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MAXIM T E C H N O L O G I E S I N C * 

10601 Lomas NE, Suite 106 
Albuquerque, NM 87112 

(505) 237-8440 
Fax (505) 237-8656 

A TETRA TECH COMPANY 

December 23, 2003 

Mr. Wayne Price 
Environmental Bureau 
Energy, Minerals and Natural Resource Department 
Oil Conservation Division (OCD) 
1220 South St. Francis Drive 
Santa Fe, NM 87505 

Subject: Delivery of Site Assessment Report, Groundwater Remediation, 
Groundwater Quality and Qualitative Risk Assessment 
PCA Junction, Eddy County, New Mexico 

Dear Mr. Price: 

On behalf of ConocoPhillips, Maxim Technologies, Inc. (Maxim) is pleased to deliver the 
above-referenced report on the PCA Junction Site for your review. 

This site was impacted by natural gas condensate and has been investigated thoroughly over 
the past three years. Within the last year (2003), Maxim has conducted additional groundwater 
monitoring, a background groundwater quality study, and a risk assessment summary. In 
addition, Maxim conducted a three-month-long extraction effort that resulted in the capture of 
approximately 200 gallons of condensate. 

We believe the evidence gained through the groundwater investigation and other studies 
documented in this report supports closure of this site. If the OCD would find it useful, 
ConocoPhillips would be pleased to meet with the OCD to further discuss this site and the path 
forward. 

Should you have any questions, please contact me at (505) 237-8440. 

Sincerely, 

Maxim Technologies, Inc. 

Robert M. Sengebush, R.G. 
Senior Project Manager 

Enclosure 

cc: Neal Goates, ConocoPhillips 

"Providing Cost-Effective Solutions to Clients Nationwide" 
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SITE ASSESSMENT REPORT 
GROUNDWATER REMEDIATION, GROUNDWATER QUALITY 

AND QUALITATIVE RISK ASSESSMENT 
PCA JUNCTION 

EDDY COUNTY, NEW MEXICO 

EXECUTIVE SUMMARY 

The ConocoPhillips PCA Junction site is located near Carlsbad, Eddy County, New Mexico. The 
site is the intersection of two natural gas pipelines and includes two 500-barrel tanks: one for 
water and one for natural gas condensate. 

This report summarizes the site investigation history, presents recent groundwater sampling 
and aquifer analysis data, and presents the results of a remediation program (condensate 
skimming), a regional groundwater quality investigation, and a risk assessment. 

A subsurface investigation conducted by Maxim Technologies, Inc. (Maxim) in 2000 revealed 
the presence of approximately two feet of condensate in monitoring well MW-1 at 
approximately 22 feet below ground surface (bgs). Groundwater beneath the site is interpreted 
to be a perched aquifer located above a discontinuous clay lens associated with playa-lake clay 
deposits. 

The condensate is thought to have leaked from the condensate storage tank on the site. That 
tank was replaced with a new tank and, thus, the source of the impact to groundwater has 
been eliminated. 

Groundwater sampling and analysis, conducted in April 2002 and September 2003, indicates 
that the condensate present in MW-1 is not detectable in any of the five other monitoring wells 
on the site. 

A remediation program consisting of condensate skimming was conducted in the winter and 
spring of 2003. Approximately 200 gallons of condensate were extracted from MW-1. 
However, the recovery rate diminished significantly over a period of several months, making 
additional recovery impractical. This decline is the result of the fine-grained nature of the 
aquifer, which acts to retain the condensate in pore space rather than yield the condensate to 
mechanical extraction methods. Currently there is an estimated 300 gallons of recoverable 
condensate in the groundwater. 

Maxim conducted a water quality study based on published data from stock and domestic wells 
in the site vicinity. This study revealed that groundwater in the area is high in naturally 
occurring chloride and sulfate. Water quality analyses from the PCA monitoring wells is similar 
to that of other wells in the area, with sulfate concentrations of more than twice the 
New Mexico standard and chloride concentrations nearly twice the standard. 
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Site Assessment Report - Executive Summary 
Groundwater Remediation, Groundwater Quality, and Qualitative Risk Assessment 
PCA Junction, Eddy County, New Mexico 

The risk assessment conducted for the PCA Junction site developed a conceptual site model 
(CSM), evaluated the groundwater analysis data for the initial sampling round, evaluated the 
contaminants of potential concern (COPCs), conducted an assessment of exposure pathways, 
considered land use scenarios and receptors, and performed an uncertainty analysis. The risk 
assessment concluded that the presence of the condensate in groundwater beneath the site is 
not necessarily indicative of a risk to human health or the environment because potential 
exposure pathways (i.e., direct ingestion of groundwater at the site and dermal contact or 
inhalation of volatile organics from subsurface soils) are unlikely to be completed under current 
land use scenarios (petroleum industry operations and livestock grazing). Land use at the site 
is not expected to change according to available information. The groundwater quality, site 
physical characteristics, and the extent of the contamination indicate there is a lack of a 
complete exposure pathway to impose any adverse health or ecological impacts. 

In summary, the condensate plume appears to be stable or decreasing in size as a result of 
natural processes. Attempting to skim additional product from MW-1 will have little impact on 
the condensate plume volume due to the fine-grained nature of the aquifer. Water quality in 
the shallow, perched aquifer on the site and in other perched aquifers in the region is poor. 
These aquifers are recognized as "highly mineralized" and can only be used, if at all, for 
watering livestock. Finally, according to the risk assessment, the presence of the condensate 
plume on the perched aquifer poses no significant risk to human health or the environment due 
to the isolated location of the site, the absence of risk pathways, and the absence of risk 
receptors. 

Based on the above findings, ConocoPhillips requests that the "no further action" be required 
for the PCA Junction site and that the OCD provide approval ofthe following "path forward." 

Leave the six monitoring wells in place for the duration of operation of the facility. At the time 
of ownership transfer, or facility closure (tank removal, etc.), ConocoPhillips or the new 
owner/operator will conduct groundwater monitoring from existing wells. The monitoring data 
will be filed as a part of the site's permanent record. 

ConocoPhillips requests concurrence by the OCD with this path forward. 
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SITE ASSESSMENT REPORT 
GROUNDWATER REMEDIATION, GROUNDWATER QUALITY 

AND QUALITATIVE RISK ASSESSMENT 
PCA JUNCTION 

EDDY COUNTY, NEW MEXICO 

1.0 INTRODUCTION 

This report presents a collective site assessment for the ConocoPhillips PCA Junction facility. 
The site is located approximately 20 miles northeast of Carlsbad, in Section 11, Township 20 
South, Range 30 East, N.M.P.M., Eddy County, New Mexico (Figure 1). The facility was 
acquired by ConocoPhillips in November 2000 from LG&E Energy, Inc., of Hobbs, New Mexico. 
The facility consists of two bermed condensate tanks, two methanol saddle tanks, and 
associated incoming and outgoing gas piping. The facility is within a small (approximately 
60 square feet) fenced area (Figure 2). 

A surface release of petroleum product is known to have occurred from a leaking condensate 
tank within the bermed area. Several field investigations have been performed at the site to 
determine if petroleum product migration away from the site has occurred and to what extent. 
This report briefly summarizes previous field investigations and site characterization results for 
the site. Secondly, this report describes the status of a pumping and recovery remedial action 
project implemented at monitoring well MW-1 from December 9, 2002, through May 19, 2003. 
Then results of a recent groundwater quality study conducted to evaluate background 
groundwater quality are assessed to determine if groundwater in the site vicinity meets 
New Mexico drinking water standards. Historic data is associated with groundwater quality data 
collected at the site in 2002. Also, potential health and environmental risks are evaluated for 
current and potential future site conditions. 

2.0 SITE CHARACTERIZATION 

During the due diligence work (September 27, 2000), a total of three soil borings (B-l through 
B-3) were advanced to depths ranging from 25 to 40 feet bgs and temporary wells installed. In 
May 2001 three 2-inch-diameter PVC monitoring wells were installed around the condensate 
tanks (MW-1 through MW-3). Sampling analyses indicated the presence of contaminants 
associated with condensate storage activities at the site. Concentrations of total petroleum 
hydrocarbons (TPH) in the 20-foot depth soil sample from borehole B-l exceeded the 
New Mexico Oil Conservation Division (OCD) action levels. Groundwater "grab" samples from 
borehole B-l had levels of benzene, toluene, and total xylenes above ODC action levels. In 
borehole B-2 benzene levels in groundwater exceeded the ODC action level. Subsequent 
installation and sampling of three monitoring wells around the site in May 2001 detected the 
presence of hydrocarbons in groundwater at the MW-1 location. Soil vapor borings SVB-17 and 
SVB-18 also detected petroleum contamination. Other monitoring wells and soil vapor borings 
did not reveal any contamination. In conclusion, MW-1, SVB-16 and SVB-17 delineated the 
possible orientation of a groundwater contaminant plume (Figure 2). 
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Site Assessment Report 
Groundwater Remediation, Groundwater Quality, and Qualitative Risk Assessment 
PCA Junction, Eddy County, New Mexico 

In March 2002 Maxim returned to the site to complete a soil vapor survey and install additional 
monitoring wells. Twenty-two soil borings were advanced for the purpose of soil vapor 
monitoring. Three permanent monitoring wells (MW-4, MW-5, and MW-6) were installed per 
OCD guidelines. Groundwater was encountered at approximately 23 feet bgs in the new wells. 
Groundwater sampling indicated no detectable hydrocarbon in monitoring wells MW-2 through 
MW-6. Approximately 2 feet of free product was encountered in MW-1. The groundwater flow 
direction was identified to the northwest with a gradient as interpreted from water levels in the 
six wells of 0.00175 foot per foot (ft/ft). MW-2, MW-3, and MW-5 are upgradient from MW-1. 
MW-4 is cross gradient and MW-6 is downgradient from MW-1 (Figure 2). Remedial actions to 
remove free product from MW-1 were initiated in December 2002. Details of this remedial 
action are presented in Section 3.0. 

The aquifer conditions encountered during drilling of wells MW-4, MW-5 and MW-6 suggest that 
the aquifer is only a few feet thick and is underlain by a semi-impermeable clayey silt layer. The 
thinness of the water-bearing zone and the nearly flat gradient suggest that the aquifer may be 
a discontinuous perched water zone within a localized, closed basin. This is further supported 
by surface topographic evidence, which depicts numerous closed basins and small playa lakes in 
the vicinity of the site. This hydrogeologic conceptual model is depicted in Figure 3. In such a 
hydrogeologic environment, groundwater zones do not actually flow as they do in more 
extensive water table aquifers and, thus, the hydrocarbon plume is expected to remain 
essentially stationary in the vicinity of the source, presumably the condensate tanks. This 
interpretation supports the findings that the free product has not migrated downgradient as far 
as MW-6 (Maxim, 2002). Furthermore, depending on the age of the free product seepage from 
the tanks, the free product plume could be in equilibrium (i.e., degradation of the free product 
is balanced with dissolution of free product into groundwater and biodegradation of the 
dissolved phase). 

3.0 GROUNDWATER SAMPLING AND AQUIFER TESTING, SEPTEMBER 2003 

This section describes the methods and results of the groundwater sampling and analysis, as 
well as the aquifer testing that took place in September 2003. The sampling event was the 
second round of sampling conducted on the PCA site. 

3.1 GROUNDWATER SAMPLING AND ANALYSIS 

Groundwater sampling of monitoring wells MW-2, MW-3, MW-4, MW-5 and MW-6 was 
conducted on September 9, 2003. Monitoring well MW-1 was not sampled due to the presence 
of free product condensate in the well. 

Groundwater elevations were measured in each well prior to sampling. The depth to water and 
resulting groundwater elevations are presented in Table 1. The groundwater elevation 
measurements indicate the groundwater gradient is westerly with a gradient of 0.0007 ft/ft. 
Groundwater elevation contours and the gradient are shown on Figure 2. 
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Groundwater Remediation, Groundwater Quality, and Qualitative Risk Assessment 
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The water volume in each well was calculated and three bore volumes of water were purged 
with an electric submersible pump in order to obtain representative water samples. The pH, 
electrical conductivity and temperature of the purge water were measured during the purge. 
The purge volumes and groundwater parameters are presented on the water sampling field 
forms in Appendix D. 

Groundwater samples were collected in laboratory-prepared containers and sent to Lancaster 
Laboratories for analysis of benzene, toluene, ethylbenzene and total xylenes (BTEX); metals; 
chloride; nitrate; sulfate; alkalinity (major ions); and total dissolved solids (TDS). 

The results of this sampling round show no detectible BTEX in any of the five wells except for 
2 micrograms per liter (ug/L) of benzene in MW-5. The benzene concentration in MW-5 is 
below the New Mexico Water Quality Control Commission (NMWQCC) standard for benzene of 
10 ug/L. Metals, major ions and TDS are within expected ranges. These findings are consistent 
with the findings of the previous groundwater sampling event that took place in April 2002. 

Analytical results for the April 2002 and September 2003 sampling events are presented in 
Table 2. 

3.2 AQUIFER TESTING IN MONITORING WELL MW-3 

Aquifer testing was conducted in MW-3 to measure the transmissivity of the aquifer and 
together with the gradient and estimated porosity, calculate the average groundwater flow 
velocity for the site. 

A drawdown and recovery test was conducted on September 17, 2003. The well was pumped at 
a constant rate of approximately 0.43 gallon per minute (gpm). Approximately 1.6 feet of 
drawdown occurred over a period of 169 minutes. Recovery of 1.27 feet took place over 
90 minutes. 

Water levels versus time measurements were collected using a hand-held water level measuring 
device. The data were tabulated in a spreadsheet then imported into an aquifer test analysis 
computer program. 

The data were analyzed using the following methods: 

Drawdown: 

Theis - with confined and unconfined correction, with varying aquifer thickness 
Cooper-Jacob - confined aquifer 

Neuman - unconfined with delayed water table response 

Recovery: 

Theis and Jacob- confined aquifer 
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3.2.1 Interpretation 

The results of the drawdown and recovery analysis show the transmissivity of the water table 
(unconfined) aquifer is an average of 5.46 x IO"1 cm2/sec or 3.89 x 10 - 2 frVmin. Assuming an 
aquifer thickness of 10 feet (304.8 cm), the average hydraulic conductivity is 1.79 x 10"3 

cm/sec. This is within the expected range for an aquifer in a silty sand formation (Freeze and 
Cherry, 1979). 

An analysis summary table, aquifer analysis data, analysis curves and calculated parameters are 
presented in Appendix C. 

Assuming an average porosity of 30% (Freeze and Cherry, 1979) and using the aquifer gradient 
of 0.0007 from September 2003, the average groundwater velocity for the site is approximately 
4 feet per year toward the west. This velocity may vary within as much as an order of 
magnitude depending on aquifer characteristics. 

4.0 REMEDIAL ACTIONS 

This section describes the pumping and recovery remedial actions conducted at the site as 
recommended in the Report of Findings Groundwater Investigation Report. Maxim 2002. These 
activities were designed, in consultation and agreement with the OCD, to remove free product 
found above the groundwater during the 2002 site investigation. 

A skimmer pump was installed in MW-1 in December 2002 to start removal of free product 
condensate in MW-1. The pump installed was a Xitech Instruments Model ADj 200 pump with a 
Model 2500 ES Controller and was installed per the Work Plan for Skimmer Pump Installation 
(Maxim, 2002). The pump has manual settings for setting the frequency of pump cycles and 
duration of pumping. These settings were varied to optimize recovery of free product at the 
well. 

4.1 PUMPING DATA 

During the operational period of December 9, 2002, to May 19, 2003, approximately 
200 gallons of free product were pumped from monitoring well MW-1. Table 1 shows the 
recovery data from this period. Several trends could be seen during operation ofthe pump and 
in reviewing the data presented in the table. These observations are as follows: 

• The initial setting of the pump was a 2-hour cycle with 30 minutes of pumping per cycle 
(2 hr/30 min). This cycle/duration could not be sustained because of the drawdown of 
the free product in the well (i.e., it was observed during operation of the pump that no 
free product was being pumped after about 15 to 20 minutes of the pumping period). 
The rate of pumping during this four-day period was 4.32 gallons per day (gpd). 

• On December 12, 2002, the pumping cycle/duration was changed to a 
4-hour/10 minutes. This rate was sustained until January 29, 2003. Even at this rate, 
the thickness of free product in the well decreased to 0.42 foot at the end of the period. 
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The rate of pumping during this period was variable but generally showed a decrease in 
the initial rate of 3.48 gpd (12/12 to 12/16) to 1.57 gpd (1/23 to 1/29). These 
variations in the pumping rate during this period can be explained by the cessation of 
pumping from 12/20 to 12/30. This allowed the free product above the groundwater 
table to recover, as can be seen from the increase of the free product thickness on 
12/20 (0.53 foot) to 12/30 (1.60 feet). This increased the recoverable volume of free 
product when pumping resumed. 

• On January 29, 2003, the pumping rate was again decreased and set at 
8-hour/10 minutes for the pumping cycle and duration. This generally has been the 
pumping frequency and duration until the present time except for 2 one-week periods. 
At the middle of March (3/12 to 3/20) and at the end of May (4/23 to 4/30), the 
pumping duration was increased to 20 minutes per cycle. The volume per day 
subsequently increased during these times, but these rates (1.79 and 1.41 gpd, 
respectively) were not sustainable due to the decrease in free product thickness. 

• Other observations should be noted for the period since January 29, 2003. The volume 
of free product pumped per day at both the 10-minute and 20-minute durations has 
decreased. The increase in rate to 0.95 gpd (2/28 to 3/12) after the initial rate of 
0.83 gpd was due to recovery of the thickness of free product (0.42 foot at 1/29 to 
1.51 feet at 2/28), which was similar to the December recovery during shutdown of 
pumping. The pumping rate for the 8-hour/10-minute cycle has subsequently decreased 
to 0.73 gpd (4/30 to 5/13). 

• The thickness of free product on the groundwater has been decreasing due to operation 
of the skimmer pump. The initial thickness measured on December 9, 2002, prior to 
installation of the pump was 1.94 feet. During shutdown of the pump from 
December 20 to 30, 2002, the measured level was 1.60 feet; during the 8-day shutdown 
at the end of February 2003 the measured thickness was 1.56 feet. The greatest 
thickness of free product measured before pumping since February was 1.43 feet on 
May 13, 2003. While this is probably not a full recovered thickness of free product, it is 
indicative of the overall drawdown of free product in the vicinity of the well due to 
pumping. 

4.2 DISCUSSION OF LIGHT NON-AQUEOUS PHASE LIQUID (LNAPL) 

When free product/Light Non-Aqueous Phase Liquid (LNAPL) is found above the groundwater 
table in a well, it should be understood that due to capillary forces there are both LNAPL and 
water in the pore spaces above the LNAPL/water interface. The soil pore space above the 
LNAPL/water interface to the LNAPL/air interface that is not filled with LNAPL is filled with 
water. Figure 2 from Huntley and Beckett, 2002 (shown below) shows that the LNAPL 
saturation (percentage of pore space occupied by LNAPL) at the LNAPL/water interface is zero, 
and increases upward peaking at the LNAPL/air interface. As measured in a monitoring well, 
these two phases are distinct and separate, but they are mixed in the pore spaces of the soils. 
Therefore, measuring the thickness of LNAPL in a well will result in a volume exaggeration of 
LNAPL in the soil surrounding the well. The amount of free product actually present in the soil 
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pores above the groundwater table depends primarily on the type of soil (i.e., coarse or fine 
grained) and the thickness of free product (as measured in the well). 

The figure below also shows there is a significant difference in percent saturation of LNAPL with 
respect to water as a result of soil types. The coarse-grained sand has a much higher percent 
saturation and total volume of LNAPL than does the silty sand for the same measured thickness 
of LNAPL in a monitoring well. In this example, the coarse-grained sand peaks at about 
80 percent relative saturation of LNAPL to water and the silty sand peaks below 30 percent in a 
measured thickness of 3 meters (~10 feet). 

