
 

Infiltrating Penn: an investigation into the pits and trenches 
on campus 
Missy Frankil and Izzy Viney 

ABSTRACT 

This project serves as a jumping off point for future studies related to quantifying and comparing pits and                  
trenches’ stormwater diversion from Philadelphia’s combined sewer system. This project focuses on the             
street tree pits and trenches on the campus of the University of Pennsylvania. This report outlines                
relevant background research, experimental design, results, and discussion of the findings done by             
Student Eco-Reps in coordination with Jason Lubar, Master Arborist, and Amanda Wood, Urban Forestry              
Intern, both from the Morris Arboretum. Findings show that the best way to optimize stormwater retention                
in tree pits and trenches on campus is to reduce compaction. This can be done by deterring people from                   
walking on the soil using vegetation or tree guards, tilling soil, adding compost to the pit or trench, and                   
adding more trees so that tree roots break up soil compaction below the surface naturally. Beyond                
optimizing the infiltration rate of water into the pit, it is also important to optimize the amount of water that                    
reaches the pit or trench, specifically water which would have otherwise flowed into the sewer leading to                 
contamination of waterways. To address this sidewalk tiles should be slightly tilted toward tree pits and                
trenches, street water inlets into the pit or trench should be made, and that trees be replanted when                  
appropriate; when tree roots grow too large, it is common for the sidewalk tiles to raise up, sloping them                   
away from the tree which reduces the amount of water that can get in the tree pit or trench. 

INTRODUCTION 

As we continue to see the effects of climate         
change, it is becoming increasingly more      
necessary to design infrastructure with     
climate change in mind. This project      
specifically operates as an intervention to      
address the predicted increase in precipitation      
in the North American Northeast region      
(Pidcock). The effects of this facet of climate        
change are most apparent in urban      
environments where increased rainfall and     
flooding is wreaking havoc on the established       
human infrastructure of cities around the      
globe. As a result, some cities are drowning        
where they stand, and will be completely       
flooded in a few years; still others are        
suffering from the contamination issues that      
go along with increased rainfall. 

The city of Philadelphia is currently suffering       
from the consequences of increased rainfall,      
as the current infrastructure is not able to deal         

with the surplus of water. Since Philadelphia       
uses a combined sewer system, large rain       
events cause overflow of the sewers and       
excess water/sewage is emptied into the      
surrounding rivers and bodies of water such       
as the Schuylkill and Delaware Rivers. Since       
Philadelphia uses these same rivers for      
drinking water, the mixing of sewage into river        
water requires an increased energy     
expenditure to transform river water into      
drinkable water. 

It is therefore a priority for Philadelphia to        
implement infrastructure to retain water in the       
ground, as opposed to allowing it to flow into         
streets and sewer systems. This is difficult       
considering the lack of green space in       
established cities, but there are stormwater      
management practices currently in use in      
Philadelphia and around the world.  



 

One common practice is the use of street        
trees to capture water falling onto sidewalks       
and tree pits. Street trees can be optimized to         
capture the most water possible, depending      
on factors like: the type of soil in which they          
are planted, the species of tree, the       
size/shape of the pit, the surfaces surrounding       
the pit, and the location of the pit, among         
other nuanced factors. Street trees are an       
important part of preventing water     
contamination, as they prevent stormwater     
from entering the sewer system, and should       
be invested in to ensure they are performing        
well.  

Penn and other institutions should be      
concerned about their impact on the      
environment, though they are likely to be very        
concerned about any money they have to       
spend. Philadelphia has recently introduced     
residential and non-residential stormwater    
billing, and as a non-residential property,      
Penn is responsible for covering costs      
associated with the treatment of contaminated      
water due to stormwater overflows. Penn      
pays taxes to the city per square footage of         
impervious ground surface. It is therefore now       
necessary for property owners to reduce their       
stormwater management fee by installing     
stormwater management controls, like street     
tree pits and trenches (The City of       
Philadelphia). 

