
Application of Pressure Transducer Data from Nested Piezometers to 
Determine Vertical Seepage Velocities Within the Alluvial Aquifer in Los Alamos Canyon

Quality Assurance

Monitoring transducer accuracy was important for the purposes of defining head differentials and determining 
vertical gradients in the piezometer nests. Quality assurance procedures were implemented during the water-
level monitoring program to ensure data quality. Transducer operational accuracy was verified by checking each 
instrument's performance according to LANL-ER-SOP (Standard Operating Procedure)-7.01, “Pressure 
Transducers.” Instrument accuracy was also checked at the time of each download by comparing the transducer 
reading with a concurrent manual water-level measurement. The field accuracy checks were performed 
approximately monthly during the first year of monitoring and approximately quarterly thereafter. For the most 
part, transducer error fell within the instruments' accuracy range (2.2 cm at 0-103.4 kPa) and the relative 
difference between the transducer readings and manual measurements generally averaged well below 0.5 per 
cent for each piezometer.

Slug Testing

Depending on the available water-column height, two different-size slugs with appropriate displacements were 
used in a series of tests performed in each piezometer. Falling and rising head tests were performed with each 
slug. Water levels were monitored at 0.5-second intervals during the tests using a pressure transducer. Variability 
in normalized displacement plots of the initial test data showed a need for additional development efforts in some 
piezometers. Following redevelopment efforts, additional slug tests were performed and normalized recovery 
plots verified consistent post-development behavior except in LAP-3.5#3 and LAP-4#2 where insufficient 
saturation in the aquifer inhibited adequate development. Redevelopment efforts resulted in significantly 
different head relations for the LAP-1#1 and LAP-1.5#1 piezometers. Prior water-level data are therefore 
unreliable in these piezometers.

Test data were analyzed using AQTESOLV (HydroSOLVE, Inc. 2003). The Hyder et al. (1994) solution for a 
partially penetrating well in an unconfined aquifer was employed in the analysis. This method, also referred to as 
the KGS (Kansas Geological Survey) model, employs a series of integral transforms (a Laplace transform in time 
and a Fourier cosine transform in the vertical direction) to solve the groundwater flow equation. An advantage of 
this solution is that the effects of unquantified vertical anisotropy do not significantly affect the shape of the type-
curve and, in the absence of other supporting data, a 1:1 anisotropy ratio was assumed (Butler 1998). 

Data Analysis

At sites with piezometer nests in which multiple transducers were deployed, combined hydrograph plots were 
prepared. The presence of significant vertical gradients may indicate zones where substantial seepage losses 
from the alluvial aquifer occur. To evaluate this hypothesis, initial data analysis consisted of plotting head 
differentials and vertical gradients between adjacent screens. Seepage velocity computations were then 
performed for these zones by applying Darcy's law in the vertical dimension. The equation employed is:

where v  is the vertical seepage velocity, K is the hydraulic conductivity of the aquifer medium, n  is the effective z e

porosity of the aquifer medium, and dh/dz is the vertical gradient. This equation was implemented in spreadsheet 
computations to generate time-series values for seepage velocity for the stratigraphic intervals between screen 
pairs in each piezometer nest. To determine appropriate hydraulic conductivity values, the effect of layered 
heterogeneity was accounted for using the harmonic mean of the conductivities of adjacent screen pairs 
determined from the slug test results. 
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Construction Diagram for 
Alluvial Piezometer Nest LAP-1.7
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Steel well housing with hinged lid

10.5-in. diameter borehole

Back fill (drill cuttings ) 1.0 ft Ð 6.0 ft

Annular seal  
bentonite pellets 6.0 ft Ð 7.2 ft

30-70 sand 7.2 ft Ð 7.5 ft

8-12 sand 7.5 ft Ð 8.5 ft

30-70 sand 8.5 ft Ð 8.6 ft

Flowing sands came into borehole up to 14.6 ft

Flowing sands 18.2 ft Ð 18.5 ft

Bentonite pellets 8.6 ft Ð 14.6 ft

30-70 sand 15.3 ft Ð 15.5 ft

8-12 sand 15.5 ft Ð16.5 ft

Bentonite pellets16.7 ft Ð 17.3 ft

Borehole T.D. = 18.5 ft

30-70 sand 16.5 ft Ð 16.7 ft

8-12 sand 17.5 ft Ð 18.2 ft

30-70 sand 17.3 ft Ð 17.5 ft

Concrete pad (3 ft x 3 ft x 0.5 ft)

