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Presenter Notes
Presentation Notes
Presentation prepared for meeting the EPA Region 2 Science council meeting 05/17/2023.  Probably all EPA R2 attendees.

Requested duration 45 min

Audience : highly technical



End game

* Provide tools and techniques that allow communities to
determine the performance of stormwater control
measures.

« Affordable
» Defensible
» Consistent

Safe and Sustainable
Water Resources

Strategic Research Action Plan
Fiscal



Presenter Notes
Presentation Notes
ORD publishes the Research Action Plans,  


One goal for stormwater is the provide communities with the tools to self assess.  EPA will not have the capacity to do this for all communities.





Almost a freebie

* Pooling community performance determinations with
site and stormwater control characteristics will provide
needed design suggestions.



Presenter Notes
Presentation Notes
If we can get others to do the monitoring and share the results (big if’s) we can aggregate the results and generalize to provide suggestions.


Why start with stormwater planters?

* They look easy to monitor.
* Nearly closed systems.
« Smaller than many other stormwater controls.

« Usually have a single inlet source (plus direct rainfall) and
single outlet (plus ET).

* Increasingly used in urban and suburban areas.

* Techniques and results should be transferable to other
biofiltration systems (rain gardens, bioswales, etc.).
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Low-hanging fruit

We picked planters because they should be easier to monitor than many other SCMs.  The key attribute is that they are a closes system.  


What is a stormwater planter?

A flow-through stormwater control measure typically
Installed above ground.

« Generally used to intercept rooftop runoftf.
« Small footprint suitable for space-limited installations

Ponding zone and engineered media layer over
aggregate with underdrain, overflow, and bypass

Usually vegetated

Usually do not exfiltrate to local soils
 Used in both MS4 and CSO communities
- Designed to meet locally-established guidelines
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Just to make sure are all on the same page…..


Planter performance measures

« Complete capture frequency

» Captured volume (Retention)

 Difference between water volume held by media after rain
event and water volume held at start of the event

e Difference between inlet volume and outlet volume

* Discharge delay
 Time difference from first inlet flow to first outlet flow
* Time difference between inlet and outlet flow centroids

 Peak flow attenuation

« Based on the ratio of maximum discharge flowrate to
maximum inlet flowrate

 Fraction of planter media used or saturated
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How to quantify success?

It would be advantageous but totally impractical to completely capture all the runoff from every rain event.  We do not necessarily, for example, want to design the planters to capture the runoff from the rate / infrequent rainfall.  (Size, cost, and maintenance considerations).

Delaying and attenuating peak flows can be important for hydromodification concerns and CSO control,

We are introducing fraction of media used as an indication of whether the planter is too large or too small.


First monitoring in Camden, NJ
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Our start in monitoring stormwater planters was in Camden working with Any Kricun at the CCMUA under a Memorandum of Understanding.  Maureen Krudner made the introductions as part of the Making a Visible difference initiative.  Maureen was a trusted entity to CCMUA so having Maureen vouch for us got us in the door.

CCMUA had been working with Rutgers Cooperative Extension (Chris Obropta).  They came up with this modular design that could be built in a workshop then put together in aby quantity on site.  

Slick idea.
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Each site received rooftop runoff.  Designed using runoff modeling (HydroCAD).  Fixed dimensions for the module, variable number of modules to obtain desired size.  Can go around inside or outside corners.  Lined wooden boxes are construct off site and assemble at the site to meet the anticipated needs.



Camden planters as designed

Downspout Downspout

Roof runoff Roof runoff
— Ponding

\|
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ANIMATION
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ANIMATION

Collection of 9 9lanters installed at Henry Davis school – home of the Dragons.  Kids painted the first box.

Runoff from the downspout is diverted to the first box.

Excess water eventually discharges form the last box



Conclusions from Camden monitoring
Planter monitoring is not as simple as expected.

