
March 15, 2002 

Mr. William Jones, P.E. 
Niagara Mohawk 
A National Grid Company 
300 Erie Blvd West 
Syracuse, NY 13202 

Subject: TroyMlater Street (Area 2) 
Supplemental Phase II Data 

Dear Bill: 

IT Corporatioa 
13 British American Boulevard 
Latham, NY 12110-1405 
Tel. 518.783.1996 
Fax. 518.783.8397 

4 Mcniber of The IT Gro~rp 

In accordance to the Supplemental Phase II Investigation work plan dated January 29, 2001, field work 
was conducted at the TroyNVater Street (Area 2) site from January 29 through March 13, 2001. This 
letter transmits the results from this investigation. 

1.0 Gauging of Existing Monitoring Wells 

The following wells were gauged to determine the presencelabsence of NAPL: 

Gauging of MW-10 was proposed in the scope of work, however, the well was obstructed at 
approximately four feet below grade. The remaining wells were gauged during three separate events 
(February 2. March 3, and March 23, 2001). The results are presented as Attachment A.  As specified in 
the work plan, the wells were not purged prior to gauging. Both light and dense NAPLs were 
investigated. 

2.0 Groundwater Area A 

Three soil borings were installed in the area between King Fuel's former USTs and SB-19 and MW-12. 
These borings were completed as monitoring wells (MW-29, MW-30, and MW-31). The wells were 
installed to an average depth of 38 feet below grade. Continuous split spoon samples were collected and 
screened at two foot intervals from each soil boring. The drill logs are presented as Attachment B. Four 
soil samples were collected from each soil boring and sent to Severn Trent Laboratories (STL) in Buffalo 
for analysis of BTEX by Method 8240 (95-1) and PAHs by Method 8270 (95-2). Analytical results are 
presented in Table 1 and Table 2 (Attachment C). Additionally, a soil sample from each soil boring (two 

C 
samples from MW-31) was sent to Worldwide Geosciences, Inc. 
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(Worldwide) for fingerprint analysis. The results of the fingerprint analyses are presented as Attachment 

D. 

The wells were developed in accordance with the GQAPPIFSP on February 8, 2001. The wells were 
allowed to equilibrate, and were then purged and sampled. On March 2, 2001, MW-13, MW-15, MW-29, 
and MW-31 were gauged, purged and sampled. Groundwater samples were sent to STL in Buffalo for 
analysis of BTEX by Method 8240 and PAHs by Method 8270. Analytical results are presented in Table 3 
and Table 4 (Attachment C). Additionally, a total of three groundwater samples were sent to Worldwide 
for fingerprint analysis. The results of the fingerprint analysis are presented in Attachment D. 

The roadbox covering MW-12 was completely filled with ice and was therefore inaccessible. Initially, MW- 
30 could not be located. MW-30 was subsequently located, purged and sampled on March 13, 2001. 

3.0 Former Wynantskill Channel 

The scope of work required the installation of two piezometers (PZ-1 and PZ-2) in the location of the 
former Wynantskill Channel. Both of these borings were advanced to bedrock. Continuous split spoon 
samples were collected and screened with a PID. Due to a lack of impacts in the location of PZ-2, the 
boring was not completed as a piezometer and subsequently renamed as SB-40. PZ-1 encountered tar- 
like material from 21 to 30 feet below grade. This boring was cased to 32 feet below grade to avoid 

w dragging the impacts to a deeper depth. The completed drill logs for these wells are presented in 
Attachment B. Five soil samples were collected from each soil boring and sent to STL for analysis of 
BTEX by Method 8240 (95-1) and PAHs by Method 8270 (95-2). Analytical results are presented in 
Table 1 and Table 2. Additionally, a soil sample from each soil boring was sent to Worldwide for 
fingerprint analysis. The results of the fingerprint analysis are presented in Attachment D. 

Subsequent to its installation, PZ-1 was included in the NAPL gauging events on March 9 and 23, 2001. 

Please feel free to contact me with any questions at (518) 783-1996. 

Sincerely, 
IT Corporation 

Cecelia Campbell 
Project Geologist 

IT Corporation 

CIL&LL: 
Bruce W. Ahrens, CHMM 
Sr. Project Manager 

Attachments: A NAPL Gauging Form 
B Drilling Logs 
C Analytical Results 
D Worldwide Geosciences, Inc. Report 
E Site Figure 
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APPENDIX A 

NAPL GAUGING 



Attachment A 

NAPL GAUGING 
Niagara Mohawk -Area 2 

Troy, New York 



Attachment A (cont.) 

Well Gauging Data 
Niagara Mohawk -Area 2 

COMMENTS 

Roadbox full of ice 

Odor 

Odor 
Strong odor1 Yellow liquid LNAPL 

Well 
Number 
MW-12 
MW-13 
MW-15 
MW-29 
MW-30 
MW-31 

Depth to 
Product 

N A 
N A 
NA 

25.51 
26.12 

Product 
Thickness 

NA 
NA 
NA 

0.02 
0.1 7 

Date 

03/02/01 
03/02/01 
03/02/01 
03/02/01 
0311 3/01 
0311 3/01 

Depth of 
well 

30.23 
36.36 
40.1 5 
37.24 
34.89 

Depth to 
Water 

25.63 
26.79 
25.75 
25.53 
26.29 
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APPENDIX B 

TABLES 



Table 1 ( 
Subsurface Soils 
Volatiles (mglkg) 
Niagard Mohawk -Area 2 

(I) NYSDEC TAGM HWR-94-4046, January 24.1994 
(2) Total volatiles do not include TICS. 

Indicates the values used when a re-analysis 
of the sample was run by laboratory. 



Table 2 ( 
Subsurface Soils 
Semivolatiles (mglkg) 
Niagara Mohawk - Area 2 

Analytical Method 

(I) NYSDEC TAGM HWR-94-4046, January 24. 1994 

(2) Total semivolatiles do not include TICS. 

Indicates the values used when a re-analysis of the sample was run by laboratory 



Table 2 
Subsurface Soils 
Semivolatiles (mglkg) 
Niagara Mohawk - Area 2 

Analytical Method 

( I )  NYSDEC TAGM HWR-94-4046, January 24, 1994 

(2) Total semivolatiles do not include TICS. 

Indicates the values used when a re-analysis of the sample was run by laborato 



Table 2 ( 
Subsurface Soils 
Semivolatiles (mglkg) 
Niagara Mohawk - Area 2 

(1) NYSDEC TAGM HWR-94-4046, January 24. 1994 

(2) Total semivolatiles do not include TICS. 

Indicates the values used when a re-analysis of the sample was run by laborato 



Table R 
Groundwater 
Volatiles (mgll) 
Niagara Mohawk - Area 2 

(1) NYSDEC Division of Water TOGS (1.1.1), Ambient Water 

Quality Standards and Guidance Values", October 22, 1993 

(2) Total volatiles do not include TICS. 

GV - Guidance Value 

[4] Duplicate of MW-15 

Analyte 
1,l-Dichloroethane 
1,l-Dichloroethene 
1 ,1 ,1-Trichloroethane 
1,2-Dichloroethene (Total) 
2-Butanone 

Analytical 
Method 

NYSDEC 91-1 

NYSDEC 91-1 

NYSDEC 91-1 

NYSDEC 91-1 

NYSDEC91-1 

NYSDEC 
Std./Guidance 

Value (1) 
0.005 
0.005 
0.005 
0.005 

0.05 (GV) 

Sample Location 

Total BTEX 

Total Volatiles (2) 

N A 
N A 

MW-12 

0.468 
0.468 

June 1997 
0.01U 
0.01U 
0.01U 
0.01U 
O.01UJ 

MW-13 

BDL 
NT 

1.155 
1.155 

BDL 
NT 

July 1997 
0.01U 
0.01U 
0.01U 
0.01U 
0.01U 

June 1997 
0.01U 
0.01U 
0.01U 
0.01U 
O.01U 

June 200C 
NT 
NT 
NT 
NT 
NT 

July 1997 
0.01U 
0.01U 
0.01U 
0.01U 
0.01U 

July 2000 
NT 
NT 
NT 
NT 
NT 

2.618 J 
NT 

March'Ol 
NT 
NT 
NT 
NT 
NT 

BDL 
BDL 

BDL 
BDL 





Table 4 ( 
Groundwater 
Semivolatiles (mgll) 
Niagara Mohawk -Area 2 

(1) NYSDEC Division of Water Technical and Operational Guidance Series (1.1.1). 

'Ambient Water Quality Standards and Guidance Values'. October 22. 1993 

(2) Total sernivolatiles do not include TICS. 

GV -Guidance Value 

BDL - Below Detection Limits 

Indicates the values used when a reanalysis of the sample was run by laboratory 
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DRILLING LOGS 



I T  CORPORATION 
A Member of the I T  boup 

Drilling Log 
Monitoring Well MW-29 

- 
project NMPC- Troy owner  kin^ Fuels See  Site Map 

Location Area 2 Proj. No. 11100422 

Surface Elev. Total Hole Depth 40  f f .  Diameter 6 1/4 in. 

Top of Casing Water Level Initial 29 f f .  Static . 
Screen: Dia 2 in- Length 20 f f .  Type/Size PVC/2O slot in. 

Casing: Dia 2 in. Length 20 f f .  Type PVC 
Fill, Material Sand Rig/Core CME 6-59 
Drill Co. Method &! 
Driller M. Harrin~ton Log By C. Cawbell Date 02/02/01 permit # 

Checked By License No. 

COMMENTS: 

'Ji 
; 

20 Descr ip t ion  
a0 

v, (Color, Tex ture ,  S t r u c t u r e )  
Trace < 10%. Little 10% to 20%, Some 20% to  35%. And 35% to 50% 

3 

Packed gyve1 parking lot. 

0-3': Hand dug. 

3-5': Black/dark brown medium/fine sand (fill), 4.5' hard packed 
clay/ silt layer, crushed brick. 

5-7': Black/brown medium corase sand, crushed (fill), brick,slag, 
etc, moist-piece of shale. 

7-9': Black/brown medium/coarse sands and crushed fill, 9' red 
brick crushed layer. 

9-10': Black/brown medium/coarse sands 6 crushed fill. 

10-11': Cinders 6 ash. 

11-13': Same as above, w/crushed brick. 

13-15': Ash/cinders, slag, some crushed brick, piece of coal, dark 
brown/black. 

15-17': Same as above, piece of coal. 

17-19': Same as above, more ash and cinder. 

19-21': Same as above, slight odor, more coal pieces. 

21-23': Same as above, moist, odor a t  23' trace clay in matrix and 
crushed brick. 

23-24': Same as above, odor, layer of crushed brick. 

03/28/2001 lithlog-Mar,99 Page: 1 of 2 



Drilling Log 
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Drilling Log 
Monitoring Well MW-30 

project NMPC-TIOY Owner Kina Fuels 

Location Area 2 Proi. No. 17700422 

Surface Elev. Total Hole Depth 38 ft. Diameter 6 714 in. 

Top of Casing Water Level Initial 28 ft. Static 
Screen: Dia 2 in. Length 20 ft. Type/Size PVC/2Os/ot in. 
Casing: Oia 2;". Length 18 ft. Type PVC 
Fill Material Sand Rig/Core d 
Orill Co. ADT Method .HSA 
Driller M. Harrington ~ o g  BY C. Cambefl Date 02/05/01 Permit# 

Checked BY License No. 

See Site Map 
For Boring Location 

COMMENTS: 

Descr ip t ion  

3-5': Fill, slag, brick (crushed), dark black/brown. 

5-7': Dark black/brown fill [slag and brick). 

7-9': Same as above, w/more crushed brick. 

9-11': Same as above, w/refractory brick layer at 13'. 

11-13': (fill) Coarse sand, crushed slay and grick (medium and 

13-15': Same as above, w/a packed clay layer a t  15'. 

15-17': Dark brown/black, coarse sand, ash and cinder, crushed 
brick and slag, come coke. 

17-19': Same as above w/coal and more brick and coke. 

19-21': Same as above w/coarse pieces of iron works bits. 

21-23': Same as above, more slag. 

23-25': Same as above, odor in tip. 

03/28/2001 lithlog-Mar,99 Page: 1 of 2 





I T  CORPORATION 
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Drilling Log 
Monitoring Well MW-31 

O~/ZB/ZOOI Ilthlcg-Mar.99 Page: 1 of 2 

project NMPC-Troy owner Kinn Fuels See Site Map 
For Boring Location 

~ocation Area 2 Proj. NO. 11100422 
Surface Elev. Total Hole Depth 35 ft. Diameter 6 114 in. 
Top of Casing Water Level Initial 28 ft. Static 
Screen: Dia 2 in. Length 20 ft. Type/Size PVC/2OslOf in. 
Casing: Dia 2 in. Length 15 ft- Type PVC 
Fill Material Sand Rig/Core d 
orill CO. ADT Method 
Driller M. Harrington ~ o g  By C. Campbell Date O2/OZ-O2/OW&mit # 

Checked By License No. 

COMMENTS: 

L- 
-4 a, 
mu 
0 

- - 2 -  
- 

3-5': Dark black/brown, fine/medium sand (fill), crushed brick and 

5-7': Same as above, layer of crushed refractory brick at 6'. 

7-9': Same as above, less refractory brick. 

9-11': Coarse sandlcrushed slag, coke, brick, moist, blacklbrown, 

11-13': Coarse sand/crushed slag, coke, brick, moist, black/brown, 
w /  ash 6 cinders. 

13-15': Coarse sand/crushed slag, coke, brick, moist, blacklbrown, 
more refractory brick pieces, silty sand (13-14'1. 

15-17': Coarse sandslcrushed brick, coke, slag, blacklbrown 6 
orange, coal in tip (shiny and hard). 

17-19': Same as above minus coal,coke 6 refractory brick layers. 

19-21': Same as above, more coke, more slag 6 brick. 

21-23': Same as above. 

23-25': Dark gray, wet, slag, brick, sheen on spoon. 

O S ?  - 
5 :  2 0 

Q 8 
E 3 m  

O a: 
v, E X  

C 
0 - - - C 

r p  
0 
0 

- 
g 
pg 

20 
Qo 
? - ' a  

m 
m 
a 

3 

Descr ip t i on  
(Color, Texture,  S t r u c t u r e )  

Trace < 10%. Little 10% t o  ZO%, Some 2 0 %  t o  35%. And 35% to 50% 

Packed dirt and gravel. 



Drilling Log 
I T  CORPORATION Monitoring Well MW-31 

A Member of the I T  Group 



Drilling Log 
I T  CClRPORATION Soil Boring SB-40 
A Member of the I T  Group 

proiect NMPC-Troy owner  kin^ Fuels See Site Map 
For Boring Location 

Location Area 2 Proi. No. 11100422 

O ~ / Z B / ~ O O I  Ilthlog-Mer.99 Page: 1 of 2 

Surface Elev. Total Hole Depth 55 ff. Diameter 6 114 A. 