Fig. 2. LNAPL saturation profile For coarse- and fine-grained soils with 3 in of LNAPL in a monitoring well. 

(Huntley and Beckett, December2002) 

The soil encountered during boring activities in 2001 and 2002 consisted of silty sand with 
caliche layers between 1 and 10 feet and 15 and 20 feet bgs. Below 20 feet the soil 
encountered was clayey sand with clay and siltstone occurring between 24 and 31 feet bgs 
(Report of Findings Groundwater Investigation, ConocoPhillips PCA Junction, Eddy County, 
New Mexico, June 2002) (Maxim 2002). 

The rate of recovery of free product (volume per day) has decreased over 80 percent since the 
start of pumping in December 2002 to May 2003. Concurrently with this decrease, the 
thickness of free product on the groundwater table as measured in monitoring MW-1 has also 
decreased approximately 25 percent (one-half foot). 

Based on the pumping data (i.e., pumping rate) and the characteristics of the site, the effective 
conductivity of free product in the soils can be calculated. The effective conductivity of a soil 
with respect to movement of free product (Ke) is a function of the intrinsic hydraulic 
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conductivity of the soil (Kw) and the relative conductivity of the free product with respect to 
water as it would move through the soil. The relative conductivity varies with the percent 
saturation (S0) of free product and water. A lower percent S0 results in a lower Ke, which is 
always less than the intrinsic hydraulic conductivity of the soils. Appendix B shows a calculation 
of the effective conductivity of the soil with respect to the free product (LNAPL) during different 
periods of pumping. The results of the calculations (Appendix C) are as follows: 

• Ke = 2 xlO"4 centimeters per second (cm/s); beginning of pumping (December 2002) 

• Ke = 6 xlO"5 cm/s; end of period (May 2003) 

The decrease in Ke observed was due to the decrease in saturation of the free product above 
the groundwater table as the result of recovery of free product. Soils encountered during the 
investigation of the site were silty sand with some interbedded caliche layers and clayey sands; 
siltstone occurred at 24 to 31 feet bgs. The calculated effective conductivities appear to be 
reasonable and representative of silty soils that were described in the boring logs and the 
amount of saturation of free product in the soils. 

The figure below (which is Figure 3-11 from API Publication 4715 [September 2002]) shows in 
more detail the influence of thickness of LNAPL (oil) as measured in a well on the relative 
saturation of LNAPL to water. The relationship of the LNAPL to water saturation is nonlinear. 
In this case (silty sand), at a thickness of 1.5 meters (~ 4.8 feet) the percent LNAPL saturation 
relative to the amount of water in the soil pore spaces is about 28 percent; at 0.8 meters 
(2.6 feet) it is 13 percent and keeps decreasing to 5 percent at 0.4 meter (1.3 feet) to zero at 
the LNAPL/water interface. 

0 0.05 0.1 0.15 0.2 0.25 0.3 

Oil Saturation (0 • 1.0) 
Figure 3-11. LNAPL saturation profiles for different equili
brated thicknesses in a silty sand showing nonlinear depen
dency on capillary pressure as related to thickness. 

(API Publication 4715, September2002) 
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This figure also shows that the percent LNAPL saturation is highest near the LNAPL/air interface 
and decreases as the profile gets nearer to the LNAPL/water interface as the percent water in 
the pore spaces increases. 

The effective conductivity of free product (LNAPL) in the soils in response to pumping at MW-1 
decreased (as shown in the calculations) with a decrease in thickness of free product and the 
relative saturation of the free product to water above the groundwater table. With this 
decrease in effective hydraulic conductivity, the mobility of the free product is reduced. Thus, 
as the thickness of the LNAPL decreases, the remaining LNAPL is less recoverable. 

The type of soil that free product (LNAPL) is found in is very much a controlling factor in the 
behavior and impact that the LNAPL has on the groundwater. LNAPL percent saturation in a 
silty sand, such as is found at PCA Junction, will be much lower relative to water, approximately 
10 to 15 percent versus 80 percent for a coarse sand, because of the smaller size of the soil 
pore spaces. This is favorable in the sense that there is less volume of free product and it will 
have a more limited mobility, thereby reducing its potential impacts on groundwater. The 
saturation profile of LNAPL found above groundwater in a silty sand is also more dependent 
upon the thickness the LNAPL (as measured in a monitoring well) than a coarse sand such that 
a decrease in thickness will generally result in a greater relative decrease in saturation. 

Previous calculations based on full saturation of the free product above the water table 
conservatively estimated that there were approximately 31,000 gallons of free product in the 
vicinity of MW-1. Since no free product was found in any other monitoring wells at the site, it 
was assumed (for calculation purposes) that free product extended half way to the nearest 
wells and decreased in thickness away from MW-1. The following estimated quantities of free 
product at the site and recoverable free product (modeling by Huntley and Beckett of 13% in 
silty sands) are based on the thickness of free product (maximum of 2 feet) and estimated 
range of percent saturation of free product with respect to water and type of soils: 

Ave. Percent LNAPL Saturation Volume of LNAPL Est. Possible Recoverable Volume 

Refer to Figure 3-11 for the range in saturation of 0.8-meter thickness of LNAPL in silty sands. 
Volume calculations are presented in Appendix C. The volume listed above is based on an 
estimated 13 percent of recoverable LNAPL on a thickness of 2.6 feet (0.8 meter). Recoverable 
LNAPL from Huntley and Beckett (September 2002) is a function of the thickness of LNAPL 
above the LNAPL/water interface and decreases with a decreasing thickness of LNAPL. Since at 
PCA Junction the maximum LNAPL thickness has been approximately 2 feet, the actual 
recoverable volume of LNAPL should be less than 13 percent. At an estimated 10 percent 
recovery, the possible recoverable volume of LNAPL would be approximately 230 gallons. 
These estimated volumes of recoverable LNAPL may be possible but become less and less 
practicable as the LNAPL is removed. The recovery of free product decreases asymptotically as 
the saturation approaches the residual saturation level of free product in the soils. This has 
been shown in the decrease in the rate of recovery (Table 3), which is a result of the decrease 

7.5 % 
(Figure 3.11) 

2325 gallons 
(Appendix C) 

300 gallons 
(Appendix C) 
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in the effective hydraulic conductivity of the free product (LNAPL) during pumping (see previous 
sections). The effective conductivity and recovery of the free product would continue to 
decrease if pumping were to be resumed, thereby making recovery less and less practicable. 

The type of release of free product at the site is not known specifically, but probably occurred 
over time from the former condensate tank located in the bermed and fenced area. There are 
no known recent instances of release. Once a release has occurred at a location and there is 
sufficient quantity of free product/LNAPL to reach the groundwater, there will be a non-aqueous 
phase of the free product on top of the groundwater because it is less dense than water. There 
will then be a slow release and growth of a dissolved-phase plume in the groundwater. At some 
point in time, for biodegradable constituents (in this case hydrocarbons), the plume will reach 
an approximate steady-state condition where mass removal of dissolved-phase components by 
biodegradation keeps pace with the rate of dissolution from the LNAPL source. Essentially, the 
plume is in equilibrium and will not expand in size. Eventually, the dissolved plume contracts as 
the LNAPL source is depleted (Huntley and Beckett, 2002). Based on the investigation and 
measurements conducted to date, i.e., one well (MW-1) with measured free product and two 
soil vapor borings (adjacent to the condensate berm) with a trace of measured soil vapors) and 
no known recent releases, it appears the plume at PCA Junction is in equilibrium. 

4.3 RESULTS/STATUS OF REMEDIAL ACTIONS 

Monitoring well MW-1 is the only well in which free product has been found at PCA Junction. 
Pumping of free product from MW-1 since December 2002 to the present has removed the 
greatest portion of recoverable volume of free product in the vicinity of MW-1 since the highest 
percent saturation and greatest volume of free product (LNAPL) is in the upper portion of the 
saturated zone. 

The effective hydraulic conductivity (Ke) of the free product at the site and thereby its mobility 
has been reduced by pumping. A Ke in the range of 10-5 centimeters per second is resistive to 
flow, especially under low hydraulic gradients. The percent saturation of free product above 
the groundwater table has been reduced and is significantly closer to the residual saturation of 
the site soils where the free product cannot be removed by pumping. 

As presented previously, approximately 200 gallons of free product has been pumped from 
above the water table at MW-1 at PCA Junction and the total recoverable volume is probably 
about 300 gallons. Huntley and Beckett, 2002, present analytical results that show for LNAPLs 
in a silty sand with a thickness of one meter (3 feet) or less, recovery of the LNAPL/free product 
does not affect longevity or lateral extent of the plume. The difference between the initial 
hydrocarbon saturation and the residual hydrocarbon saturation is what really determines the 
effectiveness of remediation in terms of reducing the longevity of any component. Since this 
difference is much smaller in fine-grained soils such as silty sands found at the site, resulting in 
a smaller percentage decrease in mass in fine-grained soils, remediation in fine-grained soils is 
much less effective than in coarse-grained soils. 
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Removal of free product through operation of the skimmer pump in MW-1 has reduced potential 
impacts to groundwater in the vicinity of the site. The site conditions at PCA Junction (i.e., silty 
sand soils), limited thickness of free product above the groundwater table, and limited areal 
extent of free product are such that further pumping will have only a reduced effectiveness in 
removing free product as shown by the decrease in Ke with pumping. Furthermore, technical 
literature suggests that free product such as that at PCA Junction is already in, or will attain, 
equilibrium through natural degradation on the downstream side of the plume, resulting in no 
net movement of the plume over time. 

5.0 GROUNDWATER QUALITY 

This section summarizes data and information found in Hendrickson, G. E., and Jones, R. S., 
1952, Geology and Ground-Water Resources of Eddy County, New Mexico, Ground-Water 
Report 3, New Mexico Bureau of Mines and Mineral Resources (Report 3). Historic groundwater 
quality data tables and well location maps were used in the assessment of background water 
quality and quantity in the PCA site vicinity. This historic data is associated with data from 
groundwater sampling activities conducted by Maxim at the PCA site in April 2002 and 
September 2003 to determine if background water quality at the site meets New Mexico 
drinking water standards. Water quality data for contaminants in groundwater at the site is 
also summarized for further use in the site risk assessment. 

5.1 REGIONAL BACKGROUND GROUNDWATER QUALITY 

Ground water in the site vicinity occurs in shallow perched zones associated with shallow 
surface depressions or playa lakes. The alluvial materials in these playa lake basins consist of 
alternating layers of clay and silt. Water is present in the thin silty and sandy zones between 
the clay layers. The water is derived primarily from rainfall. It pools on the clay-rich lakebed 
surface and infiltrates eventually into the shallow, "aquifer" zones. These saturated zones do 
not flow in the traditional sense that groundwater flows in a more continuous aquifer. In fact, 
the water in the saturated silty zones in these closed basins is essentially standing water, 
although it is standing just below the ground surface. The saturated zones may or may not 
connect with the zones in other playa lake basins. 

Surface waters leach soluble minerals from the rock and soil in the area resulting in elevated 
concentrations of sulfate and chloride in the shallow, perched groundwater. The presence of 
these soluble minerals is shown by the crusts of white, crystalline material on the margins of 
the playa lakes. Water in the lakes and in the shallow saturated zones thus typically contains 
an abundance of sulfate, chloride, and other ions derived from soluble minerals. 

Report 3 (Hendrickson and Jones, 1952) characterizes the groundwater resources associated 
with the playa lakes as follows: 

"Lake and playa deposits: The many small closed shallow depressions east of the 
Pecos contain silt and clay washed in from the surrounding areas. Some of the 
depressions contain shallow lakes, such as Salt Lake (Laguna Grande del la Sal), 
which have deposited and are depositing gypsite and some halite. The lake and 
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playa deposits are similar in age to the younger alluvium. Water wells in and 
near these depressions generally yield highly mineralized water which can be 
used, if at all, only for stock." 

Report 3 documents the presence of five stock wells and two domestic wells in Township 20 
South, Range 30 East. The locations, water quality data, and other well specifications are 
shown in Figure 4. A map showing the locations of these wells with respect to the PCA Junction 
site and the depth to water in each well is presented as Figure 4. The wells closest to PCA 
Junction are located in Section 3 of Township 20 South, Range 30 East, within approximately a 
mile northwest of the site. Both of these wells are identified as stock wells, meaning that they 
are (or were) used to supply water to livestock. The wells are designated with numbers that 
correlate with their location within the Section. 

Appendix C summarizes well information and water quality data for both regional and site-
specific wells. The depths to water in wells 223 and 424 are 6 and 8.5 feet bgs, respectively. 
This suggests that these wells are completed in a shallow, perched water table. This is 
supported by the presence of two playa lakebeds in the northeast portion of Section 3, as 
depicted on the U.S. Geological Survey Tower Hill North 7.5 minute topographic map, 1985. No 
data are available as to the total depth or of the groundwater yield of the wells. Sulfate 
concentrations in these wells of 1,540 and 1,670 milligrams per liter (mg/L) are approximately 
two and one-half times the New Mexico standard for a domestic water supply (for sulfate of 
600 mg/L). Chloride and nitrate in these wells are present in concentrations near the 
New Mexico standard for these two constituents. No water quality analyses are available for 
well 310 in Section 5. Stock well 420 in Section 16 is located approximately 2 miles southwest 
of PCA Junction. The depth to water in this well is approximately 30 feet bgs. The sulfate 
concentration in this well is 1,860 mg/L, approximately three times the New Mexico standard. 
The depth to groundwater in this well (29.9 feet bgs) is nearly equivalent to that of the 
monitoring wells (22 feet bgs). Wells 120 and 130 are both located in Section 20, 
approximately 3 miles southwest of PCA Junction. Both of these are domestic wells. No 
analytical data is available for well 120. Well 120 has a depth to water of 29.3 feet while well 
130 has a depth to water of 45.3 feet bgs, and a sulfate concentration of 1590 mg/L, which 
exceeds the New Mexico standard by more than two times. 

Finally, Well 440 is a stock well with a depth to water of 203.8 feet. This well is located 
approximately five miles south southwest of PCA Junction. Analyses show a sulfate 
concentration of 1960 mg/L in this well, which is more than three times the New Mexico 
standard. This high sulfate concentration is notable in that this well is much deeper than the 
other wells in the township. In this case, the deeper zone contains water that is less potable 
than the water in the shallow playa lake zones, as opposed to better water at depth, as is often 
the case in deeper aquifers within an alluvial setting. 

5.2 PCA JUNCTION SITE BACKGROUND GROUNDWATER QUALITY 

Monitoring wells MW-2, 3, 4, 5, and 6 all contain groundwater With a water table surface at 
approximately 22 feet bgs. As of the date of this report, none of them contain petroleum 

Maxim Technologies, Inc. December 10, 2003 11 



Site Assessment Report 
Groundwater Remediation, Groundwater Quality, and Qualitative Risk Assessment 
PCA Junction, Eddy County, New Mexico 

hydrocarbons, based on analytical results of sampling in April 2002 and September 2003. 
MW-1 contains free product condensate, so the water geochemistry has not been analyzed. 

The average sulfate concentration for the five wells is 1496 mg/L, which is more than twice the 
New Mexico standard of 600 mg/L. The concentration of chloride is also elevated in the 
monitoring wells with an average of 494 mg/L. This is nearly twice the standard of 250 mg/L. 
The chloride concentrations vary significantly within the five wells, with a high of 1410 mg/L in 
MW-5 driving the average up. The reason for these variations is not known but may suggest 
that the groundwater in the wells is not connected in a single aquifer but rather is present in 
thin saturated zones that are part of separate playa lake sediments. Details of the groundwater 
quality assessment are presented in the PCA site Report of Findings, Groundwater Investigation 
Report (Maxim 2002). 

5.3 BACKGROUND GROUNDWATER QUALITY SUMMARY 

Playa lake silts and clays are the predominant sediment types in the vicinity of PCA Junction. 
These sediments are most likely laterally discontinuous, reflecting deposition in individual closed 
topographic depressions in the landscape. Silty zones between the playa clays may yield 
groundwater that is suitable for livestock, but is unsuited for human consumption. This is 
supported by chemical analyses tabulated in Ground-Water Report 3 (Hendrickson and Jones, 
1952) and by analyses of groundwater from five monitoring wells on the PCA Junction site. 

Water quality in monitoring wells and local wells accessing the shallow perched groundwater 
zones is characterized by elevated concentrations of sulfate, chloride, and TDS. The 
groundwater in the depth range from 22 to 45 feet bgs contains high concentrations of sulfate, 
and to a lesser extent, chloride. These constituents are derived from dissolution of naturally 
occurring minerals such as gypsum and halite. Evidence for the natural occurrence of these 
minerals may be seen as white encrustations on the margins of the shallow playa lakes in the 
site vicinity. Because the infiltration of precipitation leaches soluble minerals from the rock and 
soil there is an abundance of sulfate, chloride, and other ions in the perched water zones. A 
high rate of evapo-transpiration in this arid region also likely concentrates minerals. Nitrate 
levels are variable with high concentrations, near drinking water quality standards, occurring 
naturally (no manmade source identified). Even the water quality in livestock well 440-33, with 
a "depth to groundwater" of 203 feet, has high TDS. Concentrations of sulfate are also 
elevated, compared to the New Mexico standard, in deeper wells such as stock well 440 in 
Section 33. This suggests that water quality does not improve with depth but in fact may 
contain higher sulfate concentrations compared with the shallow zones. Site water quality data 
is consistent with other regional groundwater quality data reported by the USGS but not 
summarized here. USGS labels this region as having widely dispersed undesignated 
groundwater resources containing over 3,000 mg/L of TDS (NM NRCS). USGS groundwater 
maps also show there is no large aquifer in Eddy County, NM (NM NRCS). 
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6.0 RISK ASSESSMENT 

One objective of the monitoring and remediation process is to evaluate all potential human 
health or ecological risks resulting from environmental impacts at the PCA Junction site. This 
section presents a qualitative assessment of the likelihood of human or ecological receptors 
being at risk of an ill health effect due to the presence of contaminants in groundwater at the 
site. The methodology applied maintains that the magnitude of risk depends upon each of the 
specific components evaluated in the risk assessment all being present under site conditions. 
These components are; the likelihood or possibility of exposure, the potential amount of 
exposure or intake, and the toxicity of the constituents present. The potential for exposure to 
and subsequent risk from site-specific conditions are qualitatively evaluated in this risk 
assessment summary. 

6.1 CONCEPTUAL SITE MODEL 

General information gathered during monitoring and site characterization is used to develop a 
risk assessment CSM. Based on the site map the site consists of two 500-barrel tanks 
(condensate and water) associated with underground natural gas collection pipelines in the 
area. The tanks themselves occupy a small fenced area of privately owned land leased by 
ConocoPhillips. The land immediately around the site is minimally used for livestock grazing. 
Livestock grazing, potash mining and petroleum production are the main land uses in the 
region. 

No wildlife or plant community surveys were conducted specific to the site but information 
derived from Natural Resources Conservation Service (NRCS) identifies the site as part of the 
Chihuahuan Region, which is semi-desert grassland (NRCS web site). The arid environment is 
vegetated with desert-shrubs, some cactus, and grasses with an average annual rainfall of 
9 inches (see photos below). Temperatures range from just above freezing in winter months 
up to 100 degrees Fahrenheit in the summer. There is low relative humidity and extreme 
variability in precipitation events. No riparian or marshy areas exist near the site. Wildlife 
possible at the site would include those common in the Chihuahuan biotic province including 
migrant antelope and coyote along with rabbit and rodent populations of varying size. The 
region is known to be a wintering ground for grassland birds. Specific insect populations would 
also be expected at the site. 

