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Landscape  Performance Benefits 

Environmental Benefits 

 

● E1 - Reduces stormwater runoff volumes by an average of 90.2% for 0- 0.5-in rainfall 
events and an average 70.5% for 0.5-2.75-in rainfall events.  
This is calculated from unsaturated soils using pervious pavements/subsurface 
storage, bioswales, bioretention cells and rain gardens as measured with an ISCO 
sampler.  

 
Background 
The Swope campus supports the Kansas City Water Services department; the site and parking 
lot create a demonstration site for stormwater Best Management Practices (BMPs) to be 
observed by visitors and staff. Stormwater is managed through “green” infrastructure 
consisting of various pervious pavements/subsurface storage, bioswales, bioretention cells and 
rain gardens. Locations for these features are shown in Figure E1-1. Since a large portion of the 
site is occupied by parking, the seven parking bays feature various types of impervious or 
pervious paving for comparison. The four pervious parking bays are designed for independent 
infiltration testing. Other recent site improvements include new parking islands/bioswales, rain 
gardens, and a walking trail that follows the periphery of the site. The final stormwater outfall 
pipe is located on the east side of the site and empties into a creek leading to the Blue River. 
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Figure E1-1: Parking lot and location of four pervious parking bays with underground water 
storage cells, control valving, and pipe connections to outfall. 
(BNIM, adapted by Tim Kellams 2016) 
 
Methods 
This metric compares measured post-construction stormwater runoff volume against the total 
rainfall volume falling on the site. An ISCO water sampler was installed at the site outflow pipe 
to take measurements every 15 minutes over the monitoring period (May 16-July 15). The ISCO 
measures water flow velocity (feet per second) and water depth (inches) in the 6-in outflow 
pipe to calculate internally and log water flow rate (million gallons per day). Post calculations 
were then done in Microsoft Excel to calculate flow volume accumulated every 15 minutes with 
all the necessary unit conversions to arrive at total water outflow volume (gal) over the 
duration of the rainfall event. 
 
Total rainfall inches per event were recorded by the BL11-63rd @ Blue River (2440) rainfall 
gauge (www.stormwatch.com) relocated to the Swope Campus parking lot. The baseline used 
for comparison was simply the total volume of rain that fell on the site over the duration of the 
event. The pre-construction catchment area primarily consisted of an impervious asphalt 
parking lot, so runoff would have likely been 90% or more, therefore no correction factor was 

http://www.stormwatch.com/
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applied. 
The summary results are shown in Table E1-1 and the summary graph is shown in Figure E1-2. 
The supporting data tables (cleaned and reformatted from raw data) are shown in Appendix A.  
 
Table E1-1 

 
 

 
Note that flow reduction sharply 
drops off for the large 3.12-in 
rainfall event that occurred on 
May 26. This was probably 
attributable to water saturated 
soils which prevented much 
additional infiltration. Three 
factors contributed to this 
condition: large rainfall, long  
outflow duration of 57.5 hours, 
and short time between prior  
rainfall events. The remaining 
32.2% reduction is likely due to the 
water storage capacity underneath 
the parking bays which are 
designed to hold a 10 yr, 24-hr, 
5.7-in storm event.  

Figure E1-2: Graph of rainfall events sorted by increasing 
amount showing drop-off in flow volume reduction. 
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Calculations 
A portion of the supporting data tables found in Appendix A was extracted and shown here to 
provide context for the calculations: 
 

 
Note: Gallons were used instead of cubic feet (cf) since ISCO used millions of gallons daily (mgd) 
and many people can better visualize volume in gallons rather than cf. However, some cross-
checks were performed in cf to alternatively calculate volume via the Velocity and Level 
measurements.  
 
Using the 16:45 timeline to show volume across one 15-min interval 
ISCO Flow Rate (mgd): Internally calculated by ISCO (per the above table) = 0.006142 
1,440 minutes per day 
 
ISCO Flow Rate (gpm) conversion:  
x million gallons per day x 1 million x 1 day / minutes per day = gallons per minute 
.006142 mgd x 1,000,000 x 1 day/1,440 minutes =  
6,142 / 1,440 = 4.2653 gpm 
 
ISCO Volume (gallons over 15 min): Flow rate (4.2653 gpm) x 15 min = 63.98 gallons 
 
