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APPENDIX A 

Ground Water Extraction System 

This appendix contains a discussion and computations for 
conceptual design of a system for extraction of contaminated 
ground water from the overburden and weathered bedrock. 



Appendix A 

Ground Water Extraction System Considerations 

The purpose of this appendix is to present the basis for selection of a design flow for evaluation 
of remedial alternatives in the Feasibility Study. 

The description of the ground water regime at the Tibbetts Road Site is based on a systematic 
review and analysis of existing data. It is recognized that certain additional data will be neces
sary — primarily to provide a proper basis for remedial design. However, the following de
scription is based on a practical working knowledge of the origin, occurrence and movement of 
ground water at and adjacent to the Site. 

The process of designing an extraction and recharge system for treatment of the Site's contami
nated ground water necessitates an estimate of how the ground water regime operates under nat
ural conditions. Such an estimate depends on certain assumptions and the employment of aver
ages that are less than precise figures. However, given the historic wide variation in rainfall/ 
precipitation variance from average conditions, variability of an estimate of a conceptual regime 
is just as likely to be the result of natural causes as from any imprecision of the figures used in 
development of the estimate. 

Basic Factors Influencing the Ground Water Regime 

The Site and the adjacent area is not a part of a defined drainage basin as it is elevated from the 
surrounding area. Consequently, ground water movement is radially away from the Site and is 
entirely dependent upon the direct, site-specific, infiltration of rainfall/precipitation for replenish
ment. Ground water level and movement varies with the seasons. During the growing season, 
ground water replenishment is reduced as the bulk of the rainfall is taken up by the growing 
trees and other plants. Ground water movement from the site is complex as it occurs in poorly 
connected or separate systems in both the unconsolidated overburden material and in the underly
ing bedrock. 

Climate 

The climate of the Harrington area was discussed with Anthony Federer of the University of 
New Hampshire (Durham) (Telecom. Oct. 1991). In this area the growing season is just short 
of 5 months-starting about the first or second week of May and extending to about the end of 
September. Water levels have been measured periodically at the Site during these months (see 
Table A-l). Also, the continuous water level record maintained at the Site showed a relatively 
uniform high level during the winter months through early May; then dropping during the sum
mer and starting to rise in October-November. 
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Studies of evapotranspiration conducted by the University of New Hampshire show variation be
tween different forest covers and soils. The following general values were considered appropri
ate for analysis of Site conditions as they are similar to those currently present at the Site: 

Well 
No. 

37D 
52S 
57S 
70S 
71S 
72S 
74S 
77S 
75R 
2R 
35R 
59R 
61R 
67R 
69R 
76R 

evapotranspiration would most likely fall between 500 mm/year (19.7-in) for fully 
deciduous forest cover and 650 mm/year (25.6) for fully conifer forest cover (a 
composite value of 550 mm or 21.65-in is used in later calculations). 

with such cover, winter rains not lost to overland flow would infiltrate the ground (with 
minimal evapotranspiration loss because the forest is mostly deciduous) as it is not 
expected that the frost layer is fully continuous. 

TABLE A-l 

Available Data - Water Level Measurements 
from top of Well Casing - Various Dates 

Change Change Change 
from from from 
10/90 to 5/91 to 5/91 to Intake 

10/8/90 
(feet) 

5/6/91 
(feet} 

6/5/91 
{feet} 

7/5/91 
(feeO 

5/91 
(feert 

6/91 
(feet) 

7/91 
(feert 

depth 
(feeO 

11.7 4.4 7.8 10.7 +7.3 -3.4 -6.3 15.4-25.4 
11.9 — 7.8 10.7 — — — 6.5-11.5 
11.2 3.2 — 9.6 +8.0 — 

-6.4 9.0-19.0 

— — 6.9 10.2 — — — 8.0-13.0 

— — 8.3 11.1 — — — 12.0-17.0 

— — 6.7 9.9 — — — 7.5-12.5 

— 3.5 6.6 9.3 — -3.1 -5.8 13.0-18.0 

— 3.7 6.6 9.2 — -2.9 -5.5 10.0-15.0 

— — 7.4 10.2 — — — 21.0-26.0 
29.6 15.2 — 27.2 + 14.4 — -12.0 7-350 
10.2 3.9 6.6 9.6 +6.3 -2.7 -5.7 29.0-82 
20.6 14.7 20.8 +5.9 -6.1 59.0-203.5 — — 
28.5 15.8 26.9 + 12.7 -11.1 70.0-203.5 — — 
20.3 13.2 — 19.5 +7.1 — -6.3 80.0-163.8 
15.1 8.3 11.2 14.4 +6.8 -2.9 -6.1 37.0-57.0 

— 4.8 — 15.9 — — -11.1 38.0-252.0 

Note: The ground surface is normally 2.2 to 2.5 ft. below the top of the well casing. 
Source: RI Section 3.0 
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the evapotranspiration during the 5 growing months would comprise about 80 percent 
of the total annual amount. 

A rainfall/precipitation record is maintained by the University (7 miles southeasterly of the Site). 
The basic data from this record show the following: 

Average Low Year High Year Avg. Low Month High Month 
Precipitation Annual 1985 1983 Month June/July November 

Record Years (Inches) (Inches) (Inches) (Inches) (Inches) (Inches) 

1980-1990  29.98 56.14 

1951-1980 43.2   3.60 3.00 4.70 

The above figures indicate that rainfall/precipitation is highly variable annually as well as 
monthly. 

Origin of Ground Water and Infiltration 

Ground water levels depicted in the RI show that these levels, like the topography, are mounded 
at and in the immediate vicinity of the Site. The origin of the ground water is from the direct 
infiltration of the rainfall/precipitation that falls on the area. Of the total amount of such 
precipitation, previously quoted as an average annual amount of 43.2-in/year, only a portion 
becomes ground water. Approximately 80 percent of the anticipated annual evapotranspiration 
is expected to occur during the 5 months of the growing season. The amount of rainfall/ 
precipitation that is added to the ground water during the different seasons is based on figures 
previously presented for the various Site conditions that influence and control the ground water 
regime. The movement of ground water into and out of the unconsolidated overburden at and 
adjacent to the Site is as estimated in the following calculations. 

Ground Water Loss from Unconsolidated Overburden - 5 Summer Months 

Average rainfall 5 summer months = 5 mo. X 3.6-in/month = 18.00-in 

Evapotranspiration 5 summer months = 80% of 21.65 in ave./yr = 17.32-in 

Infiltration to ground water (no surface run off in the growing season) = 0.68-in 

-	 Ground water level gain 10/90 to 5/91 = 7.3 ft for 37D should also be representative 
of the ground water volume drained during the prior or following growing season. This 
drainage (specific yield) only amounts to 10 percent,* or less, of the volume of soil and 
water in the interval of level change. 
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Specific Yield 
10% 9% 

-	 Volume to be drained at 10% = 0.73 ft. & at 9% = 0.657 ft. or: 8.76-in 7.88-in 
-	 Added volume from infiltration (per above) for the five summer 

months = 0.68-in 0.68-in 

Total 5 mo. ground water loss from overburden = 9.44-in 8.56-in 
and: per month 1.89-in 1.71-in 

' Silty sand would have a porosity of 35 to 40 percent but only 10 percent, or less, would 
drain in 150 days with the rest retained as soil moisture according to Johnson, A.J.; 1967, 
Compilation of Specific Yield - Geological Water Supply Paper 1662-D, U.S.G.S. 

Drainage Hydraulic Gradient from Well Pairs 

Ground Ground 
Water Water 
Elev. Elev. 

10/8/90 6/5/91 
ffeefl (feet) 

52S 315.9 320.0 
69 R 311.8 315.7 

diff. 4.1 4.3 (hydraulic gradient) 

While the above only represents one well pair, and soils characteristics vary as do soil depths 
to rock, the difference in the hydraulic gradient between one season and another is small. As 
a result, the overburden drainage rate for summer conditions is also applied to winter conditions. 

Review of Winter Drainage and Water Level Recovery 

Specific Yield 

10% 2% 
-	 Rainfall/Precipitation: 7 mo. x 3.6-in/mo. = 25.20-in 25.20-in 

Less Evapotranspiration (20% if 21.65-in) 4.33-in 4.33-in 
Remainder 20.87-in 20.87-in 

Less overburden drainage (same as summer monthly X 7 mo.) 
1.89-in/mo & 1.71-in/mo. X 7 mo. = 13.23-in 11.97-in 

Available for Water Level Recovery 7.64-in 8.90-in 

Translated	 to Water Level Rise 76.4-in or 98.89-in or 
(-5- by 10 & 9% respectively) 6.4-ft 8.2-ft 
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From the foregoing it appears reasonable to adopt a figure of 1.8 - in./mo. ±5% average 
monthly overburden ground water loss (drainage) from the area of interest. This loss results in 
approximately a 7.3 ft. loss in the elevation of the ground water when vegetative growth absorbs 
nearly all of the precipitation and a corresponding rise when precipitation exceeds the ability of 
the ground water regime to move the amount of infiltration out of the area during the remainder 
of the year. 

An area of 222,000 sq. ft." (5.1 acres) is contemplated as a potential capture (extraction) area 
for remediation. As noted above the amount of ground water added to such an area would be 
seasonally variable; however, the drainage from it, under natural conditions, is expected to be 
relatively uniform. The average drainage rate, under natural conditions, is estimated to be 
5.77 gpm. The computation for this estimate is as follows: 222,000 sq/ft. (1.8-in/12) 7.48 
£31/^/43,200 min/mo. = 5.77 gpm. 

Soils/Overburden 

Soils to a depth of about 3.5 ft. are described in the 1973 U.S. Department of Agriculture publi
cation, Soil Survey of Stafford County, New Hampshire. This description indicates that the first 
20 inches of surface material consists of a fine sandy loam and that a poorly permeable grayish-
brown sandy loam pan layer may be present at a depth of 22 to 41 inches. The current and 
prior studies of the Site have employed different methods in an attempt to establish values of the 
soil hydraulic conductivity at and adjacent to the Site. The summary by EPA/ERB, (1986) states 
that an estimated value for horizontal permeability in the upper till is 16. lgpd/ft2. More recent 
testing indicates that the upper till over the central and eastern portion of the site (wells 70S, 
71S, 72S and 73S) is more likely to be an order of magnitude less than the ^.lgpd/ft2 figure. 
While the results show a wide range of values, it would be expected that the soil horizontal 
hydraulic conductivity would, in general, correspond to the following: 

Depth Site Tibbetts Rd. 80ft. off-Site 
Interval Generally Side (westerly) (easterly) 
(feet) (gpd/ft2) (gpd/ft2) (gpd/ft2) 

7 -12 ± 1.5 — ± 15 

12-16 ± 0.5 5 to 15 

16-20 > 0.5 ±2.5 ±1 

The above leaves in question the low value of 0.09 gpd/ft2 for a 8 to 13 ft depth (well 70S in 
the easterly comer of the Site) and the 27.7 gpd/ft2 value for a 5 to 7 ft. depth at well 62S 
(80 ft. off-Site-northwesterly). Also, all of the above figures, with the exception of the one for 

The area from Tibbetts Road easterly through to the well 35R location. 
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62S are the results of in situ testing of installed monitoring wells. The results from such tests 
are a measure of horizontal permeability/hydraulic conductivity (see RI Section 3.0). 

An examination of the drop in ground water levels (2.9 ft.) in wells 37D and 52S from 6/5/91 
to 7/5/91, as reported in Table A-l, presents an opportunity to estimate the vertical permeability 
of the Site's soils. During this period it is anticipated that all rainfall is utilized by the vegeta
tive cover in the form of evapotranspiration. Also, it is anticipated that the vegetative cover will 
have no extractive effect on the ground water at levels from 6 to 8 feet below the surface. The 
2.9 ft. drop translates to a vertical gravity drainage of 0.29 ft. of water over 30 days (specific 
capacity of 10% assumed - see note under Origin of Ground water) or a vertical hydraulic con
ductivity of 0.075 gpd/ft2. This figure is approximately an order of magnitude less than figures 
quoted for horizontal hydraulic conductivity of the lower till (quoted at 0.7gpd/ft2 in EPA/ERB, 
1986). An order of magnitude difference, or more, is commonly encountered and must be con
sidered as being reasonable. 

Bedrock Ground Water 

The ground water in the bedrock must be accepted as existing in at least two systems. An exam
ination of Table A-l shows wells 2R, 61R and 76R with approximately a 5 ft greater seasonal 
difference in elevation than other rock wells. An examination of the concentrations of total vol
atile organic contaminants in the bedrock (Table A-20 of the RI) shows that only at wells 69R 
and 75R do analytical results exceed 1,000 parts per billion (ppb). Both of the wells are com
pleted in the highly fractured/weathered portion of the bedrock. No pumping tests were con
ducted at either of those wells. However, a pumping test was conducted at well 35R (R4) which 
is 90 ft. northeasterly of well 69R. Figures D5, D6 and Table D3 from EPA/ERB, 1986 are 
reproduced and included for ease of reference. A review of Figure D5, a semi-log plot of draw-
down during the test indicates no boundary conditions were present. However, the test only ex
tended for a 60 minute period and the presence of boundary conditions would be expected to 
be manifested only in an extended pumping period. The recovery plot, D6, indicates an aquifer 
of limited extent with no recharge with pumping lowering the static water level; if not perma
nently, at least for an extended time. This condition is reflected by the plot showing a residual 
drawdown of 1.5 ft. at the point where the t/t1 ratio is 1. 

Seasonal ground water levels in those two wells were: 

5/6/91 7/5/91 Seasonal 
Elev. Elev. Difference 
ffeeO (feet) ffeefl 

WeU35R 317.4 311.7 5.7 

Well69R 318.6 312.5 6.1 

Elev. difference 1.2 ft. 0.8 ft. 
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For well 75R only the 7/5/91 elevation of 319.1 ft. was recorded. This elevation is anticipated 
to be generally representative of the highest elevation of the ground water mound in the highly 
fractured/weathered bedrock in the growing season. During the winter season the elevation is 
estimated to be about 6 to 7 feet higher and closely approximate a level of the ground water in 
the adjacent overburden soil. 

