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A P I  PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, 
STATE, AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 

API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, 
MANUFACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND 
EQUIP THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH 
AND SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR 
OBLIGATIONS UNDER LOCAL, STATE, OR FEDERAL LAWS. 

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED 
AS GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE 
MANUEACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PROD- 
UCT COVERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CON- 
TAINED IN THE PUBLICATION BE CONSTRUED AS INSURING ANYONE 
AGAINST LIABILITY FOR INFRINGEMENT OF LETTERS PATENT. 
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NOTE 

API has attempted to ensure t h a t  the following s tudy  has been 
conducted i n  a manner that is s c i e n t i f i c a l l y  accurate and 
procedural ly  fair .  The reader should note the following: 

1. API is not making any recommendations regarding the course of 
conduct that should be f o l l o w e d ,  and the  reader is i n  no way 
bound to  the f i n d i n g s  of t h i s  study. 

2. The reader should exerc ise  independent judgment tha t  s u i t s  
hicfier ind iv idua l  needs, and must negot ia te  independently 
w i t h  the s u p p l i e r s  of any technology. 

3. The reader is cautioned regarding t h e  i n t e r p r e t a t i o n  of any 
references to  'costs" or .cost-effectiveness" as that these 
references may not be applicable t o  the i r  specific 
appl icat ion.  

iii 
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EXECUTIVE SüHMARY 

This study was conducted to document, summarize and evaluate cost 
and treatment effectiveness data for air stripping and carbon 
adsorption systems designed to remove dissolved petroleum 
hydrocarbons from groundwater. 
were benzene, toluene, ethylbenzene and xylene isomers (BTEX) as 
well as the oxygenates methyl-tertiary-butyl-ether (MTBE) and 
isopropyl ether ( I P E ) .  The availability of comprehensive 
effectiveness and capital and operational maintenance costs for 
these treatment systems will assist API member companies in 
planning pump-and-treat remediation systems for removal of BTEX 
and oxygenates from groundwater. 

The compounds of primary interest 

Operating data were gathered from 57 field sites .throughout the 
United States. Treatment system profiles including capital 
investment, operating and maintenance costs, influent and 
effluent contaminant concentrations, and operating parameters 
(e.g., flow rates, fouling characteristics) were generated for 
each site. While rigorous statistical analyses did not provide 
meaningful correlative data for system comparisons, a variety of 
summary statistics were useful for estimating costs and treatment 
effectiveness. 

Median investment costs and operating and maintenance costs for 
air stripping systems operating at flow rates from 10 to 50' 
gallons per minute (gpm) were $1,627 per gpm and $2.80 per 
thousand gallons, respectively. Median costs for systems 
operating below 10 gpm were substantially greater. Median 
operating costs were approximately 40% greater than design costs, 
a difference at least partially attributable to operating flow 
rates that were lower than design flow rates. 
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The air stripping systems studied generally achieved benzene 
removal effectiveness of 99% or more. IPE removal effectiveness 
was similarly high (>98%; 3 cites), while MTBE removal 
effectiveness ranged from approximately 56% to 99% with a median 
removal effectiveness of greater than 91% (15 sites). Where 
design removal efficiencies were not met, biological or 
precipitated metal salt fouling were believed to be responsible. 
Fouling was found to be a common problem with air stripping 
systems, although fouling prevention and/or treatment efforts 
were generally successful. 

Limited carbon adsorption system data indicated treatment costs 
similar to air stripping system costs operating at similarly low 
flow rates (<2 gpm). Carbon adsorption treatment effectiveness 
ranged from approximately 85% to 99.9% for benzene. 
effectivenecc for MTBE and IPE were 87% and SO%, respectively. 

Removal 

vi 
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INTRODUCTION 

Air stripping and liquid-phase activated carbon adsorption 
systems are two of the most commonly implemented water treatment 
technologies for removing dissolved gasoline components from 
groundwater. This study was undertaken to compile cost and 
treatment effectiveness data from installed and operating 
remediation systems throughout representative regions of the 
United States. The fuel components of particular interest 
included benzene, toluene, ethylbenzene and xylenes (BTEX) as 
well as the oxygenates methyl-tertiary-butyl-ether (MTBE) and 
isopropyl ether (IPE). 

Relevant data were collected and analyzed from 57 anonymous 
remediation sites under the supervision of Groundwater 
Technology, Inc (GTI). Selected site visits were conducted in 
order to verify engineering descriptions and to gather influent 
and effluent water quality samples. Water quality and cost data 
were used to document actual treatment effectiveness and capital 
and operating/maintenance costs in comparison to design 
parameters 

Pertinent summary data are presented and discussed in the brief 
narrative section of this report. All relevant site-specific 
data and a variety of tabular summaries are provided in the 
various appendices. 
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METHODS AND DATA CûUPILATION 

Site Selection 

GTI initially selected 50 sites from a list of 138 remediation 
sites that met at least three of the following criteria: 

o 
o 

sites contaminated with dissolved gasoline components, 
sites where air stripping or activated carbon adsorption 
systems were used for groundwater treatment, 

o sites with systems achieving and/or designed to achieve 
less than one part per billion (1 ppb) effluent benzene, 

o sites contaminated with dissolved fuel additives such as 
MTBE and IPE, 

The list was expanded to 57 sites by the American Petroleum 
Institute (BPI) based on’ the following additional criteria: 

o availability of system descriptions and cost data, 
o a balanced regional geographic distribution of sites 

throughout the United States, and 
o operating pretreatment systems. (Fouling of groundwater 

treatment equipment is a common remediation problem. 
Sites which satisfied other criteria and had antifouling 
systems were of special interest in this study.) 

For the purposes of this study, each site was assigned a regional 
but otherwise anonymous identification number. The regions and 
site numbers representing the original 138 sites are presented 
here. 
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Reg ion 

Hid-Atlantic 
Midwest 
Northeast 
South Central 
Southeast 
West 

Sites 

MA-1 through- MA-27 
MW-1 through MW-16 
NE-1 through NE-25 
SC-1 through SC-5 

SE-1 through SE-36 
W-1 through W-39 

Operating data from each of the 57 final study,sites are 
presented in Appendices B and C and arranged by technology (air 
stripping, carbon adsorption) and region (in alphabetical and 
numerical order). Three of the sites maintained multiple, 
independent systems treating groundwater €roma single 
contaminant plume. In such cases, the site identification number 
included a treatment system number in parentheses (e-g., 
MA-lO[l]; SE-33[2]). Of the 57 sites investigated, 62 individual 
treatment systems were studied- 

Data Collection and Compilation 

Site data were gathered during the site visits from project 
files and project personnel files- 
files provided engineering design, capital and operating costs, 
and miscellaneous site-specific data. This information was 
reviewed for anomalies or data omissions. Data gaps and 
discrepancies were resolved through project personnel interviews, 
where possible- Site visits were conducted to verify data and to 
collect infïuent/effïuent water samples for analysis 

A thorough review of project 

F o r  individual sites, the following data were gathered from 
project files through formal correspondence requests and during 
site visits: 
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Design Data: 

A P I  PUBL*4525 90 m 0732290 0098408 T m 

Cost Data: 

Design tower height and diameter 
Design packing type and height 
Design water and air temperatures 
Design water and air flow rates 
Design tank size and retention time 
(for carbon adsorption system) 
Design & achieved rate of contaminant 
removal 

A. Capital Costs 

(These costs are presented separately 
and as combined 'Total Initial Cost' 
in Appendices B and C)  

Engineering design cost 
Permitting cost 
Equipment cost 
Piping cost 
Site preparation cost 
Electrical installation cost 
Pretreatment system cost 

B. Annual Ope ratinq and Haintenance Costs 

(These costs are presented separately 
and as combined 'Total Annual Costs' in 
Appendices B and C)  

Treatment system operating cost 
Pretreatment system operating cost 
Honitoring cost 

Maintenance cost 
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Miscellaneous Data: Initial date of. operation 
Sampling frequency 
Site-specific comments 

Site visits were also used to verify the integrity of the data 
collected from project files and project staff. 
be verified for air stripping systems included: air flow rate, 
water flow rate, air temperature, water temperature, tower 
height, packing height and tower diameter. 
noted- For carbon adsorption systems, the tank size and system 
configuration were noted. Air flow rates were measured using 
either a Dwyer Pitot Tube or a Kurz Air Velocity Meter, Model 
443. 
calculated. Similarly, water flow rates were measured with 
either a flow meter or on a timed basis using a retention tank. 
The water and air temperatures were measured with a scientific 
thermometer. Three replicate readings vere taken and an average 
was calculated. The tower height, packing height and tower 
diameter were measured with a tape measurer and the packing was 
inspected to verify design specifications. Influent and effluent 
water samples were collected in duplicate from the air stripping 
towers or carbon tanks. The water samples were obtained from the 
sampling ports on the influent and effluent lines and collected 
in 40-ml sampling vials. These samples were then sent to 
Groundwater Technology Environmental Laboratories (GTEL) and 
analyzed for benzene, toluene, ethylbenzene, total xylenes, MTBE, 
and IPE, Results of these analyses can be found in Appendix D- 
Standard water sampling procedures for volatile organic compounds 
were used by GTI personnel- These procedures can be found in 
Appendix E, which also contains the GTEL QA/K procedures for 
laboratory sampling and analysis. 

The variables to 

The packing type was 

Five replicate readings were obtained and an average was 

Once the samples were received by the laboratory, the condition 
of each sample was carefully checked and recorded- 
container was inspected and any anomalies noted. The freight 

Each 
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bill and chain-of-custody documents were reviewed and matched to 
the labeled contents of each shipping container. 
errors were noted and corrected once the project engineer had 
been notified of the error, All samples were lagged in and 
assigned a number for ease of location throughout the process. 
The samples were maintained at 4OC until analyzed. 

Any labeling 

Distilled water blanks were prepared in the same manner as water 
samples at each site. 
of field blanks is described in Appendix E. Field blanks served 
as indicators of sample contamination throughout the entire 
sampling and sample transport process . 

The standard procedure for the preparation 

All influent samples were analyzed using EPA Hethod 624. Since 
effluent concentrations for benzene were likely to be less than 
1 ppb, and the detection limit for benzene using EPA Method 624 
is 1.7 ppb, it was decided that effluent samples would be 
analyzed by EPA Method 524.1, for which the benzene detection 
limit is 0-2  ppb. Detection limits for relevant contaminants for 
each of these EPA methods are presented in Appendix E. 

Laboratory QA/QC procedures followed for this study dictated that 
GTEL analyze duplicate samples and matrix spiked samples at a 
rate of no less than 10% of those samples analyzed. Results and 
procedures used for these analyses are also included in Appendix 
E. 

All site visits and sampling were completed within a 3-week 
period so that samples from this study could be analyzed at the 

. laboratory at the same time, All laboratory analyses, along with 
QA/QC information, w e r e  mailed to  the API Study Project Hanager 
in a single package. Site visit data were also mailed from field 
engineers to the API Study Project Hanager. All data were then 
tabulated for each site including file data, site visit data and 
laboratory analyses . 
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Appendices B and C contain the compiled data from each site with 
relevant information contained on two succeeding pages. The 
first page contains treatment system parameters, cost data and 
miscellaneous site-specific comments. The second page presents 
analytical data for the site- For each site, two sets of 
parametric and analytic infomation are pesented, where 
available. The design data are comprised of values used in the 
design specifications for the individual systems- These data are 
important because capital costs and, to a lesser degree, 
operating costs are directly related to these values- The actual 
data include values measured onsite. 

All cost data in Appendices B and C were compiled from project 
files. The costs listed and totaled as Total Initial Cost are 
considered capital costs. The Total Annual Cost represents 
annual operating and maintenance (OáM) costs, including 
monitoring- Cost calculation procedures are documented in 
Appendix A. Site-specific comments were collected from project 
files and site visit notes. 

Appendix D contains the laboratory analytical data for influent 
and effluent water samples- 
presented in tabular form in Appendices B and C with percent 
removal effectiveness calculations, number of transfer units 
(NTU) and height of transfer units (ETU)- Transfer unit 
calculations were computed as follows: 

These water quality data are also 

1) Percent Removal 

R = C-Ce x 100 
C 

Where, R = Percent Removal 
C = Influent Concentration 
Ce = Effluent Concentration 
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2) Number of Transfer Units 

- R (Ci/Ce) (R-1) + 1 
NTU = R-1 ln R 

Where, NTU = Number of Transfer Units 

Ci = Influent Concentration 

Ce = Effluent Concentration 

Where: R = Stripping factor 
A = air rate at average in-column conditions, m3/min 
W = water rate at average in-column conditions, m3/min 
CU = density of air at average in-column conditions, 

dw = density of water at average in-column conditions, 

H = Henry's Law Constant, atm/mol fraction 

- 
mo1/m3 

=11m3 

- 

= Total (ambient) pressure, atm PT 

. 3) Height of Transfer for Unit 

2 

NTU 
- HTU = 

Where, HTU = Height of Transfer Unit 

z = Packing Height 

NTU = Number of Transfer Units 
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Percent removal, NTU and HTU are important performance and design 
parameters for air strippers- These parameters have specific 
mathematical relationships to many of the system parametric data 
collected in this study. A detailed explanation of the theory 
and mathematical development of these equations is beyond the 
scope of this study. Two excellent sources-of? this information 
are : 

"Design of Aeration Towers to Strip Volatile Contaminants 
from Drinking Water," by Michael C. Kavanaugh and R- Rhodes 
Trussel, published in the Journal of the American Water 
Works Association, December, 1980. 

Mass Transfer Operations, by R. E. Treybal, McGraw-Hill Book 
Company, of New York. 1968. 

Appendix E contains quality control information relevant to this 
study. This information includes analytical results for 
duplicate samples, a table of detection limits relevant to this 
study and relevant excerpts from GTI's Standard-Operating 
Procedures Manual and Laboratory QA/W Program. 

'9 
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RESULTS AND DISCUSSION .I 

Cost Information 

Cost data developed during this study demonstrated substantial 
variability- Considering the diversity of treatment systems 
reviewed, such results were expected. Attempts to statistically 
correlate data in anything more than a general way did not prove 
to be useful. Indeed, even mathematical averages representing a 
variety of system parameters proved to be misleadhg, Median 
values proved to be more reliable predictors of system costs. 

Tables I through IV provide summaries of the cost information for 
air stripping systems. Detailed cost data for individual systems 
are included in Appendices A through C., It is important to note 
that air stripping systems documented in this study did not 
include vapor phase treatment of hydrocarbons exhausted to the 
atmosphere. 

Table II indicates that median operating and maintenance costs 
for air stripping were $2.80 per thousand gallons for flow rates 
in the range of 10 to 50 gpm. Median installed costs (Table III) 
were $1,627 per gpm for this 10 to 50 gpm flow range- Cost data 
for 11 sites are included. 

F o r  those 26 systems operating at less than 10 gpm, the costs per 
gallon treated were considerably higher., The median operating 
and maintenance cost was $6-40 per thousand gallons and the 
investment cost was $5,839 per gpm., At very-low flow rates (1 
gpm or less), the costs per gallon processed were considerably 
higher. as expected- For example. OhM costs- at s&te W-39 at 0.8 
gpm flow were $50 per thousand gallons. Investment cost was 
$29 I 125 per gpm- 

10 
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A t  flow rates above 50 gpm, O&M costs w e r e  S-40  t o  $-60  Per  
thousand ga l lons ,  w i th  investment costs between $511 and $556 per  
gpm. C o s t  data for only t w o  sites w e r e  available i n  t h i s  flow 
range 

Frequently t h e r e  w a s  a d i s t i n c t  difference between t h e  costs p e r  
ga l lon  estimated for t h e  des ign  of t h e  systems and the costs 
a c t u a l l y  experienced i n  t h e  f i e l d .  Table  IV i n d i c a t e s  t h a t  the  
median ra t io  of a c t u a l  u n i t  costs t o  those i n i t i a l z y  estimated 
f o r  t he  design w a s  approximately 1-4/1. The d i f f e r e n c e s  between 
design estimates and a c t u a l  costs w e r e  p a r t l y  due to  operat ing a t  
flow rates t h a t  w e r e  o f t en  considerably less than  t h e  rates for 
which the systems w e r e  designed- 

C o s t s  f o r  carbon treatment are shown i n  Table V. There w e r e  only 
f i v e  sites where such cost data w e r e  avai lable:  therefore, no 
s ta t is t ical  ana lyses  were attempted. Actual f l o w  rates for  these 
carbon adsorpt ion systems w e r e  2 gpm or less- A t  these l o w  f l o w  
rates, the carbon t reatment  costs w e r e  comparable to a i r  
s t r i p p i n g  costs a t  s i m i l a r  f l o w  rates (Tab le  I). Additional 
details  are provided i n  Appendix C- 

11 
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OBS SITE 
NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

MA-2 
MA-3 
MA-4 
MA-5 
MA-8 
MA-9 
MA-10( 1) 
MA-lO(2) 
MA-lO(3) 
MA-lO(4) 
MA-15 
MA-16 
MW-1 
MW-6 
Mw-7 
MW-10 
MW-13 
MW-16 
NE-4 
NE-6 
NE-9 
NE-18 
NE-19 
NE-21 
NE-2 2 
sc-1 
sc-2 
sc-3 
sc-4 
sc-5 
SE-7 
SE-18 
SE-22 
SE-2 3 
SE-29 
SE-31 
SE-32 

TABLE I. RAW COST DATA FOR AIR STRIPPING SYSTEMS - 
ACTUAL DESIGN 

FLOW CAPITAL O&M FLOW 
RATE 
( GPM 1 

-- -- -- -- -- 
-- 
15.00 
6.00 
8.00 
7.00 -- -- 
0.95 
1.20 
0.50 

' 2.50 
15.00 

2.00 
7.50 
5.20 
3.60 

11.50 
42.00 
3.75 
5.00 
4.50 
4.00 
3.80 
8.00 
32.40 
22.20 
3.00 
14.50 
30.00 
1.40 

14.30 

-- 

SE-33(1,2) 16.00 
SE-35 9.50 
SE-36 15.00 
w-1 0.80 
w-2 8.50 
w-4 8.50 
W-14 1.10 
W-17 -- 
W-18 3.50 
w-19 
W-31(1,2) 270.00 
W-38 52 -20 

-- 

w-39 * 0.80 

COST 
(S/GPM) 

-- -- -- -- -- -- 
1133 
3083 
2088 
2386 -- -_ 

30,705 
19,443 
55;LlO 
12,724 
2210 

30,412 
5427 
4808 

10,556 
2113 
1085 
4720 
2822 
3031 
3584 
2812 
1497 
739 

1483 
6913 
2559 
683 

6250 
2091 
2331 
3474 
1627 

30,û65 
3835 
6824 

64364 

14972 

511 
556 

29$25 

-- 

-- 
-- 

COST RATE 
($/lo00 GAL) (GPM) 

-- -- -- -- -- -- 
0.4 
0.9 
0.6 
0.7 -_ 

*- 

127.0 
130.0 
415.0 
87.0 
9.6 

32.0 
6.4 
3.3 
32.0 
2.8 
1.2 
0.2 
0.4 
0.5 
2.5 
1.7 
0.2 
1.2 
2.6 
18.0 
4.0 
1.9 
5.0 
5.4 
3.7 
6.7 
3.9 

135.0 
. 4.2 

7.6 
55.0 

--- 

-- -- -- 
0.4 
0.6 
50.0 

12 

9.0 
20.0 
60.0 
11.0 
5.0 
50.0 
30.0 
30.0 
30;O 
30.0 

175.0 
175.0 

0.5 
2.0 
2.0 
15.0 

. 40.0 
50.0 
10.0 
5.0 
5.0 

25.0 
40.0 
10.0 
3.5 
3.0 
3.0 
4.0 
7.0 

28.0 
22.0 
4.0 

16.0 
30.0 
5.0 
30.0 
20.0 
17.0 
50.0 
10.0 
60.0 

10.0 
5.0 

60.0 
60.0 

30.0 
15.0 

-- 

-- 

-- 

CAPITAL 
COST 

( S/GPM 1 

2000 
1018 
303 
1045 
2700 
640 
567 
617 
557 
557 
132 
149 

46,664 
13,778 
15,905 
2210 
574 

,1216 
4070 
5000 
7600 
972 
1139 
1770 
4032 
4546 
4779 
2671 
1710 
855 
1496 
5184 
2319 
683 
1750 
997 
1865 
1941 
488 
2469 
5 43 

6750 
1430 
838 
877 

967 
1553 

-- 

-- 

-- 

ObM 
COST 

($/lo00 GAL) 

1.1 
0.8 
0.1 
0.6 

11.0 
1.8 
0.2 
0.2 
0.2 
0.2 

' 0.1 
o,  1 

313. O 
104. O 
109. o 
9.6 
3.0 
1.3 
4.8 
3; 4 

23.0 
1.3 
1.3 
0.1 
0.6 
0.7. 
3.3 
1.6 
0.2 
1 i 4  
2.6 

13.0 
3.7 
1.9 
1.4 
2.6 
2.9 
3.7 
1.2 

11.0 
0.6 

6.0 
0.3 

- 

-- 

-- 
-- 
1.0 
2.7 
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TABLE II. DOCUMENTED ANNUAL OPERATING AND.MAINTE"CE COSTS 
FOR AIR ST~IPPING SYSTEMS ($/iooo GALLONS) 

SAMPLE COST 
SIZE MEDIAN AVERAGE RANGE 

FLOW 
FATE 
J GPM) ( N )  

<lo 25 

10-50 11 

>50 2 

$6.40 .. $44.88 

$2.80 $3.34 

$0.50 $0.50 

$0.20-$415;00 

$0.40-$9.60 

$0.40-$0.60 

TABLE III .  DOCUMENTED CAPITAL COSTS FOR AIR STRIPPING SYSTEHS 
(S/GPM) 

SAMPLE COST FLOW 
FATE 
í GPM) ( N )  

<lo 

SIZE MEDIAN AVERAGE RANGE 

26 $5839 $13,778 $14 9 7-$6 43 6 4 
11 $1627 $1641 $683-$2559 

2 $534 $534 $511-$556 

10-50 

>so 

13 
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TABLE IV. RATIOS OF ACTUAL VS. DESIGN PARAMETERS FOR 
AIR STRIPPING SYSTEMS 

MEDIAN AVERAGE RANGE 
COUNT OF OF OF 
(NI RATIOS ,RATIOS RATIOS 

FLOW RATE 

CAPITAL COST 

O&M COST 

36 

36 

35 

0.74 0.73 0.04 - 2.40 

1.36 3.95 0.42 - 25.0 
1.38 3.48 0.42 - 24.6 

NOTE: For the capital and 0&M costs, the average ratio may be a misleading 
estimate of the typical ratio because of the skewed distributions. 
The median is the preferred and recommended estimate. 

14 
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Removal Effectiveness 

As indicated in Table VI, most air stripping systems achieved 
significant reductions of dissolved volatixe organic 
concentrations. Benzene reductions were generally greater than 
99%. 

Fifteen air stripping systems also provided data on MTBE removal 
effectiveness (Table Vi) . Percent removal ranged from 55. 6% to 
99.9% with a median value of approximately 91%. Removal 
effectiveness for IPE was documented at three sites and ranged 
from 97.8% to 99.9%. 

The air stripping systems generally met their design requirements 
of 99% removal of dissolved volatile hydrocarbon contaminants- 
However, as shown in Table VII, there were six exceptions noted. 
In five of the six cases shown, the problem was fouling of the 
packing with either biological growth or precipitated metal salts 
(probably iron hydroxide). 

Fouling was found to be a common problem with the air stripping 
systems. Of the 55 air stripping systems listed in Appendix B, 
fouling was noted in 30 of these systems. For 21 of these 30 
systems where fouling was noted, some type of fouling prevention 
or treatment was used (either antifouling pretreatment or 
periodic cleaning). 

The information in Appendix B indicates that the treatment for 
fouling was effective in all cases, with one possible exception. 
The information given in Appendix B for site NE-6 does not show 
how well the treatment for fouling worked. The only data 
provided in the Appendix for that site show that performance was 
seriously affected by fouling and that treatment for fouling was 

16 
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started. - Of eight  other systems where foul ing  occurred and where 
there w a s  no spec i f i ed  t reatment ,  four failed to meet des ign  
performance requirements. 

It is clear t h a t  foul ing o f t e n  occurs i n  a i r  s t r i p p i n g  columns. 
However, w i t h  proper c leaning  or pretreatment.  a i r  s t r i p p i n g  
systems can  operate acceptably i n  services t h a t  would otherwise 
s i g n i f i c a n t l y  degrade system performance. 

A l l  f i v e  carbon adsorption systems where cost and performance 
data w e r e  a v a i l a b l e  w e r e  s m a l l  u n i t s  (Table VI-II). Actual  f l o w s  
ranged from 0 .5  t o  2 gpm. 
t o  99.98. One datum is documented for MtBE a t  81.2% removal. 
This same system removed 50% of the  IPE  i n  the feed. 

