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1.0 INTRODUCTION

This report describes the hydraulic analysis of an aquifer test conducted at monitoring well 03-B-10 on
September 14, 2009. The well is located at Los Alamos National Laboratory Technical Area 03 (TA-03),
west of building SM-30. Well 03-B-10 is located on Sigma Mesa, adjacent to the upper reaches of the
north fork of Twomile Canyon. The objective of the pumping test was to evaluate the hydraulic properties
of the intermediate perched groundwater in the vicinity of building SM-30.

Figure 1 shows the location of building SM-30 within TA-03 at Los Alamos National Laboratory (LANL).
Figure 2 shows the location of pumping well 03-B-10 and the observation wells 03-B-9 and 03-B-13 west
of building SM-30, along with 10-ft radius circles centered on the pumped well. Observation well 03-B-13
is located 13.8 ft northeast of well 03-B-10 and observation well 03-B-9 is located 26 ft north-northwest of
well 03-B-10.

Testing consisted of a brief, background-data collection period at each well prior to pumping, pumping of
well 03-B-10 at a rate of 0.69 gal. per minute (gpm) for 102 minutes (1.7 h), and monitoring recovery in all
three wells for several hours.

1.1 Conceptual Hydrogeology and Historical Evaluation

The “B” wells are completed to depths of 31 to 32 ft below ground surface (bgs) in Unit 4 of the Bandelier
Tuff (Qbt 4). Well completion diagrams for 03-B-09, 03-B-10, and 03-B-13 are presented in Attachment A.
The fill/tuff interface is located 10.6 to 12.8 ft bgs (DOE 2006, 092669). At the time of completion, water
levels in the “B” wells ranged from 23 to 29 ft bgs, while water levels in September 2009 ranged from 20
to 21 ft bgs, slightly above the top of the screen in each well. Prior to the test, water levels were slightly
above the top of the screen in each well. Assuming that the wells fully penetrate the zone of saturation,
the thickness of the perched intermediate groundwater on September 14, 2009, was approximately 11 ft.

All three B-series wells are flush-mounted with the road immediately west of SM-30, and have been
vulnerable to surface runoff from the road. Well 03-B-9 is located in a surface depression where
surrounding runoff flows to the well and enters the protective casing cover despite efforts to maintain the
well cover gasket and bolt washers. Prior to measuring the groundwater levels in well 03-B-9 on
September 14, 2009, the well contained water in the annulus to the top of the well casing. The water level
within the annulus was pumped down several inches prior to the test to prevent the water from entering
the well during testing. However, while recovery was being monitored after the pumping test, a nearby
roof drain drip line, apparently from an air conditioner discharge, was observed flowing to the well. In
addition, a thunderstorm during the pumping test recovery period generated runoff that flowed down the
well. The hydraulic response to this event is evident in the well hydrograph discussed later in this report.

Groundwater levels measured in each well prior to the test on September 14, 2009, are shown in Figure 3.
The groundwater elevation at 03-B-9 was highest at 7437.9 ft; the level at 03-B-10 was 7437.7 ft, and the
level at 03-B-13 was 7437.1 ft. The groundwater level data measured on September 14, 2009, indicated a
gradient to the east-northeast of 0.054 ft/ft. The highest water levels were measured in well 03-B-9.
However, when the B-series wells were first installed, the perched groundwater was interpreted to be
mounded with the highest levels at 03-B-10 and 03-B-13 (DOE 2006, 092669, Figure 7.2-1).

Additionally, Figure 3 presents historical water levels in the B-series wells, along with the total daily
precipitation recorded at the LANL TA-06 meteorological station. Due to their close proximity,
groundwater levels are usually very similar in each well, and responsive to precipitation events.
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In 2007 it was discovered that runoff in the vicinity of the B wells was entering the wells through the flush-
mounted surface completions. Apparently, a snowplow may have damaged the surface well completions
of 03-B-10 and 10-B-13 in December 2006. The high water levels in well 03-B-10 in January and
February 2007 (Figure 3) represent runoff entering the well. The wells were repaired, and new seals and
bolt gaskets were installed, but well 03-B-9 continued to be vulnerable to runoff. Well 03-B-9 is located in
a service roadway with heavy truck traffic. Due to apparent subsidence, the well is now located in a
topographic low in the roadway, allowing runoff to continue to the well cover and annulus, following
precipitation and snowmelt events.

