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1.0
INTRODUCTION

This report presents field data, analyses, and preliminary interpretations of spinner logging and pump testing conducted in March 2002 in a complex of wells located at Site 22 in Fortymile Wash, approximately 5 miles north-northwest of Amargosa Valley, Nevada.  The purpose of these tests is to fill gaps in aquifer parameter data in alluvium and upper Tertiary sediments along a potential flow path between Yucca Mountain, Nevada, and populated areas of Amargosa Valley, Nevada.

The Site 22 complex consists of three wells: NC-EWDP-22S, a multiple-screen monitoring well that serves as the logging and pumping well in the aquifer tests described herein; and NC‑EWDP-22PA and -22PB, both smaller-diameter, nested, dual-completion piezometers that serve as observation wells.  These wells were constructed in 2001 and 2002 as part of Phase III of the Nye County Early Warning Drilling Program (EWDP).  Figure 1 shows the location of the Site 22 complex of wells in relation to other EWDP wells and boreholes.  Figure 2 shows the surface layout of the Site 22 wells.

Well NC-EWDP-22S was drilled to a total depth of 1,196.5 ft (664.7 m) bgs and completed with four screened intervals in October 2001.  Well completion details are illustrated in Figure 3.  The upper three screens are in alluvium, and the lower screen is in a Tertiary volcanic conglomerate.  

Piezometer NC-EWDP-22PA was drilled to a total depth of 779.8 ft (237.7 m) bgs in January 2002, and piezometer -22PB was drilled to a depth of 1,199.7 ft (365.7 m) in February 2002.  Each piezometer was completed with two screens, as shown in Figures 4 and 5.  The two screens in NC-EWDP-22PA are at depths corresponding to the upper two screens in -22S, while the two screens in -22PB correspond to the lower screen intervals in -22S.  The upper screen in each piezometer is termed “shallow” (e.g., NC-EWDP-22PA shallow) and the lower screen “deep” (e.g., NC-EWDP-22PA deep).  Depth intervals of screens and associated sand packs for the Site 22 wells are summarized in Table 1.  Sand pack intervals will be referred to as “test zones” or “zones” in this report, and corresponding zones in the monitor pumping well and the piezometer observation wells have been assigned the same zone number.  

Drilling, completion, and development procedures that may impact aquifer test results for Site 22 wells (and other EWDP Phase III wells) are described in detail in NWRPO-2002-04 (NWRPO, 2002).  

Prior to conducting aquifer tests at Site 22, background pressure and temperature were monitored in NC-EWDP-22S, -22PA, and -22PB from March 15 to 18, 2002.  On March 18, static spinner and pump-spinner logs were conducted in NC-EWDP-22S.  These spinner logging tests were followed by a constant-rate pump test in NC-EWDP-22S on March 19 and 20, 2002.  The tests were conducted with all NC-EWDP-22S screens open to the wellbore.  All data were collected under approved Nye County Nuclear Waste Repository Project Office quality assurance technical procedures, which are technically defensible and consistent with standard operating procedures approved and followed by engineering and scientific communities. 

Spinner logs were run to quantify flow rates between screens (cross-flow) under static (non‑pumping) and pumping conditions.  The constant-rate pump test permits calculation of aquifer properties such as transmissivity and well efficiency.  The pump-spinner logs permit these aquifer properties to be allocated to the individual screened intervals.  

This report describes the pump-spinner and pump tests and preliminary interpretations.  More detailed interpretations may be possible after additional aquifer tests are conducted at individual screened intervals at NC-EWDP-22S.  


2.0
SPINNER LOGGING AND PUMP TESTING 

2.1
SPINNER LOGS

Prior to starting spinner logging, MOSDAX( pressure/temperature measuring probes were placed in the pumping well and in each of the four observation strings in piezometer wells.  These probes remained in place (with some minor depth adjustments) for static spinner, pump-spinner, and constant pump-rate aquifer tests.  The probes were attached to one of two surface MOSDAX( data loggers that recorded downhole pressure and temperature information as well as barometric pressure and ambient temperature.  One data logger collected data from probes in wells NC-EWDP-22S and -22PA, and the other recorded data from probes in well -22PB.  Shallow and deep piezometers in both NC-EWDP-22PA and -22PB were instrumented with 30 psia MOSDAX( sensors.  The deep probe in well NC-EWDP-22PA (Zone 2) malfunctioned, so water levels in that zone were manually measured with an electronic sounder tape.  A nominal water density of 0.43275 psi/ft was used to convert MOSDAX( pressure sensor readings (in psia) to equivalent water depth (in feet).  

2.1.1
Spinner Log Fundamentals

A spinner log is a tool designed to measure fluid velocity at various depths in a well.  Spinners are relatively simple tools, consisting of a centralized logging tool with an impeller mounted on the bottom.  The tool counts the number of rotations of the impeller using an optical or magnetic sensor.  The counts are expressed as counts per second (cps).  The counts per second are a function of the fluid velocity, the speed of the logging tool in the well, and the size and shape of the impeller.  In a cased hole, with constant diameter and constant logging speed, the counts per second will be a linear function of the fluid velocity.  Because the logging tool only counts impeller rotations, a single stationary reading cannot distinguish between upward or downward flow, but only that flow is occurring.  For presentation and analysis purposes, the raw log readings are typically normalized for logging speed differences, obviously incorrect readings (outliers) are replaced with the average of the two adjacent values, and the values are smoothed using a running average over intervals of 2 to 10 ft (0.6 to 3.0 m).  For noisier raw data, a larger averaging or smoothing interval is used.

A two‑pass technique, involving both up and down logging runs at the same speed, was used to reduce potential errors caused by borehole size changes, tool idiosyncrasies, or other factors.  As the upward fluid velocity increases at any point in the borehole, the counts on the down run will increase while the counts on the up run will decrease, causing the two curves to diverge.  It is normal for spinner logging responses to be slightly different when comparing up and down logging runs.  This is attributed to the “wake” created by the body of the logging tool when moving faster than the fluid and to slight differences in friction on the impeller.  To compensate for these slight differences in responses, it is desirable to make two full logging runs at different logging speeds.  The spinner measurements for the two different logging speeds are compared in the blank (non-screened) intervals in the well.  In blank sections, the flow rate is constant because no water enters the well through solid pipe.  The difference in count rate between the two logging speeds is a function of the difference in logging speed and allows for calibration of the spinner tool.  