 
ISCO volume manual calculation cross check 
1Cross-sectional flow area in 6” pipe (K) =  
(r^2*(theta-sin(theta))/2 = 4.02038 sq-in x 1sf/144 sq-in = 0.02792 sf 
 
where: 
r (pipe radius) = 3 in (6” diameter outflow pipe) 
h (height of flow in pipe) = 1.1989 in (from ISCO) 
theta (central angle) = 2*arccos((r-h)/r) = 1.85367 radians 
(http://www.ajdesigner.com/phphydraulicradius/hydraulic_radius_equation_pipe.php) 
 
then,  
Flow rate (cfs) = ISCO Velocity (.3403 feet per second) x Cross-sectional flow area (0.02792 
square feet) = .00950 cubic feet per second 
Flow volume (cf over 15 min) = .00950 cf/s x 60 sec/min x 15 min = 8.55 cf 
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Flow volume (gallons over 15 min) = 8.55 cf x 7.4805 gallons per cf = 63.96 gal (checks) 
 
Total ISCO measured flow volume = 6,699 gal (summed column of 15-min volumes in full table 
(see Appendix A) 
Total rainfall amount received in outflow catchment area (similar to pre-construction 
conditions of impervious asphalt runoff) = Catchment area (273,992 sf) x 0.36 in rainfall x 
1ft/12in = 8,219.76 cf x 7.4805 gal/cf = 61,488 gal 
 
(Flow volume - Total Rainfall volume) / Total Rainfall volume = Change in water volume at 
outflow catchment area   
(6,699 gal – 61,488 gal) / 61,488 gal = 89.1% reduction 
 
 
Limitations 
The ISCO sampler measures flow velocities over time and pipe water depths which allow a 
relatively accurate calculation of the total water volume exiting the site over the duration of the 
rainfall event. Early monitoring results could have been affected by a minor leak repaired just 
before the July 3 rainfall event which previously allowed subsurface water storage beneath the 
pervious parking bays to seep into the piped outfall system, thereby slightly increasing exiting 
water volume (depressing the volume reduction percentage). Establishing an accurate baseline 
for the volume reduction comparison is more difficult since no pre-construction stormwater 
runoff monitoring took place. The baseline used was simply the total volume of rainfall that fell 
on the site over the duration of the rainfall event. It would have been more accurate to 
estimate pre-construction runoff based on landcover type, although the majority of the site was 
covered by an impermeable asphalt parking lot. The small amount of former landscape would 
have allowed some infiltration. This baseline estimate also would not have accounted for soil 
saturation which becomes a significant factor as shown by the May 25th rainfall event. Peak 
flow reduction calculations were not performed since extensive pre-construction storm water 
modeling would have been necessary beyond the limited time requirements of this case study. 
 
Sources 
Kansas City Water Services Department. 2016. Swope campus parking lot stormwater runoff 
data (May 16 to Jul 13, 2016) in cooperation with BNIM. 
 
 

● E2 - Pervious parking bays effectively captured and stored water for infiltration at an 
average 27.45% measured capacity utilization for a 1.1-inch rain event and 66.71% for 
a 3.15-in rain event (within design standards). Because of the large paving area, this 
accounts for much of the derived benefits in runoff reduction measured with the ISCO 
sampler.  

 
Methods 
The parking lot contains four pervious parking bays (two with permeable pavers; one with 
porous asphalt; and one with pervious concrete) to collect and filter stormwater (Figures E1-1 
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and E2-1). Underground aggregate water storage cells beneath parking bays are used to detain 
stormwater before release. The storage cells are designed to hold a 10-year, 24-hour storm 
event (5.7-in), containing over 350,000 gallons of water.  Underground storage cells are drained 
by 6-in perforated pipes that have valves and cleanouts which allow independent 
measurements for comparative performance testing. When the valves are closed, water backs 
up into the aggregate cells for storage to reduce peak rate flow. The datalogger sample tube is 
hydrologically connected to the aggregate cells and maintains a common water level (Figure E2-
2). Time based measurements taken at 1-hr increments record the water level drop 
corresponding to water infiltration. 

