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Table 4-19 

Soll and Groundwater Results TCP, PCP and Mercury by Methods 8040 and 8270 ( continued) 

TCP PCP 
' Method 8040 Method 8040 Method Mercury 8270 

Location Sample ID No. Date Matrix Soll Depth As Dry As Dry As As Dry 
Sampled Received Wt. Received Wt. Received Received wt. 

MW18 DSA-MW18 8/24/88 Groundwater NIA 0.005 U 0.006 (8318-2) 
DSA-MW18 10/4/88 Groundwater NIA 0.005 U 0.005 U (8521-3) 

MW19 DSA-MW19 8/26/88 Groundwater NIA 0.005 U 0.015 (8320-2) 

DSA-MW19 10/15/88 Groundwater NIA 0.345 J R (8521-1) 

MW21 DSA-MW21 8124/88 Groundwater NIA 0.005 U 0.021 (8318-1) 

DSA-MW21 10/5/88 Groundwater NIA 0.005 U 0.005 U (8521-5) 

MW22 DSA-MW22 8128188 Groundwater NIA 0.005 U 0.025 (8320-3) 

DSA-MW22 10/5/88 Groundwater NIA 0.005 U 0.005 U (8521-4) 

MW23 DSA-MW23-SS2.5 8129/88 Soll 2.5 to 4.0 ft. 1.0 U 1.0 U 0.064 0.069 (8334-1) 

DSA-MW23-SS5.0 8129/88 Soll 5.0 to 6.5 ft. 1.0 U 1.0 U 0.03U 0.031 U 
(8334-2) 

DSA-MW23-SS7.5 8129/88 Soll 7.5 to 9.0 ft. 1.0 U 1.0 U 0.056 0.071 (8334-3) 

DSA-MW23-SS10.0 8129/88 Soll 10.0 to 11.5 ft. 1.0 U 1.0 U 1.6 U 0.03 U 0.034U (8334-4) 

DSA-MW23.SS17.5 8129/88 Soll 17.5 to 19.0 ft. 1.0 U 1.0 U 0.03 U 0.035 U (8334-5) 

DSA-M\¥23 9/1/88 Groundwater NIA 0.005 U 0.005 U (8345-1) 

DSA-MW23 10/6/88 Groundwater NIA 0.005 U 0.005 U (8527-1) 

J = Quandtatlvely suspect N = Qualltatlvely suspect 
U = Undetected above this concentration R = Unable to calculate due to Interference 

Units 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/I 

mg/I 
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Table 4-19 

Soil and Groundwater Results TCP, PCP and Mercury by Methods 8040 and 8270 (continued) 

TCP PCP 

Method 8040 Method 8040 Method Mercury 8270 

Location Sample ID No. Date Matrix Soll Depth As Dry As Dry As As Dry 
Sampled Received Wt. Received wt. Received Received Wt. 

MW24A DSA-MW24.SS2.5 9/1/88 Soll . 2.5 to 4.0 ft. 1.0U 1.1 U 1.0 U 1.1 U 3.2 U 0.064 0.071 (8345-2) 

DSA-MW24-SS5.0 9/1/88 Soll 5.0 to 6.5 ft. 3.72N 4.55N 1.0 U 1.2 U 0.05 U 0.06 U (8345-3) 

DSA-MW24-SS7.5 9/1/88 Soll 7.5 to 9.0 ft. 3.44N 3.83N 1.0U 1.1 U 1.6U 0.043 0.048 (8345-4) 

DSA-MW24-SS20 9/1/88 Soll 20.0 to 21.5 ft. 1.0 U 1.3 U 1.0 U 1.3 U 1.6 U 0.05 U 0.07U (8345-5) 

DSA-MW24A 9/13/88 Groundwater NIA 0.005 U 0.005 U (8401-12) 

DSA-MW24A 10/3/88 Groundwater NIA 0.005 U 0.005 U (8512-3) 

MW24B DSA-MW24B-SS2.5 9/6/88 Soil 2.5 to 4.0 ft. 2.28N 2.66N 1.0 U 1.17 U 0.13 0.15 (8356-1) 

DSA-MW24B-7.5 9/6/88 Soll 7.5 to 9.0 ft. 1.16 N 1.35N 2.41 J 2.81 J 0.05U 0.06 U (8356-2) 

DSA-MW24B- 9/6/88 Soll 12.5 to 14.0 ft. 1.0 U 1.35 U 1.0 U 1.35 U 5512.5 (8356-3) 

DSA-MW24B• 9/6/88 Soll 35.0 to 36.5 ft. 1.0 U 1.33 U 1.67N 2.22N 5535.0 (8356-4) 

DSA-MW24B• 9/6/88 Soll 50.0 to 51.5 ft. 1.0 U 1.41 U 1.0 U 1.41 U 0.05 U 0.07U ssso.o (8356-5) 

DSA-MW24B• 9/6/88 Soll 50.0 to 51.5 ft. 1.0 U 1.39U 1~0 U 1.39U SSS0.0O (~6) 

DSA-MW24B 
.. 

(8401-11) 9/13/88 Groundwater NIA 0.005 U 0.005 U 

DSA-MW24BD 9/13/88 Groundwater NIA 0.005 U 0.005 U (8512-4) 

J = Quantltatlvely suspect 
U • Undetected above this concentration 

N = Qualllatlvely auapect 
R = Unable to calculate due to Interference 

Units 

mg/kg 

' mg/kg 

mg/kg 

mg/kg 

mg/I 

mg/I 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/I 

mg/I 

. ·< 
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Soil and Groundwater Results TCP, PCP and Mercury by Methods 8040 and 8270 (continued) 

TCP PCP 

Method 8040 Method 8040 Method Mercury 8270 

Location Sample ID No. Date Matrix Soll Depth As Dry As Dry As As Dry 
Sampled Received Wt. Received Wt. Received Received Wt. 

MW25A DSA-MW24A-SS2.5 9/15/88 Soll 2.5 to 4.0 ft. 1.0 U 1.05 U 1.0 U 1.05 U 1.6 U (8419-1) 

DSA-MW25A-SS5.0 9/15/88 Soll 5.0 to 6.5 ft. 1.0 U 1.10 U 1.0 U 1.10 U 1.6 U (8419-2) 

DSA-MW25A-SS7.5 9/15/88 Soll 7.5 to 9.0 ft. 1.0 U 1.16 U 1.0 U 1.16 U (8419-3) 

DSA-MW25A- 9/15/88 Soll 17.0 to 18.5 ft. 1.0 U 1.26 U 1.0 U 1.26 U 5S17.0 (8419-4) 

DSA-MW25- 9/15/88 Soll 17.0 to 18.5 ft. 1:0 U 1.26 U 1.0U 1.26 U S517.0D (8419-5) 

DSA-MW25A 9/26/88 Groundwater NIA 0.045 N 0.005 U (8482-1) 

DSA-MW25A 10/4/88 Groundwater NIA 0.005 U 0.005 U (8512-7) 

DSA-MW25AD 10/4/88 Groundwater NIA 0.005 U 0.005 U (8512-9) 

MW25B DSA-MW25B-SSO.0 9/14/88 Soll 0.0 to 1.5 ft. 1.0 U 1.08 U 1.0 U 1.08U 1.7 0.17 0.18 (8410-3) 

DSA-MW25B-SS2.5 9/14/88 Soll 2.5 to 4.0 ft. 1.0 U 1.10 U 1.0 U 1.10 U 0.28J 0.05U 0.06U (8410-6) 

DSA-MW25B-SS5.0 9/14/88 Soll 5.0 to 6.5 ft. 1.0 U 1.10 U 1.0 U 1.10 U (8410-4) 

DSA-MW25B- 9/14/88 Soll 5.0 to 6.5 ft. 1.0 U 1.11 U 1.0 U 1.11 U SSS.0O (8410-5) 

DSA-MW25B- 9/14/88 Soll 30.0 to 31.5 ft. 1.0 U 1.34 U 1.0 U 1.34U 0.05 U 0.07U 5S30.0 (8410-7) 

DSA-MW25B- 9/14/88 Soll 50.0 to 51.5 ft. 1.0 U 1.48 U 1.0 U 1.48U ssso.o (8401-8) 

DSA-MW25B 9/26/88 Groundwater NIA 0.005 U 0.005 U (8482-2) 

DSA-MW25B 10/4/88 Groundwater NIA 0.005 U 0.005 U (8512-8) 

J = Quantitatively suspect N = Qualitatively suspect 
U = Undetected above this concentration R = Unable to calculate due to Interference 

Units 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/I 

mg/I 

mg/I 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/I 

mg/I 
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Table 4-19 

Soil and Groundwater Results TCP, PCP and Mercury by Methods 8040 and 8270 (continued) 

TCP PCP 

Method 8040 Method 8040 Method Mercury 8270 

Location Sample ID No. Date Matrix Soll Depth As Dry As Dry As As Dry 
Sampled Received Wt. Received Wt. Received Received Wt. 

DS-MS-01 DSA-MS1 9/22/88 Marine 0-6" 1.0 U 6.7U 1.0 U 6.7 U (8454-6) Sediment 

DS-MS-02 DSA-MS2 9/22/88 Marine 0-6" 1.0 U 5.3 U 1.0 U 5.3 U (8454-5) Sediment 

DS-MS-03 DSA-MS3 9/22/88 Marine 0-6" 1.0 U 4.7U 1.0 J 4.7 J (8454-4) Sediment 

DS-MS-04 DSA-MS4 9/22/88 Marine 0-6" 1.0 U 5.8U 1.0 U 5.8U (8454-1) Sediment 

DS-MS-05 DSA-MS5 9/22/88 Marine 0-6" 1.0 U 2.7U 2.4 J 6.4J (8454-2) Sediment 

DS-MS-05 DSA-MS53 9/22/88 Marine 0-6" 1.6 U (Marine Sediment) Sediment 

J = Quantitatively suspect N = Qualitatively suspect 
U = Undetected above this concentration R = Unable to calculate due to interference 

Units 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 



detected values were flagged by the laboratory as being 
qualitatively suspect (i.e., precise compound identification 
is unknown). These five are MW-6B (30 feet), MW-24A (5 feet 
and 7.5 feet), and MW-24B (2.5 feet and 7.5 feet). The last 
two TCP results, 6.2 mg/kg dry weight and 6.1 mg/kg (MW-16C 
at 9 feet and MW-16C field duplicate at 9 feet), are con­
sidered qualitatively and quantitatively acceptable. The 
significance of these results is discussed in Section 5.3.2. 

4.3.1.2 MARINE SEDIMENT SAMPLES 

Marine sediment results for all PCP and TCP analysis are 
presented in Table 4-19. PCP was detected in two out of a 
total of five and one duplicate samples by Method 8040. 
Both detected results DS-MS-3 (4.7 mg/kg dry weight) and 
DS-MS-5 (6.4 mg/kg) were flagged by the laboratory as 
quantitatively suspect, meaning that PCP was detected in 
both samples, buth the quantity is uncertain. As with the 
monitoring well soils, the probability that the actual con­
centration exceeds the flagged value is considered to be 
highly unlikely. 

Tetrachlorophenol (TCP) was not reported in any marine sedi­
ment sample by Method 8040. 

4.3.1.3 VERIFICATION SOILS SAMPLES 

~able 4-19 presents the TCP results of soil and marine 
sediment samples collected for the verification study (see 
addendum). Pentachlorophenol (PCP) was not detected in any 
of the eight verification samples, six soil and two marine 
sediments. TCP was detected in one soil sample (VI-SS-200) 
at 2.2 mg/kg dry weight). This result is considered 
qualitatively and quantitatively acceptable and is discussed 
in Section 5.3. 

4.3.1.4 Summary of Method 8040 PCP/TCP Soil Results 

Table 4-20 presents a summary of all PCP/TCP detec.ted values 
for soil and sediments by analytical Method 8040. Of the 
12 reported detections, only three (monitoring 16-C and 16-C 
duplicate and verification sample Vl-SS-200) are considered 
qualitatively and quantitatively acceptable by the analytical 
laboratory. 
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Table 4-20 
METHOD 8040 SOIL AND SEDIMENT SAMPLE RESULTS SUMMARY 

Detected 
Compound Location Results Comments 

PCP MW-24B, 7.5 ft 2.81J Quantitatively Suspect 
PCP MW-24B, 35.0 ft 2.22N Qualitatively Suspect 
TCP MW-6B, 30.0 ft 1.40N Qualitatively Suspect 
TCP MW-24A, 5.0 ft 4.55N Qualitatively Suspect 
TCP MW-24A, 7.5 ft 3.83N Qualitatively Suspect 
TCP MW-24B, 2.5 ft 2.66N Qualitatively Suspect 
TCP MW-24B, 7.5 ft 1.35N Qualitatively Suspect 
TCP MW-16C, 9.0 ft 6.2 
TCP MW-16C, 9.0 ft 6.1 
PCP Station DS-MS-3 4.7J Quantitatively Suspect 
PCP Station DS-MS-5 6.4J Quantitatively Suspect 
TCP Vl-SS-200 2.2 

4.3.2 METHOD 8270 SEMIVOLATILE ORGANIC COMPOUNDS 

Table 4-21 presents a summary of the Method 8270 soils anal­
yses. Method 8270 analyzes for the presence of 65 semivola­
tile organic compounds from the hazardous substance list. 
Method 8270 analysis is described in Section 3.2.1.2 and in 
the SAP and QAPP (Appendix A). The complete hazardous sub­
stance list and quantification limit for each compound is 
presented in Table 3-5 and in the QAPP (Appendix A). 

4.3.2.1 SUBSURFACE SOIL SAMPLES 

Sixteen soil samples collected during monitoring well in­
stallation were analyzed by Method 8270. Only ten of the 
semivolatile target compounds (out of a total of 65) were 
detected in soils for a total of 40 reported detects in 
monitoring well soils (see Table 4-21). 

As shown in Table 4-21, 22 of the 40 results are qualified 
by the laboratory because of probable laboratory contami­
nation. The accuracy of these sample results is suspect 
because of contamination in the laboratory method blanks. 
Consequently, the sample quantitation limits have been 
elevated for these samples and flagged "UJ." The sample 
results listed in Table 4-21 were not detected above these 
adjusted levels. 

Sixteen of the remaining eighteen reported results are quali­
fied as estimates (flagged by the laboratory as "J") because 
they are below the quantitation limit but above the instru­
ment detection limit. These results are qualitatively 
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Soil 

Sam_ele Number 

DSA-MS53Marine 
DSA-MW6B-SSS.0 
DSA-MW8B-SS2.S 
DSA-MW8B-SSS.0 
DSA-MW16B-SS2.5 
DSA-MW16B-SS5.0 
DSA-MW23-SS10.0 
DSA-MW24-SS2.5 
DSA-MW24-SS7.5 
DSA-MW24-SS20.0 
DSA-MW25A-SS2.5 
DSA-MW25A-SSS.0 
DSA-MW25B-SS0.0 
DSA-MW25B-SS2.5 
DSA-MW26-SS2.5 

.r,,. DSA-MW26-SS5. 0 
6' DSA-MW26-SS1 7. 0 
~ DSA-SB16CD-ll 

Blank 1~ 

:~=~~ ;~ 
Blank 4 
Blank 5~ 
Blank 6. 
Blank 71 

Phenol 

Resultb 

330 U 
660 U 
330 U 
330 U 
330 U 
330 U 
330 U 
900 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

1,300 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

Table 4-21 
DETECTED HAZARDOUS SUBSTANCE LIST COMPOUNDsa 

(µg/~g) 

4-Methylphenol 

Resultb 

330 U 
660 U 
330 U 
330 U 
120 J 
330 U 
330 U 
660 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

1,300 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

Benzoic Acid 

Resultb 

96 J 
3,200 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
3,200 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 

40 J 
1,600 U 
6,400 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 

2,4,5-
Trichlorophenol 

Resultb 

1,600 U 
3,200 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
3,200 U 
1,600 U 
1,600 U 
1,600 ll 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
2,300 J 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 

Fluorene 

Resultb 

66 J 
660 U 
330 U 
330 u 
330 U 
330 U 
330 U 
llOJ 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

1,300 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

aThe 

bu: 
other analytes requested were analyzed for but not detected by the laboratory. 

Parameter analyzed for but not detected above this concentration. 

Pentachlorophenol 

Resultb 

1,600 U 
3,200 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
3,200 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,700 

280 J 
1,600 U 
1,600 U 
1,600 U 

24,000 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 
1,600 U 

J: Indicates an estimated value. Result is less than the specified detection limit but greater than zero. 
UJ: The parameter was analyzed for, but not detected above this limit. Because of contamination and/or analytical 

deficiencies, adjustment of the sample quantitation limit was necessary. 

cSemivolatile method blank associated with samples DSA-MW8B-SS2.S, DSA-MW8B-SSS.0, DSA-MW25A-SS2.5, DSA-MW25A-SS5.0, 
DSA-MW25B-SS2.0, DSA-MW25B-SSS.O. 

dSemivolatile method blank associated with samples DSA-MW23-SS10.0, DSA-MW6D-SS5.0. 

eSemivolatile method blank associated with samples DSA-MW16B-SS2.5, 

fsemivolatile method blank associated with sample DSA-MS53Marine. 

DSA-MW16B-SS5.0. 