Top of Casing Water Level Initial 21 ff. Static 
Screen: Dia Length Type/Size 
Casing: Dia Length Type 
Fill Material Grout Rig/Core 6 
Drill Co. ADT Method HSA 
Driller M. Harrington ~ o g  ~y C. Cawbell Date 01/29-01/30&!rrnit # 

Checked By License No. 

COMMENTS: 

Descr ip t ion  
(Color. Tex ture ,  S t r u c t u r e )  

Trace < 10%. Lit t le 10% t o  20%. Some 20% t o  35%. And 35% to  50% 

Asphalt parking lot. 

0-3': Hand dug. 

3-5': Coarse sand, crushed brick, slag, orange/brown to black. 

5-7': Coarse sand, crushed brick, refractory brick, pieces of slag at tip. 

7-9': Refractory brick, medium/coarse sand, crushed, slag, red brick, moist 
a t  9'. 

9-11': Large pieces of slag and coke, orange/brown, crushed pieces of red 
brick, moist. 

11-13': Gray-crushed concrete, pieces of slag, medium sand and silt, dry. 

13-15': Dark brown/gray-coarse sand, crushed slag, brick (red and 
refractory), few pieces crushed, concrete. 

15-17': Dark brown-coarse sand, crushed slag and concrete, moist. 

17-19': Dark brown, coarse sands, crushed slag, trace concrete, moist. 

19-21': No recovery. 

21-23': Water/saturated, crushed pieces, slag, rock and brick (cobble 
sized), odor, light sheen. 

23-24.5': Saturated, odor. 

ui 

- $ 

(0 

0 (0 
3 

2 

2: 
r0-1 

2 2 - 2 s .  
6 6 

2 m z w  

5- 

d- 

- - 2 -  

H-10-10-13 
80% 

5-e-a-13 
80% 

14-11-a-e 
50% 

7-15-51-40 
30% 

22-100/1 
25% 

12-14-15-11 
25% 

2-0-0-5 
10% 

ie-20-so 
/3/15% 

15-10-14- 
13/0% 

zg 

_i : 0 - 

2  - 

4  - 
- 

- 6 - 
- 

- 8 - 
- 

- 10 - 
- 

- 12 - 
- 

- 14 - 
- 

- 16 - 
- 

- 18 - 
- 

- 2 0  - 

38/35% 

24  - 20.5 33-lo-;F-$ 

45.8 

0.0 

0.0 

0.0 

0.0 

5.8 

5.7 

o.a 

- 



Drilling Log  
I T  CORPORATION 

A Member of  the I T  Group 
Soil Boring SB-40 

Page: 2 of 2 

I 

project NMPC-Troy owner King Fuels 
Location Area 2 ~ r o j .  NO. 11100422 

S -5; 
a : 7  

Q _o 
c n m w  

L- 

z i  
g 

Desc r ip t i on  
(Color, Texture .  S t r u c t u r e )  

Trace < lo%, Lit t le 10% t o  20%, Some 20% t o  35%, A n d  35% to 50% 

- u 
L W ~  Q o  

E 
:a 
ag 

ui 
; 
rn :: 
3 

- 24 - 
- 

- 26 - 
- 

- 28 - 
- 

- 3 0  - 
- 

- 32 - 
- 

- 34 - 
- 

36 - 
- 

- 38 - 
- 

- 4 0 - 
- 

- 42 - 
- 

- 4 4  - 
- 

- 4 6  - 
- 

- 4 8 - 
- 

- 5 0 - 
- 

- 52  - 

20.5 

7.3 

a.o 

2.7 

0.0 

0.4 

2.0 

1.0 

o.a 

1.3 

1.1 

1.4 

1.0 

0.7 

1.0 

33-10-7-0 

3-4-4-5 
70% 

4-8-7-11 
10% 

5-8-04-38 
80% 

0-3-4-a 
80% 

11-0-5-a 
00% 

13-5-7-12 
50% 

21-21-21- 
29 

20-15-10- 
15 

40% 

dR-WR-3-5 
90% 

0-24-20- 
14/20% 

9-9-9-4 
30% 

14-12-8-14 
25% 

17-14-is- 
20/70% 

a-12-13-10 
80% 

24-21-7; 1 

' 

. 

2.4 

. . .  ..... . . . 
' . . a -  * 

':::..': . .. . . .  . . . a. . . . . . ...::. .'. . . . . . . . . 
, .... -: . . . . -. . .:: . . . ..: . . . - . . .  . . .. . - . .. 
:..'.- : '.'." - . .. . . .  .. - . . .  :. . . . :.:-::. .-.:.. . . . .. ... . : .:. :.:.' . . ' 
1. .'. - : :. . . . . .. .-.. . . . : ..., .. . . . -... . . . . .. . . . .. . . . . 
':-:.:.. : ... - . . '.: . . . .. . . - .. . . . ...- . . 
: .'..': . . 

* . .. . . .  .. . . . .  -:.' . 
':.'.-::: ..-.. . . .. . . . 

a '  ' - * .  

.' .' .' . . ' .: . - . .. . . . .. . . . . -".' . . ' 
.-::.': . .. .:.. . . . . .  . . . . .'.:.:. ... . . . 
:- . . . . .. .:.. . . . . .  .:: . . . '.,- . 

::H 

sw 

24.5-25': Loose, gravel, slag, brick, trace light sheen, gray medium sand 
w/silt interbedded. 
25-27': Graylbrown silty sand and clay (trace), light sheen. odor. 

27-29': Sandy clay w/trace silt brown/gray, wet, light sheen on water, 
slight odor. 

29-31': Gray/brown, medium sand and silt, organic material (roots). 

31-33': Gray/brown, silty clay uniform, 33' medium rounded sand. 

33-35': Gray clay w/sand, grading to a medium/coarse sand at 35'. 

35-37': Gray sand and rounded washed gravel. 

37-39': Gray sand and rounded gravel. 

39-41': Gray sand and silt and gravel (angular). 

41-43': Coarse sandfine gravel, river sediments rounded multi colored 
washed sand and gravel. 

43-45': Medium gran sand w/rounded cobbles (river origin). 

45-47': Cobble in tip, medium gray sand and gravel. 

47-49': Medium gray river sands and gravel. 

49-51': Same as above. 

51-53': Same as above, more clay at 53'. 

53-55': Silty/clay, medium sand and rocks, weathered shale a t  55'. 
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Drilling Log 
Monitoring Well PZ-1 

project NMPC- Troy owner King Fuels 

Location Area 2 Proj. No. 11100422 

Surface Elev. Total Hole Depth 57 ft. Diameter 6 1/4 in. 

Top o f  Casing Water Level Initial 24 ft. Static 
Screen: Dia 2 in. Length 17 f f .  T y pe/Size PVC/30 slot in. 

Casing: Dia 2 in. Length 15 f f .  Type PVC 
Fill Material Sa"d Rig/Core CME B-59 
Drill Co. Method / - 6 A  
~r i l l e r  M. Harrin,ufon ~ o g  BY C. Cawbell Date 01/30/01 Permit # 

Checked BY License No. 

See Site Map 
For Boring Locafion 

COMMENTS: 

03/28/2001 llthlog-Mar.99 Page: 1 o f  3 
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Drilling Log  
Monitoring Well PZ-1 
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Drilling Log  
Monitoring Well PZ-1 
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APPENDIX D 

WORLDWIDE GEOSCIENCES, INC. REPORT (DATED MARCH 2001) 



WORLDWIDE 61 00 Corporate Drive 

GEOSCIENCES, INC. 
Suite 320 
Houston, Texas 77036 
Phone: 713 1988-9401 
FAX: 71 3 1 988-8784 

B E G E b v E D  

Mr. Bruce Ahrens 
IT Corp. 
13 British American Blvd. 
Latham, NY 12 1 10 

March 27,2001 Route To: 

APR 1 9 

Dear Mr. Ahrens: 

Enclosed is our report on samples submitted from your Troy Area 2 site. 
Please refer to the report summary for a condensed statement of our 
findings. 

If there are any questions please do not hesitate to contact me. We 
appreciate being of service. 

Sincerely, 

Neil F. Petersen 



WORLDWIDE 61 Suite 00 Corporate 320 Drive 

D GEOSCI EN,CES, I NC. ~ous to i ,  Texas 77036 
Phone: 71 3 / 988-9401 
FAX: 713 1 988-8784 

CHARACTERIZATION OF SOIL SAMPLES 
NMPC - TROY AREA 2 SITE 

PREPARED FOR 
IT CORP. 

MARCH, 2001 



CHARACTERIZATION OF SOIL SAMPLES 
NMPC - TROY AREA 2 SITE 

SUMMARY 

Six soil samples were analyzed by high resolution capillary gas 
chromatography to determine the type or types of parent products associated 
with these samples, and to provide any indications of parent product age. 
Two of the samples had concentration levels too low to determine the 
parent products associated with these samples. These were the MW 29 (23- 
25) and MW 3 1 ( 1 5- 17) samples. The low amplitude peaks present in the 
chromatograms of these samples are not consistent with coal tar as the 
parent product. 

The MW 30 (25-27) and MW 31 (23-25) samples have signature 
characteristics indicating mixtures of gasoline and diesellfuel oil. 
Diesellfuel oil is the dominant product. The characteristics of the gasoline 
derived hydrocarbons indicate parent gasolines most probably produced 
between 1975 and 1980. The diesellfuel oils are significantly biodegraded 
with most probable exposure times of 16 to 20 years for the MW 30 (25-27) 
sample and twenty years or more for the MW 3 1 (23-25) sample. 

The SB-40 (23-25) sample signature shows characteristics indicating 
a very severely biodegraded residual grade, such as #6 grade, fuel oil 
assemblage with a most probable exposure time of at least fifty years. The 
PZ- 1 (27-29) sample has compositional characteristics indicating a mixture 
that consists predominantly of a moderately biodegraded diesellfuel oil with 
a most probable exposure time of 14 to 18 years, and a subordinate coal tar 
contribution. 

INTRODUCTION 

Two soil samples from the Troy Area 2 site were received at the 
offices of Worldwide Geosciences, Inc. on January 3 1, 200 1 via Federal 
Express overnight delivery. Each sample was contained in a single, eight 
ounce, glass jar which were packed in an insulated plastic cooler with ice 
used as a preservative. Sample identifications as per the attached chain of 
custody form and their assigned laboratory numbers are as follows: 

Sample ID Lab No. 
NMPCIAREA 2/M W33(23-25) 0 10202007 
NMPCIAREA 2PZ-  l(27-29) 010202008 

Worldwide was advised after receipt of the samples that the MW33 sample 
should be identified as SB-40 (23-25). 



Four soil samples from the Troy Area 2 site were received at the 

Qw 
offices of Worldwide Geosciences, Inc. on February 6 ,  2001 via Federal 
Express overnight delivery. Each sample was contained in a single, eight 
ounce, glass jar which were packed in an insulated plastic cooler with ice 
used as a preservative. Sample identifications as per the attached chain of 
custody form and their assigned laboratory numbers are as follows: 

Sample ID Lab No. 
NMPCIAREA 2MW30(25-27) 0 1020900 1 
NMPCIAREA 2MW3 l(15-17) 0 10209002 
NMPCIAREA 2MW3 l(23-25) 0 10209003 
M P C I A R E A  2MW29(23-25) 0 1 0209004 

Thirty grams of each soil sample were extracted with 100 milliliters 
of methylene chloride solvent. The extractions were carried out by 
sonication. After separating each solvent and soil, each solvent was 
reduced in volume to two milliliters to increase the concentration level of 
the extracted hydrocarbons in the solvent. Each solvent was spiked with 
androstane as an internal standard. The concentration level of the internal 
standard relative to the weight of soil extracted is 3.4 parts per million. 
Each spiked solvent containing the extracted hydrocarbons was then 
analyzed by high-resolution gas chromatography using a 30-meter DBl 
column and a flame ionization detector. A Perkin-Elmer Autosystem was 
utilized. The analysis procedure can be viewed as a modification of ASTM 
method D-3328. The modifications allow for the analysis of hydrocarbons b b  in solvent and improve the resolution of the lighter hydrocarbons. Two 
procedural methods are routinely used for product in solvent 
characterization. One provides better resolution of the gasoline range 
hydrocarbons but has a more limited carbon number range. This is Method 
3 as defined in the procedural description provided in Appendix 11. The 
second method is routinely used to characterize product in solvents heavier 
than gasoline. The gasoline range hydrocarbons are compressed as a result 
of a more rapid increase in column temperature. This is Method 4 as 
described in Appendix 11. 

The extracts obtained on the January 3 1, 2001 samples were diluted 
with methyleile chloride on a ten to one basis and were analyzed under 
Method 4 conditions on February 6, 2001. The chromatograms indicated the 
extracts analyzed were over-diluted. An undiluted set of extracts were 
analyzed under Method 4 conditions on March 13, 200 1. 

The extracts obtained on the February 6, 2001 samples were 
analyzed under Method 4 conditions on February 13,200 1. 

The only difference in operating conditions between Methods 1 and 
2, which are used for actual product samples, and between Methods 3 and 4 
is in the iniection conditions. When products are run neat, or as received, a . - 

split iqjection method is used and if (he hydrocarbons are in solvent phase a 

bkw 
splitless injection system is used. 



Display copies of the chromatograms, both labeled and unlabeled, 
W are incorporated into the report as Appendix I. A full-scale display in 

which all the peaks have been kept onscale for accurate visualization of the 
relative proportions of the hydrocarbons present is provided. Also included 
in Appendix I is a table listing the abbreviations used to identify peaks on 
the chromatograms and their corresponding names. 

Peak area tables derived from the chromatograms are included as 
Appendix 111. 

RESULTS 

In discussing the compositional characteristics of the samples 
analyzed and. analog signatures, the various peaks present in the 
chromatograms will be referred to in terms of the hydrocarbons they 
represent. As a general aid to visualizing the types of hydrocarbons 
involved, Figure 1 is provided to illustrate the structural characteristics of 
the main classes of hydrocarbons. 

The concentration levels of hydrocarbons present in the MW 29 (23- 
25) and MW 3 1 (15-17) samples were too low to produce chromatograms 
which could be interpreted in detail in terms of parent product type or age. 
Neither chromatogram is consistent with coal tar as the product type. The 

1- 
complex assemblage of low amplitude peaks in the MW 29 (23-25) sample 
between eight and fourteen minutes elution time is consistent with a 
residual 10 to 15% fraction of gasoline. The chromatograms obtained on 
these samples are included in Appendix I. 

