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CHAPTER l 

INTRODUCTIO.N AND BACKGROUND 

Since late 1982, investigations of chlorinated solvent contamination detected in 
City Well No. 4 in Delavan , Wisconsin have been underway . The Wisconsin 
Department ot Natural Resourc:es (DNR) suspected that the Sta-Rite 
Industries Water Equipment Division facilities, located approximately 1 ,0.00 feet 
east ot City Well No . 4 1 was the source ot the solvent contaminati.On, A site 
plan showing Sta-Rite facilities and City Well No. 4 is shown on Figure 1. 
The ·city retaine~ WarzyQ Engineering• Inc. , to investigate . With the 
cooperation of Sta-Rite Industries. Warzyn Engineering obtained soil and 
groundwater samples on Sta-Rite property . The samples were obtained in 
areas of potential contamination as identified by Sta-Rite and in areas between 
the potentially contaminated areas and City Well No. 4. Warzyn issued a 
preliminary report ot their findings on February 16, 1983. which indicated 
solvent-contaminated water at the groundwater table surtace near the 
southeast wall of Plant 1 and soil and near surface water contamination near 
the holding tank outside the north wall ot Plant 2 (Warzyn, 1983)_. Wells near 
the Sta-Rite property line showed little or no contamination. 

In January 1983, Sta-Rite retained Donohue to conduct further investigations . 
Donohue placed additional groundwater monitoring wells to obtain data 
covering greater areal and vertical distances and conducted .a pump test to 
determine aquifer characteristics. The goals of the work were to determine 
whether the identified areas of contamination near Plants 1 and 2 could 
contribute to contamination of City Well No . 4 and to provide data for 
selecting remedial action if required. No detinitive data collected during the 
investigation indicated a direct path ot migration from the contaminated areas 

.on Sta•Rite property to City Well No. 4 . However, there was indication that 
solvents in the groundwater in the vicinity ot Plant 1 were moving otf-site to 
the northwest , the direction ot groundwater now. The data and results were 
reported in May. 1983 (Donohue & Associates. Inc. • May 1983) . Following 
evaluation of the results reported in May, 1983. Sta-Rite authorized additional 
investigations to determine groundwater and contaminant movement in the area 
and authorized the removal ot the sump tank and contaminated soils near 
Plant 2. The remedial actions were completed in December, 1983. The report 
discussing the remedial actions was issued in January, 1984 (Donohue & 
Associates. Inc. • January . 1984) . 

Concurrent with the implementation of the Plant 2 remedial actions and with 
the assistance of Thomas A. Prickett, Donoh1,1e modeled the groundwater now 
system. The results of the groundwater modeling were discussed in a report 
issued in December, 1983 (Donohue & Associates, Inc. • December. 1983) . 
The results of the groundwater modeling program indicated that contamination 
in the vicinity of the sump at Plant 2 could impact the water quality of City 
Well No. 4 , if City Well No. 4 is pumped at high rates. Furthermore , the 
modeling indicated that following the remedial actions at the Plant 2 sump , to 
the ex.tent that the contamination is caused by sources on Sta-Rite property. 
the water quality at City Well No. 4 should gradually improve as the 
contaminant plume moves ott to the northwest. Based on the results of the 
modeling program, the City of Delavan elected to shut down City Well No . 4 
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tor several years to allow validation ot the model. If the model is accurate, 
the groundwater system will clear and City Well No. 4 can be used without 
water treatment . 

On March 9 . 1984, the DNR sent a letter to Sta-Rite requesting that addi• 
tional remedial action be conducted at the Plant 2 sump and that additional 
investigations be conducted on Sta-Rite property to determine the source ot 
the contaminant plume that appears to be moving to the northwest from the 
Sta-Rite property . At that meeting• Sta-Rite agreed to conduct further site 
investigations and report the results by June 30, 1984. Sta-Rite also agreed 
to submit a report by April 30, 1984. addressing the following items : 

l. Transmittal ot boring and well logs and data. 

2. Additional information concernmg the directiOn ot flow of the con.taminant 
plume. 

3 . A proposal tor additional remedial action at the Plant 2 sump. 

4 . A discussion of the appropriateness of turther investigations under · 
Plant l. 

The April 30, 1984, report discussed the feasibility ot soil sampling beneath 
Plant 1 (Donohue & Associates, Inc . • April. 1984) . We concluded that a 
direct evaluation would be costly and would disrupt production operations. 
We outlined an alternative program to compare the relative contribution of 
sources outside Plant 1 with those beneath the building. We have completed 
this investigation and present the results in this report . We also discuss the 
implementation of additional remedial action at the Plant 2 sump and our 
evaluation of a boundary extraction system well to intercept solvents moving 
off-site in the groundwater. 
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CHAPTER 2 

ADDITIONAL REMEDIAL ACTIONS AT PLANT 2 

As discussed in our April 1984, report, additional excavation ot contaminated 
soils in the vicinity of one Plant 2 sump is not practical because the excava• 
tion will put the foundation tor P1ant 2 in jeopardy unless costly reinf ordng 
measures are taken. Furthermore, additional excavation of the soils will do 
nothing to remove the contamination already in the groundwater. As an 
alternative to excavation, Sta• Rite has installed a flushing system to extract 
the solvents from the soil. The contaminated groundwater will be removed 
using an extraction well. A. portion of the wat.er will be discharged to the 
storm sewer and a portion will be used tor flushing water. 

ESTIMATE OF EXTRACTION TIME AND EFFICIENCY 

If the partition coefficient of a solute is known, the distribution of the solute 
in two solvent phases can be predicted and the number of extractions 
required to quantitatively remove the solute from one phase can be calculated 
(Berg, 1963). The traction· of solute remaining after n sequential 
liquid-liquid extractions is given by Equation l: 

(1) Wn _ /_ Vw ~ 
W - \ KP V0 + V;,j 

Where: 

vw 
Vo 

KP 

n 

Wn 

w 

= 

= 

= 

= 

= 

= 

Volume of raffinate (liquid from which chemical is extracted) 

Volume of extractant (liquid used to extract chemical) 

Partition coefficient 

Number of extractions 

Amount of solute remaining after n extractions 

Total amount of solute 

. . 
This equation can be modified to describe the extraction of chemicals from soil 
by water. The modification requires that the partition coefficient be 
expressed as the concentration of chemical in the water phase (mg/kg water) 
divided by the concentration in the soil (mg/kg soil). 

For tetrachloroethylene, the partition coefficient is: 

= 0. 56 mg:/1 water = 0. 56 mg/kg: water 
KP 

mg/kg soil mg/kg soil 

which expresses the distribution between the water phase and soil phase for 
"natural aquifer" material (Schwarzenbach and Westfall, 1981). 
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For the Plant 2 sump area, Equation l can be modified as shown by 
Equation 2: 

(2) 
Fraction Solvent Remaining = 

Where: 

KP = Partition coefficient (0.56) 

ws = Weight ot soil (grams) 

Vo = Weight of water (grams) 

n = Number of extractions 

For our approximation, n = number of pore volumes of water passing through 
the soil. Therefore, tor a contaminated area with dimensions of 10 feet by 
10 feet by 30 feet and for soil having a density ot 100 pounds per cubic foot, 
and a pore volume of 25 percent, one pore volume of extractant will result in 
the fraction remaining given by, 

ws = 

Vo = 

= 

Wn = 
w 

3,000 ft3 X 100 lb/tt3 x ~ I = 1. 36 x 108 grams 

3,000 ft3 x 0.25 ft3 wa,ter x 7 .48 gal x 3,780 g 
ft3 soil ft3 gal 

2.12 x 107 grams water 

1~36 X 108 

0.56 X 2. 12 X 107 + 1.36 X 108 
= 1.36 

0 . 118 + 1.36 
= 0.92 

The concentration of solvent remaining in the soil expressed as a function of 
the number of pore volumes extracted is shown in Table 1. 

If we assume the conservative case in which we need 200 pore volumes to 
flush the soil, the total volume of flushing water required is: 

200 pore volumes x 5,610 gal 
pore volume 

= 1,122,000 gal ( total extract) 

The time required to flush the soil system is given as a function of flushing 
rate in T.able 2. 
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Pore Volume 
Extractions 
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so 
100 
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TABLE 1 

CONCENTRATION OF SOLVENT REMAINING IN SOIL 
AS A FtlNCTION OF NUMBER OF PORE VOLUMES 

OF WATER EXTRACTED 

Initial Soil Percent 
Concentration Remaining. 

(µg/kg) in Soil 

980,000 100 

980,000 92. 

980,000 43 

980,000 1.5 

980 ,000 0 .02 

980,000 0 .00036 

2-3 

Concentration 
Remaining 
in Soil 
(µg/kg) 

980,000 

901,600 

421,400 

14,700 

196 

4 



(gpm) 
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35 

TABLE 2 

TIME REQUIRED TO FLUSH SOIL SYSTEM 
AS A FUNCTION OF FLUSHING RATE 

Flushing Rate Pore Volumes 
(gpd) Per Day 

7,200 1.28 

14,400 2.56 

21,60Q 3.85 

28,800 5.13 

36,000 6.41 

43,200 7.70 

50,400 8.98 

2-4 . 

Day-s to Achieve 
Quantitative 

Removal 

160 

80 

52 

39 

31 

26 

22 



The flushing rate depends on soil hydraulic conductivity and the system 
hydraulic gradient. Based on a vertical hydraulic conductivity ot 200 gpd/tt2 

and a gradient of 1 toot/toot, we predicted we can flush at 15 to 30 gpm. 
PreUminsa.ry running of the fiu,shing system indicated a now rate less than 
S gpm . Tb.is' lower rate indicates that a silty san.d may be present and that 
saturation (mounding) has occurred in the area reducing' the amount of water 
which can be added to the system. At this flushing rate. 160 days will be 
required to purge the system. 