Benzene reduct ions  ranged f r o m  85.1% 

It is i n t u i t i v e  t h a t  a t  any given site, treatment to  e f f l u e n t  
concentrat ions below 1 ppb w i l l  be m o r e  expensive than treatment 
t o  some higher concentration. However, s tatist ical  a n a l y s i s  of 
ac tua l  cost data (ANOVA l i n e a r  regress ion)  did not  demonstrate a 
s i g n i f i c a n t  d i f fe rence  between treatment to  concentrat ions above 
versus b e l o w  1 ppb benzene. 

Both wi th in  and between t rea tment  systems, sample var iances  w e r e  
very high. The sources of var iance among sites included mul t ip le  
factors: varying in f luen t  and e f f l u e n t  concentrations,  
overdesign ( f l o w  rates less than  des ign) ,  a n a l y t i c a l  sources  of 
error, a w i d e  range of flow rates, and t h e  use of benzene as  the  

s i n g l e  i n d i c a t o r  contaminant i n  eva lua t ing  treatment. For 
example, benzene concentrat ions i n  t h e  i n f l u e n t  var ied f r o m  
nondetectable to 29,000 ppb, and i n  the e f f l u e n t  ranged from 
nondetectable to  1,900 ppb. 

17 
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TABLE VII. SITES NOT ACHIEVING DESIGN EFFICIENCY 

SITE 

MA-lO( 3 )  

MA-lO(4) 

Mw-7 

NE-6 

NE-9 

NE-19 

DESIGN RMOVAL 
CRITERIA 

99% for petroleum 
hydrocarbons 

99% for petroleum 
hydrocarbons 

100% for petroleum 
hydrocarbons to 
nondetectable levels 

99% for petroleum 
hydrocarbons 

99% for petroleum 
hydrocarbons 

99% for petroleum 
hydrocarbons 

ACTUAL REMOVAL 
ACHIEVED COMMENTS 

88.17% Average* iron and/or 
for BTEX biological fouling 

of packing 

>98.9% Average iron and/or 
for BTEX biological fouling 

of packing 

96.9% Average or high target 
2 ppb average removal 
BTEX concentration 

32.6% Average biological fouling 
for BTEX of air stripper 

92.1 Average iron and/or 
for BTEX biological fouling 

of air stripper 

92.09% Average iron bacteria 
for BTEX fouling of 

treatment system 

NOTE: *unable to find how calculation was accomplished 

20 
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We discourage the use of data from individual sites for 
predicting treatment costs. However, the median values for 
actual costs derived from this database provide reasonable values 
for estimating treatment costs. The wide ranges associated with 
these data imply that any estimates based on this information can 
be viewed only as rough approximations. 

22 
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CONCLUSIONS 

1. Median operating and maintenance costs for air stripping 
systems in the range of 10 to 50 gpm-were $2.80 per 
thousand gallons. 

gpm. 
Median investment costs were $1,627 per 

2. For those air stripping systems operating below 1 gpm, the 
median operating and maintenance cost was $6.40 per 
thousand gallons. The median investment cost was $5,839. 
At flow rates below 1 gpm, costs per gallon were 
substantially greater, as would be expected. 

3. For the two air stripping systems operating at rates 
higher than 50 gpm, the operating and maintenance costs 
were $0.40 and $0.60 per thousand gallons. 
costs were $511 and $556 per gpm. 

Investment 

4. There was a considerable difference-between the costs per 
gallon estimated for the design of the air stripping 
systems and the costs per gallon actually obtained in the 
field. 
factar of 1.4 higher than those originalay. estimated. 
Part of the reason for this is that actual flow rates were 
often much less than the design flaw-rates. 

The actual costs per gallon appear to be about a 

5. There were only five carbon treatment systems in this 
survey where data on treatment effectiveness were avail- 
able. Consequently, there was no attempt to statistically 
analyze the data. Actual flow rates for all five of these 
carbon adsorption systems were 2 gpm or less. At these 
low flow rates, the carbon treatment costs are comparable 
to air stripping costs at similar flow rates. 

23 
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6. Benzene reductions ranged from 85.3-8 to 99.9% in the five 
carbon adsorption systems where cost . and . .  performance data 
were available. One datum is documented for MtBE at 87.2% 
removal. This same system removed 50% of the IPE in the 
feed . 

7 .  Almost all air stripping systems achieved a high degree of 
removal of the dissolved volatile hydrocarbons in the 
water. Benzene removals were normally 99% or more. 

8. In five of the six cases where air skripping design conta- 
minant removal requirements were not met, fouling was 
responsible. Fouling was caused by biological growth or 

. precipitated metal salts (probably iron hydroxide). 

9. Fouling was found to be a coIgpK>n problem with the air 
stripping systems. Of the 55 air stripping system 
studied, fouling was noted in 30 of these systems. For 21 
of these 30 systems where fouling was noted, some type of 
fouling prevention or treatment was used. Such treatment 
was generally successful. 

10. Hany of the air stripping systems.were- operated at con- 
siderably lower water flow ratee than those for which they 
were designed. Consequently, in such cases the systems 
were usually able to exceed their design requirements for 
contaminant removal. 

11. MTBE removal ranged from 55.6% to. 99.9% with a median of 
91% in the 15 systems where MTBE was-treated by air 
stripping. 

12. There were three sites listed in Table VI where IPE was 
shown to be removed with the air stzipping systems. 
Removal rates for IPE ranged from 97.8% to 99.9%. 

24 
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13. The major sources of variation in the data among sites 
include multiple factors: varying influent and effluent 
concentrations, overdesign (flow rates less than design), 
anlytical sources of error, and a uide.range of flow 
rates . 

14. Because of the wide variability in-the data, we discourage 
the use of data frum individual siteS.for predicting 
treatment costs. However, the median values for actual 
costs derived from this data base provide reasonable 
values for estimating treatment costs. 
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APPENDIX A 

UNIT COST CALCULATION PROCEIXJRZS 

AND 

COST SüWARY TABLES, A I R  S T R I P P I N G  SYSTEMS 

A-1 
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Various design cost data presented throughout t h i s  report w e r e  
c a l c u l a t e d  as f o l l o w s :  

Unit Permit t ing Cost CP = se.., 
Fd 

where I Cp = Unit Permit t ing C o s t .  
Fd = Design F l o w  Rate 
C t p  = Total Permi t t ing  C o s t  fram Appendices B or C 

Unit Annual Operating 
and Maintenance C o s t s  Co  = Cto 

w 

where I C o  = Uni t  Annual Operating Cost.. 
C t o  = Total OáM cost from Appenãices B o r  C 

W = Total: annual f l o w  rate i n  1,000's of gallons.  

Actual  cost data w e r e  calculated as follows: 

Unit Permitt ing C o s t  

cp = etp 
Fa 

and , 

Unit Operating C o s t s  

C o  = Cto 
Qa 

where , 

Fa = Actual F l o w  rate 
Qa = 1,000's gallons treated per year 

A-2 
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Site summary Tables I(a) and I(b) presenk-cost data for air 
stripping systems designed to achieve two d&fferent levels of 
treatment effectiveness ((1 ppb and >1 ppb). Summary Tables 
II(a) and II(b) contain similar data for air stripping systems 
actually achieving the t w o  different levels of treatment 
effectiveness. 

A-3 
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APPENDIX B . .  

SYSTEM DESCRIPTIONS, COSTS AND REMOVAL EFFECTIVENESS 

FOR AIR STRIPPING SYSTEHS 
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A P I  PUBL*4525 90 0732290 0098438 A 

SITE IDENTIFICATION -- MA-2 
TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 

. Water Temperature 
Air Tempera tu re 
Water Flow Rate 
Air Flow Rate 
Air/Water Rat io 
Initial Date of Operation 
Sampling Frequency 

Design 

costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Costs 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Costs 

12.5' 
8.5' 
2.0' 

2" Tellerettes 
550F 
Ambient 
9 GPM 
1000 CFM 
11 1 : 1 CFM/GPM 

Actual 

11/84 
Monthly 

$ 10,000 
$ 5,000 
$ 2,000 
$ 1,000 

$ 3,60O/year 
$ 2,40O/year 

$ 6,00O/year 

COMMENTS : 

This site is an operating gasoline station in Pennsylvania. 
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A P I  P U B L * q 5 2 5  90 W 0732290 0098439 T W 

MA -- 2 
Water Qual i ty 

CONSTITUTENT DESIGN ACTUAL* 
INF EFF Removal INF EFF Removal HTU NTU 

Benzene (1.0 

Toluene 

Ethylbenzene  

Total  Xylenes  

Pe t ro l eum Hydrocarbons 

E DB 

MTBE 

I PE 

95 

Notes: * = N o  s i t e  v i s i t  w a s  completed a t  t h i s  s i t e  
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A P I  PUBL*4525 90 m 0732290 0098440 b m 

SITE IDENTIFICATION -- MA-3 
TECHNOLOGY -- AIR STRIPPING 

System -Parameter 

Tower Height 
Packed Height 
Tower Di ame ter 
Packing Type 
Water Temperature 
A i r Temper at u re 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
Sampling Frequency 

costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Costs 

Design 

Treatment System Operation 
Pretreatment System Operation 
Monitoring/Maintenance 

Total Annual Costs 

17.0' 
14.0' 
1.0' 
9162 Tri-pack 
55 F 
Ambient 
20 GPM 
600 CFM 
30:l CFM/GPM 

Actual 

5/86 
Monthly 

$ 500 
$ 10~000 
$ 5,750 

$ 600 
$ 3,500 

$ 20,350 

$ 7 O O/yea r 

$ 7,20O/year 

$ 7,90O/year 

COMMENTS : 

This site is an operating gasoline service station in New Jersey. GTI 
is testing for lead in the water discharge. 
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API PUBL*4525 90 m 0732290 OOîB44L B 

MA -- 3 
Water Quality 

CONSTITUTENT DESIGN ACTUAL* 
INF EFF Removal INF EFF Removal HTU NTU 

(ppb) (ppb)  (W ( p p b ) ( p p b )  (W ( f t )  

Benzene 

Toluene 

Ethylbenzene  

Total  Xylenes 

P e t r o l e u m  Hydrocarbons 

EDB 

MTBE 

IPE 

99 

Notes: * = N o  s i t e  v i s i t  was completed a t  t h e  s i t e  
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System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
Sampling Frequency 

costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

SITE IDENTIFICATION -- MA-4 
TECHNOLOGY -- AIR STRIPPING 

Desiqn Actual 

12.5' 
8.5' 
2.0' 

#l Jaeger Tri-pack 
55'F 
Ambient 
60 GPM 
600 CFM 
1O:l CFM/GPM 

3/87 

$ 500 
$ 6,000 
$ 8,400 

$ 3,000 
$ 300 

Total Initial Costs 

Treatment System Operation 
Pretreatment System Operation 
Monitoring/Maintenance 

Total Annual Costs 

$ 18,200 

$ 300/year 

$ 2,04O/year 

$ 2,34O/year 

COMMENTS : 

This site is an operating gasoline station in Pennsylvania. 
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A P I  PUBL*q525 90 m 0732290 0098qq3 L m 

MA -.- 4 

Water Qual i ty 

CONSTITUTENT DESIGN ACTUAL* 
INF EFF Removal INF EFF Removal HTU NTU 

Benzene 

Toluene 

Ethylbenzene 

Total Xylenes 

Petroleum Hydrocarbons 

EDB 

MTBE 

99 

I PE 

Notes: No site visit was completed at this site 
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A P I  PUBL*4525 90 m 0732290 00984Y4 3 m 

SITE IDENTIFICATION -- MA-5 
TECHNOLOGY -- AIR STRIPPING 

System Parameter Design Actual 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
Sampling Frequency 

costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Costs 

Treatment System Operation 
Pretreatment System Operat ion 
Monitoring 
Maintenance 

Total Annual Costs 

17.0' 
14.0' 
1.0' 
81 Tri-pack 
55'F 
Ambient 
11 GPM 
400 CFM 
36:l CFM/GPM 

10/86 
Monthly 

$ 100 
$ 6,000 
$ 400 
$ 3,000 
$ 2,000 

$ 11,500 

$ 2,40O/year 
$ 1,20O/year 

$ 3,60O/year 

COMMENTS : 

This site is an operating gasoline service station. 
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. A P I  PUBL*4525 90 m 0732290 0098445 5 m 

MA -- 5 

Water Q u a l i t y  

CONSTITUTENT DESIGN ACTUAL* 
INF EFF Removal INF EFF Removal HTU NTU 

Ethylbenzene  

Total Xylenes  

Pe t ro leum Hydrocarbons 

E DB 

MTBE 

IPE 

>99% 

Notes: * = No si te  v i s i t  w a s  completed a t  t h i s  s i te  
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A P I  PUBL*4525 90 0732290 0098446 7 

SITE IDENTIFICATION -- MA-8 
TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Di ame t er 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
Sampling Frequency 

costs 

Eng i neer i ng Des ign 
Permi t t i ng 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Desiqn Actual 

17.0' 
14.0' 
1.0' 

41 Tri-pack 
55OF 
Ambient 
5 GPM 
600 CFM 
120: 1 CFM/GPM 

10/86 
Monthly; Bi-monthly 
for December, January 
and February of 1986 

Total Annual Cost 

COMMENTS : 

$ 2,000 
$ 6,000 
$ 500 
$ 4,000 
$ 1,000 

$ 13,500 

~ 

$ 30,00O/year 

This site is an operating gasoline station in Maryland. 
initiated as an emergency response. 

This job was 
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API PUBL*4525 90 m 0732290 0098447 9 m 

MA -- 8 

Water Qual i t y  

CONSTITUTENT DESIGN ACTUAL* 
I N F  EFF Removal I N F  EFF Removal HTU NTU 

Benzene 

Toluene 

Ethylbenzene 

Total Xylenes  

Petroleum Hydrocarbons 

E DB 

MTBE 

I PE 

99% 

Notes: * = No c i t e  v i s i t  was completed a t  t h i s  s i t e  
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SITE IDENTIFICATION -- MA-9 
TECHNOLOGY -- A I R  STRIPPING 

System P a r a m e t e r  Design A c t u a l  

Tower Height  
Packed Height  
Tower D i a m e  ter  
Packing Type 
Water Temperature 
A i r  Tempera ture  
Water Flow R a t e  
A i r  Flow Rate 
A i r / W a t e r  Ratio 
I n i t i a l  Date of O p e r a t i o n  
Sampling Frequency  

costs 

Eng inee r ing  Des i g n  
P e r m i t t i n g  
Equipment 
P i p i n g  
Si te  P r e p a r a t i o n  
Electr ical  
P r e t r e a t m e n t  System 

T o t a l  I n i t i a l  C o s t s  

Trea tment  Sys t em Opera t ion  
P r e t r e a t m e n t  System O p e r a t i o n  
Monitor i ng Sys tem 
Maintenance 

T o t a l  Annual  C o s t s  

COMMENTS : 

12.5'  
8.0 '  
2.0' 
1" T e l l e r e t t e s  
50°F 
Ambient 
50 GPM 
1000 CFM 
20: l  CFM/GPM 

10/86 
Weekly 

$ 2,000 
$ 6,000 
$ 15,000 
$ 1 ,000  
$ 2,000 
$ 5,000 
$ 1,000 

$ 32,000 

$ 36,00O/year 
$ 12,00O/year 

$ . 48,00O/year 

T h i s  t r e a t m e n t  s y s t e m  is located on t h e  s i d e  of a highway i n  N e w  
J e r s e y .  The source of contaminat ion is a t a n k  t r u c k  s p i l l  on t h e  
highway. A c o n t i n u o u s  chemica l  f e e d  sys tem pretreats t h e  water a t  
t h i s  s i te .  
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A P I  PUBL*4525 90 = O732290 0098449 2 W 

MA -- 9 

Water Q u a l i t y  

CONSTITUTENT DESIGN ACTUAL* 
INF EFF Removal INF EFF Removal HTU NTU 

Benzene <1.0 99 

Toluene 

E t h y l b e n z e n e  

Total Xylenes 

P e t r o l e u m  Hydrocarbons  

EDB 

MTBE 

IPE 

Notes: N o  c i t e  v i s i t  was comple ted  a t  t h i s  s i t e  
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A P I  PUBL*4525 90 = 0732290 0098450 9 

SITE IDENTIFICATION --.MA-lO(l) 

TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 

Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Ai r/Wa t er Rat io 
Initial Date of Operation 
Sampling Frequency 

costs 

Eng i nee r ing Des ig n 
Permit t ing 
Equipment . . .  .. - . 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Design 

15.0' 
8 . 5 '  
2.5' 
1" and 2" 
Tellarettes 
55OF 
Ambient 
30 GPM 
600 CFM 
20:l CFM/GPM 

Treatment- System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Actual 

15.0' 
8.8' 
2.5' 
1" and 2" 
Tellgrettes 
55.4 F 
84.2'F 
15 GPM 
560 CFM 
37.3:l CFM/GPM 
1984 
Monthly 

$ 2,000 
$ 12,000 
$ 1,000 
$ 2,000 

$ 17,000 

$ 500/year 

$ 1,20O/year 
$ 1,50O/year 

Total Annual Cost $ 3,20O/year 
- - -  

COMMENTS : 

The site is an operating pumping station for petroleum products in 
Pennsylvania. The spill occurred at bulk storage tank. 
brown film on the packing was evident during the site visit. Some 
bulk iron build up appeared to be in the middle of the tower. 

Thin coat of 
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A P I  PUBL*4525 90 0732290 0098451 O 

MA -- lO(1) 
Water Qual i t y  

CONSTITUTENT DESIGN ACTUAL 
INF EFF Removal INF EFF Removal HTU N T U  

Benzene (1.0 83 0.4 99.5 1.6 5.4 

Toluene  4.0 BDL 97.5 2.9 3.0 

E t h y l b e n z e n e  BDL ND 

T o t a l  Xylenes 4.3 ND 

-- -- -- 
-- -- -- 

P e t r o l e u m  Hydrocarbons 99% 

-- -- -- E DB ND ND 

MTBE ND ND -- -- -- 
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A P I  PUBL*4525  90 m 0732290 0098452 2 m 

MA -- lO(2) 
Water Q u a l i t y  

DESIGN ACTUAL CONSTITUTENT 
INF EFF Removal INF EFF Removal HTU NTU 

Benzene 

To1 u e ne 

E t  hy 1 benzene 

T o t a l  Xylenes 

P e t r o l e u m  Hydrocarbons 

E DB 

MTBE 

I PE 
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A P I  PUBL*4525 90 m 0732290 0098453 4 W 

SITE IDENTIFICATION -- MA-lO(3) 
TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diame ter 
Packing Type 

Water Temperature 
Air Tempera ture 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
Sampling Frequency 

costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation . 

Electrical 
Pretreatment System 

Total Initial Cost 

Design 

12.5' 
8.5' 
2.0' 
1" and 2" 
Telleret tes 
5S°F 
Ambient 
30 GPM 
600 CFM 
20:l CFM/GPM 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

COMMENTS : 

Actual 

12.5' 
8.4' 
2.0' 

1" and 
Tellerettes 
57.2OF 
82 . 4OF 
8 GPM 
600 CFM 
75:l CFM/GPM 
1984 
Monthly 

$ 2,000 
$ 10,000 
$ 2,000 
$ 2,000 
$ 700 

$ 16,700 

$ 1,20O/year 
$ 1,50O/year 

$ 2,70O/year 

This site is an operating pumping station for petroleum products in 
Pennsylvania. The spill occurred at a bulk storage tank. Thin brown 
film was evident on the packing during the site visit. 
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A P I  PUBL*4525 90 0732290 0078454 b .I 

MA -- l O ( 3 )  

Water Quality 

DESIGN ACTUAL CONSTITUTENT 
I N F  EFF Removal INF EFF Removal HTU NTU 

Benzene 

Toluene 

Ethylbenzene 

Total Xylenes 

Petroluem Hydrocarbons 

E DB 

MTBE 

IPE 

<1.0 10 ND 100 2.1 3.9 

4.4 ND 100 2.7 3.1 

ND ND 

6.2 2.2 64.52 81. 1.0 

99% 

ND ND 

ND ND 

ND ND 
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Svstem Parameter 

API P U B L X 4 5 2 5  90 0732290 0098455 A 

SITE IDENTIFICATION -- MA-lO(4) 
TECHNOLOGY -- AIR STRIPPING 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 6 
Sampling Frequency 

costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Desiqn Actual 

12.5' 
8.5' 
2.0' 

#1 Tri-pack 
55OF 
Ambient 
30 GPM 
600 CFM 
20:l CFM/GPM 

12.5' 
8.9' 
2.0' 
#i Tri-pack 
57.2OF 
87.8OF 
7 GPM 
600 CFM 
85.7:l CFM/GPM 
1984 
Monthly 

$ 2,000 
$ 10,000 
$ 2,000 
$ 2,000 
$ 700 

Total Initial Cost $ 16,700 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

$ 1,20O/year 
$ 1,50O/year 

$ 2,70O/year 

COMMENTS : 

This site is an operating pumping station for petroleum products in 
Pennsylvania. The spill occurred at the bulk storage tanks. 

Water was naturally effervescent during site visit. Thin coat (1/32") 
of brown film was observed on the packing. Green patches were also 
noted on the packing. Exhaust gases from the stripper had a 
noticeable odor. 
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A P I  PUBL*4525 90 W 0732290 0098456 T m 

MA -- lO(4) 
Water Qual i ty  

DESIGN ACTUAL CONSTITUTENT 
LNF EFF Removal INF EFF Removal HTU NTU 

(ppb) (ppb) ( % I  (ppb) (ppb)  ( % I  (ft) 

Benzene 

Tnl liene 

(1.0 2300 18 99.2 1.8 4 . 9  

1000 9 . 3  9 9 . 1  1.9 4 . 7  

Ethylbenzene 730 7b3 - 99.0 1.9 4.6 

Total Xylenes 

Petroleum Hydrocarbons 

E DB 

MTBE 

I PE 

2170 30 98.6 2b1 4.3 

99% 

BDL BDL 

ND ND 

ND ND 
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A P I  PUBL*4525  90 m 0732290 0098457 1 

SITE IDENTIFICATION -- HA-15 
TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Air/Water Rat io 
Initial Date of Operation 
Sampling Frequency 

Costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initiai Cost 

Treatment System Operation 
Pretreatment System Operation 

Monitoring/Maintenance 

Desiqn 

15.0' 
8.5' 
3.0' 

#l Tri-pack 
550F 
Ambient 
175 GPM 
600 CFM 
3.5 : 1 CFM/GPM 

Actual 

7/85 
Monthly 

$ 5,000 
$ 11,500 
$ 4,000 
$ 600 
$ 2,000 

$ 23,100 

$ 300/year 
(cost included 

$ 8,40O/year 
in maintenance) 

Total Annual Cost $ 8,70O/year 

COMENTS: 

This site used to be a service station in New York. It is presentzy a 
parking lot. 
biological fouling . The air stripper is cleaned quarterly due to iron and 
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Mpi -- 15 
water Quality 

DESIGN ACTUAL* CONSTITUTENT 
I N F  EFF Removal INF EFF Removal HTU NTU 

Benzene 

Toluene 

Ethylbenzene 

Total  Xylenes  

Petroleum Hydrocarbons 

E DB 

MTBE 

I PE 

99% 

Notes: No s i t e  v i s i t  was completed a t  t h i s  s i te  

B-22 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



A P I  PUBL*4525 90 m 0732298 0098459 5 m 
~ ~- - 

SITE IDENTIFICATION -0 HA-16 

TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Tempera ture 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Air/Water Rat io 
Initial Date of Operation 
Sampling Frequency 

Costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 

Monitoring 
Maintenance 

Total Annual Cost 

Design Actual 

15.0' 
8.5' 
3.0' 

#1 Tri-pack 

Ambient 
175 GPM 
600 CFM 
3.5 : 1 CFM/GPM 

550F 

6/84 
Monthly 

$ 6,000 

$ 6,000 
$ 600 
$ 2,000 

$ 11,500 

$ 26,100 

$ 300/year 
Cleaning cost 
included in 
maintenance 
$ 6,00O/year 
$ 2,40O/year 

$ 8,70O/year 

COMENTS : 

This site used to be a gasoline station in New York. It is now 
strjctly a service station. 
to iron and biological fouling. 