Unfortunately, the design and implementation     
of street tree pits and trenches is largely        
inefficient, and the potential water retention      
therefore unrealized. There is very little      
regulation of tree pit designs and similarly little        
data regarding the ability of different types of        
tree pits to retain stormwater. In order the        
mitigate the increasing effects of climate      
change, it is necessary to optimize tree pits        
and trenches to best deal with Philadelphia’s       

stormwater overflow issue. As other countries      
have begun to improve their green      
infrastructure, it is feasible and wise for       
Philadelphia to improve and standardize their      
street tree design and construction process.  

The University of Pennsylvania is uniquely      
positioned to conduct research into best      
practices. The university’s funds and     
commitment to climate make Penn an ideal       
place to begin exploring this problem of       
optimization. Over the past year, along with       
key stakeholders, Student Eco-Reps have     
performed a study analyzing the current      
effectiveness and potential effectiveness of     
diverse tree pits/trenches around Penn’s     
campus, and the following report will describe       
our work.  

PROJECT OVERVIEW 

Our Research 

This project’s purpose is to deliver      
recommendations to Penn for future     
construction of new tree pits and trenches as        
well as existing pits and trenches. We       
researched experiments that have already     
been done in this field; though research on        
groundwater infiltration is abundant, it was      
difficult to find work specifically on street tree        
pits and trenches. Luckily, we came across       
one study done by Columbia University with a        
mission nearly identical to ours:  

“...developing a better understanding of     
how tree pit design and management      
impact soil permeability can be important      
to quantifying, and potentially improving,     
the stormwater benefits of street trees”      
(Elliot) 

This project tested a variety of trees in New         
York City for their infiltration rates, while also        
noting any tree pit guards, the size of the tree          



pits, the size of the trees, the presence or         
absence of ground cover planting or mulch,       
and the elevation of the pit’s soil surface        
relative to the sidewalk to determine if any of         
these qualities correlated to higher or lower       
infiltration rates. The most significant factor      
leading to higher infiltration rates was the       
presence of a guard around a tree pit. Within         
the group of trees with guards, the trees with         
higher infiltration rates tended to have larger       
pit areas, built-up surface elevations, and the       
combined presence of ground cover planting      
and mulch.  

Our Methodology 

Given that street tree pits and trenches on        
Penn’s campus are not outfitted with tree       
guards, this study was not entirely relevant to        
our own mission. Therefore, it was necessary       
to design a unique experiment to (1)       
determine the real and theoretical water      
catchment areas, (2) determine rates of water       
infiltration into pits and trenches, and (3)       
measure moisture content at varying depths      
in the pits and trenches. 

Here, the real water catchment area is the        
area onto which stormwater falls that funnels       
water into street tree pits and trenches. The        
theoretical catchment area is the water      
catchment area that would facilitate funneling      
of stormwater into pits and trenches given the        
construction of inlets from the street into the        
pits/trenches (an example of this is show in        
figure 1). These two terms therefore represent       
the current and potential stormwater-diversion     
capabilities of the pits/trenches we studied,      
respectively. The theoretical catchment area     
is the area of water (which is a volume of          
water in a storm, overtime) that could be        
diverted from Philadelphia’s sewers if street      
water inlets were created, thus avoiding this       
volume of pollution in our waterways. The real        

catchment areas were calculated by using a       
leveler to determine the slope of the sidewalk        
and road perpendicular to and parallel to our        
pits and trenches. Catchment area angles      
were extrapolated from the leveler angles as       
either less than 45 degrees, greater than 45        
degrees, 45 degrees, or 0 degrees as       
determined by the perpendicular and parallel      
leveler readings. The extent of the catchment       
area depended on the sharpness of the       
leveler- determined slope as well as the slope        
further away from the pit or trench. The        
extents were capped at buildings, other pits,       
and the crown of the middle of the street- the          
latter only applies to theoretical catchment      
areas. The area of pit and trench itself was         
included in the real catchment area. The       
catchment area diagrams can be found in the        
appendix labeled Appendix A-E. The     
numerical results can be found in table 1. 