9 semivolatile method blank associated with samples DSA-MW24-SS2.5, DSA-MW24-sss.o, DSA-MW24-SS17.0. 

hSemivolatile method blank associated with samples DSA-MW26-SS2.5, DSA-MW26-SS5.0, DSA-MW26-SS17.0. 

iSemivolatile method blank associated with samples DSA-SB16CD-11. 
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Table 4-21 
(continued) 

Soil Phenanthrene Di-n-butylphthalate Fluoranthene 
Sample Number Resultb Resultb Resultb 

DSA-MS53Marine 560 330 UJ 580 
DSA-MW6B-SS5.0 660 U 98 J 660 U 
DSA-MW8B-SS2.5 330 U 330 UJ 330 U 
DSA-MW8B-SS5.0 330 U 330 UJ 330 U 
DSA-MW16B-SS2.5 330 U 330 UJ 330 U 
DSA-MW16B-SS5.0 330 lJ 330 UJ 330 U 
DSA-MW23-SS10.0 330 U 84 J 330 U 
DSA-MW24-SS2.5 470 J 210 J 180 J 
DSA-MW24-SS7.5 330 U 260 J 330 U 
DSA-MW24-SS20.0 330 U 150 J 330 U 
DSA-MW25A-SS2.5 330 U 330 UJ 330 U 
DSA-MW25A-SS5.0 330 U 330 U 330 U 
DSA-MW25B-SS0.0 330 U 330 UJ 330 U 
DSA-MW25B-SS2.5 40 J 330 U 43 J 
DSA-MW26-SS2.5 330 U 330 U 330 U 
DSA-MW26-SS5.0 330 U 330 U 330 U 
DSA-MW26-SS17.0 330 U 51 J 330 U 
DSA-SB16CD-ll 1,300 U 1,300 U 1,300 U 
Blank 1~ 330 U 30 J 330 U 
Blank 2 330 U 330 U 330 U 
Blank 3~ 330 U 55 J 330 U 
Blank 4 330 U 98 J 330 U 
Blank 5~ 330 U 330 U 330 U 
Blank 6. 330 U 330 U 330 U 
Blank 71 330 U 330 U 330 U 

aThe 

bu: 
other analytes requested were analyzed for but not detected by the laboratory. 

Parameter analyzed for but not detected above this concentration. 

bis(2-Ethylhexyl) 
Pyrene phthalate 

Resultb Resultb 

570 330 UJ 
660 U 660 UJ 
330 U 330 UJ 
330 U 330 l)J 
330 U 330 l)J 
330 U 330 UJ 
330 U 650 UJ 
140 J 330 UJ 
330 U 330 UJ 
330 U 330 UJ 
300 U 330 UJ 
330 U 330 UJ 
330 U 330 UJ 

54 J 330 UJ 
330 U 330 UJ 
330 U 442 UJ 
330 U 330 UJ 

1,300 U 1,300 UJ 
330 U 140 J 
330 U 290 J 
330 U 140 J 
330 U 110 J 
330 U 290 J 
330 U 150 J 
330 U 51 J 

J: Indicates an estimated value. Result is less than the specified detection limit but greater than zero. 
UJ: The parameter was analyzed for, but not detected above this limit. Because of contamination and/or analytical 

deficiencies, adjustment of the sample quantitation limit was necessary. 

cSemivolatile method blank associated with samples DSA-MW8B-SS2.5, DSA-MW8B-SS5.0, DSA-MW25A-SS2.5, DSA-MW25A-SS5.0, 
DSA-MW25B-SS2.0, DSA-MW25B-SSS.0. 

d~emivolatile m~thod blank associated with samples DSA-MW23-SS10.0, DSA-MW6B-SS5.0, 

esemivolatile method blank associated with 

fsemivolatile method blank associated with 

gSemivolatile method blank associated with 

hSemivolatile method blank associated with 

isernivolatile method blank associated with 

samples DSA-MW16B-SS2.5, DSA-MW16B-SS5.0. 

sample DSA-MS53Marine. 

samples DSA-MW24-SS2.5, DSA-MW24-SS5.0, DSA-MW24-SS17.0. 

samples DSA-MW26-SS2.5, DSA-MW26-SS5.0, DSA-MW26-SS17.0. 

samples DSA-SB16CD-ll. 
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Table 4-21 
(continued) 

Soil Naehthalene Acenaehthene Dibenzofuran Anthracene Benzo(a)anthracene 

Sam.12.le Number Resultb Resultb Resultb 

DSA-MS53Marine 42 J 40 J 38 J 
DSA-MW6B-SSS.0 660 U 660 U 660 U 
DSA-MW8B-SS2.S 330 U 330 U 330 U 
DSA-MW8B-SSS.0 330 U 330 U 330 U 
DSA-MW16B-SS2.5 330 U 330 U 330 U 
DSA-MW16B-SS5.0 330 U 330 U 330 U 
DSA-MW23-SS10.0 330 U 330 U 330 U 
DSA-MW24-SS2.5 330 U 330 U 330 U 
DSA-MW24-SS7.5 330 U 330 U 330 U 
DSA-MW24-SS20.0 330 U 330 U 330 U 
DSA-MW25A-SS2.5 330 U 330 U 330 U 
DSA-MW25A-SSS.0 330 U 330 U 330 U 
DSA-MW25B-SS0.0 330 U 330 U 330 U 
DSA-MW25B-SS2.S 330 U 330 U 330 U 
DSA-MW26-SS2.5 330 U 330 U 330 U 
DSA-MW26-SSS.0 330 U 330 U 330 U 
DSA-MW26-SS17.0 330 U 330 U 330 U 
DSA-SB16CD-11 1,300 U 1,300 U 
Blank 1~ 330 U 330 U 

330 U 330 U Blank 2 

1,300 U 
330 U 
330 U 

Blank 3~ 330 U 330 U 
Blank 4 330 U 330 U 

330 U 
330 U 

Blank 5~ 330 U 330 U 
Blank 6. 330 U 330 U 
Blank 71 330 U 330 U 

330 U 
330 U 
330 U 

other analytes requested were analyzed for but not detected by the laboratory. aThe 

bu: Parameter analyzed for but not detected above this concentration. 

Resultb Resultb 

140 J 210 J 
660 U 660 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 

1,300 U 1,300 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 
330 U 330 U 

J: Indicates an estimated value. Result is less than the specified detection limit but greater than zero. 
UJ: The parameter was analyzed for, but not detected above this limit. Because of contamination and/or analytical 

deficiencies, adjustment of the sample quantitation limit was necessary. 

cSemivolatile method blank associated with samples DSA-MW8B-SS2.S, DSA-MW8B-SSS.O, DSA-MW25A-SS2.5, DSA-MW25A-SSS.O, 
DSA-MW25B-SS2.0, DSA-MW25B-SS5.0. 

dSemivolatile method blank associated with samples DSA-MW23-SS10.0, DSA-MW6B-SS5.0. 

eSemivolatile method blank associated with 

fsemivolatile method blank associated with 

gSemivolatile method blank associated with 

hsemivolatile method blank associated with 

isemivolatile method blank associated with 

samples DSA-MW16B-SS2.5, DSA-MW16B-SS5.0. 

sample DSA-MS53Marine. 
samples DSA-MW24-SS2.5, DSA-MW24-SS5.0, DSA-MW24-SS17.0. 

samples DSA-MW26-SS2.5, DSA-MW26-SS5.0, DSA-MW26-SS17.0. 

samples DSA-SB16CD-ll. 
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Soil 

Sam,ele Number 

DSA-MS53Marine 
DSA-MW6B-SS5.0 
DSA-MW8B-SS2.5 
DSA-MW8B-SS5.0 
DSA-MW16B-SS2.5 
DSA-MW16B-SS5.0 
DSA-MW23-SS10.0 
DSA-MW24-SS2.5 
DSA-MW24-SS7.5 
DSA-MW24-SS20.0 
DSA-MW25A-SS2.5 
DSA-MW25A-SS5.0 
DSA-MW25B-SSO.O 
DSA-MW25B-SS2.5 
DSA-MW26-SS2.5 
DSA-MW26-SS5.0 
DSA-MW26-SS17.0 
DSA-SBl~CD-11 
Blank ld 

=~:~: ~~ 
Blank 4 
Blank 5~ 
Blank 6. 
Blank 71 

Chrysene 

Resultb 

320 J 
660 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

1,300 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

Benzo(b)­
fluoranthene 

Resultb 

180 J 
660 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

1,300 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

Table 4-21 
(continued) 

' 
Benzo(k)­

fluoranthene 

Resultb 

150 J 
660 UJ 
330 U 
330 U 
330 UJ 
330 UJ 
330 UJ 
330 UJ 
330 UJ 
330 UJ 
330:u 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

1,300 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

Benzo(a)­
pyrene 

Resultb 

150 J 
660 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

1,300 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

Indeno(l,2,3-cd)­
,eyrene 

Resultb 

63 J 
660 U 
330 UJ 
330 UJ 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

1,300 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

aThe 

bu 
other analytes requested were analyzed for but not detected by the laboratory. 

Parameter analyzed for but not detected above this concentration. 

Benzo(g,h,i)­
~lene 

Resultb 

71 J 
660 UJ 
330 U 
330 U 
330 UJ 
330 UJ 
330 UJ 
330 UJ 
330 UJ 
330 UJ 
330 U 
330 U 
330 U 
330 U 
330 UJ 
330 UJ 
330 UJ 

1,300 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 

J 
UJ 

Indicates an estimated value. Result is less than the specified detection limit but greater than zero. 
The parameter was analyzed for, but not detected above this limit. Because o.f contamination and/or analytical 
deficiencies, adjustment of the sample quantitation limit was necessary. 

cSe~iyplatile method blank associated with samples DSA-MW8B-SS2.5, DSA-MW8B-SS5.0, DSA-MW25A-SS2.5, DSA-MW25A-SS5.0, 
ps~-M,W25B-SS2.0, DSA-MW25B-SS5.0. 

dSe~+yolatile method blank associated with samples DSA-MW23-SS10.0, DSA-MW6B-SS5.0. 

eSe~ivolatile method blank associated with samples DSA-MW16B-SS2.5, DSA-MW16B-SS5.0. 

fse~ivolatile method blank associated with sample DSA-MS53Marine. 
9 se~ivolatile method blank associated with samples DSA-MW24-SS2.5, DSA-MW24-SS5.0, DSA-MW24-SS17.0. 

hSemivolatile method blank associated with samples DSA-MW26-SS2.5, DSA-MW26-SS5.0, DSA-MW26-SS17.0. 

~$emivolatile method blank associated with samples DSA-SB16CD-ll. 



acceptable but quantitatively unreliable because of uncer­
tainties in the analytical precision near the limit of de­
tection. Despite the quantitative uncertainties, if one 
examines the magnitude of these results as shown in Ta-
bl~ 4-21, it can be safely concluded that these detected 
values will not exceed the quantitation limit even when ac­
counting for normal variability. 

The last two results (0.90 mg/kg phenol at MW-24A and 
1.7 mg/kg PCP at MW-25B) are considered qualitatively and 
quantitatively acceptable. The significance of these re­
sults is discussed in Section 5.3.2. 

The only other indication of PCP and TCP in subsurface soils 
are PCP at 2.5 feet (0.28 mg/kg) and TCP at the surface 
(0.9 mg/kg) and at 2.5 feet (0.71 mg/kg) below the surface 
in MW-25B. Ail of these detected concentrations, however, 
have been qualified by the laboratory. Further, TCP is not 
a target compound of Method 8270. The TCP reported here is 
tentatively identified. 

One additional soil boring sample was collected to verify 
the results found at MW16A. A composite sample from this 
boring was analyzed by Method 8270. Three of the semivola­
tile target compounds were detected in this sample 
(Table 4-21). 

Qne compound is qualified by the laboratory because of 
probable laboratory contamination. The accuracy of this 
sample result is suspect because of contamination in the 
laboratory method blank. The sample quantitation limit has 
been elevated and the result flagged "UJ." The compound was 
not detected at a level above this adjusted level. 

The second result was qualified as an estimate (flagged "J" 
by the laboratory) because it was below the quantitation 
limit but above the instrument detection limit. This result 
is qualitatively acceptable but quantitatively unreliable 
because of uncertainties in the analytical precision near 
the limit of detection. 

The last result (24 mg/kg PCP) is qualitatively and 
quantitatively acceptable. The significance of this result 
is discussed in Section 5.3.2. 

4.3.2.2 MARINE SEDIMENT SAMPLES 

Five marine sediment samples and one field duplicate sample 
were collected in the course of this study. One sample, 
Station DSA-MS53, was analyzed for Method 8270 semivolatile 
organic compounds as a performance check of the 8040 Method 
and as a screen for additional organic compounds. The 
results of this analysis are presented in Table 4-21. 
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Eighteen of the 65 semivolatile compounds were detected in 
the marine sample. These are presented in Table 4-21. 

Two of the 18 detected compounds are qualified because of 
probable laboratory contamination. The accuracy of these 
sample results is suspect because of contamination in the 
method blanks. The sample quantitation limits have been 
elevated for these compounds; the results should not be con­
sidered detected above the flagged levels. Thirteen of the 
remaining detected compounds are qualified (flagged with the 
letter "J") as estimates because they are below the quanti­
tation limit but are above the instrument detection limit. 
These compounds are qualitatively acceptable but quantita­
tively unreliable because of uncertainties in the analytical 
precision near the detection limit. 

The remaining three detected compounds, (phenanthrene 
0.56 mg/kg, fluoranthrene, 0.58 mg/kg, and pyrene 0.57 mg/kg 
in DS-MS53) are above the quantitation limit and are con­
sidered qualitatively and quantitatively acceptable. The 
significance of these results are discussed in Section 5.3.2. 

4.3.2.3 VERIFICATION SOILS 

No verification samples were analyzed for semivolatile 
analysis using Method 8270. 

4.4 APPENDIX IX PARAMETERS 

Only one soil sample (Boring 28, Sample No. DSA B28) was 
analyzed for Appendix IX parameters. Boring 28 was collected 
in the vicinity of the old planer mill where a fire occurred 
in 1971. 

A summary of the Appendix IX analysis is as follows: 

o No volatile chemicals (out of a total of 52 com­
pounds analyzed) were detected. 

o No semivolatile chemicals (out of a total 112 com­
pounds analyzed) were detected. 

o No organochlorine pesticides or polychlorinated 
biphenyl (PCBs) compounds analyzed(out of 
30 total) were detected. 

o No organochlorine herbicides were detected (out of 
three total). 

o Reactive sulfide was detected at 0.7 mg/kg. 

o No cyanide was detected. 
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The following metals (total) were detected: 

Arsenic 
Barium 
Beryllium 
Chromium 
Cobalt 
Lead 
Nickel 
Vanadium 
Zinc 

3.4 mg/kg 
12.0 mg/kg 
0.2 mg/kg 
16.0 mg/kg 
6.0 mg/kg 
5.1 mg/kg 
16.0 mg/kg 
34.0 mg/kg 
36.0 mg/kg 

These metal concentrations are within the range naturally 
occuring in soil (see Section 5.3.4). 

4.5 MERCURY ANALYSIS (METHOD 7470 and 7471) 

Table 4-19 presents all detected mercury results in subsur­
face soils. Twenty-nine soil boring samples were tested for 
mercury. Of these 29, nine soils were identified by the CSL 
as having detectable concentrations of mercury (three 
samples from MW-6B, two samples from MW-23, two samples from 
MW-24A, one sample from MW-24B, and one sample from MW-25B.) 
These concentrations are within the range naturally occuring 
in soil (see Section 5.3.3). 

4.6 GROUNDWATER RESULTS 

4.6.1 METHOD 8040--PCP/TCP 

The Close Support Laboratory (CSL) used Method 8040 to ana­
lyze 44 groundwater samples collected during two to three 
sampling events between August and October 1988. Table 4-19 
presents all Method 8040 groundwater results. Method 8270 
semivolatile performance check results for PCP are also listed 
in Table 4-19 for comparison. Pentachlorophenol (PCP) was 
detected in 14 groundwater samples using the 8040 method. 
PCP was not detected in background wells MW-5 and MW-26. 
One detected groundwater result, 0.51 mg/1 (MW-6A, Round 
Two), was flagged by the CSL as quantitatively suspect. The 
remaining 13 samples are considered qualitatively and quan­
titatively acceptable. The 13 reported results are as 
follows: 

MW-6A: 

MW-6C: 

MW-8A: 

Sampling Round One (3.07 mg/1); and Three 
(2.13 mg/1) 

Round One (14.3 mg/1), Two (0.27 mg/1) and 
Three (0.16 mg/1) 

Round One (0.005 mg/1) 

4-75 



MW-15: Round One (0.009 mg/1) 

MW-16A: Round One (0.052 mg/1) and Three ( 0 • 0 6 4 mg/ 1) 

MW-18: Round One (0.006 mg/1) 

MW-19: Round One (0.015 mg/1) 

MW-21: Round One (0.021 mg/1) 

MW-22: Round One (0.025 mg/1) 

Tetrachlorophenol (TCP) was detected in 12 out of 44 ground­
water samples. These results are presented in Table 4-19. 
Four of the detected values were flagged by the laboratory 
as quantitatively suspect: MW~6A, Round Three; MW6C, Round 
One; MW-16A, Round Three; and MW-19, Round 2. Four of the 
remaining eight detected values: MW-6A, Round Two; MW-16A, 
Round One and Round Two; and MW-25A, Round One were flagged 
by the laboratory as qualitatively suspect "N" (i.e., the 
compound identification is not reliable). Four detected 
values remain and are considered quantitatively and 
qualitatively acceptable (MW-6A, Round One (2.8 mg/1); MW6B 
Round One, (0.10 mcj/1) and MW6C, Round Two (10.2 mg/1) and 
Three (0.04 mg/1). 

4.6.2 METHOD 8270 SEMIVOLATILE ORGANIC COMPOUNDS 
, 
Table 4-22 presents the Method 8270 groundwater results. A 
total of six of the 65 semivolatile compounds were detected 
in one or more of the four total groundwater samples analyzed 
by Method 8270. Three monitoring wells (MW-6B, MW-6C, and 
MW16A) were where these organic compounds, 11 total, results 
occurred. 

Four of the 11 results are qualified as estimates due to 
probable laboratory method blank contamination. The 
accuracy of these sample results is suspect due to this 
contamination. Consequently, sample quantitation limits 
have been elevated for these samples and flagged "UJ"; 
sample results were not detected above these elevated 
levels. 