Seasonal elevation changes of the ground water which occur in both the overburden and bedrock 
indicate that the source of bedrock recharge is the overburden; however, the difference in eleva
tion is an indication of the low vertical permeability of the overburden and a slow rate of re
charge. The pumping test results for 35R, which are indicative of no recharge and limited ex
tent, also pose problems for any proposed pumping scheme for remediating contamination in the 
highly fractured/weathered bedrock. 

Summary 

An area of 5.1 acres (600 ft. x 370 ft.) (222,000 sq. ft.) (generally encompassing the area of 
exceedance of MCLs) was adopted for consideration of institution of a remedial action scheme. 
Computations based on seasonal changes of ground water levels indicate that the vertical and 
horizontal outflow from the Site's topographic high amounts to about 1.8-in. of water per month 
or a total of 5.77 gpm over 5.1 acres. 

A remedial action that utilized a technique to spread extracted and treated water over the Site 
could not be operated efficiently in the winter and would not prevent continued potential migra
tion of contaminants from the Site. The bedrock aquifer exists as separate systems with the most 
plausible remedial action being to extract and treat from the contaminated upper highly fractured/ 
weathered bedrock and discharge treated water to the lower (deeper) less contaminated bedrock 
aquifer. 

A single pumping test of a well in the upper bedrock aquifer indicates that the aquifer is of lim
ited extent and probably could not sustain pumping even at a 5 gpm rate from a single well. 
The overall bedrock system is complex and resists truly definitive estimates of extraction rates 
that would be appropriate for long term operation of a remedial system. With the small flow 
rates involved it is probably not important to establish an operational extraction rate. As a part 
of a predesign activity 5 or 6 weathered bedrock wells in the well 75R/69R area should be 
properly spaced and tested. It is expected that 3 or 4 new wells would be utilized as low rate 
extraction wells and the others, together with existing wells, utilized for monitoring purposes. 

As a part of the remediation the installation of collection trenches to intercept outflow of the area 
from horizontal overburden flow is proposed. The variability of soil permeability makes an esti
mation of the volume so intercepted uncertain other than to express that it would be a minimal 
amount and unlikely to regularly exceed 1 gpm. 

Tentative locations for the wells and trenches for a remedial action extraction system are as 
shown on the attached Figure A-l. The design extraction rate selected for use in the analysis 
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of alternatives is 5 gpm. This may also be represented as a range of 3 to 10 gpm and must be 
refined later based on further work in the weathered bedrock. The northern extraction trench 
may be reduced in size or eliminated, depending on the effectiveness of the weathered bedrock 
wells. 
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Extraction
 
Trenches
 

S c a l e

M o n i t o r i n g W e l l w i t h 
M C L E x c e e d a n c e 
P r o p o s e d W e a t h e r e d
M o n i t o r i n g / E x t r a c t i o n

 1 : 1 ,440 
100 

 B e d r o c k 
W e l l 

100 2 0 0 f t e l 

F i g u r  e A - 1 
C O N C E P T U A L E X T R A C T I O  N 

S Y S T E  M P L A N 

T 1 B B E T T S R O A D , B A R R I N G T O N , N H 

Source base map: Eastern Topographies, Jun« 19, 1990 
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TABLE 03 
ROCK WELL R4 

TWE-DRAHDOHN/RECOYERY DATA 

DRAWDOWN DATA RECOVERY DATA 

t (min) s (ft) t (m1n) t1 (mln) t/t' s1 ( f t ) 

62 1 62.0 23.00 
2 6.60 64 3 21.3 20.11 
5 8.70 66 5 13.2 19.02 
7 9.20 75 14 5.4 15.01 

12 11.80 84 23 3.7 12.08 
17 15.10 94 33 2.9 10.08 
27 18.80 102 41 2.5 9.08 
37 21.40 117 56 2.1 7.11 
47 23.11 135 74 1.8 6.09 
60 26.04 170 109 1.6 5.25 

207 146 1.4 4.02 



APPENDIX B 

Shallow Aquifer
 
Flushing Calculations
 

(This appendix presents calculations that show the 
estimated time in years required for natural flushing 
of TCE in the shallow aquifer to a concentration 
equal to the MCL. A comparison of actual vs. 
calculated flushing rates for Benzene and TCE is 
also shown.) 



The following tables summarize the parameters used and the results obtained from a flushing 
model used to determine the cleanup times to reduce the contaminant concentrations in the 
overburden and weathered bedrock aquifers to below the maximum contaminant level (MCL) 
for trichlorethylene (TCE) and benzene. Cleanup times were calculated for three areas within 
the overburden corresponding to the two proposed trench areas (Areas B and C) and the central 
portion of the site (Area A), and the area of weathered bedrock. 

Input Parameters 

Porosity, n 

Soil Density, y (kg/1)
 

Fractional Organic Carbon, f^
 

Saturated Thickness of Aquifer (ft)
 

Area of Contamination (ft2)
 

Plume Volume (ft3)
 

Pumping Rates:
 
Natural Infiltration (gpm) 
Trenches/Wells (gpm) 

Initial TCE Concentration (ppb) 

Initial Benzene Concentration (ppb) 

TCE and Benzene MCL/Cleanup 
Goal (ppb) 

A 

0.15 

2.0 

0.13% 

15 

32,000 

480,000 

0.46* 
0.8** 

7800 

590 

5 

Overburden Areas
 

B
 

0.15 

2.0 

0.13% 

15 

32,000 

480,000 

0.46* 
0.8** 

300 

1100 

5 

C 

0.15
 

2.0
 

0.13%
 

15
 

82,000
 

1,230,000
 

1.1*
 
2.0**
 

53
 

140
 

5
 

Weathered 
Bedrock 
Area 

0.1
 

2.2
 

0.10%
 

35
 

75,000
 

2,625,000
 

1.9t 
4.0tt 

650 

4000 

CLEANUP TIMES IN YEARS REQUIRED TO MEET MCLS
 

Overburden Areas Weathered 
Bedrock 

A B C Area 

TCE: 
Natural Attenuation * 41.1 22.8 14.7 30.2 
Pumping 23.6 13.1 8.1 14.4 

Benzene: 
Natural Attenuation * 16.0 18.3 12.2 24.2 
Pumping 9.2 10.5 6.7 11.5 

Due to 12" infiltration contacting contaminated zones. * 
Due to 21" infiltration, which may include need for limited (summer) recharge. 

t
** 

Due to 21" infiltration. 
tt Average operation may be less. 

771004-7c 060192 

5 



F i g u r e B - 1 
P R E C I P I T A T I O N , I N F I L T R A T I O N A R E A S I N 

O V E R B U R D E N F O R F L U S H I N G C A L C U L A T I O N S 

T I B B E T T S R O A D , B A R R I N G T O N , N H 
Sca le 1 : 1,440 too 100 200 fee t 

S o u r c e base map: E a s t e r n T o p o g r a p h i e s , June 19, 1990 
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COM Federal Programs Corp. Rough Groundwater Flushing Report
 
for TRICHLOROETHENE
 

PARAMETERS USED
 

Porosity: 0.15
 
Density: 2.00 kilograms per liter
 
Plume volume: 480000 cubic feet
 
Pump rate: 0.46 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1300%
 

Contaminant: TRICHLOROETHENE
 
Koc (Organic carbon partition coefficient): 126 liters per kg
 
Kd (Distribution coefficient): 0.1638 liters per kg
 
Maximum Contamination Level: 5.0 micrograms per liter-

Initial concentration in gw: 7800.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograras.
 

Flush # 0.00 Mass = 22279.92 Cone = 7800.00 
Flush # 1. 00 Mass = 14479.92 Cone = 5069.29 
Flush # 2. 00 Mass = 9410.63 Cone = 3294.58 
Flush # 3. 00 Mass = 6116.05 Cone = 2141.18 
Flush # 4. 00 Mass = 3974.88 Cone = 1391.57 
Flush # 5. 00 Mass = 2583.31 Cone = 904.39 
Flush # 6. 00 Mass = 1678.92 Cone = 587.77 
Flush # 7. 00 Mass = 1091.14 Cone = 382.00 
Flush # 8.00 Mass = 709.14 Cone = 248.26 
Flush # 9.00 Mass = 460.88 Cone = 161.35 
Flush # 10.00 Mass = 299.53 Cone = 104.86 
Flush # 11.00 Mass = 194.67 Cone = 68.15 
Flush # 12.00 Mass  126.52 Cone = 44.29 
Flush # 13.00 Mass = 82.22 Cone = 28.79 
Flush # 14.00 Mass = 53.44 Cone = 18.71 
Flush # 15.00 Mass = 34.73 Cone = 12.16 
Flush # 16.00 Mass = 22.57 Cone = 7.90 
Flush # 17.00 Mass = 14.67 Cone = 5.14 
Flush # 18.00 Mass = 9.53 Cone = 3.34 

Number of flush volumes required: 18.00
 
Final concentration in groundwater: 3.34 micrograms per liter
 
Time to cleanup: 41.08 years
 



COM Federal Programs Corp. Rough Groundwater Flushing Report
 
for TRICHLOROETHENE
 

PARAMETERS USED
 

Porosity: 0.15
 
Density: 2.00 kilograms per liter
 
Plume volume: 480000 cubic feet
 
Pump rate: 0.80 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1300%
 

Contaminant: TRICHLOROETHENE
 
Koc (Organic carbon partition coefficient): 126 liters per kg
 
Kd (Distribution coefficient): 0.1638 liters per kg
 
Maximum Contamination Level: 5.0 micro-grams per liter-

Initial concentration in gw: 7800.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograms.
 

Flush # 0.00 Mass = 22279.92 Cone = 7800.00 
Flush # 00 1. Mass = 14479.92 Cone = 5069.29 
Flush # 
Flush # 

00 2, 
3.00 

Mass = 
Mass = 

9410.63 
6116.05 

Cone = 
Cone = 

3294.58 
2141.18 

Flush # 4. ,00 Mass = 3974.88 Cone = 1391.57 
Flush # 
Flush # 

5, 
6. 
,00 
,00 

Mass = 
Mass = 

2583.31 
1678.92 

Cone = 
Cone = 

904.39 
587.77 

Flush # 7. ,00 Mass = 1091.14 Cone = 382.00 
Flush # 8.00 Mass = 709.14 Cone = 248.26 
Flush # 9.00 Mass = 460.88 Cone = 161.35 
Flush # 10.00 Mass = 299.53 Cone = 104.86 
Flush # 11.00 Mass = 194.67 Cone = 68.15 
Flush # 12.00 Mass = 126.52 Cone = 44.29 
Flush # 13.00 Mass = 82.22 Cone = 28.79 
Flush # 14.00 Mass = 53.44 Cone = 18.71 
Flush # 15.00 Mass = 34.73 Cone = 12.16 
Flush # 16.00 Mass = 22.57 Cone = 7.90 
Flush # 17.00 Mass = 14.67 Cone = 5.14 
Flush # 18.00 Mass = 9.53 Cone = 3.34 

Number of flush volumes required: 18.00
 
Final concentration in groundwater: 3.34 micrograms per liter
 
Time to cleanup: 23.62 years
 



CDM Federal Programs Corp. Rough Groundwater Flushing Report
 
for BENZENE
 

PARAMETERS USED
 

Porosity: 0.15
 
Density: 2.00 kilograms per liter
 
Plume volume: 480000 cubic feet
 
Pump rate: 0.46 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1300%
 

Contaminant: BENZENE
 
Koc (Organic carbon partition coefficient): 64 liters per kg
 
Kd (Distribution coefficient): 0.0832 liters per kg
 
Maximum Contamination Level: 5 micrograms per liter
 
Initial concentration in gw: 590.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograms.
 

Flush # 0.00 Mass = 1146.33 Cone = 590.00
 
Flush # 1.00 Mass = 556.33 Cone = 286.34
 
Flush # 2.00 Mass = 270.00 Cone = 138.96
 
Flush # 3.00 Mass = 131.03 Cone = 67.44
 
Flush # 4.00 Mass = 63.59 Cone = 32.73
 
Flush # 5.00 Mass = 30.86 Cone = 15.88
 
Flush # 6.00 Mass = 14.98 Cone = 7.71
 
Flush # 7.00 Mass = 7.27 Cone = 3.74
 

Number of flush volumes required: 7.00
 
Final concentration in groundwater: 3.74 micrograms per liter
 
Time to cleanup: 15.97 years
 



CDM Federal Programs Corp. Rough Groundwater Flushing Report
 
for BENZENE
 

PARAMETERS USED
 

Porosity: 0.15
 
Density: 2.00 kilograms per liter
 
Plume volume: 480000 cubic feet
 
Pump rate: 0.80 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1300%
 

Contaminant: BENZENE
 
Koc (Organic carbon partition coefficient): 64 liters per kg
 
Kd (Distribution coefficient): 0.0832 liters per kg
 
Maximum Contamination Level: 5 micrograms per liter
 
Initial concentration in gw: 590.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograms.
 

Flush # 0.00 Mass = 1146.33 Cone = 590.00
 
Flush # 1.00 Mass = 556.33 Cone = 286.34
 
Flush # 2.00 Mass = 270.00 Cone = 138.96
 
Flush # 3.00 Mass = 131.03 Cone = 67.44
 
Flush # 4.00 Mass = 63.59 Cone = 32.73
 
Flush # 5.00 Mass = 30.86 Cone = 15.88
 
Flush # 6.00 Mass = 14.98 Cone = 7.71
 
Flush # 7.00 Mass = 7.27 Cone = 3.74
 

Number of flush volumes required: 7.00
 
Final concentration in groundwater: 3.74 micrograms per liter
 
Time to cleanup: 9.19 years
 



COM Federal Programs Corp. Rough Groundwater Flushing Report
 
for TRICHLOROETHENE
 

PARAMETERS USED
 

Porosity: 0.15
 
Density: 2.00 kilograms per liter
 
Plume volume: 480000 cubic feet
 
Pump rate: 0.46 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1300%
 

Contaminant: TRICHLOROETHENE
 
Koc (Organic carbon partition coefficient): 126 liters per kg
 
Kd (Distribution coefficient): 0.1638 liters per kg
 
Maximum Contamination Level: 5.0 micrograms per liter
 
Initial concentration in gw: 300.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograms.
 