Water flow does not match the conceptual model

« Water does not spread to cover planter surface, but infiltrates
at first opportunity

Plants that do not get water do not flourish
Need to monitor inflow and outflow

Office of Research and Development
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Lessons learned
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On to Hoboken STEVENS

4 flow-through planters with precast
concrete bottom and sides

* 4.9-m long, 0.9-m wide, 1.2-m tall (inside
dimensions)

« 56-cm media layer over 7.6 cm thick sand
layer and 15.2 cm pea gravel layer

« 7.6 cm perforated PVC underdrain
» Contributing drainage area 24 to 142 m?

* Monitoring inflow, outflow, and the
volumetric water content (VWC) of the
media
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Presentation Notes
Stevens built the North building as swing space.  Hoboken required stormwater controls so the school installed the four planters to manage rooftop runoff.

43 cm ponding layer over media, sand, and pea gravel.

We teamed with the school (Elizabeth Fassman-Beck) to monitor the performance of the planters.

16 ft long x 3 ft wide x 3.5 ft high 


Additional research question

 Can we close the water balance within measurement
uncertainty?

Inflow + Precip = ET + Dischage + AStorage

Precipitation Evapotranspiration

"o § 1

Storage
SR e NG e A
S R e

g S

Discharge
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We added a research question – can we balance the water in and out.

Thinking was if we cannot do the balance with all the resources we have available, then it is unreasonable to expect others.  The big advantage we have is that QA is not just tolerated, it is mandated in EPA work.

Without the mass balance we cannot estimate the retention volume or the ET





Measured influent with sharp-edged
fully-contracted rectangular weir

— n
W Q=a hhead

3

Expectn = 5

Knowing h, .. We can calculate the flow rate.

Knowing the flow rates for each time step,

h we calculate the passed volume
h head

measured

| V=ZQAt
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The Students designed the rectangular weirs


Develop the rating curve in Edison
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We used the EEC to develop the rating curves.

Pump water at measured rates through the system at constant rate.  Measure the water depth and flow rates for 30 min.  Regress flow on depth using Levenberg-Marquardt nonlinear techniques.


Field confirmed the rating curves for weirs
used in Hoboken
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VIDEO

Needed to confirm the lab results in the field.


Outflow Monitoring used V-notch weir

Overhead View Side View

e e

~_~ \-notch wejr &
o e <0

Pressure
Transducer
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Measuring discharge is less easy.  We could not do the preliminary work in the lab.

Water flows through a sump intended for sampling.  Pipes from planter and to sewer were distorted during installation – not round -- making commercially available weirs a non starter.  Further complicated in the drainage pipe follows the SDR schedule not the pips schedule since it is for non pressurized use.

Constructed a V-notch weir.

Pressure transducer is secured to the wall.

Identifying reference depth is not as easy as it seems


Developing in situ rating curve

Office of Research and Development
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Pumped water into the overflow through a meter.  Measuring water level in the sump.


Developed in-situ V-notch weir sump rating curve.
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Developing the rating curves took multiple days. 

Overall things look good, but close inspection shows that day 3 (green triangles) is slightly offset from the data collected the other days.


What is h;?
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Specify date
This sensor is located where the depth of the water is less than internal datum of sensor

Before the event, there was likely evaporation or leakage the lowered the water level.  After the event we know that the water level will eventually get to the pre event level (ore lower)

Talk about what the jump is problem with existing technology
Make next slide the flow rates and show 


Different methods of estimating h

 We tried

* Level at the start of the rainfall

*  When 30-min slope i—’: <0.001 cm/min

*  When 30-min slope i—’: < 0.01 cm/min

»  When changing depth is within £0.2 cm (published total error band of sensor) for 30 min
* 1 hr after rainfall ends
» 3 hr after rainfall ends
* 6 hr after rainfall ends

e 12 hr after rainfall ends

 Literature
» Eyeball from graph
» Use the pre-event for first half and post-event for second half

» Back calculate to match expected volume passed

* Unreported (most common)




ref
(cm)

14.5
14.6
14.7
14.8
14.9
15.0
15.1
15.2
15.3
15.4
15.5

Volume
(L)
18,484
16,106
13,927
11,944
10,157
8,561
7,153
5,925
4,858
3,924
3,105

How important is h ?