 
Figure E2-1: Various pervious parking surfaces to reduce peak flow runoff and test water 
infiltration rates.  
(Timothy Kellams 2016) 
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Pervious Concrete: 6” slab on 12” base (#57 stone); geofabric between base and subgrade 
Porous Asphalt: 6” thickness on 12” base (#57 stone); geofabric between base and subgrade 
Paver 1 (Pavestone, “Eco-Venetian, Ashlar pattern,” aggregate joints) 4” paver + 2” bedding 
rock + 4” (#57 stone) + 12” (#3 rock) = 22” total 
Paver 2 (Belgard, “Aqua Roc II, Herringbone 90,” aggregate joints) 4” paver + 2” bedding rock + 
4” (#57 stone) + 12” (#3 rock) = 22” total 
 
 
 
 
 

 
 
Figure E2-2: Cross section of pervious parking bays, the underground water storage cells, 
control valving, and water level datalogger location. 
(BNIM with adaptation by Timothy Kellams) 
 
Two rain events were analyzed in which data was recorded by all four dataloggers: May 16-17 
and May 26-27, 2016. Graphical summaries of infiltration results are presented in Figure E2-3 
(May 16-17 event) and Figure E2-4 (May 26-27 event). The supporting tabular data is included 
in Appendix B. 
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Figure E2-3: Summary data recorded during the May 16-17 in rain event for Porous Asphalt, 
Pervious Concrete, Paver 1, and Paver 2 parking bays at the Kansas City WSD Swope Campus. 
(Kansas City Water Services 2016) 
 
 

 
Figure E2-4: Summary data recorded during the May 26-27 in rain event for Porous Asphalt, 
Pervious Concrete, Paver 1, and Paver 2 parking bays at the Kansas City WSD Swope Campus. 
(Kansas City Water Services 2016) 
 
 
Table E2-1: Measured captured rainfall storage versus storage capacity during May 16-17 and 
May 26-27 rain events for Porous Asphalt, Pervious Concrete, Paver 1, and Paver 2 parking bays 
at the Kansas City WSD Swope Campus. (Kansas City Water Services 2016) 
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Parking Bay Paving 
Material 

Elapsed Hrs Until Max. 
Recorded Storage Depth 

Maximum Storage 
Depth Recorded (in) 

Storage Depth 
Capacity (in) 

Storage Depth 
Utilization (%) 

Rain Event: May 16-17, 2016 (1.1 inch total) 

Porous Asphalt 17 6.84 18 38.00 

Pervious Concrete 17 4.56 (3.12) 18 17.33 

Paver 1 17 4.42 22 20.09 

Paver 2 18 7.56 22 34.36 

Rain Event: May 26-27, 2016 (3.15 inch total) 

Porous Asphalt 24 12.12 18 67.33 

Pervious Concrete 25 17.64 (14.76) 18 82.00 

Paver 1 25 13.49 22 61.32 

Paver 2 26 12.36 22 56.18 
Note: Because of various void sizes within the paving and sub-base materials, storage capacity is not uniform within the cross 
section. Although more limited, the top paving materials includes voids and is included in the water storage capacity depth. As 
the maximum depth is approached, water will start to drain through the overflow pipe set several inches beneath the surface. 
Correction factors of 1.44” (May 16-17) and 2.88” (May 26-27) were applied to the pervious concrete results (see discussion 
section). 

 
 
Discussion  
Graphs of the runoff water storage provided by the four permeable surfaced parking bays show 
that the bays are generally performing as designed. All bays are storing significant water and 
allowing extended infiltration times to reduce overall runoff as measured and documented in 
benefit E1. For the May 26-27 rain event, the infiltration times are extended as soil saturation is 
approached (elapsed hours 25-47). Saturated conditions are also reflected in the quick filling 
response immediately following the 0.47-in rainfall event at elapsed hour 47. The rank ordering 
of paver/storage performance is not consistent between the May 16-17 and May 26-27 rain 
events. This is presumably due to different antecedent soil moisture conditions corresponding 
to preceding rain events as noted on the graphs.  
 
The performance of the pervious concrete bay is an outlier which appears to not fully drain 
between rain events. It consistently retains 1.44 - 2.88 inches of water as shown in Figure E2-5.  
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Figure E2-5: Long-term monitoring results of parking bay water storage depths for KC Water 
Services Swope Campus. (Kansas City Water Services 2016) 
 
Several explanations were considered: 

a) The underlying soil is a hardpan preventing infiltration: Rejected because the 
filling/infiltration curve generally follows the performance of the other bays, and in 
some instances, is infiltrating faster than two other bays (May 16-17: elapsed hours 18-
23 and May 26-27: elapsed hours 25-37).  

b) The datalogger probe is not level with the bottom of the monitoring well and is falsely 
indicating a higher water level. 

c) Sediment has filled the bottom of the parking bay storage, reducing overall storage 
water storage capacity and thereby increasing the resultant water level. 

 
To compensate for either b) or c), 1.44-inches was subtracted from the May 16-17 maximum 
storage depth and 2.88 inches for May 26-27 event. 
 
