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7/31/1998

AMERADA HESS CORPORATION 



/ 
AMERADR HESS CORPORATION 

732-750-6000 
732-750-6105 (FAX) 

Ms, Lori Murtaugh, Hydrogeologist 
Ground water Quality Section 
Bureau of Water 
South Carolina Department of Health 
and Environmental Control 
2600 Bull Street 
Columbia, SC 29201 

Via Overnight Delivery 

RE: Corrective Action Plan Summary 

July 31, 1998 

Amerada Hess - Charleston South Terminal 
4650 Virginia Avenue 
North Charleston, South Carolina 
Site ID# 14003 

Dear Ms. Murtaugh: 

1 HESS PLAZA 
WOODBRIDGE, NJ 07095-0961 

As per our discussion, attached is the Corrective Action Plan Summary for the Amerada 
Hess - Charleston South Tenninal. The Final Corrective Action Plan (CAP) will be 
submitted to you by August 7, 1998. 

Also enclosed are summary tables showing groundwater fluid level data and groundwater 
analytical data from the Second Semi-Annual Sampling Event conducted in May 1998. 
As proposed in our letter to you dated January 5, 1998, Navy wells NBCA-039-0Il, 
NBCA-039-014, NBCA-039-005, NBCA-039-002, NBCA-039-003, NBCA-039-010, 
NBCA-038-003, NBCA-039-012, and Charleston Tenninal wells MW-5 through MW-30 
were gauged for fluid level data. Any wells not exhibiting free product were sampled for 
BTEX, MTBE, naphthalene and P AHs. Figure 1 graphically depicts both the free and 
dissolved phase data in reference to the site monitoring wells. 

Based on the data collected from the site monitoring wells, including data from the 
recently installed wells MW-27 through MW-30 proposed in our letter dated March 3, 
1998, the site is now adequately delineated for both free and dissolved phase constituents. 
The CAP mentioned above has been designed for multi-phase extraction of dissolved and 
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free phase hydrocarbons within the saturated and unsaturated zones and will address the 
areas of conCern. 

If you have any questions or require additional infonnation, please call me at (732) 750-
6918. 

Sincerely, 

~~ 
Alex Sagebien, Supervisor 
Refining and Marketing Remediation 

Enclosure (1) 

cc: Daryle L. Fontenot, P.E. 
Southern Division, Naval Facilities Engineering Command 
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CORRECTIVE ACTION PLAN SUMMARY 
AMERADA HESS 

CHARLESTON SOUTH TERMINAL 
4650 Virginia Avenue, North Charleston, South Carolina 

Monitor wells containing free product andlor high dissolved petroleum hydrocarbons will be connected to a total 
fluids extraction system. The system is designed to remove air and liquids from the selected wells. Based on pilot 
test results using a vacuum truck it is anticipated that each well will produce approximately 2.5 gpm of water and 
approximately 50 cfm. The overall system flow is anticipated to be 10 gpm of ground water and 200 cfin of air. 

Selected Extraction Wells 
Monitor wells MW-5, MW-ll, MW-14, andMW-19 (containing free product), and MW-6 (closest to the 
Navy well containing product) will be connected to the system. 

Total Fluids Extraction Equipment 
The selected wells will be retrofitted with a T fitting, a drop pipe, related valving, and an air-tight seal. The 
extraction equipment consists of three main components; I) a Travaini TRO-200 vacuum pump, 2) a moisture 
separator/silencer, and 3) a transfer pump. Equipment will be controlled and protected from internal electrical 
damage by a control panel. Typical equipment schematic diagrCillls and infonnation are inciuded in Section i. 

Primary Ground Water Treatment System 
The primary ground water treatment system will consist of three stages. 
Stage One - OillWater Separation: A 990 gallon sepanitor will be used to separate the entrained free product from 
the ground water. The product will be collected in a separate product tank, and will be removed with other waste 
product generated by the terminal operation. 
Stage Two - AerationITransjer Vessel: The separator will discharge to a 550 gallon tank which will be used to 
aerate the ground water and to provide storage in front of the last stage of primary treatment. 
Stage Three - Ail' Strippiiig: A transfer pump wili move water from the aeration vessei to a 24-inch diameter by 30 
foot tall air stripper. 
Schematic drawings for the primary ground water treatment system are included in Section 2. 

Secondary Ground Water Treatment 
Activated carbon will be used for secondary treatment prior to discharge. Two sets of two 55-gallon drums of 
carbon will be connected in series to complete the ground water treatment. A transfer pump and bag filter wll be 
placed in front of the carbon to provide the necessary water pressure and particulate filtration. Typical activated 
carbon data is included in Section 3. 

Treated Ground Water Discharge 
The treated ground water discharge will be directed to the storm water retention pond(s) located on the east side of 
the terminal property. The surface water discharge will be permitted through Hess' existing NPDES permit. 

Remediation End-Points 
The model published by DHEC in the guidance document "Risk-Based Corrective Action for Petroleum Releases" 

. dated June 20, 1997 was used to calculate the Site Specific Target Levels (SSTLs) for the contaminates at the site. 
The receptor was considered to be the marsh and the Risk-Based Screening Levels (RBSL) were applied to that 
point. (Note: The DHEC RBSLs are largely equivalent to drinking water standards i.e., 5 ugll for benzene, 1000 
uglJ for toluene, etc.). The outputs for the models are contained in Section 4 and the results are summarized below: 

Contaminant 
Benzene 
Toluene 
Ethyl Benzene 
Xylenes 
Naphthalene 

SSTL (ug/I) 
477 

96,289 
66,355 

946,193 
2,389 

Following removal of free product, the site remediation will be considered to be complete when the these levels are 
achieved on the site. 
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• Fluid Level Data and Groundwater Analy1:ical Data SUIruTIarj 
Tables 

