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1.0 INTRODUCTION

Provision VI.Q. of Permit No. HW-50358 requires, among other things, the submittal of a

summary of all background ground-water quality values, ground-water monitoring analyses,

ground-water flow rates, and statistical calculations. In addition, Provision III.J.6. states: The

permittee shall determine the ground-water flow rate and direction in the uppermost aquifer for

upgradient, downgradient and supplemental detection monitoring wells required by this permit

at least semi-annually. The documentation shag include a calculation of ground-water flow rate

and direction, and a contour map of piezometrc water levels in the uppermost aquifer based, at

a minimum, upon concurrent measurements in all monitoring wells. The results and

documentation shag be included in the annual report required by Provision VL.X rsic]. This

report is submitted to fulfill the cited permit requirements for report year 2002.

In addition to the presentation of the required information, a discussion of the status of the

current detection monitoring program is provided. Technical issues and concerns regarding the

current program are identified and action items for addressing these issues and concerns are

presented.
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2.0 BACKGROUND INFORMATION

The permit, as originally issued, required the installation and sampling of both upgradient and

downgradient monitoring wells near the landfill. The locations of the detection monitor wells are

shown on Figure 2-1. During the first year of groundwater monitoring WCS was to collect and

analyze samples from the upgradient monitoring wells on a quarterly basis to determine the

background concentrations of specified monitoring parameters in the groundwater. Each

downgradient monitoring well was to be sampled semi-annually after the first year of monitoring.

For each sampling event, four separate samples from each downgradient well were to be

collected and analyzed for the specified monitoring parameters. The semi-annual data for the

downgradient wells were to be compared to the background values using the Analysis of

Variance (ANOVA) statistical procedure.

For many of the constituents, the reporting limits that were available during the first year of

monitoring (1997) were higher than those available in subsequent years. For numerous

parameters, primarily metals, statistically significant increases were determined and it was

suggested that a more appropriate statistical method might be employed. In addition, it was

suggested that rather than performing interwell comparisons of downgradient to upgradient, the

more appropriate comparison might be intrawell comparisons, comparison of the constituent

concentration in each well to the previous constituent concentrations in that well. A permit

modification request was submitted to the TNRCC by letter dated April 30, 1999 and was

subsequently approved on October 28, 1999, which among other things allowed the use of

intrawell comparisons using the Fischer's Exact Test statistical method. In addition, the

modification allowed for arsenic, barium and vanadium to only be monitored and reported until

the first semi-annual sampling event in 2000, at which time the statistical analyses for these

parameters were to be resumed with a new baseline data set.

The following action items (shown in italics) were proposed in the 2001 Annual Groundwater

Monitoring Report for resolution of technical concerns and issues identified with the detection

monitoring program. The status of each item is indicated following the item.

1. Applicable characteristfics of the uppermost aquifer, including hydraulic conductivity,

effective porosity, and hydraulic gradient will be evaluated to determine the most

appropriate interval of time between sample events to ensure that independent

W=StALM198N.2A2 REPoRn
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samples of groundwater are obtained to the greatest extent technically feasible. An

initial evaluation of the appropriate sampling interval has been completed and

discussed in this report.

2. Alternative procedures for collecting samples representative of the groundwater

quality at the point of compliance will be investigated to identify the least intrusive

and most effective method for sample collection. Sample collection procedures have

been assessed and recommended modifications are included in this report.

3. Leachate samples will be collected from individual leachate collection system risers

and analyzed separately for priority pollutant volatile organics, semi-volatile organics,

metals, and PCBs. Samples were collected and analyzed. Complete analytical

results will be submitted with a permit modification request to change the current

detection monitoring parameters.

4. Significant constituents in the leachate will be evaluated to identify those constituents

that are anticipated to be the most mobile constituents in the groundwater. Analytical

results for the leachate samples have been reviewed to identify more appropriate

detection monitoring parameters. Documentation will be submitted with the permit

modification request to change the current detection monitoring parameters.

5. To the extent that groundwater data is available for the leachate constituents

identified in Item 4., the distribution of the data will be evaluated and potentially

viable statistical evaluation methodologies will be identified and assessed. This

activity is underway and the results of the evaluation will be submitted with the permit

modification request to change the current detection monitoring parameters.

6. Statistical evaluation methodologies for constituents that have not typically been

detected or are not anticipated to be naturally-occurring in the groundwater will be

researched and candidate methods identified. This activity is underway and the

results of the evaluation will be submitted with the permit modification request to

change the current detection monitoring parameters.

7. An application for modification of the permit will be prepared to provide the results of

the action Items listed above and request appropriate changes in the permit and the

WSFINA1lOs.M2W2O REPORn
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(ii
sampling and analysis plan. A Class 1' permit modification request to change the

sampling methodology is being submitted in concert with this report. A Class 2

permit modification request to revise the analytical parameters and statistical

procedures will be submitted by May 2003.

During 2002, numerous activities relating to refinement of the detection monitoring system were

performed. These activities included surveying the locations and top of casing elevations for all

of the wells and piezometers that were identified as potentially completed in the water bearing

zone of interest; monthly measurement of depth to groundwater and determination of water

level elevations in those wells and piezometers; alteration of purging and sampling procedures

for the DW and MW wells as agreed with the TCEQ staff; and participation in several meetings

and other communications to inform members of the staff of the TCEQ about the status of these

activities and their results. This report presents the data and the findings of the activities

performed relative to the detection monitoring system in 2002. Sections 3.0 and 4.0 provide

information on the groundwater gradient and velocity evaluations. Section 5.0 discusses the

analytical results and the conclusions from evaluation of those results. Section 6.0 presents

conclusions and proposed activities for 2003 to further refine the understanding of the complex

hydrogeology of the site and develop a more appropriate detection monitoring system.

WCSILALW1O98.2W2 REPORTn
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3.0 2002 GROUNDWATER GRADIENT EVALUATION ACTIVITIES

Provision Il.J.6 requires at least semi-annual groundwater elevation measurements in the

upgradient and downgradient groundwater monitoring wells and determination of rate and

direction of groundwater flow. The 2002 groundwater gradient and flow rate were determined

based on the methods and recommendations of the 18 December 2001 Groundwater Gradient

Monitoring Report, a copy of which was induded as an appendix to the 2001 Annual

Groundwater Monitoring Report The determination of the 2002 groundwater gradient and flow

rate is discussed in Section 4 of this report.

The general purpose of the 2001 Groundwater Gradient Monitor Report was to present the

results of a review of data from the site's upgradient and downgradient wells, supplemented with

existing data from other areas of the site, to more accurately generate an groundwater gradient

map and determine flow rate of the water bearing zone of interest, so that the collected

information could be as a tool to evaluate and update the groundwater monitoring program

based on site-specific conditions. The 2001 Gradient Report recommended several activities to

be conducted during 2002 in order to improve the quality of available data to be used to refine

the determination of the groundwater gradient and flow rate at the site. The activities identified

to be completed in 2002 included:

* Identification of existing monitor wells and piezometers that may be useful in developing

a site wide groundwater gradient map;

* Performance of a top of casing survey for each of these existing monitor wells and

piezometers;

* Conduct hydrogeologic analyses of the identified monitor wells and piezometers to

determine if the identified monitor wells and piezometers have been completed in a zone

that reflects the hydrologic head of the water bearing zone of interest;

* Measure groundwater levels during the year and determine which of the monitor wells

and piezometers constructed in the water bearing zone of interest have static water

levels and are not continuing to be affected by purging and sampling activities; and

WC5KFINAL01098.02%2 REPORT5
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* Select monitor wells and piezometers that accurately reflect the static hydrologic head of

the water bearing zone of interest that can be utilized to construct the groundwater

gradient maps.