Flush # 0.00 Mass = 856.92 Cone = 300.00
 
Flush # 1.00 Mass = 556.92 Cone = 194.97
 
Flush # 2.00 Mass = 361.95 Cone = 126.71
 
Flush # 3.00 Mass = 235.23 Cone = 82.35
 
Flush # 4.00 Mass = 152.88 Cone = 53.52
 
Flush # 5.00 Mass = 99.36 Cone - 34.78
 
Flush # 6.00 Mass = 64.57 Cone = 22.61
 
Flush # 7.00 Mass = 41.97 Cone = 14.69
 
Flush # 8.00 Mass = 27.27 Cone = 9.55
 
Flush # 9.00 Mass = 17.73 Cone = 6.21
 
Flush # 10.00 Mass = 11.52 Cone = 4.03
 

Number of flush volumes required: 10.00
 
Final concentration in groundwater: 4.03 micrograms per liter
 
Time to cleanup: 22.82 years
 



CDM Federal Programs Corp. Rough Groundwater Flushing Report
 
for TRICHLOROETHENE
 

PARAMETERS USED
 

Porosity: 0.15
 
Density: 2.00 kilograms per liter
 
Plume volume: 480000 cubic feet
 
Pump rate: 0.80 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1300%
 

Contaminant: TRICHLOROETHENE
 
Koc (Organic carbon partition coefficient): 126 liters per kg
 
Kd (Distribution coefficient): 0.1638 liters per kg
 
Maximum Contamination Level: 5.0 micrograms per liter
 
Initial concentration in gw: 300.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograms.
 

Flush # 0.00 Mass = 856.92 Cone = 300.00
 
Flush # 1.00 Mass = 556.92 Cone = 194.97
 
Flush # 2.00 Mass = 361.95 Cone = 126.71
 
Flush # 3.00 Mass = 235.23 Cone = 82.35
 
Flush # 4.00 Mass = 152.88 Cone = 53.52
 
Flush # 5.00 Mass = 99.36 Cone = 34.78
 
Flush # 6.00 Mass = 64.57 Cone = 22.61
 
Flush # 7.00 Mass = 41.97 Cone = 14.69
 
Flush # 8.00 Mass = 27.27 Cone = 9.55
 
Flush # 9.00 Mass = 17.73 Cone = 6.21
 
Flush # 10.00 Mass = 11.52 Cone = 4.03
 

Number of flush volumes required: 10.00
 
Final concentration in groundwater: 4.03 micrograms per liter
 
Time to cleanup: 13.12 years
 



COM Federal Programs Corp. Rough Groundwater Flushing Report
 
for BENZENE
 

PARAMETERS USED
 

Porosity: 0.15
 
Density: 2.00 kilograms per liter
 
Plume volume: 480000 cubic feet
 
Pump rate: 0.46 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1300%
 

Contaminant: BENZENE
 
Koc (Organic carbon partition coefficient): 64 liters per kg
 
Kd (Distribution coefficient): 0.0832 liters per kg
 
Maximum Contamination Level: 5 micrograms per liter
 
Initial concentration in gw: 1100.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograms.
 

Flush # 0.00 Mass = 2137.23 Cone = 1100.00
 
Flush # 1.00 Mass = 1037.23 Cone = 533.85
 
Flush # 2.00 Mass = 503.38 Cone = 259.08
 
Flush # 3.00 Mass = 244.30 Cone = 125.74
 
Flush # 4.00 Mass = 118.56 Cone = 61.02
 
Flush # 5.00 Mass = 57.54 Cone = 29.61
 
Flush # 6.00 Mass = 27.92 Cone = 14.37
 
Flush # 7.00 Mass = 13.55 Cone = 6.98
 
Flush # 8.00 Mass = 6.58 Cone = 3.39
 

Number of flush volumes required: 8.00
 
Final concentration in groundwater: 3.39 micrograms per liter
 
Time to cleanup: 18.26 years
 



CDM Federal Programs Corp. Rough Groundwater Flushing Report
 
for BENZENE
 

PARAMETERS USED
 

Porosity: 0.15
 
Density: 2.00 kilograms per liter
 
Plume volume: 480000 cubic feet
 
Pump rate: 0.80 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1300%
 

Contaminant: BENZENE
 
Koc (Organic carbon partition coefficient): 64 liters per kg
 
Kd (Distribution coefficient): 0.0832 liters per kg
 
Maximum Contamination Level: 5 micrograms per liter
 
Initial concentration in gw: 1100.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograms.
 

Flush # 0.00 Mass 2137.23 Cone 1100.00 
Flush # 1, 00 Mass 1037.23 Cone 533.85 
Flush # 2. 00 Mass 503.38 Cone 259.08 
Flush # 3. 00 Mass 244.30 Cone 125.74 
Flush # 4. 00 Mass 118.56 Cone 61.02 
Flush # 5. 00 Mass 57.54 Cone 29.61 
Flush # 6. 00 Mass 27.92 Cone 14.37 
Flush # 7. 00 Mass 13.55 Cone 6.98 
Flush # 8.00 Mass 6.58 Cone 3.39 

Number of flush volumes required: 8.00
 
Final concentration in groundwater: 3.39 micrograms per liter
 
Time to cleanup: 10.50 years
 



COM Federal Programs Corp. Rough Groundwater Flushing Report
 
for TRICHLOROETHENE
 

PARAMETERS USED
 

Porosity: 0.15
 
Density: 2.00 kilograms per liter
 
Plume volume: 1230000 cubic feet
 
Pump rate: 1.10 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1300%
 

Contaminant: TRICHLOROETHENE
 
Koc (Organic carbon partition coefficient): 126 liters per kg
 
Kd (Distribution coefficient): 0.1638 liters per kg
 
Maximum Contamination Level: 5.0 micrograms per liter
 
Initial concentration in gw: 53.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograms.
 

Flush # 0.00 Mass = 151.39 Cone = 53.00
 
Flush # 1.00 Mass = 98.39 Cone = 34.45
 
Flush # 2.00 Mass = 63.94 Cone = 22.39
 
Flush # 3.00 Mass = 41.56 Cone = 14.55
 
Flush # 4.00 Mass = 27.01 Cone = 9.46
 
Flush # 5.00 Mass = 17.55 Cone = 6.15
 
Flush # 6.00 Mass = 11.41 Cone = 3.99
 

Number of flush volumes required: 6.00
 
Final concentration in groundwater: 3.99 micrograms per liter
 
Time to cleanup: 14.67 years
 



COM Federal Programs Corp. Rough Groundwater Flushing Report
 
for TRICHLOROETHENE
 

PARAMETERS USED
 

Porosity: 0.15
 
Density: 2.00 kilograms per liter
 
Plume volume: 1230000 cubic feet
 
Pump rate: 2.00 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1300%
 

Contaminant: TRICHLOROETHENE
 
Koc (Organic carbon partition coefficient): 126 liters per kg
 
Kd (Distribution coefficient): 0.1638 liters per kg
 
Maximum Contamination Level: 5.0 micrograms per liter
 
Initial concentration in gw: 53.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograms.
 

Flush # 0.00 Mass = 151.39 Cone = 53.00
 
Flush # 1.00 Mass = 98.39 Cone = 34.45
 
Flush # 2.00 Mass = 63.94 Cone = 22.39
 
Flush # 3.00 Mass = 41.56 Cone = 14.55
 
Flush # 4.00 Mass = 27.01 Cone = 9.46
 
Flush # 5.00 Mass = 17.55 Cone = 6.15
 
Flush # 6.00 Mass = 11.41 Cone = 3.99
 

Number of flush volumes required: 6.00
 
Final concentration in groundwater: 3.99 micrograms per liter
 
Time to cleanup: 8.07 years
 



CDM Federal Programs Corp. Rough Groundwater Flushing Report
 
for BENZENE
 

PARAMETERS USED
 

Porosity: 0.15
 
Density: 2.00 kilograms per liter
 
Plume volume: 1230000 cubic feet
 
Pump rate: 1.10 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1300%
 

Contaminant: BENZENE
 
Koc (Organic carbon partition coefficient): 64 liters per kg
 
Kd (Distribution coefficient): 0.0832 liters per kg
 
Maximum Contamination Level: 5 micrograms per liter
 
Initial concentration in gw: 140.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograms.
 

Flush # 0.00 Mass = 272.01 Cone = 140.00
 
Flush # 1.00 Mass = 132.01 Cone = 67.94
 
Flush # 2.00 Mass = 64.07 Cone = 32.97
 
Flush # 3.00 Mass = 31.09 Cone = 16.00
 
Flush # 4.00 Mass = 15.09 Cone = 7.77
 
Flush # 5.00 Mass = 7.32 Cone = 3.77
 

Number of flush volumes required: 5.00
 
Final concentration in groundwater: 3.77 micrograms per liter
 
Time to cleanup: 12.23 years
 



COM Federal Programs Corp. Rough Groundwater Flushing Report
 
for BENZENE
 

PARAMETERS USED
 

Porosity: 0.15
 
Density: 2.00 kilograms per liter
 
Plume volume: 1230000 cubic feet
 
Pump rate: 2.00 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1300%
 

Contaminant: BENZENE
 
Koc (Organic carbon partition coefficient): 64 liters per kg
 
Kd (Distribution coefficient): 0.0832 liters per kg
 
Maximum Contamination Level: 5 micrograms per liter
 
Initial concentration in gw: 140.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograms.
 

Flush # 0.00 Mass = 272.01 Cone = 140.00
 
Flush # 1.00 Mass = 132.01 Cone = 67.94
 
Flush # 2.00 Mass = 64.07 Cone = 32.97
 
Flush # 3.00 Mass = 31.09 Cone = 16.00
 
Flush # 4.00 Mass = 15.09 Cone = 7.77
 
Flush # 5.00 Mass - 7.32 Cone = 3.77
 

Number of flush volumes required: 5.00
 
Final concentration in groundwater: 3.77 micrograms per liter
 
Time to cleanup: 6.72 years
 



COM Federal Programs Corp. Rough Groundwater Flushing Report
 
for TRICHLOROETHENE
 

PARAMETERS USED
 

Porosity: 0.10
 
Density: 2.20 kilograms per liter
 
Plume volume: 2625000 cubic feet
 
Pump rate: 1.90 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1000%
 

Contaminant: TRICHLOROETHENE
 
Koc (Organic carbon partition coefficient): 126 liters per kg
 
Kd (Distribution coefficient): 0.1260 liters per kg
 
Maximum Contamination Level: 5.0 micrograms per liter
 
Initial concentration in gw: 650.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograms.
 

Flush # 0.00 Mass = 2271.62 Cone = 650.00
 
Flush # 1.00 Mass = 1621.62 Cone = 464.01
 
Flush # 2.00 Mass = 1157.61 Cone = 331.24
 
Flush # 3.00 Mass = 826.37 Cone = 236.46
 
Flush # 4.00 Mass = 589.91 Cone = 168.80
 
Flush # 5.00 Mass = 421.12 Cone = 120.50
 
Flush # 6.00 Mass = 300.62 Cone = 86.02
 
Flush # 7.00 Mass = 214.60 Cone = 61.41
 
Flush # 8.00 Mass = 153.19 Cone = 43.83
 
Flush # 9.00 Mass = 109.36 Cone = 31.29
 
Flush # 10.00 Mass = 78.07 Cone = 22.34
 
Flush # 11.00 Mass = 55.73 Cone = 15.95
 
Flush # 12.00 Mass = 39.78 Cone = 11.38
 
Flush # 13.00 Mass = 28.40 Cone = 8.13
 
Flush # 14.00 Mass = 20.27 Cone = 5.80
 
Flush # 15.00 Mass = 14.47 Cone = 4.14
 

Number of flush volumes required: 15.00
 
Final concentration in groundwater: 4.14 micrograms per liter
 
Time to cleanup: 30.21 years
 



COM Federal Programs Corp. Rough Groundwater Flushing Report
 
for TRICHLOROETHENE
 

PARAMETERS USED
 

Porosity: 0.10
 
Density: 2.20 kilograms per liter
 
Plume volume: 2625000 cubic feet
 
Pump rate: 4.00 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1000%
 

Contaminant: TRICHLOROETHENE
 
Koc (Organic carbon partition coefficient): 126 liters per kg
 
Kd (Distribution coefficient): 0.1260 liters per kg
 
Maximum Contamination Level: 5.0 micrograms per liter
 
Initial concentration in gw: 650.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograms.
 

Flush # 0.00 Mass = 2271.62 Cone = 650.00
 
Flush # 1.00 Mass «* 1621.62 Cone = 464.01
 
Flush # 2.00 Mass = 1157.61 Cone = 331.24
 
Flush # 3.00 Mass = 826.37 Cone = 236.46
 
Flush # 4.00 Mass = 589.91 Cone = 168.80
 
Flush # 5.00 Mass = 421.12 Cone = 120.50
 
Flush # 6.00 Mass = 300.62 Cone = 86.02
 
Flush # 7.00 Mass = 214.60 Cone = 61.41
 
Flush # 8.00 Mass = 153.19 Cone = 43.83
 
Flush # 9.00 Mass = 109.36 Cone = 31.29
 
Flush # 10.00 Mass = 78.07 Cone = 22.34
 
Flush # 11.00 Mass = 55.73 Cone = 15.95
 
Flush # 12.00 Mass = 39.78 Cone = 11.38
 
Flush # 13.00 Mass = 28.40 Cone = 8.13
 
Flush # 14.00 Mass = 20.27 Cone = 5.80
 
Flush # 15.00 Mass = 14.47 Cone = 4.14
 

Number of flush volumes required: 15.00
 
Final concentration in groundwater: 4.14 micrograms per liter
 
Time to cleanup: 14.35 years
 



COM Federal Programs Corp. Rough Groundwater Flushing Report
 
for BENZENE
 

PARAMETERS USED
 

Porosity: 0.10
 
Density: 2.20 kilograms per liter
 
Plume volume: 2625000 cubic feet
 
Pump rate: 1.90 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1000%
 

Contaminant: BENZENE
 
Koc (Organic carbon partition coefficient): 64 liters per kg
 
Kd (Distribution coefficient): 0.0640 liters per kg
 
Maximum Contamination Level: 5 micrograms per liter
 
Initial concentration in gw: 4000.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograms.
 