Figure 2 compares the chromatographic signature of the MW 30 (25- 
27) soil sample with the signature of a gasoline. The gasoline signature 
shown is that of American Petroleum Institute petroleum standard 6 (API 
PS6). The MW30 (25-27) sample signature shows a hydrocarbon range 
extending from the C7 (seven carbon atoms) to the C23 (twenty three 
carbon atom) range. Gasoline derived hydrocarbons would extend only to 
NC 13. The relative prominence of multibranched isoparaffins among the 
early eluting peaks indicates a gasoline contribution to the MW 30 
hydrocarbon assemblage. These multibranched isoparaffins are collectively 
termed alkylates. Alkylates are derived from a specific refinery processing 
stream and are added to gasolines to raise the octane number of a gasoline. 
The structures of the alkylate hydrocarbons are shown in Figure 3. The 
relative prominence of the trimethylpentane (224TMP, 234TMP, and 
233TMP) peaks compared to bracketing non-alkylate saturate peaks 
indicates a gasoline contribution to the MW30 (25-27) soil sample. 

The gasoline associated with the MW30 (25-27) sample is 
significantly volatilized. The volatilization losses are reflected in the low 
proportions of the lighter hydrocarbons, which elute first or to the left on 

D W  the chromatogram. The signature characteristics of the MWE-30 (25027) 
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sample also indicate gasoline as the dominant parent product through the 
C9 aromatic range or approximately nine minutes elution time. 

The gasoline derived portion of the MW 30 (25-27) sample signature 
also indicates the parent gasoline was an older formulation gasoline. The 
C8 aromatics (ethylbenzene and the xylenes) have comparable solubilities 
in water and comparable degradation rates (Yang et al, 1995). The 
proportions of the C8 aromatics compared to one another will reflect their 
proportions compared to one another in the parent product. The signature 
of the MW 30 (25-27) sample shows a predominance of ethylbenzene over 
both the meta-para xylene peak and the ortho-xylene peak. This is a 
characteristic restricted to gasolines produced prior to 1980. The 
proportions of the C9 aromatics compared to one another also will reflect 
their proportions compared to one another in the parent product. The 
proportions of the C9 aromatics compared to one another also are atypical 
of more recent gasolines, and also indicate a parent gasoline produced prior 
to 1980. The MW 30 (25-27) signature shows a high proportion of the 
normal propyl benzene (NPBZ) peak compared to the following C9 
aromatic peaks (lM3EBZ, 135TMBZ, and 1 M2EBZ). 

The gasoline derived hydrocarbons also show proportions of low 
octane number hydrocarbons which are more indicative of an unleaded 
gasoline rather than a leaded gasoline. The low octane number 
hydrocarbons include the cycloparaffins, normal paraffins, and 

1- monobranched isoparaffins. Unleaded gasolines were required to be in use 
as of 1975. Combining this characteristic with the other age related 
gasoline characteristics, indicates the parent gasoline most probably was 
produced between 1975 and 1980. 

The next higher carbon number group of petroleum derived products 
are referred to collectively as the middle distillates. Kerosenes, diesels, and 
fuel oils are the most common middle distillate products. Standard (#2) 
grade fuel oil and diesel are similar products. Figure 4 provides a 
comparison of the chromatographic signatures of a kerosene product sample 
and a dieselffuel oil product sample. The normal paraffins are the most 
prominent individual hydrocarbon type in middle distillate products. The 
normal paraffins are straight chain molecules in which all the carbon atoms 
are attached to one another in an end to end manner. The structure of 
normal hexane in Figure 1 is an example of a normal paraffin. The normal 
paraffins are annotated on the chromatograms with a NC designation 
followed by the number of carbon atoms in the molecule. The overall 
carbon number range and normal paraffin distribution of diesels and fuel 
oils extends to higher carbon numbers than in kerosenes. 

Diesels and fuel oils also can be differentiated from kerosene 
products on the basis of their isoprenoid proportions. The isoprenoids are 
the second most prominent individual hydrocarbon type in middle distillate 
products. The isoprenoids are a unique type of branched chain or 

B b  isoparaffin in which a side methyl (CH3) group is attached to every fourth 
carbon atom of the main carbon chain. The structure of methylpentane in 
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FIGLIRE 4: COMPARISON OF THE CHROMATOGRAPHIC SIGNATURES OF A KEROSENE 
SAMPLE AND A DIESEL PRODUCT SAMPLE 



Figure 1 is an example of an isoparaffin with a single, side, methyl group. 
L- The isoprenoids are annotated on the chromatograms with an IP designation 

followed by the number of carbon atoms in the molecule. In kerosenes, the 
lower carbon number isoprenoids (IP 13, IP 14, IP15, and IP16) significantly 
exceed the higher carbon number isoprenoids (IP18, IP19, and IP20). In 
diesels and fuel oils, the higher carbon number isoprenoids are present at 
more comparable proportions to the lower carbon number isoprenoids, and 
in some instances may exceed the lower carbon number isoprenoids. 

With increasing exposure time, the normal paraffin peaks are 
preferentially reduced compared to the isoprenoid peaks and ultimately lost 
as a result of biodegradation. Figure 5 illustrates the effects of 
biodegradation on a kerosene product sample. In Figure 5, the 
chromatogram of a kerosene sample is shown. The same signature is then 
shown artificially biodegraded by whiting out the normal paraffin peaks. 
Figure 6 provides a similar comparison for a diesellfuel oil product sample 
signature. As the vertically prominent normal paraffin peaks are lost, the 
underlying baseline rise or hump becomes an increasingly prominent 
feature of the chromatographic signature. The baseline rise or hump 
represents a complex mixture of individual hydrocarbons which are not 
present in sufficient individual abundance to elute as discrete peaks. 
Biodegraded diesels and fuel oils can be distinguished from biodegraded 
kerosene products on the basis of the carbon number limits of the baseline 
rise or hump and the proportions of the isoprenoids. 

P"' Figure 7 compares the chromatographic signature of the MW 30 (25- 
27) soil sample with the signature of a kerosene product sample. Figure 8 
provides a similar comparison with a diesellfuel oil product sample. The 
baseline rise limits, isoprenoid proportions, and overall carbon number 
range are consistent with a diesellfuel oil product and not a kerosene 
product. 

The low proportions of normal paraffin peaks and prominence of 
isoprenoid peaks indicates the diesellfuel oil associated with the MW 30 
(25-27) sample is severely biodegraded. Figure 9 compares the 
chromatographic signature of the MW 30 (25-27) sample to a biodegraded 
diesellfuel oil signature. 

Christensen and Larsen (1993) correlated the level of biodegradation 
with exposure times for samples analyzed from sites with known loss dates. 
The ratio of NC 171IP 19 (pristane) was used as a measure of the level of 
biodegradation. The NC17AP19 ratio for the MW 30 (25-27) sample is 0.1. 
Based on the criteria of Christensen and Larsen, an exposure time of 16 to 
20 years is indicated. 

15% of the MW30 (25-27) sample signature is represented by the 
hydrocarbons eluting up to NClO, which are dominantly gasoline derived. 
The C 10 to C 13 range consists of both gasoline derived and diesellfuel oil 

b b  derived hydrocarbons. An additional 5 to 10% of the total hydrocarbons are 
estimated to also be gasoline derived. On this basis, the hydrocarbon 
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FIGURE 5: CHROMATOGRAPHIC SIGNATURE OF A KEROSENE PRODUCT AS ANALYZED 
AND ARTIFICIALLY DEGRADED (NORMALS WHITED OUT) 
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FIGURE 9: COMPARISON OF THE CHROMATOGRAPHIC SIGNATURES OF THE MW 30 (25- 
27) SOlL SAMPLE AND A BIODEGRADED DIESEUFUEL OIL PRODUCT SAMPLE 



assemblage present in the MW30 (25-27) sample represents 20 to 25% 

P gasoline and 75 to 80% diesel or fuel oil. The gasoline portion of the 
sample shows compositional characteristics which would restrict the age of 
the parent gasoline to a gasoline produced prior to 1980, and most probably 
represents an unleaded gasoline produced between 1975 and 1980. The 
diesellfuel oil is significantly biodegraded, with a most probable exposure 
time of 16 to 20 years. 

Figure 10 compares the chromatographic signatures of the MW 30 
(25-27) and MW 3 1 (23-25) soil samples. The MW 3 1 (23-25) soil sample 
signature also represents a mixture of gasoline derived and diesellfuel oil 
derived hydrocarbons. The gasoline associated with the MW 31 (23-25) 
sample is more volatilized than the gasoline associated with the MW 30 
(27-27) sample. The C8 hydrocarbons have been nearly completely lost in 
the MW 3 1 sample, and the proportions of the C9 aromatics to one another 
are affected by volatilization losses. Within the geographic limitations of a 
single site, it is likely ,the more weathered gasoline associated with the MW 
3 1 (23-25) sample has had at least as long an exposure time as the gasoline 
associated with the MW 30 (25-27) sample. On this basis, the parent 
gasoline associated with the MW 30 (25-27) sample was produced prior to 
1980 as well. 

The diesellfuel oil associated with the MW 3 1 (23-25) sample also is 
significantly biodegraded. The NC17AP19 ratio for the MW 3 1 (23-25) 
sample is 0.0, with an indicated most probable exposure time of twenty 
years or more. 

12% of the MW 3 1 (23-25) signature is represented by hydrocarbons 
eluting up to NC 10, which are dominantly gasoline derived. The C 10-C 13 
range consists of hydrocarbons which are both gasoline derived and 
diesellfuel oil derived. An additional five to ten percent of the total 
hydrocarbons are estimated to be gasoline derived. On this basis 
approximately 20% of the hydrocarbons associated with the MW 3 1 (23-25) 
sample are gasoline derived, and 80% are diesellfuel oil derived. The 
gasoline associated with the MW 31 (23-25) sample is considerably more 
severely volatilized than the gasoline associated with the MW 30 (25-27) 
sample. On this basis, a pre-1980 gasoline is also indicated for the MW 31 
(23-25) sample. The diesellfuel oil is significantly biodegraded, with a 
most probably exposure time of twenty years or more. 

The signature characteristics of coal tar differ considerably from 
those of the MW 30 (25-27) and MW 3 1 (23-25) samples. Figures 11 and 
12 compare the chromatographic signatures of these soil samples to the 
signatures of a coal tar. Coal tar signatures are dominated by prominent 
polynuclear aromatic peaks extending from naphthalene through 
benzo(g,h,I) perylene. This peak sequence is not evident in either the MW 
30 (25027) or the MW 31 (23-25) samples. Coal tar signatures also do not 
display a prominent baseline rise or hump, which are evident in the MW 30 

Db (25-27) and MW 3 1 (23-25) sample signatures. 
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FIGURE 10: COMPARISON OF THE CHROMATOGRAPHIC SIGNATURES OF THE MW 30 (25- 
27) AND MW 31 (23-25) SOlL SAMPLES 
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FIGURE 11: COMPARISON OF THE CHROMATOGRAPHIC SIGNATURES OF THE MW 30 (25- 
27) SOlL SAMPLE AND A COAL TAR 





Figure 13 compares the chromatographic signatures of the SB-40 
(23-25) and the MW 31 (23-25) soil samples. The SB-40 (23-25) sample 
signature does not show a gasoline contribution to the hydrocarbons 
extracted from this soil sample. This is illustrated in Figure 14, which 
compares the signature of the SB-40 (23-25) sample with the signature of 
API PS6 gasoline. The baseline rise of the SB-40 (23-25) sample also 
extends to higher carbon atoms than the MW 31(23-25) sample. The 
baseline rise of the SB-40 (23-25) sample is more extensive than would be 
associated with a standard (#2) grade fuel oil or diesel. Figure 15 compares 
the chromatographic signature of the SB-40 soil sample with a biodegraded 
diesellhe1 oil signature. 

The baseline rise characteristics of the SB-40 (23-25) sample are 
consistent with a residual grade or #6 fuel oil. Figure 16 compares the 
chromatographic signature of the SB-40 (23-25) sample with the signature 
of a residual grade fuel oil. The absence of normal paraffin peaks indicates 
the residual fuel oil associated with the SB-40 (23-25) sample is severely 
biodegraded. However, the absence of isoprenoid peaks as well indicates 
the level of biodegradation is even more severe. 

Kennicutt (1988) in studies of crude oil biodegradation found the 
isoprenoids to be relatively unaffected by biodegradation until the normal 
paraffins had been lost. It took approximately double the amount of time 
after the nonnal paraffins had been lost for the isoprenoids to be 

D - significantly lost. On the basis that the SB-40 (23-25) sample signature 
shows neither a prominent sequence of normal paraffin peaks nor a 
prominent sequence of isoprenoid peaks, an exposure time of at least fifty 
to sixty years is most probable for the residual fuel oil product associated 
with the SB-40 (23-25) soil sample. 

The SB-40 (23-25) sample signature shows several peaks which 
elute at the positions of certain polynuclear aromatic hydrocarbons (PAH's). 
However, a full suite of PAH peaks are not present, and the proportions are 
not consistent with the PAH peaks present in the coal tar impacted samples. 
This is illustrated in Figure 17, which compares the chromatographic 
signature of the SB-40 (23-25) sample with a coal tar signature. For 
example, the phenanthrene peak would be expected to be present at 
considerably higher proportions than the acenaphthalene peak, but is absent. 
Both the atypical proportions and absence of the majority of the PAH peaks 
eluting after acenaphthalene indicate these peaks more likely are associated 
with the residual grade fuel oil than with coal tar. 

The signature characteristics of the SB-40 (23-25) soil sample are 
consistent with a residual grade fuel oil. The fuel oil is very severely 
biodegraded; both the normal paraffins and isoprenoids have been lost. An 
exposure time of at least fifty years is indicated for the fuel oil. 

The PZ-1 (27-29) sample signature indicates the hydrocarbon 
assemblage present in this sample represents a mixture of diesellfuel oil and 

D'- coal tar. The diesellfuel oil contribution predominates. Figure 18 coinpares 
the chromatographic signature of the PZ-1 (27-29) sample signature with 
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the signature of a coal tar. The sequence of polynuclear aromatic peaks is 
indicative of a coal tar contribution and would not be expected to be present 
in diesel or fuel oil. In addition to the coal tar contribution, the PZ-1 sample 
signature also shows a sequence of normal paraffin and isoprenoid peaks, as 
well as a large baseline rise or hump consistent with a diesellfuel oil. The 
normal paraffin peaks, isoprenoid peaks, and baseline rise would not be 
associated with a coal tar product as illustrated in Figure 18. These 
characteristics are consistent with a diesellfuel oil product. 