The activities recommended for 2002 have been completed and the results are presented in the

following subsections. In addition, responses to TCEQ comments, as outlined in Items 4 and 5

of a 2 May 2002 letter, are addressed.

3.1 SITE MONITOR WELLS AND PIEZOMETERS

The monitor wells and piezometers which were identified as being those most likely

the water bearing zone of interest consist of:

screened in

Downgradient
Wells

DW-32A

DW-32B

DW-33A

DW-33B

DW-34A

DW-34B

DW-35A

DW-35B

DW-36A

DW-36B

Upgradient
Wells

MW-1A

MW-1B

MW-2A

MW-2B
lMW-3A

MW-3B

MW-4A

MW-4B

Supplemental
Wells

2-G

4-G2

4-G3

7-G
6B-2

A-22

A-24

NMB-23

NMB-24

Supplemental
Piezometers

TP-0001

TP-0002

TP-0003

TP-0004
TP-0005

PM-0003

PM-0006

PM-0009

PM-0012

3.2 SURVEY DATA

Surveying of the site monitor wells and piezometers was conducted by West Texas Consultants,

Inc. Surveying of the TP and PM series piezometers was conducted in October 2001, and the

remaining identified monitor wells were surveyed in March 2002. Piezometer and monitor well

location coordinates and top of casing elevations are summarized in Table 3-1.

The survey resulted in an adjustment in the top of casing elevations of all of supplemental wells

and to many of the upgradient and downgradient wells. The 2002 survey indicated that the top

of casing elevations of the supplemental wells are approximately 9 feet lower than previously

YwCSFNALVoN98.o 2 REPoRn
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surveyed. The new survey resulted in only minor adjustments for the upgradient and

downgradient wells. The adjusted survey results have been incorporated into the reported

groundwater gauging data for the 2002 reporting period.

3.3 HYDROGEOLOGIC DESCRIPTION OF THE SITE

The boring logs and well completion diagrams for each of the identified wells and piezometers

were analyzed to determine if the wells and piezometers were completed in the water bearing

zone of interest. The analyses of the data induded construction of geologic cross sections,

groundwater gradient maps based on groundwater elevations from validated wells and

piezometers, and a structure map of the top of the water bearing zone of interest.

The two geologic cross sections are depicted in Figures 3-1 and 3-2. Section A-A' and B-B' are

generally orientated east-west. Section A-A' is located north of the landfill and is approximately

8,000 feet in length. Section B-B' is located through the landfill area and is approximately 9,000

feet in length. Boring logs and well completion diagrams for the identified wells and

piezometers are presented in Appendix A. As depicted on the geologic cross sections, surface

caprock is continuous across the site and varies in thickness. Underling the caprock,

interbedded clays and claystones with transmissive zones of siltstone and sandstone are found.

The first transmissive zone is described as a sandstone to silt and is encountered at elevations

ranging from 3,393 to 3,359 feet msl. This zone appears to be laterally continuous across the

site. While the strata was not shown in NMB-23, this well is not within the permitted facility

boundary. Further, the log for this boring is very general, so the strata may be actually be

present but not identified. Groundwater has never been encountered in this zone. In the area

of the landfill, there are five monitor wells (SW series) completed in this zone; none of these

wells has ever yielded any groundwater. To the east of the landfill, piezometer TP-0002 is also

screened in this zone and has been dry since construction in August of 2001.

The second transmissive zone is a sandstone to siltstone. This zone appears to be

discontinuous across the site. Where absent, it grades into a silty clay. Where present, it is

encountered at elevations ranging from 3,307 to 3,273 feet msl. Piezometer PM-0012 is

screened into this zone and has been dry since construction in August of 2001. Piezometers

WCSALM1O98.02M2O REPORTn
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PM-0009 and TP-0003 are also completed in lenses of the second transmissive zone and have

encountered groundwater.

The third transmissive zone is the water bearing zone of interest in which the landfill's

upgradient and downgradient monitor wells are screened. This zone is laterally continuous

across the site and is encountered at elevations ranging from 3,280 to 3,225 feet mst. This

zone is generally described as a sandstone and silt. Wells and piezometers screened in this

zone indicate it is saturated and confined, with hydraulic heads (distance above top of

transmissive zone) ranging from approximately 40 feet to 130 feet.

3.4 STATIC CONDITION OF WELLS AND PIEZOMETERS

Due to the low hydraulic conductivity of the water bearing zone of interest, the static

groundwater elevations of wells disturbed by sampling activities do not fully recover between

sampling events and have not fully recovered to date. Therefore, the groundwater elevations

that were recorded during the year are not reflective of the actual static groundwater elevation of

the water bearing zone of interest. To determine which wells and piezometers have not

recovered from past sampling activities, hydrographs of the groundwater elevations during 2002

have been constructed for each of the wells and piezometers. The hydrographs are included in

Appendix B as Hydrograph Plots 3-1 through 3-36.

The hydrographs indicate the upgradient (MW series) and downgradient (DW series) wells did

not equilibrate during 2002 from past groundwater sampling activities.

The 2002 hydrograph for Monitor Well NMB-23 indicates that the well is recharging. A review of

the hydrograph from 2001 for NMB-23 (Hydrograph Plot 3-15)-also indicated that the well was

recharging. A review of the facility records indicates this well was installed for groundwater

gradient purposes in September 1998 and has never been sampled. Gauging data during 2002

indicates an increase in the groundwater elevation of approximately 14.5 feet (1.2 feet per

month). Gauging data from July through December 2001 indicates an increase in the

groundwater elevation of approximately 5.75 feet (1.15 feet per month). The total thickness of

the groundwater in the well by the end of 2002 was approximately 139 feet. With the well being

constructed in September 1998, 51 months ago, the well has recharged at an average rate of

2.72 feet per month since construction.

WVSFINaW1098DO20O2 REPORT 8
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3.5 EVALUATION OF WELLS AND PIEZOMETERS FOR GRADIENT MONITORING

The monitor wells and piezometers which were identified as being those most likely screened in

the water bearing zone of interest are listed in Section 3.1. A tabulation of these identified

monitor wells and piezometers and the circumstances that either support or do not allow for the

use of these data points in developing the final groundwater gradient map are shown on Table

3-2.

An additional review of the identified wells and piezometers listed in Section 3.1 was also

conducted by comparing the groundwater elevation measurements from these points to one

another in the form of groundwater gradient maps. Groundwater gauging events occurred

monthly throughout 2002 for the identified wells and piezometers.

The list of the identified wells and piezometers that was transmitted to site personnel to be

gauged during 2002 erroneously excluded well 4G-2. As was suggested in the TCEQ letter

dated 2 May 2002 (Item 4), the water level shown on Figure 5-17 for well 4G-3 was inconsistent

with the water level reported in Tables 4-1 and 5-1 of the 18 December 2001 Gradient Report.

