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Introiluction 

A Remedial Investigation (RI) was conducted at Operable Unit B (OUB) during August and 
September 1995 (Woodward-Clyde 1996a). Soil and groundwater samples collected from the 
main disposal area had high levels ofchlorinated solvents. 1,i.22-tetrachloroethane was 
detected at 2,030 mg/kg in the soil and L900 mgiL in the groundwater. TCE was detected at 384 
mg/kg in the soil and 220 mg/L in the groundwater. Several other chlorinated solvents were 
detected at significantly lower levels in both the soil and the groundwater. 

Based on the results ofthe RI, a Feasibility Study (F5) was prepared (Woodward-Clyde 1996b). 
The FS identifies a number ofremedial alternatives for OUB. including soil vapor extraction 
(SVE). air sparging (AS), natural attenuation. and groundwater pump and treat. There is a 
relatively high level of uncertainty in the effectiveness of some of the treatment methods 
proposed for the site. This Treatability Study report presents the results of several tests 
conducted at 0158 to help reduce the uncertainty in the alternatives presented in the FS. 
Treatability studies were conducted to gather data concerning SVE, AS, and hydraulic 
conductivity ofon-site soils. Groundwater samples were collected and analyzed to help evaluate 
which types ofnatural attenuation processes may be degrading contaminants in groundwater at 
the site. Figure 1-1 shows the locations where the treatability study was conducted. 

Woødward.Clyde S:\PROJECTS\WCFE4O8Q\TREA1EPORT%E94OQ.DOCS.Mar.97E94O8Q\ANC i i 
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SECTI0NTsV0 Soil Vapor Extraction/Air Sparqiriq Test 

Alternatives 4, 5 and 6 in the FS included SVE. The objective for using SVE in these 
alternatives is to remove the greatest amount of solvents in a timely and cost effective manner. 
This treatability study vas done to increase our understanding ofhow effective an SVE system 
might be for remediating contaminated soil at OUB. 

SVE relies on the vapor pressure characteristics ofthe target compounds. When a vacuum is 
applied to the soil gas, the target compounds will change from a liquid state to a vapor state 
(volatilize) more readily in response to the lowered pressure of the surrounding gas. The 
volatile compounds will travel in the direction ofthe lower pressure gradients, eventually 
reaching the vapor extraction well. The vapor pressures for i , i ,2,2-tetrachloroethane and 
trichloroethene, the target compounds, are 6 and 57.8 mm mercury (Hg) at 25°C, respectively. 
Chemicals with a vapor pressure greater than 0.5 mm Hg have vapor pressures high enough for 
soil vapor extraction to be effective. 

2.1 SYSTEM SETUP 

Soil gas vapors were extracted through monitoring well MW-14 (Figure 1-1). MW-14 is a 4- 
inch stainless-steel monitoring well screened in the perched groundwater interval. The screen 
extends from 9 to 19 feet (ft) below ground surface (bgs). A groundwater sampling pump was 
left in the well during the SVE test so that water mounding could be minimized. Figure 2-1 is a 
schematic ofthe SVE and air sparging pilot tests. A 4-inch PVC "tee" was placed at the top of 
the SVE well and a i 0-ft. long section of 4-inch PVC pipe was connected to the side of the "tee." 
A pitot tube was installed into the middle ofthe 10-ft. long PVC pipe to measure the flow of soil 
gas from the well. Pitot tube measurements are only applicable when the flow has minimal 
turbulence. The 10-ft. section ofpipe allows the turbulence to decrease to an acceptable level for 
pitot tube use. 

A 4-inch section of flexible tubing connected the end of the 4-inch PVC pipe to the knockout 
tank. A second section of flexible tubing connected the knockout tank to the inlet pipe on the 
blower. The outlet pipe from the blower was connected to a small section ofhigh temperature 
flexible tubing and then to a 10-ft. long section ofPVC pipe. The last section ofpipe served as 
the exhaust stack. 

The blower for the system was a Sutorbuilt 5LL with a 20 horsepower (hp) 230/460 three-phase 
motor. The blower was capable ofpulling nearly 190 inches ofwater vacuum. This b1owerwas 
larger than most blowers used for SVE pilot tests, but previous information concerning soils at 
the site indicated that relatively small amounts of soil gas would be removed under greater than 
normal vacuum. The blower did not have an adjustment to vary the amount ofvacuum it pulled 
once it was turned on. A dilution valve on the knockout tank is used to adjust the vacuum 
applied to the welihead. The dilution valve was left open at the beginning ofthe test and then 
slowly closed, pulling less air from the atmosphere and more air from the well. 

Temperature, vacuum, and flame ionization detector (FID) readings were collected at the 
welihead. A thermometer probe mounted in the welihead measured the temperature of the 
extracted soil gas. A fitting drilled into the welihead allowed vacuum readings to be collected 
using a digital manometer, and also allowed air samples to be collected. A vacuum pump was 
connected to the fitting to pull soil gas from the welihead. Air samples collected at the welihead 
were analyzed on site with an FID or were collected into a summa canister for analysis at an 
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SECTIONTWO Soil Vapor Extraction/Air Spartjiug Test 

analytical laboratory. Flow rate measurements were collected from the pitot tube described 
above. 

Three monitoring points were installed adjacent to the SVE well. Each monitoring point has two 
soil gas sampling points and a 2-inch PVC well for water level measurements. The shallow soil 
gas sampling points are 10 feet bgs arid the deep soil gas sampling points are 23 feet bgs. The 
PVC wells are screened in the shallow groundwater interval at the site. The three monitoring 
points are located at 10, 15 and 25 feet from the SVE well. The wells were developed and 
allowed to sit for several days. A bailer placed into MP-2 several days after it was developed had 
approximately three inches ofa dark liquid in the bottom ofthe bailer. The dark liquid had a 
very strong solvent odor. This is the first nonaqueous phase liquid (NAPL) observed at the site. 
Since the liquid was found at the bottom ofthe well, it can be more accurately described as a 
dense nonaqueous phase liquid (DNAPL). 

2.2 DATA 

Data were recorded during the SVE test at least once every four hours and more frequently at the 
beginning of the test. Generally, the readings were recorded just before the high water level in 
the knockout tank caused the pressure reliefvalve to trip. When this occurred, the test was 
intemipted until the water was pumped or drained from the knockout tank. The test was 
restarted within one hour ofshut-down, with the exception oftwo extended intervals to remove 
ice build-up in the system. Data recorded during the SVE test are shown in Table 2.1. 

Welihead vacuum versus time is displayed in Figure 2-2. A step test was performed during the 
first day ofthe SVE test (Figure 2-3). The vacuum started at 33.7 inches ofwater even with the 
dilution valve ftilly opened. The vacuum was stepped at increments of approximately i O to 12 
inches of water, and the digital manometers were zeroed before each pressure reading. 
Measurable flow rates were not observed until the vacuum was increased to 45 inches of water. 
The step test continued until the vacuum reached 120 inches ofwater. Once the step test was 
finished, the vacuum was set at 100 inches ofwater. The vacuum decreased significantly the last 
day ofthe test. This change may have been a result ofthe air sparge test which was conducted 
during this saine time period or it may have been from ice build-up in the piping. When the 
system was shut down, the pipe leading from the welihead to the knockout tank was almost 
completely blocked with ice. 

The extracted soil gas flow rate versus time is displayed in Figure 2-4. The very high and very 
low anomalies in the graphs are probably attributable to ice build-up on the pitot tube. The 
average flow rate appears to be approximately i 83 cubic feet per minute (CFM). 

FID readings versus time are displayed in Figure 2-5. The lack ofdata during the middle of the 
test is due to ice build-up in the air sampling port. The sampling procedure was altered once the 
ice build-up was detected. The average FID readings appear to be between 40 and 60 ppm, and 
generally decrease throughout the test. The average FID reading is 45 ppm. 

2.2.1 Radius of Influence 

Soil gas sampling points were installed at rwo depths in each ofthe three monitoring points, for a 
total ofsix soil gas monitoring points. Vacuum readings were measured in the soil gas 
monitoring points during the SVE test. Table 22 presents the vacuum measurements recorded at 
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SECTIONT'WO sou Vapor Extraction/Air Sarging Test 

the monitoring points. Only the shallow soil as points at MP-2 and MP-3 had measurable 
vacuum readings. The shallow point at MP-1 may have been installed in a clay layer or sealed 
with bentonite during installation. The shallow points are located about 1 0 feet bgs. The deep 
sampling points are located at approximately 23 feet bs. These data are presented in Figures 
2-6 and 2-7. 

2.2.2 Air Sparging 

Air was injected into the shallow groundwater using a five horsepower blower. The blower was 
connected to a 4-inch carbon steel well with a screened section from 30.5 to 34 feet below 
ground surface. Dissolved oxygen. water levels, and soil gas pressure changes were observed in 
the nearby monitoring points (MP-1, MP-2, MP-3). Fach ofthe monitoring points has a 2-inch 
PVC well that is screened in the same groundwater unit that the sparge well is screened. Each 
monitoring point has a soil gas monitoring point located just above the groundwater. The 
monitoring points are located 5 (MP-l), 10 (MP-2), and 20 feet (MP-3) from the sparge well. 
The sparge well is located 5 feet from the SVE well. 

Table 2.3 displays the dissolved oxygen arid water level data recorded during the air sparging 
portion ofthe SVE test. The air sparge test was performed on the last day ofthe 5-day SVE test. 
The initial dissolved oxygen levels in the groundwater ranged from 4 to 7 percent. Maximum 
oxygen levels achieved during the air sparging test ranged from i 00 to i 55 percent; the oxygen 
concentrations increased in all three monitoring points. 

Figure 2-8 depicts the change in water levels in MP- i , -2, and -3 during the air sparge test. The 
water levels were elevated in MP-1 and MP-2, by up to 2 feet. 

Soil gas pressure readings were collected from the soil gas monitoring points and from the S'VE 
welihead while the air sparge blower was operating. These readings were collected before and 
after the air sparge blower was turned on, to see the effect air sparging would have on the SVE 
system. Two ofthe deep soil gas monitoring points (MP-2 arid -3) had pressure increases after 
turning on the air sparge blower. The shallow soil gas points at MP-2 and -3 had slight decreases 
in the vacuum after air sparging started. Vacuum readings at the SVE welihead also fell during 
the air sparge test. The vacuum decreases in the shallow soil gas points and the wellhead could 
be the result ofpressure from the air sparge blower, or a decrease in the amount offlow through 
the SVE well. Large amounts ofice were found in the airline leading from the wellhead to the 
knockout tank when the system was shut down and disassembled This ice buildup could have 
restricted air flow and reduced the amount ofvacuum applied to the wellhead. 

2.2.3 Laboratory Analysis of Soil Gas 

Extracted soil gas samples were collected during the SVE test with tediar bags and with summa 
canisters. The samples collected with tediar bags were analyzed on site with an FID. The 
samples collected with surnrna canisters were sent to an anaiyticai laboratory for analysis on a 
wet basis. The results ofthe FID field screening are presented in Table 2.4. The laboratory 
analyses are presented in Table 2.5 and Figure 2.9. 

'- TCE and i , i ,2,2-tetrachloroethane were detected at the highest concentrations. The highest 
concentration ofTCE was detected in the first summa canister sample collected (46,000 ppbv). 
The highest concentration of 1,1,2,2-tetrachioroethane was detected in the fifth summa canister 
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sample collected (28,000 ppbv). The first summa canister was collected about five hours after 
the SVE test began, and the fifth summa canister was collected about 29 hours after the SVE test 
began. It is not clear why the 1,1,2,2-tetrachioroethane concentration peaked at a later time than 
the TCE. 

The ratio ofTCE to 1,1,2,2-tetrachioroethane in the soil gas samples was different than the soil 
samples collected at MW-14. TCE was generally found at either higher or the same 
concentrations as 1,1,2,2-tetrachloroethane in the extracted soil gas. TCE was found at 
considerably lower concentrations than i , i ,2,2-tetrachloroethane in the soil samples collected at 
MW-14. This difference is a result ofthe different vapor pressures for TCE (57.8 mm Hg) and 
l,1,2,2-tetrachloroethane (6 mm Hg). Although the ICE is found at lower concentrations in the 
soil, it is found at higher concentrations in the soil gas because it volatilizes more readily. 

2.3 ANALYSIS 

Using data collected during the SVE test, the following parameters were calculated: 

s Intrinsic Permeability 1.6 E-07 cm2 

. SVE Radius oflnfluence is between 25 and 35 feet 

. The amount of solvents removed from the soil during the 5 day test is about 1 1 .6 lbs 

Intrinsic Perineabiffly 

The calculated intrinsic permeability (K), also known as soil gas permeability, corresponds with 
a silty sand (l0 101 1) SVE is generally considered effective in soils with K values greater 
than 108 cm (USEPA, 1995). The permeability calculation is shown in Appendix A. 

