AT, = Averaging time carcinogen (days) 
AT,, = Averaging time noncarcinogen (days) 

Risks: 

Carcinogens = Intake (mg/kgday) x CSF (mg/kgday)-’ 
Noncarcinogens = Intake (mg/kgday)/RfD (mg/kgday) 

Example Carcinogen: Trichloroethene 

Intake (mgikg-day) = 
4E-05 mglkgfshower x 350 days/y x 24 yrs 

25,550 abys 

= 1.7E-05 

Risk = 1.7E-05 mg/kg*day x 6E-03 mg/kg*day-’ = 9.9E-08 

Example Noncarcinogen: None identified as a COPC 

Re: Site 1 Future Residential Adult 
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Computed by: RSP Checked by: TMB Date: 12/94 

EXAMPLE SURFACE WATER INGESTION CALCULATIONS 
OPERABLE UNIT NO. 7 

CONTRACT TASK ORDER 0231 

Purpose: Estimate intake/risk from ingestion of surface water 

Intake (mgikcdq) = 
C x ZR x EF x EDsET 

BWxAT 

Where: C 
IR 
EF 
ED 
ET 
BW 

A-L 
AL 

Contaminant concentration in surface water (mgL) 
Daily intake ingestion rate (kg/meal) 
Exposure frequency (meal/year) 
Exposure duration (years) 
Exposure time (h&day) 
Body weight (kg) 
Averaging time carcinogen (days) 
Averaging time noncarcinogen (days) 

Risks: 

Carcinogens = Make (mg/kgday) x CSF (mg/kgday)’ 
Noncarcinogens = Intake (mg/kgday)/RfD (mg/kgday) 

Example Carcinogen: Arsenic 

Intake (mg/kgday) = 
4.3E-03 mglL x 0.005 L&y x 48 daysly x 30 yrs x 2.6 hrshy 

70 kg x 25,550 days 

= 4.5E-08 

Risk = 4.5E-08 mg/kgday x 1.75 mg/kg*day-’ = 7.9E-08 

Example Noncarcinogen: Cadmium 

Intake (mglkgdby) = 
4.2E-03 mglL x 0.005 L/day x 48 dayslyr x 30 yrs x 2.6 hrsby 

70 kg x 10,950 days 

= lE-7 

Risk = 1E-7 wlkgday = 2 1E-04 
SE-04 mglkgdqv ’ 

Re: Site 28 (New River) Current and Future Fisherman 



Computed by: RSP Checked by: TMB Date: 12/94 

EXAMPLE SURFACE WATER DERMAL CONTACT CALCULATIONS 
OPERABLE UNIT NO. 7 

CONTRACT TASK ORDER 0231 

Purpose: Estimate intake/risk from dermal contact with surface water 

Intake (mglkgday) = 
CxCFxEFxEDxSAxET 

BWxAT 

Where: C 
SA 
CF 
EF 
ED 
ET 
IR 
PC 
BW 

AT, 
AL 

Risks: 

Contaminant concentration in surface water (mg/L) 
Skin surface area (cm”) 
Conversion factor (1 L/1,000 cm’) 
Exposure frequency (days/year) 
Exposure duration (years) 
Exposure time @s/day) 
Ingestion rate (L/day) 
Chemical-specific dermal permeability constant (crnhr) 
Body weight (kg) 
Averaging time carcinogen (days) 
Averaging time noncarcinogen (days) 

Carcinogens = Intake (mg/kgday) x CSF (mg/kg*day)“ 
Noncarcinogens = Intake (mg/kgday)/RtD (mg/kgday) 

Example Carcinogen: 4,4’-DDD 

Zntakz (mglkgday) = 
5E-05 mg/L x 5,800 cm2 x 48 abysly x 30 yrs x 2.6 hpshy l.OE-3 L/cm3 x 0.001 cmh 

70 kg x 25,550 days 

= 1.75E-07 

Risk = 1.7E-7 mg/kgday x 0.48 mg/kgday-’ = 8.2E-08 

Example Noncarcinogen: Arsenic 

Intake (mglkgday) = 
4.3G03 mglL x 5,800 cm2 x 48 a’aysiyr x 30 yrs x 2.6 hrslday l.OE-3 Llcm3 x IE-03 cmhr 

70 kg x 10,950 days 

= 1.2E-07 

Risk = l-u-07 wk&y = 2E-03 
6E-05 mglkgdy 

Re: Site 28 (New River) Current and Future Fisherman 



Computed by: RSP Checked by: TMB Date: 12/94 

EXAMPLE FISH INGESTION CALCULATIONS 
OPERABLE UNIT NO. 7 

CONTRACT TASK ORDER 0231 

Purpose: Estimate intake/risk from ingestion of soil 

Intake (mglkgday) = 
C x FI x EF x ED IR 

BWXAT 

Where: C 
FI 
EF 
ED 
IR 
BW 

AT, 
AT,, 

Contaminant concentration in fish tissue (mg/kg) 
Fraction ingested 
Exposure frequency (meal/year) 
Exposure duration (years) 
Ingestion rate (kg/meal) 
Body weight (kg) 
Averaging time carcinogen (days) 
Averaging time noncarcinogen (days) 

Risks: 

Carcinogens = Intake (mg/kgday) x CSF (mg/kgday)’ 
Noncarcinogens = Intake (mg/kg*day)/RtD (mg/kgday) 

Example Carcinogen: 4,4’-DDD 

Intakz (mglkgday) = 
2.3E-02 mglkg x 0.284 kg/meal x 48 &s/p x 30 yrs x 1.0 

70 kg x 25,550 abys 

= 5.3E-06 

Risk = 5.3E-06 mg/kgday x 2.45E-01 mg/kgday-’ = 1.3E-06 

Example Noncarcinogen: Antimony 

Intake (mgfkg&) 0.24 mgfkg x 0.284 x 48 kglmeal dayslyr x 30 yrs x 1.0 = 

70 kg x 10,950 hys 

= 1.3E-04 

Risk = 
I.3E-04 mglkgday = o 32 

4E-04 mglkgdq - 

Re: Site 28 (New River) Current and Future Fisherman 
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REMEDIAL MvE8nGAnON Owe31 
MC6 CAMP LEJEUNE NORTH CAROLINA 
FUTURE RE81DENTML CHILD 

INPUTS 

fE.c4 
2x0 

Sf-’ 
360 

6 
I6 
70 
6 

366 

z 0 % 
f6 
16 
16 
16 
I6 
I6 
16 
16 
16 
1.6 
II 

& 

%s 
bs-xb. 

(x) 

=iF 
0.001 
aool 
acol 
acoi 
am1 
a001 
ac‘n 
aooi 
ROOI 
o.vn 
a001 

& 

FW 
I-M 
-aoE?d 

28EtW 
acwm 
aoEto0 
WEtOO 
aoftoo 
aoEto0 
aowm 
aoftco 
aoE+ao 
aoftoo 
acstoo 
26Ee2 

1.3&07 
aomco 
awoo 
ace00 
aoEto0 
am00 
acetca 
awe0 
acetco 
aoEto0 
aohm 

- 
1.2!300 
lIEtO 
L2E4l 
?.oEtm 
4iaI 

. 13Etm 
WEtoo 
h6EE+oo 
1.sEtm 
23Et00 
E4.ECW 
4.4EOt 

- 

Normas Tktn 
On=@ 

- 
2’00 
2160 
2190 
2’90 
2’90 
2’80 
2’60 
2m 
2190 
nm 
atm 

noo 

wwl 
w 
IE* 
IEXO 
IEd6 
SE.04 
lEc4 
lE+3 
lE44 
1E.W 
IE46 
lE* 
IEc6 

s 

:w-w 

==F 
1 
I 

: 
I 
I 
I 
1 
I 
1 
I 

1 

Do*. 

G!iEs 
&of46 
1.4E92 
2oEo) 
2oEm 
1232 
7.4Eca 
aoEto0 
28EQ2 
4.oEo5 
I.lEo5 
aoEu? 
I.602 



SUBSURFACE SOIL PAKllCUlkE INHALATION EWSUAE ASSESSMENT 
OPERABLE UNn NO, 7 (WE 0 

,i. I REMEDIAL I NvE8mAnON cm@31 
MC8 CAMP LMUNE. NORTH CAROUNA 
FUTURE RESIDEHTULCHILO 

10 
s-59 

6 
16 
70 

1 
246 

463EsE+W 

lPIC.WQ1 Ol.Jx-95 



SHAL!LW, AND DEEP GROUNDWATER 
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CI0-231 SITE 1 GROUNDWATER INHALATION 
Oi-Jun-95 
FIB SHOIWQl 

* 

GROUNDWATERINHAlA'IION-RMECASE 

ADULT 

CHEMICAL 
crme ED EF AT An: CD1 CDIC RFD PF HI CR %cTm!llm %coNrRB 
mg/kg/shw y shwr/y d d mg/k/d w/k/d wdkdd hxhddk-1 NCNSK CARCRISK 

1,2-Dichlomelhene 2.6505 30 350 10950 25550 2.73-05 1.2E-05 O.OE+OO O.OEtOO -- O.OEtOO 0% 0% 
Trichlomethene 4.OE-05 30 350 10950 25550 3.9365 l.'7E-05 O.OEtOO 6.OE-03 - 9.9E-06 0% 100% 

TOTAL O.OEtOO 9.93-06 

SHOW.WQl Ol-Jun-95 



sHowMoo.tm1 SHOW3 EmMIRE MODEL ‘) 

07.Ul-93 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1m.1.. 

a48 
CONSTAN 

k&f 

.*..*. 

11111.1. 

CARSON 
. . - . . . . l i  1.m1.1. .  .  .  .  .  .  .  .  .  

WATER MOLECULAR RECIPRCCAL 
7RAN8. OOEFF. WEIQM OF 

OQ 

E’ (prmhnok) i 
. . . . ...* 111.1.. 11111.11 

. . . . . . . . . 
WATER 

vlSCOSm 

“2 
W) 

-1 .1 . .  

SHOWER’ 
WATER 
TEMP. 

OVERALL HENRYS 
MAsSlR4NSF LAW CONsTAN 

ABSOLVTE 
TEMP. 

(ro 

QAS CONBT. 

ABS.“rnP 

0 
111.1.. 

wILM 
MA88 TRANSF. 
COEFflClEKT 

(3 

DIOXIOE 
rmacom 

3 
. . . . . . . . 

COEFFICIENT (H) 

2% (- .*...... .*...... 
CA8 
NO. TARGR COMPOUND USTCON8’MUE 

. . . . . . . . . . . ..*......*......*I- 
/octane ofw~~cs: 

AfxJLT 
640634 1,2-DICHLOROElHME (&WJ 

7wl-6 TRICHLOROEIHENE @a 

(10 
..*.*.1 

WV2 3IS.O USE41 

I.002 3lhO K48E41 
1.3oE+ol ?.EdEQs 22QE-M B3.0 24aE42 1.2sE+03 1sEtoi 
l.t3E+Ol RKJEul axK46 88%0 24cso2 i.llEt05 1.18EtOl 

SXQO 87.00 7.4zE42 24sE43 H8Etoi am8 
3wao 131.10 2MEXQ 23bE.43 1.62Et01 assa EQO 

CHILD 
SC-694 1.2.DlCHLOt?OEMENE (W.‘J 

’ 794ld TfWHLOROETnENE 6’9 
i.3oEta ‘IS8E.03 a2CE.M 883.0 24so2 12sEtal MSE+dt 240 30040 87.00 7&?E42 24SEQ5 1.MEtol aEss 1.002 aao h48E41 
1.13E+a alOEQ5 a2OE45 $320 240242 f.llEtCO l.teEtol Z&O %QO lM.40 awE 238E43 ~.62EtM 1603 IX42 aa0 L&41 

. 



w 
N. Iym-uI -:;2p;;,: :A 
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roIIlu ca- 

. . a . . . -  

-  

azEn 

2L 
. I . . . . . . .  

.- - 



wE*co 
LlE+m 
asEal 

7.oEtoo 
4.7E4l 
Wit@3 
ME+00 
a6Etm 
15Et00 
6.2Etm 
S4E+oO 

,44EQ1 c 

(ks) 
A&l 
=%= 

70 
70 
m  
70 
70 
m  
70 
70 
m  
70 
m 

&a 

. 
) 

. 

ROttIN 

1.8EtW 
0.OEtOO 
aoE+m 
aoE+m 
acE+m 
aoE+m 
WE+00 
RM+oo 
aoE+w 
WEtOO 
a%+60 
1.4EQ2 

12x4 
aoE+m 
aoE+m 
QoE+OO 
aoE+co 
ace+00 
aoE+oo 
aoEtc4 
aoE+m 
aobw 
aoE+oo 
ME-03 
I.4w.a 

N-7hm 
C-) 

lSlAWO1 OtJm46 



-1 SUBSURFACE SOIL DERMh -J ACT ECXBUAE ASSESSMENT 
OPERABLE UNIT NO. 7 Ml? I) 
REMEDIAL INVESl’lQAtiN WbUZ3i 
MCE CAMP LEJEUNE. NCfm( CAROLINA 
FUTURE REBlDENl!AL ADULT 

INPUTS 

0 
4&s 
=E= 
70 
7b 
7b 
70 
7b 
7b 
7b 
70 
70 
7b 
7b 
7b E 

T 

* 
aMtO 
aetbb 
abEtOO 
abE+m 
wetc4 
batdo 
WE+00 
hOEtOO 
abE+m 
WEtca 
28Eo2 

- 

2607 
abE+m 
acEtb0 
WEtOO 
abEto 
CkbEtbb 
CbEIW 
aoEtc4 
aoE+ba 

?%A ,,I. 

acE+cQ 
WEtOO 
4.2EQa 

IVIXI 

lb63 

lb3Sb 

loo50 

IZ 

lbS6Q 

lb%b 

IbDm 

lbsm 

lb%b 

lb99 

loBso 

Awl 
- 

IlEQl 
az.EQs 
1.3EQ4 
2(IEa 
3.lE-S 
I.445 

acEto 
24E-M 
2sE.05 
h7EQ4 
7.2E.a 

.7iEzF 

* 
lKQ3 
2oE-a 
POE-OI 
r.EE-bE 
7.4E.ca 

aoE+bb 
POE+2 
hbl?os 
1.4EQ3 
acEa! 
l.bEQE 

4.lE-m 
2lEQl 
LIE-C3 
24EQ) 
l.hE-38 
44E-W 
l.sEQ7 
2OE.07 
absb6 
28E.07 
1.8EQ7 
ldEQ7 ( 

0 

+ 
@.hE(b 
?.2EQ7 
2sEbB 
Lsb7 
WE* 
l.CEQ7 
4.4E.07 
a7EQ7 
l.SEUt 
ah&b7 
43EQ7 
IMQ7 

: 
1 

: 
1 
1 
1 
1 
1 
1 

A 

b.bol 
aml 
aca 

aun 
ami 
booi 
$o& 

lSDCAWQ1 OlJvlgs 



OUBBURFACE BOIL PARflw& INtiALATlON EXPDSURE ABBEBSMEM 
OPERWLE UNIT NO. 7 (SiTI! 1) 
REMEDW.lNVESTllOAnON CTOUZJI 
MCS CAMP LEJEUNE. NORTH CAROUNA 
FUl’!JAE RESIDENTIAL ADULT 

z-3 
350 
20 
70 
70 
20 

3m 
*ta+m 

ZSSSO 
2ESEU 

ESSW 
smm 

ME-12 
I 

aoE+m 
WE-IO acstm 
1.z31 awm 
hJE.11 ixtrn 
WE-1 0 aoE+m 
22E.,o aoE+m 

4- 

2s11 aowm 
21E-(0 aoE+m 
l.lE-10 o.oE+m 
l.lbll o.oE+m 

acEto 

I 

0% 
aoctm 0% 
o.oE+m 0% 
aowm 
aoE+m I 2 
aoE+m s% 
aoE+m OK 
acstm 0% 

/ 

aoE+m 0% 
aostm 0% 
aoE+m ox 

A”YW6 

NWlWCTh 
(vrrr) 

ILWW 
x%o 
logs0 
10960 
CSSO 
lomo 
lo%o 
10950 
100% 
1080 
IO%0 
loo53 
loss0 

1.4E.M 
I 

32E.00 
aoE+m aoE+m 
ace+00 
aoctm 
acstm 
aoE+m 
aowm 
aoE+m 

aoetm 
acetm 
acE+m 
acetm 
aoE+m 
aostm 



SURFACE SOIL INGESTION MWSURE ASSESSMENT 
OPERABLE UNlT NO. 7 (SITE t) 
REMEDIAL INVESTIGATION CTO.WS~ 
MCS CAMP LEJEUNE, NORTH CAROLINA 
CURAENT MILITARY PERSONNEL 