As described previously, groundwater in this area is widely dispersed as small perched zones, 
with no significant movement or connection between zones. Groundwater yields are low and 
inconsistent. There is no large aquifer in Eddy County, New Mexico. Wells in the area indicate 
the presence of both shallow (water levels < 30 feet bgs) and deeper (water levels >100 feet 
bgs) perched zones. Surface water exists in closed basins where surface runoff collects in low 
areas with the quantity and presence of surface water fluctuating seasonally. No standing 
surface water bodies exist at the PCA site or in the vicinity. 

Maxim Technologies, Inc. December 10, 2003 13 



Site Assessment Report 
Groundwater Remediation, Groundwater Quality, and Qualitative Risk Assessment 
PCA Junction, tddy County, New Mexico 



Site Assessment Report 
Groundwater Remediation, Groundwater Quality, and Qualitative Risk Assessment 
PCA Junction, Eddy County, New Mexico 

Eddy County is 4,182 square miles with a population size of 51,067 (US Census). The county is 
sparsely populated with residences and businesses concentrated mainly in 
two-non-metropolitan cities, Artesia and Carlsbad. There are no known residences within the 
2-mile area surrounding the site. A few businesses are located along the main interstate 
highways approximately 4 miles to the south and 2 miles to the west of the site. Population 
size for Eddy County has declined since 2000 (US Census Bureau). 

While the only known release was a leaking aboveground condensate tank, two field 
investigations have been performed at the site to determine if petroleum product leakage away 
from the facility has occurred and to what extent. It was determined through these 
investigations that condensate was present in subsurface soil and groundwater to a distance of 
approximately fifty feet from the original location of the leaking tank. The extent of the 
contamination is limited and does not appear to be migrating. Surface soils do not appear to be 
affected. Remediation has reduced the volume of petroleum product present and reduced the 
possibility of contaminant migration off site. 

These site characteristics are summarized into the CSM shown in Figure 3. The CSM depicts the 
nature of the contamination and identifies affected media, potential contaminant migration 
pathways, and possible exposure pathways and routes of exposure for human or animal contact 
with the contaminated media. Current and future land use scenarios, and potential receptors 
are also depicted. Potential exposure point concentrations and measurable risks to human 
health or the environment are qualitatively evaluated in the exposure assessment that follows 
data evaluation and identification of COPCs. 

6.2 DATA EVALUATION 

Environmental sampling and laboratory analysis of groundwater was conducted according to 
NMAC Rule 19, Exemption 19D(g) and OCD Guidelines for Remediation of Leaks, Spills, and 
Releases (1993). Physical parameters measured included pH, TDS, specific conductivity, 
alkalinity, and temperature. Inorganic analyses included chloride, nitrate, sulfate, mercury in 
liquid waste, and NMWQCC metals (silver, arsenic, barium, calcium, cadmium, chromium, 
magnesium, sodium, lead, selenium). Organic analyses included BTEX. 

A review of analytical data for the site determined the presence and extent of contamination. 
The results of past site characterization activities as summarized in Section 2 delineate site 
contamination (the current source term) as a groundwater plume approximately 16,000 square 
feet in area and 23 feet bgs. Due to the presence of petroleum product in the groundwater at 
this well, remediation via continuous groundwater skimming was initiated and has reduced the 
amount of this source term by over 50 percent. The potential for migration of this plume has 
also been reduced (Section 3.2). No exposure point concentration data for hydrocarbons exist 
for the site since only petroleum product was detected. 

Inorganic water quality data from site wells along with a review of historical data provides a 
reasonable indicator of background water quality conditions and groundwater uses in the area. 
Existing wells nearest the site are identified as livestock watering wells, and no drinking water 
wells exist within several miles of the site (Section 4.1). The statistical summary of site 
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monitoring data (inorganic analyses) and historic data from 1952, presented in Appendix B, 
represents the background groundwater quality for the site and surrounding area. High TDS 
renders the water undesirable for potable purposes. In addition, groundwater yield is reported 
as limited (<150 gpm.) from these shallow disconnected sources. Yield tests were not 
conducted on monitoring wells but experience at the site indicate that the perched zones here 
are also low yielding which would limit its use. The extent of use of this groundwater for 
human drinking water is limited due to the quality and quantity problems associated with it. 
This supports the known uses of groundwater in the area, and will likely limit any other future 
uses of the groundwater. 

6.3 CONTAMINANTS OF POTENTIAL CONCERN 

Based on the fact that natural gas condensate is the known contaminant released, the potential 
COPCs for the site are the BTEX parameters. Inorganic (metals and TDS) parameter analyses, 
although required by OCD Guidelines, and potentially toxic at specific concentrations, are not 
expected condensate constituents. Analyses verify that the concentrations of inorganics at the 
site are at naturally occurring levels. These data are important to document the naturally 
occurring water quality in the region and are not considered COPCs associated with the 
condensate contamination. 

Concentrations of COPCs in affected media and/or exposure point concentrations (EPC) for 
selected receptor locations and exposure scenarios become the basis for a quantitative 
assessment of risk to human health or the environment. However, a qualitative assessment of 
the potential for exposure was conducted for the PCA site because only free product was 
detected in MW-1. Without contaminant concentrations at an EPC, no dose or potential intake 
can be estimated. Only if potential pathways to groundwater exist will it be necessary to 
estimate EPCs for the PCA site. Where pathways are not complete and no reasonable receptor 
scenario exists, a qualitative risk assessment is used to assess current or future contact with 
existing contamination and specific health risk estimates or remediation goals do not apply. 
Possible receptors and the likelihood of a completed exposure scenario are discussed below in 
the exposure assessment. 

6.4 EXPOSURE ASSESSMENT 

The exposure assessment provides a narrative of any current or likely future (hypothetical) 
potential contaminant migration pathway, and uses site-specific data to identify which of those 
pathways are complete and which are incomplete. To be considered a completed exposure 
pathway there must be a contaminant source, a route of migration to a potential receptor, a 
reasonable route of exposure (typically, ingestion, inhalation, or dermal contact), and a 
measurable dose at the point of exposure in order to evaluate the possibility for risk to human 
health. 

6.4.1 Source Terms 

The initial source of contamination was a leaking aboveground condensate collection tank that 
has since been removed. Surface soil contamination was restricted to the area within the 
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earthen berm surrounding the tank. At the time of the leak, the presence of the leaking tank 
provided the below ground "flow" which moved the condensate into the perched groundwater 
currently delineated by data from MW-1, SVB 16 and SVB 17 sampling locations (Figure 2). 
Within the perched zone, the minimal groundwater movement defined by variable and limited 
precipitation recharge and a discontinuous saturated zone, is not likely to further "move" the 
contamination. Percolation of contaminants downward into a deeper aquifer is not expected 
since no deeper continuous aquifer of drinking water quality and quantity is known to exist that 
could be detrimentally impacted. This is also unlikely due to the limited size of the source term. 
Water quality in a deeper zone is also expected to be similar to that reported elsewhere in 
Eddy County, high TDS and low yield. Remedial actions have further limited possible movement 
of contaminants in subsurface soil and groundwater (Section 3.2). Therefore, contaminated 
groundwater near the site is the only source term under assessment for environmental 
exposures. 

6.4.2 Exposure Pathways 

Potential exposure pathways are initially assessed using the CSM. Based on physical 
characteristics of a site some pathways are eliminated as incomplete pathways (i.e. no surface 
water exists therefore surface water exposure is an incomplete pathway). Other possible 
pathways are further assessed to determine if they would be associated with current or 
potential future exposure scenarios. 

The release of contaminated ground water via connection with surface water and/or seeps is 
not a pathway since surface water and/or down gradient seeps do not exist at or near the site. 
Surface soils are not contaminated which eliminates direct contact exposure pathways such as 
soil ingestion, dermal contact, inhalation of contaminated dusts or volatile organic vapors. The 
possibility for deep-rooted plants contacting contaminants in soil and then being subsequently 
ingested by wildlife was considered. However, since hydrocarbons do not bioaccumulate in 
plants this would be an incomplete pathway (Howard, 1990). Future site-related construction 
activities such as drilling or natural gas pipeline installation which could introduce an exposure 
pathway to contaminated subsurface soils and direct contact with contaminated groundwater 
are considered the only possible exposure pathways for the site. 

The next step in evaluating the likelihood of a completed exposure pathway is to investigate 
current and potential future land use. 

6.4.3 Land Use Scenarios and Receptors 

Currently the PCA Junction site is a small fenced area containing two 500-barrel tanks on the 
ground surface surrounded by an unlined earthen berm. Natural gas pipelines exiting the 
ground and entering into the tanks are also present. Activities at the site are limited to a few 
maintenance visits per year. 

Future land uses expected include continued maintenance for these natural gas operations. 
Cattle grazing is expected to continue on private and Bureau of Land Management (BLM) land 
surrounding the site. Residential development of the area around or near the site is not 
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expected. Other industries in the area include operations at a Potash mine, which will likely 
continue. The land is expected to remain native rangeland. Trespassers are not likely due to 
the remote nature of the site. 

Groundwater associated with the contaminant plume is not used and no private access wells 
exist. No reasonable potential receptors exist at the site so the potential to come in contact 
with the contaminated groundwater or subsurface soils is very unlikely now or in the 
foreseeable future. Any future construction associated with the tanks or earthen dams in the 
area of contamination could expose workers and the appropriate health and safety equipment 
as was applied during site characterization activities would be required. If the PCA site were to 
undergo closure, other ODC requirements would apply concerning site reclamation. Therefore, 
the potential exposure pathways; direct ingestion of groundwater at the site; and dermal 
contact or inhalation of volatile organics from subsurface soils are unlikely to be completed 
under current land use scenarios. Land use at the site is not expected to change according to 
historic information on groundwater quality, site physical characteristics, and the extent of the 
contamination that indicates there is a lack of a complete exposure pathway to impose any 
adverse health or ecological impacts. 

6.5 RISK ASSESSMENT 

The risk assessment process followed is generally consistent with the USEPA guidance on 
conducting risk assessments. It is intended to identify the potential for human health impacts 
due to the condensate leak at the PCA Junction site and to help determine the need for 
corrective remediation. The health risk assessment is based on the premise that exposure to a 
chemical in an environmental medium is proportional to the concentration of the chemical in the 
medium, rate of contact with the medium, and the duration of exposure. Risk can occur only 
when there is a mechanism for released constituents to be transported to a receptor and when 
there is the potential for a receptor to directly contact those released constituents. This is 
partially dependent on the physical and chemical properties of the constituent itself and the 
characteristics of the surrounding environment. 

For a risk to occur there must be an activity (receptor) and a point of contact (exposure) 
associated with the contamination on site. An assessment of groundwater at the PCA site 
revealed that the groundwater is of poor drinking water quality and quantity and that the 
spatial extent of the contaminated water was not accessible by any stock or drinking water 
wells. A physical survey of the site revealed there is no connection between the limited extent 
of contaminated groundwater and any surface water or larger groundwater source. This 
isolates the contaminant source and eliminates any contaminant migration offsite. Current 
human receptors would be limited to maintenance workers at the site but these receptors are 
not actually contacting groundwater or subsurface soils. Potential future human receptors could 
include construction workers exposed to subsurface impacts during excavation activities. 
However, excavation/construction workers could be protected under occupational health and 
safety protection guidelines. Ecological receptors could include native rodents, grazing cattle, 
or migrant coyote or antelope. Their limited intake of potentially contaminated food and any 
potential impacts would not be measurable. 
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Levels of organic constituents above ODC action levels are the COPCs for human health 
associated with potential soil or groundwater exposure pathways. Previous removal of the 
contaminant source has prevented any increase in contaminant levels. Groundwater 
remediation has reduced the plume as a source term for migration of contaminants. Continued 
sampling would only serve to verify the isolated nature of the plume. Any future excavation 
activities at the site would be controlled by the site operator to avoid possible exposures to 
maintenance workers. Human or animal trespassers in the vicinity of the site will not have 
direct contact with contamination and therefore, there is no health risk. The potential for 
contaminants to migrate into a deeper groundwater resource is unlikely given the geologic 
characteristics of the perched groundwater zones. 

In conclusion, the presence of contamination above ODC action levels is not necessarily 
indicative of a health risk. Site characterization, remediation, and risk assessment support the 
conclusion that further remediation directed at eliminating risk to protect human health and the 
environment is not warranted. If impacted media are isolated and exposures cannot occur at 
the site then the development of remediation goals protective of human health and the 
environment are not necessary. Results from this risk assessment along with results from the 
current remediation program support "no further action" at the PCA site. 

7.0 CONCLUSIONS AND RECOMMENDATIONS 

This report presents data and interpretations based on groundwater monitoring, remedial 
action, groundwater quality analysis and risk assessment. 

• Two rounds of groundwater monitoring have shown that only MW-1 has been impacted 
by condensate. 

• The site hydrogeologic model indicates that the aquifer is perched and a drawdown and 
recovery test indicates the groundwater has estimated average velocity of 4 ft/yr toward 
the west. 

• Pumping of the free product condensate in MW-1 for a period of approximately three 
months recovered approximately 200 gallons of condensate. The ability to recover 
additional product will continue to decrease and will have little effect on the size of the 
plume. There is an estimated 300 gallons of possibly recoverable product remaining in 
place, but extracting this last volume is impractical due to diminishing returns related to 
the fine-grained characteristics of the aquifer. The condensate presence appears to be in 
equilibrium with the groundwater on the downstream side, resulting in no net movement 
over time. 

• Groundwater quality in the area is poor, based on State of New Mexico reports. In on-
site wells, sulfate averages 1496 mg/L and chlorde averages 494 mg/L, both above the 
NM standards of 600 mg/L and 250 mg/L for sulfate and chloride, respectively. 
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• The risk assessment findings suggest that the condensate presence is isolated and that 
pathways for exposure do not occur. Therefore, there is no risk to human health or the 
environment. 

Based on the above findings, ConocoPhillips requests that the "no further action" be required 
for the PCA Junction site and that the OCD provide approval of the following "path forward." 

Leave the six monitoring wells in place for the duration of the facility operation. At the time of 
facility closure (tank removal, etc.), groundwater monitoring will be conducted in the existing 
wells. The monitoring data will be filed as a part of the site's permanent record. 

ConocoPhillips requests concurrence by the OCD with this path forward. 
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Table 3. MW-1 Pumping Recovery Data 

Period 
No. of 
Days 

Pumping Rate1 

(Cycle/Duration) 
Volume Pumped 

(gallons) 
Volume/Day 

(gallons) 

Thickness of 
Product2 in 
Well (feet) 

12/9 NA Before Pumping NA NA 1.94 

12/9 -12/12 3.75 2 hr/ 30 min 16.2 4.32 1.01 

12/12 - 12/16 4 4 hr/ 10 min 13.9 3.48 1.07 

12/16 -12/20 4 4 hr/10 min 8.3 2.08 0.53 

12/20 -12/30 10 Pump Off - - 1.6 

12/30 -1/10 11 4 hr/ 10 min 31.2 2.84 0.45 

1/10 -1/23 13 4 hr/ 10 min 26.5 2.04 0.41 

1/23 -1/29 6 4 hr/ 10 min 9.4 1.57 0.42 

1/29 - 2/20 22 8 hr/ 10 min 18.3 0.83 1.32 

2/20 - 2/28 8 Pump Off ~ — 1.51 

2/28 - 3/12 12 8 hr/10 min 11.4 0.95 1.38 

3/12-3/20 8 8 hr/ 20 min 14.3 1.79 0.3 

3/20-4/23 34 8 hr/10 min 26.4 0.78 1.15 

4/23 - 4/30 7 8 hr/ 20 min 9.9 1.41 0.65 

4/30 - 5/19 19 8 hr/10 min 14.4 0.73 1.2 

Total 200.2 

Note: 1 Cycle - period between pumping; Duration - duration of pumping 
2 Thickness of product at end of period and before pumping cycle 

Table based on recovery test data results (Appendix A ). 
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Groundwater Analytical Results 



ANALYTICAL RESULTS 

Prepared for: 

ConocoPhillips 
P.O. Box 2] 97; 5027 TN 

Houston TX 77252 
832-379-6415 

Prepared by: 

Lancaster Laboratories 
2425 New Holland Pike 

Lancaster, PA 17605-2425 

SAMPLE GROUP 

The sample group for this submittal is 867300. Samples arrived at the laboratory on Wednesday, September 
17,2003. The PO# for this group is 4501480787 and the release number is NEAL GOATES. 

Client Description Lancaster Labs Number 
MW-3 Grab Water Sample 4123496 
MW-2 Grab Water Sample 4123497 
MW-5 Grab Water Sample 4123498 
MW-6 Grab Water Sample 4123499 
Duplicate Grab Water Sample 4123500 
Trip Blank Water Sample 4123501 
MW-4 Grab Water Sample 4123502 

ELECTRONIC Maxim Technologies Atta: Kelly Henderson 
COPY TO 
1 COPY TO Maxim Technologies Attn: Robert Sengebush 

Lancaster Laboratories, Inc. 

M E M B E R ^ i N e ^ , l a n d P i l t e 



Questions? Contact your Client Services Representative 
Danette S Blystone at (717) 656-2300. 

Respectfully Submitted, 

....... • h.ir&¥2 

M E M B E R 

Lancaster Laboratories, Inc. 
2425 New Holland Pilce 



Lancaster 
Laboratories 

Page 1 of2 

Lancaster Laboratories Sample No. WW 

Collected:09/16/2003 10:00 by KH 

Submitted: 09/17/2003 09:35 
Reported: 09/29/2003 at 12:23 
Discard: 10/30/2003 
MW-3 Grab Water Sample 
Site #NG00005 
PCA Junction - Carlsbad, NM 

4123496 

Account Number: 112B8 

ConocoPhillips 
P.O. Box 2197; 5027 TN 

Houston TX 77252 

PCA-3 

CAT 
Ho. 