The water level shown for well 4G-3 on Figure 5-17 of the Gradient Report was actually the

water level for 4G-2, as shown on Tables 4-1 and 5-1 of the Gradient Report. (With regard to

the other comment in Item 4 of the 2 May 2002 TCEQ letter, the correct groundwater elevation

for well G2 was 3298.73. The elevation of 3298.23 shown on Figure 5-17 was an error.) As

noted in Item 5 of the 2 May 2002 letter, based on the cross-section shown in Figure 3-2, it does

appear that well 4G-2 is the well that is completed in the water bearing zone of interest and that

well 4G-3 is completed in a thin and essentially dry siltstone zone below the water bearing zone

of interest.

After completion and evaluation of the cross-sections, site personnel were requested to gauge

well 4G-2, and on 24 January 2003, the well was gauged. The January 2003 elevation was

compared to the 2001 data for 4G-2 and the level was within 0.5 feet. Therefore, the

groundwater elevation appears to be stable through 2002 and the groundwater elevation

recorded on 24 January 2003 was used in the evaluation of the groundwater gradient for the

water bearing zone of interest

Piezometers TP-0002 and PM-0012 were included in the points identified in Section 3.1 as

potential sources for groundwater elevation data representative of the water bearing zone of

WCS\FINAL%01098.0202 REPORT9
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interest. These piezometers have been determined from the cross-sections to be completed in

the first and second transmissive zones and are dry; therefore, they were not used to construct

the final 2002 groundwater contour maps for the water bearing zone of interest.

Figure 3-3 is a groundwater contour map utilizing all wells determined to be completed in the

water bearing zone of interest, as identified in Section 3.1. If a specific well or piezometer

caused an anomaly in the contouring, such as a significant depression or mounding of the

groundwater, that point was evaluated to determine the possible cause and the resultant

usefulness in characterizing the groundwater gradient of the water bearing zone of interest.

These anomalies are identified and discussed below.

The groundwater gradient map depicted in Figure 3-3, in concert with the hydrographs

discussed previously, indicates that the groundwater elevation in the wells downgradient of the

landfill (DW series) are depressed due to past sampling events. Consequently, these wells

cannot be relied on at this time as accurately reflecting the static water level elevation of the

water bearing zone of interest.

Piezometer TP-0003 has an anomalously low groundwater elevation resulting in as apparent

depression of the groundwater contours in the area of the piezometer. A review of the cross

section (Figure 3-2) indicates that TP-0003 is completed in the discontinuous siltstone lens

located above the water bearing zone of interest. Therefore, groundwater elevation data from

this point was not considered representative of the water bearing zone of interest and was not

used in the development of the final site gradient maps (see Section 4).

Piezometer PM-0009 has a groundwater elevation that results in an apparent mounding of

groundwater in the area of the piezometer. A review of the completion record for this

piezometer indicates that the bottom of PM-0009 is at an elevation of 3269.65 feet msl. Based

on the structure map of the top of the water bearing zone of interest (Figure 3-4), the elevation

of this zone in the area of PM-0009 is approximately 3255 feet msl. As a result, it is believed

that this piezometer is not screened in the water bearing zone of interest and therefore was not

used in the development of the final site gradient maps discussed in Section 4.1.

VCSMFIA001098.02M2M REPORT1
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4.0 GROUNDWATER RATE AND DIRECTION

Based on the groundwater elevations (Table 4-1) from the identified wells and piezometers that

have been determined to be properly screened and have stabilized groundwater levels,

groundwater gradient maps have been constructed from semi-annual gauging events recorded

in May 2002 and September 2002 (Table 4-1).

4.1 GROUNDWATER GRADIENT

Figures 4-1 and 4-2 are the groundwater gradient maps which result after considering the above

discussions in Section 3.5. These two figures represent the groundwater elevation data

collected during the Spring and Fall 2002 groundwater monitoring events, and also include the

groundwater elevation for well 4G-2, which was collected in January 2003. As discussed

above, the January 2003 groundwater elevation for well 4G-2 is within 0.5 feet of the water level

elevations measured for this well in 2001, and it has not been sampled or purged since 2001.

The groundwater elevation at this well, however, is not consistent with the groundwater

elevations for the other wells determined to be suitable for gradient determination. Given the

apparent anomalous water elevation at well 4G-2, a separate set of groundwater gradient maps

for the Spring and Fall 2003, excluding the groundwater elevation data for well 4G-2, were

constructed and are shown in Figures 4-3 and 4-4.

The reason for the anomalous water level in well 4G-2 in unclear. Given that well 4G-3 is

completed in a lower, thin siltstone that is believed to be essentially dry, and that well 4G-3 is

very near well 4G-2, it is possible that there is leakage from the water bearing zone of interest

into the lower siltstone formation, thus depressing the water level in 4G-2 somewhat. This is

inconclusive and bears further evaluation to determine the use of 4G-2 in the future

groundwater gradient determinations. For now, both sets of groundwater gradient contours are

being presented, although the gradient calculated without well 4G-2 is used in the determination

of the groundwater flow rate below.

The groundwater gradient maps for Spring and Fall 2002 are similar in both the indicated

direction and gradient. The groundwater flow direction is to the south-southwest at an average

gradient of 0.017 feet per foot across the site.

WCS'FINA0109o8.02=2 REPORTE
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Future equilibration of the groundwater in the upgradient MW series wells and in NMB-23 will

allow for additional control north of the landfill. It is estimated that groundwater recharge to

NMB-23, based on its current recharge rate 14.5 feet per year and an anticipated decrease in

the recharge rate as it near equilibration, will be fully recharged by early to mid of 2004. It is

estimated that to fully recover DW-32A will have to reach an elevation of approximately 3315

feet msl. Currently, the well will require approximate recharge of 65 feet to fully recover. At the

current recharge rate of approximately 30 feet per year, it is estimated that DW-32A will require

more than 2 years to fully recover. Potential modification of the sampling frequency of the

downgradient DW-35 and DW-36 series monitor wells may provide sufficient time for these

wells to equilibrate between monitoring events, thereby providing additional control along the

southern perimeter of the landfill. Nonetheless, an additional piezometer is proposed to be

constructed to the southwest of the landfill to supply an additional control point in the area to the

south and west of the landfill.

4.2 GROUNDWATER VELOCITY

The velocity of the groundwater in the water bearing zone of interest has been calculated based

on the groundwater gradient, the hydraulic conductivity, and the porosity using the following

expression:

Groundwater velocity= K

The hydraulic conductivity of the water-bearing zone of interest at the WCS facility has been

calculated by evaluating groundwater recharge data as a rising head slug test, using the

Hvorslev method. Groundwater elevation data were collected from recharge of monitor well

DW-36A following the purging and sampling activities in September 2001. Data from DW-36A

were chosen for the evaluation because, based on past experience, recharge rates in the 36-

series wells are greater than in the other DW wells. Use of the more rapid recharge data will

result in a more conservative or higher hydraulic conductivity than from wells with slower

recharge. The hydraulic conductivity calculations are included in Appendix C. The calculation

based on site-specific conditions resulted in a hydraulic conductivity of 6.13E-08 cm/sec.