2-in. diameter PVC casing

Surface seal  
(Quickrete) 0 Ð1.0 ft

Casing stickup above ground surface

Alluvial  
sediments 

from ground 
surface to 
17.2 ft bgs

Water level = 2.65 ft

Piezometer #3 
Screened 7.85 ft Ð 8.35 ft 
T.D. = 8.5 ft

Piezometer #2 
Screened 15.85 ft Ð16.35 ft 
T.D. = 16.5 ft

Piezometer #1 
Screened 15.85 ft Ð16.35 ft 
T.D. = 16.5 ft

8.0-in. diameter borehole

#1 #2 #3

3.0' 3.0' 3.0'

Screened intervals = hand cut slots with 0.5-in. spacing over 0.5-ft interval

bgs = below ground surface 
PVC = polyvinyl chloride 
 
cARTography by A. Kron 9/21/01

Weathered tuff
17.2 ft 
 

Note: Piezometers #1 and #2 are dry.  #1 is completed in unsaturated tuff.  #2 screen is 
clogged Ð possibly with bentonite due to displacement of downhole materials by flowing sands.

Construction Diagram for 
Alluvial Piezometer Nest LAP-5.7

Ground surface
0

F
e

e
t 

b
e

lo
w

 g
ro

u
n

d
 s

u
rf

a
c
e

 (
b

g
s
)

2.5

5.0

7.5

10.0

12.5

17.5

15.0

Steel well housing with hinged lid

10.5-in. diameter borehole

Annular seal 
3/8-in. bentonite chips 1.0 ft Ð 9.5 ft

8-12 sand 9.7 ft Ð 10.8 ft

8-12 sand 11.7 ft Ð 12.8 ft

Bentonite 13.0 ft Ð 15.5 ft (coated pellets)

Slough

30-70 sand 9.5 ft Ð 9.7 ft

8-12 sand 13.7 ft Ð 15.0 ft

30-70 sand 12.8 ft Ð 13.0 ft

30-70 sand 13.5 ft Ð 13.7 ft

Bentonite  11.0 ft Ð 11.5 ft (coated pellets)

30-70 sand 10.8 ft Ð 11.0 ft

30-70 sand 11.5 ft Ð 11.7  ft

Concrete pad (3 ft x 3 ft x 0.5 ft)

2-in. diameter schedule 40 PVC casing

Surface seal  
(Quickrete) 0 Ð 1.0 ft

Casing stickups above ground surface

Alluvium  
from ground 
 surface to 
15.0 ft bgs

Top of saturation = 9.2 ft

Piezometer #3 
Screened 10.0 Ð 10.5 ft 
T.D. = 10.65 ft

Piezometer #2 
Screened 12.0 Ð 12.5 ft 
T.D. = 12.65 ft

Piezometer #1 
Screened 13.99 ft Ð 14.49 ft 
T.D. = 14.64 ft

8.0-in. diameter borehole

Borehole T.D. = 17.5 ft

#1 #2 #3

3.01' 3.0' 3.0'

Screened intervals = hand cut slots with 0.5-in. spacing over 6-in. interval. 
Well T.D.s include 0.15 ft sump (PVC end cap) below bottom of each 6-in. screen.

bgs = below ground surface 
PVC = polyvinyl chloride 
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Saturated tuff

LAP-5.7
Water Level 7/24/01-6/13/03
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Steel well housing with hinged lid

10.5-in. diameter borehole

Back fill (drill cuttings ) 1.0 ft Ð 4.0 ft

Annular seal  
bentonite pellets 4.0 ft Ð 5.1 ft

30-70 sand 5.1 ft Ð 5.3 ft

8-12 sand 5.3 ft Ð 6.2 ft

30-70 sand 6.2 ft Ð 6.4 ft

Bentonite pellets 6.4 ft Ð 7.6 ft

30-70 sand 7.6 ft Ð 7.8 ft

8-12 sand 7.8 ft Ð 8.7 ft

Bentonite pellets 8.9 ft Ð 10.1 ft

Bentonite pellets 11.2 ft Ð 12.9 ft

Borehole T.D. = 12.9 ft

30-70 sand 8.7 ft Ð 8.9 ft

8-12 sand 10.3 ft Ð 11.2 ft

30-70 sand 10.1 ft Ð 10.3 ft

Concrete pad (3 ft x 3 ft x 0.5 ft)