The calc'11.ation of flushing efficiency and rate depends on the following 
assumptions : 

l. Extraction efficiency tor soil/water is the same as tor liquid-liquid 
system. 

2 . Equilibrium is rapid. 
\ 

3. Sequential batch ldnetics is the same as continuous column kinetics . 

4. Partition coefficients are similar tor other chlorinated organics. 

To check the validity of our calculations, we conducted laboratory extractions 
of soil removed from the sump area in December 1983. We used the following 
procedure: 

1. Weigh 500 grams ot soil into a l•quart extraction jar. 

2. Add 500 ml ot tap water at 50°F. 

3. Shake the mixture for one minute. 

4. Allow the mixture to settle tor five minutes. 

5. Decant the supernate and analyze it for trichlo~thylene and 1,1, 1-tri-
chloroethane . 

6. Repeat Steps 2 through 5 tor 1S extractions . 

Under this procedure. one extraction volume (500 ml) equals approximately 
6.4 soil pore volumes. The concentration ot trichloroethylene 1n the extrac­
tion water as a function of the number of the volumes extracted is S.hown on 
Figure 2. After 96 pore volumes have been extracted, the concentration .ot 
trichloroethylene decreased trom the initial value of 57 mg/1 to less than 
l mg/1. The rate ot extraction is slia'htly less than predicted by the calcula­
tions; however. the rate is rapid enoug"h to validate our assumption that 
quantitative removal will be achieved after 200 pore volumes are extracted. 

DESCRIPTION OF EXTRACTION AND FLUSHING SYSTEM 

An 8-inch well with a 20•toot screen interc.pting the groundwater table 
surface was installed in the vicinity of Donohue monitoring well Nos. 18 and 
19. The location is shown on Figure 3. Water is pumped trom this well to 
intercept contaminants coming troai the vicinity of the Plant 2 sump. Water is 
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pumped f'rom this well to the vicinity of the sump where it is sprayed on the 
ground directly above and in the immediate vicinity ot the Plant 2 sump . The 
sprayed water is contained in an area ot approximately 120 square !eet by a 
berm . The effectiveness ot the nush:ing system will be monitored by 
measuring the concentration of solvents in ex:iSting monitoring- wells in the 
vicinity. 
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CHAPTER 3 

ADDITIONAL SITE INVESTIGATIONS 

Based on information collected from site investigations and interviews of plant 
employees, we could not exclude the possibility that there are pockets of 
contamination in the soils under Plant 1. Plant l was constructed in phases 
,over a period of years, with the last major expansion completed in 1974. 
There is a possibility that disposal of chlorinated solvents occurred somewhere 
under .the 1974 addition prior to its construction-. We also had information 
that soils in an ~• east of the existing chip storage area could be con­
taminated. Without further investigation, the groundwater contamination 
observed beneath Plant l and- downgradient from Plant 1 could be explained 
by either of these potential sources. 

Two general approaches were available for determining the importance of any 
contamination of soils under Plant 1. The first approach is direct and 
involves obtaining samples of soils beneath the building addition and analyzing 
the samples tor the volatile chlorinated organics. This approach would 
require extensive concrete boring and soil sampling and would be disruptive 
to plant production. U the extent of contamination could be found, remedial 
action at the source would be signiticant. The actions would include 
relocation of production equipment, cutting concrete, concrete demolition and 
removal, soil excavation of a portion of the contaminated soils, backtilling, 
installation of a system of drains tor !lushing the remainder of the 
contaminated soils, and replacement of the concrete noor. Direct investi­
gation and remedial action beneath Plant 1 would be a significant economic 
burden to Sta-Rite. The area <Jf interest contains the motor assembly room 
which has a controlled environment to eliminat~ dust contamination. This 
production operation cannot be moved elsewhere on-site or transferred to 
other production facilities without substantial facilities renovation and 
interruption of production. The plant would have to stop production, 
resulting in hundreds .of thousands ot dollars in lost sales and potential loss 
of market share . A temporary plant clc)sing would atf ect not only company 
performance, but also employment in the community . Furthermore, even with 
substantial additional investigation, the location of the sources might not be 
found precisely. 

To rninirniz- the adverse economic impacts, we evaluated the potential con­
t$D.inati.on under Plant l by an indirect method which consisted of a direct 
evaluation of the extent of contamination east and south of the chip storage 
area and additional groundwater monitoring wells to the north and west of 
Plant 1. In this chapter, we discu.ss the procedures in these additional site 
investigations and our conclusions. 

EVALUATION OF SOILS IN THE VICINITY 
OF THE CASTING AND CHIP STORAGE AREA 

We analyzed soils in the vicinity of the casting and chip storage area by 
excavating test pits with a backhoe . We then collected and analyzed soils 
from various depths. The test pits were located on a grid and covered the 
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entire area ot potentially contaminated soils i4entified through plant interviews 
and prior soil boring results. The locations ot the test pits are shown on 
Figure 4. This area was identified as a possible contamination source through 
eJ?ployee interviews. · 

The following procedures were used at each test pit: 

1. The backhoe operator excavated to the sample depth. 

2 . Approximately · one pint ot soil was collected in a wide-mouth quart jar 
from the bottom ot the excavation or from the backho«!t bueket. 

3. The quart jar was immediately covered and shaken tor two minutes. 

4 . Atter the two•m.mute shaking period, the air in the head space above 
the soil was analyzed using a Model PI-101 photoionization analy2e.r 
manufactured by HNU Systems, Inc. To analyze the head space gas, 
the detector probe was inserted through a hole in the jar cap . The 
instrument response is parts per million as ben~ene on a volume basis in 
the head space . Prior to analysis, the instrument was calibrated with 
calibration gas supplied by the manufacturer. The instrument detects 
organic and inorganic compounds by ionizing the chemical using ultra­
violet radiation and measuring the current generated by the ions formed. 

The energy to the ultraviolet lamp is adjusted to provide a uniform 
response even thoua-h the lamp deteriorates With use. The instrument 
was calibrated three times per day with the calibration gas and also 
calibrated atter significant positive response. 

The source of ultraviolet radiation is a lamp with a potential ot approxi­
mately ten electron volts. Therefore, compounds with ionization 
potentials approximately ten electron volts or less are detected. The 
detection method is non-sp.ecitic; however, it provides a valuable indica­
tion concerning the relative amounts of contamination from one soil 
sample to another. Because the results are obtained immediately, we 
were able to adjust the backhoe excavation operation in response to the 
data. 

S. Samples that showed significant response using the photoionization 
detector were turther analy2ed usin&" the Model OVA-108 Foxboro 
portable organic vapor analyzer. The OVA uses a flame ionization 
detector and proVidt:s a generally more sensitive response to those 
comp0W1ds With high ionization po.tentials. Furthermore, the OVA has a 
gas chromatograph mode which allows an approximation of the number of 
compounds present. The OVA was calibrated using a commercially 
prepared standard gas at least three times quring a day . Also, the unit 
was calibrated when the analysis showed a positive result. 

6. To correlate the field information With the more accurate laboratory 
determination ot organics in the soils. we coll~cted three samples of soils 
which had field instrument readings ranging from low to high tor specific 
laboratory analysis . 
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The correlation between field analysis using the photoionization detector and 
the laboratory analysis is shown in Table 3 and on Figure 5. Table 3 shows 
the listing of the HNU photoionization detector response from th.e field equip­
ment and also the specific constituents and total concentration of organics in 
the soil samples . The correlation between the HNO' readings and the total 
organics found in the laboratory samples is shown on Figure 5 . There is a 
reasonably good correlation between the field instrument response and the 
total amount of organics in the soils as found in the laboratory . Because we 
have a good correlation, we can calculate the concentration of organics in the· 
soil as a function of the field instrument readout. The results are listed in 
Table 4. The areal concentrations of solvents at various depths are shown on 
Figures 6 through 11. We obtained only limited OVA readings because a 
relatively small number of samples gave positive HNU readings . Therefore, 
no correlation of OVA and laboratory data was attempted. 

The procedure for field analysis was evaluated prior to use at Sta-Rite to 
ensure that we would not have false positive reading. A clean soil sample 
that had been analyzed by a laboratory gas chromatograph which showed no 
contamination was introduced to our field methods . The field methods also 
showed no contamination. Therefore, there is little chance of recording a 
false positive or having the field instruments indicate contamination where 
there is none detectable. · 

We can estimate the amount of solvent in the soils based on the distribution of 
concentrations measured. To calculate the total weight of solvent, we assign 
an average concentration of solvents in the soils to an area and depth based 
on the analysis. By assuming a soil density ot 100 pounds per cubic toot , we 
can calculate the amount of solvent. The results ot the calculation are shown 

-in Table 5 . Th~ total amount of organic solvents estimated in the soils in the 
vicinity of the chip storage a.rea is 20 . 7 pounds. Most of the solvent is in a 
small area and at a depth of 6 to 10 feet below the surface . There is not 
sufficient contamination of the soils in the vicinity of the ehip storage area to 
explain the groundwater contamination found in the monitoring wells near 
Plant 1. We conclude fl".ODl this portion of the investigation that the con­
tamination noted under Plant l is due to sources that are now covered by the 
building. 