29) 
s ig~  
the 

Figure 19 compares the chromatographic signature of the PZ-1 (27- 
sample with a diesellfi~el oil product signature. The PZ-1 (27-29) 

Iature shows reduced proportions of normal paraffin peaks compared to 
isoprenoid peaks. A moderate level of biodegradation is indicated for 

the diesellfuel oil contribution to the PZ- 1 sample. The NC 17DP 19 ratio for 
the PZ-1 sample signature is 0.4. Based on the criteria of Christensen and 
Larsen (1 993), the most probable exposure time is 14 to 18 years. 
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March 26,2001 

Neil Peterson 
Worldwide GeoSciences 

- 6100 Corporate Drive, Suite 320 
Houston, TX 77036 
(71 3) 988-9401 

Subject: Sample Identification 
NMPC- Area 2 
Troy, NY 

Dear Mr. Peterson: 

Please change the sample identification for sample labeled NMPCIAreaZMW-33/23-25 
to NMPC/Area2/SB-40/23-25. 

IL Sincerely, 

Cecelia Campbell 
IT Corporation 
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APPENDIX I 

DISPLAY CHROMATOGRAMS 



ABBREVIATIONS USED TO IDENTIFY PEAKS 

"clv 
ABBREVIATION HYDROCARBON 
C1 
C2 
C3 
IC4 
NC4 
ETH 
22C3 
IC5 
NC5 
MeC2 
22DMB 
23DMB 
2MP 
3MP 
NC6 
22DMP 
MCP 
24DMP 
BZ 

23DMP 
3MH 
T13DMCP 
C 13DMCP 
224TMP 
NC7 
234TMP 
233TMP 
MCH 
TOL 
23DMH 
2MC7 
3MC7 
225TMH 
223TMH 
NC8 
EBZ 
M+P XYL 
2MC8 

METHANE 
ETHANE 
PROPANE 
ISOBUTANE 
NORMAL BUTANE 
ETHANOL 
2 2 DMETHYL PROPANE 
ISOPENTANE 
NORMAL PENTANE 
METHYLENE CHLORIDE 
2 2 DIMETHYL BUTANE 
2 3 DIMETHYL BUTANE 
2 METHYLPENTANE 
3 METHYLPENTANE 
NORMAL HEXANE 
2,2 DIMETHYLPENTANE 
METHYLCYCLOPENTANE 
2,4 DIMETHYLPENTANE 
BENZENE 
CYCLOHEXANE 
2 METHYLHEXANE 
2,3 DIMETHYLPENTANE 
3 METHYLHEXANE 
T 1 3 DIMETHYLCY CLOPENTANE 
C 13DIMETHYLCYCLOPENTANE 
2,2,4 TRIMETHYLPENTANE (PRINCIPAL ISO-OCTANE) 
NORMAL HEPTANE 
2,3,4 TRIMETHYLPENTANE (ISO-OCTANE) 
2,3,3 TRIMETHYLPENTANE (ISO-OCTANE) 
METHYLCYCLOHEXANE 
TOLUENE 
2,3,DIMETHYLHEXANE 
2METHYLHEPTANE 
3METHYLHEPTANE 
2,2,4 TRIMETHYLHEXANE 
2,2,3 TRIMETHYLHEXANE 
NORMAL OCTANE 
ETHYL BENZENE 
META AND PARA XYLENES 
2METHYLOCTANE 
3METHYLOCTANE 
ORTHO XYLENE 
NORMAL NONANE 



) 'WABBREVIATION 
IPBZ 
NPBZ 
1 M3EBZ 
135TMBZ 
1 M2EBZ 
124TMBZ 
NC 10 
123TMBZ 

C4BZ 
NAPH 
2M. NAPH 
1M. NAPH 

ABBREVIATIONS USED TO IDENTIFY PEAKS (cont.) 

HYDROCARBON 
ISOPROPYLBENZENE 
NORMAL PROPYL BENZENE 
1 METHYL3ETHYLBENZENE 
1,3,5 TRIMETHYLBENZENE 
lMETHYL2ETHYLBENZENE 
1,2,4 TRIMETHYLBENZENE 
NORMAL DECANE 
1,2,3 TRIMETHYLBENZENE (TERT BUTYL BENZENE 
CO-ELUTES AT THIS POSITION) 
TETRAMETHYLBENZENE 
NAPHTHALENE 
2METHYL NAPHTHALENE 
1 METHYL NAPHTHALENE 

NC- Normal paraffin with number of carbon atoms in molecule shown 

Ip- Isoprenoid iso-paraffin with number of C atoms in molecule shown 



WORLD WIDE GEOSCIENCES - I 

ple Name : J-0?010-8 MW-29 
eName : C:\TC4\41WW\41WW164.RAW 
hod : WWG.MTH 
rt : 0.00 min End Time : 40.00 min 
le Factor: 0.0 Ploc Offset: 2 mV 

Sample 1: 10209004 Page 1 of 1 
Date : 2/21/01 04:41 PM 
Time of Injection: 2/13/01 10:57 Pb? 
Low Point : 2.00 mV High Point : 102.00 mV 
Plot Scale: 100.0 mV a 



WORLD WIDE GEOSCIENCES - I 

. p l e  Name : 5 - 0 1 0 1 0 - 8  MW-29 
eName : C: iTC4 \41WW\41WW164 .FLAW 
hod : WWG.MTH 
r r  : 9 . o C  m i n  LnciTirne : 4 0 . O C m i n  
i e  Factor :  2 . 3  ?lc: C f f s e t :  2 mV 

Sample B :  10209004  Page 1 of 1 
Dace : 2 / 2 1 / 0 1  0 4 : 4 1  PM 
Time of I n j e c r i o n :  2 / 1 3 / 0 1  1 0 : 5 7  PM 
Low Point : 2 . 0 0  mV H i g h  ?>in: : 102.C-2 m v  
P lo t  Scale :  1 0 0 . 0  mV 





WORLD WIDE GEOSCIENCES - I 

;ample Name : ;-3:C:C-: MK-3: Sampie k :  1C209001 Page  1 of 1 
7iie)J- -4 : C: \TC4\<1WW\:lI.i?:161 .W.I Dace : 2/"1/01 01:39 PM 

: WCG. f4TK Time of 1njec: ion:  2 / 1 3 / 0 1  05:55 PM :::kme : 2 .  OC, r . i n  End Tims : 4 0 . 0 0  m i n  L x  Pcin: : t .  00 mV H i g h  ?=in: : :i:.OL ml; 
I ; a i ~  Facror: C . C  ?Lac Offse: :  2 mi: Plo: Scaie: 756.0 mV 



WORLD WIDE G E O S C I E N C E S  - I 

nple Name : J-01010-B MW-31 115'-17'1 
leNr : C:\TC4\41WW\?lWW162.RAW 

: WWG.MTH :",Me : 0.00 min End Time : 40.00 min 
ale Factor: 0.0 Plot 0:fset: 2 mV 

Sample 11: 10209002 Page 1 of 1 
Date : 2/21/01 04:39 PM 
Time of Injection: 2/13/01 01?:56 PM 
Lou Point : 2.00 mV High P~int : 102.00 mV 
Piot Scale: 100.0 mV a 



WORLD WIDE GEOSCIENCES - I 

ample  Name : -7-OlOlG-E MW-31 (15'-17') 
i l e r '  s : 2:\TC4\41WW\4iWWl6':.RAW 
e tt WWG . NTH 
r a r k m e  j c . 0 0  n:n End T i r e  : 40.02 rnln 
c a i e  F a c i o r :  5 . 3  -. 

r ~ s t  Offse: :  f mV 

Sample R :  10209002 Page 1  of 1  
Date : 2/21/01 04:39 PM 
Time o f  I n j e c t i o n :  2/15/01 0e :56  PM 
Low Point  : 2.00 mV "igh Pc in t  : 102.00 m'j 
P lo t  S c a i e :  100.0 m1! 



WORLD WIDE G E O S C I E N C E S  - I 

mple Name : 5-5:0?5-3 i-rfl-zl 1 2 3 ' - 2 5 ' )  
1eName : C: \TCr\4iwW?;lWW!6?.R4W 
t h o  : WWG.KTK 
a r c w e  : 0 . 0 ~  zir! End Time : 4C.00 min 
a l e  Fhccor: C . C  Flsi Offsec :  : nV 

Sample 1 :  10209003 Page 1 of 1  
Dace : 2/11/01 04:40 PM 
Time of Injecrion:  2/13/01 09:56 PM 
Low Point : 2.00 mv High Poinc : 601.00 mV 
? l o t  Sca le :  600.0 mV 



WORLD WIDE GEOSCIENCES - I 

ncle Name : J-010:3-8 !.!ji-3? ( 2 ? ' - " '  --  ) 

Let;---= : C:\T.~L.\4?WK'~. ;1W~:6: .  R4h' 
- *  : WWS.KTK :ue : C.0C z i r ;  Ind Tlme : 40.00 mln 
=ie Fac:ar: O.2 Pioi Offset: h V  

Sample f :  10209003 Page 1 of 1 
Date : 21X/Ol  04:40 PK 
Time of Injection: 2/13/Cl 09:56 PW 
Low Poln: : Z.OC rnv Eigt Point : 602.00 m'i 
Plot Scale: 60C.0 rnV 
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WORLD WIDE GEOSCIENCES - I 

. - e N~~~ : j-3:::: ~JMF: ~ 5 - :  :I- I?" Sampie 6: 102C2008 Page ? of 1  
iP.7 : ~ : ' , ~ ~ ~ ' , ~ i k l K . ~ ~ t ~ K ~ ~ ~ , ~ , ~ , V :  Dare : 3 / ? 5 / 0 1  12 :3E PK 
. - wk;.; . E;TE Tlme of In?ecrioc: 3 / 1 2 / 0 1  0 4 : 1 9  ?E 
'-* ; L.0:. Fir! 

- - 
-7- .:>E : 41.0: 5:' Lou Poin: : Z.OC my H i q b  ?slnr : 1E2.0: in'; 

: Fa::::: L .  C 
- .  - - -  . -, . Zfiscr: 1 in7 Ploc Scale: 1 8 0 . 0  mV 



WORLD WIDE GEOSCIENCES - I 

m p l e  Name : j - 0 1 0 1 0  tINPC P7-! ! 1 7 - 2 5 ' :  
i l e s a m e  : C: ?TC4:4?Wk?\41WW!73.2.\k: 
?t  : WWG.WTH 
T : 2. 96 r i n  rp-. d ... - :  . - x e  : 4C.3:. r.ir. - - -al = : z z :  3 . c  F i c r  Cffse:: 2 97  

S a m p i e  W :  10202008  P a g e  1  o f  1 
Dace  : 3:15/01 i 2 : 3 6  PM 
T ime  o f  I n j e c c i o c :  3 / 1 3 / 0 1  0 1 : ; 9  PN 
Lou P o i n c  : 2 . 0 0  m V  High P c i n r  : 1 6 2 . 0 0  m.\: 
P l o c  S c a l e :  160 .C  rnV 
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WORLD WIDE GEOSCIENCES - I 

mcl- Name : ;-010?0 PZ-1 ('7'-29') 10:l 
it : C:\TC4\41WW\41WW150.3AW 
c w  : WHC.MTH 
art Tlme : ;. OC nlr~ 2nd Tlmt : 40.0: mln 
ale Zactcr: 0.0 Pio: Offset: : mV 

Sample Y :  10202008 Page 1 of 1 
Date : 2/13/01 09:5? AM 
Time of Injection: 2/6/01 08:41 AM 
Low Poinf : 2.00 mV Hlqh Pcint : iG2.00 mV 
Plot Scaie: 100.0 mV 



WORLD WIDE GEOSCIENCES - I 

.e Name : J-CZClC EI!.!PT Mu-32 : : I - 2 5 ' .  Sampie R :  10,22GO? Page ; o f  1 
4.3 : T: ?TC:'\;!WV[:lWK17€ .Xk: Dare : 3/15/C1 1'::: PM 
:=* ; Wk:S.b:?K T l m e  of lnjecrion: 3/12/01 C3:1E ?I< 
: 3 n e  . C.9:. xi:. E n d  T i m e  : ;'.CC cin Lou Point : 1. OC mi7 H ~ g z  Fslnr : 1 C Z . 0 0  m y  
i' F a c z a r :  C .  C ?ic= Cfise:: f mV Plo: Scale: 10C.G mV 



WORLD WIDE GEOSCIENCES - I 

tple Name : J-OlClC NHPC ME-33 ('3-25'; 
el' : C:\TC-l\41WW\41WWl78.RAk: 
h : WWG.WTH 
r b e  : 0.00 Z i p  End T ~ ~ P c  : 4 5 .  OC m l r .  
.le Fa::o:: 0 . 0  Pig: Cffse:: 2 mV 

Sample # :  10202007 Paqe 1 of 1 
Dace : 3/15/01 12:37 P!4 
Time of Injecrioc: 3/12/01 03:ZE PM 
Lo*: Point : Z.30 mu Hiqk Poinr : i0Z.00 mV 
Plo: Scaie: 100.0 mV 



WORLD WIDE GEOSCIENCES - I 

rmple Name : 5-01010 MW-33 ( 2 3 ' - 2 5 ' :  1 0 : l  Sample % :  10202007 Page 1  of  1  
.1'. -e : C:\TC4\41W~\.IlWh'l49.~4~ Dace : 2/13 /01  09:s' AM 

: WWG.MTH Time of  I n j e c t i o n :  2 / 6 / 0 1  0 7 : 4 2  AM 
: h i m e  : 6 . 0 0  r ~ i n  Eno Time : 40 .00  min Low Pc inc  : 2.00 mV Hlgh P o i n t  : !0:.00 mV 
:ale  F a c ~ o r :  0 . 0  P loc  O f f s e t :  2  mV P ioc  S c a l e :  1 0 0 . 0  mV a 
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APPENDIX I1 

OPERATING CONDITIONS 



GC OPERATING CONDITIONS 

Instrument: Perkin-Elmer Autosystem 

Column: 30m*0.25mm ID*0.25u Methyl Silicon, Restek Rtx-1 
(Cat# 101 38, Fused Silica Column; Bonded, - 

Non-Polar, Silicone Based Polymer Liquid Phase) 

Carrier Gas: Helium 
Linear Velocity = 30 cmlsec 
Column Pressure 16.9 psig. 