2-in. diameter PVC casing

Surface seal  
(Quickrete) 0 Ð 1.0 ft

Casing stickup  above ground surface

Alluvial  
sediments 

from 
 surface to 
11.2 ft bgs

Weathered tuff

Water level = 4.6 ft

Piezometer #3 
Screened 5.55 ft Ð 6.05 ft 
T.D. = 6.2 ft

Piezometer #2 
Screened 8.05 ft Ð 8.55 ft 
T.D. = 8.7 ft

Piezometer #1 
Screened 10.55 ft Ð 11.05 ft 
T.D. = 11.2 ft

8.0-in. diameter borehole

#1 #2 #3

3.0' 3.0' 3.0'

Screened intervals = hand cut slots with 0.5-in. spacing over 0.5-ft interval

bgs = below ground surface 
PVC = polyvinyl chloride 
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Construction Diagram for 
Alluvial Piezometer Nest LAP-1.5

Construction Diagram for 
Alluvial Piezometer Nest LAP-4
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Steel well housing with hinged lid

10.5-in. diameter borehole

Back fill (base coarse gravel) 3.0 ft Ð 8.5 ft

Annular seal Bentonite pellets 1.0 ft Ð 3.0 ft

30-70 sand 9.8 ft Ð 10.0 ft

30-70 sand 8.5 ft Ð 8.7 ft

8-12 sand 8.7 ft Ð 9.8 ft

30-70 sand 11.5 ft Ð 11.7 ft

30-70 sand 12.8 ft Ð 13.0 ft

8-12 sand 11.7 ft Ð 12.8 ft

Bentonite pellets 10.0 ft Ð 11.5 ft

Bentonite pellets 13.0 ft Ð 14.5 ft

Borehole T.D. = 17.5 ft

30-70 sand 14.5 ft Ð 14.7 ft

8-12 sand 14.7 ft Ð 15.8 ft

Concrete pad (3 ft x 3 ft x 0.5 ft)

2-in. diameter PVC well casing

Surface seal  
(Quickrete) 0 Ð1.0 ft

Casing stickups above ground surface

Alluvium 
(sand and 
gravel with 

silt and cobbles) 
from ground 
 surface to 
15.8 ft bgs

Top of saturation = 6.9 ft

Piezometer #3 
Screened 9.04 ft Ð 9.54 ft 
T.D. = 9.69 ft

Piezometer #2 
Screened 12.0 ft Ð 12.5 ft 
T.D. = 12.65 ft

Piezometer #1 
Screened 15.03 ft Ð 15.53 ft 
T.D. = 15.68 ft

8.0-in. diameter borehole

#1 #2 #3

2.97' 3.0' 2.96'

Screened intervals = hand cut slots with 0.5-in. spacing over 0.5 ft interval. 
Well T.D.s include 0.15 ft sump (PVC end cap) below bottom of each screen.

bgs = below ground surface 
PVC = polyvinyl chloride 
 
cARTography by A. Kron 9/21/01

Wet tuff
Clay
Saturated weathered tuff 30-70 sand 15.8 ft Ð 16.0 ft

Bentonite pellets 16.0 ft Ð 17.5 ft

15.8 ft
16.05 ft
16.35 ft

Construction Diagram for 
Alluvial Piezometer Nest LAP-6
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Steel well housing with hinged lid

8-in. diameter borehole

Annular seal  
Bentonite 3/8-in. chips 1.0 ft Ð 8.7 ft

Bentonite pellets 13.5 ft Ð 15.0 ft

30-70 sand 8.7 ft Ð 9.2 ft

8-12 sand 9.2 ft Ð 13.5 ft

3.0 ft slotted section 10.35 ft Ð 13.35 ft

0.15 ft sump (PVC end cap) 13.35 ft Ð 13.5 ft

Borehole T.D. = 15.0 ft

Concrete pad (3 ft x ft x 0.5 ft)