As discussed earlier, it is not feasible to conduct additional investigations or 
remedial action beneath Plant 1. We re.commend the installation ot extraction 
wells to intercept contaminants. The investigations related to the extra,ction 
system for the Plant l contaminants are presented in Chapter 4 . 
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Sample 

2 (10 ft) 

7 (6 ft) 

9 (8 ft) 

TABLE 3 

COMPARISON OF HNU RESPONSE IN FlELD HEAD SPACE 
ANALYSIS AND LABORATORY ANALYSIS OF SOILS 

Laborato~ Analxsis - msLks in soils 
mro 1,1,l 

Reading Methylene Dichloro- Trichloro-
ppm chloride ethane . ethane TCE Toluene 

160 0 . 132 0.391 6.05 1.80 ().47 

<l 0.033 <0 . 01 0.015 0 .011 0. 19 

500 0.044 <0.01 0. 049 2.40 20 . 8 

3-S 

Total 

8.84 

0.25 

23 . 3 
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Pit 
Number 

1 

2 

3 

4 

s 

6 

7 

8 

TABLE 4 

FIELD HEAD SPACE ANALYSIS RESULTS AND CALCULATED 
AMOUNT OF SOLVENT IN SOIL SAMPLES 

Coordinate Sample BNU Response OVA Response 
Loc.ation Depth ppm as Benzene ppm as Methane 

North/East (feet) in Head Space in Head Space 

250/0 3 <1 
6 <1 
8 2 

10 <1 

230/0 1 3 
3 20 
6 18 
7 so 

10 160 1,600 

230/-50 1 <5 
3 <S 
6 <5 
9 <5 

11 <S 

220/0 3.5 <l 
5 4 
7 34 

10 <1 

200/0 3 <l 
s 3 
8 2 

10 <1 

190/10 3 <l 
6 <1 
9 <1 

10 <1 

170/10 3 <1 
6 <1 
9 <l 

10 <l 

170/100 2 <1 
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Amount of 
Solvent 
in Soil 
(mg/kg) 

<0.1 
<O.l 
0 .1 

<0.1 

0 .15 
1.0 
1.0 
2.3 
7.4 

<0 . 25 
0 . 25 

<0.25 
<0.2S 
<0 . 25 

<O . l 
0.·2 
1.6 

<0.1 

<0.1 
0.2 
O. t 

<0. 1 

<0.1 
<0.1 
<O. l 
<O. 1 

<0.1 
<0.1 
<O.l 
<0.1 

<O . l 

... 



Coordinate Sample 
Pit Location Depth 

Number North/East (feet) 

9 150/40 3 
s 
7 
8 

10 
12 
14 

10 120/40 1 
s 
8 

10 

11 120/50 3 
6 
7 

12 100/10 1 
s 
8 

13 110/40 3 
s 
7 

10 
11 
12 

14 130/40 1 
3.S 
s 
6 
7 

10 
12 
13.5 

15 130/50 1 
3 
4 
6 
8 
9 

12 

TABLE 4 
(Continued) 

mm Response 
ppm as Benzene 
in. Head Space 

<1 
<l 
14 

500 
600 
400 
600 

8 
g 

130 
700 

<1 
<1 

800 

4 
5 
8 

<1 
<l 
4 
6 

11 
7 

<1 
2 

900 
950 
50 

120 
30 
60 

<l 
5 
3 

30 
55 
so 
60 

3-8 

Amount of 
OVA Response Solvent 

ppm•~ Methane in Soil 
in. Head Space (mg/kg) 

<0.1 
<0.1 

0.02 0.7 
>10,000 23 
>10,000 28 

100 19 
S00 28 

0. 4 
9 0. 4 

30 6.0 
800 33 

<0 . 1 
<0.1 

1,000 37 

0. 2 
0 .3 
0 .4 

<0.1 
<0 . 1 
0.2 
0.3 
o.s 
0.4 

<0 .1 
0 . 1 

4,000 42 
8,000 44 

20 2.3 
90 5 . 6 
30 1.4 
so 2.8 

<O. l 
s 0.25 

10 0.2 
40 1.4 
45 2.6 
45 2.3 

2 .8 



Pit 
Number 

16 

17 

18 

19 

. 20 

21 

NOTE: 

Coordinate Sample 
Locatio11 Depth 

North/East (feet) 

100/0 1 
5 
1 

10 

260/40 3 
6 

10 

240/30 3 
6 

10 

220/40 3 
6 

10 

310/60 1 
2 
7 
9 

10 

Plant 2 0.5 
Southeast 3 
Pavement 6 
Corner 8 

10 

TABLE 4 
(Continued) 

HNU Response 
ppm as Benzene 
in. Head Space 

50 
3 
9 

30 

<1 
<1 
<1 

<1 
<l 
<1 

<1 
<1 
<l 

<t 
10 
20 
20 
5 

<l 
2 
2 
2.5 
3.2 

OVA Response 
ppm as Methane 
in Head -Space 

21.5 ppm in head space= 1 mg/kg in soil . (See Figure S for empirical 
relationship) 

3-9 

Amount of 
Solvent 
in Soil 
(mg/kg) 

2.3 
0.1 
o.s 
1.4 

<0.1 
<O. 1 
<0.1 

<0 . 1 
<0.1 
<O.l 

<0.1 
<0.1 
<0.1 

<0.1 
o.s 
1.0 
1.0 
0.25 

<;0.1 
0.1 
0.1 
0.2 
0. 3 
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Depth 
(ft) 

0 - 3 

3 - 6 

6 - 9 

9 - 12 

12 • 1S 

TOTAL 

TABLE 5 

CALCULATED MASS OF SOLVENT IN SOIL IN 
VICINITY OF CHIP STORAGE AREA 

Area With Average 
Solvent Concentration. Mass of Solvent 
(ft2 ) (mg/kg) (grams) (lbs) 

100 2.S 33 0.07 

0 0 0 0 

2,400 12.0 3,800 8.4 

2,400 12.3 3,850 8.5 

1,600 8.1 1,700 3. 7 

20.7 

3-16 



CHAPTER 4 

GROUNDWATER EXTRACTION FOR 
CONTROL OF THE PLANT 1 CONT AMIN ANT PLUME 

INTRODUCTION 

The. Plant 1 plume boundaries and the ettect ot groundwater extraction wells 
on the Sta-Rite property were evaluated through installation ot additional 
monitoring wells and analysis ot the groundwater now system. Groundwater 
information was collected to evaluate the vertical and lateral limits ot the 
contaminant plume, nuctuat:f.ons in groundwater now direction, nuctuations in 
the elevation of the water table, and the cone of depression and cone o.f 
intluence of propos.ed groundwater extraction wells. As discussed in 
Chapter 2 , an eztraction well was placed to intercept groundwater contami­
nation originating from the Plant 2 sump area . A pump test was conducted 
on this extraction well to determine the expected radius of influence ot the 
extraction wells on the contaminant plume . The data were used to design a 
groundwater interception system. 

ADDITION AL FIELD INVESTIGATIONS 

Five additional monitoring wells were installed to define the eztent of the 
contaminant plume. Three ot these wells were constructed as observation 
wells and aided in the definition of the lateral extent ot the plume. These 
wells included 0-23 and D-24 which are located on the north side ot Plant 1; 
they were used to define the eastern boundary of the plume. Well D-25,. 
located west of Plant 1, aided in the definition ot the southern extent ot the 
plume from Plant 1. In addition, at D-25, two additional piezometers (D-26 
and D-27) were installed to complete a well nest. This nest was used to 
define the depth of contamination in the aquiter. The location of the wells is 
shown on Figure 3 and installation information ts provided in Table 6. 
Wells 0•23, D-24, and D-25 are screened at the water table and extend 
approximately 5 to 8 feet below the water table.. D-26 is SO feet deep and 
D- 27 is 75 feet deep. The observation wells have 10-toot slotted screen 
sections. while the piezometers have s-toot screened sections. 

An extraction well was installed directly south of 0-18 to intet'Cept contamina­
tion trom the Plant 2 sump area. This well is approximately 48 teet deep and 
consists ot 8•inch No . 40 slot PVC surrounded by a 2-inch gravel pack. The 
slotted section is 20 teet long and beg'ins at or near the water table. This 
well is able to produce in excess of 80 gpm. 

ADDITION AL DATA COLLECTION 

Additional geologic inf onnation was collected during drilling of the monitoring 
wells. The borin&' logs are contained in Appendix A. New information is 
consistent with previous subsurface investigations . A surface layer of sandy 
silt approz:ima,tely 15 . to 20 teet deep is W1der1-in by sands and gravels . At 
D-21, a silt layer was encountered between a depth ot SO to 60 feet. This 
layer cannot be traced continuously over the site although it does appear in 
D-6, D-2. 0•10 1 and TW-lA. D-23, D•24, D-25, and D•26 are all screened 
above this silt layer. At D-23 the tormation contained a large thickness of 
rounded cobbles and gravel. 

4-1 



TABLE 6 

BORING IUID W£LI. L.'fSTAI.LATIOM INFORNATIOM 
STA•RITE I.'fDUsttUES 

DelavaD., Wiscoa.aiD. 

Toul Screened ElevatioD. 
Well Bodcg Innalled Date Dept.h ID.terval Gtowi.d Top oI Pipe of Screened 

No . 8:t Illae&lled t!!L Feet Elevati on !le•at.i on Interval 

TB·l Warr,u 12-14•82 10 
TB-2 Waray'll 12•14-82 15 
TB•l Warr,u 12•14•82 10 . . TB•4 Waray'll 12•14•82 10 . 
TB·S Warr,u 12-14--81 10 

TB•7 Wanyu 11•14•82 10 
TB-8 Warzyu 12-14•82 10 
TB•9 Warzyu 12•14•82 10 
TW•l Warzyu 12-09•&2 44 24•44 939.l 942.39 915 .2-895 , 2 
TW•lA Wanyu 12-10•82 as 75-as 939.4 942.60 864. 4-854. 4 

TW-2 Wal'Qll 11-02•82 S1. 31-51 942.5 944.38 911. 5•891 .5 
TW•lA Waayn 12-03•82 90 80•90 942,S 945.50 862.5-852.S 
'N•3 Waayn 12•08•82 48 28- 48 943.S 946 .67 915.5•895.S 
TW-4 Warzyu 11-06-81 49 29•49 948. 0 951.06 919 .0-900.0 
0-1 Dollollue - Wis • 02•15•83 so 

THt'iq Lab. 
30•50 948. 71 950 . 10 918. 7-898. 7 

D-2 DoD.oll- • Wia. 02•09•83 110 100-110 948.8 952.52 844 .8-838. 8 
Te.ticg Lab. 

