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WORK PLAN FOR FINAL CLEANUP 
APPENDIX D - PUMP TEST PLAN 

1.0. Backqround Information 

The site is located on the border of Middletown and Wallkill, 
New York. A pump test is required for the Parella well, now 
owned by Fluoro cuison at 320 Highland Avenue (see site plan, 
Figure 1-4) under the Consent Decree entered in US v. General 
Switch Corporation, 87 Civ 8789 (RJW). The Parella well is 200 
feet east of the eastern corner of the General Switch building. 

1.1. Site Hydrogeology 

The stratigraphy of the site is a silty glacial till overlaying 
a sandstone and shale formation: the Austin Glen Series. The 
building of General Switch sits upon fill and the parking lot to 
the south east of the facility is composed of fill that contains 
some metal objects and is in part reworked till that contains 
cobbles. A magnetometer survey conducted by Fred c. Hart 
Associates in 1984 identified four major magnetic anomalies in 
the fill of the parking lot. Test pits were dug in each of the 
four locations and metal objects were found in two of the pits. 
The metal objects buried in the parking lot were trolleys, 
several old generators, and a compressor (Figure 4A and 4B, See 
also Reference 1: Hydrogeologic Investigation of General switch 
Site, Fred c. Hart Associates, Nov. 1984). 

There is approximately 40 feet of unconsolidated material under 
the building (Reference 1). As indicated by the soil borings 
completed by Fred c. Hart, there is an apparent shallow trough 
below the General Switch plant, that is oriented in a 
northeast-southwest direction. The trough lies approximately 
parallel to the long axes of folds in the area, a~q . may have 
originated as a structurally weak area that was sJib$equently 
traversed and scoured out by the glaciers. The bedrock in 
general slopes down to the northwest (Figure 2 and 5). In the 
area, there are several exposures of the glacial ~otls and 
underlying shale to be found near the Parella well ,..1 (320 Highland 
Avenue). A massive sandstone and shale is found to outcrop at 
the surface on the northern end of Watkins Avenue and near 
Lubricants, Inc. on Industrial Place, 450 feet southeast of the 
General Switch building. It is noted that in these outcrops the 
degree of fracturing of the bedrock is visible along with the 
regional fracture pattern that has a significant influence upon 
the available avenues of groundwater flow and site hydrogeology. 
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Glacial Till 

From profiles of the soils at these locations, it can be noted 
that the soil horizons of the Washington Heights section of the 
Town of Wallkill belong to the Mardin gravelly silt loam series 
(Reference ·3: Orange County Soil Survey). The Mardin soils are 
formed from a gravelly, sandy silt glacial till which in turn is 
derived from the sandstone, shale and slate of the bedrock of 
this area. The till lies unconformably on the Austin Glen Grit 
and Shales. 

Permeability in the upper soil zones formed from the till is 
described in the literature as moderate in the surficial layer 
and upper part of the subsoil and is slow or very slow in the 
underlying substratum. The till below the upper soil zones is 
generally unsorted and unstratified and consists primarily of 
clay, silt and boulders. The permeabi!~ty of this till is very 
low and the values range from 1.3 x 10 cm/sec to 6.4 x 
10-7 cm/sec. (Reference 3: Orange County Soil Survey and 4: 
Frimpter, M.H. Groundwater Resources of Orange and Ulster 
Counties, NY, u.s. Geological Survey Paper - 1985.) 

Available water capacity in the till is low and runoff is slow 
to medium. A perched water table has been observed in the months 
of November, December and January in the till. This perched 
water table was noted in the till that is tapped by poorly 
yielding dug wells: on the Continental Telephone property 
(abandoned), on the Stout Property (abandoned), and at 208 
Watkins Ave (used for watering vegetables). When the Technical 
Assistance Team first arrived on-site on October 15, 1983, a 
survey of wells near the Parella Well was made by John Bee. Two 
shallow dug wells were noted on the property belonging to Janice 
Stout (Stout Lot #4). The two wells were 11 feet and 16 feet 
deep, were dug into the glacial till soils, and were dry to the 
bottom. Following a major storm event, the water levels were 
measured on December 16, 1983. Water, within a 2 ~~Y. period, had 
reached to within 1 foot of the ground surface. The water levels 
in these wells then continued to hold a level within 2 feet of 
the surface through November, December and January.·1•1 :Water was 
found consistently through these winter months to 'be close to 
the ground surface in the shallow dug wells on Commonwealth, 
Watkins and Highland Avenues as well as in sumps and depressions 
along Industrial Place Extension. This perched water was noted 
filling the dug wells in the winter. The water levels in these 
dug wells were observed to fall through the summer months. The 
adjacent deep wells, between 40 and 250 feet, tapping the shale 
aquifer had water levels between ten to twenty feet below the 
perched water levels in the till in the shallow dug wells as 
reported in the Pump Test Tables 1, 2 and 3 and in the Summary 
of water Level Measurements, 11/15/83 to· 2/3/84. 

Transmission of water and contaminants through the glacial till 
is likely to be retarded by the slow percolation rate operating 
in the surficial till. 
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The water in the glacial till is found in the soil pores between 
the unconsolidated soil grains. Contouring of the water table 
elevations in the till in 1984 indicated a flow direction in the 
till from north to s9uth, generally following the ground level 
elevations (Figure 3). 

As we propose to infiltrate treated groundwater through the till 
to flush out the Tetrachloroethylene in the glacial overburden 
at General switch, the planned pump test must prove that the 
water will infiltrate through the contaminated soil and that the 
Parella well will capture the leachate so produced. 

From the plot of water table levels in shallow dug wells (Figure 
3) and in depressions throughout the site area, the water table 
contours in the till follow the topography of the site and 
intersect the topography at approximately the 600 foot 
piezometric contour, with groundwater issuing out at the base of 
the hill as a spring line and forming a wetlands in the valley 
bottom as noted on Figure 3. The general lateral direction of 
groundwater flow in the till was from north to south in contrast 
to the groundwater flow direction in the shale that was 
influenced in 1983-84 by the overpumping of the groundwater 
reserves on Highland Avenue, described in detail in Figure 6. 
Fred c. Hart has provided water contours in the glacial till 
specifically on the General Switch property (Figure 4). It may 
be noted that Figures 3 and 4 do not coincide precisely. This is 
because Figure 3 is a plot of the piezometric head in shallow 
dug wells less than 10 feet deep measured in January 16, 1984 
and Figure 4 is a plot of the piezometric head in the glacial 
till measured in monitor wells in September 14, 1984. 

Austin Glen Grit and Shale 

The Austin Glen Grit and Shale consists of interbedded massive 
sandstones grading with increasing micaceous miner.als through to 
thinly-bedded fissile shales (Ref: Frimpter, M.H. ;·Groundwater 
Resources of Orange and Ulster Counties, NY, U.S. '.1!1¢¢ological 
Survey Paper - 1985.) As noted in outcrops on Industrial Place 
to the south of General Switch there is no primary. ·,·.porosity in 
the massive sandstone and shale exposed. ',"'.\'1;. 

· .. ) 11 ,, 
The fissile weathered shale is observed along the railroad grade 
to the east of General switch while the more massive sandstone, 
fractured with regional fissures, is seen immediately to the 
southeast at Lubricants, Inc. The trend of the regional fissures 
at this outcrop is predominantly northeast-southwest. The strike 
of bedding for the Austin Glen Series is northeast-southwest as 
can be seen from the Goshen Quadrangle Map (Figure 5) and the 
regional dip is 26-40° NW. From the cross section included with 
the quadrangle, the site is located on the northeast limb of a 
major anticline. 
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Shale Aquifer 

A second aquifer is found beneath the till in the Austin Glen 
Series sandstone and shale. This is a confined bedrock aquifer 
in that the bedrock is covered with 25 feet of dense glacial 
till under General Switch and water levels in wells cased into 
the shale are observed to have risen to elevations ten feet into 
the glacial till. For instance, the water levels were noted in 
December 1983 and January 1984 in the General switch well at or 
about 623 feet MSL, 12 feet below ground and 13 feet into the 
till. Following weathering and erosion of the overlying soil and 
rock, there has been a pressure release in the Austin Glen 
Series and fissures in the rock have opened as the overburden 
(the amount of rock above) has been reduced. In addition, earth 
movements have caused faults to develop in the sandstone and 
shale formation. These fault lines observed in the outcrops cut 
across all the regional structures of bedding planes and 
fissures and these fractures have a major influence on the flow 
of groundwater in the confined aquifer. Thus, in the sandstone 
and shale, the groundwater is not found between the mineral 
grains but is found in the secondary fissures and fractures 
cutting through the rock. These secondary fissures and fractures 
influence the abundance and direction of flow of the groundwater 
under the motive force of the difference in potentiometric head 
from one point to another. Groundwater will pass more slowly 
through rock with tight joints. Permeability and well yields in 
the Austin Glen Series can vary greatly within a short distance. 
This is determined in part by the degree of fracturing and 
openness of the joints and also by the interconnection of 
fractures. 

The groundwater in the shale is contained in this fractured 
bedrock aquifer. The following data obtained in 1984 is 
presented to indicate how the fractured bedrock aquifer responds 
to pumping. The potentiometric pressures in the sfiale 
represented by the composite groundwater contours. ~ l plotted for 
the shale in 1984 indicated drawdown due to overpumping along 
Highland Avenue, a groundwater divide between Highl.and and 
Watkins Avenue and a groundwater mound in the vicinity of the 
Electra Manufacturing, General switch and Pitt prop~rties from 
which water moves away in a radial pattern westwar~ . to Cosmo 
Optic, southeastward along Highland Avenue and southward towards 
Guild Molders (Figure 6, a blue line drawing that represents the 
best available figure, now six years old). 

Between November 15, 1983 and February 3, 1984 water levels were 
taken by John Bee of the Technical Assistance Team in wells that 
supplied residents with drinking water in the Washington Heights 
section of the Town of Wallkill and from Industrial Place in the 
City of Middletown. 
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Water levels were taken under the following conditions: Water 
levels used for plotting the regional groundwater flow pa:ttern 
were taken only when whole streets and city blocks had stopped 
pumping their wells for at least 12 hours. The highest elevation 
of the groundwater found in the wells was taken as that most 
nearly approaching static. These water levels were contoured and 
plotted on February 18, 1983 and represented the static water 
levels of the Washington Heights section for the confined 
aquifer in the shale during a period of aquifer use for drinking 
water (Ref: Wallkill New York, Table, Summary of Water Level 
Measurements). We note that indeed 12 hours may not be 
sufficient time for some of these wells to recover to static 
levels. However, this limiting condition was presented above in 
order to judge the limits of accuracy of the d~ta, imposed by 
daily need for the homeowners to use this aquifer •. 

Composite static groundwater levels: The composite water levels 
plotted for this site are taken from wells open along a large 
portion of their saturated profile. Note that this composite 
water level may differ from the true water level if the well 
penetrates a zone of rock in which the hydraulic potential 
changes with depth. The term composite is used to denote this 
difference. (Ref: Errors in Interpretation ·of Groundwater Level 
Data GWMR, Spring 1981, p56). The resultant water level is a 
function of the head differential, the permeabilities and the 
rate of recharge to the system. The true groundwater table can 
be determined by constructing piezometers screened no more than 
5 feet in length and penetrating the aquifer only sufficiently 
to be below the dry season water level. In interpreting the 
water contour map attached, it should be noted that in a 
recharge area, a deep open hole will show an anomolously lower 
water level reading than that found in a shallower comparable 
borehole. It is only in areas of lateral flow that data from 
deep and shallow holes, and open and cased holes (piezometers) 
can be plotted on the same groundwater level map. 

i , , I it 

Any contaminants located in the shale near General.I 1switch would 
tend to move towards the Parella well if a suitable fissure was 
available. The force moving the contaminants woulq., be the 
difference in head between the General Switch well . 624.77' 
(static) and the Parella well 615.61' (static). ,Not.e that even , 
moderate (4 gpm) pumping of wells in the shale causes large 
drawdowns as much as 50 feet in the Parella well and 77 feet in 
the Pitt well. The General Switch well had not been pumped since 
it was drilled because it was such a poor yielding well, · as 
reported by John Braghirol, the Plant Engineer. Thus, the 
potentiometric head around General Switch would maintain its 
elevated position. Pumping of the surrounding wells such as 
Osbourne, Lobb, Parella and Pitt greatly change the 
potentiometric contours as shown in the pump tests conducted at 
the site, greatly increasing the potentiometric head difference 
between the General Switch Well and the pumped wells • 

.. 
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since 1962, when municipal sewers were constructed, until 1986, 
when municipal water was supplied to Highland Avenue, the 
discharge of well water pumped from this aquifer into the 
municipal treatment plants reduced the overall potentiometric head 
in the shale by about 20 feet throughout the area, according to 
local well drillers. There appears to be correlation between areas 
of extensive pumping and long-term drawdown of water wells. 
Although the water levels plotted for 1984 are static conditions 
for individual wells, the groundwater elevations in the shale show 
long-term drawdown anomalies where extensive pumping has occurred. 
There has been extensive pumping of water from the aquifer under 
Highland Ayenue. Thus, in the 1984 plot of groundwater levels, the 
620 and 610 feet groundwater contours crossing Highland Avenue 
between th' ){napp (317 Highland Avenue) and Merle (331 Highland 
Avenue) residences show drawdown of the water levels in this 
location. "Asf indicated by the composite groundwater contour map 
(Figure 6), groundwater was moving away from the groundwater mound 
near Elect:t~\. Manufacturing properties and curving to the south, 
running albng the line of Highland Avenue. A groundwater divide 
was located in the vicinity of Van Pelt and Gilbert where 
potentiometric head decreased to the east towards Highland Avenue 
and west towards the 590 foot contour observed along Watkins and 
Commonwealth Avenues. Little water is extracted from the aquifer 
along most portions of Watkins Avenue; many residences in 1984 
were provided with municipal water supply. In general, groundwater 
flowed from Watkins Avenue towards Commonwealth Avenue in a 
north-westerly direction under residences located north of 
Electric Avenue (between numbers 208-251 on Watkins and numbers 
200-244 on Commonwealth). 

The tight concentric contours centered on the Morse and Perry 
residences reflected local drawdown in the potentiometric surface 
by overpumping of these two wells in a formation that is of 
limited extraction capacity and limited communication with major 
fractures. These wells did not recover to static levels within 12 
hours. This fact alone indicates that the well does not yield much 
water and is isolated from the major water bearing fractures in 
the shale and from signi£icant recharge. While groundwater data is 
scarce in the area immediately northwest of the Industrial Place 
Extension, the pqtentiometric head difference between General 
switch elevation (624.77 feet) and Guild Molders (594.81 feet) 
would mean that groundwater would tend to flow from General Switch 
towards Guild Molders. 

The pumping of individual wells has a great effect upon 
potentiometric heads in the shale and hence groundwater movements. 
While pumping of the Parella, Stout, Lobb and Osbourne wells will 
tend to increase the potential for groundwater flow from the 
Electra Manufacturing/General Switch groundwater mound, the fact 
that the well at Guild Molders had not been extensively used, 
according to information supplied by the facility, would tend to 
minimize the flow of groundwater from General switch to Guild 
Molders~_ The mobilizing force for the groundwater flow would have 
been the difference in static head between the wells. 
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Since 1986 many of the wells have been abandoned and it is 
expected that the regional water levels along Highland Avenue 
have recovered. The proposed measurement of static water levels 
taken prior to the pump test in wells along ·Highland Avenue will 
provide the new regional direction of groundwater flow. 

This discussion of hydrogeology in the shale aquifer is based 
upon data acquired during 1983-1984 by the author, John Bee, a 
certified professional geologist, and is the only site-specific 
data available concerning the shale aquifer collected by any of 
the parties. These were original observations during well 
sampling and water level measurement and are reported in the 
table " W~llkill Well Data" and in sampling report "Wallkill New 
York, summary of Water Level Measurements" submitted to the 
USEPA in March 1984. 

,''" .· 

At this t~~~' as we have previously noted, many of the 
residences ~ ~nd commercial facilities used well water. As 
previously noted many of the residences and facilities have 
converted to municipal water supply and have abandoned their 
individual wells. The discussion of · groundwater flow 
characteristics based on 1986 data may have little relevance to 
the flow patterns at present. This is why we have proposed to 
take groundwater level readings during the well survey before 
the pump test and contour the data to determine the present 
groundwater gradients in the shale. 

1.2. Previous Pumping Tests 

Pumping of the Parella Well 

Between November 15 and December 26, 1983, the Parella well at 
320 Highland Avenue, was pumped at between 1/2 to 4 gpm. The 
Parella well was the most contaminated well at that time and was 
employed as an extraction well to remove contaminants from the 
bedrock aquifer, in an attempt to limit the spread of the plume 
and to prevent the contamination of clean wells in the vicinity 
of the Parella well. 

From the plot of· concentration of the Parella well water pumped 
between November 15 and December 26, there is an indication that 
pumping at 1/2 gpm to 1 gpm recovered the most contaminated 
groundwater of that pumped from the Parella well by the USEPA, 
Figure 7. We note that this is an indication and not a 
conclusion that pumping the well at 1/2 gpm to 1 gpm recovered 
the most contaminated groundwater during the 3 months of pumping 
by the USEPA. 
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There seemed to be a general lowering of tetrachloroethylene 
levels with time in the water being recovered, after a peak of 
260 ppm on November 15, 1983. The concentration of 
tetrachloroethylene from the Parella well pumping at 4 gpm after 
3 months was at 95 ppm. There also appears to be a recovery and 
increase in concentration of tetrachloroethylene in samples 
taken during pumping after the well was rested, without pumping 
for one day as observed on November 26, 1983. The concentration 
of Tetrachloroethylene increases towards the end of the pumping 
from 61.4 ppm to 95 ppm as the pumping rate was increased from 1 
to 4 gpm. The graph depicted in Figure 7 represents information 
obtained during three months of pumping of the Parella well 
during whicn time highly contaminated groundwater was recovered 
from the aquifer and indicates that the Parella well was a good 
choice as · a ··pumping and recovery well. No other findings seem 
warranted by the limited data. 

·" .11·,. 
Pumping the Farella well from November 15 to December 25, 1983, 
extracted 33,400 gallons of contaminated water from the bedrock 
'aquifer. At an average of 74.S ppm tetrachloroethylene, this 
recovered 20.75 lbs. of tetrachloroethylene or 1.55 gallons of 
pure product extracted during the pumping. It is unfortunate 
that this pumping was not continued to the present time. 

Parella Well Pump Test #1 

The following data is presented to indicate how the Parella well 
operates and is interconnected to some of the nearby wells. On 
December 21, 1983, a pump test was conducted on the Parella 
well. The well had not been pumped for the previous 30 hours. At 
1445 hours, a static level was taken in the Osbourne, Lobb, 
Fiore, Electra Manufacturing and Continental Telephone wells. At 
that time, these wells were abandoned: the residences were 
either supplied by a temporary municipal water line or the wells 
were previously abandoned. 

It was assumed after 30 hours that the water levels in the shale 
had time to return to the static conditions. At 1500 hours, the 
Farella well was pumped at 12 gpm. At 1505 hours, the pump rate 
was reduced to 6 gpm as the well was losing suction. At 1535 
hours, the pump rate was further cut back and held at 4 gpm for 
the remainder of the test. 

Figure 8 and Table 1 presents a summary of the data collected 
during the pump test. From the data plotted, the effect that 
pumping the Parella well had on other wells can be observed. The 
water level in the Parella well was pulled down an estimated so 
feet, and the water levels in three of the surrounding wells 
belonging to the Osbourne, Lobb and Fiore families were pulled 
down appreciably. 
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The water level in the Lobb well after approximately 2.5 hours 
was pulled down 23.19 ft., Fiore 11.7 ft., and Osbourne over 
7.61 ft. Thus the Lobb, Fiore, and Osbourne wells appear to be 
in intimate hydraulic connection with the Parella well, probably 
being fed by the same fissure in the shale. However, it should 
be noted that the ~ ~n<!_Osbourne wells are highly 
contaminated, but that the Fiore well contains only a trace of 
tetrachloroethylene contamination. The drawdown in the Fiore 
well may have been the result of homeowner water withdrawal 
during the pump test. This apparent contradiction may be 
answered during th planned pump test. A time/concentration pump 
test for the Fiore well was not completed. The abandoned well at 
Electra Manufacturing did not respond in 'this 2.5 hour pump test 
and is judged not be in direct and intimate connection with the 
Parella well' fissure system. The Continental Telephone well 
water level dropped .18 feet during this test • 

.,· 11· 
. • I· • • Thus, the zohe of influence of pumping the Parella well does not 

propagate .in all directions equally, but follows preferred flow 
paths through fissures in the shale. This zone has a general 
effective radius of influence of 350 ft. (based on .18 ft. drop 
at a distance of 350 ft. for the Continental Telephone Well). It 
is understood that this test was taken after pumping the Parella 
well since October 17 at rates between 1/2 to 1 gpm for the 
recovery of tetrachloroethylene-contaminated groundwater and 
that the pump test was taken in non-equilibrium conditions. The 
pump test was to determine if pumping the Parella well had an 
effect on the surrounding wells under these conditions. 

General Switch Pump Test #1 

The General Switch well is not a candidate for a groundwater 
recovery well. On February 2, 1984, the General Switch well was 
pumped at 2 gpm. At or before 1213 hours, a static water level 
was taken in the General Switch well and neighboring wells which 
had been rested for at least 12 hours. After 1 hour 40 minutes 
of pumping at 2 gpm the drawdown in the General Switch well was 
measured at more than 2·s6' below the static water level, deeper 
than the 300' maximum depth from ground surface that could be 
measured using an M-scope water indicator. The specific capacity 
(gallons per minute/foot of drawdown) of the General switch well 
is very small (less than 2gpm/300 feet = 0.0067) in that pumping 
at 2 gpm for a period of 100 minutes during the initial drawdown 
pulled the water table down to 300 feet+. 

The General Switch well yields very little water. It is 
estimated that the General Switch well delivers only 1/2 gpm, 
although it is 480 feet deep. During the pumping test, water 
levels in nearby wells were recorded. There appears from the 
test to be hydraulic connection between the Parella and Osbourne 
wells and the General switch well (Table 2). 
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During the pump test of the General Switch well the water levels 
in the Parella and Osbourne wells fell significantly. The Guild 
Molders, Perez and Pitt wells were unaffected. Water levels in 
the Electra Manufacturing, Perry and Wand wells rose during the 
test. 

Ruppert Well PUmp Test #1 

The Ruppert well was pumped on February 3, 1984, the day after 
the General Switch pump test. The well was pumped at a flow rate 
of 11 gpm ... ,.This flow rate was sufficient after one hour to break 
suction on;. the pump set at 180' depth (147' below the static 
water leve-f);. ·one hour into the test the pump lost suction at 11 
gpm and was · then throttled back to 6 gpm. The pump again lost 
suction l '. 1hr·. 23 minutes into the test at 6 gpm. At this point 
the pump was throttled back to 2 gpm and drawdown continued in 
the Barry "."(ll~ighbor's) well. The drawdown in neighboring wells 
during 3 hours of pumping the Ruppert well is noted in Table 3. 

PUmping the Ruppert well drew down the water levels appreciably 
in the Ruppert and Barry wells. Water levels in the Knapp, Van 
Pelt, Morse, Winner and Palermo wells rose during the test 
indicating that the wells were recovering to static level during 
the test and that these wells were not in intimate hydraulic 
connection with the Ruppert well, and any drawdown due to 
pumping was masked by this recovery. 

The pumping data generated during the initial well contamination 
period is subject to interference from individual well use 
during the test. However, there is indication that pumping the 
Parella well will have a substantial effect of plume capture and 
intercept the flow of contaminated groundwater flowing to 
downgradient wells. 

It is this hypothesis that the proposed pump test is intended to 
further investigate. Now that few wells are still being used, 
the possibility is more remote that pumping of the observation 
wells by a homeowner during the pump tests will influence the 
useful data. If the Parella well is to be used to capture the 
plume, the pumpin·g of the Parella well will pull down the water 
levels in the surrounding wells on Highland Avenue and in 
monitor wells on the General switch property, indicating its 
ability to intercept the groundwater from the area of soil 
contamination. 
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1.3. Wallkill Well Data 

A survey of wells within 1/4 mile of the site was completed for 
the USEPA by John Bee, a certified professional geologist, 
between October 1983 and February 1984. The data presented in a 
tabular form was updated with marginal notes in September 1989. 
(See Appendix D, Table "Wallkill Well Data"). We propose to 
update this information and use it to confirm the number and 
location of wells to be monitored during the pump test • 
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1.4. Extent of Soil Contamination and the Resulting Plume 

Contamination of soils with solvents including 
tetrachloroethylene has been detected in three locations: TP6 
and TPD in soils in the facility yard and at TPA, a remote 
cul-de-sac at the northern side of the plant, Figures 9-13 and 
Reference: Soils Investigation to Determine the Extent of PCE 
Contamination at the General Switch Site, Fred c. Hart 
Associates, 1986. 

In December 1983, the NYSDEC sampled soil from 0-2.s feet at a 
site just south of the plant building. The results of the 
chemical analyses showed relatively low concentrations of 
tetrachloroethylene at the top and bottom of the hole and higher 
concentrations (100 ppm) at depths of one to two feet. A second 
round of soil samples was taken from within a 100 foot radius of 
the plant in March, 1984. 

The most contaminated sample (1,000 ppm tetrachloroethylene) was 
found on the northwest side of the plant. Two other samples 
from the southwestern corner of the plant contained 95 and 400 
ppm tetrachloroethylene, while the other soil samples contained 
only 10 ppm. - · 

The Fred c. Hart reports define the extent of contamination and 
contaminant transport in the unconsolidated soils on the General 
switch property as shown in Figures 9, 10, 11, 12 and 13. 
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Fred c. Hart has conducted a program to define the lateral and 
vertical extent of contamination of the unconsolidated soils and 
fill material at General Switch. 

A correlation was developed between the laboratory data compared 
to data produced using a Photovac, a portable gas chromatograph 
with a photoionization detector and data generated using the 
portable OVA, a gas chromatograph using a flame ionization 
detector. It appears that the instruments were not calibrated to 
the same standards. 

The results ·indicated that the concentrations of 
tetrachlor;o~thylene in the headspace as identified through the 
Ph_otovac analysis was approximately one order of magnitude 
greater thari the actual concentration of tetrachloroethylene in 
the soil as · identified by the standard laboratory method. This 
is consiste~t with our experience of use of the Photovac as a 
sensitive "ffeld method. It is from sampling results obtained by 
laboratory analysis that all USEPA and State environmental 
quality criteria are derived. 

The OVA data produced poor correlation with soil laboratory data 
except to indicate high-level soil contamination. When the OVA 
scan of the split spoon indicated a high concentration of total 
volatile organics (greater than 1000 ppm) it was assumed that 
the sample was highly contaminated and a Photovac analysis was 
not _ performed. Based on the OVA results from this study and 
laboratory analytical results from previous studies, 
tetrachloroethylene concentrations in the soil around TPA and 
TPD are known to be higher than 200 ppm. 

The Photovac results are the most numerous and we have used this 
data along with the OVA data to establish the horizontal and 
vertical extent of soil that requires treatment. 

The following discussion addresses only the Photovac results 
which, based on the laboratory correlation, showed 
concentrations of 200 ppm or less. There are three areas of 
soil contamination indicated by previous investigations that are 
displayed in Figure 9: Soil around TP6, TPA and TPD. 

TP6 

Soil samples taken from the area around TP6, which included Test 
Borings T-1 through T-4, showed tetrachloroethylene 
concentrations in the range of less than 1 to approximately 20 
ppm. 
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With respect to contamination in the vertical direction, the 
higher concentrations· were found at depths of 2 to 7 feet, as 
indicated in Test Borings T-2, T-3, and T-4. The 
tetrachloroethylene contamination that was found below a depth 
of 10 feet extends to a depth of 17 feet at the range of 1 to 5 
ppm for all samples analyzed in this area. If the soil 
solidification alternative is adopted, soil will be treated to 4 
feet depth in this area as defined by Cross Section A-A'. 

With respec.t to the lateral extent of tetrachloroethylene 
contamination in this area, all four test borings generally 

'" showed the'11. ame degree of contamination. It appears that 
tetrachloroethylene contamination at concentrations of less than 
20 ppm extends laterally beyond the area investigated with Test 
Borings T-1 ." through T-4. It is proposed to treat the area 
detailed on'· · , lfi .~gures 10-13 that include locations T-1, T-4 and 
TP6. ..,,, ' ·· 

TPD 

Soil samples taken from the area around TPD, which included Test 
Borings T-5 through T-11, showed tetrachloroethylene 
contamination in the range of less than 1 ppm to approximately 
200 ppm. 

With respect to contamination in the vertical direction in this 
area, the higher concentrations were found at depths of O to 12 
feet, with the highest concentrations generally at depths of 
less than 10 feet. Concentrations in samples taken at depths of 
12 to 17 feet were in the range of approximately 5 to 16 ppm. 

With respect to the lateral extent of tetrachloroethylene 
contamination in this area, the highest concentrations were 
found in Test Borings T-7, T~8, T-9, T-10 and T-11, at levels of 
up to approximately 200 ppm with the Photovac and greater than 
1000 ppm with the OVA. _The lowest concentrations were found in 
Test Borings T-5, T-8, T-12, T-13 and T-11, in a range of less 
than 1 ppm to approximately 20 ppm. It appears that these test 
borings roughly define the lateral extent of tetrachloroethylene 
contamination in this area. For the solidification alternative, 
soil will be treated to 4 feet depth in T-5, T-6, to 6 feet 
depth near T-7, T-8, T-9 and T-10 and 2 feet near T-12, T-13. 

TPA 

Soil samples taken from the area around TPA, which included Test 
Borings T-15 through T-20, showed tetrachloroethylene 
contamination in a range of less than 1 ppm to approximately 200 
ppm. 
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It appears that there is significant contamination in the 
vertical direction in this area to at least a depth of 10 to 12 
feet. The highest concentrations were found in Test Borings 
T-15, T-18, T-17, and T-20, at levels of up to approximately 200 
ppm with the Photovac and greater than 1000 ppm with the OVA. 
However, Test Boring T-19 had a maximum concentration of 
approximately 5 ppm and all three concentrations in T-18 were 
less than 1 ppm. It appears that Test Boring T-19 roughly 
defines the lateral extent of tetrachloroethylene contamination 
parallel to the building in this area. The area at the side of 
the General switch building is a cul-de-sac, a depression that 
is lower than the neighboring slope from Highland Avenue and is 
bounded on the north by a property boundary. For the soil 
solidification alternative the depth of soil treatment in this 
area will be to 6 feet and extend from T-15 to T20, bounded by 
the property boundary. The foundations of the building will be 
undermined if excavation proceeds below the footings. 

Groundwater Contamination 

From October 17, 1983 to March 16, 1984 water samples from 
potable wells within a one-mile radius of the General switch 
plant were analyzed for tetrachloroethylene. The data generated 
from over 300 groundwater samples indicated that twenty wells on 
Highland and Watkins Avenues had detectable concentrations of 
tetrachloroethylene. 

Seven domestic wells and one industrial well (at General Switch) 
contained concentrations of tetrachloroethylene that exceeded 
the NYSDOH 1984 maximum permissible concentration (50 ppb) for 
any single synthetic organic chemical as shown on Figure 14. 

In 1984, the tetrachloroethylene contamination of wells in the 
Washington Heights Section of the Town of Wallkill was 
restricted to wells drawing water from the Austin Glen Series 
and not in the shallow dug wells in the area. Pe~~apility in 
this formation is determined by the degree of fracturing, 
openness of joints and bedding planes, and the interconnection 
of joints. The distribution of contaminants in the .· .area indicate 
transmission of the contaminants are along regiona;l.·'\•fractures. 
Those wells that obtain the highest level of contamfpant 
concentration are on a regional fracture that conneqts to the 
source of contaminants. · · 

Many of the residences on Highland Avenue have been supplied 
with municipal water, as noted in Figure 14, and have abandoned 
their wells, including all those residences with greater than 50 
ug/l tetrachloroethylene. 
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As of July 1988, the nearest residences to General Switch that 
use the aquifer as a drinking water source are: The Perry 
residence that has historically been unaffected by the 
groundwater contamination and the Ogden (now Wood), Seeley and 
Gilbert residences at 319, 321 and 323 Highland Avenue. These 
wells in November 1983 to April 1984 received 1 ppb to 
non-detected concentrations of tetrachloroethylene, indicating 
that these wells were not on a major fissure carrying the 
contaminants. 

In November 1983 to April 1984 the residences on Watkins Avenue 
that were supplied from wells were Hammerquist, Wegenroth, 
Rassmussen, Morse, Winner, Prior King Press, Cosmo Optics, 
Radivoy, Campbell, Jehovahs Witness, Wand and . Saxton. All the 
other residences on Watkins Avenue were supplied with municipal 
water from Middletown. In November 1983 .. to April 1984 all the 
wells on Watkins Avenue were free from tetrachloroethylene 
contamination except Prior King Press (ND, 2 and 3 ug/l), Winner 
(ND and 1.1 ug/l), Rassmussen (12 ug/l and ND), Morse (4 ug/l 
and ND) and Wand (2 ug/l and ND). 

All the wells tested in 1983-1984 on Commonwealth Avenue were <1 · 
ug/l or non-detected for tetrachloroethylene. 

Water well testing was conducted by Fred c. Hart between June 
and September 1984. The results of potable water analysis are 
presented in the Appendix. During the four months of sampling by 
Fred c. Hart, the most contaminated wells encountered were at 
the homes of: Ruppert, Liska, Barry, Stout, Parella, General 
swi~ch and Lewis. With the exception of Liska and Lewis, all 
the other wells had previously been identified as contaminated 
with over 50 ug/l of tetrachloroethylene. Tetrachloroethylene 
concentrations in excess of 50 ug/l were first noticed in the 
Lewis and Liska wells on July 17, 1984. Another set of samples 
were taken on August 28, 1984 to confirm the previous results. 
This increase in these wells downgradient in term~ · 9.f 
groundwater flow from the Parella well occurred after the 
Parella and Stout residences were provided with citywater and 
ceased to pump their wells. ::.· .\,''\• 

• ' , Ht1 / 

When the results of the August 28, 1984 sampling tr;i:p were 
received, the Liska and Lewis homes were put on : alt~rnate 
water. Aside from the wells mentioned above, all the other 
wells in the General Switch vicinity remained uncontamina~ed. 

In general, the concentrations and distribution of 
tetrachloroethylene had changed very little since EPA's last 
samples were taken in March of 1984. The trend of 
tetrachloroethylene distribution had remained in a 
northwest-southeast orientation and the contamination found in 
the Liska and Lewis wells conformed to this pattern. 

The additional data from the Technical Assistance Team studies 
~lls a gap in the knowledge of the hydrogeology of the area and 
the nature and extent of groundwater contamination in the shale. 
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Retesting of selected wells during cleanup is included iri the 
Sampling Plan along with a commitment by General Switch to 
provide municipal water to any residence impacted by the site 
with a well containing more than the Safe Drinking Water Act 
MCL. 

We have begun the survey of wells adjacent to General Switch. 
The Wood well, identified in August 1989 as being used for 
private supply, was sampled on August 17, 1989 along with other 
neighboring wells of households, such as Stout, on city water. 

Owner Volatile Organics (Method 624) 

Ernest 
Seeley 
Gilbert 
Stout 

353 Highland Avenue 
321 Highland Avenue 
323 Highland Avenue 
316 Highland Avenue 

Wood 319 Highland Avenue 
Guild Molders Industrial Place 

Toluene . 
Toluene 
Tetrachloroethylene 
Trichloroethylene 
ND 
1,1-Dichloroethane 
1,1,1 Trichloroethane 

ND 
3.5 ug/l 
3.1 ug/l 

1300 ug/l 
190 ug/l 

44 ug/l 
12 ug/l 

Following this review of the contaminated soil on General Switch 
property and the plume of tetrachloroethylene found in the 
shale, it would appear that the Parella well is the well to 
choose as the pumping well for plume capture. This assumption 
will be tested by the Pump Test Plan described in the following 
section. 
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2.0. Scope of Work 

The Parella well was selected as the pumping well in this Pump 
Test Plan because this well in 1983 and 1984 consistently 
demonstrated the highest concentrations of tetrachloroethylene 
observed in homeowners' wells. During the long-term pump test of 
the Parella well, water levels will be taken in the observation 
wells on Highland Avenue and on the General Switch property to 
assess the degree of interconnection of these wells in the 
glacial till and bedrock aquifer with the Parella well and the 
effect of pumping the Parella well on the surrounding bedrock 
and perched aquifers. 

2.1. Data Quality Objectives 

The pump test will provide information to address the following 
data quality objectives: 

0 

0 

0 

.. 

Two types of pump test will be conducted on the Parella ~~~'1', · 
wells and the surrounding observation wells. Initial ~~ 
short-term pump tests will be completed lasting 12 hours -~ l0-. 
during which the performance characteristics of each well~~;,:_~1 1_, 
will be determined. A long-term pump test of the Parella ,,__rJ; , ~ 
well will be conducted in which the long-term performance of /J u/ 
the Parella well may be determined and the aquifer l', ~~ r ..... 
characteristics of transmissivity and storage in the shale r.~.-~ tu> 

obtained. _""_;-,~t.-J 
t)t;)!,t;.. • 

Hydrologic information concerning the shale aquifer under 
the site will be obtained to determine if pumping the 
Parella well will clean up the aquifer. The long-term pump 
test of the Parella well will attempt to determine if the 
cone of influence of the Parella well encompasses the 
tetrachloroethylene plume observed in homeowners wells 
sampled prior to and during the pump test. O~e ; ~ound of 
water samples will be taken from the observat:ip,ri' wells 
surrounding the Parella well prior to the pump .. test on the 
Parella well and one round will be taken after-, .' the pumping 
to assess the water quality changes caused by::,':t~e pumping. 

I I . 
' · .. )IL ' ),~»t 'A_ • 

The effectiveness of the groundwater plume capture will be ~ VwV Vr JD 
assessed by sampling the concentration of the influent water ~~ 
quality of the pumping well analyzed for volatile organics /'(\;} 
according to the attached sampling program. This will allow JpJ..,.rt. µ}f-~l 
us to determine how much of the Tetrachloroethylene and J P ? 
trace volatiles are being removed from the aquifer by ~h \ 

pumping the Parella well. By sampling the groundwater pumped 
into the air stripper and comparing it to the effluent 
discharge concentration from the air stripper, we will 
obtain information on the effectiveness of the air stripper . 
in treating the groundwater recovered from the Parella well • 
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This data will be used in order to obtain long-term 
authorization from the NYSDEC and the Town of Wallkill to 
discharge the effluent treated groundwater during MA 
groundwater cleanup. {\\ / 

We will analyze the air quality of the exhaust from the ~) ~ 
stripper cleaning the water drawn from the Parella well. 
This data will be presented to the Air Branch of the NYDEC 
to obtain their authorization to discharge the exhaust 
during groundwater cleanup. 

o The pump test report will present details of the depth and 
condition of the pumping well that will include: static 
depth to water, well volume, depth of pump, pump capacity, 
power supply and pump control devices. 

o The operating parameters of the Parella pumping well will be 
determined in terms of optimum pumping rate, yield and 
specific capacity. 

o Data concerning the observation wells will be obtained that 
include the depth and condition of each well and the static 
water levels along Highland Avenue immediately prior to the 
pump test. The yield of individual wells provisionally 
selected as observation wells will be determined in order to 
assess the degree of connection these wells have to the 
regional fractured bedrock aquifer. Poorly yielding wells 
will be rejected as observation wells in a program of 
short-term pump tests prior to the· pump test of the Parella 
well. 

0 

An attempt will be made to limit the use of nearby wells ~ 
during the pump test as interferences and additional 
drawdown will result from any use of nearby wells. There are 
only three wells on Highland Avenue at preseni:!i'used for __/ 
drinking water supply. 

The drawdown of the pumping well under the opti~um 
sustainable pumping rate will be observed alortg).with the 
response in terms of drawdown in neighboring welis. This 
optimum sustainable pumping rate is that rate of groundwater 
pumping that the well can provide for the period of the pump 
test without drawing the well down to uncover the pump 
intake. It will be the pumping rate that removes most 
groundwater from the shale aquifer and has the most 
extensive impact on the water resources surrounding the 
well. We will report data comparing the pumping rate and the 
concentration of solvent withdrawn at that pumping rate. It 
is noted that the pump test is not a substitute for extended 
well pumping and that the initial optimum pumping rate may 
differ later in the groundwater recovery process. 
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0 Part of the proposed remedial action involves flushing L~ 

contamination from the hot-spots of soil contamination ~ 
through the glacial till to the bedrock aquifer. The pump ~ 
test plan includes monitoring of wells installed by Fred c. 
Hart in the glacial drift to determine if pumping the !L­
Parella well and drawing water from the bedrock aquifer wil z..)~)v'O"~ 
draw the water levels down in the wells screened in the 

1 
~Y' 

glacial till. In this way, we will evaluate the degree of 
interconnection between the till and the fractured bedrock 
aquifer. 

Observation Wells 

Based on the information concerning the hydrogeology of the 
aquifers at General Switch and the data quality objectives 
presented above, we are to conduct a pump test in the vicinity 
of General Switch where the Parella well is the pumping well and 
the observation wells are ten other wells along Highland Avenue 
and on the General Switch property and eight monitor wells in ,,--
the glacial till. 

For the observation wells, we will seek to use 10 abandoned 
wells in the shale of Barry, Rupert, Robaina, Stout, Osbourne 
and Lobb, Wood (now Ogden) or Lewis, Crooks, Electra 
Manufacturing, Roselli or Perez (Figure 24) and eight monitor 
wells installed by Fred c. Hart: MWl through MW-8 (Figure' 2~ 
· _ . One shallow dug well on the Stout property may be 
used if it contains water. The observation wells along Highland 
Avenue that are provisionally selected have been the wells 
adjacent to the Parella well that have historically demonstrated 
tetrachloroethylene contamination and drawdown during the prior 
pumping of the Parella well and are adjacent to General Switch. 
The wells in the shale are supplemented with monitor wells 
screened in the glacial till above the shale in order to 
evaluate the interconnection of groundwater removal in the shale 
and drawdown in the till above. '·1.I ,· • . : · 

Well flow (discharge) is a combination of water pumped from the 
standing column of water in a well (the well storage \ 
contribution) and the water flowing into the well f~om the 
aquifer (the aquifer contribution). In the evaluation of any 
well provisionally selected as a recovery well, such ·as the 
Parella Well, it is necessary to recognize that the well acts as 
a water storage chamber. Water is taken from well storage during 
peak demand times and gradually replenished during off-peak 
times. The impact of these two contributions was observed in the 
the wells in Wallkill drawing water from the shale. In those 
wells sampled that tapped few regional fractures, the aquifer 
contribution was low: less than 1 gpm. These wells were quickly 
exhausted once the well storage volume h~d been removed and had 
to be rested for a period of more than 1 hour before any 
significant well recovery was observed and the well could be 
pumped again. 
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2.2. Procedure 

~ 
' ro # 

We will monitor the drawdown over time in the pumpinq well and ~ ~ 
observation wells. The wells will be instrumented with an " 
electro-piezometer system and the data will be collected on a 
data loqqer for transfer into an IBM compatible PC for qraphinq ~ ' 
by Lotus software. The test will extend for a minimum of 3 days 
(72 hours). The pump test will beqin within 21 days of receipt r 
of USEPA approval of the plan. The pump test of the Parella well 
will beqin with a series of short-term pump tests on wells ~.v 
surrounding the Parella well to demonstrate the effectiveness of ~ 
these wells as observation wells and the deployment of the 
electropiezometer system. In the Pump Test, the 0 1v 
electro-piezometers will be installed and the Parella well will /o 
be started once the required permits are obtained from the 1~ 
township and State, a necessary prerequisite for the pump test ~ b' 
that we can only request once the parameters of the pump test C 
are agreed upon. We have identified the necessary local and r~Jlt' r 
State permits and regulations in the Section: Applicable Laws ~ 1 r 
and Permits. We will notify the USEPA not less than 10 days in J - V~ 
advance of any samplinq activity. ·f>-1' 

The tasks to be completed prior to the Parella well pump test 
are: 

o Community Well Survey 

We will first update the Wallkill Well Data survey of the wells 
on Industrial Place, Hiqhland Avenue Extension, Electric Avenue 
and Watkins Avenue and Commonwealth Avenue. The survey will 
obtain the names and phone numbers of the present owners. The 
survey will be a door-to-door survey of all wells on these 
streets in order to ascertain the present source of water 
supply: whether well or city water supplies each r.~~idence. The 
survey will also determine the condition of the wei[s in regard 
to ease of access to the well for sampling and water level 
measurement and whether the pump is still in place.: .. ai:id working. 
The survey is an essential prerequisite for the PWnp :· Test of the 
Parella well as it will update the information on ttl~ 
observation wells obtained in 1983-84 regarding wat~r levels, 
well depth and well status in terms of access and usefulness for 
the pump test. 
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Short-Term Pump Tests for Parella Well and Observation Wells 

The selection of the wells to be used as observation wells was 
based on the location of the well relative to the Parella well 
and General Switch and the plume of contaminated groundwater 
observed in homeowners wells to date. Those wells with the 
closest proximity to the Parella well and to General Switch and 
that have the highest sustainable yields have been selected as 
monitor wells for the Pump Test. There are wells in the project 
area that are nested together. On the Stout property there is a 
deep well and a shallow dug well approximately 200 feet 
downgradient from the Parella well. These two wells may be 
included among the observation wells to assess the relative 
effects of pumping the Parella well on the well in the shale and 
the adjacent well in the glacial till. Similarly, monitor well 
MWl, a shallow well screened between 15 to 20 feet to the top of 
bedrock and the Electra Manufacturing well, a 100 foot+ well in 
the shale, are located on an open lot 100 feet to the north of 
the General switch building. 

The interconnection of wells indicated by the short-term pump 
test completed in 1983-84 will be assessed in light of further 
short-term pump tests planned for the observation wells 
surrounding the Parella well and General switch, as an integral 
part of the Pump Test Plan and completed before the pump test of 
the Parella well. We need to know how the wells interconnect to 
determine which wells are to be chosen as observation wells for 
the Parella well pump test. Each well that has been 
provisionally selected as a monitoring well, including the 
Parella Well, will be pumped to determine the maximum 
sustainable yield, in order to confirm that the well is 
productive enough and that the well is in direct hydraulic 
connection to the regional fractures of the area. A short-term --J.e;,~Jjl;} 
(12 hour) step-drawdown pump test of the Parella well will be f" 
conducted to determine the optimum pumping rate fqr :the Parella ~~ 
well. The observation wells will also be subject tb' such /A:l An 
step-drawdown tests. For these well-performance tests, the yield fJ'l"' cJJ.­
and drawdown will be recorded so that the specific yield can be ~ Jl 7 
calculated. Significant drawdown of more than 5 feet in ~) 
neighboring wells on adjacent lots will be taken as 1

" an =-­
indication that the pumped well has hydraulic connection to the 
regional fractures. Each well provisionally selected as a 
monitor well will be pumped at 2 gpm and the water level 
drawdown will be monitored. If the well can sustain a drawdown 
of 2 gpm and reaches a constant head (constant drawdown) 
condition, the pump rate will be increased to 4, 6 and 10 gpm 
increments resulting in an increased drawdown, until the well 
fails to perform adequately when the water level in the well is 
drawn down to the pump intake and the pump loses suction. For 
the purposes of this plan a constant head condition exists when 
the pumping rate is held steady and the water level changes at a 
rate of less than 6 inches per hour. 
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The short-term pump tests will follow the protocol outlined in 
The technical reference Appendix F: New Jersey Geological 
survey, Groundwater Report Series- #1, Two Part Pump Test for 
Evaluating the Water Supply Capabilities of Domestic Wells. Once ~ 
the well fails to produce water by exposing the pump, the return 

measured to determine the response of the well in the recovery ~ 
of the water level to 90% of the original static level will be i 
period. The data will be reduced and calculations made according , /\./' 
to those presented in Reference: "Pum in Test Analysis for Lo .1 _,... 
Yieldin ormations", The Johnson Drillers Journ Y.- e ·y J; 
1980, Appendix F. 1 

~-~--- . I~ 101 v 
Samples of the pumped water will be collected at the end of the ~Jb~Y 
pumping period of each increment of 2, 4, 6 and 10 gpm and J,Jo T 1 }hr 
tested on the Photovac to analyze the concentration of .JlN<tfl 
groundwater contamination in the well effluent at each rate. One ----;;;;. 
sample in ten will be analyzed in the laboratory by USEPA Method (~A1~~ 
624 for priority pollutant volatile organics. ~~ 

:J 

~~ From observation of the wells during well sampling it appears 
that a well that yields more than 4 gpm in this area is a 
productive well and is connected to regional fissures. Wells 
that have less than this yield may supply 4 or more gpm to the 
homeowner for periods up to an hour but rely upon drawing down 
the storage capacity in the well to provide water during peak 
withdrawal. As observed by the homeowners, these wells need to 
be rested for several hours before the next well use in order to 
replenish the water removed from storage before the next pumping 
event. These wells are drilled in areas with few fractures and 
would not serve well as monitor wells. 

The above testing of wells will identify those poorly yielding 
wells that have insufficient storage capacity and a poor 
connection to the aquifer that will be culled (eliminated) from 

4~~ 

yt/;:;t 
~ 

~ 

~~IA 
c~ 

. 1~w-i-
According to Section VI. 3. Alternative Water '. 1·S~~ply, the /~1·,A· ·t'J 

the candidates of observation wells. 

USEPA requires a report identifying those wells which are or ~> v' f 
may be affected by releases of Tetrachloroethylene at or , 
from the site and have not been connected to ~ny . municipal 
water supply during or after the USEPA prior Removal Action. 
We are required to determine the levels of .' ~PL= 
Tetrachloroethylene in the well water and offer to any j.J.rJ) fL 
present a~d future well owner to connect any wells which / JJ (J,~ 
contain 5 ppb or more of Tetrachloroethylene. ~ '<1df~ 

yr;~t 
hf~ 

~J(J,u 
~f ~ 
14)J . 
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Historically, we have in 1983-84 been able to identify a circle ~n,,,..J.,JJH\¥ 
of clean wells outside the affected wells. To provide up-to-date f"'-""·~:·o 
information regarding the water quality in the aquifer, while we fLM-Jj,4 
are conducting the survey, water samples will be taken from all LJ~~ 
the existing wells on Industrial Place, Highlands Avenue, ~-- JJA 
Electric Avenue and Watkins Avenue and analyzed for volatile -fa;/,r<.,AP~ 
organics by USEPA Method 524.2. One month after the sample luA 
results of the wells are made available to the USEPA, we will /)u).t.;tvN['i:,._. 
submit a plan to identify a circle of clean wells around any g_~·-j 
contaminated well that in the judgment of the USEPA may be ,J-um.IJUA 
considered to be at risk and will be added to the sampling J:~ . ...A1"'. 
round. The results will be portrayed in a table and presented to /'V.-(' ... 
the USEPA, one month after completing the survey and will l.(t-J.1~ 
include a map depicting the location of such wells. The sampling !/"" . 

will be conducted according to the standard procedures for well Sv:J~:J.. . 
sampling presented in Appendix B. ~ 

o Permissions from Well OWners 

Permission to use the wells for the pump test will be obtained 
in writing from each homeowner. Permission is required from 
several home owners and a refusal is not anticipated. However, 
alternate wells may be substituted for the observation wells to 
provide adequate data, with the concurrence of the USEPA 
on-Scene-Coordinator or designate, prior to the start of the 
pump test. 

o Continuing Normal Operation of Any Private Well 

In this initial test we do not propose to introduce a second 
variable in the continued operation of any private well within 
500 feet of the Parella well during the pump test. Before the 
Parella well pump test, General switch proposes to ask 
permission to hook up to public water supply the remaining 
homeowners along Highland Avenue that still use well water, 
specifically: Wood (319), Ernest (353), Decarlo (jS7) and Fisher 
(361) in the vicinity of General Switch. If any well is not 
hooked up to public water supply before the test, ... the homeowner 
will be asked not to use their water for the duration of the 
test. Temporary water will be provided and the wel~J11 will be 
monitored with an electro-piezometer. · ."( 

t, 

o Recondition the Wells and Provide a 4000-gallon Temporary 
Holding Tank at the Parella Well. 