Radius of Influence 

There is more than one radius of influence to estimate for the pilot study. The radius of influence 
ofthe SVE system is the first to consider. The SVE radius ofinfluence was at least 25 feet since 
the outermost soil gas sampling point had an observable vacuum. Figure 2.7 is a plot of the 
vacuum readings at MP-2 and -3 . A line drawn through the two points intercepts the x-axis 

( distance) at 35 feet; this point represents an estimate ofthe maximum radius ofinfluence. A 
radius ofinfluence of25 feet was calculated using an equation from the Corps' Engineering 
Manual on Soil Vapor Extraction and Bioventing (EM i i 10-1-4001). The 25-foot estimate 
would be the most reasonable number to assume for design purposes. 

The next radius ofinfluence to consider is for air sparging. The water level and dissolved 
oxygen measurements from the monitoring points give an indication ofhow air sparging is 
affecting the groundwater. Groundwater mounding was noted in the three monitoring points 
while the air sparge blower was on. The two closest points, MP-1 and MP-2, had almost the 
same increase in the measured groundwater elevations. The groundwater elevation increase at 
MP-3 was less than halfthe amount measured in the other points. Dissolved oxygen in 
groundwater readings from the three monitoring points increased once the air sparge blower was 
turned on. Dissolved oxygen readings in the groundwater started at less than 10 % and increased 
to i 00% arid greater. Based on these two measurements, the radius of influence for the air 
sparging is at least 10 feet and possibly 20 feet. 
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Amount of Solvent Removed 

An estimated i i .6 lbs. of solvents were removed by the SVE system during the pilot test. This 
estimate is based on the average concentration ofsoivent in the extracted air, the volume of air 
removed and the amount oftime that the system was running during the 5 day test. The average 
concentration oftotal VOCs in the extracted soil gas was 40 ppm. The total volume of air 
extracted was 986, 580 ft. The extracted soil gas was assumed to contain only 1,1,2,2- 
tetrachioroethane, to simplify the calculations, An estimated 200 gallons ofgroundwater were 
removed from the knockout tank during the test. 

2.4 CONCLUSIONS 

Based on the data collected during the treatability study and previous investigations completed at 
the site, the following conclusions can be made: 

s SVE is capable ofremoving the target analytes. TOE and 1,1,2,2-tetrachioroethane are found 
at high levels in the soil and in the extracted soil gas. 

a Air sparging did increase the amount ofTCE extracted from the SVE well, but made little 
impact on the 1,1,2,2-tetrachioroethane. 

. Operating the SVE system under high vacuum caused a significant amount of water to be 
extracted with the soil gas. 

. The intrinsic soil gas permeability is within the range considered acceptable for SVE. 

Typically, SVE systems are not capable ofremediating groundwater. An unexpected result of 
operating the SVE pilot study system at OUB, was that a fairly large amount ofwater was 
extracted with the soil gas. Roughly 20 gallons ofwater had to be removed from the knock-out 
tank every three to four hours. A full scale SVE system could enhance the amount of extracted 
groundwater by adding a bubble tube. A bubble tube could be placed into the SVE well so that 
air is blown into the bottom ofthe well. The bubbles would help to increase the amount of water 
extracted from the well and also volatilize DNAPLs, ifpresent in the well. 

The efficiency of SVE may be enhanced by introducing heat to the subsurface. Technologies 
available for heating include steam, electricity, or radio frequency. Additional treatability studies 
are recommended to evaluate the effectiveness ofheat-enhanced SVE at OUR -' 
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TABLE 2.1 
SVE DATA AT WELLHEAD 

POLELINE ROAD DISPOSAL AREA 
OUR, FORT RICHARDSON, ALASKA 

DATE TEME ElapsedTime FLOWRATE VACUUM* COMMENTS 
days ft3/mjn inches water 

11/14/96 13:40 0.00 0 337 
11/14/96 13:42 0.00 0 33.6 
11/14/96 13:44 0.00 0 335 
11/14/96 13:46 0MO O 335 
11/14/96 13:48 0.01 0 33.4 
11/14/96 13:50 0.01 0 33.2 
11/14/96 13:52 0.01 0 32.9 
11/14/96 13:54 0.01 0 32.7 
11/14/96 13:56 0.01 0 32.5 
I 1/14/96 13:58 0.01 0 33.2 Tightened welihead. Increase in pressure. 
I 1/14/96 14:02 0.02 0 33.2 
I 1/14/96 14:05 0.02 0 33.3 
11/14/96 14:09 0.02 0 33.4 
11/14/96 14:12 0.02 0 33,5 
I 1/14/96 14:16 0.03 109 45.6 Increase vacuum. 
11/14/96 14:19 0.03 109 46.6 
11/14/96 14:21 0.03 109 46.6 
I 1/14/96 14:25 0.03 - - Pump 5 gaI. water from MW-14. 
i 1/14/96 14:27 0.03 109 47.0 
I 1/14/96 14:30 0.03 0 47.2 
i 1/14/96 14:35 0.04 0 47.2 
11/14/96 14:39 0.04 0 47.5 
I 1/14/96 14:41 0.04 - - Start pumping water from well (appox. 0.5 gal./min.) 
I 1/14/96 14:45 0.05 0 47.7 
I 1/14/96 14:45 0.05 - - Stop pumping - have 5 gaI. 
I 1/14/96 14:50 0.05, - 41.2 
I 1/14/96 14:55 0.05 - - Start pumping at .5 gal./min. 
11/14/96 14:55 0.05 0 47.2 
11/14/96 15:00 0.06 0 47.2 
11/14/96 15:05 0.06 0 45,3 
11/14/96 15:12 0.06 109 45.6 
I 1/14/96 15:17 0.07 109 57.1 Increase vacuum. 
11/14/96 15:22 0.07 0 57.0 
11/14/96 15:27 0.07 0 57.4 
11/14/96 15:35 0.08 0 56.4 
11/14/96 15:49 0.09 0 56.2 
I 1/14/96 15:50 0.09 0 68.0 Increase vacuum. 
11/14/96 15:58 0.10 0 68.0 
11/14/96 16:02 0.10 0 68.8 
11/14/96 16:05 0.10 0 68.8 
I 1/14/96 16:08 0.10 109 78 (eratic) Increase vacuum to 78. 
11/14/96 16:15 0.11 148 77(eratic) 
I 1/14/96 16:34 0.12 109 77 (eratic) FID - 70 ppm Tediar bag; 50 ppm Exhaust stack. 

. I219PM 
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TABLE 2.1 
SVE DATA AT WELLHEAD 

POLELINE ROAD DISPOSAL AREA 
OUB, FORT RICHARDSON, ALASKA 

DATE TIME Elapsed Time 
days 

FLOWRATE 
ft3/min 

VACUUM* 

inches water 
COMMENTS 

11/14/96 16:42 0.13 109 78.0 
11/14/96 16:47 0.13 109 78.0 
11/14/96 17:00 0.14 183 94.0 Increase vacuum. 
11/14/96 17:08 0.14 183 94.0 
11/14/96 17:14 0.15 148 94.0 
11/14/96 17:24 0.16 148 93.5 
11/14/96 17:29 0.16 148 94.0 
11/14/96 17:35 0.16 148 945 
11/14/96 17:41 0.17 148 938 
11/14/96 17:44 0.17 183 106M 

11/14/96 17:48 017 183 106.0 
11/14/96 17:58 0.18 183 1057 
11/14/96 18:03 0.18 183 120.0 
11/14/96 18:10 0.19 214 119.5 

11/14/96 18:45 0.21 - 120.4 
I 1/14/96 21:30 0.33 - Knockout rank full - emptied tank. 
11/14/96 21:50 034 - - Restarted blower 
11/14/96 23:00 0.39 183 97.0 
11/14/96 23:05 0.39 - - 

I 1/14/96 23:40 0.42 - - Emptied knockout tank. 
I 1/14/96 00:05 0.43 - - Restart blower. 
I 1/15/96 01:15 0.48 - - Knockout pot full again. Slow flow rate when 

draining. Pot seems to be filling with ice. 
11/15/96 03:00 0.56 214 93.6 
11/15/96 06:30 0.70 0 

11/15/96 12:15 0.94 - - 

11/15/96 13:15 0.98 - 

I 1/15/96 14:20 1.03 0 77.0 
11/15/96 14:25 1.03 183 100.0 
11/15/96 19:00 1.22 183 97.8 
11/15/96 23:10 1.40 214 968 
11/16/96 03:00 1.56 183 89.5 
I 1/16/96 07:00 1.72 214 96M 
11/16/96 08:00 1.76 .- - 

Bag filter in knockout tank covered with ice. 
Restan blower with some ofthe outlet gas being 
redirected to the dilution valve. 
Blower stopped - vacuum release valve on knockout 
tank tripped, drain knockout tank. 
restart blower 

Shut offblower since there is not enough room in the 
drums to store water from the knockout tank 

11/16/96 11:07 1.89 - - Restartblower. 
11/16/96 11:10 1.90 109 100.0 
11/16/96 16:10 2.10 305 95.0 
11/16/96 16:40 2.13 340 99.0 
11/16/96 17:15 2,15 - - 

11/16/96 19:15 2.23 0 90.0 

s:\...\e9408q\treat\excel\SVEDATAXLS 
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TABLE 2.1 
SVE DATA AT WELLHEAD 

POLELINE ROAD DISPOSAL AREA 
OUR, FORT RICHARDSON, ALASKA 

DATE TIME Elapsed Time ILOWRATE VACUUM* COMMENTS 
days ft3/min inches water 

I 1/16/96 22:50 2.38 340 83.0 
I 1/17/96 02:00 2.51 0 83.0 Shut down due to ice in knockout tank 
I 1/17/96 06:45 2.71 - - Restart after thawing Out knockout tank 
I 1/17/96 07:00 2.72 183 102.0 

I 1/17/96 07:15 273 O - Shut down to thaw out welihead. 

11/17/96 11:15 2.90 - - Restart. 
11/17/96 11:20 2.90 214 100.0 
11/17/96 15:20 3.07 148 95.0 

11/17/96 ¡9:00 3.22 148 95.0 

11117196 22:45 3.38 214 95.0 

I 1/18/96 02:40 3.54 183 96.0 

11/18/96 06:30 3.70 148 95.0 

11/18/96 14:40 4.04 214 96.5 

I 1/18/96 14:50 4.05 - - Start sparge blower. 
I 1/18/96 14:55 4.05 214 87.5 

11/18/96 15:10 4.06 214 93.0 

I 1/18/96 15:25 4.07 183 92.0 

11/18/96 15:40 4.08 183 93.0 

11/18/96 16:10 4.10 214 93.0 

11/18/96 16:30 4.12 183 88.0 

11/18/96 17:50 4.17 183 87.0 

11/18/96 19:00 4.22 48.8 

11/18/96 19:30 4.24 61.8 

11/18/96 23:00 4.39 - 733 

I 1/19/96 03:00 4.56 579 

I 1/19/96 07:00 4.72 109 48.0 

11/19/96 13:20 4.99 o 26M 
i 1/19/96 13:30 4.99 - Shut down sparge & SVE 

*Vacuum measurements were collected at the veI1head 

. 1239PM 
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TABLL .2 

PRESSURES AT MONITORING POINTS 

POLELINE ROAD DISPOSAL AREA 
01fB, FORT RICHARDSON, ALASKA 

Date Time Elapsed Time MP-1 (r = 10 lt) MP-2 (r = 15 ft) MP-3 (r = 25 ft) Comments 

(days) S D S D S D 

(In. HO) (In. H20) (In. H20) (In. H20) (In. 1120) (lu. H20) 
11/14/96 13:41 0.00 0.0 0.0 - - - Startat 13:40. 

11/14/96 13:42 0.00 -0.7 0.0 Vacuum i133.7 in. water al start. 

11/14/96 13:43 000 - - -0.2 0.0 

11/14/96 13:45 0.00 -0.1 0.0 - - - 

11/14/96 13:46 000 -0.7 0.0 - 

11/14/96 13:46 0.00 - - -0.3 0.0 

11/14/96 13:48 0.01 -0.1 0.0 - - - - 

11/14/96 13:49 0.01 - -0.7 0.0 -0.3 0.0 

11/14/96 13:50 001 -0.1 0.0 - - - 

11/14/96 13:52 001 -0.6 0.0 - 

11/14/96 13:53 0.01 - - -0.2 0.0 

11/14/96 13:56 0.01 0.0 0.0 -0.6 0.0 -0.2 0.0 

11/14/96 14:00 0.01 0.0 0.0 -0.7 0.0 -0.3 0.0 

11114196 14:04 0.02 0.0 0.0 -0.5 0.0 -0.1 -0.1 

11/14/96 14:07 0.02 0.0 0.0 -0.5 0.0 -0.1 -0.1 

11/14/96 14:10 0.02 0.0 0.0 -0.6 0.0 -0.2 0.0 

11/14/96 14:13 0.02 -0.1 0.0 

11/14/96 14:14 0.02 0.0 0.0 -0.7 0.0 -0.3 0.0 

11/14/96 14:17 0.03 0.0 0.0 -0.7 0.0 -0.2 0.0 Increased Vacuumto 45.6 in. water. 