 
Calculations 
Percentage of 10-yr 24 hr design storm event (5.7-in): 

May 16-17 rainfall total inches:  1.10 
May 26-27 rainfall total inches:  3.15 
 
May 16-17 (1.1-in/5.7-in) x 100 = 19.30% 
May 26-27 (3.15-in/5.7-in) x 100 = 55.26% 

 
Storage Depth Utilization per Bay:  
    May 16-17   May 26-27 

Porous Asphalt  38.00%    67.33% 
Pervious Concrete 17.33%    82.00% 
Paver 1   20.09%    61.32% 
Paver 2   34.36%    56.18% 
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May 16-17: Average Bay Utilization (38.00% +27.33% +20.09% +34.36%)/4= 27.45% 
May 26-27: Average Bay Utilization (67.33% +82.00% +61.32% +56.18%)/4= 66.71% 

 
Infiltration Rates per Bay:  
    May 16-17   May 26-27 

Porous Asphalt  38.00%    67.33% 
Pervious Concrete 17.33%    82.00% 
Paver 1   20.09%    61.32% 
Paver 2   34.36%    56.18% 
 

 
Limitations 
As previously noted in the Discussion section, results from the pervious concrete bay appeared 
to be slightly elevated, and a compensation was applied. As shown above, the average storage 
depth utilizations of the parking bays were 8.25% (27.45-19.20) and 11.45% (66.71-55.26) 
above the designed capacity for the storm size. Since the aggregate void sizes were 
approximated for capacity calculations by the engineers, the utilization results are reasonable 
within the design parameters. Last, more storm events could have been analyzed, but all four 
dataloggers were only working for the May rain events.  
 
Sources 
Kansas City Water Services. 2016. Pervious pavement infiltration rates collected for 2016 

Landscape Architecture Foundation Case Study Investigation.  
 

● E3 - Sequesters 3,537 lbs of atmospheric carbon annually and intercepts 4,156 gallons 
of stormwater through the addition of 101 new trees. 

 
Methods 
Referencing the 2015 planting plan, a current tree inventory was conducted. Species 
identification and diameter breast height (DBH) were recorded, then the carbon dioxide 
sequestration (lbs) and intercepted stormwater runoff (gal) per tree species and number of 
trees were calculated using the National Tree Benefit Calculator (NTBC). The inventory, along 
with calculated metrics, is included in Appendix C.  
 
Calculations 
Calculations were conducted using the National Tree Benefit Calculator (NTBC). The National 
Tree Benefit Calculator uses the same database as i-Tree. The tree type, diameter, tree location 
by region, and land-use are entered into the NTBC. The NTBC then uses an internal formula to 
to develop stormwater, property value, energy, air quality, and atmospheric carbon reduction 
metric. These all help produce an overall benefit of the tree in U.S. dollars. More information 
concerning the approach and internal calculation methods can be found at: 
http://www.itreetools.org/streets/resources/Streets_Reference_Cities_Science_Update_Nov2011.pdf 

 

http://www.itreetools.org/streets/resources/Streets_Reference_Cities_Science_Update_Nov2011.pdf
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Limitations 
There are a few limitations using this method. Some of the inventoried trees were not included 
in the National Tree Benefit Calculator/i-Tree database, so appropriate substitutions were 
made. This is also a projected, not measured metric. 
 
Sources 
Schuessler, Jim and Timothy Kellams. 2016. Tree inventory conducted as part of Landscape 
Architecture Foundation Case Study Investigation. Kansas City, MO: Kansas City Water Services. 
 
http://www.treebenefits.com/calculator/treeinfor.cfm?zip=&city=&state=&climatezone=Midwest 
 

● E4 - Reduces parking lot temperature contributing to heat island effect in areas of 
concrete and pavers by an average 8.5° F compared to typical (dark) asphalt parking 
lot on the same site. 

 
Methods 
Radiant exitance measurements for various paving materials 
on the Swope campus were recorded using a Leaton digital 
luxmeter/illuminance light meter (200,000 Lux max). The 
instrument was held at waist height above the surface at 
arm’s length, first facing up to record direct incident light, 
then turned downward for a second reading of reflected light. 
Measurements were taken on July 1, 2016 between 1:31pm 
and 1:57pm during sunny conditions. 
 
Surface temperatures were also measured using an Etekcity 
Lasergrip 630 dual laser non-contact digital infrared 
temperature gun. The instrument was held at a consistent 
waist level and pointed vertically down. Ambient air temperature was 84° F. Temperature 
measurements were taken on July 1, 2016 at 2 p.m. under mostly sunny skies.  
 