D-3 Donobue - Wis. 02-17-83 so 30-50 947. 2 949 . 75 917.2-897.2 
TeaUq Lab. 

D-4 DoD.ollue • Wia. 02•17•83 80 70•80 947.4 950.50 877 .4•867 . 4 
Teatilll Lab. 

D-5 DollOIWe • Wia, 02•22.•83 so 30•50 944.0 946 .4! 914.0•894.0 
Teatilla t.b. 

0-6 DoD.ohu.t • Wi~ . 02• 21-83 110 100-110 944. l 946. 39 844 .• 1-834. l 
Te■tiD.I Lab. 

0•9 DoD.ob.ue - Wis . 02-23-83 so 30-50 935.3 936 .96 905 .3-885.3 
tenilll Lab. 

0-10 Dot1ohue • Wis • 03•02-83 110 100-110 935 .4 938 .33 835.4-825.4 
Teaticg Lab. 

a-u DoD.ob.ue • Wis • 06-28•83 35 
Testilll Lab . 

0•12 DoD.ohue - Wis. 06•30-83 36 26-36 948.56 948. 56 912 .6•912. 6 
'testiq tab. 

B•l3 D0&10~ • Wil. 07-01•83 35.5 
Teatiq tab. 

0•14 DollOIWe • Wia • 07•11• 83 3S 15•35 948.18 950. 09 923.2-913.2 
test.illa Leb. 

0•15 Dollohue - Wb . 07-07-83 38 2&-38 943.69 ~.ss 915,7-905.7 
Testing Lab . 

. 8•16 Dollohu • Vb • 07•0&•83 32.5 
Teatilla Lab. 

B•l7 Dollohu:e • Via. 01-11-83 U .5 
Teatiq Lab. 

0-18 Doa.ohue - Wia. 10•10•83 37 34,5-37 942.08 944.15 907.6•905.l 
Ttstiq Lab. 

0•19 Ooaohue - Wia . t0-t0•8j 29 ,S 19.S-29 .5 941.86 943.11 92.2.4-912.4 
Teaticg Lab. 

0•23 Doa.ohw • Giles 05-02-84 38 28. 5-38 944. 47 946 .• 01 916.0-906.5 
Ecl1ill•uiD.1 
Aaaociatea 

0•24 Dollohue • Giles 05-18-84 34 24.5-34 942.84 944.88 918.3-908.i1 
Eqiaeeriu& 
Aaaociates 

0•25 Dollolul• - Giles 05•16-84 35 2S.S•35 943.22 945.76 911. 7-908. 2 
!o.1iueericg 
A .. ociat.ea 

0•26 Ooaoll1&e • Gllea 05•14-84 so 45•SO 943.27 945 .30 898.3-893 .. 3 
haille•ri.Aa 
Aaaociat.ea 

0-27 Dolliib.u:e • Gil.ea 05-04•84 75 70-75 943. U 945 .71 873. 2-868. :? 
Euaillffrilll 
AHOCiatea 
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Additional water level elevations were taken and are contained in Table 7 . 
Water table maps have been constructed from data collected .on May 23, and 
June 8, 1984. These are depicted on Figures 12 and 13. Maximum tluctua• 
tion of the water table has been 8 feet at TW•l with .an average tluctuation of 
S feet at th.e site. The 8•foot fluctuation at TW-1 is probably a result of 
measurements taken while City Well No. 4 was pumping. The water table 
constructed from the May 23, and June 8, water level measurements inclicates 
a groundwater !low to the west and northwest . Rainfall occurred between the 
two days, causing the water level to rise approx:fmately .one-halt toot. A low 
croundwater elevation was found at TW•2. Tb.1s is inconsistent with expected 
hydrogeoloeie conditions and may be caused by chan&'es in the integrity of . 
the well or a slower response time ot the well to chanl(ing ~ater levels . 

A pump test was conducted on the extraction well to aid in the design of an 
extraction system for Plant 1. Data were collected over a 4,SOO•m.inute time 
span from .June 4, through June 6. These data are contained in Appendix B. 
The data were matched to Thies•type curves tor delayed yield from storace. 
Computed transm.issivity values were then corrected tor effects of partial 
penetration ot the pumping and observation wells . These values ran&'ed from 
a low of 22. 000 caUons/ day /toot (gpd/tt) at TW• 1 to a high of 42,000 gpd per 
foot at TW-3 and D• 19. City Well No. 4 was on tor a portion of the pump 
test and may have caused the low transmissivity value calculated at TW· 1 
where the ettects from City Well No. 4 would be the createst. The cessation 
of pumpinc at City Well. No. 4 is showu in the data by a rise in the water 
levels~ A second rise in the water levels was seen during the latter stages 
of the pump test after ram.tall had occurred. None of the other surrounding 
wells were monitored tor groundwater tluctuations. therefore where this 
occurred durin&' the pump test the data ,could not be used in the analysis. A 
rough estimate or the transmissivity based on the specific capacity of the 
pumping well results in a value of 20,000 gpd per foot. This is consistent 
with the calculated transmisai"itities. These transmissi"itities reflect conditions 
in the upper portion ot the aquifer and, do not reflect the entire saturated 
thickness . The transmissivity tor the entire aquifer is estimated at 
150,000 gpd per toot (Donohue. December 1983). 

The analysis of water from the new monitoring wells and other monitoring 
wells is provided in Table 8. The data provides the following information: 

1. The coDtaminant plume extends to the north side of Plant l where i t was 
detected in D-23. 

2 . The depth ot the plume near the Sta-Rite western boundary is approxi­
mately 20 feat from the top of the groundwater table. 

3. Downward movement of the contaminants is probably re$tricted by the 
low permeability silt layer found between SO and 60 feet. This informa­
tion is reflected in the data collected from D-25, D•26, and 0-27. 



TABLE 7 

WATER TABLE ELEVATIONS 
HEASURENNT DATA 

Well Top of PVC 
Number Elevation 12/13/82 1/07/83 3/11/83 4/07/83 4/08/83 4/11/83 10/17/83 1/25/84 5/23/84 6/8/84 

·rw-1 942'.39 917 . 35 916 .67 917. 76 918.52 918. 65 919 .51 913.95 915 .21 915.35 915.61 
TW-lA 942.6 915.76 915 .48 917 .81 918.55 918. 71 919.58 912.33 914.63 914 .83 915 . 71 

TW-2 944.38 915.43 915.68 915 .94 916.47 916.59 918. 71 913.17 913 .57 913.67 913 . 77 
'f'W-2A 944.5 915.91 916 .01 916.49 916.96 917 . 2 919.71 913.42 914.02 914 . 18 914.35 

TW-3 946.67 917 . 19 917 .25 917 .82 917 .25 918.62 919.46 914.48 915 . 37 915.55 915.63 
TW-4 951.06 916.43 916.92 917 .09 917 .49 917 .57 918. 32 915.06 914 .67 ,914. 76 914.76 

D-1 950.1 920 .57 921.02 918.l 917 .61 
D-2 952.52 921. 34 921.78 918.81 918 .03 918.83 
D-3 949 . 75 919 .59 920.32 915 .67 916.72 916.85 917.26 
D-4 950.5 921.44 921.03 917 . 15 916.58 916 .85 917 ~23 
D-5 946.45 916.94 917 ~59 914. 45 914 914.3 914. 42 

~ 
I 
~ 0-6 946.34 917 . lS 917 . 76 914.37 914 .22 914 . l 914.43 

D-9 936.96 917 . 22 919 . 25 913.46 915.02 915.12 915.49 
0-10 938.33 915.17 920.75 911.5 915 .81 916.93 917 . 34 
0-12 948 .56 916.56 914.88 914 .26 915 . 43 
D-14 950.09 914.15 

D-15 945.SS 914.64 915.41 915 : 68 915.81 
D-18 944.25 914.17 915 .02 915 . 17 915.23 
D- 19 943 . U 913. 12 915.02 915. 14 915 . 18 
D-23 946.01 914.51 915 . 14 
D-24 944.88 914.52 914 . 73 

D-25 945 .76 914.36 914. 73 
D-26 945.3 914 . 3 914.69 
0-27 945 . 71 914.73 914.97 
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TABU: 8 

GlOUlCDWATD QUAI.Iff 04TA 
STA•IUTE DmlJS'ftltlS 
Dela•aa, ViacOUiD 

Date !Set.by lea•· 1,l•Dicbl.oro• Trau 1,2• 1,1,l•Tric:llloro• Tricllloro• T•t.rac:hloro• 
111 No. S9led chloride • ·t.bz:lelle dicbloroetllil••• etllaraa etb.Il-• et.bJ:l-• Tolu••• 

wTW-1 01•07•83 MD 7 
r TV•L\ 01•07•83 Mil MD ND Mil MD ND ND 

l'W•2 01•07-83 N'D lfl) }IJ) tm ll1) Ml) Ml) 

l'W•2A 01•07•83 ND MD ND lfD NI) ND NI) 

"l'W-3 01•07•83 7 8 81 7 

"T\1•4 01•07•83 2.50 <!SOO U , 750 1,035 
1>-1 04•08•83 <t .<l <.1 <l <1 <l <1 
D•2 04•08•83 <1 <1 <l <1 <1 <t 2. 
D-3 04•08-83 <1 <1 ·<1 <1 <l <1 <l 
1>-4 04•08•83 <l <1 <1 <1 <t <1 <l 

l>-5 04•01•83 <15 150 19 1,800 500 <l <l 
l>-6 04•08-83 <l <1 <l <"1 <1 <1 <l 
D•t 04•08• 83 <l <1 <1 10 2 <1 <l 
0-10 04• 08-83 <1 <t <1 <l <l <1 <l 
l'W•l 04-08-83 <l <1 <t 3 3 <l 2 