11/14/96 14:19 0.03 0.0 0.0 -0.8 0.0 -0.3 0.0 

11/14/96 14:21 0.03 0.0 0.0 -0.7 0.0 -0.2 0.0 

11/14/96 14:23 0.03 0.0 0.0 -0.7 0.0 -0.2 0.0 

11/14/96 14:28 0.03 0.0 0.0 -0.8 0.0 -0.2 0.0 

11/14/96 14:34 0.04 0.0 0.0 -0.8 0.0 -0.2 0.0 

11/14/96 14:40 0.03 0.0 0.0 -0.8 0.0 -0.2 0.0 

11114/96 14:43 0.04 0.0 0.0 -0.8 0.0 -0.3 0.0 

11/14/96 14:46 0.05 0.0 0.0 -0.8 0.0 -0.2 0.0 

o o 
t'.) 

1(L(JOAM 
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TA E2.2 

PRESSURES AT JiITORING POINTS 

POLELINE ROAD DISPOSAL AREA 
OUB, FORT RICHARDSON, ALASKA 

Date Time Elapsed Time MP-! (r = 10 ft) MP-2 (r = IS ft) MP-3 (r = 25 ft) Comments 
(days) S D S D S D 

(In. 1120) (1H. H2O) (In. IIO) (In. H20) (In. H20) (In. H20) 
11/14/96 14:50 0.05 0.0 0.0 -O8 0.0 -0.2 0.0 

11/14/96 14:58 0.05 0.0 0.0 -1.0 0.0 0.4 0.0 

11/14/96 15:05 0.06 0.0 0.0 -0.8 0.0 -0.2 -0.1 

11/14/96 ¡5:14 0.07 0.0 0.0 -0.8 0.0 -0.2 0.0 

11/14/96 15:19 007 0.0 0.0 -0.8 0.0 -0.2 0.0 IncreasedVacuumto57.1 in. water. 

11/14/96 15:23 0.07 0.0 0.0 -0.8 0.0 -0.2 0.0 

11/14/96 15:30 0.08 0.0 0.0 -0.9 0.0 -0.2 0.0 

i 1/14/96 15:34 0.08 0.0 0.0 -0.9 0.0 -0.3 0.0 

11/14/96 15:40 0.08 0.0 0.0 -0.9 0.0 -0.3 0.0 

11/14/96 15:49 0.09 0.0 0.0 -1.0 0.0 -0.4 0.0 

11114196 15:50 0.09 0.0 0.0 -1.1 0.0 -0.4 0.0 Increased Vacuum to 68.0 in. water. 

11/14/96 15:54 0.09 0.0 0.0 -1.0 0.0 -0.3 0.0 

11/14/96 15:58 0.10 0.0 0.0 -1.0 0.0 -0.4 0.0 

11/14/96 16:02 0.10 0.0 0.0 -1.0 0.0 -0.3 0.0 

11/14/96 16:05 0.10 0.0 0.0 -1.1 0.0 -0.4 0.0 

11/14/96 16:09 0.10 0.0 0.0 -1.1 0.0 -0.4 0.0 Increased Vacuum lo 78.0 in. water. 

11/14/96 1615 OlI 0.0 0.0 -1.2 0.0 -0.5 0.0 

11/14196 16:25 0.11 0.0 0.0 -1.1 0.0 -0.4 0.0 

11/14/96 16:37 0.12 0.0 0.0 -1.2 0.0 -0.5 0.0 

11/14/96 16:44 0.13 0.0 0.0 -1.3 0.0 -0.5 0.0 

11/14/96 16:49 0.13 0.0 0.0 -1.3 0.0 -0.5 0.0 

11/14196 16:52 0.13 0.0 0.0 -1.2 0.0 -0.5 0.0 

11114196 17:00 0.14 0.0 0.0 -1.4 0.0 -0.6 0.0 Increased Vacuum to 94.0 in. water. 

11/14/96 17:03 0.14 0.0 0.0 -1.5 0.0 -0.6 0.0 

11/14/96 17:08 0.14 0.0 0.0 -1.5 0.0 -0.6 0.0 

11/14/96 17:13 0.15 0.0 0.0 -1.5 0.0 -0.6 0.0 

11/14/96 17:23 0.15 0.0 0.0 -1.5 0.0 -0.6 0.0 
. o 

C 
w 

10:00AM O 
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TABLL .2 

PRESSURES AT MONITORING POINTS 

POLELINE ROAD DISPOSAL AREA 
OUR, FORT RICHARDSON, ALASKA 

Date Time Elapsed Time MP-1 (r = lo fi) MP-2 (r = 15 ft) MP-3 (r = 25 ft) Comments 
(days) S D S D S D 

(In. H20) (In. H20) (In. H20) (In. HO) (In. H20) (In. 1120) 

11/14/96 17:29 0.16 0.0 0.0 -1.5 0.0 -0.6 0.0 
11/14/96 17:34 0.16 0.0 0.0 -1.5 0.0 -0.5 0.0 
11/14/96 17:43 0.17 0.0 0.0 -1.5 0.0 -0.5 0.0 
11/14/96 l745 0.17 0.0 0.0 -1.6 0.0 -0.6 0.0 IncreasedVacuumlo 106.0 in. water. 
11/14/96 17:51 0.17 0.0 0.0 -1.6 0.0 -0.6 0.0 
11/14/96 17:59 0.18 0.0 0.0 -1.6 0.0 -0.6 0.0 
11/14/96 18:08 0.19 0.0 0.0 -1.7 0.0 -0.6 0.0 
11/14/96 23:00 0.39 0.0 0.0 -1,5 0.0 -0.6 0.0 
11/15/96 3:00 0.56 -0.1 0.0 -1.3 -0.2 -0.5 -0.1 

11115/96 14:44 1.04 -0.1 0.0 -1.6 0.0 -0.6 0.0 

11/15/96 19:00 1.22 -0.1 -0.1 -1.3 -0.1 -0.3 -0.1 Increased Vacuum Io 106.0 in. water at 1803. 

11/15/96 23:10 1.40 -0.1 -0.1 -1.2 -0.2 -0.2 -0.1 Reduced Vacunni to 97.0 in. wtcr. 
11/16/96 3:00 1.56 -0.1 -0.1 -1.3 -0.1 -0.3 -0.1 

11/16/96 7:00 1.72 -0.1 0.0 -1.6 0.0 -0.6 0.0 

11/16/96 1110 1.90 0.0 0.0 -1.6 0.0 -0,6 0.0 

11/16/96 16:10 2.10 0.0 0.0 -1.9 0.0 -0.9 0.0 

11/16/96 16:45 2.13 0.0 0.0 -1.8 0.0 0.8 0.0 

11/16/96 19:15 2.23 0.0 0.0 -1.7 0.0 0.8 0.0 

11116/96 22:50 2.38 0.0 0.0 -1.8 0.0 -0.7 0.0 

11/17/96 2:00 2.51 Ô.0 0.0 -1.8 0.0 -0.7 0.0 

11/17/96 7:00 2.72 0.0 0.0 -0.2 0.0 0.0 0.0 
11/17/96 11:20 2.90 0.0 0.0 -1.4 0.0 -0.6 0.0 

11/17/96 15:20 3.07 0.0 0.0 -1.6 0.0 -0.9 0.0 
11/17/96 19:00 3.22 0.0 0.0 -1.7 0.0 -0.7 0.0 
11/17/96 22:50 3.38 0.0 0.0 -1.7 0.0 -0.7 0.0 

11/18/96 240 3.54 . 0.0 0.0 -1.7 0.0 -0.7 0.0 
11/18/96 6:30 3.70 0.0 0.0 -1.8 0.0 -0.8 0.0 

10:00 AM 
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TA 2.2 

PRESSURES AT MÁITORING POINTS 

POLELINE ROAD DISPOSAL AREA 
OUB, FORT RICHARDSON, ALASKA 

Date Time Elapsed Time MP-1 (r = IO ft) MP-2 (r = 15 ft) MP-3 (r - 25 ft) Comments 

(days) S D S D S D 

(In. H20) (In. HO) (In. 1120) (In. 1120) (In. H10) (In. 1120) 

11/18/96 14:40 4.04 0.0 0.0 -1.8 0.0 -0.8 0.0 

11/18196 14:51 4.05 0.0 0.0 -1.7 0.0 -0.7 0.0 Start sparge test. 

11/18/96 14:56 4.05 0.0 0.0 -1.6 0.0 -0.6 0.0 

11/18/96 15:01 4.06 0.0 0.0 -L6 0.0 -0.7 0.0 

11/18/96 15:05 4.06 0.0 0.0 -1.7 0.0 -0.7 0.0 

11/18/96 1510 4.06 0.0 0.0 4.7 0.0 -0.8 0.0 

11/18/96 1515 4.07 0.0 0.0 -1.7 0.0 -0.7 0.0 

11/18/96 15:20 4.07 0.0 0.0 -1.8 0.0 -0.7 0.0 

11/18/96 15:25 4.07 0.0 0.0 1.9 0.0 -0.8 0.0 

11/18/96 15:30 4.08 0.0 0.0 .1.9 +0.1 -0.8 0.0 

11/18/96 15:35 4.08 0.0 0.0 -1.7 +0.1 -0.6 0.0 

11/18/96 15:45 4.09 0.0 0.0 -1.7 +0.1 -0.6 0.0 

11118/96 16I0 4.10 0.0 0.0 -1.7 +0.1 -0.7 0.0 

11/18/96 16:30 4.12 0.0 0.0 -1.7 0.0 -0.8 0.0 

11/18/96 17:50 4.17 0.0 0.0 -1.7 +0.1 -0.7 0.0 

11/18/96 1900 4.22 0.0 0.0 -1.6 0.0 -0.6 0.0 

11/18/96 2300 4.39 0.0 0.0 -1.1 +0.1 -0.7 +0.1 

11/19/96 3:00 4.56 0.0 0.0 -1.1 0.0 -0.2 0.0 

11/19/96 7:00 4.72 0.0 0.0 0.1 +0.5 -0.5 0.0 

11/19/96 13:20 4.99 0.0 0.0 -0.6 +0.1 -0.4 0.0 Shut down sparge&SVE 

MP = Monitoring Point 

SShallow 
D = Deep 
r Distance from SVE weil 
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TABLL .3 

AIR SPARGING DATA 

POLELINE ROAE DISPOSAL AREA 
OUB, FORT RICIIAR1TSON, ALASKA 

MP-1 (r = 5 ft) MP-2 (r = IO ft) MP-3 (r 20 ft) 
DATE TIME Eiapsed Time D.O. Elevation A depth DO. Elevation ¿ depth DO. Elevation depth 

days percent feet feet percent feet feet percent feet feet 
11/18/96 13:15 000 4.2 274.90 0 3.5 274.88 0.00 7.2 274.65 0.00 

11/18/96 14:51 0.07 14.5 274.72 -0.18 10.0 271.91 -2.97 11.0 274.54 MIl 

11/18/96 15:05 0.08 15.0 276.01 1.11 12.0 276.77 1.89 13.0 274.25 -0.40 

11/18/96 15:17 0.08 12.5 276.51 1.61 13.0 277.36 2.48 14.0 275.25 0.60 

11/18/96 15:30 0.09 5.1 276.48 1.58 5.2 276.94 2,06 4.4 273.96 -0.69 

11/18/96 15:40 0.10 22.0 276.40 1.50 30.0 276.70 1.82 20.0 274.J I -0.54 

I 1/18/96 16:10 0.12 19.0 276.48 1.58 17.0 276.80 1.92 15.0 274.32 -0.33 

11/18/96 16:40 0.14 13.0 276.68 1.78 20.0 276.87 1.99 25.0 274.40 -0.25 

11/18/96 17:50 0.19 155.0 276.84 1.94 105.0 276.90 2.02 100.0 275.74 L09 

11/18/96 19:00 0.24 104.2 276.60 1.70 95.0 276.90 2.02 88.6 274.82 0.17 

11/18(96 23:00 0.41 62.0 276.44 1.54 101.9 276.53 1.65 69.4 275.05 0.40 

11/19/96 03:00 0.57 88.2 276.37 1.47 94.7 276.44 1.56 44.0 275.04 0.39 

11/19/96 07:00 0.74 76.1 276.41 1.51 83.2 276.60 1.72 59.9 275.15 0.50 

11/19/96 12:45 0.98 82.0 276.28 1.38 100.0 276.55 1.67 68.0 27517 0.52 

MP = Monitoring Point 
r = distance from SVE well 

D.O. = dissolved oxygen 

o 
C 
w 
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OUB 0028979 

TABLE 2Á 
FID FIELD SCREENING DATA 

POLELINE ROAD DISPOSAL AREA 
OUB, FORT RICHARDSON, ALASKA 

DATE TIME FID 
ppm 

11/14/96 14:27 200 

11/14/96 16:34 70 

11/14/96 18:45 55 

11/14/96 23:05 60 

11/15/96 03:00 15 

11/15/96 19:00 9 

11/15/96 23:10 75 

11/16/96 03:00 4 

11/16/96 07:00 0 

11/16/96 11:10 7 

11/16/96 16:10 1 

11/16/96 16:40 1 

11/16/96 19:15 1 

11/16/96 22:50 1 

11/17/96 02:00 1 

11/17/96 11:20 60 

11/17/96 15:20 25 

11/17/96 19:00 40 

11/17/96 22:45 8 

11/18/96 02:40 35 

11/18/96 06:30 35 

11/18/96 14:40 40 

11/18/96 14:55 30 

11/18/96 15:10 20 

11/18/96 15:25 20 

11/18/96 15:40 25 

11/18/96 16:10 60 

11/18/96 16:30 60 

11/18/96 17:50 25 

11/18/96 19:00 25 

11/18/96 23:00 28 

11/19/96 03:00 22 

- 1:59PM 
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TABL .5 

EXTRACTED SOIL GAS ANALYTICAL RESULTS 

POLELINE ROAD DISPOSAL AREA 
OUB, FORT RICHARDSON, ALASKA 

Sample ID Date Time Methylene cis-1,2 Chloroform Carbon Benzetic Tnchloroethene Toluetie Tetracliloroethenc 