• Free and Dissolved Phase Isopleth Map from May 1998 
Sampling Event 



Tablesl 

TABLE 1 

SUMMARY OF LIQUID LEVEL MEASUREMENTS AND GROUND WATER ELEVATIONS 

Welll.D. Date Measured 

MW-5 12121196 
1122197 

12126197 
5114198 

MW-6 12121196 
1122197 

12126197 
5114198 

Mi'I-7 12121196 
1/1;,.9i 

12126197 
5114198 

Mi'I-6 12121196 
1122197 

12126197 
Mi'I-9 12121196 

1122197 
12126197 
5114198 

Mi'I-l0 12121196 
1122197 

12126197 
5114198 

Mi'I-l1 12121196 
1122197 

12126197 
5114198 

Mi'I-12 12121196 
1122197 

12126197 
5114198 

Mi'I-13 12121196 
1122197 

12126197 
5114198 

Mi'I-14 12121196 
1122197 

12126197 
5114198 

Mi'I-15 12121196 
1122197 

12126197 
5114198 

Amerada Hess - Charleston South Terminal 
4650 Virginia Avenue 

North Chaneston, Sc:..1t; Carolina 

Topol Depth 10 Product Deplh to Product Thickness 
Casing (FI) (FI) Water (FI) (Ft) 

14.89 6.21 
6.11 6.21 0.10 
3.72 4.20 0.48 
4.05 4.45 0.40 

16.86 6.87 
6.90 

5.76 5.90 0.14 
4.90 5.01 0.11 

16.22 
I 

6.79 
OM 

I 
U.UL 

I 
4.65 4.86 0.01 
4.90 4.91 0.01 

16.51 7.60 

I 
- 7.40 

5.93 
16.40 6.76 

6.69 
4.59 5.40 0.81 
4.68 4.92 0.24 

16.97 6.98 
6.91 
5.15 
5.12 

16.32 7.65 8.50 0.85 
6.25 9.04 2.79 
4.74 4.83 0.09 
4.50 4.58 0.08 

16.20 5.95 
5.91 
4.20 
4.16 

17.09 

I 
6.70 

I 
6.64 
4.87 

I 4.87 I 
16.49 7.40 

6.29 6.58 0.29 
3.86 5.24 1.38 
3.95 4.21 0.26 

16.00 5.65 
5.90 
3.36 
3.43 

Corr. Ground Waler 
Elevation (Ft) 

8.68 
8.76 
11.07 
10.76 
10.01 
9.98 

11.09 
11.96 
9.43 
10.20 
11.37 
11.32 
8.91 
9.11 
10.58 
9.64 
9.71 
11.65 
11.67 
9.99 
10.06 
11.82 
11.65 
8.50 
9.51 
11.56 
11.80 
10.25 
10.29 
12.00 
12.04 
10.39 
10.45 
12.22 
12.22 
9.09 
10.14 
12.35 
12.49 
10.15 
10.10 
12.64 
12.57 