Five of the remaining seven results are qualified as esti­
mates because they are below the quantitation limit (flagged 
as "J" in Table 4-22) but are above the instrument detection 
limit. They are qualitatively acceptable but quantitatively 
unreliable due to uncertainties in the analytical precision 
near the limit of detection. 

The last two results [naphthalene (0.77 mg/1) and PCP 
(6.9 mg/1) both from MW-6C] are above the quantitation limit 
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Water 
Sample 
Number 

DSA-MW6B(9/7/88) 
DSA-MW6B(I0/19/88) 
DSA-MW6C 
DSA-MW16A 

C 
Blank ld 
Blank 2 

Table 4-22 
DETECTED HAZARDOUS SUBSTANCE LIST COMPOUNDSa 

(µg/1) 

2,4-Dichloro- 2,4,5-Trichloro- Pentachloro- Di-n-butyl-
2henolb 
Result 

Na12hthalgne 
Result 

J2henolb 
Result 

12henolb 
Result 

J2hthal~e 
Result 

10 U 10 U 10 U 50 U 10 U 
20 U 20 U 20 U 100 U 20 U 
11 J 77 80 J 6,900 2 J 
20 U 2 J 20 U 17 J 20 U 
10 U 10 U 10 U 50 U 10 U 
20 U 20 U 20 U 100 U 20 U 

a 
The other analytes requested were analyzed for but not detected by the laboratory. 

bU: Parameter analyzed for but not detected above this concentration. 
J: Indicates an estimated value. Result is less than the specified detection limit but greater than zero. 

Bis(2-ethylhexyl)-
J2hthala~e 
Result 

44 UJ 
20 UJ 
20 UJ 
20 UJ 
9 J 
9 J 

UJ: The parameter was analyzed for, but not detected above this limit. Because of contamination and/or analytical deficiencies, 
adjustment of the sample guantitation limit was necessary. 

cSemivolatile method blank associated with sample DSA-MW68(9/7/88). 
d Semivolatile method blank associated with samples DSA-MW6B(I0/19/88), DSA-MW6C, DSA-MW16A. 



and are considered qualitatively and quantitatively accept­
able. These results are discussed in Section 5.4.3. 

4.6.3 Appendix IX Parameters 

Four groundwater samples from MW6B, MW6C, MW16B, and MW24A 
were analyzed for Appendix IX parameters. 

A summary of the Appendix IX analyses is as follows: 

o All 4 samples and two trip blanks were analyzed 
for 52 volatile organic compounds. The only 
detected compound was benzene at 0.0087 mg/1 in 
MW6C. The trip blanks were analyzed only for vola­
tile organics because there is a small possibility 
of cross contamination of samples packed together 
during shipping. 

o The 4 groundwater samples were analyzed for 
112 semivolatile compounds. Only 2,3,4,6-TCP was 
detected (at 14.0 mg/1) in MW6C. 

o No organochlorine pesticides or polychlorinated 
biphenyls (PCB's) were detected (of the 30 
analyzed) in any of the samples. 

o No organochlorine herbicides (of the 3 analyzed) 
were detected in any sample. 

o No cyanide was detected in any sample. Sulfide 
was detected only in the sample from MW6B at 
0.05 mg/1. 

o Table 4-23 shows the results of the total metal 
analyses. 

Table 4-23 
APPENDIX IX METALS DETECTED IN GROUNDWATER 

(Concentration in mg/1) 

Metal MW6B MW6C MW16B MW24A 

Arsenic 0.04 ND 0.014 ND 
Barium 0.12 . 0 .19 0.19 0.016 
Chromium ND 0.02 ND ND 
Copper ND 0.013 ND 0.008 
Lead ND 0.003 0.022 0.003 
Vanadium ND 0.02 ND 0.01 
Zinc ND 0.05 ND 0.02 

ND= Not detected. 
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5 SIGNIFICANCE OF FINDINGS 

Section 5 includes a summary of the current regulatory 
status of PCP and TCP. Current and proposed regulations and 
guidelines for pentachlorophenol (PCP) and tetrachlorophenol 
(TCP) are included in this section pertaining to hazardous 
waste, surface water, drinking water, and soil. Using these 
regulations and guidelines, the qualitatively and quantita­
tively validated results identified in Section 4 are com­
pared and evaluated. A discussion of this evaluation is 
then presented for soils, marine sediments, and groundwater. 

5.1 CURRENT REGULATORY CRITERIA AND GUIDELINES 

The following discussion presents the current published cri­
teria and guidelines for PCP and TCP. 

5.1.1 RCRA REGULATIONS FOR PCP/TCP 

PCP was used at the old planer mill site as a wood preserva­
tive; it was not manufactured onsite. This is an important 
distinction, since Federal RCRA hazardous waste regulations 
and Washington State Dangerous Waste regulations list PCP 
wastes derived from the production or manufacturing use of 
PCP (F021) and discarded unused formulations containing 
tri-, tetra-, or pentachlorophenol (F027) (40 CFR 261 and 
WAC 173-303). The use of PCP at the old planer mill is not 
included in either of these categories and therefore is not 
a RCRA listed hazardous waste. When the PCP hazardous waste 
listing regulations were being developed, the preamble in 
the Federal Register specifically stated that the listing 
does not include residues from wood preservation: ... "the 
term 'manufacturing use' does not include residues from the 
use of chlorophenoxy pesticide formulations, e.g. in wood 
preservation" (48 FR 14515). The preamble also noted the 
types of wastes notcovered by the regulations including 
"sludges from wood preserving using pentachlorophenol" 
(48 FR 14523). Since the promulgation of these regulations, 
EPA has been investigating whether wastes from wood preser­
vation processes using PCP should be listed as hazardous 
wastes. EPA has proposed (53 FR 53282, December 30, 1988) 
listing surface-applied wood preservative formulations con­
taining PCP as hazardous wastes under a new category F033. 
The proposed health-based water concentration limit for PCP 
is 1 mg/1; 2,3,4,6-TCP is proposed as 1 mg/kg and 2,4,6-
trichlorophenol is proposed as 0.0018 mg/kg. 

5.1.2 WATER QUALITY STANDARDS 

PCP in surface waters is regulated by the State of Washing­
ton Water Quality Standards (WAC 173-201-047). The 
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Washington State Water Quality Standards for PCP are the 
same as the federal water quality criteria [EPA, Water Qual­
ity Criteria (Gold Book), as revised by Federal Register, 
December 3, 1986]. The state and federal water quality cri­
teria are presented in Table 5-1. It is important to note 
that these criteria apply to surface waters, not 
groundwater. 

Tetrachlorophenol is not listed in WAC 173-201-047. There 
are no published federal water quality criteria for TCP. 
There is a federal marine chronic lowest observed effect 
level of 440 µg/1 for 2,3,4,6-tetrachlorophenol (EPA, Re­
vised Draft RFI Guidance, Volume 1, Section 8, December 
1987). The Revised Draft RFI Guidance states that there are 
insufficient data to develop marine chronic water quality 
criteria for TCP. 

5.1.3 DRINKING WATER STANDARDS 

There are currently no drinking water standards for PCP or 
TCP. A draft proposed maximum contaminant level goal (MCLG) 
for PCP is in internal EPA review (U.S. EPA, February 1, 
1988, Safe Drinking Water Update). These proposed concen­
trations are presented in Table 5-1. There are no proposed 
drinking water standards for TCP. 

5.1.4 RCRA FACILITY·INVESTIGATION (RFI) CRITERIA 

EPA has developed PCP criteria for human ingestion of water 
and fish, and health-based criteria for systemic toxicants. 
The health-based criteria are the only criteria that apply 
to PCP in soil. These values are presented in Table 5-1. 
These criteria are federal guidelines and are not codified 
in regulations. No published EPA criteria exist for tetra­
chlorophenol for human ingestion of water and fish. How­
ever, the health-based criteria for systemic toxicants for 
2,3,4,6-TCP are the same values as for PCP (EPA, Revised 
Draft RFI Guidance, Volume 1, Section 8, December 1987). 

5.1.5 WASHINGTON STATE PCP CLEANUP CRITERIA 

Ecology does not currently have any published cleanup stan­
dards for soil or water contaminated with PCP. However, 
Ecology had previously prepared a draft cleanup goal for 
soil contaminated with PCP at a specific site. These draft 
cleanup goals were presented in correspondence from Ecology 
to McFarland Cascade (November 12, 1987), a wood preserving 
plant. The proposed levels were not finalized. Ecology 
based its draft cleanup goal for soil contaminated with PCP 
on a 1.0 ppb of 2,3,7,8-TCDD toxicity equivalence factor 
(TEF): "With respect to pentachlorophenol (PCP), the soLl 
cleanup level is set at PCP levels that correspond to 
1.0 ppb of 2,3,7,8-TCDD equivalents. This is 10 ppm and is 
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Table 5-1 

Published Criteria and Guidelines 
·on Pentachlorophenol 

MEDIA 

CRITERIA SOURCE WATER 

SOIL Drinking 

Proposed NA 220µg/l Federal SOWA MCLG 1 

Federal CWA2 

Marine 

NA 

Water Quality Criteria NA 9 µg/I3/5.7 µg/I3 13.0 µg/I/7.9 µg/18 
for Aquatic Life 

Federal CWA 
Limits for Human Ingestion NA 1010 µg/I5 NA 

of Water and Fish4 

Federal Health-Based 
Criteria for Systemic 500 mg/kg6 1000µg/I7 NA 

Toxicants4 

WAC 173-201-047 
St1rface Water Toxic NA 9 µg/I3/5.7 µg/I3 13.0 µg/I/7.9 µg/I8 

Substances Criteria 

NA = Not applicable 
1 Draft proposed MCLG currently in internal EPA review (US EPA SOWA Fact Sheet 2188) 
2 EPA, Water Quality Criteria (Gold Book), as revised by Federal Register, December 3, 1986 
3 Acute/ chronic values shown are for pH of 7 using e[1.005 (pH)- 4.830] and e[1.005 (pH)- 5.290] as prescribed 

in 51 FR 43666 and WAC 173-201-047; pH values measured in the field ranged from 6.2 to 8.5 
4 EPA, Revised Draft RFI Guidance, Volume 1, Section 8, December 1987 
5 EPA Revised Draft RFI Guidance implies that entire limit based on water ingestion 
6 Based on 17kg child over a 5 year exposure period ingesting 1.0 gram/day of soil (EPA Revised Draft RFI 

Guidance, Volume 1, Section 8, December 1987) 
7 Based on 70kg adult over 70 year lifetime exposure at 2 liters/day (EPA Revised Draft RFI Guidance, Volume 1, 

Section 8, December 1987) 
8 13.0 µg/1 is the acute criteria, 7.9 µg/1 is the chronic criteria 
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10 percent of the dangerous waste level (WAC 173-303-10·2 and. 
WAC 173-303-9907)." (Ecology, November 1987) 

The 1.0 ppb 2,3,7,8-TCDD TEF is not a written criterion or a 
codified regulation. Since Ecology developed this draf.t 
criterion, EPA has re-examined the hazard identification and 
dose-response assessment for the potential human carcinogen­
icity of 2,3,7,8-TCDD. A draft report (EPA/600/6-88/007Aa) 
has been prepared that concludes the following as stated in 
53 FR 24141: 

"The draft report concludes that (1) the 1985 
assessment that associates a 0.006 pg/kg/day 
(picogram/kilogram/day) dose with a plausible 
upper bound increased cancer risk of one in a 
million should be reconsidered, and (2) a change 
to a 0.1 pg/kg/day dose as a plausible upper bound 
associated with an increased lifetime risk of one 
in a million is consistent with the available data 
and theories, and represents a reasonable science 
policy position for the Agency." 

The information proposed by EPA suggests a lower health risk 
associated with 2,3,7,8-TCDD. The above conclusion repre­
sents a 17-fold increase in dosage (0.006 x 17 = 0.1). 
Using the increased dosage, Ecology's cleanup level would 
proportionately increase to 17.0 ppb 2,3,7,8-TCDD TEF (if 
this cleanup level were going to be used). Consequently, 
pentachlorophenol cleanup levels would increase to approxi­
mately 170 ppm. 

The only other known cleanup policy established by Ecology 
is not contaminant-specific. Ecology developed this cleanup 
policy, titled Final Cleanup Policy-Technical, with an ef­
fective date of July 10, 1984. The standard/background 
cleanup levels established in this policy are as follows: 

1. Soil 

a. l0X the appropriate drinking water or water qual­
ity standard, or 

b. If no standard exists, l0X water quality 
background 

c. If water quality background is not detectable, 
soil background 

2. Groundwater and Surface Water 

a. Appropriate drinking water or ambient water qual­
ity standard 
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b. If no standard exists, background 

Ecology's Final Cleanup Policy also provides protection lev­
els that may be used after the Preliminary Technical Assess­
ment shows that Standard/Background Levels are not achievable 
or appropriate for the site. These protection levels are as 
follows: 

1. Soil Protection Level--Threat to Water 

a. lOOX the appropriate water quality standard, or 

b. lOOX water quality background, or 

c. lOX soil background, or 

d. Defined based on site-specific contaminant and 
soil characteristics, leaching tests, biologic 
tests, etc. If sufficient data are available, 
predictive models may be used to define the pro­
tection levels. 

5.1.6 OTHER PCP CRITERIA 

The RCRA Extraction Procedure (EP) Toxicity Test for hazar­
dous waste does not include criteria for PCP or TCP 
(WAC 173-303-090). EPA has proposed another extraction 
method known as the toxicity characteristic leaching proce­
dure (TCLP) which does include criteria for PCP and TCP; 
however, the TCLP regulations are only in draft form 
(51 FR 21685 supplemented by 53 FR 18024). These proposed 
limits are based upon analyticalprocedures in which solu­
bilized chemical constituents released from a soil or waste 
in a water extract are compared against designation limits 
based on risk factors at a municipal solid waste landfill. 
For the TCLP procedure, 1 gram of soil is extracted with 
20 grams of fluid, then the fluid is filtered off and 
analyzed. To be considered a toxic waste, the extract must 
have a PCP or 2,3,4,6-TCP level of 3.6 mg/1 or higher. The 
TCLP regulations are due to be published as final regula­
tions in 1989 (RCRA Hotline, M. Stevens, personal communi­
cation, 11/29/88). 

For illustrative purposes, a worst case can be assumed (all 
PCP and TCP present in the soil would leach out) in order to 
assess whether TCLP levels for PCP and TCP would be ex­
ceeded. For example, one gram of soil with a PCP concentra­
tion of 20 mg/kg would, when totally solubilized in 200 mil­
liliters of water, results in a worst case concentration of 
1.0 mg/1 in the extract. 

Ecology is currently in the process of developing Sediment 
Quality Standards (WAC 173-204), which will be based on 
chronic marine biological test data for Puget Sound marine 
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organisms. PCP is an organic chemical proposed to be in­
cluded in the sediment standards when they are complete (es­
timated completion date is late 1989) (B. Betts, Ecology, 
personal communication, 12/88). 

The most recent apparent biological effects threshold (AET) 
for Puget Sound organisms includes 0.36 mg/kg-arnphipod toxic­
ity, 0.69 mg/kg-benthic toxicity, and >0.14 mg/kg for oyster 
larvae toxicity and microtox testing (the latter represents 
the highest level tested to date in which there are no re­
ported effects) (B. Barrick, PTI Environmental Services, 
personal communication 12/88). These reported AETs are not 
sediment criteria but represent measured effects data only. 

5.2 ANALYSIS OF SAMPLES CONTAINING 
LOW LEVELS OF CONTAMINATION 

As can be seen in Sections 4.3 (Soil Results) and 4.4 
(Groundwater Results), most compounds detected in this study 

were at low concentrations at or very near the testing labo­
ratory's method detection limit for both Method 8040 (PCP 
and TCP) and Method 8270 (Semivolatile Organic Compounds). 

When samples containing low levels of contamination are ana­
lyzed, seemingly contradictory results are often obtained. 
One analysis of a sample may yield one estimated concentra­
tion while another analysis of the same or similar sample 
may yield a different concentration estimate. Yet a third 
analysis may indicate that the contaminant is undetectable. 

All measurements have some variability. For a complex me­
asuring system such as a gas chromatograph, used in this 
study, and with multiple sample extraction and cleanup 
processing steps, there is inherent variability in deter­
mining a true concentration for a soil or water sample. 

In order for a laboratory result to confirm the presence of 
contamination in a sample, it is generally accepted that the 
value of the reported concentration should be significantly 
greater than any value reported in background samples or the 
laboratory method blank. Further, EPA believes that estab­
lishing a practical quantitation limit (PQL) of an analytical 
method detection limit is important in order to establish 
the lowest concentration at which acceptable precision and 
accuracy can be reliably maintained by laboratories prac- , ,,, 
ticing acceptable standard procedures. EPA, therefore, has. 
reported it believes that setting PQLs in a range between 5 
and 10 times the method detection limit is a fair expecta­
tion (50 FR 16306). 

For some compounds such as phthalate esters, which are com­
monly found in laboratory method blanks, EPA has raised the 
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PQLs to even higher levels. Because phthalate esters are 
commonplace in the environment, their presence in any sample 
is not unusual. Phthalates are used as plasticizers and as 
a common intermediate and primary ingredient in finished 
plastic products (e.g., plastic bags, litter, protective 
laboratory gloves). Furthermore, recent evidence suggests 
that these compounds may occur naturally in the environment 
(Versar, Inc., 1974). The EPA guidance document "Laboratory 
Data Validation, Functional Guidelines for Evaluating Organic 
Analysis" states that if certain compounds including 
phthalate esters are found in a matrix at concentrations 
less than ten times the method blank, the compounds are not 
to be reported (EPA, 1988). 

