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1 Introduction and Background 

This report documents installation and startup activities for the Stormwater Action Monitoring 
(SAM) Effectiveness Studies project Evaluation of Hydraulic Control Approaches for 
Bioretention Systems (Project). All installation and startup activities were completed according 
to the Quality Assurance Project Plan (QAPP) dated August 20, 2020, with some noted 
deviations. A photolog (Appendix A) and a table of equipment purchases (Appendix B) are 
included with this report.  

This report with appendices fulfills deliverables 2.1, 2.2, and 2.3 of the Interagency Agreement 
effective September 9, 2019.  

2 Installation  

2.1 Installation Overview and Schedule 

Most installation activities were completed between November 16, 2020 and November 19, 
2020, but some activities were completed before and after this primary installation period. Table 
1 provides a summary of the schedule for installation activities. Additional details for these 
activities are provided in the following sections.  

In general, except as otherwise noted, all installation activities were completed according to the 
methods presented in the QAPP.  

Table 1. Installation activity schedule 
Installation Activity Date Range of Completion 

Calibration of existing instruments 10/12/2020 – 12/7/2020 

Removal and removal of bioretention soil media 11/16/2020 – 11/19/2020 

Modification of mesocosm outlets 11/17/2020 – 11/18/2020 

Installation of mesocosm stilling wells 11/18/2020 – 1/7/2021 

Installation of new cistern water level sensor 12/7/2020 

Calibration and installation of new mesocosm sensors 1/5/2021 – 1/7/2021 

Planting new vegetation 12/4/2020 
 

2.2 Calibration of Existing Sensors 

Existing sensors and monitoring instruments were calibrated to ensure accurate data. This 
consisted of the following tasks: 

• Adjustment of inlet weir plates in the Mesocosm Cistern. These were adjusted manually 
by using digital calipers to compare the bottom of the V-notch to a static water level. All 
weir plates were adjusted until they were within 1 mm of each other.  
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• Calibration of tipping bucket flow meters. The accuracy and precision of tipping bucket 
flow meters were assessed by comparing the volume measured by the tipping buckets to 
the volume measured through an electromagnetic flow meter at 1 liter per minute for ten 
minutes. If after multiple tests the percent error was greater than 5%, the tipping buckets 
were calibrated by adjusting the stop screws. This process was repeated until the percent 
error was less than 5%.  

• Calibration of the tipping bucket rain gauges. These were tested for calibration with a 
Hydrological Services field calibration device. A known volume of water was slowly 
dripped into the rain gauge tipping bucket, and the measured volume was then compared 
to the volume added. Both rain gauges were found to have a percent error less than 2%, 
so no calibrations were completed. 

2.3 Removal and Replacement of Bioretention Soil Media 

Bioretention soil media (BSM) was delivered to site within one week of installation by three 
different BSM suppliers (see Table 1). All BSM was covered by tarps for the period between 
delivery and installation to avoid excessive wetting.  

BSM was removed and replaced in eight mesocosms as presented in the QAPP. This was 
completed by: 

• Removing existing vegetation by hand.  
• Removing BSM and gravel using shovels and a vactor unit.  
• Inspecting empty mesocosm containers for any leaks. In several mesocosms, plant roots 

were found to be extending through the mesocosm into native soil at the location where 
the underdrains penetrate through the mesocosm container.  

• Fixing leaks that were identified by removing plant root penetrations and sealing cracks 
with marine grade silicone sealant.  

• Reinstalling 12 inches of pea gravel as the drainage layer.  
• Reinstalling 24 inches of BSM in 12-inch boot-packed lifts.  
• Adding additional BSM three weeks after initial installation to account for settling and 

compaction of BSM.  

Table 1 presents a summary of BSM suppliers and final mesocosm locations for each BSM. 
Photos in Appendix A depict BSM supplies, removal, and replacement.  
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Table 2. BSM suppliers and mesocosm assignments.  

BSM Supplier BSM Type 
ID#1 for Media- 

Controlled 
Mesocosms 

ID#1 for Outlet-
Controlled 
Mesocosms 

Fully 
Instrumented?2 

Cedar Grove 
Compost Standard 60/40 33 12 Yes 

Corliss 
Resources Standard 60/40 24 42 No 

Walrath Soil 
Products Standard 60/40 45 41 No 

Walrath Soil 
Products Alternative BSM 34 15 Yes 

1 ID numbers correspond to original mesocosm ID numbers and are presented in the QAPP.  
2 Fully instrumented mesocosms are monitored for soil moisture and water quality, in addition to outlet flow and 
ponding depth.  

2.4 Modification of Mesocosm Outlet Structures   

Outlet structures were modified for the seven outlet-controlled mesocosms. This modification 
was completed by: 

• Adjusting valves to direct mesocosm effluent through the outlet control structure.  
• Drilling a 15/64th inch hole into the primary discharge cap. This size was calculated to 

throttle flow through the mesocosms to approximately 6 inches per hour assuming a BSM 
saturated hydraulic conductivity of 25 inches per hour.  

• Adjusting primary discharge pipe downwards so that the elevation of the orifice was 
approximately equal to the bottom of the BSM in each mesocosm.  

• Adding a capped, vertical standpipe on the secondary discharge to permit sufficient head 
to develop to achieve target flow rates through the orifices. Small 1/16th inch holes were 
drilled into the caps to avoid creating pressurized conditions in the standpipes.  

A photo of a completed outlet structure is presented in Appendix A and modification are 
depicted in Figure 1 which was adapted from the QAPP.  