00259 
01750 
01767 
07035 
07036 
07046 
07049 
07051 
07055 
07058 
07066 
00201 

05401 
05407 
05415 
06310 

Analysis Name 

Mercury 
Calcium 

Sodium 

Arsenic 

Selenium 
Barium 
Cadmium 

Chromium 
Lead 
Manganese 
Silver 
A l k a l i n i t y t o pU 8.3 

00202 A l k a l i n i t y t o pH 4.5 

00212 Total Dissolved.Solids 
00219 N i t r i t e Nitrogen 
00220 Nitrate Nitrogen 
00224 Chloride 

00228 Sulfate 

02300 OST-Unleaded Waters by 8260B 

Benzene 
Toluene 
Ethylbenzene 
Xylene (Total) 

As Received 

As Received Method D i l u t i o n 

CAS Number Result Detection Units Factor 
L i m i t 

7439-97-6 N.D. 0 00016 mg/l 1 

7440-70-2 2,410. 0.247 mg/l 5 

7440-23-5 13.3 2. 32 mg/l 5 

7440-38-2 N.D. 0 0245 mg/l 5 

7782-49-2 N.D. 0 0235 mg/l 5 

7440-39-3 3.37 0. 0024 mg/l 5 

7440-43-9 N.D. 0. 0044 mg/l 5 

7440-47-3 0.0327 0. 0110 mg/l 5 

7439-92-1 N.D. 0. 04 65 ag/1 5 

7439-96-5 0.704 0. 0026 mg/l 5 

7440-22-4 N.D. 0 0090 mg/l 5 

n.a. N.D. 0. 41 mg/l as 1 
CaC03 

n.a. 1, 640. 0. 41 mg/l as 1 
CaC03 

n.a. 3,400. T .6 mg/l 1 

14797-65-0 N.D. 0. 015 mg/l 1 

14797-55-8 6.5 0. 20 mg/l 5 

16B87-00-6 331. 60.0 mg/l 200 

14808-79-8 1,510. 60.0 mg/l 200 

71-43-2 N.D. 0. 5 ug/1 1 

108-88-3 N.D. 0. 7 ug/1 1 

100-41-4 N.D. 0. 8 ug/1 1 

1330-20-7 N.D. 0. 8 ug/1 1 

CAI 
No. 
00259 
01750 
01767 
07035 

Analysis Name 
Mercury 
Calcium 
Sodium 
Arsenic 

Laboratory Chronicle 
Analysis 

Method T r i a l * 
SW-846 7470A 1 
SW-B46 6010B 1 
SW-846 6010B 1 
SW-846 6010B 1 

Date and Time 
09/20/2003 11:21 
09/20/2003 03:37 
09/20/2003 03:37 
09/2D/2003 03:37 

Analyst 
Damary V a l e n t i n 
Donna R Sackett 
Donna R Sackett 
Donna R Sackett 

D i l u t i o n 
Factor 
1 
5 
5 
5 

Lancaster laboratories, Inc. 
2425 New Holland Pike 

M E M B E R „., , .„-



r Laboratories 
Page 2 of2 

Lancaster Laboratories Sample No. WW 

Collected:09/16/2003 10:00 by KH 

Submitted: 09/17/2003 09:35 
Reported: 09/29/2003 at 12:23 
Discard: 10/30/2003 
MW-3 Grab Water Sample 
Site #NG00005 
PCA Junction - Carlsbad, NM 

4123496 

Account Number: 11288 

ConocoPhillips 
P.O. Box 2197; 5027 TN 

Houston TX 77252 

PCA-3 
SW-846 6010B D7036 Selenium SW-846 6010B 

07046 Barium , SW-B46 6010B 

07049 Cadmium SW-B46 601DB 

D7051 Chromium SW-B46 6010B 

D7055 Lead SW-84 6 6010B 

O705B Manganese SW-84 6 6010B 

07066 Silver SW-B4 6 6010B 

00201 A l k a l i n i t y t o pH 8.3 EPA 310.1 

00202 A l k a l i n i t y t o pH 4.5 EPA 310.1 

D0212 Total Dissolved Solids EPA 160.1 

00219 H i t r i t e Nitrogen EPA 353.2 

00220 Hitrate Nitrogen EPA 353.2 

00224 Chloride EPA 300.0 

0022B Sulfate EPA 300.0 

02300 DST-Unleaded Waters by SW-84 6 B260B 

8260B 
01163 GC/MS VOA Water Prep SW-846 5030B 

01B48 WW SWB4 6 ICP Digest (tot SW-B46 3005A 

rec) 
05713 WW SW84 6 Hg Digest SW-B46 7470A 

1 09/20/2003 03 37 Donna R Sackett 5 

1 09/20/2003 03 37 Donna R Sackett 5 

1 09/20/2003 03 37 Donna R Sackett 5 

1 09/20/2003 03:37 Donna R Sackett 5 

1 09/20/2003 03 37 Donna R Sackett 5 

1 09/20/2003 03 37 Donna R Sackett 5 

1 09/20/2003 03 37 Donna R Sackett 5 

1 09/22/2003 19 57 Elaine F S t o l t z f u s 1 

1 09/22/2003 19 57 Elaine F S t o l t z f u s 1 

1 09/20/2003 07 55 Susan A Engle 1 

1 09/17/2003 21:08 Kyle W Eckenroad 1 

2 09/27/2003 09 24 Michelle A Bolton 5 

1 09/20/2003 03 10 Shannon L P h i l l i p s 200 

1 09/20/2003 03 10 Shannon L P h i l l i p s 200 

1 09/23/2003 15 59 Maria S Lord 1 

1 09/23/2003 15:59 Maria S Lord n.a 

1 09/18/2003 20 15 James L Mertz l ' 

1 09/19/2003 13 15 Damary V a l e n t i n 1 

Lancaster Laboratories, Inc 
„ _ . . ^ ,= 2425 New Holland Pike M E M B E R 



Lancaster Laboratories Sample No. WW 4123497 

Collected:09/16/2003 11:20 by KH 

Submitted: 09/17/2003 09:35 
Reported: 09/29/2003 at 12:23 
Discard: 10/30/2003 
MW-2 Grab Water Sample 
Site #NG00005 
PCA Junction - Carlsbad, NM 

Account Number: 11288 

ConocoPhillips 
P.O. Box 21S7; 5027 TN 

Houston TX 77252 

PCA-2 

As Received 

CAT As Received Method D i l u t i o n 

No. Analysis Name CAS Number Result Detection Units Factor Analysis Name 
T.imi +• 

00259 Mercury 7439-97-6 N.D. 0.00016 mg/l 1 

01750 Calcium 7440-70-2 1,530. 0.247 mg/l 5 

01767 Sodium 7440-23-5 160. 2.32 mg/l 5 

07035 Arsenic 7440-38-2 N.D. 0.0245 mg/l 5 

07036 Selenium 7782-49-2 0.0550 0.0235 mg/l 5 

D7046 Barium 7440-39-3 1.41 0.0024 mg/l 5 

07049 Cadmium 7440-43-9 N.D. 0.0044 mg/l 5 

07051 Chromium 7440-47-3 0.0192 0.0110 mg/l 5 

07055 Lead 7439-92-1 N.D. 0.04 65 mg/l 5 

0705B Manganese 7439-96-5 0.392 0.0026 mg/l 5 

07066 Silver 7440-22-4 N.D. 0.0090 mg/l 5 

00201 A l k a l i n i t y t o pH 8.3 n.a. N.D. 0.41 mg/l as 
CaC03 

1 

00202 A l k a l i n i t y t o pH 4.5 n.a. 725. 0.41 mg/l as 
CaC03 

1 

00212 Total Dissolved Solids n.a. 3,790. 77.6 mg/l 1 

00219 N i t r i t e Nitrogen 14797-65-0 N.D. 0.015 mg/l 1 

00220 Nitr a t e Nitrogen 14797-55-8 45.0 0.80 mg/l 20 

00224 Chloride 16887-00-6 542. 60.0 mg/l 200 

00228 Sulfate 14808-79-8 1, 720. 60.0 mg/l 200 

02300 OST-Unleaded Waters by 8260B 

05401 
05407 
05415 
06310 

Benzene 
Toluene 
Ethylbenzene 
Xylene (Total) 

71-43-2 
108-B8-3 
100-41-4 
1330-20-7 

N.D. 
N.D. 
N.D. 
N.D. 

0.5 
0.7 
0.B 
0.8 

ug/1 
ug/1 
ug/1 
ug/1 

Laboratory 
CAT 
No. 
00259 
01750 
01767 
07035 

Analysis Name 
Mercury 
Calcium 
Sodium 
Arsenic 

Method 
SW-B46 7470A 
SW-B46 6010B 
SW-846 6010B 
SW-846 6010B 

Chronicle 
Analysis 

T r i a l # Date and Time 
1 09/20/2003 11:22 
1 09/20/2003 03:43 
1 09/20/2003 03:43 
1 .09/20/2003 03:43 

Analyst 
Damary V a l e n t i n 
Donna R Sackett 
Donna R Sackett 
Donna R Sackett 

D i l u t i o n 
Factor 

1 
5 
5 
5 

Lancaster Laboratories, Inc. 

IB? M B E R ? i 2 ! N T .1?"ar'd P i , C C 
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Lancaster Laboratories Sample No. WW 4123497 

Collected:09/16/2003 11:20 by KH 

Submitted: 09/17/2003 09:35 
Reported: 09/29/2003 at 12:23 
Discard: 10/30/2003 
MW-2 Grab Water Sample 
Site #NGD0005 
PCA Junction - Carlsbad, NM 

PCA-2 
07036 Selenium SW-84 6 6010B 
07046 Barium SW-846 6010B 
07049 Cadmium SW-B46 6010B 
07051 Chromium SW-B46 6010B 
07055 Lead SW-846 6010B 
07058 Manganese SW-846 6010B 
07066 Silver SW-846 6010B 
00201 A l k a l i n i t y t o pH 8.3 EPA 310.1 
00202 A l k a l i n i t y t o pH 4.5 EPA 310.1 
00212 Total Dissolved Solids EPA 160.1 
00219 N i t r i t e Nitrogen EPA 353.2 
00220 Nitrate Nitrogen EPA 353.2 
00224 Chloride EPA 300.0 
00228 Sulfate EPA 300.0 
02300 UST-Unleaded Waters by SW-846 8260B 

8260B 
01163 GC/HS VOA Water Prep SW-846 5030B 
01848 WW SW84 6 ICP Digest ( t o t SW-84 6 3005A 

rec) 
05713 WW SW84 6 Hg Digest SW-846 7470A 

Account Number: 112BB 

ConocoPhillips 
P.O. Box 2197; 5027 TN 

Houston TX 77252 

1 09/20/2003 03 :43 Donna R Sackett • 5 
1 09/20/2003 03 :43 Donna R Sackett 5 
1 09/20/2003 03 :43 Donna R Sackett 5 
1 09/20/2003 03 :43 Donna R Sackett 5 
1 09/20/2003 03 43 Donna R Sackett 5 
1 09/20/2003 03 43 Donna R Sackett 5 
1 09/20/2003 03 43 Donna R Sackett 5 
1 09/23/2003 IB 05 Elaine F S t o l t z f u s 1 
1 09/23/2003 18:05 Elaine F S t o l t z f u s 1 
1 09/20/2003 07 55 Susan A Engle 1 
1 09/17/2003 21 09 Kyle W Eckenroad 1 
1 09/25/2003 13 45 Venia B McFadden 20 
1 09/20/2003 04 20 Shannon L P h i l l i p s 200 
1 09/20/2003 04 20 Shannon L P h i l l i p s 200 
1 09/23/2003 16 25 Maria S Lord 1 

1 09/23/2003 16. 25 Maria S Lord n.a 
1 09/18/2003 20- 15 James L Mertz 1 

1 09/19/2003 13 15 Damary Va l e n t i n 1 

Lancaster Laboratories, Inc. 

M E M B E R ^ ' ! e ^ l l a i l d P i k e 



Lancaster Laboratories Sample No. WW 

Collected:09/16/2003 14:00 by KH 

Submitted: 09/17/2003 09:35 
Reported: 09/29/2003 at 12:23 
Discard: 10/30/2003 
MW-5 Grab Water Sample 
Site #HG00005 

PCA Junction - Carlsbad, NM 

PCA-5 

CAT 
No. Analysis Name CAS Number 

00259 Mercury 7439-97-6 

01750 Calcium 7440-70-2 

01767 Sodium 7440-23-5 

07035 Arsenic 7440-38-2 

07036 Selenium 7782-49-2 

07046 Barium 7440-39-3 

07049 Cadmium 7440-43-9 

07051 Chromium 7440-47-3 

07055 Lead 7439-92-1 

0705B Manganese 7439-96-5 

07066 Silver 7440-22-4 
00201 A l k a l i n i t y t o pH 8.3 n .a . 

00202 A l k a l i n i t y to pH 4.5 n .a . 

00212 Total Dissolved Solids n .a . 

00219' N i t r i t e Nitrogen 14797-65-0 

00220 Ni t ra te Nitrogen 14797-55-B 

00224 Chloride 168B7-D0-6 
00228 Sulfate 14808-79-8 

02300 UST-unleaded Waters by B26DB. 

05401 Benzene 71-43-2 

05407 Toluene 108-BB-3 

05415 Ethylbenzene 100-41-4 

06310 Xylene (Total) 1330-20-7 

98 

Account Number: 11288 

ConocoPhillips 
P.O. Box 2197; 5027 TN 

Houston TX 77252 

As Received 
As Received Method D i l u t i o n 

Result Detect ion Un i t s Fac to r 
L i m i t 

N.D. 0.00016 mg/ l 1 

973. 0.494 mg/ l 10 

272. 4. 63 m g / l 10 

0.0147 0.0049 mg/ l 1 

0.0278 0.0047 mg/ l 1 
0.227 0.00048 mg/ l 1 
N.D. 0.00087 mg/ l 1 
0.0050 0.0022 mg/ l 1 
N.D. 0.0093 m g / l 1 

0.148 0.00051 mg/ l 1 
N.D. 0.0018 mg/ l 1 
N.D. 0.41 mg/ l as 1 

CaC03 
95.1 0.41 m g / l as 1 

CaC03 
5,720. 194. mg / l 1 

N.D. 0.015 m g / l 1 

14.5 0.40 mg/ l 10 

1,610. 150. mg / l 500 

1,750. 75.0 mg/ l 250 

2. 0.5 ug /1 1 
N.D. 0.7 ug /1 1 
N.D. 0.8 ug/1 1 
N.D. 0.8 ug/1 1 

CAT 
No. 
00259 
01750 
01767 
07035 

Analysis Name 
Mercury 
Calcium 
Sodium 
Arsenic 

Laboratory C h r o n i c l e 
Analysis 

Method T r i a l # 
SW-846 7470A 1 
SW-846 6010B 1 
SW-846 6010B 1 
SW-84S 6010B 1 

Date and Time 
09/20/2003 11:23 
09/21/2003 00:51 
09/20/2003 06:54 
09/20/2003 06:48 

Analyst 
Damary Valentin 
Donna R Sackett 
Joanne M Gates 
Joanne M Gates 

D i l u t i o n 
Factor 
1 
10 
10 
1 

Lancaster Laboratories, Inc 
M E M B E R 2425 New Holland Pilce 



Lancaster Laboratories Sample No. WW 

Collected:09/16/2003 14:00 by KH 

Submitted: 09/17/2003 09:35 
Reported: 09/29/2003 at 12:23 
Discard: 10/30/2003 
MW-5 Grab Water Sample 
Site #NG0D005 
PCA Junction - Carlsbad, NM 

4123498 

Account Number: 11288 

ConocoPhillips 
P.O. Box 2197; 5027 TN 

Houston TX 77252 

PCA-5 
07036 Selenium SW-B4 6 6010B 

07046 Barium SW-84 6 6010B 

07049 Cadmium SW-84 6 6010B 

07051 Chromium SW-846 6010B 

07055 Lead SW-84 6 6010B 

0705B Manganese SW-846 6010B 

07066 Silver SW-84 6 6010B 
00201 A l k a l i n i t y t o pH 8.3 EPA 310.1 

00202 A l k a l i n i t y t o pH 4.5 EPA 310.1 
00212 Total Dissolved Solids EPA 160.1 

00219 N i t r i t e Nitrogen EPA 353.2 
00220 Nitrate Nitrogen EPA 353.2 
00224 Chloride EPA 3D0.O 
00228 Sulfate EPA 300.0 
02300 •ST-Onleaded Waters by SW-B46 B260B 

8260B 
01163 GC/MS VOA Water Prep SW-846 5030B 
01848 WW SW84 6 ICP Digest (tot SW-84 6 3005A 

rec) 
05713 WW SW84 6 Hg Digest SW-846 7470A 

1 09/21/2003 00 45 Donna R Sackett 1 
1 09/20/2003 06 48 Joanne M Gates 1 
1 09/21/2003 00 45 Donna R Sackett 1 
1 09/20/2003 06 48 Joanne M Gates 1 
1 09/21/2003 00 45 Donna R Sackett 1 
1 09/20/2003 06- 48 Joanne M Gates 1 
1 09/20/2003 06- 48 Joanne M Gates 1 
1 09/23/2003 18- 05 Elaine F S t o l t z f u s 1 
1 09/23/2003 18. 05 Elaine F S t o l t z f u s 1 
1 09/20/2003 07: 55 Susan A Engle 1 
1 09/17/2003 21: 11 Kyle W Eckenroad 1 
1 09/25/2003 11: 03 Venia B McFadden 10 
1 09/22/2003 15: 01 Shannon L P h i l l i p s 500 
1 09/20/2003 04: 34 Shannon L P h i l l i p s 250 
1 09/23/2003 17: 43 Maria S Lord 1 

1 09/23/2003 17: 43 Maria S Lord n.a 
1 09/1B/2003 20: 15 James L Mertz 1 

1 09/19/2003 13: 15 Damary V a l e n t i n 1 

M E M B E R 

Lancaster Laboratories, Inc. 
2425 Mew Holland Pike 



_ancaster 
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Lancaster Laboratories Sample No. WW 4123499 

Collected:09/16/2003 15:15 by KH 

Submitted: 09/17/2003 09:35 
Reported: 09/29/2003 at 12:23 
Discard: 10/30/2003 
MW-6 Grab Water Sample 
Site #NG00005 

PCA Junction - Carlsbad, NM 

PCA-6 

Account Number: 11288 

ConocoPhillips 
P.O. Box 2197; 5027 TN 

Houston TX 77252 

As Received 

CAT As Received Method D i l u t i o n 

No. Analysis Name CAS Number Result Detection Units Factor Analysis Name 
L i m i t 

00259 Mercury 7439-97-6 N.D. 0.00016 mg/l 1 

01750 Calcium 7440-70-2 713. 0.494 mg/l 10 

017 67 Sodium 7440-23-5 11.2 0.463 mg/l 1 

07035 Arsenic 7440-38-2 0.0152 0.0049 mg/l 1 

07036 Selenium 7782-49-2 0.0062 0.0047 mg/l 1 

07046 Barium 7440-39-3 0.462 0.00048 mg/l 1 

07049 Cadmium 7440-43-9 N.D. 0.O00B7 mg/l 1 

07051 Chromium 7440-47-3 0.0082 0.0022 mg/l 1 

07055 Lead 7439-92-1 N.D. 0.0093 mg/l 1 

07058 Manganese 7439-96-5 0.249 0.00051 " mg/l 1 

07066 Silver 7440-22-4 N.D. 0.0018 mg/l 1 

00201 A l k a l i n i t y t o pH 8.3 n.a. N.D. 0.41 mg/l as 1 A l k a l i n i t y t o pH 8.3 
CaC03 

00202 A l k a l i n i t y t o pH 4.5 n.a. 158. 0.41 mg/l as 1 A l k a l i n i t y t o pH 4.5 
CaC03 

00212 Total Dissolved Solids n.a. 2,490. 38.8 mg/l 1 

00219 N i t r i t e Nitrogen . 14797-65-0 N.D. 0.015 mg/l 1 

00220 Nitrate Nitrogen 14797-55-8 4.0 0.040 mg/l 1 

00224 Chloride 16887-00-6 81.3 6.0 mg/l 20 

00228 Sulfate 14808-79-8 1,440. 60.0 mg/l 2D0 

02300 DST-Unleaded Waters by 826DB 

05401 Benzene 71-43-2 N.D. 0.5 ug/1 1 

05407 Toluene 10B-88-3 N.D. 0.7 ug/1 1 

05415 Ethylbenzene 100-41-4 N.D. 0.8 ug/1 1 

06310 Xylene (Total) 1330-20-7 N.D. 0.8 • ug/1 1 

Laboratory 
CAt 
No. 
00259 
01750 
01767 
07Q35 

Analysis Name 
Mercury 
Calcium 
Sodium 
Arsenic 

Method 
SW-846 7470A 
SW-846 6010B 
SW-846 6010B 
SW-846 6010B 

Chronicle 
Analysis 

T r i a l # Date and Time 
1 09/20/2003 11:25 
1 09/21/2003 01:03 
1 09/20/2003 07:06 
1 09/20/2003 07:06 

Analyst 
Damary Valent in-
Donna R Sackett 
Joanne M Gates 
Joanne M Gates' 

D i l u t i o n 
Factor 

1 
10 
1 
1 

Lancaster Laboratories, Inc. 
M E M B E R ™ l New Holland Pike 
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Lancaster Laboratories Sample No. WW 41234 

Collected:09/16/2003 15:15 by KH 

Submitted: 09/17/2003 09:35 
Reported: 09/29/2003 at 12:23 
Discard: 10/30/2003 
MW-6 Grab Water Sample 
Site #NG00005 
PCA Junction - Carlsbad, NM 

PCA-6 
07036 Selenium SW-846 6010B 

07046 Barium SW-846 6010B 

07049 Cadmium SW-84 6 6010B 

07051 Chromium SW-846 6010B 

07055 Lead SW-B46 6010B 

07058 Manganese SW-B4 6 6010B 

07066 Silver SW-84 6 6010B 
00201 A l k a l i n i t y to pH 8.3 EPA 310.1 

00202 A l k a l i n i t y to pH 4.5 EPA 310.1 
00212 Total Dissolved Solids EPA 160.1 
00219 N i t r i t e Nitrogen EPA 353.2 
00220 Nitrate Nitrogen EPA 353.2 
00224 Chloride EPA 300.0 
00228 Sulfate EPA 300.0 
D230D DST-Dnleaded Waters by SW-B46 B260B 

8260B 
01163 GC/MS VOA water Prep SW-846 5030B 
01848 WW SWB46 ICP Digest (tot SW-846 3005A 

rec) 
05713 WW SW846 Hg Digest SW-846 7470A 

Account Number: 11288 

ConocoPhillips 
P.O. Box 2197; 5027 TN 

Houston TX 77252 

1 09/21/2003 00 .57 Donna R Sackett 1 
1 09/20/2003 07 06 Joanne M Gates 1 
1 09/21/2003 00 57 Donna R Sackett 1 
1 09/20/2003 07 06 Joanne M Gates 1 
1 09/21/2003 00 57 Donna R Sackett 1 
1 09/20/2003 07 06 Joanne M Gates 1 
1 09/20/2003 07 06 Joanne M Gates 1 
1 09/23/2003 18 05 Elaine F S t o l t z f u s 1 
1 09/23/2003 IB 05 Elaine F S t o l t z f u s 1 
1 09/20/2003 07 55 Susan A Engle 1 
1 09/17/2003 22 00 Kyle W Eckenroad 1 
1 09/25/2003 10 4B Venia B McFadden 1 
1 09/20/2003 04 48 Shannon L P h i l l i p s 20 
1 09/20/2003 05 02 Shannon L P h i l l i p s 200 
1 09/23/2003 18 09 Maria S Lord 1 

1 09/23/2003 18 09 Maria S Lord n.a 
1 09/18/2003 20 15 James L Mertz 1 

1 09/19/2003 13 15 Damary V a l e n t i n 1 

Lancaster Laboratories, Inc. 