All the wells within 400 yards of the Parella well, except the 
Wood well, are inoperative and will need to be reconditioned for 
use. Once permission is obtained, we will have a pump contractor 
modify those wells in the project area that have difficult 
access for water level measurement. We will pull those pumps 
that are inoperable and that prevent easy access to the well. We 
will install a pump in those wells selected for well sampling 
and short-term pump testing. 



Shakti Consultants, Inc. 
Work Plan Appendix Pump Test Plan D-24 
·08/09/90 

The Parella well will need to be uncovered as it is located at a 
depth of three feet at the eastern corner of the house and will 
need to be fitted with a submersible pump and piping in a ditch 
below the frost line across to General Switch. · 

A 4000-gallon temporary storage tank will be provided adjacent 
to the Parella well, in addition to the 2 x 4000 gallon tank 
trucks. The storage tanks will be used to accumulate the water 
from the first day of the pump test. 

o Arrange for Waste Water Treatment 

If the Parella well is pumped at 4 gpm each day of the Farella 
well pump test approximately 6000 gallons of contaminated 
groundwater will be recovered. We will have the problem of 
dealing with the disposal or treatment of this waste. We propose 
to address the issue of disposal of this water in the following 
manner: 

Air Stripper 

Treat the discharge from the Parella Well to <5 ppb 
Tetrachloroethylene and any other trace volatile components by 
pumping the water recovered during the pump test through a 
full-scale prototype air stripper installed in a trailer on site 
(Appendix F). The air stripper will be sized to take additional 
well discharges if necessary. The air exhaust will be piped 
through activated carbon. Samples will be taken of the air after 
passing through activated carbon. The pump test will be used to 
monitor the effectiveness of the air stripper. 

Imbiber Beads 

The discharge from the air stripper will be piped through a bed ~~ 
of imbiber beads and into two 4000 gallon tanker trucks on site. 1 ()_ / .1 
The imbiber beads are a polystyrene beads marketed under the ~{,fl./?i)JJ/ 
name of Expandbeads that are effective in adsorpt'lon petroleum 

1 
v J 

fuels and solvents. Details of the beads are attached in ~-
Appendix F. 

o Take Samples of the Exhaust from the Air Strip~r and 
Effluent Treated Groundwater 

A minimum of 2 water samples of the pumped water will be 
collected each day after treatment by the air stripper at the 
discharge of the storage during the 3-day operation of the air 
stripper and analyzed with the Photovac 10S50 calibrated a ainst 
standards supplied by the_LaboratQ.t:Y: A minimum of 1 duplicate 

'e1fliient discharge sample per day will be analyzed by Method 1f 
524. 2 on a one-day turnaround. Verbal t.s · e_ proY.ide_to- .a l 
the ro)ect Coordinator an a 111 POTW to enable a decision [L{LAi.i ) 
on the release of the stored pump-test water (see sampling: 
Section 4.0). One sample of the air stripper exhaust will be 
taken and analyzed by NIOSH Method 1003. 
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The drawdown water level will be stabilized close to the bottom 
of the pumping well, five to ten feet above the pump in order to 
stress the aquifer. 

o Monitor any changes in the surrounding wells with a dual 
system of readings: by hand measurements of water level as 
well as by recording the data on the data logge_;:,.-. 

o Discharge the treated water provided the effluent is below 5 
ppb of tetrachloroethylene. 

o Water discharging from the air stripper will be sampled and 
analyzed by USEPA method 524.2 

o Obtain the Required Permits 

A temporary discharge permit to air will be sought from Neil ~~ 
Isabel of the NY State DEC for the operation of the air ~};.~ 
stripper. As the Pump Test Plan includes an engineering design Cr 
for the deployment of an air stripper, we will supply to NYSDEC, ~, .~ 
during the permit application, engineering drawings detailing -- __J 
the air stripper, certified by an engineer licensed to practise 
in New York State. A temporary discharge permit to groundwater 
will be obtained from Caesar Manfredi of the NY state DEC. As a 
further safeguard we will approach the Town Supervisor of 
Wallkill and the Wallkill sewer authority and ' the NY State DEC 
for temporary permission to discharge the pumped water into the 
Wallkill sewer along Highland Avenue. Additional background 
information is provided in Section 5.0. Permits. 

o Use of Data 

If the treated groundwater is shown to be consistently below 5 
ppb during the test, permission may be sought from the USEPA and 
NYDEC to discharge treated water from the Farella well onto the 
ground on General Switch Property at a location up .gradient in 
terms of the groundwater flow. This discharge wil~ i be used to 
determine the percolation rate of water discharged into the 
upper till and, if successful, will form a groundwater mound 
upgradient of the site that may be identified in the monitor 
wells on site to further investigate the feasibility of the 
proposal to flush the contaminants from the hot spots of 
Tetrachloroethylene in site soils previous identified. Such a 
proposal outlining the scope of the test may be submitted to the 
USEPA in the Pump Test Report. 

0 

0 

0 

Notice to USEPA, Wallkill and the Laboratory 

We will provide 10 days notice to the USEPA and Wallkill of 
the date of the pump test and notice to the laboratory of 
the sampling schedule. · :5 ~ 
Pick up prepared sample containers and standards of 100 ppb ~~· 
and 1 ppm of benzene, toluene, tetrachloroethylene and f 1. 
xylene from the laboratory. -fr/~ 
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Electro-piezometer 

The Terra 8 is a microcomputer data logger connected by cables 
to a number of pressure sensitive transducers that are submerged 
in the wells to be monitored. Changes in water levels in the 
wells are noted by the pressure transducers that are read by the 
data logger at programmable time intervals of every 1/10 of a 
second to once per 24 hours. The data logger stores the 
information that is then down-loaded to a portable IBM 
compatible PC. ' · 

o Installation of the Data Logger 

o Check out the data logger to see that it is operational. 
o Set up the data logger system 

Set up the data logger system with leads into the pumping well 
and observation wells. Set up the background barometric pressure 
gauge. The data loggers will be set up and run for 2 days before 
the pump on the Parella well is started to establish a good base 
line of water elevations. The data from the base line will be 
collected, graphed and reviewed before starting the Parella well 
pump. 

The leads for the data logger are 1/4" thick microvolt 
electrical transmission wires that will be protected from 
abrasion and vandalism by suspending them overhead, 20 feet 
above ground from the trees along Highland Avenue. The pressure 
transducers are pressure sensitive in that they record changes· 
in water level in the well, but the leads are not pressure 
sensitive to being walked upon or driven over and they are not 
affected by taking water level measurements by hand. It is 
prudent to use two methods to measure the water levels in the 
wells. 

0 

0 

i , , I itlo 

Begin the data logger recording. Register sta'~i:c' water 
levels and synchronize the watches of the observers~ 

.· ... . ·1' 

·~ :: l '11 I\ I 

' '' l\11 i 
I 1\ ' 
··,.,:1,,!;:' 

' ·• 

Groundwater Level Measurements 

Water level elevations using the electro-piezometer system will 
be taken at semi-logarithmic time intervals from the pumping 
well and each of the observation wells periodically during the 
pump test, with closely timed readings at the beginning of the 
test, as follows: 
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Prior to the Pump Being started 
in Hours 

minus 2880-To 
(JfJHJ 

Time Since Pumping Started (To) 
(or stopped) in Minute 

To 0-10 min 

10-15 

15-60 

60-300 

300-4320 ----4320 End of Test 

Hand Measurement 

Time Interval Between 
Measurements in Minutes 

60 min 

0.5-1 min 

1 

5 

30 

60 

Hand measurement of the water levels in the pumping well and 
observation wells will be taken to confirm and calibrate the . 
readings obtained with the electro-piezometer system and used to 
check that the water level is not being drawn so far down in the 
Parella well as to uncover the pump. 

, --/£ASD~ Prior to starting the pump test, two rounds of static water r. 
levels will be obtained by hand to measure groundwater levels t~ 
and plot flow direction. Static water level measurements of ~~e 
monitoring wells will be separated by a minimum period of 1 day. ~ 
Initially, care will be taken to measure water le'{,els under V~ L~7 ' 
non-pumping (static) conditions, where the water J~11 is not ""TN~ 
influenced by local drawdown due to pumping at or near the well. ~.f:: 
After the pump is started, these h~nd readings w~11;,..pe taken on ~· 
the same schedule as the electro-piezometer readiqg~ · for the 
first four hours and at a minimum of twice per day ... 4uring the 
rest of the pump test. · :,',.·:: 

Relative to the surveyed elevation of the top of the inner 
casing (riser pipe) of each well, the depth to water will be 
measured using a chalked tape (see Figure 2&) or hand-held 
electric water-level gauge. Individual water level measurements 
will be repeated to confirm water level elevations. 
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o Groundwater Contour Map 

Water levels will be compared before and after the pumping of 
the Parella well. Water levels taken in the monitor wells and 
any water levels taken in neighboring wells and from local 
standing water will be compared to define the potentiometric 
head in the formations present on site and plotted to develop a 
groundwater contour map to obtain groundwater gradients to 
compute direction and rate of flow. 

It is important to compare wells that are screened at the same 
depth and in the same formation for horizontal groundwater 
gradients and water quality. 
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3.0. Pump Test: Standard Operatinq Procedures 

o Pump the Parella Well 

once the groundwater levels in all the wells have recovered from 
the short-term pump tests, the Parella Well will be pumped to 
produce drawdown of the pumping well in a constant-rate pump 
test at the maximum sustainable pumping rate. The response in 
drawdown of the water levels in the observation wells will be 
measured. Any unusual events such as stoppage of pumping, 
Changes of weather or the passage of heavy equipment will be 
noted. The test will be run when clear weather is forecast. The 
pump test of the Parella well will be divided into three parts. 
The falling-head test, the constant-head test where the pumping 
is continued until equilibrium is reached and the recovery stage 
of the water level in the wells after the pump is switched off. 

o Pump Test Duration 

The pump test of the Parella well will extend for a minimum of 3 
days (72 hours). This choice was made based upon the apparent 
response of the wells surrounding the Parella well such as the 
Osbourne and Lobb wells that responded within .5 hours of 
pumping the Parella well during the initial pump tes.t of 
December 21, 1983 and similar responses of the Barry well during 
the short-term pump test of the Ruppert well indicating that 
such wells should serve as responsive monitor wells for the 
Parella well pump test. 

Characteristics of the wells in the shale are presented in the 
Wallkill Well Data table. The use of these observation wells 
will be continqent upon initial testing and observation 
conducted in the well survey detailed in the next section. 

Methods for Determininq the Pump Rate of a Well .
1
· ', .... 

',I I ·'.' 
Bucket and stop Watch 

· .. · ,• '• 

A 5 gallon bucket and stop watch will be used to determine the 
' • , . I ' flow rate from the wells being tested. The time in .ii.minutes that 

it takes to fill a 5 gallon bucket from the well will be divided 
by 5 to obtain the rate of pumping in qallons per minute. 

Flow Meter 

A flow meter and totalizer will be installed on the Parella Well 
to indicate the discharge rate of the well and the total gallons 
pumped. 
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Pump Flow Rates 

The discharge rate from the Parella well will be set initially 
at the rate determined by the short-term pump test, checked 
every hour during the first 12 hours of the test, after which 
the rate will be checked every 12 hours. 

Method for Regulating the Pump Rate of a Well 

Flow Restriction Valve 

A flow restriction valve will be installed on the end of the 
discharge hose from the pump to control the rate of discharge of 
the well pump. Repeated well measurements and valve adjustments 
will be employed to regulate the discharge from the well to 
control the pumping rate and hence the drawdown in the Parella 
well. In the second part of the pump test this method will be 
used to provide a constant head level in the well. 

Background Well Data 

We will measure any change in water level in two background 
wells on Watkins Avenue to monitor background changes in 
barometric pressure so that any barometric influence on the 
water levels in the wells may be discounted,. Watkins Avenue has 
been supplied with city water since before 198~ and the 
interference in water levels by pumping wells will be remote and 
insignificant. Two wells will be chosen from the wells at #202, 
#208 and #214 Commonwealth Avenue based upon data from the 
updated well survey and the ease of access to the wells. These 
wells are over 500 feet from the Parella well and are shallow 
abandoned wells that should be unaffected by pumping on Highland 
Avenue. 

0 Data Reduction and Review 

. ' 
1 • f ilh~ ,,, ' " 
, I I .t.t, 
·, '! -

.. 1·,' 

,· ••'t :;· 

...... ·111''\ 

The electro-piezometer data will be transferred intg , an IBM PC 
for display and print-out. Preliminary data from t~e· hand 
measurements will be plotted during the pump test to indicate 
any anomalies or boundary conditions encountered and when 
equilibrium conditions are reached. 
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5, ~~ ~ ~- oJ~~ ~' 
~ iJ,.-t II)~ 'W s if "' ~ k-c~ 
t>J~ ~ - ~A.;.L 

Q= P~Mh-~~­
-/:::. ~ ~ -r~~-4 .V) 5 t 

u-.A:.,/' ..,:... 41"\ ,J /b~- . EJ_MI Non-Equilibrium Well Formula (Theis) N ~ }-~ Jij~r~ 4 v., a..,i 

From the time pumping is begun in a well, the re~~ t i
1
J g drawdown ~ ~ 

(j) 'pb~ follows a logarithmic relationship over the time of the pumping. --'74/::.6r-Jffi)f<l 
~c Upon first beginning the pump, the drawdown is large and this ~·17~?-.J.... . 
µ.J.)Y- rate of drawdown falls off exponentially as the pumping ,--~o 
~ rA continues. '"U~ 

S When this relationship is plotted on a log/log graph the --f; ~~~ 
----- computer program plots a curve that is solved by obtaining a ~1~ 
(g-().J._ match with typical pump test data stored in memory, called a r~} P...... • 

•.. Ji.-Y,ll type curve, to obtain a match. The Theis formula may be used to ~~ 
~~ solve for T, the aquifer transmissivity. Transmissivity (T) is ~~ 
~ · the rate at which water is transmitted through a unit width of ~.,--. d,.+J 
(.ll.}.jY/" the aquifer under a unit hydraulic gradient. 7..l.J.-

~ f.rµ.<J', 
tM ii_,.µ.. 
<>--" ? (}-L 

T = 114.6 Q W(u) 
s 

L<t' ~ Once T is obtained, s, the aquifer storativity, is 
tf' ~ · from the following relationship 

S = uTt 
l.87r2 

Modified Non-Equilibrium Formula 

When the time-drawdown relationship is plotted on a 
semi-logarithmic scale the relationship plots as a straight 
line: 

0 to Intercept 
* 

i
1

' ti"•• 

* '.'·' 1 ' :\' ·. ' 

10 " ·' 

Drawdown "'s = ·· ch'.~nge in 
dr~wdown per "'s * log cycle 

"'s ·• 

20 * 

* log cycle 
30 

10 Distance --->100 
Time - Drawdown Relationship 

r)itt-}J l~) {~ ~D N 
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The slope of the drawdown is dependent upon Q, the pumping rate 
in gpm: K, the hydraulic conductivity in gpd/ft2: and m the 
aquifer thickness in ft. The coefficient of transmissivity, T in 
gpd/ft, is the product of the hydraulic conductivity and 
thickness of the aquifer. The relationship of transmissivity to ~ 
pumping rate and drawdown for a time-drawdown slope can be Lp 
written as ---------- f:r ~ l/'J , 

T == 26! Q • log ~~38Tt ~ ~ tn 

The computer program plots the drawdown with time on a graph and 
solves the equation for T using the above non-equilibrium 
modification of the Theis formula (Figure 20). ,,,1,,,_ 

1 1 
~ ~ 

.-6.S =- 'J'V()r-' 
~n~~..., rp' T == 264 Q 

~ -~ 
~ ~1 ~ ii.v.LS ~-12. 

s == o.~Tt0 7~ ~ ~ 0 

The Storativity formula used is 

Where r is the dist:nce from the pumping well to the m~:i(r:;;' ~~~ 
well in feet and t 0 is the intercept of the straight line of 
the graph at zero arawdown, in days. 

3.1. Contingencies 

If, on the basis of the Pump Test Report, the Parella Well will 
not satisfactorily serve as an interceptor well, General Switch 
will submit to EPA for review and approval a plan (or 
reconditioning the well or for use of alternative cB:<'additional 
interceptor wells, or a plan to develop the Parella well by 
means such as hydro-fracturing so that it may serve·'.:as an 

. ' I• 

adequate interceptor well. ·'. · J;/ 
I/ 

't,I ,, 
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4.0. Sampling Plan for the Pump Test 

The Pump Test Plan includes provision for the following chemical 
analyses: 

0 Groundwater Samples from the Short-Term Pump Tests 
. ~J.I 

Samples of the pumped water will be collected at the end of the /lf/f\~/o · 
pumping period of each increment of 2, 4, 6 and 10 gpm and f:tx. 

tested on the P~c to analyze the concentration of ~1 k 
groundwater contamination in the well effluent at each rate. One . htJ~ / ~~~ sample in ten will be analyzed in the laboratory by USEPA Method ~----
624 for priority pollutant volatile organics. 

o Groundwater Samples Before and After the Pump Test 

To determine if the cone of influence of the Parella well 
encompasses the tetrachloroethylene plume observed in homeowners~ ~ b-., ~ 
wells, these wells will be sampled prior to and after the pump ~~ 1-:- ,A­

test. It is anticipated that this sampling will identify a · ~l..t"r 
circle of clean wells outside the affected wells. The sampling 1 I 
round of wells will include all the existing wells on Industri~~.-~~,A~ .l.J. 
Place, Highlands Avenue, Electric Avenue and Watkins Avenue /~l'ft)l~~ 
including the observation wells surrounding the Parella well. p...M ~M 
The samples will be analyzed for volatile organics by USEPA ·~ ~./-~ 
Method 524.2. The round of samples will be taken after the ~ 
pumping"t:o 'assess the water quality changes caused by the ~~~ 
pumping. M- , 

~Sz.-'f.2--One month after the sample results of the wells are made 
available to the USEPA, we will submit a plan to identify a 
circle of clean wells around any contaminated well that in the 
judgment of the USEPA may be considered to be at risk and will 
be added to the sampling round. The results will be portrayed in 
a table and will include a map depicting the loca~~·~n of such 
wells. · · 

o Influent Samples of Raw water from the Parella"<-well 
•• ,1\11, 

• ~ . 1\11 '. 
Each day of the pump test, the effectiveness of th~" groundwater 
plume capture will be assessed by sampling the conc·~ntration of 
the influent water quality of the pumping well. The samples will 
be analyzed for volatile organics 

o Effluent Samples of Treated Water from the Air Stripper 

A minimum of 2 water samples of the pumped water will be 
collected each day after treatment by the air stripper at the 
discharge of the storage tanks into the sewer during the 3-day 
operation of the air stripper and analyzed with the Photovac 
10S50 calibrated against standards supplied by the Laboratory. 
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A minimum of 1 duplicate effluent discharge sample per day will 
be analyzed by Met- od 524.2 o one-d~ turnai:ound. Verbal 
results will be prov de to the Project Coordinator and Wallkill 
POTW to enable a decision on the release of the stored pump-test 
water. 

~} :ifV' h 

9c~~ 
V-( 

[>f. ::::;:--' 

I osst 
Duplicate samples will be analyzed with the Photovac 10S50 gas ~uki ~ 
chromatograph. The Photovac will be calibrated against standards (JI.IP 
of known concentration supplied by the laboratory. The Photovac r~~-~· ~ 
results will be available in seven minutes at the well head. 'f"'~.N f( 
According to the manufacturer, the Photovac is capable of 

The laboratory will determine in one day if any volatiles are 
present in the discharge with one day turnaround to a detection 
limit of 5 ppb by Method 524.2. The QA/QC data will probably be 
available in 28 days. Samples from the first day will be hand 
delivered to the laboratory personnel who will have the 
equipment calibrated in advance. 

detecting lO__ppb of tetrachloroethylene at a gain setting of 10. 
For lower detection limits the gain may be increased to 100. The 
laboratory will call the USEPA Project Coordinator and Wallkill 
POTW with the results the following day so that a decision can 
be made to discharge the water to the sewer. 

If the air stripper does not treat the effluent to below 5 ppb 
Tetrachloroethylene, the system will be shut down subject to the 
direction of the USEPA Project Coordinator. We will sample the 
influent concentration for volatile organics pumped into the · 
sewer and the influent concentration into the Wallkill treatment 
plant and at the Wallkill River discharge once per day during 
the test by running duplicate samples on the Photovac and at the 
certified laboratory. The Photovac results will be available the 
same day and will be confirmed verbally the following day by ' 
Method 524.2. The QA/QC package should be available in one month 
after analysis. If the .concentration of Tetrachloroethylene in 
the discharge to the sewer is more than 5 ppb, we1 1 ~~11 cease the 
discharge to the sewer, subject to the direction bf the USEPA 
Project Coordinator. This process will be repeated on the first, 
second and third days of the test. ·" ·"> 
0 Air Samples of Exhaust 

During operation of the air stripper one sample of the air 
stripper exhaust after passing through activated carbon will be 
taken each day of the pump test and analyzed by NIOSH Method 
l~ 

Groundwater and air samples will be taken using the protocols 
included in the appendix A, B and c of the Pump Test Plan. 



Shakti Consultants, Inc. 
Work Plan Appendix Pump Test Plan D-35 
08/09/90 

Analytical Parameters 

The Photovac 10S50 is most sensitive to the specific volatile 
compounds at this site down to detection limits of 2 ppb and 
thus will be used to screen the water and air samples. The 
procedures to be used for the Photovac analysis are those used 
by USEPA Reqion 1 laboratory and the USEPA National Response 
Team and are presented in Appendix F. 

Water Samples 

A duplicate sample of one in ten of the Photovac samples will be 
taken to the Laboratory for Volatile Priority Pollutant 
analysis. The Laboratory will analyze the water samples by USEPA 
Method 624 or 524.2 (for lower detection limit) to detect the 
full spectrum of volatile priority pollutant compounds. 

After the initial water sample rounds, once the potential 
contaminants are identified and documented to the satisfaction 
of the USEPA on-Scene Coordinator, the duplicate water samples 
may be analyzed by Method 601 for the tarqet volatile orqanic 
parameter tetrachloroethylene. 

As the Samplinq Plan includes volatile orqanic analysis, travel 
blanks will be analyzed for volatile orqanics. Field blanks 
will be analyzed each day for volatile orqanics. 

Specific conductance and pH will be obtained in the field. 

Air Samples 

The Photovac will screen all air samples obtained from the 
exhaust of the air stripper by the fillinq of tedlar baqs. A 
Tedlar baq is connected to an industrial hyqiene \11air samplinq 
pump fillinq the Tedlar Bag with exhaust gas. The ' bagged sample 
is now ready to be analyzed by the portable qas chromatoqraph 
according to the protocol detailed in Appendix F.·· < ·\· 

(. '\1 / 
Confirmatory air samples will be collected by NIOSH Method 1003 
on activated charcoal, accordinq to the protocol detailed in 
Section Appendix c. 



Table 4. PUMP TEST SAMPLING PLAN SUMMARY TABLE · S8f11:>ling Parameters and Analytical Methods 

s.,.,le Method Sanple Holding 
Location/Matrix Analvtical Parameter ~ Reference Preservn li.!!!L Unit Cost £2!! 

~ 
Groundwater ~les · Short Term P~ tests 

Photovac 4 per well x 10 Region I USEPA Cool/4C 2 days S500/day rental S3000 
Priority Volatile Organics 1 in 10 Method 624 Cool/4C 1 days S215 S860 

Groundwater Before and After P~ Test 
Photovac 1 per well x 10 Region I USEPA Cool/4C 2 days S500/day rental S3000 
Priority Volatile Organics 1 per well Method 524.2 Cool/4C 7 days S215 s12,ooo -

Influent s.,.,les from 
Perella well Photovac 2/day for 4 days Region I USEPA Cool/4C 2 days S500/day rental S2000 

Priority Volatile Organics 1/day for 3 days Method 624 Cool/4C 1 days S215 S645 

Internal QA/QC for treatment plant: 
Photovac 2/day Region I USEPA Cool/4C 2 days included in rental 

Effluent s.,.,les Photovac 2/day Region I USEPA Cool/4C 2 days included in rental 
Priority Volatile Organics 1/day for 3 days Method 524.2 Cool/4C 1 days S215 S645 

Field Blank Priority Volatile Organics 1/day for 3 days Method 624 Cool/4C 1 days S215 S645 
Quality Control (QC). Priority Volatile Organics 3 per batch Method 624 Cool/4C 1 days N/C 
spiked s.,.:>le/cllplfcate s.,.:>le 

Air 
Air 8811'ples of exhaust Region I USEPA Cool/4C 2 days Photovac 2/day 

Priority Volatile Organics 1/day NIOSH Method 1003 Cool/4C 1 days . S230 S690 

Electro·piezaneter Water levels 20/day Terra 8 SOP N/A N/A S1500/day S10000 

Total S33,485 

-~. -..::- --~ .:l ii- -

Footnote 

Analytical Methods o EPA Methods 624 Methods for Chemical Analysis of Water and Wastewater (EPA·600/4·7'9·020) 
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s.o. Applicable Laws and Regulations 

Regulations under the the Resource Conservation and Recovery Act 
(RCRA), the Safe Drinking Water Act (SOWA), and the Federal 
Water Pollution Control Act (Clean Water Act or CWA), and the 
Comprehensive Environmental Response, Compensation and Liability 
Act (CERCLA) have the broadest applications to remedial actions. 

5.1. Permits 

Federal programs such as the Clean Water Act, the Clean Air Act 
and various Resource Conservation and Recovery Act programs have 
been authorized by the USEPA to be administered by New York 
State. Various State regulations may apply to the site cleanup 
operations. 

New York State Permits and Regulations 

For Federally supervised sites and for sites that produce plumes 
from hazardous waste disposal sites, NY State supervision is 
conducted by the Division of Hazardous Waste Remediation. The 
Regional Engineer for Environmental Quality, Harry Agarawal for 
the NY State DEC, has responsibility for administering both the 
Water and Hazardous Waste regulation and is the point of contact 
in obtaining a decision on the required State permits. Harry 
Agarawal reports to Al Klauss, the Regional Director of 
Environmental Quality Engineering. Ronald Pergardia, in Albany, 
has special responsibility for sites involving PRPs (Potentially 
Responsible Parties). The Regional Air Pollution Engineer, Neil 
Isabel, also reports to Al Klauss. The NYSDEC lawyer for this 
site is Lou Evans. Permits that may be required for this site 
include: 

0 NPDES Permits 

Discharge of pollutants or contaminants from a po~~~ · source int 
U.S. waters requires a National Pollutant Discharg~ .. E. limination \ 
System (NPDES) permit pursuant to CWA section 402 •" ,.·\: __) 

' 11114 - '\ , .. 11)1,' 
,d 11•' 0 Local Permission 

•( 

Discharge of pollutant contaminants into sewer on Highland 
Avenue belonging to the Wallkill publicly owned treatment works 
(POTW) will require permission of the POTW. This alternative 
wi ll be used during the Pump Test. A verbal agreement was 
obtained in 1989 with Dennis Cosgrove, the recently retired 
Supervisor of Wallkill. A formal agreement needs to be obtained 
with the present Supervisor, Robert Brennan, and the POTW. 

'IM4 
,u (.,~ 
~· ~ 

~ DF-t. f,,.y, -
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o Groundwater Reinjection Permit, NYSDEC: Division of Water: 

The injection of treated water from the Parella Well into ~ 
underground formation may require a Groundwater Reinjection 
Permit under the NPDES program administered by Caesar Manfredi 
of the NYSDEC, Division of Water. The reinjection of treated 
groundwater as a means of site cleanup is an acceptable policy 
of the NY State DEC detailed in two documents: Groundwater 
Policy Statements on the Reinjection of Groundwater. The 
Division of Hazardous Waste Remediation has the choice of 
administering NY state regulations either through a Division 
Water Permit or through an Administrative Order. 

According to Caesar Manfredi, because the site is being wiAl k ).... }-. 
administered under CERCLA, the discharge of treated water into , 
the ground may not require a permit but will have to meet the ~a~ 
conditions of a permit (NYC Regulation Part 750). According to 1 
NY State regulations, under a permit, the discharge will meet ~ )~h' 
the NY State Groundwater Quality Standard that is now 5 ppb for~O"Vl-zdi ~ 
tetrachloroethylene, except in an area of containment such as a . 1_ 1~ 
slurry wall or injection into a drawdown cone of recovery wells. /~bd ·1 · 
In a decision on the appropriate groundwater requirements, the ...l 1 . JM~ vi,I... 
Division of Hazardous Waste Remediation will contact the ;....w-.-
Division of Water. w~ ~ 

Caesar Manfredi has agreed to allow us to discharge the water 
the ground during a pump test provided that we demonstrate to 
his satisfaction that the effluent criteria will be met. This 
demonstration may be in the form of a description of the air 
stripper operation in terms of discharge rate and time and 
anticipated effluent concentration. Whereupon Caesar Manfredi 
will issue a letter of temporary authorization to conduct the 
pump test. 

to~ 
"·I i.JlJ. 

'/f'<-t..( , 

~~­
~-JA_ 

{;v/jj,i.d.·- } 
y-1-vv\ ~-

. P.v.YIM~~-
Air Emissions: Regarding the air emission levels \~~bm site Jv.-~ ~ 
0 Clean Air Act Permits 

acti~ity, Gener~l Switch h~s agreed to meet air em~ssion levels r-P~ 
permitted by existing permits granted by the State .of New York. j:t.i..., · 
The air stripper will be located on the General sw~tch property ~lJ,...v ~ 
and not at the Parella well. The water will be pumped out of ~ ~ 
the Parella well for treatment by the stripper on the General ~ ~ 
Switch site and the treated water discharged in the excavated ~ _ J . 
holes formed during soil cleanup at the three hot spots. J ~ ~, 

JM~ According to the USEPA, a permit may not be required for such '!MlL-~ 
on-site remedial activity although the NY State air criteria ~ 
will be observed. -/ £ 

)j_,j,ft lfu £M ~S". fJrli_ ~) 
7nv ~ r(!Mlctl.Y'..f i# 4< ;µt}-, 
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According to Neil Isabel, NYSDEC Regional Air Pollution 
Engineer, emissions of pollutants to the air from the air 
stripper will require a New York State Air Permit (Air Resource 
Regulations 211.13 & 211-14). The criteria exhaust levels that 
will be permitted depend on the substance emitted, its quantity, 
and the air quality classification of the area. The NYSDEC will 
assess the impact of the exhaust. Based on past experience Neil 
Isabel does not envisage any problems in permitting the air 
stripper. The stripper must be separated from the exhaust from 
other manufacturing process operations. 

Section 6 NYC RR 212 details the regulations for process and 
exhaust systems and the method of granting a permit to operate. 
An Air 100 Form will need to be completed that details the ' 
geographic location and chemical emissions from the site along 
with the emission rate potential (the emission rate without ' any 
controls) and the emission rate with controls. Neil Isabel ' 
stated on April 24, 1989 that we do not need a temporary air 
permit to conduct the pump test. We can conduct the pump test 
with the air stripper to provide hard data on the air emissions 
for the Air 100 Permit and he anticipates no problems in 
permitting the system. The regulations, according to Neil, 
specify the technology to be used (an air stripper) and as we 
propose to use the appropriate technology should not encounter a 
problem in applying for an operations permit supported by 
engineering drawings and data from the pump test. The 
engineering drawings will be certified by an engineer licensed 
to practice in New York State. 

Soil Treatment 
(/> R.~H/}µ.( 

Neil Isabel requires an estimate of the rate of em.ission of LI ~ 
solvent from the soil during soil treatment. New York state DEC t<b ~,­
reviewed hydrocarbon emissions from sites ' because of the ozone f!j)IJJA~ 
exceedences experienced in the State in the summer of 1989. It ~ 
is noted that Orange County is' in attainment for ~mbient ozone JJA'1'V' 1 levels. John Davis of the Bureau of Source Control 1 '(518) ,t.-;>::;:-aT' 
457-5618 is reviewing policy in regard to air strippers and will ~ · 
probably define the rate of emissions from a site above which @ ~ 
controls are required. This policy may ask for an ,s r,aluation of ~l 
the anticipated air emissions from the soil treatment and may · 
either prevent the application of rotor tilling and. ·evaporation o4. 1y 
of hydrocarbons as a remedial measure for spill sites without P ~~ _ A 
the control of these emissions 1 h~ 
Neil Isabel requires an estimate of the rate of emission of 
solvent from the soil during soil treatment by rotor tilling. He 
has informed Shakti Consultants that this rate will most likely 
be acceptable. 

o RCRA Program Permits 

Transportation of hazardous waste to an off-site treatment, 
storage, or disposal facility (TSDF) requires RCRA manifests and 
TSDF permits but will not be required for on-site treatment. 
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6.0. Schedule 

We estimate that the well survey will take one month to 
complete, followed immediately by renovation of the necessary 
wells for water level recording and sampling. Renovation of the 
Parella well will take 5 days: that includes the uncovering of 
the well and installation of a new pump and digging a trench 
from the Parella (Cuison) property to the rear of the General 
Switch warehouse where the air stripper will be positioned. We 
have allowed an additional month to 6 weeks to renovate the 
observation wells needed for the pump test and to conduct the 
short-term pump tests. Several wells are below ground and will 
need to be excavated to gain access to the well. If the findings 
of the well survey reflect that there are no pumps to pull from 
the wells and the wells have easy access, the schedule will 
proceed to installing the required pumps and instrumentation 
into the wells. By that time the air stripper will be completed 
and deployed. Set up of the electro-piezometer will take 1 week 
and will include stringing the data wires over Highland Avenue. 
The pump test of the Parella well should take 3 days to obtain 
useful data. The completed laboratory analyses package with the 
attached Quality Control report from the laboratory will be 
available four weeks after the test. An integral part of the 
pump test is the qualified laboratory analysis results. The end 
of the pump test is when the quality control reviewed laboratory 
data is provided to the consultant. While we can prepare the 
findings on the hydrologic portion of the pump test during the 
month the laboratory is analyzing the samples, the pump test 
report will be delayed by the laboratory results and will be 
available to the client and USEPA twenty-one days after receipt 
by the consultant of the analysis package that marks the 
completion of the pump test. 

TASKS DURATION OF TEST 
i. ", .• 

WEEKS ' I ·', 

-3 1 4 8 12 16 ' 20 24 
APPROVAL FROM USEPA x 
WELL SURVEY xx xx ''!',, 

' )11 OBTAIN PERMITS xxxxxxxx 
SHORT-TERM PUMP TESTS xxxxx 
RENOVATE WELLS xxxxxx 
MOBILIZATION OF AIR STRIPPER xxx 
SET UP DATA LOGGER x 
INITIAL ROUND OF WATER LEVELS x 
PUMP TEST xx 
LABORATORY ANALYSIS xxxxx 
REPORT WRITING xxx 
FINAL REPORT SUBMISSION x 

-3 1 4 8 12 16 20 24 
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7.0. The Pump Test Report 

The final Pump Test Report will include: 

o Identification of the present ownership of the Parella 
well and provisions made to secure use of the well and any 
nearby land necessary for the operation of the Groundwater 
Remedy until such times as the USEPA determines, in 
accordance with Section X.F.3 of the Consent Decree, that 
groundwater treatment may be terminated. 

o A summary of Pump Test procedures and results 

o Graph of water level v time for each well instrumented and 
the computer data used in determining hydraulic 
conductivity, transmissivity and storativity 

o Definition of the Parella Well's cone of influence and its 
hydrologic connection to other wells 

A groundwater contour map before and upon completion of 
the test 

o Conclusions as to the Parella well's optimum pumping rate 
and measures necessary to maintain that optimum pumping 
rate. 

o Conclusions as to whether the Pump Test demonstrated that 
the Parella well is a satisfactory for interception of the 
contaminant plume under or near the site. 

Appendix: 
Data Sheets, Field Notes and Equations, Calculations and 
Input data supporting the Pump Test Plan Conc.lusions 

Technical References 

Lab Analysis Results 

Quality Assurance/Quality Control data copy) 
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Shakti Consultants, Inc 

HEADSPACE ANALYSIS OF SOIL GAS AND WATER SAMPLES 

Purpose 

The concentration of voe in soil and water may be determined by 
analysis of the headspace over a soil or water sample. During 
the survey the Photovac portable gas chromatograph and 
Laboratory analysis program is used as a basis for correlating 
the Photovac results to laboratory derived voe analysis results 
for soil or water samples. 

Method 

Sampling Procedures - Headspace analysis 

Samples of soil are obtained by subcoring soil from ·a split 
spoon sampler. The 30 cu mm of soiJ is are placed in a 40 ml 
vial such that the vial is three quarters full. The vials are 
than placed in a warm water bath held at 30 degrees C and heated 
for 20 minutes to drive the volatiles into the headspace of the 
vial. A 100 ul injection was then drawn from the headspace of 
the vial with an airtight syringe and introduced into the 
Photovac. 

· Dry soil samples are prepared for analysis by the addition of 10 
ml of distilled water to the VOA vials. 

Water samples are obtained either as grab samples or from a 
precleaned bailer. The 40 ml vial is filled 3/4 full leaving a 
headspace from which the sample is drawn. 

The VOA vials are stored upside down on ice prior to the 
Photovac analysis, and prior to and during shipment for 
laboratory analysis. 

Sample Analysis 
•• ' 't, 

' ' 

The Photovac analysis is conducted using a Pho~ov'.a~1 .M'?del 10S50 
portable gas chromatograph (GC). The Photovac -9C u.'tilizes 
photoionization at a stable temperature maintained ·by the 
inboard GC column oven. The sample is injected through a model 
SA1020 encapsulated capillary column with a packing material of 
CPsil 19CB, nine feet in length. 

The lOS50 gas chromatograph contains a built-in integrator and 4 
libraries enabling the computer to interpret a chromatogram 
qualitatively and quantitatively when comparing the sample to a 
standard of known concentrations that ·is run and programmed into 
the Photovac library. 
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A 100 ul aliquot of the headspace from the sample is injected 
into the Photovac. The GC prints out the specific peaks for the 
compounds at the retention time for the voe at the specific 
column temperature and carrier gas flow. 

Chromatograms display the library listing and show the analysis 
conditions including the gain setting used. The data from this 
chromatogram is used to evaluate other chromatograms of the 
standards for the calibration range and to establish a lower 
detection limit. For example from experience, the detection 
limit for Benzene in water is 10 ppb. 

QA/QC 

Calibration 

As part of the field analytical procedure, the Photovac is 
calibrated with a voe standard. A standard is injected at the 
beginning and at the end of the daily analysis program to 
confirm positive identification. 

Standards: The standards are composed of voe in water that have 
high sensitivity and well defined peak separation, such as 
Benzene, Toluene, Ethylbenzene and Xylene (BTEX). 

Preparation of Water Standards 

The accuracy of the standards is dependent on the precautions 
taken in the transfers of liquids and care taken to prevent 
headspace loss. Cross contamination by using contaminated 
syringes must also be avoided. 

Procedure 
··1. I 

Standards may be made using analytical balances. The preferred 
method of making standards is to weigh small quantities of the 
volatile organic compounds in gas-tight syringes. ·· These 
quantities are transferred to 20 ml of methanol and . the whole 
reweighed (See Appendix A, Photovac Technical Bulle.tin #27 and 
Procedure For Weighing Liquids With A Syringe"). Concentration 
is then calculated directly on a wt/wt basis (ppm= ug/g). 

Alternatively, the densities of the compounds are used to 
describe the weight of known volumes. The following is an 
example for making water standards at low ppb concentrations of 
Benzene and TCE. The procedure consists of 3 parts: a stock 
solution in methanol (approx. 1000-5000 ppm) is made, a serial 
dilation is made of 1/800 in water, followed by a further 1/500 
dilution in water. 
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The standards are made up under controlled conditions by the 
testing laboratory from priority pollutant standards supplied 
and guaranteed by Supelco. 

Results of Calibration Range Injections: 

LOWER LIMIT 
Chromato- #3 #4 
grams 

calculated 
actual 

Benzene .875 .624/.608 
TCE .666 .549/.549 
Toluene .875 .949/.906 
PCE .666 .718/.761 

CENTER LIMIT 
#2 

calculated 
actual 

10.5 
8.0 

10.5 
8.0 

10.24 
7.56 
9.69 
8.59 

UPPER LIMIT 
#1 

calculated 
actual 

105 
80 

105 
80 

98.49 
71. 76 

105.8 
93.75 

Injections: A 100 ul injection of the standard is introduced 
into the Photovac to obtain the retention time for the voe at 
the specific column temperature and carrier gas flow. 

The peaks derived from the standard is labelled by the inboard 
computer and integrated according to the peak size. The specific 
peak for a compound is then identified for the computer and 

. assigned the known concentration of the standard. This 
chromatogram is then retained by the inboard computer and may be 
recalibrated at any time. 

The computer identifies the sample peak with the retention time 
of the standard of the identified compound. All other peaks for 
the identified compound obtained during the Photovac analysis 
are thus assigned concentrations based on, and with respect to, 
the standard peak size. 

A sample of the standard is included in the samp~es for 
Laboratory analysis to monitor any standard drift: 1

• 

Duplicate Samples: Selected duplicate samples are retained in 
VOA vials from the split spoon samples. Equal volu~es of soil 
are placed in the VOA vials so that a reasonable comparison of 
voe contamination between samples could be made. Based on the 
results of the Photovac analysis, duplicate samples are 
identified for laboratory analysis. One in ten samples are 
chosen, placed in 950 ml amber glass jars with teflon sealed 
lids and sent to the Laboratory. The samples identified for 
laboratory analysis are chosen to cover a range of of voe 
concentrations from approximately 100 ppb to 100 ppm. The 
laboratory analysis is conducted to provide quantitative data 
for the selected duplicate samples. Thi$ information is used as 
a basis for developing a correlation between the voe 
concentration in the soil identified through Laboratory analysis 
and the Photovac data. 
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Interferences: The following precautions are taken to minimize 
the possibility of contamination influencing results: 

A field blank of distilled water accompanies samples throughout 
the sampling effort and is analyzed at the time that field 
samples are analyzed. This field blank analysis protocol 
identifies inaccuracies introduced during soil gas and water 
sample collection and transport. 

syringes are screened for contamination by injecting ultra zero 
air into the GC after analyzing samples containing compounds of 
substantial concentrations. This screens for the possibility of 
contamination carry-over. 

At the beginning of each day ultra zero air is injected into the 
gas chromatograph to determine if any internal contamination is 
present. 

Background samples are taken on-site and analyzed periodically 
during the daily sampling effort. In addition, samples are taken 
daily from an area on or off-site that has been designated to be 
uncontaminated. 

Duplicate samples are processed through the gas chromatograph 
for approximately 10% of the total samples analyzed. 

Decontamination of Sampling Tool and Sample Container Cleaning 
Procedures: 

The sampling tools used in a soils investigation, may include a 
drill rig and split-spoon components, stainless lab ppatulas and 
a 3/8" diameter stainless steel rod. These tools are required to 
obtain the soil sample and transfer and tamp the contents of the 
split-spoon into the 40 ml amber glass, teflon-capped septum 
vials or the 250 ml amber glass bottles with tefl<qf.~lined caps. 

Water samples are be collected using the VOA vial ·to grab a 
sample or a tef lon bailer to obtain a water sample· from a 
properly developed and evacuated well. , , · .)

11 

Hand tools are cleaned in the following manner: · 
Thorough .washing with non phosphate detergent and tap 
water, utilizing a scrub brush 
Distilled water rinse (pressure-type sprayer) 
Acetone rinse (Reagent grade) 
Air dry 
Distilled water rinse (twice) 
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Sample Containers: The sample containers used in this collection 
program are prepared by the analytical laboratory selected to 
perform all of the analysis. 

Each VOA water sample is collected in three, 40 ml, 
teflon-lined, septum-capped glass vials. This protocol is 
written in accordance with the "Interim Analysis Guideline" for 
Total PHC, as contained in attachment 2,E. of the DRAFT Sampling 
Plan Guide of the NJDEP. 

Bottles are prepared by the laboratory in accordance with 
current "organic-cleaned" protocol, as follows. The bottles are 
acetone rinsed, methylene chloride rinsed and oven-dried at 100 
degrees c for one hour. 

The containers for the Photovac analysis of voe soil samples are 
identical to the water sample vials, and are provided with the 
same laboratory prep. The field blanks and trip blank (aqueous) 
samples are collected in four, 40 ml vials each, of the type and 
"preped" as previously described. 

Documentation 

Field notebooks are maintained by assigned field personnel. In 
addition, a printout of the analysis (chromatographic data) is 
maintained. This analysis protocol includes a listing of the 
certified gas standards of the compounds, a chromatogram, the 
time of analysis, a summary of analysis parameters, the 
retention times and concentrations of identified compounds, and 
a details of the sampling and precolumn/backf lush analysis 
annotated on the computer printout. 

Results 

The results of the Photovac and laboratory analys~s are displayed 
in a comparison table. A correlation between the laboratory data 
and the Photovac data is established. 

Conclusion - Detection Limits; 

Using the lower limit as the detection limit allows for adequate 
sensitivity for analysis of contaminants in groundwater and soil. 
A 100 ul injection of sample at an instrument gain of 100 will 
show 20 ppb as shown by chromatograms #3 and #4. 
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Chlorobenzene 
Chlorobromomethane 
l-chloro-2-bromoethane 
1-chlorobutane 
2-chlorobutane 
1-chlorobutanone 
l-chloro-2,3 epoxy propane 
Chloroethane (ethyl chloride) 
Chloroethene 
2-chloroethoxyethene 
l-chloro-2-f luorobenzene 
l-chloro-3-f luorobenzene 
l-chloro-2-flouroethene(cis) 
l-chloro-2-fluoroethene(trans) 
Chloroform 
o-chloroiodobenzene 
l-chloro-2-methylbenzene 
l-chloro-3-methylbenzene 
l-chloro-4-methylbenzene 
Chloromethylethyl ether 
Chloromethylmethyl ether 
1 chloro-2-methylpropane 
Chloroprene 
1-chloropropane 
2-chloropropane 
3-chloropropene 
p--chlorostyrene 
2-chlorothiophene 
o-chlorotoluene 
m-chlorotoluene 
p--chlorotoluene 
Ctnnene (i-propyl benzene) 
Crotonaldehyde 
Cyanoethene 
Cyanogen bromide 
3-cyanopropene 
Cyclobutane 
Cyclohexane 
Cyclohexanone 
Cyclohexene 
Cyclo-octatetraene 
Cyclopentadiene 
Cyclopentane 
Cyclopentanone 
Cyclopentene 
Cyclopropane 
2-decanone 
1,3-dibromobutane 
1,4-dibromobutane 
Dibromochloromethane 
Dibromochloropropane 
1,1-dibromoethane 
Dibromomethane 
1,2-dibromopropane 

2 

ev 
9.07 

10.63 
10.67 
10.65 

9.54 
10.60 
10.97 
10.00 
10.61 
9.16 
9.21 
9.87 
9.87 

11.37 
8.35 
8.72 
8.61 
8.78 

10.08 
10.25 
10.66 

10.82 
10.78 
10.04 

8.68 
8.83 
8.83 
8.70 
8.75 
9.73 

10.91 
10.91 
10.39 
10.50 

9.98 
9.14 
8.95 
7.99 
8.55 

10.52 
9.26 
9.01 

10.06 
9.40 

10.59 

10.19 
10.49 
10.26 

2,2-dibromopropane 
1,2-dichlorobenzene 
1,3-dichlorobenzene 
1,4-dichlorobenzene 
1,3-dichlorobutane 
1,4-dichlorobutane 
1,4-dichloro-2-butene(cis) 
2,2-dichlorobutane 
2,3-dichlorobutane 
3,4-dichlorobutene 
Dichlorodifluoromethane(Freonl2) 
1,1-dichloroethane 
1,2-dichloroethane 
cis-dichloroethene 
trans-dichloroethene 
Dichloroethyl ether 
Dichloromethane 
1,2-dichloropropane 
1,3-dichloropropane 
1,1-dichloropropanone 
2,3 dichloropropene 
Dicyclopentadiene 
Dibutyl amine 
Diethoxymethane 
Diethyl amine 
Diethyl ether 
N-diethyl formamide 
Diethyl Ketone 
Diethyl Sulfide 
1,2-difluorobenzene 
1,4-difluorobenzene 
Dif luorodibromomethane 
Dif luoromethylbenzene 
1,1-dimethoxyethane 
Dimethoxymethane 
Diiodomethane 
Diisobutyl Ketone 
Diisopropylamine 
Dimethyl amine '·1 1

1 
• 

2,3-dimethylbutadierie 
2,2-dimethyl butane 
2,2-dimethyl butane~3-one 
2,3-dimethyl butane .··\ 
2, 3-dimethyl-2-butene: ·· 
3,3-dimethyl butanone 
Dimethyl disulfide 
Dimethyl ether 
Dimethylf ormamide 
3,5-dimethyl-4-heptanone 
2,2-dimethyl-3-pentanone 
2,2-dimethyl propane 
Dimethyl sulfide 
Di-n-propyl disulfide 
Di-n-propyl ether 

eV 

9.07 
9.12 
8.94 

11. 75 
11.06 
11.04 

9.65 
9.66 

11.35 
10.87 
10.85 

9. 71 
9.82 
7.74 
7.69 
9.70 
8.01 
9.53 
8.89 
9.32 
8.43 
9.31 
9.15 

11.18 
9.45 
9.65 

10.00 
9.34 
9.04 
7.73 
8.24 
8. 72 

10.06 
9.18 

10.02 
8.30 
9.17 
8.46 

10.00 
9.45 
9.04 
8.98 

10.35 
8.69 
8.27 
9.27 



)" 
eV eV 

Methyl cellosolve (n-perfluoropropyl-iodorrethane) 9.96 

I 
Methyl Chloroacetate 10.35 (n-perfluoropropyl-methyl ketone) 10.58 
Methyl chloride 11. 28 v Phenol 8.69 

I Methyl chloroform 11.25 Phenyl ether 8.09 
Methylcyclohexane 9.85 Phenyl isocyanate 8. 77 
4-methylcyclohexene 8.91 Phosphine 9.96 
Methylcyclopropane 9.52 Pinene 8.07 
Methyl dichloroacetate 10.44 Propadiene 10.19 
Methyl ethanoate 10.27 n-propanal 9.95 
Methyl ethyl ketone 9.53 Propane 11.07 
Methyl ethyl sulfide 8.55 1-propanethiol 9.20 
2-methyl furan 8.39 n-propanol 10.51 
Methyl iodide 9.54 Propanone 9.69 
Methyl isobutyl ketone 9.30 Propenal (Acrolein) 10.10 
Methyl isobutyrate 9.98 Propene 9.73 
l-methyl-4-isopropylbenzene Prop-l-ene-2-ol 8.2 
Methyl isopropyl ketone 9.32 Prop-2-ene-l-ol 9.67 
Methyl methacrylate 9.74 Propionaldehyde 9.98 
Methyl methanoate 10.82 n-Propyl acetate 10.04 
Methyl mercaptan 9.44 n-Propyi alcohol 10.20 
2-methylpentane 10.12 n-Propyl amine 8.78 
3-methylpentane 10.08 n-Propyl benzene 8.72 
2-methylpropane 10.56 Propylene 9.73 
2-methylpropanal 9.74 Propylene dichloride 
2-methyl-2-propanol 9.70 Propylene oxide 10.22 
2-methylpropene 9.23 n-Propyl ether 9.27 
Methyl n-propyl ketone 9.39 n-Propyl formate 10.54 
Methyl styrene 8.35 Propyne 10.36 
MJrpholine 8.88 Pyridine 9.32 
Naphthalene 8.10 Styrene 8.47 
Nitric oxide 9.25 Tetrabromoethane 
Nitrobenzene 9.92 Tetrachloroethene 9.32 
Nitrotoluene 9.43 1,1,1,2-Tetrachloroethane 
n-Nonane 1,1,2,2-Tetrachloroethane 
5-nonanone 9.10 1,2,3,4-tetrafluorobenzene 9.61 
n-Octane 1,2,3,5-tetrafluorobenzene 9.55 
3-octanone 9.19 1,2,4,5-tetrafluorobenzene 9.39 
4-octanone 9.10 Tetraf luoroethene 10.12 
1-octene 9.52 Tetrahydrof uran 

'·11 "·. 
9.54 

n-Pentane 10.53 Tetrahydropyran , I ··. 9.26 
Pentachloroethane 11.28 1,2,4,5-tetramethyll?enzene 8.03 
1,3-pentadiene (cis) 8.59 2,2,4,4-tetramethyl~3-pentanone 8.65 
1,3-pentadiene (trans) 8.56 1,1,1,2-tetrachlorop~opane 
Pentaf luorobenzene 9.84 1,2,2,3-tetrachloropr bpane 
Pentamethylbenzene 7.92 Thioethanol 9.29 
n-pentanal 9.82 Thiomethanol 9.44 
2,4-pentanedione 8.87 Thiophene 8.86 
2-pentanone 9.39 1-thiopropanol 9.20 
3-pentanone 9.32 Toluene 8.82 
1-pentene 9.50 Tribromoethene 9.27 
Perchloroethylene 9.32 1,1,1-trichlorobutanone 9.54 
Perf luoro-2-butene 11.25 1,1,1-trichloroethane 11.25 
Perfluoro-1-heptene 10.48 l,l,2~t~ichloroethane 
n-perfluoropropyl iodide 10.36 Trichloroethene 9.45 

4 
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SOIL GAS SAMPLING PROCEDURE 

INTRODUCTION 

This procedure is based on an actual site · investigation conducted with E.P.A. 
approval and is intended to provide a guide for similar investigations. Local 
site conditions and the type of compounds present will obviously be different 
and approval of the planned procedure will need local E.P.A. approval. 