.TW•U. 04•08-83 <l <l <1 <1 <l <l <1 
'N•2 04•01•83 <t <l <1 <1 <1 <l <l 
TV•2A 04-08•83 <l <l <l <1 <l <l <1 
l'W•3 04-08-83 <1 <1 <l 4 )2 <l <l 
TW•4 04•08•83 <100 1,100 <100 12,$00 3,400 <100 <100 

,· '0•12 07•13-83 140 4,080 16,200 3,870 as 
\ D-15 07-13-83 860 110,000 1,830 8$ 
) TW•l 10•18•83 <1 <1 <1 6 1 l <l 

TW•lA Moot Saaplad 
TW-2 .... 10•18•83 <1 <l <1 <l <l <1 <1 

TV·2A 10-18•83 <1 <1 <1 <1 <1 <1 <1 
'1'\1-3 . 10-18•83 2 4 4 17 199 12 2 
TW-4 Not. Saapled 

I D•l 10-18-83 <1 <l <l <l <1 <1 <1 

' D-2 10•18•83 <l ·<1 <t <1 <l <l <1 
D•3 10•18•83 l <l <1 <1 <l <1 <l 

D-4 10•18•13 <1 <l <t <l <1 <l <l 
D-5 10•18•83 <l 150 23 2,120 588 10 <l 
D•SA. 10•18•83 l 195 19 1,910 340 4 2 
D-6 10•18•83 <1 <1 <1 11 4 <1 <1 
D•9 10•18•83 <l <} <\ <l <1 <t <1 

D•lO 10• 18•83 <1 <1 <1 <1 <l <l <l 
D-12 10-18-83 9 1,010 55 9 ,820 1,190 <1 <1 
D-14 10-18•83 2 713 <1 1,640 954 5 <l 
1>•15 10•18- 83 1 , 180 8 10 26 17,400 ~.950 11 
0-18 10•18-13 <1 <1 <t <t 517 254 2 

1>•19 10•18•83 <1 <t 2 <l 518 67 <t 
tv-1 01•25•84 1 <t <l <1 <1 <t <t 
TW•lA 01•25•84 <1 <1 <1 <1 <t <1 <·1 
TW• 2 01-25•84 <1 <1 1 <1 6 <1 <l 
'N•2A 01•2.5•84 <l <l <t <1 20 · <t <1 

TW•3 01-25•84 <l 5 5 38 $00 27 <l 
'N-4 01-25-84 5 2,330 57 20,400 5,360 <t 1 
0-1 01• 15•84 - - - - - - -1>•2 01-2.5-84 - - - - - - -l>-3 01-15•84 - - - - - - -

4-7 



TABI.& a 
(CoaU.--4) 

Date tfetllylea• 1, l-Dic:11.loro- Tram 1,2:- 1,1,l•Trichloro- Tricb.l..oro• T•trachloro• 
tU Ko. Sallllled chloride etta:tleo.e dic:b.loro•tllJ:l•e• •t.laaa• •S!ll'.l•- •~leae Tolueo.e 

..... D•4 01-15•84 - - - - - - -D-5 01•2.S-84 <1 91 14 l,UO 404 <1 
0-6 01•25•&4 <t <l <l 6 3 <l <l 
D•9 01•2.5•84 <l <l <l <l <l <1 <1 
D•lO 01•25-84 <l <1 <l <1 <l <l <l 

D•12 01•25-84 <SO 1,570 100 ta,300 3,600 <SO <50 
D•l4 01•25-84 <l 140 6 1,120 363 <l <l 
D•U 01-25-84 <SO <SO <50 <SO 19, 2;00 1,100 <50 
D-18 01•25-84 :l 1 1 6 2,290 uo <l 
D•l9 01•25•84 Dry 

fW.1 05•25-84 <4 <4 <4 6 <4 <.4 <4 
TV•lA 05•25-14 <4 <4 <4 <4 <4 <4 <4 
TV•2 05-25•84 <"- <4 <4 <4 <4 <4 <4 
TV•U 05•25-14 <4 <4 <4 6 <4 <4 <4 
TW-3 05•25•84 <4 <4 <4 30 180 44 <4 
T'W-4 05-25•84 <SO 3, 450 <50 n,200· u,100 <50 <4 

0-5 05•25•84 <4 <4 <4 4,150 650 <4 <4 
D-6 05•2.5•84 <4 <4 <4 16 <4 <4 <4 
D-9 05•25-84 <4 <4 <4 6 <4 <4 <4 
D•10 OS•25•14 <4 <4 <4 <4 <4 <4 <·4 
D-12 05-15•84 <lO 990 <10 10.,600 2,0$0 <10 <4 

D-14 05•2.5•&4 <10 U3 <10 2,580 530 <10 <4 
D-15 05•15•84 <50 <SO <SO <SO 41,800 2, 670 <4 
D•ll 05•15- 84 <4 <4 <4 <4 660 117 <4 
D-19 05•25•84 <4 <4 <4 <4 4,180 980 <4 
D-13 05-25-84 <4 56 <4 692 <4 <4 <4 

D•24 05•25•84 -- <4 
D-25 05.25 • . 94 <4 

! 
D-26 05•25-14 <4 84 <4 9$1 328 <4 <4 
D•27 05-25-84 <4 <4 <4 <4 <4 <4 <4 

Kou: . All ao.aly■ia reaulu •~ aic:toaraa/U.ter 

-Vanya AUlyah 
-No Allalyaia 

! ,. 
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EXTRACTION WELL SYSTEM 

Donohue applied and calibrated a contaminant transport model describing 
plume movement which is explained in "Groundwater Modeling of Solvent 
Contamination near City of Delavan Well No. 4". by Donohue & Associates, 
Inc., December, 1983. The general aquifer characteristics were defined from 
field data including water level information, topography, and pump tests. 
The aquifer is unconfined with a storage .coefficient of 0 .1, a porosity of 
35 percent, a transm.issivity of 150,000 gpd/ft, and a hydraulic conductivity 
of 1,250 gpd/ft2 • The high transmissivity and hydraulic conductivity of the 
aquiter results in a rapid groundwater velocity of approximately 2 feet/ day 
and a fairly narrow plume . The high transmissivity does not allow nearby 
pumping wells to have a profound effect on contaminant movement even 
though their cone of depression is large. Although the cone of depression is 
large, drawdowns away from the wel1 are very small, resulting in a small cone 
of influence. 

This knowledge of the groundwater system was used to aid the design of and 
extraction well system. The purpose of the extraction wells is to intercept 
the majority of contaminants moving off-site from the pump area and from 
beneath Plant 1. Extraction Well No. 1 currently intercepts contamination 
from the pump area. Additional extraction wells are required to intercept the 
plume from Plant 1. 

The estimated plume boundaries and location of extraction wells are shown on 
Figure 14. These well locations WeTe chosen for three reasons. First, 
extraction wells should be placed in a line perpendicular to groundwater flow 
to maximize the interception of the cones of depression from each of the 
wells. This placement maximizes drawdown and causes movement of 
contaminants towards the wells. Secondly, the extraction wells are placed as 
close to the suspected source as possible to intercept the contaminants where 
less downward dispersion ot the contaminants has occurred. Lastly, the cone 
of mfluence of each well was assumed to be slightly less than a 100 foot 
radius, resulting in the wells being placed on approximately 200 toot centers. 
The wells will extend 20 feet below the water table and pump at approximatley 
80 gpm. This depth is recommended to withdraw water as close to the water 
table as possible since most of the contamination stays in the upper portion of 
the aquifer. This depth is also needed to allow for sufficient drawdown at 
the required pumping rates. 

After preliminary placement of the extraction wells. our previous model was 
re-run to estimate the amount of contaminants which would be captured by 
the extraction wells. However, a number of the parameters in the model were 
changed. Specifically, the model was changed to account for the three­
dimensional problems in the two-dimensional model. We reduced the aqu:if er 
thickness and increased the transmissivity to 20 feet and 40,000 gpd/ft 
re,spectively. The aquifer thickness was reduced because the depth of the 
wells is 20 feet. The effect of this reduction is to increase the amount of 
contamination entering the wells. Actually less contamination will be captured 
because the wells will be withdrawing water from a depth greater than 
20 feet . To compensate for this partial penetration affect, the transm.issivity 
was increased from 25,000 gpd/ft (Donohue & Associates, Inc. , 1983; 
corrected pump test results, this report) to 40,000 gpd/ft (uncorrected 
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results) . Increasing the transmissivity decreases the influence of the wells . 
The gradient was changed to .005 ft/ft and flow direction was 75° west of 
north. 

When the model was re-run with these modifications, the majority of 
contaminants were intercpeted by the extraction system. The model was run 
with various pumping rates and with tour and five extraction wells. It was 
found that five wells were necessary to intercept substantially all of the 
contamination . 

Darcy's law was applied as a rough check to determine if the five extraction 
wells were adequate to capture the contaminants. The estimated flow from the 
upper 20 feet of the aquifer across the plume is calcuated from: 

Q = KIA where: 

Q = groundwater discharge 
K = hydraulic conductivity 
I = gradient 
A - cross-section area 

and is equal to, 

120 gpd/ft2 X . 005 X 20 ft X l, 000 ft = 125,000 gal/ day. 

For the entire acquifer thickness the flow estimate is: 

1. 250 gpd/tt2 x . 005 x 120 ft x l , 000 ft = 750,000 gal/ day 

With six wells pumping at 80 gpm 691,000 gal/day of water would be with· 
drawn from the system. This analysis indicates the·se wells would be 
adequate to capture substantially all of the contaminants . Actual pumping 
rates will be adjusted after well placement to ensure maximum containment 
capture. 