Injection Port: SplitISplitless Type 
Temperature 300 deg C 

Detector: Flame Ionization Type 
Temperature 300 deg C 
Range 1, Attn.4 

Injection Type 

Acronym 
Split Vent 
Split Vent Time,min 
Split Rate mllmin 

Initial Temp, deg C 
Initial Time, min 
Ramp Rate, deg Clmin 
Final Temp, deg C 
Final Time, min 
Run Time. min 

Method 1 

Split 

Method 2 Method 3 

Split Splitless 

Method 4 

Splitless 

1 Olsl 
Off 

0.5 
100 



WWG I - 10 SL 

monoo 
~mple Name : 6aUr61i'F BLANK 
.lr'. .s : C:\TC4\4iWW\41WW140.rau 
!t : wwc1-10 
:a-me : 0.00 rnin 
:ale Fac'o:: -i.O 

End Time : 40.00 rnin 
Plot Offset: -20 rnV 

Sample t :  BLANK Page 1 of 1 
Date : 2/12/01 04:18 PM 
Time of Injection: 2/5/01 10:56 ?M 
Lou Point : -20.11 rnV High Point : 479.89 mV 
Plot Scale: 50C.0 rnV 



WORLD WIDE GEOSCIENCES - I 

n p '  Yame : D-2 Sample # :  STANDARD Page 1 o f  1  

1. : C:  \?C~\ilWW\;lHWl4?.RAW Dace : 2 / 1 3 / 0 1  09:47 AM 

=- : WWG..*?TE ? m e  o f  I n l e c c i o n :  2 / 5 / 0 1  1 1 : 5 5  PM 

ar: Tune : 0 . 0 0  m1- EndT;me : 4 0 . 0 0 i ~ : n  Low Polnc  : 2 .00  mV H i g h  P o l n c  : 2 0 2 . 0 0  m'J 
a l e  F a c c c r :  0 .  G P l o c  Offsac: 1 mV P i o c  S c a l e :  200 .0  mV 

.~P::~,?r~:;:: [ r r  .; 1 



WORLD WIDE GEOSCIENCES - I 

~ l e  Name : PAK 
= N -  - : C:\TC1\41WW\41WWl46.RAW 
-I* : WWG.HTH 

. 0. 00 mln End Time : 40.00 mzn 
l e  Cac:or: 2 . 2  Plot  Of f ser :  2 mV 

Sample I :  STANDARD Page 1 o f  1 
Dace : 2/13/01 09:50 RH 
Time of Injection: 2/6/01 04:47 AM 
Lou Point : 2.00 mV High Point : 602.00 mV 
Plo: S c a l e :  600.0 mV 

- 
' I  . . 

. r i .  -. 



3mple Name : BLANK 
1 '  e  : C:\TC4\41WW\41WW151.raw 

WWG1-10 
: a h m e  i 0 . 0 0  min End Time : 40.00 min - 
= a l e  F a c t o r :  -1 .0  P l o t  O f f s e t :  -20 mV 

W W G I  - 1 0 S L  

Sample # :  BLANK Page 1  o f  1 
Date : 2/12 /01  04:18 PM 
Time o f  I n j e c t i o n :  2 / 6 / 0 1  11:24 AM 
Low P o i n t  : -20 .05  mV H i g h  ? o i n t  : 479.9:  mV 
P l o t  S c a l e :  5 0 0 . 0  mV 



WWG I - 10 SL 

/ W 7 , , ~ , f i  
i p l e  Name : SSSSidT BLANK 
e  1 : C : \ T C 4 \ 4 1 W W ' \ i l W W 1 5 2 . ; a u  

: W w t l - l C  
; : M e  : G . O C  min End Time : 4G.OC rnir 
11e F a c t o r :  -1.0 Pic: O f f s e t :  -20  rnL1 

Sample 8 :  aLANK Page i of  1  
Date : 2 / 1 2 / 0 1  04:lE PM 
Time o f  : n j e e t i o n :  2 / 6 / 0 1  12:25  PM 
Lou Poln: : -2C.04 mV Hlgh P c i ~ t  : 474.96 mv 
P l o t  S c a i e :  50C.0 rnV 



WORLD WIDE GEOSCILNCES - I 

>le Name : D-2 
=Name : C:\TC4\41Wk'\41WW153.RAW 
1 Od : WWG.M?H 

Sample Y :  STANDARD Page 1 of 1 
Date : 2/13/01 09:57 AM 
Time of Injection: 2/6/01 01:24 PM 

End Time : 40.00 min Lou Point : 2.00 mV High Point : 232.00 mV 
?lo= Offset: 2 mV Plot Scale: 230.0 mV 



W W G I  - 1 0 S L  

h L 7 H o 0  
~ p l e  Name : BLANK Sample W :  BLANK Page 1  o f  1  
.eName : C: \TC4\41WW\41WW158 .raw Date : 2 / 2 1 / 0 1  0 4 : 2 7  PM 
:hr : WWG;-10 Time o f  I n j e c t i o n :  2 / 1 3 / 0 1  0 4 : 5 8  PK 

: 0 . 0 0  min End Time : 4 0 . 0 0  min Low P o i n t  : - 2 0 . 2 5  mV High P o i n t  : 4 7 9 . 7 5  mV 
0 : :  - i . O  P l o t  O f f s e t :  -PO mV P l o t  S c a i e :  5 0 0 . 0  mV 
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WORLD WIDE GEOSCIENCES - I 

mple Name : D-2 
iel' . : C:?TC4'\4~WC'\ClWh'?59.?>.W 

WWG.MTH 
zhb. I c.06 mir :nc Tim? : 40.00 min 
die Facccr: 0.0 5 ;  ,.- .-a. O f f s e ~ :  2 mV 

Sample I :  STANDARD Page 1 of 1 
Date : 2/21/01 04:3e PM 
Tlme of Injection: 2/13/01 05:5? PM 
Lou Poinc : 2.00 mV High ?oin: : 182.00 my 
Pioc S:aie: 180.0 mV 



W W G I  - 1 0 S L  

i e  Name : PAX 
Narr- : ~::?C4\41WF\;lWF16C.:a~ 

5n; "me : 5 6 . 0 0  -1: 
E Fzzcc:: - l . C  Flc:  C f f s e c :  -2:. my 

Sample I :  STANDARD Paqe 1  cf i 
Dace : 2 / 2 1 / 0 1  04:27 PM 
Time o f  i n j e c t i o n :  2 / 1 3 / 0 1  06:5E PM 
Low P o i n z  : -2C.lC ml' Flgh Poirir : 4 7 9 . 9 0  m:! 
P i c c  S c a l e :  500 .0  mV 



WWG I 

m ~ 7 f f b ~  
m p l e  Name : BLANK 
leName : C:\TC4\41WW\41WWlBO.raw 
t' : WWG?-10 

: 0.00 mln End Time : 40.00 xln 
Plot Offset: -20 mV 

Sample Y :  BLANK Paqe 1 of 1 
Date : 3/15/01 12:30 PM 
Time of Injection: 3/13/01 C5:l: PM 
Low Point : -20.22 mV Xigh Point : 479.78 mV 
Plot Scaie: 500.0 mV 



WORLD WIDE GLUSLlLNLLS - 1 

n p l e  Name : D-2 
.eName : C:\?C4\41'm\SlWW:76.RAW 
: t : WWG.H?H 

Snd Time : 4 0 . 0 0  min 
? l o t  O f f s e t :  2 mV 

Sample I :  STANDARD Page 1  o f  1 
Dace : 3/15 /01  1 2 : 3 6  PM 
Time o f  I n j e c t i o n :  3 /13 /01  01:40  PM 
Lou P o i n t  : 2 . 0 0  mV 
P l o t  S c a l e :  1 6 0 . 0  mV 

High Poinc  : 1 6 2 . 0 0  mV 

4 



WORLD WIDE G E O S C I E N C E S  - 1 

nple Nkne : PAH 
LeName : C : \ T C ~ \ ~ ~ W W \ ~ ~ W H ~ ~ ~ . R A W  
ch- ' : WHG.fl! i  

: 0.00 min End Tine : 40.00 min 
o r :  0.0 P ~ O C  Off3et: 2 mv 

Sample 8 :  STANDARD Page 1 of 1 
Date : 3/15/01 12:37 PM 
Time of 1njec:ion: 3/13/01 02:35 PM 
Low Point : 2.00 mv High Point : 222.00 r n ~  
Plot Scale: 220.0 rnv 



APPENDIX I11 

CHROMATOGRAM PEAK AREA TABLES 



3ftware Version: 4.1<2F12> 
3mple Name : J-01010-B MW-30 Time : 3/14/01 11:ll AM 
3mple Number: 10209001 Study : WWG 

hstrument : WWG EXTRACTS Channel : A A/D mV Range : 1000 
utosampler : BUILT-IN 
ack/Vial : 0/5 

nterface Serial # : NONE Data Acquisition Time: 2/13/01 07:55 PM 
elay Time :0.00 min. 
nd Time : 40.00 min. 
smpling Rate : 6.2500 pts/sec 

sw Data File : C:\TC4\41WW\41WW161.M 
zsult File : C:\WINDOWS\TEMP\-RST002A.RST 
nst Method : G:\GC4\4A-SEQ\WWGl - 10 from C:\WINDOWS\TEMP\-RST002A.RST 
roc Method : C:\TC4\WWGINT.MTH 
3lib Method : C: \TC4 \WWGINT. MTH 
2quence File : G:\GC4\4A-SEQ\41WW.SEQ 

3mple Volume : 1.0000 ul Area Reject : 2000.000000 
3mple Amount : 1.0000 Dilution Factor : 1.00 

WWG-INT REPORT 

2ak Time Area Height Area Norm. Area BL Area/Height 
[min] [PV-SI [ pvl [%I [%I [sl 

------------------------------------------------------------------------------ 
1 2.421 3590.38 11517.91 0.00 0.00 BB 0.31 
2 2.490 3143.05 5590.10 0.00 0.00 BB 0.56 
3 3.048 11728.94 9228.86 0.01 0.01 *BV 1.27 
4 3.085 7811.91 7114.25 0.01 0.01 *VB 1.10 
5 3.212 11307.88 6672.08 0.01 0.01 *BB 1.69 
6 3.340 8816.08 5958.13 0.01 0.01 *BV 1.48 
7 3.376 24900.08 15397.71 0.02 0.02 *VV 1.62 
8 3.397 15675.39 13886.87 0.01 0.01 *VV 1.13 
9 3.435 6603.08 4099.14 0.01 0.01 *VV 1.61 
10 3.475 19982.81 17332.33 0.02 0.02 *VB 1.15 
11 3.597 118706.54 36479.75 0.11 0.11 *BV 3.25 





~ s u l t  F i l e  : -RST002A.RST, Pr in ted  On 3/14/01 11:ll AM 

eak Time Area Height 
# [min] [pV.sI [pvl 
-- ............................... 

Area Norm. Area BL 
[%I [ % I 

...................... 
0.13 0.13 *BV 
0.09 0.09 *VV 
0.02 0.02 *VV 
0.45 0.45 *VV 
0.19 0.19 *VE 
0.03 0.03 *EV 
0.16 0.16 *VV 
0.30 0.30 * W  
0.29 0.29 *VV 
0.08 0.08 *VV 
0.15 0.15 *VV 
0.06 0.06 *VV 
0.09 0.09 *VV 
0.08 0.08 *VV 
0.35 0.35 * W  
0.14 0.14 *VV 
0.05 0.05 * W  
0.05 0.05 *VV 
0.07 0.07 * W  
0.03 0.03 *VV 
0.17 0.17 * W  
0.25 0.25 * W  
0.05 0.05 *VV 
0.09 0.09 *VV 
0.77 0.77 *VV 
0.78 0.78 * W  
0.52 0.52 * W  
0.37 0.37 * W  
0.11 0.11 *vv 
0.16 0.16 *VV 
0.36 0.36 *VV 
0.12 0.12 *VV 
0.37 0.37 *VV 
0.11 0.11 *vv 
0.05 0.05 *VV 
0.17 0.17 *VV 
0.13 0.13 *VV 
0.07 0.07 *VV 
0.05 0.05 *VV 
0.22 0.22 *vv 
0.15 0.15 *VV 
0.21 0.21 *VV 
0.75 0.75 *VV 
0.58 0.58 *VV 
0.16 0.i6 *VV 
0.40 0.40 *VV 
0.50 0.50 *VV 
0.20 0.20 *vv 
0.35 0.35 *VV 



?suit File : -RST002A.RST, Printed On 3/14/01 11:ll AM 

zak Time 
i [min] 
-- --------- 

) 8.297 
5 8 8.357 
59 8.551 
70 8.610 
71 8.665 
7 2 8.790 
73 8.841 
7 4 8.895 
75 8.990 
7 6 9.038 
77 9.177 
7 8 9.247 
7 9 9.282 
30 9.452 
3 1 9.487 
32 9.572 
33 9.615 
3 4 9.650 
35 9.703 
36 9.758 
37 9.861 

Area Height Area Norm. Area BL Area/Height 
[PV*SI [ PVI [%I [%I [sl 

.................................................................. 
351986.89 109803.47 0.33 0.33 *VV 3.21 
154239.76 44401.70 0.14 0.14 *VV 3.47 
2743688.34 719808.48 2.58 2.58 *VE 3.81 
143089.94 45471.62 0.13 0.13 *EV 3.15 
80374.43 35807.40 0.08 00.08 * W  2.24 

594235.80 160635.11 0.56 lriLb-0.56 * W  3.70 dC(0  
73161.41 3 2 6 9 2 0 . 0 ' /  *VV 2.24 
63966.84 25750.07 0.06 0.06 *VV 2.48 
848384.00 336188.28 0.80 0.80 *VV 2.52 
212734.16 75711.43 0.20 0.20 * W  2.81 
875316.56 276637.54 0.82 0.82 * W  3.16 
137130.44 68737.37 0.13 0.13 *VV 1.99 
307754.31 77034.15 0.29 0.29 *VV 4.00 
763731.06 223520.80 0.72 0.72 *VV 3.42 
222234.93 115278.98 0.21 0.21 *VV 1.93 
683878.29 244085.21 0.64 0.64 *VV 2.80 
295731.97 166934.66 0.28 0.28 *VV 1.77 
124662.11 76311.68 0.12 0.12 *VV 1.63 
235768.06 84725.48 0.22 0.22 *VV 2.78 
629448.87 165304.53 0.59 0.59 * W  3.81 
256190.23 114459.55 0.24 0.24 *VV 2.24 
1003088.73 274696.82 0.94 0.94 *VV 3.65 
353619.35 230539.54 0.33 0.33 *VV 1.53 
194104.99 119794.92 0.18 0.18 *VV 1.62 
1371886.71 488830.69 1.29 1.29 *VE 2.81 
133119.06 70526.47 0.12 0.12 *EV 1.89 
177879.19 86583.25 0.17 0.17 * W  2.05 
157412.73 65506.86 0.15 0.15 *VV 2.40 
164709.82 70176.40 0.15 0.15 *VV 2.35 
143528.22 80061.44 0.13 0.13 *VV 1.79 
114077.26 81131.46 0.11 0.11 *VV 1.41 
454780.73 141476.85 0.43 0.43 *VV 3.21 
521545.22 145428.13 0.49 0.49 *VV 3.59 
760655.89 230980.93 0.71 0.71 *VV 3.29 
911114.72 351593.35 0.86 0.86 *VV 2.59 
198730.80 83563.73 0.19 0.19 *VV 2.38 
244089.43 84224.22 0.23 0.23 *VV 2.90 
1278535.93 351008.03 1.20 1.20 *VV 3.64 
184272.52 95109.05 0.17 0.17 *VV 1.94 
381477.12 169442.77 0.36 0.36 *VV 2.25 
802990.83 265471.71 0.75 0.75 *VV 3.02 
579156.22 230361.42 0.54 0.54 *VV 2.51 
409396.25 98665.30 0.38 0.38 *VV 4.15 
436996.94 152332.99 0.41 0.41 *VV 2.87 
435073.04 135799.63 0.41 0.41 *VV 3.20 
195871.78 125219.09 0.18 0.18 *VV 1.56 
195143.14 96872.16 0.18 0.18 *VV 2.01 
502864.34 178080.06 0.47 0.47 *VV 2.82 
680492.46 228582.51 0.64 0.64 *VV 2.98 