Any concentration estimate less than the instrument detec­
tion limit is regarded as being an uncontaminated sample. 
This estimate would then be classified as a nondetect. In 
our study, the Method 8040 results indicate this by desig­
nating a nondetect as a given value, i.e., ~1.0 ppm. 
Method 8270 flags the concentration with the letter "U." 
The U means that the parameter was analyzed but was not de­
tected above the specified concentration. 

A sample for which the true concentration is the same as the 
method detection limit will have almost no chance of being 
mistaken for a noncontaminated sample, using the PQL as the 
criterion for reporting contamination. This is the minimum 
concentration in a sample that would almost certainly be 
classified as a positive detect when analyzed. Finally, the 
nature of the media undergoing analysis is also an important 
consideration when establishing PQLs. 

For example, EPA has used the level of 10 times the method 
detection limit as the PQL for water samples for Method 8040. 
This limit has been established as the level of concern for 
compounds that are generally found at low or nondetectable 
concentrations (SW-846, 9/86). 

The PQL for Method 8040 soils, however, is much greater: 
670 times the method detection limit for low-level contami­
nation (SW-846 page 8040-2 9/86). This is due to the com­
plexities of the soil matrix as compared to water. 

Thus the PQLs reflect not only the uncertainties inherent in 
the measurement process but also the additional uncertain­
ties that derive from the more complex media being analyzed 
(e.g., heterogeneity of soils, soil particle size and char­
acteristics, other chemicals). 

Using the information from this discussion, all detected 
results from the focused site investigation are compared and 
discussed in the following sections. 
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5.3 SOILS AND MARINE SEDIMENT ANALYTICAL RESULTS 

Using the regulations and guidelines discussed earl'i:er, the­
validated soil and sediment results are evaluated in· the: 
following sections. 

5.3.1 METHOD 8040--PCP AND TCP RESULTS 

Table 4-20 presents a summary of all the PCP and TCP results 
detected by Method 8040 in soils and sediments collected 
during this study~ All Method 8040 soil and sediment re­
sults are reported on a dry-weight basis. 

5.3.1.1 Subsurface Soil Samples 

Figure 5-1 illustrates the Method 8040 results for soil sam­
ples collected from boreholes drilled to install shallow 
monitoring wells. Figure 5-2 presents the results for soil 
samples collected from the boreholes drilled to install deep 
wells. 

PCP was detected irt only two (MW-24B, 7.5 ft and 35.0 ft) of 
the 60 soil samples analyzed by Method 8040. Using the con­
vention presented in Section 5. 2 _that the PQL is 5 to 
10 times the laboratory detection limit as a guideline, it 
appears that the concentration of PCP in soils collected 
from MW-24B is not significant. Both of the results 
'(2.8 mg/kg and 2.22 mg/kg, respectively) in soil samples 
collected from MW-24B are less than three times the labo­
ratory detection limit (DL) of 1.0 mg/kg for Method 8040. 
Both of these values were also qualified by the laboratory 
as suspect values. The 7.5-foot sample is quantitatively 
suspect (i.e., PCP is present but the exact amount reported 
is not reliable). The 35.0-foot sample is qualitatively 
suspect (i.e., the detected compound is only tentatively 
identified as PCP}. Neither PCP concentration reported in 
samples collected from MW-24B would exceed the federal 
health-based criterion of 500 mg/kg for systemic toxicants 
(EPA, Revised Draft RFI Guidance; 1987). These PCP concen­
trations in soils are relatively low. For comparison, the 
average PCP concentration measured in urban Bellevue, Wash­
ington, residential street dust samples was 1.8 mg/kg with a 
reported standard deviation of ±2.3 mg/kg (Metro, Toxicants 
in Urban Runoff, 12/82). 

Finally, PCP soil concentrations in samples collected from 
boreholes drilled by Hart Crowser were compiled and plotted 
(Figure 5-3). PCP ranged from a low of below detection at 
monitoring wells MW-8 and MW-22 to a high of 34.0 mg/kg from 
subsurface soils sampled at MW-16A. During the course of 
their study, Hart Crowser used two analytical methods, nei­
ther of which is recommended by EPA for the analysis of PCP. 
The first was a modified Method 8150, and the second was a 
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field gas chromatography method using an electron capture, 
detector. Standard laboratory quality control/quality 
assurance procedures are not available for either method ... 
Both methods, while providing useful qualitative data~ 
should not be relied on for quantitative accuracy. The pur­
pose of the Hart Crowser evaluation was to perform a property 
transfer audit and not a detailed site inspection for PCP 
contamination. 

In general, the concentrations of PCP reported by Hart 
Crowser fall within the same order of magnitude as results 
detected during this investigation. Based on both studies, 
it appears that PCP is randomly dispersed in soils through­
out the focused study area. None of the reported concentra­
tions, however, exceed EPA's health-based criterion for 
soils (500 mg/kg). 

Table 4-20 presents all reported TCP results detected in 
this study for soils and sediments. Figures 5-1 and 5-2 
illustrate these results for shallow and deep monitoring 
wells, respectively. 

Method 8040 identified TCP at 6.2.mg/kg· in a composite soil 
sample (9 to 1.4 feet) collected from MW-16C. The field du­
plicate result of this sample (MW-16CD) was comparable 
(6.1 mg/kg). Both values are less than five times the de-
tection limit and therefore are not significant. TCP was 
~eported in the equipment blank (0.009 mg/1), suggesting the 
possibility of contamination by field procedures. 

Method 8040 identified TCP in two soil samples from MW-24A 
(4.55 mg/kg at 5.0 feet and 3.83 mg/kg at 7.5 feet). These 
values, however, were flagged by the laboratory as being 
qualitatively suspect (i.e., tentatively identified com­
pounds). The concentrations reported fall within 3 to 
4 times the detection limit and are below significant 
levels. 

Two additional monitoring wells, MW-6B and MW-24B, yielded 
three soil samples in which TCP was detected; MW-6B 
(1.4 mg/kg at 30 feet); MW-24B (2.66 mg/kg at 2.5 feet); and 

MW-24B (1.35 mg/kg at 7.5 feet). All three results are also 
flagged by the laboratory for qualitative reasons, are less. 
than three times the detection limit, and therefore are not 
significant. No TCP value detected exceeds the health-based. 
criterion of 500 mg/kg for systemic toxicants (2, 3, 4, 6-TCP) .• 

It is not surprising to report the presence of PCP and TCP 
in soils at the site, particularly when one considers that 
historical land use included activities such as lumber sap-, 
stain control with PCP and TCP. One would anticipate the 
presence of wood waste and debris throughout the focused 
site investigation area that could have originated from: 'the·~ 
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green chain wood treatment area. The entire M&R property is 
composed of artificial fill material, a significant compo­
nent of which is wood waste, as can be seen in geologic logs 
(Appendix C) and site photographs (Appendix B). Further-
more, the practice of log sorting and storage on the site is 
accomplished by heavy equipment which conceivably can dis­
perse wood debris widely throughout the entire property. 

Other considerations concerning the occurrence of PCP (and 
TCP) in soils may include natural background sources. De­
tectable levels of PCP have been reported in untreated Pon­
derosa pine and Douglas fir wood samples using either a GC 
method similar to Method 8040 or a GC/MS method similar to 
Method 8270 (Arsenault, 1976). 

Compounds that are similar to PCP and TCP in chemical struc­
ture and molecular weight will respond in a like manner when 
analyzed using GC methods. It is possible to mistake these 
compounds for PCP (Arsenault, 1976) resulting in false de­
tections when no PCP is present, or higher reported concen­
trations when these other compounds are quantified with any 
PCP that is truly present. This shortcoming is inherent in 
~he GC technique, although it is an EPA-approved method for 
phenols. Many of these problems are avoided using the GC/MS 
method for analysis. However, laboratory turnaround time is 
longer. 

5.3.1.2 Marine Sediment Samples 

Table 4-20 summarizes the PCP detected in marine sediments 
by Method 8040. TCP was not reported in any marine sediment 
using this analytical method. PCP was detected at two sta­
tions: DS-MS-03 (4.7 mg/kg) and DS-MS-05 (6.4 mg/kg). (See 
Figure 3-3 for the locations of these stations.) Both of 
these results are flagged by the laboratory as being quanti­
tatively suspect. In fact, DS-MS-03 is at the adjusted 
method detection limit, and DS-MS-05 is less than three 
times the method detection limit (after moisture content is 
taken into account) of 2.7 mg/kg dry weight. 

It is important to note that the method detection limit 
(1.0 mg/kg) used in the Method 8040 analysis is based on the 
wet weight (as received) basis, and all sediments received 
are analyzed according to that detection limit. When the 
laboratory adjusts the results to a dry weight basis, there 
will be an increase in both the apparent concentration level 
of the sample and the method detection limit (e.g., DS-MS-03, 
1.0 mg/kgi DS-MS-05, 2.4 mg/kg). However, dry weight con­
centrations are preferred for reporting soil or sediment 
results since the result is the most uniformi it eliminates 
moisture content as a variable. 

No reported value exceeds the federal health-based criterion 
for PCP in soils as a systemic toxicant (500 mg/kg). The 
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most recent reported apparent biological effects for PCP in; 
Puget Sound sediments range from >0.14 mg/kg to 0.69 mg/kg 
dry weight, depending on the organism listed (B. Barri.ch, 
PTI, personal communication, 12/ 88). The reported AET . 
levels are based on a recommended analytical method with 
detection limits that are lower than can be achieved by the 
EPA Method 8040 used for this study. 

Since the two reported results are near or at the method 
detection limit, it is not possible to further evaluate 
these results relative to the AETs discussed above. It is 
important to note, however, that these AETs are not regula­
tory standards but measures of biological responses. 

5.3.1.3 Verification Study Soil Samples 

PCP was not detected in any soil sample collected for the 
verification study (see the technical memorandum provided as 
an addendum to this report for a discussion on verification 
study samples). TCP was reported in sample number VI-SS-200 
at 2.2 mg/kg, collected in the vicinity of the truck mainte­
nance shop (see Figure 3-3). The presence of TCP in this 
soil sample is not believed to be from direct chemical ap­
plication as there is no record of wood treatment occurring 
in this area. It is reasonable to assume that the TCP found 
in soil near the maintenance shop may have originated as 
TCP, or TCP-contaminated soil, that was either washed or 
dropped from a truck brought to the site for maintenance. 
The detected value (2.2 mg/kg) is less than three times the 
method detection limit and it is well below the 500 mg/kg 
health-based criterion established by EPA. 

5. 3. 2 SOIL RESULTS--METHOD 8270, SEMIVOLA'l'ILE ORGANIC 
COMPOUNDS 

Table 4-21 presents all Method 8270 results for subsurface 
soils and sediments. All Method 8270 results are presented 
on a wet-weight basis. The PCP results for Method 8270 also 
are in Table 4-19 to facilitate comparison to Method 8040 
results. 

5.3.2.1 Subsurface Soil Results 

PCP was detected at 1.7 mg/kg in a soil sample collected 
from a depth of 0.0 to 2.5 feet at MW-25B. This same sample 
was below the detection limit using Method 8040. The Method 
8270 concentration is only slightly greater than the EPA 
practical quantitative level (PQL) of 1.6 mg/kg. The re­
ported values are comparable to the levels of PCP detected 
in residential street sweeping debris (Metro, Toxicant Pro­
gram, 12/82) as discussed in Section 5.3.1.1. 
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PCP was also detected in the composite sample SB-16CD-11 at 
24 mg/kg. A separate composite sample analyzed in duplicate 
by Method 8040 had no detected PCP. It is possible that in 
compositing the samples one portion may have contained 
treated wood fragments that are found throughout the fill 
material. 

TCP was tentatively identified in MW-25B at the surface 
(0.71 mg/kg) and at 2.5 feet below ground surface (0.19 mg/kg), 
and in soil boring SB-16CD-ll (27 mg/kg). TCP was only 
"tentatively" identified because Method 8270 does not include 
TCP as a target compound. Therefore, there is no detection 
limit or PQL that can be used for comparison. However, the 
detected levels are substantially less than the federal 
health-based criterion of 500 mg/kg for 2,3,4,6-TCP. 

The 2,4,5-trichlorophenol was detected in soil bor-
ing SB-16CD-11 at an estimated concentration of 2.3 mg/kg, 
which is below the PQL. This isomer is not a constituent of 
concern in PCP formulations, and is not one that EPA. has 
listed in the proposed regulations due to health effects 
(53 FR 53295). 

All phthalate esters detected in soil samples were also 
detected in the laboratory blanks. Using EPA's guidelines, 
none of these phthalate esters would be reported because 
they are not greater-than ten times the level found in the 
associated blanks. 

Several PAH compounds (fluorene, 0.11 mg/kg; phenanthrene, 
0.04 mg/kg and 0.47 mg/kg; flouranthene, 0.043 mg/kg and 
0.18 mg/kg; and pyrene, 0.054 mg/kg and 0.14 mg/kg) were 
detected in soil samples collected from MW-24A and MW-2SB. 
All PAH concentrations were below the PQL. All detected 
values occurred in samples collected from 2.5 ft or less 
below the ground surface. In addition, all of the detected 
PAH values are less than the lowest AET documented (Tetra 
Tech, 8/86). 

4-Methylphenol was detected in one soil sample collected 
from MW-16B (0.12 mg/kg at 2.5 ft) at one-third the PQL. 
Phenol was detected in one MW-24A sample (0.9 mg/kg at 
2.5 ft). The phenol is less than 1.5 times the PQL. No 
other compounds from the Method 8270 parameter list were 
detected in any soil sample. 

There are no criteria, guidelines, or regulations for 
4-methylphenol. The range of AETs for this compound is 
0.067 to 1.2 mg/kg. Phenol has a health-based criterion of 
700 mg/kg and an AET range from 0.042 to 1.2 mg/kg. While 
the detected value occurs within the reported AET range, the 
value is three orders of magnitude below the health-based 
criteria. 
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The occurrence of all of these semivolatile organic com­
pounds on or near the surface is not surprising. The fact· 
that these compounds were not reported from any lower depths. 
suggests their presence does not extend to subsurface soils .. 
It is likely the compounds originate from onsite structures 
or possibly from creosote-treated wood that may have. been 
used as fill material. (Creosote was not used at this site 
as a wood preservative.) 

Another possible explanation for the occurrence of PAH com­
pounds such as these, with small-ringed structures, is that 
they may be by-products of past fires or fill material that 
was burned. The proximity of these sample locations to the 
building that burned in 1971 supports this possibility. The 
site has a history of controlled burning for demolition (see 
Section 2.3). 

The presence of phenol may also be from natural sources in­
cluding the timber stored on the property. Phenols have 
been reported to occur naturally in leaves and other woody 
materials at concentrations similar to that reported in 
MW-24A (Arsenault, 1976). 

5.3.2.2 Marine Sediment Samples 

The Method 8270 analysis of sediment sample DS-MS-53 did not 
detect the presence of PCP. Method 8270 did not detect any 
compounds that would be tentatively identified as TCP. 

Phthalate esters were detected in sediment sample DS-MS-53 
(Di-n-butylphthalate at 0.16 mg/kg; and bis(2-ethylhexyl)-
phthalate at 0.18 mg/kg). Using EPA's guidelines, these 
levels of phthalate esters would not be reportable because 
they are not greater than ten times the contamination re­
ported in the laboratory method blank (0.098 mg/kg and 
0.11 mg/kg for di-n-butyl-phthalate and bis(2-ethylhexyl) 
phthalate, respectively). 

Fifteen PAHs were detected in sample DS-MS-53 by Method 8270. 
These compounds are listed with their respective concentra­
tions in Table 4-21. All of the PAH compounds are consis­
tent with those found in creosote mixtures used to treat 
wood products. The concentrations for 12 of the compounds 
fall between the laboratory method detection limit and the 
PQL. For all of the PAHs for which there are AETs, none of 
the detected values from sample DS-MS-53 exceed the lowest 
apparent effects threshold. It is likely that the source, o,f: 
these compounds is creosoted bulkheads, piers, and other ;_ .. ·· 
treated marine timber surrounding the sample area (see ·· 
Appendix B for photographs of these structures). 
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Finally, benzoic acid was the only other semivolatile organic 
compound from the Method 8270 target list detected in sample 
DS-MS-53 at 0.096 mg/kg. The concentration is far below the 
PQL and AET. 

5.3.2.3 Verification Study Soil Samples 

No Method 8270 analyses were performed on soil samples col­
lected for the verification study. 

5.3.3 SOIL RESULTS, MERCURY ANALYSIS 

Twenty-nine subsurface soil samples were analyzed for the 
presence of mercury. Mercury was detected in nine of the 
samples at concentrations greater than the detection limit 
(0.03 to 0.05 mg/kg), with a concentration range of 
0.048 mg/kg to 0.286 mg/kg. Mercury occurs naturally in 
soil with a common range of 0.01 mg/kg to 0.3 mg/kg (Lindsay, 
1979). All the results are within this naturally occurring 
range. There are no criteria for mercury in soils (USEPA, 
RCRA Hotline, K. Mitchell personal communication, 12/88). 
In fact, the proposed TCLP trigger concentration for mercury 
hazardous waste designation is 0.2 mg/1 (51 FR 21685, 
6/13/86). (The TCLP measures the concentration of a com­
pound or element that can be leached from a soil or other 
solid using a slightly acidic solution.) Considering the 
20:1 dilution factor·used in the TCLP (see Section 5.1.6), 
none of the soil samples analyzed for mercury would exceed 
the TCLP trigger level. 

5.3.4 SUBSURFACE SOILS, APPENDIX IX RESULTS 

Only metals (total) and sulfide were found in the soil sam­
ple collected near the old planer mill and fire location and 
analyzed for 40 CFR 264 Appendix IX constituents. Table 5-2 
presents values for the detected metal results compared with 
available regulatory standards [EP-Toxicity, TCLP, and 
health-based criteria for carcinogens (arsenic only) and 
systemic toxicants]. Table 5-2 also presents the normal 
range of the detected metals and the average elemental values 
found in soils and in the lithosphere (Lindsay, 1979). As 
can be seen in Table 5-2, no detected metal value exceeds 
natural soil conditions, would exceed EP toxicity trigger 
levels when dilution factors are considered, or poses health 
risks, based on EPA's criteria. 