WCSFI401098.02%2002 REPORT1
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The hydraulic gradient in the water-bearing zone of interest is approximately 0.017 ft/ft based on

the 2002 groundwater gradient maps previously presented. A porosity of 15% was used for

calculation of velocity, based on published literature. The literature review included porosity

ranges as stated in Groundwater and Wells; F.G. Driscoll, Ph.D., Applied Hydrologeology, C.W.

Fetter, Jr., Groundwater Hydrology, H. Bouwer, and Groundwater, Freeze and Cherry.

Generally, the porosity of consolidated sandstone ranges from 3% to 30%.

Therefore, the calculation of the groundwater velocity is:

Groundwater velocity= Ki

Hydraulic conductivity (K) 6.13E-08 cm/s

Hydraulic gradient (i) = 0.017

Porosity (0 ) = 0.15

6.1 3E - 08cm/sec x 0.017 ft/ft x 86,400seclday x 365day/yr x 1 ft130.48cm
0.15

= 0.0072 ft/year, or 0.0006 ft/month

If we assume a porosity of 0.30, the velocity would be 0.0036 ft/year, and if we assume a

porosity of 0.05, the velocity will be 0.022 ft/year.

4.3 DISCUSSION OF GROUNDWATER SAMPLE COLLECTION

An evaluation of groundwater recharge data and the groundwater gradient in the water bearing

zone of interest at the WCS site has been performed. The purpose of the evaluation was to

estimate the amount of time necessary for "new" groundwater to be available for sampling

based on site-specific conditions. "New" groundwater is desired to be sampled at each

monitoring event so that independent samples are collected for data evaluation purposes, as

required by applicable regulations.

The sampling procedure, including purging the well dry before sample collection and the sample

volume itself, removes an approximate volume of 3.8 ft3, as calculated below.

WCS1TAU01 098.02X2= REPORT1
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Water column height = 40 ft

Unit volume within the well bore for a 4" well

Sample volume required for current monitoring parameters

(one sample set only)

= 0.087 ft3ft depth

= 3 gal = 0.401 ft3

Total volume (V) of water removed for sampling

V = (40 ft x 0.087 ft3/) + 0.401 ft3

V =3.8ft3

This volume does not consider the volume of water that is drained from the sand pack when

bailing the well to dryness, which results in a conservative calculation of the volume of water

removed, relative to the actual amount of water that has to recharge the well for sampling.

The radius of influence of this volume of removed water in the water-bearing zone of interest is

estimated at 0.733 ft. as calculated below.

Volume (V) of water removed * 3.8 ft3

Water-bearing zone of interest screen length (h) = 15 ft

Water-bearing zone of interest porosity (0) = 15 percent

4- -

,f/TxO.I5xlSft

radius = 0.733 ft

Using the same range of potential porosities as described above, the radius of influence for a

porosity of 0.30 would be 0.52 ft, and the radius of influence for a porosity of 0.05 would be

1.27 ft.

VVCSFINAW01098.O2U2OO2 REPORT'
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In order for "new@' and "independent" groundwater for a sampling event to occupy a well after a

sampling event, groundwater must flow under natural conditions from the upgradient end of the

radius of influence to the downgradient end, i.e., a total distance of 2 x 0.733 ft, or 1.466 ft.

Another way to say this is that although one would expect water to refill the well from 360

degrees, only the water from upgradient is new water, or water that has not been sampled

previously. Therefore, it takes water that moves twice the distance of the radius of influence to

be new water.

The minimum time taken for "news groundwater to occupy the sampling volume and provide an

"independent" sample is about 2,443 months (1.466 ft divided by 0.0006 ft/month) for a porosity

of 0. 15, 3467 months for a porosity of 0.30, and 1385 months for a porosity of 0.05.

If the wells are not purged prior to sampling, the volume of water removed from each of the

wells to collect one sample set will be approximately 3 gallons, or 0.401 ft3, for analysis of the

current monitoring parameters. The radius of influence from removal of this volume of

groundwater would be 0.476 feet assuming the average case of 15% porosity. Based on this

radius of influence, it would require approximately 793 months for Onew" groundwater to migrate

past the well to provide an independent sample at a hydraulic conductivity of 6.OE-8 cm/sec.

WCS is preparing a permit modification request to eliminate purging of the detection monitoring

wells prior to sampling, since they are still recharging after a six-month monitoring interval, and

therefore the groundwater present in the wells is as 'fresh" as it would be if purging occurred.

These calculations approximating site-specific conditions of the water-bearing zone of interest

demonstrate that the interval between sampling events must be much longer than six months in

order to collect independent samples from the monitoring wells at each sampling event.
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5.0 GROUNDWATER SAMPLING AND ANALYSIS

Groundwater samples were collected from the third transmissive zone ori a semi-annual basis,

in general accordance with the provisions of Permit No. HW-50358-001. Some adjustments to

the sample collection procedures were made in 2002, in consultation with the TCEQ permits

staff. Sampling and analytical procedures are described below.

Downgradient monitoring wells were purged for the first semi-annual event in late January/early

February to allow the groundwater to recharge approximately 60 days prior to sample collection

in April and May of 2002. Purging was accomplished by evacuating all water within the well

casing using a bailer. Purging of the wells in prior years was conducted using an electric pump.

The upgradient wells were not purged for the Spring 2002 monitoring event.

In the Spring 2002 monitoring event, four sample sets were collected from all downgradient

monitoring wells in accordance with permit requirements, with the exception of wells DW-32A

and DW-33A. In these two wells, the groundwater did not recharge enough to supply sufficient

water for the collection of four sample sets. Samples from the downgradient wells were

analyzed for all parameters currently specified by the permit. A single sample was collected

from upgradient wells MW-3A, MW-3B, MW-4A, and MW-4B during the Spring 2002 monitoring

event. Each of these samples was analyzed for the metal parameters identified in the permit.

As agreed in a meeting with TCEQ staff on 29 August 2002, downgradient well pairs DW-32

through DW-34 were not going to be purged prior to the Fall 2002 monitoring event. However,

site personnel had completed purging of well pairs DW-34 through DW-36 on 25 August 2002,

so well pairs DW-32 and DW-33 were not purged prior to this event. Purging was again

accomplished by evacuating all water within the well casing using a bailer. The upgradient wells

were not purged.

In the Fall 2002 monitoring event, four sample sets were collected from all downgradient

monitoring wells in accordance with permit requirements. Samples from the downgradient wells

were analyzed for all parameters currently specified by the permit. A single sample was

collected from upgradient wells MW-3A, MW-3B, MW-4A, and MW-4B. Each of these samples

was analyzed for the metal parameters identified in the permit.
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As discussed in the semi-annual report documenting the Fall 2001 sampling event, included in

the Annual Report for 2001, metal pieces from an electric line used to gauge the water level in

DW-36A separated from the e-line and dropped to the bottom of the well. All metal objects,

other than the stainless steel nipple and a magnet encased within stainless steel (lost when

trying to recover the e-line parts), were recovered from this well prior to the Fall 2002 sampling

event, but after the well was purged.

Groundwater samples were analyzed by Severn Trent Laboratory in Denver, Colorado.