In NC-EWDP-22S, drag on the wire line, likely caused by narrow clearance between the submersible pump and the casing, prevented the collection of good spinner data below approximately 972 ft (296 m).  Furthermore, the limited amount of room for the pump above the top screen prevented running the log in an area where the flow could be assumed to be 100% during pumping.  Accordingly, the spinner logs were calibrated by contrasting logging runs at different logging speeds but at the same flow rate.  While pumping at a constant rate, the responses measured in the blank pipe between Screens #1 and #2 or between Screens #2 and #3 should only differ by the logging speed.  This allows for the determination of counts per second/feet per minute (cps/fpm) in both the up and down logging directions.  

The net count rate was determined as half the difference in counts per second between the up and down logging runs.  The fluid velocity was then computed from the spinner calibration correlation between counts per second and fluid velocity, using a velocity correction factor of 0.83 to adjust the spinner calibration measurements to field conditions (Schlumberger Limited, 1973).  A detailed example of this calculation is presented in the NC‑EWDP‑19D pump-spinner test report (NWRPO, 2001).  The spinner implied rate of 132 gpm (500 L/min.) compares favorably with the measured surface rate of 133 gpm (503 L/min.) (Figure 6).

2.1.2
Description and Results of Static Spinner Logging 

Background pressure and temperature data were collected in Site 22 wells for approximately three days prior to conducting spinner tests on March 18, 2002.  On this day, the spinner tool was run into NC-EWDP-22S, and the well was equipped with a Nye County submersible pump.  The bottom of the pump was set at 515 ft (157.0 m) bgs, or approximately 7 ft (2.1 m) above the top of Screen #1.  The pump was run for about 10 min. and then the well was shut in (i.e., non-pumping condition).  After 30 min. of shut-in, spinner logging runs were made at two different logging speeds in NC-EWDP-22S.  No quantifiable flow above the background data noise was observed.  Copies of the static logs are not included in this report.  Stationary readings in blank pipe above each screen also failed to detect any water movement.  

Analysis of the static spinner surveys indicates there was no significant vertical pressure gradient at NC-EWDP-22S.  Review of the background barometric pressures measured for the three days prior to the pump-spinner test indicates the four test zones have different barometric efficiencies and, as such, respond in a slightly different manner to short- and long-term changes in barometric pressures.  A slight amount of cross-flow (either up or down) may occur as a result of changes in barometric pressure, but any fluid movement in the well prior to pumping was at rates below the observable threshold of the spinner logging tools (approximately 10 gpm for these tools).  Detailed review of the piezometric levels in each observation zone and the composite level measured in well NC-EWDP-22S indicates the levels are within 0.1 ft (0.03 m) of each other, with the highest level in the shallowest zone (Zone #1).  The absence of significant head differences between the four screens suggests there is sufficient vertical permeability in the sediments between the various layers for water levels to rapidly equilibrate to a common piezometric level.

2.1.3
Description of Pump-Spinner Logging
 

Borehole instrumentation for the pump-spinner test was identical to the static spinner test configuration.  On March 18, 2002, following the static spinner logs, the pump was restarted at approximately 133 gpm (504 L/min.).  After approximately 30 min. of pumping, another set of spinner logs was run in well NC-EWDP-22S while the well was pumping.  Logging runs were made at two different logging speeds to calibrate for the effect of changes in logging speed.  The 30 fpm (9.1 m/min.) logs are presented in Figure 6.  Stationary readings were also taken in the blank pipe above each screen as a quality control check.  Drag on the logging cable prevented running the tool below 972 ft (296.3 m), near the bottom of Screen #3.  At this depth, the measured flow rate was 13 gpm (49 L/min.), which was attributed to Screen #4.

2.1.4
Qualitative Pump-Spinner Log Interpretation

Interpretation of both static and pump-spinner logs requires professional judgment in addition to mathematical analysis.  Many factors affect the counts per second readings and interpretations, including turbulence, slight variations in logging speeds, temperature, viscosity, debris, and equipment noise.  The effects of several other influencing factors can be seen clearly on the smoothed pump-spinner log shown in Figure 6.

· Because of turbulence effects in the screened intervals, the most accurate readings were immediately below the screened intervals in blank pipe.  The counts per second should be steady across blank intervals with no changes in pipe diameter or flow rate.  Figure 6 demonstrates steady count rates across blank pipe intervals in well NC-EWDP-22S.

· The slope of the interpretation line (i.e., the rate at which the curves diverge) provides a relative indication of permeability.  The faster the change, the higher the permeability.  For example, in Figure 6, the interpretation lines for the bottom of Screen #1 diverge at a faster rate than for any of the other screens.  This implies a rapidly increasing fluid velocity and thus higher permeability at the bottom of Screen 1 than in the other screens.

· A step increase in the separation of the two logging runs usually indicates fractures or high permeability zones.  In this test, the step increase at 931 ft (283.8 m) in Figure 6 only occurred on the down logging run and not on the up run.  In this case, the step increase is interpreted to be mechanical in origin, rather than indicating a high permeability interval.  The spinner tool is fairly light and there was small clearance between the pump housing and the casing, so it is likely that the logging cable dragged on the pump during the down logging run.  

2.1.5
Quantitative Pump-Spinner Log Analysis and Interpretation

The primary purpose of the pump-spinner logs is to allocate flow rates (and, by inference, transmissivity and permeability) from the pump test to the individual screens (zones).  This allocation of reservoir flow characteristics is valid if the head differentials and the wellbore efficiencies are similar in the various zones (Daltaban and Wall, 1998).  The allocated flow rates from different zones, in terms of gallons per minute and percent total production, are presented in Figure 6 for pumping well NC-EWDP-22S. 

The NC-EWDP-22S pump-spinner log was conducted with the submersible pump set as high as possible in the wellbore above Screen #1.  A moderate pumping rate of approximately 133 gpm (504 L/min.) was maintained during this test.  Based on interpretation of the spinner log in Figure 6, the allocation of the production rates for Screens #1 through #4 are 33%, 40%, 17%, and 10%, respectively, as shown in Table 2.  A summary of the analysis and key data is presented in Attachment 1A.

All four screened intervals were productive.  The relative contributions of the screens appear to be more evenly split than those of other EWDP boreholes.  The allocation of 10% of the rate to Screen #4 was inferred from the observed pressure in NC-EWDP-22PB deep during the pump-spinner test.  

2.2
PUMP TEST 

2.2.1
Well NC-EWDP-22S Test Procedures

A 48‑hr. pump test was designed for NC-EWDP-22S to determine transmissivity and well efficiency.  Well instrumentation for the pump test was virtually identical to the pump-spinner test configuration.  The computed water levels from the NC-EWDP-22S pump test were adjusted about 0.16 ft (0.05 m) to account for what appears to be a slight difference in probe depth after the pump was pulled and rerun following the pump-spinner test.