5.4 DISCUSSION OF GROUNDWATER RESULTS 

Using the regulations and guidelines discussed in Sec­
tion 5.1, the validated groundwater results are evaluated. 
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Table 5-2 
METALS DETECTED BY 40 CFR APPENDIX IX SOIL ANALYSIS 

AND 
PUBLISHED CRITERIA AND GUIDELINES 

(concentrations in mg/kg) 

Average EP 
Reported Naturally Occurr~ng Naturgl Toxicitg 

Analyte Level Range in Soils Range Levels 

Arsenic 3.4 1-500 5 5.0 
Barium 12.0 100-3,000 430 100 
Beryllium 0.2 0.1-40 6 NL 
Chromium 16.0 1-1,000 100 5.0 
Cobalt 6.0 1-40 8 NL 
Copper 26.0 2-100 30 NL 
Lead 5.1 2-200 10 5.0 
Nickel 16.0 5-500 40 NL 
Vanadium 34.0 20-500 100 NL 
Zinc 36.0 10-300 50 NL 

aFrom Appendix IX analysis of MW-B28. 

bLindsay, Chemical Equilibrium in Soils, Table 1.1, pages 7 and 8. 

c40 CFR Part 261.24. 

d51 FR 21685. 

eEPA, Revised Draft RFI Guidance, Vol. 1, Section 8, December 1987. 

TCLP d 
Levels 

5.0 
100 

NL 
5.0 
NL 
NL 
5.0 
NL 
NL 
NL 

Health-Based Criteriae 
Systemic 

Carcinogens Toxicants 

0.022 NL 
NL 900 
NL 900 
NL f 
NL NL 
NL g 
NL NL 
NL 300 
NL h 
NL i 

fChromium (III) criterion is 20,000 mg/kg and Chromium (VI) criterion is 90 mg/kg. Value is for total 
chromium present and oxidation states are not known. 

gCopper cyanide is the only copper entry in the regulations with a value of 1,000 mg/kg. This analysis 
was for total copper present so no information on possible compounds is available. Cyanide was 

; '"'analyzed for and not detected in the sample. 

hVanadium pentoxide at 300 mg/kg is the only vandium compound listed. Analysis was for total vandium 
and no information on the possible compounds are available. 

iTwo zin~,9om,pounds are listed: zinc cyanide at 5 mg/kg and zinc phosphide at 900 mg/kg. No informa­
tion on compounds present is available since the analysis was for total zinc. 

NL= Not listed. 



5.4.1 METHOD 8040 RESULTS--PCP 

Table 5-3 summarizes the Method 8040 results for ground­
water. No PCP was reported in background wells (MW-26 and 
MW-SA), nor was PCP detected in any deep well (Figures 5-4 
and 5-5) . (Figures 5-4 through 5-6 illustrate all 
Method 8040 results by sampling event and by monitoring 
well.) 

PCP was found in 14 out of 44 groundwater samples analyzed 
by Method 8040. These 14 samples were collected from nine 
shallow monitoring wells. The nine monitoring wells and the 
concentrations of PCP in groundwater samples are presented 
in Table 5-3. 

Table 5-3 
METHOD 8040 PCP GROUNDWATER RESULTS SUMMARY 

Concentration (mg/1) 
Monitoring Additional 

Well Company Round 1 Round 2 Analysis 

6A HC 3.07 0.51J 2.13 
6C CH2M HILL 

a 0.27a 0.16 14.3 b 
8 HC 0.005 BDL Not sampled 

15 HC 0.009 BDL Not sampled 
16A HC 0.052 BDL 0.064 
18 HC 0.006 BDL Not sampled 
19 HC 0.015 BDL Not sampled 
21 HC 0.021 BDL Not sampled 
22 HC 0.025 BDL Not sampled 

a 
MW-6C sampled later than specified dates for Rounds 1 and 2 because 
it was installed last. 

b0.005 is the Method 8040 detection limit. 
BDL = below detection limit. 
J = quantitatively suspected value. 

With the exception of monitoring wells MW-6A, MW-6C, and 
MW-16A, the detected levels of PCP are at low levels, 
slightly above the method detection limit (MDL) of 
0.005 mg/1, but well below a PQL set at ten times the MDL. 
During Round 1, MW-8 and MW-18 contained PCP at the MDL, PCP 
in MW-15 was twice the MDL, PCP in MW-19 was three times the 
MDL, PCP in MW-21 was less than five times the MDL, and PCP 
in MW-22 was five times the MDL. PCP in MW-16A only slightly 
exceeds the PQL. The PCP concentration in MW-16A 
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(0.052 mg/1) was several orders of magnitude less than the 
concentration of PCP found in MW-6A and MW-6C. 

It is interesting to note that these very low-level detec­
tions in samples collected from Hart Crowser monitoring 
wells MW-8, MW-15, MW-16A, MW-18, MW-19, MW-21, and MW-22 
all occurred in Round 1 of sampling. During Round 2, no 
detectable PCP was reported in any of these seven wells. 
This may be a result of the field sampling methods, particu­
larly the redevelopment methods reported in Section 3.1.1. 
Except for MW-6C, all the PCP detections reported during 
Round 1 are in samples from Hart Crowser wells that required 
the special well development techniques. 

The monitoring wells constructed by Hart Crowser may not 
have been designed optimally for the subsurface conditions 
present at the site. The presence of fine sand and silt in 
the subsurface required the use of a finer filter pack and 
smaller screen openings. Colloidal material, which was also 
present, could not be filtered out of the groundwater, but 
the suspended particulates could be screened and removed. 
Of the nine monitoring wells in which detectable concentra­
tions of PCP were reported, eight of the wells were con­
structed with a screen-opening size of 0.020 inch, which is 
twice that of the wells constructed by CH2M HILL. Further, 
the diameter of the filter pack material used to surround 
the well screen in the eight preliminary assessment (Hart 
~rowser) wells may also be too large for the subsurface 
materials that exist at the site. Consequently, the pres­
ence of particulates, including wood splinters, was observed 
in these wells by CH2M HILL staff. 

The presence of particulates in groundwater was particularly 
evident to CH2M HILL during well redevelopment in August 
1988. CH2M HILL had to use two methods to attempt to de­
velop these wells. Ultimately, however, these wells con­
tinued to yield formation material (see Section 3.1.1). 
Hence, it is not clear whether PCP detected in the ground­
water samples was in solution or whether it adhered to wood 
or soil particles included in the sample. 

Figures 5-7, 5-8, and 5-9 present the Method 8040 analytical 
results for groundwater samples collected from nine Hart 
Crowser wells. As can be seen by comparing the occurrence 
of PCP in groundwater samples collected from the Hart Crowser 
property transfer assessment wells with those constructed 
later by CH2M HILL, more PCP (and TCP) detections are asso­
ciated with the property transfer monitoring wells. It 
should also be noted that the results reported in Figure 5-9 
were analyzed by a modified Method 8150 (chlorinated herbi­
cides), not the recommended procedure for PCP. 
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In comparison to the Hart Crowser property transfer assess­
ment wells, only one of 11 monitoring wells (MW-6C) con­
structed by CH2M HILL yielded groundwater with detectable 
levels of PCP (14.3 mg/1). Interestingly, only 0~27 mg/1 
PCP was detected in monitoring well MW-6C during Round 2, a 
substantial decrease from the Round 1 result. It was de­
cided to sample MW-6C a third time because of the discrepancy 
in the first two values. The third sample collected from 
MW-6C tested at 0.16 mg/1 PCP (see Figure 5-6). The last 
value compared favorably to the Round 2 result and is be­
lieved to be more representative of PCP levels in ground­
water from this well. 

It is possible that the high value obtained from the first 
round was due to suspended particulates, particularly the 
colloidal material that can not be screened out. If ground­
water turbidity in the monitoring well had not stabilized 
following development, an anomolous value could have re­
sulted. It is believed, however, that PCP is present in 
shallow subsurface soils and localized groundwater in the 
vicinity of monitoring wells MW-6A and MW-6C. Deep 
well MW-6B does not show PCP in groundwater. Similarly, PCP 
has not been detected in monitoring wells MW-24A, MW-24B, 
and MW-16B, located downgradient of MW-6C. MW-25A and MW-25B 
located to the south are also free of detect~ble PCP, as are 
MW-23, MW-24A, and MW-24B located to the north. If a major 
source of PCP were present near these wells, its presence 
almost certainly would be detected. 

It is believed that, as with MW-6A and MW-6C, there is a po­
tential for limited PCP contamination in the immediate vi­
cinity of MW-16A. It is difficult, however, to ascertain 
whether these detected values represent soluble PCP in 
groundwater or PCP adhering to particulates in the ground­
water samples. The partitioning coefficient of PCP is high, 
indicating a high preference for adsorption to particles 
and, in particular, organic material. Pentachlorophenol 
behaves similarly to many other organic compounds in its 
tendency to adsorb onto the surface of soil, particulate 
material, and suspended solids from aqueous solution. The 
degree of adsorption is strongly influenced by three fac­
tors: the nature and quantity of organic matter associated 
with the solid phase; the pH of the water; the specific sur­
face area of the solids. 

The strong tendency of PCP to adhere to soil, particulate 
material, and suspended solids that contain (non-PCP) or­
ganic matter is reflected in the octanol-water partitioning 
coefficient, log P = 5.01 (Verschueren, K., Handbook of 
Environmental Data0 ~n Organic Chemicals, Van Nostrand Rein­
hold Company, New York, 1983). This coefficient is derived 
from laboratory data on the relative concentrations of PCP 
in octanol (the prototypical soil-organic phase) and water 
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(representing soil or sediment pore water), and is treated 
as an indication of the degree of partitioning between po,re: 
water and the organic-rich solid phase under environmental 
conditions. A value for log P of 5.01 indicates that,PCP 
would be about 100,000 times m8!e concentrated in pure 
octanol than in an equal quantity of pure water in contact 
with the octanol. Allowing for the fact that the sediments 
analyzed averaged approximately 1.6 percent organic carbon 
(wet weight), the degree of partitioning between soil and 
water would be lower than that for octanol and water. Never­
theless, there would be a tendency for PCP to be strongly 
adsorbed onto the soil. PCP adsorption coefficients from 
laboratory studies (Banerji et al., 1986) indicate signifi­
cant retardation of any PCP contamination is expected during 
groundwater flow through a source _of PCP. 

Increasing pH of the pore water increases the solubility of 
PCP in water and decreases its solubility in octanol. 
At typical groundwater pH values for the study area (6.8 to 
8.1) the soil affinity of PCP would be lower than would be 
predicted from octanol-water partitioning, after adjustments 
for the reduced organic content of soil and sediments. 

While the extent to which the PCP is partitioned between 
soil and water cannot be quantitatively predicted from the 
octanol-water partitioning coefficient, the high-specific 
surface area of soils (surface area per volume of bulk soil) 
suggests that some degree of PCP adsorption should occur. 
One consequence of this adsorption is that the PCP would 
migrate at a slower rate than the groundwater flow velocity. 
Another consequence is that groundwater samples that are 
reported to contain PCP, but which also contained suspended 
solids (including colloidal-sized particles) could be the 
result of solids-associated PCP, rather than soluble PCP 
that might migrate with the groundwater. The noticeable 
reduction in the detected level of PCP from the first sam­
pling event to the later sampling events indicates that the 
levels from the first round may be due in part to colloids 
that could not be centrifuged out of the solution. 

Groundwater at the site does not fall under marine surface 
water or drinking water classifications, but the federal and, 
state criteria provide useful comparisons. The federal MCLG 
for PCP in drinking water is 0.22 mg/1. MW-6A and MW-6C 
exceeded this value during all sampling except during the 
third sample collected from MW-6C. The PCP concentration in, 
all other groundwater samples falls below this level. 

1The proposed regulation of wood treatment solutions would 
set a health-based water limit at 1 mg/1 for PCP. This 
level would have been exceeded only at MW-6A, Round 1 and 3·., 
and MW-6C, Round 1 only. All other values are below this 
level. 
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Federal and state marine surface water criteria are 
0.013 mg/1 (acute) and 0.0079 mg/1 (chronic). MW-18 is 
nearest the harbor and does not exceed either the chronic or 
acute limits. The other two monitoring wells near the har­
bor are MW-15 and MW-19. MW-19 exceeds both the chronic and 
acute criteria (the result, 0.015 mg/1, exceeds the chronic 
criterion and is marginally over the acute criterion). 
MW-15, with a detected level of 0.009 mg/1, exceeds the 
chronic but not the acute standards. It should be noted 
that even though these two concentrations are above the cri­
teria for marine surface water, they are below the PQL for 
PCP in water. The second round of sampling for all three 
wells did not show any detectable PCP, and thus they do not 
exceed any marine chronic or acute criteria. 

It should be restated that surface water criteria are not 
applicable to groundwater, and that the comparison of ground­
water PCP levels to surface water criteria is for illustra­
tion only. The values detected in these groundwater samples 
are on the order of the detected PCP contamination in urban 
(Bellevue, Washington) residential storm runoff for which 
concentrations have been measured in the range of 0.003 mg/1 
to 0.115 mg/1 (Metro Toxicant Program, 1982). 

In summary, it appears that limited amounts of PCP may be 
localized in soils and possibly in groundwater in the vicin­
ity of MW-6A, MW-6C, and MW-16A. There are no groundwater 
criteria or standards for PCP. Because this water is not 
potable, drinking water criteria (or proposed criteria as in 
the case of PCP) do not apply to this site. 

Groundwater movement in the central portion of the focused 
site investigation area does not appear to be conducive to 
rapid migration of contaminants by advection. An upper 
bound estimate for horizontal groundwater flow velocity be­
tween monitoring wells MW-6A and MW-16A is 10 to 15 feet per 
year. This estimate is based on horizontal hydraulic gradi­
ents illustrated in Figures 4-7 and 4-8, and hydraulic 
parameters presented in Section 4.1.1.2. In addition, down­
ward vertical migration of contaminants is inhibited by ver­
tical groundwater flow potentials that are upward and the 
relative low hydraulic conductivity of the silt and fine 
sand present below a depth of about 20 feet. 

Based on the groundwater velocity presented above and other 
hydrologic information presented in Section 4.1.1.2, any 
potentially contaminated groundwater near MW-6C being trans­
ported by advection is likely migrating to the northeast at 
a very slow rate. This scenario is supported by the analyt­
ical data. With the exception of monitoring wells MW-6A 
and MW-6C, MW-16A is the only shallow monitoring well in 
which PCP has been detected more than once (0.052 and 
0.064 mg/1 during Rounds 1 and 2, respectively). Neither 
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TCP nor PCP has been detected in monitoring wells_MW-24A 
and MW-25A, indicating that the contamination is not dis­
tributed laterally relative to groundwater flow pas-t. MW-6A. 
Furthermore, neither TCP nor PCP has been detected in deep-­
zone monitoring wells, except for monitoring well MW-6B dur-·. 
ing Round 1 (TCP at 0.010 mg/1), indicating that the verti­
cal extent of any contamination is limited. 

This slow movement of potentially contaminated groundwater 
would also serve to facilitate biological degradation of PCP 
and TCP before the groundwater is discharged to Port Angeles 
Harbor. It has been shown (Kauffman, 1978 and Arsenault, 
1976) that PCP will degrade to numerous mono-, tri-, and 
dichlorinated phenols, and ultimately to carbon dioxide and 
water. These chlorinated compounds represent a lesser 
health risk than PCP (U.S. EPA, RFI Guidance, December 1987). 
The breakdown of PCP can occur by chemical, microbiological, 
and photochemical means. Interestingly, Kauffman reported 
that PCP degrades more rapidly in flooded or anaerobic soil 
than in aerobic, moist soil. The soils found in the focused 
site investigation area are perennially flooded and would 
appear to provide enhanced degradation conditions. · 

The EPA Office of Research and Development (Ada,.Oklahoma) 
has published a report on the treatability of soils contami-. 
nated with PCP (McGi~nis et al., 1988). The report draws 
from literature data and laboratory experiments with soil 
from eight wood processing plants. The general conclusions 
are: 

o In studies going back to 1950, the rate of decom­
position of PCP in soils was.faster under flooded 
or near saturation conditions. 

o In soils from wood processing plants that had used 
PCP, added PCP had a half life of 2 to 3 months. 

o "The general conclusions from this study are that 
PAH's and PCP are readily degraded in soil systems 
••• PCP was transformed much more quickly in soils 
with long term exposure to PCP." 

5. 4. 2 METHOD 8.040 RESULTS--TCP 

Table 5-4 summarizes the Method 8040 TCP results reported in: 
groundwater. Figures 5-4 through 5-6 summarize all ground~ 
water analytical results for the CH2M HILL wells. Fig-
ures 5-6 through 5-9 present the results for the Hart 
Crowser property transfer assessment wells. 

TCP was found in 12 of 44 groundwater samples analyzed by. · 
Method 8040. The detected values were found in samples col-{ 
lected from the six monitoring wells presented in Table 5-4 .: 
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Table 5-4 
METHOD 8040 TCP GROUNDWATER RESULTS SUMMARY 

Concentration (mg/1) 
Monitoring Additional 

Well ComEany Round 1 Round 2 Analysis 

6A HC 2.84 0.28N 1.35J 
6B CH2M HILL 0.010 BDL Not sampled 
6C CH2M HILL 10.2Ja 0.23a 0.04 

16A HC 0.105N 0.006N 0.092J 
19 HC BDL 0.345J Not sampled 

25A CH2M HILL 0.045N BDL Not sampled 

aMW-6C sampled later than specified dates for Rounds 1 and 2 because 
it was installed later. 