M E M B E R „ „ „ „ „ B 



âncaster 
aboratories 

Page 1 of 1 

Lancaster Laboratories Sample No. WW 4123500 

Collected:09/16/2003 15:00 by KH 

Submitted: 09/17/2003 09:35 
Reported: 09/29/2003 at 12:24 
Discard: 10/30/2003 
Duplicate Grab Water Sample 
Site #NG00005 

PCA Junction - Carlsbad, NM 

PCA-D 

Account Number: 11288 

ConocoPhillips 
P.O. Box 2197; 5027 TN 

Houston TX 77252 

As Received 
CAT As Received He thod D i l u t i o n 

No. Analysis Name CAS Number Result Detection Units Factor Analysis Name 
l i m i t 

02300 DST-Dnleaded Waters by 8260B 

05401 Benzene 71-43-2 N.D. 0.5 ug/1 1 

05407 Toluene 10B-88-3 N.D. 0.7 ug/1 1 

05415 Ethylbenzene 100-41-4 N.D. 0.8 ug/1 1 

06310 Xylene (Total) 1330-20-7 N.D. 0.8 ug/1 1 

Laboratory Chronicle 
CAT Analysis D i l u t i o n 
No. Analysis Name Method Tr i a l t t Date and Time Analys t Factor 
02300 UST-Dnleaded Waters by SW-846 B260B 1 09/23/2003 18:35 Maria S Lord 1 

8260B 
01163 GC/MS VOA Water Prep SW-846 5030B 1 09/23/2003 18:35 Maria S Lord n.a. 

Lancaster Laboratories, Inc. 

U F M B E B U P . N B W . l l ° " a n d P i k E 
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Lancaster Laboratories Sample No. WW 4123501 

Collected:09/16/2003 16:00 

Submitted: 09/17/2003 09:35 
Reported: 09/29/2003 at 12:24 
Discard: 10/30/2003 
Trip Blank Water Sample 
Site #NG00005 
PCA Junction - Carlsbad, NM 

Account Number: 1128B 

ConocoPhillips 
P.O. Box 2197; 5027 TN 

Houston TX 77252 

PCA-T 

CAT 
Ho. Analysis Name CAS Number 

As Received 

Result 

As Received 
Method 
Detection 
L i m i t 

Units 

D i l u t i o n 

Factor 

02300 UST-Onleaded Waters by 82 60B 

05401 
05407 
05415 
06310 

Benzene 
Toluene 
Ethylbenzene 
Xylene (Total) 

71-43-2 
108-8B-3 
100-41-4 
1330-20-7 

N.D. 
N.D. 
N.D. 
N.D. 

0.5 
0.7 
0.8 
0.8 

ug/1 
ug/1 
ug/1 
ug/1 

CAT 
No. 
02300 

01163 

Analysis Name 
UST-Onleaded Waters by 
B260B 
GC/MS VOA Water Prep 

Laboratory Chronicle 
Analysis 

Method I r i a l t Date and Time 
SW-846 8260B 1 09/23/2003 19:02 

SW-846 5D3DB 

Analys t 
Maria S Lord 

09/23/2003 19:02 Maria S Lord 

D i l u t i o n 
Factor 

1 

Lancaster Laboratories, Inc. 

M E M B E R ^ 2 L N . ^ ^ " a n d P i l ' e 



ancaster 
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Lancaster Laboratories Sample No. WW 

Collected:09/16/2003 16:15 by KH 

Submitted: 09/17/2003 09:35 
Reported: 09/29/2003 at 12:24 
Discard: 10/30/2003 
MW-4 Grab Water Sample 
Site #NG00005 

PCA Junction - Carlsbad, NM 

PCA-4 

4123502 

Account Number: 11288 

ConocoPhillips 
P.O. Box 2197; 5027 TN 

Houston TX 77252 

As Received 

CAT As Received Method D i l u t i o n 

No. Analysis Name CAS Number Result Detection 
L i m i t 

Units Factor 

00259 Mercury 7439-97-6 N.D. 0.00016 mg/l 1 

01750 Calcium 7440-70-2 1,150. 0.494 mg/l 10 

017 67 Sodium 7440-23-5 9.61 0.463 mg/l 1 

07035 Arsenic 7440-38-2 0.0086 0.0049 mg/l 1 

07036 Selenium 7782-49-2 0.0224 0.0047 mg/l 1 

07046 Barium 7440-39-3 0.970 0.00048 mg/l 1 

07049 Cadmium 7440-43-9 N.D. 0.00087 mg/l 1 

07051 Chromium 7440-47-3 0.0116 0.0022 mg/l 1 

07055 Lead 7439-92-1 N.D. 0.0093 mg/l 1 

07058 Manganese 7439-96-5 0.314 0.00051 mg/l 1 

07066 Silver 7440-22-4 N.D. 0.D018 mg/l 1 

00201 A l k a l i n i t y t o pH 8.3 n.a. N.D. 0.41 mg/l as 1 A l k a l i n i t y t o pH 8.3 
CaC03 

00202 A l k a l i n i t y to pH 4.5 n.a. 503. 0.41 mg/l as 1 A l k a l i n i t y to pH 4.5 
CaC03 

00212 Total Dissolved Solids n.a. 3,090. 77.6 mg/l 1 

00219 N i t r i t e Nitrogen 14797-65-0 N.D. 0.015 mg/l 1 

00220 N i t r a t e Nitrogen 14797-55-8 6.3 0.20 mg/l 5 

00224 Chloride 16BB7-00-6 292. 60.0 mg/l 200 

00228 Sulfate 14808-79-8 1,400. 60.0 mg/l 200 

02300 uST-TJnleaded Waters by B260B 

05401 Benzene 71-43-2 N.D. 0.5 ug/1 1 

05407 Toluene 108-88-3' N.D. 0.7 ug/1 1 

05415 Ethylbenzene 100-41-4 N.D. 0.B ug/1 1 

06310 Xylene (Total) 1330-20-7 N.D. 0.8 ug/1 1 

CAT 
No. 
00259 
01750 
01767 
07035 

Analysis Name 
Mercury 
Calcium 
Sodium 
Arsenic 

Laboratory Chronicle 
Analysis 

Method Tr i a l # 
SW-846 7470A 1 
SW-84 6 6010B 1 
SW-B46 6010B 1 
SW-846 6010B 1 

Date and Time 
09/20/2003 11:26 
09/21/2003 01:15 
09/20/2003 07:18 
09/20/2003 07:18 

Analyst 
Damary Valentin 
Donna R Sackett 
Joanne M Gates 
Joanne M Gates 

D i l u t i o n 
Factor 

1 
10 
1 
1 

Lancaster Laboratories, Inc 

M E M B E R ? i 2 ! N e ^ , , a n d P i l t e 



Lancaster 
Laboratories 
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Lancaster Laboratories Sample No. WW 4123502 

Collected:09/16/2003 16:15 by KH 

Submitted: 09/17/2003 09:35 
Reported: 09/29/2003 at 12:24 
Discard: 10/30/2003 
MW-4 Grab Water Sample 
Site #NG00005 
PCA Junction - Carlsbad, NM 

PCA-4 
07036 Selenium SW-B4 6 6010B 
07046 Barium SW-B4 6 6010B 
07049 Cadmium SW-84 6 6010B 
07051 Chromium SW-B4 6 6010B 
07055 Lead SW-84 6 6010B 
07058 Manganese SW-B4 6 6010B 
07066 Silver SW-B4 6 6010B 
00201 A l k a l i n i t y to pH 8.3 EPA 310.1 
00202 A l k a l i n i t y to pH 4.5 EPA 310.1 
00212 Total Dissolved Solids EPA 160.1 
00219 N i t r i t e Nitrogen EPA 353.2 
00220 Nitrate Nitrogen EPA 353.2 
00224 Chloride EPA 300.0 
0022B Sulfate EPA 300.0 
02300 DST-Unleaded Waters by SK-B46 B260B 

82 60B 
01163 GC/MS VOA Water Prep SW-84 6 5030B 
01848 WW SW84 6 ICP Digest (tot SW-B4 6 3005A 

rec) 
05713 WW SW84 6 Hg Digest SW-84 6 7470A 

Account Number: 11288 

ConocoPhillips 
P.O. Box 2197; 5027 TN 

Houston TX 77252 

1 09/21/2003 01 :09 Donna R Sackett . 1 
1 09/20/2003 07 :1B Joanne M Gates 1 
1 09/21/2003 01 09 Donna R Sackett 1 
1 09/20/2003 07 IB Joanne M Gates 1 
1 09/21/2003 01 09 Donna R Sackett 1 
1 09/20/2003 07 IB Joanne M Gates 1 
1 09/20/2003 07 IB Joanne M Gates 1 
1 09/22/2003 19 57 Elaine F S t o l t z f u s 1 
1 09/22/2003 19 57 Elaine F S t o l t z f u s 1 
1 09/20/2003 07 55 Susan A Engle 1 
1 09/17/2003 22 D4 Kyle W Eckenroad 1 
1 09/26/2003 13 42 Michelle A Bolton 5 
1 09/22/2003 15:42 Shannon L P h i l l i p s 200 
1 09/22/2003 15: 42 Shannon L P h i l l i p s 200 
1 09/23/2003 19: 28 Maria S Lord 1 

1 09/23/2003 19: 28 Maria S Lord n.a 
1 09/18/2003 20:15 James L Mertz 1 

1 09/19/2003 13: 15 Damary V a l e n t i n 1 

M E M B E R 

Lancaster Laboratories, Inc. 
2425 New Holland Pike 



Page 1 of3 

Quality Control Summary 

Clien t Name: ConocoPhillips Group Number: 867300 
Reported: 09/29/03 at 12:24 PM 

L a b o r a t o r y Compl iance Q u a l i t y C o n t r o l 

Blank Blank Report ICS LCSD • LCS/LCSD 
Analysis Name Result MDL Units %REC %REC Limits 

Batch number: 03260105101A Sample number(s): 4123496 -4123499 
N i t r i t e Nitrogen N.D. 0.015 mg/l 93 89-110 

Batch number: 032 60105101B Sample number(s): 4123502 
N i t r i t e Nitrogen N.D. 0.015 mg/l 93 89-110 

Batch number: 032611848005 Sample number(s): 4123496 -4123499,4123502 
Calcium N.D. 0.04S4 mg/l 101 93-113 
Sodium N.D. 0.463 mg/l 1D5 89-112 
Arsenic N.D. 0.0049 mg/l 100 92-109 
Selenium N.D. 0.0047 mg/l 100 91-111 
Barium N.D. 0.0004E mg/l 102 93-109 
Cadmium N.D. 0.0008" mg/l 105 97-111 
Chromium N.D. 0.0D22 mg/l 104 95-112 
Lead N.D. 0.0093 mg/l 103 93-110 
Manganese N.D. 0.00051 mg/l 103 93-110 
Sil v e r N.D. 0.0018 mg/l 103 96-114 

Batch number: 03261401103B Sample number(s): 4123496-4123499 
Chloride N.D. 0.30 mg/1 98 90-110 
Sulfate N.D. 0.30 mg/l 99 89-110 

Batch number: 032625713001 Sample number(s): 4123496-4123499,4123502 
Mercury N.D. 0.00016 mg/1 97 84-124 

Batch number: 03263021201A Sample number(s): 4123496-4123499,4123502 
Total Dissolved Solids N.D. 9.7 mg/1 103 80-120 

Batch number: 03265020201A Sample number(s): 4123496, 4123502 
A l k a l i n i t y to pH 4.5 99 98-103 

Batch number: 03265401101A Sample number(s): 4123502 
Chloride N.D. 0.30 mg/l S9 90-110 
Sulfate N.D. 0.30 mg/l 99 89-110 

Batch number: 03266020201A Sample number(s): 4123497-4123499 

RPD RPD Max 

A l k a l i n i t y to pH 4.5 100 98-103 

Batch number: 0326B106101B 
Nitrate Nitrogen 

Sample number(s): 
N.D. 0.040 

4123497-4123499 
mg/l 102 89-110 

Batch number: 03269106101B 
N i t r a t e Nitrogen 

Sample number(s): 
N.D. 0.040 

4123502 
mg/l 100 89-110 

Batch number: 03270106101A 
Nitrate Nitrogen 

Sample number(s): 
N.D. 0.040 

4123496 
mg/l 9B 89-110 

*- Outside of specification 
(1) The result for one or both determinations was less than five times tlie LOQ. 
(2) The background result was more than four times the spike added. 

Lancaster Laboratories, Inc. 
M E M B E R ^ New Ho|| a n c J Pike 



Lancaster 
™lr Laboratories 

Page 2 of3 

Quality Control Summary 

Client Name: ConocoPhillips Group Number: 867300 
Reported: 09/29/03 at 12:24 PM 

L a b o r a t o r y Compl iance Q u a l i t y C o n t r o l 

Blank Blank Report LCS LCSD LCS/LCSD 
Analysis Name Result MDL Units %REC %REC Limits 
Batch number: T032661AA Sample number(s): 4123495-4 123502 
Benzene N.D. 0.5 ug/1 98 85-117 
Toluene N.D. 0.7 ug/1 99 85-115 
Ethylbenzene N.D. 0.8 ug/1 96 82-119 
Xylene (Total) N.D. 0.8 ug/1 100 84-120 

Sample M a t r i x Q u a l i t y C o n t r o l 

MS MSD MS/MSD RPD BKG DUP DUP Dup 
RPD 

Analysis Name %REC %REC Limits RPD MAX Cone Cone RPD Max 

Batch number: 03260105101A Sample number(s) : 4123496 -4123499 
N i t r i t e Nitrogen 103 90-110 N.D. N.D. 0 (1) 20 

Batch number: 03260105101B Sample number(s) : 4123502 
N i t r i t e Nitrogen 93 90-110 N.D. N.D. 0 (1) 20 

Batch number: 03261184B005 Sample number(s): 4123496 -4123499,4123502 
Calcium (2) (2) 78-122 0 20 19.2 19.1 0 20 
Sodium (2) (2) 75-125 2 20 5B.0 57.1 2 20 
Arsenic 101 101 B6-11S 0 20 N.D. N.D. 0 (1) 20 
Selenium 100 100 75-125 0 20 N.D. N.D. 0 (1) 20 
Barium 103 102 82-113 1 20 0.0337 0.0332 1 20 
Cadmium 104 104 87-117 0 20 N.D. N.D. 0 (1) 20 
Chromium 105 104 B6-118 1 20 N.D. N.D. 0 (1) 20 
Lead 104 104 87-118 0 20 N.D. N.D. 0 (1) 20 
Manganese 104 103 B5-111 1 20 0.0076 0.0071 7 (1) 20 
Sil v e r 106 105 75-125 1 20 N.D. N.D. 0 (1) 20 

Batch number: 03261401103B Sample number(s): 4123496-•4123499 
Chloride 98 90-110 331. 341. 3 ID 3 
Sulfate 98 90-110 1,510. 1,530. 1 3 

Batch number: 032625713001 Sample number(s): 4123496- 4123499,4123502 
Mercury 106 9B 80-120 B 20 N.D. N.D. 183* (1) 20 

Batch number: 03263021201A Sample number(s): 4123496-4123499,4123502 
Total Dissolved Solids 94 99 60-140 2 5 3,080. 2,990. 3 5 

Batch number: 03265020201A Sample number(s): 4123496, 4123502 
A l k a l i n i t y to pH B.3 N.D. N.D. 0 (1) 4 
A l k a l i n i t y to pH 4.5 98 97 64-130 1 2 156. 155. 0 4 

Batch number: 03265401101A Sample number(s): 4123502 
Chloride 95 90-110 13.7 13.8 1 3 

*- Outside of specification 
(1) The result for one or both determinations was less than five times the LOQ. 
(2) The background result was more than four times the spiice added. 

Lancaster Laboratories, Inc. 
K« i= an a e 2 4 2 5 N e w Holland Hke 



Lancaster 
Laboratories 

Page 3 of3 

Quality Control Summary 

Client Mame: ConocoPhillips 
Reported: 09/29/03 at 12:24 PM 

Analysis Name 
Sulfate 

Batch number: 0326602D201A 
A l k a l i n i t y to pH 8.3 
A l k a l i n i t y to pH 4.5 

Batch number: 03268106101B 
N i t r a t e Nitrogen 

Batch number: 03269106101B 
N i t r a t e Nitrogen 

Group Number: 867300 

Sample Matrix Qual i ty Control 

MS 

%REC 
95 

MSD 

%KEC 

MS/MSD 

Limits RED 

RPD 

MAX 
90-110 

Sample number(s): 4123497-4123499 

99 99 64-130 0 2 

.Sample number(s): 4123497-4123499 
64* 90-110 

Sample number|s): 4123502 
106 90-110 

BKG 

Cone 
5.7 

N.D. 
90.2 

2.6 

6.3 

DUP 

Cone 
4.7 

N.D. 
92.1 

2.6 

6.1 

DOT 

RED 
21* (1) 

0 (1) 
2 

Dup 
RPD 
Max 
3 

3* 

Batch number: 03270106101A Sample number(s): 4123496 
N i t r a t e Nitrogen 103 90--110 

Batch number: T032661AA Sample number(s): 4123496--4123502 
Benzene 101 96 83--128 5 30 
Toluene 99 96 83--127 4 30 
Ethylbenzene 94 93 82--129 1 30 
Xylene (Total) 97 94 82--130 4 3D 

Surrogate Quality Control 

Analysis Name: DST-Dnleaded Waters by 8260B 
Batch number: T032661AA 

Dibromofluoromethane 1,2-Dichloroethane-d4 Toluene-d8 4-Bromofluorobenzene 

4123496 107 103 96 94 
4123497 107 100 96 94 
412349B 107 102 96 94 
4123499 106 98 97 95 
4123500 107 99 97 95 
4123501 106 99 98 96 
4123502 109 100 97 93 
Blank 107 105 96 93 
LCS 97 97 104 106 
MS 100 99 104 104 
MSD 96 97 103 102 

Limits: Bl-120 82-112 85-112 83-113 

*- Outside of specification 
(1) The result for one or both determinations was less man five times the LOQ. 
(2) The background result was more than four times the spiice added. 

