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Introduction 
The Tanana Chiefs Conference (TCC) Chief Andrew Isaac Health Center was designed by Bettisworth 
North Architects and Planners (BNAP). This facility was completed in 2012 and is LEED Gold Certified, 
with a focus on energy efficiency and low-impact development.  PDC and BNAP are now interested in 
monitoring the bioswale at TCC to determine how well the system is performing, specifically whether 
the bioswale successfully holds the design stormwater runoff and performs as anticipated. 

The Tanana Valley Watershed Association, Alaska Department of Environmental Conservation (DEC) and 
the City of Fairbanks are interested in the stormwater runoff at the Carlson Center on the Chena River. 
The front parking area of the Carlson Center drains to two drainage swales. One at the south end of the 
parking lot drains to a culvert and eventually to an outfall into the Chena River. The other swale is to the 
west of the parking lot and has no outlet. At one time a culvert provided an outfall to the Chena but it 
was badly damaged and has since been removed.  A walkway separates a smaller retention area to the 
north which has an outfall to the Chena River via a culvert. The bioswale to the west of the front parking 
lot is subject to flooding. The bank of the Chena directly adjacent to the swale is also seeing significant 
slumping.  The Carlson Center was completed in 1990. 

Instrumentation installed at TCC and the Carlson Center during spring of 2016 measured rainfall onto 
and runoff from the sites. The goal of the project is to determine: 

1) Whether the bioswale at TCC is performing as designed  
2) Analyze drainage from the Carlson Center to determine what size storm the current bioswale 

can handle 
3) Develop a project narrative detailing the design strategies used and their effectiveness 

 
The data from the two sites will offer a comparison between low impact design strategies utilized at the 
recently built TCC site with that of more traditional parking lot design and drainage like the Carlson 
Center. 

Methods 
Figure 1 shows the TCC project site and instrument location. A rain gauge was installed on the roof of 
the Health Center.  Three soil moisture sensors, a barometric pressure sensor, and a data logger were 
installed at the southwest corner of the bioswale.  A water level logger was also installed at the lowest 
point in the swale to measure water levels within the bioswale.  Another water level logger was installed 
at the overflow point to the Fairbanks MS4 system at the southeast corner of the project site to capture 
an overflow event should one occur. Installing multiple soil moisture sensors allowed for placement at 
different depths within the soil column.  This will give a measure of the timing of wetting and drying of 
the soil in response to rain events.  Coordinating this information with the rain gauge will allow us to 
determine what size storm events trigger such flows. 
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Figure 1 TCC Equipment Location 

Figure 2 shows the equipment set up at the Carlson Center.  A rain gauge was set up on the roof. Soil 
moisture sensors, data logger, barometric pressure sensor, and one water level logger were installed in 
the rain garden between the parking lot and the Chena River.  The purpose of the instrument placement 
is the same as with the TCC site with the exception of the second water level logger.  A second water 
level logger was placed in a well located just north of the Carlson Center for the purposes of measuring 
groundwater levels adjacent to the Chena River.  This will help us determine if infiltration rates at the 
site are influenced by groundwater levels. 
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Figure 2 Carlson Center Equipment Location 

Instrumentation at both sites was installed in May of 2016 and removed in September.  All data was 
recovered at that time. Water level and soil moisture at each sampling site was collected at 10 minute 
intervals. Rain amounts and barometric pressure at each site were also collected at 10 minute intervals. 
Table 1 below describes the instrumentation used and details on the measurements taken. 
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Table 1 Instrumentation Installed at Each Site 
# Instrument Type Measurements 

1 Rain gauge - Tipping 
bucket 

Onset HOBO RG3 
Rain Gauge 

Temperature measured in degrees 
Fahrenheit at 10 minute intervals. 
Precipitation measured as individual 
events triggered when bucket tips.  
One event = 0.01 inches.  

1 Data Logger Onset HOBO Micro 
Station 

Records data from soil moisture 
sensors and barometric pressure 
sensor 

3 Soil moisture sensors 
Onset HOBO Soil 
Moisture Smart 
Sensors 

Measures volumetric water content 
in soil.  Recording at 10 minute 
intervals.  Multiple sensors deployed 
at various depths. 