BDL = below detection limit. 
N = Qualitatively suspected compound. 
J = Quantitatively suspected value. 

As with PCP levels, TCP was reported in samples collected 
from the MW-6 series.wells. In MW-GA and MW-6C, high levels 
of TCP were detected in the first round of sampling at 
2.84 mg/1 and 10.2 mg/1 respectively. The 10.2 mg/1 concen­
tration was qualified by the laboratory as being quantita­
tively suspect. During the second round of sampling, TCP 
was detected in samples from MW-6A and MW-6C at 0.28 mg/1 
and 0.23 mg/1, respectively. The significant drop in TCP 
detected may again be associated with well development and 
the optimum length of time required for groundwater turbid­
ity to stabilize before sampling should ideally occur. In 
MW-6B, TCP was detected at 0.010 mg/1 (less than three times 
the method detection limit) in Round 1 and was not detected 
in Round 2. TCP was not reported in samples from any other 
deep well. Monitoring well MW-16A detected TCP at 0.105 mg/1 
in Round 1 and at 0.006 in Round 2. Both values were flagged 
by the laboratory as being qualitatively suspect. The addi­
tional sampling of MW-16A yielded a detected value that is 
just above the detection limit of 0.005 mg/1. TCP was de­
tected in the Round 1 sample collected from MW-25A. This 
value was flagged by the analytical laboratory as qualita­
tively suspect. TCP was not detected in Round 2. MW-19 had 
no TCP detected in the first round and 0.345 mg/kg for the 
second round. The laboratory flagged this value as quanti­
tatively suspect. 

Based on the results discussed above, only shallow monitor­
ing wells MW-6C and MW-6A appear to show reliable levels of 
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TCP. As with the PCP, the TCP contamination appears local­
ized and may be associated with suspended particulates or 
colloidal matter in groundwater samples. The presence of a 
large source or area of TCP contamination is not supported 
by the data. 

There are no water quality criteria available for ground­
water contaminated with TCP. 

5.4.3 METHOD 8270 GROUNDWATER ANALYSIS 

Results of the Method 8270 (semivolatile organic chemicals) 
analysis of groundwater are presented in Table 4-21. Four 
groundwater samples were collected from three monitoring 
wells (MW-6B, MW-6C, MW-16A) and analyzed using Method 8270. 
PCP was reported in wells MW-6C (6.9 mg/I) and MW-16A 
(0.017 mg/I). The concentration detected in MW-16A'was 
qualified by the laboratory as an estimate only. This com-
pound was detected between the MDL and the PQL. The value 
reported in MW-16A is less than one-fifth of the PQL. The 
Method 8270 PCP value for MW-6C (6.9 mg/I) compares favor­
ably with the CSL 8040 result for the same sample (14.3 mg/I), 
indicating good agreement between the methods and 
laboratories. 

Method 8270 does not.include TCP as one of the 65 target 
compounds, but it was tentatively identified in two of the 
four groundwater samples. The sample collected from MW-6C 
contained two TCP isomers with a combined level of approxi­
mately 3.5 mg/I; the sample from MW-16A had one isomer at a 
level of 0.02 mg/I. 

Other semivolatile compounds detected by Method 8270 in­
cluded phthalate esters, which were found in all four sam­
ples and two method blanks. Because phthalate esters are 
ubiquitous, the Data Validation Guidelines (EPA, 1988) state 
that phthalate esters and other common contaminants should 
be present at levels greater than ten times blank contami­
nation levels before they are considered to be present in 
the sample. None of the samples exceeded this 10-fold cri­
terion, indicating that phthalate contamination is not a 
concern at the site. 

Two possible PCP breakdown products were detected in ground­
water samples collected from MW-6C. 2,4-dichlorophenol (at 
0.011 mg/1) and 2,4,5-trichlorophenol (at 0.080 mg/1) were 
both detected below the EPA quantitation limit and are con­
sidered to be estimated quantities. Naphthalene was detec.ted 
in MW-16A at an estimated level of 0.002 mg/1 and in MW-6C 
at O. 077 mg/1. 

Although groundwater around all of the study's wells are 
neither marine surface waters nor a source of drinking 
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water, it is useful to compare the federal and state cri­
teria to the levels detected in these four samples. The 
level of PCP found in MW-6C is above the federal MCLG of 
0.22 mg/1. This represents only one sample result (Round 1), 
and it is not known if subsequent analyses by Method 8270 
would decrease in value as was observed in the Method 8040 
PCP analysis for this monitoring well. Appendix IX analysis 
of this groundwater did not detect the presence of PCP dur­
ing the third groundwater sample collected five weeks later. 

The 0.017 mg/1 concentration in groundwater collected from 
MW-16A is considerably below the drinking water standard 
(0.22 mg/1) and marginally exceeds the marine life acute and 
chronic criteria (0.013 mg/1 and 0.0079 mg/1, respectively). 

Two isomers of TCP were found among the nontarget compounds 
detected at MW-6C. A regulatory criterion exists only for 
2,3,5,6-TCP in drinking water (0.44 mg/1). The estimated 
level in MW-6C was 3.44 mg/1. As referenced earlier, how­
ever, the groundwater beneath the focused site investigation 
is not suitable for use as drinking water. 

There are no regulatory criteria for 2,3,4,5-TCP, but the 
two detected values (0.18 mg/kg at MW-6C and 0.0196 mg/kg at 
MW-16A) are below the drinking water criteria for both PCP 
and 2,3,5,6-TCP. Th~ 2,4,5-trichlorophenol at MW-6C and 
naphthalene at MW-6C and MW-16A are two orders-of-magnitude 
~elow the regulatory limits. The 2,4-dichlorophenol detected 
at MW-6C, at an estimated concentration of 0.011 mg/1, is 
near the MDL and is well below the criterion of 0.1 mg/1. 

5.4.4 APPENDIX IX GROUNDWATER ANALYSIS 

Only benzene, sulfide, and TCP were reported from four Ap­
pendix IX groundwater samples collected from MW-6B and 
MW-6C. None of the dioxin or dibenzofuran compounds were 
detected in any of the groundwater samples. There are no 
known criteria for 2,3,4,6-TCP in groundwater. The presence 
of TCP reported by Appendix IX analyses supports evidence 
based on other analytical methods that there is localized 
contamination in the vicinity of MW-6A and MW-6C. Benzene 
was reported at 0.0087 mg/1 at MW-6C, which is above the 
health-based criterion for benzene (0.0011 mg/1) in drinking 
water. The acute and chronic marine concentration limits 
for aquatic life are both greater than the 0.0087 mg/1 re­
ported value. Sulfide was detected at 0.05 mg/1 at MW-6B. 

Table 5-5 presents the criteria and guidelines for metals 
detected in groundwater by Appendix IX analyses. As can be 
seen from Table 5-5, none of the detected values are above 
the concentrations found generally in Puget Sound and are at 
or below the guidelines. 
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Table 5-5 
METALS DETECTED BY 40 CFR APPENDIX IX GROUNDWATER ANALYSES 

AND PUBLISHED CRIXERIA AND GUIDELINES 
(concentration in mg/1) 

Metal MW•6Ba 

Arsenic 0.04 

Bari"'!' 0.12 

e 
Chromium ND 

Copper ND 

Lead ND 

Vanadium ND 

Zinc ND 

ND= not detected. 
NCL = no criteria listed. 
NA= not analyzed. 
NL= not listed. 

MW-6Ca 

ND 

0.19 

ND 

NO 

0.003 

ND 

NO 

MN•16Ba MW•24Aa 
Proposed 

~ 
0.014 NA o.os 

0.190 0.016 1.0 

NO ND o.os 
NCL 

ND 0.008 NCL 

0.022 0.003 o.os 

ND 0.01 NCL 

ND 0.02 NCL 

8values are from Appendix IX analyses for total recoverable metals. 

bEPA, Revised Draft RFI Guidance, Volume 1, Section 8, December 1987. 

cBased on a 70-kg adult over 70 years lifetime exposure at 2 liters/day (b). 

Health-Based Criteriab 
Federal·Clean Water Act 

Criteria for Marine Limits for 
Systemic Aquatic Life b Human Consumption 

Carcin09!ns Toxins. (Acute/Chronic) of Water and Fishc 

0.0000022 NCL NCL 0.0000022 

NCL 2.0 NCL 1.0 

NCL 0.2 1.110.os o.os 
NCL 40 10.3/NCL 170 

NCL f 0.0029/0.0029 NCL 

NCL NCL 0.14/0.0056 0.050 

NCL g NCL NCL 

NCL h 0.095/0.086 NCL 

dEPA, Pollutant of Concern Matrix, 1986. Ranges are for receiving water in non-reference areas (e.g., urban bays and the central basin). 

Concentrations Fo~nd 
in Puget Sound 

IMinimum·Maximuml 

0.001-3.815 

NL 

0.001-0.320 

0.001-1.240 

ND-1. 750 

NL 

ND-11.800 

9 Upper value is for chromium (VI), the lower value is for chr011ium (III). The analysis gives only total chromium so no information on the oxidation state is available. 

fThe only listed value for copper is copper cyanide at 2.0 mg/1. No information on what copper compounds are present in sample is available. 

9vanadium pentoxide is the only listed vanadium compound. No information on what vanadium C0111p0unds are present is available for these samples. 
h 

Zinc cyanide, 2.0 mg/1; zinc phosphide, 0.01 mg/1. No information on what zinc compounds are present is available for these samples. 
;, ,, 



6 CONCLUSIONS 

A focused environmental site investigation was conducted at 
the former Merrill & Ring wood treating facility located in 
Port Angeles, Washington. The site investigation was under­
taken in the late summer and autumn of 1988 and was focused 
on a 2-acre area of the former Merrill & Ring Lumber Company. 
The main objective of the study was to evaluate the magni­
tude and extent of the wood preservatives pentachlorophenol 
(PCP) and tetrachlorophenol (TCP) potentially released to 
soil, groundwater, and marine sediments by Merrill & Ring. 
The practice of applying PCP and TCP to wood was discon­
tinued in the focused site investigation area over 15 years 
ago. The study was performed by CH2M HILL under contract to 
Daishowa America Company, Ltd., which recently purchased the 
site. 

The subsurface investigation verified the general distri­
bution and type of subsurface materials identified by Hart 
~rowser in their property transfer assessment. Fill mate­
rials were found to be heterogeneous and characterized by 
significant quantities of wood and other organic debris in 
many locations. Much of this wood may have been treated 
prior to burial and is partially responsible for the pres­
ence of PCP and TCP :i,.n soil (soil containing treated wood 
fragments) and groundwater. 
, 

Analysis of subsurface soils by both Method 8040 and Meth­
od 8270 show that in the samples where PCP or TCP were de­
tected it was at very low levels (PCP at 0.28 to 2.81 mg/kg; 
TCP at 0.19 to 1.35 mg/kg) except at MW16C (TCP at 6.2 mg/kg 
by Method 8040 and 27 mg/kg by Method 8270; PCP not detected 
by Method 8040 and 24 mg/kg by Method 8270). None of the 
samples exceed EPA's health-based PCP criterion of 500 mg/ 
kg. 

Other results from the Method 8270 analysis for semivolatile 
organic compounds indicated the presence of some polynuclear 
aromatic hydrocarbon (PAH) compounds, phenol, and 4-methyl­
phenol in surface soils (2.5 feet or less). None of these 
compounds were detected in soils below the surface. These 
compounds also were reported at very low concentrations, all 
of which fall below apparent biological effects thresholds 
(AETs) proposed to evaluate marine sediments in the draft 
Puget Sound Marine Sediment Criteria Evaluation (Ecology, 
1988). These samples are surface soils, so the comparison 
to marine sediment standards is for illustration only. 
There are no other health-based or regulating criteria with 
which to compare these results. The AETs, however, are 
considered stringent criteria. 
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Mercury analyses of soils (29 samples) indicated that no 
soil tested exceeded the range of mercury found naturally in. 
soils. 

Appendix IX.analyses of soil did not identify any si:gni1:i­
cant contamination. The Appendix IX results confirmed Hart 
Crowser's conclusion that dioxin contamination is unlikely 
at the Merrill & Ring site. No dioxins were detected in any 
of the Appendix IX analyses conducted during the focused 
site investigation. 

Groundwater flow is toward Port Angeles Harbor. Therefore, 
groundwater at the site does not appear to recharge any 
aquifer or discharge to any surface water used as a source· 
of drinking water. Groundwater at the site is not used for 
any beneficial purpose and, because of its brackish quality, 
it is not suitable as a future source of drinking water. 

Because groundwater at the site moves almost entirely in a 
horizontal direction to the northeast, any groundwater con­
tamination migrating by means of advection ultimately will 
be discharged to Port Angeles Harbor. The small vertical 
component of the groundwater flow potential was found to be 
upward. This means that the downward migration of contami­
nants into deeper groundwater effectively is prevented. 

The influence of the.tide on groundwater movement in the 
shallow zone of saturation appears to be limited to within 
about 150 feet of the harbor. This means that groundwater 
gradients and flow directions, and contaminant migration in 
most of the focused site investigation areas are relatively 
constant and are not affected by tidal fluctuations. 

Groundwater gradients and hydraulic conductivity are such 
that horizontal flow rates are estimated to be relatively 
slow (i.e., in the range of 3 to 83 feet per year). Like­
wise, the spread of groundwater contamination by advection 
would be slow. 

Based on analytic results and on characterization of sub­
surface conditions and groundwater at the former Merrill 
& Ring property, there is no technical precedent or human 
health or environmental criteria that would indicate that 
remedial action is required at this site. Although there is 
some limited PCP and TCP contamination in soil that can be 
detected in localized groundwater, these circumstances do ·'. 
not require further remedial action because: 

o No reported soil value exceeds any published cri­
teria for PCP or TCP in soils 

o The planned expansion of Daishowa's paper produc­
tion facility includes the construction of a new.• 
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paper mill. The mill will be positioned dir.ectTy 
over the focused site investigation area. All 
identified zones of contamination will therefore 
be effectively "capped," preventing infiltration 
and inflow of surface runoff. Figure 6-1 shows 
the layout of the proposed mill relative to'the 
existing monitoring wells. 

o The slow movement of groundwater facilitates deg­
radation of PCP and TCP by chemical and microbio­
logical means before it is discharged into Port 
Angeles Harbor. The anaerobic conditions and 
periodic flooding of the site further enhan'C.e 
microbial breakdown of PCP (Mikesell and Boyd, 
1988). This fact appears to be supported by· the 
low levels and absence of PCP and TCP in ground-' 
water and soil samples collected from monitoring 
wells nearest the Port Angeles Harbor and f6r 
marine sediments downgradient and offshore of the 
study area. 

o Based on groundwater analytical data, the extent 
of PCP and TCP in groundwater appears to be limited 
to shallow depths (i.e. , 5 to 15 feet below gr_ound 
surface) in small areas near MW-6A, MW-6C, and 
MW-16A. This is corroborated by the lack of PCP 
and TCP in.soil and groundwater adjacent and down­
gradient of these locations. Further, PCP or TCP 
do not appear to be present in groundwater in the 
deep monitoring zone (approximately 40 to 50 feet 
below ground surface). 
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1.0 INTRODUCTION 

An environmental verification study was conducted for the 
former Merrill and Ring (M&R) property in Port Angeles, Wash­
ington. The study consisted of reviewing historical informa­
tion and interviewing persons knowledgeable about past uses 
of the site to evaluate the potential for existing environ­
mental problems. A limited number of soil, groundwater, and 
sediment samples were also collected and analyzed. 

Based on recent studies completed by Hart Crowser (1988) and 
CH2M HILL (1988), areas of minor soil and groundwater con­
tamination have been identified and evaluated in certain 
areas of the site. These include soil contaminated with 
hydrocarbons near the truck maintenance facility, and soil 
and groundwater near the former green-chain area that con­
tains low concentrations of pentachlorophenol (PCP) and 
tetrachlorophenol (TCP). The personal interviews, research, 
arid sampling and analyses conducted for the verification 
study indicate that there are no other areas of potential 
concern. With the exception of motor fuels, and other petro­
leum products used for the repair and maintenance of vehicles 
and machinery, there is no evidence that chemicals other 
than those used to treat wood products were ever used or 
stored at the former M&R property. Furthermore, there is no 
indication that chemical processes other than wood preserva­
tion were conducted at the site, or that chemicals or wastes 
were routinely or deliberately disposed of on the property. 

1.1 OBJECTIVE OF THE VERIFICATION STUDY 

In June 1988, Daishowa America Co., Ltd. (Daishowa), acquired 
land adjacent to Port Angeles Harbor through purchase and 
lease arrangements with M&R and the Port of Port Angeles, 
respectively. As part of the property transaction, M&R re­
tained Hart Crowser to conduct an environmental assessment 
of the property to evaluate the potential for environmental 
contamination caused by past land use practices. The Hart 
Crowser assessment was completed in May and June of 1988. 

During the environmental assessment conducted by Hart Crow­
ser, chemicals used for wood preservation, including PCP, 
were found to be present in soil and groundwater samples 
collected from certain areas of the property. As a result 
of Hart Crowser's findings, Daishowa retained CH2M HILL to 
conduct a verification study of the initial environmental 

1 



TECHNICAL MEMORANDUM 

February 17, 1989 
SEA26655.Vl 

assessment. The two objectives of the verification study 
were to: (1) review the environmental assessment conducted 
by Hart Crowser and pursue and review other available sources 
of information to determine if information and records for 
the site had been fully examined, and (2) collect a limited 
number of groundwater, soil, and marine sediment samples at 
selected locations throughout the property to corroborate 
the findings of the Hart Crowser study. 