Limitations ot this model must be recognized. A large model is required to 
precisely account for three-dimensional components to the contaminant move• 
ment in this system. We compensated for this by changing the 
transmissivity. By doing this, it may .be necessary to also change the 
dispersiVities. This could be checked by recah'brating the model. Because of 
insufficient data including the uncertainty -of the source area, this was not 
done. However, the model worked well to approximate conditions , Darcy's law 
was consistent with the model results , and the cost ot a larger model or 
recalibration is not justified. Therefore, the recommended approach is to 
install the wells and adjust the pumping rate as required. 

The extracted water will be discharged to the city storm sewer system. The 
storm sewer along the west boundary of Sta-Rite is a 54-inch pipe with a 
0. 3 percent slope. The expected flow from the extraction system. · including 
the extraction well at Plant 2, 1 cf s, is less than 1 percent o! the sewer 
design flow. There should be no problems with sewer flooding during design 
rain events. The concentration o! chlorinated organics in the water discharge 
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to the storm sewer is expected to be less than 1.0 mg/1. This estimate is 
based on the concentration found in neart,f monitoring wells and the fact that 
some dilution will occur as clean water is pulled into the wells . The effluent · 
guidelines for the metal finishing industry permit a discharge of 2. 13 mg/1. 

Since the source for the contaminants in this area is suspected to be beneath 
Plant 1 . the pumping lite of the wells cannot be determined. Periodic 
monitoring of the down.gradient monitoring wells and extraction wells can. be 
used to determine the required pumping period . 
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CHAPTERS 

CONCLUSIONS AND RECOMMENDATIONS 

Since our April 1984 submittal to the Department of Natural Resources, we 
have completed additional site investigations and evaluation of the remedial 
action requirements to address the ground.water contamination on Sta-Rite 
property in Delavan, Wisconsin. We conclude the following: 

1. 

2. 

3. 

4. 

s. 

Soils contaminated with chlorinated solvents can be cleaned by extraction 
with water. Laboratory evaluations confirm the partition coefficients 
reported in the literature. 

If the soils in the vicinity ot the Plant 2 sump are fiushed at a rate of 
approximately S gpm, approximately 160 days will be required to 
substantially remove the contaminants. 

The extent of contamination of soils in the vicinity of the casting and 
chip storage area is relatively small and cannot explain the concentration 
ot solvents in the groundwater beneath and downgradient from Plant l. 
We therefore conclude that the primary source of contamination of 
groundwater downgradient from Plant l is beneath Plant 1 . 

At the Plant l west boundary, the contaminants are confined to the top 
20 feet of the aquifer. 

A total of six extraction wells including the extraction well for the 
Plant 2 sump, will substantially reduce the off-site movement of the 
contaminants when the ~ells are pumped at approximately 80 gpm each. 
The effectiveness of the extraction well system will be monitored using 
existing groundwater monitoring wells downgraclient of the extraction 
system. The water from the extraction wells should be discharged to 
the storm sewer system . 

Based on the results of these investigations, we recommend that Sta-Rite 
install the groundwater extraction system with a discharge to the 54-inch 
storm sewer along the plant boundary . A portion of water from the 
extraction well at Plant 2 should continue to be used for fiushing soils in the 
vicinity ot the Plant 2 sump until monitoring wells in the immediate vicinity of 
the sump indicate substantial removal of contaminants. No further site 
remedial actions or investigations are recommended. 
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RECORD OF SUBSURFACE EXPLORATION 

ConsuLTnC S01L A~ 

Boring No. 23 ~€11Gn€€RS 
Project: _..;.S.;.ta;.___R..;.i..;;.t.;;.e ...;l:;.;.n_d;.;;;u~s-=-tr;..i;..;:e:;.;:s:..-___________ _ Date: __ s~-~i.z~-"BA-------

Delevan, Wisconsin GEA Project No.: 8Q:4:u.0.1:11A .. J ... 7 _____ _ 

Crew Chief: Duane Drewicz 

DESCRIPTION 
09p1tl ~- N a.a.. No. & ca., qp q. w REMAAKS 

G,ound Surf.a El-11oft Surfece Type 

- Light Brown Silty very fine Sand, - -
... trace coarse Sane1, trace fine Grave - -
- (Damp) (SM) - -
- - -- 5• -- - - - - - - , ,r~ 15 -. 
- Tan fine Sand. trace coarse Sand. - -
~ some fine Gravel (Damp), Cobbles - -
- at 7.5' (SP) - -
- Trace Silt 

10· 
2-SS 63 ----- - - - - -

- Tan fine to coarse Sand. fine to - -
- coarse Gravel, trace Silt (Damp - -
• to Wet) 

15• 
64 

. -j-~~ --- (SW) - -
~ - -
- - . -
- 20· -. II ('(' 69 - -
- - -
- - -
- - -
- 25' -5-SS · 110 --- - -
- - ' -
... - -

30' _ - -
42 • - 1;,1-~;) Water at _ 

~ 

~ - 30' upon_ 

- - comp 1 e_t i 01 

-- -35' -- 7-SS 18 -- - .... - i 

-
~ Boring Terminated at 38' -

40'. -- Well Set at 3g• - -- --- - -- - --- 45•_ -
- --

Changes of strata indicated by the lines ar.e approximate boundary between soil types. The ictual transition may be gradual and may 
vary considerably between boring locations. 

10l 



r 
r 
I 
' 

RECORD OF SUBSURFACE EXPLORATION 

ConSUt.rinc Sol AND 

~onE:nontas Boring No. 
24 

Project: _....;S:;.;t:.:a=-· .;.;R.:.i t;:.;:e:....::I~n:.=.d.:.;us::.;t:.:r_:i.::e:.:.s ____________ _ Date: 5-17-84 

Delevan, Wisconsin GEA Project No.: 8~4i;x0~4lu7 ____ _ 

Crew Chief: Duane Drewicz 

DESCRIPTION 
Oepdl Sample 

N Below No.a q~ qp q. w REMARKS 

Gtouftd Surf- &t--,doa Suffaae Type 

• Light Yellow-Brown Silty Clay(Fill) - -
... (Damp)- (ML-CL) . - -

-- - -- -
""' 

s· - -- ,.~~ 8 -
--- ---

- - - - - - - - -
- Note A Pal.bable-0.l.d Topsoil La~ 

10· -
~-~~ 4 - -

--Light Brown fine Clayey Sandy Silt , - -
•little to some medium to coarse - -
~sand, trace fine Gravel (Moist) - -
- (SM) 

,s~ 
J -:>;) 17 --... --

_Tan to Dark Brown fine to coarse - -
_sand, fine to coarse Gravel. trace - -
L.Silt(Damp) (SW) 

20· 
65 -~-~;) -... -- - -- - -- -- 26' 102 -!>•:>::. -- .. - -

- Wat.er at-
i:. Tan fine Sand, trace medium to - 27 1 upon -
•coarse Sand, trace fine Gravel(Wet) 30' completiot 

6-SS 24 
... trace Silt (SP) -

-- -
... Tan fine to coarse Sand, some fine - ' -
.to coarse Gravel, trace Silt (Wet) - -
~ (SW} 35• 

7-SS 12 -
-Boring Terminated at 36 1 - -
... Wel 1 Set at 36 1 - -

--... 
.. Note A: Dark Brown Silty Clay to 40'. -
-Clayey Silt, trace Organic Matter - -
-(Roots). (OL) - -

--- ---- 45' . -
--... 

Changes of strata indicated by the lines are approximate boundary between soil type$. The actual transition may be gradual and may 
vary considerably between boring locations. 
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RECORD OF SUBSURFACE EXPLORATION 

ConslA.rl'IG Sot A.ND 

~on E:nQNf;os 
Boring No. 25 

Project: __ S __ t_a_•_. ·_R_i __ t __ e~I n .... d .... u_s_tr __ i __ e __ s ____________ _ Date: 5-15-84 

Delevan, Wisconsin GEA Project No.: ._8 .... 4 .... 0_4 __ 17'"------

DESCRIPTION 
Ground Sllf'flcl 11.-tion 

Auger advanced to 35 1 

casing set and cleaned 
4 11 well set at 35' 

Boring Tenninated at 35' 

15' 

20' 

25' 

30' 

35' 

40' 

45• 

N w REMARKS 

Changes of strata indicated by the lines ant approximate boundary between soil types. The actual transition may be gradual and may 
very considerably between boring locations. . · · 
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RECORD OF SUBSURFACE EXPLORATION 

Consu.rnc Son Ano 
Boring No. 26 ~E:na,,e:os 

Project: __ St,;;.a __ .;.R;.;.i .;.te:....::I;.;.n;;;;d;.;u_st,;;.r;...i_e_s ____________ _ Date: _~5~-~10~--8.4 ____ _ 

Delevan, Wiscons in GEA Project No.: ___ 8 __ 40a.-4 .... l 7'-------

Crew Chief: Duane Drewicz 

DESCRIPTION 
DIIPdl Semple 

N ..... No. • q., qp q, w REMARKS 
Q,-f'CI ~ &1- t ioft Suffaa TYPI 

- --
- Auger advanced to 50' - -
- Casi ng set and cleaned - -
-411 Well set at so• - -- 10 1 

• -
- - -,. - - -- - -
... - -.. 201 

- -
' 
;, i- - -

- - -- - -
i ,. 
! - - -- 30 1

• -
-- -

r - - -
- - -

r 

... - -.. 40 1 
• -

I 
I - - -- - -

- - -. r 
t 

- - -
. so• - -

.. Boring Tenninated at 50 ' - -

... - -

... - -
- - -- 60 1 

- -,· 
! - - -

i- - -
.... - -

-
·' .... -
t ... 70 1 

- -
-- . - --- - -- -

I- 75 •-.. .. -
- -- -

·-
-- -- ---.. - -

---._ 

Changes of strata indicated by the liMS are approximate boundary between soil type$. The actual t ransition may be gradual and may 
vary considerably between boring locations. 
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. ~ . RECORD OF SUBSURFACE EXPLORATION 

~ 27A 
Consu.rnc S01L Ar1> 

~~ion E:NONCos G C' · A Boring No. 
ll€S C.,OON£E:R1nc:; SSOOJ€S. tnC. 