Beginning March 19, 2002, the well was pumped at an average rate of 134 gpm (507 L/min.) with the bottom of the pump set just above Screen #1 at the same depth as in the pump-spinner test (515 ft or 157 m).  After approximately 19 hr. of pumping, the electrical generator powering the submersible pump quit.  After a 1-hr. shut-in, the pump was restarted, only to quit again after approximately 5 more hours of production.  Probe pressures were recorded over a 14.83-hr. recovery period after pumping ceased the second time.

The measured pumping rates and computed water level elevations in NC-EWDP-22S for the pump‑spinner test and the pump test are shown in Figure 7.  Pump rates were obtained using a 55-gal. (208.2-L) drum and a stopwatch.  Readings were also taken using a Macrometer( turbine flow meter.  Total production during the main pump test was 199,850 gal. (about 756,500 L), with a maximum drawdown of 10.9 ft (3.3 m).  The pumping rates shown in Figure 7 are based on the timed volume tests but are consistent with the total volume indicated by the turbine flow meter. 

The MOSDAX( pressure sensor readings were converted to equivalent piezometric surface elevation above mean sea level in Figure 7 and subsequent figures.  The elevations of the wellheads on the three wells were obtained from the Yucca Mountain Site Characterization Project as-built survey of the EWDP Phase III boreholes (YMP, 2002). 

2.2.2
Qualitative Review of Pump Test Data

A qualitative review of the pump test data indicated the data were unsuitable for detailed analysis.  Because of the high permeability in the alluvium, the pressure changes during the pump test were small.  The data loggers were set to record data when pressure changed by 0.1 psi or 10 min. had elapsed since the last recorded point.  With these settings, very few data points were recorded; this made the data unsuitable for analysis.  

For example, most of the reservoir response occurs in the first 5 min. after a rate change.  Figure 8 compares the pump-spinner and pump test data for NC-EWDP-22PA shallow.  The shape of the early-time drawdown data from the pump-spinner test is well defined.  The data loggers recorded at 1-min. intervals during the pump-spinner test, so those data are well suited for analysis.  In contrast, the sparse data collected during the pump test failed to capture the shape of the drawdown curve, making those data unsuitable for analysis.  On this plot, the pump test data were shifted by 80 sec. to match the pump-spinner data.  It is believed that this time shift resulted from the time on the event log not being synchronized with the time on the data loggers.

This rapid response in head change (pressure transients) after a pumping rate change was captured in all observation piezometer screens as well as in the pumping well during the pump-spinner test.  This is illustrated in Figure 9 during recovery following the initial 10-min. pump period.  In Figure 10, rapid recoveries are shown following the initial 10-min. pumping, as well as following the 1.72-hr. pumping period during which spinner logs were run.  For simplicity on the plots, the piezometer screens are referred to by their corresponding interval in -22S.  For example, the NC-EWDP-22PA shallow completion is referred to as Observation Zone (Obs) #1.

Figures 9 and 10 show that the pressure heads recover to approximately steady values within 20 to 60 min. following shut-in.  Variations in pressure data after these times are likely due to possible lateral differences in aquifer properties, differences between the storage capacity of the layers, and/or barometric or tidal effects.  Therefore, the only test data that are reliable for pressure transient analysis are those in the first hour or less after a flow rate change. 

2.3
PRESSURE TRANSIENT ANALYSIS OF PUMP-SPINNER DATA

The analysis and interpretation of drawdown and recovery data from the NC-EWDP-22S pump-spinner test is described in this section.  Due to the short duration of the pump-spinner test, it was not necessary to filter the data for changes in barometric pressure, tides, or prior pressure trends.  The total pressure change associated with barometric changes was less than 0.02 ft (0.006 m) during the pump-spinner test.  

2.3.1
Well NC-EWDP-22S Pumping Well Drawdown and Recovery Analysis

The first step in the test analysis and interpretation procedure was to prepare a log‑log diagnostic plot of head change versus pumping time or, in the case of a recovery plot, equivalent time since shut-in (Figures 11 and 12).

In addition to the measured change in head, the logarithmic derivative of the drawdown and recovery data was also computed and plotted using a technique described by Horne (1997).  This type of plot provides important information regarding flow regimes, including, for example:

· An initial unit-slope (+1 slope) (usually within the first few seconds of a rate change) on the drawdown (or buildup) and the derivative responses indicates wellbore storage.

· A later flat line (0 slope) in the derivative response indicates radial cylindrical flow.  The distance between the drawdown curve and the derivative curve is a measure of wellbore efficiency or skin effect.

· Multiple stable flat regions in the derivative response can be caused by flow barriers or multiple layers.  

· A positive half-slope (+1/2 slope) on the derivative response indicates linear flow between barriers.  The distance to the barriers is determined from the time needed to reach the derivative half slope, with closer boundaries causing the half slope to develop more quickly.  

· A negative half slope (‑1/2 slope) on the derivative response indicates spherical or hemispherical flow.  

· A declining derivative response with increasing distance between the derivative and the differential head curve is indicative of improving permeability or increased aquifer thickness at greater distance from the well.  

· A derivative that tends toward zero (and a delta-head plot that tends toward a constant value) indicates a constant-pressure boundary or a source of considerable reservoir energy within the radius of influence of the test.  

Based on the list above, various flow regimes are evident from inspection of the log‑log plots for the drawdown (Figure 11) and recovery (Figure 12) data in well NC-EWDP-22S.  In this instance, the same basic inferences are drawn from both the drawdown or recovery plots.  The recovery data were selected for analysis of the pumping well because the recovery data are less affected by fluctuations in pumping rate than are the drawdown data.  There is some evidence of an initial unit slope between the first two data points on either figure, suggesting wellbore storage effects; however, these effects were over in less than a minute, and the data collection rate was insufficient to accurately show this flow regime.  The zero slope derivative response data line in the recovery data from approximately 0.08 to 0.2 hr. suggests that cylindrical radial flow is occurring over this time interval.  The scatter in the recovery derivative data after 0.2 hr. indicates influence of changes in barometric pressure.  Moreover, this scatter in the derivative data and lack of a consistent slope trend beyond 0.2 hr. indicates that no significant boundary influences (i.e., either barriers or constant pressure head) were apparent in this test, nor were there indications of increasing aquifer permeability or thickness with increasing distance from the pumping well.  