Chloride Dich1oroethere Tetrachioride 

Collected Collected (ppbv) (ppbv) (ppbv) (ppbv) (ppbv) (ppbv) (ppbv) (ppbv) 

AS1 il/14196 1845 ND(180) 1,500(180) 520(180) ND(180) 340(180) 46,000(i80) ND(180) 1,700(180) 

AS2 1t114196 93O ND(J30) 1,100(130) 320(130) ND(130) 140(130) i1,000(J30) ND(130) 1,200(130) 

AS3 II/t4/96 2030 ND(110) l,J00(H0) 350(110) ND(H0) 140(110) 30,000(110) ND(II0) 1,200(110) 

AS4 11/14196 2300 ND(110) 1,100(110) 300(110) ND(110) 160(110) 29,000(110) ND(110) 1,200(110) 

AS5 11115196 1900 ND(68) 700(68) 200(68) ND(68) 140(68) 19,000(68) ND(68) 820 (68) 

AS6 11/16196 0630 ND(3.3) ND(3.3) ND(33) ND(33) 5.2(3.3) 67(3.3) 17(33) 62(33) 

AS7 I 1/16/96 1927 3.5 (32) Nfl(3.2) ND (3.2) ND (32) ND(3.2) 33 (3.2) ND (3.2) ND (3.2) 

AS8 1 1/18/96 1440 ND (34) 53 (34) ND (34) ND (34) ND(34) 1,400 (34) ND (34) 66 (34) 

AS9 11/18/96 1525 ND(11) ND(I1) ND(i1) ND(1l) ND(1J) 230(11) ND(I 1) 20(11) 

ASIO 11/18/96 1550 ND(52) 340(52) 73 (52) 52(83) 120(52) 8,600(52) N1)(52) 350(52) 

ASH 11/18/96 1805 ND(29) ND(29) ND(2.9) ND(29) ND(29) 25(29) ND(29) ND(2.9) 

ASI2 I 1118/96 2000 53 (33) 450 (33) 90 (33) 36 (33) 80 (33) 9,100 (33) Nt) (33) 360 (33) 

ASI3 11/19/96 0400 ND(28) 380(28) 75(28) ND(28) 76(28) 6,400(28) ND(28) 270(28) 

Sample ID Ditte Time Ethyl Benzenc m,p-Xylene o-Xylene 1,1,2,2- 1,3,5- 1,2,4- tians-1,2- 

Collected Collected Tclrachloroethane Trimethylbcnzciie 'I'riincthylbcnzcne UìcIiIotocC]ici 

(ppbv) (ppbv) (ppbv) (ppbv) (jpbv) (ppbv) _(pphv) 

AS I I 1/14/96 1 845 ND (i 80) ND (1 80) ND (1 80) 19,000 (180) ND (I 80) ND (I 80) I 200 (720) 

AS2 11/14/96 1930 ND(130) ND(130) ND(30) 23,000(130) ND(130) N1)(130) 860(520) 

AS3 H/14/96 2030 ND(lI0) ND(J10) ND(JJO) 23,000(110) ND(110) ND(110) 870(450) 

AS4 11/14/96 2300 ND(1l0) ND(110) ND(110) 25,000(110) ND(110) ND(1l0) 860(450) 

ASS 11/15/96 1900 ND(68) ND(68) ND(68) 28,000(68) ND(68) ND (68) 650 (270) 

AS6 11/16/96 0630 35(33) 12(3.3) 4.9(3.3) 1,200(33) 36(33) 15(33) ND(13) 

AS7 11/16/96 1927 ND(32) ND(3.2) ND(3.2) 480(32) ND(3.2) ND(3.2) ND(13) 

AS8 11/18/96 1440 ND(34) ND(34) ND(34) 7,900(34) ND(34) ND(34) ND(140) 

AS9 11/18/96 1525 ND(11) ND(El) ND(11) 4,400(11) ND(11) ND(11) ND(46) 

AS1O 11/18/96 1550 ND(52) ND(52) ND(52) 13,000(52) ND(52) ND(52) 320 (210) 

AS1I 11/18196 1805 ND(29) ND(2.9) ND(2.9) 850(2.9) ND(29) ND(29) ND(12) 

AS12 11118/96 2000 ND(33) ND(33) ND(33) 8,100(33) ND(33) ND(33) 450 (130) 

AS13 I 1119196 0400 ND (28) . ND (28) ND (28) 7,100 (28) ND (28) ND (28) 320 (1 10) 0 
ppbv parts per billion volume o 

o 
20! FM 
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Figure 2-2 

SVE TEST - Welihead Vacuum vs Time 
Poleline Road Disposal Area 

uUts_, rort Kicnarason, iasa 

. :; .. 

: 
I. . u -- 
r - *_- =- L 

r ---__ --- 

I 

- T :;: 

: ;! 

0.00 1.00 2.00 3.00 4.00 5.00 

Time (days) 

Figure 2-3 

SVE TEST Welihead Vacuum & Flow vs Time 
Poleline Road Disposal Area 
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Figure 2-4: SVE TEST - Flow vs Time 
Poleline Road Disposal Area 
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Figure 2-5: S'VE TEST - FIB Readings vs Time 
Poleline Road Disposal Area 
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Figure 2.6 

SVE TEST - MP2 & MP3, Shallow, vs Time 
Poieline Road Disposal Area 

OUB, Fort Richardson, Alaska 
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Figure 2-7: Log of Radius vs Pressure 
Poleline Road Disposal Area 
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Figure 2-8 

Water Elevation During Air Sparge Test 

Poleline Road Disposal Area 
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Figure 2-9: Solvent Concentration in Extracted Soil Gas 
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Aquifer Test 

The FS identified a number ofremedial aiternatives for OUB. There is a relatively high level of 
uncertainty in some ofthe parameters ofthose alternatives. particularly the hydraulic 
conductivity. This report discusses the results oftests completed at OUR to estimate the 
hydraulic conductivity ofthe on-site soils. 

Four water bearing intervals have been identified at the PRDA (Figure 3-1 ). The four water 
bearing intervals are a perched interval, a shallow interval. an intermediate interval, and a deep 
aquifer. The detection of contaminants in all four intervals suggests that they are interconnected 
to some degree. 

The perched interval was observed in borings drilled betveen Area A-2 and the wetlands, and in 
Area A-3 (Figure 3-2). The top ofthe perched interval was encountered at 4 to 10 feet below 
ground surface (bgs), and the bottom was found at 6 to 12 feet bgs. The average thickness of the 
perched interval is approximately 5 feet. The perched interval is recharged mainly by surface 
water from the wetlands, although some recharge also occurs from precipitation. The only well 
installed in the perched interval is MW-14. 

The shallow saturated interval is an average of i O feet thick; the top was encountered at 20 to 25 
feet bgs, and the bottom was found at 28 to 36 feet bgs. Groundwater elevations indicate thaf 
shallow groundwater is flowing in a northnortheast direction. There are i i monitoring wells 
screened in the shallow interval, including the background well. The shallow interval is recharged 
by water from the perched interval and by infiltration of precipitation. 

The intermediate interval was observed while drilling deep monitoring well MW-16. The saturated 
portion of the intermediate interval was encountered at approximately 65 to 95 feet bgs in MW- I 6. 
The intermediate saturated interval does not correlate with the other deep wells on site, suggesting 
that it is an isolated lens with limited continuity. There may be several isolated lenses of saturated 
material within the intermediate interval. 

The five deep monitoring wells at the PRDA penetrate the deep aquifer, the top of which was 
encountered from approximately 80 to 1 25 feet bgs. The deep aquifer is an advance moraine/till 
complex with a thickness of between 3 and 40 feet. Groundwater elevations indicate that the flow 
direction in the deep aquifer is locally to the northeast and regionally to the northwest. 

Hydraulic conductivities, used in the model for the RI,, were estimated from existing site data (slug 
tests performed by Environmental Science and Engineering, Inc. [ESE], and grain size analyses 
conducted during the RI) and from literature values documenting hydraulic conductivities in similar 
hydrogeologic intervals in the Eagle River area (Munter and Allely, 1992): 

Saturated Interval Estimated Hydraulic Conductivity 
Perched ft5 feet per day (ft/day) 
Shallow 0.5 ftiday 
Intermediate 0.05 ft/day 
Deep 0.3 ftlday 

The ultimate discharge ofthe water-bearing intervals at the PRDA is probably the Eagle River, 
approximately i mile north ofthe PRDA. The Eagle River flows into the Knik Arm ofCook Inlet 
approximately 5 miles northwest ofthe PRDA. 

Woodward-Clydo 3 -1 
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Auuifer Test 

A 5-day pump test was planned to estimate aquifer characteristics of the shallow groundwater 
interval. Three piezometers and a well were installed at about 200 feet downgradient of MW-14 
(Figure 3-1). It was observed that PZ-1 recovered faster and produced more water than PZ-3 
and PZ-2, during development. Therefore, the pumping well. MW-1 8. was installed i O feet from 
Pz-1. Approximately 6 feet ofwater were present in PZ-1, PZ-2. and PZ-3. MW-18 had less 
than one foot ofwater after installation. The three piezometers and one well were installed at 
nearly the same depth, except that MW-1 8 was installed slightly deeper. MW-1 8 was intended 
to be the pumping well for the pump test, but the lack ofwater prevented conducting a pump test. 

Several one-hour, single well pump tests were performed to estimate the hydraulic conductivity. 
Only wells located in the shallow interval were tested (Figure 3 . i ). A pumping rate of greater 
than i gallon per minute is needed during a pump test or the data collected are not reliable. It is 
generally difficult to keep the pump rate from fluctuating less than i O percent when the pump 
rate falls below i gpm. Some ofthe wells tested produced little amounts ofwater and were 
pumped dry in less than one hour at pumping rates less than I gallon per minute. Figure 3.1 
shows the locations ofthe wells that were tested. 

3.2 DATA 

Data collected during the five single well pump tests are presented in the table below. The 
Jacobs straight-line time-drawdown method was utilized to estimate the hydraulic conductivities. 
The underlying assumptions for the Jacobs method are: 

. The aquifer is confined; 

. The aquifer has seemingly infinite areal extent; 

. The aquifer is homogeneous, isotropic, and ofuniform thickness over the area influenced by 
the test; 

s Prior to pumping, the piezometric surface is horizontal (or nearly so) over the area that will 
be influenced by the test; 

. The aquifer is pumped at a constant discharge rate; 

s The well penetrates the entire thickness of the aquifer and thus receives water by horizontal 
flow; 

. The diameter ofthe well is small, i.e. the storage in the well can be neglected; and 

a The flow to the well is in unsteady state. 

The following assumptions did not apply at OUB. The tested aquifer is not confined, the aquifer 
is not homogenous, and the well may flot have penetrated the full thickness ofthe aquifer. 
Applying Jacobs method to an unconfined aquifer will bias the results toward a lower calculated 
hydraulic conductivity due to the non-horizontal flow toward the well. Not penetrating the full 
thickness ofthe aquifer also causes non-horizontal flow toward the well. The tested aquifer is 
also non-homogenous. All ofthese conditions cause head loss not related to the conductivity of 
the formation and result in larger drawdown in the well. The aquifer thickness was estimated 
from soil descriptions recorded during the well installation and water levels measured after well 
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development. The Jacobs method was selected because the fewest assumptions were violated 
and the data collected in the field matched the inputs required foi- the method. See Appendix B 
for the raw data, graphs ofthe data, and the calculations for the transniissivity and hydraulic 
conductivity. 

Monitoring Avg Duration DTW DTB Est. Calculated Calculated 
Well pump oftest (ft. (ft. thickness lransmissivity Hydraulic 

Number rate (hr:min) TOC) TOC) ofunit (b) (ft2/day) Conductivity 
(GPM) (feet) (ft/day) 

MW-2 0.67 0:59 
23.0 34.0 10.3 3.4 (dry) 

MW-3 1.53 O:32 31.0 60.0 28.6 29.9 1.0 
MW-12 0.57 0:59 31.0 40.0 9.2 10.8 1.2 
MW-13 0.60 0:37 24.0 31.0 7.3 1.6 2.0 

Pz-1 0.74 0:17 30.0 36.0 6.5 4.3 0.7 
(dry) 

DTW = depth to water; DTB = depth to bottom of well 
* = out ofstorage capacity, DTW stable = based on drawdown plot 

PM gallons per minute TOC = from top of casing 

Six soil samples (two per boring) were collected from saturated zones in soil borings PZ-1 , PZ-2, 
and PZ-3, two per boring. The samples were analyzed for permeability at a geotechnical 
laboratory. The results of the analyses are reported in Table 3 . i . The results vary from O. 00 1 8 to 
i .5 feet per day, with an average value of 0.44 ft/day. 