Discharge volume (L)

20,000
18,000
16,000
14,000
12,000
10,000
8,000
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2,000
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14.6 14.8
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As the reference moves up, water depth above the datum and calculated flow rates decrease.  

Table shows discharge volume for a given rain event.  If datum moves 0.5 cm up, volume decreases to 3100 L whereas if it moves down 0.5 cm the volume increaes to 18,500 L – a 600% difference.


Result: water balance

e Solution

 Partially submerge sensor in a sump or lay flat.
« Sensors do not work as well at extreme limits of operating range

 Top off the standing water in the sumps before each event.

e Qutcome
* |Increased water balance closure from 25% of the events to 75%
of the events.

* Fine for research activities and periodic monitoring but not a
wonderful solution for routine in-the-field monitoring practices.




Result: Lag

« Median lag was 77 minutes 17.0 20
. n . . * W L | ° i
- Coefficient of variation of aterteve ol 18 &5
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s . . <] s
« Initial moisture deficit O 150 | Srefwentlawm, Start of Outflow 4 B
(antecedent dry period 5 =
I I First Rain Tip
and media properties) ae 5
18:45 19:45 20:45 21:45 22:45
Time



Presenter Notes
Presentation Notes
Mention multiple regression
Coefficient of variation is big, large range with the lag 


Complete capture

6/3/2021 Planter 3 Fully Captured Event

10 10
L
8 ! 8
- e —g
E 6 . 6 £
. o
E 4 o 4 <
2 : H 2

4:48 16:48 4:48

¢ Inflow e Qutflow. * Cumulative Rainfall




Result: Probability of complete capture

* Planters completely
captured 38% of
observations with at least

Approximate Runoff
Volume (m?3)

. o >1
0.1 mm rainfall jc
S 0.75
+ Controlling variables 8 0.5
- :
* Runoff volume > 0.25
* Initial moisture deficit 5 '
(based on pre-event and = 0.0
saturated conditions a

400+ usable observations

o . ! ! !
0.0 0.1 0.2 0.3
Initial Moisture Deficit (m3/m?3)
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Data analyzed as logistic regression (discharge or no discharge) using the results of all events and all planters.

Results follow intuitive expectations.  A small runoff volume is more easily captured than a large runoff volume.

Dryer initial conditions (larger initial moisture deficit)  provide more capacity to store the current rain event.

Think of a sponge.


Complete capture take 2

e 20% of events with at least 2 mm of rainfall were
captured

 Explicit definition of a rain event is important to
understanding the results
* Minimum depth
» Rain-free period that ends the rain event




Result: Peak flow reduction

7/17/2021 Planter 1 Peak Flow Reduction
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Water moves more slowly through the media than runoff from the roof.


Measuring stored water: initial sensor layout
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This was the initial sensor layout for the reflectometers.

Note the piezometer.  VERY rarely had measurable water in the aggregate layer


Added sensors mid experiment

0 .
\V’EPA Office of Research and Development




Typical sensor response to rain event
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Eventually the tail will fall to the pre-event moisture levels.


Fraction wetted

Inlet Location

.

150 cm e 136 cm 207 cm R
15% — 1 14% — 7 | 21% — 13
e —————————————————————————————
15% S— | 14% — 5 21% — 16—

Planter 4 Profile View

7/29/2021 Planter4 Planter Wetted
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Infiltrating water follows a preferred path.