Tablesl 

TABLE 1 

SUMMARY OF LIQUID LEVEL MEASUREMENTS AND GROUND WATER ELEVATIONS 

Welll.O. Date Measured 

MW·16 12121/96 
1/22/97 

~::; 
MW-1f 12121/96 

1/22/97 
12126/97 
5/14/98 

MVV-f8 12121796 
1122197 

12126/97 

MW·19 
1/22/97 

~::; 
MW·20 12121/96 

1/22/97 
12126/97 
Sit 4/98 

~ 12121/96 
1/22/97 

~::; 
MW·22 12121/96 

"MW-23 
5114/98 

MW-24 ~:; 
MW·25 

~~~ 
~ 

~= ~ 5/14/98 
MW·28 5114/98 

~ 5/14/98 
5/14/98 

PZ·l 12121/96 
1/22/97 

~::; 
PZ·2 12121/96 

1/22/97 

~:; 
039-011 5/14/98 

Amerada Hess - Charleston South Terminal 
4650 Virginia Avenue 

North Charieston, South Caroiina 

Topol Depth to Depth 10 IProduct'1i 
Casing (Ft) (FI) Waler (FI) . (Ft) 

16.47 6.l5 
.. 6.18 

~:~ 
16.55 6.38 

6.31 
U8 
4.39 

1f.5O T.ro 
7.54 

~:~~ ;~: ~:~ 
17.44 6.42 

. 6.47 
3.98 ::~~ 0.15 
3.90 0.21 

17.43 6.35 
6.32 

4.10 
1:35 

0.25 
4.20 0.02 

16.74 
5.75 

;:~~ 
17.24 5.65 

5.59 
3.84 

15.73 I !~~ 
14.82 

I !:~ 
14.10 

I !:~ 
IT94 NM .. ~~ I 

I I 
- I 2]0 

- I 4.25 
- 4.16 

14.10 3.15 
16.23 6.35 7.55 1.2 

6.15 8.29 2.14 

::~ ::~~ ~:~: 
16.62 6.80 7.25 0.45 

6.60 7.94 1.34 
4.91 5.09 0.18 
4.65 5.04 0.39 

4.63 4.73 0.10 

Corr. Ground Water 
Elevation (Ft) 

. 

10.32 
10.29 
12.07 
12.55 
10.17 
10.24 
12.07 
12.16 
10.10 
9.96 
13.43 
12.27 

11.02 
10.97 
13.43 
13.50 
11.08 
11.11 
13.28 
13.23 

. 10.91 
10.99 
13.06 
13.01 
11.59 
11.65 
13.40 

~~:!~ 
~~.~~ 
~0:65 

~~ 
-
-
-

10.95 
9.64 
9.65 
11.34 
11.82 
-9.73 
9.75 
11.67 
11.89 , 



I 
Daie 

I 

Welll.D. 
......• Sampled ... 

MW-1 12126/97 
MW-2 12126/97 
MW-3 12126/97 
MW-4 12126/97 
MW-5 12123/96 
MW-6 12123/96 
MW-7 12123/96 
MW-8 12123/96 

12126/97 
MW-9 12123/96 

MW-10 12123196 
12126/97 
5/14/98 

MW-12 12123196 
12126/97 
5/14/98 

MW-13 12123/96 
12126/97 
5ii4i96 

MW-14 12123196 
MW-15 12123/96 

12126/97 
5114/98 

MW-16 12123196 
12126/97 
5/14198 

MW-17 12123/96 
12126/97 
5114/98 

MW-18 12123196 
UIAI <to -1')I")'::I/oa 'VIV'- ,,., ILJL..nJV 

MW-20 12123/96 
MW-21 12123/96 

12126/97 
5/14/98 

MW-22 12123/96 
12126/97 
5114/98 

M\AJ~23 8127/97 
12126/97 
5/14/98 

MW-24 8127/97 
12126/97 

5/14/98 

TABLE 2 
SUMMARY OF GROUND WATER ANALYTICAL RESULTS 

Amerada Hess - Charleston South Terminal 
4650 Virginia Avenue 

North Charleston South Carolina , 
I I I I I I 

Eihyi- Toiai 
Benzene r Toluene I .. Total BTEl(· ... MTBE Naph~halen~ .... . ..•...•.... benzene Xylenes 

<1.0 <1.0 <1.0 <1.0 ND <5.0 <5.0 
<1.0 <1.0 <1.0 <1.0 ND <50 <50 
<1.0 <1.0 <1.0 <1.0 ND <5.0 <5.0 
<1.0 <1.0 <1.0 <1.0 ND <5.0 <5.0 
90.8 <5.0 5.0 17.0 113 <40.0 51.3 
598 5.09 121 409 1,130 <40.0 587 
12.4 <5.0 <5.0 <5.0 12.4 <40.0 <5.0 
<5.0 <5.0 <5.0 <5.0 BDL <40.0 <5.0 
<1.0 <1.0 <1.0 1.46 1.5 47.4 <5.0 
490 1,030 900 2,920 5,340 <40.0 480 
26.4 9.96 266 ;,7;0 2,010 <40.0 35.4 
11.6 <5.0 131 466 609 26.8 23.7 
15.1 <1.0 114 474 603 <1.0 <1.0 
<5.0 <5.0 <5.0 - <5.0 BDL 76.3 <5.0 
<1.0 <1.0 <1.0 10.1 10.1 52.6 <5.0 
<1.0 <1.0 <1.0 <1.0 BDL 10.5 <1.0 
32.1 <50 16.5 142 191 <40 <5.0 
336 <50 413 1,170 1,919 <50 <50 
866 55.2 1160 49,600 51,700 <10 42.5 
486 610 408 1,300 2,800 <40.0 <20.0 
220 11,200 368 31,700 43,500 <40.0 <20.0 
206 11,100 565 34,100 46,000 <50 <50 
128 4,800 337 26,400 31,700 <10 92.0 
774 499 1,190 11,600 14,100 <40.0 737 

1,010 392 1,610 14,500 17,500 <50 <50 
798 529 1,600 1,990 4,920 <100 219 
<100 <100 4,400 15,000 19,400 NS 110 
<20 35.6 945 4,760 5741 <20 <20 
180 603 3,090 139,000 143000 <100 268 
293 1,190 25.7 88,800 90,300 <40.0 <5.0 

..-ofnn ... "'nn ..-",nn ':In nnn '::In nil" ,,~ Q~ 
""',vv ',\.IV ""',uu .... v,vvv '""v,vvv "'U UL 

<10.0 <10.0 <10.0 2,080 2,080 <40.0 <10.0 
325 90.0 965 3,210 4,590 <50.0 <50.0 
638 <50 1,090 3,450 5,180 <50 <50 
824 109 1,280 4,990 7,200 <1.0 478 
<5.0 7.33 <5.0 89.4 96.7 <40.0 <5.0 
<1.0 <1.0 27.1 25.2 52 <5.0 <5.0 
<1.0 <1.0 18.9 23.4 42.3 <1.0 44.0 
1.7 29 5.2 450 489 dO A 0 - 'v ,.U 

<1.0 <1.0 <1.0 4.53 4.53 <5.0 <5.0 
<1.0 <1.0 <1.0 4.93 4.93 <1.0 <1.0 
73 1,200 150 880 2,300 <100 110 

21.1 260 75.7 302 659 <50 <50 

12.0 80.0 53.7 270 416 <1.0 94 

I I 

Total PAH 
. .... 

<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<5.0 

<10.0 
<10.0 
<5.0 
<10.0 
<10.0 
132 

<10.0 
<10.0 
<10.0 
68.8 
<10.0 
<10.0 
314 
305 

<10.0 
326 

<10.0 
~AC 
~ .. ~ 

<10.0 
<10.0 
<10.0 
177 

<10.0 
<10.0 
177 
CQ 
OJ.v 

<10.0 
<5.0 
394 

<10.0 

556 



I I 

I WeUI.D. 
.··Date. 

. Sampled 

MW-25 8127197 
12/26197 
5/14198 

MW-26 8127197 
5114198 

MW-27 5114/98 
MW-28 5114198 
MW-29 5114198 
MW-30 5114198 

.. ./Date 
WelIJ.D·sampred 

MW-12 12/23/96 

TABLE 2 
SUMMARY OF GROUND WATER ANALYTICAL RESULTS 

Amerada Hess - Charleston South Terminal 