Many of the chemicals mentioned herein are of a hazardous nature. Photovac 
expressly disclaims liability for any loss or injury arising out of the use of 
information, materials, equipment or practices described. Safe use of any 
procedure, equipment or materials is the responsibility of the user. 

A soil gas sampling and analysis program was conducted to delineate the area 
extent of subsurface contamination containing volatile organic compounds (VOC). 

( 

Target VOC are benzene, toluene, trichloroethylene (TCE), and perchloroethylene r· 
(PCE). The following describes the field sampling methodology, the normal 
operation of the portable gas chromatograph, interferences and QA/QC. 

METHOD 

SAMPLING PROCEDURE 

Prior to conducting the sampling effort, the project site area (approx. 40 acres) 
was delineated into a grid pattern of 100 by 100 ft. sampling stations. 

A plunger bar was utilized to make a ~" diameter vertical hole approximately 
5 ft. into the soil. The bar has a slide hammer enabling the operator to 
pound the bar out once the desired depth has been reached. 011ce the bar is 
removed a stainless steel tube (6' by !" OD) contained within a T~flon tube 
(1/8" OD) slightly longer than the stainless tube is inserted into the hole. 

Attached to the end of the Teflon tube is a nail with its point just fitting 
into the Teflon tube, and the head of the nail just large enough to cover the 
end of the stainless steel tube. This arrangement is then inserted into the 
hole, nail-end first. When the tube has been inserted to maximum depth, withdraw 
the tube 3" from the bottom of the hole and release the nail by withdrawing the 
Teflon tube. The sample can either be taken through the Teflon tubing or the 
Teflon tube can be completely withdrawn and the sample taken through the stainless 
steel tube. Loose soil will then be packed around the tube to minimize r· 
infiltration of ambient air. U 

The probe of the TIP is attached either to the Teflon tube or stainless tube 
depending upon which of the above options is used to sample. The TIP is used 
to screen the soil gas to determine when the sampling tube has been purged. 
Once the TIP readings stabilize showing the highest reading, this value.is . 
recorded and ·the air bag sampling apparatus is connected. The TIP readi~g will 
be used by the ~.C. operator to evaluate the injection size and gain setting 
in order to prevent the G.C. detector from being saturated with highly 
contaminated samples. 

An air sampling bag is connected to the sampling tube within t~e ?esiccator: 
An air sampling pump is used to create a low pressure system within the desiccator 
causing air to be drawn up through the sample tube and filling the Tedlar Bag 

r 



with soil gas. The bagged sample is now ready to be analyzed by the portable 
\ gas chromatograph. 

INITIAL SCREENING 

The following is the initial proced.Jre used by the G.C. operator to evaluate 
injection size with respect to TIP readings. This may vary if G.C. data indicates 
larger or smaller injection sizes are required to stay within the working 
calibration range. 

TIP READING (ppm) INJECTION SIZE (µl) GAIN SETTING 

0-5 500 100 
5-20 100-500 100 

20-60 25-100 50 
60-100 25-100 20 

100-150 25-100 10 

If TIP readings exceed 150 ppm the G.C. operator would make a syringe dilution 
using ultra zero (UZ) air as the diluter. Dilutions are made using a 1 ml 
syringe as· follows: 

1. 100 µl of sample taken from Tedlar bag 
2. Using same syringe, 900 µl of UZ air taken 
3. 5 min. allONed for equilibrium to be readhed 
4. Diluted sample within syringe is expelled to leave 100 µl of sample 

remaining. A 1:10 dilution is accomplished. 

If dilutions are necessary, a minimum dilution of 1:2 and a maximum dilution 
of 1:10 would be used accordingly to TIP readings. 

SAMPLE PNALYSIS 

Two commercially prepared gas standards, certified to be ~ 2 % of the listed 
concentrations would be used to calibrate the G.C: 

1. Benzene (10.59 ppm) and Toluene (10.68 ppm) mixture 

2. TCE (8.04 ppm) and PCE (8.28 ppm) mixture 

A 12 µl injection of each standard would be made approximately after every 5 to 8 
sanples are run. Also, beginning daily, standards would be run before sample 
analysis. 

The Gas Chromatograph contains a built-in integrator and 4 libraries enabling 
a chromatogram to be interpreted qualitatively and quantitatively when compared 
to known concentrations of standards. 

CALIBRATION 

The gas chromatograph is calibrated by injecting 12 µl of each standard mixture 
and programming the instrunent's library. Attachment# 1 includes representative 
gas chromatograms, numbered 1 through 5, of the proposed standards. Chromatogram 
#1 includes the library listing and shows the gain setting used. The data from 
this chromatogram is used to evaluate other chromatograms of the standards for 
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the calibration range and to establish a lower detection limit. 

Calibration Range: 

LONER LIMIT: (Chromatogram #3 and #4) = 21 ppb Benzene and Toluene and 
16 ppb TCE and PCE. 

A 1 ml aliquot of each certified gas mixture was injected into a 500 ml glass 
dilution vessel. A 5aJ µl injection of this mixture is entered into the 
G.C. at a gain of 1()). The library quantification for this injection should 
be (calculated concentrations): 

Benzene & Toluene -- 21 ppb x 500µ1 
-12-µ-1---(L_i_b-ra.....:.r-y-In_J_, e-c-t-io_n_)_(_L_I) = . 87 5 ppm 

TCE & PCE -- 16 ppb x 500 µl = .666 ppm 
12 µl (LI) 

CENTER LIMIT (Chromatograph #2): A 12µ1 injection was rrade at 100 gain 
of the 10.5 ppm Benzene & Toluene mix, and 8.0 ppm TCE & PCE mix. 

Benzene & Toluene 10.5 ppm x 12 ul 
12ul (Ll) = l0. 5 ppm 

TCE & PCE -- 8 ppm x 12 µl 
12µ1 (Ll) = 8•0 ppm 

( 

LPPER LIMIT (Chrorratogram /15) .; A 120 µl injection was made of the 10.5 ppm (~ 
mix and 8 ppn mix. The gain being set at 10. Calculated 
concentration: 

Benzene & Toluene -- 10.5 ppm x 120 .µl = 105 ppm 
12 µI (LI) 

TCE & PCE -- 8 ppm x 120 µl = 80 ppm 
12 µI (LI) 

Results of Calibration range injections: 

LOWER LIMIT CENTER L !MIT LPPER LIMIT 

.. 

• 

•... 

Chroma to- 113 114 
grams 

calculated actual 
Benzene .875 .624 .608 
TCE .666 . 549 .549 

#2 

calculated actual 
10.5 10.24 
8.0 7.56 

'· 
ill 

calculated 
105 
80 

105 

actual 
98.49 
71. 76 

L 
l 

Toluene .875 .949 
PCE ,666 .718 

Detection Limits: 

.906 10.5 
• 761 8.0 

9.69 
8.59 80 

105.8 
93. 75 

Using the lower limit as the detection limit will allow for adequate sensitivity. 
A 500 µl injection of sample at an instrument gain of 100 will show 20 ppb as (_ 
shown by Chromatograns #3 and #4. J. 

l 
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G.C. Conditions: 

0 

0 

0 

0 

0 

INTERFEREf\CES 

- ~I-

20 ml/min flow ratio 
5% SE 30 on Chrorn:isorb G packing 
3 in. precolumn and 2 ft. analytical column 
gain set at 100, SO, 20 or 10 
Working Concentration Range: 

20 ppb (500 µl injection, gain 100) - 100 ppm (120 µl 
injection gain 10) 

The following precautions should be taken to minimize the possibility of 
contamination influencing results: 

A field blank of ultra zero air within a Tedlar bag will accompany soil gas 
samples throughout the sampling effort and will be analyzed during the same 
time that field samples are analyzed. This field blank analysis protocol will 
establish if contamination by diffusion is detected subsequent to soil gas 
sampling analysis. 

Syringes will be screened for contamination by injecting ultra zero air into 
the G.C. after analyzing samples containing compounds of substantial concentrations. 
This will minimize the possibility of contamination carry-over. 

At the beginning of each day ultra zero air will be injected into the gas 
chromatograph to determine if any internal contamination is present. 

QA/QC 

Background air samples would be taken on-site and analyzed periodically during 
the daily sampling effort. In addition, samples would be taken daily from an 
area on or off-site that has been designated to be noncontaminated. Duplicate 
samples would be processed through the gas chromatograph for approximately 
10% of the total samples analyzed. 

DECONTAMINATION 

The sffilpling equipment would be decontaminated by purging the tubing with 
ambient air and then rescreening the equipment with the TIP. If contaminants 
are still present a soap wash, followed by high purity methanol and a distilled 
water rinse. Alternatively, the tubing may be discarded and replaced with new 
tubing. 

DOCUMENTATION 

Field notebooks must be maintained by assigned field personnel. In addition, 
a printout of the analysis (chromatographic data) will be provided.'" This 
analysis will include a listing of the compounds (certified gas standard~), 
a chromatogram, time of analysis, summary of analysis parameters, retent:on 
times and concentrations of identified canpounds, and a program of sampling 
and precolumn/backflush analysis. 
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STANDARD OPERATING PROCEDURES FOR 
POTABLE AND MONITORING 

WELL SAMPLING 
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STANDARD OPERATING PROCEDURES 
POTABLE AND MONITOR WELL SAMPLING 

Purpose. Representative groundwater samples can be collected 
from potable water supply wells or monitoring wells located 
within close proximity to a spill site. These wells are sampled 
to detect the presence and degree of contamination in the 
groundwater in the vicinity of each well at the time of 
sampling. If the results from this sampling campaign indicate 
groundwater contamination, then additional potable or monitoring 
wells located over a larger area may be sampled. 

This standard operating procedure provides information on the 
following: 

o Sample collection/preservation; n Data sheets · 

o Analytical requirements; o Calculation of 
saturated well volume 

o Chain-of-custody control; and o Test ~rocedures 

0 Summary Checklist o Equipment .· -

Introduction 

A detailed approach to well sampling is developed after complete 
review of the construction of the existing well and groundwater 
data. 

The question of conducting interviews with home pwners or public 
water supply officials and the extent of such interviews, is 
determined in the context of a public relations p1Jrn. Permission 
to enter property is obtained for all private well .. locations. 
For each sample location, a supplementary data sheet is 
completed 
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The information required prior to sampling of potable wells is 
as follows: 

o Precise location of well on property in relation to 
septic system or other contaminant sources 

o Accessibility to well 
o Name of driller and date installed 
o Depth of well 
o Well construction details 
o Pump type and setting 
o Access to the well 
o Is water pumped into a holding tank before household 

distribution? 
o Are any water treatment systems used? 
o Well use data. Pumping rate, incidence and duration 

of use 

Once the well information is obtained, the precise location and 
method of sample collection is detailed. 

In order for valid representative groundwater samples to be 
collected from monitor wells, it is very important to properly 

. prepare the well prior to sample collection. This preparation 
entails developing groundwater flow to the well (well 
development), removing all the water which is standing in the 
casing (evacuation) and taking the sample from water which has 
recently been recharged from the aquifer. 

If the wells can be accessed directly, an attempt is made to 
remove at least 3-5 well volumes prior to sample collection. If 
the wells cannot be reached, and the home or facility utilizes a 
holding tank or water treatment system, every attempt is made to 
grab a sample before it enters the holding tank ,or is treated. 
If this is not possible, then several holding ta~k volumes are 
evacuated prior to sample collection, and the collection method 
used is noted on the sample sheet. The samples are drawn 
directly from the tap or spigot into the sample bottles . 

NOTE: 
. i .. 

A special case is when sampling for a~ floating layer, 
which requires procedures to minimize mixing and 
emulsification of the separate layer or in obtaining 
samples at discrete depth intervals in a well. 
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1. Water Height Measurement 

After unlocking and removing the well cap, the position of the 
pump assembly is observed. If the pump is suspended at the top 
of the casing, it is lifted out of the casing. If it is 
submerged in the well, the pump is left in the well or 
measurement of the height of the water, or the static water 
level will be lowered and inaccurate. If the surface of the 
well water is below the top of a pump assembly which has been 
lowered into the well, the pump is partially removed and allowed 
to drain into the well . The pump is removed from the casing 
once it has drained completely. Time is allowed for the 
recovery of the static water level. Note this occurrence when 
recording the well water height. 

The height of the water in the well is measured using a steel 
tape calibrated in decimal feet (See water Level Measurement 
Section) or an equivalent method. 

2. Removing Standing Water 

The volume of well water to be evacuated prior to sampling is 
determined by subtracting the water surface measurement from the 
well depth. The difference is then multiplied by the 
appropriate gallons/foot of well volume. - · · 

_ · A bucket and stop watch or equivalent may be used 
to measure the rate of pumping from the well. 

The method of evacuation should be pertinent to the goals of the 
sampling effort. In fractured rock or limestone or where the 
contaminant plume is at some distance or depth from the well 
intake, the evacuation of 3-5 well volumes may not duplicate the 
demands upon an aquifer caused by peak-load pumping. After 
extensive clothes washing, during sprinkling of gardens or 
extensive municipal supply pumping, the contamin~rit plume may 
temporarily be drawn upwards or sideways into the well resulting 
in higher health risks. 

',. 

The pump location is critical to subsequent repre~,~ntati ve 
sampling and should be specified for each well~ During 
evacuation, the pump should be located immediately below the 
water table or drawdown level in the well. Thus, all stagnant 
water in the borehole will be evacuated. If the pump is located 
at the well screen depth then stagnant water can remain in the 
well at the water table, and samples should only be taken at the 
well screen depth. 

For product lighter than water, a protocol of well evacuation 
and 1 week of resting the well may be indicated so that floating 
product may again accumulate. In either case, the well screen 
should be located above and below the current water table to 
allow for seasonal fluctuations of the water table. 
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In cases where a well is emptied until dry and is very sl.ow to 
recover, the volume required for evacuation may be reduced to 
two or three standing water volumes. 

During the pumping of a groundwater well to take a sample, the 
drawdown with time may be noted to obtain the hydraulic 
characteristics of the aquifer involved. 

Additional Considerations The nature of the pollutant parameter 
being monitored is the primary factor for specifying well 
evacuation and sampling methods. These specifications are most 
conveniently based on the general class of pollutant or 
parameter which requires monitoring in a particular program. 

Physical properties include such parameters as conductance, 
color, pH, temperature, and turbidity. · In general, most 
sampling methods are acceptable to· monitor these parameters, 
provided they allow a thorough rinsing between sampling events. 
However, studies by Gibb, et al., (see reference below) have 
clearly shown that methods which affect gas composition of the 
sample will affect pH and volatiles concentration. 
Consequently, since gas lift pumping methods may leave water in 
the well in a disturbed and aerated condition, these methods are 
not suitable for well evacuation when volatiles or pH are a 

· parameter of interest. 

*Gibb, s~P.; R. M. Schuller; and R. A. Griffin. 1981. 
Procedures for the Collection of Representative Water Quality 
Data from Monitoring Wells. Illinois State Water Survey and 
Illinois State Geological survey, Cooperative Groundwater 
Report, Champaign, Illinois. 

Similarly, since concentration of metals can be significantly 
influenced by changes in pH, sampling for metals should not be 
allowed with gas lift or suction methods. The '!9ipance provided 
above for well evacuation when pH is the parameteit :'.,'of interest 
also applies for metals. In addition, equipment used for 
monitoring metal concentrations should be metal fr~e. 
Consequently, bailers and positive displacement pu~ps are most 
suitable for sampling metals provided they are:.:-.con~tructed of _ 
appropriate materials. The methods acceptable~ for: :'well 
evacuation are less restricted, but gas lift methods or 
equipment that alter the metal concentration of water remaining 
in the well through leaching or adsorption should be avoided. 
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Inorganic, non-metallic constitutent or parameters include 
acidity, alkalinity, bromide, chloride, fluoride, nitrate, etc. 
Most of the sampling and well evacuation methods described above 
are generally acceptable when considering the inorganic, 
non-metallic parameters. However, for parameters affected by pH 
or dissolved-gas changes, such as alkalinity, methods that 
minimize changes in dissolved gas composition are recommended 
for sampling. These methods include bailers, squeeze pumps, 
piston pumps; gas lift techniques 
are not recommended for well evacuation. 

Generalized organic parameters include parmeters such as oil and 
grease, COD, TOC, TOX. Most sampling and well evacuation 
methods are suitable for these parameters, with the exception of 
the more sensitive parameters such as TOX. These sensitive 
parameters require methods suitable for sampling volatile 
organics. 

It is appropriate that sampling for volatile organics be done 
with a glass or Teflon bailer after flushing with a non-aerating 
pump or bailer. Positive displacement pumps may be acceptable 
in sampling, provided they are constructed with suitable 
materals (Teflon or glass in most cases). 

_A well with a low yield may require a waiting period so that 
sufficient water reenters the well to provide a sample. 

Once the .required volume has been purged from the well, the 
sample to be analyzed may be collected. 

3. Sample Collection, Preservation & Field Analyses 

Wells may be sampled only after the water has been sufficiently 
recharged to obtain the needed amount of sample. .All wells 
included in a given program are sampled within a i.1;Q.(le week time 
interval, weather permitting. Once the well is adequately 
evacuated, actual sampling may be performed using 1) steam 
cleaned bailers rinsed in distilled water, 2) dedicated bailers 
or 3) peristaltic pumps. , · '\• 

1111 
. -~;.,... . .!. \1,. . 

The bottom-loading bailers used are fitted with-a teflon check 
valve at their base. Each bailer is fitted with a stainless 
steel wire leader and a new piece of nylon cord. A different 
pre-cleaned bailer is devoted to each well. If the bailer has 
not been used for well evacuation, the first 3 bails of water 
are wasted to rinse off any cleaning agents which might still be 
present on the bailer. The samples are poured directly from the 
bailer to sample jars. If filtering or chemical preservation of 
the samples is required these steps are followed immediately the 
water is removed from the well. For filtration, the use of a 
0.45 micron filter is generally considered appropriate. 
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If dedicated bailers are not available, the bailers are steam 
cleaned and rinsed with distilled water. In addition, those 
wells which are suspected of being contaminated are sampled last 
in the sequence. It is prudent to avoid sampling highly 
contaminated wells on the same day as those wells anticipated to 
be clean. 

For peristaltic pumps, suction tubing is dedicated to a 
particular well and is cleaned with distilled water between 
samplings. 

Data relating to samples are recorded on a uniquely numbered 
sample documentation form. Each sample is defined with the 
following entries: 

Date and time sample is collected 
Sample I.D. number 
Location of sampling point 
Type of sample (e.g., soil, groundwater, surface 
water) 
Field measurements 

In addition, information regarding shipment of samples is 
recorded on the chain of custody forms. 

Analyses of pH, temperature, and specific conductance are made 
in the field at the time of sampling because these parameters 
change rapidly and a laboratory analysis might not be 
representative of the true groundwater quality. Enough water 
from the well is removed to determine temperature of water, 
specific conductivity, and pH. Values for the parameters are 
recorded on field data sheets and the water discarded in a 
manner so as to avoid potential contamination. 

All groundwater samples are carefully packed on i~e for shipment 
to the R/D Lab. Proper chain-of-custody procedur~ ·is followed 
when transferring the samples from the field to the lab. 

After each sample is obtained and placed in its container: 
~ .. 

,d ' 

The sample bottle is capped and the bottle labelled. Labels 
show the sample number, date, sample source, preservative added, 
if any, and analysis to be performed. 

All pertinent information is entered on field data sheets and 
chain-of-custody forms. Observations as to the odor or color of 
the water sample are included on the data sheets. 

Samples are transferred to an ice chest tor shipment to the 
laboratory. 
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All equipment is cleaned thoroughly between samples. 

For VOA or VOX sampling: 

The samples are collected in approximately 50 ml airtight, glass 
pharmaceutical vials with plastic caps lined by teflon septa. 
Each sample is clearly labeled as to location and number before 
the sample is collected. 

Each sample consists of two 50 ml vials. Each vial is filled 
completely and checked to insure that no air is entrained once 
the cap is in place. 

Each vial is wrapped to minimize the possibility of breakage 
during shipment. · · 

For base neutrals/acid extractables: 

Two liter jugs of water are taken and filled 2/3 full and the 
fill level marked on the outside of the bottle. 

All analytical work is completed in compliance with standard 
USEPA requirements. 

III. Chain of Custody Procedures 

1. · sample Custody 

The field sampler is personally responsible for the care and 
custody of unused, empty or sample filled containers until they 
are transferred or properly dispatched. Sample containers are 
kept under the custody of one designated person at any given 
time. A sample is under custody if: . 

I I •lh• 

' •l.11 1
1• 

a. It is in the samplers actual physical possession; or 
b. It is in view, after being in the sampler~ ·: Physical 

possession; or ··· •\,'\' 
c. It is locked up to prevent tampering; or,"':(' · 
d. It is in a designated secure area. ~., ":''.1:: ·. 
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2. Field Log Book 

Information pertinent to field sampling and measurements is 
recorded in a bound log book or a log book composed of the 
serially numbered data sheets filed in a three ring binder. The 
field sampling plan is appended to the log book as partial 
documentation of the sampling program. Specific entries that 
are included in the log book include at least, the following: 

a. Each page dated and signed; 
b. Date and time of sampling; 
c. Sample identification number; 
d. Location of sampling point; 
e. Type of sample (e.g., grab, composite, groundwater, 

wastewater, sludge, soil, etc.) 
f. Deviations from sampling plan; 
g. Field measurements (e.g., ' pH, conductivity, 

temperature, etc.); 
h. Field observations; 
i. Photographs; and 
j. Sample custody transfer and transport. 

3. Sample Labels 

Every sample container is uniquely labeled to prevent 
misidentification. Labels are attached to containers as they 
are generated in the field. The labels include the following: 

a. Date and time sample collected; 
b. Sample identification number; 
c. Place of collection; and 
d. Signature of collector. 

4. Sample Seals 

Sample seals are used to prevent unauthorized ta~~~ing from the 
time samples are collected until containers are opened in the 
laboratory. The seals may be attached over the ~ample container 
cap in such a way that the seal must be torn in orqer to open 
the container. The following information is re9orq~d on each 
seal: .: :: 

a. Date of sampling; 
b. Signature of collector. 
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5. Chain-of-Custody Record (Field Activities) 

Samples are accompanied by a Chain-of-Custody Record whenever 
possession of custody is transferred or relinquished. Each 
Chain-of-custody Record sheet is filled out with a carbon paper 
duplicate before the field sample custodian relinquishes 
possession or arranges for shipment. The original record 
accompanies the samples relinquished. Each record sheet 
includes the following information · - - -

a. Signature of field sampler/sample custodian; 

b. Beginning date-time of possession; 

c. Final date-time of possess~on; and 

d. For each sample: 

e. Date-time of collection; 

f. Sample identification number; 

g. Location of sampling point; and sample type. 

6. Transfer of Custody and Shipment 

The following are guidelines for shipping non-hazardous samples: 

a. Samples are sealed in containers marked with name 
and address of laboratory; 

b. Samples are placed in a strong outside' container 
such as a picnic cooler. Ice, dry ice or "blue ice" 
may be used inside plastic bags betwe.en the 
containers and box. · ~ 1. 1 1 ":-:: .· 

c. The outer container is 
or glue and the sample 
tape or glue joints at 
package to serve as an 

sealed completely with tape 
dispatcher sign~ across the 
several locatio.p,s on the 

,, · I IL 

"outer seal-i "" "",,. · ·· 

d. The container is properly addressed an9 a shipping 
list affixed. 

e. Samples may be transported by rented or common 
carrier air, truck, bus, railroad, and entities such 
as Federal Express. If sent by mail, the package 
registered with return receipt requested. If sent 
by common carrier, a Bill of Lading is used. 
Receipts from post off ices and Bills of Lading are 
retained as part of the permanent documentation. A 
convenience is to take the sample shipment to the 
nearest UCC shipping department. 



SOP Groundwater Sampling 

CLASSIFICATION SHEET 
Sheet 
Project: 
Site Area: 

of 
Drill Hole: -----Job #: 

Contractor: Driller:~-------------
Coordinates 
Permit #: 

N/S: 

Drill Method.~---------~ 

Additions 
Date Drilled 

·~---------~ 

Agency 

WELL CONSTRUCTION 
See well construction diagram 

WELL DEVELOPMENT 

EW 
State 

(Bentoni te. etc. 

Distance 
Vol Pumped 
Pump Used: 
sp·c 

to Water Submerge ______ _____ ~v~o~l 

Temp 
pH 

Elevation : 
Elevn ft 
Depth 
Stickup 
Elev 
Water 
GW Elev 
Date: 
See sample 
Comments: 

Rate 

initial 
initial 
initial 

SAMPLING 
Ground 

Top of Casing 
To water from TOC 
of the casing 
of the Ground Calcltd 

from Top of Casing 

stable 
stable 
stable 

o Hrs '·1 1 . 24 Hrs. 
I I Comments _____________ _ 

documentation sheet 

,\, 



lllr!i 
(jACCUTES-W: 
2235 Route 130, Dayton, NJ 08810 201-329-0200 

CLIENT 

ADDRESS 

CITY STATE I ZIP 

CHAIN OF CUSTODY 
JOB NO.: 

BILL TO: 

PROJECT NO.: 

FACILITY NAME: 

REQUESTED TURN AROUND: APPROVED: ____ _ 
ATIENTION TELEPHONE# 

0 1 WEEK 0 2 WEEKS 0 3 WEEKS 0 NORMAL 0 OTHER: ____ _ 

ACCUTEST DATE TIME SMPL MAT NO 
PRES pH FIELD ID I POINT OF COLLECTION 

ID SAMPLED SAMPLED BY RIX CONT 
ANALYSES REQUESTED 

.. - ! --- - . 
-

1. RELINQUISHED BY: DATE/TIME: 1. RECEIVED BY: 3. RELINQUISHED BY: DATE/TIME: 3. RECEIVED BY: SAMPLE LOCATION: 

2. RELINQUISHED BY: DATE/TIME: 2. RECEIVED BY: 4. RELINQUISHED BY: DATE/TIME: 4. RECEIVED BY: 
I -

DELIVERABLE PACKAGE (check one) COMMENTS: 

0 ECRA TIER II 0 NJPDES 0 TIER I 0 NORMAL QC 0 OTHE 

Acc·1/S..89 



185 Gatzmer Ave 
Jamesburg NJ 00831 

Project 
Location 
Land Surface Elev. 
Well Depth (feet) 

Date Well 
Time 

Comments 

Well 

Shakti Consultants,Inc 

Shakti Consultants,Inc. 

Water Level Record Sheet 

52 Mountaineer Dr 
Elkview, WV 25071 

Well I Reference Ft Elev.(feet) 
(feet) 

Perforated Interval Aquifer zone 

Well Well Well Well Well 

·., ' 

' \ 
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SOP Groundwater Sampling 

185 Gatzmer Ave 
Jamesburg NJ 00831 

Project 
Location 
Land Surface Elev. 
Well Depth (feet) 

Well 
I 
Date Time 

Comments 

Ground 
Elevn. 

Shakti Consultants,Inc. 
52 Mountaineer Dr 

Elkview, WV 25071 

Water Level Record Sheet 

Well I Reference pt Elev.(feet) 
(feet) 

Perforated Interval Aquifer zone 

Depth of Stick-up 
Water 
below TOC 

Depth of · Water Level Remarks 
Water Elevation 
1>!3low GL 



185 Gatzmer Ave 
Jamesburg NJ 00831 

Project 
Location 
Date Time 

Diagram 

comments: 

Strike 

Shakti Consultants,Inc 

Shakti Consultants,Inc. 
52 Mountaineer Dr 

Elkview, WV 25071 

Fracture/Joint Survey 

Dip Designation Comments 

I \, 



185 Gatzmer Ave 
Jamesburg NJ 00831 

Project 
Location 
Date Time 

Diagram 

Comments: 

Strike 

Shakti Consultants,Inc 

Shakti Consultants,Inc. 
52 Mountaineer Dr 

Elkview, WV 25071 

Fracture/Joint Survey 

Dip Designation Comments 

·I . 



Shakti Consultants,Inc 

Formula for Calculation of Saturated Well Volume 

'The basic Formula is v = 'l"l' r2h 
V =Volume (ft3 ) 
'l"l' = 3.1.4 
r - Radius of monitoring well 

casing (ft. ) 
h = Height of standing water in 

well (ft.) 

'This formula is then modified to the following: 

V = 3.1.41.6 x r2 x · h (inches 
231. 

So that the number of gallons of water per foot 
for any diameter can be obtained by: 

No. 1.. V = 3.1.46 x (1.12 diameterJ 2 x 1.2 
231. 

No. 2. V - 0.7854 x (112 diameterJ 2 x 12 
231. 

of pipe 

or 

or 

Consequently, if: Pipe Size 

2.0 in. 
3.0 

Gal(sJ/Ft. 

3 1/2 
4.0 

i' I •I! .. 

'.l,/,1'< 

0.1632 
0.3672 
0.4998 
0.6528 

4 1./2 
5.0 
5 1/2 
6.0 

0.8262 
··: '

1
1• 1)' 1.. 0200 

·, "
1

~'· 1..2342 
' " 1'.~~· • 1.. 4688 

Note: 1. gallon of water= 231. cubic inches= 3.785 liters -
8.336 

lbs. = 0.1337 cubic feet. 
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Shakti Consult;ants,Inc 

CLASSIFICATION SHEET 

Sheet; of 
Project: 
Job#: 
Site Area: 
Contractor: 
Coordinates 

Drill Method 
Additions 
Date Drilled 

WELL CONSTRUCTION 
See well construction diagram 

Well# 

Permit #: 
Distance to Water 
Submerge Volume 
Rate 
Vol Pumped 
Pump used: 
Sp c initial 

stable · 
Temp initial 

stable 
pH initial 

stable 

Elevation Ground 
Elevn ft 
Top of Casing 
Depth To water from TOC 
Stickup of the casing 
Elev of the Ground 
Calcltd Water 
from Top of Casing 
at Elev o Hrs 

24 Hrs. 
Date: 
Comments 

WELL DEVELOPMENT 
I I I 

SAMPLING 

, 
. -.. ~-

i' I,,, 

'111 '. I .i. 

-... ' 

, •,Wt 

'. .. . ) ,11 
'" ,. 
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SOP Groundwater Sampling 

185 Gatzmer Ave 
Jamesburg NJ 00831 

SAMPU DOCUMENTATION 

Shakti Consultants,Inc. 
52 Mountaineer Dr 
Elkview, WV 25071. 

Sample I Site Designation Type Location Depth Other 

Time 
Site name 

Sampled by 

Affiliation 

Sampling Method 

Decontamination 

Type of Container 

Field Preparation 

Sample Preservation 

Preserved By 

Date 
Address 

Witness 

Address 

Namber 

Time/Date 

Volume 

custody Seal Volume Level on Container 

Decontamination of Container 

Stored In Time Date i' I" 

'111 ' . 
. l ·•• 

Signature 
· .. · ,' ' ,, 

' I I I ~I ; 

• • • .,,,, ' ' 11\ 11 
Quality Assurance Samples (DR = Drilling Reagent,i;>' ="Backgrourd, 
F =Field Blank, SS -= Spiked Sample): .. 
Air Monitoring - Calibration 

TRANSPORTATION 
See Chain of custody 

ANALYSIS 
See Analysis Request Form 

Comments: 
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\ PHOTOVAC 

Technical Bulletin 

I 21 

PREPARATION OF AQUEOUS STANDARDS FOR 

GROUNDWATER ANALYSIS 

'• 

Many of the chemicals mentioned herein are of a hazardous nature. Photovac expressly disclaims liability 
for any loss or injury arising out of the use of information, materials, equipment or practices described. Safe 
use of any procedure, equipment or material is the responsibility of the user. 

For further information on contents of this bulletin or on Photovac products, please contact: 

PHOTOVAC 
incorporated 

United States 

PHOTOVAC INTERNATIONAL 
INCORPORATED 
741 Park Avenue 
Huntington 
New York 11743 
USA 
Telephone: 51 &351-5809 
Toll-free: 1-800-387-5700 

.(>1986 Pholo••~ ln~rooral~ 

Worldwide 

PHOTOVACINCORPORATED 
134 Doncaster Avenue 
Unit2 
Thornhill, Ontario 
Canada 
L3T 1L3 
Telephone: 416-881-8225 
Telex: 06-964634 PHOTOVAC TOR 



PHOTOVAC TECHNICAL BULLETIN #27 

PREPARATION CF AQUE()JS STANDARDS FOR GROUNDWATER ANALYSIS 

This pro:edure is based on an actual site investigation conducted with E.P.A. 
approval and is intended to provide a guide for similar investigations. Local 
site conditions and the type of compounds present will obviously be different 
and approval of the planned procedure will need local E.P.A. approval. 

PREPARATION OF WATER STANDARDS 

This is a general guideline to be used when making water standards of volatile 
compounds. The exarrple given is for Benzene and TCE, two compounds commonly 
found in groundwater contamination. The volumes used for generating the ini­
tial stock solution and subsequent dilutions are readily dispensable to allow 
the preparation of low concentration standards. 

The accuracy of the standards is dependent on the precautions taken in the 
transfers of liquids and care taken to prevent headspace loss. Cross contam­
ination by using contaminated syringes must also be avoided. 

APPARATUS~ The following apparatus is required, with care being taken to 
decontaminate the various items using only spectroscopic grade solvents: 

1. 40 ml VOA bottles 
2. Gas-tight syringes (50 ul to 100 ul). 
3. Volumetric pipettes to measure 20 ml and lO ml volumes. (Other 

glassware of compatible accuracy can be used as alternatives). 
4. Analytical balance (and pan balance if available). 

REAGENTS 

1. 100 ml Methanol 
2. Approximately 20 ml each of other desired reagents. 
3. Organic-free water. 

PROCEDURE 

If analytical balances are available, then the preferred method of making 
standards is to weigh small quantities of the volatile organic corrpounds in 
gas-tight syringes.· These quantities are transferred to 20 ml of Methanol 
and the whole reweighed (See Appendix A, "Procedure For Weighing Liquids 
With A Syringe"). Concentration is then calculated directly on a wt/wt 
basis (ppm= ug/g). 

If analytical balances are not available, the densities of the compounds are 
used to descr1be the weight of known volumes. The following is an example 
for making water standards at low ppb concentrations of Benzene and TCE. 
The procedure consists of 3 parts: A) Making a stock solution in Methanol 
(approx. 1000-5000 ppm), B) 1/800 dilution in water, C) 1/500 dilution in 
water. 

A) STOCK SQUT ION IN METHANOL 

1. Using a 20 ml volumetric pipette, transfer 20 ml of Methanol to a lO ml 

r 

1 

l 

t 

L 

I: . 

L 

l. 
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VOA bottle. Cap the bottle imnediately. 
at 20°C, 20 ml should weigh: 

The density of Methanol is .7915 g 
ml 

.7915 g x 20 ml= 15.83 g of Methanol 
ml 

2. Using a gas-tight 100 µl syringe, transfer 40 ul of TCE into the 20 ml 
of Methanol. The density of TCE is 1. £65 g at 20°C therefore lQ µl weighs 

ml 

1 . l6 5 g = 1 l6 5 mg = 1 t.6 5 mg 
ml ml 1000 µl 

= 1. £65 mg 
µl 

Therefore, 40 µl x 1. l65 mg = 58. 6 mg TCE 
µl 

3. With a clean syringe, transfer 60 µl of Benzene to the TCE/Methanol 
mixture. The density of Benzene at 20°C is .8794 g therefore 60 µl = 

ml 

0.8794 g = 0.8794 mg x 60 µl = 52.76 mg Benzene 
ml µl 

Concentration of stock solution 

for Benzene~ 52.76 mg Benzene 
52.76 mg Benzene= 58.6 mg TCE • 15.83 g Methanol= 

52.76 mg Benzene= 
15.94 g total 

52,760 µg 
15.94 g 

= 3310 µg = 3310 ppm 
1 g 

for TCE - 58.60 mg TCE 
58.60 mg TCE • 52.76 mg Benzene• 15.83 g Methanol 

f 58.60 mg TCE = 3676 µg = 
15.94 g total 1 g 

3676 ppm 

This mixture is Solution A. 

= 

, B) 1st Dilution of Stock: 

Withdraw 50 µl of stock solution with a 100 µl syringe and transfer 
into 40 ml of organic-free water within a VOA bottle. Mix by shaking for a 
few minutes and let stand for 15 minutes. 

Concentration = .050 ml stock = 1 = 4.6 ppm TCE 
40 ml water 800 

and 4.14 ppm Benzene (Solution B) 

C) 2nd Dilution: 

Using Solution B, withdraw lQ µl and expel into 20 ml water in a lO ml VOA 
bottle. Invert the bottle and swirl a few minutes. 
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Let the solution sit 30 minutes to equilibrate before using. 

Concentration: 40 µl Solution B 
20 ml water = 

.40 ml = l dilution= 9.2 ppb TCE + 8.3 ppb Benzene (Solution) 
20 ml 500 

Solution C is the working Standard. 

NOTE: Follow chemical manufacturer's recommended safety information for 
the reagents used. 

Precautionary Notes 

1. Care should be taken not to inject liquid into the G.C. 

2. When using a 10S50 or 10S70 G.C. use a separate library for water 
standard data. By listing the headspace concentration as the liquid 
concentration, from the standards, the G.C. will then print results 
based _on liquid concentration for field samples. This approach will 

( 

l 

prevent confusion with air calibration data and negates the need for l 
using Henry's Law to calculate vapor concentrations with respect to 
liquid samples. 

3. When working with samples in the parts-per-billion concentration range, I 
_f...restlly prepared aqueous standards should be used on a daily basis. The 
standards should be stored with the septum screw capped VOA vial inverted. 

4. Depending upon the volume of headspace used for injection into the G.C., 
using a ..Q].e_ao._gas-tight syringe, transfer the same volume of UZ air to 
replenish the headspace. Allow the standard to equilibrate for approxi­
mately 1/2 hour. 

5. Typically, injection volume of headspace range from 100-500 µl. 



APPENDIX A 

PROCEDURE FOR WEIGHING LIQUIDS WITH A SYRINGE 

Cautions/Limitations: 

1. The minimum amount of liquid to be weighed is 20 µl. 

2. Use only about 50%-60% of the capacity of the syringe, therefore, the 
minimum size syringe that can be used is 50 µl . 

3. Perform procedure as g~ickJy as possible to avoid exposure and possible 
volatilization. 

q_ For liquids that are very volatile, it is necessary to draw total sample 
back into syringe barrel, before weighing, to prevent liquid volatiliza­
tion during weighing procedure. 

Procedure 

1. Use a 50 µl syringe and withdraw at least 20 µl of liquid. 

2. Carefully wipe the needle and syringe dry. 

3. Place syringe on analytical balance and weigh. (Tare and sample). 

q, Depress plunger to empty syringe into a suitable flask containing 
solvent. To prevent volatilization of liquid, be sure to empty con­
tents of the syringe under the surface of the solvent. 

5. Reweigh syringe (tare), and by difference calculate the weight of the 
liquid taken. 



Shakti Consultants, Inc. 
Work Plan Appendix 
Pump Test Plan 
08/09/90 

' 11· . . I· 
' '' 

Appendix c 

Standard Operating Procedures for Air Sampling 

Adsorbent Tubes 

Photovac 
' . 
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Volatile Organic Air Pollutant Analysis 

Introduction 

Sampling for organics in air is performed by drawing air through 
a glass tube packed w1th activated charcoal, silica gel, porous 
polymer resin Tenax GC or other adsorbent. The traps and 
adsorbent must be thoroughly cleaned before use to minimize the 
trap background. Clean traps ready for field use must also be 
carefully packed in clean glass tubes to avoid contamination 
during handling. 

Sample Trap Preparation 
,! \• 

Materials .':)( .; -~ 
111· 1 ' . 

Glass samR~ .. ing traps: 

Resin ·.,·,:,i !'1· 
·~\ , ~ 

Glass wool · 
Culture tubes 

Pyrex 
Teflon backed 
silicone septa 
Bakelite screw caps 
to fit culture tubes 
Dessicator 

Quart paint cans with 

Resin Preparation 

Pyrex glass traps constructed as shown 
in Figure 1. --

Tenax GC, 35/60 mesh. 

Pyrex glass screw cap tubes 25 mm x 110 
mm 
9825 or equivalent. 

Pierce 12722 or equivalent. 

Pierce 13219 or equivalent. 
Glass dessicator with activated 
charcoal adsorbent. 

pressure fit lids. 

Extract new and used Tenax GC with methanol followed by pentane 
in a soxhlet extractor. Extract with each solvent at least 6 
hours. Dry the resin under vacuum for at least 4 hours. Sieve 
the dried resin to the 35/60 mesh particle size range. Seal the 
cleaned and sieved resi.n in a glass jar capped with a teflon 
liner. store in a dessicator containing activated carbon. 

Trap and Container Cleanup 

Wash new and used glass sampling traps and culture tubes with 
lab soap and hot tap water. Rinse at least three times with 
organics free water (Millipore or equivalent). Rinse with 
methanol and let air dry. 
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Bake the cleaned tubes in an oven at 220°c for at least 1 hour. 
Remove from the oven and store in a dessicator containing 
activated carbon. Wash glass wool with methanol, air dry and 
bake in an oven at 220°c for at least 1 hour. Remove from the 
oven and store in a dessicator containing activ#ated charcoal. 
Bake teflon backed septa in an oven at B0°C for 30 minutes. 
Remove from the oven and store in a dessicator containing 
activated charcoal. Bake paint cans in oven at 100°C for 1 hour. 

Trap Preparation 

Pack about a 1 cm plug of glass wool into the trap followed by 6 
cm of .cleaned Ten#x GC. Lightly tap the trap on the bench to 
pack the resin. Add another l cm glass wool .plug to hold the 
resin in place~ Condition each trap at 270°C with 20-30 ml/min 
helium flO~fat~ for 30 minutes. Remove the hot trap and place . 
into a culty~e tube with a glass wool plug to cushion the trap. 
Immediately:'.cap the tube with a teflon lined septum cap. Store 
the tubes iii _batches of 7 traps in quart paint cans. 

Quality Co~~~l · 

Prior to sending traps to the field, remove one trap from each 
paint can and analyze it for contaminants. If the traps are 
clean, the batch is acceptable for use. Mark the trap "Field 
blank - label and return" and replace it in the can. 

Prior to sending traps to the field, remove one trap from each 
paint can and spike with known amounts of chemicals from: the 
permeation tube system. Mark the trap "Field spike - label and 
return" and replace it in the can. 

Options 

Traps with longer resin beds may be packed in order to increase 
the retention volumes of pollutants. 

References 

"Selection and Evaluation of Sorbant Resins for the Collection 
of Organic Coa'pounds", - EPA-600/7-77-044, April 1977. 

"Developement of Method for carcinogenic Vapor Analysis in 
Ambient Atmospheres", EPA-650/2-74-121, July 1974. 
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Health and Safety Sampling 

The following procedures and policies shall be followed to 
determine compliance with air quality standards ("Permissible 
Exposure Limits" or PELs) • . 
Procedure: Personal Exposure 

The determination of noncompliance with PELs requires 
measurement and documentation of an overexposure to at least one 
employee. For air contaminants having PELs, sampling must be 
conducted ~ithin the breathing zone. OSHA defines the breathing · 
zone to be a sphere approximately two (2) feet in diameter 
surrounding··: thfj. head • 

. - 1 1~V 1 ' ·· .. --:.:,,,.-_ 

In some instances (e.g., substances in 29 CFR 1910.10021014) 
personal sampling is not necessary to establish the presence of 
the material. .in order to substantiate a violation. 

Procedure: " :·:, : 1,~11 ~shift Sampling. 

Full-shift sampling is defined to be a minimum of the total time 
of the shift less one hour; i.e., 7 hours of an 8-hour workshift 
or 9 hours of a 10-hour workshift. Every attempt will be made 
to sample the greatest exposure periods. Such exposure may 
occur during set-up and take-down. 

Pumps may be changed to avoid pump failure due to excessive 
sampling periods. 

~ 

General Sampling Procedures 

Calibrate the pumps in accordance with standard operating 
procedures with the collection device appropriate for the 
desired contaminant. Select the employee or location to be 
sampled and discuss the purpose of the sampling strategy. 
Advise the employees not to remove or tamper with the sampling 
equipment. Inform the employees when and where the equipment 
will be removed. Instrµct the employee to notify the supervisor 
should the sampler require temporary removal. Place the sampling 
equipment on the employee or ina location so that it does not 
interfere with work performance. 

To monitor the exposure of an individual: attach the collection 
device (filter cassette, charcoal tube, etc.) to the shirt 
collar or within the employee's breathing zone. The inlet 
orifice should generally be in a downward vertical positipn to 
avoid contamination. Position the excess tubing so as not to 
interfere with the work of the employee. 
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Turn on the pump; record the time. Adjust the flow rate to the 
calibrated mark. Observe the pump operation for a short time to 
check the flow rate. Record the information required by the Air 
Sampling Data form (OSHA-91). As a minimum, check the pump flow 
after approximately the first half-hour, hour, and every two 
hours thereafter. Ensure that the sampler is still assembled 
properly and that the' hose has not become pinched or #etached 
from the cassette or the pump. 

In order to determine of the desired flow rate is being 
maintained during sampling, one of the following two methods may 
be used. 

1) The pump rotometer reading shall be observed and noted. On 
subsequent cheqks if the pump rotometer has changed, it should 
be adjusteq back to the initial position. 

I ' 
' ' ' 

2) The precision rotometer can be plugged into the cassette, and 
knowing the desired precision rotometer setting, the pump flow 
rate can be

1
eetermined. 

Adjustments· shall be noted on the OSHA-91. 

Take detailed notes concerning visible airborne contaminants and 
other conditions to assist in determining appropriate 
engineering controls. 

Prepare a blank(s) during the sample period. Before removing 
the pump at the end of the sample period, check the f 1ow rate to 
ensure that the rotometer ball is still at the calibrated mark. 
If the ball is no longer at the mark, record the pump or 
precision rotometer reading. 

Turn the pump off and record the ending time. Remove the 
collection device from the pump and seal it as soon as possible. 
Prepare the samples for transport to the laboratory for 
analysis. 

Pumps shall be recalibrated after each day of sampling (before 
charging) for the pump rotometer setting last used. 

Sampling Method for Organic Vapors and Gases 

Organic vapors and gases may be collected on activated charcoal, 
silica gel, or other adsorption tubes. Immediately before 
sampling, break off the ends of the charcoal tube so as to 
provide an opening approximately one-half the internal diameter 
of the tube. The charging inlet or the exhaust outlet of the 
pump shall not be used to break the ends of the charcoal tube. 
The smaller section of the charcoal is used as a backup and is 
positioned nearest the sampling pump. The charcoal tube shall 
be held or attached in an approximately vertical position with 
the inlet either up or down suring sampling. 
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The air to be sampled must be drawn directly into the inlet of 
the glass charcoal tube and not passed through any hose or 
tubing before entering the tubing to the pump. Cap the charcoal 
tube with the supplied plastic caps immediately after sampling 
and seal as soon as possible. For other adsorption tubes, follow 
the same procedures as those of the charcoal tube with the 
following exceptions: · 
1) Tubes may be furnished by the laboratory with either caps or 
flame-sealed glass ends. The capped version is simply uncapped 
during the sampling period and recapped at the end of the 
sampling period. 
2) The ends of the flame-sealed glass tubes are broken at the 
beginning of the sampling period and capped at the end of the 
sampling period. 

'" 1· • ' ~ 7,. 

For organ1i'i{;: .. vapars and gases, low flow pumps are preferable, 
except whe~e. measuring ceiling exposures. 

) \ 1 I: i" 1, ,·:~ , 
,. " . 

· .. \:, ,·,.,, 
•· 11 I , ~ 

' . 
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Attachment to: Sample Trap Preparation 

i:..;1: 10~' becd::::>c( 
I 

silicone $C!.ph1~v1 glas::; wool 

:· .. · .. ·.·. <. 1 .- • ~(!}-~;\ e.;: L: t), ) .ls j'Y1 /"(\ 

I 742;/'.' I 
' I ' ' :,-;- --<.,. I t 

~~ '1 I·\ . -------------------

i-«----r10111rY'=-----~> I 

t 

31 u s.s l.,CCC ( 

/ I 6 ... ,,., 

figure 1. Sampling trap and culture tube holder design. 
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figure 1. Sampler and trap attachment. 
During calibration, attach mass flowmeter sensor to 
top of trap. 
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FORPIULA: Table 1 

... w.: Table 1 

COPIPOUNOS: benzyl chloride 
(synon)'llS branofonn 
in Table 1) carbon tetrachloride 

chlo~nz~ne 

SNIPLER: SOLID SORBENT TUBE 
(coconut . ~~ell charcoal ~ 

' I ' ~ 

FLOW RATE:· 0.01 to 0.2 l/min 

VOL-"IN: Table 2 
-MAX: Table 2 

SHIPf'ENT: routine 

SMPLE STABILITY: not detennfoed 

FIELD BLANKS: 10% of saq>les 

ACCURACY 

HYDROCARBONS, HALOGENATED 
MTHOO: 1003 
ISSUED: 2115/84 

REVISION 11: 8/15/87 

chlorobramomethane 1,1-dichloroethane methylchlorofonn 
chlorofon1 1,2-dichloroethylene 'tetrachloroethylene' 
o-dichlorobenzene ethylene dichloride 1,1,2-trichloroethane 

· ~ichlorobenzene hexachloroethane 1,2,3-trichloropropane 

· f'EASUR9'ENT 

!TECHNIQUE: GAS CHRQlllATOGRAPHY, FIO 
100 mg/50 mg)! 