Lancaster Laboratories, Inc. 

M E M B E R ^ „ ^ , H , ° " a n d P i l ' e 





APPENDIXB 

Aquifer Test Analysis Data 
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Waterloo Hydrogeologic 
180 Columbia St. W. 
Waterloo, Dntarlo.Canada 
ph.(51B)746-179B 

Pumping test analysis 
Time-Drawdown plot 
with discharge 

Date: 22.10.2003 Comprehensive Report, Waterloo Hydrogeologic 
180 Columbia St. W. 
Waterloo, Dntarlo.Canada 
ph.(51B)746-179B 

Pumping test analysis 
Time-Drawdown plot 
with discharge 

Project: PCA Junction j 

Waterloo Hydrogeologic 
180 Columbia St. W. 
Waterloo, Dntarlo.Canada 
ph.(51B)746-179B 

Pumping test analysis 
Time-Drawdown plot 
with discharge 

Evaluated by: RMS I 

Pumping Test No. No. 1 Test conducted on: September 17,2003 J 

MW-3 - I 



Waterloo Hydrogeologic 
180 Columbia St.W. 
WaterlOD.OntBrlo.Canada 

ph.(51B)746-17BB 

Pumping test analysis 
Time-Drawdown plot 
with discharge 

Date: 22.10.2003 Comprehensive Report, Waterloo Hydrogeologic 
180 Columbia St.W. 
WaterlOD.OntBrlo.Canada 

ph.(51B)746-17BB 

Pumping test analysis 
Time-Drawdown plot 
with discharge 

Project: PCA Junction j 

Waterloo Hydrogeologic 
180 Columbia St.W. 
WaterlOD.OntBrlo.Canada 

ph.(51B)746-17BB 

Pumping test analysis 
Time-Drawdown plot 
with discharge 

Evaluated by: RMS. J 

Pumping Test No, No. 1 Test conducted on: September 17,2003 I 

MW-3 MW-3 [ 

Distance from the pumping well 1.00 ft 

Static water level: 24.26 ft below datum 

Pumping test duration' 

[min] 

Water level Drawdown 

[ft] 
1 0.00 24.26 0.00 
2 0.25 24.56 0.30 

3 0.50 24.60 0.34 

4 0.75 24.66 0.40 
5 1.00 24.69 0.43 
6 125 • 24.74 0.48 

7 1.50 24.79 0.53 
8 1.75 24.82 0.56 

9 2.00 24.83 0.57 

10 2.25 24.84 0.58 

11 2.50 24.86 0.60 
12 2.75 24.88 0.62 
13 3.00 24.89 0.63 

14 3.25 24.90 0.64 

15 3.50 24.91 0.65 
16 3.75 24.92 0.66 
17 4.00 24.93 0.67 
18 4.25 24.93 0,67 
19 4.50 24.94 0.68 
20 4.75 24.95 0.69 
21 5.00 24.96 0.70 
22 5.50 24.98 0.72 
23 6.00 25.00 • 0.74 
24 6.50 25.02 0.76 
25 7.00 25.05 0.79 

26 7.50 25.08 0.82 
27 8.00 25.11 0.85 
28 8.50 25.13 0.87 
29 9.00 25.16 • 0.90 
30 9.50 25.18 0.92 
31 10.00 25.20 0.94 
32 11.00 25.23 0.97 
33 12.00 • 25.25 0.99 
34 13.00 • 25.30 1.04 
35 14.00 25.33 1.07 
36 15.00 25.35 1.09 
37 16.00 25.37 1.11 
38 17.00 25.39 1.13 
39 18.00 25.41 1.15 
40 19.00 25.43 .1.17 

... _ 4 r 20.00- - -• - •- - -20745 - - - - 1.19- • | 
42 21.00 25.46 1.20 
43 22.00 25.47 1.21 . 

- 44" - 23.00 2547•• .. 1.21. . 
45 24.00 , 25.48 1.22 
46 25.00 25.49 1.23 
47 26.00 25.50 1.24 
48 27.00 25.51 1.25 



Waterloo Hydrogeologic 
180 Columbia St. W. 
WatBrlOD.OntariD,Canada 
ph.(519)746-17BB 

Pumping test analysis 
Time-Drawdown plot 
with discharge 

Date: 22.10.2003 Comprehensive Report, Waterloo Hydrogeologic 
180 Columbia St. W. 
WatBrlOD.OntariD,Canada 
ph.(519)746-17BB 

Pumping test analysis 
Time-Drawdown plot 
with discharge Project: PCA Junction 

Waterloo Hydrogeologic 
180 Columbia St. W. 
WatBrlOD.OntariD,Canada 
ph.(519)746-17BB 

Pumping test analysis 
Time-Drawdown plot 
with discharge 

Evaluated by; RMS 

Pumping Test No. No. 1 Test conducted on: September 17,2003 

MW-3 MW-3 

Distance from the pumping well 1.00 ft 

Static water level: 24.26 ft below datum 

Pumping test duration 

[min] 

Water level 

[ft] 

Drawdown 

[ft] 
51 30.00 25.54 1.28 
52 35.00 25.57 1,31 
53 40.00 25.63 1.37 
54 45.00 25.58 1.32 
55 50.00 25.67 1,41 
56 55.00 25.67 1.41 
57 6D.00 25.81 1.55 
58 65.00 25,72 1.46 
59 70.00 25.85 1.59 
60 76.00 25.79 • 1.53 
61 80.00 25.75 1.49 
62 85.00 25.79 1.53 
63 90.00 25,87 1.61 
64 105.00 25.80 1.54 
65 120.00 25.67 1.41 
66 150.00 25.57 • 1.31 -
67 169.00 25.64 1.38 

•- - - --• - - • - - •• •• 



Waterloo Hydrogeologic 
180 Columbia St. W. 
Watsrloo.OntarlD.Canads 
ph,(518)746-179B 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer 

Date: 22.10.2003 Comprehensive Report, Waterloo Hydrogeologic 
180 Columbia St. W. 
Watsrloo.OntarlD.Canads 
ph,(518)746-179B 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer Project: PCA Junction 

Waterloo Hydrogeologic 
180 Columbia St. W. 
Watsrloo.OntarlD.Canads 
ph,(518)746-179B 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer 

Evaluated by: RMS 

Pumping Test No. No, 1 Test conducted on: September 17, 2003 

MW-3 

Discharge 0.43 U.S.gal/min 

3 

r 

.MW-3 

Transmissivity [cm2/s]: 7.08 x 10'1 

Hydraulic conductivity [cm/s]: 2,32 x 10"3 

Aquifer thickness [cm]: 304.8 



Waterloo Hydrogeologic 
180 Columbia St. W. 
Water] oo.OntBrio.CBnada 
ph,(519)74B-1798 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer 

Date: 22.10.2003 Comprehensive Report* Waterloo Hydrogeologic 
180 Columbia St. W. 
Water] oo.OntBrio.CBnada 
ph,(519)74B-1798 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer 

Project: PCA Junction j 

Waterloo Hydrogeologic 
180 Columbia St. W. 
Water] oo.OntBrio.CBnada 
ph,(519)74B-1798 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer 

Evaluated by: RMS j 

Pumping Test No. No. 1 Test conducted on: September 17, 2003 

MW-3 MW-3 

Discharge 0.43 U.S.gal/min Distance from the pumping well 30.5 cm 

Static water level: 739.4 cm below datum 

Pumping test duration 

fs] 

Water level 

[cm] 

Drawdown 

[om] 

Corrected 

drawdown 

[cm] 

2 15 748.6 9.1 9.0 

3 30 749,8 10.4 10.2 

4 45 751.6 12.2 11.9 
5 60 752.6 13.1 12.8 

6 75 754.1 14.6 14.3 

7 90 755.6 16.2 15.7 
8 105 756.5 17.1 16.6 

9 120 756.8 17.4 16.9 

10 135 757.1 17.7 17.2 

11 150 757.7 18.3 17.7 
12 165 758.3 18.9 18.3 
13 180 758.6 19.2 18.6 

14 195 759.0 19.5 18.9 

15 210 759.3 19.8 19.2 

16 225 759.6 20.1 19.5 
17 240 759.9 20.4 19.7 
18 255 759.9 20.4 19.7 
19 270 760.2 20.7 20,0 
20 2B5 760.5 21.0 20.3 

21 300 760.8 21.3 20.6 

22 330 761.4 21.9 21.2 

23 360 762.0 22.6 21.7 

24 3,90 762.6 23.2 22.3 
25 420 763.5 24.1 23.1 

26 450 764.4 25.0 24.0 

27 480 765.4 25.9 24.8 
28 510 766.0 26.5 25,4 
29 540 766.9 27.4 26.2 
30 570 767.5 28.0 26.8 
31 600 768.1 28.7 27.3 
32 660 769,0 29.6 28.1 
33 720 769.6 30.2 28.7 
34 780 771.1 31.7 30,1 
35 840 772.1 32.6 30.9 
36 900 772.7 .33.2 31.4 
37 960 773.3 33.8 32.0 
38 1020 • 773.9 34.4 32.5 
39 1080 774.5 35.1 33.0 
40 1140 775.1 35.7 33,6 
41 1200 775.7 • 36.3 - 34.1 -
42 1260 776.0 36.6 34.4 
43 1320 776.3 36.9 34.6 
44 "1380 776.3 36.9 - -34.6 • -
45 1440 776.6 37.2 34.9 
46 1500 776.9 37.5 35.2 
47 1560 777.2 37.8 35.5 
48 1620 777.5 38.1 35.7 



Waterloo Hydrogeologic 
180 Columbia St. W. 
WatsriocOntBrlo.CanadB 
ph.(51B)746-17BB 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer 

Date; 22.10.2003 Comprehensive Report, 

Project: PCA Junction 

Evaluated by: RMS 

Pumping Test No. No. 1 Test conducted on: September 17,2003 

MW-3 MW-3 

Discharge 0.43 U.S,gal/min Distance from the pumping well 30.5 cm 

Static water level: 739.4 cm below datum 

Pumping test duration 

[s] 

Water level 

[cm] 

Drawdown 

[cm] 

Corrected 

drawdown 

[cm] 
51 1800 778.5 39.0 36.5 
52 2100 779.4 39.9 37.3 
53 2400 781,2 41.8 38.9 
54 2700 779.7 40.2 37.6 
55 3000 782,4 43.0 39.9 
56 3300 782.4 43.0 39.9 
57 3600 786.7 47.2 43.6 
58 3900 783.6 44.5 41.3 
59 4200 7B7.9 48.5 44.6 
60 4560 786.1 46.6 43.1 
61 4800 784.9 45.4 42.0 
62 5100 786.1 46.6 43.1 
63 5400 788.5 49,1 45.1 
64 6300 786.4 46.9 43.3 
65 7200 7B2.4 43.0 39.9 
66 9000 779.4 39.9 37.3 
67 10140 781.5 42.1 39.2 

" 

• • ' • - - - -• - - -



Waterloo Hydrogeologic 
180 Columbia St. W. 
Walerloo.Ontarlo.CanBda 
ph,(S19)746-1788 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer 

Date: 22.10.2003 Comprehensive Report" Waterloo Hydrogeologic 
180 Columbia St. W. 
Walerloo.Ontarlo.CanBda 
ph,(S19)746-1788 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer 

Project: PCA Junction j 

Waterloo Hydrogeologic 
180 Columbia St. W. 
Walerloo.Ontarlo.CanBda 
ph,(S19)746-1788 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer 

Evaluated by: RMS J 

Pumping Test No. No. 1 Test conducted on: September 17,2003 j 

MW-3 

Discharge 0.43 U.S.gal/mln 

3 

5 

, MW-3 

Transmissivity [ft2/min]: 4.57 x10"2 

Hydraulic conductivity [ft/minj: 4.57 x 10-

Aquifer thickness [ft]: 10.00 



Waterloo Hydrogeologic 
180 Columbia St W. 
Waterloo.Ontarlo.Canada 
ph.(51B}746-1786 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer 

Date: 22.10.2003 Comprehensive Report Waterloo Hydrogeologic 
180 Columbia St W. 
Waterloo.Ontarlo.Canada 
ph.(51B}746-1786 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer Project: PCA Junction 

Waterloo Hydrogeologic 
180 Columbia St W. 
Waterloo.Ontarlo.Canada 
ph.(51B}746-1786 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer 

Evaluated by: RMS 

Pumping Test No. No. 1 Test conducted on: September 17,2003 

MW-3 MW-3 

Discharge 0.43 U.S.gal/mln Distance from the pumping well 1,00 ft 

Static water level: 24.26 ft below datum 

Pumping test duration 

[min] 

Water level 

fft] 

Drawdown 

[ft] 

Corrected 

drawdown 

[ft] 

2 0.25 24.56 0.30 0.30 
3 0.50 24.60 0.34 0.33 
4 0.75 24.66 0.40 0.39 
5 1.00 24.69 0.43 0.42 
6 1.25 24.74 0.4B 0.47 
7 1.50 24.79 0.53 0.52 
8 1.75 24.82 0.56 0.54 
g 2.00 24.83 0.57 0.55 

10 2.25 24.84 . 0.58 0.56 
11 2.50 24.86 0.60 0.58 
12 2,75 24.88 0.62 0.60 
13 3.00 24.B9 0.63 0.61 
14 3.25 24.90 0,64 0.62 
15 3.50 24.91 0.65 0.63 
16 3.75 24.92 0.66 0.64 
17 4,00 24.93 0.67 0.65 
18 4.25 24.93 0.67 0.65 
19 4.50 24.94 0.68 0.66 
20 4.75 24.95 0.69 0.67 
21 5.00 24.96 0.70 0.68 
22 5.50 24.98 0.72 0.69 
23 6,00 25.00 0.74 0.71 
24 6.50 25,02 0.76 0.73 
25 7.00 25.D5 0.79 0.76 
26 7,50 25.D8 0,82 0.79 
27 8,00 25.11 0.85 0.81 
28 8.50 25.13. 0.87 0.83 
29 g.oo 25.16 0.90 0.86 
30 9.50 25.18 0.92 0.88 
31 10,00 25.20 0.94 0.90 
32 11.00 25.23 0.97 0.92 
33 12.00 25.25 0.99 0.94 
34 13.00 25.30 1.04 0.99 
35 14.00 25.33 1.07 1.01 
36 15.00 25.35 1.09 1.03 
37 16.00 25.37 1.11 1.05 
38 17.00 25.39 1.13 1.07 
39 18.00 25.41 • 1.15 1.08 
40 19.00 25.43 1.17 1.10 
41 20.00 " "2535 -1:19— " " " - - - -T.12-
42 21.00 25.45 1.20 1.13 
43 22.00 25.47 1.21 1.14 
44 23.00 25.47 " 1 . 2 1 - - . 1.14 • 
45 24.00 25.48 1.22 1.15 
46 25.00 25.49 1.23 1.15 
47 26.00 25.50 1.24 1,16 
48 27.00 25.51 1.25 1.17 



Waterloo Hydrogeologic 
180 Columbia St. W. 
Watarloo,Ontarlo,Canada 
ph.(51B)746-17B8 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer 

Date: 22.10.2003 Comprehensive Report" Waterloo Hydrogeologic 
180 Columbia St. W. 
Watarloo,Ontarlo,Canada 
ph.(51B)746-17B8 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer Project: PCA Junction | 

Waterloo Hydrogeologic 
180 Columbia St. W. 
Watarloo,Ontarlo,Canada 
ph.(51B)746-17B8 

Pumping test analysis 
Theis analysis method 
Unconfined aquifer 

Evaluated by: RMS 

Pumping Test No. No. 1 Test conducted on: September 17,2003 

MW-3 MW-3 

Discharge 0.43 U.S.gal/min Distance from the pumping well 1.00 ft 

Static water level: 24.26 ft below datum 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

Pumping test duration 

[min] 
30.00 
35.00 
40.00 
45.00 
50.00 
55,00 
60.00 
65,00 
70.00 
76.00 
80.00 
85.00 
90.00 

105.00 
120,00 
150.00 
169.00 

Water level Drawdown 

25.54 
25.57 
25,63 
25,58 
25,67 
25,67 
25,81 
25,72 
25.85 
25.79 
25,75 
25,79 
25.87 
25,80 
25,67 
25,57 
25.64 

1,28 
1.31 
1,37 
1.32 
1.41 
1.41 
1.55 
1,46 
1.59 
1.53 
1.49 
1.53 
1.61 
1,54 
1,41 
1.31 
1.38 

Corrected 

drawdown 

[ft] 
1.20 
1.22 
1.28 
1.23 
1.31 
1.31 
1.43 
1.35 • 
1.46 
1,41 
1.38 
1,41 
1.48 
1.42 
1.31 
1.22 
1.28 



Waterloo Hydrogeologic 
180 Columbia St. W. 
WatBrtoo.Ontarlo,Canada 

ph.(51B)746-179B 

Pumping test analysis 
Theis analysis method 
Confined aquifer 

Date: 22.10.2003 Comprehensive Report, 

Project: PCA Junction 

Evaluated by: RMS 

Pumping Test No. No, 1 Test conducted on: September 17,2003 

MW-3 

Discharge 0,43 U.S.gal/mln 

3 

.MW-3 

Transmissivity [ft2/mln]: 4.57 x 10' 



Waterloo Hydrogeologic 
180 Columbia St. W, 
WaterloD.Ontariô ansda 
ph.{61B)74B-17BB 

Pumping test analysis 
Theis analysis method 
Confined aquifer 

Date: 22.10.2003 Comprehensive Report] Waterloo Hydrogeologic 
180 Columbia St. W, 
WaterloD.Ontariô ansda 
ph.{61B)74B-17BB 

Pumping test analysis 
Theis analysis method 
Confined aquifer Project: PCA Junction 

Waterloo Hydrogeologic 
180 Columbia St. W, 
WaterloD.Ontariô ansda 
ph.{61B)74B-17BB 

Pumping test analysis 
Theis analysis method 
Confined aquifer 

Evaluated by: RMS 

j Pumping Test No. No. 1 Test conducted on: September 17,2003 

MW-3 MW-3 

Discharge 0.43 U.S.gal/mln Distance from the pumping well 1.00 ft 

Static water level: 24,26 ft below datum 

Pumping test duration 

[min] 

Water level 

[«] 

Drawdown 

[ft] . 

2 0.25 24.56 0.30 
3 0.50 24.60 0.34 
4 0,75 24.66 0.40 
5 1.00 24.69 0.43 

I 6 1.25 24.74 0.48 
7 1.50 24.79 0.53 
8 1.75 24.82 0.56 
9 2.00 24,83 0.57 

10 2.25 24.84 0.58 
11 2.50 24.86 0.60 
12 2.75 24.88 0.62 
13 3.00 24.89 o;63 
14 3,25 24.90 0.64 
15 3.50 24.91 0.65 
16 3.75 24.92 0.66 
17 4.00 24.93 0.67 
18 4.25 24.93 0.67 
19 4.50 24.94 0.68 
20 4.75 24.95 0.69 

I 21 5.00 24,96 0.70 
22 5.50 24.98 0.72 
23 6.00 ' 25.00 0.74 
24 6.50 25.02 0.76 
25 7.00 25.05 0.79 
26 7.50 25.0B • 0.82 -
27 8.00 25.11 0.85 

1 28 8.50 25.13 • 0.87 
29 9.00 25.16 0.90 
30 9.50 25.18 0.92 

10.00 25.20 0.94 

I 32 11.00 25.23 0.97 
33 12.00 25.25 0.99 
34 13.00 25.30 1.04 
35 14.00 25,33 1.07 
36 15.00 • 25.35 1.09 
37 16.00 25.37 1.11 
38 17.00 25.39 1.13 
39 18.00 25.41 1.15 

[ 40 19.00 25.43 1.17 
41 20.00 " -Z57fEr -, -—ins — — 
42 21.00 25.46 1.20 
43 22.00 25.47 1.21 
44 23.00 ~ 25.47 - - 1.21 -

• •• • 
45 24.00 25.48 1.22 
46 25.00 ' 25.49 1.23 
47 26.00 25.50 1.24 
48 27.00 25.51 1.25 



Waterloo Hydrogeologic 
180 Columbia StW. 
Walertoo.OntBrio.CanadB 
ph.(61B)746-17BB 

Pumping test analysis 
Theis analysis method 
Confined aquifer 

Date: 22.10.2003 Comprehensive Report, 

Project: PCA Junction 

Evaluated by: RMS 

Pumping Test No. No. 1 Test conducted on: September 17,2003 

MW-3 MW-3 

Discharge 0.43 U.S.gal/mln Distance from the pumping well 1.00 ft . 