Flush # 0.00 Mass 9068.80 Cone 4000.00 
Flush # 1.00 Mass 5068.80 Cone 2235.71 
Flush # 2.00 Mass 2833.09 Cone 1249.60 
Flush # 3.00 Mass 1583.49 Cone 698.43 
Flush # 4.00 Mass 885.06 Cone 390.37 
Flush # 5.00 Mass 494.68 Cone 218.19 
Flush # 6.00 Mass 276.49 Cone 121.95 
Flush # 7.00 Mass 154.54 Cone 68.16 
Flush # 8.00 Mass 86.38 Cone 38.10 
Flush # 9.00 Mass 48.28 Cone 21.29 
Flush # 10.00 Mass 26.98 Cone 11.90 
Flush # 11.00 Mass 15.08 Cone 6.65 
Flush # 12.00 Mass 8.43 Cone 3.72 

Number of flush volumes required: 12.00
 
Final concentration in groundwater: 3.72 micrograms per liter
 
Time to cleanup: 24.17 years
 



COM Federal Programs Corp. Rough Groundwater Flushing Report
 
for BENZENE
 

PARAMETERS USED
 

Porosity: 0.10
 
Density: 2.20 kilograms per liter
 
Plume volume: 2625000 cubic feet
 
Pump rate: 4.00 gallons per minute
 
100.00% of contaminated liquid replaced each iteration
 
Foe (percent organic carbon in soil): 0.1000%
 

Contaminant: BENZENE
 
Koc (Organic carbon partition coefficient): 64 liters per kg
 
Kd (Distribution coefficient): 0.0640 liters per kg
 
Maximum Contamination Level: 5 micrograms per liter
 
Initial concentration in gw: 4000.0 micrograms per liter
 

'Mass' refers to total mass of contaminant in a volume containing one
 
liter of groundwater. 'Cone' is mass in 1 liter of gw. Both are
 
given in micrograms.
 

Flush # 0.00 Mass 9068.80 Cone 4000.00 
Flush # 1.00 Mass 5068.80 Cone 2235.71 
Flush # 2.00 Mass 2833.09 Cone 1249.60 
Flush # 3.00 Mass 1583.49 Cone 698.43 
Flush f 4.00 Mass 885.06 Cone 390.37 
Flush f 5.00 Mass 494.68 Cone 218.19 
Flush # 6.00 Mass 276.49 Cone 121.95 
Flush f 7.00 Mass 154.54 Cone 68.16 
Flush f 8.00 Mass 86.38 Cone 38.10 
Flush # 9.00 Mass 48.28 Cone 21.29 
Flush f 10.00 Mass 26.98 Cone 11.90 
Flush # 11.00 Mass 15.08 Cone 6.65 
Flush # 12.00 Mass 8.43 Cone 3.72 

Number of flush volumes required: 12.00
 
Final concentration in groundwater: 3.72 micrograms per liter
 
Time to cleanup: 11.48 years
 



The following tables summarize the parameters used and the results obtained from a flushing 
model used to determine the cleanup times to reduce the arsenic concentration in the overburden 
and aquifer to below the maximum contaminant level (MCL). Cleanup times were calculated 
for three areas within the overburden corresponding to the two proposed trench areas (Areas B 
and C) and the central portion of the site (Area A). 

Input Parameters Overburden Areas 

A B C 

Porosity, n 0.15 0.15 0.15 

Saturated Thickness of Aquifer, h (ft) 15 15 15 

Area of Contamination, A (ft2) 32,000 32,000 82,000 

Volume of Contaminated Water, Vw 0.54 0.54 1.38 
[million gallons (MG)] 

Retardation Factor, R 2 2 2 

Flow Rates, Q (MG/yr.): 
Natural Infiltration * 0.24 0.24 0.61 
Ground Water Extraction ** 0.42 0.42 1.1 

Initial Arsenic Concentration, C0 (ppb) 97 150 185 

Arsenic MCL/Cleanup Goal, C(t) (ppb) 50 50 50 

CLEANUP TIMES IN YEARS REQUIRED TO MEET ARSENIC MCL 

Overburden Areas 

A B C 

Natural Attenuation * 3.0 4.9 5.9 
Ground Water Extraction** 1.7 2.8 3.3 

* Due to 12" infiltration contacting contaminated zones.
 
** Due to 21" infiltration, which may include need for limited (summer) recharge.
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7.2 ARSENIC (At) 

7.2.1 Occurrence and UMS 

In iti naturai state, arsenic is usually associated with sulfide ores Over lOu zunerals 
• nd ores contain arsenic. The principal •nemo-bearing minerals include: 
anenopyrite FeAaS), mccolue iNiAsSi. cobaltue iCoAsSl, tennamiU (Cu :Aj4S,j), 
enargue (CuiAsS,;, and native arsenic (5). The principal anenic compounds produced 
are arsenic inoxide iAa3Oji and anenic metal, from which otner compound* are 
made. About 70% of all anenic u»ed n in peaticides. pnncipaily the following: 

• Monosodiuro methaneancnalt (MSMAi — HAj03CH,Na 

• Ditoaium methanearsenate (DSMA) — Na,AsO,CH» 
• Arsenic acid — H3AtO, 

• Diraeihylaninic acid tcacodylic acid) — (CHj^AaO^H 

Other uees 01 anenic and anenic compound! are in wood preservatives, glui manu
facture, alloys. electronics, catalysts, feed additives, and veunoar>' chanucaj '231. 

There are many anenic forms of environmental significance, including anemom 
acids (HjAiO,, H2AsO;, HAsO'/i, arsenic acids H,Ai04. HjAaO;. HAsO^). 
arsenitea, arsenates. methylarsenic acid (H2AsO]CH]>. dimethylarimic acid 
"CHaijAsO^Hi. anine iAsH]i, dimethylaraine (HAsiCHj)j) and trimcthylanine 
1 AsiCHjfj). These forms illustrate the vanoua oxidation staua that anenic commonly 
•ihibita I -III. 0. Ill, Vt and the resulting complexity of iu chemiitry in the 
environment 

7.2.2 SpMlation Reacttona In Water 

AnenicWt chemistry resembles that of phosphorustV> In aqueous system!. it exhib
its anionic behavior. In aerobic waters, anenic acid predominate! only at extremely 
low pH «2>: within a pH range of 2 to 11. it is replaced by HjAsO; and HAsO;1. 
Arsenious acid appears at low pH and under mildly reduced conditiocj. but is 
replaced by H.-AsOj as the pH increases. Only when the pH exceeds 12 doti HAsOj3 

appear. At low pH in the presence of sulfide, HAsS2 can form; arsict araine 
denvatives and anenic metal can occur under extreme reducing conditions (24|. 
Figure 7.2-1 ihowa the speciation of arsenic under varying pH and redox conditions. 
Figures 7.2-2 and -3 show the composition of arsenic in aerobic and reduced tysiema, 
respectively 

Since it forms anions in solution, anenic does not form complexes with simpie aniona 
like Cl' and SO^, aa do canonic metals Rather, anionic arsenic complexes oehave 
like ligands in water. Arsenic forms bond* with organic sulfur, nitrogen axs carbon. 
Arsenic ( - I I I ' reacts with sulfur and sulfhydryl groups such aa cyatine. organic 
dithiols. proteins and enzymes, but it does not react with amine groups or orgamcs 
with reduced nitrogen constituents. On the other hand, arsenic I + V) reacts with 



Total concanlralion ot soluDW Aa assumed lo De 10"* M 

Soufce: Bi iiu |22| ICoetngru I»H litcfic Po»a/ Huevcn KutuH fttcmua 
pe-nnswi t 

FK5UHE7J-J AfuvHIcaalAaAauaouaSptclMUndwAatoble 
(pt> + pH - II) 

: ft»«af |22| rCooimott 1>M Becnc Power AiiM/cn mature 

FIOURE7.2-t Tha pt̂ Dtaoraiii tor Aiaanfc In Water al2S-C 

reduced nitrogen groups such u amines but not sulfhydryl groups. Carbon forms 
organoaraenicals with both the tnvalent and pentavalenl form* 1231 The compleia
tion of arsenic i +111 and t-V) by dissolved organic mailer in natural tnvironmenu 
pravatiu aorpnon and copracipiUlwn with aolid>pha&« organicti and inorganics; eaacn
tiajly. it incnaad tha inability of ananic ID aquatic lyiums and in tha loil 161. 

7JJ BolubllHy/PraotpHatkm 

Tha behavior of araenic aa a ligand auggtita that the presence of metal cations could 
result in precipitation of araenaus and araenius. Wagemann 1251 studied barium. 
chromium- iron and calcium at typical freshwater concentrations M» possible Factors 
controlling the concentration Itvel of total duuolved arsenic in solution. He postulated 
that at typical freshwater concentrations Ba u the most likely controlling metal. 
Fifun 7.2-1 ihows tha theoretic*! conditions for the precipitation of Bar AsO4)2. Tola! concentration ol IOIUDM As assumed lo oa 10"* M 

fource: Si.i* |22| iCaprntnt IBM CiecncftHMrfleuann AaS and or A*,S, may form in very anoiic environment! where sulfur is present 181. Ofmitvon I
Some authors 15,8,221 suggest that FtAsO, may control As levels at high redoi 

FIGURE 7.3-3 AciMiiaa ol Aa Aqueoua toaclta U«de« neJ 
IP* » pH - 7) 



Eh(votta) 

FIGURE 73-4 Ftotds of Stability for Important Arwnlc Species it 25'C and 
1 Aim in |h« Pr«*enc« of 10 * At Tolal ArMnlc, 10J At ToUl 
Sulfur and 2.2 x 107« Total Barium 

ipe-12 5i and acidic pH -pH<2.3>. PbvAs04i2 and Mn,(AsO, , have also been 
suggested as possible solid* in natural environments Ml, but it nas not been estab
lishea whether the mechanism is precipitation or sorpuon onto solid surfaces. 

The precipitation of arsenic depends largely on redox potential and pH. However, the 
presence of other minerals is also important: co-precipitation of arsenic with iu I fides 
and iron oxides is a significant removal mecnaniam for ajraanic in aqueous lystems, aa 
described below. 

7.2.4 Sorption on Soils and SsrtlnwnU 

Arsenic is strongly sorbed onto soils and sediment*, and sorption ia one of the 
principal means by which arsenic is removed from solution. The process actually 
comprises three mechanisms: (1) specific adsorption onto Ft, and Al hydrous oxides, 
clsys. and carbonates; (21 co-precipitation with Fe oxides; and <3* isomorphic sub
stitution of arsenic with pnosphonu in minerals (24). Co-precipitation with hydrous 
Fc oxides is probably the most common mechanism under moat environmental condi
tions |5|. Ferguson and Givia (5,8) state that co-precipitation with manganese oxides 
can also occur. 

Each of the arsenic species poaaeasea different chemical properties that affect ita 
sorpuon behavior. In anaerobic sediments. Holm tt al. [16.22) reported that arsanata 
is more strongly sorbed than methylarsenic acid. Cacodylic acid idimethylarsmic 
scidi is leaa strongly sorbed than araenate or melhyianenic acid. Wauchope 127) 
found that the same order applied in aerobic aadimenu. 

Ferguson and Anderson [4 i stated that the sorption of anenate on iron and aluminum 
hydroxide followed the Langmuir isotherm, while arsenue waa less strongly sorbed on 
the same materials and seemed to vary linearly with concentration. Iron oxide 
surfaces are positively charged al particular pH conditions, and anenate and arseniU 
rosy be sorbed as negatively charged ions. Gulens, Champ and Jackson 1121 specu
lated that both A e f V i and Asdll) aniona form com pit it i with FdUIi in solution; the 
difference in AsiVi and AsiIID sorption could then be explained by the greater 
solubility of the FeilUi-A*'HI) complex. Whatever the mechanism. Asflll) appears to 
be less strongly sorbed than As(V). 

The factors affecting arsenic sorption on soils and sediments include redox conditions, 
pH. ihe presence of certain competing a mom and complexing ions, salinity, clay 
content, and hydrous oxide content. Sorbed As«V) in sediments may be remobilized if 
conditions become sufficiently reduced for An III) to form. Areanic also appears to be 
more mobile under alkaline conditions The maximum sorption of As<V) on kaoliniu 
and montmorillonite u at pH 5 (9|. The aorpuon of Astlll> increases beyond this pH: at 
pHa . more An 111 MI sorbed than As(V». Gupia and Chen (13) showed that sorption of 

• onto alumina, bauxite and carbon decreases at pH values above 9, while for 
. the decrease occurs when the pH is above 7. Similar pH a*pendencies have 

been shown for sorption on Al and Fe oxides 11,211. 



The rale and extent of arsenic sorpnon onto alumina, bauxite and carbon decrease> 
«ith increased salinity [13]. The presence of other ions also affects arsenic aorption. 
because they compete for sorpnon sues or complex with arsenic. Because of Hi 
iimilanty to arsenaie. phosphate, competes strongly with arsenate on iron oxide>. 
soils and sediments (4,15.16.18) The an ions thai have l i t t le or no effect include 
Cl'and SO;' 117.181. Organic* that complex with arsenic presumably would increase 
arsenic mobility and decrease tu Hrpuon. 

Th« literature providea aorption constants for arsenic either as a particular arsenic 
species or for totai arsenic sorption onto various sorbenta. soils and sediment a. Difter
ent types of urption constants are also reported: sorption capacities at equilibrium. 
Freundlich constants. Lanfmuir consianu. and sorpnon for specific experimental 
conditions. A bnef summary of each kind of con stum as measured for arsenic IB given 
below. Tht ruder i» tncouragtd to refer to the original documents for details on 
tipenmanul conditions, becauat values vary greatly depending on the particular 
conditions of each measurement. 

Fuller 110,11) found the mobility of arsenic in clay soils to be low to moderate but 
much higher for loamy and sandy soils '6-10 cm/dav for loamy sand/ Using leachates 
01" varying concentrations from landfills and soils. Arthur D Little. Inc. [31 measured 
•orptioo capacity by mean* of batch testa, as shown in Table 7.2-1. 