2.3.2
Well NC-EWDP-22S Model Analysis

The next step in the analysis was to prepare a preliminary interpretation of the test based on a conceptual model identified from reviewing the diagnostic plot of the recovery data (Figure 12).  Well test analysts generally begin an analysis with the simplest model possible.  In this case, that was an equivalent single-layer model with cylindrical radial flow.  Larsen (1981) showed that multi-layer systems can be modeled as equivalent single layers as long as the aquifer properties do not vary significantly between zones.

The recovery head change and derivative response were analyzed using the F.A.S.T. WELLTEST computer-assisted well test analysis program (Fekete Associates Inc., 2002).  WELLTEST( includes the standard methods of well test analysis, as well as hundreds of different models for the wellbore, different flow regimes, different types of boundaries, multiple layers, and other factors affecting flow.  

After a preliminary interpretation was selected (i.e., single-layer system), the test parameters were varied to determine a “best fit” of the modeled response to observed response using nonlinear regression techniques.  The match of model versus observed results was examined on log-log (Figure 12), semilog (Figure 13), and Cartesian (Figure 14) plots.  The match shown in these figures is considered to be good.  In analyzing the test, both the drawdown (pumping) and build-up (recovery) signals from well NC-EWDP-22S were considered, as were the responses of the four observation screens in the piezometer holes.  

A best fit was obtained by matching the pump-spinner test drawdown and recovery data from the pumping well and the observation wells.  The best equivalent single-layer match was obtained with 15,500 ft2/day (1,444 m2/day) transmissivity, corresponding to an average permeability of 14.5 darcy (14.3 x 10-12 m2) over the 369 ft (112 m) productive thickness.  The total productive thickness is calculated as the sum of individual sand pack lengths rounded up to the nearest foot.  An apparent skin factor of +32 was calculated from the difference between the drawdown (head change) and the derivative curves prior to the first zero slope region on the log-log plot (Figure 11).  The term “skin factor” is used in the petroleum industry to account for near-wellbore pressure drops, and can be related to the concept of well efficiency in the groundwater industry.  The skin factor of +32 leads to a computed well efficiency of 19%.  In addition to drilling-related sand pack and formation damage, other factors such as multi-layer, multi-pressure, and flow convergence effects may also cause high apparent skin values.  Several EWDP pump tests in other wells exhibited “stair step” increases in measured head level which, along with other supporting evidence, indicated progressive screen plugging (e.g., NWRPO, 2001).  The fact that drawdown data for well NC-EWDP-22S, plotted in Figure 11, did not exhibit “stair step” increases suggests that multi-layer effects and flow convergence factors may, at least in part, be responsible for the high apparent skin values.

The flat derivative on the log-log plot of the recovery response (Figure 12) between 0.08 and 0.20 hr. indicates that radial flow developed.  During the radial flow period, the observed recovery data on the semilog plot (Figure 13) follow a nearly straight line after 0.08 hr.  A Cooper-Jacob analysis (Cooper and Jacob, 1946) of this straight line also resulted in transmissivity of about 15,500 ft2/day (1,444 m2/day).

2.4
OBSERVATION WELL DRAWDOWN ANALYSIS
As previously noted, the observation piezometers at Site 22 were instrumented with MOSDAX( pressure probes and data loggers.  The response of all observation wells to the pumping of -22S is displayed in Figures 9 and 10.  For the purposes of this preliminary report, it was assumed that the downhole distance between the wells was the same as the surface distance and that this assumption does not materially affect the results of the analysis described below.  Deviation surveys have been completed in NC‑EWDP-22S showing little or no deviation from the vertical.  Similar surveys were run in the piezometer wells following the completion of analyses presented in this report, and those data will be incorporated in future reports.  

The results presented in the following section are based on analysis of the pump-spinner test drawdown using the F.A.S.T. WELLTEST computer-assisted well test analysis program (Fekete Associates Inc., 2002).

2.4.1
Drawdown Analysis for Observation Piezometer NC-EWDP-22PA Shallow 

A summary of the analysis and key data is given in Attachment 1B.  Simulated observation well data were compared to measured data on log‑log (Figure 15) and semilog (Figure 16) plots.  The best match was obtained with a transmissivity of 3,400 ft2/day (315 m2/day).  The computed inter‑well permeability between wells NC-EWDP-22S and -22PA shallow was 16.0 darcy (15.8 x 10‑12 m2), based on the 72.9 ft (22.2 m) sand pack for Zone #1.  

In addition to determining permeability, observation well analysis testing also permits calculation of the storage coefficient, which in this case was 0.0016 ft/ft (0.0016 m/m), indicative of an unconfined or semi-confined aquifer in Zone #1.  In this case, the same data logger was used for the observation well and the pumping well, which prevented any errors in time measurement.  The actual aquifer compressibility is not known, so it is not feasible to compute effective porosity from this value.

2.4.2
Drawdown Analysis for Observation Piezometer NC-EWDP-22PA Deep 

A summary of the analysis and key data is found in Attachment 1C.  Because the MOSDAX™ probe in this interval malfunctioned, the observation response for -22PA deep was obtained using a sounding tape.  Data quality was surprisingly good for manually collected sounder data.  Simulated observation well data were compared to measured data on log‑log (Figure 17) and semilog (Figure 18) plots.  The best match was obtained with a transmissivity of 5,900 ft2/day (550 m2/day).  The computed inter‑well permeability between wells NC-EWDP-22S and -22PA deep was 17.7 darcy (17.5 x 10‑12 m2), based on the 114.7 ft (35.0 m) sand pack for Zone #2.  The spinner logs indicated the highest percentage flow came from this zone.  The permeability calculated is only slightly higher than Zone #1, but the greater thickness results in a higher transmissivity, which is consistent with the spinner log results. 

The storage coefficient was calculated as 0.00031 ft/ft (0.00031 m/m), indicative of a confined aquifer in Zone #2.  As in the case of observation piezometer NC-EWDP-22PA shallow, it is not possible to compute effective porosity from this value.

2.4.3
Drawdown Analysis for Observation Piezometer NC-EWDP-22PB Shallow 

A summary of the analysis and key data is presented in Attachment 1D.  Simulated observation well data were compared to measured data on log‑log (Figure 19) and semilog (Figure 20) plots.  The best match was obtained with a transmissivity of 2,550 ft2/day (240 m2/day).  The computed inter‑well permeability between wells NC-EWDP-22S and -22PB shallow was 7.5 darcy (7.4 x 10‑12 m2), based on the 116.6 ft (35.5 m) sand pack for Zone #3.  The calculated storage coefficient was 0.00002 ft/ft (0.00002 m/m), indicative of a confined aquifer in Zone #3.  As for other observation piezometers, it was not possible to calculate an effective porosity.