Measured temperatures are related to surface absorption (measured) and surface 
roughness/porosity. Measurements for various surface materials are shown in Table E4-1 and 
graphically depicted in Figures E4-1, E4-2, and E4-3. 
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Table E4-1 
(Timothy Kellams 2016) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure E4-1: Comparison of illuminance, exitance, and absorption by various surface materials 
for the Kansas City Water Services Swope Campus, Kansas City, MO (Kellams 2016). 
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Figure E4-2: Surface temperatures for various ground materials found on the Kansas City Water 
Services Swope Campus on July 1, 2016 (Kellams 2016). 
 

 
 

Figure E4-3: Comparison of light reflectivity and surface temperatures for Kansas City Water 
Services Swope Campus on July 1, 2016 (Kellams 2016). 
 
Calculations 
Surface temperatures were directly read from the Etekcity Lasergrip 630 and no calculations 
were performed. Reflectance was calculated by dividing illuminance by exitance and expressing 
as a percentage. 
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Limitations 
While some pervious paving materials contribute to greater stormwater infiltration rates (see 
Benefit E3), the materials can also comparatively increase negative heat island effects. 
Temperature is related to reflectance (see Benefit E5) and surface texture. 
 
Sources 
Timothy Kellams. 2016. Surface temperature measurements taken as part of Landscape 
Architecture Foundation Case Study Investigation. Kansas City, MO: Kansas City Water Services 
Swope Campus. 
 
 

● E5- Improves luminaire efficacy by 75% with high-performance LED lights as compared 
to a typical High Pressure Sodium (HPS) source.  

 
Methods 
This benefit simply compares the initial luminaire efficacy for a typical LED luminaire (Philips 
Gardco Slenderform SFA Dual LED array) installed in the upgraded Water Services building 
parking lot compared to a typical HPS lamp. This comparison is expressed in lumens/watt, but 
does not account for light source degradation over time (which can be significant for HPS), or 
surface illumination levels (typically expressed in Lux or Fc) which depend on the reflector 
configuration, pole mounting height, and other factors. The Slenderform SFA LED lumen output 
and watt consumption rate was taken from product specifications (Philips 2016, p 2) for a 
110LA Type 3 selection of 11,426 lumens and 107 average system watts. Typical lumens and 
wattage for a HPS source was taken from the publication, “Outdoor Area Lighting” (U.S. 
Department of Energy 2008, p 2):  downward luminaire lumens = 11,200 (70% downward 
efficacy; not as much an issue with LED) and 183 watts. 
 
Calculations 
LED Efficacy: 11,426 lumens ÷ 107 watts = 106.8 lumens/watt 
HPS Efficacy: 11,200 lumens ÷ 183 watts = 61.2 lumens/watt 
Efficacy Improvement %:  106.8 lm/W − 61.2 lm/W ÷ 61.2 lm/W x 100 = 75.4% 
 
Sources 
Philips. 2015.  “Gardco Slenderform Product Brochure.” Accessed August 6, 2016: 
http://www.lightingproducts.philips.com/Documents/webdb2/Gardco/pdf/SlenderForm_SFA_SFV_LED.pdf 

 
U.S.Department of Energy 2008. “Outdoor Area Lighting.” Accessed August 6, 2016: 
http://apps1.eere.energy.gov/buildings/publications/pdfs/alliances/outdoor_area_lighting.pdf 

 
Limitations 
With more sophisticated modeling using laboratory photometric files, an estimate of annual 
potential cost savings could be calculated, but no data is available for the former light types or 
parameters to make an actual comparison. An attempt was made to review monthly electricity 
utility records from July 2013 to July 2016 for the Water Services building (4800 E. 63rd Street) 

http://www.lightingproducts.philips.com/Documents/webdb2/Gardco/pdf/SlenderForm_SFA_SFV_LED.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/alliances/outdoor_area_lighting.pdf
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to compare pre- and post-installation of the LED lighting in the north parking lot. No HVAC or IT 
upgrades were made during this timeframe. The utility records were simplified and adjusted to 
reflect a standard billing cycle (Table 5-1).  
 