4650 Virginia Avenue 

North Charleston South Carolina , 
I I , , , , 

Benzene Toluene 
Ethyl- Total TotaIBTEX. MTBE Naphthalene ... .... .. . . . benzene ... Xylenes •. . . •...... 

12 160 39 190 401 <50 1.9 
<1.0 <1.0 <1.0 <1.0 ND <5.0 <5.0 
<1.0 <1.0 1.01 2.95 3.96 <1.0 <1.0 
81 2.0 49 92 222 15 21 
183 5 123 206 517 <1.0 144 
<1.0 <1.0 <1.0 1.78 1.78 <10 <1.0 
15.3 1.90 16.9 7390 7420 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 SDL <1.0 <1.0 
<1.0 <1.0 <1.0 13.2 13.2 <1.0 <1.0 

Notes: 
AI concentrations n in ugll 

6.7 .270 
TotalBTEX is the sum of benzene, ethyl benzene, IolJene a'ld xyenes . 

, 

Total PAH 
. 

13 
<10.0 
<5.0 
130 
182 
<5.0 
<5.0 
<5.0 
<5.0 



WeULD. 
Date 

Sampled 
NBCA-038-OO1 12/7196 

NBCA-038-010 2/7195 
NBCA-038-002 12/7196 

NBCA-039-001 2/7195 
4/23196 
6120196 

1017196 
5114198 

NBCA-039-002 12/3195 

1215195 
4/23196 
6/20196 
10/8196 
5/14/98 

NBCA-039-OO3 5/14/98 
NBCA-039-004 5/14198 I 
NBCA-039-040 12/6195 

I 4125196 
6121196 

10/8196 
10121196 

NBCA-039-005 12/8195 
4124196 

6121196 

1019196 
5114198 

NBCA-039-010 8/1196 
10/11196 
3/11197 
5/14198 

N8CA-039-1Oi 9/19;96 

9/28196 

11/6196 
3/11197 

NBCA-039-100 9/19196 
9128196 

11/6196 
3/11197 

N BCA-()39-O 11 8/2196 

10/10196 
10/15196 

NBCA-039-012 5/14198 

NBCA-039-014 2/6197 
3/20197 
5/14198 

NBCA-039-140 I 2/6197 

I 3121197 

NBCA-039-150 I 2/6197 L 
tes. All concentrattons are In ugn 

TABLE 2.1 

SUMMARY OF NAVY ANALYTICAL DATA 

Benzene 

<5 
<5 
<5 
<5 
47 
35 
110 
198 
<5 
<5 

<5 
<5 
<5 

<1.0 
<1.0 
<1.0 
<5 
<5 
<5 
<5 
<5 
90 
100 
170 
78 

71.7 
<5 
<5 
<5 

<1.0 
<5 

<5 
<5 
<5 
<5 
<5 
<5 
<5 

620 
200 
200 
33.8 
8 
23 

17.7 
<5 
<5 
<5 

Amerada Hess - Charleston South Terminal 
North Charleston. South Carolina 

I Toluene 
Ethyl- Total Xylenes Total BTEX 

benzene 

I <5 <5 <5 I 0 
<5 <5 <5 NO 
<5 <5 <5 NO 
<5 <5 <5 NO 

<3.9 9 68 124 
<2.2 10 81 126 
<4 34 72 216 

<1.0 37.1 137 372 
<5 <5 <5 NO 

I <5 <5 <5 NO 
<5 <5 <5 NO 
<5 <5 <5 NO 
<5 <5 <5 NO -

<1.0 <1.0 2.15 2.2 
<1.0 <1.0 I <1.0 I NO 

I <1.0 I <1.0 I 1.67 I 1.7 I 

I 
<5 

I 
<5 

I 
<5 NO 

<5 <5 <5 NO 
<5 <5 <5 NO 
<5 <5 <5 NO 
<5 <5 <5 NO 
<5 <1.4 <5 90 

<1.7 <3 11 111 
<1.3 <1.1 <4.5 170 
<5 <5 <5 78 

<1.0 24.6 7.66 104 
<5 <5 <5 NO 
<5 <5 <5 NO 
<5 <5 <5 NO 

<1.0 <1.0 <1.0 NO 
, 

<5 
, 

<5 <5 NO 
<4 <5 <5 NO 
<5 <5 <5 NO 
<5 <5 <5 NO 
<5 <5 <5 NO 
<5 <5 <5 NO 
<5 <5 <5 NO 
<5 <5 <5 NO 

I 140 190 I 413 1363 

I 
24 140 

I 
165 

I 
529 

<5 190 440 830 

I <1.0 <1.0 3.47 I 37.3 I 
<5 <5 <5 8 
<5 <5 <5 23 

<1.0 <1.0 1.21 18.9 
<5 

I 

<5 <5 

I 
0 

I <5 <5 <5 NO 
<5 I <5 <5 NO I 

MTBE 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
11 
NA 
N . .6., 

NA 
NA 
NA 

<1.0 
3.91 
21 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

55.8 
NA 
NA 
NA 

<1.0 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
361 
NA 
NA 

18.5 
NA 
NA 
NA 

Naphthalene I PAH 

I I 
<12 I NO 

<11 NO 
<11 NO 
<10 NO 
<1.0 11.6 

I 
<12 

I 
NO 

<12 NO 
<10 NO 
<11 NO 
<11 NO 
<1.0 <5.0 

I <1.0 I <5.0 
<1.0 I <5.0 

I 
<11 

I 
NO 

<11 NO 
<12 NO 
<12 NO 

<9.1 13 
64 87 

<35 NO 
<10 NO 
39.0 27.9 

<4 NO 
<10 NO 
<1.0 5.1 

, 

<10 NO 

<10 NO 

<9.1 NO 
<10 NO 
<10 NO 
4 

330 540 
480 794 

I <1.0 <5.0 
<5 ND 

<10 ND 
<1.0 11.6 

I 
<5 NO 
<10 NO 

I <10 NO 



Welll.D. 

039·G·P022·11 
039·(3.P022·23 
039·G·P023-12 
039·G·P023-26 

039·G·P024·12 
039·G·P024·26 

039·G·P025-10 
039·G·P025-20 
039·G·P026-11 

039·G·P027 ·11 
039·G·P029·10 
039·G·P031·27 

039·G·P032·11 
039·G·P033-11 
039·G·P033-25 
039·(3.P034-11 

039·G·P035-11 
039·G·P035-30 

039·G·P036·11 
039·G·P037 ·11 
039·G·P037 ·19 

TABLE 2.2 

NAVY OFFSITE GEOPROBE PROGRAM RESULTS 

Date Sampled 

9126196 
3/26196 
9125196 

9125196 
9125196 

9125196 
9127196 
9127196 
9/30196 

9127196 
9/30196 
9126196 

9127196 
9126196 
9126196 
9127196 
9127196 
9127196 

9127196 
9/30196 
9/30196 

Amerada Hess - South Charleston Terminal 
North Chariesion. Souih Caroiina 

Benzene Toluene Ethyl· benzene 

<5 5 <5 
<5 <5 <5 

<5 <5 <5 

<5 <5 <5 

<5 <5 <5 

<5 <5 <5 

<4 <1 <5 

<3 <5 <5 

<5 <5 <5 

<5 -<5 <5 

<5 <2 <5 

<5 <5 <5 

<5 <2 <5 

<5 <5 <5 

<5 <5 <5 

<5 <5 <5 

<5 <5 <5 

<5 <5 <5 

<5 <5 <5 
<2 <5 <5 
<5 <5 <5 

Total Xylenes 

<5 
<5 
<5 

<5 
<5 

<5 
10 

8 
<10 
<10 
<10 
<5 

<5 
<5 
<5 
<5 

<5 
<5 
<5 
<5 

<5 

Notes: All concentrations are in ug/l. 

Tables2 

I TotalBTEX 

5 
NO 
NO 
NO 
NO 
NO 
10 
8 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
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ENVIRONMENTAL ENGINEERING CONSTRUC11ON 
6316-C SAINT ANDREWS ROAD, COLUMBIA, SC 29212 