2-in. diameter PVC well casing

Surface seal  
(Quickrete)  0 Ð 1.0 ft

3.05 ft casing stickup above ground surface

Alluvial  
sediments 
(sand and 
gravel with 

silt and cobbles) 
from ground 
 surface to 
13.5 ft bgs

Top of saturation = 9.8 ft

Well T.D. = 13.5 ft
13.5 ft

Screened intervals = hand cut slots with 0.5-in. spacing over 3-ft interval

bgs = below ground surface 
PVC = polyvinyl chloride 
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Clay

Los Alamos Canyon Piezometer Nest Mean
Computed Seepage Velocity Statistics

Los Alamos Canyon Piezometer Nest Average &
Median Computed Seepage Velocity Range

Illustrating Uncertainty Attributable to Effective
Porosity Range for Representative Lithology

Construction Diagram for 
Alluvial Piezometer Nest LAP-3
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Water level = 7.8 ft  

 

bgs = below ground surface 
PVC = polyvinyl chloride 
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Steel well housing with locking hinged lid

2.87-ft casing stickup above ground surface

Concrete pad (3 ft x 3 ft x 4 in.)

Surface seal  
(Quickrete) 0 Ð 1.0 ft

Backfill (cuttings) 1.0 ft Ð 5.5 ft

8-in. diameter borehole

Weathered tuff

9.4 ft

2-in. diameter PVC casing

Alluvial  
sediments 

from ground 
 surface to 
9.4 ft bgs

Annular seal  
bentonite pellets 5.5 ft Ð 7.1 ft

30-70 sand 7.1 ft Ð 7.3 ft

8-12 sand 7.3 ft Ð 9.2 ft

30-70 sand 9.2 ft Ð 9.4 ft

Bentonite pellets 9.4 ft Ð 10.6 ft

Screened 8.33 ft Ð 9.33 ft 
Well T.D. = 9.48 ft

Screened intervals = hand cut slots with 0.5-in. spacing over 1-ft interval

Borehole T.D. = 10.6 ft
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Steel well housing with hinged lid

10.5-in. diameter borehole

Back fill (drill cuttings ) 1.0 ft Ð 5.0 ft

Annular seal  
bentonite pellets 5.0 ft Ð 6.0 ft

30-70 sand 6.0 ft Ð 6.2 ft

8-12 sand 6.2 ft Ð 7.0 ft

30-70 sand 7.0 ft Ð 7.2 ft

Bentonite pellets 7.2 ft Ð 8.0 ft

30-70 sand 8.0 ft Ð 8.2 ft

8-12 sand 8.2 ftt Ð 9.0 ft

Bentonite pellets 9.2 ft Ð 10.0 ft

Borehole T.D. = 12.5 ft

30-70 sand 9.0 ft Ð 9.2 ft

Concrete pad (3 ft x 3 ft x 0.5 ft)

2-in. diameter PVC casing

Surface seal  
(Quickrete) 0 Ð 1.0 ft

Casing stickups above ground surface

Alluvial  
sediments 

from ground 
 surface to 
11.45 ft bgs

Weathered tuff

Top of saturation  5.9 ft

Piezometer #3 
Screened 6.36-ft Ð 6.86 ft 
T.D. = 7.01 ft

Piezometer #2 
Screened 8.35-ft Ð 8.85 ft 
T.D. = 9.0 ft

Piezometer #1 
Screened 10.36 ft Ð 10.86 ft 
T.D. = 11.01 ft

8.0-in. diameter borehole

Wet to moist clayey silt 
with gravel and cobbles  
9.9 ft Ð 11.45 ft

Coarse sand and gravel 
with silt and cobbles 

#1 #2 #3

2.99' 3.0' 2.99'

Screened intervals = hand cut slots with 0.5-in. spacing over 0.5-ft interval

bgs = below ground surface 
PVC = polyvinyl chloride 
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8-12 sand 10.2 ft Ð 11.0 ft

30-70 sand 10.0 ft Ð 10.2 ft

Bentonite pellets 11.0 ft Ð 12.5 ft

Construction Diagram for 
Alluvial Piezometer Nest LAP-1

Construction Diagram for 
Alluvial Piezometer Nest LAP-3.5
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Steel well housing with hinged lid