3.3 ANALYSIS 

The hydraulic conductivities calculated from the five pump tests fell within a fairly narrow range 
(0.7 3.4 ft/day). The range ofhydraulic conductivities expected for till is 0.3 0,003 ft/day 
(Kruseman & de Ridder, 1991). Our calculated conductivities are about one order of magnitude 
higher than the expected upper limit for tills. 

The average K values from the six laboratory soil samples is 0.44 ft/day; the average K value 
from the five singlewe1l pump tests is 1.7 ft/day. 

The difference between the geotechnical analyses and the pump test hydraulic conductivity 
estimates can be attributed to variances in hydraulic conductivity across the site. The hydraulic 
conductivity estimated (0.7 ft/day) from a pump test conducted on one ofthe three new 
piezometers (PZ-1) was very close to the average hydraulic conductivity (0.44 ft/day) calculated 
by the geotechnical analyses. This indicates that there is some agreement between the pump test 
results and the geotechriical data. The rest of the pump tests were conducted at other locations 
around the site where the hydraulic conductivities could be different. 

The difference between the expected hydraulic conductivity range oftills and the hydraulic 
conductivity estimated from the pump test data may result from the wide variety of soils that can 
be described as till. The range ofhydraulic conductivities typical for tills, as mentioned above, 
covers three orders of magnitude. Having the pump test data fall within an order of magnitude of 
the upper range of expected hydraulic conductivities for tills is reasonable given the wide range 
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Aquiter Test 

ofsoils that can be described as tills. The range provided by Kruseman and de Ridder may be a 
conservative estimate ofthe expected range ofhydraulic conductivities for tills. 

3.4 CONCLUSIONS 

The hydraulic conductivity estimate presented in the Rl was very close to the K values calculated 
from the single well pump tests and from the soil samples collected from PZ-1, -2, and -3. 
Hydraulic conductivity values are not likely to restrict or prevent certain remedial technologies 
from being considered. The K values that have been estimated for the site indicate that the 
formation has an adequate ability to transmit fluids. It is the location and amount of water that 
will restrict certain remedial technologies. Experience at the site indicates that the water bearing 
zones are not very continuous. For example, MW-14 is installed in a perched groundwater 
interval; but, when the atr sparge well was installed 5 feet from MW-14, no perched groundwater 
interval was observed in the soil samples. Groundwater appears, in some cases, to occur in 
limited zones, and the K values we calculated represent these zones. There may be lower 
conductivity zones between the pockets of groundwater that are not reflected in the K values. 

Woodward-Clyde @ 3-4 



TABLk .1 

LABORATORY SOIL-PERMEABILITY DATA 

POLELINE ROAD DISPOSAL AREA 

OUB, FORT RICHARDSON, ALASKA 

Hydraulic Hydraulic Moisture 

Location Depth Conductivity Conductivity Dry Density Content 

feet cm/second feet/day lbs/ft3 percent 

pz.-1 34.0-34.5 3.2E-05 1.3E-01 140 6.1 

Pz-1 29.0-29.5 9.9 E-06 4.0 E-02 140.5 5.7 

PZ-2 34.5-36.0 3.8E-04 1.5E+00 131.5 6.9 

PZ-2 30.5-311.5 4.5E-07 1.8E-03 151 6.3 

PZ-3 29.5-31.0 8.1 E-07 3.3 E-03 135 6.8 

PZ-3 34.0-34.5 2.4E-04 9.6E-01 140 5.8 

average LI E-04 4.4E-01 
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Natural Attenuation 

Seven groundwater samples were collected fi-orn monitoring wells at OUB and analyzed for 
geochemical parameters. These parameters were selected to help identify what types of natural 
processes may be degrading contaminants at the site. The parameters that were measured. the 
wells sampled and the results are presented in Table 4. 1. 

The sampling results indicate that there is little to no natural attenuation ofcontaminants at the 
site. The strongest indication that natural attenuation is not occurring, is that none ofthe end 
products were detected. Methane, ethane ethene, and sulfide are produced by the degradation of 
chlorinated solvent. None ofthese compounds were detected above the detection limit. 

A paper titled "Intrinsic In Situ Anaerobic Biodegradation ofChlorinated Solvents at an 
Industrial Landfill" presents a method to identify natural attenuation processes at the site (Lee et 
aL, i 995). A site is under methanogenic reducing conditions if methane is detected above i .0 
mg/L. Methane was not detected above the detection limit (0.02 mg/L) at OUB. A site is under 
sulfate reducing conditions ifthe sulfide concentration is greater than 0.2 mg/L. Sulfide was not 
detected above the detection limit (0.05 mgIL) at 0DB. A site is under iron reducing conditions 
ifthe concentration ofiron is greater than i .5 mg/L. Iron was detected at concentrations ranging 
from ND (0.05 mg/L) to 0.8 mgIL, less than the i .5 mg!L needed for iron reducing conditions. A 
site is under manganese reducing conditions if the concentration of manganese is greater than 0.2 
mg/L. Four ofthe seven samples collected (MW-12, MW-5, MW-14, and PZ-1) had 
concentrations ofmanganese detected above 0.2 mgIL. A site is under nitrate reducing 
conditions if nitrate and nitrite are present, and none ofthe previously mentioned parameters are 
present above critical levels. Groundwater at OTJB is not under nitrate reducing conditions since 
only nitrate was detected in the samples, except MW-14. Only nitrite was detected in MW-14. 
According to Lee et aL, the site may be under manganese reducing conditions. Since manganese 
was found in only four ofthe seven wells, manganese reducing conditions do not appear to be 
widespread. 

The U.S. Air Force Center for Environmental Excellence developed a technical protocol for 
evaluating the natural attenuation of chlorinated aliphatic hydrocarbons in groundwater (USAF 
1996). The Air Force protocol uses a scoring system to rate the potential for natural attenuation 
at a site. The score is based on the concentration at which various analytes and parameters were 
detected. The higher the score, the higher the likelihood that natural attenuation is occurring at 
the site. A score of O to 5 indicates inadequate evidence for biodegradatibn of chlorinated 
organics, 6 to i 4 indicates limited evidence, i 5 to 20 indicates adequate evidence, and a score of 
greater than 20 indicates strong evidence ofbiodegradation. A score was developed for QUIB 
using results from the seven groundwater samples collected in November. The score fell into the 
O to 5 range, indicating inadequate evidence for biodegradation. 

Woodward-Clyde S:PROJECTS\WCFSFO8O\TREATREPORE94oBQ.DOC\6-Mar-97\E94Oaa.ANC 4-1 



Table 4.1: Natural Att ton Parameters 

MW-16 MW-12 MW-13 MW-5 MW-2 PZ-1 MW-14 

Parameter Units 96PRDA-O-OO GW 96PRDA-O-OO1GW 96PRDA-O-OO7GW 96PRDA-Q-OOSGW 96PRDA-O-OO9GW 96L'RDA-O-O tOGW 96PRDA-O-O i I GW 

Nutrients/Electron Acceptors 

Ammonia-N mg/L 0.129 0.157 0.37 0.633 0.144 0.232 0.122 

TotaiPhosphorous mgfL 0.028 0.421 0.047 0.029 0.749 0.059 0.342 

Nitrite-N mg/L ND(0.1) ND(0.1) ND(O.1) ND(O.1) ND(0.1) ND(0.I) 0.71 

Nitrate-N mg/L 0.57 0.24 0.32 2.1 0.53 ND(0.l) ND(2.0) 

Chloride mgfL 23.2 1.67 1.74 7.33 1.6 2.13 127 

Iron mg/I. 0.0761 0.246 0.218 0.595 0.864 0.0937 ND (0.05) 

Manganese mg/L ND(0.02) 1.84 0.0304 0.537 0.111 0.815 0.51] 

Sulfate mg/L 16.6 17 17 82.3 17.3 26.9 44 

TotaiResidue mgfL 576 1030 186 294 2400 237 996 

Total kjedahl mg/L ND (0.2) 0.452 0.242 0.82 0.271 0.76 0.365 

Substrates 
TotalOrganicCarbon mg/L ND(0.5) 1.4 1.2 4.4 1.3 2.6 5.2 

Other 
Oil Degrading Bacteria col/L ND (20) ND (20) ND (20) ND (20) ND (20) ND (20) ND (20) 

Sulfate Reducing l3acteria co!IL Nega(ive Negative Negative Negative Negative Negative Negtivc 

Hetrotrophic Plate Count coIfL 204 72 200 201 1300 490 2 

Metabolic End Products 
Methane mg/L ND (0.02) NI) (0.02) ND (0.02) ND (002) ND (0.02) ND (0.02) NI) (002) 

Ethane mg/L ND (0.02) ND (0.02) ND (0.02) ND (0.02) ND (0.02) NI) (0.02) NI) (002) 

Ethene mg/L ND (0.06) ND (0.06) ND (0.06) ND (0.06) ND (0.06) ND (0.06) NI) (0.06) 

Sulfide mgfL ND(O.5) ND(0.5) ND(O.5) ND(0.5) ND(O.5) ND(0.5) ND(0.5) 

Field Parameters 
Temperature °F 41.1 40.3 43.5 42.6 41.1 4! 44.9 

pH 7.22 7.48 7.5 6.67 7.49 7.04 7.22 

Conductivity uS/cm 225 194 228 233 163 229 638 

Dissolvedoxygen ppm 8.77 3.9 8.3 4.33 9.63 3.65 438 

Redox Potential mV -10.2 94.2 81.9 5.4 63.3 -75.5 1 12.8 

VOCs 
1,1,2,2-Tetrachloroethane mg/L ND (0.001) 0.07 0.0041 3.1 ND (0.001) 0.94 186 

Trichioroethane mg(L ND (0.001) 0.024 0.001 1 9.IND (0.001) 1.4 1000 
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SOIL GAS PERMEABILITY CALCULATIONS 
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Appendix A 
Soil Gas Permeability 

Permeability is defined as the ability of atmospheric air to travel through the soil matrix. 

Since pressure at the monitoring points rapidly reached a near steady-state, permeability (k) 

ofthe soil was calculated using the steady-state method, The method is based on the solution 

to the following equation: 

Definitions: 

k = Q Ji. ln(Rw/R1) 

H it Patm [(1-PwiPatm)2] 

k Permeability 

Q = Flow of air 

JL = Viscosity of air 

R Radius ofinjection well 

R1 = Distance to monitoring point to the injection well 

H : Height ofvent well screen 

Pw = Absolute pressure at injection well 

atm = Ambient pressure 

Using the parameters recorded during the S'VE test at or near the extraction well and data 
from the system installation, the solution to the equation can be determined. The recorded 

units and data are converted from English units to the International System ofUnits (SI). 

The conversions are: 

Q: 183 cubic feet per minute 86,500 cubic centimeters per second 

i: An assumed value ofü.000l8 grams per centimeter-second 

Rw: 2 inch = 5.08 centimeters 

R1: 25 feet 762 centimeters 

H: 10 feet = 305 centimeters 

P: 90 inches ofwater 792,000 grams per centimeter, second squared 

Pa: An assumed value of 1,013,000 grams per centimeter, second squared 

Inserting the values obtained into the equation: 

k 
86,500*0.000 1 8*ln(5 .08/762) - 

305*ic *792,000* [1 -(1 ,0 i 3,000/792,000)2] 

k = 1.6 * cm2 or 0.16 Darcy 

The calculated permeability value ofü.16 Darcy is a typical value for silty soils and glacial 
till (IJSEPA, 1995). 