The purpose of the infiltrometer is two-fold: to        
determine how many inches infiltrate into      
each pit per hour and also to determine how         
the rate of infiltration into the pit changes over         
time. The infiltrometer itself is a simple 1 ft x 1           
ft x 3.75 inch prism with 4 sides and no top           
nor bottom (see figure 2 for a visual). We         
used plumber’s putty in between the      
infiltrometer and the ground as well as in the         

Figure 1:
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corners of our prism to make a watertight        
seal. We then marked the inside of the        
infiltrometer at every half inch and recorded       
the time whenever the water passed a mark.        
During experimentation, we either poured 5      
gallons into each infiltrometer (for quicker      
infiltration rates), or waited an hour for the        
water to infiltrate (for slower infiltration rates),       
whichever came first. 

We used gypsum block moisture sensors to       
periodically check the moisture in the pit or        
trench at two different depths (6 inches and        
12 inches below soil surface) and at varying        
times. Gypsum blocks can sense the water       
content after a drought, after a storm, or even         
during infiltrometer data collection. These     
readings can then be compared to one       
another in the same pit at the same depths,         
different depths, or in different pits. All of        
these comparisons are relevant and telling. 

After collecting data, we analyzed our results       
using both qualitative and quantitative     
observations. Using our best judgement in      
conjunction with collected data, the     
conclusions found below serve to offer the       
University of Pennsylvania concrete ways to      
optimize pit/trench design. 

Below is a map indicating the five tree pits         
and trenches we studied. The pits and       
trenches will be referred to by their design        
type (pit or trench) and street location for the         
rest of this report. 

RESULTS AND DISCUSSION 

Catchment Areas 

The catchment area calculations were     
straightforward. The bigger the catchment     
area the larger the volume of water that can         
be infiltrated into the pit or trench and vice         
versa. Our measurements are recorded in      
table 1 and diagrams of the catchment areas        
can be found in Appendices A through E.        
There are, however, some noteworthy     
anecdotal findings about optimizing    
catchment areas based on our observations.      
Firstly, nuances in the sidewalk, such as roots        
lifting sidewalk tiles, can serve to either divert        
stormwater from the pits/trenches or to funnel       
more water into the pit. An example of the         
former is found in the pit on 38th St.         
(Appendix B); the sidewalk tilted away from       
the pit (probably because of the roots lifting        
the sidewalk) which led to a relatively small        
watershed. The latter is exemplified by the pit        
on Chestnut St. (Appendix D) where a lip in         
the tile served to increase the catchment       
area. In order to maximize the amount of        
water able to get into tree pits and trenches,         
sidewalk tiles should be constructed in a way        
so that they tilt towards the tree pit or trench.          
The trench on 40th Street was fairly level with         
the sidewalk which may lead to water       
displacement toward or away from the trench       
due to both human and natural interactions,       
such as the wind blowing it away or bikers         
tracking it away easily since there is no slope         
towards the trench. However, as you can see        
in the table, the 40th Street trench street does         
not have a recorded watershed. This is       
because it is very unclear as to where the         
trench starts and ends, and we we unable to         
obtain  construction diagrams of this trench. 

Figure 3:



Real Theoretical Total 

38th St. 
Trench 

982.86 sq. 
ft. 

3,382.18 sq. 
ft. 

4,365.05 

38th St. 
Pit 

67.75 sq. 
ft. 

856.5 sq. ft. 814.25 
sq. ft. 

Chestnut 
St. 
Trench 

1,204.5 
sq. ft. 

2,550.93 sq. 
ft. 

3,755.43 
sq. ft. 

Chestnut 
St. Pit 

156 sq. ft. 355.5 sq. ft. 511.5 
sq. ft. 