INPUTS 

,E.ce 
250 

1 
100 
70 
70 
4 

34s 
opecm 
*psslss 

&lo 73 
100 70 
,co 70 

--LIE 

100 70 
103 70 
100 m  
100 70 26553 

acGE+oo O.OE+a, 0% 
1.75EtO0 t.lE.07 10% 
o.m+m O.OSoO 0% 
acQE+m QoEtcll 0% 
ccoE+oo o.oi3co 0% 
oooEtoo o.oetoo o?% 
o.ooEtoo o.oEtw 0% 
WoEa Lo&f 1 0% 
a4OEQ1 1 ME-11 1 0% 



- 

A 

i - 



SVRFACE SOIL PARTtCULATE INHALATION O(POSURE ASSESSMENT 
OPERABLE UNiT NO. 7 (WE 1) 
AEMEDIALlNVESl!GATION Cl04231 
MCS CAMP LEJEUNE, NORTH CAROLINA 
CURRENT MIUTARY PERSONNEL 

,,,I&~ from Un Uubdon of p&dales N cdcllai~d as lolorn: 

I , , , &  (mgrkg-c&, -  (C l EF l ED l IR l ,/PEF),@W l ATc or ATm l Dv) 

FW=lti**CSF~/RfD 



SUBSUAFACE SOIL INGESTlON EXPDWREASSESSMEt4-7 
OPERABLE UNm NO. 7 (SITE 1) 
REMEDIAL WfESllMllON DfoQpl 
MCI CAMP IEJEUNE. NORIH CAROLINA 
F,“-URE CONSlRUCllON WORKER 

TEE== 
wE+cQ 
a.lEtm 
azEo1 
7.oEtm 
4.7E-ol 
l.¶E4OO 
MEto) 
a6Etm 
ssrn 
as+00 
uE+m 
44E.W ~ 

INPUTS 

w 

AddI 

=i= 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 

t 

=iE3= 
IEe 
lE.03 
lEG4 
1E.m 
lEG+ 
tE* 
IEM 
1E-m 
lEx6 
IEd4 
1E-w 
lEC-3 

u&-c 
Dose 

OwtWW 

224L 
l.lku4 
29E-oa 
22E47 
7x49 
1.7E47 
l.lE-30 
2lE-m 
1X41 
2lE.07 
3acd 
2oE.07 
WE.07 
1.1E.m - 

- 
v6Etm 
aooE+m 
amwm 
awEto 
omtm 
aooE+m 
aooE+m 
2ooEtm 
wa+m 
amem 
amstm 
1.4cEu? r- 

UOttWJ 
&al 

o.cetm 
aoE+m 
acstm 
acetm 
aohm 
acEto 
acwm 
o.oEtm 
aoE+m 
acEto 
l&E-10 

EEzzzEz 

NOncarC 
Gus* 

OWWW 
- 

1.1tv4 
ZSEQO 
22E47 
?.7E46 
WE47 
l.lE-00 
2lE-m 
ME.07 
2lE-07 
w&w 
2so7 
I.3507 
1.lE.m 

-Fialch-cw-logarro 
Rbk 

AMI 

l.lC44 
0.8E.m 
alE& 
7.7lxn 
13507 
1.6E-07 
K6E47 

O.OEtm 
l&EQ(r 
l.(IE4$ 
2eE45 
44E47 
L3E-07 
25kv4 



‘. 
) 

SUBSURFACE 8OlL DE%.. rONTACT EXPOSURE ABSESSMEM 
OPERABLE UNIT NO. 7 @“‘E 9) 
REMED!AL INVEETlQAllON -1 
MCE CAMP WNNE. NORTH CAROLINA 
F”T”RE C,ON8TR”CTION WORKER 

I 
a6EtPl 
i.SE+CO 
65Etco 
64E+CO 

d I 

1 - 

e 

w 

M 

% 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 
= 

T 

Dot* 

@%Y 
lw3m 
&E-l0 
zoE.06 
asE4 
ME99 
l.oElO 
28E-10 
l.Z!ZQg 
ME.06 
L2ElO 
1.8E49 
WE49 
24E-10 , 

2CUEtOO 
2ooE+to 
aocE+oo 
amE+po 
2mJE+00 
moE+co 
aooE+w 
0.oMtOO 
aooE+oo 
0.@.E+CO 
28OE42 

“UC+W 
iSEoS 

aoE+w 
WE+00 
aoE+w 
ace+00 
aoE+m 
0.CEtoO 
aoE+oo 
aoE+m 
aoE+w 
ace+00 
2OEI 1 
LdtW 

c- 
Rkk 

+ 

69% 

OK 

0% 

0% 

0% 

on 

0% 

0% 

0% 

0% 

0% 

(K 

=ii%isF 
oosr 

@sWW 
-ieLm IuI;-uD 

i8EQo 
%4EQ7 
4.6Ee 
l.lEU/ 
?.OEQg 
2oEQ(1 
24E40 
1.3SW 
22Egs 
1.6E4) 
(LZEQO 
26Ea 

2coEo( 
issw. 
7.42Ea 

aaxtoo 
2mEu2 
4.ooEul 
uoEt4 
absa? 
l.lXEU2 



SUBSURfACE $011 PARMLbE 1NHAUnON UFOSURE ASSESSMEN 
OPEIUSLE UNIT NO. 7 (SITE 1) 
REMEDIAL INVESTkMllON C70.0231 
MCB CAMP LEJEUNF, NORTH CAROLINA 
FUTURE CONSTRUCllON WORKER 

wmil 

+w+lN - 
i.2f+oo 
#.lE+C=J 
a2Eu 

7.OEtcQ 
47Eu 
G3Etoo 
6.6Etm 
a6Etw 
lsE+oo 

=s= 
2-I 
20 
20 
20 
20 
20 
20 
20 
20 
2-J 
20 

20 

==F 
WW 
w 

=B= 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
m 

m 

==fzs 

26E.13 

zo!i-12 
&SE-l4 
ME-12 
WE-15 
26E43 
1.22-12 
l.SE-12 
?%2E-13 
1.G12 
aE.12 
a.SE.14 

1.6EtOl 
aoEto4 
acEtOO 
o.oEtw 
WEtOO 
aoEtc.3 
wE+oo 
aoE+cc 
0.OEtoO 
aMtim 
o.cEtco 
acms - 

Risk 

IIoC+uO 
4.02~12 
aomo 
am+00 
sows 
aceem 
acetm 
aowx 
aown 
aoE+m 
aoE+oo 
0.oE+00 
aoEto0 
4.K 1z A 

,.,kvtl 
i.SE.11 
IX-10 
IDE.12 
1.1~.10 
7.lE-12 
202-u 
WE-11 
WE-10 
22%-i, 
WE-10 
asE.1 t 

a 

a*+00 
LIE44 
acmcu 
ace+00 
aoww 
aoE+m 
aoE+m 
ccEtoo 
a0w-a 
aomco 
acEto 
aoE+oo 

=-C?Jt+w 
wet00 
WE47 

aoE+oa 
aoEto4 
WE+00 
aoEto0 
o.oE+cu 
aomw 
(LoEtoQ 
witw 
WEtQJ 
QoEtoo 
XR-W 



SITE 28 



QROUNDWATER INGESTION EXPOSURE ASSESSMENT 

OPERABLE UNIT NO. 7 (SITE 26) 

REMEOIAl lMlESTlaATlON ‘.X0.0261 

MC6 CAMP LEJEUNE. NORTH CAROLINA 

FUTURE RESlDENT,ALCHlLO 

INPUTS 

1 

354 

s 

16 

70 

,.5EQl 

b7E-x 

1.6Etw 

5.cso4 

4x03 

l.MQ2 

1.6EU3 

e.cEQI 

1.6E.04 

1.2Ea3 

23EQ3 

WY) 
CMd 

===T= 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

t 

1 

8wy- 
NeYn 
ml 

CMd 

=fF 

16 

16 

16 

15 

16 

16 

15 

16 

16 

16 

16 

16 

A 

=szr 
c8rclmw 
ww) 

=Es== 
26650 
26550 
25560 
26666 

25560 

26560 

26E.W 

25564 

2s60 

266SO 

266vJ 

26660 

25550 

LarC 

DON 

bw%wW 
CMd 

I.bCss 

QZE-02 

20E-04 

7.OEQ3 

27E.m 

24E-X 

55E-05 

6.6E-06 

4SEQ3 

9.9EQ7 

6.6EwG 

6.lE95 

6.6EQs 

LlEOS 
- 

1.8b+U.l 

aoEto0 

(IoE+oO 

aoE+oo 

0.OEtoO 

aoE+ca 

O.OEIo(L 

24E-61 

24EQl 

24EQl 

(LIE&3 

aoE+&l 

O.EE+co 

0.OE+CO 

rucom 

C=hQMC 

RI* 

+ 

0% 

0% 

0% 

0% 

OS6 

0% 

7% 

26% 

1% 

a% 

0% 

0% 

- 
Pwo 

2l90 

2190 

21eo 

2190 

2180 

2193 

2lso 

2190 

2190 

2160 

2190 

2190 
- 

4.9EG? 

24&a 

9.2E-X 

uE-06 

27E.M 

(L.lEQ4 

t.oE-Dc 

6.SE.34 

1.2so5 

7.7E.06 

ROE-04 

42EQ4 

a 

L~ciJI 
&SE-O, 

aoE+co 

1.6St01 

l.lE-31 

IAEe 

l.lE&? 

o.oE+oo 

aoE+o!J 

23E-02 

7.7Ea 

1.6E-x 

1.4EGc 

1.2E-01 

LUt+Ol 

twrSe”l 
Im- 

Rbk 

G+ 
3% 
0% 

92% 
1% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 





CID-231 SITE 28 GROUNDWATER INHALATION 
13-Jun-95 
FlU SHOW.WQl 

GROUNDWATEIRlNHAlATION-RMECASE 

CHIID 

CKEMICAL 
Crme ED EF AT Al-C CD1 CDIC RFD PF HI CR %coNTRlB %coNTRIB 
rng/kg/shw y shwr/y d d m&dd w&t/d w&/d bx/k/d)^-1 NCRISK CARCRISK 

Chlomform 7.09E-05 9 350 3285 25550 6.83-05 8.73-06 O.OEtOO 8.1E-02 --- 7.OE-07 0% 88% 
Phenanthmne 1.57&04 9 350 3285 25550 1.5&04 1.9E-05 O.OEtOO O.OEtOO --- O.OEtOO 0% 0% 
2, 4-Diiethylphenol 8.71k07 9 350 3285 25550 8.4E-07 l.lE-07 O.OEtOO O.OEtOO --- O.OEtOO 0% 0% 
Acenaphthene 1.81E-04 9 350 3285 25550 1.7E-04 2.23-05 O.OEtOO O.OEtOO --- O.OEtOO 0% 0% 
4. 4'-DDE 2.06E-05 9 350 3285 25550 2.OE-05 2.5&06 O.OEtOO O.OEtOO --- O.OEtOO 0% 0% 
4, 4'-DDT 2.2OE-06 9 350 3285 25550 2.1E-06 2.7E-07 O.OEtOO 3,4E-01 --- 9.2E-08 0% 12% 
4-Methylphenol 3.053-06 9 350 3285 25550 2.9E-06 3.8E-07 O.OEtOO O.OEtOO --- O.OEtOO 0% 0% 

TOTAL O.OEtOO 8.OE-07 

SHOW.WQl 13-Jun-95 



CA8 

NO. TARQETCOMWUNO USTCONSlllUE 

=exP5==== --- - -- ~ihZIIRME ==_=3=_-P==f=-__=_C_-- 

a&A 

CHomtam 

OVERALL 

MASS TRANSF 

COEFFICIENT 

$20 
=sr===== 

i.i2E+ot 

58(K+oo 

9MEQ2 

207E+oO 

2ocE+oo 

HENRYS QAS ABSOLUTE GASCONST. 

LAW CONSTAN CONSTAN TEMP. l 

&IS-FILM LlauIo-FILM CARBON 

MASS TRANSF. MASS TRANSF. DlOXlDE 

COEFFICIENT COEFflClENT TRANS. COEFF. 

owl I+4 ww 

i.lSE+OJ 1.21EtOl zao 

a33z+oz O.O4E+CO mo 

1.%E+m 1.2OEtOl SQO 

1.05E+U3 1.07Et01 20.0 

7.14EtO.2 7.44E+W 20.0 

3ccQ.o tta.43 a24EQz 7.1SEQ3 l.SlE+O( 0.60% 

3CQlO 17022 l.OlE.ol l.ESE-Ol alEtOO a598 

3X40 lPl6 amso 831EtM 4.07E4-2 0.608 

3oo(LO 16400 0.3502 235EQ1 aBBEtOO 0.698 

Jwo.0 31wo l.WEQ1 zm3E-ol 27oEtG) 0.603 

OVERALLMASS WATER 

TRANSF. COEFF. MSCOS~ 

1.0x 

la2 

1.002 

l.CCQ 

l.aQ 

3tao 3.43EQ1 

3120 143E-ol 

3tao L43E.M 

3180 L43E-oI 

31 a0 F&E-o1 

1.3eE+00 e.EQEc6 8.2oE.03 X0 24oE42 a7SE+oi? 7.cstM) 20.0 3ooo.O s4.60 1.42Eal M6EOl 2s3E+oo (lb88 wu? 3180 6.43EO1 

4.37EQa S.eo~47 asso 3%0 24oEG 1.z?Etm ,.23Et01 m0 XWO lC4.13 7.3dEU? 2c4Eta 86SEo2 a806 1.002 3120 h43E4l 

1.12EtM 287E.03 82oEQs 2330 2&x42 1.16Etm 1.2lEtOl 20.0 3X00 1 l%lo aa4Ee2 7.lsEo3 1.61EtOl 0.698 tcce 3920 64eE.01 

le6z+oo l.mE.04 eaE.06 203.0 24%x m3Eto2 O.MEt00 20.0 xKD.0 17&P 1.oiE-ol MaEa &2(EtCO a603 l.U&? 3120 Lu)E.ol 

bO(EQZ axen aocam 2810 2ueo3 l.iSEtW ~.2oEtol 220 Jgo.0 1!ato a33mx 931EtOl 4.07E-cQ 0.6M i.0r.e 3180 K43EO4 
297Etco 0.2om axe46 303.0 24oEu2 1.mEtm 1.o7Eto1 20.0 -0 164.00 a3s32 2SSml m3Etca 26% 1.002 3120 a4eml 

2coEto3 0.2~~4~ aaw6 2OlO 24cE.02 7.14Et02 7.44Etoa 20.0 jooR 3iac0 f.34EQ( 566Eal 2xX+06 ma3 1.002 3180 &43EQ( 

weE+m 9.2oE-x a2oE-x S3.0 24oE42 a76Eto2 7.03Eto3 06.0 xDo.0 36&m i.42+201 amsol 2EeEtoo 4606 1.m 3480 h43EQ1 

407EQ2 o.mE* a3cax m0 24oE-oz i.z2Etm 1.eeE+ol MO Jooo.0 loQl3 7.34142 2o4E+Ol amE assa Mo2 3180 F43E4l 





t 
SURFACE 801~ MGEfZION E&URE ASSESSMENT 
OPERA6LEUNRNO.t(Sl7E2@ 
REMEDLU NESllOMlON -9 
MC6 CAMP LEJEUNL NORTH CAROLINA 
CURRENT RE6lDENlWl CHll.0 

INPUTS 

Hsag 
W.W 
ho 

ChM 
16 
16 
16 
IS 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
I6 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
IS 
16 
IS 

15 

==FEsi= 

mdl 

=4-s 
0% 

63% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
2% 
1% 
0% 
6% 
62% 
4% 
0% 
0% 
0% 
1% 
2% 
0% 
1% 

ox 

=G%i== 
7zx5 
22646 
44E.M 
2so6 
1.sEa 
1.2SCd 
1.7EQs 
22E.m 
4sEx4 
26Ees 
7.1E.65 
1.4E.06 
6.sE-m 
l.oEo) 
l.UXQ 
a6E-n 
*&cd 
WEa 
26Ea 
a6E-06 
24E* 
aeE-06 
asEes 
22!xm 
26E.m 
26EQB 
ME46 
26E.m 
46E47 
Iso7 r 

I.Wt+WJ 
4mE.04 
amen 
7.mEQI 
l.OOfo5 
l.ooEtm 
aooc-32 
27IE4E 

amet 
1.4xml 
ha-w 
2ocGo2 
2mEOS 
aooE-06 
7.ooEa 

(IuC+u) 
aoE+m 
a3Ea 
ace+00 
aoftoo 
aoE+oo 
ao2tm 
aoE+m 
aoE+m 
a0Etc-a 
acorn 
aof+ 
ace+00 
ao2tm 
ace+00 
ao6tm 
1.7Ea 
1.6E47 
66E43 

o.oE+m 
22Eul 
21Em 
PI-07 

aoE+m 
UEGS 
22EcQ 
LSEQB 
2cEQ7 

aoctm 
a4Eod 
l.BEQ(I 

6rr;os 

WC+% 

mgg+ 

- 

o.aE+m 

1.76EtoO 

amEt 

amEt 

aooE+oo 

a”wago 

NCilQUCTh 

mY@ 

- 
2lm 
nm 
2190 
2lm 
nm 
nm 
2lm 
6lm 
am 
2lm 
2190 
2lm 
2160 
2(R) 
2lm 
2lm 
nm 
nm 
2lm 
-am 
nm 
2lm 
2160 
nm 
21m 
2160 
2160 
2160 
2lrn 

& 

YHSenl 
NoncrohoConlc 

I% 

ChM 
31% 
16% 
1% 
6% 
0% 
0% 
6% 
0% 
6% 
2% 
1% 
0% 

14% 
2% 
6% 
0% 
ox 
1% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
1% 
0% 
0% 
1% 

016 

- 
wftm 
1.7Etm 
bet01 
1.6Etw 
1.cE+ol 
2lE4l 

13Etm 
1.7Etu2 
a5E*o2 
2141 

mEto 
l.lE+m 
KlEQ1 

7.6Etm 
l.lEiLM 
&4E&? 
LSEQl 
l.SE-Ol 
2lE.M 
26EQl 
2724 
2sEQ1 
26EQl 
1.7Eal 
26EQ1 
aeEQ5 
26EQ1 
2SE.01 
BsEU2 
l.JE&? 