SPROJES\WCFE94O8Q\TEATEPORTRAD1TJSDOC 01.09-97 
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APPENDIX B 

HYDRAULIC CONDUCTIVITY CALCULATIONS 
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f. 

pz-1 
Pz-1 I,z-t 

Gal pumpe Water Depth E'apsed Iimc Drawdown ump Frcq Pump Rate 

(ft TOC) (mie) (feel) (HZ) (GPM) 
Pi-1 Pump Test 

o 29.59 0.00 134 

I 31.79 0.83 220 31 1.20 

) 1 ei i lii flÇi 

3 32,05 4.50 2,4 13! 0.55 

4 3235 6.50 27 131 OO 

5 3255 LOO 2.96 31 0.67 

6 32.6 9.83 3.07 131 0.55 

7 32.74 12.00 3.15 31 0.46 
6.00 

34.56 13.67 4.97 35 0.60 

NR 15,50 - 135 1.09 

IO NR 17.17 - 135 hO 
12 5,00 

Av pump 

iate 0.74 

I 4,00 
NR ' no reading (water cveI be'ow top ofpump) 

t 3,00 

A. (2.3Q)/(41ttØ1-H))T 

(2.3 0.71 gal/mm ' óOmi&hr 24 hr/day 111/7.4Sgal)/(4'116.t } 

T - 4.25 ft2fday 

T bK b = 36.05-29.5 6.55 ft 

K 4.25/6.6 

I 
K- 0.6 ft/day 

T Traesrnissivity (&fday) 
b - thickness ofaquiler(ft) 

Q flowiate dniiiig lest (GPM - ft3lday) 

t(Ho-H) = the drawdown perhog cycle oftiie (Il) 
K Hydraulic eondtctivity (ft/day) 

3/5/97 
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MW-2 

Gal pumped Water Dept Elapsed tinie Drawdow Pump Freq. Pump Rafe 

(ft - TOC) (mm) (feet) (Hz) «3PM) 

o 22.99 0.00 000 120 

i 2327 0.75 0.20 120 1 33 

2 23.50 1 3 0.51 120 0.93 

3 23.67 3.00 0. 120 OJS 

4 23.92 4.33 0.93 120 0.75 

s 24.09 5.50 1.10 20 0.85 

6 24.39 7.00 1.40 120 0.67 

7 24.63 850 1.64 120 0.67 

8 21.92 10.25 1.93 120 0.57 

Io 25.51 3.50 2.52 120 0,62 

12 26.64 18.00 3.65 120 0.44 

14 28.04 21.25 5.05 124 0.62 

16 29.15 26.25 6.16 24 0.40 

Is 29.71 29.50 6.72 129 0.62 

20 30.24 32.75 7.25 129 0.62 

22 30.77 36.75 7.78 I 29 0.50 

24 ..42 IO 35 8.43 J2 0.50 

2(, 12,1 I 3.5{) 9.12 12) 0.73 

28 :12.55 47 50 ).S6 2) 0.50 

30 33.13 50.25 0.14 29 0.73 

32 33.91 53.50 10.92 120 0.62 

34 34.23 56.75 1.24 29 0.62 

well ilry(z36) 58.83 

Avg LI111P 

r.ìIc 0.67 

1cobf Me.tìod: 

A. (2.3 Q) /(4I15(H-I)) 1 

(2.3 0.67 aI/iiiui (0rithu1tir 24 hr/day 1(fl.48gal) f (4F12.6 fl 
1 ).1 fi/day 

TbK I2.5" 2.5 fi 

KS 9.11 fi2/dayf2.5fi 

I 
K= 3.6fi/day 

MW-2 rump Test 

2.00 . 

.. :..:. 

-S- _ 

10,00 . .- :LL _ _ : ________ _ -: 
'f. 

°° 

±!iL_ 
T 

600 ---- 
. . .. , . L 

. 

, , 

, 

: . 

I. 
; 

I:,; 
:...;..:, 

'Lf. . i 

400 
. :.' 

: : . . . 

L7. 
. 

_ 
__ - - - 

i 

,- 

p 

_ __ _ 
/ 
I - 

2 00 iL1 - _ _ __.;,z_- 

/., .4 . "." :. 

T Trttis.cvìty (I1/day) 

b Lhickries oraqurer(f1 

Q flowrate during test(GFM - 1ì1day) 

A(Ho-F1) = thedrawdownperlogcyctc ollinìc(IQ 
K = Hydraulic cortthicfivily (fl/thy) 

S delcnunci1 ITie lop urea feet oIaLT(ifer (A) l}í a diffrcri K value han resi (B) 

3/5/97 

/. 
/ 

o 00 L I I I I J L i ..L.......I I .. f .... L.1 
. 

IhO 100,00 

Time(mia) [?] V(ii=!.t)=4.5-i .6 ft 

B. (2.3 Q)/(4I1*A(F1H))=T 

(2.3 0.57 gIrnin f0minThr 24 hr/thy f6/7.48ga1) f 1fl14.8 fi) 
T 1.60 fl2lday 

T = bK b = 34.3 - 23 - 2.5 = 8.8 B 

K I.60112/day/8.8fl 
I K= OE2ft/day I 

L., EA(il1t) 148: 
I 

[serie.i] 
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MW-3 

Gal pumpe Waler Depth Elapsed Urne Dmwdow Pump Fee Pump Rate 

(lì - TOC) (mia) (feet) (Hz) (GPM) 

o 3OE9S 0.00 

2 32.45 1.50 1.47 41 .33 

4 32.47 2.50 149 141 200 
s 32.91 4.00 1.93 141 0.67 

6 33.06 4.75 2.08 141 L33 

7 33.B 5.33 2.20 141 1.72 

O 33.2S 6.25 2.27 14! .09 

lO 23.37 7.00 2.39 141 2.67 

12 33.45 7,66 2.47 141 3.03 

14 33,50 .33 2.52 141 2,99 

6 33.54 9,17 2.56 141 2.38 

18 33.66 10.75 2.68 141 1.27 

20 33.74 12.50 2.76 14 114 

22 33.79 14.25 2.81 41 .14 

24 33.83 6,00 2.85 41 .14 

26 33.87 7.50 2.89 141 1.33 

28 33,90 19,17 2.92 141 1.20 

30 33,90 20.83 2.92 141 1.20 

32 33.91 22.50 2.93 141 1.20 

34 33.91 23.83 2.93 141 1.50 

36 33.91 25.50 2.93 141 1.20 

38 33.91 27.25 2.93 141 1.14 

40 33.91 28.83 2.93 141 1.27 

42 33.91 30.33 2.93 141 1.33 

44 33.91 31.83 2.93 141 1.33 

Ari; PÌ11IP 
rae 1.53 

Jacobs Method: 

A. (2.3Q)/(4rJs(H-11»=T 

(2.3 1.53 gaVmiri 60mirt/hr 21 br/day 11/7.1tgal)1 (4fl1.8 fI) 
T= 29.86 ft2/day 

T=bK b=59.6'31.0 28.6 fi 

K 29.86/28.6 

I 
K'= 1.0 fl/thy 

T = Tmnsmiasivity (f12/day) 

b thickness of aquifer (ti) 

Q flowrate during test(GPM - f15/day) 

¿(Ho-H) the drawdown per log cycle of time (fi) 
K = Hydraulic coriduclivicy (ft/day) 

M 

200 

e 
1.50 

I .00 

MW-3 Pump Test 

0(10 ' 
: t '' t I 

: , 

, ' I I -t 

I .11 I O Oli I litt 

Time (mie) 

5(H.H)=2.60.8=l.8_ft 
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MW 

MW- I 2 

Water Dept Gal Pumpe Time Elapsed lime Drawdow Pump freq Pump Rate 

(reet) (hr:ninsec) (hr:min:sec) min (feet) (IL'.) ((1PM) 

30.84 0 11:38:OO 0:00:00 0 125 

31.35 1 11:39:15 G:O1l5 1.25 051 25 QO 
3182 2 11:41:00 0:03:00 300 0.98 125 057 

32.23 3 1 1:4300 0:05:00 5.00 139 125 050 

32.4 4 1144:45 0:06:45 6.75 1.56 125 0.57 

32.54 5 11:46:45 0:045 8.75 1.7 125 0.50 

32.62 6 1 I4&45 0l0:45 10.75 1.78 125 0.50 

32.71 8 11:52:30 0I4:30 14.50 1.87 125 0.53 

32.78 10 i1:5650 0:l&S0 18.83 1.94 125 0.46 

3286 2 l20l:30 0:2330 2350 2.02 125 0.43 

33.3 14 12:04:45 0:2645 26,75 2.46 128 0.62 

33.52 16 12:07:50 29:50 29,83 2.68 l28 0.65 

33.68 I 12:11:15 0:33:15 33,25 2.84 128 0.58 

33.78 20 12:l5l0 0:37:10 37.17 2.94 128 0.51 

33.86 22 12:18:45 0:40:45 40.75 3,02 128 0.56 

33.91 24 2:22:30 0:44:30 44.50 3.07 128 0.53 

33.96 26 12:25:45 0:47:45 47.75 3.12 128 0.62 

34.01 2 I2:3000 0:52:00 5200 3.17 128 0.47 

34.07 30 2:3400 0:56:00 56.00 3.23 12S 0.50 

34.12 32 12:37:30 0:59:30 59.50 3.2e 12ß 0.57 

Avgpumprate 0.55 

A. (2,3 Q) /(4II*A(Il0Il)) I 

(2.3 0.55 gal/rtihì ó0minlìir 24 hr/day f13/7.48gal)I (4*11*1.11 II) 

10.79 ft2/day 

,r = 1K b ()' 30.11 9.2 0 

K 10.79/9.2 

I 
K= 1.2 Olday 

T = Tranemissicity (1tIday) 

b = thickness of aquifer (0) 

Q = flowrate diring teet (6PM - fl/day) 
5(Flo-H)= the drawdown perlog cycle of time (R) 

K = Hydraulic conductivity (0/day) 

3/5/97 

MW-12 

1.00 0.00 10000 

Time (mlu) 

[i)=3.719=l.8Ñ 
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MW-13 

G1 pump Water De Elapsed lime Drawdow Pump Fie Pump Raie 

(fl - TOC) (mm) (feet) (H4 (G PM) 

o 24.11 0.00 

t 0.50 110 2.00 3.00 

2 2.13 110 0.61 

25.65 2,67 .47 110 

3 3.67 110 0.65 

4 5.47 110 0.56 2.50 

25.98 5.83 1.80 11V 

5 7.22 lIC 0.57 

6 8,83 110 0.62 

26.35 817 2.17 lIC 2.00 

7 iO.55 110 0.58 

ii 26.4 12,51 2.30 110 0.49 

9 14.83 lIC 0,44 

Io 16.67 110 0,54 1.50 

26.68 16,95 250 11G 

11 18.50 110 0.55 

12 26.61 20.73 2.46 1 IV 0.45 

IO 26.1 22.05 2,63 110 0,76 1.00 

14 24.92 110 0.35 

s 26.13 26.97 2.65 lIC 0,49 

16 26.76 29.20 2.58 1 IO 0.45 

17 26.94 31.38 2.76 110 0.46 0.50 

Il 26.97 33.20 2.79 110 0.55 

¡ 26.93 35,21 2.75 110 0.4e 

20 37.41 lIc 0.45 
0.00 

MW-13 

MW-13 Pump Test 

Avg piutnp i .00 

mIe 0.60 

A. (2.3 Q)f(4fl*t«It1I))=T 

(2.3 0.60 gal/iili!l 6oiìin/br 24 hr/day lf/711gaI)/(4'TI'I.3 1) 

T 16.33 f2fday 

T=bK b=31.5-24.2 = 7.3 Ii 

K 16.33/7.3 

I 
K' 2.2 Wday 

T Tiansjnisiv±ty (fi2lday) 

b thickness of aquifcr(ft) 

Q = flowrale during Ic1 (GPM - fI/day) 
5(Ho-H) the drawdown perlog cycle oftinic (fi) 
K = Hydraulic conduciiviLy (fl/day) 
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BORING AND WELL COMPLETION LOGS 
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MONITORING WELL INSTALLATION DETAILS 
PROJECT: FT. RICHARDSON OUB Feasibility Study WELL NO: SW-i 

WELL LOCATION: AREA C 

DATE COMPLETED: i 0/23/96 TOTAL DEPTH: 39.0 DRAWING NOT TO SCALE 

NOTE: Locking Cap Ir 

DEPTHS listed ar9 from % 
ground level. 

ELEVA TIONS listed are from 
mean sea level. 

p 
I Elevation top of of riser pipe: 3QJ7 ft 
L Height of top of riser pipe above ground surface: j57 ft 

Ground Elevation 303.60 
//////Y// 

[.D. of surface casing 
I 

Type of surface casing: 6steel 
-4 LDePth of surface casing below ground: 64 ft 

.- 
, 

: 

*1 

l.D. of riser pipe: 4 
íType of riser pipe: carbon steel 

í-4__ [Diameter of borehole: 8 

: rDepth to bottom of seal: 2fl.0 ft 

! LTYPe of seal: Bentonite 

4 _ rType of sand pack #20/40 screened 
LDepth of top of sand pack 2&0 ft 

E: Depth to top of screened section: 30.5 ft 
: Type of screened section: carbon steel-i O slot 

Describe openings: ODIO 
l.D. of screened section: 4 

:: Length of screen: 35 ft 

: 

:: _!epth to bottom of screened Section: 34.0 ft 

ftength of blank section: 2 in 
: _fjepth to top of seal: 36.0 ft 

.ø _ [Depth of hole below ground surface: 39.0 ft 

Woodward-Clyde PROJECT NO: E9408Qi7200 i PAGE OF 1 

Well Completion Form and General Diagram 



MONITORING WELL INSTALLATION DETAILS 
PROJECT: FT. RICHARDSON OUB Feasibility Study WELL NO: MP-1 

WELL LOCATION: AREA-C 

DATE COMPLETED: 1 0/24/96 TOTAL DEPTH: 33.Ol DRAWING NOT TO SCALE 

NOTE: Locking Cap t 
DEPTHS listed are from ______ 
ground /evI. 
ELEVATIONS listed ar 1mm 
state plane. - Elevation of top of riser pipe: D5.49 ft 

L Height of top of riser pipe above ground surface: 246 ft 

Ground Elevation 303.03 

'I [Diameter of borehole: 6 

[.D. of surface casing. 
I 
Type of surface casing:4-steeI 

LDePth of surface casing below ground: 54 ft 

4 _ [Depth to bottom of seal: 9p 
-T 

Vapor probe depthl 
LTYPe of seal: Bentonite 

(shallow) 95 ftJ 

4 [Depth to bottom of sand: i 00 ft 

Hjlepth to bottom of seal: 2.0 ft 

Vapor probe dept p 
(deep) 235 

4 _{jepth to bottom of sand: 240 ft 

'4 rType of sand pack: #20/40 screened 
: LDepth of top of sand pack 26.0 ft 

-z Depth to top of screened section: 28.0 ft 
:: Type of screened section: PVC-lOsIpt 
:. Describe openings: 0.010 

I D of screened sect!on 2 

E Length of screen: 5.0 ft 

:: 
::: 

Ei [.o. of riser pipe: 2 

LTYPe of riserpipe: PVC :: 

i- [Depth to bottom of Screened section 33 _ 0 ft 

EE [Length of blank section 2 in 

4 _ epth of hole below ground suace: 33.0 ft 

Woodward-Clyde 
( 

PROJECT NO: E9408Q/7200 
J 

PAGE 1 OF i 

Well Completion Form and General Diagram 
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MONITORING WELL INSTALLATION DETAILS 
PROJECT: FT. RICHARDSON OUB Feasibility Study WELL NO: MP-2 

WELL LOCATION: AREA-C 

DATE COMPLETED: i 0/24/96 TOTAL DEPTH: 330 DRAWING NOT TO SCALE 

NOTE: e. Lockthg Cap 

DEPTHS listed are from 
ground leveL 
ELEVATIONS listed are from T 
state plane. 