1.2 SITE DESCRIPTION 

The site formerly occupied by the Merrill & Ring Lumber 
Company is approximately 50 acres in size and located at the 
base of Ediz Hook, adjacent to the shoreline of Port Angeles 
Harbor in Sections 4 and 5 of Township 30N, Range 6W of the 
Willamette Meridian (Figure 1). The property is bounded by 
Daishowa's Port Angeles paper mill on the northwest, Marine 
Drive to the south and west, and the Port Angeles Marina on 
the southeast (Figure 2). The entire parcel is located 
within the city limits of Port Angeles. 

The property formerly owned by M&R is composed of two sec­
tions with separate mailing addresses. These addresses are 
1608 Marine Drive and 1313 Marine Drive. The property loca­
tions are shown on Figure 2. By 1972, M&R had leased or 
bought both parcels. Prior to 1972, the two parcels were 
developed separately and were occupied by different commer­
cial businesses. 

Situated between 1608 Marine Drive and 1313 Marine Drive is 
another parcel of land (approximately 4 acres) that extends 
from Marine Drive to Port Angeles Harbor. The address of 
this parcel is 1417 Marine Drive. It is owned by the Port 
of Port Angeles and is currently leased to the Levaque Com­
pany, a cedar shake and shingle manufacturer. 

2.0 METHODS 

To obtain a better understanding of the site and its history, 
an investigation of past land use activities was conducted. 
In addition, groundwater and soil samples were collected 
from selected areas that were sampled by Hart Crowser during 
the initial environmental assessment. Additional soil and 
marine sediment samples were also collected in areas not 
previously sampled, but identified as areas of potential 
concern based on a review of historical information. 
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2.1 DATA SOURCES 

In order to obtain historical data regarding the site, its 
historical land uses, and any areas potentially affected by 
contamination, CH2M HILL gathered and reviewed available 
information and conducted personal interviews. Information 
was collected from a variety of state and local government 
agencies. Current or former employees of Daishowa and M&R 
who are familiar with historical site activities were inter­
viewed. The following were pursued as sources of 
information: 

o U.S. Environmental Protection Agency (EPA)-­
Region X 

o U.S. Coast Guard 

o Washington State Department of Ecology (Ecology)-­
Southwest Regional Office and Records Management 
Division 

o State of Washington Department of Social and 
Health Services (DSHS) 

o Clallam Count:' Planning Department 

o City of Port Angeles Planning Department 

o Port of Port Angeles 

o Port Angeles Fire Department 

o Past employees of M&R and current employees of 
Daishowa who had knowledge of site operations 

o Newspaper archives at the Port Angeles Public 
Library 

2.2 SAMPLE COLLECTION AND ANALYSIS 

As part of the verification study, CH2M HILL collected 
5 surface soil samples, 2 marine sediment samples, 1 field 
duplicate marine sediment, and 18 groundwater samples from 
9 monitoring wells installed by Hart Crowser (monitoring 
wells MW-5, MW-6A, MW-8, MW-15, MW-16A, MW-18, MW-19, MW-21, 
and MW-22). All soil, sediment, and groundwater samples 
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were analyzed for phenolic compounds, including PCP and TCP, 
using EPA Method 8040. 

In order to provide supplemental information, several other 
types of analyses were conducted on selected samples. The 
marine sediment samples were analyzed for total organic 
carbon (TOC) as a general indication of potential anthro­
pogenic sources of contamination that might be present in 
marine sediments. One soil sample collected from near the 
maintenance shop was also analyzed for total petroleum hydro­
carbons (TPH) and total organic halogens (TOX) as petroleum 
products and chlorinated solvents are commonly used in the 
repair and maintenance of vehicles and machinery. 

The location and analyses conducted for each sample are pre­
sented in Table 1. Sample locations are shown on Figures 3 
and 4. 

Most of the samples collected were taken at, or near, the 
same locations as samples collected by Hart Crowser. This 
,fulfilled one of the primary objectives of the verification 
study, i.e., to verify the results reported by Hart Crowser. 
However, one sediment sample (sample VI-MS-201) and two soil 
samples (samples VI-SS-202 and VI-SS-204) were also col­
lected from areas not sampled by Hart Crowser. These are 
areas where it seemed plausible that contamination may have 
occurred as a result of past practices at the site. Sedi­
ment sample VI-MS-201 was collected from the lagoon at the 
outfall of a drainage pipe for an adjacent car wash. Soil 
sample VI-SS-202 was collected from the w~st side of the old 
saw mill based on a statement from a former M&R employee who 
indicated that Permatox 180 was used to treat wood at this 
location (Paul Hopkins, pers. comm., September 1988). Soil 
sample VI-SS-204 was collected from near the new planer mill 
to determine if PCP or TCP might be present in surface soils 
near this facility. 

In addition to the samples described above, other soil, 
marine sediment, and groundwater samples were collected con­
currently with the verification study samples as part of the 
Focused Site Investigation conducted by CH2M HILL. · The 
Focused Site Investigation report (CH2M HILL, 1988) sum­
marizes the results of sampling conducted within the Focused 
Site Investigation Area. The Focused.Site Investigation 
Area is located at the north end of the former M&R site, 
between the former green chain and Port Angeles Harbor. 
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Table 1 
VERIFICATION SAMPLE LOCATIONS 

Sample 
Identification Date Depth of 

No. Matrix S~led Location Descri2tion Sample Analises 

Vl-MS-200 Marine 9/22/88 End of southern pier, inside log boom, 10 feet northwest 6 in. 8040 
sediment of corner of pier head, closest to the shoreline TOC 

Grain size 
\ moisture 

Vl-MS-201 Marine 9/22/88 Eastern shore of lagoon, along drainage ditch from car 3 in. 8040 
sediment wash facility TOC 

Grain size 
\ moisture 

Vl-SS-200 Soil 9/22/88 East side of maintenance shop, south side of driveway to 3 in. 8040 
maintenance shop TPH (method 418.1) 

TOX 

v1-ss-201 Soil 9/22/88 West side of planer mill,. 100 feet from southwest corner 3 in. 8040 

Vl-SS-202 Soil 9/22/88 Northwest corner of sawmill 3 in. 8040 

Vl-SS-203 Soil 9/22/88 East of green chain at northern end of green chain 3 in. 8040 

Vl-SS-204 Soil 9/22/88 Two hundred feet west corner of planer mill and 220 feet 3 ft 8040 
I..O from Marine Drive 

Vl-SS-205 Soil 9/22/88 Field duplicate, collected at Vl-SS-203 3 ft 8040 

Vl-SS-206 Water 9/22/88 F,quipment blank N/A 8040 

DSA-MW5 Groundwater 8/22/88 Monitoring well No. 5 N/A 8040 
Groundwater 10/6/88 Monitoring well No. 5 N/A 8040 

DSA-MW6 Groundwater 8/24/88 Monitoring well No. 6A N/A 8040 

DSA-MW6A Groundwater 10/6/88 Monitoring well No. 6A N/A 8040 

DSA-MW8 Groundwater 8/17/88 Monitoring well No. 8 N/A 8040 

DSA-MW8A Groundwater 10/3/88 Monitoring well No. 8 N/A 8040 

DSA-MW15 Groundwater 8/24/88 Monitoring well No. 15 N/A 8040 

DSA-MW15 Groundwater 10/4/88 Monitoring well No. 15 N/A 8040 
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Although the samples collected as part of the Focused Site 
Investigation were not specifically collected to replicate 
or verify work conducted by Hart Crowser, the results are 
significant to this study. For example, 34 soil samples 
were collected from within the Focused Site Investigation 
Area from depths of up to approximately 50 feet and analyzed 
for mercury. Mercury was selected for analysis because 
available information on sapstain control chemicals indicate 
that at least one formulation historically used in the wood 
products industry contained mercury (John Cult, American 
Wood Preserver's Institute, pers. comm., July· 1988). 

All groundwater samples referenced in this Technical Memo­
randum were collected from monitoring wells located within 
the Focused Site Investigation Area. All soil, sediment, 
and groundwater samples were collected and analyzed in ac­
cordance with the protocol outlined in the Focused Site In­
vestigation Sampling and Analysis Plan (CH2M HILL, 1988). 

3.0 RESULTS 

The results of the records search and review, interviews, 
and laboratory analyses are presented below. 

3.1 RECORDS SEARCH AND INTERVIEWS 

The data collected during the records search and personal 
interviews are discussed below by each source of 
information. 

3.1.1 U.S. Environmental Protection Agency, Region X 

CH2M HILL requested available files or information pertain­
ing to the former M&R site from EPA Region X on September 2, 
1988. EPA's Freedom of Information Officer reported that 
EPA did not have any records regarding operations or en­
vironmental problems at the former M&R site (M. Neilson, 
U.S. EPA, pers. comm., September 1988). 

3.1.2 U.S. Coast Guard 

CH2M HILL requested information on any oil or chemical spills 
that may have occurred in Port Angeles Harbor adjacent to 
the former M&R site. From 1973 to October 1987, approxi­
mately 322,000 barrels of oil were spilled into Port Angeles 
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Harbor (U.S. Coast Guard, computer printout, September 1988). 
Two separate spills released a total of 13 gallons of creo­
sote into Port Angeles Harbor. These spills occurred on 
March 28, 1980, and March 20, 1984. The precise location of 
the spills is not stated in the computer printout provided 
by the U.S. Coast Guard. The sources of the spills were 
also not identified, but Ecology records indicate that they 
were not associated with the M&R facility. · 

3.1.3 Washington State Department of Ecology 

In August 1988, CH2M HILL requested any available Ecology 
records pertaining to the M&R site. In addition, CH2M HILL 
reviewed Ecology archive records and current files on Octo­
ber 4 and 13, 1988. 

Available archived records (from the mid-1940s to the pres­
ent) were reviewea. These records included inspection 
reports prepared by the Washington Pollution Control Commis­
sion (WPCC) and Ecology. Based on these reports, it appears 
'that site inspections were not conducted regularly. A former 
Ecology employee reported that the frequency of inspections 
through the years was based on awareness of environmental 
problems, size of the regulated industry, and the budget of 
the regulatory agency (F. Monahan, pers. comm., September 
1988). When agency funds were reduced or limited, inspec­
tions were curtailed, particularly at facilities without a 
record of major problems and located long distances from the 
regulatory agency's office. Since there were no significant 
problems at M&R, Ecology appears to have 1nvestigated the 
facility infrequently. 

The first record of a wastewater discharge permit issued to 
the M&R facility (1608 Marine Drive) by WPCC was in 1964. 
However, according to a 1974 discharge report, no specific 
wastewater abatement practices were in use (Ecology, 1974). 
In 1975, M&R applied for, and was issued, a National Pollu­
tant Discharge Elimination (NPDES) permit to discharge 
surface runoff and noncontact cooling water to Port Angeles 
Harbor from four outfalls. There are no records in Ecology 
files indicating permit violations or fines. The permit 
required that M&R monitor the effluent weekly for total oil 
and grease and quarterly for total flow and temperature. 
The permit (No. WA-0037942) was renewed in 1985. 
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In 1972, a sanitary sewer from the M&R office building was 
connected to the city sewer system (Ecology, Inspection Re­
port, 1972). Sanitary wastewater from M&R process areas 
were not tied to the city's system until later. Prior to 
connecting the onsite sewage systems to the city, all sewage 
waste went to septic tanks. 

At 1313 Marine Drive, a company called Fibreboard operated 
between 1919 and 1972, producing paper packaging materials 
and wallboard from virgin pulp and waste paper stock. Raw 
products used in the production process were wood, ammonia, 
sulphur, waste paper, resin, alum, and fuel oil. Based on 
Ecology records, the major documented source of pollution at 
the Fibreboard section of the M&R site appears to have been 
pulp mill effluent discharged to the Port Angeles Harbor. 
Fibreboard was issued its first wastewater discharge permit 
in 1956. The permit was renewed in 1961. 

Sludge beds with a high fiber content were observed near the 
wastewater dischargeo at Fibreboard according to the WPCC 
11969). These beds were removed by M&R in 1973 (Ecology, 
1978). The WPCC was also concerned with air pollution from 
the main boiler stack at Fibreboard. It was reported that 
vegetation on the hillside west of the plant tended to turn 
brown during the summer; this was attributed to sulfur 
dioxide in the exhaust system (WPCC, 1968). 

Other areas of concern according to Ecology included log 
storage and wood debris piles located close to the harbor 
(Ecology 1977, Ecology 1973, Ecology 1975). Some leakage of 
oil from storage containers was also documented (Ecology 
1975). 

The first Ecology record of wood preservative being used at 
the site was found in an inspection report dated February 8, 
1983. The report described a spray booth located in the new 
planer mill where Permatox 180 was used. No problems were 
identified in the inspection report. 

3.1.4 State of Washington Department of Social and Health 
Services (1'SHS) 

CH2M HILL requested information from DSHS regarding community 
or municipal drinking water wells located in the vicinity of 
the M&R site. DSHS has no record of community or municipal 
wells located in Sections 4 or 5 of Township 30N, Range 6W 
(S. Tung, pers. comm., September 1988). 
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3.1.5 City of Port Angeles Planning Department 

The City of Port Angeles Planning Department reported that 
they had no information on operations or ownership of the 
M&R site (City of Port Angeles Planning Department, pers. 
comm., September 1988). 

3.1.6 Port of Port Angeles 

William Oliver (pers. comm., August 1988), the Marine Termi­
nals Manager for the Port of Port Angeles, reported that the 
Port purchased a portion of the site (1608 Marine Drive) 
from the Charles Nelson Corporation in December 1944 and 
January 1945. The property was first leased to M&R for a 
mill site in 1958. From 1963 to 1969, the lease agreement 
was amended to include newly filled harbor land. In 1977 
the site occupied by P.A. Hardwood was included in the 
lease agreement with M&R. Mr. Oliver reported that in 1967 
M&R constructed a dock on the land leased from the Port. 

,In the late 1960s or early 1970s, M&R acquired the Fibre­
board mill site. Mr. Oliver reported that the origin of the 
fill material used by the Port, M&R, and Fibreboard to cre­
ate the filled land is not known. 

3.1.7 Port Angeles Fire Department 

Hazardous material and fire prevention specialists for the 
Port Angeles Fire Department reported that, since 1980 when 
the department began maintaining files on hazardous waste 
releases, there is no record of spills at the M&R site (Ed 
Bonello, Hazardous Materials Specialist, and Jeff Abram, 
Fire Prevention Specialist, pers. comm., September 1988). 

3.1.8 Interviews with Current and Former Employees of M&R 
and Daishowa 

Former employees of M&R report that Permatox 180, diluted at 
55:1 with water, was used in a dip tank at the green chain, 
in an old spray booth (removed in the mid-1980s) located 
southwest of the green chain, and in a spray booth in the 
new planer mill. Small amounts of dilute Permatox 180 may 
have spilled or dripped from the wood as it moved along the 
green chain. Since there is no concrete or asphalt surface 
underneath the green chain, liquid dripping from the moving 
logs presumably infiltrated into the soil below. (Paul 
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Hopkins, Bill Lester, John Strean, Daishowa, pers. comm., 
September 1988; Dale Woodside, pers. comm., August 1988). 

In 1971 the old planer mill was destroyed by fire. An un­
known number of barrels containing undiluted Permatox 180 
were in the building and burned during the fire. The build­
ing had a concrete floor, but some of the Permatox 180 may 
have drained to surrounding soils during fire suppression 
(P. Hopkins, B. Lester, and J. Strean, Daishowa, pers. 
comm., September 1988). 

According to employees who worked for M&R, Permatox 180 was 
used to treat wood at the old planer mill for at least 
15 years (P. Hopkins, B. Lester, and J. Strean, Daishowa, 
pers. comm., September 1988). In addition to Permatox 180, 
fungicides, fuel oil, and sulphur were used at the Fibre­
board site. The names or types of fungicides used are not 
known (D. Woodside, pers. comm., August 1988). 

Permatox 180 was also applied with a sprayer to wood at the 
southwest side of the sawmill. To the knowledge of M&R's 
past employees, Permatox 180 did not drain from the area 
during the spray process as the material was applied on a 
concrete slab. All preservative residues in dip tanks and 
spray booths were either used in process or disposed of at 
the Port Angeles solid waste landfill; they were not dis­
posed of on the site. 

It was also reported that lumber was sealed with a wax-based 
paint at a location west of the new planer mill. This paint 
was green in color and may have caused green stains on the 
soil near the area of application. M&R removed the stained 
soils in June 1988 (P. Hopkins, B. Lester, and J. Strean, 
Daishowa, pers. comm., September 1988). 

Former M&R employees report that the City of Port Angeles 
stormwater drains located onsite follow the railroad tracks 
in a southeast direction, then traverse the M&R property and 
discharge to the harbor at the approximate midsection of the 
property (Figure 4). It was reported that there are two 
drains west and north of the truck maintenance shop that are 
plugged. In the past, a black oozing material was observed 
in the drains (P. Hopkins, B. Lester, and J. Strean, Daishowa, 
pers. comm., September 1988, and D. Woodside, pers. comm., 
August 1988). The source of this material is not known. 
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3.1.9 Newspaper Archives, Paper Mill File, Port Angeles 
Public Library 

Newspaper articles in the "Paper Mill File" at the Port Ange­
les Public Library were reviewed on August 3, 1988. The 
file contained newspaper articles from the mid 1940s to the 
early 1980s. These articles provided historical land use 
and economic information for industries located at the site. 

3.2 ANALYTICAL RESULTS 

Table 2 presents analytical data for soil, marine sediment, 
and groundwater samples. Sample locations are shown on 
Figures 3 and 4. 

PCP and/or TCP were detected in groundwater samples c.ol­
lected from six of the nine Hart Crowser wells that were 
sampled. PCP and TCP concentrations in groundwater ranged 
up to 3.07 and 2.84 mg/1, respectively (the highest concen­
trations_ were for samples collected from well MW-6A). 