In 2008, a roof drain from the adjacent building, SM-30, was found to be corroded and discharging into
the ground adjacent to the building in the vicinity of the B-series wells. The roof drain was subsequently
repaired in 2008.

Groundwater levels in the B-series wells are closely correlated to precipitation events. Figure 4 presents
hydrographs of groundwater levels at wells 03-B-10 and 03-B-13 from March to May 2009 along with total
daily precipitation at the TA-06 meteorological station. The correlation between groundwater level
responses and precipitation events is evident, with responses of more than 2 ft following larger
precipitation events. It is apparent that runoff is recharging the perched groundwater.

A water supply line north of building SM-30 burst on or about May 10, 2009, and leaked an estimated
100,000 to 1,000,000 gal. of potable water into the ground. Water levels in the B-series wells responded
to this leak, with groundwater levels rising approximately 1 ft in well 03-B-10 and approximately 0.6 ft in
well 03-B-13 (Figure 4).

The extent of the perched intermediate groundwater beneath and adjacent to building SM-30 was
evaluated during the investigation drilling of Solid Waste Management Units 03-010(a) and 03-001(e),
and was determined to be of limited extent (DOE 2006, 092669). A fine-grained layer, or clay lens, within
unit Qbt 4 (see Appendix A, Figure A-1) apparently provides the perching layer for the groundwater,
which was estimated to extend over an area about 100 ft long by 60 ft wide beneath and west of building
SM-30 (DOE 2006, 092669, p. 85). If consistent with bedding in the Bandelier Tuff, the perching layer
probably dips slightly to the east beneath building SM-30. West of building SM-30 and the asphalt
roadway, the ground surface slopes steeply to the west into a tributary canyon of Two-mile Canyon that is
incised about 15 ft within about 50 ft west of well 03-B-10.

1.2 Well 03-B-10 Pumping Test

Prior to the pumping test, the transducers in each well were programmed to record at 5-second intervals
for the duration of the test and the recovery period. The pumping test was performed on September 14,
2009, using a Geotech Geosquirt 12 VDC pump (60-ft model). The pump at well 03-B-10 was turned on
at 10:15 a.m. (MDT) and the immediate drawdown at 03-B-10 was 0.17 ft. The initial near-instantaneous
decline of the water levels is a function of borehole storage effects and an imperfect hydraulic connection
between the well and the pumped saturated zone. Because the groundwater level fell within the screen
during the test, storage effects on the drawdown and recovery data were unavoidable. Drawdown
continued through the duration of pumping test, with an additional 0.15 ft recorded over the remainder of
the test. The well was pumped at a steady rate of 0.69 gpm for a total of 102 minutes, with 71 gal.
pumped during the test. At 11:57 a.m. (MDT), the pump was shut off, initiating the recovery phase of the
test.

Recovery was monitored at 5-second intervals for approximately 2 h, and then at 15-minute intervals for
approximately one week. Each well recovered to a near static level within about 15 minutes, but neither
the pumping well nor the two observation wells recovered to the pre-pumping level. The unrecovered
drawdown of wells 03-B-10 and 03-B-13 was about 0.13 ft, and for well 03-B-9, about 0.11 ft. This
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suggests that the pumped zone of hydraulic saturation has limited spatial extent. It is also plausible that
the initial water levels may not have been representative of steady-state condition; however, this is
unlikely, given the length of time that the pump and transducers were in the wells prior to the test, and
given the rapid recovery of water levels following the test. During the recovery period, natural runoff from
a thunderstorm flowed across the road into well 03-B-9 and caused an immediate rapid rise in
groundwater levels within the well casing (Figure 12).

2.0 BACKGROUND DATA ANALYSES

The background water-level data collected in conjunction with running the pumping tests provide an
understanding of natural groundwater water-level fluctuations, and help distinguish between fluctuations
in water levels due to the pumping test and fluctuations associated with other causes. Background water-
level fluctuations have several causes, among them barometric pressure changes, pumping of other
wells, Earth tides, and long-term trends related to weather patterns. The background data hydrographs
from the monitored wells were compared with barometric pressure data from the area to determine if a
correlation existed.