TABLE 12 1 

Sorption Cepectry tor Total Arsewc at Equilibrium for Soils 

Solution Cone, 
at Equilibrium Sorption Capaciry 

MITypa (fiiuial AS/I soil) 

Alluvial malarial < 0.2 4JO 1 1 215 
Residual ml < 0.2 225 1 128.9 
Silly lini land 
wiin Imit clay 04-483 10252 

Gravelly. wvll-oraotd 
ulry sand 14477 1.0-121 

Brown, clavty sand 22-495 10 BO 
Fina sand 10-514 1 1 7.9 

mm: Anrw 0 unto. Inc L3I. 

jtnmic l-uj rt-r 

EUhatib et at. [61 reported values for arsenic > I 1 1 > sorption by vanouit Aoili in West 
Virginia. Freundlich i*mhermi wera uwd to model the wrpcion :br Lily iTme loamy 
siiiceoual, Chavies -coarse loamy mi&edi. and L/pshur 'fine mixea- will. The revufu 
are shown in Table 72-2 

Sorption of araenicVt has been deacribed by the Langmuir iiotnemv For kaotmite 
tad monimonllonite. Am wu reported 191 to be 7.19 and 9.9 iimoi g reapectively, and 
the com»pondm( KL valuei wen 3.54 and 3.57 Hog .U~'i.' For loili, A. (lotah wa> 
reported by Wangan « a;. (261' to vary between 3 31 and 4.47. 

TABLE 722 

Fraundlich Iwtharm Conltann* lor Soma Wan Virginia Soib 

WTW Iriv BM»te hv* U ĥMf ""• 

ItMUM. 
' 

"F 

IOWM: £lhhxib«r«. 16] 

Wauchope and McDowell (281 measured lorption. S <ti.mol.g-. for various arsenic 
speciea onto sediments from five lakes and one creek m the Mississippi River alluvial 
Rood plain. Their results art shown in Table 7.2-3. 

TABLE 7.2 3 

Sorptun (S) ol Arwnic Spsoas Onto Sedinwncs Aftar Two Hours 

CMXH«» 
Hf*0- H«)CH; MA-jKH,!, 

SwoMf Cane. Utfl 0.]) 3*7 0» 1.13 Ott )M 

SorvliOi* ItxnoUtl -003JOW &MO.71 -OOO»«OBT -OOlS-OM -0.01I4.OS1 OOU4.4S 

t; Wauchop* «nd McOo««il ( 

1 Am - L»njmuir wrpnon majumum. jimol j. Ki « Langmuir coaMaat. kif Af1. A^i 
of A»lii whtn mon than out tjrp* of wu. i n prtMnt 

http:4,15.16.18


7A8 Moiniutanutlon 

The biological cycling of arsenic in Ihe environment 19 described in section 2.15. which 
dull with the microbial transfomistion of inorganic polluianti. Melhylanon of 
araenic it important became of the extremely ionic producu that mull. Also, ihis 
proceaa transfers arsenic from sediments back to the water column in aquatic sys
uma. increasing arsenic mobility in the environment. Bioiranirormauon of arienic 
can product highly volatile compounds such as aritne <AsHj). dimethylartioe 
(HAs-ICHjiti and truuthylanine lAnCHjij) 

The proctaan and conditioni involved in arsenic cycling in water were illustrated in 
tection 2.15 (Figure 2.15-31. Thie cycle hai been found to occur in both freshwater and 
saltwater systems (2.5.81. The dominant processes in the arsenic cycle of an environ
mental tyetam ii determined by ihe environmental conditions (aerated or reduced. 
pH. microbial populauoa. etc.i in the lyitem. 

7.24 VotoUlutton 

In extremely anoiic environmenu. anine may be produced. Methylation of araenic 
can alao mult in highly volatile methylated arnne derivatives. Areine ii probably 
rapidly oxidixed uoder aerobic conduioni or in the atmosphere (5,19,20). but 
dimethylanina and ininathylanme may be more pertinent because of their lower 
raiee of oxidation (51. 
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APPENDIX C
 

Cost Information
 

(This appendix contains cost computations and 
backup for the presentation of costs in Section 4) 
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TIBBETTS ROAD SITE
 

SYSTEM REPLACEMENT COST SUMMARY
 

Building $ 70,000 

Package Treatment Plant 100,000 

Sludge Drying Bed 25,000 

Yard Work & Piping 10.000 

Subtotal $205,000 

Engineering, Contingency 
&Administration @ 35% $ 72,000 

Total $277,000 

- Designed for 50 homes 

- Treatment Provided by Two 50 gpm packaged units 

- Use existing finished water storage and pressure system and existing chlorine 
and hydroxide system. 
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TECHNOLOGY SALES ASSOCIATES, Inc. 
1 OH«MlCAj_*«HO' COWT3O-B' auTTCWLV AND BAU. VAuvlB' PBOCHS •OU"«"«MT 

Tm-TOWN PMOFIMIOMAL IUILOIM MANkAN A. BAjm-BTT twiLKiNi amvi IUITI no 
PAUL •. BeiBIBT. J*.. * MJUMVIUJ, MA OB7II 

O. PIMCHMH 
|KI) 4M-«OTO A380OATE3 

PM |SO«I 8M*?S1T MICHAS. J. BWUON 
OAACV A- COUN83I 
flCHAflD F. KRAMER TELEFAX TRANSHITTAL COVER SHEET 

DATE: S/20/72. 

TO: CP/K 

FAX I:
 

QO i •JToO
ATTN:
 

SUBJECT: /
.


PAGES: TO FOLLOW
 

MESSAGE:
 

5-0* '/TJ f̂ ./x̂ 
 
^
 

U.-/T
 

REOARDS,
 

IF ANY OF THE ABOVE PAGES ARE NOT RECEIVED, PLEASE'CALL US AT (508) 895-8070. THANK
 
YOU. x
 

OUR FAX NO. 18: (508) 8flO-7«1T.
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TRI-MITFUTILIZES TRIDENT* TEC 
COST-EFFICIENT WATER TREATMEt 

TRl-MITE" 
IS 

COMPACT 
AND 

COMPLETE 

TR1-MITE" 
PRODUCES 

H/CH
QUAUTY 

POTABLE OR
 
PROCESS 

WATER 

The Tri-Mlte* from CPC Engineering la 
a complete, factory-built waitrtrcui
mcni plant Trt-Mlle. Uie smallest In 
Mlcrofloc Products' Trident* family of 
treatment system*, combines the in
novative fkxxulaUon/clarlficailon
technology of Uic Adsorption Gartner 
with solid-state controls and the pro
ven Mlcrofloc Mixed Media filtration 
process. Tlie result 19 a prepackaged 
plant that can meet both municipal 
and industrial standards for process 
and drinking water at a fraction of io« 
cost and total land area required by 
conventional system*. Available In five 
sizes. one Tri-MiUi unit can process 
flows ranging from 50 gpm to 350 
KPra, 

Benefits of tne patented* Trt-Mlte 
system Include: 

• Superior *aur quality 
• Minimal apace re^ulrcmaits 
• Excellent process reliability 
• Easy, affordable Installation 
• Low maintenance 
•Simple operation 

Unlike many other water ireaunrni 
systems. Tri-Mlte equipment la shipped 
fully assembled for cosier, less costly 
installation. In addition, all but Die two 
largest models arc shipped with the 
Adsorption Clartfler media and Mixed 
Media already In plaoe, further 
speeding installatiua and mJnknblng 
expense. 

Tn-Mlte water syoiems are Ideal for 
small-scale industrial and municipal 
water treatment of surf ace water and 
ground water suppUes. Industrial uses 
include potable and process water pro
duction and reverse ogmoels nrctreair 
ment. Municipal uses Include tteatlng 
drlnldng waier in small communiUe* 
park and rccreatloo arctin and resorts. 

The Trident process uHllied by the • 
Trl-Mlte system can remove turbldlly.
color, iron, manganese, laste and odor. 
The system also removes many Ulnea*

rnur 
tnfentnite tem« 

causing mlcrooreunitHTS, such « Ctar- AOtttl /IMrtt MT "•> 

aiHlamUia and uyptosportatom. Tbe 
combination of the Adsorption 
Clartfler and the Mixed Media filter 
removes virtually all paoiculatc con
taminants and can routinely produce 
finished water wHb uirbkllly of 0.1
0.3 NTU. 
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INOLOGY TO PROVIDE RELIABLE, 
T IN LOW-CAPACITY APPLICATIONS 

Mode! 
TM-30A SOgpu (72.000GPO) 
TM-7SA 75 «pm (108.000 GPD) 
TM-100A l(XJ«)in(! 44.000 GPD» 
TM-175A 175 «pra (252.000 GPD)

330«prol5W.OOOGPD) 
NUB Ti l-Mltc W Jenlwwl for « on«<» l*«siM 
conmmtiM. The Moxia unit»[ a IV»UM twtm 
lURiconiroU. MctwainpunpaidiiirUo«cr«IUi 

Optional Equlpmenk 
• KlltcMo-waHie valve and 
conirols for use after litter 
backwash. 

• Influent static mUer where 
addlUonal mixing u required. 

• AddlUonal chemical feed 
systems tu required. 

• Streaming current monitor
coagulation control. 

CPC En^ineennc Has made spedil 
amm«em«nu for municipalities or 
outer covenunental units that choose 
to make Uw*r Tri-MUe acqulslUou wtttl 
leaso/purchasc financing. A simple.
one-pi«r form la all Uui la required for
a quote, and tfte entire flnanchgpro
cess will usually lake taaUioa a week.

For man information on acqutrhg • 
Trt-Mllc with tease/purchase nnancinft 
which can offer cost and convenience 
advantages over bond Issue* and bark 
loans. caH CPC E^^iMserinfr 

TOM7F* 
MODELS 
AND 
OPTIONS 

CONVENIENT 
FINANCING 

 / r J'
 A \ / A I I A D I C 
 f\V/\ll/\DLL 

nitmni? U!u«rt)U«i **t* JH- uunout or nf • Tn-Mto •« 
J gormpmclnKtr 
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HOW Aftcr chemical dosing, raw water 
i /\-/ v v enters the plant and flowsupward 

TV?/ A/f/TF" inrougn the Adsorption Clarifler. This 
/ rsj-w u i_ innovative solids separation device 

\A/f~\p ISC containsgraoular. buoyant,media that 
V v Wf\fO nap and remove the coagulated par-

Uctes. Contact flccculaUon and 
clarification occur as the coagulated' 
particles move through the media and 
are adsorbed onto the surfaces of the 
media and previously trapped mUds. 
The Adsorption Clartfler provides
stable, nigh-fate pretrcatmcntand
sends well-conditioned waier to the 
Mixed Media filter. Al this stage, up to 
95% of turbidity has already been 
removed. 

The Mixed Media filter polishes the 
flow to create excellent finished water 
quality. The niter uses a careful com
bination of materials to producea 
filter bed lhai hydraullcally grades 

The patented Trl-Mtte water system HOW TR/-M/TP Incorporates a number of element* 
which minimize operation and SIMPLIFIES maintenance requirements. Painted
carbon steel tankage, fully automatic PLANT OPERATION controls and a compact design all 
reduce the amount of time and atten-AND tion required to maintain and operate 
the system. (Stainless steel or MAINTENANCE	 aluminum tankage is also available.) 
In addition, the Trl-Mltc water system 
uses a simplified, cwo-sieo cleaning 
process. The Adsorption Clarifler Is 
cleaned by Infecting diffused air Into 
the bottom of ine clartfler. The air 
reduces the adsorption media's 
buoyancy, causing immediate expan
sion and scouring. Raw water con
tinues to enter the clartfler, and the ac
cumulated solids are flushed to waste. 
The Mixed Media niter la backwashed 
by reversing the flow, in the three 
smallest Trl-MKe models, filter media 
b directly retained by an underdraJa 
screen. 

CALL CPC £NC/N££R/NC FOR 
COMPLETE ANSWERS TO YOUR 
WATER TREATMENT PROBLEMS 
To team more about the TrVMlte or our oilier Microfloc water treatment 
technologies, call (508) 347-7344. We can provide a complete, cost-effective 
approach to your water treatment 

TVUWHM • i W CK 
C 

from coarse to fine In the direction of 
filler flow. Tnls allows true depth 
f Utratlon and Increased solids storage 
at titan niter rates designed to raatcn 
the efficiency of the Adsorption 
Clarifler. The result Is consistent, high-
quality effluent 

Proper coagulation Is also essential for 
good water treatment, yet Its control is 
seldom Included as a process com
ponent, especially In low-capacity 
systems. The Trt-MlteuUIIzea'a solid-
state controller 10 facilitate coagulation 
control The controller continuously 
receives an effluent turbidity signal and 
compares A to Me operator-selected 
effluent setpoint quality. If the actual 
effluent turbidity is above or below 
deadband (the acceptable ranee around 
turbidity seiooinQ. toe controller 
directs an appropriate change In the 
primary coagulant dosage rate. 

The two largest modeta. TM-175A and 
TM-350A, are each equipped witha 
PVC pipe lateral underdralo system 
and media support gravel All Trt-Mtte 
systems include air-enhanced backwash. 
The niter wash cycles are accomplished 
automatically and are coordinated with 
Interlocking controls. The control 
system can also automatically Initiate a 
backwash when the effluent reaches « 
given turbidity level Should the 
backwash fall to lower effluent UirtJd
ty to an acceptable level the control 
system caa shut lie plant down 
automatically and inmate an alarm. 

microfloc
 
— PRODUCTS
 

CK
 

FAX: (KM 947-ttM/tSOW >»I-7O*» 
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TRI-MITT SPECIFICATIONS
 
QENERAl 

Jrider tNa iictlon of the ipeclflcatlona, thi contractor thai fumteh 
•nd Instal a co-noiarelv nregratod. facrery-huilt wator rreeimani plant 
tim er ind tqcai to TR|.lvllTV>«. Modal TM- manufactured by 
CPC Engineering Co/»>r«ton. P 0. 3ox 38. Slurtridpo, MA 01S88, The 
ertjipmtrt lliail ba lu.tabla for indoor inata3aiion and have a neminal 
capacity of gpm. Tha iquipmtm ihal be hydraUica.ly and lleo
incativ [octed pnor ;o irt'pmjnt. 

Th* plant tupplnd tntll b* limpli 10 ootritt ind malntari All major 
plant fu'ictinna ihail n* vitommtri. Tha punt ahull npamt at me 
nomnai rate, [hutting down automancal'y at required to beckweeh the 
tiller and rtiten the Actorptinn ClarilierT* chimbar. The (Xini thai 
iccommodit* the introduction of floc-loimirg chimicall. Coegulint 
and polymer «he» It added 10 the Diluent, 

The treatment plint ahall include chamical traatmtnt. AdtorptiM 
Clarification71' Mi»od Madia nitration, automatic procott velvet end 
coniroil. an lir tcaur binwer ind automatic coagoianon control. 