\ - 4 Elevation of top of riser pipe: 304.72 ft 
Height of top of riser pipe above ground surface: 22 ft 

Ground Elevation 302.43 

* [Diameter of borehoie: 6" 

ID. of surface casing. 
I Type of surface casing: 4-steel 

4 _ Depth of surface casing below ground: 571 ft 

.4- _ rDepth to bottom of seal: .ß0 ft 
LTYPe of seal: _ Bentonita 

Vapor probe depth 
(shallow) 95 

4 [Depth to bottom of hand: tQO ft 

4 epth to bottom of seal: _______________________ i 8.0 ft 

Vapor probe depth _ 
(deep) i 9.0 ftJ 

* 9epth to bottom of sand: 20.0 ft 

rType of sand pack: #20/40 screened .4 

LDepth of top of sand pack 26.0 ft 

: rDepth to top of screened section: 28.0 ft 
:1 ::r: Type of screened section: Pvc-i O slot 

Describeopentngs 0010 
:::: I D of screened section 2 

Length of screen SiD ft 

:jj f.D. of riser pipe: 2 

J 
LTYPe of riser pipe PVC 

ç- [Depth to bottom of screened Section 33 0 ft 

E: [Length of blank section 2 in 

: LDepth of hole below ground surface: 330 ft 

Woodward-Clyde PROJECT NO: E9408Q!7200 
I 

PAGE 1 OF i 

Well Completion Form and General Diagram 



MONITORING WELL INSTALLATION DETAILS 
PROJECT: FT. RICHARDSON OUB Feasibility Study WELL NO: MP-3 

WELL LOCATION: AREA-C 

DATE COMPLETED: i 0/24/96 TOTAL DEPTH: 340 DRAWING NOT TO SCALE 

NOTE: y Locking Cap 

DEPTHS listed are from 
grQund /ve/. 
ELEVA TIONS listed are from 
state piane. - Elevation of top of riser pipe: ft -.4 

I Height of top of riser pipe above ground surface: i .69 ft 

Ground Elevation 301 .97 

[Diameter of borehole: 6 

[.D. of surtace casing. 
I 

Type of surface casing: 4-steel 

4 _I1±epth of surface casing below ground: 631 ft 

4 4epth to bottom of seal: 9.0 ft 

Vaporprobe depth LTYPe of seal: Bentonite 

(shallow) 9.5 ft_J 

. _ [Depth to bottom of sand: i 0.0 ft 

'4 fDepth to bottom of seal: 23O ft 

Vapor probe depth] w 
(deep) 23.5 _ [Depth to bottom of sand: 24.0 ft 

. 4 _ Jîype of sand pack: #20/40 screened 
LDepth of top of sand pack 26.0 ft 

:: - - Depth to top of screened section: 29.0 
:: -! Type of screened section: PVC-b slot 

-: Describe openings: 0.010" 
::y LD. of screened section: 2 

::E Length of screen 5._0 ft 

:: E_ ::: JLD. of riser pipe: 2 

E:: LTYPe of riser pipe PVC 

± __[epth to bottom of screened section: 33.0 ft 

E- jength of blank section 2 n 

[Depth of hole below ground surface: 34.0 ft 

Woodward-Clyde PROJECT NO: E9408Q17200 
I 

PAGE OF i 

Well Completion Form and General Diagram 
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MONITORING WELL INSTALLATION DETAILS 
PROJECT: FT. RICHARDSON OUB Feasibility Study WELL NO: PZ-1 

WELL LOCATION: N.E. of area B 

DATE COMPLETED: i 0,1 9/96 TOTAL DEPTH: 345 DRAWING NOT TO SCALE 

NOTE: Locking Cap y 
DEPTHS listed are 1mm 
ground /veI. 

ELEVATIONS listed are from 
mean sea level. Elevatìon cf top of dser pipe: 3fl1.-4 ft 

L Height of top of riser pipe above ground surface: 2.44 ft 

Ground Elevation 299.00 
y//////// 

;: 

[,D. of surface casing. 
I 

Type of surface casing: _ 4-steel 
4 __lDepth of surface casing below ground: 5.56 ft 

JiD. of riser pipe: 2" 
LTYPe of riser pipe: _ carbon steel 

4 [piameter of borehole: 6 

! 

:---- fDepth to bottom of seal: 22.0 ft 
LTYPe of seal: Bentonite 

fType of sand pack: #20/40 screened 
: 

LDepth of top of sand pack 22.0 ft 

::: Depth to top of screened section: 24.0 ft 
:-:: v Type of screened section: PVC- i O slot 

Describe openings: 0010 --- ::.. 

=E I D of Screened section 2 
Length of screen: t00 _ ft 

:y [Depth to bottom of screened section: 34.0 :: 

[Length of blank section: 2 n 

- -4-- _ [Depth of hole below ground surface: 34.5 ft 

Woodward-Clyde PROJECT NO: E9408Q/7200 
I 

PAGE i 
Well Completion Form and General Diagram 



MONITORING WELL INSTALLATION DETAILS 
PROJECT: FT. RICHARDSON OUB Feasibility Study WELL NO: PZ-2 

WELL LOCATION: N.E. of area B 

DATE COMPLETED: i 0/20/96 TOTAL DEPTH: 34.0 DRAWING NOT TO SCALE 

NOTE: Locking Cap * 
DEPTHSiistedarefrom 
ground level. 
ELEVATIONS listed are from j 
mean sea level. - . Elevation of top of riser pipe: _aoi .0 

L Height oftop of riser pipe above ground surface: 2.17 ft 

Ground Elevation 298.83 //A9'//:::;/// 

I, 
[.D. of surtace casing. 
I 

Type of surface casing:4Steel 
, 
4- ___IDepth of surface casing below ground: .O8 ft 

: _________[.D. of riser pipe: 2 

LTYPe of riser pipe: _ PVC 

' 

4 fDiameter of borehole: 6 

4 _ fepth to bottom of seal: 23.5 ft 
Type of seal: Bentonite 

:: [Type of sand pack: #20/40 screened 
:: LDepth of top of sand pack 23,5 ft 

rDepth to top of screened section: 24.0 ft 
:: Type of screened section: stainless-i o slQt 

::: H Describeopenings: opio ::. 

::: l.D. of screened section: 2 
E: Length of screen i O O ft 

E: 
[Depth to bottom of screened secton 34 0 ft 

fjength of blank section 2 in 

,_ _ [Depth of hole below ground surface: 34.0 ft 

Woodward.Clyde 
PROJECT NO: E9408Q/7200 

I 

PAGE OF i 

Well Completion Form and General Diagram 



ou 0029012 

MONITORING WELL INSTALLATION DETAILS 
PROJECT: FT. RICHARDSON OUB Feasibility Study WELL NO: PZ-3 

WELL LOCATION: N.E. of area B 

DATECOMPLETED: 10/21/96 TOTALDEPTH: 340 DRAWING NOTTO SCALE 
NOTE: Locking Cap t 
DEPTHS listed are from ¶ 

gwund level. 
ELEVATIONS listed are from 
mean sea level. Elevation of top of riser pipe: Q1.O9 ft 

L Height of top of riser pipe above ground surface: ZQ2. ft 

Ground Elevation 299O7 
/Y/A:: ;; 

, 
D. of surface casing. 

Type of surface casing: 4-steel 
-4--- epth of surface casing below ground: ft 

JÏD. of riser pipe: 2" 

LTYPe of riser pipe: PVC 

[Diameter of borehole: 6 

jbepth to bottom of seal: 22.0 ft 
LTYPe of seal: Bentonite 

.! 
: fType of sand pack: #20140 screened 

:±: : LDepth of top of sand pack 22.0 ft 

Depth to top of screened section: 240 ft 
:. Type ofscreened section: PVC1O slot 

I Describe openings: 0.010 
:± ::::::: l.D. of screened section: 2" 

E: of screen 1 0 _ 0 ft 

:: :-:- -[Depth to bottom of screened section: 34.0 ft 

[Length of blank section: 2 

v [Depth of hole below ground surface: 34.0 ft 
- 

Woodward.Clyde PROJECT NO: E94080/7200 
I 
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Well Completion Form and General Diagram 



ULJ 

MONITORING WELL INSTALLATION DETAILS 
PROJECT: F-e. RICHARDSON OUB Feasibility Study WELLNO: MW-18 

WELL LOCATION: N.E. of area B 

DATE COMPLETED: i 0/23/96 TOTAL DEPTH: 400 DRAWING NOT TO SCALE 

NOTE: Locking Cap 
, 

DEPTHS listed are from 
ground level. 
ELEVA TIONS listed are from 
state plane. - - Elevation of top of riser pipe: 3Q4L ft 

L Height of top of riser pipe above ground surface: L55 ft 

Ground Elevation 298.86 
///2'/,K9'//:S 

,, [.D. of surface casing. 
: Type of surface casing: 6-steel 
4 LUJt of surface casing below ground: 6.45 ft 

; JLD. of riser pipe: 4 

LTYPe of riser pipe: carbon steel 

4 1jiameter of borehole: 8' 

4 [Depth to bottom of seal: 3jJ ft 
LTYPe of seal: Bentonite 

4 _ fType of sand pack #20/40 screened 
top LDepth of of sand pack 23.0 ft 

:: :: Depth to top of screened section: 28.0 ft 
::: Type of screened section: stBiniess-1 O slot 

:::: Describe openings: 0.010" :. 

::: l.D. of screened section: 4 
E- Length of screen 1 0 0 ft 

4 epth to boUom of screened section 38 0 ft 

ength of blank section 5 ft 
v v 

[Depth of hole below ground suace: 40.0 ft 

Woodward-Clyde 
J 

PROJECT NO: E9408Q/7200 
J 

PAGE OF 

Well Completion Form and General Diagram 
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OUB 0029014 

Project: FT. RICH OUB F5 No PZ1 
1flt 

¡'z-i 
Location Description: 

N:\ Test Bonn E Monitoring Point Monitoring Well 

MP-1 )) ovPpz_ Logged By: _S.Kna[I_________ 
sw // g:Yz-1 ?OMP3 Driller: Rig: MbiR6J_ 

MW4 
(( Drill Method: Hollow Stem Aue.L(6) M8 

Sample Method: . X 24) \\\\ HammerWt: 140 Ib Drop: _3O r- N:: Start Date: - _ 10119/96 finie: _JJ950 
Not to Sca/e N\ 

Complete Date: i 011 9196 Time: i 5QQ 

Weather: NA Instrumentation: Sensidvne EID Location Coordinate System: State Plane 
I Elevation Datum tSL 

Nohing (ft.) 2668965.38 
lop at Hole Elehon (ft Depth Drilled (ft) Total Depth (ft.) Depth to Groundwater (ft.) 

Easting (ft.) 569130M7 J 30144 34.5 345 00.0 

! 
Sample .0. 

:11 I Classification Description and Remarks 
Grghic il T-- 

- 

: 

5 

: j 

lo .. 

15H . 

i 

20 
i 

25 

: PERM-1 SM SAND, fine to coarse and fine NA 80% recovery 200 0.0 30 gravel with trace silt, grayish 
.: green, wet 
- 

! 

GRAVEL fine with some fine _i 
- sand and little silt, greenish 

-: PERM-2 _gry, moist N' 100% recovery so OEO 

35 Boring ended at 34.5' be'ow 
_: ground surtace. 

Project No: E9408Q Woodward-Clyde W Page j. of j. Hole No. PZ-1 



ri.i.aTìbI.Y.Ul 

Project: FT. RICH OIJB FS 
Field 
Hole No. PZ2 

Permanent 
Hole No. PZ-2 

Location Description: 
Boring E Monitoring Point X Monitoring Well 

PZ3 
MP1 a' P7-2 Logged By: . _ S. Ken1l 

sW.1 
_Pz-1 o Driller: _______IsetDillhingS.enitces Rig: Moble B-EL. 