Table 5-1: Electricity Use and Cost Comparison for KC Water Services building and parking lot 
for pre- and post-LED installation conditions. 
(Adapted from KCPL Electricity Usage and Building Report by Howard Hahn and Lisa Treese)  
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At first glance, it appears that average electricity use declined slightly (-5.4%) from pre-(226,825 
kWh)  and post- (214,682 kWh) LED installation conditions; however, costs slightly increased 
(8.8%: $18,998 to $20,665). A different picture emerges when monthly electricity use is plotted 
across 37 months (Figure 5-1). Unexpectedly, peak demand does not necessarily occur in the 
summer when air conditioning use is expected. Furthermore, there is a large electricity spike in 
January-March 2015, indicated by the blue circle. The origin of this spike is not known--perhaps 
use of site power on occasion for the parking lot/plaza construction? 

 
Additional analysis was conducted by grouping the monthly electricity use and costs roughly 
mid-year to mid-year (August through May) across three years to compare changes (10th table 
column). Comparing average electricity use between Group 2 (Aug 2015--May 2015) and Group 
3 (Aug 2015--May 2016) shows many monthly decreases, but again, the electricity use spike of 
January-March 2015 is probably skewing results by elevating Group 2. A better comparison 
might be between Group 1 (Aug 2013--May 2014) and Group 3 (Aug 201--May 2016), a two-
year difference, which reflects more typical conditions. In this comparison, more electricity is 
actually used (190,895 kWH  to 215,122 kWh = 12.7% increase). 
 
It appears there are too many variables to accurately estimate electricity use savings when the 
building and site share metering and many parameters remain unknown: 
 

● How was the building thermostat programmed across times of day/night, and between 
seasons? 

● What other building electricity parameters remain undefined? 
● Since the parking lot received a major upgrade after decades, were more light 

poles/luminaires used for more even light distribution patterns than in the past? 
 
To eliminate these variables, it would be preferable to meter the building and site lighting 
separately. As an alternative, instrumentation on several LED luminaires compared to a few 
legacy luminaires left behind could be used for monitoring luminaire performance. 
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Social Benefits 

 

● S1 - Creates opportunities for 42% of 43 surveyed employee respondents to socialize 
with co-workers on breaks, get fresh air, or spend time alone. (Survey questions 6, 7, 8, 
& 9)  

 
● S2 - Improves perception of safety in the parking lots and walkways for 72% of 43 

respondents who indicate that conditions are “much” or “somewhat” improved. 
(Survey question 2)  

 
● S3 - Encourages physical activity along the perimeter walking trail by 54% of 42 

respondents- over triple the trail usage prior to site redesign. 30% of survey 
respondents exercise on the trail at least once per day.  (Survey questions 4 & 5)  

 

● S4 - Provides green infrastructure-related educational opportunities for site visitors 
through employee efforts. 53% of 43 employee respondents have mentioned green 
infrastructure improvements in visitor conversations or have led visitors on a tour. 
(Survey question 11) 

 
Methods  
For social benefits S1-S4, an online survey was prepared and distributed to 222 Kansas City 
Water Services employees working on the Swope Campus. Since the survey involved human 
subjects, solicited opinions, and research results would be published, the survey was submitted 
to the Kansas State University Institutional Review Board (IRB) to ensure that no significant risks 
were anticipated and proper research protocols were followed. After review, the survey was 
determined to be exempt under the category 45 CFR 46.101 (b)(2) (Proposal #8333). The survey 
was also reviewed and approved by the KC Water Services director. An email introducing the 
project and containing a survey hyperlink was distributed to all employees through the project 
liaison. The survey consists of eleven questions and was administered through the KSU 
Qualtrics online system. Response to the online survey was 19.4% (43/222) and the full survey 
results can be found in Appendix D. Although the full range of questions/responses  informed 
project designers regarding user satisfaction, only a subset of the questions/responses directly 
related to landscape performance benefits.  
 
Calculations 
S1, S2, & S4: Simple tabulations of responses under various categories according to wording 
expressed in the social benefit. 
 
S3: Combining first three responses for at least once per week or more: Walking prior to trail 
construction (7/42 = 16.7%); Walking after trail construction (23/43 = 53.5%). % Increase = (23-
7)/7 = 228.6% (more than triple) 
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Limitations 
S1: The trees are not yet mature enough to provide adequate shade which is inhibiting plaza 
use as a social benefit. A lesson learned for most landscape projects is to provide adequate 
supplemental structures which provide some shade prior to tree maturation. The entryway 
structure provides some shade, but it is located over an active walkway, and sitting areas totally 
rely on shade trees. Early monitoring of the green infrastructure and pervious paving 
performance needed to be assessed to track performance over time.  
 