Figure 5 shows the background hydrographs for wells 03-B10 and 03-B-13 and the atmospheric pressure
(shown in ft-of-water equivalent) recorded at the TA-06 meteorological tower for the week before the
pumping test. The groundwater levels fluctuated approximately 0.7 ft in both wells during this period, but
were not affected by atmospheric pressure fluctuations, indicating these wells have 0% barometric
efficiency (typical of unconfined aquifer).

On September 11, 2009, monitoring well 03-B-13 was purged and sampled. The transducer was removed
from the well during sampling, indicated by the gap in water-level data for well 03-B-13 on that date.
There appears to be a minor response at well 03-B-10 during the pumping of well 03-B-13 on

September 11, 2009 (Figure 5).

3.0 ANALYTICAL METHODS

3.1 Time-Drawdown Analysis

Time-drawdown data can be analyzed using a variety of methods. Among them is the Theis method
(Theis 1934-1935, 098241). The Theis equation describes drawdown around a well as follows:

. 114.6QW(U)

Equation 1
T q

Where,

aoe_x

W(u):'[—dx

u X Equation 2

and
U 1.87r°S
Tt Equation 3
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and where, s = drawdown, in ft
Q =discharge rate, in gal. per min
T =transmissivity, in gal. per day per ft
S = storage coefficient (dimensionless)
t = pumping time, in days
r = distance from center of pumpage, in ft

To use the Theis method of analysis, the time-drawdown data are plotted on log-log graph paper. Then,
Theis curve matching is performed using the Theis type curve—a plot of the Theis well function W(u)
versus 1/u. Curve matching is accomplished by overlaying the type curve on the data plot and, while
keeping the coordinate axes of the two plots parallel, shifting the data plot to align with the type curve,
effecting a match position. An arbitrary point, referred to as the match point, is selected from the
overlapping parts of the plots. Match-point coordinates are recorded from the two graphs, yielding four
values: W(u): 1/u, s, and t. Using these match-point values, transmissivity and storage coefficient are
computed as follows:

=240
Equation 4
_Tut
2693r° Equation 5
Where, T = transmissivity, in gal. per day per ft

S = storage coefficient
Q = discharge rate, in gal. per min
W(u) = match-point value
s = match-point value, in ft
u = match-point value
t = match-point value, in min

An alternative solution method applicable to time-drawdown data is the Cooper—Jacob method (Cooper
and Jacob 1946, 098236), a simplification of the Theis equation that is mathematically equivalent to the
Theis equation for most pumped well data. The Cooper—Jacob equation describes drawdown around a
pumping well as follows:

264Q , 0.3Tt
S= log—;
T res Equation 6

The Cooper—Jacob equation is a simplified approximation of the Theis equation and is valid whenever the
u value is less than about 0.05. For small radius values (e.g., corresponding to borehole radii), u is less
than 0.05 at very early pumping times and therefore is less than 0.05 for most or all measured drawdown
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values. Thus, for the pumped well, the Cooper—Jacob equation usually can be considered a valid
approximation of the Theis equation.

According to the Cooper—Jacob method, the time-drawdown data are plotted on a semilog graph, with
time plotted on the logarithmic scale. Then a straight line of best fit is constructed through the data points
and transmissivity is calculated using:

264
T= Q
AS Equation 7
Where, T = transmissivity, in gal. per day per ft
Q =discharge rate, in gal. per min

As = change in head over one log cycle of the graph, in ft

3.2 Recovery Methods

Recovery data were analyzed using the Theis recovery method, a semilog analysis method similar to the
Cooper—Jacob procedure. Residual drawdown is plotted on a semilog graph as a function of the ratio t/t’,
where t is the time since pumping began and t’ is the time since pumping stopped. A straight line of best
fit is constructed through the data points and T is calculated from the slope of the line as follows:

_ 264Q
As

T

Equation 8

The recovery data are particularly useful compared with time-drawdown data. Because the pump is not
running, spurious data responses associated with dynamic discharge rate fluctuations are eliminated. The
result is that the data set is generally “smoother” and easier to analyze.