2.4.4
Drawdown Analysis for Observation Piezometer NC-EWDP-22PB Deep 

A summary of the analysis and key data is presented in Attachment 1E.  Simulated observation well data were compared to measured data on log‑log (Figure 21) and semilog (Figure 22) plots.  The best match was obtained with a transmissivity of 2,860 ft2/day (266 m2/day).  The computed inter‑well permeability between wells NC-EWDP-22S and -22PB deep was 15.4 darcy (15.2 x 10‑12 m2), based on the 64 ft (19.5 m) gravel pack for Zone #4.  A value of 0.00023 ft/ft (0.00023 m/m) was calculated for the storage coefficient, which is indicative of a confined aquifer in Zone #4.  Again, it was not possible to compute an effective porosity. 

3.0 CONCLUSIONS 

Total transmissivity at well NC-EWDP-22S was determined to be 15,500 ft2/day (1,444 m2/day), corresponding to an average permeability of 14.5 darcy (14.3 x 10-12 m2) over the 369 ft (112 m) productive thickness.  No significant vertical head gradient was present.  All intervals contributed to the production and displayed similar permeabilities ranging from 7 to 18 darcy, as shown in Table 2. 

Good communication is demonstrated between the individual screens in the NC-EWDP-22S pumping well and each of the matching piezometer completions.  The summation of the individual observation analysis results for permeabilities and storage coefficients is the same as that obtained from the NC-EWDP-22S pumping well results.  
The computed well efficiency of well NC-EWDP-22S was 19%.  It is believed that the majority of the head loss experienced is attributable to multi-layer effects and non-darcy flow effects as the flow converges to the wellbore.
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Figure 1

Location Map for Early Warning Drilling Program
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Figure 2

Well NC-EWDP-22 Site Layout

NOTE:  OD = outer diameter [image: image19.png]=<
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Figure 3

Completion Diagram for Well NC-EWDP-22S 

[image: image20.wmf]Test Information

Borehole: 

NC-EWDP-22S

 

Interval Tested: 

 Entire Wellbore, 4 Intervals 522'-1180'

Test Date: March 15-21, 2002

18-Mar-02

 

Datum: 

22S TOC, Probe @ 507.9 TOC

Test Type: 

Pump Spinner Test

Observation Wells: 

22PA (S & D), 22PB (S & D)

Remarks:

 Stand alone, single well analysis for 22S Pump Test.

 

Source of Data

Pressure File:

 3190222s.wk1

 

Source: 

e-mail,  R. Downing w/ Nye Co.

Type of Pressure Gauge:

 Westbay #2323 (22S), 250 psia

Units:

 psia & degrees C

Rate File: 

Hand Input

 

Source:

 Nye County Field Notebook

 

Type of Flow Meter: 

Flow Meter Totalizer, Barrel Calibration

Units: 

GPM, converted to BPD

 

Assumptions

Value

Units

Source

Comments

Height / Thickness

369

ft

Comp. Log

Estimate of gravel pack intervals

Porosity

30%

Est

Alluvium

Viscosity

0.9436

cp

Saphir

Software value

Wellbore Radius

0.615

ft

est

Nominal Bit Size

Compressibility

2.71E-05

psi 

-1

Fekete

Interference Model Match (wt. Avg. of Ind.)

Temperature

80

deg F

Assumed

Avg. Pumping Temperature

S

 -Storage Coefficient

0.2

ft/ft

Assumed

Unconfined (0.8 X 25%)

Results

Cartesian Plot Analysis: 

Attach Plot

Length of Flow:

       1.7 hrs

Steady State?  

No

Pseudo-Steady State? 

No

Remarks: 

 Data analyzed was from the pump spinner test, not the main 48-hr pump test.                                                                               .

 

Log-Log Plot Analysis:

 

Attach Plot

Flow Regimes Noted: (Circle Appropriate Types; Include Flow Regime Plot if Appropriate)

Wellbore Storage

Bilinear

Linear

Radial

Spherical

Other

Remarks:

 DD & Recovery data exhibits short duration radial flow, followed by dominant influence

of Barometric pressure changes.  Interference analysis not include on this form.

Analysis Procedures

Software Utilized:

 Fekete-Welltest

File Name: 

PS22S.fkt

Location: 

FLE - Dell 4150

Software Utilized: 

File Name: 

Location: 

Result Summary (Include Units)

T

 - Transmissivity: 

116,600 gpd/ft

Initial Pressure: 

 28.2 psi, ( 2377.8' amsl)

Permeability:

  14.5 Darcy

Final Flowing Pressure: 

23.8 psi, (2367.6' amsl)

Skin:

 +32 

Extrapolated Reservoir Pressure: 

28.2 (2377.8' amsl)

Effective Flow Time: 

 1.7 hours

Radius of Investigation: 

1,850' at avg. 14.5 darcy

Average Flow Rate:

 133 gpm,  4,560 bpd

Distance to Boundary: 

 NA 

Total Flow Volume: 

  13,850 gal, 330 bbls

Effective Storativity for Zero Skin:        

 X 10

- 

 ft/ft                                  

NA

Remarks:

 

Spinner survey analysis indicates no significant gradients.  Analysis was

made using only the pumping period with all zones contributing.

Analyzed by:  

Scott Stinson

  Analysis Date:

 10/20/2002

 

WELL TEST ANALYSIS QUALITY CONTROL CHECKLIST

NYE COUNTY NUCLEAR WASTE REPOSITORY OFFICE

INDEPENDENT SCIENTIFIC INVESTIGATION

YUCCA MOUNTAIN, NEVADA

[image: image21.wmf]Test Information

Borehole: 

NC-EWDP-22PA Shallow String

Interval Tested: 

 Single Piezometer  w/ Screen: 521'-580'

Test Date: March 15-21, 2002

18-Mar-02

 

Datum: 

PVC Top @ 2852.15', Probe @ 506.57 TOC

Test Type: 

Pump Spinner Test

Observation Wells: 

22PA (S & D), 22PB (S & D)

Remarks:

 Observation data for for 22S Pump/Spinner Test in Zone #1.

 

Source of Data

Pressure File:

 3190222s.wk1

 

Source: 

e-mail,  R. Downing w/ Nye Co.