15t Sensor Wetted 2nd Sensor Wetted 3 Sensor Wetted 4™ Sensor Wetted 5th Sensor Wetted 6th Sensor Wetted
Sensor 5 Sensor 6
1 Observ 1 Observ
Sensor 4 Sensor 6
2 Observs 1 Observ
Sensor 6 Sensor 4
8 Observs 4 Observs

Sensor 3 Sensor 6
5 Observs 4 Observs

Sensor 4 Sensor 5
10 Observs 10 Observs
Sensor 6
1 Observ
Sensor 4 Sensor 3 Sensor 6
8 Observs 5 Observs 4 Observs
Sensor 6 Sensor 3
1 Observ 1 Observ
Sensor 3 Sensor 2 Sensor 5 Sensor 6
1 Observ 1 Observ 1 Observ 1 Observ 1 Observ
Sensor 3 Sensor 5 Sensor 6
3 Observs 5 Observ 1 Observ
Sensor 2
34 Observs Sensor 5 Sensor 3 Sensor 6
30 Observs 21 Observs 14 Observs
Sensor 6 Sensor 3
1 Observ 1 Observ
Sensor 2 Sensor 5
1 Observ 1 Observ
Sensor 3 Sensor 6
16 Observs 11 Observ
Sensor 6 Sensor 3
1 Observ 1 Observ
Sensor 6 Sensor 5 Sensor 2 Sensor 3
2 Observs 1 Observ 1 Observ 1 Observ
Sensor 4 Sensor 6
1 Observ 1 Observ

Sensor 4
3 Observs

Sensor 5
11 Observs

Sensor 3
11 Observs

Sensor 2
29 Observs

Sensor 5
9 Observs

Sensor 3
4 Observs

Sensor 4
54 Observs

Sensor 2
22 Observs

Sensor 5
27 Observs

Sensor 5 Sensor 2
2 Observs 1 Observ




Implications of selective pathway

 All media shows increase in soil moisture in 48% of the
rain events

* All media becomes saturated in 8% of the rain events.




Volume represented by sensor

Each sensor represents a
media volume determined by
distance to the planter walls

L
or half the distance to —

adjacent sensor.

For “sensor 9”
L=105.4 cm
W=91.4cm
D=20.3 cm

Media volume =0.196 m3




Volumetric water content (m3 / m3)

05
0.45
0.4
0.35
03
0.25
0.2
0.15
0.1

0.05

Retained runoff volume

s Each WCR reflects the water held in the
_ surrounding volume

0.279 m3 water/ m3media
0.208 m3 water/ m3media

For sensor 9, the represented volume is 0.196 m3 media

(0.279-0.208)*0.196=0.0139 m3 water gained in segment

9:36 12:00 14:24 16:48 19:12 21:36 Total retained volume = Ve =V
Local time

Ve = 23=21 Vinedia,iVWCr = 588.5L
Vo = 1131 Vinedia,iVWCy=452.6 L
Total retained volume = Ve —Vp=13591

Office of Research and Development
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Hose test 10 gpm constant rate for 90 minutes
Shen to draw the line is subjective – looking for a quantitative measure – for example rate of change of soil moisture less than some threshold.   ET is estimated as the reverse.
136 L is not a lot of water!



Estimating ET

0.35 60
VWCO(I-) VWCf(i) VWCO(iH)
0.3 50
00 ET=VIWC o(i+1) — VWcC £(0)
40
T £
§ 0.2 £
& 30 =
o oy
= 015 =
S o
20
0.1
0.05 10
0 0
3/18/2020 3/19/2020 3/20/2020 3/21/2020 3/22/2020 3/23/2020 3/24/2020

ETS1 &4 MS1 +BS1 « VWC e Rainfall
ET was less than 5% of the runoff from the previous storm for 86% of

the observed events less than 2.3 mm/m? roof drainage area

Office of Research and Development




Conclusions from Hoboken, NJ

Fully captured runoff from 20% of rain events with 2 mm or
more rainfall. 40% for events with 0.1 mm of more depth

Median lag (difference from first inflow to first discharge) 77
minutes

Median peak flow reduction of 59%
Infiltrating water followed preferential pathways

All planter media was wetted (increase in measured volumetric
water content 0.05% or more) for 48% of the events

All media saturated in 8% of the events

Planters retained less than 2 mm of runoff per m? drainage area
for about three quarters of the rain events