Project: __ ...;:S~t:.:a:..·_.:.;.R..:.it:r.:e:s......llu.n:.:::d~u..,..s .. tri...J.u·e .. s'--___________ _ Date: 5,2,84 

De~evan, Wisconsin GEA Project No.: _S_4o_4_l_J ____ _ 

Crew Chief: Duane Orewicz 

DESCRIPTION 
0epd\ Sample 

N Below No •• qu qp <Is w REMARKS 
G,ou~ Surf- !lewation S..rf.- Type 

.... - -

.... Yellow Brown Silty Clay (Damp) - -

.... - -
'"" (ML-CL} - -- 5• 

11 -r-~~ -... 
.... - -

- -
-ran Silty fine Sand, trace little - -
imedium to coarse Sand, trace fine 

10· _ 
'-SS 7 

. -
rGravel (Damp} -
.... (SM) ' - -

- -
t-'ran Silty very fine Sand, trace to - -

15' 
. 

liittle medium to coarse Sand, trace r3---SS 29 
.. -

rfi'ne Gravel, trace Clay, (DAMP) -
- -.... (SM) - • 

.Tan fine to coarse Sand, fine Gravel, - I-later at -
"trace Silt(Damp to Wet) (SW) 20· 

4-SS 63 18' upon -
.... completio~ 
~ - -
.... - -
.... - -.. 25' -5-C::C:: 85 - -

• - - -- - -... - -
" 

30' -6-SS 37 --... - -
- - -
- - -- 35• -7-SS 26 --- - -

-- - --- 40' -- Q_c:c: 32 _, -.... - -
.... - -
.... - -

45• -
"'"' o_c::c:: 39 -- I 

Changes of strata indicated by the lines are approximate boundary between soil types. The actual transition may be gradual and may 
vary considerably between boring locations. 
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RECORD OF SUBSURFACE EXPLORATION 

Boring No. 27B 
CONSULTING Socl ANO 

~ION E:ncn:w 
Project: _.;..St.;..a;.._, _. _R_it.;..e;;....;;I;.;.n;.;;.d.;;;.us;;..t;;.;r_i_e;.;;.s ____________ _ Data: _ _;5_-_;2-_8_4 ____ _ 

Delevan, Wisconsin GEA Project No.: _,.;;.84_0_4;.;;l.;..7 ____ _ 

Crew Chief·: Duane Orewi cz . 
DESCRIPTION °""" $ample 

N ..... ,.. ... q. <lta q, w REMARKS 
G,-nd Surf- til-ttoa Su .... Typa 

• 
i-Tan very fine Sandy Silt to Silty - -
i-Sand, trace coarse Sand, some Clay - -
i-(Damp) (ML-~M) - -
I- - -.. so• -,,n_~~ 25 ... -
- - -- - -
- - --interbedded fine Sand Seams 55 1 

u-~:s 68 .. 
--- - ~ -

- -
1-Tan very fine Sandy Silt, some Clay, - -
.trace to little medium to coarse San< ~· .. -... trace fine to coarse Grave 1-Damp 11?.<-<' 34 -
- (SM) - -

- -
... Tan fine Sand, little medium to - -
.coarse Sand,• trace Gravel (Wet) 65' -

(SP) 11 .. ~c.- 2 
I- . -.. 
I- - ... 
I- - · I -
- - -

70' 
~ - -, JI r-r- 54 - -

- - -
- -

-Tan fine to coarse Sand, trace - -
.. Gravel (Wet) 7'5' 15-SS 67 -
- - -
.. Boring Tenninated at 76' - ' -
.. Well Set at 75' - -.. 80' - -

- -- - -- - --- 85 I -: -
- - -- -- - -1:-

. 
1:- - -
I- - -- goi - -
- - -
Changes of strata indicated by the lines are approximate boundary between soil types. The actual transition may be gradual and may 
vary considerably between boring locations. · 
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APPENDIX B 

PUMP TEST DATA 



STA-Rltt 
?\!NP TEST DATA 
JUHE 4,1984 WELL MO. D-15 
£X- l PIJNP lNu! 8.tGP~ 
STATIC WATER t.EVEL=30.i3 TAPE FACTOR=-0.l:! 
TD1E ELAPSED ?ntE WA?El ELEV. DRAWDOWII 

10.~ 0 30.il 0 
o.s 30.7S o.o~ 

l S0.1' 0.06 
l.S 30.?CJ 0.06 

l 30.?CJ 0.06 
:.s 30.?CJ 0.06 

3 30.1' 0.06 
3.S 30.7' 0.06 

,- 4 30.81 o.oa· 
4.S 30.83 0.1 

s 30.83 0.1 
s.s 30.83 0.1 

6 30.83 0.1 
6.S 30.83 0.1 

7 30.83 0.1 
1· 7.S 30.83 0.1 

l 8 30.85 0.12 , 30.85 0.12 
10 30.85 0.12 

r 11 30.85 . 0.12 
• 12 30.88 O.lS 

13 30.88 0. 1S 

r 14 30.88 0.1s 
lS 30.88 0.15 
16 S0.88 0.1S 
17 30. 9i? 0.19 

( 
18 30.92 0.19 ' ' 19 30.92 0.1, .. 
20 30.92 O.l9 
22 30. 92 0.19 
24 30.92 0.19 
26 30.'4 o.n 
28 30.'4 0.21 
30 30.94 0.21 

'- 3:! 30.96 1).:3 
34 30.96 0.23 
36 30.98 O.lS 
40 30. 98 0.25 
45 30.98 0.25 
so 31 0.2, 
55 31 0.:1 
60 31 0.21 
6S 31 0.2, 
10 30. 92 0,19 
15 30.92 0.19 
80 30.88 O.lS 
90 30.88 O.lS 

100 30.88 O.lS 



110 S0.88 0.15 
120 30.ss 0.12 
130 30.85 0.ll 
140 30.SS O.ll 
150 30.85 0.12 
160 30.85 0.12 
170 30.85 0.12 

1 180 30.8$ 0.12 
190 30.85 0.12 
200 30.85 · 0.12 
l20 30.85 0.12 
240 30.85 0.12 
260 30.85 0.12 
280 30.85 O.ll 
300 30.85 0.12 
320 30.83 0.1 
340 30.83 0.1 

,. 360 30.S3 0.1 
: 420 30.84 o.u ' 
{_ 480 30.8~ o.u 

S40 S0.87 0,14 
(' 600 30.115 0.12 
i 690 30.BS 0.12 
' 780 30.8& 0.13 

f 
900 S0.86 0,13 

1080 30.9 0.11 
I l2o0 30.9 0.17 

1440 30.9 0.17 ,· 1680 30,9 0.17 
t 1'20 30.93 O.l 

mo 30.93 0.2 

r 2520 30.93 0.2 
i 2820 30.95 0.22 
"- 3180 30.91 0.18 

3540 30.98 0.25 ,· 4020 30.'8 o.as 
l .\500 30,92 0.19 

r 
! . 
' 



ST//1-l!IE 
PtmP t£St DATA 
JUNE -t,1984 WE1.l. NO. tv-2 
£X-l PUMP lHoi 84GPM 
STATIC WATER 1.EVEl.•30.55 
TltlE £LAPSED tfflE ilAtER LEVE ORAUNDOWN 

10.28 0 30.55 0 
0.5 30.~ 0 

1 30.56 0.01 
1.5 30.56 0.01 

2 30.56 ·0.01 
2.5 30.$ 0.01 

3 30.56 0.01 
3.~ 30.56 0.01 

4 30.56 0.01 
4.5 30.56 0.01 
s 30.56 0.01 

5.5 30.56 0.01 
, ~ 

6 30.56 0.01 
' 6.S 30.56 0.01 •l 

7 30.56 0.01 
r 7.5 30.56 0.01 

l 8 30.56 0.01 
9 30.56 0.01 

10 30.56 0.01 

i 1l 30.56 0.01 
12 30.56 0.01 
13 20.Ui 1).1)1 

( u 30.56 0.01 
I 15 30.56 ~ .• 01 

16 30.56 0.01 
17 30.56 0.01 

r , 18 30.56 0.01 
, .. 19 30.56 0.01 

20 30.56 0.01 

r 22 30.56 0.01 

• 24 30.56 0.01 
; , 

26 30.56 0.01 

( 28 30.57 0.02 
I 30 30.57 0.02 

32 30.57 0.02 
~ 30.57 0.02 

I' 36 30.57 0.02 
' 

40 30.57 0.02 
45 30.57 0.02 

: 50 30.58 0.02 

' 55 30.58 0.01 
I ;o 30.58 0.03 

65 30,58 0.03 
. 
\ ;o 30.58 0.03 

7S 30.Sa 0,03 
80 30.58 1).03 
90 30.57 0.02 

100 30.57 1),02 



no 30.57 0.02 
120 30.51 0.02 
130 30.S7 0.02 
uo 30.51 0.02 

,. 150 30.57 0.02 
1~ 30.S8 0.03 
l?O 30.58 .Q.03 
180 30.S8 t.03 
l<JO 30.SS 0.03 
200 30.511 0.03 
no 30.S9 0.04 

i 
240 30.59 0.04 

t 260 30.s, 0.04 . 
280 30.~ o.o• 
300 30.59 0.04 
320 30.59 0.04 
340 30.~ 0.04 
360 30.59 o.o• 

; 420 30.61 0.06 . 
480 30.61 0.06 
540 30.63 o.oa 

f" 
540 30.63 0.08 
600 30.64 0.09 
690 30.68 0. 1.3 
180 30.61 0.12 

r- 900 30.71 0.16 
i 
1 1080 

12~ .30.49 -0.06 · 
1440 
1680 30.49 ➔.06 
l!J20 
mo 30.53 ➔.02 

,-
2520 

·~ mo 30.SS 0 
3180 30.53 a0.02 

r 3540 2'.51 -0.98 
4020 

~ 4500 30.53 ➔.02 

I • 
I 

-30.SS l. 