- 

=E%= 
1Ea 
IEQS 
IEQd 
1E-X 
lE* 
lEQ6 
fEJS 

lE.06 
IE- 
(E-33 
lE46 
lE.C4 
lE46 
lE+3 
IEds 
1EQd 
lE.b3 
SE48 
lEXl3 
1EW 
lE44 
(ES-3 
1Ea 
lE-66 
lE& 
IW 
1Ea 
tE* 
(E-OS 
lE* 

- 

_-_ 

(dtik 

=zFsF 
a2fm 
l.#.Cd 
asEa 
VEX4 
l.lEQ5 
WE-W 
WE44 
I.604 
am04 
IIEUI 
b$EQb 
1.2E43 
WE-07 
WEas 
ME95 
7.06-m 
26E.07 
1.6Go7 
226.67 
am07 
262.07 
aim7 
26E.07 
I.037 
2lEQ) 
7.6&m 
28E.37 
2lE.W 
4eE-m 
1.4E.m 

- 

cm 

lK4.u 
1.6Eor 
7.4E&? 
asa 
26E* 
1.6fo( 
Is?34 
42232 

aoftoo 
aoa 
12E* 
adEQ3 
26Em 
2sE42 
l&E+2 
4842 

aoEto0 
acstm 
26Eo3 
27fa 
aoE+m 
aowoo 
aoftm 
l.!EQ1 

aowm 
0.CEtoO 
COE-05 

aoftm 
l.sEor 
6lEQ) 
26E.63 

Lst41 

26660 
26SSO 
26660 

o.o3Etoo 
aooE+m 
ace+00 
amwm 
acc-stoo 
accftm 
awEto 
awEto 
awEto 
24ocol 
a4oen 
a4a7-n 

amE+m 
7.*91 

7.5oEtm 
7.602~1 

aooE+m 
2ooE.m 
7:bcEa 

alofta, 
7.6cwl 

am6tm 
i.mam 
i.6owm 

- 

266so 
25560 
2SSSO 
mm0 
266m 
2SiX4 
26550 
2SS6Q 

aoo2tm 
aoam 
cooEa 
amE.ol 

amwm 
amEt 
acetm 
amE 

aostm 
oxoftm 
l.mEQs 

aooE+m 
amf-02 
am546 
amms i 

!%660 
268m 
mdm 

zc2zzL I 

num 

: 

f 

2sSIC.wQl olJm-m 



8URFACEso2.0ERhul.c... MPOSURE ASSESSMENT 
OPERALRE UNrT NO. 7 (SITS S6J 
REMEDLAL I -nON CroQpl 
MCS CAMP LEJEUNE NORTH CAMLINA 
CURREM RSSIDENDAL CHILD 

INPUTS 

lE40 
2303 

sP@d 

=iFF 
IE48 
1E-X 
ICOb 
lE43 
lE.66 
fEQd 
so6 
iE.Cd 
lEX6 
IE-W 
1E.W 
4EQb 
IEdd 
1E-w 
lEQ(I 
lE.66 
lE.66 
lE4b 
lE.06 
lEe4 
1E.08 
lEe6 
l&cd 
SC6 
1Ea 
If.00 
lE46 
IEa 
lEd6 

1E-w 

I====- 
z= 
Amum 
k2 
-b 

b 
b 
b 
b 
b 

b 
b 

b 

b 

b 

b 

b 

b 
b 
b 

b 

6 

b 

b 

b 

b 

b 

6 
6 
6 
6 
6 
6 
b 
6 - 

I 

; 

- IT 
16 
16 
16 
16 
16 
16 
16 
lb 
IS 
16 
lb 
16 
16 
16 
(6 
I6 
I6 
16 
16 
16 
16 
16 
16 
16 
(6 
16 
16 
16 
lb 
lb =e 

=iEEF 
6$&d 
+?-fE= 

KM+7 
26EQI 
6.lE.66 
26EQI 
I.bEQb 
I.so7 
1.6EQ6 
2666 
4.6E-X 
*SE46 
aswt 
t.7607 
7.6Ea 
WE46 
IS04 
ME.66 
LIE97 
26567 
w!x7 
4,507 
63!307 
*so7 
WE.07 
26567 
41E.67 
WEa 
wEa7 
46E‘67 
WEta 
1.6lx6 

- 
- 

- 
OW%& 
=i%&= 

7.lEti 
223x6 
44Eut 
2oEQ1 
1.3E.07 
I.tEQ) 
l.bE.06 
2fE+3 
4.lEQO 
bbE4a 
7.6E-w 
1.4EQI 
aaw3 
I.0507 
I.3505 
llIEQ6 
4.4Ea 
1.6E.06 
LIE.66 
abEa 
24E4B 
WEae 
a2Ea 
2lEQI 
b6E.ce 
WE-IO 
ME46 
abEQ0 
46EQo 
l.bEQo 

==e== 
mak 

alkl 

- 
aoE+m 
IS47 

WEta, 
aoEto0 
RoEtoo 
acetca 
aomm 
ace+00 
aoE+m 
o.oEtm 
a6060 
aowm 
ace03 
aowoo 
aoE+cu 
iwss 
aoEQB 
WEE40 

ace*66 
&lEQ(I 
rQ37 
24EQB 

ace66 
abE- 
iIE.10 
%IEQI 
47Ee6 

ace66 
1.3Ea 
*SE46 
I ‘C-w 

A 

=Fi?s== 
Crchooerlc 

Fhk 

=s= 
0% 

I 21% 

z 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
3% 
1% 
0% 
6% 

64% 
b% 
0% 

2 
-2% 
b% 
0% 
1% 

A 

L1u.I 
alw 
2190 
Elm 
-as3 
210) 
El30 
nw 
sib0 
2130 
2lm 
2160 
SW0 
2180 
2130 
St60 
2190 
sl30 
2166 
2166 
St30 
sl?o 
sloo 
sl3Q 
2193 
2w6 
2166 
SW0 
nm 
am 

2190 

&g&a 
WE.06 
ace6 
WE42 
2664 
26EQI 
1.2?%2 
7.4EU3 

a*+66 
26E-62 
b.oEa 
46EQs 
l.cEa3 
l.bE.66 
1.4Eu3 
KM-02 

acctca 
acetoo 
26E.64 
1.6EU 

as+66 
aoE+m 
Qcaa, 
1.6E-OS 

aoEt66 
ace66 
abEe6 
~04300 
l.aEcQ 
wE.05 
3x6 

- 

- 
b.7Etco 
1.7StoO 
a6Etol 
WE+00 
l.M+Ol 
9.IEU 
1.3EtoI 
r.7Etm 
x3Eto2 
26EU 
mEto 
l.lEtC6 
LIEU 
7.6Stoo 
tlE+63 
aa- 
3sEu 
I.MU 
2lEo1 
26Eo1 
2724 
26!3l 
26ml 
1.7ml 
26E8l 

. 63!506 
26Eal 
26Ebl 
26EQI 

SW 
Flcta 

nn- 
w 

ace+66 
66EtC6 
a6stm 
acstm 
o.oEtoo 
acetw 
a6ftm 
ace+00 
a6Stw 
aoE+m 
acEto 
acEto 
aoEtc-3 
aoE+m 
aoE+m 
46E-m 
66EQi 
26Eol 

aowoo 
l.lEt66 
l.E.Et6l 
l.SEtW 
aoEt60 
46E.66 
I.102 

1.6EtU 
mEtOO 
ace36 
2bEtca 
em+66 

- 

- 
msu? 
46EQs 
WE01 
l.lEU-3 
7.6E.a 
l.IE-66 
26E.63 
aoE+oo 
1.7Eo5 
mE44 
26EQ( 
1.7504 
47E-63 
a39 
26Edx 
aoE+m 
acorn 
wEa4 
2oEdm 

ace36 
ace+60 
ace00 
26E-66 

aoE+w 
aoetw 
c.aEco 

acitoo 
26E.66 
mEu3 
a3w 
.L,CUd 

- 

; 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
, 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 

acot 
aooi 
am 

acut 
0.001 
abn 
sun 
aan 
aun 
aoof 

au 
au 
am 
au 
am 
am 
am 
am 
am’ 
am 
aoi 
aoi 
au 
0.0, 

z 

26-%m.wa1 OlJw-6b 



‘) SURFACE SOIL PARllCuk. _ , HAlA7lON UPOSURE ASSESSMEN 
OPSRABLE UNIT NO. 7 (SITE W) 
REMEDIAL lNVESTl(uTIoN CTOWX 
MCB CAMP LEJEUNL NORTH CAROLINA 
CURRENT RESIDENTIAL CHILD 

WEE+00 
txtw 
asE+ol 
t.a+w 
l.oEWl 
2lEdl 
1.aE+ca 
1.7Etw 
ax+02 
28E4l 

atetw 
l.lE+W 
SlEdI 

7.eEtw 
l.lEtw 
WE42 
haEU 
IsEal 
21Eo1 
ZI)EU 
27EQl 
26sOl 
2sEa 
1.7EU 
28EQ( 
aaE.03 
26EQ1 
26E41 
hllE.02 
1.3E.02 

$gg 

4dEtw 
48Etw 
4.eetw 
MEtw 
46Etw 
4.6Etw 
ME+00 
4atw 
MEtoo 
4eEtw 
*etw 
44Etw 
*aEtw 
4aEtw 
4.6Etw 
*aEtw 
46Etw 
ceEtw 
MEtw 
IEEEtW 
4.6Etw 
*aE+w 
4eEtw 
46Etw 
bsE+w 
ME+W 
18Etw 
*sEtw 
WE+00 
mE+w 

- 

INPUT6 
c-. 

SW* 
Spae 

10 
350 

6 
16 
70 

6 
3% 

4llstw 

iFz%iEi 
cm%* 

10 
10 
10. 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10: 
10 
10 
10 
10 
10 
10 
10 

10 

v 
16 
16 
16 
16 
16 
16 
16 
16 
IS 
16 
16 
16 
lb 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
lb 
16 
1s 

2L 

=Fss= 
WE-11 
21E.11 
4.lE-IO 
l.(IE-11 
1.2E.10 
l.lE.11 
l.SEQB 
2cE-w 
mEQ0 
24E.f2 
asE-1 i 
l.sE-11 
aiE-12 
24E.41 
1.3E.W 
7.66-15 
4lE-12 
,.8E-12 
ME-12 
956-12 
226-12 
SSE.lP 
aOE-12 
20E.12 
6x-12 
a2w4 
2OE-12 
ME-12 
4.6E.16 
1.6E-16 

aoE+w 
1.sEtol 
o.cEtw 
WEtw 
aoE+w 
aomw 
am+00 
sew 
amoo 
aomw 
ace00 
acmw 
ace+00 
aomw 
acetw 
o.oEtw 
aoE+w 
24ml 

aostw 
al E-al 

21EtW 
alE.Ol 

awtw 
o.oE+w 
a1E-w 

PlE+W 
Ll ml 

a06tw 
1.5EtW 
1.3EtW 

> e 

AvErno- 
amoo 
2lE-10 

awtw 
a0mw 
acmw 
awtw 
awtw 
aoE+w 
aoE+w 
o.c4ztw 
ace00 
ace+00 
awtw 
awtw 
awtw 
ace+00 
aoE+w 
6OE.15 

aomw 
2oE.12 
WE-11 
21M2 

ace00 
ace+w 
2oE.14 
7.4E-15 
$.6E-12 

aomw 
am3 
202.13 
L4C 1” 

A 

0 

=4&=== 

0% 

22% 

0% 

0?4 

0% 

0% 

0% 

OK 

0% 

0% 

0% 

0% 

0?4 

o?i 

0% 

0% 

ox 

0% 

OK 

1X 

a% 

1X 

0% 

0% 

0% 

0% 

1% 

0% 

0% 

ox 

- 

(WN 

LIW 
2190 
2190 
2lw 
nw 
21w 
21w 
21w 
21w 
2lw 
2190 
2lw 
PAW 
2lW 
slw 
2lw 
2lw 
190 
2190 
2190 
2lw 
2lw 
2190 
21180 
21w 
2190 
2lw 
21w 
slw 
21w 

11R) 
- 

s.‘CUI 
7.6E-10 
24E.10 
4.aE-w 
PIEdO 
1.4E.06 
l.sE-10 
l.SEQ, 
26EQL 
48EQ) 
ME-11 
7.76-l 0 
l.eE.10 
7.1 E-l 1 
l.lE99 
1.6E.07 
LEE-12 
AEE-11 
21E.I( 
28E-11 
26E-11 
3x4 1 
4.1E.11 
SE-11 
266-11 
ME-11 
655I¶ 
26E-11 
ME-11 
GE-12 

c 1.6E.12 ~ 

ace00 
acstw 
1X-04 

aOE+w 
aOEtw 
a0mw 
a0Etw 
aoE+w 
awtw 
WE-W 

awtw 
awtw 
awtw 
ace+00 
adE+w 
awtw 
awtw 
awtw 
aoE+w 
awtw 
awtw 
ac-ztw 
aomw 
arm00 
a0Etw 
aoE+w 
a06tw 
aoE+w 
aoE+w 
awtw , 

- 

aoE+w 
aomw 
WEQS 

ace+00 
aomw 
aoE+w 
arm00 
aoE+w 
acmw 
leE-07 

aoE+w 
a=+00 
aoE+w 
acetoo 
aoE+w 
aoEtw 
acetw 
acmw 
aoE+w 
acstw 
awtw 
aoE+w 
a.oEtw 
aostw 
amoo 
aosw 
ace+00 
aoEcw 
aomw 
aomw 

2wPIC.WOl 01.Jm.66 



SUBSURFACE SOIL INQESTkiN EXFOSURE ASSESSMENT 

OPEPABLE UNR NO. 7 (6lTE 26l 

REMED!N. I NVESllWllON-1 

M-3 CAMP LOEUNE. NORTH CAROLINA 

F”T”RE RESIDENl!ALCHll.D 

,.(Ic+w 

l.El3oi 

7.6Etoo 

7.6EtOi 

IAEU 

h2Etoo 

a4Eto1 

27Etcc 

ace02 

1.7Eto3 

1.2Eta3 

23EQl 

26Eto1 

26Etc-a 

24EtSl 

42Eto3 

a6w2 

RSE-01 

,.6E+C4 

1.2Eu 

LEE41 

6.6Eu 

h2EU 

4.4EQl 

K4EQl 

46EU 

UYEU 

26E.M 

2olw 

46Eu 

ME.Ol 

64EQl 

l.SEQ2 

a7E45 
- 

=F 
WrloM 

md 
old 

=F 
16 

I6 

16 

16 

16 

16 

16 

I6 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

I6 

16 

(6 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 
- 

DO*. 