PHONE: 803 731 4477 fAX: 803 731 6444 
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TO:sea 750 5105 

J. E. Gasho and Assoc:latas, Inc:. 
Autllonztd M.llutKIlItff's Re(llQtlllIliVt$ 

P.O. Boll 1"9 

'u(UV i A j /U/V 
.J1198-C 

Pl_ ......... _.....,., ....... ~ 
WEST CHESTeR. PeNNSYLVANIA 19380 

IS1 DI IU.aua FAX ('10) 19NU1 Quote Dale: 7/10197 
Inquity Date: 7/10197 
Salesman; J. Hopon 

TO: Amerada Hess I Natalie 
Site Remediation I Sieve Morrow 

Attn.: Natalie I Steve Morrow 
FAX:. 908 7Sa.6105 

Reference: ST. Croix Terminal 

By 

;;.O.IJ.! 
West Cheslet PA 

Description 

r......, 
Net 30 

1.'E.Gasho&~, Inc:. Hi Vac. ~atiODblo""erpackase c:onsistina ofthefoUowins; 
items mounted and wired On Ii common skid; 

A. Travaini DynaseaI Liquid !liftg l'ump Model n0-200V-IA. 1 S bp, 'IEFc, 23013160, 

Motor, naed tor nominal Bow oCZoo acftn and max. Vacuum a1 29" Kg. 

- High EUici~ discharge sepamor element" air cooled beat exdlanF. autODWic temp. 

colltl"oI "'-Yeo seal. liquid so\illoid valve 

B. InllDe tilter. check valve, reliefvaJve. low oiI1cvc1 swiu:h 

C. CX-60 Inlet moi~ sepamor with sight gauge, (3) lew! switches. dcmister pm io basket, 
Moyna ProgresAive Cavity Transfer Pump. lIZ bp. 230 volt, 3 phase 

D. (2) VICUUIIl Gaup 

E. RolroAAir fI:aw Meter PMlOAlSOQ nted for 7().3S0 sefiD with piping'· 

F. TctalizincMelcr oaMoyllo Pump Disc~ (.2$ to 20 G1'M). max temp."IOS de;. F .. 

max. Pressure-=ISO psi. 3/4" NPT. ± 1% accuracy 

G. Nema 4 ~I puW c:onsistills of 
- p_.Discoanect Switdl 

- l' lip II1II III bp Mofot ~ 230 velt, 3 \1We 
• (l}HOA~ ~ 8n:aI IUD \ighD 

• Hi liquid 1M:l, Low oii Icwl. Hi T • JlwItJ with red illdication ligbI:s 

Net Prb E .. Sl"ZJ..OO 

.. disc:harge stad: with flow mcter:;-'su=:n...,",","""'"fIr.r,:r.;f,i:ld instaJatioD. 
Nams: 
1. ~r's SwIdanl Tams a; Warranty apply. 
2. ~ onSon with: J..E. o.hq a: Jow;c., Tnc:. 
3. Terms: Net)O IlJIOII mdit appxoval 

it-. f',.alid for 30 day1. ...-.-

I' .I~r. ) . ---'T'-h-",-n-k-,,-n-,-, -, ---' 
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UNIVERSAL SILENCER 
"tlMSION O#l NElSOocINOUSTRleS.Ir<C. 
po, eo, 04'! •• s~~. WlM::wnsiO 53Sti 
~7l-tm Fa. .. t~_ 

TD: 91::6 ~i'I 61~ 

APPUCAnON GUIDe 
VACUUM PUMP WATER 

SEPARATOR SILENCERS 

Separator silencers are uaed to remove ~ter from a Row 01 air in vacuum ."lems ullng either 
liquid ring vacuum pum~ or water sealed rotary pO$itive blowers. On the inl81 side o(the pUlll):!. 
~. separat?r removes pro-=-ss ~ler !ram Ihe flow belare going inlO the pump and On me 
d.schatr/e sid!!, the .,pa'"!ltor removes either praceq willer 0<" seal water or both and prevents it 
from bemg dIscharged .nto the atmosphere. VacUum Iy$ems have two different phases 01 
opera~on that must be considered in sizing and selecting !he proper separator all,neet The nrst 
phue.s astart-up phase where the pump haS just begun evacu.llng the system: the other phase 
Is normal operallon where the system has reached its Operating vacuum Javel. Two aspects 01 
sellarator ,lIencelr performance. waler ,~SV!!! and p:"':au. ... drop, iiill$i"De considered eluring 
DOtn system operating phases lor propar separator ,ilencl!r selectioJ1. . 

separator silencers may be reqllirad lor both Ihalnlet f\racuum)."cI the discharg. (almosph eric) 
o'a vacuum systam. Howeyer, only tht most critical applications require signi!lcantinJatsilenc:lng. 
An inlat separator provides corrosion protection lar the pump by removing most, If nor all. of lIle 
proc_ liquid before ilen .... s the pump. 

The atmollPlleric discharge Is norm8J1y extremely noisy Ind, in most inslances, m~1 be provided 
with a high perlorm~ce StparalOr silencer. When an Inlet separator is nol provided. both lh41 inlet 
waler ~d Ihe ..ai-water Is released to the pump dlsc:hatSle- In thasa eases. the discharge 
separator may have 10 be over-sized to prevent I.,. liquid capacity of the separator from be.,,; 
Ay~.~aA . _ ... -........... -
When'in cloub1 regarding a specifiC application. contact the Iac:tory. 

VACUUM PUMP OPERATION AND CAPACITY 
When a vacuum pump first 118l'1li oparatin9 at no",,&1 alma~pheric pressur .. system pressure 
drops ~d po~ requirenJenls are at their maximum. As the pump conlinues to evaeuate tnt 
sV$lem. Ihe inlet presture decl'8458S SO tne system pressure 10lses and power requirements 
decrt8$8. The inlet volume now, (ACFM) stays essentially constantlhroughoul system operation. 
but because o. de.:reulng inl.1 pte$$ure the diScharge volume decreases unlll normal operating 
conditiOllll are rlached. 

Vacuum pump capacities at operating conditions are given by !he inletvolum. flow 01 air and the 