-30.SS 
-30.SS 



~T~lI?E 
PW TEST DAtA 
m 4,1984 WELL MO, D-19 
EX-1 Pt»IPIMGt 84GP!t .. STATIC W(ltEI LEVEL=28.8l tAP£ FAC'tOl:-0.0Stt 

• 
' TIME ELAPSED Tift£ WAffl LEVEL DiAWllOVM . 

10.28 0 28.81 
o.s ia.cn 0,06 

1 28.95 0 •. 09 
l .S 28,97 0,11 

l 28 •. 99 0.13 
z.s 19.01 0,15 

l 29,01 0.15 
3.S 29.01 0.1s 

4 29.0l 0,15 
4,S 29.0\ 0.1s 

s 29.03 O.li 
s.s 2',04 0.18 

:' . 6 3'.04 0,18 
' , .s 2',0S 0,19 L 

1 29.06 o.a 
7.S 29.06 0.2 

8 29.07 0.21 
9 2'.07 0.21 

10 29.07 0.:21 

l 11 2',07 0.21 
12 29.08 v,22 
13 29.09 0.23 
14 29.l 0.24 
LS 29,l 0.24 
16 · llJ.11 0.2S 
17 29.11 0.2s ,-

; 18 29.12 0,26 
• 19 . 29.13 0.2i \... 

20 2',13 0.21 
.. 22 23.H 0.28 
l_ 24 29.lS 0.29 

26 29.15 0.213 

( 
28 29,li 0.31 

i 30 29,17 0.31 
•· 32 29.18 0.32 

34 2',2 0,34 
36 29~2 0.34 
40 29.2 0.34 
45 ~ -22 0,36 
so 29.23 0.37 
S5 29.lS O.S9 
60 29.:u, 0.4 
65 ~.26 o.~ 
iO a,.~ 0.3i 
7S 29.23 0.37 
80 29.24 0.38 
90 :l9,24 0.38 

100 ~9.24 0.39 



110 !9.24 o.~s 
120 il9.:!S 0.39 
130 29.25 0.39 
140 n.~ 0.39 .. 150 29.2:5 o.~ . • j 160 2'.25 0.3<J 
l?O 2'.~ 0.39 
180 29.26 0.4 
190 ~ .2G 0.4 
200 29.26 0.4 
220 2«J .2'7 o .. u 

, .. 240 n.28 0.42 
260 2().3 0.44 
280 29.31 0.45 
300 29.31 0.45 
320 29.31 0.45 
340 29.31 0.45 
360 211.31 0,45 ,. 
420 29.32 0.46 . 

t 480 29.33 0.47 
S40 l9.34 0.48 

r 600 29.35 0.49 
690 29.39 0.53 

I 780 29.35 0.49 
900 29.35 0.49 

\. 
1080 
1260 Z9.19 0.33 
1'\40 29.19 0.33 

r 1&80 29.2 0.34 
' ' 1920 29.22 0.36 

mo 29.25 0.39 
2520 
2820 acl.25 0.39 

' 3180 29.22 0.36 \. 

3540 29.28 0.42 
(' 4020 

l -4500 29.23 0.31 

,. 
l 
! 
·, 



~TA-RITE 
PUKP TEST DATA 
JUNE 4,1984 WEll KO. rrl corner bld(J.tl 

, . £X-l "1NtDfG@ 84GPN 
STATIC WAm I.EV£1.=30.i4 tAPE FAC!Oi=~.2ft 

i rm m.APSED t IKE WATER LEVEL DRAllDOWlf 
10.:s 0 30.74 

o.s 30.76 0.02 
1. 30.78 0.04 

1.s 30.8 0.06 
2 30.84 0.1 

l.S 30.84 0.1 
3 30.as 0.11 

3.S 30.8S o.u 
4 30.86 0.12 

4.5 30.86 0.12 
s 30.86 0.12 

{ 
s.s 30.86 O.l~ 

6 30.86 0.12 
( 6.S 30.86 0.12 

7 30.86 0;12 

r 7.S 30.9 o.u, 
8 30.9 0.16 
9 30.9 0.16 

... 10 30.91 0.17 

l 11 30.'91 0.11 
12 S0.92 0.18 
13 30.~4 0.2 

r 14 30.95 0.21 
1S 30.95 0.21 
16 30.96 0.22 

,. 17 30.97 0.23 
t 

18 30.97 0.23 
·~ 11) 30.97 0.23 

lO 30.97 0.23 
r· 

2~ 30.'8 0.24 I 

t 24 31 0.26 
26 31 0.26 ,.. 28 31.01 0.27 

I 30 31.0~ 0.28 
32 31.02 0.28 
34 31.03 0.29 
36 31.04 0.3 
-to 31.04 0.3 
-15 :u.05 0.31 
so 31.07 0.33 
55 31~09 0.35 
60 31.0, 0.35 
65 31 .• 07 0.33 
70 31.0i 0.33 
7S 31.0S 0.31 
ao 31,0S 0.31 
90 :n.03 0 .:«J 

100 31.03 0.29 



110 31.03 0.29 
120 31.03 o.a, 
130 31.0l 0.28 
140 31.0l 0.21 
150 31.02 0.28 
160 31.03 0.29 
110 31.03 0.29 
180 31.02 0.28 
190 31.02 0.28 
200 31.02 0.28 
220 31.02 0.,28 .. 
240 31.02 0.28 \ 

! ,liO 31.04 0.3 
280 31.04 0.3 
300 31.04 0.3 
320 31.03 0.29 
340 31.03 0.29 
360 31.03 0.29 .. 

I ~20 31.03 0.29 t 
I 48-0 31.03 0.29 ' 

540 · 31.05 0.31 

r 600 31.05 0.31 

i 690 ll.08 0.34 
760 31.0S 0.31 

.- 900 31.07 0.33 .. 
1080 l ,. 1260 31.09 o.JS 
1440 31.U 0.31 
1680 31.11 0.11 
1920 31.15 o.u 
22..'1 31.lS o.u 
2520 
2820 31.16 0.42 
3180 31.14 0.4 
35-IO 31.2 0.46 

r 
4020 
4m 3,1.14 0.4 



STA-RITE 
NIP ttst DA?A 
JUHE 4,1984 WELL HO. nH 
EX·l PUK~lHGt 846Pl1 
STATIC WAtU 1.EVEI.=27.30 TAPE FACTOl•-0.lFl 
!IX~ £LAPS'1> TINE IIA!D LEVn DRAWDOWM 

10.28 0 27.3 0 
o.s 27.3 0 

1 2?.31 0.01 
1.5 21.31 0.01 

2 2?.32 0.02 
r 2.5 21.32 0.02 
l 3 '11.32 0.02 

3.5 'tl.33 0.03 
4 2?.33 0.03 

4.5 '11 .33 0.03 
5 '11.33 0.03 

5.5 27.34 0.04 
6 '11 .35 0.05 

6.5 27.~ 0.05 
7 '11.35 0.05 

r 7.5 '11.35 0.05 
8 '11 .35 o.os 
CJ 27.35 0.05 

r- 10 27.35 0.05 

l 11 27.35 0.05 
12 27.35 0.05 
13 27,35 0,05 

r u 2?.35 0.05 
15 '11 .35 0.05 
16 '11.36 0.06 

,- 17 1:J.36 o.o, 
I 18 '11 .'J1 0.01 
l 

19 '11.'J1 0.07 
io 21.za 0.08 

r 22 27.38 0.08 
24 27.39 0.09 
26 27 .3() 0.09 
28 '11.39 0.09 
30 27.39 0.09 
32 27.4 0.1 
34 2i .4 0.1 
36 27,41 0.11 
40 2?,42 0.12 
-15 21 .+4 0.14 
SC, 27,45 0.15 
55 rt . ..s 0.15 
60 21.~ 0.05 
65 27.29 -0.01 
70 27.24 -0.06 
~ 27.2 ~-1 
80 27.16 -0.14 
90 27.12 ~.18 

100 'tl.08 -0.22 



no 'rl.06 -O.J4 
120 ~.o.. -0 .,. • ..o 
l~O 'f/.02 -O.l8 
140 l1 -0.3 
150 '6.99 ➔.31 
'160 l6.98 -0.32 
170 36.98 ...).32 
180 26.,S -0.3S 
l~ 26.,S -0.35 
200 26.95 -0.3S 
llO 26.'4 -0,36 
240 26.94 -0.36 
260 26.93· -0.37 
280 26.86 -0.44 
300 26.87 -0.43 
~ 26.8' -0.43 
3~ 26.86 . -0.+4 
3o0 26.86 -o.o 
•20 26.83 ➔ • .\i' 
-180 26,83 -().41 
540 26.81 -0.49 
600 26.84 -0.46 
6,0 26.84 -0.46 
790 26.84 -0."6. 
900 16.83 -0.47 

1080 
1!60 26.6 -0.7 
1440 :6.6 -0.7 
1680 26.6 -0.1 
1920 26.6 -0.1 mo ~.&S -0.65 
~JO 
:820 26.6S -0.6S 
3180 26.61 -0.69 
~-10 26.73 -O.S7 
4020 
4500 l6.S9 -0.11 