WWW 

* 

1.2EQb 

WE-c8 

6.6E.a 

IBE47 

26EJJ6 

uE46 

2SE-m 

a7E44 

WEa 

l.JEo3 

26147 

26Eaa 

27EQ3 

27EQb 

47E43 

S.(IEQ(I 

S.6E.07 

1.6Ea 

1.3EQI 

24EQ7 

asa 

6x37 

4.eE-07 

6.6E-07 

K2EQ7 

ME-37 

21E.67 

blE47 

46E.W 

26EQ7 

?.OE47 

1.5EQB 

7.3EQg 

mgEgg. 
- 
WCE+CC 
1.76Etc4 

WX+OO 

*w!too 

aooE+m 

o.ooEto6 
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OPERISLE UNIT NO. 7 (Sl7E 2s) 
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CID-231 SITE 28 GROUNDWATER WHAIATION 
13-Jun-95 
FILE SHOW.WQl 

GROUNDWATERINHAlAlION-RMRCASE 

ADULT 

CHEMICAL 
Crrne ED EF AT An: CD1 CDIC RFD PF HI CR %corn %amTRIB 
mg/kg/shw y shwr y a a mg/k/a ~/ka/a ~/k/a hdk/d--1 NCRISK CARCRISK 

Chloroform 1.2E-05 30 350 10950 25550 l.lE-05 4.83-06 O.OEtOO 8.1E-02 --- 3.9&07 0% 88% 
Phenanthrene 2.6E-05 30 350 10950 25550 2.53-05 l.lE-05 O.OEtOO O.OEtOO --- O.OEtOO 0% 0% 
2, 4-Diithylphenol 1.4E-07 30 350 10950 25550 1.4E-07 5.9E-08 O.OEtOO O.OEtOO -- O.OEtOO 0% 0% 
Acenaphthene 3.0&05 30 350 10950 25550 2.9E-05 1.2&05 O.OEtOO O.OEtOO --- O.OEtOO 0% 0% 
4, 4'-DDE 3.43-06 30 350 10950 25550 3.3E-06 1.4E-06 O.OEtOO O.OEtOO --- O.OEtOO 0% 0% 
4,4'-DDT 3.6E-07 30 350 10950 25550 3.5&07 1.5E-07 O.OEtOO 3.4E-01 --- 5SE-08 0% 12% 
4-Methylphenol 5.OE-07 30 350 10950 25550 4.8E-07 2SE-07 O.OEtOO O.OEtOO --- O.OEtOO 0% 0% 

TOTAL O.OEtOO 4.43-07 

SHOTWQi 13-km-95 
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aoM 
awl 

0.001 
0.W 
aoin 
aoof 

26660 
88660 
- 

hndml 
mo 
3t.t~ 
w.000 
CIQDE 
%+-DOT 
3wzoQ- 

26664 
28664 
265E4 
26660 

am 
0.01 
am 
aoi 
am 
aoi 
am 
aoi 
aof 
a01 
a01 
aoi 
aoi 
sot 
aof 
aoi 
a01 
aof 

O.M 

2s%o 
26660 
26660 

28660 
26660 
E660 

zs6Ea 
266-30 

26560 

I 9WCAWOl Ol-JursS 



SUBSURFACE SOIL PARTR,. 
OPER4EL2 UNlT NO. 7 WE 2Si 

NHAlATlON E@OSUREAS8E8SMEM 

REMEDIAL IhVESllCUnON Cl00231 
MCB CAMP L2JEUNE NORTH CAFIOUNA 
FW’URE R2SIDENTlALAOULT 

INPUTS 

/.WG+UJ 
wE+m 
7.SEtm 
7.2Etm 
1.4EQl 

23Etca 
w+m 
27Eraa 
WE+02 
1.7EtoS 
1.2Eta3 
2sm 
23Etm 
2SEtoo 
24Etm 
43Etm 
asEa 
hSEQ( 
i.sE+ca 
1.2Eal 
asml 
WEal 
a2wi 
MEal 
a4m-i 
4.6E-ol 
47Eal 
22Ebl 
2SEQl 
43Eal 
24Eal 
64EQ1 
m3cQ 
wEQ5 

- 

zig 
*aE+06 4.aEtoB 4.sEto3 WEtas *SEE+00 *SE+04 
MEtOO 
+sE+os 
MEtog 
*SE+69 
ME+03 
*sE+ca 
ME+00 
ME+00 
4.sEtce 
*Et06 
4.sEto4 
*sE+cs 
*SE+OS 
4.sE403 
&SEE*09 
4sEto2 
4.1+02 
WEtdo 
csE+oo 
tata, 
&SEE+00 
*SE+06 
46Etm 
46Eto2 
hsEE+o2 
*SE+02 

- 

M 

-3b 
34 
30 
30 
30 
t-4 
30 
30 
30 
Jo 
30 
30 
Jo 
x) 
30 
20 
so 
30 
30 
30 
30 
2a 
30 
x) 
30 
30 
30 
30 
XI 
30 
50 
30 
30 

30 

WJI 

-XT 
70 
m  
70 
‘10 
m  
m  
70 
76 
70 
m 
m 
70 
70 
70 
70 
70 
70 
m 
70 
70 
m 
m 
m 
70 
m 
70 
m 
m 
m 
m 
70 
m 
70 

- 

BOGIO 
POE-*0 
2cE-09 
2612 
alE-11 
a7510 
asmi 
22298 
4,4Ea 
2oEQB 
ME-12 
&SE-l0 
ss.11 
a230 
i.lE.07 
23692 
2251 t 
4.lE.11 
WE-12 
l.sE-11 
IAE-11 
l.sE-11 
1.1~~11 
lAE.11 
1.2511 
1.6~~11 
22512 
7.1512 
l.lE-11 
WE-12 
l.sE.11 
2s13 
1.7E.13 

- 

um+m-- 
aoE+ln 
l.SE+m 
aosm 
S.4EtCU 
WE+00 
QOEtW 
a=+00 
aoE+oo 
aoE+ca 
ace+00 
aoE+m 
aowm 
o.oE+l%J 
aMto 
acstta 
aoE+oo 
aoE+oo 
0.OEtOO 
h4EQ1 
6lSOl 
&lE+00 
S.lEQ( 
acEto 
LIE.02 
acitw 
alE-05 
alE+m 
aoE+cu 
6lEbl 

aowm 
o.oE+OO 
1.3EtO3 
IBEt 

- 

U.“F+W 
aoE+m 
howa 

aoE+oo 
LIE.11 

a.oE+m 
aoctm 
aoeoo 
aoE+oo 
aamo 
aMto 
0.OEtOO 
am+03 
acEto 
aoE+oo 
ace+00 
aoE+m 
acEto 
ace+00 
WE.12 
aoE42 
LL’IE-(l 
ME-12 

ace+00 
am3 

o.ci+ca 
WE.14 
ME-1 1 

aE+ca 
WE.12 

aoE+oo 
aoE+ca 
&SE-13 
222-13 

lo 

+ 
0% 

04% 
0% 
1% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
3x 
0% 
on 
0?4 
0% 
0%. 
1% 
0% 
0% 
0% 
0% 
0% 
0% 

logs0 
los60 
lcus 
lo950 
lC%O 
1- 
lmso 
IOSSO 
mso 
lDos0 
lCSC4 
lm60 
logs0 
loss 
I- 
IODSO 
10850 
10360 
lOSO 
lOS64 
lCS?4 
lO%O 
10950 
logs0 
lo960 
lC+SO 
lo924 
10650 
IWO 
low0 
10960 
lC%W 

10850 

==i%m== 
7.02-10 
4730 
*SE28 
USE.12 
1.sE.10 
2cEc8 
IdE-10 
I2E.a 
l.oEQf 
7.cEe 
WE-11 
IlEQs 
ME-10 
?.4EXJ2 
2eso7 
as.12 
WE.11 
s.6E.11 
LSEdP 
.34E-11 
23E.11 
as&11 
2611 
aEe-11 
2SE-11 
14E-11 
t.7E.11 
1.~.11 
2611 
2aE.11 
a2611 
a6E.13 
402.13 

- 

aoE+oo 
am+00 
1.4E-34 

aomc4 
QOEtoO 
am+00 
aoE+m 
ac-stoo 
aoE+ca 
aoE+ca 
a@306 

ace+00 
aoE+ca 
aoE+oo 
aoetoo 
ace+00 
ace+00 
o.oE+oo 
ace+00 
ace+00 
am+00 
aoE+co 
am400 
aoetco 
a0Eti-a 
aoE+oo 
acEto 
aoEto0 
o.oEtoo 
aoE+ou 
ace+00 
o.oE+oo 
aoEto0 

- 

aoEto4 
ace+00 
3.22* 
aoE+oo 
aoE+oo 
as+00 
aoE+oo 
a=+00 
acetm 
QCEtoO 
l.S!%7 

aoE+oo 
aoE+m 
aoE+m 
aoE+cu 
aoE+oa 
acEto 
acstco 
aoE+oo 
aoE+oo 
aoE+m 
ace+03 
aoE+m 
aoE+m 
aoE+cu 
aoE+cu 
acEto 
acstcm 
0.OEtoO 
aomm 
0.oEtOO 
aostoo 
LOEtOQ 
4~.ua 

j 

Nm- 
mak 

4.m 
0% 
0% 

100% 
0% 
0% 
ox 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 



- 
w 





- 







. 



. 







lea, 

- 

SSSl 

pe9) 

- 

28a 

a&o 

- 

ah9 
SSSS 

- 

85BI 

PsdD 

- 

166Q 

- 

- 

8660 

- 

- 

WLX 

2J8pI 
- 

- 

BXD 
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- 
PPIrn 
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SURFACE SOIL lNQWllON EYMSURE ASSESSMEM 
0PERASJ.E UNIT NO. 7 (BITES@ 
REMEDIAL lNVESTlQATi’JN CTiUSSl 
MC6 CAMP L!ZJCUNC. NORTH CAROLINA 
CUARENT MILITARY PERSONNEL 

WE+03 
m+m 
a6Etot 
t.estm 
i.oEtot 
PlEU 

1.SEtm 
1xtcQ 
*3E+m 
28sol 

SaEtm 
i.te+m 
atEu 

7.SEtm 
l.lE+m 
a4E.m 
WE-01 
1.6EU 
2fE.m 
2SEu 
27Eu 
29201 
Pssol 
1.7EU 
28EQl 
tOEQ) 
2sE4l 
26EU 
56Ee2 
1.3ECQ 

=2m 
SE4 
660 
so 
260 
260 
260 
250 
260 
360 
260 
260 
2m 
264 
650 

s= 
(xratk 

b3 
AM 

--h 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

- 

tEQd 
lE0 
tEa 
t.!xe 
iEQd 
IEQd 
tEM 
IECd 
3E46 
1Ea 
tE.04 
tE-06 
tEdS 
iEa 
1E.m 
lEU3 
lE.00 
tsc4 
lE.08 
1E.m 
lEC4 
1Ee 
IEGS 
1EQd 
1E.M 
iE& 
(E-oS 
1EQd 
lE@ 

s 

Rm= 

oG& 

I, 
400 
$00 
100 
tm 
100 
tm 
im 
tm 
(00 
im 
too 
tm 
$00 
im 
tm 
im 
1m 
too 
too 
too 
too 
too 
tm 
im 
too 
too 
im 
im 
too 

(00 

Bwyr 
NW 
m 

4% 
70 
70 
70 
m 
70 
70 
70 
m 
m 
m 
70 
70 
70 
70 
70 
70 
70 
m 
70 
70 
70 
70 
70 
70 
70 
m  
m  
70 
70 

& 

=G%i= 
a2E47 
a7m 
i.ewa 
a7E-00 
WE47 
KtE40 
mE* 
P6E.a 
WE-c8 
i.MQo 
S.lE41 
ME-m 
2eEa 
4.4E47 
coEQ6 
ME49 
l.#Q(I 
83E# 
1.fEoB 
1‘6Esx) 
WE00 
l.dEQo 
t.4EQ) 
S.6E.m 
MEG4 
20610 
1.4EXd 
l.Eds 
2lE.m 
ZZE-to 

2oEtm 
t.8Etm 
aowm 
ace00 
ace00 
aowm 
aoE+m 
aoE+m 
ace+00 
o.o2+m 
aoE+m 
acEto 
WE+00 
wxtm 
acsm 
24EQ1 
24E-ol 
24EQ1 
aoE+m 
?.3!?01 

7.3Etm 
7.3Ea 

aosm 
2oE-02 
7.aE.m 
o.vi+m 
73E4l 

aoE+m 
t.itm 
i.5Etm 

w 

aot+uJ - 
ace00 
1.7Ew 

acEto 
aoE+m 
aoE+m 
aowm 
aoE+m 
aomm 
acstm 
aowm 
a=+00 
aoE+m 
aoE+m 
aoE+m 
aoftm 
am0 
a6506 
PeEQB 
aowm 
l.lECd 
t.tEQT 
l.EEQB 

aosm 
l.eE.10 
l.tE.10 
h6E-06 
WEa, 
ace00 
2SE99 
0.4E.t 0 

rz!Ezc 

*brcmt - 

mk 

4% 
m  

61% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0?4 
0% 
0% 
6% 
1% 
0% 
3% 

33% 
4% 
0% 
0% 
Qx 
1% 
3% 
0% 
1% 

Q)( 

i4m 
I460 
(460 
t4m 
1400 
1460 
t460 
t4m 
14SO 
i4m 
t4m 
14m 
MO 
140 
1460 
1460 
,403 
1400 
,ur, 
t460 
lU4 
t4m 
1460 
14So 
1460 
Mm 
$460 
1460 
t480 

A 

T&2+ 
rEk4 
1.7E.m 
a4Ea 
t.6E.m 
MEG6 
a6t37 
1.3E-04 
1.7E44 
3.2E.04 
2SEoI 
a4Ea 
l.fEQb 
s.ceQI 
7,SE.oS 
1.oE.m 
6.3Ea9 
a*-07 
l.MQ7 
2cGo7 
27so7 
2SE97 
PSw7 
PSEQI 
1.7EQ7 
27!37 
28EOD 
es37 
2SEQl 
a7w 
i.sEQB 

--i.UC+UJ 
4.0504 
am4 
7.oEe 
t.oEu3 
vxtm 
ECEU! 
a7w2 

acetm 
1.4EU 
aom4 
POE02 
&uxQ 
WE-06 
7x-m 
aomt 

a=+00 
aoEtm 
KOEQI 
aL0Eu 

aoE+m 
acEto 
aoE+m 
aoEe 

aoE+m 
a.oE+m 
l.SC6 

aoE+m 
aow2 
aom 

A 

tr 

uE-(D 
WE43 
4eEc.4 
t.6EQS 
t.oEa 
WE46 
MEa3 

ao2tm 
2SEo5 
WE-04 
27Eo1 
Pszwd 
asEd) 
l.lEQs 
3.6Eu3 

ac-stm 
aam 
2SEa 
WE-27 

aoE+m 
ace00 
aoE+m 
83E.06 

ace+00 
aoE+m 
62lx4 

ace00 
23EQ(L 
a2E.04 
21Eo) 

!zizEzz 

VerEmt 
NsnSamopdruC 

f4sk 

=a- 
3fX 
13% 
t% 
3% 
0% 
0% 
6% 
0% 
6% 
2% 
1% 
0% 
14% 
0% 
6% 
0% 
0% 
1% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
1% 
0% 
0% 
1% 

01( 



._ 
- 

,  

,  

1 

1 

1 

1 

,  

1 

1 

1 

1 

,  

I  

1 

,  

1 

1 

1 

1 

t  

,  

1 

4 

1 

1 

1 

1 

1 
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SURFACE SOIL PARllCULATS EXPGWJRE A66E66MEM 

OPERABLE UNIT NO. 7 @IT’6 23) 

AEMEOIAL lWESllMTlON -1 

MCB CAMP LEJEUNE. NORM CAfDJNA 

CURRENT MlUTAR7 PERSONNEL 

,nt&. (nqlcgdy) - (C’EF. ED l IR* l/PEF)/(6W*ATcorATnc* Ov) 