40th St. 
Trench 

n/a n/a n/a 

Infiltrometer readings 

The infiltration portion of the experiment      
required our aforementioned infiltrometers, a     
5 gallon bucket filled with water, a ruler, and a          
timer. We planned to fill up the infiltrometer to         
the brim, noting every time the water level fell         
a half inch. We refilled the infiltrometer when        
the water level was at the bottom half inch of          
the infiltrometer. We repeated this process      
until the 5 gallons were used up or until an          
hour had passed-- whichever came first. We       
also took care to perform infiltrometer      
measurements on varying surface types or      
locations at each pit/trench in order to get a         
sense of the infiltration variation within each       
pit. 

The trench on 38th St. between Locust St.        
and Walnut St. on the west side of the street          
is is 97.5 feet long by 5 feet wide, alternating          
between a cobblestone and a more gravelly       
surface immediately around the tree. The      
surface is comprised of 35% gravel and 65%        
cobblestone. When we placed an infiltrometer      
on the gravel surface, we obtained an       
infiltration rate of 13 inches in just 2 minutes         
and 50 seconds. We repeated this reading       
after resealing and got similarly quick results:       

10 inches infiltrated in 2 minutes. When we 
placed an infiltrometer on the cobblestones, 
the infiltration rate was much slower: just 3.8 
inches infiltrated during the entire hour.  

We used these rates of infiltration to calculate 
one infiltration rate for the entire trench; the 
rates were weighted by percent surface type 
over entire trench to account for the large 
difference in surface type area. Our infiltration 
rate for the whole trench on 38th St. is 154.27 
inches per hour. This is an extremely high 
rate, possibly because we had to largely 
extrapolate the data for the gravelly 
surface--likely, the pit would have reached 
saturation before infiltrating this high quantity 
of water. Our results are shown below in 
figure 4a. The data for the cobblestone 
readings alone follow a power series looking 
trend, which is consistent with “normal” 
readings in other pits and trenches.  

For the pit on 38th St., we placed one 
infiltrometer further away from the tree trunk 
in its NE corner (“far from tree”) and one 
closer to the tree trunk in the SW corner 
(“close to tree”). This pit infiltrated relatively 
quickly, going through 5 gallons in just about 
10 minutes in the close infiltrometer and in 
about 17 minutes in the further infiltrometer. In 
other words, this pit can infiltrate about 72 
inches of rain in one hour, on average. This 
number needed to be extrapolated as well 
because the 5 gallons of water infiltrated so 
quickly. This also pit follows power series 
trend; it tapers off though not as sharply as a 
logarithmic curve. The infiltrometer results for 
this pit are in figure 4b. 

For the trench on Chestnut St., we placed the 
infiltrometers between the two west-most 
trees in the trench. One was 29 feet from the 
west-most tree and 2 feet from the second 
west-most (“close to tree”), and the other was 

Table 1:



placed 21 feet from the west-most tree and 10 
feet from the second west-most tree (“far from 
tree”). These results can be found in figure 
4c. The “close” infiltrometer exhibited a much 
higher infiltration rate (5.25 inches/ hour) 
compared to the one that was “far” (0.95 
inches/ hour). The close infiltrometer followed 
the power series trend. In studying these 
data, we can comfortably say that water 
infiltrates faster in areas close to the trees 
roots. This is attributed to the roots creating 
air pockets, a more frequent uptake of water 
in these areas, and subsequently more 
physical channels that water can flow into in 
the soil. The trench, when averaged, 
infiltrated 3.1 inches per hour. 

For the pit on Chestnut, we placed one 
infiltrometer “close” (just six inches from the 
tree trunk) and one “far” (two feet from the 
tree trunk). This pit also followed the power 

series trend, tapering off as time went on. It 
also followed the trend of infiltrating more 
water closer to the tree when compared to 
further from the tree. On average, this pit can 
infiltrate 8.5 inches of water in an hour. Its 
results are below in figure 4d. 