!ANALYTE: C<Jl1)0Unds above ''- · 

!DESORPTION: 1 ml CS2, stand 30 min 
! . 

! INJECTION VOLlllE: 5 µL 

· !TEJllPERATURES: Table 3 

!CARRIER GAS: N2 or He, 30 ml/min 

!COLl.ftl: Table 3; alternates are SP-2100, 
SP-2100 with O. li Carbowax 1500 
or 08-1 fused silica capillary col11tn 

!CALIBRATION: standard solutions of analyte in cs2 
RANGE STUDIED: see EVALUATION OF PfETHOO [1] 

BIAS: not significant [1] 

OVERALL PRECISION (sr): see EVALUATION OF 
MTHOO (1) 

!RANGE: Table 3 

!ESTil'IATED LOO: 0.01 mg per s...,le [2] 

!PRECISION (sr): see EVALUATION OF MTHOO [1] 

APPLICABILITY: See Table 2 for working ranges. This method can be used for si111.1ltaneous 
detennination of two or more substances suspected to be present by changing gas chranatographic 
conditions (i.e., t~rature progran). High hllllidity during saq>ling will prevent organic 
vapors fran being trapped efficiently on the sorbent and greatly decreases breakthrough voltine. 

INTERFERENCES: None identified. The chranatographic colt1111 or separation conditions may be 
changed to circ1111Vent interferences. 

OTHER MTHOOS: This method cmd>ines and replaces P&cNit 127 [3], S101 [4], SllO [5], S113 [6], 
S114 [7], S115 [8], 5122 [9], S123 [10], S126 [11), S133 [12], S134 [13], S135 [14], S281 [15], 
5314 [16], S32B [17], 5335 [18], S351 [19], and f'ethod 1003 (dated 2/15/84) . 

8/15/87 1003-1 NIOSH Pfanual of Analytical f'ethods 
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l'IETHOO: 1003 HYDROCARBONS, HALOGENATED 

a. Remove and discard back sorbent section of a media blank s~ler. 
b. Inject a known amount (2to 20 µL) of pure analyte, or calibration stock solution (see 

REAGENTS, 3.), directly onto front sorbent section with a microliter syringe. 
c. cap the tube. Allow to stand overnight. 
d. Desorb (steps 5 through 7) and analyze together with working standards (steps 11 and 12). 
e. Prepare a graph of DE vs. mg analyte recovered. 

10. Analyze three quality control blind spikes and three analyst spikes to insure that the 
calibration .graph and DE graph are in control. · 

MEASUREPIENT: : .. ,·.·: · ·:. 
11. set gas ch~~ograph accordin§ to .manufacturer's recarmendations. and to conditions given 

on page 1003,.1 .and in Table 3. In3ect s~le aliquot manually us1ng solvent flush · 
technique of with autosaq> 1 er • . 
NOTE: If peak area is above the linear range of the working standards, dilute with cs2, 

reana _l~e and apply the appropriate dilution factor in calculations. 
12. Pleasure peak ·.-rea. · 

CALCULATIONS:· 
13. Determine the mass, mg (corrected for DE), of analyte found in the s~le front (Wf) and 

back ("b) sorbent sections and in the average media blank front (Bf) and back (Bb) 
sorbent sections. 
NOTE: If wt, > Wf/10, report breakthrough and possible s~le loss. 

14. Calculate concentration, c, of analyte in the air vol1111e s~led, Y (l): · 

(Wf +wt, - Bf - Bt,)•103 
C = ' mg/m3 • v 

EVALUATION OF METHOD: 
laboratory testing was performed with spiked s~les and generated atmospheres using SKC lot 
105 coconut shell charcoal [1]. Results were: 

Range, ~le Precision <sr> Desorption 
Cor4>0und D:Jlm• Size Overall l'leasurement Efficiency Ref. 

Benzyl chloride 
) 

2-8 
. . •. 

10 L 0.096 0.031 0.90 (I 0.03-0.1 mg [8] 
Branof onn 3-10 10 L 0.071 0.043 0.80 ti 0.025 D:1 [7] 
Carbon tetrachloride 65-299 15 L 0.092 0.037 0.96 (I 1.3-4.8 D:1 [16] 
Chlorobenzene 183-736 10 l 0.056 0.025 0.91. 1.8-7.1 mg [12] 
Chlorobranomethane 640-2655 5 l 0.061 0.051 0.94 (I 3.3-13 mg [6] 
Chlorofonn 100-416 15 l 0.057 0.047 0.97. 1.8-7.4 mg [19] 
~ichlorobenzene 150-629 3 L 0.068 0.013 0.86 • 0.5-1.9 mg [14] 
2-{>ichlorobenzene 183-777 3 l 0.052 0.022 0.91 • 0.7-2.7 mg [15] 
1,1-0ichloroethane 212-838 10 l 0.057 0.011 1.01 • 1.9-8 mg [10] 
1,2-0ichloroethylene* 475-1915 3 l 0.052 0.017 1.00 (I 2.4-9.5 mg [5] 
Ethylene dichloride 195-819 3 l 0.079 0.012 0.96 ti 0.6-2.5 mg [9] 
Hexachloroethane 5-25 10 l 0.121 0.014 0.98 (I 0.05-0.2 mg [4] 
l'lethyl chlorofonn 904-3790 3 L 0.054 0.018 0.99 • 2.9-11 mg [17] 
Tetrachloroethylene 655-2749 3 L 0.052 0.013 0.96 ti 2.1-8 mg [18] 
1,1,2-Trichloroethane 26-111 10 l 0.057 0.010 0.97 (I 0.3-1.2 mg [13] 
1,2,3-Trichloropropane 163-629 10 l 0.068 0.027 0.95 • 1.5-6 mg [11] 

*istlll'ler used (i.e., cis- or trans-) in evaluation unknown. 

8/15/87 1003-3 NIOSH Manual of Analytical l'lethods 
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Table l. General infonnation • • 

Carpound 

Benzyl chloride• 
(C6H5CH2Cl} , , 

Branofonn · 1'1( ; ·./ · 
( B } '!!1 . 

CH r3 !. " • 

carbon tetrachloride• 
(CCl4} . · 

Ch 1 orobenzene ·." .11'1. 
(C6H5Cl} " . ' 

ChlorobrcJ1X1111ethane 
(CHiSrCl} 

ChlorofornP' 
(CHC13} 

~ichlorobenzene 
(1,2-C6H4Cl2} 

~ichlorobenzene 
(1,4-C6H4Cl2} . 

1,1-Dichloroethane 
(tH]CHCl2) 

1,2-Dichloroethylene 
(ClCH=CHCl} 

Ethylene dichloride• 
(C1CH2CH2Cl) 

Hexachloroethane• 
(CCl3CCl3} 

Plethylchlorofonn . 
(tH]CCl3} 

Tetrachloroethylene 
(Cl2C=CCl2) 

1,1,2-Trichloroethane 
(Cl2CHCH2Cl) 

1,2,3-Trichloropropane 
(CH2ClCHClCH2Cl) 

mg1ma 
= 1 PPll 

M.W. f NTP 

126.58 5.17 

252.75 10.33 

153.84 6.29 

112.56 4.60 

129.39 5.29 

119.39 4.88 

147.00 6.01 

147.00 6.01 

98.96 4.05 

96.94 3.96 

98.96 4.05 

236.74 9.68 

133.42 5.45 

165.83 6.78 

133.41 5.45 

147.43 6.03 

-Suspect carcinogen [20,21,22 ]. 

8/15/87 

Synon)'!!IS 

(chloranethyl) benzene; 
o-chlorotoluene; 
CAS 1100-44-7 . 
tribranamethane; 
CAS 175-25-2 
tetrachloranethane; 
CAS 156-23-5 
monochlorobenzene; 
phenyl chloride; 
CAS 1108-90-7 
branochloranethane; 
Halon 1011; 
CAS 174-97-5 
trichloranethane; 
CAS 167-66-3 
1,2-dichlorobenzene; 
CAS 195-50-1 
J,4-dichlorobenzene; 
CAS 1106-46-7 
ethylidene chloride; 
CAS 175-34-3 
acetylene dichloride; 
1,2-dichloroethene; 
CAS '540-59-0 
1,2-dichloroethane; 
CAS 1107-06-2 
perchloroethane; 
CAS 167-72-1 
1,1,1-trichloroethane; 
CAS 171-55-6 
perchloroethylene; 
CAS 1127-18-4 

vinyl trichloride; 
CAS 17~5 
allyl trichloride; 
glycerol trichlorohydrin; 
CAS 196-18-4 

HYDROCARBONS, HALOGENATED 

OSHA/NIOSH/ACGIH (ppn) 

11-/1 
[20,23] 

0.5/-/0.5 (skin) 
[20] 

10, C 25/C 2/5 (skin) 
[20,24] 

75/-n5 
[20] 

200/-/200, STEL 250 
[20] 

C 50/C 2110 
[20,25] 

50/-/C 50 
[20] 

75/-n5, STEL 110 · 
[20] 

100/100/200, STEL 250 
[20,21] 

200/-/200, STEL 250 
[20] 

50, c 100/5, c 15/10 
[20,21,26] 

1 (skin)/-/10 
[20,21] 

350/C 3501350, STEL 450 
[20,21,27] 

100, c 200, p 300/-/ 
50, STEL 200 

[20,28] 
10 (skin)/-/10 (skin) 

[20,21] 
50/-/50, STEL 75 

[20] 

1003-5 NIOSH Manual of Analytical Methods 
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CORRELATION BETWEE~ FIELD GC MEASUREMENT OF 
VOLATILE ORG>tt~ICS <AND LABORATORY CONFIRMA-
TION OF COLLECTED FIELD SAMPLES USING THE GC/MS 

'1 ' '.~ ', '. ' •• • 

. ', I/' , • I• 
''" l ' ~ 

Dr. Thomas M. Spittler, Richard J. Siscanaw, 
Moira M. Lataille 
U. S. EPA, Region I Laboratory 
Lexington, MA 02173 

Patricia A. Parks 
University of Massachusetts, Amherst, MA 

A procedure has been developed to monitor low levels of volatile orga­
nics in ambient air. On a given site, a two-phase monitoring program 
is established. The first phase involves field measurements using a 
sensitive portable gas chromatograph with a photoionization detector 
capable of determining most solvents in the 1-50 ppb range. 

Once areas of concern are defined, a few lab samples are collected for 
GC and GC/MS analysis. Samples (1-30 11 te rs) are adsorbed on pre­
cleaned activated charcoal. Lab. analysis is performed using a Pro­
grammed Thermal Desorber (PTD) which desorbs the contents of the field 
sampler into a 300 cc stainless steel piston from which aliquots are 
withdrawn for GC or GC/MS analysis. 

Based on first phase results, a detailed field study plan is formulated. 
In the second phase, field collection is again done on charcoal packed 
tubes. In the lab, analysis is by thermal desorption, GC and GC/MS. 
Correlation between field data and final GC/MS confirmation has been 
excellent. Vapor standards are used to calibrate lab instruments and 
to determine recovery efficiency. 

The overall technique is relatively simple, inexpensive and produces 
answers iri a rapid ~urnaround time. Several New England States are 
equipping to use this technique in investigations of hazardous waste 
sites and odor complaints. In addition, other regional laboratories 
within EPA are currently evaluating the procedures for ambient air 
invesdgations. 

•• 
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CORRELATION BETWEEN FIELD GC MEASUREMENT OF VOLATILE ORGANICS AND 
LABORATORY CONFIRMATION OF. COLLECTED FIELD SAMPLES USING THE GC/MS 

Introduction 

Over the past five years, there has been a dramatic increase in methods 
development for measurement of volatile organics in ambient air. A 
wide range of solid adsorbents followed bl solvent extraction and ther­
mal desorption have been reported on. l, Use of cryogenic trapping, 
cryogenic focussing of thermally desorbed vapors and many configurations 
of GC and GC/MS analysis have been reported. 3 Mobile vans have been 
outfitted with'(• wide range of GC equipment for direct field measure­
ment 4 and a va.n '. containing a mass spectrometer is also employed for 
ambient air mea.surement. 5 

In all the a boy~ methodologies except the mobile vans, an important 
element of monl~oring is missing, real time data - the ability to 
measure contamination on sites by direct sampling of the ambient air 
with no intervening concentration step. A second element often missing 
is the need to have a methodology which employs currently available 
tools even if the technique is not yet capable of answering all the 
questions surrounding analysis of volatile organics in ambient air. 
This paper reports on a technique for direct field measurement of 
volatile organics in ambient air in the 1-50 ppb range. For this purpose 
a portable gas chromatograph with a sensitive PIO detector is employed.& 
The field measurements are used to determi~e contamination quali­
tatively and semi-quantitatively. This provides the data needed to 
plan for and collect time integrated samples at appropriate locations 
for return to the lab. In the lab the analyst can confirm by GC/MS 
analysis his field identifications and quantitations. 

Experimental Method 

Figure 1 is a photograph of the Photovac portable gas chromatograph. 
Sampling is done with all-glass or gas-tight syringes. The air 
sample is !mediately inject.ed onto one of two colunns. A short c~lumn 
( 12" Carbowax) is used first to screen for the range of volatiles 
present. Figure 2 shows two mixtures run on the short and long 
columns. Separation of cis- and trans-1, l DCE indicates how useful 
even short run data can be in making preliminary identifications by 
retention time (RT). When a determination has been made that no signi­
ficant contaminants elute after a few minutes, the same sample can be 
injected on the 4' SE 30 column for better separation and RT determi­
nation. 

Figure 3 is a typical field chromatogram showing the presence of 
aliphatic hydrocarbons in the C2-C6 range, as well as the commonest 
aromatics. Using a vapor mixture of Benzene and Toluene, the field 
analyst can readily identify and quantify these compounds. Where aore 
complex chromatograms are encountered, it is a relatively simple matter 
to run · two or three standard mixtures on both columns and then use 
two-column RT's to make a positive identification. Even interfering 
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Fiqure l The Photovac lOAlO Portable Photoionization r.as Chromato~raph 
r 

Column 2 
12" Carbowax 

.. 

Chart Speed 150 cm/hr 

Column l 
4 1 SE 30 

1,1 . E 

tr-1,2 DCE 

TCE 

c.s. 15 cm/ hr 
c.s. 60 cm/hr 

Tetra 

Fiqure 2 Chloroalkene Standard run on Both Columns of the lOAlO CC· 
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and overlapping peaks can be tentatively identified in the field by 
this technique. 

Organic vapor standards for field use are prepared in two ways. 
For qualitative identification, we often employ the headspace technique. 
This technique involves sampling the vapor headspace above a dilute 
aqueous solution of organic solvents. Such solutions are easily pre­
pared and have amazing stability. The standards used in Figure 2 were 
prepared six months prior to these runs. Figure 4 shows the method 
used for preparation of aqueous and vapor standards.. Standard B is 
prepared by _ i,nject~ng small amounts of the aqueous phases of stock 
samples C, D ,111·a~d ·--E into a measured amount of organic free water. 
Stock samples;"1:C· and D are simply equilibrium solutions of commonly 
encountered vo'ratile solvents. In the case of very soluble solvents 
like acetone, ·a . 5% ·solution is prepared and stored over a liquid mer­
cury seal. 'Ill~ 1 ·1~ercury prevents loss of solution strength by diffusion 
through the- punctured septum. When an appropriate mixture has been 
prepared in vial B, the sample is kept in an inverted position. Again, 
li~uid mercury prevents sample loss. The vial is only turned upright 
to withdraw a vapor headspace sample. 

Vial A of Figure 4 indicates the method used for preparation of vapor 
standards. Typically 1 ul of organic liquid is injected into a stock 
vial and the concentration ·is calculated from density and vial volume. 
Dilutions into another vial can be made using a gas-tight syringe and 
careful gas handling technique. Once again, a liquid mercury seal is 
used to prevent loss of low level standards through septum punctures. 
Experience has 1hown that mercury sealed standards are stable for many 
days. Depletion is principally through withdrawal for analysis. Since 
stock standards are typically in the pph range (1 ul of 1,1 DCE/160cc 
contains 7,680 ppm) these standards can be used for months to prepare 
dilute standards without significant loss of strength. 

Time integrated field sampling is done using 1/4" i.d. flared stainless 
steel tubes packed with activated charcoal. Tubes are prepared for 
field use by thermally desorbing at 2500C for S minutes into the 
holding chamber of a Foxboro Analytical Programmed Thermal Desorber 
(PTD). The chamber is a 300 cc polished stainless steel piston from 
which aliquots can be withdrawn for GC or GC/MS analysis. Tubes are 
precleaned to a background level corresponding to less than 1 ppb of 
volatile organics in a collected air sample. Depending on the volatile 
organic of interest and the volume of sampled air, detection to .01 
ppb is possible with this system. 

Precleaned sampling tubes are 1tored in individual septum aealed 
40 cc vials for transport to and from the field. During field sampling, 
the tube is attached to a battery operated pump capable of flows from 
S0-500 cc/min. Sampling t111e and flow is adjusted to collect an adequate 
volume of ambient air and the exposed tube is replaced into its own 
sealed vial for return . to the lab. Vials are stored in caniatera 
containing activated charcoal and the sealed canisters are refri­
gerated- during shipment and pre-analysis storage at the lab. Appro­
priate blanks, duplicates, backups and spikes are incorporated into 

4 
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4' SE 30 Column 

Benzene 

Toluene 
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c. 50 ppm std. 

Figure 3 ~ield Chromatogram of Ambient Air Sarnple and Field Standard 
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Figure 4 Standards for Lab and Field Calibration 
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the Quality Control program for any field study. 

In the lab, analysis is CJl.rried out in two stages. The sample is 
thermally desorbed in the PTD at 200°c for five minutes. A first 
analysis is done by withdrawing a small sample (10~500 ul) and injecting 
into the 1ame PID-GC that was used in the preliminary field study. 
Usually the pattern found in the field ii repeated under the 1ame 
conditions of column, flow, etc. Based on lab vapor 1tandard1 (and 
experience), the analyst now knows the approximate composition and 
concentration of the field sample. Using this information, a second 
(much larger) vapor sample ii now withdrawn from the PTD and introduced 
into the GC/KS for,. definitive qualitative and quantitative analysis. 

. ·1·;y1·' ~ .-:.~-. 

Figure S shows• ·.the dry purge and trap (P&T) modification to the 
GC/MS for ambien't air analylis. Through a Luer adapter, a large air 
sample can be injected onto the P&T trap. After sampling from the PTD 
and prior to ~~~rctio.n into the GC/MS, a vapor spike of 100 ng of 2-
chloro-propane· U added to the large 1yringe. Thia serve• as an internal 
standard for all GC/MS analyses. Vapor standards prepared as described 
above, are then injected via the :. dry P&T to calibrate the GC/MS 
system. The standards contain all identified volatiles above the 
GC/MS detection limit. 

Finally, an adsorption-thermal desorption recovery study i1 run on 
any compounds found for which the lab has no prior recovery data. 
Recovery studies are performed in two ways. The first method employs 
a standard mixture such a1 the one used to calibrate the GC/MS. 
An appropriate sized aliquot is analyzed directly by GC or GC/MS. A 
second (larger) sample is loaded onto a charcoal tube using the apparatus 
shown in Figure 6. The spiked tube is then processed in the PTD and an 
aliquot is analyzed by GC or GC/MS which i1 exactly equivalent to the 
sample analyzed directly. Comparison of the two chromatograms by peak 
height measurements on the GC or integration on the GC/MS yields a 
direct recovery figure. 

A second (more recent) approach ·ii to 1pike a large air bag with 
several volatile solvents and wait a few days for equilibration with 
the walls. This artificial · atmosphere is then sampled directly via 
syringe and analyzed by GC or GC/MS. Next a charcoal tube and pump""""il 
attached to the bag and it is sampled for 1-60 minutes at an appropriate 
flow rate. The collected sample is thermally desorbed and an appro­
priate aliquot from the PTD chamber 11 analyzed by the same analytical 
procedure. The two aliquots are sized to be exactly equivalent and % 
recovery is calculated by peak height or integration comparison. 

Results and Discussion 

Our field experience over the past four years has led u1 to conclude 
that in background air, only a few volatile organic• are found above 
the 1 ppb level exclusive of aliphatic hydrocarbon•. In llOlt ca1ea we 
find at upwind locations 1-10 ppb of benzene and 1-20 ppb of toluene 
along with 1-4 ppb of methyl and ethyl 1ubst1tuted benzenes. Theee 
aromatics are typical of automotive exhaust and/or widespread fugitive 
emissions from automotive fuel handling. ·' 
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30 cc Syringe 

~ Valve (illVP 02-5) 

Luer 
Adapt~r 
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To GC/MS Purge and Trap ,, 

Figure 5 Ory Purge and Trap Adaptor for GC/MS 

Battery Operated Vacuum Pump 

Charcoal 
Collection 

Teflon Sleeve 

Septum Port 

Fi~~re 6 ~ Spiking Device for Air Collection Tubes 
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.Model 10510 ·.Manual 
• Sample injections are made 
manually · 
• Dual column configuration 
• Calibrated by interspersing 
samples with injections of 
standard 
• Portable external chart 
recorder required (available 
from Photovac) 
• Liquid crystal display, with 
bar graph 
• Rechargeable carrier gas 
reservoir (two days 
approximately) 
• Rechargeable battery (8 
hours approximately) 
• Columns immediately 
accessible beneath hinged 
cover 

.Model 10550 ·Computer 
• Contains all the 10S30 
features, plus: 
• Computerized peak 
identification and quantitation 
• Updates stored parameters 
through computerized 
auto-calibration 
• Printout of compounds by 
name and with ppm or ppb 
concentrations 
• Contains four libraries of 25 
compounds each 
• Provides variable period 
Time Weighted Averaging 

.Model 10570 ·Communications 
• Contains all 10S50 features, 
plus: 
• Serial/internal modem port 
for remote terminal or PC­
operation using PC DANDI* 
• Fully automatic remote 
sensing capability 
• Automatic call-in, in event 
of emergency 
• Built-in audio alarm 



'. . 

BHOTOVAC 105 

<J.S.A. 

First in Air Analyzers 
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PHOTOVAC INTERNATIONAL · 
INCORPORATED · 

CANADA 
PHOTOVACINCORPORATED 
140 Doncaster Avenue, Suite 7 
Thornhill, Ontario 741 Park Avenue, Huntington, 
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Phone: 516-351-5809 
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Phone: 416-881-8225 
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Specifications 
Detectable compounds: Aliphatic/aromatic hydrocarbons, halohydrocarbons, alcohols, 
ketones, aldehydes, ethylene oxide, arsine, phosphine, TRS components (including 
hydrogen sulfide), glycol ether solvents. 

Detector: 
Photovac proprietary Photoionization detector. 

Sensitivity: ·:: .:. ~ 
. Better than 0.1 ppb (benzeneyor. 1 ml air sample with 4: 1 signal-to-noise ratio. Very 

low quench loss in air mediu1~1, . , ': , 
11 · ... 

,t 11•, ,,. 
Chromatography: •. 
Precolumn backflush fused qµa~.z capillary column configuration with optional 
isothermal oven, software selAf~ble sample volume, automated sampling using 6 
three-port miniature valves, air' ot inert carrier gas. All instruments offer optional 
manual (syringe) sampling. 108.10 is exclusively for syringe sampling. 
Multi-dimensional chromatography, using two dissimilar isothermal fused quartz 
apillary columns: 

power: . 
Internal batteries, external 12 V battery pack, 115 or 230 V ac mains (please specify 
choice). Isothermal oven requires exter!lal battery pack or mains adapter. 

Calibration: 
Automatic or manual, with new "peak locking" software. 

Weight: 
29.5 lbs (13.3 kg.) 

Dimensions: 
Width 18.25ff (46 cm), Height 6.25" (16 cm), Depth 
13.25" (34 cm). _,,_) 

Analysis Time: 
Depends upon compounds required, almost always.. 
under 10 minutes. , · 

1. 
I. 

. ~ 
S TtP ;··iM;:i-·----·-········-----· 

. Sfltlf"t.a.... ..llL • 1.111 ltl• '1 
--.DJS a I "-*' ...._..,.,. 
ttrft#11111 • ....... ... - .... •1• • """""""- ... 
GFFSU U.1 rN 
QtllllflT ftG ••• •l'Vlttl 
IL.arl ses. •• -.VS.• 
UJ ..... .,~ • P..,Hfll\ .._. 

r11 .. Jrt11""'1' 1• ...,... 
Pl.OTID P6JJl'f 18.a II• 
IMlllL V.Ja TUC u-oe s .. 
crcLI Jlf'C • .. •• 

CDITCUCJ tw'1£ i-ENC ft.!. l'llftL"-'"" -

~ 2 '».I 2n. , ..us 
f'C.[ f llff( ., ,,.a t.•2S ,.,.,, 
•-t1E~ " UM. <t 1 . n 1 rm 
l(f"l£til'. 5 15 ... , 1. 3M "" 
Tll:JCtt-UWn..[,.[ e ,.., • .• n ,.,.,, 
rct.utH£ · 7 . :JM.s· 1.2n"" 
T£TAAO..-Uttl\...Ct4: • ,'39. I e. '"I "" 
l"- MYLltll S SJ'l,4 t . Ue r"f"ft 

10570 PRINTOUT 

•· DANDI Is a trademark of Photovac Incorporated. 
••Applies In N. America and certain other countries; 
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These data correlate well with the findings of Singh et al7 in their 
investigations of major urban areas of the Southwest. Even in the 
vicinity of known organic sources, such as chemical companies, spills 
and hazardous waste dumps Cfr storage facilities, the levels of volatile 
solvents detectable at downwind sites (500-1000 ft from point sources) 
is usually in the 1-50 ppb range. Table I is a listing of such sol­
vents found in 14 different field studies in the New England area over 
the past three years. 

TABLE I 
.-

1 Orga_ nic Compounds Found In Field Studies 
d( ·' 

11i 1' • ' 
,: ' 

\ 1 ' , .... 

Site: ... A B C D E F G H I J K L M N 

Compound 

Benzene 
Toluene 
Tetra 

Acetone 
Freon 
VCM 

Ethyl benzene 
Xylenes 
1,1 DCE 

1,2 DCE 
1,1,1 TCE 
CH7Cl@ 

TCE 
THF 
CH Cl 

Nitro benzene 
Ethyl Ether 

· .. -.1,,,, 
.• ' ' ! 

+ + + + + + + + + 
+ + + + + + + + + + + + 
+ + + + + + + + + 

+ 
+ 
+ 

+ 
+ 
+ 

+ + 
+ + 

+ 

+ 

+ 

+ 

+ 
+ 

+ + 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

At the present time most of the work in methods development centers 
around recovery efficiency for solid adsorbents. Our experience with 
spiking of adsorbent tubes ~- (Method I described above) has produced 
useful recovery data for most of our field studies. Table II gives 
data for an eight-component mixture spiked onto activated charcoal using 
the equipment shown in Figure 6. 
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Table 11 

Adsorption-Desorption Efficiency on Activated Charcoal 

Compound % Recovery 

1,1 DCE 64 68 64 71 70 22 
Benzene )100 )100 • 106 100 100 
Tetra 36 64 85 70 60 45 
Chlorobenzene 78 55 70 60 52 36 
Ethyl benzene 40 28 41 39 35 22 
o-xylene 42 39 35 30 25 22 
TCE ... 12 17 

·' 
3 s . 19 5 

Toluen~( · ; 
._,_ 76 65 86 73 so 47 ·-..... 

'11! 1 ' • ' 

,: ' * Improper recorder attenuation setting 'I I',,', '•~. 

Standard injec·,~ ~bns contain 4-8 ng of solvent. Charcoal tubes were spiked 
with 400-800 ng of the same standard vapor mix. When thermally desorbed, 
an aliquot from the PTD chamber contained 4-8ng and was injected into the 
PID-GC under identical conditions. Aside from obvious fluctuations attri­
butable to wall losses in the syringe and spiking equipment, the data 
on TCE are the most difficult to interpret. 

A second set of recoveries was run using the same basic technique, but with 
fewer components in the mixture. These data. are shown in Table III. 

Table Ill 

Adsorption-Desorption Efficiency on 3M Activated Charcoal 

Compound % Recovery 

Benzene 81 104 118 87 100 82 
TCE 76 97 133 102 105 100 
Toluene 63 100 135 82 80 88 
Tetra 71 100 92 92 85 94 

A modified form of activated charcoal supplied by 3M Corporation was used 
in this study. There is an obvious improvement in recovery of all com­
pounds except Benzene, but precision is still rather poor. 

An ongoing study of VCM on activated charcoal using the artificial bag at­
mosphere described above yielded more consistent recovery data (Table IV). 

Table IV 

Vinyl Chloride Recovery Using Freshly Packed Charcoal Tubes 

Tube I 105 125 103 108 111 127 126 

% Recovery 109 100 105 111 98 101 107 

x - 99 sigma • 9.8 

122 

102 

120 

94 

124 123 

76 87 

121 

100 



l 

I 
~ 

\ 
I 

) 

In this study, twelve tubes were packed with fresh coconut charcoal. 
It is not possible to determine at the present time whether improved 
precision and accuracy (% recovery) is due to the bag method of spiking 
or to the use of fresh a·dsorbent. This point is presently under 
investigation. 

One example of field use of the PID-GC to investigate a PVC manufac­
turing facility is 1hown in Figure 7. The unit was operated in a sta­
tion wagon parked upwind of the property. Background was extremely 
low at this site owing to its proximity to the ocean. Thirty-one 
field samples were analysed in a two-hour period and yielded a complete 
prof Ue of upwind, <,downwind and even in-plant VCM levels. Chroma to-

·grams of selec,fed .--lamples taken at locations shown on Figure 7 are 
shown in Figur~ .' 8 together with calibration data. Because of the 
extremely low •\ background, 1ub ppb detection limits were attainable 
here. A second field and lab study of a PVC facility is currently in 
progress and ~.~1~1 • be reported on at the March meeting. 

• • '•111 l. \ 

The methodology described here has several advantages: 1) It is rela­
tively inexpensive; 2) It employs commercially available components; 
3) Use of the field GC alone is a feasible first step to ambient air 
investigations; 4) Real dme data are generated, leading to a saving 
of time and expense by identifying early in a study the areas deserving 
of more intensive and costly investigation. 5) Where adequate labora­
tory support is available, complete confirming analytical data and 
standardization for quantification can be easily supplied. · 

It should be noted that sensitive chromatographic equipment cannot be 
placed in the hands of untrained investigators if one hopes to obtain 
maximum usefulness from the type of study described here • 

. . 

/0 
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Scale I 100 ft. l 

Figure 7 Field Study of a PVC Manufacturing Facility 

Ambient 
VCM Cone. 0.1 14 590 64 

in ppb 

Location u.w. of 20' D. W. Std. Near Inside 
Site of Inc in. 7.5 Vent of R. B. 

ppm R. B. 

Sample 1 cc 0.1 cc 2 ul 25 ul 0.1 c 
Volume 

VCM 

Sample t 2 5 12 24 29 

Figure 8 Field GC data at a PVC Manufacturing Facility 

# 24 
Vent 
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l cc 

19 

#19 
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RE<X>RD OF AIR SAMPLING 

. ··:·-' .:. ,·_Field Data Sheet Lab #60472 - Air Sample #2 
~ , . ... . ' 

__ ._The following information was rerorded for the following sarrpling location: 

Hicksville MEK Spill Site #246-82. Borehole Al following water 
sarrpling. 

a) Name of Person(s) Conducting Sample - John Bee. 

W~t~es~ - Jerry Naples 
• '11' ....:; _ 

'1'111'''· ·. ,,,_,._ . . 

b) EP~ , ,Property Number of Pump - Sample Pump #3 (No EPA #) 
i'\"1

" ;;._ : MSA Part #466ll8 
"f,11 .· 

'·~ ;, 

c) We~~er ~n~itions 
. l~'~t I It 

- 'Aitbient Temperature - 80°F. 

- Wind Speed/Direction - 3 mph, from N.W. 

- Barometric Pressure 

- Relative Humidity 

- Cloud Cover - 50%. 

- Precipitation - None During Sampling. 

d) Time and Date - September 9, 1982 - 1407-1507 Hr. 

e) location - Through 60 ft. of tygon tubing, the intake of which was 
set at 57'11" depth, one ft. aoove water table. 

f) Sample Time - 1 Hour. · 

g) Calibration 

- Sample .. Pump #3 (No EPA #) * 

- Mass Flow Meter Number - 142070 

- ·Mass Flow Meter Flow Rate (before and after use of MSA purrps; the 
calibration and recalibration readings.) 50cc/min & 50cc/min. 

*In addition to calibrating the MSA punp a sample of calibration gas for the HNU 
was ronnected at 100 psi to the intake of the tygon - the HNU, sampl6ing the 
exhaust~~ th~ ~fl~.ct.ffij}J~r 2~nds, and returned to background 1 
ppn after. 13 mini'.l'te~ 1he0>.aetffct1on ~'ai1brated at 85 ppn with 75 ppn calibra­
tion gas (span setting #5). Without any gas pressure forcing air through the 
tube, deflection occurred after 24.8 seronds. 
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AIR MONI'JDRJN:; DATA SHEET 

Site Identification: 
---------~~-~--~ '~)e=----------~-~ 

rsoh Sampling: 
---------'""---~----

Qualified By: Other - ~teorolcgical Conditions 

Direction: ---------
. ~raretric Pressure: 

· loud Cover - 'fype: 
--"-.-~.~~~----------

:Felative Ht.nnidity: 
------~-~ 

frecipi tation_ - Type:--"'' .... f~· ~-------~---
instrurrent Data 

Calibration/Service Date: 
----~-

rson Calibrating: 
------~--------

C).Jalified By: 
-... ~ ... 

. . Type of Probe{s) 

fype & NLUTlber of Column: 

Filters: 

-----------------------~-----

---- ""· 

ltector Tubes: 'Type of Unit: _________________ (Bendix, Draeger, etc.) 

·r 
J 
I 
.")· . 
. ~ . .. 

.J 
J 

Specific Tube{s): 
-----------,------~-------------

Tube Lot Number: 
-------~------------------~ 

Tube Expiration Date: 
---~--------------------~ 

Number of Pt.mp Strokes/Sarrple Volume: 
-----------~----~ 
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Oiemical 1-bnitored: 

Data Sheet 

---~~---------~-~ 

Chemical Monitored: ·1·,
1
:: · · ; _ _._,... _ _..,.. ________ ~--_,,---

' I 
,' iii 1 '° · ·, ·'--.... 

Time Started: .; 111' 1 • 
____ ..;..1 1,-'-,-, .--.. . -----~-------­

,, It" ,· 

Oiemical Monitored: 

Started: 

Exact location: 

Page_ of_ 

Arrount Measured: 
-~---~---

Arrount Measured: ----....-----
Tine Finished: 

-------~--

-
Arrount Measured: ---------
Tine Finished: ----------

--------------~-~------~-------"'--------

mical Monitored: Arrount Measured: ---------
Started: Time Finished: 

---~---~--

emical Monitored: --· - Amount Measured: 

Time · started: Time Finished: ----------

Exact Location: 

Chemical Monitored: Arrount Measured: 

ime Started: Time Finished: ----------

act Location: 

emical Monitored: Arrount Measured: ---------
Started: Tine Finished: 
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Appendix D 

Obtained -by the Technical Assistance Team, in support of the USEPA 

Removal Action of 1983-1984. 

o Wallkill New York: Summary of Water Level Mea.s ,urements, 1983-84 
,,I I 

i ' ' l ill 1~ 

:l,J 11.i,'. ' 
'! 11.' 

0 Wallkill Well Data 

0 Wallkill, New York, Tetrachloroethylene 
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Irdlstrial Pla:e 
. # Grera1 Mtch 

Wx:x:En 9.JTp Q:p. O:nt:el 
2 G.lild M:>lcEt:s 

HictilaTI JW'1.E FXtn. 
4il Q-a-qe Rilili.n:i 

1 4IXl KLhl 'R::stalrart 

409 R. C. Prier 

4IXi F. Kl.hl 

Hictilarl JW'1.E 
155 Pitt 

339 Ferry 

338 Iere-z 

3~332 Electra Mfi:.:l. 

:m Ch:relilB ~le 

329 Qin.n:re 

m !d:b 

325 Ficre 

323 Giltett 

321 ~ 

3;n Parella 

W\UKII.L~~ 
ME 

aM"l\Ri <F WIOJ'R---rn:a t-fA'lllMNIS 

,;, 'Itp of W:lter ~l El£<Jatirns In Fret Pl:oie M:en ~ ~l 
('_a!;im 

Flec.raticn (ft) 11/15/83 12/1/83 14114/83 12/15/83 12/16,lro 14/21/83 1/lz,'84 1/13/84 2/2/84 413/84 

·. 1 ~.37 624.77 
. .15 

621.74 

fl.ll..17 ~5.02 $4.81 

628.63 616.70 

638.84 (i03.31 

636.58 

628.81 622.76 

ffi4.54 630.91 630.89 

6.54. ~. 588.2.8 

6.52.14 652.14 

1543.95 624.37 634.23 633.88 633.57 631.31 9>.25 

650.48 ro'i.17 640.41 613.76 

649.65 fl.Jl..72 004.13 622.71 619.01 617.04 

646.38 . 006.58 9%.41 006.70 67IJ .57 617 .9.} 

644.33 f!Jl.~2 ~ 67.2.05 622.05 617 .26 

-=-~-=-:.. 
f:IJ7SJ 

649.25 6:n.44 630.07 

641.73 ro>.62 ro; .04 600 .60 

639.19 615.61 

I 

\ 



mIKIIL Jll:W iCFK 
ME 

gM1IR{ CF mIER-r:iML ~ 

·1'( 'lqJ of W3tJar !eliel Elellatio'ls In RR ltD1e 1ta1 9:la ~1 
C:sirlJ 

# R?Sid:nl:s EleJatirn (ft 2. 12/21/83 1/13/84 1/16/84 2/3184 
/ 

1~ <£rald t..zirrer 649. 19 575.21 

175 J. M. Iblrres (91allcw) .1 I':., 633.09 623.00 

168 ~ 639.47 611 .59 

O:mn:nealth 

' 
196 ~as 667.27 ~.27 

193 I<Etm (S'lalla-7) 657.77 652.83 

183 Palemo (toew) 654.':Xl $4.77 573.37 
(11.g) 651 .96 
(Old) 651 .79 

177 Cla.Hl31 ( S"al.lcw) £'A7.65 642.60 

173 Dida:s::n 648.97 S':X) .35 

243 ~ ~.59 585.31 

229 JU:rl;!rt 683.26 576.68 

210 any 6'19.82 <579.82 

·.' 

:~? ~ 

) 

~ 

\ 



mIKIIL~~ 

'D\IJ.E 

"\' SM~ CF W'<IF.R IBJEL ~ 

'ltp of mer ~1 EleJatims rn Feet ~ M:Bl i:ea ~ 
Casi..rQ 

! R:!Sid:nts EIBlat]m (ft) 11/15/83 12/15/83 12/16/83 12/21/83 12/24t133 1/13/84 1/12/84 212/84 2/3,184 

316 Strut 
, 1 j' ' ' 1., 632.64 614.64 

D)-314 a:nt:irental 'le~ 6'.I).35 flE.76 f:IE.00 flJl .43 flJl .22 flJl .28 

:m ainy 615.22 604.18 fi03.49 

) m R±aira 630.()') !B3.51 SJ2.80 

215 .l:niak 6Z3.38 589.~ 

286 EEtra::]a 616.45 SJ5.65 SJ2.75 

Electric 

31 Ven Ielt 646.72 619.2) 621 .70 616.00 

W3t:kins J!ue'l..e 

251 s:ixtrn 684.35 Ei01 .65 595.00 

239 wrn 676.ffl 569.10 

238 O:Hro Q:tics (Rw) 67?-96 SJ3.34 fiCll.17 

128 Prier Kirq Press 673.TI 

'' 658.65 2al Il? R:re ( 9'El1!Jw) (;£7.77 
- .:· -

217 R±ert Lil::ario (91a1Ja.l) fi62.fi6 -~~:=--~ 
-
- -_ . 658.53 6:6.25 

1!Xl Mr.:e 651 .46 4q1 .55 540.33 

197 R:en.men 639.64 m.73 595. 17 

\ 



., .. WlllKIIL NW iOt< 
It \ ME 

~ CF \'1U:m IBVEL r-m9:Hmm> 

'ltp of W:lt:er le.el Elellatims In R:!et ltr»e MDl 93a re.el 
Q6irg 

~ R:s:id:nts . ' 1 j~irn (ft) 11/15/83 12/1/83 12/14/83 12/15/83 12/16/83 1/14/84 1/13/84 4/3ll34 

319 ~ 640.91 009.63 Ga>.67 612. 16 

strut rot J4 

1 D.rJ Will * 1 ( S:lalJcM) 619.05 617.96 617.86 
IlJ:J W:!ll # 2 (fhallcM) 630.~ 629.44 629. 18 

317 ~ 640.78 !132.87 Em.63 599.00 '3)7.38 

l~ ·' ... ~,; , 

... 
~--

·., -~=-~:.~~ ~::_~~r- --_-. ;: 

) 

\ 
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I Ini5tria1 ~ 

' HicJ'lla'rl ~ EXtemirn 

"3l 

# R:sid:nt 
('Ihlei:tcre #) 

IrdJstria1 Pla:e 

'fyJ:e cf. 
rater 
swiv 

El~kn 
'ltp 
C:lsirg (F1:.) 

Gretal Mtd1 Cicy.-

17 Il.trica'lts In:. 

J\l:arl:rm 6:£.TI 
W;!ll 

Pcd<cqirg City 

2 Clrild M:>ld:!r:s City 
(342 5701) (~) fJJ2.n 

Q:cr-ge Chnty N:> will. 
~ City 

U3ed tote 
IliW R:tl.b:a:rl 

Diaret:er: 
D:f;ttl ( F1:.) 

e•xm• 

6' 
Q:nterirg 
QJicE ra 9J' 

l~ ······i 
. - : !~ 

Rnp 'fy[:e 
n:p:h (F1:.) 
H.P. 

s.trrersihle 
460' 

N:>Will 

abrersible 
11~ 
11 IP 

. ..:::::..::- ·-

W'IUKIIL mL IJm\ 

M:lx 
Rl1p 
~(Gil) 

2gpn 

W:rtJ:[' 

Filter 

N:.re 

N:.re 

~ te:JJirej ln mirute; ttat will .~ @ k~~~:~ ~kn cf. 3 W?ll \Olures. 
' -

9.tnetg:rl 
W;!ll 
'\blure (Gil) 

5Jl 

4 

N:> will. 

S'ltp1e 
Protxxol* 

2i8 mi.rs 
@ 2gpn 

O::mtmts 

~ 
r:ril.1e1 
rtilla: 

Will a:rtaniratm 1981 
Will pitµ; dry :in ~ '1tnkirB 
mirs. l1lless ttrtttlerl 
l:::a::k. E:f¥ a:xESS, 
croie c:p:l.Trl 

R:s:idert: fir 10 yrs. 
Ue vars:>l, l.t.tricmts, 
tridlloo::Et:t¥ ]ere. 
R:x:r to..m<a:pirg 

Pla3ti.c noldirg. 9::>1- 1975 
vents LSErl m chxrat:- 9.Jl.livc:n 
irl3 tx:ttles 

. ,. 

\ 



) Hig,l.a'rl Al.e'lE Ext:e-sio'I, Sarl;, £:.'lectric & W:ltkirs roen.e 

') 

# R:sid:nt 
('lhleprre #) 

'fyp! cf. 
W:!ter 
9.J:plv 

275 ~J.m:m City 
( 343-3878) l'b \'ell 

~ 
24 Miller ~ty City 

(342-3974) l'b \'ell 

San E. Fast 

E:l.ectric 
31 Vcn Mt 

( 342--0176) Will 

w:itJdns 
165 9-etrTm R. 3:s:ters City 

(342-1709) 

168 Alice~ Will 
(342-1479) :, 

170 Its. ltittinJ; City 
(34~3367) N:> \'ell 

171 J.M. M::fl.al 
( 34:Hl'743) 

City 
l'b \<ell 

El.e<Jatim 
'lq:? cf. 

. ca;lrg (Fl:.) 

:'46.72 

618.13 

6 l6.47 

I,' •, \ 

Diareta:" 
D:ftil (Fl:.) 

f1' x rrr 

(]' x 70' 

--· 

~ - -)~-?=~-~~- ~. ,, :-'--~f 

Rnp~ 
O:j::th (Fl:.) 
H.P. 

9.:tm:!rsible 
1/2 IP 

a.bretsible 
60' 1/3 HP 

mrmL mL mm 

M:IK 
FUip 
R:lte (Gil) 

N:re 

~ 
rcn dty 

W:ltR' 
Filtet" 

N:re 

~ 
Will 
'l.tllUTe (Gil) 

l'b Will 

l'b Will 

City - l'b Will 

. City - l'b Will 

s:ttple 
Ptotx:xnl* O:rma1ts 

Nill <i:o.le g:ard. 
Ea:y a:o:ss. 

Will in s.rrp ll'lEr 
slcb. Pre/las 
an:![' J:\nello 
(361-3611) 

ie:lc" 
rrilla3 
Itil1a:' 

1973 

\ 
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J 

Rigua-d Al.em ~icn 

· ,,. 
' ··' . 
:i;f· , 
' '1 11 ' 1' 

' ~. ,t . ' ,· ... 

'fyp! d ': ', Ejl~im 
Diareta:' * R!s:i.d::nt 

('Iltleprre #) 
~ ' ·' 'll::P d 
~ . . :· ~ Caslrg (Ft.) I:£¢l (Ft.) 

295 Vicmt Ja'liak Will 623 .33 6' x 200'+ 
(342-1610) 

~3 Wfyre Nixh:f Will 623.45 

292 ~ Sleiter Will fiXJ.97 

~1 D::ma Snith 
(342-1157) W=!ll rv.1 Zl 4' x 17' 

2B8~Ifilly City 
(342-2998) 

2B6 hltc:nio FStr:aJa Will 616.45 ff x 170' 
(343-9824) 

2ITT Issy 'Il!ssler : lill e• x BS' 
(342-2947) 

282 Fraic 9clttl.xk Will 614.29 

281 Arthr Onb:'li City 
( 30-:!>44) (l1:Gwlire) G·~~' · 

... :.:.=::-' 
280 .hTes Cb'le W=!ll 613.49 

-, ~-~~~~~~.~ ~~ :----~;-_ 

Rnp~ 
D:p:h (Ft.) 
H.P. 

ol:t 
111> 

ol:t 
1/2 IF 

9.i:ne:sible 
1/2 IP 

s.tnetsible 
1Jl' x 1/2 lP 

Wl1IKIIL mr. mm 

M3>< 9.btetgerl 
RJTp W:iter W=!ll 
:E0t.e (Gil) Filter \t>lure (Gil) 

S:::ft:0'l:!." 245gil. 

Filter 25gil 

City - N> Will ' 

N>Will 

"llXr 
S3Tp1e rrilla:1 
Prota:Dl* Cl:mrents r:tillet" 

93min S::ne 9.l1fur. 1950 
@ 8gpn O:rt.aninata3. KitxiB'l 
S::£tsR' sink 2 <,pn,+l:et:h 4 q:m+-

+ l::ath sink 2 <ptF 8 <pn 

25 min @ Rrrl dJ:1 
3 <pn. Filter 

R:sidrt e>tirrat:m 
M3>< p.rrp ra:e 47 <,pl\ 

<1940 

1976 

\ 

' 

\ 



Pi<jllarl ~ Eltte-sim 

. ~c£ 
# R:simt: Wrt:er 

('lhlePn'e #) 9..qllv 

316 9:0Jt (Ja'lice) l'Jill 
(343-4626) 'lStpCity 

3ffi-314 O::ntiretal N:> 
'lhleP'o"e res:id:nt 

313 Chris Lewis 
(342:-0139) 

300 R:tert B:lrrY l'ell 
(342-0714) 

Fl ~ R.q:P-rt W!ll 
(342-0Xl9) 

3l4 El:\.ar:tl Liska W!ll 

299 Hiltm El'.:!<era:J1 l'hll 

~ Sctrni.ck \'~11 

'2!J7 1"ra"ciscn R:taira W!ll 
( 343--0360) 

. ... 
11 ,1 . 

: ' ·.:.· · . 

El.E!llat:im 

· ~c£ 
:.' ' irg (Ft.) 

' 632.64 

63).35 

657.34 

635.22 

633.17 

627.10 

626.53' 

. 63).06 
... 

"' 

V1lllKIIL m:L J:1ml. 

Flllp~ M:lx 
Diaiete:" D:p:h (Ft.) Rl1p Wrt:er 
r:e:tll (Ft.) H.P. R:!te (Gil) Filter 

fl' x ..l:t Yes 

e• x 192• N:re 

e• x :<Il3' ~ihle N:re 
6 st.:qe' 180' 

e' x ;;JJ;' Sbre:'sible 10 c;pn 
1/2 fP 

fl' x 137' 1/3 fP 

· 1, •', ·"..;_' ,' 

· ff. x:axi\ c::=·: Sbrer:sible N:re 

~ ~--~~~~~< , :-0-_~;_-_ -· 

9.bnaga:l 
W!ll S;rrp1e 
'lbl.ure (Gal) Protxxol* 

245 gal. 

~ar 

n:illaJ 
O:mn:nts ~ 

a:ntardrata:! 

a:stru:.t:im. N:> 
res:id:nt • lb::Ne 
<p:lJ"d • CEirg 
q:en/a.r. off 

CJ::ntaniratOO 

a:ntardrata:!. 1977 
'16lpXaty city Wite:: nvis 

artanirate:3. 'lB'rp:rclty 1 m 
cicy Wite::. RxX @ <X>' nvis 
(5' irto roX) 

l'ell '10C 3' m:Etgro.rrl 19159 
6' fron h::uE 

a:ntanirata::l. 'l6lpXaty 
cicy \etEr. 

ll!vis 

\ 



) ''\ WlllKIIL m:r. mm 

Hi<jlla'rl 1'Je'1E EXtm>im 

'lW! cf Ele..rat:kn t\.J1p 'I'Jt:e M3x 9.brerg:rl ~ 

It Jeid:!nt w:rt:er 'ltn 'tr Diareter o:p:h (Ft.) R1lp Wrta:' W:!ll s:nple Itil.led 
('IhlePn-e It) Sµ>ly . cEirg (Ft.) n;p:h (Ft.) H.P. Fate (Gil) Filter \blure (Gil) Protxxol* Cl:mre1ts . I:ri.11~ 

325 Tl:mi.nid<: Fkn! W:!ll 644.33 6' x 172' 9..bre:sible 11 gpn N:re WrtB:' cmle: fir 1974 
( 34.3-2994) 160', 1/4 fP crinkirg. a:ntard.- n:Ms 

nate3. W:!ll a:u.e 
grord • Ea5':i' a:.'CESS • 

3Z3 Gill:a::t W:!ll 649.25 6' x 180' Sbrersible 9:llrlirg 116' CB1b:rinJ 
160' g..rid:!? Clrtaniratej. In 

~anp 

321 S:el~ \'ell 61\1.73 6' x 220' 9..bre:sible N:re J'tD.e grord. Ea5':i' 
;a)O' a:.'CESS. 

320 Charles Farella W:!ll 63<} .19 6' x 100' Jet 2 cpncr N:re I21cw grord. fXt:ra:.ti:n 
( 342-ZJJS °l'b) 'lB1P City 00' will lo:re will. CJ::ntanirat:a:. 
(2$--1666 lb) s.rtim 'lS!p'.rc!ry city \-Bt.et'. 