27Gol 

26Eo( 

23EQl 

1.7EQl 

26EQl 

asw 

26Eo1 

26EQ1 

asEa? 

a 

CrshDoon 

oww 

h 
c.9 

WE+00 

1.7Etm 
a6Etm 
1.3EtSO 

i.oE+ol 

LlEU 

1.3EtOZ 

1.7Eto2 

WEtOS 
26EQl 

mE+m 
l.$E+m 

LIEU 

7,sEtm 
l.lEtm 

c4Ee 

za6EU 

1.6EU 

Plcol 

26EQI 

Emhdm 

$gi& 

4(R+o3 
4.sEtco 
IsEE+ 
ME+06 
4.2-2tcs 
4.sEtc6 
4.atos 
4sEtoa 
rsE+fa 
4.sEw3 
4sEto6 
4estos 
rsEtc9 
mE+os 
4sEto6 
4.atm 
csEtc6 
462tOD 
ME+06 
MEto 
4sEtos 
MEtoe 
4.sEtlm 
IsEE+ 
4.sEto3 
1si?+o6 
ME+06 
4sEto3 
46EtOS 
ISEm 

INPUT6 

cdcald 

z 
50 

250 

4 

70 

m 
4 

366 
463Etm 

x oa 
=76= 

10 
m 
m 
m 
'10 
m 
70 
m 
m 
m 
m 
m 
m 
m 
m 
m 
70 
m 
m 
m 
70 
70 
m 
70 
‘10 
70 
m 
70 
m 

& 

- - 
21~11 wxtm 
a3E-12 l.WEtol 

I.3510 amE+m 

WE-l2 woE+m 

26E-11 PooEtm 

ME.12 PmEtm 

ME.10 amE+m 

alE-10 hoo!3rn 

1.EE.06 wet00 
WE-12 IooEtco 

2M-11 o.ooE+m 

+lE-12 amftm 

1.65-12 aetm 

266-19 2ooEtm 

3.6EoB wowm 

23E-13 amctm 

l.SE-12 coM+m 
WE-13 uoEu 
?.4E-13 aooE+m 
l.oE-12 a1oEu 
WE-13 atoma) 
l.lE.12 a1oEu 

WE-13 watm 

a2Ed3 wxtm 

WE.12 aloEa 

26E-14 aiowo 

ass93 aiomn 

WE-12 aooE+m 

1.4E13 i.2oEtm 
GE.14 1.2oEtm 

o.oE+m 
WE-1 1 

aoE+m 

aoE+m 
aowm 
aoE+m 

coE+m 
aoE+m 
aoE+m 
atxtm 
aoE+m 
ckcetm 
wet00 

aoetm 

aoE+m 

astrn 
aoE+m 
l.(IE-13 

wxtm 

alE.13 

66E.12 

aSEd 

awarn 
aoE+m 

am6 

23E-13 

a6E-13 

aoetm 

1.6E.13 

am4 

. 

WY4 

- 

1464 
1462 
14m 
14m 
14m 
14m 
1463 

1460 

14so 

14W 

l*(x) 

uoo 

14W 

1460 

14m 

1430 

,482 

,463 

14m 

1463 

1652 

14m 

1460 

14SO 

1463 

1460 

14W 

1464 

146o 

- 

ME-10 
l.lE-10 

22EQo 

LBE-1% 

ME.10 

a65i I 

LsE4s 

IIEQO 

ZlEQB 

l.dE.ll 

SE-10 

7.gf-11 

WE-11 

WE-10 

a3E-m 

4lE42 

2SE-11 

24E-12 

1.35ll 

1.6E-11 

l.E-Ii 

ISE-11 

ME.11 

f.lE-11 

l.dE-11 

44E.13 

1.6511 

l.OE-11 

24bt2 

ME*13 ) 

mxtm 

o.ooEtm 

1.43EQI 

aooE+m 
20oEtm 
o.ooEtm 

aaem 
aooE+m 
wxtm 

us7E-M 

aooE+m 

caE+m 
amEt 

aooE+m 

wxtm 

aoowm 

amam 

o.ooEtm 

200000 

2mEtm 

o.ooE+m 

2ooEtm 

aooE+m 

aooE+m 

aooE+m 

o.mEtm 

aooE+m 

aooE+m 

aooE+m 

wxtm 

F33k 

UvC+WJ 
mtm 
aoE+m 

l.SEQ6 

ciosm 

aoE+m 

cat00 
aosm 

weta, 

aowm 
2lEQ) 

o.eztm 
ccem 

mtm 
aoE+m 

aoE+m 

acstm 
ace00 

aoE+m 

aoE+m 

aoE+m 
acetm 

wxtm 

aoE+m 

ace00 

aoE+m 
aowa 

am+00 
o.oE+m 
apEto 
acstm 

28PIM.WO1 OlJw-65 
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SUBSURFACE SOIL INGESTWN EXFOSURE ASSESSMENT 
OPERASLE UNIY NO. 7 WS 25I 
AEMEDlALINYE9llOATION CTO.0251 
MCB CAMP IEJNNE NOftl?i CAROLINA 
FUTURE CONSYRUCllON WORKER 

I~eVnghpddy)-C”CF~EF~ED~IWBW*ATcorATm’DY 
‘ 

l.QE+ol 
7.oEtoo 
7.9EtOl 
WE&l 

azE+oo 
a4tol 
27Etm 
(LQEtoz 
vEta 
uEE+ca 
29E.a 

29Etm 
25Etm 
24E*Oi 
eE+m 
wEQ2 
IQEQt 

t.5Etoo 
ubm 
K5EQ( 
5.6Eu 
azan 
I4E.W 
h4EU 
ISEQI 
WE01 
25EQ1 
2SEo1 
49EQI 
a4Eu 
WEU 
WEU 
a7m , 

INPUTS 

1ECQ 
90 

1 
490 
70 
70 

1 
965 

m 
NW 
iw 

AdA 
76 

70 
70 
m 
70 
m 
70 
m 
70 
m 
m 
m 
m 
m 
70 
70 
70 
m 
70 
m 
70 
m 
70 
10 
70 
m 
m 
m 
m 
m 
m 
m 
m 
m 

- 

25564 
25ESO 
25660 
96560 
26560 
96660 
2-5550 
25660 
m5.50 
28660 
25550 
26660 
26550 
26.660 
26550 
25S60 
96654 
9!?850 
!2+6!!4 
smso 
166x) 
ZS550 
9Qm 
25560 
26sw 
9m60 

z 
26650 
26sw 
ms50 
26650 

26550 

_-_ 
Dot* 

:WWwl 

=iEk= 
29EQ7 
1.9E-n 
l.QEOU 
5.SE-09 
7.7Ea 
u?307 
25EQg 
2lEQ6 
42E.46 
29E.05 
&@509 
a607 
aomx 
mEa 
l.OE44 
21EQB 
21E.05 
9.9EQo 
2OE49 
1.4m5 
WECS 
1.6m 
l.(EQo 
1.9E49 
l.c?m% 
1.4EQo 
&QEQo 
29Eog 
l.lEQ8 
aQEa9 

:VZEQB 
29E-10 
WE-10 

- 

=zTF 
aoE+m 
1.9EtOO 
aoE+a, 
4.3Etoa 
abEto 
ccE+w 
2OE+Ul 
o.cEtou 
aoEto0 
o.oEtoo 
0.04300 
o.oEtco 
aoEtm 
ac+300 
aoetcu 
o.oE+m 
24EQl 
24EQ1 
24EQ1 
7.9Eal 
mEto 
7.9EQt 
aoEto0 
7.9Eu2 
1.4E-09 
7.9l?u? 
7.9mw 
aMtOO 
7.3EQ1 
aowo 
aoEtc-2 
1.3Etva 
WE+00 - 

aoE+ca 
as07 
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TECHNICAL MEMO&iNDUM 

SUMMARY OF GROUNDWATER DATA AND AQUIFER CHARACTERISTICS 
MARINE CORPS BASE, CAMP LEJEUNE 

JACKSONVILLE, NORTH CAROLINA 

SUMMARY 

This study examines the utility of exploratory aquifer tests (pump tests) at investigation sites across Marine 
Corps Base, Camp Lejeune (MCB-CL). The study reviews the available information on the relevant water- 
bearing layers, considers the general characteristics and applicability of aquifer tests, and concludes: 

0 That available information is satisfactorily complete to allow appropriate designs of 
groundwater systems in the main operating areas of MCB-CL; 

0 That quantified characterization of the water-bearing layers in explored areas of MCB-CL 
can be extended to other areas having similar geologic terrain; 

0 That exploratory tests are not longer routinely required or advisable; 

0 That reconnaissance testing (well-head tests or slug tests) of each newly installed or 
otherwise uncharacterized data station is highly advisable; and; 

l That performance testing of groundwater extraction systems should be the recommended 
form of evaluating and adjusting withdrawal systems. 

BACKGROUND 

This study considers the aquifer characteristics (especially, the Coeffkient of Transmissivity) and the 
production capacities (available discharge rates) of.the two water-bearing layers relevant to the studies at 
MCB-CL. These water-bearing layers are the (shallow or surficial) water table and the Upper Castle Hayne 
Aquifer. 

The water table at MCB-CL occupies the water-bearing zone within 25 to:35 feet of the surface; the Castle 
Hayne, immediately below this. However, the separation of the water.table and the Castle Hayne is not 
always obvious. Usually, this separation is effected only by the low permeability material of the water table 
transiting to the significantly more permeable material of the Upper Castle Hayne; there is rarely an 
aquiclude or aquitard of vertically extensive clay separating the water table from the Castle Hayne. 

The data available for this summary derive from three main sources: 

-- ._ 
‘* Assessment of Hydrologic and Hydrogeologic Data at Camp Lejeune Marine Crops Base; 

,North Carolina; U. S. Geological Survey, Water-Resources Investigation,Report 89-4096; 
1989 
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COMPARABILITY OF DATA ACROSS MCB-CL 

The stratigraphic sequences of MCB-CL containing the water table and the Upper Castle Hayne have been 
well characterized. The available information indicates that the lithology and the hydrologic conditions can 
be correlated stratigraphically across the base (Tables 1 and 2). From these correlations, aquifer performance 
can be predicted suffkiently for an engineering design whose final criteria for suitability are performance- 
based. 

The upper water-bearing zone is a highly variable layering and intercalation of clay, silt, and sand. This 
variability, however, is found within recognizable limits. These limits correspond to the range of hydrologic 
characteristics described previously. Similar correlation is available for the lithology and hydrology of the 
Upper Castle Hayne. 

In areas not near stations catalogued in Tables 1,2, and 3, a reconnaissance comparison of well-head tests 
(slug tests) and an examination of lithologic descriptions will likely be sufficient to support the engineering 
evaluation of the site. There is ample demonstration that lithology has a significant influence on the 
hydrology of a site, and that, for a given geologic terrain, the influence is fairly consistent. The geologic 
terrain of MCB-CL has been broadly characterized and correlated between lithologic (stratigraphic 
descriptions) and hydrologic (aquifer tests and well-head tests) sequences. Lithologic descriptions can now 
provide a good indication of hydrologic conditions at MCB-CL in areas of similar terrain. 

GENERAL ~PLICABILITY OF AQUIFER TESTS 

Aquifer (pump) tests are a problemsome activity at contamination sites. While the information available 
from aquifer tests is required for engineering design of withdrawal systems, aquifer tests should not be a 
reconnaissance or an initial step in the investigation. Full consideration must be made of the redistribution 
of contaminants expectable from the test, of the change in structural support of disposal features by 
relaxation or increase of hydrostatic loading, and so forth. 

Consideration must also be made of alternative sources of acceptable data on the aquifer. In the case of 
MCB-CL, alternatives to exploratory aquifer tests are available from the tabulation and correlation of aquifer 
characteristics, production performance and geologic terrain presently available. 

From the available information and in light of the relative consistency of the geologic terrain of MCB-CL, 
exploratory tests at MCB-CL are not generally required. Therefore, exploratory tests are not advisable and 
should not form part of the initial investigation of a site. While they may be useful in certain circumstances 
after the initial investigation of a site, they should not, in the general case, be part of the investigation. 
Sufficiently satisfactory information is presently available to allow the initial engineering design of a 
groundwater response. 

While exploratory aquifer tests are not advisable, performance tests of a newly installed system are highly 
recommended. These tests, to some extent, are a normal part of the initial operation of a system. Only minor 
additional monitoring and modification of the system during operation would provide data directly relevant 
to the long-term operation of that system. 

In the Coastal Plain of MCB-CL, the information from a n exploratory data station not coincident with the -- 
long-term extraction system is not fully transferable. That is, if the test station and therecovery station are 
not the same, the aquifer parameters and calculations based on those parameters will differ. This means that 
data from an exploratory station are not more reliably usable that the data presently avaiIable, unless the 
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TABLE 1 

CAMP LEJEUNE PUMP TEST DATA 

013Mw-11 1 14 I 2 I 1s I 10 I 4-14 .I 0.31 I NA I 4M) I Nh I a227 I 3.46 I 2.7x-02 I M slkhrd. (rl4 cl~ym 

I’J8RW91* lsI2 9 9.1 2.45-1155 1 6.3X 0.5 465 Cm 5.30 I 059 NA myfiacsud 

Ioahfwoc I 2 9 I NA 465 NA 116.63 I 13.n 153502 
106hfw-15 1231 2 -9 9.03 2.79.11.n I NA 466 NA 56.76 1 6.31 7.33138-01 Od wd/silr. bl0 rik’cl~y 

VBMW-15 2 15 0.939 NA 460 NA 76.26 5.08 1,llEOz 
109MW-17 145 2 15 10 45-145 0545 NA 460 NA 163.10 10.67 7.3OE-a olstlssand 
109RW91. u 2 15 9.5 2.1Ls 6.266 3 463 0.46 7.60 052 NA 0-4md.441ilhblsund 

: :  ̂̂ 

: . . : . . 

. !  ./. . !  ./. 
., ., 
.‘I, .‘I, 
‘? ‘? 

I  



BARONE:8SEP94:CLS-lAl:l/5 
R+-% L 

MCB-CL5 CTO-232 CLS-lBl.wks 8SEP94 MCB-CAMP LEJEUNE 

STATION 

013RW-01 
013MW-1 
013MW-2 
013Mw-03 
013Mw-04 
013MW-11 
013MW-21 
41GW-07 
41GW-08 
41GW-09 
41GW-10 
41GW-12 
69GW-09 
69GW-10 
69GW-12 
69GW-02DW 
69GW-12DW 
74GW-03A 
74GW-06 

-W-W-08 
,OBRW-01 
108MW-0 
108MW-1 
108MW-08 
108MW-09 
108MW-13 
108MW-17 
109Mw-1 
109Mw-1 
109RW-01 
'109MW-17 
109MW-18 
llORW-01 
llORW-01 
llORW-01 
llODW-01 
llODW-01 
llODW-02 
llODW-02 
llODW-03 
llODW-03 
llOMW-07 
llOMw-09 
llODW-03 

----.. 

b Q SC T 
ft gpm gpm/ft ft-sq/d 

15 
15 
15 

1 
8 
9, 
8 

9 
9 
9 
9 
8 
8 
8 

15 
15 
1s 
.lS 
1s 
so 
so 
so 
so 
so 
50 
so 
50 
50 

9 
9 

22 

1.0 0.11 

0.5 0.08 

3.0 0.48 

3.0 0.31 
3.0 0.31 
3.0 

7.2 
106.0 

82.3 

5.3 40 
118.6 887 

56.8 425 

76.3 570 
163.1 1220 

7.8 58 

200.0 
161.9 
106.1 

7080 
7099 
5399 
5400 
2952 
3226 

T 

gpd/ft 

54 
793 
615 

1496 
1211 

793 
52962 
53102 
40381 
40392 
22081 
24127 

0.5 
7.1 
5.5 
0.8 
0.3 
0.4 
0.5 
1.2 
0.1 
3.7 
0.9 
4.6 
1.7 
0.2 
0.1 
0.3 
6.7 
0.6 
6.3 
3.6 
0.6 

13.2 
6.3 
0.6 
0.5 
0.1 
0.6 
5.1 

10.9 
0.5 
9.0 
5.7 
4.0 
3.2 
2.1 

142.0 
142.0 
108.0 
108.0 

59.0 
64.0 

0.1 
0.2 
5.8 . - 

. 

ft,: 



BARONE:8SEP94:CLS-lAl:3/5 

STATION 

HP-602 
HP-603 
HP-606 
HP-607 
HP-608 
HP-609 
HP-610 
HP-613 
HP-616 
HP-620 
HP-622 
HP-623 
HP-628 
HP-629 
HP-632 
HP-633 
HP-634 
HP-635 
HP-636 
HP-637 
HP-638 

f---?-639 
+640 

HP-641 
HP-642 
HP-643 
HP-644 
HP-645 
HP-646 
HP-647 
HP-648 
HP-649 
HP-650 
HP-651 
HP-652 
HP-653 
HP-654 
HP-655 
HP-660 
HP-661 
HP-662 
HP-663 
HP-698 
HP-699 

PUMPING 
LEVEL 

44 
30 
38 
46 
21 
45 
14 
17 
15 

9 
55 
30 
45 
4s 
21 
18 
36 
33 
35 
40 
84 
52 
28 
44 
32 
35 
52 
40 
11 
26 
84 
80 
7s 
69 
82 
29 
30 

37 
53 
23 
33 
21 

Q 
f3Pm 

SC 
sw/ft 

154 3.5 
129 4.3 
267 7.0 
246 5.3 
208 9.9 
199 4.4 
214 15.3 
157 9.2 
178 11.9 
224 24.9 
330 6.0 
210 7.0 
172 3.8 
216 4 ..8 
224 10.7 
205 11.4 
219 6.1 
151 4.6 
149 4.3 
130 3.3 
201 2.4 

C--l 0.0 
210 7.5 
351 8.0 

E--l 0.0 
269 7.7 
230 4.4 
192 4.8 
154 14.0 
302 11.6 
263 3.1 
100 1.3 
480 6.4 
242 3.5 
216 2.6 
197 6.8 
175 5.8 

E--l ERR 
150 ERR 
275 7.4 
148 2.8 
100 4.3 
216 6.5 
140 6.7 

. . 