For the trench on 40th St., we placed one 
infiltrometer on the exposed soil immediately 
surrounding the tree trunk and one atop the 
brick surface found between trees in the 
trench. Considering the lack of soil exposure 
on the brick surfaces, we expected little to no 
water infiltration over the bricks; however, it 
proved difficult to make a seal on the brick, 
which helps explain why the brick was shown 
to infiltrate more than the exposed soil. The 
exposed soil was very solidified by 
compaction which might explain its lack of 
infiltration. These results are below in figure 
4e. The average infiltration rate could not be 



calculated without the trench limits 
(considering the two rates could be weighted 
by percent coverage as done with the trench 
on 38th St.). Due to these limiting factors, we 
based our results for this pit on readings of 
gypsum block sensors and not on infiltrometer 
data. Exact infiltrometer readings can be 
found in Appendix F. 

Gypsum Block Sensors 

The biggest take-away from the moisture 
sensor readings is that all of the trees we 
tested are very saturated. They read 95 out of 
100 on the Delmhorst Moisture Sensor 
instrument we used. This correlated to “no 
need for irrigation” from the Delmhorst 
manual. The manual did not seem to account 
for oversaturation, though. The first time we 
tried using our infiltrometer, we used it over 
the moisture sensors to try to get data for the 
sensors and the infiltrometer at the same 
time. After one hour and 5 gallons of water, 
neither the 6 inch nor the 12 inch gypsum 
block changed their moisture readings. 
Because of this, we believed that we had not 
calibrated the gypsum blocks correctly. The 
day of calibration was 4 days after the most 
recent rain event. We checked the moisture 
sensors again when we went to infiltrate all 
pits. This was just over 24 hours after the 
most recent rain event and the readings were 
indeed slightly higher. This tells us the 
moisture sensors were working fine but that 
the pits were very saturated with water just 6 
inches below the surface- this is inferred due 
to the fact that pouring 5 gallons of water 
directly over the moisture sensor did nothing 
to change the already high moisture readings. 
The results of the moisture sensor 
readings are found in figure 5. Exact readings 
are found in Appendix G.  

Overly moist pits and trenches are bad for the         
trees that live within them. Too wet of soil         
often leads to root rot and other health issues         
(Tetra Tech, Inc.). For this reason Penn       
should start constructing some sort of      
drainage system so that water can drain out        
of the pits and trenches allowing for a healthy,         
natural living environment for these street      
trees. Doing so will increase the productivity       
of these trees at taking up more stormwater in         
a rain event. 

LIMITATIONS 

This project, while very important to the       
forwarding of stormwater experimentation, did     
have its limitations and caveats. To start, we        
only experimented on 5 pits or trenches when        
Penn is home to over 350 street trees (just of          
those bounded by Spruce St., Walnut St.,       
34th St., and 40th St.) and many more        
landscape trees (Wood). There are definitely      
more types of trees and subsequent pits or        
trenches to be studied. Additionally, more      
repetition is needed. Infiltrometers should be      
performed on days with differing amounts of       
time since a rain event to study how that         
dynamic plays out for infiltration rates. The       
same repetition is needed for moisture sensor       
data collection. 

Figure 5:



Furthermore, our estimation of catchment 
areas is just that: an estimation. We used 
levelers from our phone and made judgement 
calls of where water might flow. If more 
precision is desired, the catchment area 
measuring part of this project should be 
adjusted accordingly.  

A few human error related limitations arose 
from the infiltrometer portion of the 
experimentation. For one, it is unlikely that 
exactly 5 gallons got poured into each 
infiltrometer. With accidental overflow and 
spillage, it is probably a bit under 5 gallons 
that got into the infiltrometers. Furthermore, 
getting a tight seal with plumber’s putty under 
the infiltrometer was difficult especially in the 
less compacted soil. It is possible that water 
was seeping out of the infiltrometer before 
going directly into the ground in our 1’x1’ area 
of experimentation. 