10.5-in. diameter borehole

Back fill (drill cuttings ) 1.0 ft Ð 6.0 ft

Annular seal  
bentonite pellets 6.0 ft Ð 7.3 ft

Annular seal  
bentonite pellets 8.7-ft Ð 9.8 ft

30-70 sand 7.3 ft Ð 7.5 ft

8-12 sand 7.5 ft Ð 8.5 ft

30-70 sand 8.5 ft Ð 8.7 ft

30-70 sand 9.8 ft Ð 10.0 ft

8-12 sand 10.0 ft Ð 11.0 ft

8-12 sand 12.5 ft Ð 13.5 ft

30-70 sand 11.0 ft Ð 11.2 ft

30-70 sand 12.3 ft Ð 12.5 ft

Annular seal  
bentonite pellets 11.2 ft Ð 12.3 ft

Bentonite pellets 13.5 ft Ð 15.0 ft

Borehole T.D. = 15.0 ft

Concrete pad (3 ft x 3 ft x 0.5 ft)

2-in. diameter PVC well casing

Surface seal  
(Quickrete) 0 Ð 1.0 ft

Casing stickups above ground surface

Alluvial  
sediments 

from ground 
surface to 

14.25 ft bgs

Water table = 6.7 ft

Piezometer #2 
Screened 10.47 ft Ð10.97 ft 
T.D. = 11.12 ft

Piezometer #1 
Screened 12.99 ft Ð13.49 ft 
T.D. = 13.64 ft

8.0-in. diameter borehole

2.88' 2.88' 2.86'

Screened intervals = hand cut slots with 0.5-in. spacing over 0.5-ft interval. 
Well T.D.s include 0.15-ft sump (PVC end cap) below bottom of each screen.

bgs = below ground surface 
PVC = polyvinyl chloride 
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Weathered tuff

14.25 ft bgs

#1 #2 #3

Piezometer #3 
Screened 7.97 ft Ð 8.47 ft 
T.D. = 8.62 ft

Piezometer Nest Hydraulic Head & Mean Seepage
 Velocity Comparison 4/21/03-9/25/03

LAP-1

LAP-4
Piezometer Nest Hydraulic Head & Seepage

Velocity Comparison 4/18/01-6/13/03

In-Situ MiniTroll
Pressure Transducer

Typical Surface Completion for
Alluvial Piezometer Nest (LAP-1.5 shown)

Methods

Introduction

The alluvial aquifer in Los Alamos Canyon provides a potential source of recharge to underlying strata containing 
intermediate depth perched aquifers and the regional aquifer. Historical releases of tritium into the alluvial aquifer 
from the Omega West reactor occurred prior to March 1993 (LANL, 1993). Elevated tritium activities in water 
samples collected from wells R-9 (regional aquifer) and R-9i (intermediate depth aquifer) support the premise of 
alluvial system infiltration providing recharge to these aquifers (P. Longmire, 2002). Previous investigations have 
suggested that enhanced infiltration losses from the alluvial aquifer may occur in certain canyon segments (Gray, 
1997; 2000). Groundwater seepage is hypothesized to occur where the alluvium overlies fractures in bedrock fault 
zones and subcrops of permeable stratigraphic horizons such as the Cerro Toledo interval, the Guaje Pumice Bed, 
the Puye Formation, and the Cerros del Rio basalt. Zones with elevated seepage losses may be identified by 
observing significant declines in hydraulic head over short distances. This investigation focused on characterizing 
saturation variability and measuring vertical gradients in the alluvial aquifer in different canyon segments by 
operating pressure transducers in a series of piezometers and piezometer nests.
 
Piezometer nests were installed at 6 locations within upper Los Alamos Canyon between Omega Bridge on 
Diamond Drive and State Highway NM 4 during March-May 2001. Piezometers were constructed of 2-inch PVC 
casing with 15-cm length screens. For each nest, 3 piezometers with differing depths were installed in a 20-cm 
diameter borehole. Zones between screens were sealed with bentonite. Pressure transducers (In-Situ MiniTROLL 
and MPTROLL 8000 probes) were installed in selected piezometers and were used to measure differential water 
levels in each piezometer nest at 30-minute intervals during the period from July 2001 through September 2003. 
Single piezometers were also installed at 2 additional locations and monitored to characterize varying alluvial 
aquifer behavior with respect to recharge and groundwater flow processes for different canyon segments.
 