The air stripper is cleaned quarterly due 
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. ______- 

A P I  PUBL*4525 90 m 0732290 0098460 L m 

MA -0 16 

Water Quality 

CONSTITUTENT DESIGN ACTUAL* 
INF EFF Removal INF EFF Removal HTU NTU 

Benzene 

Toluene 

Ethylbenzene 

Total Xylenes  

Petroleum Hydrocarbons 

E DB 

MTBE 

IPE 

99% 

Notes: No si te  v i s i t  was completed a t  t h i s  s i t e  
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System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 

A P I  PUBL*4525 90 m 0732290 00984bL 3 

SITE IDENTIFICATION -- HW-1 
TECHNOLOGY -- AIR STRIPPING 

Design Actual 

17.0' 
14.0' 
1.0' 

Water Temperature 
Air Temperature 
Water Flow Rate 
Air .Flow Rate 
A i r/Wa ter Rat io 74.8 CFM/GPM 
Initial Date of Operation 
Sampling Frequency 

costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

1780' 
12.9' 
1.0' 
81 Tri Pack 
498 30F 
97.60~ 
0.95 GPM 
1326 CFM 
1396:l CFM/GPM 
4/23/87 
First three days 

Next two weeks 

Last (5/29/87), 
Once/month for 3 
months; then, every 
3 months 

(4/23,24,25/87) 

(5/7, 13/87) 

$ 1,752 

$ 13,595 
$ 500 
$ 8,791 
$ 1,172 

$ 3,360 

Total Initial Cost $ 29,170 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Ma i ntenance 

$ 21,099/year 

$ 28,132/year 
$ 14,065/year 

Total Annual Cost $ 63,2961yea.r 

COHHENTS: 

This site is an operating gasoiine service station and mini-markek in 
Iowa 8 
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A P I  PUBL*4525  90 0732290 00984b2 5 W 

MW -- 1 
Water Quality 

CONSTITUTENT DESIGN ACTUAL 
INF EFF Removal INF EFF Removal HTU NTU 

Benzene 2170 19.60 99.1 1700 2.3 99.86 2.0 6.6 

2800 7.2 99.74 2.2 6.0 Toluene 

' Ethylbenzene 520 ND 100.0 1.6 7.9 

Total Xylenes 3600 7.0 99.81 2.1 6.2 

Petroleum Hydrocarbons 

EDB ND ND 

MTBE 780 ND 100 1.6 7.9 

I PE ND ND 
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A P I  PUBL*4525 9c1 W O932290 0098463  7 

SITE IDENTIFICATION -- )Iw-6 

TECBN0UX;Y -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Temperature 
A i r  Temperature 
Water Flow Rate 
A i r  Flow Rate 
Airmater Ratio 
Initial Date of Operation 
Sampling Frequency 

Costs 

Engineering Design 
Permit t ing 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

COHMENTS: 

Design Actual 

17.0' 17.0' 
14r0' 12.8' 
1.0' 1.0' 

#l Tri-pack #l Tri-pack 

0.5 GPM f . 2  GPM 

53.5'F 
95OF 

289 CFM 
233:l CFM/GPM 
Summer 1986 
Every 3 months 

$ 23,332 

$ 271 384/year 

$ 36 I 5lO/year 
$ l8,255/year 

$ 82?149/year 

This site is an abandoned gasoline service station in Iowa. The tanks 
and pump islands have since been removed. 
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A P I  P U B L * 4 5 2 5  90 m 0732290 0098464 9 m 

PIW -- 6 

Water Quality 

CONSTITUTENT DESIGN ACTUAL 
I N F  EFF Removal I N F  EFF Removal HTU NTU 
(ppb) (ppb) ( W  (ppb)(ppb) (ft) 

Benzene 6500 140 97.9 8100 0.3 99.9+ 1.2 10.2 

Toluene 8500 0.7 99.9+ 1.4 9.4 

Ethylbenzene 1300 BDL 99.9+ 1.4 8.8 

Total Xylenes 

Petroleum Hvdrocarbons 

MTBE 

IPE 
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API PUBL*4525 98 m 0732290 0098465 O m 

SITE IDENTIFICATION -- w-7 

TECHNOWGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diame ter 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
Sampling Frequency 

costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

Desiqn 

17.0' 
14.0' 
1.0' 

2 GPM 

Actual 

17.0' 
13.8' 
1.0' 

li1 Tri-pack 
4 90F 
91 70F 
0.5 GPM 
1239 CFM 
2478:l CFM/GPM 
2/87 

$ 1,752 
$ 2,400 
$ 5,750 
$ 500 
$ 15,135 
$ 2,018 

$ 36 , 326/year 
$ 48,435/year 
$ 24,218/year 

$108,979/year 

COHMENTS: 

This site is an operating gasoline service station and mini-market in 
Iowa . 
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__ _ ~ _ -  
A P I  PUBL*4525  90 m 0732290 00984bb 2 m 

EIW -- 7 

Water Quality 

CONSTIT UTENT DESIGN ACTUAL 
INF EFF Removal I N F  EFF Removal HTU NTU 

(ppb) (ppb) ( % I  ( p p b ) ( p p b )  ( % I  ( f t )  

Benzene (1.0 360 0 . 4  99.9 2 . 0  6 . 8  

Toluene 29  1 . 8  93.5 4.9 2.8  

Ethylbenzene 37 ND 

100 5 . 9  9 4 . 1  4 .9  2 .8  Total Xy lenes  

Petroleum Hydrocarbons 2300 ND 100 

ND ND -- -- -- E DB 

MTBE BDL 0 . 3  4.9 2.8  
ND ND -- -- -- I PE 
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A P I  PUBL*4525 90 0732290 0098467 4 

SITE IDENTIFICATION -- WW-13 

TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diame ter 
Packing Type 
Wgter Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Ai r/Water Rat io 
Initial Date of Operation 
Sampling Frequency 

costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Desiqn Actual 

14.0' 17.0' 
1.0' 1.0' 

#l Tri-pack #1/2 Tri-pack 
550F 5 5oF 

23.0' 23.0' 

6  OF 
1731 CFM 
11 5 : 1 CFM/GPM 
8/86 
Monthly 

15 GPM 15 GPM 

$ 1,752 
$ 3,360 
$ 16,995 
$ 500 
$ 10,550 

Total Initial Cost $ 33,157 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Operation 

COMMENTS: 

$ 25,32O/year 

$ 33,76O/year 
$ 16, 880/year 

$ 75,96O/year 

This site is an operating gasoline station in Minnesota. 

- B-31 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBLa4525 90 m 0732290 0098468 b W 

MW -- 13 
Water Quality 

DESIGN ACTUAL CONSTITUTENT 
I N F  EFF Removal I N F  EFF Removal HTU NTU 

Benzene < l o 0  

Toluene 

Ethylbenzene 

Total Xylenes 

950 3.9 99.6 3.1 5.5 

3000 16 99.5 3.2 5.3 

440 2.9 99.3 3.4 5.0 

2900 8 . 0  99.7 2.9 5.9 

Petroleum Hydrocarbons 5700 45.0 99.2 1 

E DB ND ND 
2.5 

MTBE 

IPE 

BDL 0.5 7 . 4  2.3 

ND ND 
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A P I  PUBL84525  90 0732290 00984b9 B 

SITE IDENTIFICATION -- M-16 
TECHNOLOGY - AIR STRIPPING 

Par-ter Desian Actual 

Tower Height 12.0' 
Packed Height 10.0' 
Tower Diamet er 2.0' 
Packing Type # 1/2 Tri-pack 
Water Temperature 
Air Temperature 
Water Flow Rate 40  GPM 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 3/87 
S amp1 i ng Frequency Every 3 months 

costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

$ 1,752 

$ 8,450 
$ 2,400 

$ 500 
$ 8,695 
$ 1,160 

Total Initial Cost $ 22,957 

Treatment System Operation 
Pretreatment System Operation 
Mon i tor i ng 
Maintenance 

$ 20 I 868/year 

$ 27 I 824/year 
$ 13,912/year 

Total Annual Costs $ 62,604/year 

COMENTS: 

This site is an operating.gasoline service station and mini-market in 
Kansas 
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A P I  PUBL*Ll525 90 = 0732290 0098471 b 

SITE IDENTIFICATION -- NE-4 
TEC"OMX;Y -- AIR STRIPPIffi 

System Parameter 

Tower Height 
Packed Height 
Tower Di ame t er 
Packing Type 
Wqter Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
Sampling Frequency 

Costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

COHHENTS: 

Desiqn 

12.0' 
10.0' 
2.0' 

91 Tri-pack 
680F 

50 GPM 
500 CFM 
10: 1 CFM/GPM 

Actual 

12.5' 
8.5' 
2.0' 
81 Tri-pack 
6 5oF 

2 GPM 
954 CFM 
477:l CFM/GPM 
9/9/86 
Monthly 

850~ 

$ 2,040 
$ 1,985 
$ 26,525 
$ 3,320 
$ 24,555 
$ 2,400 

$ 60,825 

$ 90 O/year 

$ 32,94O/year 
Included Above 

$ 33,84O/year 

This site is an operating gasoline station in Massachusetts. The air 
stripping tower packing is slightly fouled wi-h iron bacteria. 
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~ _ _ _ ~  ~ ~ _ _  
A P I  PUBL*4525 70 m 0732290 0078472 ô m 

NE - 4 

Water Quality 

CONS TITUTENT DESIGN ACTUAL 
INF EFF Removal I N F  EFF Removal HTU NTU 

Benzene < l e 0  300 BDL 99 ,9+* 1.2 7.3 

To 1 ue ne  6400 1 . 8  99.9+* 1.0 8 .2  

Ethylbenzene  1400 BDL 99.9+* 1 . 0  8 . 9  

Total Xylenes  8400 4 .7  99 .9+  1.1 7.5 

Petroleum Hydrocarbons 48 .5  1 .66  9 9 . 6  
ND ND -- -- -- EDB 

MTBE BDL 0 . 8  4.7 l e 8  
-- -- -- I P E  ND ND 

Notes: * = Refer to t e x t  for method of c a l c u l a t i o n  
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API PUBL*4525 90 m 0732290 0098473 T m 

SITE IDENTIFICATION -0 NE-6 

TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower He i'gh t 
Packed Height 
Tower Diameter 
Packing Type 

Design 

17.0' 
14.0' 
1.0' 

81 Tri-pack 
Wgter Temperature 680F 
Air Tempera tu re Ambient 
Water Flow Rate 10 GPM 
Air Flow Rate 250 CFM 
Air/Water Rat io 25:l CFM/GPM 
Initial Date of Operation 
Sampling Frequency 

costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

COMENTS: 

Actual 

12.0' 
9.1' 
1.0' 

#1 Tri-pack 
590F 
74 . 5 0 ~  
7.5 GPM 
153 CFM 
20 . 4 : 1 
4/85 
Weekly 

CFM/GPM 

$ 2,000 
$ 3,000 
$ 25,000 
$ 3,000 
$ 5,000 
$ 1,200 
$ 1,500 

$ 40,700 

$ 1,20O/year 
$ 14,40O/year 
$ 9,60O/year 

$ 25,2OO/year 

This site is an operating gasoline station and mini-market in 
Massachusetts. The tanks have been replaced. Due to extensive 
biological fouling of the air stripper and reinjection gallery, a 
continuous chemical feed pretreatment system using citric acid and 
erythrobic acid has been implemented. 
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A P I  P U B L X 4 5 2 5  90 M 0732290 0098474 L M 

NE 0- 6 

Water Quality 

CONSTITUTENT DESIGN ACTUAL 
INF EFF Removal I N F  EFF Removal HTU NTU 

(ppb)  (ppW ( 0 )  ( p p b ) ( p p b )  ( $ 1  ( f t )  

Benze ne 2600 1900 26.9 30.3 0.3 

6800 4800 29.4 22.8 0.4 Toluene 

Ethylbenzene 540 320 40.7 18.2 0.5 

Total Xylenes 13700 8700 36.5 18.2 0.5 

Petroleum Hydrocarbons 24610 241 99 

E DB 

MTBE BDL 190 

I PE ND 25 

ND BDL -- -- -- 
-- -- -- 
-- -- -- 
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A P I  PUBL*Ll525 90 0732290 0098475 3 

SITE IDENTIFICATION -- NE-9 
TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 

Temperature Xi%e+empe ra t u re 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
Sampling Frequency 

Costs 

Engineering Design 
Pe mi t t ing 
Equipment 
Piping 
Site Preparation 
Electrical ~ 

Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

COMMENTS: 

I)eSi* 

27.0' 
24.0' 
1.0' 

#1 Tri-pack 
680F 
5 GPM 
175 CFM 
35:l CFM/GPM 

Actual 

31.0' 
22.0' 
1.0' 

#l Tri-pack 
54 . 70F 
80 . 8 0 ~  
5.2 GPM 
172 CFM 
33:l CFM/GPM 
4/87 
Monthly 

$ 500 
$ 5,000 
$ 14,000 
$ 1,000 
$ $ 2,500 2,000 

This site is an operating. gasoline service 
The vapor phase discharge from the air str 
activated carbon at this site. 

$ 25,000 

$ 1,80O/year 

$ 2,40O/year 
$ 4,80O/year 

$ 9,00O/year 

station in Massachusetts. 
pper is treated with 

Iron bacteria were found to be present in the air stripper packing 
during the site visit. ' 
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-- 9 

Quality 

ACTC 
I k'F Kemoval I N F  EFF Removal HTU NTU 

Benzene 8700 24 99.7 3.7 6.0 

Toluene 24000 460 98.1 5.5 4.0 

E t h y l b e n z e n e  4200 640 84.8 11.6 1.9 

Tota l  Xylenes 19100 2700 85.9 11*0 2.0 

Pet ro leum Hydroca rbons  106180 22.87 99 

E DB ND ND 

MTBE ND ND 

I PE ND ND 

-- -- -- 
-- -- -- 
-- -- -- 
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A P I  PUBL*4525 90 0732290 0098477 7 

SITE IDENTIFICATION -0 NE-18 

TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Wgter Temperature Air Temperature 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
Sampling Frequency 

Costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Deciqn 

27.0' 
24.0' 
1.0' 

Pl Tri-pack 
680F 
Ambient 
5 GPM 
100 CFM 
20:l CFM/GPM 

Actual 

27.0' 
24.0' 
1.0' 
#1 Tri-pack 
62.3oF 
77.20F 
3.6 GPM 
106 CFM 
29.4:l CFM/GPM 
6/30/86 
Bi-monthly 

$ 500 
$ 1,500 
$. 10,000 
$ 1,000 
$ 25,000 
N/A** 

$ 38,000 

Treatment System Operation $ 960/year 
Pretreatment System Operation 
Monitoring $ 60,00O/year 
Maintenance Included Above 

Total Annual Cost $ 60,96O/year 

COHMENTS: 

This site is an operating gasoline service station in Massachusetts. 
Minimal tower fouling was apparent during the site visit. 
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A P I  PUBLU4525 90 W 0732290 0098478 9 W 

NE -- 18 
Water Quality 

CONSTITUTENT DESIGN ACTUAL 
T m m  

Benzene <1.0 

Toluene 

Ethylbenzene 

Total Xylenes  

Petroleum Hydrocarbons 6900 6.2 99.9 

E DB 

MTBE 

IPE 

4200 1.8 

13000 509 

9900 0.7 

4400 3.0 

ND ND 

16000 8.6 

1800 1.0 

99.9+ 3.0 7.9 

99.9+ 3.1 7.0 

99*9+ 2.4 9.8 

99.9+ 3.2 7.4 

99*9+ 2.8 8.4 

99.9+ 
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API PUBL*4525 90 m 0732290 0098479 O m I 

SITE IDENTIFICATION -- NE-19 

TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 

&Zefempe rature 
Water Flow Rate 
Air Flow Rat e 
Air/Water Rat io 
Initial Date of Operation 
Sampling Frequency 

Tempe rat u re 

Costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Design 

22.5' 
20.0' 
2.0' 

#1 61 #1/2 Tri-pack 
680F 

25 GPM 
750 CFM 
30:l CFM/GPM 

Actual 

22.5' 
18.8' 
2.0' 

#1 t #1/2 Tri-pack 
70.8oF 
81 . 8 0 ~  
11.5 GPM 
125 CFM 
11:l CFM/GPM 
4/86 
Weekly 

$ 800 
$ 2,500 
$ 14,000 
$ 4,000 
$ 2,000 
$ 1,000 

$ 24,300 

$ 1,20O/year 

$ 10,80O/year 
$ 4,800jyear 

T o t a l  Annual Cost $ 16,80O/year 

COHMENTS : 

This site is an operating gasoline service station in Massachusetts. 
Severe iron bacteria fouling was noted in the air stripper during the 
site visit. 
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Benzene 

To 1 u e  ne 

Ethylbenzene 

To ta l  Xylenes 

Petroleum Hydrocarbons 

EDB 

MTBE 

I PE 

4800 ND -- 
24000 270 9809 

2500 ND -- 
19000 5800 6905 

43096 76.68 99 
-- ND ND 

7800 380 95.1 

-- BDL ND 
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A P I  PUBL*q525 90 = 0732290 0098qBL 9 

SITE IDENTIFICATION -- NE-21 
TECHNOLOGY -- AIR STRIPPIE 

System Parameter 

Tower Height 
Packed Height 
Tower Diame ter 
Packing Type 
Wgter Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
Sampling Frequency 

Desiqn 

12.5' 
10.0' 
2.0' 

.#l Tri-pack 
500F 
Ambient 
40 GPM 
400 CFM 
1O:l CFM/GPM 

Costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Actual 

12.5' 
8.3' 
2.0' 
81 Tri-pack 

870~ 
42 GPM 
231 CFM 
5.5:l CFM/GPM 
3/3/87 
Monthly 

570F 

$ 500 
$ 800 

$ 2,750 
$ 7,000 
$ 3,000 

$ 31,500 

$ 45,550 

$ $ 1,20O/year 2,40O/year 

$ 6,00O/year 
S 18,00O/year 

Total Annual Cost $ 27,60O/year 

COMMENTS: 

This site is an abandoned gasoline service station in Massachusetts. 
The tanks and pump islands have been removed. 
biological fouling, a continuous chemical feed system using citric 
acid and erythorbic acid has been implemented at this site. 

Due to iron and 
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NE -- 21 
Water Quality 

CONSTITUTENT DESIGN 
INF E F F  R e m o v a l  I N F  E F F  R e m o v a l  HTU NTU 

B e n z e n e  

T o l u e n e  

E t h y l b e n z e n e  

Total  X y l e n e s  

Pe t ro l eum H y d r o c a r b o n s  43000 100 

EDB 

MTBE 

I P E  

440 17 96.1 2.3 3.6 

400 16 96.0 2.4 3.5 

84 2.8 96.7 2.2 3.7 

220 14.3 93.5 2.9 2.9 

99.8 

-- -- -- ND ND 

710 270 62.0 6.4 1.3 

-- -- ND 0.8 -- 
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A P I  PUBLM4525  90 0732290 0098483 2 ' 

SITE IDENTIFICATION -- NE-22 
TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diame ter 
Packing Type 
Water Temperature 
Air Tempera ture 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
Sampling Frequency 

Costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Design 

17.0' 
14.0' 
1.0' 

fil Tri-pack 
680F 

10 GPM 
250 CFM 
25:l CFM/GPM 

Actual 

17.0' 
13.4' 
1.0' 

#l Tri-pack 
63.80F 

3.75 GPM 
275 CFM 
73.3:l CFM/GPM 
1/87 
Monthly 

83 3OF 

$ 750 
$ 1,500 
$ 12,000 
Included above 

$ 3,450 

$ 17,700 

$ 400/year 
Included above 

4 O O/year Total Annual Cost s 

COPIMENTS: 

This site is an abandoned gasoline station in Massachusetts. The 
tanks and pump islands have been removed. 
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A P I  PUBLX4525 90 0732290 0098484 4 W 

NE -- 22 

Water Quality 

Benzene 9210 12.3 99.9 340 BDL 99.9+* 1.8 7.5 

Toluene 1900 0 . 6  99.9+* 1.6 8.1 

Ethylbenzene 600 BDL 99.9+* 1 . 6  8.1 

Total Xylenes 3300 1.2 99.9+ 1.7 8.0 

petroleum Hydrocarbons 34200 66.1 99.8 
-- -- -- E DB BDL ND 

MTBE BDL 0.6 6.1 2 . 2  

-- -- -- IPE ND ND 
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API PUBL*4525 90 0732290 0098485 b ' 

SITE IDENTIFICATION - SC-1 
TECBNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 

Rrte*empe ra tu re 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
S amp1 i ng F re que nc y 

Temperature 

Costs 

Engineering Design 
Permitting 
Equ i pme n t 
Piping 
Site Preparation 
Electrical 
Pretreatment 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

Design 

27.0' 
24.0' 
1.0' 

# 1/2 Tri-pack 
830F 
3 . 5  GPM 
155 CFM 
44:l CFM/GPM 

900~ 

Actual 

27.0' 
23.5' 
1.0' 

# 1/2 Tri-pack 
8 loF 
78oF 
5 GPM 
200 CFM 
40:l CFM/GPM 
9/22/86 
Quarterly 

$ $ 2,200 1,800 

$ 9,612 
Included Above 
Included Above 
$ 500 

$ 14,112 

$ 840/year 
$ 320Lyear 

$ 1,16O/year 

COHMENTS: 

This site is an operating gasoline station and mini-market in 
Louisiana. The spill conbains ethanol as well as gasoline. 
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Benzene 

Toluene 

Ethylbenzene 

Total Xylenes 

Petroleum Hydrocarbons 68000 190 

EDB 

MTBE 

IPE 
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A P I  PUBL*4525 90 0732290 0098487 T 

System Parameter 

SITE IDENTIFICATION -- SC-2 
TECHNOLOGY -- A I R  STRIPPING 

- 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
Sampling Frequency 

Costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

COWENTS: 

This site is an operating gaso 

Design 

17.0l 
14.0' 
1.0' 

81 Tri-pack 

3 GPM 
300 CFM 
1OO:l CFM/GPM 

Actual 

17.0' 
13.5' 
1.0' 

Il Tri-pack 

8 9oF 
4.5 GPM 
196 CFM 
43.5:l CFM/GPM 
4/30/85 
Quart er ly 

7 3oF 

$ 2,500 
$ 1,800 
$ 8,989 
Included Above 
Included Above 
$ 350 

$ 840/year 
$ 240/year 

.$ 1 ,080/year 

ne station &n Lou,siana. 
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sc - 2 

Water Quality 
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A P I  PUBL*4525 90 m 0732290 0098489 3 m 

SITE IDENTIFICATION -- SC-3 
TECm0IXX;Y -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate - 

Air/Wa ter Rat io 
Initial Date of Operation 
Sampling Frequency 

costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total I n i t i a l  Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

COMMENTS: 

Desiqn 

17.0' 
14.0' 
1.0' 

#l Tri-pack 

3 GPM 
300 CFM 
1OO:l CFM/GPM 

Actual 

17.0' 
13.0' 
1.0' 
81 Tri-pack 
7 loF 
81OF 
4 GPM 
4 4  CFM 
11:2 CFM/GPM 
7/24/85 
Monthly 

$ 2,000 
$ 1,800 
$ 10,037 
Included Above 
Included Above 
$ 500 

$ 18,337 

$ 2,40O/year 
$ 2,76O/year 

$ 5,16O/year 

This site is an operating gasoline service station in Louisiana. 
Tower packed was observed to be fouled during site visit. 
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Benzene <1.0 

Toluene 

Ethylbenzene 

Total Xylenes 

Petroleum Hydrocarbons 7300 60 

EDB 

MTBE 

I PE 
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A P I  PUBLU4525 90 m 0732290 0098491 1 m 

SITE IDENTIFICATION -- SC-4 
TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Ai r/Wa t er Rat io 
Initial Date of Operation 
Sampling Frequency 

Costs 

Eng i neer i ng Des ign 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Desiqn 

17.0' 
14.0' 
1.0' 
#l Tri-pack 

4 GPM 
400 CFM 
1 O O : 1 CFM/GPM 

Actual 

17.0' 
13.5' 
1.0' 
#l Tri-pack 
700F 
870~ 
3.8 GPM 
200 CFM 
52.6:l CFM/GPM 
1/85 
Monthly 

$ 2,200 
$ 1,800 
$ 5,750 
Included Above 
Included Above 
$ 934 

$ 101684 

$ 900/year 
$ 2,40O/year 
$ llO/year 

Total Annual Cost $ 3,41O/year 

COMMENTS: 

This site is an operating gasoline station, mini-market and car wash 
in'Louisiana. The packing in this air stripping tower accumulates 
inorganic precipitates. 
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__  
A P I  PUBL*4525 90 m O732290 0098492 3 m 

sc -- 4 

Water Quality 

CONSTI TUTENT DESIGN ACTUAL 
I N F  EFF Removal I N F  EFF Removal HTU NTU 

Benzene 

To 1 ue ne 

Ethylbenzene 

Total Xylenes 

Petroleum Hydrocarbons 27400 331 98.8 

E DB 

MTBE 

I PE 

-- 930 ND 

130 ND 

450 ND -- 
930 ND 

-- 

-- 

ND ND -- 
O0 1 . 3  9 9 . z t  1. 