2sult File : -RST002A.RST, Printed On 3/14/01 11:ll AM 

2ak Time Area Height 
# [min] [PV~SI [PVI 

Area Norm. Area BL 
[ % I  [ % I  

...................... 
0.20 0.20 *vv 
0.80 0.80 *VV 
0.45 0.45 *VV 
1.18 1.18 * W  
0.57 0.57 *VV 
0.20 0.20 *VV 
0.13 0.13 *VV 
0.33 0.33 * W  
0.78 0.78 *VV 
0.67 0.67 * W  
0.51 0.51 *VV 
0.39 0.39 *VV 
0.72 0.72 *VV 
0.20 0.20 *vv 
0.40 0.40 *VV 
0.54 0.54 *VV 
0.37 0.37 *VV 
0.79 0.79 *VV 
0.47 0.47 *VV 
0.43 0.43 * W  
0.26 0.26 * W  
1.07 1.07 *VV 
0.30 0.30 *VV 
0.27 0.27 *VV 
0.96 0.96 *VV 
0.17 0.17 *VV 
0.85 0.85 *VV 
0.48 0.48 *VV 
0.37 0.37 *VV 
0.23 0.23 *VV 
0.46 0.46 *VV 
0.44 0.44 *W 
0.42 0.42 *VV 
0.51 0.51 *VV 
0.39 0.39 *VV 
0.33 0.33 *VV 
0.65 0.65 *VV 
0.22 0.22 *vv 
0.13 0.13 *VV 
0.76 0.76 *VV 
0.45 0.45 *VV 
0.46 0.46 *VV 
0.56 0.56 *VV 
0.44 0.44 *VV 
0.30 0.30 *VV 
0.36 0.36 *VV 
0.82 0.82 *VV 
0.72 0.72 *VV 
0.23 0.23 *VV 



3sult File : -KSTUUZA.RST, Prlnted On 3/14/Ul 11:11 AM 

~ a k  Time Area Height Area Norm. Area BL Area/Height 
I [min] [IJV-SI [ IJV I [%I [%I [S I 
_-__-_____-__---__------------------------------------------------------------ 



= a k  T i m e  A r e a  H e i g h t  A r e a  N o r m .  A r e a  BL A r e a / H e i g h t  
# [ m i n ]  [ P V - S I  [PVI  [ % I  [ % I  [sl 



2sult File : -RST002A.RST, Printed On 3/14/01 11:ll AM 
- 

?ak Time Area Height Area Norm. Area BL Area/Height 
1 [min] [pVgs1 [pvl . [%I [%I [ s I 
_______----------------------------------------------------------------------- 



WORLD WIDE GEOSCIENCES - I 

p l e  Name : 2-51515-6 M W - ? C  
et' - . . - . ! T - '  -.  ..,-. \<lWh'?4iMKl6!. R A W  
i : W W C I E I T .  F;TE 
*TE : C.9C !?.:I. En- ::me : 40.30 min 
i e  Feces:: C,. P i s :  C f f s e t :  2 mi' 

Sample # :  10?09001 Page 1  o f  : 
Dace : ? / 1 4 / 0 i  1 1 : l l  AM 
Time o f  Injection: 2 / 1 3 / 0 1  O i : 5 j  PM 
Lou P o i n c  : 2 .00  mV H i g t  P o i n t  : 7 5 2 . 0 0  mkr 
P l o t  Scale: 750.0 mV 





~ftware Version: 4.1<2F12> 
imple Name : J-01010-B MW-31 (23'-25') Time : 3/14/01 11:12 AM 
mple Number: 10209003 Study : WWG 

qstrument Lt O : WWG EXTRACTS Channel : A A/D mV Range : 1000 
 tos sampler : BUILT-IN 
ack/Vial : 0/7 ( a t  

nterface Serial # : NONE Data Acquisition Time: 2/13/01 09:56 PM 
elay Time :0.00 min. 
nd Time : 40.00 min. 
ampling Rate : 6.2500 pts/sec 

aw Data File : C: \TC4\41WW\41WW163. RAW 
esult File : C:\WINDOWS\TEMP\-RST2C56.RST 
nst Method : G:\GC4\4A-SEQ\WWGl - 10 from C:\WINDOWS\TEMP\-RST~C~~.RST 
roc Method : C:\TC4\WWGINT.MTH 
alib Method : C:\TC4\WWGINT,MTH 
equence File : G:\GC4\4A-SEQ\41WW,SEQ 

ample Volume : 1.0000 ul Area Reject : 2000.000000 
ample Amount : 1.0000 Dilution Factor : 1.00 

WWG-INT REPORT 

eak Time Area Height Area Norm. Area BL Area/Height 
# [min] [PV* sl [PVI [%I [ ?5 I [sl 



sult File : -RST2C56.RST, Printed On 3/14/01 11:12 AM Page 2 

3k Time Area Height 
[min] [PVSSI [PVI 

- ............................. 
kW 7.295 56621.77 21993.74 
0 7.324 58319.88 20571.81 
1 7.456 109820.81 29759.76 
2 7.537 89389.57 28090.58 
3 7.616 115545.32 42378.10 
4 7.758 368889.15 108356.70 
5 7.906 193217.25 85672.36 
6 7.938 309864.13 157885.82 
7 7.989 83264.23 41490.57 
8 8.055 527402.69 211446.43 
9 8.121 456926.14 152249.10 
10 8.159 112538.70 90682.36 
; 1 8.217 91590.92 39267.45 
12 8.281 233557.98 78118.72 
5 3 8.348 137913.22 40186.61 
14 8.530 1920582.52 573750.99 
15 8.598 87695.46 28469.46 
3 6 8.656 82175.24 33953.03 
17 8.729 116373.58 38483.96 
3 8 8.777 291321.79 111751.75 
3 P 8.827 43710.70 2 3 5 m  

8.882 44723.98 17737.37 
11 8.969 547309.98 250728.55 
12 9.025 161719.80 56038.84 
13 9.158 507474.55 149860.75 
14 9.237 145194.23 68388.44 
4 5 9.277 180766.36 51243.17 
4 6 9.372 122500.22 47896.43 
47 9.439 433572.71 165335.55 
4 8 9.485 367671.35 171320.28 
4 9 9.559 453364.87 174524.60 
50 9.614 564751.00 249862.68 
51 9.688 145182.66 52895.34 
52 9.769 507719.36 140732.20 
53 9.848 234854.52 95612.00 
54 9.937 661366.43 206444.49 
55 9.972 329840.23 192410.67 
56 10.009 154149.46 102557.50 
57 10.076 847174.66 351159.81 
58 10.132 128785.34 60614.02 
59 10.157 100839.51 53989.70 
60 10.221 94558.96 36468.12 

10.283 91638.61 41625.84 k 10.351 101685.02 59706.33 
10.339 107177.41 61552.66 

64 10.388 269198.80 94964.70 
65 10.483 279575.01 93964.71 
66 10.609 470322.03 165853.62 
67 10.675 562156.04 241291.78 

Area Norm. Area BL ~rea/Height 
[ % I  [ % I  [ s I 



jult File : -RST2C56.RST, Printed On 3/14/01 11:12 AM 

3k Time Area Height Area Norm. Area BL Area/Height 
[min] [PV. s I [PVI %I [%I [sl _ _  _______________----------------------------------------------------------- 



s u l t  F i l e  : -RST2C56.RST, P r i n t e d  On 3 / 1 4 / 0 1  1 1 : 1 2  AM 

a k  Time A r e a  H e i g h t  A r e a  Norm. A r e a  BL A r e a / H e i g h t  
[ m i n ]  [ p V . s ]  [ p v l  [ % I  [ % I  [ s l  

............................................................................. 
l ' f i r r 1 4 . 4 5 4  2 1 2 9 6 1 . 7 5  5 2 1 8 3 . 7 0  0 . 4 0  0 . 4 0  *VV 4 . 0 8  
8  1 4 . 5 4 5  341933 .44  5 9 1 8 2 . 1 8  0 . 6 3  0 . 6 3  * W  5 . 7 8  

.9  1 4 . 6 1 7  1 1 1 5 7 9 . 6 8  4 7 2 5 8 . 8 3  0 . 2 1  0 . 2 1  *VV 2 . 3 6  
10 1 4 . 6 6 5  84780 .74  42344 .88  0 . 1 6  0 . 1 6  * W  2 . 0 0  
!1 1 4 . 7 3 2  3 4 6 7 3 0 . 9 6  1 3 0 8 1 2 . 7 4  0 . 6 4  0 . 6 4  * W  2 . 6 5  
!2 1 4 . 7 8 6  241038 .40  82525 .98  0 . 4 5  0 . 4 5  * W  2 . 9 2  
!3 1 4 . 8 3 0  2 4 1 9 9 0 . 4 1  7 0 0 6 8 . 6 9  0 . 4 5  0 . 4 5  *W 3 . 4 5  
!4 1 4 . 9 3 9  2 9 3 4 7 9 . 9 5  66428 .00  0 . 5 4  0 . 5 4  * W  4 . 4 2  
!5 1 4 . 9 9 3  1 9 0 9 1 4 . 7 5  6 9 8 8 3 . 0 1  0 . 3 5  0 . 3 5  * W  2 . 7 3  
26 1 5 . 0 4 3  1 5 1 5 1 0 . 6 5  6 0 8 7 5 . 4 7  0 . 2 8  0 . 2 8  * W  2 . 4 9  
27 1 5 . 0 9 8  2 1 2 0 0 8 . 9 1  6 8 0 5 5 . 2 9  0 . 3 9  0 . 3 9  *VV 3 . 1 2  
28 1 5 . 1 7 2  3 1 2 2 5 6 . 2 0  9 0 3 6 1 . 7 1  0 . 5 8  0 . 5 8  *VV 3 . 4 6  
29 1 5 . 2 2 6  1 3 4 9 8 5 . 0 3  6 6 9 7 4 . 2 5  0 . 2 5  0 . 2 5  *VV 2 . 0 2  
30 1 5 . 2 5 3  3 8 8 7 2 5 . 7 0  6 5 3 2 0 . 4 3  0 . 7 2  0 . 7 2  *VV 5 . 9 5  
3 1  1 5 . 4 0 2  1 4 7 6 3 8 . 3 0  5 1 2 0 8 . 8 3  0 . 2 7  0 . 2 7  *VV 2 . 8 8  
32 1 5 . 5 1 9  6 9 7 9 0 7 . 0 6  1 1 3 7 6 7 . 0 2  1 . 2 9  1 . 2 9  *VV 6 . 1 3  
33 1 5 . 5 8 7  1 2 9 6 5 4 . 5 0  5 7 2 3 3 . 5 6  0 . 2 4  0 . 2 4  *VV 2 . 2 7  
34 1 5 . 6 5 8  1 8 1 4 9 2 . 5 0  7 7 6 9 5 . 4 5  0 . 3 4  0 . 3 4  *VV 2 . 3 4  
35 1 5 . 6 7 8  1 9 9 4 0 9 . 6 1  7 5 0 2 6 . 7 5  0 . 3 7  0 . 3 7  *VV 2 . 6 6  
3 6  1 5 . 7 4 1  1 4 7 4 6 7 . 6 1  4 9 4 8 1 . 9 9  0 . 2 7  0 . 2 7  *VV 2 . 9 8  
37  1 5 . 8 2 0  2 0 4 5 3 0 . 9 5  4 7 6 0 3 . 7 3  0 . 3 8  0 . 3 8  *VV 4 . 3 0  

5;. 1 5 . 9 0 4  5 0 6 2 5 9 . 0 1  1 7 4 7 6 7 . 2 6  0 . 9 4  0 . 9 4  *VV 2 . 9 0  
1 6 . 0 0 7  4 2 9 3 5 1 . 4 0  1 0 1 6 1 5 . 2 2  0 . 8 0  0 . 8 0  *VV 4 . 2 3  

40 1 6 . 0 8 0  1 8 0 5 7 4 . 3 6  6 0 3 0 3 . 6 8  0 . 3 4  0 . 3 4  *VV 2 . 9 9  
4 1  1 6 . 1 4 1  2 5 8 3 7 8 . 4 1  8 6 0 0 6 . 1 9  0 . 4 8  0 . 4 8  *VV 3 . 0 0  
42 1 6 . 2 4 8  3 2 1 0 5 9 . 2 0  6 3 6 8 0 . 3 8  0 . 6 0  0 . 6 0  * W  5 . 0 4  
43  1 6 . 3 4 4  4 0 5 5 8 5 . 5 5  8 3 5 7 2 . 2 8  0 . 7 5  0 . 7 5  *VV 4 . 8 5  
44 1 6 . 3 8 9  1 9 3 1 8 7 . 4 8  6 6 1 9 1 . 1 1  0 . 3 6  0 . 3 6  *VV 2 . 9 2  
45  1 6 . 4 5 4  1 6 2 6 7 9 . 8 9  6 1 6 1 6 . 0 5  0 . 3 0  0 . 3 0  *VV 2 . 6 4  
46  1 6 . 4 9 7  1 5 1 2 0 2 . 3 5  6 2 2 0 1 . 3 3  0 . 2 8  0 . 2 8  *VV 2 . 4 3  
47 1 6 . 5 5 6  2 5 1 1 1 9 . 1 9  6 7 1 5 5 . 6 0  0 . 4 7  0 . 4 7  *VV 3 . 7 4  
48 1 6 . 6 2 6  2 6 1 1 7 0 . 5 8  7 4 0 7 9 . 8 3  0 . 4 8  0 . 4 8  *W 3 . 5 3  
49  1 6 . 7 0 6  2 7 3 0 1 2 . 5 4  7 9 6 8 7 . 6 8  0 . 5 1  0 . 5 1  *VV 3 . 4 3  
50 1 6 . 7 5 0  2 1 4 7 8 1 . 3 0  5 4 3 7 2 . 7 3  0 . 4 0  0 . 4 0  *VV 3 . 9 5  
5 1  1 6 . 8 3 9  1 5 8 7 8 6 . 3 6  5 3 0 8 4 . 8 4  9 . 2 9  0 . 2 9  *VV 2 . 9 9  