The aquiomtnt. contrcla, and piping ihell be luttble to icconv 
mootta lutura ecianlan of a tacana unrt ol the eama liie. Unit number 
1 ahar) contan th* blowir, blckwaih pump, progrimmibl* controller, 
coagulant coni/Giler ind affluent turbidimeier which will be common 
to batn unit*, "hete componenti will not have to be tupplieo at part 
ol th* a*cond urut. If on* * iratmled. 

Al equipment wocil od in thit tectkin then Ol provided by on* 
manufacturer to eniur* a properly deiigned lyitim. The manuftc
turer'i txoiripntu rrutt includu at loan 500 million gallant u«' diy of 
initnltd high-rite 'Ihration capacity In operation for at laaet live yaara. 

Tha contractor »ntl pay 'Oyaliy ur Ictnt* >e*l >or u«» of patented 
dm ice* or lyitami ird mill protect ma Owner from patent infringe
ment litigation thereon. 

Suppilere other than the above named compeny wiahing to quote 
on aquiomtnt n thit lecticn tnall make I Jro-likl aubinittal 30 day* 
pno> 10 Did. Thli bid than nciuoa p-oeiu and deiign cipibilltlea at 
evidenced by extended pilot ituciat ol inetillitioni. ind moimonincl 
of a nghly qutll'itd quality control ana it'vica orgn'iieion. Written 
approval ;e ouota mult b* obtained Irem thi tnglnier at laett 15 dave 
pnor to bid oponing end will only ba rtcegnlitd by addendum. 

TREATMENT PflOCEIS 
Chemlcel Treatment. The chemical feed tvitema ehtll induda thiee 

wparite metering pump*, men indopendenuy aa)i»iiWa to '**d 
cn*4ki«m. polymer, and a third cfem cal. Each feeder ihell Include I 
luetion hoie. itreiner, chemicel-reeiatont tank, and iniior. 

Automatic Gnomic*) Control. Control! ihall be provided re automate 
the pnmiiry uuayuaiuun iioaeye. ^iitei eff'uent luibklliy il̂ ei be 
.noniuntd andcompered to an ope'otor-adii.ttaWt letpoim. Coagulant 
dctagc >nali bt )d|u>ted automatically to bring trie alfluiru turbidrly 
to th* ttq»im. The jnrt mill have on aoluttebit dotdbmd to mnvnit 
dciage uverilvut. 3u««8« ediuiinwntt ihail b« propoiuonel lo the 
deviation from the tetgoim. Th* unit will be contained within the main 
control pwm. 

Adiorptien Clerrfler"* Tit* Aoaerpilon Canfler"1 ihail have a total 
area of ___ tquare feeL Adaorpnon clirificetion thai be jccom
pliatied uti<i« yrmuilr adturption mKila tote flcaily manufactured for 
JM in wiier treatment. The: media tnail 3e deaigned to opomite the 
•amove) of coagulated pert clot with a minimum of heaaloti develop
ment. TIM meie'Hi U<« I at of e tvpe thet me been aimoneirtted to 
•chi*v* mil performance m more than 100 luH^eno >«ileHetiwK. Ttie 
clean bed haiJotl througn tn* odurpuv CUrrfltrt» tnail be kua than 
11 <icre* it • '0 gpnvao. ft. up How ret*. 

Thi idiorptiun mgdli jnil be of ipsclflc gravity I«M tfian 1.0. M 
1110 be bkoyini. ena ihill be emly flurtiied wrth •pplictlion ol dlf
fue*d air. 

T>« ia*«rptlan medle thul be rnanw by t oofroeion-renettm 
aeaambly tnat oHow* >ree pA'Mg* nf wetar. but conttina the granular 
aotorptton madia pencil. The retainer ihaH M ac«««*iale end 
•emovable from the toe of the iwik. 

The Adaorptlon Clanfler"' tnail be equipped whh en air tcour 
•yitam coraaiwa ot a fixed dntr*vi«wi gnd. The an aliinbutJon krareli 
•O-M be conatrjcttd of corroeion-reeietarH materiel. Thecompenmant 
ihed be provided with i ecreenod outlet to permli diilnng of water 
without late ef ediarptlen media 

Fltntten. The total niter am* ana* b* tquara feet. The «f-
fluent vyiiern snel include a pump and a level-reapenewe valve tneng. 
id to that tne plant otfkjem motenoe inn flnw eitttnng me pleru. The 
filter then be novocta vntn aualiary air KOUT n tnhanc* the tieuXwaan 
tHKitney. Tha fllte* medie ahall be a 3O inert dtop ivtxcd Modi* bed 

i »f three met*ria<i. tech ot al̂ limmt aica arvj epeeifie( 
providingumform void gradation from coerte to fine in dH t 
of flow, The top of the bea tntM contra nl mecerltl of appraiimetehr 
1.2 mm particle nil and tne bottom of ippieximitely 0.3 mm penlde 
•in. The metorî t tnaU tie carefully deeigned and telected by the ve«t
ment plant manufacturer. 

TrwTM-MA. TM-7SA. and TM-100A lHI (leva firtor mete<i*M re
tained directly on e Johnton na.nleu iteel channel-rod icreen to a* 
to aumintt* the need for luppon gravel. 

Th* TM-17JA inn TM-39OA will be provided witn medta auepon 
gravel daeigned for the PVC ore* letatel undarareln lyetem. filter 
meieriaii lo- TM-176A ind TM-35QA mill be thcpod n beg* for 
inateHetien. 

Law Praieur* Air Supufy. low prainm air for teounna of tne Ad
>orot.on C anfte/^ind MUeo Media fihrttion mjiteriaia tna« be tup

plied hy o twe-ctig* riganeritiva tvpa blov>*r with a cait 
rtlny iiriu«llM ana blovcr hcuima. Thi unir »h*l ba dynamically 9*1
>ncM. iieve a COM coudad OOf meio' and mduda intake and axruuat 
ailencen. Baaringa ih*u :>i ridutil* lailid and permenertiy luortceted. 

Plant Conairuotlon. The marur i;u"iuv><'«»t« •>'"> l>« of [he alxe indJ 
configuration ihowii mi UM vitnt. Tha tinkigi outiidt w*n> trial be 
faiHKiiad ol _ njhiwv orecaa »nd aupportad. In no 
can ihill a lingto we) xuaiaia (Marad water ind unfiltamd weter. 
Tha double bulkheu «fi*H bo providM »»n free d(*ln*g*. 

Th* arrangement o* treatmim modulee, auxiliary a*<rico* 0*4 *ua> 
uortmg aou-pmant ihad provide roaoy accaa* fo> malrtanano*. 

Surrece Precinrton. Oil. greaae. dirt, mat. milUcal* and fereion max-
tar ihtH ba rimovid from tria nteriar linkage aur'aca by a method) 
aa'inad 9> Slaal Structural Palming Counal Speo 5SPC>SP10 Kid *«• 
lanar by Spec SSPC-SP8. Tonkaga mtonor ind aitirlor met raeiive 
it me lectorv two cuall of nigh build apo«v flniin pratactive coating, 
10 a inlckntu of 7 to 11 mill, lunabl* lor potaol* water a*rvtc*. Tank 
bottom iriail b* ber*. lor placement Into i manic baie pad coating. 
lALutilnur* and iialnliaa atael tankaga ahall have I rnetu) axianai finian 
produced by landblaating and ihail not be painted.) 

Pkun Proceee Velvea. Automatic valvia win motor ictLatora aheN 
b* provioao for pnxeai varve*. Vilvn 2" and imailer anel M eel type) 
wrth bronja body, trait ball aril T»flaT»' mta. Velvet 2h " mdlarger 
ini» be wafer butterfly valve* witn Hummwrn unnxa die. Buna N **at 
ina item taala, and iron booy. 

Motor ictuiton ihill hava 120V. 50 Hz luooly. NCMA 4 encloaura. 
A manual wofer-typa buiii'fly valve, cj/npMt* with coaming l*ver, 

ihill be piovidid for backwieft rat* aaning. 
Automatic velvet iritll b* arondad for tPh.ent Adtorpbon Confer" 

icou/, Mtir >cour. becicwain in In wane, and fnt*r araxi-down 
An optional litter to wain VIM cai mo be provdad. 
Plim inllueni flow thill be adjuitable by a manual rato aet valve. 

flint affluent Mow ehaH be maintained byi k)vel-n)tponaiva control 
vaive. 

Auiominc Mutrn vaivea ihail be prav^ad on duel unt inttiietlan*. 
Plant Control Th* tr*atm»nt plant valve aaquenelng, and coigulent 

dowa* adlutimant tnali be exacutad by a toiid-itat* 3roe'«mmM»e 
logic :ontrolier. Tha control tntu b* compiaialy aaaamblad and 
mounted n a NEMA 12 inclotun. Trii control penal lhaH provid* for 
luiomdlcMly rtanlng and itopp.r>g tfe piam raw water pumpa and 
chomical nwd wo*. L«IMI on clairwall lavel or menuel ov»mde. 

The contioi lyitam ihail provide meext for ajtomareally Inldttlng 
ciiarung ot '."•» Aaiomuar Danfier1" bv eiapeed time or a meet. o<A 
idiuatabla, preiaun lanaor. Manual »wMtl mall «te be providtd. The 
control lytiom tntll Iroludt in interlock ao that only om Adwrptlen 
Clirifler'H can be cteanad atI tim* " dun i*nk lyitama. During the 
«i»s cycli. MlkMted M Mil mill Dt removed by proper etquenoin( of 
velvet and blower. Return to tervci ihel be lutomaoc. 

Th* co"fO< lyitam ahall grovida maane for ajtomaucaHy MtMilni 
beckwaah of the Mlied Media filter byI pr.iat. but ad|u«aei*. fUter 
Hoad>o«t lentor or alepaed time. Menuel initial* iriel alto be provid
ad. The control tyitem in ill inctud* inlntiriockio met aniyone inter 
can beokwatn at a Urn* In dual tank tyttema. yvhen i Mixed M«dle 
bectwean cycl* a initiated, ttia Adtorptnn Cltnfltr"' I* rluehed nrtt. 
immediattly flowed byI filler backwun. Pit control tyttem iheM 
luiorraticaty tequanee vilvai and pumpa during the beekwteh cycle. 
Return to tervioe thai b* auiomaiic. 

Th* control ryrttm will alto automibcilly cimate I beckwaeh en 
•ffluent hif h tuitxjrfv end w<l «nul in* ptam down and hroete end elenn 
ihouid tn* beckwaah fit to utaiumialry reduce affluent turotcny after 
in cperitor mect*d lime d*<*' lining. 

•umo*. Th* trtitment plant manufacturer ihaU provide ftetcvy. 
initmeo offiuent and hacvwaeh pump*. FVimpt ihail be centrifugal, and 
luetion, cloaa coupled with OOP Motor. l$«a TichnlcU Dan shew.) 

ClaaMcaJ CqukMMM. The power aupply to leed eemer ahaj *• 
.__.. (Ste Technical Mil Sneei.l 

I'ump end blower motor* ihell M open erip r̂oof coKltruCtlon wth 
*C*C rlae rjtlng. Motor itarat thai) be houitd In NEMA 1 enckuunoj 
end are lactMy kittilled end wired. 

Preeeeembly. TM-BOA. TM 76A and TM-100A uniH w* b* entteh; 
lecury Rre*aaamoied with both clarifying and Miter madia IneoMed. IV 
lliHakon rgquirementi wit include proper laonon ot tne unit en (ft* 
jub.i. !»•• u*d «vl completion ol alectncal and Wlnfl eanMeBOna 
10 anal from the unit. 

The TM-i 78* »*l TM-3EOA inatallrbon requirement* wd Indue*) 
proper lecetlcn of tfx unto on the am r~* >~1 co..»J«iix> «f ele*trieel 
and p«mg connection* to and from tn* unh. aa wen aa fieM in*tlia> 
iwn of clanfkw media, filter mtdia ind tuap«n giaveL 

PeMt Stavt-up end Opentoi Training The trtttmeni plant mtnufeo
turer the*1 provide dava of plant ttert-uo and eventer iieev 
Ing. Training than be conducted by a 'ectoxy-trelned lervicemen 
tmolOYta by Irtt minuracuirer. 

An additional daylal o< tachnlcel d*ec«on ehel be orovideel 
lor meat placement in TV-175A an« TMOMA Mike. 

Opwater'a Manual. The naavnent plant menufaeiurar anal hjrnrah 
three Ownen Minuet* wnlch trtell provide complete nenvctioni *x 
nuatetion. uan-up. oevaiian and mamtenance. 

CPC Engineering Corporation 
P 0. Box 38. *41 Mam Su«*l mlcnrflor. 

Siurbrk)g«. VIA 015(4 
PRODUCTS f~ I508I 347-7344 

FAX: I50II 347^159/15061 347-7040 

http:hydraUica.ly
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TRhMITE" 
TECHNICAL DATA SHEET
 

! PARAMiTEBg UNITS TM-50A TM-75A TM-100A TM-17BA TM-350A* 

9tiiiw« 

OUrtanMnt
 
Htlghl
 

wotfitt
 
10500
 

GiUan* 2.600 1.100 8,200 1.100 IB. 230*7; 

MMrmmim 

AOOHMfl
 
Clirrt." Riti igpnvn'l
 

TMf 1 A(«« fft'l
 

'OHIVDkMIW too too 1.400 
gvWttlCnfc
 
{NlUllftZl MlutfMMIIlffU HOC 1,800 1.1 K
 

lOOflO .̂lh, mmnvihp 360 JC«. 
run** l3i|fOO>» 

TT" 

100 IM. I IQOgH.CWH iOOaii.i 400 tin 
Mgplenni* 

It n*n tthoCtMK* 
BOgil. !••* :oo m. MI 

;aoa»Qp»ni* 

Ugu urn 
(XHrChimiml 

120/3 40V. M Mi, 120/20IV.<OMl 12W1O8V.<OMl  Wt* CIKtrk* ia.Iwn.7OA 70A M.4wn. 100A 

J. TW
 
Ti» «MU ni*i* irM*« 4MuM M I i to.*« tm
 
II box M in t«i>HiM wul «•«
 

j. TM Mum Hnn̂  U M ». « *• 

I. TU IM«M f» <t < I_*-'«M 
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Some PointHiHiavor Of
 
Microiioc water Treatment Systems.
 