With the exception of TCP at 2.2 mg/kg in the soil sample 
collected from near the maintenance shop, PCP or TCP was not 
detected in any soil sample collected for the verification 
study. The same soil sample collected from near the main­
tenance shop was also analyzed for TPH and TOX. TPH was 
detected at 3,400 mg/kg. No organic halogens were detected. 
Mercury was detected in nine soil samples collected in the 
Focused Site Investigation Area. Where detected, mercury 
concentrations ranged from 0.048 to 0.286 mg/kg. These con­
centrations are within the published background range for 
mercury (0.01 to 0.3 mg/kg) in soil (Lindsay, 1979). 

No PCP or TCP was detected in either sediment sample col­
lected. TOC was detected in both sediment samples at 
15,000 and 17,000 mg/kg. 

A complete summary of the Method 8040 data and the Quality 
Assurance/Quality Control (QA/QC) data is presented in Sec­
tion 4.0 of the Focused Site Investigation Report (CH2M HILL, 
1988). A complete summary of the analytical results associ­
ated with the Focused Site Investigation Area is presented 
in the same report. 
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Table 2 

Summary of Verification Study Results for TCP and PCP 

Hart Crowser 
Data 

Location Corresponding Verification Matrix TCP HC Samnle No. Samole No. 

DSA-MW5 Groundwater 
MW5 MW-SA 

DSA-MW5 Groundwater 
0.01 U 

DSA-MW6 Groundwater Data Not MW6A MW6A Reported 
DSA-MW6A Groundwater 

DSA-MWS Groundwater 
MW8 MW-8 0.001 U 

DSA-MWSA Groundwater 

MW15 IIW-15 
DSA-MW15 Groundwater 

0.01 U 
DSA•MW15 Groundwater 

MW16A MW-16 
DSA-MW16 Groundwater 

0.01 U 
DSA•MW16A Groundwater 

DSA-MW18 Groundwater 
MW18 MW-18 0.01 U 

DSA-MW18 Groundwater 

DSA-MW19 Groundwater 
MW19 MW-19 0.01 U 

DSA-MW19 Groundwater 

J = Quantitatively suspect TOC = Total Organic Carbon 
U = Undetected above this concentration 
N = Qualltatlvely suspect 

TPH = Total Petroleum Hydrocarbon 
TOX = Total Organic Halogens 

R = Unable to calculate due to Interference 

PCP 

0.01 U 

5.7 

0.001 U 

0.01 U 

0.59 

0.01 U 

0.01 U 

Verification Study Method 8040 

Round 1 Round2 

TCP PCP TCP PCP 

0.005 U 0.005 U 
,0.005 U 0.005U 

0.005 U 0.005 U 

2.84 3.07 0.28N 0.51 J 

0.005 U 0.005U 0.005 U 0.005 U 

0.005 U o.oosu 0.005 U 0.005 U 

0.105 N 0.052 0.006 N 0.005 U 

0.005U 0.006 0.005 U 0.005 U 

0.005U 0.015 0.345 U R 

TOC TPH TOX Units 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 
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Table 2 (continued) 

Summary of Verification Study Results for TCP and PCP 

Hart Crowser 

Location 
Corresponding Verification Matrix TCP HC Sample No. Sample No. 

DSA-MW21 Groundwater 
MW21 MW-21 0.01 U 

DSA-MW21 Groundwater 

DSA-MW22 Groundwater 
MW22 MW-22 0.01 U 

DSA-MW22 Groundwater 

Marine 
OSS-1 VI-MS-200 Sediment 0.09 Sediment 

Lagoon Area Not VI-MS-201 Sediment NA Samoled 

Maintenance S5-3 VI-SS-200 Soll 0.10 Shop 

New SS-1 VI-SS-201 Soll 0.44 Planer MIii 

Saw Mill 
Area Not VI-SS-202 Soll NA Sampled 

Green Chain SS-6 VI-SS-203 Soll 0.05U 

New Area Not VI-SS-204 Soil NA Planer Mill Sampled 

J = Quantitatively suspect TOC = Total Organic Carbon 
U = Undetected above this concentration 
N = Qualitatively suspect 
R = Unable to calculate due to Interference 

TPH = Total Petroleum Hydrocarbon 
TOX = Total Organic Halogens 

Data 

PCP 

0.01 U 

0.01 

0.30 

NA 

0.09 

0.64 

NA 

0.05 U 

NA 

Verification Study Method 8040 

Round 1 Round 2 

TCP PCP TCP PCP 

0.005 U 0.21 0.005 U 0.005 U 

0.005 U 0.025 0.005 U 0.005 U 

3.9U 3.9 U 

1.4 U 1.4 U 

2.2 1.8 U 

2.5 U 2.5U 

1.2 U 1.2 U 

1.9U 1.9 U 

1.5 U 1.5 U 

TOC TPH TOX Units 

mg/I 
dry wt. 

mg/I 
dry wt. 

17,000 mg/kg 
dry wt. 

15,000 mg/kg 
dry wt. 

3,400 <0.020 
mg/kg 
dry wt. 

mg/kg 
dry wt. 

mg/kg 
dry wt. 

mg/kg 
dry wt. 

mg/kg 
dry wt. 
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4.0 DISCUSSION 

Included in this section is a discussion of the verification 
study data with emphasis on historical land use and use of 
PCP at the site. The analytical data collected during the 
verification study is also compared to the results reported 
by Hart Crowser in the initial environmental assessment 
report. 

4.1 HISTORICAL LAND USE OF THE M&R SITE 

In order to present the historical land use information for 
the M&R site in as clear a manner as possible, the histori­
cal land use of each of the three parcels is discussed 
separately (i.e., by address) in the following sections. A 
chronology of businesses operating on these parcels since 
1912 is included in Table 3. 

Table 3 
BUSINESSES LOCATED ON THE M&R SITE 

Address 

1608 Marine Drive 

1417 Marine Drive 

1313 Marine Drive 

Name of Business 

Puget Sound Mill & Timber Co. 
Charles Nelson Mill 
Washington Cafeteria 
Western Lumber Co./ 

M&R Western Lumber Co. 
Hansen's Boat Yard 
Nelson Shipyard 
P.A. Hardwood 
Daishowa America Co. Ltd. 

Peninsula Shingle 
Angeles Shake & Shingle 
Levaque Co. 

Fibreboard 
M&R Lumber Co. 
Daishowa America Co. Ltd. 

21 

Approximate Years 
of Operation 

1912 to 1914 
1914 to late 1920s 
1941 to 1948 

1955 to 1988 
1959 to 1960 
1962 to 1967 
mid-1960s to 1977 
1988 to present 

1959 to 1964 
1965 to 1972 
1973 to present 

1919 to 1972 
1972 to 1988 
1988 to present 
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1608 Marine Drive 

The parcel of land identified as 1608 Marine Drive is ap­
proximately 25 acres and consists of tideland that was filled 
over a period of several years (William Oliver, Port of Port 
Angeles, pers. comm., August 1988). The first reported com­
mercial development of this parcel occurred in 1912. The 
Puget Sound Mill & Lumber Company (also known as Earles Mill) 
was built on land that Michael Earles purchased from Charles 
Nelson, the first reported land owner. The Puget Sound 
Mill & Lumber Company operated a saw mill, a shingle mill, 
and a planing mill on the property in addition to storing 
logs and operating drying kilns. The site also contained a 
power supply facility (boiler and engine room) and a ship­
ping dock (Hart Crowser, 1988). 

In 1914, the mill was renamed the Charles Nelson Mill. It 
is assumed that the change in name was the result of land 
ownership reverting back to Charles Nelson, the original 
property owner. The.Charles Nelson Mill was in operation 
until the late 1920s. During the 1930s, the site was not 
used, presumably because of the Great Depression. 

By the mid-1940s, mill buildings were in disrepair and the 
site was condemned by the Port Angeles Fire Department. 
Shortly after, the demolition firm P. G. Piedmont Co. was 
hired to demolish the mill's dilapidated wood structures 
using a controlled fire. The fire was reportedly fueled by 
gasoline, crude oil, tar paper, and old tires (Port Angeles 
Library File, Chronicle, January 2, 1985, and an unknown 
Port Angeles area newspaper article from the mid-1940s). 

Between late 1944 and early 1945, the Port of Port Angeles 
purchased the land from Charles Nelson (William Oliver, Port 
of Port Angeles, pers. comm., August 1988). Land use from 
the ~id-1940s to 1955 is not well documented. It is believed 
that the land was vacant and at times was used for log stor­
age. Hart Crowser (1988) reports that Port Angeles Forest 
Products used the site during the 1940s. Records reviewed 
by CH2M HILL did not document this business. 

In 1955, the Western Lumber Co. opened a remanufacturing 
mill on the site that cut rough-cut lumber. From the mid-
1960s to the mid-1970s, P.A. Hardwood was also located on 
this site. P.A. Hardwood operated an alder and hardwood 
sawmill with a dry kiln and cut rough lumber from logs (Paul 
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Hopkins, Daishowa, pers. comm., December 1988). In 1977 M&R 
acquired the lease for this parcel of land. 

By 1962, the Western Lumber Co. changed its name to Merrill & 
Ring Western Lumber Company; this name remains today. M&R 
produced wood chips used for paper production and remanu­
factured lumber. By 1984, operations at M&R had been scaled 
down and only the chip mill was operating (Port Angeles Li­
brary File, Port Angeles Daily News, September 18, 1984). 
In February 1988, the Port of Port Angeles leased the land 
to Daishowa America Co., Ltd. 

During the period from 1941 to 1967, several small busi­
nesses were located on the site. These included a cafeteria 
and log sorting yard (Polk Guides 1940 to 1988). No addi­
tional information on the operation of these businesses was 
available. 

1313 Marine Drive 

The parcel of land at 1313 Marine Drive is approximately 
20 acres in size. Commercial development of this parcel 
began in 1919 when Fibreboard opened a plant. The plant 
produced boxboard, sulphite pulp, and wood chips. Feed­
stocks used to manufacture these products included aqueous 
ammonia, alum, resin, fuel oil, and sulphur (Testimony of 
Vern Basom, manager of Fibreboard, to Washington Pollution 
Control Commission, June 1958). 

Fibreboard operated at the site until 1971 when the property 
was sold to M&R. In 1971, M&R purchased the property, re­
moved many of the structures, and built a new planer mill on 
the site. The new planer mill included a spray booth, which 
was used for treating finished lumber with Permatox 180 
(P. Hopkins, B. Lester, J. Strean, Daishowa, pers. comm., 
September 1988 and D. Woodside, pers. comm., August 1988). 
M&R sold this parcel of land to Daishowa in 1988. 

4.2 COMPARISON OF ANALYTICAL DATA TO HART CROWSER RESULTS 

The TCP and PCP data collected during the verification study 
were compared to the corresponding TCP and PCP data presented 
in the Hart Crowser (1988) report. Table 2 presents analyti­
cal data for samples collected by both Hart Crowser and 
CH2M HILL •. Because different analytical methods were used 
during the Hart Crowser and CH2M HILL studies, the two data 
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sets are not directly comparable, particularly on a quanti­
tative basis. The modified EPA Method 8150 data provided by 
the laboratory that analyzed the samples for Hart Crowser 
did not include any QA/QC data to demonstrate quantitative 
accuracy. The quantitative reliability of data is generally 
established with calibration factors, accuracy measurements 
(spikes), precision measurements (replicates), and blank 
measurements. These data were not presented. Furthermore, 
the methods used by the laboratories that performed the 
analyses for Hart Crowser were not the EPA recommended pro­
cedures for analysis of PCP and TCP. The data do, however, 
provide some qualitative information that is useful for com­
parison of the verification study results. 

Other factors to consider when comparing the data include 
the following: First, marine sediments for the verification 
study were not collected at the same locations as those col­
lected by Hart Crowser. This was because Hart Crowser col­
lected the samples from the intertidal zone during a minus 
tide. During the sampling conducted for the verification 
study, minus tides were not occurring. Therefore, samples 
were collected by a diver working from a boat. Sample loca­
tions were not as close to sh6re as those collected by Hart 
Crowser. Second, surface soil samples collected during the 
verification study may not be representative of the same 
material sampled by Hart Crowser, even though samples were 
collected in the same area. For example, after Hart Crowser 
collected their soil samples, M&R removed some of the soils 
exhibiting hydrocarbon stains (Hart Crowser, 1988 and P. Hop­
kins, B. Lester, J. Strean, pers. comm., September 1988). · 

As referenced earlier, nine groundwater monitoring wells 
installed by Hart Crowser were sampled for verification pur­
poses. TCP was not detected in any sample collected and 
analyzed by Hart Crowser. TCP was detected in verification 
study samples collected by CH2M HILL from wells MW-6A and 
MW-16A at concentrations of up to 2.84 mg/1. PCP was de­
tected by Hart Crowser in wells MW-6A, MW-16A, and MW-22 at 
concentrations of 5.7, 0.59, and 0.01 mg/1, respectively. 
PCP was detected during the verification study in all three 
of these wells at concentrations of up to 3.07 mg/1. The 
PCP concentrations in the verification study samples. col­
lected from MW-6A and MW-16A were lower than those detected 
by Hart Crowser. The PCP concentration detected in the veri­
fication study sample collected from MW-22 was slightly 
higher than that detected by Hart Crowser. In addition, PCP 
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was detected in the verification study samples collected 
from wells MW-18, MW-19, and MW-21 at concentrations of up 
to 0.21 mg/1. PCP was not detected in samples collected by 
Hart Crowser from these three wells. Possible explanations 
for the differences between the results reported by Hart 
Crowser and CH2M HILL are addressed in the Focused Site In­
vestigation Report (CH2M HILL, 1988). 

Only one marine sediment sample was collected from Port 
Angeles Harbor during the verification study. This sample 
was collected from near the large dock located at the 1608 
Marine Drive property. Neither PCP nor TCP were detected 
above the detection level of 3.9 mg/kg. Hart Crowser re­
ported both PCP and TCP at concentrations of 0.30 .and 
0.09 mg/kg, respectively, in a marine sediment sample col­
lected from a nearby location. It is not possible to com­
pare these results directly because of the difference in the 
method detection levels used during the two studies. A 
sediment sample was _collected from the lagoon west of the 
former M&R property during the verification study. Neither 
PCP nor TCP was detected. 

Five surface soil samples were collected from the former M&R 
property during the verification study. With the exception 
of TCP at 2.2 mg/kg in the sample collected from near the 
maintenance shop, no PCP or TCP was detected. Three of 
these five samples were collected from the same approximate 
locations as .samples collected by Hart Crowser. Both PCP 
and TCP were detected by Hart Crowser in two of these three 
samples. PCP and TCP were detected at 0.09 and 0.10 mg/kg, 
respectively, in a sample collected from near the mainte­
nance shop. PCP and TCP were detected at 0.64 and 
0.44 mg/kg, respectively, in a sample collected from near 
the new planer mill. 

In summary, the verification study conducted by CH2M HILL 
did not reveal any areas of soil or sediment contamination 
that were not previously identified by Hart Crowser. 

4.3 ANALYTICAL CRITERIA AND QA/QC 

Section 5.0 of the Focused Site Investigation Report 
(CH2M HILL, 1988) presents a complete description of the 
comparison of laboratory data to accepted analytical cri­
teria. A detailed explanation of the QA/QC data collected 
for the verification study is included in Section 4.0 of the 
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same report. In general, the QA/QC data for the verification 
study were within acceptable ranges. 

4.4 USE OF PCP AT THE SITE 

It is not known when PCP was first used at the site although 
it was mentioned in an Ecology inspection report written in 
February 1983 (Ecology Inspection Report, February 8, 1983). 
During this inspection, the spray booth located in the new 
planer mill was inspected. It was reported that the spray 
booth was fully enclosed and that all overspray and drip­
·pings were directed into a containment tank. Prior to this 
inspection report, there was no mention in the Ecology files 
of PCP being used at the site. This implies that if PCP was 
used prior to 1984, there were no major problems associated 
with its storage, use, or disposal. 

Past employees of M&R were asked when PCP was first used at 
the site. All stated that PCP or Permatox 180 was used for 
at least 15 to 20 years (P. Hopkins, B. Lester, J. Strean, 
Daishowa, pers. comm.). They also reported that Permatox 180 
was expensive and, therefore, care was taken not to spill or 
waste any of the product. 

Research into the commercial use of PCP indicates that it 
was first used in the 1940s (Hunt and Garrat, 1953). This 
information, when considered in conjunction with historical 
site information, indicates that the earliest PCP use at the 
site was most likely the mid-1950s when the Western Lumber 
Company began operations there. 

5.0 CONCLUSIONS 

Review of available information for the former M&R site indi­
cates that there is one area in which information and data 
are minimal and further investigation may be warranted. The 
exact location of storm drains on the property is not known. 
Preliminary data obtained in this study indicate that the 
potential for significant contamination at the site is low. 
However, storm drains and drainage ditches may be a source 
of contamination and/or a pathway for transporting contami­
nation to and from the site. An accurate plan of the storm 
drains and ditches on the site needs to be developed. An 
investigation to characterize the storm drains may include 
one or more of the following: 
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o Identify the location of any seeps entering Port 
Angeles Harbor. 

o Identify the location of storm drains that parallel 
railroad tracks and traverse the former M&R 
property. 

o Identify the location and source of storm drains 
northwest of the truck maintenance shop and 
collect samples from these drains for chemical 
analysis. 

o Collect water and soil (sludge) samples from ran­
domly selected seeps and drains to characterize 
material conveyed and accumulating in the drains. 

Chemical analyses should focus on PCP, TCP, and TPH. 

~.O RECOMMENDATIONS 

Based on the personal interviews, research, sampling, and 
analyses conducted for this verification study, it is be­
lieved that chemical contamination at the former M&R property 
is known (hydrocarbons at the truck maintenance area and 
PCP/TCP near the former green chain), it is low-level con­
tamination, and the contamination is limited to the areas 
where the chemicals were used. Specific recommendations for 
the site are included in Section 6.0 of the Focused Site 
Investigation report (CH2M HILL, 1988). 

gm/se7012/0ll 
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