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Introduction 

Groundwater flow describes the movement of 
water through cracks and other open spaces in 
the Earth’s subsurface. The importance of 
groundwater cannot be overstated, especially 
today, where 
many of the 
World’s 
population 
and 
agricultural 
centers are 
struggling to 
maintain 
sufficient 
water 
resources. The 
nineteenth 
century French 
engineer, Henry Darcy, conducted many 
experiments, which would eventually lead to 
scientific discoveries including Darcy’s Law. This 
law describes the flow through a porous 
medium and today serves as the foundation of 
analyzing groundwater flow. It is as follows: 

 where Q is flow, K is hydraulic 
conductivity of the material, A is area through 
which flow is occurring, h is hydraulic head 
gradient, and l is horizontal distance of flow. 
Esri’s ArcGIS includes a number of groundwater 
analysis tools. These include Darcy Flow, which 
“calculates the groundwater volume balance 
residual and other outputs for steady flow in 
an aquifer;” Darcy Velocity, which “ calculates 
the groundwater seepage velocity vector for 
steady flow in an aquifer;” Particle Track, which 
“calculates the path of a particle through a 
velocity field;” and Porous Puff, which 
“calculates the time-dependent, two-
dimensional concentration distribution in mass 
per volume of a solute introduced 
instantaneously and at a discreet point into a 
vertically mixed aquifer.” The Darcy Flow and 
Particle Track tools were used in this analysis in 
of the groundwater flow on the Tufts 
Somerville/Medford campus. 

The first groundwater tool, Darcy Flow, uses 
four raster inputs: head values, aquifer 
transmissivity values, aquifer thickness values, 
and aquifer porosity values. The geology of the 
Tufts campus is unconsolidated till in the form 
of a drumlin, sitting atop highly fractured 
metamorphosed formations, most prominently 
the Cambridge Argillite and a dike of Medford 
Diabase.  Because the well depths used for this 
analysis range from 100 ft. (at the base of the 
drumlin) to 1964 ft., the wells all extended 
beyond the unconsolidated till, and thus only 
the bedrock needed to be considered when 
determining values for aquifer transmissivity, 
thickness, and porosity. The determined value 
for aquifer transmissivity was T = 2000 /day, 
for thickness b = 300 ft., and for porosity n = 
0.05. These estimates are based on the known 
properties of the geology of the Tufts campus 
and while they are significant assumptions, 
they are reasonable given the complexity and 
significant unknown portion of the geology of 
Tufts campus. 

 

Head values for 19 wells on campus (figs. 1 and 
2) were calculated by subtracting measured 
static water levels from the elevations of the 
wells. These values were then interpolated into 
a raster (fig. 3). Because values for aquifer 
transmissivity, thickness, and porosity were 
consistent throughout the campus, rasters 
were created with uniform values throughout 
the entire study area, which was limited to the 
Tufts Medford/Somerville campus. 

The Darcy Flow tool outputs rasters of both 
flow magnitude and direction. One of the 
greatest factors affecting magnitude and 
direction of groundwater flow is topography. 
Assuming isotropy of the aquifer, groundwater 
will flow from an area of high to low elevation. 
Furthermore, the groundwater will flow in the 
direction of maximum change in head 
elevation. Figure 3 shows the different 
hydraulic heads of 19 wells on campus. 
Because groundwater flows from high to low 
elevation and head, the areas of greatest flow 
should be the areas of steepest head, and flow 
direction should be in the direction of greatest 
change in elevation. Figure 4 shows the 
magnitude of groundwater flow on campus. 
When compared with Figure 3, it can be 
observed that the greatest magnitude of flow 
occurs in areas of greatest hydraulic gradient, 
or the change in hydraulic head over horizontal 
distance between heads. The topographic 
shape of the campus can be seen in the flow 
magnitude, with a higher magnitude 
correlating to a steeper topography near 
Boston Avenue and the Memorial Steps region 
of College Avenue, with a lower magnitude 
and more gradual slope going down Packard 
Avenue from Olin Hall.  

Figure 5 shows the flow direction in the form 
of an azimuth that is divided into eight 
directions, each representing a specific 45 
degrees of flow direction; arrows have been 
added based on the azimuth values to further 
show flow direction. Because flow direction is 
a function of the greatest hydraulic gradient, it 
follows that the direction should be similar to 

The second tool that was used in modeling the 
groundwater flow on campus was the Particle 
Track tool. This tool can be used for modeling 
the impact of a potential spill or 
contamination, or following a specific line of 
groundwater flow. Particle Track requires input 
rasters from the Darcy Flow tool, flow direction 
and magnitude, and shows the path that a 
particle would travel within the subsurface 
based on the flow magnitude and direction 
previously determined. Once a starting point is 
chosen, a line shows the journey of a particle 
from that point. Because this tool generally 
shows the movement of not just a 
contaminant, but the groundwater that would 
carry it, the same principles of groundwater 
flow apply to Particle Track. Therefore, Particle 
Track operates under the same principles of 
moving from areas of high head to low head in 
the direction of the greatest hydraulic gradient. 

 

The Particle Track used in this demonstration 
tracked the journey of a contaminant from the 
top of the President’s Lawn. Figure 6 shows the 
Particle Track output. The particle flows in a 
generally south-southeastern direction, under 
the Campus Center, between Pearson and 
Jackson, under the south endzone of the Ellis 
Oval, finally ending at the Triangle Field at 
Powderhouse Circle. While this does indeed 
follow the general principles of groundwater 
flow, the particle flows through two wells, and 
terminates its journey at a third well. This 
indicates a preferential path through locations 
with data inputs, which creates questions of 
the credibility of the calculated path. 

The groundwater toolset in ArcGIS is certainly 
not perfect. Assumptions have to be made, 
particularly in areas in which the subsurface 
geology is not precisely mapped, like the Tufts 
Somerville/Medford campus. While these 
assumptions were reasonable given the known 
geology of the campus, more precise results 
may be obtained in the future when more is 
known about the subsurface on campus. The 
groundwater flow magnitude output is in line 
with what one would expect based on 
groundwater principles. Flow direction was less 
in line with what would be expected based on 
groundwater principles, but the output was still 
a reasonable estimate. The Particle Track tool, 
using the flow direction and magnitudes, was a 
reasonable estimate based on groundwater 
principles. While these outputs were generally 
reasonable, the strong influence of the well 
locations skewing the output creates questions 
of the toolset’s accuracy, particularly that of 
the Particle Track tool. This is particularly 
concerning considering that 19 data points 
were used in a relatively small area, which is 
more relative data points than are likely to be 
available in other situations in which this tool 
might be used. 
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Figure 1. Location of 19 wells on Tufts 

Medford/Somerville Campus 
Figure 6 (above). Path of a particle from the top of the Presi-

dent’s Lawn using Particle Track tool. 

Figure 5 (left). Magnitude of groundwater flow on campus us-

ing Darcy Flow tool. Lighter shades indicate higher magnitude 

and darker shades indicate lower magnitude. 

Figure 4. Darcy Flow direction outputs. 

Figure 3. Shows the interpolated hydraulic heads from the 19 

wells in the GeoJumbo Well array. 

what one might expect of surface runoff – 
moving from high to low elevation. The flow 
direction output agrees with what would be 
expected based on the hydraulic gradients, 
generally showing a flow direction towards the 
lowest hydraulic heads. 

 

Figure 2. Relative depths of wells drilled on Tufts Campus.  
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