Con-efficiency. high-qualiry 
treated water and easy operation 
an just a few of the reasons that 
municipalities and 9uiinesi«s all 
acrou New England have icleoed 
Microfloc water treatment pro-
dues for new instelUtiom and 
retrofits. 

To d ii CUM your water treatment 
application, call CPC Engineering's 
New England representative. 
Technology Sales Auociata, at 
(508) 695-6070 

•WntrBuY" 
•••Adsorplron Cl»/i*«f* only 
All octwi: Thdcn* 

mlirnftai,
C Technology So/99 4s«ocM99, /nc. orporadon 

P.O. 8o> 36 • 441 Main Slrett TivTown PmlMhunil BUWIn| 
iturbridje. MA 01 566 6 Wllklnt Oriv*. Suite 210 
Phon« tsoai 347-7344 f>l.invilW. MA 027U 
Fdx: ISOt) 347.7049 1501) 6954070 

A< i«tn In "lounul." New England Water Wotlu Ai*ocUtfon. 
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vertical jumbo drums
 
JVD-1 

JVD-2 

JVD-3 

JVD-4 

JVD-5 

JVD-6 

JVD-7 

JVD-8 

JVD-9 

JVD-10 

JVD-11 

JVD-1 2 

JVD-1 3 

JVD-1 4 

JVD-1 5 

510 48" 

750 48" 

1000 48" 

1020 64" 

1500 54" 

2000 64" 

1250 72" 

1700 72" 

2100 72" 

2500 72" 

2950 72" 

2050 96" 

3000 96" 

4100 96" 

5000 96' 

64" 

96" 

128" 

74" 

108" 

144" 

72" 

96" 

120" 

144" 

168" 

66" 

96" 

132" 

ier 

rL— * 4;/J?"
i i 1 i 

1 1 
LIFTING LUGS (2) 

HEK 3HT 

4 

\ F 

if— ») 

i-CT. 
^ 

2'6" 

) - * 
H— il 

r 
1 

t 

•Othw capacities an iviilabk 

48" 

64" 

72" 

96" 

10.4 

18.6 

23.5 

41.8 

7.8 

13.9 

17.6 

31.3 

93.6 

166.8 

211.2 

375.6 

HEIGHT 

LIFTING LUGS (2) 

2'6" 

Accessory Items 
A complete line of accessories is offered including manholes, 
valves, fittings, pumps, flanges, and ladders. Special protective 
coatings inside and outside are also available. 

3" x 3-4. 
2'-0" 

4" 

Manholes Flanges—150^ Ladders 
Sizes: 

16" 
18' 
20" 
24" 

Sizes: 
4" 
6" 
8" 

11" 
12" 

Massachusetts
 
Engineering Co.
 INC. 

AVON INDUSTRIAL PARK 
AVON, MA 02322 
1-617-580-0550 Boston-773-7777 
1-800-343-0788 (outside Mass) 
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Submitted by:
 
AIR STRIPPING TOWERS
 

Required Data for Pricing
 

Date Submitted: »o/W^I Date Needed: jp/ai/1/
 
Budgetary? J^Yes _ No ^"^
 
Competitive Bid? Yes _ Ho Bid Datet _
 

Company Name: CPh 

Address: 

Phone: (6T7) ara- frooo Contact Person:
 

Fax: (6O) fr*l-̂ ros" Project/Reference name: 77-i.LeJk
 
GPM of liquid to be processed: Si-1*' Water Temp.: IS" C
 
Number of sources of influent: | 

GPN TDH
 
Influent punp required: . __ __»
 
Effluent pump required: . ._
 

Electrical Power Available:
 

115 V _ Single Phase
 
115/230 V X Single Phase
 
220 V __ Three Phase
 
460 V _ Three Phase
 

Explosion-proof components required? _,_ Yes )( Mo
 
Design electric circuit to control influent pump? Yes No
 

Local zoning restrictions (tower height):
 
Condition of influent water: {roA-rW. aio fft̂  Av<_
 
(Hardness, iron, suspended solids, etc.)
 

Shall off gases be regulated? X Yes No
 
Type of regulation requested: y Carbon Incineration _ Other
 

Type of column material requested: _ FRP SS Alum.
 

Hinterisation _y Yes No
 

General location of AST: MM-._ ^_
 

Special site conditions: 'R e-sii<J e-r>̂ "«̂  ^ ^^K bo.̂ -A oo<j
 

Misc. notes and comments: /̂ê s«- frt *?3«_'. Ĉ p̂ °J «- Qt- M
 

-/
 

tr rf ^ • t\ 
^^^^^^^^^^^^^^^^^^^^^ *z^^^^^^^^^^ ^^^^^ 

ir.e. ^TUs-htl ffls&(2xg5£tte?r 



icetone *
 
Acetylenedichloride (1,2-DCE)


trans Acetylenedichlorided ,2-DCE)
 
Benzene
 
Bromoforo.«.....*... ...*«....
 
Broaod ichloromethane
 
Carbon Tetrachloride
 
Chlorobenzene
 
Chlorodibrononethane..............
 
Chloroethane
 
Chloroform (Trichlororaethane)

Chloromethane (Methyl Cloride)....

Dichlorodifluoromethane
 
Ethyl Acetate
 
Ethylidenechloride {1,1-Dichloro

ethane).

Ethylenedichloride (1,2-Dichloro

ethane}

Ethy Ibenzene

Ethyl Toluene (3-)

Ethyl Toluene (4- or p-)
 
Methane
 
Methy Ibromide

Methylchloroforn (1,1,1-Trichloro

•thane)

Methylenechloride (Dichloro

methane)

MethylethyIkctone (MEK)

Methylisobutylketone (MIBK)

Napthalene

Tetrachloroethylene (PCE)
 
Toluene
 
Trichloroethylene (TCE).*

Trichlorof luoromethane
 
Trichlorotrifluoroethane (UNCON113)
 
UCON-113
 
Vinyl Chloride (Chloroethylene)...

Vinylidenechloride (1,1-Dichloro

• thy lene)...

Vinyltrichloride (1,1,2-Trichloro

ethane)
 
M Xylene
 
0 Xylene
 
P Xylene

Other (Specifiy)
 

r.t.
 

Ir.' '.vent Effluent
 
Concentration Requirement
 
ppb ppm ppb ppm t
 
uq/1 UQ/1 ao/1 Rerooval
 



TIBBETTS ROAD, NH
 
GW CONCENTRATIONS
 

CONSTITUENT
 

Benzene
 
cis-1,2-dichloroethene
 
trans-1,2-dichloroethene
 
Ethylbenzene
 
4-methyl-2-pentanone
 
Tetrachloroethene
 
Toluene
 
1,1,1 Trichloroethane
 
Trichloroethene
 
Xylenes
 

Bis(2-ethylhexyl)phthalate
 
2-Methy1naphthalene
 
Naphthalene
 

Arsenic
 
Chromium
 
Lead
 
Manganese
 
Nickel
 
Vanadium
 
Iron
 

MAX.
 
CONC.(mg/1
 

0.24
 
0.04 ;
 
0.455 \^ '
 

0.185
 
0.514
 
0.22
 
19.9
 
0.40
 
0.55
 
227
 

CLEANUP
 
GOAL (mg/1)
 

10
 

NA
 
NA
 

0.05
 
0.1
 
0.05
 
0.05
 
0.1
 
NA
 
1
 

No MCL available, Please report estimated effluent
 
concentrations.
 

NA Not Applicable, No Cleanup Goal Required
 

DESIGN FLOW: 5 GPM
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AIR STRIPPING TOWER 

Specifications 

Fiberglass reinforced plastic (FRF) construction with U/V inhibitors 
Cast-aluminum spark-resistant blower with TEFC motor. 
Site tube with Warrick level controls/high level shutoff. 
Air flow switch and automatic shutoff for loss of air flow. 
Full-size NEMA 4 control panel. 
Allen Bradley electrical components. 
High efficiency/ polypropylene, random-dumped packing. 
Scotfoam mist eliminator. 
Fainted carbon steel skid. 
Chemical injection port for ease in cleaning the column. 
Two hand-ways for packing inspection and removal 
Magnehelic gauge to measure pressure drop through packing. 
Stainless steel influent and effluent sampling ports. 
Flanged top, adaptable for off-gas treatment 
Lifting lugs. 

Unit Dimensions 

Model 

Diameter Ifoot 2 feet 3 feet 
Overall Height 25 feet 25 feet 25 feet 
Packed Height 18 feet 18 feet 18 feet 
Maximum Flow Rate 15gpm 90gpm 200 gpm 
Blower I/2HP 1HP 7 I/I HP 
Electrical Requirements 1/60/115/230 1/60/230 3/60/230/460 

Optional Off-gas Treatment 
Carbon 200 pounds 400 pounds 1,600 pounds 

Available Options 

•	 Off-gas treatment—includes duct from top of tower to carbon unit appropriately sized 
duct heater, and one carbon unit 

•	 Pump controls for air stripping tower panel—includes motor starter with thermal overload 
protection and intrinsically safe water level controls. 

•	 Explosion-proof NEMA 7 controls. 

•	 Installation and maintenance contracts. 

Custom design systems up to 12 feet in diameter, including telemetry control options and 
pre~ and/or post-treatment. 

TOTPL P.03 



ITC 
environmental restoration systems 

i 

November 12, 1991
 

Ms. Kathy Murphy
 
COM, Inc.
 
10 Cambridge Center
 
Cambridge, MA 02142
 

Re: Budgetary Price for a
 
5 gpm Air Stripping Tower
 
Project Reference Name; Tibbetts Road
 

Dear Ms. Murphy:
 

R. E. Wright Associates, Inc. (REWAI) is pleased to present the
 
following budgetary price for the air stripping tower (AST)
 
system described in this letter.
 

Design;
 

Minimum Influent Water Temperature - 59°F
 
Minimum Influent Water Flow Rate - 3 gpm
 
Maximum Influent Water Flow Rate - 5 gpm
 
Air/Water Ratio - 75:1
 
Air Flow - 50 CFM
 
Static Water Pressure Loses through System - 7 inches
 

Contaminants
 

Design
 
Maximum Influent Effluent
 

Chemical (PPb) fppb)
 

Benzene 3,100 5
 
Cis-l,2-Dichloroethene 4,000 70
 
Trans-1,2-Dichloroethene 4,000 100
 
Ethylbenzene 2,500 700
 
Tetrachloroethene 2,500 5
 
Toluene 12,000 1,000
 
1,1,1-Trichloroethane 220 200
 
Trichloroethene 7,800 5
 
Total Xylenes 18,000 10,000
 

3240 schoolhouse road middletown, pa 17057-3595 
toll free 800-238-3320, in pa (717)-944-5501 fax (717)-944-4551 



Ms.	 Kathlean Murphy - 2 - November 12, 1991
 

Other Chemicals (Estimated Effluent Level Only)
 

4-Methyl-2-Pentanone 10,000 10,0002
 

Naphthalene 455 4552
 

2-Methylnaphthalene 240 NA
 
Bisphthalate 40 NA
 

Inorganics3
 

Arsenic 185
 
Chromium 514
 
Lead 220
 
Manganese 19,900
 
Nickel 400
 
Vanadium 550
 
Iron1 227,000
 

xThe AST system's packing and liquid phase carbon will foul
 
causing excessive maintenance if the manganese and iron present
 
in the influent water is not removed, by pretreatment.
 

24-Methyl-2 Pentanene and naphthalene will not air strip using
 
the proposed design. However, the liquid phase carbon will
 
remove this chemical, but the effluent level will vary from
 
100 percent at start-up of carbon and steadily fall from that
 
point.
 

3This budgetary proposal does not include provision for the
 
removal of the inorganics listed. A pre-treatment system will
 
be required for removal of the inorganics.
 

AST	 System;
 

One (1) AST one foot (!') in diameter by twenty-five feet (25') in
 
overall height. The tower will be manufactured from fiberglass
 
reinforced plastic (FRP), chemical resistant isophthalic resin
 
with U/V protection and designed for 100 mph wind loads and
 
seismic zone 2 vibrational effects. The tower will be delivered
 
as fully assembled as possible and equipped with the following:
 

o	 Vapor exhaust cap.
 
o	 Three-inch (3") diameter flanged duct (connecting the
 

tower to the air phase carbon unit).
 
o	 Tower mounted duct supports.
 
o	 Mesh type mist eliminator with support,
 
o	 Tower mounted influent pipe supports.
 
o	 Flanged tower top.
 
o	 Flanged tower sump.
 
o	 Packing support plate,
 
o	 A packing bed depth of eighteen feet (18') of
 

polypropylene packing.
 



Ms. Kathlean Murphy - 3 -	 November 12, 1991
 

o	 Air inlet.
 
o	 Lifting lugs.
 
o	 Base ring/hold down lugs.
 
o	 Influent spray nozzle.
 
o	 Painted carbon steel system skid.
 

Nozzles;
 

o	 One-inch (1") influent nozzle (NPT) with internal tower-

piping.
 

o	 One and one-half (1.5") effluent nozzle flanged,
 
o	 Three (3) eight-inch (8") diameter manways.
 
o	 Two-inch (2") NPT drain with plug,
 
o	 Instrumentation nozzles,
 
o	 Two (2) sample ports,
 
o	 Chemical addition port.
 

Fluid Handling Equipment;
 

o	 One (1) effluent pump, 1/60/230 volt, 1/2 Hp TEFC
 
motor, to produce 5 gpm at 50 TDK.
 

o	 System piping one-inch (1"), PVC Schedule 40.
 

Electrical Equipment and Instrumentation
 

o	 One (1) Nema 4 electrical enclosure to operate one (1)
 
blower and two (2) pumps and wired for a 1/60/230 volt
 
power supply.
 

o	 Tower sump level controls.
 
o	 Air flow switch.
 
o	 Pressure gauge.
 

Mechanical Equipment
 

o	 One (1) air blower, 1/60/230 volt, 1/2 Hp TEFC motor,
 
equipped with a flexible connector, stand and weather
 
cover.
 

o	 0.5 KW duct heater.
 

Vapor Phase Carbon
 

Two (2) carbon units with 400 pounds of virgin carbon.
 

Liquid Phase Carbon
 

Two (2) carbon units with 330 pounds of virgin carbon.
 

Approximate carbon usage:
 

Vapor Phase - .7 pounds/hour /
 
Liquid Phase - .6 pounds/hour 9
 



Ms. Kathlean Murphy - 4 - November 12, 1991
 

Budgetary Prices; FOB Point of Manufacture.
 