. . 
319 G3r:y O}:B1 Nill 640.91 6' x 215 S.brersible 

( 34.3-2%0) V2 w Jt:oJe 9'.QJ"rl. a:ntard.nate3. 

318 Stmt Id: NJ #1 61<!.ffi 3' x 16' N:re - N:re NJ n:siihrt:. 
H (Rrirs) Jeid:!nt #2 630 .49 31 x 11' Nre - ltre NJ resm-it • 

D..q W:!lls 
. ' 

317CB:m'~ Wtll 6'111.78 e'_x ZD' . ~s..trrersible . - Nre Little SJ1flr. ~ 1973 
(342-5310) _ - _ -'ID', 1/2 IP gro..rrl - msily oms 

-=-~·=- -----'!. a:xessible. CJ::ntanirat:a:. 

\ 



Hi.cjila'rl Averre FXte"skn 

# R:skBlt 
('lele:trre i) 

337 Olive Grly 
(342 1741) 

'1.'jI:e a. 
W:lter 

~ 

Will 

335 Ja-et Cro:ks Will 
(343 8452) 

Ele.vatirn 
'ltp a. 
<:asirrJ (Ft.) 

649.73 

653.17 

334 Willian R:eill.i Will 651 .15 
(342 1744) 'R31p City 

328-332 Electra Mfi:J. ~11 643.95 

330 O:rrel.il.E ~le Will 
(813 343 ())93) 
ra:al:Imrer Olrlisle 
(342-3126) 

650.48 

3~ D. Qin.nre 

(343-6745) 
Will 649.65 

m It's. Idi> 
(342-2159) 

'l6tp City 

~11 

'lSTp City 646.38 •,•' <' 

Diareta" 
n:i::th (Ft.) 

f1' x 87' 

fl' x 1())' 

fl' x 100' 

fl' x 100'+ 

f1' x ~5' 

fl' x ::!Xl' 

f1' x 170' 

.~· 

: ~--~~ !:~~: .·' ---- f 

Rnp'fy:e 
D:J:.th (Ft.) 
H.P. 

Jet 
l/4 lP 

.:l!t 
1/2 lP 

.:l!t 
1/2 II? 

N::re 

9.hrersib1e 

9.bre:sible 
180' 

Sbrersible 
150' 

W\UKIIL mr, mm 

M:!x 
Rnp 
R:lte (GU) 

4-5 P.J1l 

Wlta:' 
Fi.lb:!:' 

N::re 

N::re 

Hre 

N::re 

Nre 

~ 
Will 
'\01.ure (Gil) 

S;np1e 
Protxxnl* Cl:nnmts ---

Will l.Td:r tn:ee 

~ 
I:ril.J.a:I 
Irille:-

1948 

Will mlcw grc;re 1%0 
( 4-5 I) • O:::ntanirata:l DNis 

City "8ter 1983 fron 1953 
G:n!ral Mtch. Will DNis 
t:e1ow graE. a:ntaninate1 

M1a:! herd p.np. 
~q:91. 

R:sid:nts in Fkrida. 1CJT7 
~ ctnle C}'.Qrd. DNis 
E:ei' a:x:es.s. 

Will ctnle C}'.Qrd. 1900 
E:ei' a:x:es.s. 'lSTp city DNis 
'VBt.e:. Cl:ntaninatm. 

1trJJe ~ 1973 
cm?SS. ti::nta:miiatm. DNis 

.... 

1i1 . 
• •I• 



Hkjll.a-0 ~ EXte-sim 

• R:sid:nt 
(~#) 

~7 Olas s:trrall 

~cf. 
W'ltel:" 

~ 

(D:Jht. 342 3>28 W?l.1 
343-J529) 

~5 Willian Pitt ~11 
(343 3717) 

353 Ie1 EZnest W?11 
(343 4331) 
~w.n:l 

341 Olas O:llteaJ W:~ll 
(342 7Jf!7) 

339 R3)r :Eeny 
(343 3820) 

338~~ 
(343 0345) 

W?11 

~1 
'161p City 

El.erct:im 
'1tp cf. 
casirg <Ft..> 

fi63.93 

fi64.54 

W?11 irsire 
In.re 
EllJfy ltt 

652.63 

652.14 1,·'····x'·· 

DiaTeter 
Dfk.h (Ft..) 

fl' x 212' 

fl' x 110' 

e' x 115' 

6' x 165' 

e' x 210' 

e' x'ro• 
..::..:·. 

~-~--~:-~~~~ ,- . ~-~--~ 

RJTp 'I}I:e 
D:p:h (Ft..) 
H.P. 

9.:bretsilile 

WIIIKlIL mr. mm 

M:lx 
F\Jlp 
Rite (GU) 

W:rta:" 
Filt.er: 

alO' 1/2 HP 15 gpn N:re 

Jet 
99' 3/4 HP 

Jet 
90 :Y4 HP 

9.:bretsible 

Jet 

, gpn N:re 

S.Wlies N:re 
fanily cf. 2 

S:rlirrat 
Filt.er: 

N:re 

9.:bretg:rl 
W?11 
\tllure (GU) 

R:ftp1e 
Protx:ml* Cl:JTrrBlts 

'lt!a'.' 
IXille1 
r:t:ill.er 

Willlarl u-de: "8tet' 1966 
. 12/1$183. Pla:e aill DNis 
d:uj1t:er 

W?11 pnp; d:y @ 4 gpn 1940 
in 40 min>. v. p:x:r 
yieldin;J well. o:ntan­
:inat:e:l. 

W?11 u-de: In&! 19t)() 

W?11 l:ebl graE 

W?11 l:ebl graE (2') • 19'55 
D.g t.p. 

will Lm1 ~. 9m:e1 
aily dn:irg '!:lmrer • 
'D:!lp. w:rter fron Cl:reml. 
&iit:dl. Cl:ntaTiinat:e: • 

.... i .. 



) 

') 

W:ltkirs l!Jm..e 

'.fyp! c£ 
# R;sidat w:iter 

('lhla:trre #) ~ 

186~ Will 
Wirrer 
( 343-5406 crc ·> 
(343-6100 lb.) 

1fr7 P:t.et" H. RHtu:s31 Nfil 
(342-2329) 

190 Iruis w. MxlE Will 

194 ~ R=!gcr1 City 

195 Ittrew ray Sc:trol City 
( 343-ffiSS) 

196 W:nt:z City 

198 Flop ~11~ City 
(343-7150) 

2J1 M. Snith City 
( 34.3-0319) 

'!!' WlllKIIL mi. mm 

·. Rli',Vclt:im Rnp~ M:lx 9.btetg:rl )!?a[" 

"' 'ltP c£ Diareter ~(Ft.) FU1p ~ Will S:rtp1e Il:illid 
Clsirq (Ft.) nµlt (Ft.) H.P. R:lte (GU) . Filter: \tllure (GU) Pt:oto:ol* Cl:mre1ts Itillec 

649.19 ~ x 7flJJ' s.trrersihle 3gpn N:re ~2g:tl.. 100 min ~l 'IO: l:elOi 1%6 
ZiO' ~4 HP @ 3.5 gpn gra:E D:lvis 

639.64 ~ x 146' Sbretsible 7 <JPll ~ 156 44min Cl:st:ru:ticn- 1935 
135' 1/2 ~p @ 3.5 q:m art:erirg ~ 

a:: 00? Cl:nt:.aniratlr 

ffi1 .46 ~ x 314' SblEcsible Qfilign H:rl w:d::et" s.wly 1970 
2JO 1/2 HP i:rctUars with 'i::J1pdrs 

~ sirce PalE!l10 
s.rk ~. a:ntamrata:l 

City - N:> Will 

----------- --- _c:i~ .. N:>Will. - - ---------

_ c:i~--~Will - - _ D.g wfil fill.e:l __ _ 

City - N:> Will luth:rity en r-tGM Lire ___ ~-~-
i, ·~ : ;·~'; , WltEr s.wly 

.:.~·= · City - N:> W?ll 

· .. , : _-:_-~~-=~-~~·:·., :-~ ;_f 

\ 



.;(( '·I mIKII.Lm.Lmm. 

- ) '. 'ilt.' 

W3t:kim Al.lenE 

'fyfe J. _ Elevaam Rnp~ M:Dc SJ:nage:'l Year 
• R:sid:rlt . .. w:iter ... ~. cf DiatetR" D:p:h {Ft.) Rilp w:iter Will SITple r::ri1led 

('Il:!lajl:::re _J)_ ~ . "•• <a;irg (Ft.) n:ptl (Ft.) H.P. R:lte {Gil) Filte: '°1.UTe (Gil) Ptotrml* Cbme'lts r::nnE![' 

219 Fred I¥:olt City ffi9.75 3' x 401 N:re Charo::el Will is en #217 1960 
{343-7886) ltarl. {a:nnrn 'tell) 

~11 

2aJ D:mis ~ Rm City 661.77 N:re N::re .l?t p.np jn bB3Te1:. 
{342-4110) ltarl. l:hal1at1 dg ~ l.lrl!t" 

~11 a:m:rc slzb. 

221 Jaiice R=rella City City - th Will 
{342-~) 

22?. FraK Om:i.er City City - th Will 
{343-1498) 

223 R:na1d Q:ifftn City Ci -th Will 
{343-1191) 

•. 
225 lot". H..tsdl : City . City- th Will 

J {342:-1191) 

227 Ol:ster 9seley City . • City - th Will 
{343-1074) 

22.8 "R:icr Kin:J B:'eS.S ~1 673.'Zl ~ . ·~ ··\>; e' x D)' s..bretsible N::re 2l5 gal. 78min. ~ e' l:ebi graE 1957 
{343-3318) - : ': . . - -~-, 100' 1/2 fP @3.5 gpn Q-amic JllS9.lre lcm. 

"" 
_:;-~::~r;~: :~· -- :--:._-~ f- -_ 

\ 

( 

\ 



) 

Irtl5trial lMn.e 
Hicj11.a'rl JlM:nE FXt.e"s:kn 

• Jes:id:nt. 
('lhleP'rre lt) 

o:ntire'ltal 

~cf 
w:it:ei::" 

~ 

'telEPn"e Offia:!S N:> \>.ell 
City 

FJ..-vatim 
'R:l> cf. 

ca~irQ (Fl:.) 

Tl:eJ to l:E 
lliW ~ilrc:ad 

W:o:l:n c1a1 9.JTP 
q:+a>ite Cl::ntir81tal 
teleprre 

Interrat:imal Diesel City 
Electric (Mi.cfurd ro wills 
AVfflY? EXt .) 

409 R. C • Prier veil 

409 Flrl:!ral Qbiret veil 

f:W .15 

6 lll .58 

-

Diaret::er 
n:p:h (Fl:.) 

e• x 480' 

fl' x XJO' 

RJTp'l'}p? 
n:i:th (Fl:.) 
H.P. 

s..tnersihle 
2 IP 

s..tnersible 
2 IP 

M3x 
RJTp 

WIXIILmLmm 

R:lt:e (Gil) 
W:ltet:" 
Filter 

3 gpn N::re 

"Tine rel.rind :in mimtes that \"ell µ.nµrl @ !Eled:ro cpn to cttain eJaCl.Et:kn of 3 \"ell mlures 

i~ •' .·.'\\ . 

--· 
~ -~~)-~:-:...-:_~ ,- :-"'."_.- ~ . . . 

/' 

s.tnerg;rl 
veil 
\t>lure (Gil) 

N:> \ooel.1 

S:rTple 
Protx:x:ol * O:mra'lt:s 

~ 

r:rille::l 
Itiller: 

Frcri< Ci2Ek \t'histl:riail 
s::ciecy of rm anfi.J:lrej,__ __ 

ro wills. 

ltD.e gro..rrl. Slew 
rero;ecy 

veil url:r bldg. 
s1Gb 

1963 
w. R::a:j<e 

1955 

\ 
\ 



W"{J.KIIL mL mm 

\ 

' 1-at:ldns lM:rLe 

'fyre cf. E!l.eJatirn Rrrp 'I'Y!;e M3x SJbrerg:D Yer 
it RE:id:nt l'Bt:er 

~t! (Ft.} 
Diareter D::!:th (Ft • ) Rrrp \'ate:" Will s:rrple !):ilJej 

('IeleP'ne #) 9..fply Iqx:h (Ft.} H.P. Rite (GU) Filter \blure (Gil) Protx:xnl* Cl::rmEnts D:iller 

2'9 .J:e:P'l Pa'.livoy "\'ell fi68.eJ 221 gal 63 min CJ::ntaTiirat:e. 
(342-0735) CES.rreJ (<l 3.5 gpn 'ICC rel.cw grarr]. 

231 ClarexE Catt±ell \'ell Prioc Kirg Pt-es::; "\'ell 
(342--0194) 

233 ~ Witress V€11 

238 Q:aro q:tiC3 Oldvelllll e· x 19J' &trrersihle 8-10 gpn N:re 200 gal. 00 min Url:!r Ju.re. an- 19flJ 
(343-2105) (l.hi:r ln:se) - 3/41P @ 3.5 min taninata:1 IBvis 

Now l'€lll!2 675.96 f]' x 290' 9.brersible 5-{) gpn N:re 368 gal. 105 min. "\'ell ll'lEr l"ealy an- 1cm 
3/4 fP @ 3.5 gpn cert sl.ciJ. O:ntan:inated IBvis 

239 Sal & ~ Wrrl l•ell 67fi.07 R' x 214" &nrersihle 8 CJPTl N:re Rlgal 73 min Q:ntanirated. a:rt:er- 1958 
(343-6643) 168' 3/4 fP @ 3.5 gpn irg g.iire @ 22' • Dl<Jis 

R:m:M:d to "6ter-t.Dle. 

) 251 S3xtn1 V€ll 684.35 f]' x 250' SJ:rrersible 10 qpn N:re 3'18 gal. 88 min. 
(343-8748) AJO I x 1/2 1-P @ 3.5 gpn 

\ 
\ 



_ _:) 

<llTiltne31.th PLe1..e 

i R:sid:tt 
('11::lepxre i) 

aJ8 fbllis E. 
.l:tm::n 
(342-2400) 

209 Pcrero 
(342-2193) 

.,,. 
q~ 
·.; .· · 

'.l)p! cf. . . P,:evat:kn 
W:!te:' . "~ cf 
9qily .. ·• '. CBsi113 (Ft.) 

~Ml (£7.00 

~11 

210 H3rold c. EB:"ly Will 
(343-8711) 

679.82 

211 'B:t> Nxh.Jr:y 
(342-3962) 

213 Ietha 03r:ey 
(342-2295) 

Will 

N~ll 675.46 

11' .. ·.,; 

Diareta:' 
Il:{:th (Ft.) 

100' x fl' 

255' ic fl' 

1Ei0' x fl' 

212' x fl' 

139' x fl' 

W\UKIIL t-E:L mm 

Rrrp 'l)'l:e 
D:¢l (Ft.) 
H.P. 

M3>< 
Rl1p 
R:!te (Gil) 

~ 31/2gpn 
175' 1/2 IP 

Sb1ro;ible 6-7 gpn 
240' 
1 1/2 er 2 IP 

9..tm:rsib1e 
1/3 IP 

s..trrersible 

s..trrersible 

40g;m 

W:!te:' 
Filter 

N:> 

N:> 

N:> 

)Jes 

N:> 

214 JCfj M::d!r.­
(342-2ffi0) 

T-eil 600.44 ,, 170' x fl' ~ N:> 
· ':_ c~""'-'"-= 1IP 

:;_\~~~ -_:' ~'. '. :-'-__~;-_ 

9.:bretgErl 
\'ell 
\tlltne (Gal) 

S;np1e 
Proto:ol* Cl:llnB'lts 

~ 

Iti11Erl 
D:iller 

Sl.iljt l:ed:eria 
a:ntaTiirat:kn. 
N3.ans, roils, 
c1ecm:'J tp last 
week. 

1974 
ll!vis 

~ in furt. of 1955 
In.&! 4 I 0Jt fran 
left kitdB'l wirrl:w 
(will_ 1 ~I or:i.ginal.) • 
1955 w:it dcy, 
drilled to 255' in 
1969. 

9:rlinet in Wlter. l'e1l 1950 
co.e:e:'l cy an~. oms 
D:> n:t liJle ta;te. 

Will roiei:e:l cy ]¥r 
a:rxrete slab, rut i'Dle 
in a:nter. s:re ttn:ats, 
Ekin m:hes. 

' ' 

\ 



) 

Cl:mraw:alth 1vn:£! 

• R:sidrt 
C'lel.efh:r'e t > 

'fy!:e cf. 
water 

~ 

195 .lin C:u:b, Jr. ~ 
(342--035) 

196 RJ. & Iroire t-el.1 
~d; 
( 342-43.55) 

197 Allin J. ~ 
Etin:h:rloff 
(~2J)3) 

:m Jares Ki.ercn Will 
(342-1152) 

2C15 .:mes HaW<lrs 
(343-5919) 

a)!) Willa:E K. 
Bliven 
(342-0052) 

Nill 

~ 

,;( 
·.;. 

Ele.ratkn 
. · ~c£ 
- e:Sirg (Ft.) 

f:fil.27 

fi61.34 

li719' 

Gal.92 

fE7.18 

DiaTet:a' 
n::p;l1 (Ft.) 

150' x fl' 

240• x e• 

Rllp~ 
D:µ:h (Ft.) 
H.P. 

flbtErsib1e 
140' 

s.trrersible 
2)()' 

WIIlKIIL mr. mm 

l'-tlx 
PUtp 
R:!te (Gil.) 

6gpn 

Wlt:£r 
Filter 

Yes 

~ 

9.bretgerl 
Will 
~ure (Gil.) 

Z70' x 6' S.brersib1e 5 qpn N:> 

189' x e• 

190• x e• 

~. '·· .: ·.,.'; 

ax:l' 1/2 IP 

Sbrersible 
160' 

180' 

- - -1~· '~~ ~ - c::__=---~:m:ernible 
;----~~-=:~~·~ '\ :---~f - _ z 

Yes. Qiligcn 

4gpn SJfiret" 

2 qpn 

S3tp1e 
Pttltr:x:ol* Ch'rnmts 

)Ea" 

rri1l£rl 
I:riller 

fmd \'Bter/CXXBS:ialal 1977 
ruliiJNEll la::atm in IlfJi.s 
~ in a l.H:hp:d 
anag:!teL c£ a:nrete 
bkx:k9-ecsy a'CESS. 

H:nrl \oat.er'/SJlfur. Will 1975 
in axrer c£ p.np. llll7is 
M1erl ~ly. Ioo:rt:e:3 
rear crive1e1 rer 
reflectcr. Plaicy cf. \oal:er 

RnfS a:y in 1 hr. 
V&'J hard. Easy 
a:xESS ttroJj'l ta.Be 
-ace:s fron o..rt:sire. 

1964 

19:Jl 

\ 



l <l:Jmtn,a':llth Ale'u! 

# R:s:idet 
('lhlefhre #) 

186 Fl}m 

1'07 G:l!B'l:!r 

100 N:itira r::arruth 
(34:Hll62) 

189 Mi.ch:el steJ.s 
(343-5656) 

191 B:!r1:ha Rra.iiec 
(343-8688) 

192 Hite 
(342--0XJO) 

~) ., 

193 '1teresa J(8m 
( 342--0'3)5) 

'fyt:e c£ 
'l'hter 

~ 

Vl!ll 

Will 

W~ll 

veil 

Will 

~ 

'fell 

' ' \: 

Flevaticn 
'Rli> c£ 
~!rq (Ft.) 

563.32 

6"4.76 

&iS.ai 

6?7.77 

' /' .. ~ ..... ; 

DiaTeta:" 
~(Ft.) 

:;96' x El' 

110' x fl' 

240' x fl' 

177' x fl' 

2S-30' x 3' 

:.~-

R.np~ 
o:p:h (Ft.) 
H.P. 

9..btersible 
1.5 IP 

9.i:rrersible 
1 HP 

9..btersible 

9..btersible 

Jet 

-~~~:~7~~~---~,->.- :-=--:;. 

WlllKIIL mr. mm 

M3x 
Rnp 
Rrte (Gil) 

3 1/2 cpn 

W'ltet" 
Filter 

Nre 

SJft:rB:' 

9.Xtn:r 

SJft:rB:' 

N:ne 

S:bretgEd 
Will 
'blure (Gil) 

S:rtple 
Ptctx::rol * OJma1ts 

~ 

o:ill.erl 
Irilla:-

Will 01 left sire 
c£ h:ue I.Ilk 
crcn:J? b.d<et. 

Will ~ frort: 
d:x:r step arl bl.Le 
p::R to tte riljlt. 

IMt:ssi 

lh ta:kyard. Hm3 w:iter 1968 
arl s.tl.fur. DMs 

o:ill.erl will Ol b:d<!- 1961 
~ pith urer ta.rd DiVis 
s1:b-ttlrd:n:d d.g W?1.l. 
in gm that is pirtially 
fillirl in. ~ve 
matg:! s:e chta S'Eet. 

Il.lJ will. Rnp in b:Hmnt 
~l, te:r c£ lu..m 
rer dri~ with 
a:n::xete slct>. 

""' 



' t• ' 

) 
ti \' . , 

,,, . ' 
Cl:Jma'1omlth 11.el..e 

'fyt:e cf. ·~ # R:sidrt water 
N• • I 

('llllePD'e jl) ~ . <as:iri:t (Ft.) 

183 .l:in & Biel:-.rn Will 654.~ 
Rllemo + 
(342-:n71) Atm:in:rl 651.79 

W~ll + 
OJ:1 will 651.96 

J 

l~ /' ~., :'; 

Diateta: 
~(Ft.) 

7:16' x e' 

365' x e' 

10' x 3' 

Rnp 'l}!:e 
oµh (Ft.) 
H.P. 

9..i:nersible 

- · !~ · .:.~·= · 

:_~_:~~~~~~' . --=-~i-__ , 

W\I.I.KIIL mi. mm 

M3x 
Rrrp 
:Eete (Gil) 

5 <]Jll 

water 
Filtet' 

N:re 

9.:btetge:1 
Will 
\Olure (Gil) 

S3tp1e 
ProtI:xDl* Ctmrents 

)ear 
rri11ed 
Iki.1l.e: 

Old will cky M:!y. 1963 
\'8S 365 I arD ffi\.e a d.g 
will-trxh in left sire 
yaro, sli<jlt stlfur o:lr­
u:e !'Bi will in ft01t. 



"\ 

) ClJmtn..mlth ~ 

) 

~cC. .· ~kn 
# R:sidrt w:rt:er' .. . 'li::p cf. 

('00.q:h:re #) ~ C:Eirg (Ft.) 

173 N::tl!al p. 
Didoa:s:n 
(343-1569) 

Will 

174 Mi.gt.el Icpl'Z Will 
(343-5928) 

176 Iea:J3'I W:!ll 

177 Ira s. Cla.Hn Will 
( 343-4443) 

179 Jeff & ll:lle · W:!ll 
Ria:X 
(34~3) 

182 lits. Hany 
Dvis 
(343-4439) 
(343-1())1 \-0) 

Will 
+ 

Jll::amm 
Will 

648.g] 

Will ll'lk" 
tum 

~11 l1'rl:!I: 
lnH! 

647.65 

W>.11 tn:Er 
lruE 

1 •. 1-•. ~.); 

~ 
Il:ftl'l (Ft • ) 

fl' x 2;0' 

13' 

.-!: · 

WlKIIL mL i:::roJ\ 

:E\J1p 'I)t:e 
~(Ft.) 
H.P. 

M3>C 
Rnp 
R:!te (Gil) 

S:brersible 12-15 q:m 
:ro• 1/211' 

WltR" 
Filter: 

Filter: 
fut:' SJlfur 

.l:!t. Jro..¢ fir a Nre 
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( General Notes 

Site Mao 

IDCATICN 

Corraronwealth Avenue 

Electric Avenue 

Highland Avenue 

Industrial Place 

Park Avenue 

Bisch P.oad 

Maple Ave 

Ibckwell Avenue 

Middletown STP 

~nhaqen Brook 

Tank to Sewer 

Wallkill River 

Wallkill S'IP 

Watkins Ave 
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GENERAL NOI'FS: 

l} Unless otherwise noted, sampling was oerformed by EPA or EPA in concert with 
State or County. 

2) Unless otherwise noted, samples ~re collected after running the tap for 15 
minutes. 

3) Laooratories: 

a) Envirotest is a comrercial laooratory located at 717 Broadway, Newbur gh, 
New York. It is certified by the New York State D:partrrent of Health for 
Drinking Water Analysis. Sample analysis was performed using EPA Method 
601. 

b) Clayton is a cornrercial laooratory located at 160 Fieldcrest Avenue, 
Raritan Center, &lison, New Jersey. It has received interim certification 
from the State of New Jersey for Water Quality Analysis. Sample analysis 
was perforrred using EPA Method 624. 

c) TAT/Photovac indicates on-site analysis by the EPA Technical Assistance 
Team (TAT) Contractor, Roy F. ~ston. Sample analysis was conducted on a 
Photovac Model lOAlO JJOrtable ionization gas dlromatograph equipped with a 
photoionization detector and an SE-30 Olrarosorb 100/120 colU1TU1. 'Ihe 
system was operated at roan temperature. Sanple headspace was analyzed. 

d} NYSDEC/o.smq/GC indicates on-site analysis by the New York State D:part.rrent 
of Env1ronrrental Conservation, Division of Solid and Hazardous Wastes. 
Sample analysis was conducted using a Hewlett-Packard gas chromatograph 
(GC} Model 5710A equiH;>ed with an electron capture detector and a 3% 
SP2100 Supelcoport 100/120 colU1TU1. 'Ihe a: was run isothermally at 35°C. 
Sample headspace was analyzed. 

e) USEPA/ESD is the EPA legion II Environmental Services Division La.OOratory 
located in &:Uson, New Jersey. Sarrple analysis was perforrred using the 
EPA Method 624. 

f) USEPA/ERT is the EPA Environmental Response Team Lat:.oratory located in 
&lison, New Jersey. Sample analysis was perfoared using the EPA 624 
Method. 

g) NYSDHCLR - is the New York State Depart.rrent of Health Center for 
Laboratory Research located in Albany, New York. Sample analysis was 
performed using EPA Method 503 .1 and EPA Method 601. 

4) Quality Assurance/Quality Control (QA/CC) 

a) All data reported by Ehvirotest and the TAT/Photovac field lab was 
revie~ for QA/CC by TAT II. 

b) Data rei:orted by Clayton and the USEPA/ERI' ~re revie~d for OJV(J:, by the 
ERT. 

c) Data reported by USEPA/ESD was revie~ for QA/<;!:. by the ESD. 

-i-
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d) Data reported by the NYSDEC/DH5W/G: was revie\1.1ed for QA/OC by the 
NYSDEC/IESW. / 

e) Data rep:>rted by the NYSDHCLR was reviewed for QA/OC by the NYSOHCLR. 

f) Data rep:>rted by the Orange County Health Departm:!nt {OOID) was reviewed 
for QA/CX:. by the OCHD. 

5) All samples analyzed at c:ararercial lab:)ratories were under EPA control unless 
otherwise noted. 

6) All sample analysis results are rep::>rted in parts per billion {pti>) unless 
otherwise noted. { ug/g = microgram per gram) 
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PAGE NO. 00001 
03/26/84 

WALLKILL, NEW YORK 
TETRACHLOROETHYLENE SAMPLE RESULTS 

COLLECTION LAB TETRACHLOROETHYLENE ANALYSIS LABORATORY COMMENTS 
DATE NUMBER CONCENTRATION (PPB) DATE 

* BLANK 
12/20/83 <l 01/05/84 ENVIROTEST 
01/06/84 68569 ND 01/13/84 USEPA/ESD 
01/27/84 68577 ND 02/01/84 USEPA/ESD 
02/22/84 66256 ND 02/22/84 NYSDEC/DSHW/GC 
03/07/84 66289 <l 03/08/84 NYSDEC/DSHW/GC 

* 173 COMMONWEALTH AVE, DICKERSON 
12/19/83 69171 <1 12/21/83 ENVIROTEST 
02/15/ 84 68874 <l 02/16/84 NYSDEC/DSHW/GC 

* 174 COMMONWEALTH AVE, LOPEZ 
12/19/83 69191 <l 12/21/83 ENVIROTEST 
02/15/84 68875 <l 02/16/84 NYSDEC/DSHW/GC 

* 176 COMMONWEALTH AVE, REAGAN 
12/19/83 69172 <l 12/21/83 ENVIROTEST 

* 177 COMMONWEALTH AVE, CLAUSON 
12/19/83 69187 <l 12/21/83 ENVIROTEST 

* 179 COMMONWEALTH AVE, RIECK 
12/20/83 68960 <l 01/03/84 ENVIROTEST 

* 182 COMMONWEALTH AVE, DAVIS 
12/19/83 69175 <l 12/21/83 ENVIROTEST 
12/20/83 69195 <l 01/05/84 ENVIROTEST 
03/07/84 66295 ND 03/08/84 NYSDEC/DSHW/GC 

* 183 COMMONWEALTH AVE, PALERMO 
12/19/83 69188 <l 12/21/83 ENVIROTEST 
02/15/84 66226 <I 02/16/84 NYSDEC/DSHW/GC 

* 186 COMMONWEALTH AVE, FLYNN 
12/19/83 68976 <l 01/05/84 ENVIROTEST 
02/15/84 66227 <I 02/16/84 NYSDEC/DSHW/GC 

( 



PAGE NO. 00002 
03/26/84 

~ WALLKILL, NEW YORK 
TETRACHLOROETHYLENE SAMPLE RESULTS 

COLLECTION LAB TETRACHLOROETHYLENE ANALYSIS LABORATORY COMMENTS 
DATE NUMBER CONCENTRATION (PPB) DATE 

* 188 COMMONWEALTH AVE, DE MOUTH 
12/19/83 69174 <l 12/21/83 ENVIROTEST 
02/15/84 66228 <l 02/16/84 NYSDEC/DSHW/GC 

* 191 COMMONWEALTH AVE, KRAWIEC 
12/19/83 68951 (1 01/05/84 ENVIROTEST 
02/15/84 66229 <l 02/16/84 NYSDEC/DSHW/GC 

* 192 COMMONWEALTH AVE, HITE 
12/19/83 69173 <1 12/21/83 ENVIROTEST 
02/15/84 66230 <l 02/16/84 NYSDEC/DSHW/GC 

* 193 COMMONWEALTH AVE, KEHM 
12/19/83 68952 <l 01/05/84 ENVIROTEST 
03/07/84 66285 ND 03/08/84 NYSDEC/DSHW/GC 

* 195 COMMONWEALTH AVE, CRUDO 
12/20/83 68958 <l 01/03/84 ENVIROTEST 
03/07/84 66294 ND 03/08/84 NYSDEC/DSHW/GC 

* 196 COMMONWEALTH AVE, REYNOLDS 
12/19/83 68977 <l 01/05/84 ENVIROTEST 
03/06/84 66268 ND 03/06/84 NYSDEC/DSHW/GC 

* 197 COMMONWEALTH AVE, BRINCKERHOFF 
12/19/83 69189 <l 12/21/ 83 ENVIROTEST 
02/15/84 66231 <l 02/16/84 NYSDEC/DSHW/GC 

* 200 COMMONWEALTH AVE, STEELE 
12/19/83 69200 <l 01/05/84 ENVIROTEST 

* 206 COMMONWEALTH AVE, BLIVEN 
02/15/84 66232 <l 02/16/84 NYSDEC/DSHW/GC 

* 208 COMMONWEALTH AVE, JOHNSON 
12/19/83 69192 (1 12/21/83 ENVIROTEST 
03/06/84 66269 ND 03/06/84 NYSDEC/DSHW/GC 



PAGE NO. 00003 
03/26/84 

WALLKILL, NEW YORK 
TETRACHLOROETHYLENE SAMPLE RESULTS 

COLLECTION LAB TETRACHLOROETHYLENE ANALYSIS LABORATORY COMMENTS 
DATE NUMBER CONCENTRATION (PPB) DATE 

* 210 COMMONWEALTH AVE, BERRY 
12/19/83 69193 <l 12/21/83 ENVIROTEST 
02/15/84 66233 <l 02/16/84 NYSDEC/DSHW/GC 

* 211 COMMONWEALTH AVE, NORBURY 
12/19/83 69190 .<l 12/21/ 83 ENVIROTEST 
03/07/84 66284 ND 03/08/84 NYSDEC/DSHW/GC 

* 213 COMMONWEALTH AVE, CAREY 
12/19/83 69196 <1 12/21/83 ENVIROTEST 
03/06/84 66270 ND 03/06/84 NYSDEC/DSHW/GC 

* 214 COMMONWEALTH AVE, MADER 
12/19/83 69194 <l 12/21/83 ENVIROTEST 
02/16/84 66235 ND 02/16/84 NYSDEC/DSHW/GC 

* 217 COMMONWEALTH AVE, HOFFMANN 
. 12/20/83 68953 <l 01/05/84 ENVIROTEST 

02/16/84 66236 ND 02/16/84 NYSDEC/DSHW/GC 

* 220 COMMONWEALTH AVE, VARSA 
12/20/83 68979 <l 01/05/84 ENVIROTEST 

* 221 COMMONWEALTH AVE, MUELLER 
12/19/83 69197 (1 12/21/ 83 ENVIROTEST 
02/16/84 66237 ND 02/16/84 NYSDEC/DSHW/GC 

* 224 COMMONWEALTH AVE, MORRIS 
12/20/83 68980 <l 01/05/84 ENVIROTEST 
02/16/84 66238 ND 02/16/84 NYSDEC/DSHW/GC 

* 226 COMMONWEALTH AVE, RUNNALLS 
12/20/83 .68981 <l 01/05/84 ENVIROTEST 
02/16/84 66239 ND 02/16/84 NYSDEC/DSHW/GC 

* 227 COMMONWEALTH AVE, MACENTEE 
12/20/83 68959 (1 01/03/84 ENVIROTEST 
03/07/84 66297 ND 03/08/84 NYSDEC/DSHW/GC 



PAGE NO. 00004 
03/26/84 

WALLKILL, NEW YORK 
TETRACHLOROETHYLENE SAMPLE RESULTS 

COLLECTION LAB TETRACHLOROETHYLENE ANALYSIS LABORATORY COMMENTS 
DATE NUMBER CONCENTRATION (PPB) DATE 

* 228 COMMONWEALTH AVE, PLANTE GA 
12/20/83 68985 <l 01/03/84 ENVIROTEST 
03/06/84 66271 ND 03/06/84 NYSDEC/DSHW/GC 

* 229 COMMONWEALTH AVE, RUPPERT 
12/19/83 69198 .<l 12/21/83 ENVIROTEST 
02/16/84 66240 ND 02/16/84 NYSDEC/DSHW/GC 

* 230 COMMONWEALTH AVE, THACHER 
12/20/83 68984 <l 01/03/84 ENVIROTEST 
03/06/84 66275 ND 03/06/84 NYSDEC/DSHW/GC 

* 231 COMMONWEALTH AVE, BROCK 
12/19/83 69199 <l 12/21/83 ENVIROTEST 
03/06/84 66272 ND 03/06/84 NYS DEC/ DSHW / GC 

* 232 COMMONWEALTH AVE, CAFFERY 
12/20/83 68983 <l 01/03/84 ENVIROTEST 

* 233 COMMONWEALTH AVE, HEILFURTH 
12/20/83 68954 <l 01/05/84 ENVIROTEST 
02/08/84 03907 <l 02/08/84 NYSDEC/DSHW/GC 

* 237 COMMONWEALTH AVE, NOHA 
12/20/83 68955 <l 01/05/84 ENVIROTEST 
03/06/84 66273 ND 03/06/84 NYSDEC/DSHW/GC 

* 241 COMMONWEALTH AVE, GAZZO 
12/20/83 68956 <l 01/05/84 ENVIROTEST 

* 244 COMMONWEALTH AVE, FINLEY 
12/20/83 68982 <l 01/05/84 ENVIROTEST 
03/06/84 66274 ND 03/06/84 NYSDEC/DSHW/GC 

* 245 COMMONWEALTH AVE, MEYERS 
12/20/83 68957 <I 01/05/84 ENVIROTEST 

l 



PAGE NO. 00005 
03/26/84 

WALLKILL, NEW YORK 

( TETRACHLOROETHYLENE SAMPLE RESULTS 

COLLECTION LAB TETRACHLOROETHYLENE ANALYSIS LABORATORY COMMENTS 
DATE NUMBER CONCENTRATION (PPB) DATE 

* 31 ELECTRIC AVE, VAN PELT 
12/19/83 69170 <l 12/21/83 ENVIROTEST 
03/06/84 66276 ND 03/06/84 NYSDEC/DSHW/GC 

* 277 HIGHLAND AVE, PULUCH 
11/ 29/83 68523 ND 12/06/83 CLAYTON CITY WATER 

* 282 HIGHLAND AVE, SHATTUCK 
02/16/84 66234 ND 02/16/84 NYSDEC/DSHW/GC 

* 286 HIGHLAND AVE, ESTRADA 
11/ 28/83 69122 ND 12/06/83 CLAYTON 
01/05/84 68558 ND 01/10/84 USEPA/ESD 

* 287 HIGHLAND AVE, TESSELER 
11/28/83 69115 ND 12/06/83 CLAYTON 

.- 03/06/84 66292 ND 03/06/84 NYSDEC/DSHW/GC 

* 291 HIGHLAND AVE, SMITH 
11/07/83 <l 11/ 09/93 ENVIROTEST/OCHD 
11/28/83 69121 ND 12/06/83 CLAYTON 
11/28/83 69121 <l 12/06/83 USEPA/ERT 
02/23/84 66267 ND 02/23/84 NYSDEC/DSHW/GC 

* 292 HIGHLAND AVE, PETRIZZO 
11/22/83 68503 ND 12/02/83 USEPA/ERT 
01/06/84 68565 ND 01/06/84 USEPA/ESD 
03/07/84 66286 ND 03/08/84 NYSDEC/DSHW/GC 

* 293 HIGHLAND AVE, NIXOORF 
11/ 29/83 69151 ND 12/06/83 CLAYTON 
01/05/84 68895 ND . 01/13/84 USEPA/ESD 
01/05/84 68897 ND 01/ 11/ 84 TAT/PHOTOVAC 30 MINUTES 
01/05/84 68899 ND 01/ 11/84 TAT/PHOTOVAC 75 MINUTES 
02/22/84 66257 ND 02/22/84 NYSDEC/DSHW/GC 

* 295 HIGHLAND AVE, JANIAK 

( 
10/17/83 34289 ND 11/15/83 NYSDHCLR 

. 11/ 28/83 69120 17 12/06/83 CLAYTON CONTAMINATION DETEC1 
12/09/83 69179 ND 12/10/83 USEPA/ESD 



PAGE NO. 00006 
03/26/84 

( WALLKILL, NEW YORK 
TETRACHLOROETHYLENE SAMPLE RESULTS 

COLLECTION LAB TETRACHLOROETHYLENE ANALYSIS LABORATORY COMMENTS 
DATE NUMBER CONCENTRATION (PPB) DATE . 

* 295 HIGHLAND AVE, JANIAK 
01/05/84 68894 ND 01/11/ 84 USEPA/ESD 
01/05/84 68898 ND 01/ 11/ 84 TAT/PHOTOVAC 30 MINUTES 
01/05/84 68896 ND 01/ 11/ 84 TAT /PHOTOVAC 75 MINUTES 
01/23/84 ND 01/24/84 ENVIROTEST/OCHD 

* 297 HIGHLAND AVE, ROBAINA 
12/09/83 69180 37 12/10/83 USEPA/ESD CONTAMINATION DETECTE 
01/05/84 68900 40 01/13/84 USEPA/ESD CONTAMINATION DETECT E 
01/23/84 65 01/24/84 ENVIROTEST/OCHD > NYSDOH 50 PPB LIMIT 
01/25/84 02510 46 01/25/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE 
01/ 25 I 84 02511 78 01/25/84 NYSDEC/DSHW/GC > NYSDOH 50 PPB LIMIT 

60 MINUTES 
01/25/84 02512 76 01/25/84 NYSDEC/DSHW/GC > NYSDOH SO PPB LIMIT 

90 MINUTES 
02/14/84 68869 24 02/15/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE 

30 MINUTES 
02/14/84 68868 10 02/15/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE 

, .. - '12/ 14/ 84 68871 40 02/15/84 NYSDEC/DSHW/GC GONTAMINATION DETECTE 
60 MINUTES 

" 03/20/84 66299 5 03/20/84 NYS DEC/ DSHW / GC CONTAMINATION DETECTE 

* 299 HIGHLAND AVE, ECKERSON 
11/ 28/83 69118 ND 12/06/83 CLAYTON 
01/05/84 68562 ND 01/ 11/84 USEPA/ESD 
02/23/84 66265 ND 02/23/84 NYSDEC/DSHW/GC 

* 304 HIGHLAND AVE, LISKA 
10/ 14/83 24020 <l 10/17/83 ENVIROTEST/OCHD 
11/30/83 <l 12/02/83 ENVIROTEST/OCHD 
12/02/83 24888 <l 12/05/83 ENVIROTEST/OCHD 
01/05/84 68563 ND 01/13/84 USEPA/ESD 
02/21/84 6624S ND 02/21/84 NYSDEC/DSHW/GC 
02/21/84 66245 ND 02/21/84 NYSDEC/DSHW/GC 

* 307 HIGHLAND AVE, RUPERT 
ll/2S/83 69101 7000 12/06/83 CLAYTON > NYSDOH SO PPB LIMIT 
02/03/84 03401 SS17 02/03/84 NYSDEC/DSHW/GC > NYSDOH SO PPB LIMIT 

30 MINUTES 
02/03/84 03402 12112 02/03/84 NYSDEC/DSHW/GC > NYSDOH SO PPB LIMIT 

60 MINUTES 
l 2/03/84 03403 1398S 02/03/84 NYSDEC/DSHW/GC > NYSDOH SO PPB LIMIT 

180 MINUTES 



PAGE NO. 00007 
03/26/84 . . 

WALLKILL, NEW YORK 
TETRACHLOROETHYLENE SAMPLE RESULTS 

COLLECTION LAB TETRACHLOROETHYLENE ANALYSIS LABORATORY COMMENTS 
DATE NUMBER CONCENTRATION (PPB) DATE 

* 309 HIGHLAND AVE, BARRY 
11/23/83 68S44 100 12/06/83 CLAYTON > NYSOOH SO PPB LIMIT 
12/09/83 69166 730 12/09/83 ENVIROTEST/OCHD > NYSOOH SO PPB LIMIT 
02/07/84 03801 39 02/07/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE 
03/20/84 66212 118 03/20/84 NYS DEC/ DSHW / GC > NYSOOH SO PPB LIMIT 

* 313 HIGHLAND AVE, LEWIS 
12/06/83 691S6 ND 12/19/83 USEPA/ERT 
01/0S/84 68886 ND 01/10/84 USEPA/ESD 
01/0S/84 68890 <.s 01/ 11/84 TAT/PHOTOVAC 30 MINUTES 
01/0S/84 68888 <.s Ol/ 11/84 TAT PHOTOVAC 90 MINUTES 
02/21/84 66244 16 02/21/ 84 NYSDEC/DSHW/GC CONTAMINATION DETECTE 
02/22/.84 6624~ 8 02/22/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE 
02/22/84 662SO 3 02/22/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE 

30 MINUTES 
02/22/84 662S2 2 02/22/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE 

60 MINUTES 
02/23/84 662S9 s 02/23/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE 

- "12/23/84 66261 2 02/23/84 NYSDEC/DSHW/GC C.ONTAMINAT ION DETECTE 
30 MINUTES 

03/20/84 66298 27 03/20/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE 

* 316 HIGHLAND AVE, STOUT 
11/08/83 6880S 3500 11/11/83 USEPA/ESD > NYSOOH SO PPB LIMIT 
11/ 15/83 63941 ND 12/16/83 USEPA/ESD 
02/08/84 03909 2341 02/08/84 NYSDEC/DSHW/GC ) NYSOOH SO PPB LIMIT 
02/08/84 03910 2536 02/08/84 NYSDEC/DSHW/GC > NYSOOH SO PPB LIMIT 

30 MINUTES 
02/08/84 03911 2909 02/08/84 NYSDEC/DSHW/GC > NYSOOH SO PPB LIMIT 

60 MINUTES 
03/21/84 66220 2700 03/21/84 NYSDEC/DSHW/GC > NYSOOH SO PPB LIMIT 

* 317 HIGHLAND AVE, KNAPP 
11/23/83 68807 ND 11/23/83 USEPA/ERT 
11/23/83 68S43 ND 12/06/83 CLAYTON 
01/0S/84 68SS7 ND 01/ 10/ 84 USEPA/ESD 
02/22/84 662S3 11 02/22/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE 
02/23/84 66260 9 02/23/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE . 
02/23/84 66262 10 02/23/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE '. 

30 MINUTES 
03/20/84 66300 9 03/20/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE I 

l . 
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( TETRACHLOROETHYLENE SAMPLE RESULTS 

COLLECTION LAB TETRACHLOROETHYLENE ANALYSIS LABORATORY COMMENTS 
DATE NUMBER CONCENTRATION (PPB) DATE 

* 319 HIGHLAND AVE, OGDEN 
11/08/ 83 68806 ND 11/08/ 83 USEPA/ERT 
11/23/83 68S42 ND 12/06/83 CLAYTON 
01/0S/ 84 6888S ND 01/ 10/ 84 USEPA/ESD 
01/0S/84 68887 ND 01/ 11/ 84 TAT /PHOTOVAC 30 MINUTES 
01/0S/ 84 68889 .2 01/ 11/84 TAT /PHOTOVAC 90 MINUTES 
02/22/84 662Sl <l 02/22/84 NYSDEC/DSHW/GC 

* 320 HIGHLAND AVE, PA RELLA 
10/17/83 34292 120000 11/lS/ 83 NYSDHCLR > NYSOOH SO PPB LIM . 
11/ lS/83 63940 260000 11/17/83 USEPA/ESD > NYSOOH SO PPB LIM: 
11/22/83 68S01 76000 12/02/83 USEPA/ERT > NYSOOH SO PPB LIM l 
11/23/83 68S3S 1900 12/06/83 CLAYTON > NYSOOH SO PPB LIM: 
11/26/83 6910S )37000 12/06/83 USEPA/ERT > NYSOOH SO PPB LIM ; 
11/28/ 83 69114 160000 12/06/83 USEPA/ERT ) NYSOOH 50 PPB LIM J 
11/29/83 68S48 126000 12/06/83 USEPA/ERT ) NYSOOH SO PPB LIMi 
11/29/83 87000 12/06/83 NYSDHCLR ) NYSOOH SO PPB LIM: 
11/30/83 69138 96480 12/lS/ 83 TAT /PHOTOVAC > NYSOOH SO PPB LIM: 
12/01/83 69124 79766 12/lS/83 TAT/PHOTOVAC ) NYSOOH SO PPB LIM l 

/ 12/02/83 69142 83000 12/08/83 USEPA/ERT ) NYSOOH SO PPB LIM J 
'· 12/03/83 69146 140122 12/lS/83 TAT/PHOTOVAC ) NYSOOH SO PPB LIM J 

12/06/83 691SO 73000 12/29/83 USEPA/ERT > NYSOOH SO PPB LUC 
12/07/83 691S7 70300 12/08/83 USEPA/ERT > NYSDOH SO PPB LIM! 
12/07/83 3420S 72000 12/08/83 NYSDEC/DSHW/GC > NYSOOH SO PPB LIMl 
12/08/83 72000 12/lS/83 NYSDHCLR > NYSOOH SO PPB LIMl 
12/09/83 6916S 61400 12/29/83 USEPA/ERT > NYSOOH 50 PPB LIMl 
12/29/83 691S2 95000 12/29/83 USEPA/ERT > NYSOOH 50 PPB LIM 1 
01/06/84 68S68 S6000 01/12/84 USEPA/ESD ) NYSOOH SO PPB LIM i 
01/12/84 6S80S 01/13/84 TAT/PHOTOVAC > NYSOOH SO PPB LIM: 
01/2S/84 02507 64000 01/25/84 NYSDEC/DSHW/GC ) NYSOOH 50 PPB LIM J 
01/27/84 68S76 53000 02/01/84 USEPA/ESD > NYSOOH SO PPB LIM J 
02/07/84 03802 6S796 02/07/84 NYSDEC/DSHW/GC ) NYSOOH SO PPB LIMJ 
02/07/84 03803 62007 02/07 /84 NYSDEC/DSHW/GC > NYSOOH SO PPB LIM l 

30 MINUTES 
02/07/84 03804 S8718 02/07/84 NYSDEC/DSHW/GC ) NYSOOH SO PPB LIM i 

60 MINUTES 
03/22/84 64221 44SOO 03/22/84 NYSDEC/DSHW/GC > NYSOOH SO PPB LIM: 

* 321 HIGHLAND AVE, SEELY 
10/14/83 24040 ND 10/17/83 ENVIROTEST/OCHD 
11/08/83 68804 ND 11/ 11/ 83 USEPA/ERT 
11/23/83 68S41 ND 12/02/83 USEPA/ERT 
01/05/84 68S61 ND 01/ 11/ 84 USEPA/ESD 

( _: 03/07/84 66283 <1 03/08/84 NYSDEC/DSHW/GC .-
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TETRACHLOROETHYLENE SAMPLE RESULTS 

COLLECTION LAB TETRACHLOROETHYLENE ANALYSIS LABORATORY COMMENTS 
DATE NUMBER CONCENTRATION (PPB) DATE 

* 323 HIGHLAND AVE, GILBERT 
11/07/83 <l 11/09/83 ENVIROTEST/OCHD 
11/08/83 68803 ND 11/11/83 USEPA/ERT 
11/23/83 68S40 ND 12/06/83 CLAYTON 
11/30/83 <l 12/02/83 ENVIROTEST/OCHD 
12/01/83 24888 <l 12/0S/83 ENVIROTEST/OCHD 
01/0S/84 68SS6 ND 01/ 11/ 84 USEPA/ESD 
03/07/84 66282 ND 03/08/84 NYSDEC/DSHW/GC 

* 325 HIGHLAND AVE, FIORE 
10/14/83 24020 <l 10/17/83 ENVIROTEST/OCHD 
11/08/83 68801 <l 11/11/83 USEPA/ERT 
11/23/83 68Sl6 ND 12/02/83 USEPA/ERT 
11/30/83 <l 12/02/83 ENVIROTEST/OCHD 
12/01/83 24888 <1 12/0S/83 ENVIROTEST/OCHD 
01/0S/84 68876 ND 01/13/84 USEPA/ESD 
01/05/84 68879 .2 01/11/84 TAT /PHOTOVAC 30 MINUTES 
01/05/84 68884 .3 01/11/84 TAT/PHOTOVAC 7S MINUTES 

,· ·f'\2/22/84 662S8 <l 02/22/84 NYSDEC/DSHW/GC 

* 327 HIGHLAND AVE, LOBB 
10/14/83 24020 1800 10/17/83 ENVIROTEST/OCHD ) NYSDOH SO PPB LIMIT 
10/17/83 34288 2SOO 11/15/83 NYSDHCLR > NYSDOH SO PPB LIMIT 
11/08/83 68802 1600 11/11/83 USEPA/ERT ) NYSDOH SO PPB LIMIT 
11/22/83 68Sl2 720 12/02/83 USEPA/ERT ) NYSDOH 50 PPB LIMIT 
11/26/83 69107 410 12/06/83 USEPA/ERT > NYSDOH 50 PPB LIMIT 
11/27/83 69109 880 12/02/83 USEPA/ERT > NYSDOH 50 PPB LIMIT 
11/28/83 69112 1700 12/02/83 CLAYTON > NYSDOH 50 PPB LIMIT 
02/14/84 68870 42 02/15/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE r 
02/14/84 68872 70 02/15/84 NYSDEC/DSHW/GC > NYSDOH 50 PPB LIMIT 

30 MINUTES 
02/14/84 68873 77 02/ 15/ 84 NYSDEC/DSHW/GC ) NYSDOH 50 PPB LIMIT 

60 MINUTES 
03/20/84 66213 39 03/20/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE I 

* 329 HIGHLAND AVE, OSBORNE 
11/07/83 900 11/08/83 ENVIROTEST/OCHD ) NYSDOH 50 PPB LIMIT 
11/08/83 68814 2400 11/ 11/83 USEPA/ERT ) NYSDOH 50 PPB LIMIT 
02/06/84 03701 207 02/06/84 NYSDEC/DSHW/GC ) NYSDOH 50 PPB LIMIT 
02/06/84 03702 92 02/06/84 NYSDEC/DSHW/GC > NYSDOH 50 PPB LIMIT 

30 MINUTES 
02/06/84 03703 52 02/06/84 NYSDEC/DSHW/GC ) NYSDOH 50 PPB LIMIT 

60 MINUTES 
03/20/84 66211 41 03/20/84 NYSDEC/DSHW/GC CONTAMINATION DETECTE ! 
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TETRACHLOROETHYLENE SAMPLE RESULTS 

COLLECTION LAB TETRACHLOROETHYLENE ANALYSIS LABORATORY COMMENTS 
DATE NUMBER CONCENTRATION (PPB) DATE 

* 335 HIGHLAND AVE, CROOKS 
11/07 /83 <l 11/08/83 ENVIROTEST 
11/23/83 68518 28 12/06/83 CLAYTON CONTAMINATION DETECTE 
11/08/83 68808 ND 11/ 11/83 USEPA/ERT 
12/09/83 69177 ND 12/10/83 USEPA/ESD 
01/05/84 68878 ND 01/13/84 USEPA/ESD 
01/05/84 68881 ND 01/ 11/ 84 TAT/PHOTOVAC 30 MINUTES 
01105/84 68883 ND 01/ 11/84 TAT/PHOTOVAC 75 MINUTES 
0 ~ .' 21/84 66242 ND 02/21/84 NYSDEC/DSHW/GC 

* 337 HIGHLAND AVE, GADY 
11/08/83 68809 ND 11/ 11/83 USEPA/ERT 
11/30/83 (1 12/02/83 ENVIROTEST/OCHD 
12/01/83 24888 <l 12/05/83 ENViROTEST/OCHD 
01/05/84 68877 ND 01/ 13/84 USEPA/ESD 
01/05/84 68880 ND 01/ 11/84 TAT/PHOTOVAC 30 MINUTES 
01/05/84 68882 ND 01/ 11/ 84 TAT/PHOTOVAC SO MINUTES 
02/21/84 66243 ND 02/21/84 NYSDEC/DSHW/GC 

,, . 