Static water level: 24,26 ft below datum 

Pumping test duration 

[min] 

Water level 

[ft] 

Drawdown 

[ft] 
51 30.00 25.54 1.28 
52 35.00 25.57 1.31 
53 40.00 25.63 1.37 
54 45.00 25.58 1.32 
55 50,00 25.67 1.41 
56 55.00 25.67 1.41 
57 60.00 25.81 1,55 
58 65.00 25.72 1.46 
59 70,00 25,85 1.59 
60 76,00 25.79 1.53 
61 80.00 25,75 1.49 
62 85.00 25,79 1.53 
63 90.00 25.87 1.61 
64 105.00 25.80 1.54 
65 120.00 25.67 1.41 
66 150.00 25.57 1.31 
67 169.00 25.64 1.38 

I 



Waterloo Hydrogeologic 
180 Columbia StW. 
WatertaD.Ontario, Canada 
ph,(518)746-17BB 

Pumping test analysis 
Tlme-Drawdown-method after 
COOPER & JACOB 
Confined aquifer 

Date: 22.10.2003 Comprehensive Report, 

Project: PCA Junction 

Evaluated by: RMS 

Pumping Test No. No. 1 Test conducted on: September 17,2003 

MW-3 

Discharge 0.43 U,S.gal/min 

t [min] 
101 

,MW-3 

Transmissivity [ft2/min]: 1.85 x 10'2 



Waterloo Hydrogeologic 
180 Columbia St. W. 
WaterloD.Ontarlo.Canacla 
ph.(619)746-17BB 

Pumping test analysis 
Time-Drawdown-method after 
COOPER & JACOB 
Confined aquifer 

Date: 22.10.2003 Comprehensive Report, 

Project: PCA Junction 

Evaluated by: RMS 

Pumping Test No. No, 1 Test conducted on: September 17,2003 

MW-3 MW-3 

Discharge 0.43 U.S.gai/mln Distance from tbe pumping weil 1.00 ft 

Static water level: 24.26 ft below datum 

10 
11 
12 
13 

J i 
_15_ 
16 
17 
18 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3B 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

Pumping test duration 

[min] 

0.25 
0.50 
0,75 
1.00 
1.25 
1,50 
1,75 
2.00 
2.25 
2,50 
2.75 
3.00 
3.25 
3,50 
3.75 
4,00 
4.25 
4.50 
4,75 
5,00 
5,50 
6,00 
6,50 
7,00 
7.50 
8.00 
8.50 
9,00 
9.50 

10.00 
11.00 
12.00 
13.00 
14.00 
15,00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00 
26,00 
27.00 

Water level 

24.56 
24.60 
24.66 
24-69 
24.74 
24.79 
24.82-
24.83 
24.84 
24.86 
24.88 
24.89 
24.90 
24.91 
24.92 
24.93 
24.93 
24.94 
24.95 

.24.96 
24.98 
25:00 
25.02 
25.05 
25.08 
25.11 
25,13 
25,16 
25.18 
25.20 
25.23 
25,25 
25,30 
25,33 
25.35 
25.37 
25:39 
25,41 
25,43 

~2~5:45~" 
25.46 
25,47 
25.47 ' 
25,48 
25.49 
25.50 
25.51 

Drawdown 

[ft] 

0.30 
0.34 
0.40 
0.43 
0.48 
0.53 
0.56 
0.57 
0.58 
0.60 
0.62 
0.63 
0.64 
0.65 
0,66 
0.67 
0,67 
0.68 
0,69 
0,70 
0.72 
0.74 
0.76 
0.79 
0.62 
0.85 
0.87 
0.90 
0.92 
0.94 
0.97 
0.99 
1.04 
1.07 
1,09 
1,11 
1.13 
1.15 
1.17 

~T,T9— 
1.20 
1.21 
1,21 - -
1.22 
1,23 
1,24 
1.25 



Waterloo Hydrogeologic 
180 Columbia St. W. 
WBterloo.Dntflrlo,Canada 
ph.(519)74B.17BB 

Pumping test analysis 
Time-Drawdown-method after 
COOPER & JACOB 
Confined aquifer 

Date: 22.10.2003 Comprehensive Report̂  Waterloo Hydrogeologic 
180 Columbia St. W. 
WBterloo.Dntflrlo,Canada 
ph.(519)74B.17BB 

Pumping test analysis 
Time-Drawdown-method after 
COOPER & JACOB 
Confined aquifer 

Project: PCA Junction I 

Waterloo Hydrogeologic 
180 Columbia St. W. 
WBterloo.Dntflrlo,Canada 
ph.(519)74B.17BB 

Pumping test analysis 
Time-Drawdown-method after 
COOPER & JACOB 
Confined aquifer Evaluated by: RMS j 

Pumping Test No. No. 1 Test conducted on; September 17,2003 

MW-3 MW-3 

Discharge 0,43 U.S.gal/min Distance from the pumping well 1.00 ft 

Static water level: 24.26 ft below datum 

Pumping test duration 

[min] 

Water level 

M 

Drawdown 

[ft] 
51 30,00 25.54 1.28 
52 35.00 25.57 1.31 

53 40.00 25.63 1.37 
54 45.00 25.53 1,32 
55 50.00 25.67 l . 4 i ' 
56 55,00 25.67 •1.41 
57 60,00 25.81 1.55 
5B 65.00 25,72 ' 1.46 
59 70.00 25.85 1.59 
60 76,00 25.79 1.53 
61 80.00 25,75 1.49 
62 85.00 25.79 1.53 
63 90.00 25.87 1.61 
64 105.00 25.80 1.54 
65 120.00 25,67 1.41 

67 
150.00 
169.00 

25.57 
25.64 

1.31 
1.38 



Waterloo Hydrogeologic 
180 Columbia St, W. 
Watertoo.Ontarto.Csnsda 
ph.(51B)746-179B 

Pumping test analysis 
NEUMAN's method 
Unconfined aquifer with 
delayed watertable response 

Date: 22.10.2003 Comprehensive Report 
Waterloo Hydrogeologic 
180 Columbia St, W. 
Watertoo.Ontarto.Csnsda 
ph.(51B)746-179B 

Pumping test analysis 
NEUMAN's method 
Unconfined aquifer with 
delayed watertable response 

Project: PCA Junction 
Waterloo Hydrogeologic 
180 Columbia St, W. 
Watertoo.Ontarto.Csnsda 
ph.(51B)746-179B 

Pumping test analysis 
NEUMAN's method 
Unconfined aquifer with 
delayed watertable response Evaluated by: RMS 

Pumping Test No. No, 1 Test conducted on: September 17,2003 

MW-3 

Discharge 0,43 U.S.0al/min 

ffl 

1 

10-3 

oMW-3 

Transmissivity [ft2/min]: 4.57 x10'2 



Waterloo Hydrogeologic 
180 Columbia St. W. 
Waterloo,Ontarlo.Canada 
ph.(51B)746-170B 

Pumping test analysis 
NEUMAN's method 
Unconfined aquifer with 
delayed watertable response 

Date: 22.10.2003 Comprehensive Report Waterloo Hydrogeologic 
180 Columbia St. W. 
Waterloo,Ontarlo.Canada 
ph.(51B)746-170B 

Pumping test analysis 
NEUMAN's method 
Unconfined aquifer with 
delayed watertable response 

Project: PCA Junction 

Waterloo Hydrogeologic 
180 Columbia St. W. 
Waterloo,Ontarlo.Canada 
ph.(51B)746-170B 

Pumping test analysis 
NEUMAN's method 
Unconfined aquifer with 
delayed watertable response Evaluated by: RMS 

Pumping Test No. No. 1 Test conducted on; September 17,2003 

MW-3 MW-3 

Discharge 0,43 u,s,gal/min Distance from the pumping well 1.00 ft 

Static water level: 24.26 ft below datum 

Pumping test duration 

[min] 

Water level 

[ft] 

Drawdown 

[ft] 

2 0.25 24,56 0.30 

3 0,50 24.60 0.34 
4 0.75 24,66 0,40 
6 1.00 24.69 0.43 
6 1.25 24.74 0.48 

7 1.50 24.79 0,53 
8 1.75 24.82 0.56 • 
g 2.00 24.83 0.57 

'10 2.25 24.84 • 0,58 

11 2.50 24.86 0.60 
12 2.75 24.88 0,62 

13 3.00 24,89 0.63 

14 3.25 24.90 0.64 

15 3.50' 24.91 0,65 
16 3.75 24.92 0.66 

17 4,00 24.93 0.67 
18 4.25 24.93 0.67 

19 4.50 24.94 0.6B 
20 4.75 24,95 0.69 
21 5.00 24.96 0.70 
22 5,50 24.98 0.72 
23 6.00 25.00 0,74 

. 24 6.50 25.02 0.76 

25 7.00 25.05 0.79 
26 7.50 25.08 ' 0.82 
27 8.00 25.11 0.85 
28 8.50 25.13 0,87 
29 9.D0 25.16 0.90 
30 9.50 25.18 0.92 
31 10.00 25.20 0.94 
32 11.00 25.23 .0,97 
33 12.00 25.25 0.99 • 
34 13,00 25.30 1.04 
35 14.00 25.33 1.07 
36 15.00 25.35 1.09 
37 16.00 ' 25.37 1.11 
38 17.00 25.39 1.13 
39 18.00 25.41 1.15 
40 19.00 25.43 1.17 
41 • 20.00 25.45 '"" " T 7 I - 9 -
42 21.00 25.46 1.20 
43 22.00 . 25,47 1.21 
44 23.00 . 25.47 1.21 " 
45 24.00 25.48 1.22 
46 25.00 25.49 1.23 
47 26.00 25.50 1.24 
48 27.00 25.51 1.25 



Waterloo Hydrogeologic 
180 Columbia St. W. 
WalartDo.Ontarlo.Canada 
ph.(51B)746-179B 

pumping test analysis 
NEUMAN's method 
Unconfined aquifer with 
delayed watertable response 

Date: 22.10.2003 Comprehensive Report, Waterloo Hydrogeologic 
180 Columbia St. W. 
WalartDo.Ontarlo.Canada 
ph.(51B)746-179B 

pumping test analysis 
NEUMAN's method 
Unconfined aquifer with 
delayed watertable response 

Project: PCA Junction j 

Waterloo Hydrogeologic 
180 Columbia St. W. 
WalartDo.Ontarlo.Canada 
ph.(51B)746-179B 

pumping test analysis 
NEUMAN's method 
Unconfined aquifer with 
delayed watertable response Evaluated by: RMS J 

Pumping Test No. No. 1 Test conducted on; September 17, 2003 

MW-3 MW-3 

Discharge 0.43 U.S.gal/min Distance from the pumping well 1.00 ft 

Static water level: 24.26 ft below datum 

Pumping test duration 

[min] 

Water level 

[ft] 

Drawdown 

[ft] 
51 30.00 25,54 1,28 

52 35.00 25.57 1.31 
53 40.00 25.63 1.37 
54 45.00 25.58 1.32 
55 50.00 25.67 1.41 
56 55.00 25,67 1.41 

57 60,00 25.81 1.55 
58 65.00' 25.72 1.46 
59 70.00 25.85 1.59 
60 78.00 25.79 1.53 
61 80.00 25.75 1.49 
62 85.00 25.79 1.53 
63 90.00 25,87 1.61 
64 105.00 25.80 1.54 
65 120.00 25.67 1.41 
66 150.00 25.57 1.31 

67 169.00 25.64 1.38 

r 



Waterloo Hydrogeologic 
180 Columbia St. W. 
WalBrioD,Ontar|o,CanBda 
ph.(51B)74S-17B8 

Pumping test analysis 
Time-Drawdown plot 
with discharge 

Date: 24.10.2003 Report, Page 1 

Project: PCA 

Evaluated by: RMS 

Pumping Test No. Recovery 1 Test conducted on: 9/17/03 

MW-3 

in 

| 
ro 
D) 

CO 
2. 
a 

t [min] 
150 270 

o PCA MW-3 Recovery 



Water loo Hydrogeologic 
180 Columbia St. W. < 
Waterloo,OntarlD.CenadB 
ph.(519)74S-17aB 

Pumping test analysis 
Time-Drawdown plot 
with discharge 

Date: 24,10.2003 Report, Page 2 Water loo Hydrogeologic 
180 Columbia St. W. < 
Waterloo,OntarlD.CenadB 
ph.(519)74S-17aB 

Pumping test analysis 
Time-Drawdown plot 
with discharge 

Project: PCA 

Water loo Hydrogeologic 
180 Columbia St. W. < 
Waterloo,OntarlD.CenadB 
ph.(519)74S-17aB 

Pumping test analysis 
Time-Drawdown plot 
with discharge 

Evaluated by: RMS 

Pumping Test No. Recovery 1 Test conducted on; 9/17/03 

MW-3 PCA MW-3 Recovery 

Distance from the pumping well 1.00 ft 

Static water level; 24.26 ft below datum 

Pumping test duration 

[min] 

Water level 

[ft] 

Drawdown 

[ft] 
1 0.00 24.26 0.00 

2 0.25 24.56 0.30 

3 0.50 24.60 0.34 

4 0.75 24.66 0.40 

5 1.00 24.69 0.43 

6 1,25 24.74 0.48 

7 1.50 24.79 0.53 

8 1.75 24.82 0.56 

9 2.00 24.83 0.57 

10 2,25 24,84 0.58 

11 2.50 24.86 0.60 

12 2.75 24.88 0.62 

13 3.00 24.89 0,63 

14 3,25 24,90 0.64 

15 3.50 .24.91 0.65 

16 3.75 24,92 0.66 

17 4.00 24.93 0,67 

18 4.25 24.93 0.67 

19 4.50 24.94 0.68 

2D 4.75 24.95 0.63 

21 5.00 24.96 0.70 

22 5.50 24.9B. 0.72 

23 6,00 " " 2 5 . 0 0 0.74 

24 6.50 25.02 0.76 

25 7,00 25.05 0.79 

26 7.50 25.08 0.82 

27 8.00 25.11 0.85. 

28 8.50 25.13 0.87 

29 9.00 25.16 0.90 

30 9.50 25.1B 0.92 

31 10,00 25.20 • 0.94 

32 11.00 25.23 0.97 

33 12.00' 25.25 0.99 

34 13.00 25.30 1.04 

35 14,00 25.33 1.07 
36 15.00 25.35 1.09 

37 16.00 25.37 1.11 

38 17.00 25,39 1.13 

39 18.00 25.41 1.15 

40 . 19.00 • 25.43 1.17 

41 20.00 25.45 1.19 

42 21.00 25.46 1.20 

43 . .; 22.00 ' 25.47 1.21 

44 23.00 25.47 1.21 
45 24.00 25.48 1.22 

46 25.00 25,49 1.23 

47 26.00 25.50 1.24 
/lfl 27.00 25.51 1.25 



Waterloo Hydrogeologic 
180 Columbia St, W, 
Waterloo, Ontarlo.CBnsda 

Pumping test analysis 
Time-Drawdown plot 
with discharge 

Date: 24.10.2003 Report, Page 3 j Waterloo Hydrogeologic 
180 Columbia St, W, 
Waterloo, Ontarlo.CBnsda 

Pumping test analysis 
Time-Drawdown plot 
with discharge Project; PCA [ 

ph.(519)746-17?B Evaluated by: RMS J 

Pumping Test No, Recovery 1 Test conducted on: 9/17/03 

MW-3 PCA MW-3 Recovery 

Distance from the pumping well 1,00 ft 

Static water level; 24.26 ft below datum 

pumping test duration 

[min] 

Water level 

[ft] 

Drawdown 

[ft] 
51 30.00 25,54 1.28 
52 35,00 25.57 1.31 
53 40.00 25.63 1.37 
54 45.00 25,58 1.32 
55 50,00 25.67 1,41 
56 55,00 25.67 1.41 
57 60,00 25.81 1.55 
58 65,00 25.72 1.46 
59 70.00 25.85 1.59 
60 76.00 25.79 '1.53 
61 80.00 25,75 1.49 
62 B5.00 25.79 1.53 
63 90.00 25.87 1.61 

. 64 105.00 25.80 1.54 
65 120,00 25,67 1.41 
66 150.00 25.57 1.31 

. 67 169.00 25.64 1.38 
68 169.01 25.31 1.05 
69 169.02 25.24 0.98 
70 170.00 ' 25,22 0.96 
71 170.01 25.15 0.89 
72 171.00 25.08 0.82 
73 171.01 25.02 0,76 
74 172.00 24.96 0.70 
75 172,01 24.94 0,68 
76 173,00 24.91 0,65 
77 173.01 24.90 0.64 
78 174.00 24.88 ' 0.62 
79 174.01 24.86 0.60 
80 175.00 24.84 0.58 
81 175.01 24.82 0.56 
82 176.00 • 24.79 0.53 
83 176.01 24.75 0.49 
84 177.00 24.70 0.44. 
B5 177,01 24.65 0.39 
86 178.00 24.61 0.35 
87 178.01 24.59 0.33 
88 179.00 24.57 0.31 
89 180.00 24.53 0.27 

— 3 0 - - _Jf l lML_ 24.50 0.24 
91 182,00 24.48 0.22 
92 183.00 24.46 0.20 

- S3 . 184.00 24.43 0.17 
94 185.00 24.42 0.16 
95 1B6.00 24.41 0.15 
96 187.00 24.40- 0.14 
97 188.00 24.38 0.12 
QP 1R9.no 24.38 0.12 



Waterloo Hydrogeologic 
180 Columbia St. W. 
Waterloo,Ontarlo,C8nada 
ph.(S19)746-17Sa 

Pumping test analysis 
Time-Drawdown plot 
with discharge 

Date: 24.10.2003 Report, Page 4 Waterloo Hydrogeologic 
180 Columbia St. W. 
Waterloo,Ontarlo,C8nada 
ph.(S19)746-17Sa 

Pumping test analysis 
Time-Drawdown plot 
with discharge Project: PCA 

Waterloo Hydrogeologic 
180 Columbia St. W. 
Waterloo,Ontarlo,C8nada 
ph.(S19)746-17Sa 

Pumping test analysis 
Time-Drawdown plot 
with discharge 

Evaluated by: RMS 

Pumping Test No. Recovery 1 Test conducted on: 9/17/03 

MW-3 PCA MW-3 Recovery 

Distance from the pumping well 1.00 ft 

Static water level: 24.26 ft below datum 

Pumping test duration 

[min] 

Water level 

[ft] 

Drawdown 

[ft] ' 
101 192.00 24.36 0.10 
102 193.00 24.35 0.09 
103 194.00 24.35 0.09 
104 195.00 24.34 0.08 
105 196.00 24.34 0.08 
106 197.00 24.34 0.08 
107 19B.00 24.33 0.07 
108 199.00 24.33 0.07 
109 204.00 24,31 0.05 | 
110 209.00 24.31 . 0,05 
111 214.00 24.30 0,04 
112 219.00 24.29 0,03 
113 224.00 24.28 0.02 
114 229.00 24.28 0.02 
115 244.00 24,27 0.01 
116 259.00 24.27 0.01 