Type of Pressure Gauge:

 Westbay #2844 (22PA Shallow), 30 psia

Units:

 psia & degrees C

Rate File: 

Hand Input

 

Source:

 Nye County Field Notebook

 

Type of Flow Meter: 

Flow Meter Totalizer, Barrel Calibration

Units: 

GPM, converted to BPD

 

Assumptions

Value

Units

Source

Comments

Height / Thickness

73

ft

Comp. Log

Estimate of gravel pack intervals

Porosity

30%

Est

Alluvium

Viscosity

0.9436

cp

Saphir

Software value

Wellbore Radius

0.615

ft

est

Nominal Bit Size

Compressibility

1.74E-04

psi 

-1

Fekete

Interference Model Match 

Temperature

80

deg F

Assumed

Avg. Pumping Temperature

Results

Cartesian Plot Analysis: 

Attach Plot

Length of Flow:

       1.7 hrs

Steady State?  

No

Pseudo-Steady State? 

No

Remarks: 

 Data analyzed was from the pump spinner test, not the main 48-hr pump test.                                                                               .

 

Log-Log Plot Analysis:

 

Attach Plot

Flow Regimes Noted: (Circle Appropriate Types; Include Flow Regime Plot if Appropriate)

Wellbore Storage

Bilinear

Linear

Radial

Spherical

Other

Remarks:

 DD & Recovery data exhibits short duration radial flow, followed by dominant influence

of Barometric pressure changes.  Porosity fixed @ 30%, Ct adjusted to match. 

Analysis Procedures

Software Utilized:

 Fekete-Welltest

File Name: 

PS22SOBS1.fkt

Location: 

FLE - Dell 4150

Software Utilized: 

File Name: 

Location: 

Result Summary (Include Units)

T

 - Transmissivity: 25

,400 gpd/ft

Initial Pressure: 

 27.3 psi, ( 2377.9' amsl)

Permeability:

  16 Darcy

Final Flowing Pressure: 

27.1 psi, (2377.4' amsl)

Skin:

 +0 

Extrapolated Reservoir Pressure: 

27.4 (2377.8' amsl)

Effective Flow Time: 

 1.7 hours

Radius of Investigation: 

800' at avg. 16 darcy

Average Flow Rate:

 44 gpm,  1,607 bpd

Distance to Boundary: 

 NA 

Total Flow Volume: 

  4,570 gal, 109 bbls

Effective Storativity for Zero Skin:        

 X 10

- 

 ft/ft                                  

NA

Remarks:

 

Spinner survey analysis indicates no significant gradients.  Analysis was

made using the pumping period with 33% of total flow based on spinner log analysis.

Analyzed by:  

Scott Stinson

  Analysis Date:

 10/20/2002

 

NYE COUNTY NUCLEAR WASTE REPOSITORY OFFICE

INDEPENDENT SCIENTIFIC INVESTIGATION

YUCCA MOUNTAIN, NEVADA

WELL TEST ANALYSIS QUALITY CONTROL CHECKLIST
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NOTE:
OD = outer diameter; sch. = schedule; PVC = poly vinyl chloride; ABS = acrylonitrile butadiene styrene

Figure 4

Completion Diagram for Well NC-EWDP-22PA 
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(0 ft - 6.5 ft)
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Note: Indicated water level is 

approximate open hole water level 

at end of drilling.

Granular Bentonite (8 Mesh)
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[image: image27.wmf]Test Information

Borehole: 

NC-EWDP-22PA Deep String

Interval Tested: 

 Single Piezometer w/ Screen: 661'-760'

Test Date: March 15-21, 2002

18-Mar-02

 

Datum: 

PVC Top @ 2852.15', Electronic Sounder #4

Test Type: 

Pump Spinner Test

Observation Wells: 

22PA (S & D), 22PB (S & D)

Remarks:

 Observation data for for 22S Pump/Spinner Test in Zone #2.

 

Source of Data

Pressure File:

 Manual Input of Depth ot Water

 

Source: 

e-mail,  R. Downing w/ Nye Co.

Type of Pressure Gauge:

 Electronic Sounder Tape NC#4

Units:

 Feet

Rate File: 

Hand Input

 

Source:

 Nye County Field Notebook

 

Type of Flow Meter: 

Flow Meter Totalizer, Barrel Calibration

Units: 

GPM, converted to BPD

 

Assumptions

Value

Units

Source

Comments

Height / Thickness

115

ft

Comp. Log

Estimate of gravel pack intervals

Porosity

30%

Est

Alluvium

Viscosity

0.9436

cp

Saphir

Software value

Wellbore Radius

0.615

ft

est

Nominal Bit Size

Compressibility

2.10E-05

psi 

-1

Fekete

Interference Model Match 

Temperature

80

deg F

Assumed

Avg. Pumping Temperature

Results

Cartesian Plot Analysis: 

Attach Plot

Length of Flow:

       1.7 hrs

Steady State?  

No

Pseudo-Steady State? 

No

Remarks: 

 Data analyzed was from the pump spinner test, not the main 48-hr pump test.                                                                               .

 

Log-Log Plot Analysis:

 

Attach Plot

Flow Regimes Noted: (Circle Appropriate Types; Include Flow Regime Plot if Appropriate)

Wellbore Storage

Bilinear

Linear

Radial

Spherical

Other

Remarks:

 DD & Recovery data exhibits short duration radial flow, followed by dominant influence

of Barometric pressure changes.  Porosity fixed @ 30%, Ct adjusted to match. 

Analysis Procedures

Software Utilized:

 Fekete-Welltest

File Name: 

PS22SOB2.fkt

Location: 

FLE - Dell 4150

Software Utilized: 

File Name: 

Location: 

Result Summary (Include Units)

T

 - Transmissivity: 

44,200 gpd/ft

Initial Pressure: 

 474.1 ft., ( 2378' amsl)

Permeability:

  17.7 Darcy

Final Flowing Pressure: 

474.9', (2377.2' amsl)

Skin:

 +0 

Extrapolated Reservoir Pressure: 474

.3 (2377.8' amsl)

Effective Flow Time: 

 1.7 hours

Radius of Investigation: 2,30

0' at avg. 17.7 darcy

Average Flow Rate:

 53 gpm,  1,824 bpd

Distance to Boundary: 

 NA 

Total Flow Volume: 

  5,540 gal, 132 bbls

Effective Storativity for Zero Skin:        

 X 10

- 

 ft/ft                                  

NA

Remarks:

 

Spinner survey analysis indicates no significant gradients.  Analysis was

made using the pumping period with 40% of total flow based on spinner log analysis.