2 Water level loggers 
Onset HOBO Water 
Level loggers (13 
Feet) - U20L Series 

Measures water level and 
temperature. Set to record at 10 
minute intervals.  Water level 
determined from pressure 
measurements. 

1 Barometric pressure 
sensor 

Onset HOBO 
Barometric Pressure 
Smart Sensor 

Measures barometric pressure. Set to 
record at 10 minute intervals.  Used 
to correct water level pressure 
readings to account for changes in 
atmospheric pressure. 

Precipitation 
A HOBO rain gauge data logger was utilized at both locations to collect precipitation data.  Rainfall in 
Fairbanks can vary quite a bit spatially as rainfall is often the result of convection events as opposed to 
larger frontal systems.  This makes relying on the rainfall values collected at the airport nearly 10 miles 
away, less reliable. Particularly since 1) Fairbanks receives so little rainfall annually and 2) a fairly precise 
input value is needed in order to accurately estimate runoff values from the project areas. The HOBO 
rain gauge tells us the timing and intensity of rainfall events at the project areas. 

Water volume and soil moisture 
Water level loggers were deployed to measure the water that collects in the bioswales.  The loggers 
record pressure and once corrected for barometric pressure using the barometric pressure sensors 
installed nearby, they give a measure of depth.  Since we know the shape of the bioswales, this depth 
will give us a measure of the volume being collected in the bioswales in response to each rain event.  
Soil moisture sensors were deployed at each site.  These sensors will provide a measure for infiltration 
rates and capacity at the bioswales. 
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Results 

Precipitation 
As mentioned earlier, rainfall can vary at locations throughout Fairbanks.  Apart from the brief period in 
June when the rain gauge at TCC was not recording, the rain gauges installed at TCC and the Carlson 
Center appear to have captured rain events during the summer of 2016.  Comparing these 
measurements with those collected at the airport, we see a similar pattern of rainfall with values varying 
slightly between locations. The 2-year, 24-hour storm for Fairbanks is estimated at 1.09 inches (0.907-
1.33) and the 1-year, 24-hour storm is 0.855 (.721-1.03). The heaviest rain event recorded at Fairbanks 
International Airport between May 1, 2016 and October 1, 2016 was 0.95 inches on June 11.  The rain 
gauge at the Carlson Center only recorded 0.35 inches and the rain gauge at TCC was inoperable from 
June 7-June 23. The heaviest rain event recorded at TCC was 0.75 inches on September 5. The Carlson 
Center recorded 0.67 inches (the largest event recorded at the Carlson Center) and the airport recorded 
0.8 inches. Figure 3 shows rainfall measured between May 15 and September 22 at the Fairbanks 
International Airport.  Figures 4 and 5 show the rainfall measured at TCC and the Carlson Center for the 
same time period.   

 

Figure 3 Fairbanks International Airport Summer Rainfall 
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Figure 4 TCC Summer Rainfall 
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Figure 5 Carlson Center Summer Rainfall 

Water Level 
Figures 6 and 7 show the water levels measured in the bioswales at TCC and the Carlson Center. The 
second water level logger installed at TCC, at the overflow to the MS4 system, never registered a 
measurable water level.  Data was not retrieved from the water level logger installed in the well near 
the Carlson Center.  It is unclear whether the logger was faulty or was not installed correctly. 
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Figure 6  TCC Measured Water Level 



TCC Low Impact Development Comparison  July 2017 
Project Report  DRAFT 
 

PDC Engineers 
 

9 

 

Figure 7  Carlson Center Measured Water Level 

Soil Moisture 
Figures 8 and 9 depict the soil moisture values recorded by the three sensors installed at both TCC and 
the Carlson Center.  The legend on each figure identifies the distance below the ground surface at which 
each sensor was placed. 
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Figure 8  TCC Measured Soil Moisture 
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Figure 9  Carlson Center Measured Soil Moisture 

Discussion 

Site Comparison 
Based on 2-ft contours, the drainage area for the Carlson Center is estimated as 2.32 acres. The bioswale 
has an estimated storage area of 0.04 acres.  Figure 2 shows these areas.  In comparison, the TCC 
building/parking lot has a drainage area of 5 acres and the swale measures 0.82 acres.  Survey level data 
was available for TCC and not for Carlson Center so it is possible that not the full 2.32 acres of the 
Carlson Center parking lot drains to the swale.  But, there is still an order of magnitude difference in the 
storage capacity (storage area/drainage area). The Carlson Center has a storage capacity of 1.7% versus 
16.4% at TCC).   