amount lIlat the inlet pressure ~I bean muced below atm~eric prusure- ThIl3 pump 
.... pacili .. are aQ.ted as intet actual cubic feet per minute (ACFM) at a relative vac:uum usually 
measured in inches of mercury rHg). 

WATER SEPARAiloN PERFORMANCe 
Separator silencel'S meettheit rated water separaUon etriCian~ II a nozzle velocity of 5500 fpm. AI 
lower \reIOcIties ""eir performance I",proves. at highervalOcities thalr afficiency eI_s. The 
nouJeveloc:lly iltheaitvelCH:i1y in the inlet ordisc:natlle nozzle and is equal 10 the ac:tual VO/llme 
now rate divided by the noule .rae. 
Since the inlet IIOIume flow ralt is n"rly constanl during vacuum pump operation. the inlet 
separator silencer should be $I~ed so the velocity does nOI exceed SSOOfpm during all phases of 
operation (see Table 1). 

'file discharge flow rate decreases Iram start-up to normal operation and In some applications il 
may be acceplable to 8lIceed a velOcity 01 5500 Ipm during start-up. I' it is not ac:ctp1able \0 
discharge walerduring start-up, thevelocily mustbe redueed (see Table 1).lIsama water by-pass 
Is allowed during start-up. the selection of the discnarge separator Silencer should be based on 
pressure drop. 

Inial and disellarga separalO' ailencers require drain systems 10 remove Ihe water. These liystems 
(both inlel and discharge) musl provide an adequate drain sealing system 10 OllS81 the vacuum on 
the inlet side and prewnl blow-oul on the discharge ~ide. 
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T.ent'lic:31 aun."" 18-111. 
,0 .. ~ _~ ... 
,. lifo ~ .... IIl.I 
AeviSed 8-1.5112 

SEPARATOA SILENCER PRESSURE OROI=' 

SeDl!'ralar Sil~cer p,.ss~re dro!! depends UDon velaCily and presaure.lf! a vacuum syatem it is 
"!,,xlmu~ durmg s~arr-up. Under norm&) atmospheric conditions tile prasur. drop alst8lt-up fo 
e,ther an Inlet or discharge separalar $lleneer III; r 

Pres.Ute Drop Caellicients AP-...£...(~Cf"")·_cl~· - 477 P' - COO! 
s.pa.~or/$ilenc .. P, ....... Dtop A.C~!A = 1",.1 •• lum, Ilq. 

Modo! Cotillei'"I-C C = nQlsJlOII.e' AP COr:!llci"'l 
VI 2.5 6P = Prusure arcp In ill",," '" .. ac" 
UVS 4.0 p = S~.nc., siZe Il\Otzle Giolllttel] In onCIII' 

VOV A .. tJ = Valtieily In ieer Pet mill"'" 
~.-

US~ 4.2 If "\I ",,"-up pressu,. dtop .... c.qi .... u .. Ur, now 
UCS 4.0 9ive" ra, • lower "'ad •• '.<11II1II. or c.I.~late I 

USS 5.5 
$llen.1f II;, UI'I'Ig: 

p -4.&74 VaCFM ,,~ 
UAS 5.S 
POY 4.2 C .. .. p/~._r 4l' .... 1IiCianC 

loP .. o.Sired pranure drop III ,nCII .. 01 warer 
D • Silettc., size (nome ~r) In inert •• 

• TA" 1: MAXlMU .. CUACIT't Plltn aCFIft fOil FUI.I. _ATa S9AIIAnO .. EFFICIENcY AT O'PAnNC V.CU~M 

NOniftai O ....... gV--.·Ht 
Sllw 0° I 10 15 I. 20 2S·· 
. 1 30 36 45 ~ 75 SO sa 

1.5 70 81 101 135 16~ 20. 221 
2 120 144 180 241 301 382 393 
2.6 190 225 282 378 471 5" 814 
3 270 324 40e ~41 871 !1~ .... 

~-
3.5 370 441 552 737 922 1110 1200 
4 480 576 721 ge3 1200 1450 1510 

. 5 750 900 11:10 1500 1880 2260 2450 

6 10eo 1300 •• 4,.. 
''-'' 21 iii 2710 32eo 3530 

B 1920. 2310 2880 3850 "20 5790 6280 
10 3QQO 3600 4510 ·6020 7~ 90$0 9800 
12 4300 5190 5490 8660 10800 13000 14100 
14 5901) 70eo 8830 ',S00 14800 17700 19200 
16 7700 9220 lISCO '~oo IGlOO 23200 25100 
,S 9700 "670 '4600 19500 24400 29300 31800 
20 12000 14410 18000 24100 30100 36200 39300 
22 14500 17430 21800 ~9100 36400 .<':IIOII\n _ ....... 47500 

24 17300 20750 26000 34700 43400 52100 S6S00 
28 20300 24350 ~OO 4()700 50900 61200 66400 

28 23500 28240 35300 47200 59000 70900 77l)OO 

30 27000 32420 4()800 54100 67800 81400 88400 
*TtUa CO""",,, It uMd fot inlel w-parator ;i1e .... emllftd ~rg.l.p.I"lOt silane.,. wtth nCl .... l.,."OyJ)W durint slatt-y •• 

".Capacil" a.t D/HI'i!ir\g ~.cwtn ;tu'*, lh8n 20 "Ng Ja l:mJlecll by S1.Jrtal,lD cOn41ClGt'I. 

) 

I 
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Universal's 
Vacuum· Pump Silencers 
and Separator Silencers 
W/lerltOt your ~~um pump P,oIolt"ms are inri' or d,s' 
cnarge noise. - ... t., 01" liquid drop'"" being carried· 
.,.,., Inro -1l\IIIIII i~let 01 di.Cllatgtd Into 1IIe.t. 
MQIpl!e', -OIl comtllnaUon of bcrIh-UrWetulhalllle 
un~ Ideally .... tecll'" your Ope"~1 tequitlments. 

Univl"ai can al!e~. Inlel or GiSCharg. "Oi ... - as 
well", sepattle out 1iqIrid.~WhiCII-Uj>l)ll"'edI", 
hor_, 

II"" ... , you ""* at it, 1JnNeI1aI'. vacuum PumD 
S..,._ Siiencers call sa~ j>l)ll1IIOI'Iay-wiI CfII" . 
betleremr>lc>l"I.reJaIions-IIIdmaJ<.yo<u~lftry. QUIet., place 10 live in. 

REFERENce TASLe 

INLET SEPAfIA TOR SILENCEI'Is 

Mldiurn d~ dlncing, 
95%wal""lmovaI. 

lIVS ~ MfdIurn degree silencing. 99'4+ __ 

~SCHARGESEPAAATOAS~ERS 
YDT~ 

USvY$erios 

UCSStries 

UAlSe!lu 