Summary tables of the 2002 and previous analytical data are contained in Appendix D. CJI

prepared these tables by adding the 2002 data to the tables prepared last year for the 2001

Annual Report. Last year's tables were developed by review of previously assembled tables

prepared by others and verification of the 2001 and 2000 data, with a combination of complete

reviews for parameters with significant detected values and spot checks for data that were

reported as non-detects. The consolidated laboratory reports for the Spring and Fall 2002

events are provided as Appendices G and H, respectively.

5.1 STATISTICAL DATA EVALUATION OVERVIEW

In accordance with Permit Provision III.J.4., the monitoring data for each downgradient

monitoring well were statistically evaluated using Fisher's Exact Test and the previously-

established background database. In addition, the metals data from the upgradient wells

collected for the Spring and Fall 2002 monitoring event were also evaluated statistically, using

the same procedure. Results of the statistical evaluations of all parameters that were detected

in either the Spring or Fall 2002 monitoring event are tabulated in Appendix E. Of the 28

monitoring parameters that are statistically evaluated, the only parameters that were detected at

quantifiable levels in the Spring and/or Fall 2002 monitoring events were: barium, chromium,

cobalt, copper, lead, nickel, silver, vanadium, and zinc. Results of the statistical evaluations that

were determined to be significant through application of the Fisher's Exact Test to the

background data are summarized in Table 5-i. Parameters that were indicated as significant

detections in one or both of the monitoring events are barium, chromium, cobalt, lead, nickel,

and copper.

The current analytical laboratory's reporting limits constitute quantification levels. Estimated

concentrations of analytes are reported when the analytical results indicate the presence of an
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analyte at levels below the quantification level. Since the current statistical procedure is based

on the number of detections, regardless of concentration, the estimated concentrations reported

below the quantification limit are not considered to be detectable values for the purposes of

statistical evaluation. Each of the parameters with apparent statistically significant detections is

discussed further in Section 5.3.

5.2 QUALITATIVE EVALUATION

A qualitative evaluation was conducted of the cumulative data for the parameters that were

identified as having statistically significant increases in one or more of the DW wells. As part of

this evaluation, the data for these parameters in the DW wells were plotted over time. The data
plots are provided in Appendix F. Results of this evaluation are discussed below.

Barium

The data for barium in the DW wells are shown graphically in Plots 5-1A through 5-1J in

Appendix F. Detections of barium were first reported in Fall 1998, after detection limits lowered

to 0.01 mg/L from the previous value of 0.4 mg/L or greater. Barium is detected in both the

upgradient and downgradient wells. Historically, quantified detections were most frequently

reported in the range of 0.01 mg/L (which is the reporting limit) to 0.03 mg/L, although

occasional values on the order of 0.04 to 0.09 mgIL have been reported.

The background dataset for barium was allowed to be re-established under a permit

modification approved in October 1999, due to the elevated reporting limit of 0.4 mg/L or greater

during the initial background period. Barium was detected at this lower reporting limit during the

new background period (Fall 1998 through Fall 1999) in all DW wells. However, barium

detections were reported in one or both of the first two semi-annual events of the background

period and the third semi-annual event in well pairs DW-32 through DW-34, but only in the third

semi-annual event of the background period in well pairs DW-35 and DW-36. The reason for

this difference is not known. DW-35 and DW-36 were sampled three times, two at the lower

reporting limit, before barium was routinely detected, whereas DW-32 through DW-34 were

sampled quarterly for a year and for one semi-annual event before the barium detection limit

dropped and barium was detected.
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Subsequent to the collection of the new background dataset, barium detections have increased

in frequency. Barium has been detected at quantifiable levels in virtually all wells, including the

MW wells, in all monitoring events since the Fall 2000 event. This increase in frequency of

quantifiable barium concentrations may reflect the fact that these wells did not yield sufficient

water at construction for proper development and removal of sediment fines from the drilling

process.

In the 2002 data, the barium results from the sample sets collected from the downgradient wells

generally exhibited greater variability than in prior years. (Since only one sample was collected

from upgradient well pairs MW-4 and MW-5, the potential variability at upgradient wells in 2002

cannot be assessed.) In most cases, a marked increase in reported concentrations is observed

from the initial sample set through the subsequent sample sets. Initial concentrations are

consistent with historical concentration ranges, while the higher concentrations are frequently an

order of magnitude greater than historical concentrations. The variation in reported

concentration of the sample sets is believed to be associated with the amount of entrained

sediment in the samples, since total metals are analyzed. In general, the amount of sediment

increases as the sample sets are collected and groundwater nearer to the bottom of the well

casing is sampled. Naturally occurring metallic elements in the sediment, which are not mobile

in the groundwater, will be dissolved by the acid digestion step in the analytical procedure,

resulting in higher detected concentrations as the amount of sediment increases. The

increased sediment that was apparently encountered in the 2002 groundwater samples may

reflect the fact that these wells did not yield sufficient water at construction for proper

development and removal of sediment fines from the drilling process, and/or may be influenced

by changes in the well sampling procedures.

Chromium

The data for chromium in the DW wells are shown graphically in Plots 5-2A through 5-2J in

Appendix F. Prior to Fall 1999, chromium was not detected in the DW wells, with detection

limits ranging from 0.01 to 0.10 mg/L. In Fall of 1999, detection limits lowered to 0.005 mg/L

and chromium detections were reported Chromium has historically been detected in both the

upgradient and downgradient wells, with quantified detections most frequently reported in the
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range of 0.005 mg/L (the reporting limit) to 0.010 mg/L, although occasional values on the order

of 0.012 to 0.015 mg/L have been reported.

The statistical tables in Appendix E were originally developed by others, and subsequently

reformatted and revised by CJI to reflect 2001 and 2002 detections. Review of the tabulated

data for chromium in Appendix D and the source file for the statistical tables in Appendix E

indicates that the source file used the chromium data for Spring 1999 through Spring 2000 as

the background dataset. These data are more appropriate for use as the background dataset

for chromium, given the elevated reporting limits that were embodied in the original background

periods; however, it does not appear that re-establishment of the background dataset for

chromium was expressly authorized by the October 1999 permit modification.

Subsequent to the collection of the new background dataset, chromium detections have

increased in frequency, although quantifiable concentrations are not reported as routinely for

chromium as they are for barium. Chromium has been detected at quantifiable levels in one or

more monitoring events since the Fall 2000 event in all wells, including the MW wells. Given the

hydrogeologic characteristics of the transmissive zone as discussed in Sections 4.1 and 4.2,

this increase in frequency of quantifiable chromium concentrations is believed to reflect the

transition of more nearly dnew' water to the well in the more recent data.

In the 2002 data, the chromium results from the sample sets collected from the downgradient

wells generally exhibited greater variability than in prior years. (Since only one sample was

collected from upgradient well pairs MW-4 and MW-5, the potential variability at upgradient

wells in 2002 cannot be assessed.) In most cases, a marked increase in reported

concentrations is observed from the initial sample set through the subsequent sample sets.

Initial concentrations are generally consistent with historical concentration ranges, while the

higher concentrations are two to ten times greater than historical concentrations. The variation

in reported concentration of the sample sets is believed to be associated with the amount of

entrained sediment in the samples, as discussed for barium.