AST System If?. $22,000.00
 
Vapor Phase Carbon Units (SfrfrO/ea.), $ 3,600.00
 
Liquid Phase Carbon Units i?l, 500/ea.) $ 3,000.00
 

Total Budgetary Price $28,600.00
 

If you have any questions or need further assistance, please feel
 
free to contact me.
 

Very truly yours,
 

WRIGHT ASSOCIATES, INC.
 

Thomas J. Hanlon "
 
Chief Cost Estimator
 

TJHrdf
 

!©O
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• * i •r i -si MODULAR TREATMENT SYSTEMS 
OHGA\IC aESTRLcria\ PROCESS 

OXIDATION CHAMBER 

I 

I 

I 

I 

COHTAMUIIB Mtm » 

OmONAL AUTOMATIC 
MAM F 
fKOtlCTIOII 

MODEL 55B-3O 

ELECTRICAL DISCONNECT PANEL 

TREATED WATER OUT 

CONTAMINATED WATER M 

SPECIFICATIONS Model SSB-30 

Row Rate: 
Maximum 60 gpm 

Connection!: 150* Flange 

Inlet: 1 1/2

Outfit: 2' 

Power Supply: 3 pH/60Hz/480V 

Electrical Enel.: NEMA 3R 

Materiel -
Wetted Perti: 316 SS, Quartz. 
External Perte: Enameled Steel 

Weight 
Shipping: 1500 Ibe. 
Operating: 2000 Iba. 

100 gpm
 

ISOf Range
 

2'
 

2'
 

, 30KW. 40 Ampa 

Fluoroelaetomert, TFE 

The perox-pure" chemical oxidation system consists of modular equipment designed to treat 
water contaminated by dissolved organic materials. Bench-scale process evaluations will 
determine the oxidation time necessary for the treatment level desired and whether pretreatment 
of the water is necessary. Full-scale oxidation chamber size and the number of lamps are then 
selected. 

The oxidation chamber contains horizontally mounted lamps in quartz sleeves with 
fluoroelastomer seals. Indicators are provided to monitor performance of each lamp. Safety 
features include shop-wired and tested control panels interlocked with temperature and flow 
switches to shut off power at preset conditions. 

The perox-pure" system and its components are covered by numerous issued and pending 
patents. 

Peraxidatian Systems Inc. 
5151 E. Broadway. Suite BOO Tucson. Arizona 85711 605-790-838(3 FAX 6OS-79O-BOOB 
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Figure 2-12 
Anaerobic ueptge trenches, the convention*! construction method, using deep trenches 
with excavated material used as backfill. Since the tower pans of the trenches are 
frequently innundated, hydraulic pressure is exerted onto the sidewalk of the trenches, 
so that these areas become active interface areas for wastewater infiltration. 
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Fi«ure2-17 .
 
Seepige rttet ut the turn of toil infiltration sj and evapotranspintion s^,
 
in gal per sq ft day and in mm per day;
 
- foi varioiu types of toils, 
- foi aerobic and for anaerobic microbial conditions, 
- for well planted, humped seepage beds. 
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TIBBETTS ROAD 

Injection Wells 

A program for providing injection wells for disposal of treated water would 

preferably include two wells so a backup is available if the operating well requires 

servicing. The concept includes utilising the existing 6-in. monitoring well 

designated 76R. The location of a second well is proposed to be near the 

intersection of the woods road leading to the above-existing well and Tibbetts 

Road. The budget estimate herein includes the cost of providing a search for a 

second injection well to cover the contingency that the first new well would not 

exhibit adequate capacity. 

A drilled well diameter of 6 inches is proposed with an anticipated depth of 400 

feet. If adequate capacity is not met at this depth, the installation of a second well 

is proposed rather than extending the depth. 

Well completion would include a connection to the well casing for attachment 

of the discharge piping from the treatment facility, valving to isolate the well 

during operation, well venting, access for measurement of water level to 

monitor well condition, vandal-proof caps and protective posts to serve during 

construction and later snow plowing, etc. 

Low yield might prompt hydrofracing of one well to improve yield. Operation 

for 300 feet of bedrock would be to separate the well into 6 hydrofrac zones or 

separate pressurized operation for best production improvement potential. 

Connection Piping To Injection Wells 

Extending down from the treatment location to a new well just southwest of the 

Treadwell property and then along the woods road to the existing well would 



amount to some 1,400 feet. Possibly, work in protective Level C would be 

required within the site boundaries. 

Budget 

An estimate of cost for the above-described system has been prepared which 

would necessitate a budget amount for the contractual amount of $70,000 which 

would including utilising 3 wells (including 2 new ones). If one new well 

proved sufficient, a savings of approximately $10,000 would be expected. 



TIBBETTS ROAD
 
INJECTION WELL BUDGET
 

Wells - (2 new wells - if 1 new well budget $10,000 less) 

1.	 Mobilization and on-site
 
moves for drilling equipment $ 1300
 

2.	 Drilling for casing and surface seal
 
(ind. materials) 100 ft x $40 = 4,000
 

3.	 Bedrock 6-in. drilling 600 ft x $12 7,200 

4.	 Well development 1,200 

5.	 Pumping test and well ratings 
(initial testing @ 24 hrs. each well) 4^00 

6.	 Hydrofrac operation to improve 
production - 1 well at $5.000 5,000 

7.	 Rating of hydrofraced well (6 hrs.) 800 

8.	 Well completion items - 3 wells 6.000 

SUBTOTAL $30,500 

Connecting Piping to Treatment Facility 

1.	 1,400 feet of 4-inch PVC buried 
5 ft. connecting pipe @ $20/ft. $28,000 

2.	 Level "C" surcharge for_± 12% 1,600 
of pipeline length 160 ft. x $10/ft 

3.	 Miscellaneous 
(driveway crossing/ surface restoration) 3.400 

SUBTOTAL $33.000 

TOTAL $63,500 
CONTRACT TOTALtt) $70,000 

NOTE: (i) If completed under a general contract, add 15% or approximately $4,600 
to the $30,500 well work effort. Round contract total to $70,000. 
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Development of Ground Water Cleanup Goals
 



Appendix D
 

Development of Ground Water Cleanup Goals
 

The purpose of this appendix is to present the logic for the development of preliminary cleanup 
goals for ground water. The results of the risk assessment computations for the ground water 
ingestion pathway are presented in summary form in Tables D-l and D-2. Table D-l 
summarizes the potential carcinogenic risks for ground water ingestion, and is based on Section 
6.0 of the RI (Tables 6-17 and 6-18). Six chemicals of concern have computed carcinogenic 
risks. Table D-2 summarizes the potential noncarcinogenic risks for groundwater ingestion and 
is based on Section 6.0 of the RI (Tables 6-19 and 6-20). Nine chemicals of concern have 
noncarcinogenic risks, expressed as hazard indices, exceeding 1. 

Table D-l
 
Potential Carcinogenic Risks from Ground Water Ingestion
 

Chemical-Specific Chemical-Specific 
Chemical Carcinogenic Risk Carcinogenic Risk 

of Average Concentrations Maximum Concentrations 
Concern 

Shallow Wells Deep Wells Shallow Wells Deep Wells 

benzene 3.22 x ID'5 1.13 x 10" 3.73 x 10" 1.05 x lO'3 

styrene - 4.91 x 10-6 - 1.16 x 10" 

tetrachloroethene 9.49 x lO'5 1.61 x 10-5 1.49 x 10'3 1.49 x 10* 

trichloroethene 4.30 x 10-5 9.40 x 10^ 1.00 x lO'3 8.37 x 10-5 

bis(2-ethylhexyl)phthalate 9.83 x 10-7 2.29 x 10^ 1.64 x 10^ 3.93 x lO'5 

arsenic 1.00 x 10-3 6.14 x 10" 3.79 x lO'3 1.09 x lO'3 

Source: Tables 6-17 and 6-18 of the Remedial Investigation. 

Table D-2 
Potential Noncarcinogenic Risks from Ground Water Ingestion, 

with Hazard Indices Exceeding 1 

Chemical Average Concentrations Maximum Concentrations 

Concern Shallow Wells Deep Wells Shallow Wells Deep Wells 

1,2-dichloroethene (total) — — 11.00 3.01 

4-methyl-2-pentanone — — 5.48 3.01 

tetrachloroethene — — 6.85 

toluene — — 1.64 

naphthalene — — 3.12 

arsenic 1.34 - 5.07 1.45 

chromium — — 1.93 2.82 

771M-7c D-l 060192 



Table D-2 (continued) 
Potential Noncarcinogenic Risks from Ground Water Ingestion, 

with Hazard Indices Exceeding 1 

Chemical Average Concentrations Maximum Concentrations 
of 

Concern Shallow Wells Deep Wells Shallow Wells Deep Wells 

manganese 1.64 1.34 5.45 3.12 

vanadium 1.69 

Source: Tables 6-19 and 6-20 of the Remedial Investigation. 

Potential Carcinogens 

Five of the chemicals of concern, which are potentially carcinogenic, including benzene, styrene, 
tetrachloroethene, trichloroethene, and arsenic, have promulgated maximum contaminant levels 
(MCLs). However, the MCL for arsenic is currently under review. In addition, the MCL for 
styrene is based on noncarcinogenic effects. An MCL has been proposed for bis(2
ethylhexyl)phthalate. Generally, final and proposed MCLs are appropriate cleanup goals to be 
considered for the contaminated groundwater at the Site. The five potentially carcinogenic 
chemicals of concern with MCLs are: 

Chemical MCL (ug/L) 
benzene 5 
styrene 100 
tetrachloroethene 5 
trichloroethene 5 
arsenic 50 
bis (2-ethylhexyl) 4 (proposed) 
phthalate 

Noncarcinoeens 

A number of noncarcinogenic chemicals of concern for site groundwater have final MCLs, 
including cis- and trans-l,2-dichloroethene, ethylbenzene, toluene, 1,1,1-trichloroethane, 
xylenes, and chromium. In addition, an MCL has been proposed for nickel, and an action level 
based on noncarcinogenic effects has been issued for lead. These MCLs, proposed MCLs and 
action level can serve as cleanup goals and are: 

Chemical MCL (ug/L) 
cis-1,2-dichloroethene 70 
trans-1,2-dichloroethene 100 
ethylbenzene 700 
toluene 100 
1,1,1-trichloroethane 200 
xylenes 10,000 

77104-7c D-2 060192 



Chemical MCL Cue/D 

chromium (total) 100 
lead 15 (Action level) 
nickel 100 (proposed) 

For several of the contaminants of concern for groundwater at the Tibbetts Road Site, including 
4-methyl-2-pentanone, 2-methylnaphthalene, naphthalene, manganese and vanadium, no MCL, 
proposed MCL or action level is available. Therefore, risk-based cleanup levels for these five 
contaminants were derived based on a hazard index of 1.0 for each toxicity endpoint, exposure 
assumptions for the ingestion of groundwater, and EPA reference doses (RfDs). Table D-3 
presents the development of the risk-based cleanup goals for these contaminants. 

Table D-3 
Development of Risk-based Cleanup Goals for 

Noncarcinogenic Chemicals of Concern 
with No Available MCLs 

Oral Risk-based 
Chemical of 

Concern 
Target 

Hazard Index 
Reference 

Dose (Rfd)1 
Effect 

of Concern 
Exposure 
Factor3 

Cleanup 
Goal4 

(unitless) (mg/kg/day) (L/kg/day) (mg/L) 

4-methyl-2-pentanone 1.0 5E-02 Liver/kidney 2.74E-02 1.825 
(synonym methyl 
isobutyl ketone) 

2-methylnaphthalene 0.5 4E-022 Decreased 2.74E-02 0.73 
Body Weight 

Gain 

Naphthalene 0.5 4E-02 Decreased 2.74E-02 0.73 
Body Weight 

Gain 

Manganese 1.0 1.4E-01 No Effect 2.74E-02 5.11 

Vanadium 1.0 7E-03 None 2.74E-02 0.256 
Observed 

Notes: 

 RfDs obtained from EPA's Integrated Risk Information System (IRIS) and Health 
Effects Assessment Summary Tables (HEAST), 1992. 

77104-7c D-3 060192 
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2 The RfD for naphthalene was used for 2-methylnaphthalene, as a RfD was not 
available. 

3 Exposure Factor of 2.74E-02 L/kg/day = 2 liters of water/day x 350 days 
ingestion/365 day per year x 1/70 kg/body weight. 

4 Risk-based Cleanup Goal (mg/L) = RfD (mg/kg/day)/Exposure Factor (L/kg/day). 

Potential cleanup levels for contaminants found in groundwater at the Tibbetts Road Site are 
summarized in Table D-4. 

Table D-4
 
Potential Cleanup Levels for
 

Contaminants Found in Groundwater at the Tibbetts Road Site
 

ir.^J^Imimary''/;:-1.' Basis 
Chemical of Cleanup Goal (MCL or Risk 
Concern (inug/L) Based, if no MCL 

available) 

Volatile Organic 
Compounds (VOCs) 

Benzene 5 MCL 

cis- 1 ,2-dichloroethene 70 MCL 

trans- 1 ,2-dichloroethene 100 MCL 

Ethylbenzene 700 MCL 

4-methyl-2-pentanone 1,830 Risk 

Styrene 100 MCL 

Tetrachloroethene 5 MCL 

Toluene 1,000 MCL 

Trichloroethene 5 MCL 

1,1, 1-Trichloroethane 200 MCL 

Xylenes 10,000 MCL 

Semivolatile Organic 
Compounds (SVOCs) 

Bis(2-ethylhexyl)phthalate 4 Proposed MCL 
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Table D-4 (Continued)
 
Potential Cleanup Levels for
 

Contaminants Found in Groundwater at the Tibbetts Road Site
 

Chemical of 
Concern 

2-methylnaphthalene 

Naphthalene 

Metals 

Arsenic 

Chromium 

Lead 

Manganese 

Nickel 

Vanadium 

Preliminary 
Cleanup Goal 

(in ug/L) 

730 

730 

50 

100 

15 

5,110 

100 

256 

Basis 
(MCL or Risk 

Based, if no MCL 
available) 

Risk 

Risk 

MCL
 

MCL
 

Action Level
 

Risk
 

Proposed MCL
 

Risk
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