ffigIl degrM sillnell'l9. 
VS'llow ............. aJ, 

Mtdium cIeg, • .,ile"",ng, 
~+"'il"'_"'_ 
f¥degrH silendna. 
W%+ ..a/ ... ~. 

Critical deg ... 1ileftCing, 
99'4+Waterr.....,..L 

Inlet s.porator Silencers 
N 

l'F=,~""'~--'~' ~I-,~;;,.o-~~"~.~'''=:I Me.1ICh 12$ It 0: ...... ,.,. .... 00111 .. , 

\!a'" War. , • ..,. v."' 
,~OW 

., -~ , • It , • C • ., ....... .... ... ... .. • ... .. ... • yo. ' .... ~ , 
.... tMt' ,. I 

VIo" P-$) ... !~ 
VLI2 . - ... 11 

VI.,. ,- Itt . " VM. '- ... •• .... ..... :lot 11. ... 1':11.l1li ... .. ..... . If_ ... s: ..... ' ..... dO 3' ..... ...... lOt It 
VI ... - ... .. 

. • Gel. it..,.,. ~...,....,.,.. C8tf'Y41 ..... -... , ... --....o..iR 

on' ...... ..- .-.-

,. • 
" • It , 
:D 0'11 .. .5\01 

"" >I, .. .~ 
<t '" .. 'I!! .. ... 
" &'1\ 
to &'1\ 
to ... ,. .... 

..... ,~ 

_ . 
21 • I,. " - " ... 

_. .. • , .. " .. 'M -. .. • SOl ao .. ... "" 11'0 :D • ~ .. 
OJ ..... .... ., • ... .. 
'u "'" .... .. • ... ,36 

'I> "'11 .'It .. • , .... ... 
m '&'1\ ... .. • I- ns , .... ...... '''' " • ~ ... '17, 

II. " .. ... .. • ..... illS , .. ..... ... 7D • "... ... . .. " .. .,. .,., • .. ... NO 

17SI.o\ ...... .... ., • ..... .,. ... .... . .. ... • .;no . .. ,. 

.' 
( 
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1 - INFLUENT OIL - W ATE;R MIXTUHE 
2 - INLElr WEIR 
3 - OIL SKIMMER 
4 _- TIL TED PLATE SEPARil,TORS 
5 - OIL DAM 
6 - OUTl.ET WEIR 
7 - CLEJIN WATE~ EFFLU[NT 

NOTES: 
EXTERIOR PL/>,TES 12 GAGE STEEL 
3AFFLES g GAGE STEt:L 
II-.JTERIOR MIG WELDED 
VC:NTS NOT SHOWN 
NOT TO SCALE 
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, Del,entlon TIn! • 11 .. Inutes .-

, - lNF'LU:::NT WATER FROM OIL - WATER SEPAAATOR 
2 - il,£RATION STONES 6 EA. 
3 - M~WA.Y • 

.. - COMPRE.SSED AIR MANIFOLD #10 VAl VING 
5 - ,~R LINES TO AERAliON SlCiNES 
6 - VENT 
7 - ,~R LINE TO COMPRESSOR 
B • ,;RAVITY DISCHARGE POINT 
9 - TO TRANSF':::R PUMP 
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24 INCH DIAMETER 
AIR STRIPPING TOWER 

MODEL NO. 40-20-25 



CARBTROL@' '. 
WATER PURIFICATION CANISTER 
200 POUND ACTIVATED CARBON L-1 

SPECIFICATIONS 

DRUM: 

r- 1\ I""'Inr't" I. 
vf'\nOvl .... 

SHIPPING WEIGHT: 

INLET: 

OUTLET: 

INTERNAL PIPING: 

DRAIN: 

PRESSURE DROP: 

MAX. OPERATING 
PRESSURE: 

.. 
CARBTROI: 
CORPORATION 

24" (2) x 34" high, 
mild steel, epoxy 
phenolic internal 
coating, with 
polyethylene liner. 

200 ibs. 

2501bs. 

1 1/4" FPT, steel 

1 1/4" FPT, steel i 
1 1/4" PVC 

I 3/4" bung 

I 1.25 psi @ 10 gpm 

I 10 psi 
I 

The CARBTROL L-1 (liquid) 
Canister handles up to 10 gpm. 

FEATURES 

p 

R 
E 
s 
s 

0 
R 
0 
P 

F 
T 

H 
2 
0 

• 200 pounds of high activity carbon. 

• Large 1 1/4" internal piping. Low 
pressure drop allows operation of 
th ree canisters in series. 

• Standard FPT couplings for easy 
installation - saves time and money. 

• Special "no leak" lid gasket. 

• Heavy duty steel drums. DOT 17C. 
suitable for shipment of spent hazardous 
carbon. 

• Piping design eliminates channeling. 

41 

1 1 1 

~ 1.5 

p 
R 
E 
s 

..J s 

1.0 0 
Z A 

0 

0.5 
p 

p 

s 
0 0 I 

G 

0 5 10 

FLOW--GPM 

7 
51 Riverside Avenue, Westport, CT 06880 • 1-800-242-1150 • (203) 226-5642 

© Coy right 1991 Carbtrol Corporation - 5/6/94 AT·1001#2 
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WATER PURIFICATION CANISTER 
200 POUND ACTIVATFn CARRnN --_ .. ----- ------_._-- _ .... - ........ 

:JRAltI COI'lNECilOt 

Y4: BUNG WITH 
'le<; '-., 

INLET ANOOOTLET 
CONNECTIONS.1 1...­

-~-'IV ~~gOUPUNG AND 

A A 
, , 

" Gi\u..ON.OOr 17C ! 
RUM. WITH EPOXY ' 

U NtflG 

" ~DIA _34" 

OPTIONS 
Interconnecting 
Piping Kit 

Flexible 1 1/4" diameter PVC tubing 
with hose clamps. Includes inlet 
pressure gauge and intermediate 
sample valve. 

Pre-filter For 
Suspended ScUds Removai 

Pre-filter consisting of a basket filter 
piped and mounted on support frame. 
Filter is of carbon steel construction. 

ARRANGEMENT (3) L-l Canisters in series for 10 gpm flow (contact time @ 10 gpm· 15 minutes) 
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CARBON CANISTERS 

SAMPLE 
VALVE 

EFFLUENT 

NTERCONNECTING 
TUBING 

CARBTROI: 51 Riverside Avenue, Westport, CT 06880·,-800-242-,,50· (203) 226-5642 
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Benzene 
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DOMENICO MODEL 

SSTL ior Benzene 
Hess Charleston - South Terminal 

4650 Virginia Avenue 
Charleston, South Carolina 

GWPD# 14003 

Concentration at Source (mgll) 477 (ug/l) 
Width of Source Perpendicular to Ground Water Flow (m) 
Vertical Thickness of Source (m) 
Distance from Source to Well in x direction (x) 