As for the gypsum blocks, their mere 
presence in the ground for the purpose of 
experimentation limited the accuracy of their 
readings. See figure 6 for a visual of how 
exactly they were installed. The wires coming 
off of the gypsum blocks needed to be kept 
safe in a pvc pipe; the pipe likely led to 
inaccurate measures of moisture in the pits 
and trenches due to its disturbance of the soil 
as well as positioning directly above the 12 
inch sensor, which makes for unnatural 
percolation of water through the soil. 

FUTURE RECOMMENDATIONS 

This project has many areas which could       
benefit from improvement. We recommend     
testing on more pits and trenches all together        
and at more than two locations in the pit or          
trench. This will serve to get a better sense of          
all types of street trees on campus and also         
have a more robust data set to average        
results per pit or trench. To make a better         
calculation of the catchment areas,     
experimenters could pour water in the vicinity       
of the tree pit or trench over one square foot          
at a time to confirm visual gauges of the         
catchment area. We also recommend buying      
a infiltrometer instead of constructing one with       
wood and sealing it with plumber’s putty. This        
will serve to cut out a lot of human error.          
Through research we found a few      
well-reviewed infiltrometers in the $300-800     
range, which could potentially be subsidized      
by the Green Fund. For future installment of        
gypsum blocks, we recommend placing the      
12 inch sensor away from the pvc pipe like         
the 6 inch one was. 

CONCLUSION 

We think that the most effective way Penn        
can improve their tree pits and trenches’       
ability to capture stormwater is to implement       
methods which aim at reducing the      
compaction of soil. Most effectively, measures      
such as vegetation around the tree and tree        
guards deter people from walking atop of the        
pit or trench. Furthermore, certain decisions      
such as having street water inlets or tilting the         
sidewalk towards the pit or trench can serve        
to increase the catchment area thus diverting       
even more water from Philadelphia’s     
combined sewer system which is, at the       
moment, polluting surrounding waterways 

Figure 6:
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11.5 ft. to next pit

31 ft. to next pit

Real watershed = 
982.86 sq. ft.
Theoretical watershed= 
3,382.18 sq. ft.
Total= 
4,365.05 sq. ft
35% pit
65% cobblestone

Trench on 38th St. b/t 
Locust St. and Walnut St. 
on the West side

50/50 chance- real 
catchment area

Real 
catchment 
area

50/50 chance- 
real catchment 
area

50/50 chance- 
theoretical 
catchment area

Theoretical 
catchment area

50/50 chance- 
theoretical 
catchment area

Appendix A



Pit on 38th St. b/t Sansom 
St. and Chestnut St. on 
West Side

14.5 ft. to next pit

59.5 ft. to next pit

Real catchment area =
67.75 sq. ft. 
Theoretical catchment 
area= 
846.5 sq. ft.
Total= 
914.25 sq. ft.

Theoretical catchment area

Theoretical catchment area

Real catchment area

Appendix B



Trench on Chestnut St. b/t 34th St. and 36th St. on the South Side

24 ft. to next pit
12 ft. to next pit

Real watershed = 1,204.5 sq. ft.
Theoretical watershed=  2,550.93 sq. ft.
Total= 3,755.43 sq. ft.Theoretical catchment area

Real catchment area

Appendix C



11.5 ft. to next pit12.75 ft. to next pit

real / theoretical50/50 chance- 

Pit on Chestnut St. b/t 38th ST. and 39th St. on the North Side

Total real watershed = 156 sq. ft.
Theoretical watershed= 355.5 sq. ft.
Total= 511.5 sq. ft.

Real catchment 
area

Theoretical 
catchment area

Appendix D



Trench on 40th St. b/t 
Locust St. and Walnut St. 
on the West Side

Trench continues 
for whole block

Sewer grate 
(edge of trench)

Real watershed = 

Theoretical watershed= 

Total= 

__% pit
__% brick

Real catchment area

Theoretical catchment area

Appendix E



Infiltrometer	Readings

40th	St.	Trench
Time (min) On Brick On exposed soil

0:00:00 0 0
0:01:06 0.5
0:03:14 1
0:05:27 1.5
0:09:45 2
0:12:30 2.5
0:17:19 3
0:25:59 3.5
0:40:11 4
0:43:40 4.5
0:50:18 5
1:00:00 5.5 0.5