2.5 Installation of Mesocosm Stilling Wells 

Mesocosm stilling wells and high-flow bypass orifices were installed in all fourteen mesocosms 
included in this project. This was completed by: 

• Constructing stilling well from 1.5-inch i.d. PVC piping.  
• Embedding capped bottom of stilling well approximately 3 inches into BSM, then 

attaching stilling well to mesocosm using nuts and bolts.  
• Drilling perforations into the portion of the stilling well above the BSM surface.  
• Drilling a single 5/8th inch hole 4 inches below the mesocosm rim to serve as a high-flow 

bypass monitoring orifice.  
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A photo of a completed stilling well and bypass orifice is presented in Appendix A and 
modification are depicted in Figure 1 which was adapted from the QAPP. 

 

 

Figure 1. Instrumentation and outlet modifications to mesocosms. Orange components were added 
or modified during installation activities.  

2.6 Calibration and Installation of New Sensors 

Due to procurement delays, new soil moisture and water level sensors were not received from 
Meter Environment until December 16, 2020. This was after the completion of most other 
installation tasks and after system startup.  
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Calibration and installation of sensors was completed by: 

• Calibrating TEROS 12 soil moisture sensors according to Meter Environment procedures 
for soil specific water content calibrations. This approach is completed by developing 
calibration parameters by comparing soil moisture values measured using the TEROS 12 
sensors to values determined by oven drying the same samples.  

• Validating HYDROS 21 water level sensors according to Meter Environment procedures. 
Validation data indicated that sensor reported water levels were within 5% of physically 
measured values, so no calibrations were completed because all sensors were within the 
Minimum Quality Objectives (MQOs) set forth in the QAPP.  

• Installing four Meter Environment ZL6 data loggers on metal poles and connecting those 
loggers to the Meter Zentra Cloud via cellular connection.  

• Running sensor cables through conduit to the four data loggers. 
• Connecting sensors cables to the ZL6 data loggers, setting 5-minute logging intervals, 

and confirming data uploads  

In addition to Meter Environment sensors and data loggers, a new Campbell Scientific CS-451 
water level pressure transducer was installed in a stilling well in the Mesocosm Cistern. This 
sensor was connected into one of the existing Campbell Scientific data loggers. Data from this 
sensor will be used to estimate mesocosm fullness for sampling planning and it may also be used 
as redundant data source for estimating inlet flow rate to each of the mesocosms. Flow to each of 
the mesocosms would be calculated using a stage-discharge equation for the existing v-notch 
weirs. The installation of this sensor is a deviation from the QAPP.  

2.7 Planting New Vegetation 

New vegetation was planted in the eight newly retrofitted mesocosms after all BSM was 
installed. Each of the retrofitted mesocosms were planted with the following: 

• 1x  Pennisetum alopecuroides ‘Little Bunny’, 6 inch pot 
• 1x Deschampsia cespitosa ‘Northern Lights’, 6 inch pot 
• 2x Cornus sericea ‘Kelseyi’, 6 inch pot 

After planting, approximately 2 inches of hardwood arborist chips mulch was added to the 
surface of each mesocosm. A photo of one of the mesocosms after planting and mulching is 
shown in Appendix A.  

3 Startup 

Startup was completed on December 18th, 2020 by opening inlet valves to the fourteen 
mesocosms and single inlet port used in this Project. With the valves open, during storm events 
approximately 25% of the runoff from the full 72,084 square foot catchment is routed to the 
mesocosms with the remaining 75% being routed to the adjacent Rain Garden testing facility.  

Startup was completed prior to the calibration and installation of new sensors, so no ponding 
level or soil moisture data are available during the first three weeks of operation. 
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APPENDIX A: Installation and Startup Photolog 

Photo #1 

Mesocosm Research 
Facility during 
installation 

 

Photo #2 

Removal of BSM from 
mesocosms using vactor 
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Photo #3 

Root mass in mesocosm 
during BSM removal 

 

Photo #4 

Cleaned mesocosm after 
BSM removal 
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Photo #5 

BSM stockpiles midway 
through mesocosm 
refilling 

 

Photo #6 

Cedar Grove 60/40 BSM 
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Photo #7 
 
Walrath 60/40 BSM 

 

Photo #8 
 
Corliss 60/40 BSM 
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Photo #9 
 
Walrath Alternative 
BSM 

 

Photo #10 
 
Mesocosm after addition 
of pea gravel 
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Photo #11 
 
Mesocosm after BSM 
addition and boot 
packing 

 

Photo #12 
 
Modified outlet 
structure with orifice 
cap and standpipe 
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Photo #13 
 
Completed surface 
ponding monitoring 
standpipe and high flow 
bypass orifice 
 
 

 

Photo #14 
 
Mesocosm after planting 
and sensor installation  
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Photo #15 
 
Meter Environment 
data loggers 
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APPENDIX B: Table of Equipment Purchases 

The following table provides a list of model numbers and dates received for materials and 
equipment used in this study.  

Equipment Make and Model Number / Amount Date Received 

BSM Cedar Grove 60/40 4 cubic yards November 13, 2020 

BSM Corliss 60/40 4 cubic yards November 13, 2020 

BSM Walrath 60/40 4 cubic yards November 13, 2020 

BSM Walrath Alternative 4 cubic yards November 13, 2020 

Pea Gravel Corliss Pipe Bedding 6 cubic yards November 13, 2020 

Data loggers Meter Environment 
ZL6 4 December 16, 2020 

Soil moisture sensors Meter Environment 
TEROS 12 6 December 16, 2020 

Water level sensors Meter Environment 
HYDROS 21 14 December 16, 2020 

Water level sensor Campbell Scientific 
CS-451 1 October 5, 2020 
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