Analyzed by:  

Scott Stinson

  Analysis Date:

 10/20/2002

 

NYE COUNTY NUCLEAR WASTE REPOSITORY OFFICE

INDEPENDENT SCIENTIFIC INVESTIGATION

YUCCA MOUNTAIN, NEVADA

WELL TEST ANALYSIS QUALITY CONTROL CHECKLIST

[image: image28.wmf]Test Information

Borehole: 

NC-EWDP-22PB Shallow String

Interval Tested: 

 Single Piezometer w/ Screen: 881'-980'

Test Date: March 15-21, 2002

18-Mar-02

 

Datum: 

PVC Top @ 2851.79', Probe @ 505.0 TOC

Test Type: 

Pump Spinner Test

Observation Wells: 

22PA (S & D), 22PB (S & D)

Remarks:

 Observation data for for 22S Pump/Spinner Test in Zone #3.

 

Source of Data

Pressure File:

 3190222P.wk1

 

Source: 

e-mail,  R. Downing w/ Nye Co.

Type of Pressure Gauge:

 Westbay #2846 (22PB Shallow), 30 psia

Units:

 psia & degrees C

Rate File: 

Hand Input

 

Source:

 Nye County Field Notebook

 

Type of Flow Meter: 

Flow Meter Totalizer, Barrel Calibration

Units: 

GPM, converted to BPD

 

Assumptions

Value

Units

Source

Comments

Height / Thickness

117

ft

Comp. Log

Estimate of gravel pack intervals

Porosity

30%

Est

Alluvium

Viscosity

0.9436

cp

Saphir

Software value

Wellbore Radius

0.615

ft

est

Nominal Bit Size

Compressibility

1.34E-06

psi 

-1

Fekete

Interference Model Match 

Temperature

80

deg F

Assumed

Avg. Pumping Temperature

Results

Cartesian Plot Analysis: 

Attach Plot

Length of Flow:

       1.7 hrs

Steady State?  

No

Pseudo-Steady State? 

No

Remarks: 

 Data analyzed was from the pump spinner test, not the main 48-hr pump test.                                                                               .

 

Log-Log Plot Analysis:

 

Attach Plot

Flow Regimes Noted: (Circle Appropriate Types; Include Flow Regime Plot if Appropriate)

Wellbore Storage

Bilinear

Linear

Radial

Spherical

Other

Remarks:

 DD & Recovery data exhibits short duration radial flow, followed by dominant influence

of Barometric pressure changes.  Porosity fixed @ 30%, Ct adjusted to match. 

Analysis Procedures

Software Utilized:

 Fekete-Welltest

File Name: 

PS22SOB3.fkt

Location: 

FLE - Dell 4150

Software Utilized: 

File Name: 

Location: 

Result Summary (Include Units)

T

 - Transmissivity: 

19,100 gpd/ft

Initial Pressure: 

 26.7 psi, ( 2377.8' amsl)

Permeability:

  7.5 Darcy

Final Flowing Pressure: 

26.4 psi, (2377.0' amsl)

Skin:

 +0 

Extrapolated Reservoir Pressure: 

28.2 (2377.8' amsl)

Effective Flow Time: 

 1.7 hours

Radius of Investigation: 6

,000' at avg. 7.5 darcy

Average Flow Rate:

 23 gpm,  775 bpd

Distance to Boundary: 

 NA 

Total Flow Volume: 

  2,355 gal, 56 bbls

Effective Storativity for Zero Skin:        

 X 10

- 

 ft/ft                                  

NA

Remarks:

 

Spinner survey analysis indicates no significant gradients.  Analysis was

made using the pumping period with 17% of total flow based on spinner log analysis.

Analyzed by:  

Scott Stinson

  Analysis Date:

 10/20/2002

 

NYE COUNTY NUCLEAR WASTE REPOSITORY OFFICE

INDEPENDENT SCIENTIFIC INVESTIGATION

YUCCA MOUNTAIN, NEVADA

WELL TEST ANALYSIS QUALITY CONTROL CHECKLIST

[image: image29.wmf]Test Information

Borehole: 

NC-EWDP-22PB Deep String

Interval Tested: 

 Single Piezometer w/ Screen: 1140'-1180'

Test Date: March 15-21, 2002

18-Mar-02

 

Datum: 

PVC Top @ 2851.79', Probe @ 507.6 TOC

Test Type: 

Pump Spinner Test

Observation Wells: 

22PA (S & D), 22PB (S & D)

Remarks:

 Observation data for for 22S Pump/Spinner Test in Zone #4.

 

Source of Data

Pressure File:

 3190222P.wk1

 

Source: 

e-mail,  R. Downing w/ Nye Co.

Type of Pressure Gauge:

 Westbay #3363 (22PB D), 250 psia

Units:

 psia & degrees C

Rate File: 

Hand Input

 

Source:

 Nye County Field Notebook

 

Type of Flow Meter: 

Flow Meter Totalizer, Barrel Calibration

Units: 

GPM, converted to BPD

 

Assumptions

Value

Units

Source

Comments

Height / Thickness

64

ft

Comp. Log

Estimate of gravel pack intervals

Porosity

30%

Est

Alluvium

Viscosity

0.9436

cp

Saphir

Software value

Wellbore Radius

0.615

ft

est

Nominal Bit Size

Compressibility

2.75E-05

psi 

-1

Fekete

Interference Model Match 

Temperature

80

deg F

Assumed

Avg. Pumping Temperature

Results

Cartesian Plot Analysis: 

Attach Plot

Length of Flow:

       1.7 hrs

Steady State?  

No

Pseudo-Steady State? 

No

Remarks: 

 Data analyzed was from the pump spinner test, not the main 48-hr pump test.                                                                               .

 

Log-Log Plot Analysis:

 

Attach Plot

Flow Regimes Noted: (Circle Appropriate Types; Include Flow Regime Plot if Appropriate)

Wellbore Storage

Bilinear

Linear

Radial

Spherical

Other

Remarks:

 DD & Recovery data exhibits short duration radial flow, followed by dominant influence

of Barometric pressure changes.  Porosity fixed @ 30%, Ct adjusted to match. 

Analysis Procedures

Software Utilized:

 Fekete-Welltest

File Name: 

PS22SOB4.fkt

Location: 

FLE - Dell 4150

Software Utilized: 

File Name: 

Location: 

Result Summary (Include Units)

T

 - Transmissivity: 

21,400 gpd/ft

Initial Pressure: 

 26.15 psi, ( 2377.7' amsl)

Permeability:

  15.4 Darcy

Final Flowing Pressure: 

26.0 psi, (2377.4' amsl)

Skin:

 +0 

Extrapolated Reservoir Pressure: 

26.2 (2377.8' amsl)

Effective Flow Time: 

 1.7 hours

Radius of Investigation: 

1,900' at avg. 15.4 darcy

Average Flow Rate:

 13 gpm,  456 bpd

Distance to Boundary: 

 NA 

Total Flow Volume: 

  1,385 gal, 33 bbls

Effective Storativity for Zero Skin:        

 X 10

- 

 ft/ft                                  

NA

Remarks:

 

Spinner survey analysis indicates no significant gradients.  Analysis was

made using the pumping period with 10% of total flow based on spinner log analysis.