BARONE:8SEP94:CLS-lAl:3/5 



STATION 

AS-108 8 226 28.3 
AS-131 11 310 28.2 
As-190 60 220 3.7 
As-191 16 220 13.8 
AS-203 19 220 11.6 
AS-4140 6 110 18.3 
AS-4150 10 128 12.8 
AS-5001 27 185 6.9 
As-5009 53 111 2.1 
BA-164 21 214 10.2 
BA-i90 17 303 17.8 

PUMPING 
LEVEL 

Q 
gPm 

SC 
gpdft 

_ -- 

. . . . 

BAFtONE:8SEP94:CL5-lAl:S/5 
-. 
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SAMPLING STATION CHARACTERIZATION -DATA SHEE’P 
: 

<‘. T.. \ .” 

Station Number: /- 5 bo/ Date: 3-a-w 

Sa&era l4n A, Luff, fl&.vj - - Date:. - 

Water Sods ~~LUI*/H,I 61 fc 4 state:_ ML’ 

Sample Type: Fish Benthic Macroinvertebrate 

SAMPLING EQUIPMENT: Seine Gill Net ..-Ponar- Kemmerer 

Time: /&F 

Time: 

county: Lb4 Ad 

Spoon ..-- Other: . _ . _ 

Binarian ZoneAnstream Features ._.., _- 

. Predominant Surrounding Land Use: @ w @=3 Other: 

k Shore Vegetation: $I Kk. 6, fl ad k?eti 

Aquatic Vegetation: /u& 

EstimatedStream Width: 2 l 3 Kp ft Est. Stream Depth: ft. Riflle: MY4 ft Run: /yuf ft Pool: &&ft 
: 

StreamType: Co*ter W 
F 

ater Velocity: #& Channelizedz Yea -,&’ No _ 

Canopy Cover: Open Partly Open Shaded 

Sediment/substrate: 

. - 8; Sekment Odoraz . fiorm$. Sewage .($Tq Chex$c$ . ++-o+ . Othey . _ . 

SedimentOils: e Slight Moderate Profuse 

Ponar Grab: Number of Jars Filled with Sediments Eeplicak ‘#D & Replicate f2: & Replicate 83: & 

Depth _ 
Temp. PK Dissolved Oxygen Conductivity Salinity 

“c, c3.ll”l blm (micromhosfcm) (PPtI . . : *.. 

A * t I 

t 
1 

I 

Water Odors: 

Water Surface OiIs: 

Weather Conditions: 

w&er Color: 

Tide: /v4 # 



.,-1% 

Station Number: /- 5 DU 2 Date: 3- tt-qf 

Sa&ers: A&A, &ll-*rr, WJT - - . Date: _ A 

Water Body: ~w~..w br i44 state: MC * 

Sample Type: Fish BenthicMacroinvertebrate 

SAMPIXNG EQUIPMENT: SeinQ Gill Net .--Ponar- Kemmerer 

Time: /&ad 

Time: 

county: L?.&/ow 

Surface Water 

_ _ 

Riparian Zone&&ream Features 

Predominant Surrounding LandUse: e @ w Other: 

AquaticVegetation: /& 

E&ma@ St- Widtk 2- 3 ft Run: ,fift Pool: -Uti ft Est. Stream Depth: /d ft. Riffle: .@# ft 

Velocity: Charmelkedz Yes~ No, 

Canopy Cover: Open Partly Open Shaded 

Sediment/Substrate: 

. . . . . f2idiment-i>aors: Nornial D Sw&e . . . . WMw. . . Che+cal.. . ~~~~~~~~ . . Othy i ._ 1, .. . .., . . _ (. . . . _ 

Sediment Oils: 
@Es 

Slight Moderate Profuse w 

Ponar Grab: Number of Jars Filled with Sediments Replicate: ‘Wl: &Ij- ReplicatL #2: fi Replicate #3: /uA 

Water- - 

Dissolved Oxygen Conductivity Salinity 
(micromhoskm) 

Water Odorsz 

Water Surf&e Oils: ft. 

W@ter Color: 

Weather Conditions: !&MY * 7ti- 7S"f 
I 

Tide: ,2 ;Qd 



. 
Riparian ‘Zontinstream Features . ._-. .* . 

PredominantSurruundingLandUscz urban Industrial Other: 

ShoreVegetation: $4 &&M 

AquaticVegetatioa’ AK@ 

Estim&dS&amWidtk &f fi Est.Stm~~~~hpth:/~ft Rime: - -ft Run: &u& ft Pool: - ft 

Streams &old Water * @Gq Channelized: Yea - NO $ Velocity: /ii Lb/* 

Canopy Cover: Opt Paray open Partly Shaded Shaded 

Sediment.&bstrate: 

G3 

. 
*. -.. . S&me&Odor& :No . Sewage Petralem . Chen@c@l . . . ..&=Fq~. . Op-!F . . . . . . . _ ; 8 . . . . 

Sediment Oils: 0 Absent Slight Moderate Profuse 
E4wG 

Ponar Gralx Number of Jars FiIIed with Sediments Replicate: ‘#k & Replica& f2: & Replicate #3: A/d 

Water- -- 

Temp. PH Dissolved oxygen Conductivity Salinity 
“C, b.u.~ . (m&l (micromhoslcml (PPt) 

2W f&9 ) u lBb0 b /r: 

I 

1 I I 1 

Water Odors: Sewage Petroleum Chemical Other: 

Water Surface 0x19: Slick Sheen None seochi: M&f ft. 

lkrbidity: Clear SIightly Mid Q=que Water Coloc CL 

Weather Conditions: Tide: In .out 



Riparian Zonekstrea m Features 

Predominantsurrounding LandUse: 

ShoreVegetation: &w lYuA‘fi4.1 6t.4 5 

R 
. 

’ .I. &merit odors: Normal. . . &wage . Petrdeiim , . Chemical . ..#bwQbic . O+eq: ..; .: . . . . 

Sediment Oils: bsent Slight Moderate Prcfuse 
Y. 

Ponar Grab: Number of Jars FIlled with Sedimenta Replicatez ‘#l: -& Replica& #2: &- Replicate #3: & 

SedimentDescripti& %4& & // - . 1 

Water - 

r 

I)epth 
Temp. PH Dissolved Oxygen Conductivity Salinity 

. ‘. ‘c, +.l.~ bldL~ (micromho&mI @pt) 

145 /&Md 15, 

1 

I I 

I i 

Water Odors: Sewage Petroleum Chemical Other: 

Water Surface 03.3: Slick Sheen 

Turbidity: Clear Slightly Turbid 

Weather Conditions: 



. 
SAMPLING STATION CHARACTERIZATION bATA SHE&. 

r”“*’ 

> 1.. 

Station Number: z&‘*,d(~ 5d<DO3 - Date: ~~~~~ 25, qY ($11) Time: / 71 P (5jJ 

sa2l&m Aws, &n/ M/W Date:. t(l&b u,4(/ [,w) . . .Timtx /7/0[5&) - - 
. 

WaterBodx M@u/ 41Jefl county: #c/J//w 

San&Type: Fwl BenthicMacroinvertebrate 

SAMPLING EQUIPMEN Seine Gill Net .:-Ponar- 

RiparianZone/Instream Features - . 1’ -‘, .* 

PredominantSurroundingLandUstx Urban IndustriaZ Other: 

Shore Vegetation: 5~ e Hk6; fi 1 Ha/ 

. 

.-. 

Aquatic Vegetation: M@‘Q 

Estimated&ream Width. /q ft EskStreamDepthz *AM? F ft Rime: - -ft Rurx /ML ft Pool; - it 

Velociw + Sk/I Channels YesL No& 

PartIy Open Partly Shaded Shaded 

Sediment&b&rate: 
. 

..d . 
+idix&ntOdots: ’ Sewage. ~Petroleum . . . . . Cheqkal . . . . .Anaero!$c . . .qOt+r; .. . .. ,._ . .. . . . 

,- Sediment Oils: Slight . Moderate Profuse 

Ponar Grab: Number of Jars Filled with Sediments Replicafe ‘#l: d Replica& 82: & Replicate #3: M44 

Water -- 

DissoIved Oxygen Conductivity Salinity 
bwm (micromho&mI (PPt) 

f/,d7 /Zdvd /r- 

Water Odors: Sewage Petroleum Chemical 0th~: 

Water Surface Oils: Slick Sheen Secchi: 16’4 ft. 

Turbidity: Clear Slightly Turbid Opaque Water Color. p//A*r 

Weather Conditions: Tide: 
+P 



‘,....I - ,  _ ?. 

:“SAMPLINGSTATI~NOBARACTE~TION~ATASHEET 
-, 

Riparian Zone&stream Features - . . . . . . . 

PredominantSurrounding LandUse: 

ShoreVegetationz gee ,&A I ?a / maw 

Industrii Other: 

Aquatic Vegetation: ML&+/e I_i 

Estimaied%reamWidti A& fi Est.StreamDepthz /rZI ft Rime: - rt Run: /4/k ft Pool: - k 

Velocity: /$a 4 I)# Channelii Yes _ No,d 

Partly Open Partly Shaded Shaded 

SedimentfSubsiratez 

23 

. 
*.. . . . . . :. . 

&elltodm‘ ormd ’ Sewage. ePetrdeum . . . Chemical . Agerobic. .- . . 9th~ i . _ 
. I 

, ,. . L. : 

p”” sedimentoii bsent Slight Moderate Profuse 
F 

U 

Ponar Grab: Number of Jars FiIIed with Sediments Replicate: ‘#I: && Replicate #2z d Replicate #3: /vd 
. 

Sediment Description: L&445 e 
c . 

/a.fJ 4v/+ k/14 UJO lY/G’ cr+uhd 

.  .  “’ 

Water -- 

Water Odors: 
cl 

0l-lkl.d Sewage Petroleum 

Water Surface Oils: Slick Sheen 

Turbidity: Clear Slightly Turbid 

Weather Conditions: 

Chemical other: 

seochi: A9-4 ft. 

opaque Water Color: C/L, 

Tide: 7 ,J+ @t 



‘. . , .  ‘. .  .  ‘:. .  ,’ . , .  .J. :  ‘. 

SA~~NG~A~CNCIBARACTERIZATICN bATi SHEE’i .’ ;. 

Riparian Zone/k&ream Features 

PredominantSurro~dingndingdUse: 

ShoreVegetation: 5&r Kk..#tiI b7op 

. ..-.. . .* . . 

UrbalI Industrial Other 

Sediment/Substrate: 

,.. . . . . . S&imentOdors: .s N&ml 

E3 

+ Sewage =Petroleum . . .Ch@iu$ . . . Avy>ic : .()tfi= 1 . :. _ . . . . _ 

-, ,/’ sediment oils AbSent Slight Moduate Profuse H . 

Ponar Gralx Number of Jars Filled with sediments Replicate: ‘41: /LpA Replica& #2: a Replicate Hz Ju@ 

Sediment Descript+x.x /X2,+ L&+0@ (r * 

Water -- 

Depth 
Temp. Diih?doxygen Conductivity salinity 

“c, (mg/L) (micromho&mI @pt) 

5vhf! /f 4;74 lb 3&w 3.9 

Water Odors: Sewage PetroIeum Chemical Other: 

Water Surface Oils: Slick Sheen secchi: Lvd ft. 

Turbidity: Clear SIighffy Turbid Opaque Water Color: 

Weather Conditions: Tide: ? /fi! ;pd 

rnt*<yt/ 
Comments: $r#- R.i.2~ k&ktu 

. 
P AU< 

t 
fu /ifw 5/2r J f/r’crr 



Aquatic Vegetation: M/de 

Estimated$tmunWidthz~3~~ ft E&$treamDepth: 3-J ft Rime: - ft Run: /Od‘c ft POOP - ft 

Streams &Id Wak 

canopy cover: open 

Veloci* k+%l, Channelii YES _ Nod 

Partly open 

SedimentlSubstratez 
. 

l&diment Odors -* Nor&l . Sewage .Pekoleum . . . C&3$&. 

sediment oils Slight Moderate 

Ponar Grab: Number of Jars Filled with Sediments Replicate: ‘#1: & Rep&a& #2z a Repkate 4% M 

sedimentDescripti;n bfaw/i Pl&ik * : 
Y . 

. . . -. 

Water -- 

Temp. PH Dissolved Oxygen Conductivity salinity 
‘C 6U.~ h&U bnicromhoakml (PPQ 

8,13 6. d t&J6 I &$%l!r 

\ 

1 

I 

Water Odors: e Sewage 

Water Surface Oils Slick 

tibidityz Char SIightIy Turbid 

Weather Conditions: 

Water Color: 

Tide: 7 /R .w 



Riparian Zone5stream Features 

Predomiwt SurroundingLandUse: 

Shore Vegetation: 

- .,.., .- . 

urben Industrial other: 

AquaticVegetation: /t/ak/4 
. 

. 

Estimated Stream Wide &k@ ‘fk Rime: .-, EsL Stream Depth: *&_ft - ft Run: /w6 ft Pool: - ft 

Streaml\ype: &old Water Velocity: /?li/4 ChtUl5dii Y-1 Noq 

Canopy Cover: Open Partly open Partly Shaded 
. 

. . 

I@--- 

Sediment/Substrate: 
. 

’ S&medt Gdorsz- Non& : Se&age Pet&&m. Chemicul 

scdimcntoils: 
0 

Absen Slight Moderate 

@ . .otw 2 . 

Profuse U 

Ponar Grab: Number of Jars Filled with Sediments Replica* ‘#l: & F&p&a& #!k /t/4. IZeplicate 3% M 

Water -- 

I Depth 
I 

Temp. 

I 

PH 
“c, CUL) 

Diilved oxygen 
I 

Conductivity 

I 

SaIinity 
bd=J (micromhoskml (PPt) 

Water Odors: e Sewage 

Water Surface Oils: Slick Sheen 

Turbidity: Clear Slightly Turbid 

Weather Conditions: 

Water Color: 

Tide: 



Aquatic yegetationz /vUti I+ 

Sediment/Substratez 
. 

*- 5 . . !!Gdi*eIlt Odors ,. Normal 1 .S&age’ . . Petroleum . Chemical 

;@-T Sediment Oils: Slight Moderate Profuse 
F 

Ponar Grabs Number of Jars FSlIed with Sediments Replicate: ‘#1: /y’19 Replicate #2: & Replicate #3: -44 

Water -- 

Depth 
Temp. 

I . 