Lead

The data for lead in the DW wells are shown graphically in Plots 5-3A through 5-3J in Appendix

F. Early monitoring data for 1997 and 1998 indicated lead was typically not detected at
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reporting limits varying from 0.004 to 0.02 mg/L. However, a number of detections at

concentrations ranging from 0.02 mg/L to 0.33 mg/L were reported in both the upgradient and

downgradient wells during this time period, based on data previously tabulated by others. Lead

results for 2001 and 2002 are most typically not detectable at a reporting limit of 0.003 mg/L or

estimated concentrations below that reporting limit.

In the 2002 data, the lead results from the sample sets collected from the downgradient wells

generally exhibited greater variability than in prior years, although not to extent exhibited by the

barium and chromium data. (Since only one sample was collected from upgradient well pairs

MW-4 and MW-5, the potential variability at upgradient wells in 2002 cannot be assessed.) In

some cases, a marked increase in reported concentrations is observed from the initial sample

set through the subsequent sample sets. Initial concentrations are generally consistent with

historical concentration ranges, while the higher concentrations are typically two to ten times

greater than historical concentrations. A singular, anomalously high lead concentration (0.079

mg/L) was reported for the third (and final) sample set collected from DW-33A in Spring 2002.

The variation in reported concentration of the sample sets is believed to be associated with the

amount of entrained sediment in the samples, as discussed for barium.

Nickel

The data for nickel in the DW wells are shown graphically in Plots 54A through 54J in

Appendix F. Prior to Fall 2000, nickel was not detected in the DW wells, with detection limits

generally ranging from 0.01 to 0.10 mg/L In Fall of 2000, detection limits lowered to 0.005

mg/L, and quantifiable nickel concentrations have been reported in at least one sample from

each of the DW wells since that time. Nickel was also detected in upgradient wells MW-1A,

MW-1 B, MW-2MAA, MW-2B, and MW-3A in the Fall 2000 event, one of two monitoring events for

which all MW wells were analyzed for nickel at a reporting limit of 0.005 mgIL. The nickel data

from Fall 2000 forward contain a substantial fraction of non-detect or estimated concentrations

below the reporting limit of 0.005 mgIL. Quantified detections are most frequently reported in

the range of 0.005 mg/L (the reporting limit) to 0.020 mg/L.

In the 2002 data, the nickel results from the sample sets collected from the downgradient wells

generally exhibited greater variability than in prior years. (Since only one sample was collected

from upgradient well pairs MW-4 and MW-5, the potential variability at upgradient wells in 2002
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cannot be assessed.) In most cases, a marked increase in reported concentrations is observed

from the initial sample set through the subsequent sample sets. Initial concentrations are

generally consistent with historical concentration ranges, while the higher concentrations are

two to ten times greater than historical concentrations. The variation in reported concentration

of the sample sets is believed to be associated with the amount of entrained sediment in the

samples, as discussed for barium.

Copper

The data for copper in the DW wells are shown graphically in Plots 5-5A through 5-5J in

Appendix F. Early monitoring data for 1997 and 1998 indicated copper was typically not

detected at reporting limits varying from 0.02 to 0.03 mg/L. However, a number of detections at

concentrations ranging from 0.02 mgIL to 0.087 mg/L were reported in one or more samples

from MW-4A, DW-32A, DW-32B, DW-33A, and DW-33B during this time period, based on data

previously tabulated by others. Copper results for 2001 and 2002 contain a substantial number

of non-detectable or estimated concentrations at a reporting limit of 0.005 mg/L, but also contain

a substantial number of quantifiable concentrations generally ranging between 0.005 and 0.01

mg/L.

In the 2002 data, the copper results from the sample sets collected from the downgradient wells

tended to exhibit a somewhat greater variability than in prior years, although the variability was

much less pronounced in comparison to that exhibited by the previously discussed metals.

(Since only one sample was collected from upgradient well pairs MW-4 and MW-5, the potential

variability at upgradient wells in 2002 cannot be assessed.) An increase in reported

concentrations from the initial sample set through one or more of the subsequent sample sets is

observed in some cases, while others are relatively stable or do not display a consistent pattern.

Reported copper concentrations even in wells with increasing copper concentrations trends

were generally consistent with historically observed concentrations. The lesser variation in

reported copper concentrations for the sample sets indicates that the copper content of the

entrained sediment is not as significant as the previously discussed metals.
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Cobalt

Cobalt concentrations for 2001 and 2002 were typically not detectable or estimated

concentrations below the reporting limit of 0.01 mg/L. However, quantifiable concentrations of

cobalt were reported in well DW-33A. In Spring of 2002, one of the three samples from DW-

33A was reported to contain cobalt at 0.025 mg/L, and two of the four samples collected from

DW-33A in Fall 2002 were reported to contain cobalt at 0.012 and 0.016 mg/L. Detection limits

for prior years varied between 0.01 and 0.05 mg/L Relatively isolated detections of cobalt were

reported in the historical data tabulation for both upgradient and downgradient wells, ranging

from 0.025 to 0.065 mg/L. Plot 5-6A in Appendix F. depicts the cobalt concentration record for

DW-33A.

5.3 DISCUSSION OF APPARENT SIGNIFICANT DETECTIONS

The apparent significant detections of certain metals that occur naturally in soils and

groundwater clearly represent false positive results given the construction of the landfill, the

climate of the region, and the hydrogeology of the site. The landfill is a state-of-the-art design

with a double liner system, a leachate collection system over the upper liner, and a leak

detection system between the liners. The upper transmissive zone, in which the SW wells are

completed, has been and remains consistently dry based on semi-annual gauging of the SW

wells. While numeric evaluation of the potential for a release to reach the groundwater has not

been performed, qualitative evaluation indicates this potential to be remote. Further, even if a

release could have occurred and could have reached the groundwater, the results of the

gradient evaluation (see Appendix C) demonstrates that the rate of groundwater movement is

so slow that it would take on the order of 10,000 years for the groundwater to move from the

downgradient limit of the landfill unit to the nearest downgradient well, using conservative

assumptions about the properties of the saturated transmissive zone.

The apparent significant detections are discussed in more detail below.

Barium and Chromium

The initial background datasets for barium and chromium were replaced with subsequent data

collected at appropriate detection limits. However, the very slow rate of groundwater movement

makes the collection of a valid background dataset, merely comprised of near-independent
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observations in lieu of truly independent observations, virtually impossible. Initial calculations of

the potential time to obtain 'new" water between monitoring events indicate that many years, if

not decades, would have to transpire between sampling events to ensure truly independent

measurements. The more recent data with significantly greater frequencies of detection than in

previous years with the same analytical reporting limits reflects a gradual transition in

groundwater chemistry over time, consistent with the very slow rate of groundwater movement.

Barium and chromium concentrations in the initial sample sets are consistent with the

concentration ranges in the background dataset; increasing concentrations in the subsequent

sample sets are associated with the presence of increasing amounts of entrained sediment.

Copper. Lead and Nickel

The background data for copper, nickel and lead are all comprised of a significant portion of

non-detect results at reporting limits that are substantially greater than current reporting limits.

As a result, the current statistical test yields apparent statistically significant increases based on

low level detections that are well within the typical concentration ranges observed for these

parameters. Concentrations of lead and nickel in the initial sample sets are consistent with the

concentration ranges in the background dataset; increasing concentrations in the subsequent

sample sets are associated with the presence of increasing amounts of entrained sediment.