* 338 HIGHLAND AVE, PEREZ 
10/17/83 34293 7 11/15/83 NYSDHCLR CONTAMINATION DETECTE 
11/08/83 68813 ND 11/11/83 USEPA/ERT 
11/28/83 69123 2 12/06/83 CLAYTON CONTAMINATION DETECTE 
01/05/84 68891 ND 01/10/84 USEPA/ESD 
01/05/84 68892 2.6 01/11/84 TAT/PHOTOVAC CONTAMINATION DETECTE 

30 MINUTES 
01/05/84 68893 1 01/11/84 TAT/PHOTOVAC CONTAMINATION DETECTE 

45 MINUTES 

* 339 HIGHLAND AVE, PERRY 
11/08/83 68810 ND 11/ 11/83 USEPA/ERT 
11/22/83 68510 ND 12/02/83 USEPA/ERT 
01/05/84 68560 ND 01/ 11/ 84 USEPA/ESD 
03/07/84 66281 ND 03/08/84 NYSDEC/DSHW /GC 

* 341 HIGHLAND AVE, COURTEAU 
11/08/83 68811 ND 11/ 11/83 USEPA/ERT 
11/22/83 68509 ND 12/02/83 USEPA/ERT 
01/05/84 68555 ND 01/10/84 USEPA/ESD 
03/07/84 66290 ND 03/08/84 NYSDEC/DSHW/GC 

c 
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TETRACHLOROETHYLENE SAMPLE RESULTS 

COLLECTION LAB TETRACHLOROETHYLENE ANALYSIS LABORATORY COMMENTS 
DATE NUMBER CONCENTRATION (PPB) DATE 

* 344 HIGHLAND AVE, ROSELLI 
10/14/83 24020 <l 10/17/83 ENVIROTEST/OCHD CITY WATER 
11/07 /83 <1 11/09/ 83 ENVIROTEST/OCHD CITY WATER 
11/08/83 68812 ND 11/11/83 USEPA/ERT CITY WATER 

* 353 HIGHLAND AVE, ERNEST . 
11/22/83 68505 ND 12/02/83 USEPA/ERT 
01/05/84 68554 ND 01/09/84 USEPA/ESD 
03/07/84 66280 ND 03/08/84 NY S DEC/ DS H W / GC 

* 355 HIGHLAND AVE, PITT 
11/28/83 69117 165 12/06/83 CLAYTON ) NYSDOH 50 PPB LIM l 
12/09/83 69167 <1 12/10/83 ENVIROTEST/OCHD 
01/05/84 68559 ND 01/ 11/84 USEPA/ESD 
03/07/84 66296 ND 03/08/84 NYSDEC/DSHW/GC 

* 357 HIGHLAND AVE, SCHMALL 
11/22/83 68507 ND 12/02/83 USEPA/ERT 
01/05/84 68551 <2 01/09/84 USEPA/ESD 
03/06/84 66279 ND 03/06/84 NYSDEC/DSHW/GC 

* 361 HIGHLAND AVE, NOYES 
11/22/83 68506 ND 12/02/83 USEPA/ERT 
01/05/84 68553 ND 01/09/84 USEPA/ESD 
03/06/84 66278 ND 03/06/84 NYSDEC/DSHW/GC 

* 363 HIGHLAND AVE, LENT 
11/28/83 69116 ND 12/06/83 CLAYTON 
01/05/84 68551 ND 01/09/84 USEPA/ESD 
03/06/84 66293 ND 03/06/84 NYSDEC/DSHW/GC 

* 400 HIGHLAND AVE, KUHL 
11/22/83 68504 ND 12/02/83 USEPA/ERT 
03/06/84 66277 ND 03/06/84 NYSDEC/DSHW/GC 

* 408 HIGHLAND AVE, KUHL 
11/22/83 68505 ND 12/02/83 USEPA/ERT 
01/05/84 68564 <2 01/13/84 USEPA/ESD 

l 
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TETRACHLOROETHYLENE SAMPLE RESULTS 

COLLECTION LAB 
DATE NUMBER 

TETRACHLOROETHYLENE ANALYSIS LABORATORY 
CONCENTRATION (PPB) DATE 

* 409 HIGHLAND AVE, FEDERAL CABINET 
01/06/84 68S67 ND 
02/23/84 66263 ND 

* 409A HIGHLAND AVE, R.C. PRYOR 
01/06/84 68S66 ND 
02/23/84 66264 ND 

* LOT N0.4 HIGHLAND AVE, STOUT 
11/lS/83 63941 ND 

* SEWER MANHOLE ON HIGHLAND AND PARK AVE 

01/12/84 USEPA/ESD 
02/23/84 NYSDEC/DSHW/GC 

01/11/84 USEPA/ESD 
02/23/84 NYSDEC/DSHW/GC 

12/16/83 USEPA/ESD 

12/07/83 34206 <2 12/08/83 NYSDEC/DSHW/GC 
01/26/84 02607 11 01/26/84 NYSDEC/DSHW/GC 

* INDUSTRIAL PLACE - MANHOLE AT STREET END 
,l/26/84 02606 23.S 01/26/84 NYSDEC/DSHW/GC 

01/26/84 0260S 1250 01/26/84 NYSDEC/DSHW/GC 

* INDUSTRIAL PLACE SECOND MANHOLE 
12/07/83 34208 720 

* INDUSTRIAL PLACE, GENERAL SWITCH 
10/17/83 34621 1100 
12/22/83 68991 1294 
12/22/83 68992 21S6 

12/22/83 68993 

12/29/83 68999 
12/29/83 69000 
02/02/84 03304 

02/02/84 0330S 

02/02/84 03306 

02/02/84 03301 

3877 

20Sl 
1772 
1320 

1760 

1660 

1440 

12/08/83 

11/29/83 
12/22/83 
12/22/83 

12/22/83 

12/29/83 
12/29/83 
02/02/84 

NYSDEC/DSHW/GC 

NYSDHCLR 
TAT/PHOTOVAC 
TAT/PHOTOVAC 

TAT /PHOTOVAC 

TAT/PHOTOVAC 
TAT /PHOTOVAC 
NYSDEC/DSHW/GC 

02/02/84 NYSDEC/DSHW/GC 

02/02/84 NYSDEC/DSHW/GC 

02/02/84 NYSDEC/DSHW/GC 

( .: 2/02/84 03302 
"-" 

1480 02/02/84 NYSDEC/DSHW/GC 

02/02/84 03303 1340 02/02/84 NYSDEC/DSHW/GC 

COMMENTS 

CONTAMINATION DETECTE 

CONTAMINATION DETECTE : 
) NYSDOH 50 PPB LIMIT 

) NYSDOH 50 PPB LIMIT 

> NYSDOH SO PPB LIMIT 
) NYSDOH 50 PPB LIMIT 
) NYSDOH SO PPB LIMIT 
30 MINUTES 
> NYSDOH SO PPB LIMIT 
4S MINUTES 
> NYSDOH SO PPB LIMIT 
> NYSDOH 50 PPB LIMIT 
> NYSDOH 50 PPB LIMIT 
120 MINUTES 
) NYSDOH SO PPB LIMIT 

. 180 MINUTES 
) NYSDOH 50 PPB LIMIT 
240 MINUTES 
) NYSDOH 50 PPB LIMIT 
30 MINUTES 
) NYSDOH 50 PPB LIMIT 
60 MINUTES 
) NYSDOH 50 PPB LIMIT 
90 MINUTES 
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COLLECTION LAB 
DATE NUMBER 

* INDUSTRIAL PLACE, 
01/26/84 02603 

* INDUSTRIAL PLACE, 
10/18/83 34412 
10/ 18/ 83 34413 
12/07/83 34103 
12/07/83 34101 

12/07/83 34101 

12/07/83 34101 

12/08/83 34102 

* INDUSTRIAL PLACE, 
y 1 2/07/83 34209 

* INDUSTRIAL PLACE, 
01/12/84 68S71 

* INDUSTRIAL PLACE, 
12/21/83 68962 

* INDUSTRIAL PLACE, 
12/21/83 68961 
01/26/84 02601 

* INDUSTRIAL PLACE, 
01/26/84 02602 

.. . 
WALLKILL, NEW YORK 

TETRACHLOROETHYLENE SAMPLE RESULTS 

TETRACHLOROETHYLENE ANALYSIS LABORATORY 
CONCENTRATION (PPB) DATE 

GENERAL SWITCH - SEWER LINE 
667 01/26/84 NYSDEC/DSHW/GC 

GENERAL SWITCH - SOIL 
UG/G 450 10/20/83 NYSDHCLR 
UG/G 1.2 10/20/83 NYSDHCLR 

<l 12/07/83 NYSDEC/DSHW/GC 
UG/G 126 12/07/83 NYSDEC/DSHW/GC 

UG/G 17.S 12/07/83 NYSDEC/DSHW/GC 

UG/G llS 12/07/83 NYSDEC/DSHW/GC 

UG/G 4.7 12/08/84 NYSDEC/DSHW/GC 

GENERAL SWITCH COOLING WATER 
20 12/08/83 NYSDEC/DSHW/GC 

GUILD MOLDERS 
ND 01/13/84 TAT/ PHOTOVAC 

GUILD MOLDERS - PROCESS WATER 
<l 01/03/84 ENVIROTEST 

HERTZ BURG BRUSH - lST MANHOLE 
280 01/03/84 ENVIROTEST 

32 01/26/84 NYSDEC/DSHW/GC 

HERTZ BURG BRUSH - 3RD MANHOLE 
46 01/26/84 NYSDEC/DSHW/GC 

* INDUSTRIAL PLACE, JUNKYARD - MANHOLE IN MIDDLE 
01/26/84 02606 608 01/26/84 NYSDEC/DSHW/GC 
01/26/84 02609 168 01/26/84 NYSDEC/DSHW/GC 

. * INDUSTRIAL PLACE, LUBE PACKING - MANHOLE C- 2/07/83 34207 2400 12/08/83 NYSDEC/DSHW/GC 
-- 01/26/84 02604 1400 01/ 26/ 84 NYSDEC/DSHW/GC 

COMMENTS 

) NYSDOH 50 PPB LIMIT 

) NYSDOH SO PPB LIMIT 
CONTAMINATION DETECTE 
SURFACE 
) NYSDOH SO PPB LIMIT 
1 FOOT DEEP 
CONTAMINATION DETECTE 
SURFACE 
) NYSDOH SO PPB LIMIT 
2 FEET DEEP 
CONTAMINATION DETECTE 
2 1/ 2 FEET DEEP 

C.ONTAMINATION DETECTE 

> NYSDOH SO PPB LIMIT 
CONTAMINATION DETECTE 

CONTAMINATION DETECTE 

> NYSDOH SO PPB LIMIT 
) NYSDOH SO PPB LIMIT 

) NYSDOH SO PPB LIMIT 
) NYSDOH SO PPB LIMIT 
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COLLECTION LAB 
DATE NUMBER 

* INDUSTRIAL PLACE, 
12/08/83 34203 
12/08/83 34204 

12/08/83 34201 

12/08/83 34201 

12/08/83 34202 

12/08/83 34202 
12/08/83 34203 

* INDUSTRIAL PLACE, 
12/29/83 68998 

* 29 PARK AVE, EBERT 
?./21/84 66246 

* 34 PARK AVE, DUCO 
11/23/83 68550 
02/23/84 66266 

.· 
' 

WALLKILL, NEW YORK 
TETRACHLOROETHYLENE SAMPLE RESULTS 

TETRACHLOROETHYLENE ANALYSIS LABORATORY 
CONCENTRATION (PPB) DATE 

LUBE PACKING - SOIL 
UG/G <l 12/08/83 NYSDEC/DSHW/GC 
UG/G 2.7 12/08/83 NYSDEC/DSHW/GC 

UG/G 4.5 12/08/83 NYSDEC/DSHW/GC 

UG/G 3.5 12/08/83 NYSDEC/DSHW/GC 

UG/G 3.2 12/08/83 NYSDEC/DSHW/GC 

UG/G <1 12/08/83 NYSDEC/DSHW/GC 
UG/G <l 12/08/83 NYSDEC/DSHW/GC 

STREAM SAMPLE 
0.6 12/29/83 TAT/PHOTOVAC 

ND 02/21/84 NYSDEC/DSHW/GC 

ND 12/06/83 CLAYTON 
ND 02/23/84 NYSDEC/DSHW/GC 

* RD3 BISCH RD, GOODRICH 
12/21/83 68963 <1 01/03/84 ENVIROTEST 
02/22/84 66254 ND 02/22/84 NYSDEC/DSHW/GC 

* RD3 MAPLE RD, HOFFMAN 
12/21/83 68964 <l 01/03/84 ENVIROTEST 
02/22/84 66255 ND 02/22/84 NYSDEC/DSHW/GC 

* 103 ROCKWELL AVE, PENNINGTON 
02/21/83 68986 <l 01/03/84 ENVIROTEST 

* 167 ROCKWELL AVE, BILA 
02/21/84 66241 ND 02/21/84 NYSDEC/DSHW/GC 

COMMENTS 

1 FOOT DEEP 
CONTAMINATION DETECTE 
6 INCHES DEEP 
CONTAMINATION DETECTE 
1 FOOT DEEP 
CONTAMINATION DETECTE. 
3 FEET DEEP 
CONTAMINATION DETECTE 
SURFACE 
1 FOOT DEEP 
1 FOOT DEEP 
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WALLKILL, NEW YORK 
TETRACHLOROETHYLENE SAMPLE RESULTS 

COLLECTION LAB 
DATE NUMBER 

TETRACHLOROETHYLENE ANALYSIS LABORATORY 
CONCENTRATION (PPB) DATE 

* 172 ROCKWELL AVE, BROWN 
02/08/84 03907 <l 

* SPIKE 
12/20/83 68978 
12/20/83 68978 

* MIDDLETOWN STP EFFLUENT 

93 
92 

12/07/83 34214 4 
01/18/84 01813 <l 
01/19/84 01906 <l 
02/08/84 03904 1 
02/09/84 04002 1 

* MIDDLETOWN STP INFLUENT 
10/18/83 34414 260 
1 2/07/83 34213 30 
1/19/84 01907 3 

02/08/84 03803 9 
02/09/84 04001 6 

02/08/84 NYSDEC/DSHW/GC 

12/28/83 ENVIROTEST 
01/0S/84 ENVIROTEST 

12/08/83 
01/24/84 
01/24/84 
02/08/84 
02/09/84 

10/20/83 
12/08/83 
01/24/84 
02/08/84 
02/09/84 

NYSDEC/DSHW/GC 
NYSDEC/DSHW/GC 
NYSDEC/DSHW/GC 
NYSDEC/SDHW/GC 
NYSDEC/DSHW/GC 

NYSDHCLR 
NYSDEC/DSHW/GC 
NYSDEC/DSHW/GC 
NYSDEC/DSHW/GC 
NYSDEC/DSHW/GC 

* MONHAGEN BROOK -
12/07 /83 34211 

DOWNSTREAM OF 
4 

MIDDLETOWN STP 
12/08/83 
01/24/84 
01/24/84 
02/08/84 
02/09/84 

NYSDEC/DSHW/GC 
NYSDEC/DSHW/GC 
NYSDEC/DSHW/GC 
NYSDEC/DSHW/GC 
NYSDEC/DSHW/GC 

01/ 18/84 01814 
01/ 19/84 0190S 
02/08/84 03906 
02/09/84 04004 

* MONHAGEN BROOK -
12/07/83 34212 
01/18/84 01812 
01/19/84 01904 
02/08/ 84 0390S 
02/09/84 04003 

* TANK TO SEWER 
11/23/83 68545 
11/26/83 69108 
11/27/83 69110 l 1/28/83 69113 
11/29/83 68549 
11/29/83 

<l 
<l 

1 
l 

UPSTREAM OF 
ND 
<l 
<l 
<l 
<l 

)12000 
38900 
16300 

7000 
5300 
2300 

MIDDLETOWN STP 
12/08/83 
01/24/84 
01/24/84 
02/04/84 
02/09/84 

12/06/83 
12/06/83 
12/06/83 
12/06/83 
12/06/83 
12/03/83 

NYSDEC/DSHW/GC 
NYSDEC/DSHW/GC 
NYSDEC/DSHW/GC 
NYSDEC/DSHW/GC 

· NYSDEC/DSHW/GC 

CLAYTON 
USEPA/ERT 
USEPA/ERT 
USEPA/ERT 
USPEPA/ERT 
NYSDHCLR 

COMMENTS 

CONTAMINATION DETECTE 

CONTAMINATION DETECTE 
CONTAMINATION DETECTE 

) NYSDOH SO PPB LIMIT 
CONTAMINATION DETECTE 
CONTAMINATION DETECTE 
CONTAMINATION DETECTE 
CONTAMINATION DETECTE 

CONTAMINATION DETECTE 

CONTAMINATION DETECTE I 
CONTAMINATION DETECTE r 

) NYSDOH SO PPB LIMIT 
> NYSDOH 50 PPB LIMIT 
) NYSDOH SO PPB LIMIT 
) NYSDOH 50 PPB LIMIT 
> NYSDOH SO PPB LIMIT 
) NYSDOH SO PPB LIMIT 
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WALLKILL, NEW YORK 
TETRACHLOROETHYLENE SAMPLE RESULTS 

COLLECTION LAB 
DATE NUMBER 

TETRACHLOROETHYLENE ANALYSIS LABORATORY 
CONCENTRATION (PPB) DATE . 

* TANK TO SEWER 
12/01/83 69125 29023 12/15/83 TAT /PHOTOVAC 
12/01/83 69141 44798 12/lS/83 TAT /PHOTOVAC 
12/03/83 69145 25979 12/lS/83 TAT/PHOTOVAC 
12/05/83 69153 S3000 12/16/83 USEPA/ERT 
12/06/83 69176 48000 12/19/83 USEPA/ERT 
12/07/83 33000 12/19/83 NYSDHCLR 
11/25/83 69103 34000 12/30/84 USEPA/ERT 

* TANK TO SEWER BOTTOM 
12/07/83 3410S 2SOOO 12/08/83 NYSDEC/DSHW/GC 

* TANK TO SEWER TOP 
12/07/83 34104 33000 12/08/83 NYSDEC/DSHW/GC 

* WALKILL RIVER AT COUNTY ROAD #53 
'll/19/84 01902 <l 01/24/84 NYSDEC/DSHW/GC 

* WALLKILL RIVER ~ DOWNSTREAM OF WALLKILL STP 
12/07/83 69164 ND 12/20/83 USEPA/ERT 
12/07/83 34109 (2 12/08/83 NYSDEC/DSHW/GC 

* WALLKILL RIVER - UPSTREAM OF WALLKILL 
11/23/83 68537 ND 
12/07/83 69163 ND 
12/07/83 34108 10 
o 1 /19 I 84 o 19 1 o < 1 

* WALLKILL RIVER AT MIDWAY ROAD 
01/19/84 01901 (1 

* WALLKILL RIVER AT ROUTE 17M 
01/19/84 01903 <l 

* WALLKILL STP EFFLUENT 
11/23/83 68520 FAILED QC 
11/24/83 68547 11 

I~ 1/29/83 10 
. 12/01/83 69140 1 

12/02/83 69144 2 

STP 
12/06/83 
12/20/83 
12/08/83 
01/24/84 

USEPA/ERT 
USEPA/ERT 
NYSDEC/DSHW/GC 
NYSDEC/DSHW/GC 

01/24/84 NYSDEC/DSHW/GC 

01/24/84 NYSDEC/DSHW/GC 

12/06/83 CLAYTON 
12/06/83 CLAYTON 
12/03/83 NYSDHCLR 
12/lS/83 TAT/PHOTOVAC 
12/06/83 USEPA/ERT 

COMMENTS 

> NYSDOH SO PPB LIMIT 
> NYSDOH 50 PPB LIMIT 
> NYSDOH 50 PPB LIMIT 
> NYSDOH SO PPB LIMIT 
> NYSDOH 50 PPB LIMIT 
> NYSDOH so PPB LIMIT 
> NYSDOH SO PPB LIMIT 

) NYSDOH SO PPB LIMIT 

) NYSDOH 50 PPB LIMIT 

CONTAMINATION DETECTE I 

CONTAMINATION DETECTE I 
CONTAMINATION DETECTE I 
CONTAMINATION DETECTE l 
CONTAMINATION DETECTE i 
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TABLE III-9 

POTABLE WELL SAMPLING DATA 
rPcE values in ug7liter~ 

EPA/NYSDOH** FCHA Potable Well Sam~ling Tri~s 
10-17-83- 6-4-84- 7-17-84- - 9-19-84-

Owner Street 4-19-84 6-5-84 7-18-84 " -_ - 8-28-84 - 9-20-84 
- --

Knapp Highland ND-12 24 15 
. -- . ; - ... . 

7 

Van Pelt Electric ND-LTl ND ND 

Ogden Highland ND-LTl ND ND ND/0.1* 

Seeley Highland . ND-LTl ND ND 

Gilbert Highland ND-LTl ND ND 0.2 

Cornelius Highland NAR ND/ND* 
Crooks Highland ND-28 LT 0.1 ND ...... ...... 
Tessler Highland ND ND 

...... 
I 

(.11 

Petrizzo Highland ND ND 
.p. 

I 
' 

Fiore Highland ND-LTl 0.1 ND (. ; 

Heilfurth Commonwealth LTl ND ND 

McEntee Commonwealth ND-LTl ND 
Ruppert : Commonwealth ND-LTl ND 
Caspe Highland NAR ND 
Pitt Highland ND-165 ND 
Wegenroth Watkins NAR ND 

Brinkerhoff Commonwealth LTl ND ND 

Palermo Commonwealth LTl ND 
Berry Commonwealth LTl ND 
Varga Commonwealth LTl ND ~ . 
Prior King Press Watkins ND-2,3 1/ND* 2 

Holmes Watkins ND ND 



~ h.. ........... .... *' µ._./ ....__ 

Owner Street 

Eckerson Highland 

Lop~z / Commonwealth 
Rasmus.sen Watkins 
Liska ; Highland 
Nixdorf Highland 

I 

Barry Highland 
Osborne Highland 
Bliven Commonwealth 
Hoffman Commonwealth 
Winner Watkins 
Stout Highland 
Lobb Highland 
Janiak Highland 
Parella Highland 
General Switch Highland 
Lewis Highland 
Robanna Highland 
Radivoy Highland 
Muller Commonwealth 
CosmoOptics New Well Watkins 

..._.. ...... 

TABLE III-9 (CONTINUED) 

POTABLE WELL SAMPLING DATA 
(PCE values in ug/liter) 

---..! I -

EPA/NYSDOHu 
10-17-83-
4-19-84 

FCHA Potable -~ili - s~~;l f;~~ ~ Trips 
6-4-84- 1-17-84- g-=-rg~a~~ . 
6-5-84 7-18-84 8-28-84 9-20-84 

ND ND ND 
LTl ND 
ND-12 ND 
LTl-12 130 850/810* 
ND ND 
39-730 250 
41-2400 34 
ND-LTl ND 
ND-LTl ND 
ND-1.1 ND 
2341-3500 3,500 
39-2500 46 
ND-17 ND 
1900-260,000 68,000/47,000* 
1100-3877 1,400 
ND-49 107 120 
5-78 4 13 
ND-4.5 2 
ND-LTl ND 
ND 2 

_.,,,;; ~ 

...... ...... ...... 
I 

<.Tl 
<.Tl 

.• 
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Owner 

l!~ 

CosmoOptics Old Well 
Smith 
Courteau 
Perry 
Reynolds 
Kieran 
Hawkins 
Shattuck 
Estrada 
Gady 
Ward 
Ebert 
Du co 
Ruppert 

Trip Blanks 
Field Blanks 

' ...__ 

street 

Watkins 
Highland 
Highland 
Highland 
Commonwealth 
Commonwealth 
Commonwealth 
Highland 
Highland 
Highland 
Wilkins 
Park 
Park 
Highland 

* Represents replicate analysis. 

.__ 

TABLE 111-9 (CONTINUED) 

POTABLE WELL SAMPLING DATA 
(PCE values in ug/liter) 

~ ...___ 

. ~-.--!~ -:;-; -·:~.;-~~~~0~-~-;~-

EPA/NYSDOH** FCHA Potable We-n · Sampling Trips 
10-17-83- 6-4-84- 7-17-84- 9-19-84- . 
4-19-84 6-5-84 7-18-84 8-28-84 9-20-84 

ND-6....-~ ND 
ND-LTl 
ND 
ND 
ND-LTl 
ND-LTl 
ND 
ND 
ND 
ND-LTl 
ND-2 
ND 
ND 
7,000-13,985 

ND 
ND 

ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

14,000/18,000* 

ND 
ND 

ND 

ND 

LT 0.1 
ND 
0.1 
ND 

LT 0.1 
LT 0.1 

**Column represents range in PCE values from EPA/NYSDOH sampling program. 
LT = Less than. 
NAR = No available range . 
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New York State Department of Environmental Conservation 
50 Wolf Road, Albany, New York 12233-3505 

April 1, 1987 
Henry G. Williams 

Commissioner 

MEMORANDUM 

TO: Regio~al W~ter Engineers, Bureau Directors, Section Chiefs 
' . . 

SrBJECT: Divfs ·~~·n; c{f Water Technical and Operational Guidance Series (2.1.1) 
GROUNDWATER CONTAMINATION REMEDIATION STRATEGY 
(Oriiiri~lor: Mr. Halton) 

To establish strategies for source control and remediation of groundwater 
contamination. 

II. DISCUSSION 

This document applies to chronic groundwater contamination incidents for 
which the Division of Water (DOW) has lead responsibility for source control and 
groundwater remediation. These cases are identified in the August 14, 1984 MOU 
between DOW and the Division of Solid and Hazardous Waste (DSHW). The MOU says 
that DOW has lead responsibility if the source of the groundwater contaminat.ion 
is: 

1. Any recurring point source discharge. 

2. Petroleum or chemical products which, if leaked or spilled, would not 
constitute a hazardous waste under RCRA/Part 370. 

3. Leaks or spills of waste materials other than hazardous wastes. 

4. Unknown. 

This document does net apply to immediate or short-term response to spills, 
or to cases for which DSHW has lead responsibility. 

DOW is responsible for the site investigation, at least until the source is 
identified. However, this document assumes that a site investigation has 
already taken place. It considers two issues; the control of continuing sources 
of contamination and the remediation of contaminated groundwater plumes (see 
figure 1). 

III. GUIDANCE 

1. Step I deals wi~~) on-going sources of contamination (see figure 2). 
"Source Control" will be required if there is a violation of water 
quality standards (ground or surface). A source control program must 
eliminate the violation if technologically feasible. If not, the 
program must accomplish all that is technologically feasible. Cost 
will not be considered. 
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3. 

Responsibilities 

1. 

2. 

3. 

4. 

The ~1E, in consultation 
responsibilities: 

with BSPR, has the following 

a. F~nal selection/ approval of source control and plume management 
programs. 

' . ' ' , -

b. - To ,..de.tennine when an impairment exists. 
· 111 . ' ~ .. 

c. To'' ,'oecide if tennination of a plume management program can be 
considered, or, if not, to decide if there are any acceptable 
alternatives to continuing. 

".11·,, 
d. 'lb '. ·provide overall su:p=rvision and coordination for all site 

investigations, monitoring, negotiations with the owner, 
assemblage of case reports, and liaison with the Regional 
Attorney on enforcement cases. 

BSPR, in consultation 
responsibilities: 

with the RWE, has the follo.ving 

a. To conduct detailed hydrcgeologic evaluations of the site at the 
request of the RWE and to identify sources of contamination where 
possible. · 

b. To advise on all hydrogeologic technical issues, including site 
rronitoring, evaluation of consultant reports, and options for 
plume management and source control. Review of cost/benefit 
data. 

c. To render the decision on when a plume management effort has 
. reached a technical •iaead end" . 

BWFD/BMA, in consultation with the ffi'.7E, are responsible for the 
regulation .of any point source discharge frcm the site to ground or 
surface waters. 

NYSDOH shall be consulted by the RWE regarding: 

a. Acceptable levels of chemicals in drinking water, if not covered 
by existing water qualit}· standards. 

b. Acceptability of public water supplies. 

c • Risk assessrcent regarding residual contamination. 
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Figure 1 

Groundwater Contamination by Past Chemical Spill 

General Direction of 

Groundwater Flow 

·ii(" , .. 
'1\ 1 '' 

! ,· 
'11 •• '.•'", 

(1) - See Glossary 

I 

JI. 

I 
I 

I 

I 

I 

I 

Plume 

(APL)(l) 

Source 

(NAPL) (1) 
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Figure 2 

Step I - Source Control 

a. ls there a continuing source of contamination (including 
in-place substances)? 

1i t" ~· 

I, ' ' ' · ~ yes 

• 

b. can it be located accurately enough to plan corrective 
measures? 

_.-___ n_o_"1 ... .. 
~ 

" yes 

·~ 

c. Is it technologically possible to control the source, 
at least substantially? 

- no 
~ 

-

', .. yes 
.. 

, ' 
done d. Select/approve source control program and implement. 

Continue plume investigation, a s necessary . 

To Step II -
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From Step II 

Figure 4 

Step III - Termination 

a. Have the plume 
management program 
objectives been 
achieved? 

no 

ves - b. Stop. Begin post­
termination moni­
toring and main­
tenance. 

JI 

'1 : 1i( ' ·,·. 
I 1,\ 1' • ' 

,. 
!1 ,·,.'. •'" 

c. Has an apparent "dead end" been reached 
where liu:le further improvement seems 
likely? 

no yes 

' 
d. Continue program. e. Has the impairment 

been reduced to a 
tolerable level? 

' ' 

no no 

f~ Are there acceptable altetnatives to 
continuing (e.g. alternative water 
supply)? 

yes ,, 

h. Either implement 
alternative, 

or 

I 

yes/ma ybe 

I 

g. Is it cost- n n 

effective 
to continuer? 

yes - Ree va l ua t e cos t­
ef fectiveness a t 
l east annu al l y . 
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SUMMARY OF CODE REVISION 

STANDARDS , .. 

General MCLs 

The Mew York State Department or Hestth has adopted standards to limit organic 
chemical contamination of public drinking water supplies. The code revision (to Part 5 of 
the State Sanitary Code) establishes maximum contaminant lev~ls (MCLs) or standards 
for: 

Princ; jpal Organic Contaminant (POC) - 0.005 mg/I (5 ug/I) 
Unsp~.ci'fied Organic Contaminant (UOC) - 0.050 mg/I (50 ug/I) 
Total., 9.f .POCs and UOCs - 0.10 mg/I (100 ug/I) 

POCs would 1~e defined as any organic chemical belonging to any of six general 
chemicals classe's,: .I\ 

Halogenated Alkanes 
Halogenated Ethers 
Halobenzenes and Substituted Halobenzenes 
Benzene and Alkyl- or Nitrogen-Substituted Benzenes 
Substituted, Unsaturated Aliphatic Hydrocarbons 
Halogenated Non-aromatic Cyclic Hydrocarbons 

------. -------POCs, by definition, exclude trihalomethanes and other organic chemicat~ith a 
specific MCL of their own. 

UOCs would be defined as any organic chemical not cover!"d by another MCL. 

The Department recognizes the possible need for excP.ptions from the proposed 
· MCLs for POCs and UOCs if the presence of a specific organic chemical does not 
represent contamination and sufficient, valid scientific information demonstrates that they 
do not pose an unreasonable risk to human health. When justified, the regulation contains 
provisions to allow for the establishment of a more lenient (highP.r) MCL. 

The regulation also allows a ·water supplier to submit justifir:ation for a higher MCL 
for up to 60 days following application or a paint or lining to a potable water appurtenance. 
The Commissioner may ~llow the higher MCL if he determines thrJt no unreasonable risk 
to human health would result . 

The Department recognizes the need to use a stricter (lower) int~rirn guideline value 
for a contaminant which lacks a chemical-specific MCL but for which the available 
toxicological data are judged sufficient to warrant more stringent control. The regulation 
allows for consideration of lower interim guidelines when justified. The Department 
believes that, from a public health perspective, the benefits associated with the broad 
nature of the general MCLs outweigh the fact that interim guidelines may have to be used 
in some cases. For example, the existing guidelines for PCBs - 1 ug/I; aldicarb - 7 ugll: 
carbofuran - 15 ug/I; atrazine - 25 ug/I will be retained until a specific MCL for each 
chemical is developed. 

Page 1 
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Initial Sampling 

The initial monitoring requirement for each source depends on the type and size of 
the system as scheduled below: 

System Type/Size 

Community serving 10,000 
or more persons 

Communify serving 
3,300-9.999. persons 

' ·. 
~ \ t•' , .... ~.· 

Communit~ servfng fewer than 
3.300 persp~ S,. and more than 
149 service.· connections 

Community : ,~~rving fewer than 
150 service co·n nect ions 

Nontransient, Noncommunity 

Nonc.ommunity 

Required Samples p~r _§qurce 

One per quarter for one year 
by 12/31/88 

One per quarter for onP. year 
by 12/31/89 

One per quarter for onP, yP;:H 
by 12/31/90 

One by 6/30/91 

One by 6/30/92 

State Discretion 

Systems serving over 10.000 p~rsons were notified by mail in October 1987 to 
perform the required sampling under existing Code. Section 5-1.75. ;:iml EPA ·regulation~. 

As with other contaminants. the~ State may use s~c. tion 5-1 .51!<J) to requir~ a ~yslP.m · 
to monitor sooner or more frequently whenever the potP.nti::il exists for a11 MCL violation . 
Consequently, systems with sources that have been shown by previous monitor ing to he 
contaminaten may be required to monitor before thP, above sc:hed11le. 

Vulnerability to Contamination 

The State will assess the vulnerability to contamination of all sources of water supply 
based on: 

' . 
a. previous monitoring resvlts 

b. number of persons served hy the puhlic water systnm 

c. proximity of the system to a larger system 

d. proximity to commercial or industrial use. nisposal or stnri1gr of volatile synthet.r 
organic chemicals; and 

e. the degree of protection afforded the source of water supply. 

Detailed guidance in determining vulnerability will be developed similar to EPA's as 
presented in the Federal Register. November 13, 1985, Volume 50. No. 219. 

For systems serving fewer than 150 service connections. morn than one sample will 
be required. for those sources that are determined to be vulnerable. Following a 
determination of nonvulnerability. the State may reduce initial and some of the repeat 

Page 3 
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sampling described below for intermediate sized systems (more than 150 service 
connections, but population less than 3,300 persons). It is unlikely that systems serving 
3,300 or more persons would have monitoring reduced since EPA's guidance considers 
all systems this large to- be vulnerable to contamination . . Statewide surveys show that 
volatile organic chemicals are .. more than twice as likely to be round in sources or these 
larger systems. 

Repeat Monitoring 

At those sources where contaminants are detected, (at 0.0005 mg/I or above) 
monitoring would be required to continue on quarterly intervals. Systems with 150 or 
more service connections for which cont~minants are not dete~ted would be required to 
repeat monitoring every three years. Systems with fewer than 150 service connections 
would not be required to repeat monitoring unless they are cf9f P.rn1inP.rl to bP. vulner;iblf? . 

- . ~ '1~1·1''' "·~·:. 

DETERMINATioN OF COMPLIANCE 
1 !, ' ,·· 

If 1he r_esults of a sample exceed the MCLs, the supplier or water would be required 
to collect one to)~~ee confirmation samples as soon as practical b11I no later than 30 days. 
If the average of. all., samples (monitoring sample plus confirmation sample(s)) exceeds the 
MCL, a MCL violation occurs. Those systems with sources that exceed the MCLs after the 
effective date will be put on a compliance schedule and required lo provide public 
notification. Both short and long-term compliance strategies will be developed. The 
long-term strategy in most caio;es, would he to rlevelop alternativP io;o1Jrces or provide 
treatment. Potential short-term strategies include an alternativP. water source. minimal 
use of a contaminated source, such as stand-by for peak demand. conservation measures. 
temporary trnatment, ;:inq consumer advisories. 

Persistent violators of MCLs. or monitoring and reporting rr.q11ir<•n1~11t~ will h~ 
subjec:t to enforcement actions as ror other contaminants rcgulatPd in th~ coch~ . 

NOTIFICATION 

The supplier or water must make State. consumer and public notification for MCL or 
other violations according to requirements similar to those existing for other 
co nta mi na nts. 

The regulations also require systems to notify its consumers as to the availability 
of monitoring results for volatile organic chemicals. Notification will be included in the 
first set of water bills issued by the'. system after the receipt or thP rnsu It or by other written 
notice within three months. The State woulrl accP.pt aio; wrillP.n notir.f>, a one-time 
publication in a daily newspaper Of generrtl circulation in tflP. Mf':J Sr>rVPd by your systP.m . 
Th.e notice should: 

1. identify a person and supply the telephone 1111mhPr to c.onlact ror inforrn~tion on lhr~ 
monitoring results, and 

2. where appropriate, state that quarterly monitoring will r.ontinuP for the remainder of 
the year. 

A legal notice is acceptable provided it is conspicuous and does not contain unduly 
technical language, unduly small print or similar problems that fmstrntP. the purpose of the 
notice. 

Page 4 
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TABLE 1 
ORGANIC CHEMICALS IN REQUIRED MONITORING 

VINYL CHLORIDE AND 52 PRINCIPAL ORGANIC CONTAMINANTS 
(AS PER ENVIRONMENTAL LABORATORY APPROVAL PROGRAM) 

CHEMICAL NAME 
ELAP NOMENCLATURE 

benzene 
bromobenzene 
bromochloromethane 
bromomethane 
n-butylbenz~ne 
sec-butylbenzene 
tert-btitylbenzene 

· carbon '\ etrachloride 
chlorobenzene 
chloroethane 
chloro~~i~ane 
2-chloro~oluene 
4-chlorotoluene 
dibromomethane 
1,2-dichlorobenzene 
1,3-dichlorobenzene 
1,4-dichlorobenzene 
dichlorodif luoromethane 
1,1-dichloroethane 
1,2-dichloroethane 
1,1-dichloroethene 
cis-1,2-dichloroethene 
trans-1,2-dichloroethene 
1,2~dichloropropane 
1,3-dichloropropane 
2,2-dichloropropane 
1,1-dichloropropene 
cis-1,3-dichloropropene 
trans-1,3-dichloropropene 
ethylbenzene 
hexachlorobutadiene 
isopropylbenzene 
p-isopropyltoluene 
methylene chloride · 
n-propylbenzene 
styrene · 
l,1,1,2-tetrachloroethane 
1,1,2,2-tetrachloroethane 
tetrachloroethene 
toluene 
1,2,3-trichlorobenzene 
1,2,4-trichlorobenzene 
1,1,1-trichloroethane 
1,1,2-trichloroethane 
trichloroethene 
trichlorofluoromethane 
1,2,3-trichloropropane 
1,2,4-trimethylbenzene 
1,3,S-trimethylbenzene 
m-xylene 
6.:-xylene 
p-xylene 

CHEMICAL NAME USED 
PREVIOUSLY IN PROPOSAL 

(o-chlorotoluene) 
(p-chlorotoluene) 

(o-dichlorobenzene) 
(m-dichlorobenzene) 
(p-dichlorobenzene) 

(1,1-dichloroethylene) 
(cis-1,2-dichloroethylene) 
(trans-1,2-dichloroethylene) 

(p-cymene) 
(dichloromethane) 

(1,1,2,2-tetrachloroethylene) 

(1,1,2-trichloroethylene) 
(fluorotrichloromethane) 
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The driller can determine aquifer 
characteristics that help him to 
discover ground water flow patterns, 
the effects of dc:watering or the 
migration of pollution plumes. 

BY DAVID C. SCH . .\FER 

0 CCASJO~ALLY IT JS necessary to determi 
aquifer ·characteristics of very low yieldi 

formations - those with transmissi\·ities 1. 
than 500 gallons per day per foot. Though 
terest in these ::iquif ers is certainly not because 
their producti,·e capability. it may be desir;:i : 
to determine ground water flow characteri::1 
even in these low yield formations in orcier 
determine such things as regional ground w <i 

flow patterns, · effect of dewatering or migrai 
of pollution '.I plumes near point source~ 
contamination. 

Differe:nt Approach Is Required 
111. 

Conventiona·)' pumping test analysis u si n~ 
standard time drawdown graph often does 
work effectively in low T ltransmissi,·ity) for 
tions for rwo reasons. First, the pumped \\ 
low specific capacity q:~·allons per minute per 
of drawdown 1 may cause the pump to break 
tion during the test and it may be irnpractic; 
throttle back the pumping rate sufficient l 
·prevent this . Second. e\·en if a constant pum . 
rate can be maintained without breakin~ 
ti on . most of 1 he data obtaineci will pr0i1 

.\fr :..:cna /(' r :- r. ·:·. crr 1t 11~•1.,: one c: rr.~·1una : man cr,· - . 
h (·nduu nr1, ·.r-, t-·i.::. •· r,/ .Juhr: .... ur. :J:·t·1 .... ;11n . L·r 11 ) in . 
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rl'flc·ct ca~ing ~l!1rnge efft·<ts r:ith c.: r th '1 n trut 
:iq uifcr param eters (set "C~sing Stur;Jge· C'an Af­
fl·n Pumping Test Data,,. ,Jan -Feb . ] 9/S. 
J u11n.-un !Jril!ers ) ()urnal). Thus a diffen·nt 
:ippro<H.:h is required. 

The best method for analyzing these forma­
ti ons is to pump a substantial portion of the cas­
ing empty. then shut the pump off and measure 
water levels as they recover. In ordinary pumping 
tests these measurements correspond to the non­
pumping portion of the test. However. in low T 
formations this ''recovery period" is actually the 
"pumping · period~" 

After pump shut-off, the casing slowly b egins 
filling with water. This water comes from the 
a quifer and actually represents the water 
pumped during this so called ''pumping 
p eriod ."' The pumping rate is determined by 
measuring the volume of casing filled in a given 
length of time. 

During the test, careful measurements are 
made of time since pumping began (t) along ,.,.·ith 
d.rawdown (s) at each of these t imes. Then a 
cc~lcul a tion is made to determine Q for each time 
t and finally the ratio s/Q is computed for each 
measured drawdown value. The ratio is simply 
the reciprocal of the specific capacity. 

A · graph is then constructed showing t wrsus .: 
the ratio s/Q plotted as usual on semi­
logarithmic graph paper with t on the log scale. 
A straight line of best fit is drawn through the 
data points and T is calculated as follows: 

T = 
·..?()4 

..:.1 s :Q 1 

\\·h ere _\ 1s /Q1 is th e cha nge in s'Q ow' r one log 
cyclt of grr.ph pap c.:r. 

This graph has the uniqu e Mh ·a nta ge that it 
will accurately reflect aquifer transmi ssivity in­
dependent of casing st orage effe.cts . In addition it 
will be sensitive to nearby recharge and/or 
negative boundaries a nd will reYeal these condi­
tions like any ordin ary time drawdown graph . 

To see how this t echnique works it is best to 
work an example . T able 1 shows data obtained 
from a 6-inch well pumped at 10 gpm for 15 
minutes. Dra wdown after 15 m inutes of pumping 
measured 90 feet. 

The next d ata point was recorded two minutes 
foll owing pump shut-off or 17 minutes since 
pumping started. At this time · the pu m ping 
water level was 85.G6 feet, indi cating that 4.34 
feet of casing had filled during the two minute 
int en· al. 

The annulus between the 6-inch casing and 
1 : ~" drop pipe holds 1.4 ga llons per foot so that 
the volume of casing filled is 1.4 times 4.34. or 
6 .08 gall ons in two minutes . Thus, 

finally, 

Q = 6.08 gallons/2 minutes 
3.04 gpm 

s/Q = 85.66 ft/3.04 gpm 
= 28.2 ft/gpm 

which is plotted at a time of l'i minutes on the 

TABLE l 

Time in minutes 
since pumping Drawdown 

started in feet 
(t) (s) 

15 90 
(pump shut off) 

17 85 .66 
20 79.7 
30 64 .2 
40 51 .9 
60 35 .6 

•• 80 24 6 

November-Decemoer. 1980 

Pumping rate = 10 gpm 
Pumping period = 15 minutes 

Drawdown at pump shut off = 90 ft 
Casing - 6" l.D. 

Drop pipe - 1 %" 1.0. 

Number of 
feet of 

casing filled 

4.34 
5.96 

15.5 
12.3 
13.3 
11 .0 

Time 
in minutes 
required 

to fill 

2 
3 

10 
10 
20 
20 

'·11' "·: 
·' I ·'. 

Vo l u'm.~ ,filled 
divided b,y time 

required in gallons 
per minute 

{0) 

3.04 
2.78 
2. 17 
1 .72 
1 14 

.77 

s/O 
in feet 

per gallon 
per minute 

28.2 
28.6 
29.5 
30.2 
31 . 1 
31 .8 

Tnree 



) 

, ) 

:-::- ~1ph ~h<nrn in fif! u re 1. 
Thi:' 3n;:il~·;;;is i:- repel1t ed for en ch rira\\'ciown 

measmement. The resultant c;ilcubterl :::- 'Q 
\·alues are shown in Table J and plotted in Fi gu re 
1. The formation T \·alue from the graph l!S 

264 
..'.l(s/Q) 

T 

= 264/5.3 

= 49 gpd/ft 

Con~entional Analysis Not Effective 

Examination of the hydraulic characteristics 
of this well (not included here) shows that if a 
fOnvenrional t.im~·.·. dra~wdown graph had been 
used. casing stora'~'e ' effects would have lasted for 
approximately. t~·'~\\:.e hours. This means that 
data recorded ill' i.h.~ first t\velve hours of pump­
ing would have b~~? : useless and longer pumping 
than this would hav~'! been· required to obtain any 
usable data at all.:. However, data collected after 
twelve hours of pumping probably would be more 
influenced by boundary conditions than by 
aquifer transmissivity. Thus, in practice. it ac-

tt ;a lly lll ig ht h:-i\"l· been impo::.:- ible tP det (:rmi n<: 
tht T \'a li 1E:- u:- in~ com ·entiPnal [l !lnl.:;!'i:: t ech ­
n ique:-: reg ;i rdlcss or the length or tht- t e~t. Tht­
\·alue of the m ethod described abo\·e lwcr1mc~ 
\·ery clear: it may be the only wa;· to d ettrmine T 
values in certain low yielding aquifers. 

In order to maximize the accuracy of this 
method. it is best to unload (empty) the casing 
as rapidly as possible. Thus it is actually better 
to use a high capacity pump than a low capa city 
pump in analyzing extremely low-yielding wells! 

Another good idea is to unload the casing witJ­
compressed air since this can typically be done ir 
one minute or less. 

Recorded o·ata Must Be Accurate 

An additional important consideration is tha 
all data recorded for this type of analysis must b1 
absolutely accurate. Small errors in the record ec 
values of time and/or drawdown can result i1 
large errors in the calculated values of s/ Q . Fo 
best results. drawdown should be recorded to th 
nearest hundredth of a foot and timed to th 
nearest second or two. 

' ' ' 

~ -------'- ··-~ - --·--· · -· · ·-~-:~---·-~-----'------­
~ --~----------------.. ------·--- ----'---

~-:---'----·----r-- -·~-. ·-··-~ 

--~------c 38 , -------·-----
1 10 100 1,000 

Time since pumping started - minutes 
In low transmissivity situations. readings are taken after pump shut-off. In th.is method. s/Q is the recip­

rocal of the specific capacity and t is time measured after shut-off as water begins to enter the casing . 

10,( 
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TWO-PART PUMP TEST FOR EVALUATING THE 
WATER-SUPPLY CAPABILITIES OF DOMESTIC WELLS 

by 
Jeffrey L. Hoft'man and Robert Canace 

Key terms: aquifer test, water yield, well construction, constant head test 
New t.erms: peak demand rate, peak demand test 

ABSTRACT 
An evaluation of the capability of a well drilled in rock to supply domestic needs can be based on predicted household water use 

patterns and characteristics of the well . Household water demand is estimated using a residency rate of two per bedroom and a usage 
rate of 100 gallons per capita daily. Water use is assumed to be split between equal morning and evening periods of peak demand. Rate 
of usage during peak periods is estimated at 3 gallons per minute per bathroom. Duration of the peak demand periods is estimated by 
dividing total usage during peak demand periods by the average rate of usage during peaks. 