___________________________________________________________________________
Trench	on	38th	St.
Time (min) Cobblestones pit (1) pit (2)

0:00:00 0 0 0
0:00:34 2 4
0:00:36 4

0:01 6 6
0:01:15 7
0:01:30 0.5 8
0:01:31 8
0:01:34 9
0:01:54 9
0:02:00 10
0:02:07 10
0:02:20 11
0:02:32 12
0:02:50 13
0:04:30 1
0:10:10 1.5
0:20:43 2
0:26:49 2.5
0:37:05 3
0:50:40 3.5

1:00 4

Appendix F



Pit	on	38th	St.
Time (min) SW corner (close) NE corner (far) Time (min) SW corner (close) NE corner (far)

0:00:00 0 0 0:08:33 13.5
0:00:10 0.5 0:08:45 8
0:00:23 1 0:09:10 14
0:00:32 1.5 0:09:35 14.5
0:00:58 2.5 0:09:37 8.5
0:01:05 1.5 0:10:04 15
0:01:07 3 0:10:10 9
0:01:30 3.5 0:10:56 9.5
0:01:32 2 0:11:41 10
0:01:46 4 0:12:46 10.5
0:02:03 4.5 0:13:37 11
0:02:10 2.5 0:14:24 11.5
0:02:23 5 0:15:30 12
0:02:36 3 0:16:45 12.5
0:02:37 5.5 0:17:37 13
0:02:58 6
0:03:02 3.5
0:03:19 6.5
0:03:34 7
0:03:37 4
0:03:53 7.5
0:04:25 8
0:04:28 4.5
0:04:37 8.5
0:04:51 5
0:05:00 9
0:05:20 9.5
0:05:30 5.5
0:05:40 10
0:06:01 10.5
0:06:02 6
0:06:28 11
0:06:45 11.5
0:06:47 6.5
0:07:08 12
0:07:19 7
0:07:37 12.5
0:08:00 7.5
0:08:01 13



Trench	on	Chestnut	St.
Time (min) inches (close) Inches (far)

0:00:00 0 0
0:03:07 0.5
0:06:20 1
0:09:50 1.5
0:14:58 2
0:19:50 2.5
0:24:47 0.5
0:26:10 3
0:33:52 3.5
0:39:20 4
0:47:56 4.5
0:54:59 5
1:00:00 5.25 0.95

___________________________________________________________________________
Pit	on	Chestnut	St.
Time (min) Inches (close) Inches (far) Time (min) Inches (close) Inches (far)

0:00:00 0 0 0:35:00 3.5
0:01:05 0.5 0:37:27 8
0:01:37 0.5 0:41:09 8.5
0:02:05 1 0:42 4
0:03:58 1.5 0:43:02 9
0:05:09 2 0:45:00 4.5
0:06:04 1 0:46:28 9.5
0:06:25 2.5 0:50:39 10
0:08:00 3 0:52:00 5
0:10:18 3.5 0:54:01 10.5
0:12:51 1.5 0:57:23 11
0:13:17 4 1:00:00 11.5 5.5
0:15:47 4.5
0:18:30 5
0:19:07 2
0:21:09 5.5
0:24:00 2.5
0:24:26 6
0:27:03 6.5
0:29:30 3
0:30:27 7
0:33:05 7.5



Moisture	Sensor	Readings

6	inch	(3/24) 6	inch	(4/7) 12	inch	(3/24) 12	inch	(4/7)
38th	St.	Trench 95.8 96.7 95.7 97.1
38th	St.	Pit 95.5 96.8 95.6 96.8
Chestnut	St.	Trench 95.3 96.4 95 96.5
Chestnut	St.	Pit 94.9 96.4 96.1 97.3
40th	St.	Trench 96.3 97.1 96 99.1

**delmhorst	moisture	sensor

Appendix G
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