ND ND -- -- 
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A P I  PUBL*4525 90 = 0732290 0098493  5 M 

System Parameter 

SITE IDENTIFICATION -0 SC-5 

TECHN0UX;Y -- AIR STRIPPING 

Tower Height 
Packed Height 
Tower Diame ter 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
Sampling Frequency 

Casts 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Design 

17.0' 
14.0' 
1.0' 

91 Tri-pack 

7 GPM 
300 CFM 
43:l CFM/GPM 

Actual 

17.0' 
13.5' 
1.0' 

#1 Tri-pack 
6 8oF 
770~ 
8 GPM 
398 CFM 
49.8:l CFM/GPM 
10/28/85 
Not sampled on 
regular basis 

$ 2,200 
$ 1,800 
$ 6,273 
Included Above 
Included Above 
$ 1,700 

Total Initial Cost $ 11,973 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

COMMENTS: 

$ 7 2 O/year 

$ 720/year 

This site is an operating gasoline station and car wash in Louisiana. 
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Benzene 

Toluene 

Ethylbenzene 

Total  Xylenes 

P e t r o l e u m  Hydrocarbons 59000 562 

EDB 

MTBE 

I PE 
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A P I  PUBL*4525  90 m 0732290 0098L195 9 m 

SITE IDENTIFICATION -0 SE-7 

TECHNOKEY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Tempera ture 
Air Temperature 
Water Flow Rate 
Air Flow Rat e 
Air/Water Ratio 
Initial Date of Operation 
Sampling Frequency 

Design Actual 

12.5' 12.5' 
10.0' 10.0' 
2.0' 2.0' 

#1 Tri-pack #1 Tri-pack 
81.20F 
95.60F 

28 GPM 32.4 GPM 
694 CFM 
21.4: 1 CFM/GPM 

Costs 

Eng i nee r i ng Des ig n 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Prepeatment System Operation 
Mon1 tor ing 
Maintenance 

Total Annual Cost 

COHMENTS: 

$ 101 
$ 14,500 

$ 7,663 
$ 1,665 

$ 23,929 

$ 2,70O/year 

$ 12,00O/year 
$ 6,00O/year 

$ 20,70O/year 

This site is an operating gasoline station and mini-market in Florida. 
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SE - 7 

Water Quality 

69 

ND ND 

ND ND 

ND ND 
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A P I  PUBL*4525 90 W 0732290 0098497 2 W 

SITE IDENTIFICATION -0 SE-18 

TECHNOLOGY -- A I R  STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diame ter 
Packing Type 
Water Tempera ture 
Air Tempera ture 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
Sampling Frequency 

Costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total I n i t i a l  Cost 

Operat i o n  
Pretreatment 
Monitoring 
Maintenance 

Total Annual Cost 

Design 

18.0' 
15.5' 
1.0' 

fil Tri-pack 

22 GPM 

Actual 

18.0' 
14.0' 
1.0' 
#1 Tri-pack 
82.70F 
9 7 0 ~  
22.2 GPM 
231 CFM 
10.4:l CFM/GPM 
8/86 

$ 25,000 
$ 137 
$ 7,776 . 
Included Above 

$ 32,913 

$ 6,00O/year 

$ 18 , 000/year 
$ 6,00O/year 

$ 30,00O/year 

COWENTS: 

This site is a water resources management company in Florida. 
Inclusive in the facility is a fueling facility from which the spill 
occurred 
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Benzene 

To l u  e ne 

Ethylbenzene 

Total  Xylenes 

Petroleum Hydrocarbons 804 

EDB 

MTBE 

I PE 
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A P I  PUBLa4525 90 W 0732290 0098497 b W , 

SITE IDENTIFICATION -- SE-22 
TECHNOLOGY -- AIR STRIPPING 

System Parameter Desiqn Actual 

Tower He i'ght 18.0' 18.0' 
Packed Height 15.5' 14.0' 
Tower Di ame t er 1.0' 1.0' 
Packing Type #1 Tri-pack #l Tri-pack 

82.40F 
90.20F 

Water Temperature 
Air Tempera ture 
Water Flow Rate 4 GPM 3 GPM 
Air Flow Rate 1056 GPM 

3 5 2 : 1 CFM/GPM Air/Water Ratio 
Initial Date of Operation 9/86 
Sampling Frequency 

costs 

Engineering Design 
Perm it t ing 
Equipment $ 18,000 
Piping $ 138 
Site Preparation $ 580 
Electrical $ 2,020 
Pretreatment System 

Total Initial Cost $ 20,738 

I 

Treatment System Operation $ 7,44O/year 
pretreatment system Operation 
Monitoring $ 14,40O/year 
Maintenance $ 6,00O/year 

Total Annual Cost $ 27,84O/year 

CMENTS: 

This site is an operating gasoline service station in Florida. 
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TITUTENT 1 

Benzene 

Toluene 

Ethylbenzene 

Total Xylenes 

Petroleum Hydrocarbons 1400 

EDB 

MTBE 

IPE 

SE -- 22 

Water Quality 

36 BDL 99.7" 2.7 5.2 

I A  n - ?  0 7 - ~  3-6 3.8 

-- -- -- ND ND 

7.7 0.7 90.9 5.8 2.4 

ND ND -- 
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A P I  PUBL84525 98 0732290 0098503 O h 

SITE IDENTIFICATION -- NE-23 
TECHNOLOGY -- ACTIVATED CARBON ADSORPTION 

System Parameter Design 

Water Flow Rate 1 GPM 
Water Tempera t Ure 5ooF 
Air Tem erature Ambient 

Configuration 
Retention Time 55 minutes/tank 
Initial Date of Operation 
Sampling Frequency 

55 gallon 
Two in series 

Carbon ! ank Size 

Costs 

Engineering Design 
Pe mi t t ing 
Equipment 
Piping 
Site Preparation 
Electrical 
pretreatment System Operation 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

COMENTS: 

Actual 

0.17 GPM 
74oF 

55 gallon 
Two in series 
323 minutes/tank 

Quarterly 

7 aoF 

5\24/86 

$ 54,00O/year 
Included Above 

$ 54,00O/year 

The site is a college in Massachusetts. Fuel oil tanks leaked in the 
boiler room. 
recovery is difficult . The coil beneath this building is not very permeable and 
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I A P I  PUBL*q525 90 0732290 0098502 2 

NE -- 23 
Water Quality 

---.---------- 
INF EFF RI 

Benzene 

Toluene 

Bthylbenzbe . .  %. .. 4. 

Total Xylenes 

. a . .  . . . %  

a ,  

Petroleum Hydrocarbons 69 ND 100 

MTBE 

I P E  

* These va lues  correspond to e f f l u e n t  from t h e  f i r s t  and second 
carbon tanks ,  r e s p e c t i v e l y .  
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A P I  PUBL*4525 90 0732290 O098503 4 M 

SITE IDENTIFICATION -- SE-29 
TECENOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Di ame t er 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Air/Water ,Rat io 
h i t  ia1 Dat.e ..of Operat ion 
Sampling Fke&ency 

Deciqn Actual 

22.5' 22.5' 
20.0 '  19.0' 
2.0' 2.0' 

#i Tri-pack #1 Tri-pack 

30 GPM 30 GPM 

costs 

Engineering 'Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Elect r i ca 1 
Pretreatment System 
Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Initiai Cost 

$ 888 
$ 211 
$ 16,524 

$ 1,643 
$ 1,220 

$ 12,00O/year 

$ 12 , 000/year 
$ 6,00O/year 

$ 50,486/year 

COMMENTS: 

This site is an operating gasoline station, mini-market and car wash 
in Florida. 
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SE 0- 29 

Water Quality 
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API PUBL*4525 90 0732290 0098505 ô 

SITE IDENTIFICATION -0 SE-31 

TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 

Xf,te.FempeR ture 
Water F l o w  Rate 
Air F l o w  Rate 
Air/Water Rat io 
Initial Date of Operation 
Mmpling F.reguency 

Tem erature 

. . . .  - .. . :'>. >. 

. ,. ' .  

Design 

17.0' 
14.0'  
1.0' 

# 1/2 Tri-pack 
68.40F 
800 F 
5 GPM 
100 CFM 
20:l  CFM/GPM 

Cost s  
c 

Eng i nee r i ng Des ig n 
Permitting 'e 

Equipment 
Piping 
Site PreDaration 
Elect r ic'ai 
Pretreatment System 

T o t a l  I n i t i a l  Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

T o t a l  Annual C o s t  

COHMENTS: 

Actual 

17.0' 
14.0' 

1 .0 '  
# 1/2 Tri-pack 
68.40F 
79oF 
1.4 GPM 
214 CFM 
224:l CFM/GPM 
4/85 
Quarterly 

$ 8,750 

$ 8,750 

$ 1 I ZOO/year 

$ 1,40O/year 
$ 1,10O/year 

$ 3,70O/year 

This site is an operating gasoline station in Florida. The packing in 
this tower is cleaned every six months. 
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A P I  PUBL*4525 90 0732290 009850b T 

SE -- 31 
Water Quality 

CONSTITOTENT DESIGN ACTUAL 
I N F  EFF Removal I N F  EFF Removal HTU NTU 

Benzene 14000 0.9 >99.9 1.4 9.7 

12000 1.5 >99.9 1.6 9.0 

Ethylbenzene . 980 BDL >99.9* 1.6 8.5 

To 1 ue ne 

TQtal Xylenes 5000 0.7 >99.9 1.6 8.9 . I .'. . . a. , .L. 
1 .  

Petroleum'iydrocarbons 47000 <250 99.8 

EDB 

MTBE 

IPE 

B-70 
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A P I  PUBL*11525 90 W 0732290 0098507 L m 

SITE IDENTIFICATION -- SE-32 

TECBNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Wgter Temperature Air Tempera ture 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Iqitial Date of Operation 
Sampling F*e.quency .i 

4 .  
r 

Design 

12.5' 
10.0' 
2.0' 

91 Tri-pack 
750F 

30 GPM 

Actual 

12.5' 
10.0' 
2.0' 
#i Tri-pack 
81 . 50F 
93.80~ 
14.3 GPM 
860 CFM 
60:l CFM/GPM 
12/84 
Monthly 

Costs 

Engineering '.Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial C o s t  

Treatment System Opera ion 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual C o s t  

COMMENTS: 

$ 29,900 

$ 9,696/year 
$ 7,20O/year 
$ 18,00O/year 
$ 6,00O/year 

$ 401896/year 

This site is an operating.gasoline stationr mini-marketr and car wash 
in Florida. 
been on line since January 1987. 

A pretreatment system of continuous chemical feed has 
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A P I  PUBL*4525 90 m 8732290 O098508 3 m 

SE -- 32 
Water Quality 

DESIGN ACTUAL 
INF EFF Removal I N F  EFF Removal HTU NTU 

( 1 . 0  27 BDL 99.6 2.0 5.0 

Toluene 6.5 BDL 98.5 2.8 3.5 

-- -- -- E t  hy 1 benzene  37 ND 

-- -- -- Total  Xyïe.nes 141 ND 

Petroleum, Bgdrocarbons 5424'  

EDB 

. . .* . ' .  , .  
* . .- . 'i 

ND ND -- -- -I 

~ MTBE 

I PE 

Notes: * = Refer to  t e x t  for  method of c a l c u l a t i o n .  
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A P I  P U B L * 4 5 2 5  90 m 0732290 0098509 5 m 

SITE IDENTIFICATION -- SE-33(1) 
TECENOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Wqter Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Airnater Ratio 
Initial Date of Operation 
Sampling Frequency * . . * .  

costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

. ". . '- . .I ,. . .. ' 
c 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Desiqn 

22.5' 
20.0' 
2.0' 

#i Tri-pack 
600F 
7 0 0 ~  
20 GPM 
200 CFM 
1O:l CFM/GPM 

Actual 

22.5' 
18.5' 
2.0' 

#i Tri-pack 
78.8oF 

567 CFM 

11/5/86 
Quart er ly 

35.4~1 CFM/GPM 

$ 2,100 

$: 21,000 
$ 2,500 
$ 8,000 
$ 3,700 

$ 4,800/ ear 
$ 8,000Aear 
$ 18,00O/year 

Total Annual Cost $ 30 8 800/year 

COMMENTS : 

This site is an operating gasoline station in Florida. A continuous 
chemical feed system injects citric acid as a chelating agent. 
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A P I  PUBL*4525  90 m 0732290 0098510 L m 

SE -- 33(1) 
Water Quality 

PnNCTTTilTENT DESIGN ACT C 

Benzene 

Toluene 

Ethylbenzene 

990 BDL 99.9+* 2.2 8.6 

1300 BDL 99.9+* 2.1 8.9 

1100 ND -- o- -- 
2800 BDL 99.9+* 2 .0  9.3 

Petroleum 'Aidrocarbons 3100' >99.9 

-- -- -- ND ND E DB 

MTBE 540 Oe9 99.8 2.6 7.0 

-o -- -- ND ND I PE 

Notes: * = Refer to t e x t  for method of c a l c u l a t i o n .  
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A P I  PUBL*4525  90 W 0732230 00385LL 3 

SITE IDENTIFICATION -- SE-33(2) 
*TECENOLOGY - AIR STRIPPIS 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 

Ei r .Fempe Fa t ure 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Initial Date of Operation 
Samp 1 i ng 'F.requ e nc y 

Costs 

Engineer i ng Design 
Permitting ' 

Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

ate Tem erature 

, .  . . ... .- . .. . .. . .  1 

I -  

c 

Design 

12.5' 
8.5' 
2.0' 

#i Tri-pack 
60OF 
20 GPM 
200 CFM 
1O:l CFM/GPM 

700~ 

Actual 

12.5' 
8.5' 
2.0 '  

#l Tri-pack 
78.8oF 

532 CFM 
33.2:l CFM/GPM 
11/5/86 
Qu art er 1 y 

Costs given for 
site SE.33 (1) 
include costs 
for site SE.33 (2) 

Treatment System Operation 
Pretreatment System Operation 
Mon i tor ing 
Maintenance 

COMMENTS: 

This site is an operating gasoline station in Florida. This stripper 
is utilized in series with SE-33(1) as a polishing step.  
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A P I  PUBL*q525 90 0732290 0098512 5 

SE -- 33(2) 
Water Qual i ty 

CONST ITUTENT DESIGN ACTUAL 
INF LFF R e m o v a l  I N F  EFF R e m o v a l  HTU NTU 

-- --. -- B e n z e n e  BDL ND 

T o l u e n e  

E t h y l b e n z e n e  

T Q t a l  X y l e n e s  ., . h. 

P e t  r o l e u m  ' €iy'dr oca rbons 

E DB 

MTBE 

. . . > .  '. .. * 

I PE 

BDL BDL -- -- 

BDL BDL 

>99.9 
-- -- -- ND ND 

0.9 0 .4  55.6 10.6 0.8 
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System Parameter 

A P I  PUBL*4525 90 0732290 0098513 7 

S I T E  IDENTIFICATION -- SE-35 
TECHNOLOGY -- AIR STRIPPER 

Tower H e i g h t  
Packed He igh t  
Tower D i  ame t e r  
Packing Type 
Wgter Tempera ture  
A i r  Tempera ture  
Water Flow Rate  
A i r  Flow Rate 
A i r / W a t e r  Ratio 
Xnitial Date of O p e r a t i o n  
s h i p l i n g  .F&juency  . .. 

d .  * 

Costs 

Enginee r ing  '.Design 
P e r m i t t i n g  
Equipment 
P i p i n g  
S i t e  P r e p a r a t i o n  
E lec t r i ca l  
P r e t r e a t m e n t  System 

T o t a l  I n i t i a l  System 

Desiqn 

22.5'  
20 .0 '  

2.0' 
#l Tri -pack  
600F 
7 OOF 
17 GPM 
340 CFM 
20:l CFM/GPM 

Actual 

22.5 '  
18.5' 

2 .0 '  
#i Tri -pack  
82.40F 
86 OOF 
9.5 GPM 
454 CFM 
47.8:l  CFM/GPM 
9/6/85 
Q u a r t e r l y  

$ 2,000 

$ 25,000 

$ 6,000 

$ 2,50O/year 
$ 4,80O/year 
$ 8,00O/year . 
$ 18,00O/year 

S 33,30O/year 

Trea tment  System O p e r a t i o n  
P r e t r e a t m e n t  System O p e r a t i o n  
Moni tor ing  
Ma i ntenance  

T o t a l  Annual Cost 

COMMENTS : 

This s i t e  is a n  o p e r a t i n g  gasoline s t a t i o n  i n  F l o r i d a .  A c h l o r i n e  
f e e d  s y s t e m  p r e t r e a t s  t h e  i n f l u e n t  water t o  p r e v e n t  b i o l o g i c a l  
f o u l i n g .  
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A P I  PUBL*4525 90 = 0732290 0098514 9 
SE -- 35 

Water Quality 

DESIGN ACTUAL CONSTITUTENT 
INF EFF Removal INF EFF Removal HTU "N 

(ppbHppb) ( % I  ( p p b ) ( p p b )  ( % I  (ft) 

Benzene 

Toluene  2800 0 . 2  >99.9 1 . 9  9.7 

-- -- -- Ethylbenzene 680 ND 

Tgtal X y k n e s  5200 ND 

Pet roleum $ydrocarbons 

-- -- -- 
. . .L .. 1 

-- -- -- EDB ND ND 

MTBE 150 BDL >99.9* 2 . 8  6 . 6  

I IPE ND ND -- -- -- 

Note: * Refer to  t e x t  fo r  method of c a l c u l a t i o n .  
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A P I  PUBL84525 90 W 0732290 0098535 O = 
SITE IDENTIFICATION -- W-1 
TECHNOOLOGY - AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
Air/Wa ter Rat io 
I-pitial D3te of Operation 
Sanipling Ftequency . %  

'- 
8 

Costs 

Engineer i ng 'Des ig n 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Ma i nt enance 

Total Annual Cost 

COHMENTS: 

Design 

17.0' 
13.0' 
1.0' 

#i Tri-pack 
650F 
70oF 
10 GPM 
100 CFM 
10:l CFM/GPM 

Actual 

17.0' 
13.0' 
1.0' 

91 Tri-pack 
800F 
100oF 
0.8 GPM 
322 CFM 
402.5:l CFM/GPM 
4/87 
Weekly 

$ 3,192 

$ 7,500 
$ 2,000 

$ 1,000 
$ 9,000 
$ 2,000 

$ 24,692 

$ 1,20O/year 
$ 700/year 
$ 5Sr000/year 
Included Above 

$ 56,90O/year 

This site is a manufacturer of medical supplies in California. They 
have gasoline tanks on site for their vehicles. Pretreatment for ir 
precipitate is accomplished through harmonic fluid conditioning, an 
innovative alternative technology. 
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~~ 

A P I  PUBL*4525 90 m 0732290 0098536 2 m 

w -- 1 
Water Qual i t y  

CONSTITUTENT DESIGN ACTUAL 
EFF Removal INF EFF Removal HTU NTU 

(PPb)(PPb) ( 8 )  (ppb)(ppb) ( % I  (ft) 

Benzene 

Toluene 

Ethylbenzene 

9 0.7 92.22 440 3.7 99.2 2.7 4.8 

340 BDL 99.9+* 1.7 7.5 

-- -- -- 180 ND 

TQtal Xyl’enes . i ‘. 
. . .*. . i.r 

.. . 
Petro1eum’~ydrocarbonc 10800 100 99.91 

EDB 

MTBE 

Note: * = Refer to text for method of calculation. 

B-80 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



- 
A P I  PUBLM4525 90 m O732290 0098537 4 m 

SITE IDENTIFICATION -- HW-14 
TECHN0-Y -0 ACTIVATED CARBON ADSORPTION 

System Parameter 

Water Flow Rate 
Water Temperature 
A ir Tempe rature 
Carbon Tank Size 
Configuration 
Retention Time 
Initial Date of Operation 
Sampling Frequency 

.' . .. 
, ..'. Costs - 

Engineerin$'bes ign 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

, . * .. z. 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual C o s t  

COMMENTS: 

Design 

2 GPM 

55 gallon 
Two in series 
27.5 minutes/tank 

Actual 

2 GPM 
630F 
900F 
55 gallon 
Two in series 
27.5 minutes/tank 
6/86 
Monthly 

$ 1,752 
$ 2,400 
$ 5,280 
$ 500 
$ 21,000 
$ 2,800 

S 33,732 

$ 50 , 4ll/year 
$ 67, 215/year 
$ 33,607/year 

$151,233/year 

This site is an operating gasoline station and mini-market in 
Illinois. 
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A P I  PUBL84525 70 m 0732290 0078518 b 

MW -- 14 
Water Quality 

Benzene 

Toluene 

Ethylbenzene  

T g t a l  Xylenes 
: : . .. . (.. .. . *  

Petroleum ’ ey’drocarbonc 99 

EDB 

MTBE 

IPE 

-0 1100 BDL 99.9+ 0- 

-- 1800 BDL 99*9+ -- 
-- 890 0.5 99.9+ -- 
-- 4500 3 .1  99*9+ -- 

ND ND o- -- -- 
110 200 

ND ND o- -- -0 
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A P I  PUBL*q525 90 W 0732290 0098539 B W 

SITE IDENTIFICATION -- W-2 

TECHNOWGY -- AIR STRIPPING 
System Parameter Design 

Tower Height 
Packed Height 
Tower Di ame t er 
Packing Type 
Water Tempera ture 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
AirDater Ratio 
Initial Date of Operation 
Sampling Frequency . -  

Costs 

Engineering Design 
Permitting * .  
Equipment 

. . i :a ..- . a  . I .  

+ '  

12.5' 
8. O' 
2.0' 

#1 Tri-pack 
650F 
7OoF 
60 GPM 
600 CFM 
1O:l CFM/GPM 

Piping 
Site Preparation 
Elect rical 
Pretreatment 

Actual 

12.5' 
8.0' 
2.0' 

#i Tri-pack 
7 8oF 
88.5oF 
8.5 GPM 

9/86 
Weekly 

$ 23,000 
$ 7,400 

$ 2,200 

Total Initial Cost - $  32,600 

Treatment System Operation 
Pretreatment System Operation 
Mon i tor ing 
Maintenance 

$ 17,000 
$ 1,700 
Included Above 
Included Above 

Total Annual Cost $ 18,70O/year 

COHMENTS: 

This. site is an operating gasoline station and mini-market in 
California. 
iron precipitate. 

A harmonic fluid conditioning unit is pretreating for 
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A P I  PUBL*4525 90 m 0732290 O098523 b m 

SITE IDENTIFICATION -- W-4 

TECHNOLOGY -0 AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Temperature 
Air Tempera ture 
Water Flow Rate 
Air Flow Rate 
Air/Water Rat io 
Initial Date of Operation 
Camp 1 i ng 'F.reque ncy 

Costs 

Engineering Design 
Permitting ' .  
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment system 

. .. , ., 
r.. , 2- 

* .  
' - .,. I . . .. 

'< 
0 

Desiqn 

27.0' 
22.0' 
1.0' 

Tri -pack 
40 - 600F 
40 - 6 0 0 ~  
5 - 20 GPM 
100 CFM 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

Actual 

22.3' 
18.3' 
1.0' 

# 1/2 Tri-pack 
76.5oF 

8.5 GPM 

18.9:l CFM/GPM 

Monthly 

93.80~ 

160.7 CFM 

9/85 

$ 33,000 
Included Above 
$ 21,800 
$ 3,200 

$ 58,000 

$ 17,00û/year 

$ 17,13O/year 
Included Above 

$ 34,13O/year 

CCMMENTS: 

This site is an operating gasoline station in California. 
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A P I  PUBL*4525  90 0732290 0098523 T 

SITE IDENTIFICATION -- W-11 
TECHNOLOGY -0 AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Temperature 
Air Tempe rat u re 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
Iqitial Dqte of Operation 
Sampling Fy'equency . .  

1 
8 

C0s.t s 

Engineering '.Des ign 
Permitting 
Equipment/Piping 
Site Preparation 
Elect r i ca 1 
Pretreatment System 

Desiqn Actual 

17.0' 
13.0' 
1.0' 
#1/2 Tri-pack 
40 - 6OoF 
40 - 600~ 
5 - 20 GPM 
1 - 100 CFM 

9/86 
Monthly 

$ 24,000 
$ 30,000 

Total Initial System 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

$ 54,000 

$ 24,40O/year 

$ 19,10O/year 
Included Above 

$ 43,50O/year 

COMMENTS: 

This site is an operating service station in California. 
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A P I  PUBLX4525  90 0732290 0098524 L 

w -- 11 
Water Quality 

nESTGN ACTUAL* 
Removal HTU NTU 

--- - --- 
EFF Removal INF 

u I n L *  
INF 

Benzene 

Toluene 

Ethylbenzene 

. tal  Xylejnes . . .. 
Petroleum ' Hydrocarbons 

EDB 

MTBE 

I P E  

. ... .. .\i . .  