Runoff flows used to design the bioswale at TCC used the 2-year, 24-hour storm.  As mentioned earlier, 
this value for Fairbanks is 1.09 inches. Using the Rational Method, the peak discharge for this size storm 
would be 0.2 cfs or 130,000 gallons/day from the TCC parking lot and 0.09 cfs or 60,750 gallons/day 
from the Carlson Center parking lot.  The bioswale at TCC has a calculated storage volume of nearly 
170,000 gallons which is enough to handle the 130,000 gallons of runoff from the parking lot.  The 
bioswale at the Carlson Center has a calculated storage volume of 12,000 gallons, not nearly enough to 
handle the 2-year, 24-hour storm.   
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Early in the summer, the soil moisture sensors show similar rates of wetting and drying within the soil 
column at both locations as shown in Figures 8 and 9.  Figures 6 and 7 also show that the water levels 
rise and fall at similar rates.  The biggest difference between the two sites, before August, is the 
variation in soil moisture levels at similar distances below ground.  Although the pattern of wetting and 
drying are similar, the sensors at TCC do not show much difference between depths as compared to the 
sensors at the Carlson Center.   The difference in soil moisture between the three sensors at TCC is at 
most 0.01 m3/m3 (before August) while the three sensors at the Carlson Center vary by as much as 0.2 
m3/m3.  This would suggest that the soils at the TCC site are more uniform between 9 and 20 inches 
below ground than the soils at the Carlson Center site.  After August we begin to see more variation in 
soil moisture between the three sensors at the TCC site, although never as much as at the Carlson 
Center.  One interesting similarity between the two sites is that after early August, the deepest soil 
moisture sensor at the TCC site remains more saturated, similar to the deepest soil moisture sensor at 
the Carlson Center.  Figure 10 below shows the water levels on the Chena River at Fairbanks during the 
summer of 2016.  For this gauging station, Action stage is 11 feet and flood stage is 12 feet.1  We can see 
that there is an extended period of high flow on the Chena River around early August.  This corresponds 
to the period of saturated water levels measured by the soil moisture sensors at the Carlson Center as 
well as the extended period of inundation recorded by the water level logger.   

 

Figure 10 Gage Height, Chena River at Fairbanks 
                                                           
1 http://water.weather.gov/ahps2/hydrograph.php?gage=chfa2&wfo=pafg 
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Although we do not have groundwater well data from this time period.  It is quite possible that the 
groundwater level was elevated at the TCC site as well by early August.  This was enough to keep the 
deepest soil moisture sensor saturated but not enough to limit infiltration from the swale.  The Carlson 
Center however is so close to the Chena River that such high water levels limit infiltration capacity. 

Conclusions 
It is apparent that the Carlson Center bioswale is undersized.  It is unclear how the current drainage 
patterns at the Carlson Center match those originally designed.  We do know that there used to be a 
culvert at the site of the swale studied as part of this project.  This would likely have provided a means 
to convey overflow to the Chena River without overtopping the pedestrian path.  This would also likely 
have prevented such a long residence time for water being stored in this swale.  It is not clear whether 
this has played a part in the instability of the bank along the Chena adjacent to this swale.  The 
composition of the soils is likely a contributing factor.  

Because of the strong groundwater influence for sites this close to the Chena River the infiltration 
capacity of bioswales is diminished when the river water levels are high.  Bioswales designed in such 
close proximity to the river should include added storage capacity or a means to convey overflow to the 
river to avoid flooding on the site. 

The TCC site appears to be functioning as designed.  The level of gravel in the swale indicates its use as a 
snow storage area in the winter.  Over time this gravel will diminish the storage capacity of the bioswale.  
It is recommended that gravel removal be included as routine maintenance.   
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