Reported concentrations of copper even in wells with increasing concentration trends over the

sample sets were generally consistent with historically observed ranges.

Cobalt

The reported concentrations for cobalt in 2002 are less than previously observed values. The

apparent statistically significant increases for cobalt in DW-33A are a result of the non-detect

results for cobalt in the background data at a reporting limit that is substantially greater than the

current reporting limit.
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6.0 CONCLUSIONS AND 2003 ACTIVITIES

6.1 Water Bearing Zone of Interest

Sections 3.0 and 4.0 presented data, information and results of various evaluations of the water

bearing zone of interest. From this it has been determined that the water bearing zone of

interest is not uniform in hydraulic conductivity characteristics.

New Mexico Well NMB-23, which is reported to never have been purged or sampled, has yet to

equilibrate since it was first completed in October 1998. It recharged during 2002 at a rate of

approximately 14.5 feet per year. It is estimated that the groundwater will reach equilibration by

early to mid 2004, based on the estimate that the groundwater will stabilize at an elevation

approximately 5 feet above its current level and that the rate of recharge to the well will

decrease as it nears equilibration. Contrasted with NMB-23, New Mexico Well NMB-24, which

is approximately 1600 feet south of NMB-23 and was also installed in October 1998, reached

equilibrium prior to October 2000. As evidenced by the information presented in Section 3.0,

the detection monitoring wells do not recover between the semi-annual monitoring events when

the wells are purged and four 'replicate" samples (i.e., four sample sets) are collected.

Because of the previous lack of recovery of the detection monitoring wells, particularly at DW-32

which is located near the southwest corner of the landfill, there is inadequate undisturbed

groundwater elevation control in the vicinity of the southwest comer of the landfill. To address

this issue, three additional activities will be undertaken to increase groundwater elevation

control in this area. First, in concert with this report, a Class 11 permit modification request is

being submitted to the TCEQ to change sampling procedures to eliminate purging and require

collection of only one sample set, rather than four ureplicates". This will significantly reduce the

amount of water removed a each monitoring event, thereby decreasing the time required for

groundwater levels to recover. Second, a letter will be submitted to the TCEQ requesting that

the DW-32 wells not be sampled as part of the Spring 2003 sampling event, which is currently

scheduled to be conducted during April 2003. As discussed in Section 4.1, if the DW-32 wells

are not sampled in the spring, and the wells are not purged and only one sample set is collected

from the wells in subsequent sampling events, it is anticipated that it will take more than two

years for the DW-32 well pair to fully recover to provide valid groundwater elevation data. In

order to more timely fill the data gap for the groundwater elevation in the vicinity of the
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southwest comer of the landfill, WCS will install a piezometer completed in the water bearing

zone of interest, at the location shown on Figure 6-1, for the sole purpose of determining

groundwater elevations in the future.

Given that the nature of the water bearing zone of interest is highly variable, and based on

observed development characteristics after completion of the new piezometer, alternate

development techniques may be implemented in order to facilitate well development and

groundwater equilibrium. If the groundwater recharge rate of the proposed piezometer

responds in the same manner as NMB-23, then natural development and gradient equilibrium

will take several years. NMB-23 is currently developing at a rate of approximately 14 feet per

year and the well is estimated to be relatively near to reaching equilibrium. If it becomes

evident, after measuring the water level frequently for two months, that the proposed piezometer

is not developing such that equilibrium will be achieved within six months, then it is planned to

add water to the well to a level near the anticipated equilibrium elevation. Such action may

result in more timely data collection from the piezometer to fill the gradient data gap near the

southwest comer of the landfill.

6.2 Detection Monitoring Program

As noted above, a Class 1 1 permit modification request is being submitted in concert with this

report. This permit modification request seeks revision of permit provision III.H.1 to allow

groundwater sample collection without first purging the wells, as is currently required by

provision lll.H.1. This is requested because the monitor wells do not fully recover between

sampling events (see Section 4.1) and therefore the groundwater available for sampling in the

wells is equally as hfresh" or representative of groundwater from the formation as it would be if

purging were continued.

The Class 11 permit modification request also seeks authorization to implement an alternate

sampling procedure to that which is currently required by permit provision III.J. 1.b. and 30 TAC

§335.163(7)(A), as provided under 30 TAC §335.163(7)(B). The purpose of this request is to

allow collection of only one set of samples for each well for each detection monitoring event.

Section 4.3 presents information that demonstrates that independent samples cannot be

collected during one sampling event. Groundwater velocity is so slow that KnewN water does not

move into the well so as to be able to collect an independent sample even at a six-month
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sampling interval. This Class 11 permit modification request is being submitted in order to

implement the no purging and alternate sampling with the Spring 2003 sampling event, which

will be conducted in April.

An additional permit modification request will be submitted to the TCEQ by May 2003 to

authorize different analytical parameters for the detection monitoring program and more

appropriate statistical evaluation methodologies. It is anticipated that this Class 2 permit

modification request will be acted upon prior to October 2003, when the fall groundwater

monitoring event is scheduled.

6.3 2003 Activities

The additional piezometer will be installed by no later than the time of the Spring 2003 sampling

event. Appropriate geological logging will be performed of the boring in order to collect

additional geologic data in the area of the new piezometer.

Water level measurements will be collected for the previously selected wells and piezometers,

installed in the water bearing zone of interest, every other month. Well 4G-2 will be added to

the list for the continuing water level measurements. Well 4G-2 will be further evaluated to try to

determine if the well is representative of the static water level of the water bearing zone of

interest.

A plan will be developed for additional transmissive zone characterizations, which may include

but are not limited to: identification and selection of appropriate historical boring cores for further

evaluation and testing, additional historical boring geophysical log comparison and evaluations,

and slug testing of selected wells/piezometers. The plan will be transmitted to the TCEQ for

review and comment prior to the Spring 2003 sampling event
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TABLE 3-1
WASTE CONTROL SPECIALISTS

MONITOR WELL TOP OF CASING ELEVATIONS MEi

-'P 3 - 3461.52 3461.520 0 6873779.82 -6l118:o2X
DW32B 3461.46 3461.440 -0.02 6873775.51 561187.80

_______i __i_ 3465.000 0.01 6873728.26. '-,1Z1JD8- ,

DW33B 3465.12 3465.150 0.03 6873724.02 561329.87
$D' -'3468'70 3468:650 -0.05 6873673,92 5,,61463.O'85;

DW34B 3468.94 3468.910 -0.03 6873669.60 561472.83
,PWJ3SA< - -. 8~a4,,'6,7,6, , .3467.770 -0.09 6873621.74. 56*563J27 v.
DW35B 3467.95 3467.870 -0.08 6873618.32 561592.62

__7_,_ 5 ; ' .3467.520 -0.07 687357730 , 827Kt
DW36B 3467.93 3467.790 -0.14 6873574.37 561717.37
!SB-23l 3467.85 3476.830 8.980 6876221.09 .5932f8,2g2L
NMB-24 3439.15 3448.110 8.960 6874754.32 559238.66
)-MYYA 4 -8p.79 , 3489.670 8.880 6875849.83 ;56l4,V i
MWIB 3480.61 3489.627 9.017 6875855.32 561442.62
4-Wt. 381.72 - 3490.728 9.008 -'6875934, 4 -555&>O
MW2B 3481.93 3490.919 8.989 6875939.12 561567.30