• _ • 

... 
-

- _. _ 

-• - • -



Waterloo Hydrogeologic 
180 Columbia St. W. 
WalerloD.OntarlD.Cansda 
ph.(519)746-179B 

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Confined aquifer 

Date: 24.10.2003 Report, Page 1 Waterloo Hydrogeologic 
180 Columbia St. W. 
WalerloD.OntarlD.Cansda 
ph.(519)746-179B 

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Confined aquifer 

Project: PCA 

Waterloo Hydrogeologic 
180 Columbia St. W. 
WalerloD.OntarlD.Cansda 
ph.(519)746-179B 

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Confined aquifer Evaluated by: RMS 

Pumping Test No. Recovery 1 Test conducted on: 9/17/03 

MW-3 

Discharge 0.43 U,S,gal/min 

Pumping test duration: 10140 s 

10u 101 

W 
10z 103 

0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 
o PCA MW-3 Recovery 

Transmissivity [cm^s]: 3.84 x10*1 

Hydraulic conductivity [cm/s]: 1.26 x 10' 

Aquifer thickness [cm]: 304.8 

i-3 

10* 10a 
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Waterloo Hydrogeologic 
1BD Columbia St'W. 
Walarloo,OntBrlo,Canada 
ph.(51B)746-179B 

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Confined aquifer 

Date: 24.10.2003 Report, Page 2 

Project: PCA 

Evaluated by: RMS 

Pumping Test No, Recovery 1 Test conducted on: 9/17/03 

MW 3̂ PCA MW-3 Recovery 

Discharge 0.43 U.S.gal/min Distance from the pumping well30.5 cm 

Static water level: 739.4 cm below datum Pumping test duration: 10140 s 

Time from 
end of pumping 

[S] 

Water level 

[cm] 

Residual 
drawdown 

[cm] 

1 1 771.4 32.0 
2 1 769.3 29.9 
3 60 768.7 29.3 
4 61 766.6 27.1 
5 120 764.4 25.0 
6 121 762.6 23.2 
7 180 760.8 21,3 
8 181 760.2 20.7 
8 240 759,3 19.8 

10 241 . 759.0 19.5 

11 300 758.3 18.9 
12 301 757,7 18.3 
13 360 757.1 17.7 
14 361 756.5 17.1 
15 420 755,6 16.2 
16 421 754.4 14.9 
17 480 752.9 13.4 
18 481 751.3 11.9 
19 540 750.1 10.7 
20 541 749.5 10.1 
21 600 748,9 9.4 
22 660 747-7 8.2 
23 720 746.8 7,3 
24 780 746.2 6.7 
25 840 745.5 6,1 
26 900 • 744.6 5,2 
27 960 744.3 4.9 
28 1020 744.0 4.6 
29 1080 743.7 4,3 
30 1140 743.1 3.7 
31 1200 743.1 3.7 
32 1260 742,8 3.4 
33 1320 742.8 3.4 
34 1380 742.5 3.0 
35 1440 742.2 2.7 
36 1500 742.2 2.7 
37 1560 741.9 2,4 
38 1620 741.9 2.4 
39 1680 741.9 2.4 
40 1740 • 741.6 2.1 
41 1800 741.6 " ' Z7\ ._ 
42 2100 741.0 1.5 
43 2400 741.0 1.5 
44 2700 • 740.7 " ' 1 : 2 
45 3000 740.4 0.9 
46 3300 740.1 0.6 
47 • 3600 740.1 0.6 
48 4500 739.7 0.3 



Waterloo Hydrogeologic 
180 Columbia St, W. 
Waterloo.Ontarlo.Canada 
pĥ 619)74B-1788 

pumping test analysis 
Recovery method after 
THEIS & JACOB 
Confined aquifer 

Date: 24.10.2003 Report, Page 1 
Waterloo Hydrogeologic 
180 Columbia St, W. 
Waterloo.Ontarlo.Canada 
pĥ 619)74B-1788 

pumping test analysis 
Recovery method after 
THEIS & JACOB 
Confined aquifer 

Project: PCA 
Waterloo Hydrogeologic 
180 Columbia St, W. 
Waterloo.Ontarlo.Canada 
pĥ 619)74B-1788 

pumping test analysis 
Recovery method after 
THEIS & JACOB 
Confined aquifer Evaluated by: RMS 

MW-3 

Discharge 0.43 U,S,gal/min 

Pumping test duration: 159.00 min 

t/t' 

0.00 

0.20 

0.40 

0.60 

0. 80 

E 

» 1.00 

1.20 

1.40 

1.60 

1. B0 

2.00 
o PCA MW-3 Recovery 

Transmissivity flWmin]: 2.48 x 10"2 

Hydraulic conductivity [ft/min]: 2.48 x 10'3 

Aquifer thickness [ft]: 10,00 
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Waterloo Hydrogeologic 
180 Columbia St. W. 
Walerloo.OntBrio,Canada 

ph.|51S)74S-179B 

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Confined aquifer 

Date: 24.10.2003 Report, Page 2 Waterloo Hydrogeologic 
180 Columbia St. W. 
Walerloo.OntBrio,Canada 

ph.|51S)74S-179B 

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Confined aquifer 

Project: PCA 

Waterloo Hydrogeologic 
180 Columbia St. W. 
Walerloo.OntBrio,Canada 

ph.|51S)74S-179B 

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Confined aquifer Evaluated by: RMS 

Pumping Test No. Recovery 1 Test conducted on: 9/17/03 

MW-3 PCA MW-3 Recovery 

Discharge 0.43 u.S,gal/mln Distance from the pumping well 1.00 ft 

Static water level: 24.26 ft below datum Pumping test duration: 169.00 min 

Time from 
end of pumping 

[min] 

Water level 

[ft] 

Residual 
drawdown 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26", 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

0,01 
0.02 
1.00 
1.01 
2,00 
2.01 
3.00 
3.01 
4.00 
4.01 
5,00 
5.01 
6.00 
6.01 
7.00 
7.01 
8.00 
8.01 
9.00 
9.01 

10:00 
11.00 
12-00 

_ 13.00 
14.00 
15.00 
16.00 
17.00 
18,00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00 
26.00 
27.00 
28.00 
29.00 
30.00 
35.00 
40.00 
45.00 " 
50.00 
55,00 
60.00 
75.00 

25.31 
25.24 
25,22 
25.15 
25.08 
25,02 
24.96 
24.94 
24.91 
24.90 
24,88 
24.86 
24.84 
24.82 
24,79 
24.75 
24.70 
24.65 
24,61 
24.59 
24,57 
24.53 
24.50 
24.48 
24.46 
24.43 
24,42 
24.41 
24,40 
24.38 
24.38 
24.37 
24.37 
24.36 
24,35 
24.35 
24.34 
24,34 
24,34 
24,33 

~24T33~" 
24.31 
24.31 
'24730 ~ 
24,29 
24,28 
24.28 
24.27 

1.05 
0,98 
Q.96 
0.69 
o;82 
0.76 
0.70 
0,6B 
0.65 
0,64 
0,62 
0.60 
0,58 
0.56 
0.53 
0.49 
0.44 
0.39 
0.35 
0.33 
0.31 
0.27 
0,24 
0.22 
0.20 

• 0.17 
0.16 
0.15 
0.14 
0.12 
0.12 
0.11 
0.11 
0.10 
0.09 
0.09 
0.0B 
0.08 
0.08 
0.07 
0:07— 
0.05 
0.05 

— - f r04--
0.03 
0.02 . 
0.02 
0.01 
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APPENDIX C 

Remediation and Volume Calculations 



Effective Hydraulic Conductivity of Free Product 

2 x ( 1 - p m ) Pr 0b 0

2K wkro From API Publication 4715 
Qo = 

j j m ln(r;/rw) Append. B (Skimmer We'll) 

Q 0 = Volumetric flow rate of oil phase (LNAPL) 

Pro = Relative density of LNAPL 

IJ r o = Relative viscosity of LNAPL 

b 0 = Thickness of LNAPL 

k r o = Average relative permeability of LNAPL (wrt Kw) 

K w = Water-saturated hydraulic conductivity of soil 

r\ = Radius of influence of well 

r w = Radius of well 

substitute KB =KW kro 

Pro 

K e = Effecitve hydraulic conductivity of soil with respect to LNAPL 

Rearrange: 



TECHNOLOGIES ! N C 

J OB N 0. JfegpOZ 1 J O B TITLE Pf.fl J JJAlf.Tt QA/ DATE fr//3/o3 BY j H & B E g 

SUBJECT F | A r t, 'u* l-ji, t j^f l ju i^r. rT^ A \\Almfo CHECKED SHEET _Z_ OF _2_ 



MAXIM 
T E C H N O L O G I E S I N C 

JOB NO. J6>QftO£{ 

SUBJECT l y ^ ? 1 V O L U M E S 

JOB TITLE Pr.RJuWC.rmA/ DATE 6/11/02^. B Y j P ^ Q g E 

CHECKED SHEET 1 O F _ j _ 

J d 

cTT, h/n/.Lf/^gi D,,E 

I f i 1 

! .! i 

if-

ALBUQUERQUE. NEW MEXICO 505-237-8440 
MIDLAND, TEXAS 815-6B6-B0B1 
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Condensate Volume Estimate 
ConocoPhillips PCA Junction 

August 25, 2003 

Areal extent of plume: 

= 16,777 ft2 Note: Product measurement in only on well (MW-1), assume Vz 

distance to other wells 

Measured thickness in MW-1 = 1.75 ft 

Assume 14 thickness over entire plume 

16,777 ft2 x (1.75 ft x 0.5) = 14,680 ft3 

Assume porosity = 0.35 

Volume of saturated thickenss = 14,680 ft3 x 0.35 = 5140 ft3 

Maximum oil saturation with RT water = 0.15 (silty sand at 0.8 m) (API, 2003) 

Est. 0.075 average saturation for thickness 

5140 ft3 x 0.075 x 7.48 gal/ft3 = 2.880 gallons (total volume) 
Recoverable volume estimated based on Huntley and Beckett (2002) for silty sand with less 
than 1 m thickness = 10% 

2,880 x 0.1 = 288 gallons « 300 gallons 



APPENDIX D 

Groundwater Sampling Field Forms 



TECHNOLOGIES INC 

Project No. | j 9 0 1 1 - j / 

Site Location 'pC A • \ vj f \ C"H 6'Y) C jQa* 15 J f V V A 

WATER SAMPLING FIELD FORM 

_____ Pase L of 

Site/Well No. 

Weather 

Coded/ 
Replicate No. 

Time Sampling 
Began 

Date 

Time Sampling 
Completed 

EVACUATION DATA 

Description of Measuring Point (MP) ~ f7 ) C 

Height of MP Above/Below Land Surface 

'Total Sounded Depth of Well Below MP 

Held 

Wel Water Column in WeJJ 

Gallons per Foot 

Gallons in Well 

MP Elevation 

Depth fp W^tsf^tTtovHvIf! 4 22J5" 

Water-Level Elevation 

Diameter of Casing 
Gallons Pumped/Bailed 
Prior to Sampling 

Z" 

Sampling Pump Intake Setting 
(feet below land surface) • 

Purging Equipment 

SAMPLING DATA/FIELD. PARAMETERS 
Time Temperature pH Conductivity Turbidity Other 

Sampling Equipment 

Constituents Sampled Container Description PreservativFi 

remarks ffl^~ I j^pf ^kyrfUd du.j pWStf\-Ct oi -QrUL ^T\)f\jJLf 

imp/i'ng Personnel \Ckk . P^-

Well Casing Volumes 

~ . .« . HI/.. _ n n77 o" _ n-IR 3" = 0.37 4" = 0.65 



T E C H N O L O G I E S I N C 1 

o. 

WATER SAMPLING F/ELD FORM 

c C \ b Q l { - j | O ___________ Pase 2 Projecl No. _ 

Site Location t?C A ^ { > D f c h - V \ ( I f ^ l d W , A/w? 

of _ 

SHe/Well No. lO'll/O ~7 -

Weather 

_____ 

Coded/ 
Replicate No. 

Time Sampling 
Began 

Date o3 
Time Sampling 
Completed 

EVACUATION DATA 

Description of Measuring Point (MP) ""Tp C 

Height of MP Above/Below Land Surface 

* Total Sounded Depth of Well Below MP ^ 

Held Depth to Water Below MP 2 ' j . 7 ?> 

Wet Water Column in Well_ 

Gallons per Foot 

Gallons in Well 

MP Elevation 

d.26" 

Water-Levei Elevation 

Diameter of Casing 
Gallons Pumped/Bailed 
Prior to Sampling 

2" 

S S I x3 
Sampling Pump Intake Setting 
(feet below land surface) 5 7 

Purging Equipment j W y . pUWup ^ f f l j ^ A ^ r j ' S L 

SAMPLING DATA/FIELD PARAMETERS ^[)£ Cpf-j) 
Time Temperature pH Conductivity Turbidity Other 

\\V2- •3 .\°\ 
i x . i 1 ,\°\ 
ik\ ,"5 mis a, m • 

Sampling Equipment ( j i Spfl5 ab W £>0(u t 4 4 u j . b i t r " ( y r • 

Constituents Samplsri Container Description Preservative 

Remarks 

Sampling Personnel \<_.̂ A , 

Wel! Casing Volumes I 
I 

Gal./ft. 1 V/ = 0.077 . Csu——^r-OTTB—3" = 0.37 4" = 0.65 

- • • - • -. - — -



TECHNOLOGIES INC* 

Projed No. ) [ / | D D 2 ( - |(_Q 

WATER SAMPLING FIELD FORM 

Page of 

Site Location p p l\ \ ^ ( \ c \ \ ^ ( J M l.Sb/>d . / V M 

Site/Well No. 1/0-3 

Weather 

Coded/ 
Replicate No. 

Time Sampling 
Began 

Date C M k - ° 3 

0(3 0 
Time Sampling 
Completed \ b L>b 

EVACUATION DATA 

Description of Measuring Point (MP) 

Heighl of MP Above/Below Land Surface 

* Total Sounded Depth of Well Below MP 2% 

Held Depth to Water Below MP 

Wet Water Column in Well 

Gallons per Foot t) <\k 

Gallons in Well fl-^yj 

Purging Equipment _ \% r 6\l <j?y. n\ p t_ L| a _yb-osjor') 

MP Elevation 

Water-Level Elevation 

Diameter gfXlasJng 
GallonsCPumpecj/Bailed 
Prior to Sampling tivo 

Sampling Pump Intake Setting 
(feet below land surface) ^ 9."] ' 

SAMPLING DATA7FTELD PARAMETERS 
Time Temperature pH Conductivity Turbidity Other 

• } r U b 

3.^1 
PIS"] 

1 
Sampling Equipment )PtA\\tLY ^ { S ^ S & J y l Q 

Constituents Sampled , Container Description Preservative 

Remarks \tQfri"°f \J flfdA^,^ toios^ul & SI \ ^ 

Sampling Personnel 

Gal./ft. 1 1/V = 0.077 

Well Casing Volumes 

= 0.37 
i n i / _ n cn 

4" = 0.65 
fi" = 1 4f i 



T E C H N O L O G I E S I N C " 

Project No. [ (J\ 0 0 1 \ - ) [ ( j 

Site Location f C . f t A l ) fU jB" t r \ 

WATER SAMPLING FIELD FORM 

Page of _r 

Site/Well No. 

Weather |r\-_V 

1 
Coded/ 
Replicate No, 

Time Sampling 
Began 

Dale 

i k i i 
Time Sampling 
Completed iL. ZO 

EVACUATION DATA 

Description of Measuring Point (MP) "T t ) d 

3(P 

Heigh! of MP Above/Below Land Surface 

' Total Sounded Depth of Well Below MP 

Held Depth to Water Below MP X l J I 

Wet 

MP Elevation 

Water Column in Well ll 

Water-Level Elevation 

Diameter Df Casing^, 
Gallons Pumped/Balle/ 
Prior to Sampling^-"'' •2 c, 

Gallons per Foot ft. U5" 

Gallons in Well ^ \ fi% 

Purging Equipment . W u l i - V 5 f . U . ^ y U j " ) XD r 

Sampling Pump Intake Setting 
(feet below land surface) 

SAMPLING DATA/FIELD PARAMETERS '7D5 
Time Temperature pH Conductivity Turbidity Other 

I-U'J& n.n 
•H.f5 3 . I1_ 
av. &i 

Sampling Equipment ( U s p ^ f i l l t W * ) t y 

Constituents Sampled j Container Description PreservativR 

Remarks 

Sampling Personnel 

Gal./ft. 1 Vi" = 0.077 

Well Casing Volumes 

2" = 0.16 3" = 0.37 
6" = 1.46 



TECHNOLOGIES INC 

Project No. f _ A i \ 0 A C i i L y. I f f y IS bk g , 

Site Location U> °\ L h Z ( - I f O 

W A T E R S A M P L I N G F IELD F O R M 

M /W- Page. 3 of 

Site/WeJlNo. ^0 VO - % 

Weather VK-f 

Coded/ 
Replicate No. " 

Time Sampling 
Began [ <4 ti 6 

Date 

Time Sampling 
Completed goer 

EVACUATION DATA 

Description of Measuring Point (MP) 

Height of MP Above/Below Land Surface 

' Total Sounded Depth of Well Below MP 3 7 . ^ 

Held Depth to Water Below MP 2C\. c\{ 

Wei Water Column in Well 7 , &\ 

Gallons per Foot 

MP Elevation 

Water-Level Elevation 

Diameter gf Cjising ^ ty ' 
Gallon&Eun_p_ed_^ 
Prior to Sampling | b 

Sampling Pump Intake Setting , . -, , 
Gallons in Well 5~ 5- (feet below land surface) _3 5 • T O £ k - _ i ^ t _S'2J 

Purging Equipment 

SAMPLING DATA/FIELD PARAMETERS -n95 _M7 "hi P ' < N * V _ A 

Time Temperature PH Conductivity Turbidity Other 

1^ i o ^ . ( 7» i t * 
\ _MS" an.3 t , US' X. 

Sampling Equipment 

Coasiituents.Sampled. Container Description Eras ery alive 

Remarks 

Sampling Personnel id. 1-4 1 

Gal./fl. 1 Vi" = 0.077 

Well Casing Volumes 

2" =0.16 3" 0.37 <4" = 0.65, 



TECHNOLOGIES INC" 

Project No. j ( / j b C 2 [ - ) 1 b 

Site Location V'C A ..\ iAv\ L \ \ frn 0 - u / ^ 5 bp -1 ; Ao M 

W A T E R S A M P L I N G F IELD F O R M 

Page *-{• of (£T 

Site/Well No. 

Weather H i i f 

Coded/ 
Replicate 

Time Sampling 
Began 1 * 5 ) ^ 

N o . ^ ,:\A,S>Y)U.-k- Date ° j~ ' / l o - b 3 

Time Sampling _ 
Completed ' b 2 . ° 

EVACUATION DATA 

Description of Measuring Point (MP) T 0 C 

Height of MP Above/Below Land Surface 

* Total Sounded Depth of Well Below MP '3h, "~j 

Held Depth to Water Below MP 

Wet Water Column in Well _T . 

Gallons per Foot 

Gallons in Well 

MP Elevation 

Water-Level Elevation 

Diameter of Casing 
Gallons Pumped/Bailed 
Prior to Sampling 

Sampling Pump Intake Setting 
(feet below land surface) 3 1 

Purging Equipment U f Aft, ffli K A ? ^ iQ p u i j ^ , ' £ 0 _ j , - / k • 
1 I • U r 

B/;( I? 4..; tor J" -4i g rl ~k&jtk' 

. Time Temperature pH Conductivity Turbidity Other 

i . 2 7 

iron I'M 
i. tf • 

Sampling Equipment 

Constituents Sampled •Contgipex Description Er.es grvative 

Remarks 

Sampling Personnel I^A'l > L 

Gal./ft. 1 yv 0.077 

Well Casing Volumes 

2" = 0.16 3" = 0.37 
1 / . - = ' 1.46 