y Coordinate of well relative to Source (Y,z) 
z Coordinate of well relative to Source (y,z) 
Longitudinai Dispersivity (xii 0) 
Transverse Dispersivity (axi3) 
Vertical Dispersivity (axi20) 
Hydraulic Conductivity (m/day) _ 
Gradient (ftlft) 
Ground Water Flow Velocity (m/day) 
SoillWater Partitioning Coefficient 
Bulk Density (gm/cc) 
Porosity 
Organic Carbon Content (%) 
Retardation (-) 
Seepage Velocity (m/day) 
First Order Decay Rate 
Time (years) From graph use 15 years 

erfc(x) erfc(-x) 
1.975 0.025 1.975 
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Toluene 
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DOMENICO MODEL 

SSTL jor Toiuene 
Hess Charleston - South Terminal 

4650 Virginia Avenue 
Charleston, South Carolina 

GWPD# 14003 

Concentration at Source (mgll) 96289 (ugll) 
Width of Source Perpendicular to Ground Water Flow (m) 
Vertical Thickness of Source (m) 
Distance from Source to Well in x direction (x) 
y Coordinate of well relative to Source (y,z) 
Z Coordinate of well relative to Source (y,z) 
Longiiudinai Dispersiviiy (xii 0) 
Transverse Dispersivity (axi3) 
Vertical Dispersivity (axi20) 
Hydraulic Conductivity (m/day) _ 
Gradient (ftlfI) 
Ground Water Flow Velocity (m/day) 
SOillWater Partitioning Coefficient 
Bulk Density (gm/cc) 
Porosity 
Organic Carbon Content (%) 
Retardation (-) 
Seepag!l Velocity (m/day) 
First Order Decay Rate 
Time (years) From graph use 20 years 

erfc(x) erfc(-x) 
1.957 0.043 1.957 
0.101 
0.105 
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Ethyl Benzene 
66.35506 Co 
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DOMENICO MODEL 

SSTL fOi Ethyl Benzene 
Hess Charleston - South Terminal 

4650 Virginia Avenue 
Charleston, South Carolina 

GWPD# 14003 

Concentration at Source (mgll) 66355 (ugll) 
Width of Source Perpendicular to Ground Water Flow (m) 
Vertical Thickness of Source (m) 
Distance from Source to Well in x direction (x) 
y Coordinate of well relative to Source (Y,z) 
z Coordinate of well relative to Source (y,z) 
Longitudinai Dispersiviiy (xii 0) 
Transverse Dispersivity (ax/3) 
Vertical Dispersivity (axi20) 
Hydraulic Conductivity (m/day) _ 
Gradient (tuft) 
Ground Water Flow Velocity (m/day) 
SoillWater Partitioning Coefficient 
Bulk Density (gm/cc) 
PorosHy 
Organic Carbon Content (%) 
Retardation (-) 
Seepage Velocity (m/day) 
First Order Decay Rate 
Time (years) From graph use 30 years 

ertc(x) ertc(-x) 
1.988 0.012 1.988 
0.101 
0.105 

./ 
/ 

v 
/ 

YEARS 
5 
10 
15 
20 
30 
40 
50 
60 

UG/L 
2.01E-03 
0.023409 
0.04129 
0.049139 
0.052747 
0.053053 
0.053074 
0.053075 

l.00E-02i I 
O.OOE+OO +. -----"'-----l----I------1------+----+-----+----....j 

o 10 20 30 40 
YEARS 

50 60 70 



Xylenes 
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DOMENICO MODEL 

SSTL for Xyienes 
Hess Charleston - South Terminal 

4650 Virginia Avenue 
Charleston, South Carolina 

GWPD# 14003 

Concentration at Source (mg/I) 946193 (ug/I) 
Width of Source Perpendicular to Ground Water Flow (m) 
Vertical Thickness of Source (m) 
Distance from Source to Well in x direction (x) 
y Coordinate of well relative to Source (Y,z) 
Z Coordinate of well relative to Source (y,z) 
Longitudinai Dispersivity (xll0) 
Transverse Dispersivity (axl3) 
Vertical Dispersivity (axl20) 
Hydraulic Conductivity (m/day) _ 
Gradient (ftlft) 
Ground Water Flow Velocity (m/day) 
SOillWater Partitioning Coefficient 
Bulk Density (gm/cc) 
Porosity 
Organic Carbon Content (%) 
Retardation (-) 
Seepage Velocity (m/day) 
First Order Decay Rate 
Time (years) From graph use 100 years 

erfc(x) erfc(-x) 
1.991 0.009 1.991 
0.101 
0.105 
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Naphthalene 
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DOMENICO MODEL 

SSTL jor Naphihaiene 
Hess Charleston - South Terminal 

4650 Virginia Avenue 
Charleston, South Carolina 

GWPD#14003 

Concentration at Source (mg/l) 2389 (ug/l) 
Width of Source Perpendicular to Ground Water Flow (m) 
Vertical Thickness of Source (m) 
Distance from Source to Well in x direction (x) YEARS 
y Coordinate of well relative to Source (Y,z) 10 
z Coordinate of well relative to Source (y ,z) 50 
Longiiudinai Dispersiviiy (xiiOj ;00 
Transverse Dispersivity (ax/3) 150 
Vertical Dispersivity (aX/20) 200 
Hydraulic Conductivity (m/day) . 300 
Gradient (fllft) 350 
Ground Water Flow Velocity (m/day) 400 
SoillWater Partitioning Coefficient 
Bulk Density (gm/cc) 
Porosity 
Organic Carbon Content (%) 
Retardation (-) 
Seepage Velocity (m/day) 
First Order Decay Rate 
Time (years) From graph use 200 years 

erfc(x) erfc(-x) 
1.971 0.029 1.971 
0.101 
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