S4: The survey documents employee respondents who have provided some form of green 
infrastructure education to visitors. However, no procedures currently exist to count Swope 
Campus visitors who are curious about green infrastructure, or receive some form of education. 
Improvements could be made to educate employees (Question 11) and visitors through 
brochures, wall displays in the building reception area, or educational signage placed around 
green infrastructure features (Question 9). 
 
Sources 
Hahn, Howard. 2016. “Survey of Kansas City Water Services (Swope Campus) Employees’ 
Response to Pervious Parking Lots, Entry/Plaza Improvements, and Green Infrastructure 
Landscape.” Landscape Architecture Foundation Case Study. 
 

 
Economic Benefits 

 

● Ecn1- Saves $8,800 in annual mowing costs through inclusion of a shortgrass prairie 
and numerous BMPs featuring native plants requiring minimal trimming compared to 
a traditional manicured landscape. 

 
Methods 
Planting plans were reviewed to categorize planting areas as: existing fescue, seeded fescue, 
sod fescue, shortgrass prairie, bioretention areas, bioswale areas, rain gardens, and planters. 
Areas were then tabulated (Figure Ecn1-1). The existing and new fescue areas are not irrigated, 
but receive regular mowing. Existing and recently established fescue areas amount to 173,320 
sf (3.98 ac). The shortgrass prairie and BMP areas total 96,855 sf (2.22 ac). 
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Figure Ecn1-1: Planting zone areas for Kansas City Water Services Swope Campus. (Hahn 2016) 
 
Maintenance records for 2012-2016 were reviewed, and mowing cost estimates were averaged 
for 2015 and 2016. Based on planting area take-offs established in Figure Ecn1-1, the annual 
fescue mowing cost per acre was calculated. If the prairie and BMP areas were fescue, then the 
equivalent mowing cost can be calculated by multiplying the area by the unit cost. 
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Calculations 
Average mowing costs:($15,026 (2015) + $16,530 (2016))/2 = $15,778. 
Mowing cost per acre for existing and new fescue: $15,778/3.98 acres = $3,964/ac 
Equivalent fescue mowing cost for prairie and BMP areas: $3,964/ac x 2.22 ac = $8,800. 
 
Limitations 
None. 
 
Sources 
Treese, Lisa. 2016. Estimated maintenance costs for KC Water Services Swope Campus. Kansas 
City: Water Services Department. 
 

● Ecn2 - Saves an estimated $34,635 in annual potable water costs compared to a 
traditional irrigated turf landscape in Kansas City, MO. 

 
Methods 
Since establishment of native/low water use plants around the KC Water Services building, no 
potable water is currently used to support the landscape. Based on the landscape area of 
270,174 sf (6.20 acres) determined for Ecn1, a rough estimate of water can be made for an 
equivalent amount of irrigated turf landscape. Assumptions include: 1” of water per week is 
needed to support turf; spray head application efficiency is 67% for triangular spacing (Rainbird 
2016); 24 weeks for the growing season (May-September); and water rates specified in “2016 
Schedule of Water and Sanitary Sewer Services Rates” (KCMO Water Services 2016, p 2). Water 
and sewer fees are substantially higher than surrounding municipalities due to the water and 
sewer upgrades being undertaken to meet the EPA mandated reduction of Kansas City 
Combined Sewer Overflow (CSO) impacts. 
 
Calculations 
Amount of water required per week: ((1in/wk x 1ft) ÷ 12in) x 270,174 sf = 22,515 cf/wk  
Amount of water applied to achieve 1in/wk = 22,515 ÷ .67 (efficiency) = 33,604 cf/wk 
Water applied during 24-week growing season: 33,604 cf/wk  x 24 wks = 806,496 cf/season 
 
Water Cost:  
As detailed in the “2016 Schedule of Water and Sanitary Sewer Services Rates” (page 1), the 
commodity charge is based on the total volume of water purchased, and is applied as a tiered 
rate according to usage. 
 
• “First 600 cf at $4.60 per 100 cf”:  600 x $4.60 ÷ 100 cf = $27.60 
• “Next 4,400 cf at $5.09 per 100 cf”:  4,400 x $5.09 ÷ 100 cf = $223.96  
• “Next 995,000 cf at $4.29 per 100 cf”: (806,496 cf - 600 cf - 4,400 cf) = 801,496 cf x $4.29 ÷ 
100 cf = $34,384.18 
 
$27.60 + $223.96 + $34,384.18 = $34,635.74 
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Limitations 
1 in per week is a very general assumption. 
 