3.3 Unconfined Aquifer Drawdown Correction

For unconfined groundwater, the saturated thickness is reduced below the original thickness during
testing. This results in drawdown values that deviate from theoretical predictions, because well hydraulics
formulas are based on 100% saturation. Prior to analysis, the actual drawdown values must be corrected
for dewatering effects using the following formula (Kruseman et al. 1991, 106681):

2

S, :
S. =S, —2—b Equation 9

Where, sc = corrected drawdown, in ft
sa = observed drawdown, in ft
b = saturated aquifer thickness, in ft

Assumptions required for validity of Equation 9 are (1) homogeneous hydraulic conductivity, (2) full
penetration of the producing zone by the well screen, and (3) no head loss associated with vertical flow.
This last assumption is satisfied by one of two extremes—either zero permeability in the vertical direction so
that there is no flow (and therefore no head loss) vertically, or infinite vertical permeability. Failure to meet
any of these three assumptions leads to modest errors in application of the drawdown correction equation.
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The hydrogeological parameters of the perched intermediate zone were estimated using the water-level
data observed at wells 03-B-10, 03-B-9, and 03-B-13 during pumping of well 03-B-10. The data from the
pumping and recovery tests were evaluated using the code AQTESOLV (Version 4.5). The code allows
pumping-test analysis using a wide range of analytical solutions. The code also allows curve matching to be
performed using manual and numerical approaches. The input data for the analyses are in Attachment B.

4.0 PUMPING WELL 03-B-10 DATA ANALYSIS

The drawdown and recovery data of the pumping test from well 03-B-10, and the results of the data
analysis, are presented in this section.

Figure 6 shows the hydrograph for the pumping well 03-B-10 during testing on September 14, 2009. After
the pump was turned on, there was an immediate drawdown in the well of 0.17 ft associated with casing
storage. This rapid initial response reflects borehole-storage effects and an imperfect hydraulic
connection between the well and the pumped saturated zone. After the initial decline, the groundwater
continued to decline throughout the pumping period, and the decline is characterized by an almost linear
trend; this may suggest limited spatial extent of the stressed perched zone.

The maximum drawdown before the pump was turned off was 0.33 ft. The groundwater showed very little
recovery (about 0.06 ft) after the casing storage recovered, with about 0.13 ft of unrecovered (residual)
drawdown. The residual drawdown suggests that the perched intermediate aquifer in which the B-series
wells are completed has limited spatial extent. This is also supported by the almost linear decline of the
water levels during the pumping test.

Itis also plausible that the initial water levels may not have been representative of steady-state condition;
however, this is unlikely, given the length of time that the pump and transducers were in the wells prior to
the test, and given the rapid recovery of water levels following the test. During the recovery period, a
thunderstorm generated surface runoff that entered well 03-B-9, causing an immediate, rapid rise in
groundwater levels at this well (Figure 12).

Figure 7 shows a semilog plot of the drawdown data collected at well 03-B-10 during the pumping test
conducted at a discharge rate of 0.69 gpm. As shown on the graph, approximately half of the water-level
change was affected by casing storage. The groundwater level continued to decline throughout the
duration of pumping, so the static pumping water level was not achieved during the test. The maximum
drawdown during pumping was 0.33 ft, the estimated maximum specific capacity of well 03-B-10 would
be 2.12 gpml/ft.

The recovery data recorded from well 03-B-10 following the pumping test is shown in Figure 8. Again,
most of the water-level change was related to casing-storage effects. Recharge in well 03-B-10 occurred
relatively rapidly, with water levels equilibrating within 30 min to a static level of 7437.56 ft, 0.13 ft lower
than the groundwater level at the start of the pumping test. An expanded-scale plot of the recovery data is
shown in Figure 9.

Figure 10 shows the hydrograph recorded at well 03-B-13 during the pumping test. Water levels in well
03-B-13 clearly show a response to the pumping from well 03-B-10, with a maximum drawdown during
pumping of 0.17 ft, and a recovery of 0.04 ft. Well 03-B-13 never fully recovered, and water levels showed
a residual drawdown of 0.13 ft after recovery. Figure 11 shows the drawdown data on a log-log scale from
well 03-B-13.

The hydrograph recorded at well 03-B-9 during the pumping test is shown in Figure 12. The data clearly
shows a response to pumping well 03-B-10. The maximum drawdown during pumping was 0.10 ft, with
no apparent recovery before the well was impacted by surface runoff entering the well. Thus, water levels
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in well 03-B-9 showed a residual drawdown of 0.10 ft. Figure 13 shows the drawdown data on a log-log
scale for well 03-B-9.