D&solved oxygen Conductivity Sdilli~ 
“c, hvm (micromhoskm) @ptl 

jM4‘4 /7 6.82 &3 I 3 9 i&#-z 

r /3&m lb A74 /?3 4%0# 479 

I 

I 

Water Odors: e Sewage Petroleum 

Water Surface Oils: Slick Sheen 

Tiubidity: Clear Slightly Turbid 

Chemical 0 tiler: 

Secchi: Mb? 

e Water CoIor: >li 

Weather Conditions: Tide: In .out 



. 
SAMPLING STATION CEXARACTERIZATION bATi SHE& ., l.‘. _. 

Riparian ZoneiInstream Features - . .-, .* . 

PredomlnsntSurrour&ngLandUse: Urbaa Industrial Other: 

ShoreVegetation: $CP &L&?& 

AquaticVegetation ,&946? 

StreamType: &Id Water @$$ Velocity: J+ Lb/t Channelized: 

Canopy Cover: open Partly Open Partly Shaded 

Sediment&l&rate: 
. 

‘. *. , . !j&ixnent Dora: . Normal . Sewage -‘+ ketroleum.~ Chemical :B.. .~~?c &. . . . . . . . 

Sediment oils: @gig Slight Moderate Profuse U 

Ponar Grabs Number of Jars F&d with Sediments Replicate: ‘#cl: A/ut Replicate 3% & Replicate #3: Mi9 

Sediment Desalpti& &I+ &,a&-~ lc#k/ /&c 

. . -. 

Water A 

Depth 

, $hf!ct . 

1 
Temp. PH Dis3olved Oxygen Conductivity SaliniQ 

“c, (s.u.~ bdu (micromhoslcm) @PO 

W*Z 74 “114 e,800 1 6+ 

I 

,sQLc, 

Water Odors: Sewage PetroIeum Chemical Other: 

Water Surface Oils: SIick Sheen None Secchk @ ft. 

Turbidity: Char SIightly Turbid Opaque Water Color: fu.ul c 

Weather Conditions: ‘IXde: In 



Sediment/substrate: 
. 

43tkiment Odors: Normal . . Sewage Pctrcleum . Chemhql. e Other;’ .._ . . .+ . 

iitidimentoii 
0 
Absent slight Moderate Profuse 6 * u 

Ponar Grab: Number of Jars FiIIed with Sediments Replicate: ‘#1: & Fk@icate’ #2 a Replicate 4% @ 

Sediment De-script& S;/f, 421 e/ ‘/krR b~4 Ick?4t;/ 
1 

Water -- 

Water Odors: Sewage Petroleum Chemical otbor: 

Water Surface 03s: SIick Sheen secchi: A4 ft. 

Turbidity: CleEir .SIightlyTurbid Opaque Water Color: f*Ml i 

Weather Conditions: Tide: In 



AquaticVegetationz MN4 

Sediment&b&rate: 
. 

** . &diment odors: Normal Sewage. . * Petroleum Chemical : . ; 

Sediment Oils: Slight Moderate 

Ponar Grab: Number of Jars FilIed with Sediments Repiicate: *#Btl: fi Replicate’ P2: /y4 Replicate #k flq 

*. .  .  ._’ 

Water -- 

I 
Depth 

Temp. PJJ Dissolved Oxygen Conductivity salinity 
“C, (8.U) b&l (micromhodcml (PPO 

_ 5u&te. I 62 I Y/i-Y PO 0.23 

I I 
1 I 
I I I 

7 

I  

A 

Water Odors: 
0 

OllMl Sewage Petroleum ChemicaI Other: 

Water Surface Oils: Slick Sheen Q@ Secchk Nh ft. 

Turbidity: Clear Slightly Turbid Opaque Water Color: ffl* d/ i 

Weather Conditions: Tide: ? In .out 



. 
SAMPLING STATION CHARACTERI!ZATION ‘DATA SHEE’i 

. . 
RiparianZone/Instream Features . ..-. . . : . 

PredominantSurroundingLandUse: 

ShoreVegetation: $CC k&?t# 

Urban Industrial Other: 

Aquatic Vegetation- ~653~ 4 

Eti~t&s~Width: W ft Est. S&at~~Depth: $M ft Rime: - ft Run: .-#&$t Pook -Lft 

Str& Typez. &old Wak Velocity: #$24c/* Channelii Yes, No -5 

Canopy Cover: Open p=-eopen Partly Shaded 

Sediment/Substrate: 
. 

S&me& Odors: NormaI Sewage Petroleum . 

@ Slight 

f%emical @x$ Other: . . . . 

Sediment 0119: Moderate Profuse w 
U 

Ponar Grab: Number of Jars Filled with Sediments Replica* ‘#cl: At& Replica&#2z 1wf, Replicate 4% &4 

Sediment * : 

Water -- 

Depth 
Temp. PH Dissolved Oxygen Conductivity salinity 

‘C, (s.u~ (mglL) (micromhoskm1 (PPt) 

lw?6”& 1%7r( 473 I L/I ,’ 3JF u 

I 1 

I I I 

Water Odors: 
0 

Ot-llld Sewage Petroleum Chemical Other: 

Water Surface Ok Slick Sheen @E$ Secdk #A ft. 

Turbidity: Clear Slightly Turbid @ Opaqye Water Color: 7&l I 

Weather Conditions: Tide: In 

Comments: %&? “A%+- ah/r 7% +Pr+uRJ - 



. 
SAMPLXNG S’.PATlCN CHARACTERIZATION jDATA SHE& 

Riwrian ZoneAnstream Features . 

PredominantSurroundingLandUse: 

ShoreVegetation: 5k k&hJJ @7</ 

Other: 

. ..-., .C 

AquaticVegetation: &k/e 

l 

. 

RstimatedStreamW fi E&.Stream&pth: “8 ’ ft Rime: - ft Run: c- ft Pooh &‘t ft 

Channelii YesA w4 

p=-wJpen Partly Shaded Shaded 

Sediment/Substrate: 
. 

t!kkmlltoda Normal Sewage Petroleum Chemical Anaerobic Othec 

Sediment Oils Absent Slight Moderate Profuse 
# 

U 

Ponsr Grabs Number ofJars Pilled with Sediments Replicate: -41: J& RepIica&#2: & RepIicate#3: /?I 

Sediment Descripti& B/&w /,*/II’ * 
I 1 

Water -- 

Temp. PU Diilved Oxygen Conductivity Salinity 
“C, h.MLl <mglLl (micromhoskm) (PPQ 

14‘(/ hV co I 90 I @ 

14J 7, 03 %6 76 B 

I * 

Water Odors: 

Water Surface Oils: 

Sewage Petroleum Chemical Other: 

Slick Sheen Secchi: tiff ft. - 
Turbidity: D Clear Slightly Turbid Turbid Opaque 

Weather Conditions: 

Comments: P /pi-% /,& OF ‘P/M’ (A/ hek It kf P//U+- 

Water Color: CI@ 

Tide: NA In .out 



/@- . 
;f 

., 

:- 

. - 
WaterSods 6?vh cbud state ue 

Sample Type: Fish Benthic Macroinvertebrate 

SAMPLING EQUZPMENT: Seine’ Gill Net ..-Ponar- 

Riparian ZonelInstream Features 

PredominantSurroundingLand Tt@ (@$ e Other: 

ShoreVegetation: .& kk& dc &r&4 

- ““. ..* 

Aquatic Vegetation: L&‘/Q 

EstimatedStxeamWidth: ft Est. StreamDepth: 8’ ft Riffle: -ft Rim - ft Pool: &5s ft 

V&&w /uA Channelizedz Yes; NO J$ 

Partly Open PartIy Shaded Shaded 

Sediment&b&rate: 
. 

Skiment Odors: Normal Sewage Petroleum Chemical Anaerobic Other: 

Sediment Oils: Absent Slight Moderate Profuse 
# 

U 

Ponsr Grab: Number of Jars FiIIed with Sediments Replica& ‘#k & Replica& W2: & Replicate #3: /c/A 

Sediment Descripti& - 

Watet- -- 

Depth 
Temp. PH l&3olved Oxygen Conductivity Salinity 

‘c, buS (mg/L) (micromh0skm) (PPt) 

5&L h W 674 co 72 0. 
fidh, 6.83 9.6 88 0 

Water Odors: 

Water Surface Oils: 

Weather Conditions: Tide: /d In 



. 
SAMPLING STATION C&UtACTERIZATION bATA sl%T .‘,,‘, 

Station Number: 2&-f$/&x/~/ Date: fle.+~~ 2 J,4’v Time: cwzL7 

Sa&era: AHo, &V, w&e - - _ Da&: f+& 2 z 84/f &v> . Time: /q/St b-d) - 

Water Body: ~&&J/J L/r& state: &?’ countyz uiwk 

SampIe Tv-pe: 0 Fish Sediment Surhce Water 

SAMPLINGEQU&ENTZ S&i w.e K s enmxerer Sediment Corer. Spoon . ..-Other. m f**u&.. 7&Q& _ 

Riparian Zone/In&ream Features 

Predominant Surrounding Land Use: @ Urban 

..V’_ .- 

Other: . IndustriaI 

Shore Vegetation: 4;e &LA+ b%?ju 

Aquatic Vegetation: /0.#4 

EstimatedStream Width: 38 ft Est. Stream Depth: 1 ft. Riffle: - ft Ru.t~ /& ft Pool: - ft. 

StreamQpe: Cold Walk Velocityz MC4 l/d /@ Channelii Yea _ Nod! 

. Canopy Cover: Open Partly open Gza ---r@ Shaded 

Sediment/Substrate: 

Sediment Odorfx Normal Sewage Petroleum Chemical @&@ Other: 

Sediment Oils: @gzJ slight Moderate Profuse Jrmdu 

Ponar Grab: Number of&s Filled with Sediments &pIicak ‘#I: s Repkate #2: _3 RepIicate 83: 3 

Water -- 

Depth 

IhA ke - 

Temp. 
“c, 

13.3 

Dissolved Oxygen Conductivity Salinity 
(m@Ll (micromhoskmI (PPtI 

4.8 4.p YI/D I &7 

I 

I 

Water Odors: @ Sewage 

Water Surface Oils: 

Turbidity: 

Weather Conditions: 

Petroleum Chemical 



: 
SAMPLING STATION CHARACTERIZATION bATA SHE& 

Station Number: Zb-Fuwuz Date: /YuF~~ 23.9/ Time: /d-a7 

Sa&ers: Adn, &I71 r76-w- - . Date: $$$f&b 2 y,qy <h]’ Time: lr/qq (b#) . 

Water Body: &c/‘/J &w k State: /oiz county: 4?&& 

Sampl;! Type: thic Macroinvertebra~ Sediment Surfaoe Water 

SAMPLING EQUIPMENT emmerer Sediment Corer. Spoon ..--Other: . _ ._ _ 

Riparian Zone&x&ream Features ._-._ .- . 

Predominant Surrounding Land Use: @ Urban Industrii Other: 0~4~ *YLR&~ 

Shore Vegetation: go, #&k,kk 8 &?A 

Aquatic Vegetation: k?&@ 

Etimat& Stream Width: b/P ft Est. Stream Depth: 1-2 ft. Rifile: .C ft Run: /a& ft Pool: - ft 

StreamTypez 

Canopy Cover: 

Channelizedz Yes, Nox 

Shaded 

F---+x 

Sediment/Substrate: 
. 

Stkiment Odora Normal Sewage Petroleum Chemical 6x9 Other: 

Sediment Oils: @ Slight Moderate Profuse 
F- 

U 

Ponar Grab: Number ofJars Filled with Sediments Replicate: ‘#l: J- Replicate #2z x Replicate #3:,&L 

Sediment Desxiptik _ F,_;P 6 /f - 4*&d , 2 T - s’ 6 d ; 3 $ Y d dr 6 wi L c&kc,. A-*&s, xedd& 

Water -- 

Water Odors: @ Sewage 

Water Surface Oils 

Petroleum Chemical Other: 

,- 
Turbidity: 

Weather Conditions: c/a@, IUY~ v 

Comments: x 
6 

-. 



: 

SAMPLING ST.ATIONCHARACTERIZATION ilATA SHE& 

WaterBock county: U~&2 _.__- - ._ C&i,l5 &Jc _ ,_ .._ state: Y4 

Sample Type: 
a 

Fis 3 Sediment SUrEaoe Water 
. 

SAMPLU?G EQlJlPMEN!E Seine H.e K emmere Sediment Corer Spoon .-Other: . _ _ 

Riparian Zone/h&ream Features ..-.. ..r 

Predominant Surrounding LandUse: @ Urban IndustriaI Other: 

Shore Vegetation: /+I,& lc/a-dwuw’J -Se&? h!dA/ A&9 * 

Aquatic Vegetation: fi/ e 

Estimated Stream Width: 3O*Llp ft 3 -L/ Est. Stream Depth: ft. Riffle: * ft Run: 14 ft Pool. - ft *- : 

StrerimTgpe: Cold Water c?zzi+ velocity: A+ 114 /+ Channeliad Yes, l-Jo d 

Canopy Cover: open Partly Open 

Sediment/Substrate: 
. 

Sediment Odorsz Normal Sewage Petroleum Chemical 

Sediment Oilsz @ Slight Moderate 

e Other. ~ 

Profuse U 

Diilved Oxygen Conductivity Salinity 
(mg/L) (micromhos/cm) (PPQ 

I 628 //w b 

6.6 //5-P 8 

I . 

L I I I 4 

Water Odors: @ Sewage Petroleum Chemical Other: 

Water Surface Oils: Slick Sheen m seccti Aed ft. 

Turbidity: Clear Slightly Turbid Water Color: 7L/ c’ 

Weather Conditions: Tide: In D .out 



SAMPLING STATION CHARACTERIZATION bATA SHEEi 

WaterBody: Mrcc/ All/;/ 

Sample Type: 

SAMPLING EQUIPMENT: 

state: M’ county: d&J/L 

Sediment SUrfaoe Water 

fcemmerer Sediment Corer Spoon ..--Other: . _ 

Riparian Zone&stream Features 

Predominant Surrounding Land Use: e Urban 

ShoreVegetation: 5~0 k&//71*71 &t/ 

Industrial Other; 

4 Estimated&ream Width: .fd ft Est. Stream Depth k# ft. Rime: kcf ft Run: k/H ft POOP: kti ft 

StreamType: bold Water -2 Veloci* +J$ i. 4 Channel&& Yes _ No _Ib/ 

Canopy Cover: PartIy open Partly Shaded Shaded 

Sediment/Substrate: 

ET 

. 

s&imelltodorfc Norm Sewage Petroleum Chemical Anaerobic Other: 

Sediment Oils: Absent Slight Moderate Profuse 6 

Ponar Grab: Number of Jars Filled with Sediments Replicate: ‘#I: -l- Replicate #2: ( 1 Replicate #3: - 

SedimentDescription: 4&5& S&f &/#t 6%/h’ I%+& 

Water: 

Depth 

_ sdttc 

Temp. 
‘c, 

21: 2 

1 

Dissolved Oxy-gen Conductivity Salinity 
tmgcL) (micron&o&m) (PPt) 

4,f 8, Lmf 

Water Odors: @ Sewage 

Water Surface Oils: Slick 

Turbidity: Clear .Slightly Turbid 

Weather Conditions: -&M, &M,- ,!6/% ) 

0 ther: 

Secchi: /t//p ft. 

Opaque Water Color: @ &lyN 

Tide: In ? .Out 



SAMPW[NG STATION CHARACTERIZATION ‘DATA SHEE; 

. state:,/1/c county: U?./kw 

Sediment Surface Water 

fcemmerer Sediment Corer Spoon .-Other: . _ _ _ 

Riparian Zone/In&ream Features . ..‘_ .* 

Predominant Surrounding Land Use: @ Urban Industrial Other: 

ShoreVegetation: %e I%& 6/h j hff/ 

Aquatic Vegetation: ,&u,uQ 

t &tjm&dStre,amWidth: /d ft Est.. SimamDepth: k/4 ft. Riflk k/cl’ ft Run: k& ft p00k MH ft 

StreaInTppe: Veloci*/& Channelizedz Yes _ No if 

canopy cover PtUtl~Opetl Partly Shaded Shaded 

Sediment/Substrate: 

8 

. 

S&me& Odora: Normal Sewage Petroleum ChemiaI Anaerobic Other: 

Sediment Oils: Absen Slight I&&rate Profuse 
H 

U 

Ponsr Grab: Number of Jars FiIIed with Sediments Repkate: ‘#1: / Replicate #2: J- Replicate #3: -L 

Sediment Des&pt.&x G/+-4 C fiv J 48-t la& r+~/e~l t 546f. fiabdd~ 
. 