The differential head data were used to define the magnitude and variability of vertical gradients at each 
piezometer nest location. Slug tests were also performed in each piezometer to determine varying hydraulic 
conductivity values for the alluvial sediments at each piezometer nest location. Seepage velocity computations 
were then made by applying Darcy's law in the vertical dimension. 

LA-UR-05-6131

Average measured head differentials between piezometers in each nest varied from 3 mm to 79 cm within a 
roughly 1.5 m thick saturated zone monitored at each location. Average vertical gradients between piezometers 
varied from 0.01 to 0.85. 

Mean computed seepage velocities were found to vary from 5.8 cm/day to 1.4 m/day at the evaluated locations. 
Varying upward gradients were observed during some periods at 3 of the monitored sites resulting in apparent 
upward seepage velocities of as much as 4.8 m/day. The highest computed seepage velocities were observed as 
short-lived events associated with the initiation of major streamflow recharge events. These apparent velocities 
may be caused by the lag time for a downward moving wetting front to reach successively deeper piezometer 
screens. These events were treated as outliers by computing the 5th and 95th percentile seepage velocity values 
as the likely range between the minimum and maximum velocities measured at each location.

The greatest magnitude of downward seepage velocity was observed at the LAP-1.5 site, located within an area of 
the canyon coinciding with the projected trace of the Guaje Mountain fault zone, supporting the hypothesis of 
enhanced seepage losses from the alluvium into fractures associated with faulting. Although the southernmost 
surface expression of the Guaje Mountain fault occurs in Bayo Canyon about 2 km north of Los Alamos Canyon 
(Gardner, etal. 2003), Wohletz (1995) inferred small displacements across zones of abundant fractures in Los 
Alamos Canyon along a projection of the fault's north-south strike. The findings from this study also support the 
results from previous modeling studies (Gray, 1997; 2000) indicating enhanced infiltration losses from the alluvial 
system in this part of the canyon.
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LAP-1#2 Falling Head Test #1 Results
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Project Information

Location: Los Alamos Canyon

Test Well: LAP-1#2

Test Date: 3/27/03

Aquifer Data

Saturated Thickness: 6.32 ft

Well Data (LAP-1#2)

Initial Displacement: 1.3 ft
Total Well Penetration Depth:

3.72 ft
Casing Radius: 0.083 ft

Static Water Column Height:
 3.72 ft

Screen Length: 0.5 ft
Wellbore Radius: 0.4375 ft

Slug Test Results

Hydraulic conductivities of the alluvial sediments determined from the slug test results varied between about 2 x 
-5 -2

10  cm/sec for the predominantly fine grained, sandy silt lithology encountered in LAP-4 to about 1.3 x 10  cm/sec 
for the coarse sand facies encountered piezometer LAP-3.5 #2. These values fall within the expected range of 
hydraulic conductivity for alluvial sediments. The lower piezometer at LAP-1 (#1) exhibited a conductivity value 

-4 -3
(4.7 x 10  cm/sec) about an order of magnitude lower than those determined for the upper piezometers (1.3 x 10  

-3
cm/sec in #2 and 2.7 x 10  cm/sec in #3). This accounts for the larger head differential observed between the lower 
two screens. Similar lithologic variability (lower section with finer grained sediments and lower conductivity), 
though not as extreme, was encountered at LAP-1.5, with an associated larger head differential between the lower 
two screens. The data from the rising head test at LAP-4#2 could not be fit to the KGS model type curve, but a 
reasonable match was found with the Hvorslev method for this piezometer.
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 Map of the Pajarito Fault System in the Vicinity of Los Alamos, New Mexico 
 (Modified from Gardner, etal., 2003) PF = Pajarito fault; RCF = Rendija Canyon fault; GMF = 
 Guaje Mountain fault; SCF = Sawyer Canyon fault 

 

 
  

 

 

  

 

  

Results

LAP-3
Water Level 4/7/04-12/14/04

LAP-3.5
Piezometer Nest Hydraulic Head & Mean Seepage

Velocity Comparison 7/31/02-9/25/03
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