.52 1 6 . 8 9 8  2 7 1 8 9 4 . 4 8  8 1 0 5 6 . 7 6  0 . 5 0  0 . 5 0  *VV 3 . 3 5  

. 5 3  1 6 . 9 6 2  2 0 5 8 2 1 . 0 1  6 8 4 2 4 . 4 9  0 . 3 8  0 . 3 8  *VV 3 . 0 1  

.54 1 7 . 0 0 0  1 3 2 7 0 4 . 1 0  5 7 7 4 1 . 3 8  0 . 2 5  0 . 2 5  *VV 2 . 3 0  
- 5 5  1 7 . 0 9 4  3 9 3 5 3 0 . 1 5  8 6 6 1 0 . 5 3  0 . 7 3  0 . 7 3  *VV 4 . 5 4  
- 5 6  1 7 . 1 4 7  2 0 7 7 7 5 . 2 1  7 4 2 4 7 . 1 9  0 . 3 9  0 . 3 9  *VV 2 . 8 0  
-57  1 7 . 2 4 0  2 6 2 6 9 4 . 7 3  7 4 0 9 5 . 3 2  0 . 4 9  0 . 4 9  *VV 3 . 5 5  
158 1 7 . 2 7 8  1 3 7 4 8 0 . 2 2  6 8 6 0 6 . 8 8  0 . 2 6  0 . 2 6  *VV 2 . 0 0  
159 1 7 . 3 2 6  2 5 9 1 0 5 . 0 8  5 8 0 6 3 . 9 5  0 . 4 8  0 . 4 8  *VV 4 . 4 6  



s u l t  F i l e  : -RST2C56.RST, P r i n t e d  O n  3/14/01 11:12 AM 

a k  T i m e  
[ m i n ]  

- -------- 
,b 17.831 
i7 17.886 
;8 17.929 
i9 18.005 
'0 18.078 
'1 18.128 
'2 18.198 
'3 18.272 
14 18.345 
75 18.441 
76 18.485 
77 18.581 
18 18.660 
79 18.782 
30 18.840 
31 18.970 
32 19.024 
33 19.084 
34 19.122 
35 19.248 
36 19.378 

A r e a  H e i g h t  A r e a  N o r m .  A r e a  BL 
[ ! JV.s I  [ P V I  [ % I  [ % I  

............................................ 
267930.49 65972.96 0.50 0.50 *VV 
102465.01 49923.65 0.19 0.19 *VV 
237651.24 53522.37 0.44 0.44 *VV 
196803.01 51022.58 0.37 0.37 *VV 
148255.85 47885.64 0.28 0.28 * W  
137574.59 47715.46 0.26 0.26 *VV 
175949.55 57927.80 0.33 0.33 * W  
441189.85 125387.99 0.82 0.82 * W  
278210.25 51093.29 0.52 0.52 *VV 
136557.69 48821.10 0.25 0.25 *VV 
235454.39 57197.41 0.44 0.44 *VV 
162825.74 44265.87 0.30 0.30 *VV 
403018.02 59743.95 0.75 0.75 *VV 
214692.00 54521.86 0.40 0.40 *VV 
282462.21 59515.15 0.52 0.52 *VV 
610512.29 180406.68 1.13 1.13 *VV 
162465.95 56829.18 0.30 0.30 *VV 
146752.23 53722.47 0.27 0.27 *VV 
204457.32 53069.82 0.38 0.38 *VV 
399029.87 52906.26 0.74 0.74 *VV 
338312.14 52587.96 0.63 0.63 *VV 
303523.59 57107.21 0.56 0.56 *VV 
287917.73 46536.27 0.53 0.53 *VV 
437384.41 49664.70 0.81 0.81 *VV 
169643.98 41040.17 0.31 0.31 *VV 
277082.57 44224.79 0.51 0.51 *VV 
133577.71 42800.09 0.25 0.25 * W  
407514.60 113941.41 0.76 0.76 *VV 
235439.00 45015.50 0.44 0.44 *VV 
153119.88 43980.93 0.28 0.28 *VV 
239196.19 43436.13 0.44 0.44 *W 
200822.56 42153.21 0.37 0.37 *VV 
276756.97 38622.12 0.51 0.51 *VV 
95236.93 37186.29 0.18 0.18 *VV 

240417.64 36682.83 0.45 0.45 *VV 
299743.40 36761.43 0.56 0.56 *VV 
261216.98 55002.25 0.48 0.48 *VV 
324806.55 37175.09 0.60 0.60 *VV 
191114.25 35367.56 0.35 0.35 *VV 
150790.92 34390.16 0.28 0.28 *VV 
113549.63 31620.87 0.21 0.21 *VV 
329254.57 32630.51 0.61 0.61 *VV 
194179.16 28146.01 0.36 0.36 *VV 
323434.36 28715.54 0.60 0.60 *VV 
37850.87 24702.80 0.07 0.07 *VV 

217752.60 26959.12 0.40 0.40 *VV 
110726.15 25839.45 0.21 0.21 *VV 
40910.12 22431.79 0.08 0.08 *VV 

242079.17 28283.95 0.45 0.45 *VV 



;ult File : -RST2C56.RST, Printed On 3/14/01 11:12 AM 

ik Time Area Height Area Norm. Area BL ~rea/Height 
[min] [IJV-SI [IJVI. . [ % I  [%I [ s I 



WORLD WIDE GEOSCIENCES - I 

ple Name : 5-01010-8 MW-31 (23'-25'1 
eName : C : \ T C ¶ \ ~ ~ W W \ ¶ ~ W W ~ ~ ~ . R A W  
hod : WWGINT.MTH 
rt 'e : 0.00 min End Time : 40.00 min 

Plot Offset: 2 mV 

Sample b: 10209003 Page 1 of 2 
Date : 3/14/01 11:12 AH 
Time of Injection: 2/13/01 09:56 PM 
Low Point : 2.00 mV High Point : 602.00 mV 
Plot Scale: 600.0 mV 
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REPORT 2 

SUMMARY 

Six soil samples, two water samples, and a product sample were 
analyzed by high resolution capillary gas chromatography to determine the 
type or types of parent products associated with ,these samples, and to 
provide any indications of parent product age. Two of the samples had 
concentration levels too low to determine the parent product associated with 
these samples. These were the MW 29 (23-25) and MW 31 (15-17) 
samples. The low amplitude peaks present in the chromatograms of these 
samples are not consistent with coal tar as the parent product. 

The MW 30 water sample, the MW 30 (25-27) and the MW 31 (23- 
25) soil samples have signature characteristics indicating mixtures of 
gasoline and diesel/fuel oil. Diesel/fuel oil is the dominant product. The 
characteristics of the gasoline derived hydrocarbons indicate parent 
gasolines most probably produced between 1975 and 1980. The diesel/fuel 
oils are significantly biodegraded with most probable exposure times of 16 
to 20 years for the MW 30 (25-27) soil sample and twenty years or more for 
the MW 30 water sample and the MW 3 1 (23-25) soil sample. The MW 3 1 
product sample also contains a mixture of gasoline range and dieselhe1 oil 
derived hydrocarbons. The dieselhe1 oil product contribution dominates, 
and is severely biodegraded with a most probable exposure time of twenty 
years or more. The gasoline range assemblage is not clearly indicative of 
gasoline as the parent product. Either the gasoline is so severely weathered 
that the characteristic pattern of gasoline peaks is no longer evident or the 
gasoline range hydrocarbons could have been derived from a mixed 
hydrocarbon solvent or naphtha. 

The MW-29 water sample signature is dominated by a single peak at 
the elution position of benzene, and also contains a very low amplitude, 
severely biodegraded diesel/fuel oil assemblage. The SB-40 (23-25) soil 
sample signature shows characteristics indicating a very severely 
biodegraded residual grade, such as #6 grade, fuel oil assemblage with a 
most probable exposure time of at least fifty years. The PZ-1 (27-29) soil 
sample has compositional characteristics indicating a mixture that consists 
predominantly of a moderately biodegraded diesel/fuel oil with a most 
probable exposure time of 14 to 18 years, and a subordinate coal tar 
contribution. 

INTRODUCTION 

P'- A water sample and a product sample froin the Troy Area 2 site were 
received at the offices of Worldwide Geosciences, Inc. on March 6, 2001 



via Federal Express overnight delivery. Each sample was contained in a 

lw single, liter, amber glass jar which were packed in an insulated plastic 
cooler with ice used as a preservative. Sample identifications as per the 
attached chain of custody form and their assigned laboratory numbers are as 
follows: 

Sample ID 
NMPCIAREA 2MW29 Water 
NMPCIAREA 2MW3 1 Product 

Lab No. 
0 10309008 

A water sample from the Troy Area 2 site was received at the offices 
of Worldwide Geosciences, Inc. on March 14, 2001 via Federal Express 
overnight delivery. The sample was contained in a single, liter, amber glass 
jar which was packed in an insulated plastic cooler with ice used as a 
preservative. Sample identification as per the attached chain of custody 
form and its assigned laboratory number is as follows: 

Sample ID 
NMPC/AREA 2MW30 

Lab No. 
0103 15007 

1,000 milliliters of each water sample were extracted with 100 
milliliters of methylene chloride solvent. The extractions were carried out 
by agitation in a separatory funnel. After separating each solvent and soil, 
each solvent was reduced in volume to two milliliters to increase the 

b- 
concentration level of the extracted hydrocarbons in the solvent. Each 
solvent was spiked with androstane as an internal standard. The 
concentration level of the internal standard relative to the weight of water 
extracted is 120 parts per billion. Each spiked solvent containing the 
extracted hydrocarbons was then analyzed by high-resolution gas 
chromatography using a 30-meter DBl column and a flame ionization 
detector. A Perkin-Elmer Autosystem was utilized. The analysis procedure 
can be viewed as a modification of ASTM method D-3328. The 
modifications allow for the analysis of hydrocarbons in solvent and improve 
the resolution of the lighter hydrocarbons. Two procedural methods are 
routinely used for product in solvent characterization. One provides better 
resolution of the gasoline range hydrocarbons but has a more limited carbon 
number range. This is Method 3 as defined in the procedural description 
provided in Appe-ndix 11. The second method is routinely used to 
characterize product in solvents heavier than gasoline. The gasoline range 
hydrocarbons are compressed as a result of a more rapid increase in column 
temperature. This is Method 4 as described in Appendix 11. 

The extracts obtained on these samples were analyzed under Method 
4 conditions on March 2 1, 200 1. There was an inadvertent reversal in 
computer file identifications involving the MW 30 sample on the March 
21" run. The MW 30 extract was reanalyzed on March 28 to confirm the 
signature was correct. 

P- The product sample was analyzed directly under Method 2 
conditions on March 2 1,200 1. 



The only difference in operating conditions between Methods 1 and 
2, which are used for actual product samples, and between Methods 3 and 4 
is in the injection conditions. When products are run neat, or as received, a 
split injection method is used and if the hydrocarbons are in solvent phase a 
splitless injection system is used. 

Display copies of the chromatograms, both labeled and unlabeled, 
are incorporated into the report as Appendix I. A full-scale display in 
which all the peaks have been kept onscale for accurate visualization of the 
relative proportions of the hydrocarbons present is provided. Also included 
in Appendix I is a table listing the abbreviations used to identi@ peaks on 
the chromatograms and their corresponding names. 

Peak area tables derived from the chromatograms are included as 
Appendix 111. 

The characteristics of these samples are discussed in the results 
section along with the characteristics of samples previously analyzed under 
this project and reported out under cover letter of March 27,200 1. 

RESULTS 

In discussing the compositional characteristics of the samples 

)L. 
analyzed and analog signatures, the various peaks present in the 
chromatograms will be referred to in terms of the hydrocarbons they 
represent. As a general aid to visualizing the types of hydrocarbons 
involved, Figure 1 is provided to illustrate the structural characteristics of 
the main classes of hydrocarbons. 

The concentration levels of hydrocarbons present in the MW 29 (23- 
25) and MW 3 1 (1 5- 17) samples were too low to produce chromatograms 
which could be interpreted in detail in terms of parent product type or age. 
Neither chromatogram is consistent with coal tar as the product type. The 
complex assemblage of low amplitude peaks in the MW 29 (23-25) sample 
between eight and fourteen minutes elution time is consistent with a 
residual 10 to 15% fraction of gasoline. 

Figure 2 compares the chromatographic signature of the MW 30 (25- 
27) soil sample with the signature of a gasoline. The gasoline signature 
shown is that of American Petroleum Institute petroleum standard 6 (API 
PS6). The MW30 (25-27) sample signature shows a hydrocarbon range 
extending from the C7 (seven carbon atoms) to the C23 (twenty three 
carbon atom) range. Gasoline derived hydrocarbons would extend only to 
NC 13. The relative prominence of multibranched isoparaffins among the 
early eluting peaks indicates a gasoline contribution to the MW 30 
hydrocarbon assemblage. These multibranched isoparaffins are collectively 
termed alkylates. Alkylates are derived from a specific refinery processing 

PY stream and are added to gasolines to raise the octane number of a gasoline. 
The structures of the alkylate hydrocarbons are shown in Figure 3.  The 
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relative prominence of the trimethylpentane (224TMP, 234TMP, and 

b 233TMP) peaks compared to bracketing non-alkylate saturate peaks 
indicates a gasoline contribution to the MW30 (25-27) soil sample. 

The gasoline associated with the MW30 (25-27) sample is 
significantly volatilized. The volatilization losses are reflected in the low 
proportions of the lighter hydrocarbons, which elute first or to the left on 
the chromatogram. The signature characteristics of the MW-30 (25-27) 
sample also indicate gasoline as the dominant parent product through the 
C9 aromatic range or approximately nine minutes elution time. 

The gasoline derived portion of the MW 30 (25-27) sample signature 
also indicates the parent gasoline was an older formulation gasoline. The 
C8 aromatics (ethylbenzene and the xylenes) have comparable solubilities 
in water and comparable degradation rates (Yang et al, 1995). The 
proportions of the C8 aromatics compared to one another will reflect their 
proportions compared to one another in the parent product. The signature 
of the MW 30 (25-27) sample shows a predominance of the ethylbenzene 
peak over both the meta-para xylene peak and the ortho-xylene peak. This 
is a characteristic restricted to gasolines produced prior to 1980. The 
proportions of the C9 aromatics compared to one another also will reflect 
their proportions compared to one another in the parent product. The 
proportions of .the C9 aromatics compared to one another also are atypical 
of more recent gasolines, and also indicate a parent gasoline produced prior 

)Y 
to 1980. The MW 30 (25-27) signature shows a high proportion of the 
normal propyl benzene (NPBZ) peak compared to the following C9 
aromatic peaks (1 M3EBZ, 13 5TMBZ, and 1 M2EBZ). 