Analyzed by:  

Scott Stinson

  Analysis Date:

 10/20/2002

 

NYE COUNTY NUCLEAR WASTE REPOSITORY OFFICE

INDEPENDENT SCIENTIFIC INVESTIGATION

YUCCA MOUNTAIN, NEVADA

WELL TEST ANALYSIS QUALITY CONTROL CHECKLIST

NOTE:  OD = outer diameter; sch. = schedule; PVC = poly vinyl chloride 

Figure 5

Completion Diagram for Well NC-EWDP-22PB 
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Figure 6

Spinner Survey during Pump Test – Logging Speed 30 fpm
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Figure 7

Pump Test – Pressure and Rate in Well NC-EWDP-22S as a Function of Time
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Figure 8

Comparison of Drawdown Data Taken during Pump-Spinner Test with Data Taken during 48-Hour Pump Test
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Figure 9

Response of All Zones to the 10-Minute Initial Pump Period and Subsequent Recovery Period


Figure 10

Response of All Zones to the 10-Minute Initial Pump Period, the 1.72-Hour Main Pumping Period during the Pump-Spinner Test, and Subsequent Recovery Periods
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Figure 11 

Log-Log Diagnostic Plot of Well NC-EWDP-22S Drawdown Response
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Figure 12 

Log-Log Diagnostic Plot of Well NC-EWDP-22S Recovery Response


Figure 13

Semilog Plot Comparing Model Results to the Actual Well NC‑EWDP‑22S Recovery Response
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Figure 14

Cartesian Plot Comparing Model Results to the Actual Well NC‑EWDP‑22S Recovery Response
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Figure 15

Log-Log Plot of Observation Well NC-EWDP-22PA Shallow (Observation Zone #1) Response to the 

Well NC-EWDP-22S Pump-Spinner Test
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Figure 16 

Semilog Plot Comparing Model Results to the Actual Observation Well NC-EWDP-22PA Shallow (Observation Zone #1) Response to the Well NC-EWDP-22S Pump-Spinner Test
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Figure 17

Log-Log Plot of Observation Well NC-EWDP-22PA Deep (Observation Zone #2) Response to the Well NC‑EWDP‑22S Pump‑Spinner Test
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Figure 18 

Semilog Plot Comparing Model Results to the Actual Observation Well NC-EWDP-22PA Deep (Observation Zone #2) Response to the Well NC‑EWDP‑22S Pump-Spinner Test
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Figure 19

Log-Log Plot of Observation Well NC-EWDP-22PB Shallow (Observation Zone #3) Response to the Well NC-EWDP-22S Pump‑Spinner Test
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Figure 20

Semilog Plot Comparing Model Results to the Actual Observation Well NC-EWDP-22PB Shallow (Observation Zone #3) Response to the Well NC‑EWDP-22S Pump-Spinner Test

[image: image16.wmf]0.01

0.1

1

0.01

0.1

1

10

Pumping Time (hours)

Head Change (feet)

Observed Head Change

Model Head Change


Figure 21

Log-Log Plot of Observation Well NC-EWDP-22PB Deep (Observation Zone #4) Response to the Well NC-EWDP-22S Pump‑Spinner Test
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Figure 22

Semilog Plot Comparing Model Results to the Actual Observation Well NC-EWDP-22PB Deep (Observation Zone #4) Response to the Well NC‑EWDP-22S Pump-Spinner Test
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TABLES
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Table 1

Zone and Screen Depths in Site 22 Wells 

	Well No.
	Well 
Zone  Number
	Sand Pack Depth Interval (bgs, ft)
	Sand Pack Height Thickness 

(ft)
	Screen Top-Bottom Measured Depth

(bgs, ft)
	Screen Height

(ft)

	NC-EWDP-22S
	#1
	513.4 – 586.3
	72.9
	521.5 – 581.3
	59.8

	
	#2
	651.8 – 766.5
	114.7
	661.2 – 760.6
	99.4

	
	#3
	870.3 – 986.9
	116.6
	880.2 – 980.0
	99.8

	
	#4
	1133.2 – 1196.5 
	63.3
	1140.0 – 1180.0
	40.0

	NC-EWDP-22PA
	#1
	508.5 – 587.0
	78.5
	520.8 – 579.7
	58.9

	
	#2
	649.7 – 779.8
	130.1
	661.4 – 759.8
	98.4

	NC-EWDP-22PB
	#3
	870.7 – 989.2
	118.5
	881.3 – 979.7
	98.4

	
	#4
	1125.2 – 1199.7
	74.5
	1140.3 – 1179.7
	39.4


Table 2

Summary of Pressure Analysis for Site 22 Pump Well and Observation Wells 

	Well No.
	Well (Zone #)
	Thickness (ft)
	Allocated Rate

(gpm)
	Permeability

(darcy)
	Transmissivity (ft2/d)
	Storage Coefficient(ft/ft)

	NC-EWDP-22S
	#1, #2, #3, and #4
	369
	133
	14.5
	15.500
	----

	NC-EWDP-22PA Shallow
	#1
	73
	44
	16.0
	3,400
	0.00160

	NC-EWDP-22PA Deep
	#2
	115
	53
	17.7
	5,900
	0.00031

	NC-EWDP-22PB Shallow
	#3
	117
	23
	7.5
	2,550
	0.00002

	NC-EWDP-22PB Deep
	#4
	64
	13
	15.4
	2,900
	0.00023
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ATTACHMENT 1

WELL TEST ANALYSIS QUALITY CONTROL CHECKLISTS

INTENTIONALLY LEFT BLANK


Attachment 1A

Well Test Analysis Quality Control Checklist for
Pumping Well NC‑EWDP‑22S


Attachment 1B

Well Test Analysis Quality Control Checklist for 
Observation Well NC‑EWDP‑22PA Shallow


Attachment 1C

Well Test Analysis Quality Control Checklist for 

Observation Well NC‑EWDP‑22PA Deep


Attachment 1D

Well Test Analysis Quality Control Checklist for
Observation Well NC‑EWDP‑22PB Shallow


Attachment 1E

Well Test Analysis Quality Control Checklist for
Observation Well NC‑EWDP‑22PB Deep
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