Notes: No s i t e  v i s i t  was completed a t  t h i s  s i t e  
I 
l 
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SITE IDENTIFICATION -- W-14 
TECHNOWGY -0 AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Temperature 
Air Tempera tu re 
Water Flow Rate 
Air Flow Rate 
Air/Wa ter Rat io 
Initial Date of Operation 
Sgimpling Frequency 

costs 

Eng i neer ing Des ig n 
Permitting *. 

Equipment, 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

. . . $ .  . . : . , z .  
*' * 

. <,.'. 
O '  
r 

Total Initial Cost 

Treatment System Operation 
Pretreatment 
Monitoring 
Maintenance 

Total Annual Cost 

COHMENTS : 

Desiqn Actual 

17.0' 21.0' 
14.0' 18.0' 
1.0' 1.0' 

#1/2 Tri-pack #1/2 Tri-pack 
40 - 6 0 0 F  6 8oF 
40 - 6 0 o F  84.20F 
10 GPM 1.1 GPM 
100 CFM 123 GPM 
20:l CFM/GPM 111.8:l CFM/GPM 

4/8 7 
Monthly 

$ 13,500 
$ 7,000 
$ 9,400 

$ 31,100 
$ 2,500 

$ 4,000 

$ 67,500 

$ 18,500 
$ 3,00O/year 
$ 10,00O/year 
Included Above 

$ 31,80O/year 

This site used to be a gasoline station in California. It is now a , 

police station. 
influent to the air stripper due to high iron concentrations. 

A harmonic fluid conditioning unit pretreats the 

, 
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W - 14 
Water Quality 

CONST ITUTENT DESIGN ACTUAL 
I N F  EFF R e m o v a l  I N F  EFF R e m o v a l  HTU NTU 

-- -- .-- E t h y l b e n z e n e  BDL ND - 

T q t a l  X y l - a n e s  . .... 

P e t r o l e u m  'iydrocarbons 97000 

EDB 

. . . ,,*. 

MTBE 

I P E  

ND ND 

BDL BDL 

ND ND 
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A P I  PUBL*4525 90 W 0732290 0098527 7 

SITE IDENTIFICATION -- W-17 
TECHNOIDGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Tempera ture 
Air Tempera tu re 
Water Flow Rate 
Air Flow Rate 
Air/Water Ratio 
IPitiai Pate, of operation 
Sampling Freduency 

5 ' 
C 

costs 

Engineer i ng 'Design 
Perm it t i ng 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Mon i tor i ng 
Maintenance 

Total Annual Cost 

Design Actual 

17.0' 
14.0' 
1.0' 
#1/2 Tri-pack 
68 - 770F 
68 - 770F 
5 GPM 
50 CFM 
1O:l CFM/GPM 

5/19/86 
Monthly 

$ 6,000 

$ 1,150 

$ 7,150 

$ 700/year 

700/year $ 

This site is a chemical company in Calif rnia. 
for system feeds polyphosate sequesterin agent due to iron fouling. 

A continuous chemical 
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A P I  PUBL*q525 90 m 0732290 0098528 9 m 

W -- 17 
water Quality 

Benzene 17000 15 99.9 

To 1 ue ne 

Ethylbenzene I 
Total Xylgnes 

Petro1eum"Hidrocarbons 
* I :. . ... . .. :. * 

EDB 

MTBE 

IPE 

Notes: * = No s i te  v i s i t  was completed a t  t h i s  s i te .  
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A P I  PUBL*K4525 90 O732290 0098529 O 

SITE IDENTIFICATION -- W-18 
TECHNOLOGY - AIR STRIPPING 

Svstem Parameter 

Tower Height 
Packed Height 
Tower Diame ter 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow R,ate 
Aï'r/Wa t er ;.Ra.t.i o 
Initial D a t e '  of Operation ' 

Sampling FTequency 

costs 

Engineering Design 
Permit t i ng 
Equ ipmen t 
Piping 
Site Preparation 
Electrical 
Pretreatement System 

Desiqn Actual 

12.5' 
8.0' 
2.0' 
#l Tri-pack 
6S°F 
700F 
60 GPM 
600 CFM 
1O:l CFM/GPM 

12.5' 
8.0' 
2.0' 
#i Tri-pack 
68OF 
7 50F 

350 CFM 
100: 1 CFM/GPM 
3/86 
Monthly 

3.5 GPM 

$ 3,256 
$ 6,046 
$ 41,000 
Included Above 
Included Above 
Included Above 

Total Initial Cost $ 50,302 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

CCMHENTS: 

This site used to be a gasoline service station in California. It is 
presently a fast-food restaurant. 
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Benzene 

Toluene 

Ethy lbenzene 

Total  XyleGès 
. .  

Petroleum Hydrocarbons 

EDB 

MTBE 

IPE 
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A P I  PUBL*4525 90 m 0732290 0098533 9 m 

SITE IDENTIFICATION -- W-19 
TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow &ate 
Aïr/wa t e r':.&.>io 
Initial Dake of Operation 
Sampling Fkequency 

Costs 

Eng i neer ing Des ign 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Design 

12.5' 
8.0' 
2.0' 
#l. Tri-pack 
60°F 
70°F 
60 GPM 
600 CFM 
1O:l CFM/GPM 

Actual 

1984 
Weekly 

Included Below 
Included Below 

Included Above 
Included Above 
Included Above 

600 

$ 52,000 

$ 52,600 

$ 600 

Total Annual Cost 

COMMENTS: 

This site used to be a gasoline station in California. 
were removed because of leaks. The service department is still 
operating. Pretreatment for iron fouling is accomplished in a 
harmonic fluid conditioning unit. 

Their tanks 
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w - 19 
Water Quality 

CONSTITUTENT DESIGN ACTUAL* 
INF EFF Removal INF LFF Removal HTU NTU 

Benzene 500 

Toluene 

Bthylbenzsne . .- . .  I 
; : .'. . . ,e _. .. :. * 

Total Xyle.hes 

Petroleum Hydrocarbons 15000 I 
EDB 

MTBE I 
I PE 

Notes: No site visit was completed at this Site I 
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A P I  PUBL*:4525 90 m 0732290 0098533 2 m 

SITE IDENTIFICATION -- W-31(1) 
TECHNOLOGY -- AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tow er Di ame t e r 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow .R.ate 
Äir/Wa t er' :.Raki0 
Initial Da$e of Operation 
Sampling Frequency 

Costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Operat ion 
Pretreatment 
Monitoring/Maintenance 

Total Annual Cost 

Design 

18.0' 

#l Tri-gack 
40 - 60 F 
40 - 60°F 
30-175 GPM 
1 - 1000 CFM 

22.5' 

3.0' 

Actual 

20.0' 
16.0' 
3.5' 
#i Tri-pack 
64.4OF 
86OF 
135 GPM 
982 CFM 
7 . 3: 1 CFM/GPM 
5/84 
Monthly 

$ 100,000 
Included Above 
$ 10,000 
$ 28,000 

$ 138,000 

$ 35,00O/year 
$ lO,OOO/year 
$ 14,5ûO/year 

$ 59,50O/year 

COHMENTS : 

This site is an operating gasoline service station in California. 
towers operate in parallel at this site, with a polyphosphate feed 
pretreatment system. 

Two 
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A P I  PUBL*4525  90 m 0732290 0098534 4 m 

W -- 31(1) 
Water Quality 

CONSTITUTENT DESIGN ACTUAL 
INF EFF Removal INF EFF Removal HTU NTU 
(ppb)(ppb) ( 8 )  (ppb)(ppb) ( 0 )  ( f t )  

Benzene 

Toluene 

Ethylbenzene 
‘1. . . . :. 

Total Xyle’nes 2 

Petroleum Hydrocarbons 

EDB 

MTBE 

I P E  

.. . .  

c 

9.6 

9. o 
BDL 

6.5  

ND 

ND 

ND 
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A P I  PUBL*4525 90 m O732290 0098535 b m 

SITE IDENTIFICATION -- W-31(2) 
TECHNOLOGY -- AIR STRIPPING 

System Parameter Design Actual 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Temperature 
Air Tempera tu re 
Water Flow Rate 
Air Flow Rate 
hi.r/Wa t er':'Ra$ io 
Initial Date of Operation ' 

Sampling Ftequency 

15.0' 
12.0' 
3.0' 

#i Tri-pack 
40 - 60°F 
40 - 600F 
30-175 GPM 
1 - 1000 CFM 

16.0' 
13.0' 
3.0' 

#i Tri-pack 
64.6OF 
9S°F 
135 GPM 
54 CFM 

0 . 4 : l  CFM/GPM 
5/04 
Monthly 

Costs 

Engineering Design 
Permit t ing 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Costs given for 
site W.31 (i) 
include costs 
for site W.31 ( 2 )  

Operation 
Pretreatment 
Monitoring/Maintenance 

COMMENTS : 

This site is an operating gasoline service station in California. 
towers operate in parallel at this site, with a polyphosphate feed 
pretreatment system. 

Two 

B-99 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



Benzene 

Toluene 

Ethylbenzene  5 . 

T o t a l  xyie&8 
Petroleum Hydrocarbons 

EDB 

MTBE 

IPE 

4 .  
Y , .  .. . 

f 

SE -- 31 (2) 

Water Quality 

23 

23 

BDL 

25 

ND 

ND 

ND 

B-100 
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SITE IDENTIFICATION -- W-32 
TECHNOLOGY -- AIR STRIPPING 

System Parameter Desiqn Actual 

Tower Height 
Packed Height 
Tower Di ame t er 
Packing Type 
Water Temperature 
Air Temperature 
Water Flow Rate 
Air Flow Rate 
A%r/Water’::Ratio 
In it i al Da,t,&’’of Operation 
Sampling Frequency 

17.0’ 
14.0’ 
1.0’ 

Tri -packs 
40 - 60°F 
40 - 600F 
5 . -  20 GPM 
1 - 100 CFM 

1/87 
Monthly 

Costs 

Engineering Design . 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial C o s t  

Treatment System Operation 
Pretreatment System Operation 
Monitoring/Maintenance 

$ 14,00O/year 
Included Above 
$ 4,500 
$ 200 

Total Annual C o s t  

$ 18,700 

$ 9,00O/year 
$ 3,90O/year 
$ 12,00O/year 

$ 24,90O/year 

COnMENTS: 

This site is an abandoned gasoline statdm in Ca fornia, The tan-s - 

and pump islands have been removed. Pretreatment consists of a 
polyphosphate significant feed system. 
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A P I  PUBL*4525  90 = 0732290 0098538 L 1 

W -- 32 
Water Quality 

CONSTITUTENT DESIGN ACTUAL* 
INF EFF Removal I N F  EFF Removal HTU NTU 

Benzene 

Toluene 

Ethylbenzene - .  
' : .  *; .. .I. 
Total Xyle-<& 

Petroleum Hydrocarbons 
c 

EDB 

MTBE 

I P E  

Notes: No site visit was completed at this site 
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A P I  PUBL84525 90 0732290 0098539 3 W 

SITE IDENTIFICATION -0 W-35 

TECHNOLOGY -- AIR STRIPPING 

System Parameter Desiqn Actual 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Temperature 
Air Temper a tu re 
Water Flow Rate 
Air Flow Rate 
Air/Water:':Ra$io 
Initial Date'of Operation 
Sampling Prequency 

12.5' 
8 . 0 '  
2.0' 
#i Tri-pack 
65OF 
70°F 

10: 1 CFM/GPM 
4/86 
Monthly 

costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

COHMENTS: 

$ 45,000 

$ 45,000 

This site is an operating gasoline station and m,ni-mar,.et in 
California. 
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A P I  PUBL*4525 90 m 0732290 0098540 T m 

w - 35 
Water Quality 

CONSTITUTENT DESIGN ACTUAL* 
I N F  EFF Removal I N F  E F F  Removal HTU NTU 

Benzene 

Toluene 

700 7 99. o 

Ethylbenzene \ .  

Total Xylenes 
9:. : . . * .  

r< 

Petroleum Hydrocarbons 10000 200 80.0 I 

MTBE I 
I P E  

N o t e s :  No site v i s i t  was completed at this sil a te 
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A P I  PUBL*4525 90 m 0732290 0 0 9 8 5 4 1  1 m 

~~eacured Variables (Bbsed ai Site V i s i t )  

Air Flow Rate 
Water Flow Rate 
A i r m t e r  Rat io 
A i r  Temperature 
Water Temperature 
Tower Height 
Packing Height . 
Packing Typ : . 
Tower Diameter 

420 CFM 

52.2 GPM 

8.05 CEM/GPM 
84. P F  
67.6OF 
12.5' 
8.8' . 
2.0' 
# 1/2 Jaeger Tri-pack 

calailated Variables (Based on Site V i s i t  Ista) 

Influent Effluent 
Canponent 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 
EDB 
MTI3E 

IPE 

~ 

Concentration (ppb) Concentration ,g& 

220 2.4 
32 O. 5 

200 1.4 
61.7 O. 6 
ND ND 

220 60 
ND ND 

Percent 
Removal (%) 

98.91 
98.30 
99.30 
99.03 - 
72.73 
- 
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A P I  PUBLa4525 90 W O732290 0098542 3 W 

SITE IDENTIFICATION -- W-39 
TECJ3NOLOGY - AIR STRIPPING 

System Parameter 

Tower Height 
Packed Height 
Tower Diameter 
Packing Type 
Water Tempera tu re 
Air Temperature 

. Water Flow Rate 
Air Flow Rate 
Mr/Water::Rat io 
Init ia1 Da*$e.'-of Operation 
Sampling Frequency 

Costs 

Engineering' Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initiai Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

iksign Actual I 
17.0' 17.0' 
12.0' 13.2' 
1.. o ' 1.0' 
#1/2 Tri-pack #1/2 Tri-pack 
68OF 73.2OF 
77OF 74 . 1°F 
15 GPM 0.8 GPM 

304 CFM 
1O:l CFM/GPM 380:l CFM/GPM 

2/87 
Twice monthly 

$ 1,500 
$ 18,000 
$ 1,000 
$ 1,000 
S 800 

$ 10, 000/year 

$ 11 ,000/year 
Included Above 

$ 2l8000/year I 
COEIMENTS: 

This site is an operating.gasoline station and mini-market in 
California. 
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A P I  PUBL84525 90 m 0732290 0098543 5 m 

w -- 39 
Water Quality 

CONSTITUTENT DESIGN ACTUAL 
I N F  EFF R e m o v a l  I N F  EFF R e m o v a l  HTU NTU 

B e n z e n e  

Toluene 

E t h y l b e n z e n e .  

Total  X y l e ' n e s  

Petroleum H y d r o c a r b o n s  

BDL 2 . 5  

-- -- -- ND 0 . 9  

BDL 3 . 9  

EDB 

MTBE 

I P E  

ND ND 

BDL ND 

ND ND 
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A P I  PUBLX4525 90 0732290 0098545 9 M I 

SITE IDENTIFICATION -- HW-5 
TECHNOLOGY -- ACTIVATED CARBON ADSORPTION 

System Parameter 

Water Flow Rate 
Water Temperature 
Air Temperature 
Carbon Tank Size 
Configuration 
Retention Time 
Initial Date of Operation 
Sampling Frequency 

Costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation . 
Pretreatment System Operation 
Monitoring 
Maintenance 

Design Actual 

0 . 5  GPM 0.75 GPM 
55OF 
8 5OF 

55 gallon 55 gallon 
Two in series Two in series 
110 minutes/tank 73.3 minutes/tank 

11/13/86 
Monthly 

$ 1,752 I 
$ 2,400 
$ 5,910 
$ 500 
$ 9,304 
$ 1,240 

I 
$ 21,106 

$ 22,33O/year 

$ 29,773/year 
$ 14,886/year 

Total Annual Cost $ 66,989/year I 
CCMHENTS: 

This site is an operating gasoline service station and mini-market in 
Michigan. 

I 
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A P I  P U B L * 4 5 2 5  90 0732290 0098546 O W 

Mw -- 5 

Water Quality 

CONSTITUTENT DESIGN ACTUAL 
I N F  EFF Removal I N F  EFF Removal HTU NTU 

( p p b ) ( p p b )  ( % I  (ppb) (ppb)  ( % I  ( f t )  

Benzene -- < l o 0  21000 BDL >99.9 --. 

BDL ND -- -- -- 
Toluene -- 21000 2 . 2  >99.9 -- -- -- -- 2 . 2  ND 

E thy1 benzene 

Total  Xy lenes  

Petroleum Hydrocarbons 74000 ND 100 

EDB 

MTBE 

I PE 

ND ND 
ND ND 

BDL ND 
ND ND 

ND ND 
ND ND 
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A P I  PUBL*4525 90 = O732290 0098547 2 

S I T E  IDENTIFICATION -- W-9 
TECHNOLOGY -- ACTIVATED CARBON ADSORPTION 

! 

System Parameter 

Water Flow Rate 
Water Tempera tu re 
Air Tempera tu re 
Carbon Tank Size 
Configuration 
Initial Date of Operation 
Sampling Frequency 

- 

Costs 

Engineering Design 
Pe mi t t i ng 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

Total Annual Cost 

Design 

COBMENTS: 

55 gallon 
Two in series 

Actual 

$ 1,752 
$ 2,400 
$ 5,820 
$ 500 
$ 16,493 
$ 2,200 

$ 29,165 

$ 39,585/year 

$ 52,78O/year 
$ 26,39O/year 

$118*755/year ' 

This site is an operating gasoline service station in Indiana. 
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A P I  PUBL*4525 90 m 0732290 0098548 4 m 

Mw -- 9 

Water Quality 

CONSTITUTENT DESIGN n 

INF* EFF* Removal* INF EFF Ri 
TUA - 
mov 

* 
1 HTU NTU 

Benzene-(First U n i t )  14000 170 98.9 
-(Second Unit)  170 90 47.1 

Toluene 

Ethylbenzene 

Total  Xylenes 

Petroleum Hydrocarbons 

E DB 

MTBE 

IPE 

99% 

These  va lues  correspond t o  t h e  in f luenf  and e f f l u e n t  f o r  t h e  
f irst  and second carbon t a n k s ,  respec t ive ly .  

* No site v i s i t  was completed a t  t h i s  s i t e .  
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API PUBL*4525 90 W 0732290 00985Y9 b W 

SITE IDENTIFICATION -- HW-12 
TECHNOLOGY -- ACTIVATED CARBON ADSORPTION 

System Parameter 

Water Flow Rate 
Water Temperature 
Air Temperature 
Carbon Tank Size 
Configuration 

Initial Date of Operation 
Sampling Frequency 

costs 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Desiqn 

Treatment Sytem Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

55 gallon 
One carbon tank 

5/87 
Monthly 

. Total Annual Cost 

COHHENTS: 

Actual 

$ 1,752 

$ 5,280 
$ 500 

$ 2,400 

$ 11,700 
$ 1,560 
$ 1,560 

$ 24,752 

$ 28 I û84/year 

$ 37,445/year 
$i 18,723/year. 

$ 1,560 

This site is an abandoned gasoline station in Michigan. 
system has been removed and the job is now closed. 

The treatment 
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A P I  PUBLX4525 90 m 0732290 0098550 2 m 

nw - 12 
Water Quality 

CONSTITUTENT DESIGN ACTUAL* 
INF EFF Removal INF EFF Removal HTU NTU 

(ppb) (ppb) ( % I  (ppb)(ppb) ( % I  (ft) 

Benzene 

Toluene 

Ethylbenzene 

Total Xylenes 

Petroleum Hydrocarbons 

E DB 

MTBE 

I PE 

99.8 

Notes: * = No site visit was completed at this site 
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A P I  P U B L U 4 5 2 5  90 = 0732290 0098553 4 I 

System.Parameter 

Water Flow Rate 
Water Temperature 
Air Temperature 
Carbon Tank Size 
Configuration 
Retention Time 
Initial Date of Operation 
Sampling Frequency 

costs 

Engineering Design 
Permit t ing 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

2 GPM 2 GPM 
630F 
90°F 

Treatment System Operation 
Pretreatment System Operation 
Mon i tor ing 
Maintenance 

Tntal Annual Cost 

I 27.5 minutes/tank 27.5 minutes/tank 
6/86 
MÖnthly 

$ 1,752 

$ 500 
$ 21,000 
$ 2,800 

$ 508411/year 

$ 678215/year 
$ 33,607/year 

$151,233/year 

This site is an operating gasoline station and mini-market in 
Illinois. 
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A P I  PUBL*4525 90 m 0732290 0098554 T = 

NE 0- 7 

Water Quality 

CONSTITUTENT DESIGN ACTUAL 
INF EFF* Removal INF EFF* Removal*HTU NTU 

Benzene 2600 
2.6 

To 1 u e ne 6000 
1.3 

Ethylbenzene 650 
O. 3 

Total Xylenes 

Petroleum Hydrocarbons 14000 36.4 
22000 o 100 

EDB 

MTBE 

I PE 

15700 
2.6 

ND 
ND 

, BDL 
1.6 

BDL 
BDL 

2.6 
ND 

1.3 
1.3 

0.3 
0.5 

2.6 
5.2 

ND 
ND 

1.6 
BDL 

ND 
ND 

'* These values correspond with effluent values from the first and 
second carbon tanks, respectively. 
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SITE IDENTIFICATION -- NE-20 
TECHNOLOGY -- ACTIVATED CARBON ADSORPTION 

System 'Parameter 

Water Flow Rate 
Water Temperature 
Air Tempera ture 
Carbon Tank Size 
Configuration 
Retention Time 
Initial Date of Operation 
Sampling Frequency 

CoCtS 

Engineering Design 
Permitting 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

' Total Annual Cost 

Design Actual 

0.5 GPM 0.5 GPM 
5 80F 
8 OOF 

20 gallon 20 gallon 
Two in series Two in series 
40 minutes/tank 40 minutes/tank 

12/86 
Bi-monthly 

No permits as yet 
$ 600 

$ 600 

$ 31600/year 

$ 7,20O/year 
$ 1,20O/year 

$ 12,00O/year 

CCMMENTS: 

This site is an operating gasoline service station in Massachusetts. 
They have had their tanks replaced and are currently treating their 
private water well for domestic use. 
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A P I  PUBLSV525  90 O732290 0098556 3 

EJE -- 20 

Water Quality 

CONSTITUTENT DESIGN ACTUAL 
INF EFF Removal INF EFF* Removal*HTU NTU 

Benzene 370 
55 

T o l u e n e  770 
2.2 

Ethylbenzene 59 
1.3 

Total Xylenes  

P e t r o l e u m  Hydroca rbons  9580 100 99% 

480 
2.9 

EDB ND 
ND 

MTBE 370 
. 860 

I PE 26 
1 3  

55  
0.5 

2.2 
2.1 

1 0 3  
ND 

20 9 
10.1 

ND 
ND 

860 
110 

13 
ND 

85.1 
99.1 

99.7 
4.5 

97.8 -- 
99.4 -- 

-- -- 
-- 
87.2 

50.0 -- 

* T h e s e  va lues  c o r r e s p o n d  w i t h  e f f l u e n t  f rom t h e  f i r s t  and 
c a r b o n  t a n k ,  respectively. 