Capability of the well to meet peak demand and total daily demand is evaluated through a two-part pump test. The first part, a 
peak demand test, is a drawdown test to determine whether or not the combined well storage and aquifer contribution to well flow can 
meet peak needs. The second part, a constant head test, is to determine whether or not flow from the aquifer is sufficient to meet total 
daily needs. If so it is assumed that the aquifer can meet long-term household needs. Measurements of drawdown during the pump test 
are used in determining the depth at which the pump should be placed in the well and the necessary depth if the well needs to be deepened 
to provide additional storage. 

The method does not take into account extreme droughts, interfering stresses on the aquifer from other pumping .or decreasing efficiency 
of the well and pump due to aging. 

INTRODUCTION 

In response to inquiries by local health agencies and the 
public concerning domestic well failures, the New Jersey Geo­
logical Survey has developed a method to estimate the water 
supply needs of private homes and to evaluate the adequacy 
of wells drilled to supply those households. The method con­
sists of a calculation to estimate total daily needs and peak 
demand needs of a household and a two-part pumping test to 
determine whether or not a well can meet these needs. The 
procedure is intended primarily for use in areas of consolidated 
bedrock (Regions 2 and 3 of the New Jersey water well con­
struction regulations (NJAC 7:10-35), shown in figure 1). 

The yield of a well is usually established by pumping the 
well and measuring the discharge (well flow), in gallons per 
minute, from the well head. Unfortunately, pump test require­
ments for domestic water wells have not been standardized. 
The New Jersey Department of Environmental Protection re­
quires only that "each well be tested for yield and drawdown" 
(NJAC 7:10-3.58) . No testing procedures are stipulated under 
the code. A variety of local ordinances regulate well testing. 
Most of these have been established on the basis of experience 
in the field or other local ordinances. Most have fixed mini­
mum yield requirements regardless of household size for is­
suance of the certificate of occupancy. 

The method outlined in this report is modified from a 
procedure developed by the Connecticut Well Drillers Associa­
tion (Hunt, 1978). It supplements the Connecticut approach 
by providing a systematic method based on anticipated peak 
and long-term demand to design, perform and evaluate a pump 
t.est. 

The pump test is divided into two parts. The first part, the 
peak demand test, is to see if the well can meet the predicted 
water demand of the house during twice-daily periods of peak 
use. The second part, the constant head test, is to measure 
the aquifer's ability to transmit sufficient water to the well for 
the total daily water demand of the household. 

The pump test identifies satisfactory wells and, for wells that 
are not satisfactory, whether the problem lies with insufficient 
storage or with inability of the aquifer to transmit sufficient 
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Figure 1. Geologic regions of New Jersey as defined in water 
well construction regulations. (NJAC 7:10-35) 

water to the well. Insufficient storage can be corrected by 
deepening the well to provide additional storage within the 
borehole, redrilling to a greater diameter or constructing a 
surface storage tank. The necessary depth to which the well 
must be deepened can be estimated using measurements of 
aquifer yield and drawdown taken during the constant head 



test. Insufficient aquifer yield may, in some instances, be cor­
rected by developing the well or deepening it to encounter 
additional water-bearing zones. 

Equations, tables and worksheets are provided to assist in 
the recording and analysis of pump test data. A flow diagram 
is also provided which shows the evaluation procedures and 
options should the well fail. Hypothetical examples have been 
included to demonstrate the method. 

It must be recognized that this method is a simplified math­
ematical approach that cannot take into account many of the 
physical factors that can influence long-term well performance. 
These include seasonal fluctuations in ground water avail­
ability, extreme drought, permanent dewatering of fracture 
zones, stresses on the aquifer from nearby wells and reduction 
of well and pump efficiency due to clogging or wear. These 
factors may result in failure of wells which were rated as satis­
factory at the time of testing. 

BASIS AND BACKGROUND 

A method for estimating the water needs of individual house­
holds and evaluating domestic wells was developed by the 
Connecticut Well Drillers Association (Hunt, 1978). The im­
petus for the development of the Connecticut minimum well 
formula was an objection to a requirement by the Federal 
Housing Authority that a home have a well with a yield of 5 
gpm (gallons per minute) or more to qualify for loan assistance. 
The Well Drillers Association, convinced that 5 gpm was an 
unreasonable across-the-board requirement, demonstrated 
that smaller yields could be certified as adequate for domestic 
needs if household demand were taken into account. The Con­
necticut minimum well formula: 

1. estimates peak load (household water demand, in gal­
lons, within each of two daily peak use periods) ; 

2. estimates peak time (the length of peak use periods in 
minutes); 

3. evaluates the capability of the well to meet the peak 
demand of the household, and ; 

4. establishes a minimum pump capacity and pump in­
stallation depth to assure an adequate supply. 

In the Connecticut method, if the well can deliver the peak 
load within the peak time it is considered to be satisfactory. 
This determines whether or not the well can supply peak needs. 
But like many domestic well tests, it does not evaluate the 
long-term ability of the aquifer to supply the well. Also, for 
a well which fails the pump test, the Connecticut method does 
not determine whether the cause of failure is inadequate 
storage or inability of the aquifer to transmit sufficient water. 
The two-part pump test presented here uses a peak demand 
test followed by a constant head test. The constant head test 
measures the rate at which water can move from the aquifer 
to the well. This test determines whether or not the aquifer 
can transmit sufficient water for long-term needs. If the well 
fails either test, the constant head test provides guidance as 
to how the well might be modified to meet the household 
demand. For instance, if the well can meet the total daily 
demand but not the peak demand, the constant head test 
results can be used to estimate the depth to which the well 
would have to be drilled to provide sufficient storage in the 
bore-hole to meet the peak demand. If flow from the aquifer 
falls short of total daily demand, then the well must be deep­
ened to encounter additional water-bearing zones or redrilled 
at another location, but the test cannot provide an estimate 
of the required well depth. 
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ASSUMPTIONS 

In order to calculate peak load and peak time, the Connecti­
cut formula and the modification presented here rely on four 
assumptions concerning water use. The assumptions are con­
servative. While one or more of the assumptions may not be 
met by a particular household, there is a sufficient margin of 
safety that water use estimates will be valid for determining 
the adequacy of wells for most peak periods for most families . 
Orndorff (1966) reported that on days when intensive chores 
are performed the peak demand may be. several times the 
average demand. The assumptions are not valid for these days. 
The assumptions are: 

1. Each person uses 100 gpd (gallons per day). 

Comments: The use of 100 gpd per capita is consistent 
with Standards for the Construction of Public Non­
Community and Non-Public Water Supplies (NJAC 
7:10-3.32), in which this value is applied as a planning 
criterion. This is a conservative figure which exceeds 
most measured values for water consumption. Reported 
average per capita consumption is approximately half 
this volume, or about 50 gpd (U. S. Environmental 
Protection Agency, 1978; Orndorff, 1966, p. 30, table 7). 
Average per capita consumptions of up to 80 gpd have 
been reported (Linaweaver and others, 1967, p. 2) . In 
addition, in a detailed study of domestic water use 
Orndorff (1966) found that though total usage increases 
with family size, per capita usage decreases. This 
provides an additional margin of safety for larger famil­
ies. 

2. Two people occupy each bedroom. 

Comments: The average residency rate in the United 
States in 1980 was reported to be 2.75 residents per 
dwelling (U.S. Department of Commerce, 1981, table 
10). Inasmuch as most new dwellings have two or more 
bedrooms, an estimate of two people per bedroom is 
conservative and allows for later addition of bedrooms 
or higher-than-average occupancy rates. 

3. Most daily water usage occurs during two peak periods. 

Comments: In his study of domestic water use Orndorff 
(1966, p. 23) concluded that "peak demands tend to 
occur during two particular times of the day." One of 
these is in the morning and the other in the evening. 
While most water use occurs during these peaks, there 
is additional use at other times. Because of water use 
during off-peak times, it is reasonable that no more than 
half the total daily w,ater use will occur during a single 
peak demand period. ''J~ifferences in habitual water use 
patterns among families will thus seldom be such that 
peak water use will be underestimated . 

4. Water flows through fl1Ctures at the rate of three gallons 
per minute per bathroo~ during peak periods. 

·" 
Comments: This is the key assumption in estimating 
peak time (the duration Of peak demand periods). In the 
Connecticut formula it is assumed that water use during 
peak time is in large part bathroom use. Orndorff (1966) 
points out that, although a normal daily peak demand 
can be determined statistically, water demand of par­
ticular households is established by habitual patterns. 
Bathroom use would be the prime example. 

New Jersey's Standards for the Construction of Public 
Non-Community and Non-Public Water Systems 
(NJA.C 7:10- 3.10, et seq., 1978) require that water sys-



terns provide a minimum flow rate of 2 gpm at each 
plumbing fixture . Orndorff reported average peak de­
mand rates of 1.60 gpm for a subdivision served by on­
site wells and 2.29 gpm in homes served by an external 
water source. The use of 3 gpm provides a margin of 
safety above measured rates of water usage and the 
requirements established for domestic water supply sys­
tems. 

For making calculations, it is assumed that water 
flows through the fixtures of a half bath at 1.5 gpm. 

THEORY 
Calculation of Household Water Demand 

In order to establish conditions for a pump test, it is neces­
sary to quantify the total daily demand and peak demand 
which will be placed on the well . Total daily demand is a 
function of the number of residents and per capita usage. Peak 
demand can be quantified in terms of volume, time and rate. 
The total volume of water the household will require during 
each of two daily periods of peak demand is the peak load. 
The average rate of use during peak demand times is the peak 
demand rate. The length of time within which the peak load 
demand for water will be exerted is the peak time. 

To quantify the concepts of peak load, peak time and peak 
demand rate the following assumptions, discussed above, are 
applied: 

1. each person uses 100 gallons per day. 

2. two people occupy a bedroom. 

3. most daily water usage occurs during two peak periods. 

4. water flows through fixtures at the rate of three gallons 
per minute per bathroom during peak periods. 

Under these assumptions equations for peak load, peak time 
and peak demand rate can be expressed as: 

peak load (gallons) = 

(no. of bedrooms) (persons/bedroom) (gallons/person/day) 
peak penOds/day 

= (no. of bedrooms) (2) (100) = (no. of bedrooms) (100) (1) 

peak demand rate (gpm) (gpm/bathroom) (no. of bathrooms) 

(3) (no. of bathrooms) (2) 

peak time (minutes) ~eak load (gallons) 
pea demand rate (gpm) 

(3) 

As an example, a three bedroom house with two bathrooms 
will have: 

peak load 3 bedrooms X 100 gallons/bedroom 

300 gallons 

peak demand rate 3 gpm/bathroom X 2 bathrooms 

6 gpm 

peak time = 300 gallons/6 gpm 

= 50.0 minutes 

Pump Test Design 
Well flow (discharge) is a combination of water pumped from 

the standing column of water in a well (the well storage 
contribution) and water flowing into the well from the aquifer 
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(the aquifer contribution) . In any well evaluation it is neces­
sary to recognize that the well acts as a water storage area . 
Water is taken from well storage during peak demand times 
and gradually replenished from the aquifer during off-peak 
times. 

At the beginning of the two-part pump test, the water in 
a well is at the static level: the water in the well and aquifer 
are at the same pressure and there is no net flow into or out 
of the well. As soon as the pump goes on for the peak demand 
test, water is removed from the casing and the water level 
drops. Because the pressure is now lower in the well than in 
the aquifer, water will flow from the aquifer into the well. Until 
the water level stops dropping, the discharge pumped from the 
well includes well storage and aquifer contribution compo­
nents. In general, though certainly not always, the aquifer 
contribution will increase as the water level in the well drops. 

For the constant head test the water level must be stable 
or nearly stable, neither dropping nor rising rapidly. The water 
level may stabilize during the peak demand test due to in­
crease in aquifer contribution, or it may be stabilized by de­
creasing the pumping rate. When the water level and pumping 
rate are stable the well is said to be at equilibrium, the pump­
ing to be at a constant head pumping rate and the water to 
be at a constant head level. 

Peak Demand Test 
The peak demand part of the two-part test determines 

whether or not the volume of water stored in the well plus the 
volume which will flow from the aquifer to the well during peak 
time will be sufficient for peak needs. The well is allowed to 
come to its static level, then is pumped at the peak demand 
rate for the peak time. A well for which the combined well 
storage and aquifer contributions are insufficient will fail 
before the expiration of the peak time. 

Constant Head Test 
The constant head test determines whether or not the 

aquifer contribution will meet long-term needs . An accurate 
measurement of the aquifer contribution can be made when 
the well is being pumped under constant head conditions. If 
a well is being pumped but the water level is not changing, 
the volume of water stored in the well is not changing. The 
well storage contribution is therefore zero and all water flowing 
from the well is coming from the aquifer; the aquifer contribu­
tion is equal to the measured pumping rate . If the aquifer 
contribution rate is less than the flow required for total daily 
needs (see tables 3 and 4) , the well fails this portion of the 
test . 

Test Results 
If the well passes the constant head test but fails the peak 

demand test, the aquifer can s\hpply enough water on a daily 
basis, but additional storage is required for peak demand 
needs. Storage may be provided in either the well or a surface 
storage tank. 

If a well fails the constant head test it will not supply enough 
water on a daily average to meet household needs regardless 
of whether or not it passed the peak demand test. Aquifer 
contribution must be increased by developing, deepening or 
relocating the well. 

Depth Required for Adequate Storage 

If, for a well which has passed the constant head test but 
failed the peak demand test, storage is to be provided by 
deepening the well, the necessary well depth can be calculated 
from results of the constant head test. Two assumptions are 
necessary. The first is that there is no aquifer contribution 
until the drawdown in the well reaches the level measured 
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-----~··· • ··~· "' mut:t:u 11qcmer contnoutton oefore the water level discharge rate control is necessary; this might include the use 

falls this far, but the rate is not measured during the test and of valves or a throttle on a generator used to power a pump. 
is thus unknown. The second assumption is that as soon as An effective pump test must determine whether the well can 
the drawdown in the well reaches the level measured during supply both peak needs and total daily needs. In the method 
the constant head test, the aquifer contribution begins at the presented here, this is done using a two-part pumping test. The 
rate measured at the conclusion of the constant head test and first part is the peak demand test and the second is the con-
does not increase as the drawdown increases. This, also, is a stant head test. Both of these must be performed in one con-
conservative assumption, but is reasonable in that in a bedrock tinuous testing session. It is important to note that the well 
aquifer the most significant water-bearing zones are commonly is not considered to be satisfactory until it_ passes both tests 
associated with weathered fractures within several tens of feet during one continuous session. 
of the soil/rock interface. Additional drawdown below the frac­
tured or weathered zone may not induce much more water to 
flow into the well. 

The volume of water which will enter the well from the 
aquifer during peak demand periods can be estimated using 
these assumptions. Subtracting this volume from the peak load 
gives the total volume of storage needed. Conversion of storage 
volume to additional depth required for drawdown is discussed 
under Additional Drawdown for Wells Without Adequate 
Storage in the Implementation section, below. 

Surface Storage Tanks 

The effect of surface storage of water on the well depth 
required for reliable peak supply can be taken into account by 
subtracting the available volume in the storage vessel from the 
peak demand. This gives the volume which must come from 
the well during each peak demand period . Dividing this lower 
volume by the peak demand rate gives the length of time the 
pump must operate during the peak demand period . The calcu­
lation of the necessary volume of well storage then proceeds 
as discussed above. The peak demand test should be carried 
out using the lower value for pumping time. The surface 
storage tank must, of course, be refilled , but if the well has 
passed the constant head test it should be possible to fill 
between peak demand periods. 

Normally a domestic water supply system includes a 
iydropneumatic tank. A conventional hydropneumatic tank is 
intended primarily for maintenance of water pressure and con­
tributes little to available water storage. Only that volume of 

ater which drains from the tank before declining pressure 
auses the well pump to switch on contributes to available 

storage. This can be referred to as the available storage volume 
of the tank. An additional tank, dedicated to water storage and 

uipped as necessary to deliver water to the plumbing system 
f the house at the required pressure, could conceivably be 

r stalled. 

Total Well Depth and Pump Placement 

The pump must be placed in a well so as to allow for the 
maximum drawdown measured during the peak demand test . 
E1 mp size must be based on the required water pressure in 

e plumbing and the anticipated drawdown. Too deep of a 
mp setting can be as undesirable as too shallow a setting 

if the pump cannot deliver water at the required pressure. A 
ance must be struck between obtaining the storage advan­

~e of maximum drawdown and ensuring adequate water 
•ssure. This report attempts to prevent well failure caused 

by setting the pump at too shallow a depth. 

IMPLEMENTATION 

Testing of domestic wells is not usually conducted in a man­
Il".J! that establishes long-term performance capability. In fact, 
e mates of well yield are frequently made during drilling. In 
p ticular this is true with air rotary drilling when estimates 
of yield are based on the quantity of water lifted from the well 
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Peak Demand Test 

The~ peak demand test is a drawdown pumping test to de­
termine if the well can supply the water needed by the house­
hold during times of peak water demand. In this test the well 
is pumped at the peak demand rate estimated for the house­
hold for a time equal to or greater than the estimated peak 
time. If pumping can be maintained at this rate for the peak 
time, then the well should be able to support the peak needs 
of the household. If this pumping cannot be maintained, 
storage in the well is insufficient. The constant head test will 
provide further information as to the nature of the difficulty. 

Constant Head Test 

The constant head test is to. determine if flow from the 
aquifer to the well can replenish water removed from the well 
during peak demand periods. In this test the pumping rate is 
adjusted so that the drawdown stabilizes. When the water in 
the well is at a constant level, one is certain that all of the 
discharge is coming from the aquifer, none from well storage. 
If under this constant head pumping condition the aquifer can 
supply the total daily household needs, then long-term needs 
can most probably be met. For the purposes of this report a 
constant head condition exists when the pumping rate is held 
steady and the water level changes at a rate of less than 6 
inches per hour. 

Outline of Testing Procedure 

Planning of a pump test and evaluation of the results (figure 
2) can be summarized as follows: 

1. The well is constructed in accordance with state and 
local requirements. 

2. The peak demand rate and peak time are calculated 
from the number of bedrooms and bathrooms using 
equations 2 and 3 or tables 1 and 2. Unless surface 
storage is to be taken into. account, these are the re­
quired discharge rate and qµ~a:tion of the peak demand 
pump test. •I I ' 

3. The peak demand test is penormed. For this test the 
pump should be positioned ·so.as to take full advantage 
of the available drawdown i,n ~he well. The static water 
level in the well is measured) prior to pumping. Then 
the well is pumped at the peak d~mand rate for the peak 
demand time. If pumping cannot be sustained at this 
rate the well fails the peak demand pump test. The 
water level at the completion of the peak demand test 
must be measured accurately for it is used to measure 
drawdown during the constant head test and, later, used 
to establish the pump setting. · 

4. The constant head test is undertaken immediately 
upon completion of the peak demand test regardless of 
whether or not the well passed the peak demand test. 



Start 

Deepen, 
develop 

or redrill 
well 

Deepen . 
or develop 

well 

Calculate 
new peak 

demand 
rate and 

peak time 

No 

Yes 

Drill 
well 

Yes 

No 

Yes 

.· '""'· 

Calculate 
peak rate 

and 
peak time 

Perform 
peak 

demand 
test 

Perform 
constant 

head 
test 

Install 
pump 

Stop 

" i I ,111. 

'IJ 1' 1·, 
I ' ' 

"• ·' 

"'.,' •• "• : ~ I i ~ 
' ' ' 1~ ,, 
'. .. ,qi /I,, 

' 1:i 
•I t·, 

Figure 2. Flow chart of performance and evaluation of pump test; 

I 
I 
' 'I 

I 

,I 

I I, 
I, 
!! 



The well is not allowed to recover from the peak demand 
test. In the constant head test the pumping rate is 
lessened, if necessary, to a rate at which the drawdown 
shows insignificant change with time. A constant head 
condition exists if the head changes at a rate of less than 
0.5 feet (6 inches) per hour under a constant pumping 
rate. The pumping rate which maintains this condition 
is termed a constant head pumping rate. The water 
level at the constant head pumping rate must be 
measured accurately. The difference between this level 
and the static water level is the constant head draw­
down. The constant head pumping rate should be as 
close as possible to the peak demand pumping rate, but 
the main objective is to achieve a stable water level 
while pumping. Too low a discharge rate will result in 
underestimation of the capabilities of the aquifer and 
may lead to overdeepening of the well. 

5. The constant head pumping rate is converted to gallons 
per day (table 3) and compared to the total daily de­
mand of the household . If the discharge rate during the 
constant head test will provide the total daily water 
demand, the well passes the constant head test. If not. 
it fails. 

6. The results of the two tests are evaluated . The four 
possible outcomes are: 

a. Peak demand test-Pass 
Constant head test-Pass 

This well can supply the home with enough water. 
The pump should be installed as discussed under 
Total Well Depth and Pump Placement below. 

b . Peak demand test-Pass 
Constant head test-Fail 

This well, when full, can supply peak demand 
needs. However, more water will be withdrawn each 
day than can be replaced by the aquifer. This well 
will prove inadequate sooner or later. It must be 
deepened, developed or redrilled at a new location 
to provide a larger aquifer contribution . In bedrock 
aquifers the well may not encounter additional 
water-bearing zones at greater depth. The aquifer 
may not provide sufficient supply for domestic 
needs. If the well is redrilled, developed or deepened 
it must be retested . 

c. Peak demand test-Fail 
Constant head test-Pass 

This well lacks sufficient water from combined well 
storage and aquifer flow to meet peak needs. The 
aquifer contribution is, however, sufficient to meet 
total daily needs. More storage must be supplied 
to satisfy short-term peak demands. This can be 
accomplished by deepening the well and lowering 
the pump, redrilling to a greater_ diameter or adding 
a water storage tank. If the well is to be deepened, 
a method for calculating additional required depth 
is described in Additional Drawdown for Wells 
Without Adequate Storage, below. If a water 
storage tank is installed see Surf ace Storage Tanks, 
above . If the well is redrilled or developed it must 
be retested. 

d. Peak demand test-Fail 
Constant head test-Fail 
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This well has neither sufficient storage nor suffi­
cient aquifer contribution to ensure an adequate 
household supply. It must be deepened to en­
counter additional water-bearing zones, developed 
to increase flow to the well or a new well drilled 
elsewhere. Depending on the success of efforts to 
increase flow from the aquifer, storage may have to 
be increased. The well must be retested when any 
of the above procedures are completed . 

Additional Drawdown for Wells 
Without Adequate Storage 

A well that fails the peak demand test but passes the con­
stant head test can be made satisfactory by providing ad­
ditional storage. If additional storage is created by deepening 
the well, the necessary additional volume of storage and cor­
responding necessary available drawdown are found bv calcu-
lating as follows: · 

A. Assured volume: The assured volume of water in the 
well is the volume in the well between the static water 
level and the constant head pumping level. Calculate 
this volume by multiplying the constant head drawdown 
by the storage capacity per foot of well casing ( 1.4 gal ­
lons per foot for a 6-inch well). 

B. Assured time: This is the time it will take to pump the 
· assured volume from the well. It is calculated h\· di\·id ­

ing the assured volume by the peak demand ~ate. 

C. Shortfall volume: This is the volume of wat er which 
must be supplied after the assured rnlume has been 
withdrawn from the well. It is calculated h~· subtracting 
the assured volume from the peak load . 

D. Shortfall time: This is the time within which the well 
must supply the shortfall volume. It is calculated hv 
subtracting the assured time from the peak time. . 

E . Aquifer contribution rnlume: This is the volume of 
water the aquifer is predicted to suppl~· to the well 
during the shortfall time. During the shortfall time 
water is assumed to be moving from the aquifer to the 
well at the aquifer contribution rate measured during 
the constant head test. Aquifer contribution volume is 
calculated by multiplying the aquifer contrihution rate 
by the shortfall time . 

F. Additional u:ell storage t>olume: This is the volume of 
water which must be withdrawn from well storage after 
the assured volume has ,been pumped. It is calculated 
by subtracting the aquife*J ~ontribution volume from the 
shortfall volume. 

G. Additional well drawdow11:This is the additional draw­
down required beyond th·~ 9onstant head drawdown . It 
is calculated by dividing t~e required additional well 
storage volume by the stora

1

ge capacity per foot of-well 
casing (1.4 gallons per foo(for a 6-inch well). 

Equations for this sequence of calculations are: 

A. assured volume 
= constant head drawdown X storage capacity per 

foot of well casing 

B. assured time = assured volume/peak demand rate 

C. shortfall volume = peak load - assured volume 



D. shortfall time = peak time - assured time 

E . aquifer contribution volume 
=shortfall time X aquifer contribution rate 

F. additional well storage volume 
= shortfall volume - aquifer contribution volume 

G. additional well drawdown 
= additional well storage volume/storage capacity 

per foot of well casing of well 

The additional well drawdown is the predicted drawdown 
below the constant head level at the end of peak time. It is 
used to calculate the required well depth as shown in Total 
Well Depth and Pump Placement, below. After deepening or 
redrilling, both parts of the pump test must be redone during 
a single testing session. 

Total Well Depth and Pump Placement 

It is recommended that the pump be placed at least 10 feet 
below the depth to water measured at the end of a successful 
peak demand pump test. Also. in order to prevent siltation 
problems. the pump should be placed at least 10 feet above 
the bottom of the well. An equation for minimum pump depth 
IS : 

minimum pump depth 
=depth to water at end of successful peak demand 

pump test + 10 feet 

As an additional safety precaution the pump depth can be 
increased beyond that suggested here . thus allowing for more 
drawdown than measured during testing. This will require a 
well deeper than the minimum shown abm·e and may necessi­
tate a more powerful pump. 

EXAMPLES 

Example I : \\"ell passes both parts of test 

A builder proposes a :~ b_edroom. 2 bathroom house. From 
table I the pump test should last for at least 50 minutes. 
From table 2. the pumping rate should be at least 6 gpm. 

A well was drilled. allowed to stand for I 2 hours to come 
to its static water le\·el. then was pumped at 8 gpm for 1 
hour . After I hour of pumping the drawdown was 22.0 feet. 
In being pumped at 8 gpm for 1 hour. the well more than 
met the peak demand requirements and passed the peak 
demand test. 

The constant head test was begun without pause in a second 
hour of pumping. also at 8 gpm. At the end of the second 
hour the drawdown was 22.2 feet. Because of this small 
change in the drawdown the well was properly considered 
to be at a constant head lewl. 8 gpm is equvalent to more 
than 11,000 gallons per day (table 3). A 3 bedroom house 
will require 600 gallons per day (table 4). The well thus 
passed the constant head test. 

Because the well passed both parts of the pump test the 
production pump can be set according to the minimum 
safety allowance at 10 feet lower than the drawdown 
measured during the peak demand pump test: this is 32 feet 
below the static water level. Setting the pump deeper would 
provide an additional margin of safety. The pump should 
be placed at least 10 feet above the bottom of the well as 
a precaution against siltation . 
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Example 2: Well fails peak demand test 

A 5 bedroom, 3 bathroom house is proposed. A 6-inch well 
250 feet deep has been drilled and allowed to stand for 12 
hours to come to its static water level. 

From table 4, the daily household water demand will be 1000 
gallons and the peak load 500 gallons. From tables 1 and 
2 the peak demand pump test should last at least 55.5 
minutes and the discharge rate should ~e at least 9 gpm. 

Before pumping, the static water level was measured at 25 
feet below the ground surface. At a pumping rate of 9 gpm 
the well failed after 33 minutes. The driller therefore 
proceeded directly to the constant head test. After some trial 
and error, the driller determined that 2 gpm was the maxi­
mum rate at which a constant head could be maintained. 
At the end of the constant head test the water level in the 
well was 230 feet below the top of the casing. 

An aquifer contribution of 2 gpm is equivalent to 2,880 
gallons per day (table 3) and will satisfy long-term needs. 
The well passed the constant head test. It failed, however, 
the peak demand test. The problem therefore lies in an 
inadequate volume of storage. The driller decided to deepen 
the well to provide additional storage in the borehole and 
calculated the additional required drawdown as outlined in 
Depth Required For Adequate Storage and below: 

The constant head drawdown at a 2 gpm pumping rate 
is the constant head pumping level of 230 feet minus the 
static water level of 25 feet. This comes to 205 feet. 

The assured volume (the volume of water stored in the well 
between the static water level and the level measured in 
the constant head test) is 205 feet of drawdown times 1.4 
gallons per foot of casing. This comes to 287 gallons. 

The assured time (the time it will take to pump out the 
assured volume) is 287 gallons divided by the peak de­
mand rate of 9 gpm, or 31.9 minutes. 

The shortfall time is 55.5 minutes (the peak time) minus 
31.9 minutes (the assured time), or 23.6 minutes. 

The shortfall volume is 500 gallons (the peak load) minus 
287 gallons (the assured volume), or 213 gallons. 

During the shortfall time the aquifer contribution is con­
stant at 2 gpm. The total aquifer contribution volume is 
thus 2 gpm times 23.6 minutes, or 47.2 gallons. 

The volume of water which must be stored in the well 
below the constant head level is 213 gallons (the shortfall 
\'Olume) minus 47.2 gallon~ 1 (the aquifer contribution vol­
ume during peak time) . Tn!s '· comes to 165 gallons. 

The additional required drawdown is calculated by divid­
ing the shortfall volume of 165 gallons by the storage 
capacity of 1.4 gallons per foot of well casing. This comes 
to 118 feet . ' _,\,. 

The maximum predicted drawdown is 205 feet (the maxi ­
mum drawdown during the constant head test) plus 118 feet 
(the additional drawdown for peak needs calculated above) 
plus 10 feet (the minimum safety allowance). This comes to 
323 feet below the static water level. 

The total well depth then should be at least 25 feet (the 
static water level) plus 323 feet (the maximum predicted 
drawdown below the static level) plus 10 feet (pump place­
ment above well bottom). This comes to a total of 368 feet . 

The well must therefore be deepened to a minimum depth 
of 368 feet , then retested . 

I 
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ADDITIONAL CONSIDERATIONS 

The two-part pump test is a means of evaluating the 
capability of a well to supply domestic needs. The inter­
pretation of test results is mathematical and may not take into 
account all the physical factors that affect a particular well. 
·~ome additional considerations are listed below: 

1. Seasonal recharge variations: Pump tests performed 
during times of seasonally high ground water may not 
accurately predict performance during times of reduced 
water availability. A well that passes a pumping test in 
the spring, during high water-table conditions, may not 
be able to provide an adequate supply in summer or 
during drought periods when the water table is lower. 
Tests performed between June and October are more 
reliable than those performed in the rest of the year in 
determining if a well will satisfy household water de­
mands. 

2. Low aquifer contribution: The aquifer contribution as 
defined in this report is the volume of water that flows 
from the aquifer to the well during pumping. Table 4 
shows that a one-bedroom house requires 200 gallons per 
day, which is equivalent to 0.14 gallons per minute . This 
is an extremely low aquifer contribution value. Ex­
perience has shown that a well with an aquifer contribu­
tion of less than 0.5 gpm (720 gpd) is a marginally 
dependable source of water for domestic use . It is rec­
ommended that a minimum cut-off of 0.5 gpm be estab­
lished for the aquifer contribution. 

3. Addition or withdrawal of water during drilling: During 
drilling water may be added to the aquifer or withdrawn 
depending upon the drilling method used. Immediately 
after completion of drilling the heads in the aquifer near 
the well may not be at static (unstressed) levels. The 
pump test should be conducted after any stresses in­
duced by the drilling process have dissipated . A 12-hour 
recovery period is recommended between completion of 
drilling and performance of the pump test. 

4. Storage capacity: Chapter 199 of NJAC 7:10-3.85 speci­
fies minimum hydropneumatic tank sizes. These tanks 
maintain pressure in household water systems. They 
provide some storage, but this is not their primary 
purpose. They never empty completely, so the available 
storage in these tanks is less than their total volume. 
The presence of tanks specified in the regulations, or 
larger tanks dedicated solely to water storage, may be 
taken into account when calculating peak demand vol ­
umes. 

5. Large households: The assumptions that relate dwelling 
size to household water demand may not be applicable 
to large dwellings that are not fully occupied. For homes 
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with more than 5 bedrooms or 3 bathrooms it may prove 
advisable to use a different method to predict peak 
demand time, peak load and peak demand rate. 

6. Pump discharge: In areas of vertical fracturing and thin 
or permeable overburden, water discharged at the sur­
face may quickly infiltrate to the water table. If a pump 
test is conducted at such a site and the water pumped 
from the well is discharged at the well head, the water 
may return to the well as artificial recharge. Because 
this recharge will not be present during normal oper­
ation of the well, aquifer contribution will be over­
estimated. Water should be discharged at a distance 
from the well head in order to minimize this possibility. 

7. Drawdown safety factor: A drawdown safety factor of 10 
feet was recommended above. That is, the pump is to 
be set 10 feet below the drawdown level measured during 
the peak demand pump test. This level may be in­
creased if a well is drilled in an aquifer known for large 
water level fluctuations . 

8. Well diameter: Normally, domestic wells drilled in rock 
aquifers have a diameter of 6 inches. This provides ap­
proximately 1.4 gallons of storage per foot of drawdown 
in the casing. Increasing the well diameter will increase 
the storage per foot of well depth. The increased storage 
can be accounted for by using the appropriate value for 
the storage capacity per foot of drawdown. 
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TABLES 

Table 1: Duration of peak time in minutes as a function of 
the numbers of bedrooms and bathrooms in a dwell-
ing. 

Number of Bathrooms 
1 l Yz 2 2Yz 3 

1 33.3 22.2 16.7 13.3 11.1 
Number 2 66.7 44.4 33.3 26.7 22.2 
of 3 100.0 66.7 50.0 40.0 33.3 
Bedrooms 4 133.3 88.8 66.7 53.3 44.4 

5 166.7 111.1 83.3 66.7 55.5 

Table 3: Flow volumes in gallons per minute corresponding 
to flow volumes in gallons per day. 

Flow Volume (gpm) 
0.01 
0.02 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
2.0 
5.0 

10.0 

Flow Volume (gpd) 
14.4 
28.8 
72.0 

144.0 
288.0 
432.0 
576.0 
720.0 
864.0 

1,008.0 
1,152.0 
1,296.0 
1,440.0 
2,880.0 
7,200.0 

14,400.0 
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Table 2: Peak demand rate as a function of the number of 
bathrooms in a dwelling. 

Number of Bathrooms Peak Demand Rate (gpm) 

1 3 
l \12 4.5 
2 6 
2 \12 7.5 
3 9 

Table 4: Daily demand volume and peak load as a function 
of the number of bedrooms in a dwelling. 

Number of Daily Demand Peak Load 
Bedrooms Volume (gallons) (gallons) 

1 200 100 
2 400 200 
3 .. 600 300 
4 800 400 
5 1,000 500 



DOMESTIC WELL WORKSHEET 
FOR TWO-PART PUMP TEST 

(sheet 1 of 2) 

PUMP TEST 

--------------------Test Design--------------------

Preliminary Well Summary 

1. Depth of well ................ ... ............ ___ feet 
2. Static water level (depth to water 

from top of casing) .. ... ... . . . . . . . . . . . ___ feet 
3. Number of hours between well 

completion and measurement of 
static water level .. .. . ... . . .. . .. .. .. .. . ___ hours 

Dwelling Summary 

4. Number of bedrooms ................... . 
5. Number of bathrooms ................. . 

Peak Demand Test Requirements 

6. Peak time (required minimum 
duration of test, from table 1) .. --- minutes 

7. Peak demand rate (required 
minimum discharge rate from 
pump during test, from 
table 2) ..... ........ .......... ......... ..... __ gpm 

8. Peak load (from table 4) .............. ___ gallons 

--------------------Test Measure01ents--------------------

Peak Demand Test Constant Head Test 

9. Depth to water at beginning of 
test (static water level} ............. ___ feet 

15. Constant head pumping rate ........ ___ gpm 
16. Duration of pumping at constant 

10. Depth to pump at end of test .. .. .. ___ feet head rate . . . . .. .. .. . . .. .. .. .. .. .. .. . . . .. .. . ___ minutes 
11. Discharge rate measured during 17. Depth to water at end of test ..... . ___ feet 

test (use minimum observed} .... ___ gpm 18. Drawdown at end of constant head 
12. Duration of test .... ..... .............. .... ___ minutes test .. ............. line 17-line 9 = ___ feet 
13. Depth to water at end of test .. .... ___ feet 
14. Drawdown at end of peak demand 

test . . . . . .. .. . .. .. . line 13-line 9 = ___ feet 

, , I ~ I 

-------------------Evaluation of Results--------''"""""'.,,._ _________ _ 

19. Peak demand test duration. If 
line 12 is less than line 6 then pass or 
well fails peak demand test .. .. . . ___ fail 

20. Peak demand pump test rate. If 
line 11 is less than line 7 then pass or 
well fails peak demand test .. .. .. ___ fail 
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21. Calculate aquifer contribution 
(multiply line 15 by 1440 or use 
table 3) ..................................... __ gpd 

22. Daily home water demand (from 
table 4) ...... ........ ....... .. .............. __ gpd 

23. Aquifer contribution rate. If line 
21 is less than line 22 then well pass or 
fails constant head pump test . .. ___ fail 



DOMESTIC WELL WORKSHEET 
FOR TWO-PART PUMP TEST 

(sheet 2 of 2) 

----------------Actions Based on Test Results----------------

Peak Constant Peak Constant 
demand bead demand bead 
test test Action test test Action 

24. pass pass Go to Pump Placement and Mini- to lines 28-34 (Additional Draw-

mum Well Depth (lines 35-37). down for a 6-inch Well With lnsuf-
. ficient Storage) 

25. fail pass The well must be developed to in- 26. pass fail The well must be developed, deep-
crease yield, deepened to increase ened or redrilled at a new location 
storage or surface storage in- to increase yield. It must then be 
stalled. If the well is deepened or 27. fail fail retested. 
developed, it must be retested. Go 

ADDITIONAL DRAWDOWN FOR A 6-INCH DIAMETER WELL WITH INSUFFICIENT STORAGE 

28. Assured volume 
line 18 X 1.4 gallons/foot = ___ gallons 

29. Assured time ........ . line 28/line 7 = ___ minutes 

30. Shortfall volume 

31. Shortfall time .... 

line 8 - line 28 = __ gallons 

line 6 - line 29 = __ . minute 

32. Aquifer contribution volume 
...................... line 15 X line 31 = --- gallons 

33. Required additional storage 
.. .. .. .. . .. .... .. .. .. .. line 30 - line 32 = __ gallons 

34.' Additional drawdown need~~ .:in well 
. .. .. .. .. . .. ... . . . . . . . line 33/1.4 gaVft. = --- feet 

TOTAL WELL DEPTH AND PUMP PLACEMENT 

35. Minimum total drawdown needed 37. Minimum total depth of well 
.................. .... line 14 + 10 feet = __ feet .. .. .. .. .. .. .. .. .. .. .. line 36 + 10 feet = __ feet 

36. Depth below top of casing to place 
pump .. .. .. . .. .. . line 9 + line 35 = __ feet 
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GLOSSARY 

Aquifer contribution: the proportion of the well flow at any 
given time which comes directly from the aquifer. 

Aquifer contribution rate: the maximum rate at which water 
can flow from an aquifer to a well. Here assumed to equal 
the pumping rate measured in the constant head test. 

Aquifer contribution volume: the total volume of water which 
flows from the aquifer to the well during the shortfall time. 

Assured time: the time it will take to pump the assured volume 
from the well at the peak demand rate . 

Assured volume: the volume of water in a well below the static 
level and above the constant head level. 

Constant head: a stable water level attained under a constant 
pumping rate. For this report a rate of change of less than 
0.5 feet (6 inches) per hour is taken as stable. 

Constant head drawdown: the drawdown in a well when a 
constant head condition has been attained. Here measured 
from the static water level at the end of the constant head 
test. 

Constant head level: the water level in a well at the end of 
the constant head test. Measured from the top of the casing. 

Constant head pumping rate: a constant pumping rate at 
which a stable water level is attained. The pumping rate 
during the constant head test. 

Constant head test: a pumping test in which pumping rate and 
drawdown are kept constant with time. For this report a rate 
of change of less than 0.5 feet (6 inches) per hour is taken 
as constant. 

Drawdown: the decline in the water level in a well during 
pumping. Measured from the static water level prior to 
pumping. 

Hydropneumatic tank: a tank which uses compressed air to 
maintain pressure in a water supply system. It is only sec­
ondarily a water storage tank. 

Peak demand rate: the average rate of water use by a house­
hold during peak demand periods. 

Peak demand test: a pumping test condu.cted to evaluate the 
capability of a well to supply peak demand needs of a house­
hold. The test is conducted at a rate equal to or greater than 
the peak demand rate for the peak time. 

Peak load: the volume of water required by a household during 
each peak demand period. In this report, the peak load is 
assumed to be half the estimated total daily household water 
consumption. 

Peak time: the length in minutes of each of two daily peak 
demand periods. 

Shortfall time: the time needed to pump the shortfall volume 
from a well at the peak demand pumping rate. 

Shortfall volume: the volume of water needed in addition to 
the assured volume to make up the peak load. 

Static level: the water level in a well before a pumping test 
when all effects of drilling and previous pumping on the 
aquifer have dissipated and the well is in equilibrium with 
atmospheric pressure. 

Storage contribution: the proportion of the well flow at any 
given time which comes from storage in the well. 

Well flow: the flow rate of water from a well at a given time. 
It is the sum of the aquifer contribution and the well storage 
contribution. 

Well storage: the volume of water stored within a well which 
is available for pumping. 

UNITS OF MEASUREMENT 

Foot-pound-second (english) units of measurement are used 
in this report. These can be converted to International Stan­
dard (SI) units as follows: 

Multiply 

inches 
feet 
gallons 
gallons/minute 
gallons/day 

by 

2.54 
0.305 
3.79 x 10-3 
6.31 x 10·2 

3.79 x 10-3 
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to obtain 

centimeters 
meters 
cubic meters 
liters/second 
cubic meters/day 
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Aquifer Restoration 

0 

0 

Aquifer restoration to 5 ppb of tetrachl roethylene 
(PCE), 5 ppb of trichloroethylene ..L....~p~p~b~o~f-:-'-:"-::--~~-(L b 
1,1-dichloroethylene, and 2 ppb of v1ny chloride. ~~ 

Cleanup of groundwater by air stripper at 99.9% 
efficiency if levels of vinyl chloride concentration in 
all exhaust as discharged to the atmosphere do not 
exceed 10 ppm~ 
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PROPOSED METHOD MERRY-GO-ROUND AIR STRIPPER 

Description of Alternative 

The groundwater from the Parella well will be pumped 
through a merry-go-round air stripper capable of 
reducing the anticipated groundwater contaminant 
concentration from 260 ppm in the influent to the 
system to <5 ppb in the effluent. Thus, we will treat 
the groundwater to the NY State revised standard of 5 
ppb (New York State MCLs, effective January 9, 1989). 

The innovative merry-go-round system, designed by 
Robert Cobiella, the past USEPA on-scene-coordinator 
(OSC) for the site, supersedes the conventional packed 
column air stripper design. The packed column air 
stripper is a single air lift while the merry-go-round 
air stripper is a series of ai_r stripping lifts. At 
each air stripping lift, air is entrained into the 
water stream and volatilizes the contaminant at a rate 
proportional to the Henry's Constant of the volatile 
contaminant and the temperature of the air and water. 

The treated water may then be infiltrated into the 
tetrachloroethylene contaminated soils on site to 
induce cleaning of the soils and leaching of the 
contaminants that will be intercepted by the cone of 
depression of the Parella well. There is the added 
opportunity to draw contaminants from the vapor space 
in the well - particularly if the well is not cased 
(open hole) above the the water level. 

Data Needs 

The data required to permit the equipment will be 
supplied by the planned pump test. 

Feasibility 

The system has been operated with success at Pompey, 
New York at a National Priority Listed (NPL) site by 
the USEPA Emergency Response Division, Site Mitigation 
Section, Edison, New Jersey. The system was moved after 
9 months upon completion of this groundwater cleanup. 
The air stripper reduced the contaminants from 700 ppb 
to non detectable in three months. There was a rebound 
in concentration to 240 ppb upon shut down at three 
months that required the further six months of 
treatment to address. 



TABLE 3. 

Since 1989, the system has operated at the American 
Thermostat NPL site in South Cairo, New York about 
1-hours drive from the Wallkill site. The system is 
operating in the same fractured bedrock type of 
aquifer. A videotape of this operation is avail~ble 
upon request. 

Air stripping efficiency depends on the transfer rate 
of the contaminant from water to air. A measure of the 
resistance to mass transfer from water to air is the 
Henry's Law Constant, H (Mackay, et al, 1979). The 
larger the Henry's Law Constant, the greater will be 
the equilibrium concentration of the contaminant in the 
air. Thus, contaminants with large Henry's Law 
Constants are more easily removed by air stripping 
(Kavanaugh and Trussell, 1980). 

The Henry's Law Constants for each of the organic 
contaminants identified by the _ U.S. Attorney is 
presented in the table below and Figure 19. In this 
table are vapor pressure and water solubility data for 
each compound. Mackay and Wolkoff (1973) and Mackay and 
Leinonen (1975) suggested that these two parameters be 
combined to give an effective Henry's Law Constant for 
organic materials in water: 

In general, it can be said that the combination of high 
Henry's Law Constant, high vapor pressure, and low 
solubility indicate a potential for successful air 
stripping. McCarty, et al (1979) noted that those 
compounds such as tetrachloroethylene, with a Henry's 
Constant value greater than 10-3 atm m3/mole are good 
candidates for removal by air stripping (Figure 19). 

HENRY'S CONSTANT 
Tetrachloro 
ethylene 

(PCE) 

Trichloro 
ethylene 

1,1-Dichloro Vinyl 
ethylene chloride. 

Henry's Law 
Constant 
(atm:m3/mole) 

28.7 
x 103 

11. 7 
x 10-3 

15 
x 10-3 

i' I "1 

'
1
,J 1": 640 
. . x 10-3 

Vapor Pressure 
(torr,25%C) 

Solubility 
in Water 
(mg/l, 25%C) 

14 

150 

Effective Henry's 
Law Constant 102 

Evaluation of 
stripping 
Efficiency 

·. 

Very Good 

·. ,• •' ·, 

57.9 591 .·. ,: .. 2660 
I ~lj ... \,· 

100 5000 1.1 

Very Good Very Good Excellent 



The evaluation row in Table 3 summarizes the Henry's Law 
Constant, vapor pressure, solubility of the compounds of 
concern at the site to indicate the amenability of each 
compound to removal by air stripping. The evaluations for 
the compounds presented range from Excellent to Very Good 
and indicate that air stripping is feasible for these 
compounds. 

Such systems have been demonstrated to achieve 99+ % removal 
efficiency with tetrachloroethylene. 

The proposed system will consist of a series of 10 air lifts 
(Figure 21) that in series air strip the volatile 
contaminants from the well water. The yield of influent 
water from the Farella well is no more than 4 gpm and based 
on past sampling is expected to be initially at 260 ppm 
tetrachloroethylene, stabilizing at 95 ppm. However, as the 
contribution from soil leaching begins to affect the 
groundwater captured, the contaminant strength may increase 
to its initial value. 

The air lift units will be piped in a merry-go-round 
arrangement that will take water from the well and from a 
250 gallon storage tank and discharge into a second 250 
gallon holding tank. The water will be circulated through 
the series of air lifts and at each air lift experiences air 
stripping at approximately 65% removal efficiency. 

TABLE 4. SUMMED REMOVAL PERCENTAGES 

\ .. 

Number of Air Lifts 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

Summed Removal 
Percentage Concentration 

67.75% 
71.54 
82.15 
88.39 
92.46 
95,10 
96.82 
97.93 
99.125 
99.43 
99.64 
99.76 
99.84 
99.9 
99.93 

250,000 ppb 

17.5 ppb 
On first pass 



The air stripping lifts sum up to 99.9% removal of the 
volatile contaminant from the groundwater. The 10 air 
lifts will drain from the first 250 gallon storage tank. 
These air lifts will overflow into the second 250 gallon 
tank with .overflow to the distribution system. An imbiber 
bead filter may be used to further reduce the effluent 
concentrations before discharge. 

The removal percent follows a diminishing return curve, 
while the removal efficiency remains the same, the amount 
of contaminant removed decreases in proportion to the 
reduced total concentration to be treated such that the 
largest expense is incurred in reducing the concentration 
below 65% of the initial concentration. 

To enhance removal of the volatile the air lifts will 
circulate water through them at twice . the influent and 
over flow rate of 4 gpm. Thus, the Merry-Go-Round air 
stripper, revolving at 8 gpm, wtll be more efficient and 
complete the cleanup quickly. 

In iron-rich shale formations above 0.5% iron content, a 
practical limit of removal of 99.8% removal is determined 
by the entrainment of Tetrachloroethylene in iron 
flocculate that forms and fouls the system. This, 
apparent practical limit for air stripping can be 
overcome by allowing the iron floe to settle out by pH 
adjustment. 

Nutrients of basal salts and glucose in the form of Epsom 
salts and pellet fertilizer at 0.1% of the flow and Karo 
Syrup at 0.01% of the flow may be added to the second 
tank. The first tank is seeded with treatment plant 
sludge. The microbes in turn assimilate the 
tetrachloroethylene and iron and precipitate magnesium 
salts that are filtered out with two down-draining sand 
filters arranged in parallel to allow for cleaning and 
maintenance. 

Transmission Pipes: The water recovered fr~~ ,:·:·the Farella 
well will be conveyed to the General switch ··property 
where the air stripper will be operated. The>lines will 
be constructed of 211 -diameter schedule 40 PVC and 
installed during the reconditioning of the ' p~rella well 
indicated in the Pump Test plan, and laid in .· a trench 3 
feet deep; . below the frost line. Similar pipes will be 
laid to the infiltration points at each excavation. 
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The thrust of this remedial action is to also treat the 
contaminated soils on site by leaching and biological 
activity. The glacial till is only moderately to poorly 
permeable. A simple french-drain leaching field will be 
employed in the area of the loading dock to disseminate 
the leaching water. Two open pools will be used to 
surcharge the soil in the less trafficed areas: TPA and 
TP6. 

It is advantageous to establish and disseminate a 
bacterial colony into the contaminated soil by adding 
nutrients and oxygenation to the overflow. But, care must 
be taken to avoid a nutrient/bacteria rich discharge from 
the treatment plant that will cause an impermeable algal 
gel growth in the surface soils, leaching field and the 
bottom of any infiltration lagoon. Provision will be made 
to prevent the formation and allow breakup of such an 
impermeable coating. 

If nutrients are not added to the second tank the 
remaining bacteria will consume the remaining 
tetrachloroethylene in the tank and the population will 
decline. An established nutrified and aerated bacterial 
colony will infiltrate into the soil in the same manner 
that the solvent did and will digest the 
tetrachloroethylene in the soil. A cap on the site will 
not be employed and surface water infiltration will be 
encouraged during treatment. Additional water for soil 
infiltration and plume capture may be obtained as needed 
by hydrofracturing the Parella well. 