A $44 A 3483.04 r3491.953 , 8.913 6876011.00 :. 16t@5 -t

MW3B 3483.10 3492.020 8.920 6876015.93 561696.15
`i, 48470 3493.637, .8.937 : , 6876099.$8, :.________

MW4B 3484.74 3493.720 8.980 6876104.92 561814.61
____________ 3468,940 -'8,9A0. 68710486,$5

A-24-99 3464.20 3473.160 8.960 6870962.73 567389.93
:. 3449.650 8.890 26871955'32. V.$ %

4G-2 3440.22 3449.180 8.960 6872424.69 563497.51
-., 3439 48.. 3449.112. 7.,232' ,.62426.30. ;

6B-2 3487.07 3496.050 8.980 6875082.71 563755.97
______. ______ 3457.560 ,,. ,. .99 6873076.60 .: ________

TP-0001 3485.38 NA NA 6875530.62 567764.77
,7 sf4 : - NA - NA 6872824,S0' .

TP-0003 3487.98 NA NA 6872640.64 568169.40
9 5 '' INA -, ^,-,- NA.j ,,687447 i0. MR __1______

TP-0D05 3488.35 NA NA 6874805.18 567481.73
_ _ _ _ , '" NA NA , 687485836'
PM-0006 3489.59 NA NA 6874526.98 566142.11
_____ i ; NA NA .68727.Q92:7A: ;-7 ~35
PM-0012 3474.66 NA NA 6872795.55 566424.24

WCSTFINALU1098.02=202 REPORTn
T030127_TABLE 3-1 XLS i
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TABLE 3-2
STABILIZED GROUNDWATER/SCREENED INTERVALS

Monitor Stabilized Properly Groundwater
Points Groundwater Screened Data

DW-32A NO YES NO
DW-32B NO YES NO
DW-33A NO YES NO
DW-33B NO YES NO
DW-34A NO YES NO
DW-34B NO YES NO
DW-35A NO YES NO
DW-35B NO YES NO
DW-36A NO YES NO
DW-36B NO YES NO
MW-1A NO YES NO
MW-11B NO- YES NO
MW-2A NO YES NO
MW-2B NO YES NO
MW-3A NO YES NO
MW-3B NO YES NO
MW-4A NO YES NO
MW-4B NO YES NO

2-G YES YES YES
4-G2 YES YES YES
4-G3 YES NO NO
7-G YES YES YES

6B-2 YES YES YES
A-22 YES YES YES
A-24 YES YES YES

NMB-23 NO YES NO
NMB-24 YES YES YES
TP-0001 YES YES YES
TP-0002 NO NO NO
TP-0003 NO NO NO
TP-0004 YES YES YES
TP-0005 YES YES YES
PM-0003 YES YES YES
PM-0006 YES YES YES
PM-0009 NO NO NO
PM-0012 NO NO NO

WAS ECOcNROWU0l1o98.O22aO2ANNUALREPORT
TI30127JASLE 3-2



TAbI. 4-1
WASTE CONTROL SPECIALISTS

JANUARY - FEBRUARY 2002 CE,'
GROUNDWATER ELEVATIONS

WCS\FlNAL%01098.02M2002 REPORTS
To30i27_qROUNVWATER ELEVATION=S Page I TP4G-2 groundwater elevation was recorded on 1/24/03.



TAB._ 4-1
WASTE CONTROL SPECIALISTS

JANUARY - FEBRUARY 2002 0 1
GROUNDWATER ELEVATIONS

WCS\F1NAL0198.0202 REPORT\
T030127-GROUNDWATER ELEVATIONXLS Page 2 3P4G-2 groundwater elevation was recorded on 1/24/03.
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WASTE CONTROL SPECIALISTS

JANUARY - FEBRUARY 2002 0 1
GROUNDWATER ELEVATIONS

WCSMF1NAL\0i098.0 2 REPORT
T030127_GROUNDW\ATER ELEVATION.XS Page 3 Tg4G-2 groundwater elevation was recorded on 1/24/03.



TA6.__ 4-1
WASTE CONTROL SPECIALISTS

JANUARY - FEBRUARY 2002 Cf,'
GROUNDWATER ELEVATIONS

WCS\F1NAL\01o98.o2M20O REPORT%
Page 4 RP4G-2 groundwater elevation was recorded on 1/24/03.



TAB_ - 4-1 as
WASTE CONTROL SPECIALISTS

JANUARY - FEBRUARY 2002 (fi
GROUNDWATER ELEVATIONS

WCSMNALUo1098.02\2002 REPORTn
Page 5 RP4G-2 groundwater elevation was recorded on 1/24103.
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WASTE CONTROL SPECIALISTS

JANUARY - FEBRUARY 2002 Cf
GROUNDWATER ELEVATIONS

WCSTF1NALV0198.02\2002 REPORTS
Page 6 0P4G-2 groundwater elevation was recorded on 1/24/03.



TAb__ 4-1
WASTE CONTROL SPECIALISTS

JANUARY - FEBRUARY 2002
GROUNDWATER ELEVATIONS

m1

MWIS~NAL001098.02\2002 REPORT\
T030127O.ROUNOWATER~ ELEVATION.XLS Page 7 e4G-2 groundwater elevation was recorded on 1/24/03.



TAL-.. 4-1
WASTE CONTROL SPECIALISTS so

JANUARY - FEBRUARY 2002 Cii
GROUNDWATER ELEVATIONS

WWSRNALVD¶95.0212002 REPORT\
Page 8 7P4G-2 groundwater elevation was recorded on 1/24/03.
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WASTE CONTROL SPECIALISTS

JANUARY - FEBRUARY 2002 atii

GROUNDWATER ELEVATIONS

WCSTFINAL\01098.O2Z2002 REPORT\
T030127_GROUNDWATER ELEVATION.XLS Page 9 R4G-2 groundwater elevation was recorded on 1124/03.
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TABLE 5-1
SIGNIFICANT DETECTIONS FOR 2002

BY SAMPLING EVENT AND CONSTITUENT

BARIUM CHROMIUM COPPER LEAD NICKEL COBALT

DW-34A DW-32A DW-32B DW-34A DW-32B

DW-34B DW-32B DW-33B DW-33A

DW-35A DW-33A DW-34A DW-33B

DW-35B DW-33B DW-34B DW-34A

DW-36A DW-34A DW-35A DW-34B

DW-36B DW-34B DW-35A

DW-35A DW-35B

DW-36A

DW-36B

DW-34A DW-32A DW-34A DW-34A DW-32A DW-33A

DW-34B DW-32B DW-34B DW-34B DW-32B

DW-35A DW-33A DW-35A DW-35A DW-33A

DW-35B DW-33B DW-35B DW-35B DW-33B

DW-36A DW-34A DW-36A DW-36A DW-34A

DW-36B DW-34B DW-34B

DW-36A DW-35A

DW-35B

DW-36A

DW-36B

WCSOfINAL01 o8.o202002 REPORT
T030127_TABLE51.doc
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FIGURES

W1SWFI &W1098.02%2002 REPORT%
R0103270GW MONlTORING.DOC
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