Sources 
Kansas City Water Services. 2016. “Schedule of: Water & Sanitary Services Rates, Stormwater 
Fees, Meter Readings, Billing Practices, and Bill Payment Guarantees.” Accessed August 6: 
https://www.kcwaterservices.org/wp-content/uploads/2013/04/2016-Water-Rate-Book.pdf 

 
 
Cost Comparison  
 
Methods 
Unit costs of various installed paving were pulled from project construction records. Costs for 
traditional stormwater detention and retention were collected from BNIM project histories. 
Ground material and paver unit costs are presented in Table CC-1. 
 
 
Table CC-1: Ground material and paver unit costs (Schuessler 2016). 

Ground Material Unit 
Cost/sf 

Area 
(sf) 

Item Cost 

Permeable Paver – Type 1 
Pavestone ‘Eco-Venetian’ on 18-36” of base rock, made 
locally 

$15.20 11,783 $179,102 

Permeable Paver – Type 2 
Belgard ‘Aqua Rock II’ on 18-36” of base rock, made locally 

$15.12 11,783 $178,159 

Permeable Paver – Type 3 
Unilock ‘Eco-line’; included irregular shapes and 
walkways; 18” inches of base rock, shipped 500 miles 

$21.63 7,865 $170,120 

6-Inch Porous Asphalt 
on 12-36” of base rock 

$10.92 11,783 $128,670 

Pervious Concrete 
on 12-36” of base rock 

$10.65 11,783 $125,489 

5” Molded Pulp Formed Grasscrete 
Includes 6” base rock, filter fabric, soil, and seed 

$21.51 3,043 $65,562 

Total permeable material area and cost  58,040 $847,102 

    

https://www.kcwaterservices.org/wp-content/uploads/2013/04/2016-Water-Rate-Book.pdf
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7” Reinforced Concrete Drive 
(no base rock) 

$9.00 88,792 $799,128 

4” Reinforced Granite Sidewalk with Deactivator 
(no base rock) 

$8.00 15,350 $122,800 

 
Calculations  
Parking Bay Stormwater Detention Costs 
If a permeable paving/subsurface water storage system was not used for the parking bays, 
typical 7” impervious concrete would have be used. The cost difference represents the “added 
value” of the subsurface water storage system used to provide stormwater detention: 
 
Porous Asphalt ($10.92/sf installed) - equivalent 7” concrete ($9.00/sf installed) = $1.92/sf 
Pervious Concrete ($10.65/sf installed) - equivalent 7” concrete ($9.00/sf installed) = $1.65/sf 
Paver 1 ($15.20/sf installed) - equivalent 7” concrete ($9.00/sf installed) = $6.20/sf 
Paver 2 ($15.12/sf installed) - equivalent 7” concrete ($9.00/sf installed) = $6.12/sf 
$1.92 + $1.65 + $6.20 + $6.12 = $15.89 per square foot 
$15.89 / 4 = $3.97 per square foot average residual value for stormwater storage 
 
As a comparison: 
EPA Region 7 Headquarters Site Stormwater Detention Costs (LAF 2016) 
Traditional Detention Basin (estimated): $311,335/77,101 sf (1.77 ac)  = $4.04/sf 
Treatment Train including sand filter and wetland: $340,993/77,101 sf (1.77 ac) = $4.42/sf 
 
Cost Reduction of Using Porous Asphalt/ and Pervious Concrete/Subsurface system 
Average Porous Asphalt ($1.92) & Pervious Concrete ($1.65) stormwater detention cost = $1.79 
Cost reduction compared to traditional detention basin: ($1.79-$4.04)/$4.04 x100 = 55.7% 
Cost reduction compared to stormwater treatment train: ($1.79-$4.42)/$4.42 x100 = 59.5% 
 
Cost Increase of Using Permeable Pavers/Subsurface system 
Average for Paver 1 ($6.20) & Paver 2 ($6.12) stormwater detention = $6.16 
Cost increase compared to traditional detention basin: ($6.16-$4.04)/$4.04 x100 = 52.48%  
Cost increase compared to stormwater treatment train: ($6.16-$4.42)/$4.42 x100 = 39.37% 
 
Limitations 
None 
 
Sources 

Landscape Architecture Foundation. 2016. Landscape Performance Series, “EPA Region 7 
Headquarters”. 
Schuessler, Jim. 2016. CFS Engineers, Kansas City, MO. 
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Appendix A 
Parking Area Stormwater Outfall Data 
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Appendix B 
Parking Lot Rainwater Storage Data 
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Appendix C 
Tree Inventory, Kansas City Water Services Swope Campus 
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Appendix D 
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