(2-13 
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A P I  PUBLX4525 90 m 0732290 0098557 5 m 

SITE IDENTIFICATION -0 NE-23 

TECHNOLOGY -- ACTIVATED CARBON ADSORPTION 

System Parameter Design 

Water Flow Rate 1 GPM 
Water Temperature 500F 
Air Temperature Ambient 
Carbon Tank Size 55 gallon 
Configuration Two in series 
Retention Time 55 minutes/tank 
Initial Date of Operation 
Sampling Frequency 

costs 

Engineering Design 
Permi t t ing 
Equipment 
Piping 
Site Preparation 
Electrical 
Pretreatment System Operation 

Total Initial Cost 

Treatment System Operation 
Pretreatment System Operation 
Monitoring 
Maintenance 

' Total Annual Cost 

COHnENTS: 

Actual 

0.17 GPM 
740F 
78OF 
55 gallon 
Two in series 
323 minutes/tank 
5/24/86 
Quarterly 

$ 30,000 

$ 54,00O/year 
Included Above 

$ 54,00O/year 

The site is a college in Massachusetts; Fuel oil tanks leaked in the 
boiler room. The soil beneath this building is not very permeable and 
recovery is difficult. 
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AP.1 PUBL*4525 90 m 0732290 0098558 7 m 

NE -- 23 
Water Quality 

CONSTITUTENT DESIGN ACTUAL 
INF EFF Removal INF EFF* Removal HTU NTU 

Benzene 

Toluene 

E t h y  1 benzene 

Total  Xy lenes  

P e t r o l e u m  Hydrocarbons 

EDB 

MTBE 

I PE 

BDL ND 
ND ND 

ND ND 
ND ND 

ND MD 
ND ND 

15.3 ND 
N D  ND 

69 ND 100 

ND ND 
ND ND 

ND ND 
ND ND 

ND ND 
ND ND 

* T h e s e  va lues  correspond t o  e f f l u e n t  from t h e  f i r s t  and 
carbon t a n k s ,  r e s p e c t i v e l y .  
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LABORATORY ANALYTICAL DATA 
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V o l a t i l e  Organics A n a l y s i s  
Job I.D.: MA-10 

50857 50858 50859 50860 
EPF (2) 
7-31-87 
8-04-87 

INF (2) EFF (1) 
Sample  No. 
Sample  1.I). INF (1) 

Date Analyzed 
7-31-87 7-31 -87 

8-07-87 8-05-87 8-05-87 
D o t e  S a m p l e d  7-31 -87 

Par am et er Coiicen t r a t  i o  11 ug / L 
ND NI) B e n z e n e  83 0 .4  N D  
ND 

N D  
ND E t h y l e n e  Dibromide ND 

BD L 5.5  
T o l u e n e  4 . 0  ND BDL 

N D  
ND Ethyl b e n z e n e  BDL 

BDL 
N D  

ND ND M-Xylene 
ND 6 . 6  ü&F-X y l e n e  4 . 3  ND ND ND 

4 D  ND ND 
HD 

MTBE 
IPE ND 

Notes: ND = Not Detected 

BDL = Below D e t e c t i o n  L i m i t  
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A P I  PUBL*4525 90 W 0732298 0098561 7 m 

Environmental A division of Groundwater Technology, Iiic. Laboratoriese, 
Northeast Region 4 Mill Street, Greenville. NH 03048 
(603) 878-2500 NE Area (800) 423-6153 hi NH (800) 922-3422 

V o l a t i l e  O r g a n i c s  A n a l y s i s  
Job 1.11.: MA-10 

Sample  No. 50861 
Sample I . D .  I N F  ( 3 )  
Date Sampled 7-31-87 
D a t e  Analyzed  8-07-87 

P a r  ame t er 

B e n z e n e  10 
E t h y l e n e  Dibromide  ND 
T o l u e n e  4.4 
E t h y l b e n z e n e  N D  
M- X y 1 e n  e BDL 

6.2  
ND 

O&P-Xylene 
MTBE 
I P E  ND 

Notes: ND = Not Detected 

50862 50863 
EFF (3)  I N F  (4) 
7-31-87 7-31-87 
8-04-87 8-07-87 

C o n c e n t r a t i o n  ug /L  

ND 
ND 
N D  
ND 

0 .9  
1.3 
ND 
ND 

2300 
BDL 

1000 
730 
870  

1300 
w D 
ND 
*5  

BDL = B e l o w  D e t e c t i o n  L i m i t  

*S = S a m p l e  d i l u t e d ;  MDL times 10 

D - 3  

50864 
EFF (4) 
7-31-87 
8-04-87 

18 
BDL 
9.3 
7.3 
11 
19 
N D  
ND 
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A P I  PUBL*4525  90 0732290 0098562 9 

A Environmental division of Groundwater lechndogy, Inc. Laborabriesa 
Northeast Region 4 Mill Street, Greenville, NH 03048 
(603) 878-2500 NE Area (Soo) 423-6153 in NH (Soo) 922-3422 

, V o l a t i l e  O r g a n i c s  A n a l y s i s  
Job 1 . D . :  MW-1 

Sample  No. 
Sample I.D. 
Date Sampled 
D a t e  A n a l y z e d  

Paramet er 

Benzene  
E t  h y 1 e n  e D i b  r omi d e  
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O& P-X y 1 e n e  
MTB E 
I P E  

51083 51084 
IN FLUENT EFFLUENT 
7-29-87 7-29-87 
8-10-87 8-12-07 

C o n c e n t r a t i o n  ug/L 

1700 
-N D 

2800 
520 
1500 
2100 
780 
ND 
*1 

Notes: ND = Not D e t e c t e d  

BDL = Below D e t e c t i o n  L i m i t  

*1 = S a m p l e  d i l u t e d ;  MDL times 100 

D-4 

2.3 
N D  

07 .2  
*ND 
2.9 
4.1 

ND 
N D  
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A P I  PUBL*4525 90 m 0732290 80985b3 O m 

EnvironmentaI A division of Groundwater Technology. Inc. Laboratoriesn 
Northeast Region 4 Mill Street, Greenvle, NH 03048 
(603) 878-2500 NE Area (Soo) 423-6153 In NH (800) 922-3422 

Sample No. 
Sample I.D. 
Date Sampled 
Date Analyzed 

Parameter 

Benzen e 
Ethylene Dibromide 
Toluene 
Ethylbenzene . 
M-Xylene 
O&P-Xy l e n e  
MTBE 
IPE 

V o l a t i l e  Organics A n a l y s i s  
Job I.D.: MW-5 

51383 51384 
INFLUENT EFFLUENT 
8-05-87 8-05-87 
8-17-87 ' 8-19-87 

c o n c e n t r a t i o n  u g /L 

21000 
N D  

21000 
.2200 
6800 
7300 

BDL 
ND 
*4 

BDL 
ND 
2.2 

N D  
ND 
N D  
ND 
ND 

BDL = Below Detect ion L i m i t  
e 

"4 = Sample d i l u t e d ;  MDL times 200 

Notes: ND = Not Detected . 
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A P I  PUBL*q525 90 0732290 009ô5b4 2 m 

Environmental A division of Groundwater Technology, Inc. Laboratoriese 
Northeast Region 4 Mill Street, Greenville, NH 03048 
(W) 87&2500 NE Area (800) 423-6153 In NH (Soo) 922-3422 

Volat i le  O r g a n i c s  A n a l y s i s  
Job 1.D.t MW-6 

Sample No. 
Sample I . D .  
Date Sampled 
Date A n a l y z e d  

Parameter  

Benzene 
E t h y l e n e  D i b r o m i d e  
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O&P-Xylene 
MTBE 
IPE 

51086 51087 
INFLUENT EFFLUENT 
7-29-87 7-29-87 
8-11-87 8-12-87 

C o n c e n t r a t i o n  ug/L 

8100 
ND 

8500 
1300 
2700 
3000 
9400 

BDL 
*1 

0 . 3  
N D  

0 . 7  
BDL 
0 . 7  
1 .0  
4.6 

ND 

Notes: ND = Not D e t e c t e d  
. .  

BDL = Below D e t e c t i o n  L i m i t  

*1 = S a m p l e  d i l u t e d ;  MDL times 100 
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Sample  No. 
Sample  I . D .  
Date Sampled  
Date A n a l y z e d  

Par am e t  er 

B e n z e n e  
E t h y l e n e  Dibromide  
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O&P-Xylene 
MTB E 
IPE 

V o l a t i l e  Organics A n a l y s i s  
Job  I O D . :  MW-7 

50759 
INFLUENT 
7-28-87 
8-07-87 

C o n c e n t r a t i o n  

360 
ND 
*29. 
37 

BDL 
100 
BDL 
ND 

i *6  

50760 
EFFLUENT 
7-28-87 
8-04-87 

ug/L 

0.4 
ND 

1 . 8  
N D  
3.2 
2.7  
0.3 

ND 

Notes: ND = Not Detected 

BDL = Below D e t e c t i o n  L i m i t  

* 6  = Sample  d i l u t e d ;  MDL times 5 
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V o l a t i l e  O r g a n i c s  A n a l y s i s  
Job 1.D.: HW-10 

S a m p l e  No. 
Sample  I . D .  
Date Sampled  
Date A n a l y z e d  

Parameter  

B e n z e n e  
E t h y l e n e  D i b r o m i d e  
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O&P- X y l e n  e 
NTBE 
IPE 

Notes: ND = Not D e t e c t e d  

51533 51534 
EFFLUENT IN FLUENT 
8-07-87 8-07-87 
8-21-07 8-17-87 

C o n c e n t r a t i o n  ug /L  

ND 
N D  
ND 
ND 
ND 
N D  
ND 
ND 

BDL 
NI) 
0.4 
BDL 
0.9 
0.7 
BDL 

ND 

BDL = B e l o w  Detection L i m i t  
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A P I  PUBL*k1i525 90 0732290 00985b7 8 

Environmental A dmsion of Groundwater Techndogy. Inc. Laboratoriese 
Northeast Reglon 4 Mill Street, Greenville, NH 03048 
(603) 878-2500 NE Area (Soo) 423-6153 In NH (800) 922-3422 

Volat i l e  Organics A n a l y s i s  
Job 1.D.: MW-13 

Sample No. 
Sample I . D .  
Date Sampled 
Date Analyzed 

Parameter 

Benzene 
Ethylene Dibromide 
Toluene 
Ethylbenzene 
M-Xylene 
O&P-Xylene 
MTBE 
I P E  

52228 
INFLUENT 
8-14-87 
8-26-87 

52229 
EFFLUENT 
8-14-87 
8-25-87 

Concentration ug/L 

950 
N D  

3000 
440 

1400 
1500 

BDL 
ND 

3.9 
ND 
l 6  

2.9 
. .  ND 
8.0 
0.5 
ND 

Notes: ND = Not Detected 

BDL = Below D e t e c t i o n  L i m i t  
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A P I  PUBL*Ll525 90 m 0732290 0098568 T m 

e l m  I e 

tznvironrnentai Laboraroriem 
Northeast Region 4 Mill Street, Greenville, NH (Mo48 
(603) 878-2500 NE Area (800) 423-6153 In NH (Soo) 922-3422 

S a m p l e  No. ' 

S a m p l e  I . D .  
Date Sampled 
Date A n a l y z e d  

P a r a m e t e r  

B e n z e n e  
E t h y l e n e  Dibromide  
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O&P-Xylene 
MTB E 
IPE 

Vo la t i l e  O r g a n i c s  A n a l y s i s  
Job 1 . D . :  MW-14 

Notes: N D  = Not D e t e c t e d  

51436 51437 
INFLUENT EFFLUENT 
8-05-87 8-05-87 
8-14-87 8-19-87 

C o n c e n t r a t i o n  ug/L 

1100 
ND 

1800 
890 
2000 . 
2500 
110 

ND 
*2 

BDL 
N D  

BDL 
0.50 
1.4 
1.7 
200 
ND 

BDL = Below Detection L i m i t  

*2 = Sample d i l u t e d ;  MDL times 20 

D-lû 
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API PUBL*4525 90 = 0732290 00985b9 L 

Environmental A division of Groundwater Technology. Inc. Laboratoriesm 
Northeast Region 4 Mill Street, Greenvle, NH 03048 
(603) 878-2500 NE Area (800) 423-6 153 In NH (800) 922-3422 

V o l a t i l e  Organics A n a l y s i s  
Job 1.D.t NE-4 

Sample No. 
Sample I . D .  
Date Sampled 
Date Analyzed 

Parameter 

Benzene 
Ethylene D i b r o m i d e  
Toluene 
E thylbenzene 
M-Xylene 
O&P-Xylene 
MTBE 
IPE 

Notes: ND = Not D e t e c t e d  . 

51558 51559 
INFLUENT 
8-05-87 

EFFLUENT 
8-05-87 

8-14-87 8-19-87 

Concentration ug/L 

300 
N D  

6400 
1400 
4000 
4400 

BDL 
N D  
*3 

BDL 
ND 

1 .8  
BD L 
I.. 5 
3.2 
0.8 
ND 

BDL = Below D e t e c t i o n  L i m i t  

*3 = Sample d i l u t e d ;  MDL times 50 

D-1.1 
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S a m p l e  No. 
Sample  I O D .  
Date Sampled 
Date A n a l y z e d  

Paramet er 

B e n z e n e  
E t h y l e n e  Dibromide  
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O&P-Xylene 
MTB E 
I PE 

V o l a t i l e  O r g a n i c s  Analysis 
J o b  1.D.t NE-6 

50753 
INFLUENT 
7-29-87 
8-05-87 

50754 
EFFLUENT 
7-29-87 
8-05-87 

C o n c e n t r a t i o n  

2600 
ND 

6800 
540 

5000 
8700 

.BDL 
N D  
*1 

1.900 
BDL 
4800 
3 20 

31 O0 
5600 
190 
25 
"5 

Notes: ND = Not D e t e c t e d  

BDL = Below D e t e c t i o n  L i m i t  

*l = Sample d i l u . t e d ;  MDL times 100 

* 5  = Sample d i l u t e d ;  MDL t i m e s  10 
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A P I  PUBL*q525 90 0732290 0098571 T W 

Environmental A division of Groundwater Technology. Inc. Labor~oriese 
Northeast Region 4 Mill Street, Greenville, NH 03048 
(603) 878-2500 NE Area (Soo) 423-6153 In NH (800) 922-3422 

Volat i l e  Organics  A n a l y s i s  
Job I O D . :  NE-7 

Sample No. 50487 50488 
Sample I.D. CT 1 INF CT 2 EFF 
Date Sampled 7-24-87 7-24-87 
Date Analyzed 8-05-87 8-04-87 

Parameter Concentrat ion 

50489 
CT 1 EFF 
7-24-87 
8-04-87 

'Benzene 2600 
Ethylene D i b r o m i d e  ND 
Toluene 6000 
Ethylbenzene 6 5 0  
M-Xylene 5900 

IPE 

9800 
BDL 
BDL 

*1 

ND 
ND 

1 .3  
0.5 
2 . 3  

ND 
ND 

2 .9  

2 . 6  
N D  

1 . 3  
0 .3  
1 . 2  
1 . 4 .  
1 . 6  

N D  

Notes: ND = Not D e t e c t e d  . 
BDL = Below D e t e c t i o n  L i m i t  

*1 = Sample d i l u t e d ;  MDL times 100 

CT = Carb Tank 
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I n -  I I i  I 

division of Groundwater Technology. hc. 
ortheact Region 4 Mill Street, Greenville, NH 03048 

I (W3) 878-2500 NE Area (800) 423-6153 In NH (800) 922-3422 

Sample  No, 
Sample  I O D .  
Date Sampled 
Date Analyzed  

P a r  amet e r  

B e n z e n e  
E t h y l e n e  Dibromide  
To1 uen e 
E t h y l b e n z e n e  
H-Xylene 
O& P: x y i e n  e 
MTBE 
IPE  

Notes: ND = Not D e t e c t e d  

V o l a t i l e  O r g a n i c s  A n a l y s i s  
J o b  I O D o :  NE-9 

50869 50870 
EFFLUENT INFLUENT 
7-28-87 7-28-87 
8-04-87 * 8-07-87 

C o n c e n t r a t i o n  u g / L  

24 
ND 

' 460 
640 

1300 
1400 

ND 
N D  
"6 

BDL = Below D e t e c t i o n  L i m i t  

*6 = Sample d i l u t e d ;  MDL times 5 

*4 = Sample d i l u t e d ;  MDL times 200 

8700 
ND 

24000 
4200 
9100 

10000 
ND 
ND 
"4 

D-14. 
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A P I  PUBL*4525  90 m 0732290 0098573 3 m 

Environmental A division of Groundwater Technom, Inc. Laborator iesm 
Northeast Region 4 Mill Street, Greenville, NH 03048 
(603) 87ô-2500 NE Area (800) 423-6153 In NH (8W) 922-3422 

S a m p l e  No. 
S a m p l e  I.D. 
D a t e  S a m p l e d  
D a t e  A n a l y z e d  

P a r a m e t e r  

B e n z e n e  
E t h y l e n e  D i b r o m i d e  
Toluene 
E t h y  l b e r i z e n e  
M - X y l e n e  
O &P-X y 1 e n  e 
MTB E 
IPE 

Vol n t i 1 e Organics A tia 1 y si s 
Job  I . D . :  NE-18 

51005 
EFFLUENT 
8-04-87 

51006 
IN FLUENT 
8-04-87 

8-06-87 8-10-87 

C o n c e n t r a t i o n  ug/L 

1 . 8  
N D  

4200 
ND 

5 . 9  13000 

1 . 4  1800 
1 . 6  2600 
8 . 6  16000 
1 .o 1800 

*l 

0 . 7  9900 

Notes: ND = Not D e t e c t e d  

BDL = B e l o w  Detect ion L i m i t  

D-15 

*l = S a m p l e  d i l u t e d ;  NDL times 100 
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Environmental A division of Groundwater Technology, Inc. Laboratoriess 
Northeast Region 4 Mil Street. Greenville. NH 03048 
(603) 878-2500 NE Area (800) 423-6153 in NH (800) 922-3422 

V o l a t i l e  Organics  A n a l y s i s  
Job I . D . :  NE-19 

Sample No. 
Sample I . D .  ' 

Date Sampled 
Date Analyzed 

Parameter 

Benzene 
Ethy lene  Dibromide 
Toluene 
Ethylbenzene 
tí-X y 1 e n  e 
O&P-Xylene 
MTB E 
IPE 

50985 50984 
INFLUENT 
7-28-07 
8-05-87 

_ - _ -  

EFFLUENT 
7 - 2 8 - 8 7 
8-07-87 

C o n c e n t r a t i o n  ug/L 

4800 
ND 

24000 
2500 
9000 

10000 
7800 

BDL 
"1 

ND 
N D  

270 
N D  

1200 
4600 

380 
N D  
*I 

Notes: ND = Not Detected 

BDL = Below D e t e c t i o n  Limit 

*1 = Sample d i l u t e d ;  MDL times 100 
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Environmental A division of Groundwater Technology. Inc. Laboratories@ 
Northeast Region 4 Mill Street, Greenville, NH 03048 
(603) 878-2500 NE Area (800) 423-6153 In NH (800) 922-3422 

V o l a t i l e  O r g a n i c s  hnaly sis  
Job 1 . D . :  NE-20 

Sample No. 
Sample I . D .  
Date  Sampled 
Date A n a l y z e d  

50757 50758 
CT 2 EFF 

50756 
INFLUENT CT 1 EFF 
7-29-87 7-29-87 7-29-87 
8-07-87 8-05-87 8-04-87 

Paramet er 

Benzen e 
E t h y l e n e  Dibromide 
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O&P-X y l e n e  
MTB E 
I P E  

370 
ND 

770 
59 

240 
240 
370 

26 

C onc  e n't r a t i on 

55 
N D  

2 . 2  
1 . 3  
0 . 9  
2 . 0  
860  

13 

ug/L 

0 . 5  a 

N D  
2 . 1  

ND 
3 . 7  
6 . 4  
110 

N D  

N o t e s :  ND = Not Dete t e d  

BDL = Below D e t e c t i o n  L i m i t  

CT = Carb Tank 
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A P I  PUBLU4525 90 m 0732290 009857b 9 m 

Environmental A division of Groundwater lechnotogy. Inc. Laboratoriem 
Northeast Region 4 Mill Street, Greenvule, NH 03048 w (603) 878-2500 NEArea (Soo) 423-6153 In NH (800) 922-3422 

Sample  No. 
Sample  I . D .  
Date Sampled 
Date A n a l y z e d  

Parameter 

B e n z e n e  
E t h y l e n e  D i b r o m i d e  
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O&P-Xylene 
MTB E 
I P E  

Volatile Organics A n a l y s i s  
Job 1.D.: NE-21 

50564 
INFLUENT 
7-22-87 
8-07-87 

C o n c e n t r a t i o n  

44u 
N D  

400 
84 

100 
120  
710 
ND 
*2 

50565 
EFFLUENT 
7-22-87 
8-04-87 

ug/L 

17 
N D  
16 

2 . 8  
5 . 7  
8 . 6  
27 O 
0 .8  

Notes: ND = Not Detected . 
BDL = Below D e t e c t i o n  Limit 

*2 = Sample d i l u t e d ;  MDL times 20 

D-1.8 
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API PUBL*4525 90 0732290 0098577 O m 

Environmental A division of Groundwaler Technology. ~ I C .  Laborcrtorieso 
Northeast Region 4 Mill Street, Greenville, NH 03048 
(603) 878-2500 NE Area (Soo) 423-6153 in NH (Soo) 922-3422 

V o l a t i l e  O r g a n i c s  A n a l y s i s  
Job 1 . D . :  NE-22 

Sample  No. 
Sample  I.D. 
Date Sampled  
Date A n a l y z e d  

Paramet  er 

B e n z e n e  
E t h y l e n e  Dibrom,de 
T o l u e n e  
E t  h y 1 b e n z e  n e  
M-X y 1 e n e 
O&P-X y 1 ene 
MTß E 
IPE 

51398 51399 
INFLUENT EFFLUENT 
8-05-87 8-05-87 
8-14-87 8-19-87 

C o n c e n t r a t i o n  ug/L 

340 
Bi) L 

1900 
600 

1400 
1900 

BDL 
N D  
92  

BDL 

O .6 
BDL 
0.5 
0.7 
O .6 

N D  

N D  ’ 

Notes: N D  = Not  Detected - 
BDL = B e l o w  D e t e c t i o n  L i m i t  

*Z = Sample d i l u t e d ; , M D L  times 20 

D-19 
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Environmental 4 dMsiOn of Groundwater Technology, Inc. Laboratoriese 
Northeast Region 4 Mill Street, Greenville, NH 03048 
i6O3) 878-2500 NE Area (Soo) 423-6153 In NH (Soo) &-SI22 

V o l a t i l e  O r g a n i c s  A n a l y s i s  
Job 1.D.: NE-23 

S a m p l e  No. 
S a m p l e  I . D .  
Date Sampled 
Date A n a l y z e d  

P a r a m e t e r  

B e n z e n e  
E t h y l e n e  Dibromide  
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O&P-Xylene 
MTBE 
I PE 

51597 51598 51599 
INFLUENT EFF. TANK 1 EFFeTANK 2 
8-06-87 8-06-87 8-06-87 
8-18-87 8-19-87 8- 19 -87 

C o n c e n t r a t i o n  ug/L. 