Water: 

Temp. PH Dissolvedoxygen Conductivity Salinity 
“c, (SAL) (m&l (micromhoskm) (PPt) 

2s H& I /u4 \ fL/lodb /3 

I I 

21 1.64 6 , /1,866 l-6. z 

I 

Water Odors: 
0 

Olld Sewage Petroleum Chemical Other: 

Water Surface Oils: Slick Sheen N ne 

Turbidity: Clear .Slightly.Turbid 
67 

Secchi: ,$fA ft. 

Turbid Opaque w&e-r Color: $/wJ 
8 

Weather Conditions: Tide: In .out 

Comments: 8 t6$( JR-.+/C 6&J Lp//atifcd n 3-5/f m’pcr C&P /; 73, A?./&& AJPP c 

?%e CA,{4 rw6 1 - /Ff Al/O : /$‘/,‘I: SW-u/g &/kc fP4 (?VPc 45U#.# / @f-+3 Y/A; yd 7 f &# J’- ‘. 



_ 

. .>_- _., . SAMl’LING STATION CHARACTERIZATION bATi SHE& : ‘:.‘. ;:. ; : / : :I,. ., .;; .< .&,., .,:... ~ ~ 

. . 
llbarisn zOne/Instream Features 

PredominantSurroundingndingdUse: 
0 

Forest Urban @ Other: _ . ““. .c 

ShoreVegetation: 62 M+d +tr 

Aquatic Vegetation k-4 

* 

EstimatedStreamWidth: it EskStreamDepthz 8’ rt Rifk - a Run: - ft Pook /684 ft 

StWUllljpX &old Walk e-3 Vel&w JS’& -Chandii Y~SL NO&$. 

CanopyCover: PartlyOpen Partiy Shad& Shaded 

Sedimentlsubstratez 

Sidimcnt Odora: Normal Sewage Petroleum Chemical Anaerobic Other: 

sediment OiIx 
0 
Absent Slight Moderate Profuse 

F 
Ponar Grab: Number of Jars FXlled with Sediments Replica* ‘91: 

SedimentDe?criptiba. &L s//+4 I&L f m *** * R-&&*3- 

Replica& #2- -- Replicate #3z _ 

Water -- 

Depth 

. . 

Temp. 
“c, 

PH 
h.L.~ 

D&solved Oxygen Conductivity Salinity 
(mgn) ~micromhosfcm) (Ppt) 

. 

/- 

Water Odors: 

Water Surface Oiis: 

Turbidity: 

Weather Conditions: 

Sewage Petroleum Chemical Other: 

Slick Sheen Secchk /A ft. 

SIightly Turbid ‘Ikrbid Opaque WaterColor: klf d 

Tide: @ /E” ‘%t 

comments: 



SAMPLING STATION CHARACTERIZATION bATA SHEET 

WaterBody: &w; 4 Cvppk state: ML!. 

Sample Tupe: Fish Benthic Macroinvertebrate 

SAMPLING EQUIPMENT: Seine Gill Net -.-Ponar- 

Riparian Zone./Instream Features 

Predominant Surrounding Land Use: 

Shore Vegetation: 

Aquatic Vegetation: k/dk/Q 

Estimated Stream Width: 2 ’ ft Est. Stream Depth: d,i ft. Riffle: - ft Rua: I&& ft PooI: - ft 

.- Stream Type: Cold Water Velocity: /ZZai /P Channel%& Yes _ No & 

Canopy Cover: Open Partly Open Partly Shaded 

Sediment/Substrate: 

Sediment Odors: Normal Sewage Petroleum Chemical 
c3 
Anaerobic Other: 

Sediment Oils: 
0 

Absent Slight Moderate Profuse H 

Replicate #2: & 
p”’ 

Ponar Grab: Number of Jars Filled with Sediments Replicate: ‘#l: & Replicate +3: k/r4 

SedimentDescriptibm ~~~ b,‘ginoA .we <r/jv htzk 
t / 4 / 

. 

Water d 

Depth 

~wfooe 

Temp. PH 
“C, (SSLL) 

/3,7 !fs/ 

Dissolved Oxygen Conductivity Salinity 
(mglL) (micromhoskm) (PPt) 

, /L 6 D 

. 

I I I 

Water Odors: Normal Sewage Petroleum Chemical Other: /t/BA/e 

Water Surface Oils: 

Turbidity: Water Color: &H I i 

Weather Conditions: 

Comments: 



SAMPLING STATION CHARACTERIZATION DATA SIIEET 

Station Number: 34- g~/(fibz . Date: 3-23-84Lcw) Time: / 7g3 LlLy) 

Sa&ers: A&J, WTJ, PT~GW - -- Date: 92%9t/ h/g Time: f ‘7tsCfb 

Water Body: ~fpti& J/F, k state 

Sample Type: Fish Benthic Macroinvertebrate 

SAMPLING EQUIPMENT: Seine GilI Net ‘.-Ponar- Kemmerer 

Riparian ZonefInstream Features .-.. _- 

Predominant Surrounding Land Use: (@ Urban IndustriaI Other: &/T&L~,J> -7% Au.& 

. 

Aquatic Vegetation: kk& 

EstimatedStream Width: 3 ft Est. StreamDepth: 2 ft. RZk .e ft Rua- T&6 ft Pool: =6 ft 
_’ 

StreamType: Vdoci~. /v’ h ‘//Q Channelizedz Yes _ No & 

Canopy Cover: Partly Shaded Shaded 

Sedimentlsubstrate: 
. 

&rnent Odors: Normal Sewage Petroleum Chemical -9 Other: 

Sediment Oils: Slight Moderate Profuse ltwG 

Ponar Grab: Number of Jars FiRed with Sediments Replicate: ‘#I: J& Replicate #2: A Replicate #3: & 

scdimellt Descriptiom 5-f MY lrlvL k 
‘ 

Water - 

Depth 

<w/&Q . 

c 

Temp. 
“C‘ 

/ITi. Y 

PH Dissolved Oxygen Conductivity Saliity 
(s.u.1 him (micromhoskm) (PPt) 

5 1 6.2 /%; u 

1 

I I 

Water Odors: Norma1 Sewage Petroleum Chemical Other: &YP 

Water Surface Oils: 

Turbidity: Clear 

Weather Conditions: 

Comments: Sfaff QUQUJ - 1.6 



SAMPLING STATION CHARACTERIZATION ‘DATA SHEET 

StreamType: 

Canopy Covet: Partly open 

Channelizedz YesA No- 

PartIy Shaded 

Sediment/Substrate: 
. 

Sediment Odors: Normal Sewage Petroleum Chemical -9 Other: 

Sediment Oils: Slight Moderate 

~ 

Profuse u 

Ponar Grab: Number of Jars Rlled with Sediments Replicate: ‘#l: fi Replicate #2: A Replicate #3: /H 

Sediment Description z 

Water -- 

Depth 

h5ue . 

Temp. 
T 

/5”6 

PH Diilved Oxygen Conductivity Salinity 
(8.d (mgn) (micromhos/qd (PPt) 

. . . 

CT s.s/ Z8.6 b 

Water Odors: Normal Sewage Petroleum Chemical Other: ,%dP 

Water Surface Oils: Slick Sheen Secchi: Mfi ft. 

Turbidity: Clear (&=a Turbid. Opaque W&erColor: 7k - d/C 
I 

Weather Conditions: k/ear 7,Q OF, Rfleezv 
_. : Tide:/8 Jzf ,96; 

Comments: If4 ff dY40.4 - L-3 J 1 



















%nthic t.h.~rcinv&ebrate - Site 28 

entific Name 

MERTEA 

inopla 

Hetsronemertea 

lineidae 

Mictura lsidyi 

INEUDA 

Xigochaeta 

Lumbriculida 

Lumbticuliae 

Eclipidrillus sp. 

Tubificida 

Tubificidae 

Llmnodrilus hoffmeisteri 

lsochaetides freyi 

Spirosperma cardinensis 

‘dychaeta 

Ariciida 

Orbiniidae 

Scdoplos fragiiis 

Capitellida 

Capitallidae 

Capitella capitata 

Heteromestus filifwmis 

Phyllodocida 

Nereidae 

Neds succinsa 

Phyiicdocidae 

Eteane heteropoda 

Spicnida 

Spionidae 

Pdydcm sp. 

Streblospio benedicti 

Scdecdepides viridis 

Terebdlida 

Ampharetidae 

Hypanida grayi 

3THROPODA 

cNStaC= 

Amphipoda 

Cwophiidae 

Corophium lacuatre 

Garnmaridae 

Crangonyx pseudogracillus 

Gammarus sp. 

Gammarus llgtinus 

Talitridae 

owhestia grillus 

Tanaidacea 

Tanaidae 

Leptochelia rapox 

DeWpad. 

Paiaemonidae 

Palaemonetes pugic 

Portunidae 

Cs.llinsctes sp. 

Tanaidacea 

Paratanaidae 

Lsptochelia satignyi 

Insecta 

Cdeqtsfa 

Oytisddae 

Hydroponrs sp. 

Elmidae 

Dubiraphis sp. 

Xie Pond 

&OP-BNOI 

9 

28-BNOI 

dels 
26BN02 
- 

4 

51 

12 

13 

28-BN03 
- 

2 

3 

28 

5 

1 

8 

30 

42 

15 

1 

56 

1 

1 

!&BNOS 
- 

3 

30 

3 

3 

1 



entilic Name 
Diptara 

Ceraiqxgonidae 

seawPalpom@ v. 
PalpomyWsphacromlas op. (biting midges) 

Chaoboridae 
Chaobwus Sp. 

Chimnomldas 
Ablab+myia snnulat.a 

Ablabesmyia “WQhs W. 
Ablabesmyia mallochi 
Chlronomur decorus gr. 

Chkonomus ochreatus 
Cledopelma sp. 
ckdoianykrsus mancus gr. (midges) 

Clinotanypuo pinguis 

Clkotopus bkinctus gr. 
cryptochlronomus fulvuS gr. 

Dicmtendipes modertus 

Dicmtendiper newosus 
Epokladius sp. 

Glyptotendipeo sp. 

lmsia sp. 
M.¶ctopekpla sp. 

Nanadadius bicdor gr. 

Nikthauma ep. 
Pamiawrbomiella nigrohaltenlls 
Polypedilum illincaw 

Polypedilum scalaenum 

Pmcladius sp. 
Psaudechlrotlomus sp. 

Thienemannimyis g* 

Tanytarsus cp. 
Mbeks lucundum 

Tipulidae 

Antodur sp. 
Pseudolimnophila sp. 

Ephemeroptera 
Caenidae 

ceenis punctam 

Ephememptera 

Ephenwidae 
Hexagenia bilkeats 

Ml3gdOPte~ 
Sialidae 

sldl~ sp. 

odone(s 
coenngricniiae 

Argie sp. 
fiallagma dgndumlvesperum 

Ubelluildae 
Pechydiplsx kngipennis 

Ttidwpiera 

Pol~ntropadidae 

Phylacentropus rp. 

DLLUSCA 

Bivalvis 
Mytikick 

MytilldC3e 
Geukensk, demissa 

Veneroida 

Mactridae 

Mulinia lateralis 
Corbkulidae 

Polymescda camliniana 

Semelidae 
Abra aequalis 

Sphaeriidae 
Pisidium casertanum 

Tellinidaa 

Tellina sp. 

Macoma tenta 

Veneridae 

Gemn?a gemma 

rlal Taxa 

rral specimens 

pecks Den&y 
hannon-Weiner Diversity 

rilkuln’s Diversity 

Jrde Pond 

B-OP-BNOl 

2 

2 

66 

1 
1 

8 

27 

1 

2 

1 

1 

2 

13 

123 

784 

0.651 

0.593 

11 8 6 13 

82 35 42 251 

523 542 268 1WO 

0647 0.547 0.493 0.930 

a.765 0.485 0.422 0.8SO 
- - - - 

8 

63 

402 
0.61s 

0.550 



Percent Individuals - BenthiC Macroinvertebrate - Site 28 

zlentilic Name 

EMERTEA 

Anopla 

Heteronemertea 

Lineidae 

Micwa leidyi 

UNEUDA 

Oligochaeta 

Lumbriculida 

Lumbriculiae 

Eclipidrillus sp. 

Tubificida 

Tubiricidae 

Llmnoddlus hoffmeisteri 

lsochaetides freyi 
Spirosp- cardinensis 

Pdychaeta 

Ariciida 

Orbiniidae 

Scdoplos fragilis 

Cspitellida 

Capitellidae 

Capitelia capitata 

Hetercmestus filiformis 

Phytlodocida 

Nereidae 

Nerds succinea 

Phyliodocidae 

Eteone hetwpoda 

Spicnida 

Spionidae 

Pdydora sp. 

Streblospio benedicti 

Scdecdepides tiridis 

Terebellida 

Ampharetidae 

Hypanida grayi 

%THROPODA 

CNStaCea 

Amphipoda 

Corophiidae 

Corophium lacuatre 

Gammatidae 

Crangonyx pseudograoillus 

Gsmmarus sp. 

Gammatus tigfinus 

Talitridae 

Orchestia grillus 

Tanaidacea 

Tanaidae 

Leptochelia mpox 

Decapoda 

Palaemonidae 

Palaemonetes pugic 

Portunidae 

Callinectes sp. 

Tanaidacea 

Paratanaidae 

Leptochelia savignyi 

Insecta 

Cdeoptera 

Dytiscidae 

Hydropows sp. 

Elmidae 

Dubimphis sp. 

rde Pond 

2EOP-BNOI 

7.32 

-~ 

26-BNOl 

ogdels Cr& 

26-BNO2 2EBNW 2S-BNO5 
- 

4.76 

3.19 

6.54 4.71 7.14 

11.95 4.76 

7.32 60.00 66.67 16.73 47.62 

9.76 14.12 11.90 5.96 4.76 

0.40 

22.31 4.76 

15.29 

2.36 

0.40 

0.40 

1.59 

2.44 



:k”tific Name 28OP-EN01 2EBNOl B-EN02 288NO3 2&8NOs 

DiptW 

Ceratopogonidaa 
l3enlatPalpomyia w. 

P.lpomyla/sp~~~~a* ap. 
Chaobwtdae 

chaob.xuc sp. 

Chironomidae 
Ablabevnyfa annuleta 

.4blabamyia ramphe gr. 

Ablabe~yia mnlkchl 

Chirononws decorus gr. 

Chironomus achreatus 

Cisdopelme sp. 
Cladotanytxsus mencus g’. 

Clinotanypus pinguis 

Cricobpus bkinctus gr. 

Cryptochimnonws fulwc gr. 

Okrotendipes modestus 

Dicrotendipeo nervosus 

Epoidadius sp. 

Gfyptotendipes sp. 
Lards sp. 

Macropelopk rp. 

Nanocledfus Mcokr gr. 

Nilcthauma E+J. 
Paraiauterbomfella nigmhaitenlis 

Polypedilum illinoense 

Pdypedilum sc~lsenunt 

Procladius sp. 

Pseudochiro”omus sp. 

Thienemannimyfa gr 

Taoytarsus sp. 
Trfbeks locundum 

Tipulidae 

Antccha cp. 

Pseudolimnophlla sp. 
Ephemaroptera 

Caenldae 

caenis pu”*h 

Ephenwoptem 

Ephemerfdae 
Hexegenie bilineate 

Megekptem 
Sialidae 

Sislis sp. 

sonata 

coe”agrk”idae 

Argia sp. 

Enallagm signatumlvesperum 

Lfbelluiidae 

Pechydiplax kngipermis 

Tdchoptera 

Polycenaopcdidae 

Phylacentmpus sp. 
XLUSCA 

3iV&k 

Mytf loida 

Mytflldae 

Geukensia demissa 

Veneroida 

Mactrfdae 

Mulinia lateralis 

Corbiculidae 

Polymesoda caroliniana 

Semelidae 

Abre aequslis 

Sphaeriidae 

Pisidium casertanum 

Tellinidee 

Tellins sp. 

Maco”latanta 

VWWfdW 

Gemma gemnla 

1.63 
1.83 

53.66 

0.81 
0.81 

6.50 

21 .ea 
0.81 

1.63 

0.81 

0.81 

1.63 

1.22 

31.71 

2.44 

3.66 

a.54 

P.17 

1.22 

1.18 

I.18 

225 

I.18 

7.14 

10.36 I.59 

11.95 30.16 

2.39 

1195 4.76 

1 a9 

tel Percent lb0 IW 100 loo 100 100 
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