M4 CMP-3 
Drill 

MP-2 
Sample Method: Split Spoon Saiiler (3 Oil X 24 

A KammerWt: . 140 lb. Drop: 30 
ir.- 

-I. Start Date: i0120196 Time: 090Q. 
Noffo Scale 

Complete Date:.1W2flLff Time: 1430 

Weather: NA Instrumentation: .Snsidvne F10 Location Coordinate System: State Plane i Elevation Datum MSL 

Northing (ft) 2668957.38 E__Other 
I 

Top of Hole Elevation (ft.) Depth Drilled (ft.) I Total Depth (tt) Depth to Groundwater (ft.) 
(ft.) 569132.67 301_00 36.0 

I 
36.0 29.30 

_ing 
_j 

i Sample l.D. Classification 

C 
_ 

Description and Remarks Graphic 
Log 

, o,_ 
E 

Ó .E 

_f_________ 
E 

5 

lo 

15 
. 

20 
: .. 

.. 

25 
1 :' 

No Permeability SM SAND fine. with fine gravel and NA i 0% recovery woí 0.0 - 30 Sample silt, green. moist O5 
- PERM-3 SM SAND medium and fine gravel, NA 50% recovery . 

5J o.o with little silt, greenish gray, we 

.. 

im 
- 

- 
SAND medium and fine gravel, NA 70% recovery 120 0.0 

- 
35 PERM-4 V SM with little silt, greenish gray, 

- . 

125 

: - __________ _moist 
Boring ended at 36' 

Project No: E9408Q Woodward-Clyde W Page j of i Hole No. PZ-2 



OUB 0029016 

Project: FT. RICH OUB FS PZ3 
;flflent 

PZ-3 

Location Description: 
N:\ Test Boring E Monitoring Point X Monitoring WEIl 

MP-1 )) «42 Logged By: . ______________ 

«' // :::Fz-1 
c OMP-3 

it 
MW-14 

M - M -18 
rtl Method ------ HolIowS.t.ernurß 

Sarn Method: . 
SPilt SiJoonSampIer(3 O.D.24J_ \\ HarnrìerWt: 140 Tb_ Drop: 3D 

:r.J- 
Date: 10/20/96 Time: J545 

Nottascalü '\ Complete Date:tQL2iIß Time: 1325 

Weather G1a.LaJfl Instrumentation: Sensidyne F10 Location Coordinate System: State Plane Elevation Datum MSL 

Nohing (ft.) 2668949.65 
Top of Hole Eevaon Depth Drilled () Total Depth (ft) Depth to Groundwater (ft.) 

Fasting (ft.) 569135Â9 301.09 34_Q 34.0 ?L?o_ 

i 
Sample I.D. 

r 
C'assification 

et 

i Description and Remarks 
GighlC 

- , a'_ r: 

5 i::: 

i o 

15 :,::::.: - 

2Q: -.:: 

25 

T PERM-5 SV SAND, fine-medium with some NA 80% recovery ioo 20 - 30 - fine gravel. trace silt, greenish ::.:::.: 136 

gray, moist, wet - 

I PERM 6 NA 60% recovery ici 20 

: Boringeridedat34 

Project No: E9408Q Woodward-Clyde O Page 1 of j. Hole No. PZ-3 



Project: FT. RICH OUB FS :No. MW-18 j 

I II II-Ç I H 1#'-1% I 

ent 
MW-18 

Location Description: '-:::::, 
-N:\ E Test Boring E Monitoring Point X Monitoring Well 

MP-1 )) a'F2 Logged By:LM.QflCrieff 
.sw ¿ // :F7-1 Driller: Rig: MDbiBL 

MW!14 
OMP-3 7/ Drill Method: Hollw Stem Auger (ßL M -2 

ç 

M -18 
Sample Method: Split Spoon Sampler (3 Oli X 3O) 

Hammer Wt: Drop: 30 
:r:r N:::::,N Start Date: Time: i 045 

Notjosc&e \\ 
Complete Date:1UL2.3Li Time: 0920 

Weather:CLeaLCaIJILuuIthf.E Instrumentation: .osidvne F10 Location Coordinate System: State Plane Elevation Datum 
MSL 

. 

Northing (tt) 2668941 .30 E Other 

Top of hole Elevation (ft) Depth Drilled (ft.) Total Depth (ft.) Depth to Groundwater (ft) 
Fasting (ft.) 569136.96 300.41 40M 40,0 37.25 
- 
; Sample I.D. t Classification Description and Remarks 

Gghic } 
V)- ') = 1:1: - 

: Battery discharged on FID H 

5 

10H 

15ff 
H 

20 H 

25- GP ROCK fractured dry 3 clean NA 0% recovery 87 

.' : 
30- GP GRAVEL, angular with some 2.5 30% recovery 

_: sand, greenish gray, wet !-:::. 48 - .::4.:. . 150 - 
_: 

::!-:.... 
. 

35= GP ROCK, split-spoon destroyed 0% recovery 
:..4:. -: 

= 
;i.:j. 

: GP 
Slough only recovered 0% recovery ._,., ' 6 = 

SAND medium with some silt, :.i.-:,j,. 13/2 
- 

40- .E trace fine gravel. moist. brown 20% recovery :'.:: zei6 

H Boring ended at 40 below T 
T ground surface 

45T 

50 - 

Project No: E9408Q Woodward-Clyde W Page j of i Hole No. MW-18 



OUB 0029018 

Project: FT. RICH OUB FS 
Field 
Hole No. SW-i 

Permanent 
Hole No SW-i 

Location Description: __-3 
_J 

Test Boring E Monitcring Point X Monitoring Well 

c__ PZ-2 Loed By: -_ J Moncrieff__ 
sw-i «MP1 Driller: _ Ter_Drillin8epjçes 

MW-14 ? OMP-3 

MP-2 
Drill Method: .JioiiWStemALLgoL(e) 

- MW8 
Samgie Metho: OD. X24)_ 

A HammerWt:. 140 lb. Drop:3O_ 
1- Start Date: iQL2L6 Time: j i i 5 

NottoScale 
Complete Date: .1OL23I Time: iBii1..... 

Weather:f1QiDILCatIflJ5F Instrumentation: Location Coordinate System: State Plane Elevation Datum 
MSL 

Northing (ft.) 2668915.69 E__Other 
Top of Hole Elevation (ft.) Depth Drilico (fu) I Total Depth (ft.) Depth to Groundwater (ft.) 

.!.ting (ft.) 568948.03 305.17 39.0 39.0 l9_ 
E. 

. Sample LO. ! Classification Description and Remarks 
Graphic 

Log e 
<'? 

. . - 
, _ c 

5_: 

lo - 

15-. 
-: GM COBBLES and 'arge SAND, .5' 70% recovery 90 2.0 

- 
_: with some fine gravel, few silt, 113 
_: gray with a small patch of 
_: orange. dry! moist 

20- 
Gl One angular rock recovered, 3" 0% recovery 46 1 .0 

= dry 72 

25- - 3v Large SANO and medium NA 100% recovery 30 30 o_ z-'. - sub-anglar gravel, gray with - 40 
_: few orange patches, moist :dO.:.. 
: 

30- 
GF COBBLES with fine silt, gray, NA 70% recovery 200 2.0 

'-: wet 

35H Gl Two COBBLES NA 0% recovery 200 1.0 

E GRAVEL angular with tine 4J 

G gravel and silt, grayish brown, .5' 30% recovery OO/2 1.0 
- _____________ 5; moist 100% recovery i2° 2Q -- 

40- Boring ended at 39' below - 
-: ground surface 

-: 

50- - 

Project No: E9408Q Woodward-Clyde W Page 1 of 1 Hole No. SW-i 



'1i.YâJI.TiLl 

Permanent 
Project: FT. RICH OUB FS o. MP-1 

Location Description: 
-N:\ Test Borïng X Monìtoring Point E Monitoring Well 

)) Logged By: _JMQillI1tL 
MP a/F% 

sw c( // 2j2.Pz-1 Driller: TestefDIiJ1thQervices Rig: Mfl1L 
MW14 ? 

OMP-3 
(/ Drill Method: 

MP-2 

\ \ 

M -18 

\\ Sample Method: SDIit X 24)_ 
HammerWt: t4flJ Drop: 3O_____ 

Ir;9- ':: Start Date: Time: 1000 
Notto.Sca/e Complete Date: 10124/96 Time: 1600 

Weather: Clear. ctin.L Instrumentation: _$ßuiw.LFiL. Location Coordinate System: State Plane Elevation Datum MSL 

Northing (ft.) 2668917.01 
r-1 Other 

Top of Hole Elevation (ft Depth Drilled (ft) Total Depth (ft.) Depth to Groundwater (ft.) 
Easting (ft.) 568953.70 305_49 33.0 _ 33.0 30.26 

Sample I D t Classification Description and Remarks OPhIC L 'j 

cn_ n = Cs = 

E--______ _ 
-i : 
- 

- :::.. 

5- :: -: 

- 
- 

- 
- 

.- 

:::. 
- 

.- 

- :Q--:-. 

?-:o 
- 

- 

10_i 

-i 
p 

3 GRAVEL with cobbies and NA 70% recovery o 
large sand, moist, brown, -::::; 5013 
with dry pocket 

I :: 
-: 

15 
- 

:.o:. :O: -- 
- 

- 

- 
- :o:.- - 
: if 

20- ?:-o: 
.oj.:.:. 

- 
: °- T 
T No subsurface 

sample taken ML SILT with few gravel and NA 30% recovery 15 0 - 
T cobbles, brown, moist 20 

25- 

30 
IfeCt GM GRAVEL with coarse sand and NA 70% recovery 150/3 4M 

- few silt, brown, moist 

Boring ended at 33 below Vapor probes placed at 9.5 and 
T ground surface. 23.5 

35- 

Project No: E9408Q Woodward-Clyde W Page .j of i Hole No. MP-1 



OUB 0029020 

Project: FT. RICH OUB FS 
Field 
Hole No. MP2 

Permanent 
Hole No. MP-2 

Location Description: 
Test Boring X Monitoring Poínt Monitoring Well 

Pz-3 
MP-1 v PZ-2 

Logged By: .- J. M_ondÌL..________ 
sw-i -:Pz-1 Driller: TesterDillhin.g&eices Rig: Mii 

MW14 
OMP-3 

MP-2 
Drill Method: Hollow Stem AugL(ß M8 
Sample Method ------ SpiitSSoon_SamojrQflX24 
HammerWt - 140 b. Drop: .31 

+ \ Start Date: i 0/24196 Time ... 
NottoSca/e 

Complete Date: ....J0.L24L96 Time:2iQ_ 
Weather:G1ar,CaIWE.. Instrumentation: Sensidyne EID Location Coordinate System: State Plane Elevation Datum SL 

Northing (ft.) 2668915.47 E Other 

lop of Hole Elevation (ft.) Depth Drilled (ft.) Total Depth (ft.) Depth to Groundwater (It) 
Easting (ft.) 568957.98 304.72 33.0 J _ 33,0 29.56 

. 

Samp!eI.D. E_ Classification Description and Remarks Grhic <- 't 
D__________ 

5 

lo - 

15 

. Nosubsurface 
sampLe taken 

20 

25 i 

30 

_i Boring ended at 33 below Vapor probes placed at 9,5 and 
groundsurface. 19 35 

Project No: E9408Q Woodward-Clyde Page j. of j. Hole No. MP-2 



ì1U1:IiIseII 

Project: FT. RICH OIJB ES 
Field 

Hole No. MP-3 
Permanent 
Hole No. MP-3 

Location Description: 
Test Monitoring Poínt E Monitoring Well 

ov PZ-2 Logged By: J. MoncrielL 
sw-i 

,MP1 
_Pz.1 Driller: Tester Rig: Moble B6t... 

MW-1 ? 
OMP3 

Drill Method: Hollo 5jg urßL 
MP-2 - 8 

Sample Method: Sglit Spoon SamDler (3 0D. X 24) 
HammerWt: 140 lb. Drop: 30 

r-%- 
-I- StartDate: Time:JJi5 

NottoScale Complete Date: 10125195_,. Time: 1515 

Weather: £J.ar.co1d. calm OF Instrumentation: _Sensidvne FID Location Coordinate System: State Elevation Datum MSL 

Northing (ft.) 2668914.84 
Other__________________________________________ 

Top of Hole Elevation (if) Depth Drilled (ft.) i Total Depth (ft) Depth to Groundwater (ft.) 
Easting (ft.) 568966.67 303.66 34.0 33.0 17.0 

. 

. 

Sample !.D. Classification Description arid Remarks 
Graphic 

Log 
a -uri 

tiC 
. ¿= 

5 T 

ii 

_i 

i 
q 

'°H No subsurface GM COBBLES and SAND with NA 70% recovery 120 1.5 - sample taken fine gravel and some silt, - 

_: brown, moist 

15- 

20_T 
No subsurface ML CLAY with some gravel, NA 70% recovery, rest was slough. 16 40 T 

- sample taken brown, moist 25 
T 

25 

i No subsurface GM GRAVEL with few silt, brown, NA 30% recovery, rest was slough. H . 
30 sample taken moist 

-: Boring ended at 33' below Vapor probes placed at 9.5 and 
T ground surface. 23.5 

35 

-_____ _________ ____________ 
Project No: E9408Q Woodward-Clyde W Page .j of 1 Hole No. MP-3 