BDL ND ND 
N D  ND N D  
ND ND ND 
ND N D  ND 

7.6 ND ND 
7.7 ND ND 

ND ND ND 
ND ND ND 

Notes: ND = Not Detected 

BDL = Below D e t e c t i o n  Limit 
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Sample  No. 
Sample I.D. 
Date Sampled  
Date A n a l y z e d  

Parame t er  

B e n z e n e  
E t h y l e n e  Dibromide  
T o l u e n e  
F t h y l b e n z e n e  
M-Xylene 
O&P-Xylene 
MTBE 
I PE 

V o l a t i l e  O r g a n i c s  A n a l y s i s  
Job 1.D.: SC-1 

51514 51515 
INFLUENT EFFLUENT 
8-07-87 8-07-87 
8-14-87 8-13-87 

Coiicen tra t i o n  ug/L 

29000 
N D  

32000 
3400 
81 O0 
9700 
BDL 
ND 
*4 

25 
N D  
30 
3.6 
9.0 
11 

3.0 
NI) 

Notes: N D  = Not D e t e c t e d  

BD'L = Below D e t e c t i o n  L i m i t  

*4 = Sample d i l u t e d ;  MDL times 200 
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Environmerihd A division of Groundwater Techiiology, lnc. Laboratoriese 
Northeast Region 4 Mili Street, Greenville. NH OW8 
(603) 878-2500 NE Area (Soo) 423-6153 In NH (800) 922-3122 

V o l a t i l e  Organics  A n a l y s i s  
Job  I.D.: SC-2 

S a m p l e  No. 
S a m p l e  I . D .  
Date  Sampled 
D a t e  A n a l y z e d  

P a r a m e t e r  

B e n  z e n  e 
E t h y l e n e  D i b r o m i d e  
T o 1  II ene 
E t  ii y 1 b  c n z e n e  
bf-XyleIie 
O&P-Xylene 
MTB E 
I PE 

51511 51512 
INFLUENT EFFLUENT 
8-07-87 8-07-87 
8-14-87 8-13-87 

C o n c e n t r a t i o n  ug/L 

520 
ND. 

4400 
410 
930 

1500 
N D  

1700 
*2 

Notes: ND = Not D e t e c t e d  

BUL = Below D e t e c t i o n  L i m i t  

*2 = Sample  d i l u t e d ;  NDL times 20 

D-22 

ßDL 
N D  

0 .6  
N D  
NI) 
N D  
ND 

0 . 7  
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A P I  PUBL*4525  90 m 0732290 0098581 2 m 

Environmental A division o! Groundwater Technology, Inc. Laboratorisrgi 
Northeast Region 4 Mill Street, Greenville, NH 03048 
(sO3) 878-2500 NE Area (800) 423-6153 tn NH (Soo) 922-3422 

Sample No. 
Sample I . D .  
Date Sampled 
Date Analyzed 

Parame ter 

Benzene 
Ethylene Dibromide 
Toluene 
Ethylbenzene 
M-Xylene 
O& P- X pl e n e 
HTB E 
I P E  

V o l a t i l e  OrGaniCs A n a l y s i s  
Job 1.D.: SC-3 

51490 51491 
INFLUENT EFFLUENT 
8-06-87 8-06-87 
8-11-87 8-12-87 

Concentrat ion ug/L 

2900 
N I) 

6400 
990 
630 

2700 
BDI, 
600 

*3 

Notes: ND = Not Detected 

BDL = Below Detect ion Limit  

0 . 5  
ND 

1.0 
0 . 2  
0.4 
1.3 
1 .o 
13 

"3 = Sample d i l u t e d ;  MDL times 50 

D-23 * 
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Environmental A division of Groundwater Technology, Inc. Laboratotiesa 
Northeast Region 4 Mill Street, Greenville, NH 03048 
(W3) 878-2500 NE Area (Soo) 423-6153 br NH (800) 522-3422 

V o l a t i l e  Organics  Analysis 
Job I . D . :  SC-4 

Sample No. 
Sample I . D .  
Date Sampled 
Date Analyzed 

Parameter 

Benzen e 
Ethplerie Dibromide 
Toluen e 
Ethylbenzene  
M-Xylene 
O&P-X y 1 e n  e 
MTBE 
IPE 

51487 51488 
INFLUENT EFFLUENT 
8-06-87 8-06-87 
8-10-87 8-13-87 

Concentra t ion  ug/L 

930 
ND 
130 
450 
330 
600 
3000 

ND 
*3 

N D  
ND 
ND 
N D  
NI) 
ND 

1 . 3  
ND 

Notes:  ND = Not Detected 

BDL = Below D e t e c t i o n  L i m i t  

*3 = Sample d i l u t e d ;  MDL times 50 

.-. 
D-24. - 
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A P I  PUBL*4525 90 M 0732290 0098583 b M 

Environmental A division of Groundwater TechndoQy, Inc. Laboratorkm 
Northeast Region 4 Mill Street, Greenville, NH 03048 
(603) 878-2500 NE Area (800) 423-6153 In NH (ûûû) 922-3422 

V o l a t i l e  Orpranics A n a l y s i s  
Job 1.D:: SC-5 

Sample No. 
Sample I . D .  
Date Sampled 
Date A n a l y z e d  

Par am e t  er 

Benzene  
E t h y l e n e  Dibromide  
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O&P-Xylene 
MTB E 
I P E  

N o t e s :  ND = Not D e t e c t e d  

51484 
INFLUENT 
8-06-87 
8-11-87 

C o n c e n t r a t i o n  

340 
ND 

410 
1600 
1400 
BDL 
ND 
"1 

. 310 

BDL = Below D e t e c t i o n  L i m i t  

*I = Sample  d i l u t e d ;  MDL times 100 

51485 
EFFLUENT 
8-06-87 
8- 13 -87 

ug/L 

0.7 
' N D  
0.2 
1.3 
5 . 7  
5.8 
10 
ND 

D-25 
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Sample  No. 
Sample  I.D. 
Date Sampled 
Date A n a l y z e d  

Paramet  er 

B e n z e n e  
E t h y l e n e  D i b r o m i d e  
T o l u e n e  
E t  ii y 1 b e n z e n  e 
W-Xylene 
O&P-Xylene 
MTB E 
IPE 

V o l a t i l e  O r g a n i c s  h i i a l y s i s  
Job S . D . :  SE-7 

52069 52070 
IN FLUENT EFFLUENT 
8-13-87 8-13-87  
8- 20 -87 8-19-87 

C o n c e n t r a t i o n  ug/L 

19 
N D  

BDL 
BDL 

ND 
5 . 9  
ND 
ND 

ND 
N D  
N D  
N D  
N D  
ND 
N D  
ND 

Notes: ND = Not Detected 

BDL = Below D e t e c t i o n .  Limit 

D-26 
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A P I  PUBL*4525 90 0732290 0098585 T , 

Environmental A division of Groundwaler Technotogv. Inc. Laboratoriess 
Northeast Region 4 Mill Street, Greenville, NH 03048 
(603) 878-2500 NE Area (800) 423-6153 In NH (SOO) 922-3422 

V o l a t i l e  Organics A n a l y s i s  
J o b  I . D . :  SE-18 

Sample No. 
Sample I . D .  
Date Sampled 
D a t e  A n a l y z e d  

Par am e t  er 

B e n z e n e  
E t h y l e n e  Dibromide  
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O&P- X y 1  e n e 
MTB E 
I P E  

51646  51647  
EFFLUENT INFLUENT 
8-10-87 8-10-87  
8-21-87 8-20-87  

C o n c e n t r a t i o n  

0 . 5  
N D  
ND 
N D  
ND 
N D  

1 . 3  
N D  

ug/L 

35 
N D  
10 

BDL 
7 . 5  
7.1  
8.6 
ND 

Notes: ND t Not Detected . 
BDL = Below D e t e c t i o n  L i m i t  

0-27 
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A P I  PUBL*V525 90 0732290 0098586 L 

Lnvironmentai Lmoraroriesw 
A division of Groundwater Technorogy, tnc. 
N 13048- 

ki NH (800) 922-3422 
oriheast Region 4 Mill Street, Greenvle, NH) 

I (6û3) 87û-2500 NE Area (800) 423-61 53 

V o l a t i l e  Organics A n a l y s i s  
Job 1.D.: SE-22 

S a m p l e  No. 
Sample  I . D .  
D a t e  Sampled 
Date A n a l y z e d  

P a r a m e t e r  

B e n z e n e  
E t h y l e n e  Dibromide  
T o l u e n e  
E t h y l b e n z e n e  
M-X y l e n e  
O&P- X y l e n e  
MTBE 
S P E  

52009 52013 
EFFLUENT INFLUENT 
8-13-87 8-13-87 
8-25-87 8-26-87 

C o n c e n t r a t i o n  ug/L 

B D L  
N D  

0.3  
N D  
N D  
N D  

0.7 
N D  

0-2 8 

36 
N D  
14 
13 
26 
27 

7.7 
N D  

Notes: ND = Not D e t e c t e d  

BDL = B e l o w  D e t e c t i o n  L i m i t  
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A P I  PUBL*4525 90 = 0732290 0098587 3 

Environmental Northeast A division of Region Groundwater 4 Mill Technology, Street, Greenville, Inc. Laboratoriess NH 03048 
I 

(6û3) 878-2500 NE Area (800) 423-6153 in NH (800) 922-3422 

Volat i l e  O r g a n i c s  A n a l y s i s  
Job I.D.: SE-23 

Sample  No. 
Sample  I . D .  
Date Sampled 
Date A n a l y z e d  

Paramet  er 

B e n z e n e  
E t h y l e n e  Dibromide  
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O& P- X y 1 e n e  
MTB E 
I PE 

52017 
I N  FLUENT 
8-13-87 
8-25-07 

Concen t r  a t f o n  

48 
N D  
400 
110 
40 O 
4 20 
BDL 
ND 
9 2  

N o t e s :  ND = Not  Detected 

BDL = Below D e t e c t i o n  L i m i t  

*2 = Sample d i l u t e d ;  MDL times 20 

52018 
EFFLUENT 
0-13-87 
8-25-87 

ug/L 

BDL 
ND 

0 . 5  
0 .3  
0.8 
2 . 1  
1 . 6  

ND 

D-29' 
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A P I  PUBL*4525 90 m 0732290 0098588 5 m 

Environmental A division of Groundwater Technology, Inc Laborator ¡ese 
Northeast Region 4 Mill Street, Oreenvilie, NH 03048 
(603) 878-2500 NE Area (Soo) 423-6153 In NH (800) 922-3422 

V o l a t i l e  O r g a n i c s  Ana 1 y sis 
J o b  1 . D . :  SE-31 

Sample No. 
Sample  I . D .  
Date Sampled 
D a t e  Analyzed  

52415 52416 
INFLUENT EFFLUENT 
8-19-87 8-19-87 
8-26-87 8-25-07 

P a r  amet er C o n c e n t r a t i o n  ug/L 

B e n z e n e  
E t h  y1  e n e  D i b r  omi d e 
T o l u e n e  
E t  h p 1 b e n z e  tie 
M-Xylene 
O&P-Xylene 
MTB E 
IPE 

14000 
BDL 

12000 
980 

2500 
2500 
5200 

BDL 
*I 

0 * 9  
BDL 
1 . 5  
BDL 
0 . 3  
*4 

4.7  
BDL 

Notes: ND = Not D e t e c t e d  

BDL = Below D e t e c t i o n  L i m i t  

"1 = S a m p l e  d i l u t e d ;  MDL times 100 

D30 
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A P I  PUBL*4525  90 0732290 0098589 7 

Environmental A division of Groundwater Tedwmlogy, inc. Laboratoriesm 
Northeast Region 4 Mill Street, Greenville, NH 03048 
(603) 878-2500 NE Area (Soo) 423-6153 kt NH (800) 922-3422 

V o l a t i l e  O r g a n i c s  A n a l y s i s  
Job I .D.:  SE-32 

Sample No. 
Sample I . D .  
Date  Sampled 
Date  A n a l y z e d  

51648 51649 
INFLUENT EFFLUENT 
8-10-87 8-10-87 
8-21 -87 8-20-87 

Parameter  C o n c e n t r a t i o n  u g / L  

Benzene  
E t h y l e n e  Dibromide  
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O&P-Xylene 
MTB E 
IPE 

27 
N D  

6 . 5  
37 
63 
78  

a 20 
0 . 4  

BDL 
ND 

BDL 
N D  
ND 
ND 

BDL 
ND 

N o t e s :  ND = Not Detected 

BDL = Below D e t e c t i o n  L i m i t  

D-31; 
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A P I  PUBL*V525 90 O732290 0098590 3 W 

Environmental A division of Groundwater Technology. fnc. Laboratoriese 
Northeast Region 4 Mill Street, Greenville. NH û3û4û 
(Sog 878-2500 NE Area (Soo) 423-61 53 In NH (800) 922-3422 

V o l a t i l e  O r g a n i c s  A n a l y s i s  
Job I . D . :  SE-33 

Sample No. 
S a m p l e  I . D .  
Date Sampled  
D a t e  A n a l y z e d  

Pa r  am e t  er 

B e n z e n e  
E t h y l e n e  D i b r o m i d e  
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O &P- X y 1 e n e  
MTBE 
I PE 

51823 51824 
EFF (1) EFF ( 2 )  

51885 
INF ( i )  

8-12-87 8-12-87 8-12-87 
8-19-87 8-26-87 8-26-87 

990 
N D  

1300 
1100 
1300 
1500 

540 
N D  
"5 

C o n c e n t r a t i o n  u g / L  

BDL 
ND 

BDL 
ND 

BDL 
BDL 
0 .9  

ND 

D-32 

ND 
ND 

BDL 
ND 

BDL 
BDL 
0.4 

ND 

Notes: ND = Not D e t e c t e d  - 
BDL = Below D e t e c t i o n  L i m i t  

* 5  = S a m p l e  d i l u t e d ;  MDL times 10 
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A P I  PUBL*4525 90 0732290 0098591  5 

Environmental A division of Groundwater Technology. Inc. Laboratoriem 
Northeast Region 4 Mill Street, Greenville, NH 03048 
(603) 878-2500 NE Area (800) 4236+!53 In NH.(ûW) 922-3422 

S a m p l e  No. 
S a m p l e  I . D .  
Date Sampled 
Date A n a l y z e d  

Parame ter  

B e n z e n e  
E t h y l e n e  Dibromide  
T o l u e n e  
E t h y l b e n z e n e  
#-X y 1 e n  e 
O&P- X y l e n e  
NTBE 
I PE 

V o l a t i l e  O r g a n i c s  A n a l y s i s  
Job I.D.: SE-35 

52015 52016 
INFLUENT EFFLUENT 
8-13-87 8-13-87 
8-25-87 8-25-87 

C o n c e n t r a t i o n  ug/L 

520 
N D  

2800 
680 

2100 
3100 

150' 
N D  
*2 

Notes: ND = Not D e t e c t e d  

BDL = Below D e t e c t i o n  L i m i t  

*2 = S a m p l e  d i l u t e d ;  MDL times 20 

0.2 
N D  

0 . 2  
N D  
ND 
N D  

BDL 
N D  

D-3 3 
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Sample No. 
Sample I . D .  
Date Sampled 
D a t e  A n a l y z e d  

Par am e t  er 

Benzene  
E t h y l e n e  Dibromide  
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O&P-Xylene 
MTBE 
I P E  

Vo la t i l e  O r g a n i c s  A n a l y s i s  
J o b  I O D . :  SE-36 

52702 52703 
INFLUENT EFFLUENT 
8-20-87 8-20-87 
8-27-07 8-27-87 

C o n c e n t r a t i o n  ug/L 

1200 
ND 
780 
110 
300 
440 
BDL 
BDL 

* 5  

9 05 
ND 
8.1 
1.1 
3.1 
5.2 

ND 
ND 

N o t e s :  ND = Not Detected 

BDL = Below D e t e c t i o n  L i m i t  

* 5  = Sample  d i l u t e d ;  MDL times 10 
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Sample  No. 
Sample  I.D. 
Date Sampled 
Date A n a l y z e d  

P a r a m e t e r  

B e n z e n e  
E t h y l e n e  Dibromide  
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O&P-Xylene 
MTBE 
IPE ' 

V o ' l a t i l e  O r g a n i c s  A n a l y s i s  
Job 1 . D . :  14-1 

51552 51553  
EFFLUBNT INFLUBNT 
8-07-87 8-07-87  
8-19-87 8-14-87  

C o n c e n t r a t i o n  ug/L 

3 . 7  
N D  

BDL 
N D  
ND 
ND 
ND 
ND 

440 
ND 

340 
180 
280 
390 
BDL 
ND 
* 5  

Notes: ND = Not Detected 

BDL = Below D e t e c t i o n  L i m i t  

* 5  = Sample d i l u t e d ;  MDL times 10 

D-3 5 
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A P I  PUBLaY525 90 m 0732270 007857q O m 

- I r  I - Lnvironmental A dfflsic Laboratoriem 
Northeast Region 4 Milt StreeiGreenville, NH 03048 
(603) 878-2500 NE Area (Soo) 423-6153 in NH (800) 922-3422 

V o l a t i l e  O r g a n i c s  A n a l y s i s  
Job I.D.: W-2 

Sample No. 
Sample  I . D .  
Date Sampled 
Date A n a l y z e d  

P a r a m e t e r  

B e n z e n e  
E t h y l e n e  Dibromide 
T o l u e n e  
E t h y l b e n z e n e  
M-Xylene 
O&P- X y 1 en  e 
MTB E 
IPE 

51529 
INFLUENT 
8-06-87 
8-11-87 

C o n c e n t r a t i o n  

N D  
N D  
ND 
N D  
ND 
ND 

1 . 4  
N D  

Notes: ND = Not Detected 

51530 
EFFLUENT 
8-06-87 
8- 12 -8 7 

ug/L 

BDL 
ND 

4 . 7  
ND 
ND 
ND 

0 . 3  
ND 

BDL = Below D e t e c t i o n  L i m i t  

D-3 6 
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Sample No. 
Sample I . D .  
Date Sampled 
Date Analyzed 

Paramet er 

Benzene 
Ethy lene  Dibromide 
Toluene 
Ethylbenzene 
M-Xylene 
O&P-Xylene 
MTB E 
IPE 

V o l a t i l e  Organics  A n a l y s i s  
Job 1 . D . :  W-4 

51519 51520 
INFLUENT EFFLUENT 
8-06-87 8-06-87 
8-17-87 8-19-87 

Concentrat ion  ug/L 

9.2  ND 
N D  ND 

2 . 3  ND 
BD L ND 
BDL N D  

36 ND 
BDL 1.0 
5.0  ND 

Notes: ND = Not Detected 

BDL = Below D e t e c t i o n  L i m i t  
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Sample No. 
S a m p l e . 1 . D .  
Date S a m p l e d  
Date A n a l y z e d  

P a r a m e t e r  

B e n z e n e  
E t h y l e n e  D i  b r  omi de 
T o l u e n e  
E t h y l b e n z e n e  
H-X y 1 e n e  
O&P-X y l e n e  
MTB E 
I P E  

V o l a t i l e  O r g a n i c s  A n a l y s i s  
Job 1 . D . :  W-14 

51644 51645 
EFFLUENT INFLUENT 
8-10-87 8-10-87 
8-24-87 8-20-87 

C o n c e n t r a t i o n  ug/L 

BDL 
ND 
N D  
N D  
N D  
ND 

BDL 
ND 

N D  
ND 
ND 

BDL 
ND 
ND 

BDL 
NI.) 

Notes: ND = Not D e t e c t e d  

BDL = B e l o w  Detection L i m i t  

D-3%. 
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A P I  PUBL*4525 90 0732290 0098597 b W 

e - 11 I e m 

trnvironrnentai Laboratoriem 
Northeast Region 4 Mill Street, Greenville, NH 03048 
(6û3) 876-2500 NE Area (Soo) 423-61 53 In NH (Soo) 922-3422 

V o l a t i l e  O r g a n i c s  A n a l y s i s  
Job 1 . D . :  W-18 

Sample  No. 
Sample I . D .  
Date  Sampled 
D a t e  Analyzed 

Parame ter 

B e n z e n e  
E t h y l e n e  Dibromide  
T o l u e n e  
E t h y l b e n z e n e  
M-X y1 e n e  
O&P- X y 1 e n  e 
MTBE 
I PE 

51804 51807 
INFLUENT EFFLUENT 
8-07-87 8-07-87 
8-18-87 8-19-87 

C o n c e n t r a t i o n  ug/L 

41 O 
ND 
25 
4.8 
8.1 
58 

BDL 
N D  

N D  
N D  
ND 
N D  
N D  
N D  
ND 
N D  

N o t e s :  ND = Not Detected 

BDL = Below D e t e c t i o n  L i m i t  

D-3 9. 
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A P I  PUBL*q525 70 0732270 0078578 8 = 

Environmental A division of Groundwater Technology. Inc. Laboruioriese 
Northeast Region 4 Mill Street, Greenville, NH 03048 
(603) 878-2500 NE Area (Soo) 423-6153 tn NH (Soo) 922-3422 

V o l a t i l e  O r g a n i c s  A n a l y s i s  
J o b  1.D.: W-31 

Sample No. 51 280 51281 51 282 51 283 
Sample I . D .  INF (1) EFF (1) INF ( 2 )  EFF ( 2 )  
Date Sampled 8-03-87 . 8-03-87 8-03-87 8-03-87 
Date Analyzed 8-10-87 .. 8-12-87 8-11-87 8-12-87 

Par amet er Con ce n t r a t i  on  ug / i, 

B e n z e n e  9 . 6  
Ethylene Dibromide ND 
T o l u e n e  9 . 0  
E t h y l b e n z e n e  BDL 
M-Xylene BDL 
O&P-Xylene 6 . 5  
MTBE N D  
IPE N D  

N D  
ND 
ND 
ND 
ND 
ND 
ND 
0.4 

23 
ND 
23 

BDL 
10 
15 
N D  
N D  

ND 
N D  
N D  
ND 
N l l  
ND 
N D  
ND 

Notes: ND = Not DetecLed . 
BDL = Below D e t e c t i o n  L i m i t  

D-48 
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Volat i l e  Organics Analysis 
Job I . D . :  W-38 

Sample No. 
Sample I . D .  
Date Sampled 
Date Analyzed . 

Parameter 

Benzene 
Ethylene Dibromide 
Toluene 
E't h y 1 b e nze ne 
M-Xylene 
O&P-X y lene 
MTB E 
I PE 

Notes: ND = Not Detected 

51517 
INFLUENT 
8-OS-87 
8-21-87 

51518 
EFFLUENT 
8-OS-87 
8-19-87 

Concentration 

220 
ND 
32 

200 
6.7 

5s 
220 
NI) 

2 . 4  
N D  

0 .5  
1 . 4  . 

ND 
0.6 
60 
N D  

BDL = Below Detection Limit 

D-41 
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- .  
i di&Önof Groundwater Technolo&. IA. 

Volatile Organics  A r t a l y s i s  
Job 1 . D . :  W-39 

Sample No. 
Sample I . D .  
Date S a m p l e d  
Date Analyzed 

Par ame ter 

Benzene 
Ethylene Dibromide 
Toluene 
E t  h j 1 b e  iizen e 
M-X y 1 e n  e 
O&P-X y l e n e  
MTBE 
I P E  

52134 
INFLUENT 
8-14-87 
8-24-87 

Concentra tlon 

ND 
ND 

BDL 
N D  

BDL 
BDL 
BDL 

ND 

52135 
EFFLUENT 
8-14-87 
8-25-87 

ug/L 

ND 
N D  

2 . 5  
0 .9  
1.8 
201 

N D  
ND 

Notes:  ND = Not Detected . 
BDL = Below D e t e c t i o n  L i m i t  

D-42 
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A P I  PUBL*4525 90 = 073229[3 OO î B b O L  4 

APPENDIX E 

QA/QC INFORHATION 

E- 1 
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F o l l o w i n g  às B table showing the  detection l i m i t s  for the 
compounds o f  i n t e r e s t  by both €PA 524.1 and 620.  
L i m i t s  are listed in ug/L ( p p b . ) .  

Derection 

P arame t e t 

Benzene 

E t h y l  Di tromide  

To luene  

Ethyl ben2 ene 

M-xylene 

O i3 P x y l e n e  

MTBE 

IPE 

Method 

EPA 524.1 BPA 624 

0.2 1.7 

0.2 7.3 

0.2 2.1  

0 b 2  4.5  

0.3 4 .O 

O .3 4.0 

0.3 ’ 5.0 

O .3 5 .o 

E-2 
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9/16/87 
Report No. 100-001-8219 
Submitted to: Lori Leo 

G r o un d WEI t e r  Tec 11 n o lo 8 y 
220 Norwood Park S o u t h  
Norwood, MA 02062 

Sample I d e n t i f i c a t i o n :  
The at tached report  covers w a t e r  samples f o r  t h e  AFI project. 

Nethod: 
Analysis was performed for  v o l a t i l e  organics by p u r g e  and trap 
CC/NS as p e r  &PA Method 624 and 524.1 .  
on th& report .  
c a ì i b r a t e d  range of the i n s t r u m e n t  and s o  i n d i c a t e d  by 0 f o o t n o t e  
giving t h e  f a c t o r  by which t h e  MDL i s  ra ised.  

SnmpJ i n g  a n d  sample h a n d l i n g  a n d  p r e s e r v a  t i o n  a r e  specified 
this laboratory  t o  b e  a s  per EPX Nethod 624 and 5 2 4 . 1 .  

, 
Detect ion limits are  listed 

Samples are d i l u t e d  i n  order  t o  m a i n t a i n  the 

by 

Results: 
Results are reported i n  ug/L ( p p b . ) .  A J . 1  i n f l u e n t  <amples  were 
a n a l y z e d  I)? ,EPA 626 a n d  e f f l u r - t i ?  s s n l p l e s  b y  EPA 521.1. 

Frepared by: 
Date Rcese 

GC/MS Manager 
D RR / Cil 

E-3 
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EnvironmentaI A division of Groundwater Technology, Inc. Laboratoriese 
Northeast Region 4 Mill Street, Greenville, NH 03048 
(603) 878-2500 NE Area (Soo) 423-6153 in NH (800) 922-3422 

Volatile Organic Duplicate Analysls 

Job ID: 

Sample No. 

Sample ID. 

SE-23 W-18 MW- 14 

520 18 51805 51436 

EFF. DUP. INF. DUP. INF. DUP. 

8-5-87 Date Sampled: 8- 13-87 8-7-87 

Date Analyzed: 8-25-87 8-27-87 8-20-87 

Parme ter Concentration u W L  

Benzene BDL 410 

Ethylene Dibromlde ND ND 

To 1 uene ND 32 

Ethylbenzene 

M-Xy I ene 

û&P-Xy 1 ene 

MTBE 

IPE 

0.6 BDL 

ND 15 

BDL 63 

0.6 

ND 

BDL 

ND 

1200 

ND 

1800 

. 710 

1900 

2500 

100 

ND . 

*2 

Notes: ND = Not Detected 

BDL= Below Detection Limit 

2 = Sample Diluted: MDL Times 20 
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Environmental A division of Groundwater Technology, hic. Laboratofism 
Northeast Region 4 Mill Street, Greenville, NH 03048 

E (603) 878-2500 NE Area (Soo) 423-61 53 In NH (Soo) 922-3422 

Volatile Organic Duplicate Analysis 

Job ID: SE-35 W-14 

Sample No. 52016 52070 

Sample ID, EFF, DUP. EFF. DUP. 