To operate the merry-go-round air stripper with 10 lifts, 
at 8 gpm, a 120 scfm air supply is required. Throughput 
capacities for multistage systems are slightly lower than 
the calculated flow capacity of a single airlift (12 to 
15 times the cross-sectional area of the riser pipe in 
square inches= gpm), at least in the smaller size 
strippers. This system can be operated at about 10 gpm 
per square inch of riser pipe area. Air fl~w : ... capacity per 
stage operates at about 1 scfm per gpm per· !l'ift, yielding 
an air to water ratio per stage of 7.48 to 1. Laboratory 
reported removal rates for single lifts at-.. this ratio are 
62-68%. ' ' •\'i 

~ . 11\f 1 > 
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TABLE 5. REQUIRED AIR SUPPLY FOR AIR STRIPPER 

Lifts 

1 
2 
3 
4 
15 
15 

Water Flow 
(gpm) 
4 
4 
4 
4 
4 
8 

Air Flow 
scfm 
4 
8 
12 
16 
60 
120 

The airlift stripping system at American Thermostat has 
been fully operational since February 24, 1987. The 
current operation is unattended, running at a flow rate of 
about 3000 gpd (2 gpm). The proposed Wallkill project will 
treat groundwater at 5700 gpd. Flows, pressures and vacuum 
controls will be in a manually set balance. An automatic 
shutoff will be installed to prevent overflow in the event 
of transfer pump failure. For the first two weeks the 
system initially will be checked twice a week by Shakti 
Consultants. Then the system will be checked once per 
month and winterized in December. 

Samples will be taken periodically according to the 
approved sampling plan and analyzed by a commercial 
laboratory. 

The initial data for American Thermostat indicated raw 
water at 10,300 ppb tetrachloroethylene, and effluent 
water treated with a seven stage air stripper averaging 48 
ppb, for a removal rate of 99.53%. Data from September 
1988 indicated groundwater at 12,000 ppb was being 
captured in the pumping well and no Tetrachloroethylene 
was detectable to 10 ppb detection limit in the effluent, 
with the addition of a sprinkler system on the effluent 
pipe. Removal rates have ranged from 99.5 to 99.86% during 
the operation to date. With this system the influent 
groundwater concentration was reduced from :.144, 500 ppb to 
2, 000 ppb in 15 months. This system was nq~'<provided with 
the added enhancement of the secondary bio'~ogical reactor • 

• "f.' 

To reach an effluent criteria of 5 ppb is :.a:·-.:. matter of 
increasing the number of air lifts, employii}'~ biological 
polishing and incurring slightly higher power and ~ 
supervision costs. Multistage airlift stripp'ing can easily 
be scaled up to meet the needs of any groundwater/surface 
water/aquifer volatile cleanup action. These multistage 
air strippers can be sized for flow rates up to millions 
of gallons per day, and costs per gallon can reasonably be 
expected to be lower for larger systems than for the 
smaller ones, and also lower for longer remedial actions 
than for short term projects as the initial capital 
investment is offset by more gall~ns treated. 



Robert Cobiella is available for clarification of the 
feasibility of the method. He and George Zachos, Section 
Chief of the Site Mitigation Section have offered their 
assistance to Mel Hauptman, the USEPA technical staff on 
this project, monitoring the remedial effort. This may 
begin when a letter of understanding exchanged between the 
two USEPA Sections. 

Advantages 

A full scale model has already been proven to be effective 
and has completed the treatment operation at an NPL site 
during which many design refinements were incorporated. 
The system will be cheaper to construct than a 
packed-column air stripper and operates unattended for 
long periods of time. An Air 100 Permit was not required 
for the American Thermostat system and meeting the air 
discharge criteria were not a problem. A permit was 
obtained for the Hicksville MEK. spill. The NY State Air 
Permits branch is developing policy with regard to 
permitting air strippers. 

Sufficient information is in hand at this time to evaluate 
the field performance of the multistage airlift stripping 
technology. It is a high efficiency, low cost technique 
for purging volatile organic chemicals from water. It is 
effective, practical, operable, flexible, reliable, 
amenable to fabrication in the field at a scale tailored 
to the problem of the site and simple enough to be 
fabricated by readily available construction-level skilled 
tradesmen. It can be fabricated of materials capable of 
withstanding high or low pH liquids. It will readily move 
viscous liquids or high solid content liquids. It has no 
moving parts in contact with the liquid being stripped and 
so is relatively free from the effects of abrasive 
materials. 

'·11 . , I 
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Residuals Generated 

No solids are generated as a result of air strippjng of 
volatile organics. 

Secondary Environmental Impact 

Air stripping has a potential air pollution problem 
associated with it. Existence of an actual problem depends 
on the geographical location (state, air quality region, 
etc.) of the stripper, the efficiencies of the stripper 
and the expected concentration of contaminants in the 
influent water. 

Previous Applications 

Applications of air stripping to the removal of organic 
pollutants are numerous. 

O&H Requirements 

Air stripping requires minimal operator attention, 
maintenance of the pumps and blowers, and electricity. The 
stripper itself contains no moving parts. Attention to 
mineral deposition and biological matting of the column 
packing will be required. 

Interferences 

High iron content of the groundwater would interfere with 
packed column air stripping of volatile organics. This 
problem is avoided with an airlift system. Reliability of 
air stripper operation can be a problem for installations 
where cold weather operation is required. Cold weather 
would decrease the driving force for volatilization. 
Heating the influent water may be required for winter 
operation or a shut down for the months of J .anuary, 
February and March may be considered. . \i! j 1', .

1
;
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Disadvantages .. 

\. 

State regulatory authorities may require ai;~~:~mission 
source registration and permitting. RequirerD:ent for vapor 
recovery may be imposed adding additional· cap.ital and 
operating expense. 



Time Frame 

Costs 

The fabrication of the air stripper began on April 4, 
1990. The equipment could be operational within a further 
150 days. 

We propose to treat groundwater at Wallkill by air 
stripping to below the acceptable drinking water criteria 
and in the final remedial action discharge that 
groundwater into the ground. We request that the USEPA 
confer with the NY State DEC to define the terms under 
which infiltration of treated water will be allowed. 

The system is not an expensive proposition. At American 
Thermostat the cost as of April 1, 1987 for the 
groundwater treatment was $55,000 for the construction, 
fabrication, running-in and operation of the airlift 
system for the first month. The cost included a shelter 
building and all its internal and external component 
items. Total treated throughput in the first month as of 
April 1, 1987 was over 150,000 gallons of contaminated 
groundwater. The capital and operating cost of the airlift 
stripping was 36¢ per gallon at this time. Projected 
system shut-down will be at the 300,000 gallons treated, 
and the cost at that time is forecast at $60,000 
attributable to airlift stripping. Final cost per gallon 
for the completed action is thus expected to be about 20¢ 
per gallon. 

For comparison purposes, the purification of 5.7 million 
gallons of groundwater at the Hicksville, L.I., New York 
site by a heated-feed, packed-column air stripper, 
admittedly a much more difficult to strip material (MEK), 
but also a much larger system used for an extended period 
of time, cost about 18¢ per gallon. At the Wallkill site, 
after 18 months of operation, 3 million ga.~ lons of water 
will have been treated and recycled. · 1 

We are in the process of building the air stripper so that 
it may be used for the air stripping of th~ water from the 
pump test. Neil Isabel, the Regional Air Pol'lution · 
Engineer for Region III, NYDEC, has given verbal 
permission to conduct the pump test on the Farella well 
without a permit in order to obtain hard data on the 
removal efficiency and exhaust vapor concentration. Caesar 
Manfredi, NYSDEC Division of water, will give a temporary 
authority to conduct a pump test contingent upon review of 
the air stripper Remedial Design Plan. 
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TABLE 6. CAPITAL COST ESTIMATE 
MERRY-GO-ROUND AIR STRIPPING 

For 18 month operation: 

Multistage Stripper $11,500 
2 x 6,000 gallon tanks (Rental 
plus 500 x 2 liners) 

$200/mo 

Flow Meter 
Pipes, Valves, Specialties 

4,500 
3,000 
1,000 

Feed Pumps (2 blowers, 1 vac•, 1 
Electrical at 12% 

turbine) .7,000 
3,500 
2,500 
1,500 

Piping at 8% 
Instrumentation at 5% . 
Insulated Trailer @ $15/ft2 
Site Work at 5% 
Excavation 

Subtotal 

Contingency at 25% 

TOTAL CAPITAL COST 

12,000 
1,500 
3,000 

$51,000 

TABLE. ANNUAL COST ESTIMATE - AIR STRIPPING 

Labor ($500/month discounted 
Power at $0.10/kWh ($300/mo) 
Chemicals ($50/mo) 
Maintenance at 4% of Capital 

TOTAL ANNUAL COST 
At double (8 gpm operation) 

$/gallons-$0.20-35 

Suppliers 

- Local 

in house) 

Cost 

$3,000 
,5, 500 

1000 
~ -, , 500 

i , , I 1111.' 

$ ~~ l; ,'ooo 
. ' ·: t:' 

$51,000 

13,000 

$64,000 

Fabrication 
Piping 
Pumps 
Impeller 

- Kimax, Amsco Sales, Fairfield NJ.(201) 575-8350 
- Ring Compressor, Fuji, NY (212) 697-0116 
- Wright-Austin, Detroit, Michigan 

(dealer Koechlein, NJ 201 652-6274) 



, · 

Vapor Collection Header 
1 __ 

I I I I I I I 
Air~ I I I 11 11 
li>t-++++++++++1111111111+++++1+++++++1+1+++++++1+1+++++++1+1++ 

Air lift series ..!I + I I + I I + I I + 
I I + I I + I I + I I + 
I I + I I + I I + I I + 
I I + l.!!I + l.!!I + l.!!I + 

Vapor out 

I 
I 

I 1<2 1<2 1<2 1<2 Air inject I General Switch 
I Treated Water to injection 

Ground surface ________ ......_ ________________________ ..... 

Contaminated Water I I 
25' from well I 11111111111111111111 

Water table ··························I···················································· \\Leaching Field\\\+ 
+ I + Contaminated soil/////////////////// 

20 1 Orawdown + I + \\\\\\\\\\\\\\\\\\\\ 

+ I + 111111111111111111111111111111 
+ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 

l/llll/llllll//l/PLUl'le ////lllll/l/lllllllllllllll//l/ll 
PLUl'le Capture Q \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 

Purp 10'Subnergence below Drawdown Cone for Turbine Purp 

Figure 20: Multistage Airlift System 
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Expandabeads: 
Composition 
Expandabeads are tiny absorbent 
beads composed of lightly 
cross-linked polymer chains. The 
cross-linking permits Expandabeads 
to absorb and entrap PCB's and 
other organic liquids within their 
physical structure. Once absorbed, 
PCB liquid cannot be released from 
the Expandabeads. 

Expandabeads: 
Absorption 
Expandabeads can absorb and 
contain up to 27 times their own 
volume. The swelling and sealing 
properties of Expandabeads are 
unique in the whole "sorbent" area. 
Expandabeads are hydrophobic. 
They will not absorb water or brine 
solutions, which makes them ideal 
for waterway, coastline or reservoir 
applications. 

ABsorption and ADsorption 
ADsorption is a surface phenomenon 
in which the material taken up is 
distributed over the surface of the 
adsorbing material. ADsorbed 
material can be easily released or 
squeezed out. 
With ABsorption. the material taken 
up is distributed throughout the 
body of the ABsorbent. ABsorbed 
material cannot be released from 
Expandabeads because it is 
trapped permanently in the physical 
structure of the beads themselves. 
Expandabeads are true ABsorbents, 
and can swell to 3 diameters with 
absorbed PCB's or other compatible 
fluids. If the matrix or solid portion of 
the sorbent does not swell and 
contain the fluid, it is an AOsorbent, 
rather than an ABsorbent or imbiber. 

r1 •• , I I, - ~-'- .-. • . ' 
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Expandabeads: 
Organic fluids absorbed 
Expandabeads can absorb and 
hold a wide range of organic 
liquids, including 

• Dielectric fluids: PCB's 
(polychlorinated biphenyls) 
such as Aroclor, lnerteen and 
Pyranol 

• Chlorinated solvents such as 
carbon tetrachloride, methyl 
chloroform. trichlorobenzene 

• Transportation fluids such as 
gasoline, No.'s 1, 2 and 3 fuel 
oils, jet fuels and diesel fuels 

• Aromatic solvents such as 
benzene, toluene, cumene, 
xylene, ethylbenzene, styrene 
and methylnaphthalene 

• Many polar compounds such 
as methylisobutylketone, 
tetrahydrofuran and 
ethylacrylate 

(See reverse side for a 
complete Expandabead 
Absorption Lis~ 

Expandabeads: 
Application 
Solidification of PCB's: best with 

low-viscosity fluids which other 
sorbents handle poorly. Best 
available technology to 
handle PCB's. 

Recommended dosage: 3 - 5 lbs. or 
more of PCB's: 1 lb. of 
Expandabeads. 

Equipment required: Manual or 
mechanical. Expandabeads 
offer excellent protection to 
personnel. 

Reaction time: Fast with low-viscosity 
fluids; slower as viscosity 
increases. 

Disposal: Can be safely stored or 
incinerated with the approval 
of local, provincial and federal 
authorities. 

Toxicity: Expandabeads prior to their 
use are not toxic. However, 
after absorption has taken 
place the solid mass should be 
regarded as the material 
which has been absorbed. 

Caution: Do not use Expandabeads 
where oxidizing agents are 
present. 

Expandabeads: 
Available formats 
Beads, packets, blankets. 
NOTE: Expandabead packets and 

blankets for the control of 
spills are made of a strong, 
porous polyester material. 

Expandabeads: 
Potential uses/users 
•PCB storage and transportation 

•Transformer/capacitor spills 

• Leaks in underground and surface 
tanks 

• De-watering fuel storage tanks 
without loss of product 

•Waste management and disposal 

• Nuclear and hydro generating 
facilities 

• Environmental engineers 

•Industrial spills 

• Laboratory and research spills 

•Scintillation liquids storage and 
transportation 

• Prevention of leakage in 
s~n'ple-size shipments 

• Coast Guard and Port authorities 

Expandabeads won't release absorbed 
organic fluids - even when cut in half! 



Absorption • EXCELLENT • 
Allybromide 
n-Amylbenzene 
AmylAcetote 
Amylene 
Benzene 
Benzyl Chloride 
2 Bromoethylbenzene 
Bromotrichloro Methane 
Butyl Acrylate 
t-Butylbenzene 
sec-Butylbenzene 
Butyl Cellosolve 
t-Butylslyrene 
Bu1yraldehyde 
Carbon DisuWide 
Cellosolve Acetate 
2-Chlorabenzaidehyde 
Chlorobenzol · 
a-Chloroethylbenzene 
Chlaro-2-Methyl Prapene 
Chlorapentanes 
1-Chloronaphthalene 
3-Chloropropenyl Benzene 
chloroform 
Cyclohexane 
Cyclooctane 
Decahydronaphthalene (Decalin) 
1 5-Dibramapentane 
Dibutyl Ether 
1 2-Dichloroethylene 
aa-Dichlaro-m-Xylene 
Diethyl Carbonate 
Diisobutylamine 
Diisobutylketone 
Diisopropyl Ketone 
N.N.-Dimenthyl Benzelam1ne 
1 2-Dimethyl Cyclohezane 
DimethylsuWide 
Dipentene 
Dipenylaxide 

Absorption• GOOD • 

PCB's (polychlorinoted biphenyls) : 
• Aroclor • lnerteen • Pyranol 

Acetophenone 
Benzenesulfonyl Chloride 
Chloroacetone 
Diacetone 
#2 Diesel Union-Prem. 
N.N.-Dirnethylpiperazine 
Ethyloctynol 
Fluorobenzene 
#2 Fuel Oil 
lsoamylisovalerate 
Kerosene 
2-Methylbenzothiazole 
Stearoyl Chloride 
Triethanolamine 

·. 

Allychlaride 
t-Amylbenzene 
Amyl Chloride 
Benzaldehyde 
Benzylamine 
Bromabenzene 
1 Bromabutane 
Bu1yl Acetate 
Bu1ylbu1yrate 
n-Butylbenzene 
Bulylbenzaate 
Bu1ylene Oxide 
t-Butyltaluene 
Bu1yric Acid 
Carbon Tetrachloride 
m-Chloraaniline 
Chlorabenzene 
Chlorabromomethane 
Chloroform 
3-Chlara-2-Methyl Propene 
a-Chlara-m-Xylene 
2-Chlaraprapene 
Chlorostyrene 
2-Chlorotoluene 
Cyclahexyl Chloride 
p-Cymene 
1 2-Dibromopentane 
1 2-Dibromopropone 
Dichlorobenzene 
Dichloroisopropyl Ether 
Diethyl Benzene 
Diethyl ketone 
Diisobu1ylene 
p-Diisopropyl Benzene 
Dimethoxymethane 
N.N.-Dimethylcopraamide 
Dimethoxypropone 
Dioxone 
1 1-Diphenylethylene 
Dipropylamine 

50 Aniline/SO Nitrobenzene 
n-Butylstearate 
2-Chlorothiazone 
#2 Diesel 
Dimethyldodecylamine 
Ethyleneimine 
1-Ethynyl-1-Cyclo-Hexanol 
#1 Fuel Oil 

Epochlorohydrine 
1 2-Epoxydodecane 
Ethyl benzene 
Ethylbromide 
Ethylchloride 
Ethylenedichloride 
2-Ethylehexylamine 
Ethylisobu1yl Ether 
Ethylenebromide 
Ethyllaurate 
Ethyltoluene 
Gasoline 
2-Heptanane 
lodlahexane 
lsobutylacetate 
lsooctane 
lsopropylbenzene 
Methaxynaphthalene 
Methylamylacetate 
Methylbutylamine 
Methylene Chloride 
Methylisobutyiketone 
Methylmethacrylate 
Mineral Spirits 
Naptha 107-142 
Octane 
Oil of Cttronella 
3-Pentanone 
Petroleum Ether 32-59 
2-Phenyl-4-Methyl 
Propylenedichloride 
Pyridine 
Styrene 
Tetrahydrofuran 
Thionyl Chloride 
Toluerie 
1.1.2-Trichloroethane 
aaa-T richlorotoluene: 
Benzotrichloride 

Voleronitrile 
Vinylpyridine 
VMSP Naptha 

Absorption• FAIR • 

2 Amino 2 Methyl Propanol 
Cyclopentanol 
Dimethylaniline 
Dodecyltoluene 
2-Ethylhexanoic Acid 
lsoamylnitrite 
Methylacetoocetate 
Naphtol 
Oleic Acid 

Ethylacetate 
Ethyl Acrylate 
Ethylbramabenzene 
Ethylbu1yrate 
Ethyldichloride 
2-Ethylhexyl ACrylate 
Ethyl iodide 
Ethylpiopyl Ether 
Ethylenetrichloride 
Ethyloxozolene 
Freon 113• 
Heptane 
Hexane 
lodlamelhane 
lsobutylomine 
lsopropyl ocetate 
Mesitylene 
Methylocrylate 
Methylbenzaate 
Methylcyclohexane 
Methylethylketone 
Methylisopropyl Ketone 
Methylpropionate 
Naphtha 
Nitrobenzene 
2-0ctene-1 
Pentane 
Perchloroethylene 
2-Phenylethylamine 
Propylocetate 
Propylene Oxide 
Quinoline 
Styrene Oxide 
T etrachloroethane 
Thiophene 
Trichlorobenzene 
1.1.2-Trichloroelhylene 
Trichloropropone 
Turpentine 
Vinyl Acetate 
Vinyttoluene 
Xylene 

Benzylacetate 
Dimethylhexynol 
Dodecylbenzene 
Ethylbenzoate 
#4 Fuel Oil (mixture) 
lsopar E 
Modified #4 Fuel & Oil 
Nitrooctane 
Wesson Oil 

Glycerol Monochlorohydrin 
lsopropylacetophenone 
Methylacetate 
Pentylacetate i, I'"' 

il,J 1"'.' m-Toluidine 
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Big 'O' Inc. 
235 Thames Road E. 
Exeter, Ontario NOM 153 
Tel. (519) 235-0870 
Fax (519) 235-2144 
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Big ·o· (US) Inc. 
2890 Highway 49 N. 
Concord, North Carolina 
28025 

Big 'O' (UK) Limited 
233 Birchfield Road 
Redditch, Worcestershire 
England BN7 4LX 



With today's increasing public and 
governmental concern over the 
escape of pollutants into the en­
vironment, much greater attention 
must be paid to the responsible 
control and disposal of these 
potentially dangerous elements. 

Expandabeads offer a new, yet 
proven, way to deal with many of the 
problems encountered in storing, 
handling and shipping organic 
liquids. Expandabeads can prevent 
many organic chemicals from 
escaping into the environment, and 
can provide invaluable assistance 
in controlling and cleaning up spills 
when they occur. 

What are Expandabeads? 
Expandabeads are tiny polymer 
(plastic) spheres that are made up of 
lightly crosslinked polymer chains. 
Because of the crosslinking, they 
d isplay unusual behaviour in the 
presence of organic solvents. In­
stead of dissolving into the solvent, 
they swell and expand. An Expand­
abead can contain and hold up to 
27 times its own volume! 

What organic fluids can 
Expandabeads absorb? 
Expandabeads can contain and 
hold a wide variety of organic 
materials, including 
• Transportation fluids like gasoline, 

No. 1, 2 and 3 fuel oils, jetfuels and 
diesel fuels 

• Chlorinated solvents such as 
carbon tetrachloride, methyl 
chloroform, trichlorobenzene, and 
polychlorinatedbiphenyls (PCB's) 

• Aromatic solvents such as 
benzene, toluene, cumene, xylene, 
ethylbenzene, styrene and 
methylnaphthaline 

• Many polar compounds such as 
methylisobutylketone, tetrahydro­
furan and ethylacrylate. 

Expandabeads will not contain 
sol ids, high viscosity oils, low 
molecular weight alcohols, glycols, 
acetic acid, acetonitrile, nitro­
methane and highly polar 
materials. 

Expandabeads ore manufactured to ASTM Performance Standards. 

Expandabeads 
are hydrophobic 
Because of their unique spherical 
structure, water can . pass right 
through a packed bed of Expand­
abeads. But when an active organic 
liquid such as those listed above 
contacts an Expandabead, the 
solid bead begins to swell, rapidly 
filling the void space in the container 
and preventing further flow. 

Unlike most commercially available 
adsorbents, thickeners and gellants, 
Expandabeads actually absorb the 
offending organics, making them 
an integral part of the molecular 
matrix of the Expandabeads. Once 
entrapped, they cannot be squeez­
ed from the beads. Even if you cut 
an Expandabead in half, it will not 
release any of its absorbed liquid . 

Expandabeads won't release absorbed 
organic fluids - even when cut in half! 

Expandabeads: 
typical applications 
The potential of Expandabeads in 
controlling and immobilizing PCB's 
and other organic chemicals is 
tremendous. For containing haz­
ardous chemicals for safe haulage 
to d isposal sites, Expandabeads 
have no equals. 

In the workplace, where the key con­
cern is worker safety, Expand­
abeads will not only immobilize 
hazardous chemicals permanently, 
but also control their harmful 
vapours. 

For workers, the public, and the 
environment, Expandabeads repre­
sent the ultimate in the safe contain­
ment and immobilization of organic 
chemicals. Their unequalled perfor­
mance is solidly based on the most 
modern technology available. 
Applications include use by: 
• Environmental engineers 
• Industrial safety engineers 
• Waste management and disposal 

personnel 
• Research laboratories 
• Agriculture 
• Cqemical manufacturers and 

disfr·ibutors 
•Transportation and haulage 

industries 
• The Military 
• Courier Services 
• Coast Guard and Port authorities 
• Nuclear and Hydro Electric energy 

generating facilities 

The remarkable properties of 
Expandabeads can be utilized in a 
wide variety of ways for industrial, 
marine and environmental 
c leanups. 



1. Cleanup of spills 
Hydrocarbon spills in diked storage 
areas can be cleaned up efficient­
ly with Big 'O' Expandabead pillows 
or blankets. When the spill occurs, 
simply place the pillow or blanket on 
top of the spilled material to contain 
it for safe disposal. 

Spills in waterways can be effective­
ly contained by placing an Oil Buoy 
boom around the spill area, then 
floating Expandabead blankets 
behind the boom. The blankets will 
absorb the spill and prevent any of its 
floating liquid layer from being strip­
ped underneath the boom by cur­
rents or tides. The Expandabead 
blankets will continue to absorb 
until completely saturated . 

To recover high-density organics 
that sink to the bottom, weighted 
blankets can be attached to a line 
for retrieval when saturated . 

Expandabead blankets and 011 Buoy booms 
combine to contain a waterway spill. 

For industrial plants, Expandabead 
blankets will effectively remove thin 
sheens from ditches or water outlets. 
Since the mere visibility of a sheen is 
sufficient to provoke a fine, it pays to 
eliminate the problem by placing 
Expandabead blankets across 
these areas. 

Service station spills of gasoline 
and diesel fuels usually occur under 
the metering pump or around the fill 
pipe of the storage tank. These can 
be cleaned up by placing a layer of 
Expandabeads under or around 
the pumps and in the fill-pipe pit. The 
swollen beads need be replaced 
only when they interfere with water 
drainage or the operation of the fill­
pipe unit. 

Layers of Expandabeads clean up service 
station pump and fuel pit leaks. 

2. Safeguarding sample-size 
shipments 

Many organic liquids can be ship­
ped safely in packages containing 
Expandabeads. A sturdy, porous, 
double-walled pouch with Expand· 
abeads occupying the space 
between the walls surrounds the 
organic liquid container. During 
transit the pouch itself minimizes the 
possibility of breakage. However, ifa 
leak or spill should occur, the 
Expandabeads can quickly contain 
it together with any noxious fumes or 
vapours. Any danger to transit per­
sonnel, other shipments. or the car­
rier itself is thus safely eliminated. 

Expandabead pouches - for safer shipment 
of organic liquid samples. 

3. Removing water from 
storage tanks 

Bulk storage tanks for organic fluids 
accumulate a layer of water that 
must be removed to prevent con­
tamination of the product and to 
permit full utilization of the storage 
capacity. Expandabead valves 
and cartridges eliminate problems 
of product loss and costly cleanup. 
The valve is attached to the drawoff 
line, and water allowed to flow 
through it until the water/product 
interface reaches the beads. Atthat 
point, the Expandabeads will swell 
and prevent further flow. 

4. Containing spills 
in diked areas 

The diked areas around hydro­
carbon storage tanks and tank 
farms must be designed to allow 
water to drain from them, but pre­
vent hydrocarbons from escaping to 
contaminate ground or surface 
water. 

Both of these requirements can be 
satisfied by employing a drain con­
taining Expandabeads. Water 
entering the drain passes through 
a trash grating, a silt filter, and a 
contained bed of Expandabeads. 
If a large spill should occur, the 
beads expand, thus preventing any 
further flow of water and hydro­
carbons into the drain until the spill 
can be cleaned up. 

Expandabeads in storage tonk drains and drawoff valves permit water flow but prevent hydro­
carbon escape. 



Expandabeads: 
new applications 
Expandabeads will not only im­
prove the safety of existing opera­
tions, they will continue to open up 
new avenues of product develop­
ment. The Lab-Pack, for example, 
was developed expressly to deal 
quickly and efficiently with organic 
chemical spills in the laboratory. Lab­
Packs are packaged in a convenient 
counter top dispenser. Similar Expan­
dabead products will be developed 
to fill future needs. 

Product safety and disposal 
For the control of spills, we recom­
mend the use of Liquitrol pillows, 
packets and blankets. Loose beads 
can cause slippery conditions par­
ticularly on hard surfaces. 

All commercially available sorbent 
products react to oxidizers in varying 
degrees. Most reactions are poten­
tially dangerous. For safety purposes 
it is strongly recommended that 
Expandabeads not be used with 
oxidizers. 

Before handling any ox idizing 
agents, consult knowledgeable 
authorities. 

Expandabeads should be d isposed 
of in accordance with the rules of 
those governmental agencies hav­
ing jurisdiction over such matters. 

Expandabeads: product availability 

EXB-BL EXB-6 
Product Bulk Pouch 

Blended 

Size, nomlnal 10 lbs. 6" x 6" 
No.lease 36 

LAB-PACK 
Contents 12 EXB-6 pouches 

Other new ideas 
from Liquitrol 
• Expandabead Valves 

- as available 
• Expandabead Cartridges 

- as available 
• EX-PACK PLUS - AS AVAILABLE 

The ultimate emergency response 
kit. Specially designed to control 
spills of unknown substances -
acid s, polar compounds, and 
most organic chemicals. Blankets 
contain : Expandabeads, 
aquabeads (aqueous materials 
absorbent), a special absorbent 
for polar compounds, and a 
specia lly formulated bulk wicking 
mixture. 
Size: 12" x 18" 
No.lease: 6 
NOTE: Expandabead packets, 
pouches, pillows and blankets are 
all made of a strong , porous, 
polyolefin material. 

Lab Pack: for quick containment of /ob-chem sp ills. 

EXB-PU EXB-23 
Pure Pillow 
Beads 

10 lbs. 12" x 18" 
6 

CAUTION: Do not use Expand­
abead products where ox­
idizing materials are present 

Expandabead pillows protect a drain from a 
traffic occident spill. 
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approved disposal methods. 

Notice - Warranty 
In the event that any Big ·o· Liquitrol Sorbent 
Product is .found to be defective in material. 
worl<monship or not performing as represented, 
then Big ·o· 's only obligation as your exclusive 
remedy shall be to repair, replace or refund the 
purchase price of such product upon Big ·o· 
being satisfied that the product Is either 
defective or not performing as represented. 
This warranty is exclusive and is in lieu of any 
implied warranty of merchontoblltty. fitness for a 
porticulor purpose or other warranty of quality. 
Except as provided herein, Big ·o· shall not be 
liable or responsible for any loss or damage 
whether direct, Indirect. incidental, special or 
consequential arising out of the sole use or 
misuse of Big 'O' Liquitrol Sorbent Product. 

Big 'O' (U.S.) Inc. 
2890 Hwy. #49 N. 
Concord. North Carolina 
28025 
Tel. : (704) 786-3917 
Telex: 57-2504 

· Fax: (704) 788-8514 

Big 'O' (U.K.) Ltd. 
233 Birc hfield Road 
Redditch. Worcestershire 
England B97 4LX 
Tel. : (0527) 402-646 
Telex: 51-337881 
Fox: 44 (0527) 402171 

Big'O' Inc. 
254 Thomes Rd. E. 
Exeter, Ontario 
Canada NOM 1S3 
Tel.: (519) 235-0870 
Telex: 064-5659 
Fax: (519) 235-3033 

1 '!l"r llTR~1! . = §= =~ § = = § =- -§ 

SORBEHT PRODUCTS 

Distributed by: 

Copyright 1989 

TM 
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August 23, 1989 

Dr. Fluoro Cuison 
18 Long Drive 
Liberty, NY 12754 

Dear Mr Cuison, 

SHAKTI CONSULTANTS INC. 
185, Gatzmer Avenue 
Jamesburg, NJ 08831 

(201) 521-2322 

As we discussed by telephone, we are requesting access to your well 
at 320 Highland Avenue, Middletown and the use of your well for a 
groundwater remediation program we are und~~taking. This groundwater 
remediation program is part of the environmental clean-up being 
carried out under the U.S. Environmental Protection Agency's 
direction. 

In order to treat the groundwater in the vicinity of your property, 
it is necessary to pump the groundwater from your well. This 
groundwater will then be piped in a trench from the top of your .well 
(adjacent to the East wall of your house) across to the General 
Switch property. There it will be treated in accordance with an 
Environmental Protection Agency approved process. It will be cleaned 
and then will recharge the aquifer. 

After the initial installation of the piping and restoration of your 
property, all services to and from the well will be underground so as 
not to inconvenience the users of your property. 

After the Environmental Protection Agency determines that the 
groundwater has been properly and completely treated, we will 
re-close the well head in accordance with the standards of the 
Middletown Department of Health code. 

. ' 

This work is a contiJ?uation of the Environmental Pi'tq.tection Agency's 
approved clean-up which was commenced several yearkt ·"ago. As part of 
that activity your property was connected to the Wa}:lkill municipal 
water supply. At that time your well was decommissioned and your 
property placed into the public water supply distribMt~on system, 

~ . . ,.,i I,~· 

Would you please indicate your permission by signincf' ::the attached 
copy of this letter and returning it to me in the attached envelope. 

Yours sincerely, 

Senior Geologist 
CPG#6173 American Institute of 
Professional Geologists 

Dr. Fluoro Cuison 

Consultants, Inc. 
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212 806 5400 
~ 
212 806 aXl6 
212 806 5919 
Telex: 
177693 STFIOOCK UT 

Direct Dial: 

212-806-6469 
August 2, 1990 

Thomas Darcy, Esq. 
Decker and Darcy 
20 Roberts Street 
P.O. Box A 
Middletown, New York 10940 

Subject: Access Agreement for Well at 
320 Highland Avenue 
Wallkill, New York 

Dear Mr. Darcy: 

You have indicated that your client Dr. Fluoro Cuison has agreed 
to permit access to the well located on his property at 320 
Highland Avenue in Wallkill, New York for the purpose .of work to 
be carried out under the Consent Decree in U.S. v. General Switch 
Corporation, 87 Civ. 8789 {RJW). 

' ' 
The initial phase of this work will consist of reconditioning the 
well and conducting a pump test. Reconditioning th~1. \ ~ell will 
involve opening· the w,ell and fitting it with a submers'ible pump 
and piping. The pWnp. ,test to determine .whether · 0the W~.~l is 
suitable for extracting contaminated water from the well field 
will last .a minimum of 72 hours and a maximum of 96. hq\irs. (If 
the pump test confirms that the well i 's suitable for in,tercepting 
the contaminated groundwater, pumping from the well will 
continue, but that pumping will require only infrequent visits 
to the site for routine maintenance of the pump.) The parties 
requiring access to the well will be Laurwal Holding Corporation 
{f/k/a General Switch Corporation) and its authorized 
representatives and the U.S. Environmental Protection Agency and 
its representatives, including contractors. We have previously 
provided ·evidence of insurance for the work to be performed at 
th~ 320 Highland Avenue site. 

Should you or Dr. Cuison at any time have any questions about the 
nature of the work, please do not hesitate to contact John Bee of 

· .. 
Wlshingkln QC. 20036-4652 Los Angelel CA 90067-3086 
1150 Se.tn!enh SIJeet. N.W. 2029 CerUy Park East 

Milmi, Fl 33131-2385 
200 s. Biscayne BOIAIMlrd 

202 452 9250 213 556 5800 305 358 9900 
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General switch.will then submit to the USEPA a Remedial Design 
Plan following the initial pump test program. The Remedial · 
Design Plan will consist of the design and specifications of th~ 
air stripper and we will ask the USEPA to inspect and approve 
the air stripper as built. Following startup, and approval of 
the Remedial Design Plan, general switch will submit an Initial 
Testing Program. The results of this program will be submitted 
to the USEPA in an Initial Testing Program Report. The Initial 
Testing Program Report will detail the demonstrated efficiency 
of the proposed remedial soil and groundwater treatment systems 
and the plans .for any proposed alternative water supply 
connections along with the appropriate schedules. 

General Switch and its contractor will then be .available for a 
Final ;Inspection in conjunction with EPA . and/or its designated 
representatives and contractors. The Final Inspection will 
include a walk-through of the entire project to determine 
project consistency with the RD Report and EPA-approved O&M Plan 
prior .. to start up of the cleanup. 

sincerely, 

· .. 

John B e 
President, Shakt 
Certified Profess'o 
American Institute 

nsultants, Inc. 
al Geologist # 6173 
f Professional Geologists 

.. 
i ' • I 111 ,., 

'111 ' ·· . I ' , 
'•1 ,1 

·: ... 

' • ' ... 



( 

SHAKTI CONSULTANTS INC. 

185, Gatzmer Avenue 
Jamesburg, NJ 08831 

(201) 521-2322 

January 10, 1990 

Mr Walter Stern 
General switch co. 
Middletown, New York 10940 

Martin Baker, ·Esq. and Gregory Belcamino 
Stroock, Stroock and Lavan 
Seven Hanover Square 
New York, New York 10004 

RE: United States v General Switch Corporation 
S.D.N.Y. (87 Civ. 8789) 

Dear Mr. Martin Baker and Gregory Belcamino, 

According to the requirements of the consent Order, we present 
·· the Sampling, Analysis and Monitoring Plan and the required 

attachments: the Quality Assurance/Quality Control Plan, Health 
and Safety, and Combined Overall Site Management and Operations 
& Maintenance Plans for General Switch Corporation. We have 
prepared the various protocols in detail for your review and ~ 
EPA's acceptance so that they may be appended to the consent . 
decree. We believe that the requirements for various .plans prior 
to site work have been met. The connection to wells\ plan is 
incorporated into the Work Plan. The Initial Tes ti~~ . ·.Program is 
detailed in the Sampling Plan and Pump Test Plan • . · ''. ,. 

,' •••• 1'' 

··~: I \1 \ ~ 
Initial Testing Program «.'.J~;: .. 
Following fabrication of the air stripper, the pump test and 
sampling of neighborhood wells will be conducted along with a 
demonstration .of the feasibility of the soil treatment. General 
switch will submit the information from the pump test in a Pump 
Test Report • 

. .. 



( 
Thomas Darcy 
August 2, 1990 
Page 2 

Shakti Consultants, Laurwal Holding Corporation's Project 
Manager. Mr. Bee's telephone number is 201-521-2322. 

Since the work is dependent upon the season, I appreciate your 
continuing attention to this matter. Please request Dr. Cuison 
to indicate that he agrees to allow access to his- property for 
the purposes of this work by signing and returning to me the 
attached copy of this letter. 

Thank you for your assistance in obtaining Dr. Cuison's consent 
to this Access Agreement. If you require any additional 
information, please do not hesitate to contact me. 

Sincerely, 

Gregory R. Belcamino 
GRB:mfm 

cc: John Bee 

. .. 

. ' ·: , ... 
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SHAKTI CONSULTANTS INC. 
185 GATZMER AVENUE 
p.O. BOX 

ATTN: JOHN BEE 

DATE: 08/17/89 
JOB No: 894356 

PROJECT No: 
SAMPLE RECEIVED: 08/04/89 

SAMPLE SUMMARY 

SAMPLE No COLLECTED POINT OF COLLECTION 
DATE I TIME BY . 

I 

E916351 08/04/89 14:15 JMB GROUND WATER - ERNEST, 353 
·HIGHLAND 

E916352 08/04/89 14:10 JMB GROUND WATER - SEELEY, 321 
HIGHLAND 

E916353 08/04/89 14:00 JMB GROUND WATER - GILBERT, 323 
HIGHLAND 

E916354 08/04/89 23:45 JMB GROUND WATER - STOUT, 316 HIGHLAND 

• : ~t 
I 

i ' ' I 111,~ 

"'' ' ' ' 

E916355 
.. I •'•" 

08/04/89 23:30 JHB GROUND WATER - WOOD, 319 HIGHLAND 
"· ' ••'t 'I 

·~ .. : I l\t \~ ' 

• I , I ~[,' 
I " ; __ . ' ' ,qlj l,i ., 

.•· (! 

. ' 

E916356 08/04/89 14:35 JMB GROUND WATER - GUil.
1

D MOLDERS, -
INDUSTRIAL PLACE 

/ • 0 

/ 
Ill~ IUGL!BSE VICE p .i our 

.. 

. ... 

CERTIFICATIONS: NJ (12129) • NY (109811 • f'T •n• • "'"" 

-
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Shakti Consultants, In:c:.-------------------------------­
Proposal for Final Cleanup - Wallkill, NY 
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Shakti Consultants, Inc • 
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ANALYSIS REPORT FOR VOLATILE ORGANICS BY GC/MS 

CLIENT 
LAB SAMPLE 
MATRIX 

• SHAKTI CON. #i E916351 
: WATER 

COMPOUND 

1 ACROLEIN 
2 ACRYLONITRILE 

~ 3 BENZENE 
t· 4 BROMOFORM 
j 5 BROMODICHLOROMETHANE 
r 6 BROMOMETHANE 

7 CARBON TETRACHLORIDE 
t; 8 CHLOROBENZENE 
~ 9 CHLOROETHANE 

10 2-CHLOROETHYL VINYL ETHER 
11 CHLOROFORM 
12 CHLOROMETHANE 
13 cis-1~3-DICHLOROPROPENE 
14 DIBROnOCHLOROMETHANE 
15 1,2-DICHLOROBENZENE 

·16 1,3-DICHLOROBENZENE 
17 1,4-DICHLOROBENZENE 
l~ l'~:gign~~g~4~~ 
20 1:1-DICHLOROETHYLENE 
21 trans-1,2-DICHLOROETHYLENE 
22 trans-1~3-DICHLOROPROPENE 
23 lL2-DICttLOROPROPANE 
24 E'l.'HYLBENZENE 
25 METHYLENE CHLORIDE 
26 1LlL?L2-TETRACHLOROETHANE 
27 T~T.KA~HLOROETHYLENE 
28 TOLUENE 
29 1,1,1-TRICHLOROETHANE 
30 1LlL2-TRICHLOROETHANE 
31 TKI~HLOROETHYLENE 
32 TRICHLOROFLUOROMETHANE 
33 VINYL CHLORIDE 
34 In-XYLENE 
35 p,o-XYLENE 

ND = NOT DETECTED 
MDL= METHOD DETECTION LIMIT 

QUALIFIERS (Q) 

RESULT 
(ug/L) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

METHOD : EPA 624 
ANALYSIS DATE: 08/08/89 
DATA FILE : >A4554 

. ', 
" ' 

" ~ . 
\11111,"'· 

' ~ I ', \, \ 

. ",·;· 

MDL 
(ug/L) 

100 
100 
5.0 
5.0 
5.0 

10 
5.0 
5.0 

10 
10 

5.0 
10 s.o 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

10 
5.0 
5.0 

Q 

J =INDICATES AN ESTIMATED VALUE BELOW MDL 
B =INDICATES COMPOUND FOUND IN THE ASSOCIATED BLANK AS WELL AS IN SAMPLE 

. ... 



ANALYSIS REPORT FOR VOLATILE ORGANICS BY GC/MS 

CLIENT 
LAB SAMPLE 
MATRIX 

COMPOUND 

1 ACROLEIN 

• SHAKTI CON. 
#i E916352 

: WATER 

2 ACRYLONITRILE 
3 BENZENE 
4 BROMOFORM 
5 BROMODICHLOROMETHANE 
6 BROMOMETHANE 
7 CARBON TETRACHLORIDE 
8 CHLOROBENZENE 
9 CHLOROETHANE 

10 2-CHLOROETHYL VINYL ETHER 
11 CHLOROFORM 

. 12 CHLOROMETHANE 
: 13 cis-lJ.3-DICHLOROPROPENE 
J 14 DIBROMOCHLOROMETHANE i 15 l, 2-DICHLOROBENZENE 
. 16 l, 3-DICHLOROBENZENE 

17 1,4-DICHLOROBENZENE 
18 1,1-DICHLOROETHANE 

. 19 1 2-DICHLOROETHANE 
20 1:1-DICHLOROETHYLENE 
21 trans-1,2-DICHLOROETHYLENE 
22 trans-1~3-DICHLOROPROPENE 

. 23 lL2-DICttLOROPROPANE 
1 24 ETHYLBENZENE 
' 25 METHYLENE CHLORIDE 
! 26 1LlL?L2-TETRACHLOROETHANE 
1 27 T.t;TJ::<A~HLOROETHYLENE 
; 28 TOLUENE 
· 29 1,1,1-TRICHLOROETHANE 
: 30 1LlL2-TRICHLOROETHANE 

31 TKI~HLOROETHYLENE 
· 32 TRICHLOROFLUOROMETHANE 

33 VINYL CHLORIDE 
34 m-XYLENE 
35 p,o-XYLENE 

ND = NOT DETECTED 
: MDL= METHOD DETECTION LIMIT 

QUALIFIERS (Q) 

RESULT 
(ug/L) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

3.5 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

METHOD : EPA 624 
ANALYSIS DATE: 08/08f89 
DATA FILE : >A4548 

MDL 
(ug/L) 

100 
100 
5.0 
5.0 
5.0 

10 
5.0 
5.0 

10 
10 

5.0 
10 

5.0 
5 . 0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

10 
5.0 
5.0 

Q 

J 

J =INDICATES AN ESTIMATED VALUE BELOW MDL 
B =INDICATES COMPOUND FOUND IN THE ASSOCIATED BLANK AS WELL AS IN SAMPLE 



ANALYSIS REPORT FOR VOLATILE ORGANICS BY GC/MS 

j . 

CLIENT 
LAB SAMPLE 
MATRIX 

COMPOUND 

• SHAKTI CON. #i E916353 
: WATER 

I • 1 ACROLEIN 
2 ACRYLONITRILE 
3 BENZENE 

! 4 BROMOFORM 
5 BROMODICHLOROMETHANE 
6 BROMOMETHANE 
7 CARBON TETRACHLORIDE 
8 CHLOROBENZENE 
9 CHLOROETHANE 

. 10 2-CHLOROETHYL VINYL ETHER 
11 CHLOROFORM 
12 CHLOROMETHANE 
13 cis-1~3-DICHLOROPROPENE 

. . 14 DIBROMOCHLOROMETHANE 
15 1,2-DICHLOROBENZENE 
16 1,3-DICHLOROBENZENE 
17 1,4-DICHLOROBENZENE 

i~ i'~=8i8~~~g~~~~ 
20 1:1-DICHLOROETHYLENE 
21 trans-1,2-DICHLOROETHYLENE 
22 trans-1~3-DICHLOROPROPENE 
23 lL2-DICttLOROPROPANE 
24 E·.rHYLBENZENE 
25 METHYLENE CHLORIDE 
26 l~l~~L2-TETRACHLOROETHANE 
27 T~T.KA~HLOROETHYLENE 
28 TOLUENE 
29 1,1,1-TRICHLOROETHANE 

; 30 1~1L2-TRICHLOROETHANE 
· 31 T~I~HLOROETHYLENE 
32 TRICHLOROFLUOROMETHANE 
33 VINYL CHLORIDE 
34 m-XYLENE 

; 35 p,o-XYLENE 
1 NO = NOT DETECTED 
' MDL= METHOD DETECTION LIMIT 
"QUALIFIERS (Q) 

RESULT 
(ug/L) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

3.1 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

METHOD : EPA 624 
ANALYSIS DATE: 08/08/89 
DATA FILE : >A4549 

MDL 
(ug/L) 

100 
100 
5.0 
5.0 
5.0 

10 
5.0 
5.0 

10 
10 

5.0 
10 

5.0 s.o 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

10 
5.0 
5.0 

Q 

J 

. J =INDICATES AN ESTIMATED VALUE BELOW MDL 
;B =INDICATES COMPOUND FOUND IN THE ASSOCIATED BLANK AS WELL AS IN SAMPLE 

.. · 

.... 
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ANALYSIS REPORT FOR VOLATILE ORGANICS BY GC/MS 

CLIENT 
LAB SAMPLE 
MATRIX 

COMPOUND 

• SHAKTI CON. 
#i E916354 

WATER 

1 ACROLEIN 
2 ACRYLONITRILE 
3 BENZENE 
4 BROMOFORM 

1 5 BROMODICHLOROMETHANE 
6 BROMOMETHANE 
7 CARBON TETRACHLORIDE 

t 8 CHLOROBENZENE 
. 9 CHLOROETHANE 
·10 2-CHLOROETHYL VINYL ETHER 
:11 CHLOROFORM 
;12 CHLOROMETHANE 

. 13 cis-lJ.3-DICHLOROPROPENE 

. :14 DIBRO.MOCHLOROMETHANE 
15 1,2-DICHLOROBENZENE 

1 16 1 3-DICHLOROBENZENE 
1;17 1~4-DICHLOROBENZENE 
~ 118 1, 1-DICHLOROETHA."IE 
1 19 1 2-DICHLOROE'l'HANE 
1 20 . l~ 1-DICHLOROETHYLEN~! 

21 trans-1, 2-DICHI..OROE'. 'HYLENE 
22 trans-1,_3-DICHI..oROPHOPENE 
23 1~2-DICttLOROPROPANE 
24 E·.L·HYLBEN'ZENE 

' 2 5 ME'rHYLENE CHI..oRIDE 
26 lLlJ..~ L2-TETRACHLOROi-!THANE 

. 27 T~Tl<A~HLOROETHYLENE 
? 28 TOLUENE 

29 1,1,1-TRICHLOROETHAHE 
i ',1330

1 
li..lL2-TRICHLOROETHAliE 
TKI~HLOROETHYLENE 

· i32 TRICHLOROFLUOROMETILiliE 
· :33 VINYL CHLORIDE 
134 in-XYLENE 
35 p,o-XYLENE 
ND = NOT DETECTED 
MDL= METHOD DETECTION LIMIT 
,QUALIFIERS (Q) 
I 

I 

RESULT 
(ug/L) . 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
N.O 
ND 
ND 
ND 
19 
ND 
ND 
ND 
ND 
ND 

1300 
ND 
ND 
ND 

190 
ND 
ND 
ND 
ND 

METHOD : EPA 624 
ANALYSIS DATE: 08/08L89 
DATA FILE >A4565 
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MDL 
(ug/L) 

100 
100 
5.0 
5.0 
5.0 

10 
5.0 
5.0 

10 
10 

5.0 
10 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
100 
5.0 
5.0 
5.0 
5.0 
5.0 

10 
5.0 
5.0 

>A4618 

Q 

J =INDICATES AN ESTIMATED VALUE BELOW MDL 
·B =INDICATES COMPOUND FOUND IN THE ASSOCIATED BLANK AS WELL AS IN SAMPLE 
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ANALYSIS REPORT FOR VOLATILE ORGANICS BY GC/MS 

£k~E~'.IMPLE 
MATRIX 

COMPOUND --------

: SHAKTI CON. 
#: E916355 

: WATER 

1 ACROLEIN 
2 ACRYLONITRILE 

- 3 BENZENE 
4 BROMOFORM 
5 BROMODICHLOROMETHANE 
6 BROMOMETHANE 
7 CARBON TETRACHLORIDE 
8 CHLOROBENZENE 
9 CHLOROETHANE 

10 2-CHLOROETHYL VINYL ETHER 
11 CHLOROFORM 
12 CHLOROMETHANE 
13 cis-1~3-DICHLOROPROPENE 
14 DIBROMOCHLOROMETHANE 
15 1,2-DICHLOROBENZENE 
16 1,3-DICHLOROBENZENE 

- 17 1,4-DICHLOROBENZENE 
~ i~ i'~:BI8U~~g~~U~~ 

20 1:1-DICHLOROETHYLENE 
21 trans-1,2-DICHLOROETHYLENE 
22 trans-1~3-DICHLOROPROPENE 
23 lL2-DICttLOROPROPANE 
24 E~HYLBENZENE 
25 METHYLENE CHLORIDE 
26 1LlL?L2-TETRACHLOROETHANE 
27 T~T.t<A~HLOROETHYLENE 
28 TOLUENE 
29 1,1,1-TRICHLOROETHANE 
30 1LlL2-TRICHLOROETHANE 
31 T~I~HLOROETHYLENE 
32 TRICHLOROFLUOROMETHANE 
33 VINYL CHLORIDE 
34 In-XYLENE 
35 p,o-XYLENE 

ND = NOT DETECTED 
MDL= METHOD DETECTION LIMIT 
QUALIFIERS (Q) 

RESULT 
(ug/L) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

METHOD : EPA 624 
ANALYSIS DATE: 08/08£89 
DATA FILE : >A4566 

MDL 
(ug/L) 
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100 
100 
5.0 
5.0 
5.0 

10 
5.0 
5.0 

10 
10 

5.0 
10 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

10 
5.0 
5.0 

Q 

JB =INDICATES AN ESTIMATED VALUE BELOW MDL 
=INDICATES COMPOUND FOUND IN THE ASSOCIATED BLANK AS WELL AS IN SAMPLE 

· .. 