The water-level data from the 03-B-10 pumping test and the obtained matching curve are presented in
Figure 14 and Figure 15 in semi-log and log-log scales, respectively. The curves represent the Theis
solution with a correction for unconfined conditions. The model assumes that the hydrogeological
properties are uniform within the perched zone. Boundary effects are accounted for by using the principle
of superposition, and are incorporated by assuming the perched zone forms a square centered at the
pumping well 03-B-10. This assumption is required by the analytical method used to analyze the data.

The applied solution also takes into account for the dewatering of the perched zone during the pumping
test. As a result, the water levels do not completely recover after the pumping is terminated (Figure 14
and Figure 15). The analytical solution was found to accurately represent the late-time data during the
pumping and recovery periods (Figure 14 and Figure 15), but did not simulate the early time transients
observed during the test. These early data are significantly influenced by storage and wellbore effects.

In addition, the model did not accurately represent the water levels at well 03-B-9, the well farthest from
the pumping well. The water levels observed in well 03-B-9 are most influenced by boundary effects,
perhaps explaining the deviation between the model predictions and the observed data at well 03-B-9.

The estimated parameters resulting from the data analysis are: hydraulic conductivity k ~60 ft/d, storativity
S ~0.003, and side of the square representing the lateral extent of the perched zone L ~160 ft.

The applied method also allows evaluating the sensitivity of the estimated parameters. The analysis
indicated that the solution is sensitive to all three estimated parameters. The hydraulic conductivity
predominantly controls the vertical location the solution curves, the storativity predominantly controls the
curve slopes and the magnitude of the unrecovered water levels, and the lateral dimension of the perched
zone predominantly controls the magnitude of unrecovered water levels.

The obtained estimate for permeability is reasonable for the tested hydrogeological unit (welded and non-
welded tuffs). The estimated storativity is about an order of magnitude lower than expected; the estimate
may be biased due to other transient influences impacting the observed water-level responses that are
not accounted by the applied analytical model (e.g. infiltration recharge or discharge of groundwater from
the perched zone). The estimated lateral dimensions of the perched zone are consistent with previous
estimates (DOE 2006, 092669, Figure 7.2-1).

5.0 SUMMARY

A constant-rate pumping test was conducted on well 03-B-10 on September 14, 2009. The test was
conducted to evaluate the hydraulic characteristics of the perched intermediate groundwater in the vicinity
of building SM-30 at TA-03, prior to plugging and abandoning monitoring wells 03-B-9 and 03-B-10.
Monitoring well 03-B-10 is installed to a depth of 30.6 ft, and extends to the base of perched groundwater
in Unit 4 of the Bandelier Tuff (Qbt 4). The well is fully-penetrating and contains 11 ft of saturated
formation. Groundwater levels in the three B-series wells are not responsive to changes in barometric
pressure, indicating 0% barometric efficiency, and indicative of unconfined conditions.

The pumping test was conducted at a rate of 0.69 gpm over 102 min, with a total of 71 gal. pumped. Initial
drawdown in the pumping well was significantly affected by casing-storage and wellbore effects. After the
initial drawdown response, drawdown continued to increase linearly throughout the remainder of the test.
Because drawdown never equilibrated to a steady-state value, the well-specific capacity could not be
determined.
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Based on the pumping test results, the estimated hydraulic conductivity of the perched intermediate
aquifer in the vicinity of well 03-B-10 is approximately 60 ft/d. Assuming an saturated thickness of 11 ft,
the perched intermediate aquifer has an estimated transmissivity (T) value of 660 ft2/d. The AQTESOLV
code used matched observed and predicted drawdowns fairly closely (see Figure and 15). The model
predicted an S of 0.003, a value more indicative of confined, rather than unconfined conditions,
suggesting other factors which have not been accounted for in the analysis. A residual drawdown of

0.13 ft was observed at wells 03-B-10 and 03-B-13 following recovery, indicating that the perched aquifer
was of limited areal extent.

The approximate lateral dimensions of the aquifer were simulated using AQTESOLV, and were estimated
to be approximately 160 ft by 160 ft. Assuming an area of 160 ft by 160 ft and an S of 0.003, the
calculated residual drawdown would represent approximately 75 gal., which compares well with the

71 gal. produced during the pumping test.
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Los Alamos, Information Services; as published 04 March 2009.
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Attachment B

Data Input for Software Analysis
(on CD included with this document)
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