Date Sampled: 8-13-87 8-13-87 

Date Analyzed: 8-25-87 8- 13-87 

Parameter Concentrat i on u d L  

Benzene 

Ethylene Dibromide 

Toluene 

Ethylbenzene 

M-Xy 1 ene 

û&P-Xy 1 ene 

MTBE 

IPE 

ND 

ND 

ND 

ND 

ND 

ND 

0.4 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Notes: ND = Not Detec.ed 

BDL= Below Detection Llrnit 

. 
E- 5 
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tnvironrnental Labor 
A dwtsm of Otoundwaîer T-. &IC. 
Northeast Region 4 Mit Street. Greenvi#t. NH 030a8 
1603) 87&2500 NE Arca  soo) 423-6153 tn NH (800) 922 

-atomso 
03422 

A dwtsm of Otoundwaîer T-. &IC. 
Northeast Region 4 Mit Street. Greenvi#t. NH 030a8 
1603) 87&2500 NE Arca  soo) 423-6 153 tn NH (800) 922.3422 

Ar-a  3 yc t : E. 4. 

.. 
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Environmental A diviwon d GfwnUwaîr T.dinoi6gy. hc Labora!oriess 
Nodheart R e g i o n  4 Mili Street. Grecnvak. NH 03048 
(603) 878-2500 NE &or (800) 42361 53 h NH 0 922-3422 

.. .. 

17' 

t . 7  
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EXCERPTS FRCM GTI SOP W U A L  

The following section presents the standard operating procedure 
for water quality sampling from Groundwater Technology's SOP 
Hanual. 
sample preservation. The procedure focuses on sampling from 
wells, but also applies to sampling influent and eff luent  water 
from treatment systems ... 

This excerpt sets procedure for water sampling and 

E-10' 
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A P I  PUBL*4525 90 0732290 0098633 7 W 

Water qualíty samples are taken to establish the water qmiíty at each sampling poínt ml to 
obtain bacteriological information as part of a bi0~1edi8tlon pmgmm. Special cm must be 
taken to ensure that the m p l e  taken from a well is  r e p m t a i t v e  of the water at that )ocetion 
and that the sample fs not altered or mtmimted ôy the smpllng snd handl tng procerfure. The 
pmedures for obtaining and handling water quality samples differ depending on the tVpe of 
mlysis required. Standard water quality analysas for volatile organic annpounds ( VE 1 are 
EPA Analytical Methods 60 1 ,602, amd 624. The M analysis for mi-volatíle orgenícs 
is EPA Analytical Method 625. Bacterml 'wrslyses for 8 bioremediation prigran can be obtained 
by siandard plating, membrane plating, asid fermentation inoculum. 

ßef erences 

Driscoll, Fletcher O., Ph.D., 1986, "Groumhvater and Wells", Second Edition, Johnson Division, 
St. Paul , Ninnesota. 

Smlf, Marion R., HcNabb, James F., Dunlap, William J., &by, Roger L. , Fryberger,John, 
198 1 , " Manu81 Of &ound-water Sampling Procedures", Robert S. Kerr E m f l o r m t 8 l  , 

Research Laboratory, U.S. Enviornmental Protection Agency, Ada, Oklahoma 

U.S. EPA, 1977, " Procedures Mwiual for Ground Water Monitoring at Solid Waste Disposal 
Facilities", SW-611, US. EPA, Cincinnati, ûhio. 

ocedure - Genea 

Water mples should not be taken from the stagnsnt water In  the weil. 

* Water mples should be taken in  duplicate. 

* Remove 5 volumes of water in the well prior to sampling. The water may be removed by 
hil ing, submersible pump, or pwpe system. Wells with a slow recwery period stiould 
be bailed dry and then sampled within 24 houn. 

* üsemly Teflon, stainless steel, or glass bailers ta obtain the semple. Use Teflon, arty, for 
sampling water mtaining chlorinated ampoun& and also for bactet.iologlcai ssmples, 
PVC tmflers m be used for one-tíme sampling for other than EPA 624 analysts. using 
8 bailer for a one-time synplíng reducec the possíbílity for cioss- awrtbmlnation. 

* When ssmpline, wold stirríng up any Mments  in  the well. 
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* All sampling equlpment must be cleaned following the appropriate procedure to wold cposs 
contaminatfon from site to site and sample to cempie. The sampling equipment strwtd be 
cléaned before each well sampling, between each m p l t n g ,  and at the end of each sampllng 
round 

* Monitoring wells should be gauged prior to safnpllng. 

* If possible, the monitoring wells should be sampled skirting with the cleanest well and ending 
with the most mtamfnated well. 

* Wells containing free-phase antsmímts should not be campleb, 

* Whenftllingout thechsinofcustdyfm: 
a) enter the m p i e s  In the order in whích they wereoollected 
b) make a note 8s to the cleaning fluid used to clam the sampling equipment 
e) attempt to identify which samples are the most contaminated 
d) complete all other requested infomiation . 

* lhe laboratory sample Identlfícetion label should be filled out wíth a waterproof p n  @XI 
firmly afixed to each sample container. Typicaiiy, identificaton laùels require that the 
following information be suppliad: 

e) job name 
b) job number 
cl sampler's me 
d) &te 
f) sample identification ( ex: MW- 1 1 
g) date sampled ( time is m e t i m e s  requested, too ) 
h) analysis requested 

* Acldlfimtm is requlred for camples thst will  by mlyzed by the EPA 624 method. ( se 
Acidification Pnicebum in this sectim) 

Acidification is rmmended for EPA methal 60 1 and 602 samples to presérve them and 
increase ttteir blding life. ( see Acidification Procédure in îhissectlon) 

* Fíeld blanks W i d  be taken 8s part of each sampllng nwnd A field blank cotEsIsts of e 
sample of distilled Wer which twS been c o l W  by putting the dístllled Water into 8 
campling bailer after the bsfler has been cleened following the procedure us86 to elm 
that bailer during the smpling round The field blank is stored with the samples. It ís 
not miyací unless reque;tsd ôy the Project fim. . 

E-12 
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Sample mt'6cy rn be dverseîy affected by the entrainment of sediment in wells 
whichbenot beenproperlydeveloped. Cwitamimtsadheringtottiesedimentsm 
be releásed when samples are acidifled for precervation, 

Chemical chaqp  take piax because the sempie was oxidizd during m p l i n g  It is 
crltíwl to avoid oxidation of samples when sampling for YOC. 

All semples should be pcpgertv and presewed 

All mples should be aneiyzd quickly; amngments should be made with the testing 
laboratory to Insure prompt mlysis. 

Bailer strings should be replaced freqmtly to avoid amtaminstion from 8 biler 
strfng which has absorbed wntmination. A 9006 practice wwld be b replaœ the 
strings of òoth the ev82~8tion and sampling bailers at the start of each sampling 
round Caution: some baller strings 8re trgated with a fungicide which may be 
detected in priority pollutant mlysis. 

E-13 
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- section No. L I 
.- 

I * -timPr- 

- 8t the Start Of each Ssmpling round, the mMnt of E i d  reqUird b kW@ 8 Semphg 
conbiner of water to be sampled to a pH of less than 2 shooid be determfneú 

- after removing 5 well volurnes from the first well to be sampled, put 5- í O drops of 
SOW Ha into a 40 ml cample ví8l ( larger mpllng mtainers will wired more 
acid) and fi11 the vial with water from the well; determine the pH of the water In the 
vfal with the pH paper; if the pH fs too high, repeat the procedure using 15-20 drops 
of acid in the vial; repeet until the pH of the water In the sample vlal is a pH of less 
thSn 2on the pH paper; notetfiemount of acldrequîred to lower the pH of the volume 
of watet in the sampling vial 

I 
t 

- discard the practice ácidífied sample 

- once the mount of acid r w i r e d  to reach a pH of (2 is known, the acid m be 
routinely added to each sample amtalm directly; the water to be analyzed is added to 
vial or amtainet containing the appropriate amount of acid 

- note that the amount of acid required is site specific and should be noted on the Chain 
of Custw form 

E-14 
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- 
ater Quat 1 tv Saml lr\9 

- equipment 
a) bailer or other means to remove 5 well voiumes 
b) semptingbailer 
c) poiyethylene Wirt bottle of SOX hydrochloric ( HCt ) acid 
d) n á r ~ ~ ~ m p H p a p e r (  1.0-2.5pHránge) 
e) paper toweis 
f )  waterpmfpen 
g) laboratory sample identíficatiwi labels 
h) coolerwithice 
I) chain of custodt, forms 
J) sample cont8im ( usu8lly 40 ml giasc vials with teflon faced septums 
k) siconox solution aWor methanol 

m 1 safety equipment 
n) disalved oxygen meter ( sometimes used in limited b i o m  projeds in 

1) distilled W8tW 

conjunctíon with bacterioiogioal testing) 

all sampling equipment w i l l  be cleaned by washing thorm~@iy wíth a i m  salution 
or methanol and rinsed with distilled water; this procedure should be repeated three 
times 

amfully remove five bai lerfuils of water fm the well using the sample bailer 
before retaining the sample from the fifth baller; this thmughly rims the sample 

reduce cross contaminaticm 
hikt with the WûtW t0 be Sampled helping to insUr8 8 l%preSenbtfVe SWlpk 6nd 

thoroughly rim the sempie mtainers with the water to be sampled 

i f  the m p l e s  are to be acídffíed, add acid to the sample containers (€PA method 624 
requiìes acidfficatlcm) 

flll two s a m p l e m t a i m  wíth the contents of the sampling bailer 

BE CAREFUL not to touch the r im al the sample mtaiwr or the sample mtainér tog 
with your f i n p o r  with the b a l k  

Dû WT pour the mpk from Ihe m p l e  tmfler wer the betier W; do n0t.sllow the 
arti to touch the camfile container 

avoid aeration of the sample during t m f e r  of the water from the baller to the sample 
E- 15 
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abiner in order to reduce the ~ l b i l l t y  of oxidation of the sample; gently and 
carefully pour the sample into the sample container tn a 

- the sample should mtain no air; flll the sample mrtnlny to the top sa that a 
meniscus Is formed; walt for any bubbles to rlse to the surfas; cawfully and qu)ckly 
slip the mp of the sampling mtainer onto the mtainer and tlghten secureìy 

stre#n 

- invert the mple mû tap it gently agatnst the tieat of your hand; laok for any air 
bubbles; if the m p l e  mtm ait bubbles, discard the sample and rSpeat the 
mpl ing process wfth new sampling Cwlfdim 

- obtain 8 duplicate sample fm the me well following the me p&re 

- affix the laboratory sample idantlfioation labels 

- pltce samples in cooler with ice 

- mpìete the chain of custody form 

- the pnrcedure for sampllng for EPA 625 1s the me 8s for EPA 60 1 ,602, anci 624 

- It  is extremely important to limit the possibility of amtamînatlon of samples 
wllected for micrebioiogtoal analysis 

E-16 
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potential sources o1 contaminaton are: 
a) bacteria ooloniting the well casing 
b) sampling equipment 
c) ait 
d) min 
e) dust 
f )  skin 

regotar and complete well development along wlth periodic treatment ofthe well wlth 
non-poliutfng chemfcat disinfectants such ás hydroeen peroxide can stgnificantty 
rceduce contaminatíon due to bacteria colonizing th8 well casing 

utilizing dedicated mplirrg equipment Is also 8n effective method of Wing the 
possibility of crUss-mtmínatfm 

r#) more than 24 hours prior to sampling, purge wells to mm standing Wer in the 
wells; samples should be collected only after the well has been pumped or bailed 
sufficiently to insure that the sample represents the groundwater surce 

ín sftuations where It is necessary to obtain samples representative of them 
of cantamirrstion, the well should be pumped at 8 specified rate to achieve 
characteristic drawáwn; the data defining pumping rates snd drawdown 
chsracteristics should be rearrded end kept for esch well 

when it is not raquired to obtain sempies representative of the zone of 
contamination, 5 well volumes of wster should be removed from the well of the 
well shwld be pur@ until the water temperature and conductivíty stsbillze 

if surfaz samples we to be taken fm the well casing, visual ínspectím of the 
water surface sí?wld be performed and floating debris should be removed prior to 
=wJl ing  

the volume of the sample should be sufficient to carry out all required tests 
a) 40 mi for stmdml plating 
b) 1 O0 ml for rnembræae plating 
c) '1 000 ml for fermentation tno~uium 

follow the pnicedures outlined under the Gwiersl heeding to clean sampling equipment 

wold mlìecting sedinht, whsnsver passlbb 

keep the sampling container close0 untli It is time for I t  to be fllied 

E-17 
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BE CAREFUL not to tauct~ the rim or neck of the semple container with your fingers or 
with the baller 

protect the oep f m  mt8mlnation 

swirl the m p l e  container with wrist action to expel some water wer the rim oí the 
mpiemtainer thus fìushing8waymtminsntion b e f o r e t h s m p l e m b i n e r  ts 
f%S88led 

leave ampie aír space ( approximstely 3 an 1 to facilitste mfxfng by snaking pre- 
garstorytoexamfmtan 

obtain a duplicate sampie from the sune well following the same procedure 

8fffX the 18bOrOtOf'y m p k  fdentffhtion 18belS 

complete the Cain of Custobr, form and attach it  to the samples 

imrnediateîy refrigerate the samples or place samples on Ice; stwage of samples 
should be ás close to 4 degres œnitgrsde ás possible 

keep samples eBy! 

coordinate with the testing labwatory 

samples W ~ l d  be delivered to the testing lsboratory within WL. 
the typeb) of bacterla présent are metabolicalîy active and in or& to get 8 @ 
representation of the cronditions at the time of sampling rapid m p l e  assay b 
essential 

8 f b  Sampling, obt8h d f S O l v e d w  &iftg frOm 811 WIlSSamp¡ed 
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EXCERPTS FROM GTEL QA/QC PLAN 

The f o l l o w i n g  s e c t i o n  i n c l u d e s  e x c e r p t s  from t h e  Groundwater 
Technology- Environmental Laboratory Q u a l i t y  Assurance/Quality 
Control Plan.  A complete vers ion  of t h i s  document is a v a i l a b l e  
upon request ,  but is to  voluminous to be included i n  its entirety 
h e r e .  C e r t a i n  r e l e v e n t  e x c e r p t s  have been i n c l u d e d  i n  t h i s  
appendix. 

E-19 
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A P I  PUBL*4525  90 m 0732290 0098620 B = 

'A Environmental dhhion of orounchmtr f u J n o & ~ ~ ,  W. Laboratoriem 
Noraiorst Rosion 4 ME# Street Greenme, NH 03048 - (603l878-2500 NE Area (eo01 423-6153 bi NH (e00) 922.3422 

GT ENVIROIHENTAL LABORATORIES 

NORTHEAST REGION 

QA/QC PLAN 

Second R e v i s i o n  
O c t o b e r  3 9 8 7  

É-20 
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Section No: 5 
Revision No: 2 

Date : 10/23/87 
Page: 1 of 33 

5.0 QUALITY ASSURANCE OBJECTIVES FOR MEASURElENT DATA IN TERMS 

5 . 1  

OF PRECISION, ACCURACY, COMPLETENESS, REPRESENTATIVENESS, 

AND COMîARABILITY. 

GROUNDWATER TECHNOLOGY ENVIRONXENTAL LABORATORY 

1. Groundwater Technology Evironmental Laboratory (GTEL) 
quality assurance objectives f o r  precision, accuracy, complete- 

ness, representativeness, and comparability are as follows: 

'A. Precision: The laboratory objective for precieion is to 

equal or exceed the precision demonstrated for these 

analytical methods on similar samples and to exceed preci- 

sion data for these analyses published by the U.S. EPA. See 

Table 5.1. Precision is documented on the basis of repli- 

cate analyses. 

B. Accuracy: The laboratory objective for accuracy is 

to equal or exceed the accuracy demonstrated for these 

analytical methods on similar samples and to exceed recovery 
\ 

data published by the U.S. E A .  See Table 5 , l .  Accuracy is 

documented on the basis of recovery of spiked reference 

materials introduced into the analytical system. 

C. Completeness: The completeness objective of an analysis 

is to'provide sufficient information to allow the data user 

to assess the quality of the results. The overall project 

E-21 
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Section No: 5 
Revision No: 2 

Date: 10/23/87 
Page: 2 of 33 

completeness objective is documented by t he  ratio of the 

,number of acceptable data points compared to the total 

nmber of measurements attemgted. 

data. 
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gable 5 . 1  summarizes t he  precis ion,  accuracy, and complete- 

ness objec t ives  f o r  t h e  measurement parameters typically measured 

by GTEL. The values  l i s t e d  in Table 5 . 1  are based on D A  

requirements published in t h e  Federal  Register (Octdber 26, 

1984), The EPA. requirements i n  the  Contract Laboratory Program, 

or if avai lab le  s ta t i s t ica l  l i m i t s  f o r  GTEL performance (when an 

improvement over t h e  EPA criteria).  

The GTEL q u a l i t y  cont ro l  program c o n s i s t s  of appropriately 

placed blanks, dupl ica tes ,  spikes ,  and QC check samples according 

t o  t h e  method cr i ter ia  (refer t o  Sect ion il). 
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7.1 SAMPLE IDENTIFICATION 

Each separate sample w i l l  be i d e n t i f i e d  using the sample 

label shown i n  Figure 6.1. The sampler w i l l  complete all informa- 

t i o n ,  using a black waterproof pen, as  follows: 

A. The Sample I D  Number will be the  number assigned t o  the 
p a r t i c u l a r  sampling s t a t i o n  

E. The j o b  number w i l l  be the  number assigned t o  t h e  
par t icular  fac i l i ty .  

C. The A A a l Y S i S  Required w i l l  be indicated f o r  each sample 
us ing  e i the r  EPA 601, EPA 602, or EPA 624. 

D. Date 
using t h e  format HM-DD-YY. 

Taken , w i l l  be the  date t h e  sample was col lected,  

Example : 08-15-86 

E. Time will be the  t i m e  the  sample was col lec ted ,  
m i l i t a r y  time. 

using 

Example : 1430 

F. The sampler's name w i l l  be pr in ted  in the  "Sampled BY" 
sec t ion .  

This 

the sample. 

sample l a b e l  contains  the  au thora t ive  information f o r  

Incons is tenc ies  with o ther  documents w i l l  be sett led 

i n  favor of the  v i a l  label unless otherwise corrected i n  u r i t i n g  

from t h e  client. 

E- 24 
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7.2 CUIN OF CUSTODY 
Some c l i e n t  samples analyzed by GTEL are of an evidentiary 

nature. The possession of samples must be traceable from t h e  

time samples are co l l ec t ed  in t he  f i e l d  u n t i l  t he  ana lys i s  is 

completed and t h e  data are entered as evidence. The tracing o f  

t h e  samples is accomplished by "chain-of-custody" procedures as 

follows : 

A .  A chain-of-custody record (F igure  7.2)  w i l l  be 

completed f o r  each set  of samples. The sampler w i l l  s ign 

the  first "Relinquished By" line a t  the bottom of t h e  chain 

of custody record, and w i l l  i n d i c a t e  the  date  and time 

t h e  custody t r a n s f e r .  Samples w i l l  no t  leave custody of 

f i e l d  inves t iga to r  u n t i i  relinquished t o  another party. 

of 

t h e  

Custody is defined as: 

1. In  t h e  a c t u a l  physical possession of f i e l d  
personnel. 

2. . In t h e  f i e l d  personnel's view after being in 
physical possession. 

3. In  a locked area after being in physical 
possession. 

4. In a designated, locked s torage  area. 

E-25 
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Transfer of samples to the analyzing laboratory 

of a common carrier will be documented on the COC by use 

form. 
Upon arrival at the laboratory, the sample 

custodian at the lab is responsible for maintaining posses- 

sion of the chain-of-custody samples and for maintaining a l l  
records documenting that possessioa. Upon receipt of 

samples, the sample custodian signs the shipping report 

accompanying each sample and records the date and time. A 

COPY of this record becomes part of the report file. The 

custodian signs the COC "Received By" laboratory space. The 
samples are then secured under lock and key in refrigerated 

storage. 

After each extraction or analysis of a sample fraction, 

the custody record (Figure 7.3) is signed by the analpst 

indicating the date and time of completion, which samples 

were used, and to which location they were returned. The 

latter goes in the "Reason" section. 

E-27 
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)'By signing t h e  custody record,. the  ind iv idua l  affirms t h a t  

he was completely responsible f o r  t h e  sample f r a c t i o n  during 

t h e  per iod of time it was not in the  secure s torage .  

7.3 Sample t r ack ing  and management 

-GTEL maintains sample information records in a LIMS (Labora- 

The sample tory  Information Management System) computer system. 

receipt and data entry a c t i v i t y  (called "login") is reflected i n  

a ¿a i ly  report, Figure 7.3, which is immediately entered i n t o  t h e  

master logbook. Th i s  chronological f i l e  contains a l l  samples. 

Daily each laboratory manager ge ts  a r epor t  o f  pert inent  

analyses not  yet completed inc luding  the  da i ly  update from the 

login a c t i v i t y .  The tracking continues u n t i l  t h e  LIMS registers 

the  completion of report  and invoice mailing. 

E-29 
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D a i l y  sample entry logbook.  
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8.1 LABORATORY MEASUREMENTS 

Groundwater Technology Environmental Laboratory w i l l  analyze 

water and s o i l  samples f o r  semi-volatile and volat i le  organics by 

gas chromatography and by gas chromatography/mass spectrometry. 

. .  

The cal ibrat ion frequency required by these methods is dependent 

on the  outcome of d a i l y  Calibration checks made wi th  QC stan- 

dards. Reference materials are a minimum of 97% puri ty  from 

Supelco Inc., (Supelco Park, 3e l le fonte ,  PA 168231, or  Chem 

Service Inc.  Spiked reference samples (spiked i n t o  reagent water) 

are introduced i n t o  t h e  ana ly t i ca l  system t o  determine recovery 

and t o  fu r the r  v a l i d a t e  ca l ibra t ions  a t  a frequency dependent on 

t h e  matrix spike performance. 

Metals w i l l  be analyzed by atomic absorption and inductively 

coupled plasma spectrophotometry. The c a l i b r a t i o n  f requency 

required by these methods is daily with f r e sh ly  made ac id i f ied  

aqueous standards. The standards are d i lu t ions  o f  stock 1000 ppm 

standards commercially avai lable .  

Petroleum hydrocarbons are analyzed by i n f r a r e d  spectro- 

metry. The c a l i b r a t i o n  frequency is d a i l y  wi th  f resh ly  made 

standards i n  f r ton .  

E-31 
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11.0 INTERNAL QUALITY CONTROL CHECKS 

The i n t e r n a l  q u a l i t y  c o n t r o l  checks.to be rou t ine ly -  imple- 

mented by GTEL inc lude  t h e  following: 

A )  . Replicates - A minimum of 10% of all samples w i l l  be 

d u p l i c a t s d  i n  t h e  lab in t h e  form of a s p i k e d  sample 

d u p l i c a t e .  Dup l i ca t e  da t a  w i l l  be used t o  determine 

afialytiizal p r t c i s i o n .  The E A  Contrac t  Lab Program 

cri teria under which t h e  GTEL GC;MS lab o p e r a t e s  

s g r c i f i e z  a mirAnum of 5% d u p l i c a t a s .  

- .  
S J  SsLXes - Spiked särnglss w i l l  5s prepared i n  the lab and 

adAl of 

ali sampiss and at hast one spiked sample per óampie 

tit. EPA Method 634 and EIA Contrac t  Lab frogram 

c r i t s r i a  a n d i r  whicn t& ÛTL GC,’YS lab upsrates spscffY 

a izinimunì of 5% s p i k e E .  S o i l  samples w i l l  be s p i k e d ’ a t  

a minimum rate of One spiksd samplz per sample s e t .  

.-i 9 be anslyzed rt i tn  the samples a t  a r a t s  of 10% 

C) E l m h  - Blanks w i l l  be analyzed a t  a minimum of one 
. .- 

S Z l t . .  

n 
Y )  Qüûlity C s f i t r G l  Stûndards - Qtis i i ty  c o n t r o l  standards 

a .  ~rsctsb~z tû the  t1.3. EFA or  pmsrr i t sd  from conccn- 

trstes prssarri? s e p a r a t e l y  from concen t r a t ion  s t anda rde  

a L 

be incla&d at a i--* sie &pendent on sample matrix 
z:3d lsb performance. The miniaun is on2 QC stsniiard 
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per day t o  validate the calibration. EPA traceable 

standards w i l l  be run a t  l eas t  quarterly. 

E)  Quality Control Charts - Quality control charts for 

precision anc accuracy with s t a t i s t i c a l l y  developed 

control limits w i l l  be prepared by GTEL and be updated 

for approximately every 20 data points.  
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