The gasoline derived hydrocarbons also show proportions of low 
octane number hydrocarbons which are more indicative of an unleaded 
gasoline rather than a leaded gasoline. The low octane number 
hydrocarbons include the cycloparaffins, normal paraffins, and 
monobranched isoparaffins. Unleaded gasolines were required to be in use 
as of 1975. Combining this characteristic with the other age related 
gasoline characteristics indicates the parent gasoline most probably was 
produced between 1975 and 1980. 

The next higher carbon number group of petroleum derived products 
are referred to collectively as the middle distillates. Kerosenes, diesels, and 
fuel oils are the most common middle distillate products. Standard (#2) 
grade fuel oil and diesel are similar products. Figure 4 provides a 
comparison of the chromatographic signatures of a kerosene product sample 
and a diesellfuel oil product sample. The normal paraffins are the most 
prominent individual hydrocarbon type in middle distillate products. The 
normal paraffins are straight chain molecules in which all the carbon atoms 
are attached to one another in an end to end manner. The structure of 
normal hexane in Figure 1 is an example of a normal paraffin. The normal 
paraffins are annotated on the chromatograms with a NC designation 

)I followed by the number of carbon atoms in the molecule. The overall 
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FIGURE 4: COMPARISON OF THE CHROMATOGRAPHIC SIGNATURES OF A KEROSENE 
SAMPLE AND A DIESEL PRODUCT SAMPLE 



carbon number range and normal paraffin distribution of diesels and fuel 

b'" oils extends to higher carbon numbers than in kerosenes. 

Diesels and fuel oils also can be differentiated from kerosene 
products on the basis of their isoprenoid proportions. The isoprenoids are 
the second most prominent individual hydrocarbon type in middle distillate 
products. The isoprenoids are a unique type of branched chain or 
isoparaffin in which a side methyl (CH3) group is attached to every fourth 
carbon atom of the main carbon chain. The structure of methylpentane in 
Figure 1 is an example of an isoparaffin with a single, side, methyl group. 
The isoprenoids are annotated on the chromatograms with an IP designation 
followed by the number of carbon atoms in the molecule. In kerosenes, the 
lower carbon number isoprenoids (IP 13, IP 14, IP 15, and IP 16) significantly 
exceed the higher carbon number isoprenoids (IP18, IP19, and IP20). In 
diesels and fuel oils, the higher carbon number isoprenoids are present at 
more comparable proportions to the lower carbon number isoprenoids, and 
in some instances may exceed the lower carbon number isoprenoids. 

With increasing exposure time, the normal paraffin peaks are 
preferentially reduced compared to the isoprenoid peaks and ultimately lost 
as a result of biodegradation. Figure 5 illustrates the effects of 
biodegradation on a kerosene product sample. In Figure 5, the 
chromatogram of a kerosene sample is shown. The same signature is then 
shown artificially biodegraded by whiting out the normal paraffin peaks. 

1'- Figure 6 provides a similar comparison for a diesellfuel oil product sample 
signature. As the vertically prominent normal paraffin peaks are lost, the 
underlying baseline rise or hump becomes an increasingly prominent 
feature of the chromatographic signature. The baseline rise or hump 
represents a complex mixture of individual hydrocarbons which are not 
present in sufficient individual abundance to elute as discrete peaks. 
Biodegraded diesels and fuel oils can be distinguished from biodegraded 
kerosene products on the basis of the carbon number limits of the baseline 
rise or hump and the proportions of the isoprenoids. 

Figure 7 compares the chromatographic signature of the MW 30 (25- 
27) soil sample with the signature of a kerosene product sample. Figure 8 
provides a similar comparison with a diesellfuel oil product sample. The 
baseline rise limits, isoprenoid proportions, and overall carbon number 
range are consistent with a diesellfuel oil product and not a kerosene 
product. 

The low proportions of normal paraffin peaks and prominence of 
isoprenoid peaks indicate the diesellfuel oil associated with the MW 30 (25- 
27) sample is severely biodegraded. Figure 9 compares the 
chromatographic signature of the MW 30 (25-27) sample to a biodegraded 
diesellfuel oil signature. 

Christensen and Larsen (1993) correlated the level of biodegradation 
with exposure times for sainples analyzed froin sites with known loss dates. 
The ratio of NC17lIP19 (pristane) was used as a measure of the level of 
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FIGURE 5: CHROMATOGRAPHIC SIGNATURE OF A KEROSENE PRODUCT AS ANALYZED 
AND AR1-IFICIALLY DEGRADED (NORMALS WHITED OUT) 
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FIGURE 6: CHROMATOGRAPHIC SIGNATURE OF A DIESEL PRODUCT AS ANALYZED 
AND ARTIFICIALLY DEGRADED (NORMALS WHITED OUT) 
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FIGURE 9: COMPARISON OF THE CHROMATOGRAPHIC SIGNATURES OF THE MW 30 (25- 
27) SOlL SAMPLE AND A BIODEGRADED DIESEUFUEL OIL PRODUCT SAMPLE 



biodegradation. The NC 17lIP 19 ratio for the MW 30 (25-27) sample is 0.1. 

)'" Based on the criteria of Christensen and Larsen, an exposure time of 16 to 
20 years is indicated. 

15% of the MW30 (25-27) sample signature is represented by the 
hydrocarbons eluting up to NClO, which are dominantly gasoline derived. 
The C 10 to C13 range consists of both gasoline derived and diesellfuel oil 
derived hydrocarbons. An additional 5 to 10% of the total hydrocarbons are 
estimated to also be gasoline derived. On this basis, the hydrocarbon 
assemblage present in the MW30 (25-27) sample represents 20 to 25% 
gasoline and 75 to 80% diesel or fuel oil. The gasoline portion of the 
sample shows compositional characteristics which would restrict the age of 
the parent gasoline to a gasoline produced prior to 1980, and most probably 
represents an unleaded gasoline produced between 1975 and 1980. The 
diesellfuel oil is significantly biodegraded, with a most probable exposure 
time of 16 to 20 years. 

Figure 10 compares the chromatographic signatures of the MW 30 
(25-27) and MW 3 1 (23-25) soil samples. The MW 3 1 (23-25) soil sample 
signature also represents a mixture of gasoline derived and diesellfie1 oil 
derived hydrocarbons. The gasoline associated with the MW 3 1 (23-25) 
sample is more volatilized than the gasoline associated with the MW 30 
(27-27) sample. The C8 hydrocarbons have been nearly completely lost in 
the MW 3 1 sample, and the proportions of the C9 aromatics to one another 

BL are affected by volatilization losses. Within the geographic limitations of a 
single site, it is likely the more weathered gasoline associated with the MW 
3 1 (23-25) sample has had at least as long an exposure time as the gasoline 
associated with the MW 30 (25-27) sample. On this basis, the parent 
gasoline associated with the MW 30 (25-27) sample was produced prior to 
1980 as well. 

The diesellhe1 oil associated with the MW 3 1 (23-25) sample also is 
significantly biodegraded. The NC 17AP19 ratio for the MW 3 1 (23-25) 
sample is 0.0, with an indicated most probable exposure time of twenty 
years or more. 

12% of the MW 3 1 (23-25) signature is represented by hydrocarbons 
eluting up to NC 10, which are dominantly gasoline derived. The C10-C 13 
range consists of hydrocarbons which are both gasoline derived and 
diesellfuel oil derived. An additional five to ten percent of the total 
hydrocarbons are estimated to be gasoline derived. On this basis 
approximately 20% of the hydrocarbons associated with the MW 3 1 (23-25) 
sample are gasoline derived, and 80% are diesellfuel oil derived. The 
gasoline associated with the MW 3 1 (23-25) sample is considerably more 
severely volatilized than the gasoline associated with the MW 30 (25-27) 
sample. On this basis, a pre- 1980 gasoline is also indicated for the MW 3 1 
(23-25) sample. The diesellfuel oil is significantly biodegraded, with a 
most probabiJl exposure time of twenty or more. 

I+ 
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FIGURE 10: COMPARISON OF THE CHROMATOGRAPHIC SIGNATURES OF THE MW 30 (25- 
27) AND MW 31 (23-25) SOlL SAMPLES 



Figures 1 1 and 12 compare the chromatographic signatures of the 
MW 30 (25-27) and MW 3 1 (23-25) samples with the MW 3 1 free product 
sample signature. The MW 3 1 free product sample also is a mixture of 
gasoline range hydrocarbons and diesellfuel oil derived hydrocarbons. The 
absence of normal paraffin peaks in the diesellfuel oil range again indicates 
a severely biodegraded diesellfuel oil with a most probable exposure time of 
twenty years or more. 

The gasoline range hydrocarbons present in the MW 3 1 free product 
are distinctly different than those present in either the MW 30 (25-27) or 
MW 31 (23-25) samples. The gasoline range hydrocarbon assemblage is 
not distinctly consistent with gasoline. Either the gasoline associated with 
the MW 3 1 free product is so severely weathered that the peak assemblage 
is no longer recognizable as gasoline or the parent product was a gasoline 
range, mixed hydrocarbon solvent, such as naphtha. 

The gasoline range hydrocarbons up to NC 10 represent 12% of the 
MW 31 free product. Both gasoline and diesellfuel oil derived 
hydrocarbons occur in the C 10 to 13 range. It is estimated that up to 20% 
of the MW 31 free product could contain gasoline derived hydrocarbons. 
The remaining 80% or more of the MW 31 free product represents a 
severely biodegraded diesellfuel oil product. 

The signature characteristics of coal tar differ considerably from 

b those of the MW 30 (25-27), MW 31 (23-25), and MW 31 free product 
samples. Figures 13, 14, and 15 compare the chromatographic signatures of 
these samples to the signature of a coal tar. Coal tar signatures are 
dominated by prominent polynuclear aromatic peaks extending from 
naphthalene through benzo(g,h,I) perylene. This peak sequence is not 
evident in either the MW 30 (25-27) or the MW 31 (23-25) samples. Coal 
tar signatures also do not display a prominent baseline rise or hump, which 
are evident in the MW 30 (25-27) and MW 3 1 (23-25) sample signatures. 

The MW 30 water sample signature also indicates the dissolved 
hydrocarbons are a mixture of gasoline derived and diesel/fuel oil derived 
hydrocarbons. The more water soluble single ring aromatic hydrocarbons 
associated with gasoline predominate. Figure 16 compares the 
chromatographic signatures of the MW 30 water sample and the MW 30 
(25-27) soil sample. The prominence of C9 and higher aromatic 
hydrocarbons among the gasoline derived hydrocarbons in the MW30 water 
sample signature indicate the gasoline from which these hydrocarbons were 
derived was very significantly weathered. 

The proportions of the C8 aromatic hydrocarbons compared to one 
another and the C9 aromatic hydrocarbons compared to one another again 
indicate a parent gasoline produced no later than 1980. Figure 17 compares 
the chromatographic signature of the MW 30 water sample with the 
signature of API PS6 gasoline. The very high proportion of ethylbenzene to 

)r ortho-xylene in the MW 30 sample signature is a characteristic restricted to 
gasolines produced prior to 1980. As discussed previously, the C8 
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FIGURE 13: COMPARISON OF THE CHROMATOGRAPHIC SIGNATURES OF THE MW 30 (25- 
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aromatics have comparable solubilities in water and comparable 

I* degradation rates. Their proportions compared to one another will reflect 
their proportions compared to one another whether present as gasoline 
(either sorbed on soil or as free phase) or dissolved in ground water. The 
MW 30 water sample also shows atypical proportions of C9 aromatics 
compared to one another, also indicating a 1980 or older gasoline as the 
parent product. Differences in the proportions of the C8 aromatics 
compared to one another and the C9 aromatics compared to one another 
between the MW 30 water sample and the MW 30 (25-27) soil sample also 
indicate two different 1980 or older gasolines are associated with these 
samples. 

The diesel/fuel oil assemblage associated with the MW 30 water 
sample shows an absence of normal paraffin peaks and a predominance of 
isoprenoid peaks. A severe level of biodegradation is indicated for the 
diesel/fuel oil from which these hydrocarbons were derived. The absence 
of normal paraffins and a NC 17AP 19 ratio of 0.0, indicates a most probable 
exposure time of twenty years or more for the diesel/hel oil from which 
these hydrocarbons were derived. The proportions of the isoprenoids 
compared to one another are similar to the isoprenoid proportions of the 
MW 30 (25-27) soil sample. The signature of the MW 30 water sample 
shows no similarity to that of a coal tar, as illustrated in Figure 18. 

Figure 19 compares the chromatographic signatures of the SB-40 

P" (23-25) and the MW 31 (23-25) soil samples. The SB-40 (23-25) sample 
signature does not show a gasoline contribution to the hydrocarbons 
extracted from this soil sample. This is illustrated in Figure 20, which 
compares the signature of the SB-40 (23-25) sample with the signature of 
API PS6 gasoline. The baseline rise of the SB-40 (23-25) sample also 
extends to a higher carbon atom range than the MW 3 l(23-25) sample. The 
baseline rise of the SB-40 (23-25) sample is more extensive than would be 
associated with a standard (#2) grade he1 oil or diesel. Figure 21 compares 
the chromatographic signature of the SB-40 soil sample with a biodegraded 
dieselhe1 oil signature. 

The baseline rise characteristics of the SB-40 (23-25) sample are 
consistent with a residual grade or #6 he1 oil. Figure 22 compares the 
chromatographic signature of the SB-40 (23-25) sample with the signature 
of a residual grade fuel oil. The absence of normal paraffin peaks indicates 
the residual fuel oil associated with the SB-40 (23-25) sample is severely 
biodegraded. However, the absence of isoprenoid peaks as well indicates 
the level of biodegradation is even more severe. 

Kennicutt (1988), in studies of crude oil biodegradation, found the 
isoprenoids to be relatively unaffected by biodegradation until the normal 
paraffins had been lost. It took approximately double the amount of time 
after the normal paraffins had been lost for the isoprenoids to be 

P 
significantly lost. On the basis that the SB-40 (23-25) sample signature 
shows neither a prominent sequence of normal paraffin peaks nor a 
prominent sequence of isoprenoid peaks, an exposure time of at least fifty 
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FIGURE 17: COMPARISON OF THE CHROMATOGRAPHIC SIGNATURES OF 'THE MW 30 
WATER SAMPLE AND API PS6 GASOLINE 
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FIGURE 18: COMPARISON OF THE CHROMATOGRAPHIC SIGNATURES OF THE MW 30 
WATER SAMPLE AND A COAL TAR 




















































