ET was less than 5% of the runoff from the previous storm for 86%
of the observed events




On to Riverside

SOUTHERN CALIFORNIA
_ COASTAL WATER
Sty RESEARCH PROJECT

Riverside County Flood Control
' and Water Conservation District
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Determining volumes

« Use commercially-available compound weirs to measure flow
» Teledyne ISCO builds the rating curve into meter and autosampler

“The Thel-mar Volumetric Weir is the
most practical and economical
calibrated measuring devise used to
determine infiltration in newly
installed sewer lines, as well as
substantial flows in existing pipes.”

https://thel-mar.com/product-overview

“Weir measurements have a +/- 5% accuracy,
with a 2% accuracy at moderate and high flow
rates.”

https://www.pollardwater.com/product/thel-mar-6-in-volumetric-weir-with-bubble-
level-téweirwbubbler/_/R-4934300

Office of Research and Development




Test Procedure

Set pump
> rate
5-minute
stabilization
4
30-minute » Bucket and
steady state |_ stopwatch
) measurements
¥
No Yes | Download
and analyze

SCCWRP
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Makes for a really exciting day!


Experimental Apparatus to confirm rating curve

PT2.20 |

| PT2.10

PT1.10 _ |

| PT1.20

PT1.30 |

Office of Research and Development

Hose

|  Weir with bubbler (W)

H Variable area meter

& Ball valve

ﬁ Pressure transducer (PT)

\. Domestic water meter

r Sump pump

Not to scale
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Call each replicate a weir

Might be easier/better to refer as PT 1- PT 5, which will more easily match to W1-W5 for bubblers


PT2.10 /W2
Slope 2.08%

Example Observations o datce

6/23/21 + 6/28/21

92.6 Ipm 135.7 Ipm 142.4 Ipm

56.1 lpm

Office of Research and Development
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6/23 rect
6/28 vee

Observations: Smooth water surface (dare I say laminar.  Not laminar!) until flow depth gets well into rectangle.
Highest flows are fairly turbulent. Start to visually observe some pulsing in the water level. 
Q> 120 ltp 140 pm, depending on slope suspect we are over the top of the weir opening and have some interference with the apparatus.


At larger flow rates, water level
measurements are noisier

Office of Research and Development

R2BA1P20 206/09/2021
116£12 I[pm




m
= = N N
o (O] o (O3

Water Depth (c

u

8:38

Example Data 06/28/2021

Test date: 6/28/21

2.26 6.55 3.21 9.11 4.35 10.55 Flow rate (Ipm)

s, @
LTty g e« (0 O

“Steady state”

Transition period

15747 16421 15940 16764 16140 16904 ' verasePTWater
Level (cm)

0.012 0.025 0.014 0.029 0.029 0.035 St. Dev. (< 0.05 cm)

9:07 9:36 10:04 10:33 11:02 11:31 12:00 12:28 12:57
Time (PST)
e PT2.10 e PT2.20 e PT1.10 PT1.20 e PT1.30
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06/28/2021  1-minute data.  Rates based on regression of cumulative volume on elapsed time

Tests run by Brandon Fong @ SSWRP

Pipe slope 2.5/120 = 2.08%


The period of constant level will be identified from the lab or field notes.  The average and standard deviation for the designated period will be calculated.  Constant level will be interpreted based on the standard deviation.  Under most conditions, the standard deviation is expected to be less than 0.05 cm.  When the standard deviation exceeds 0.05 cm, the data will be examined to determine if there are leading or trailing values that should be eliminated.  If the standard deviation is larger than 0.80 cm, the average will not be used in further analysis.

Message: flows are steady & standard deviation meets data quality objectives.
Side note: secondary check on timing – if we start calcs a minute too soon or extend a minute too long, stdev goes out of whack.


Measured and tabulated flows do not match!

160 1

Difference increasesat | @

larger depths and O Slope %: 0.42 %f
- O Slope %: 2.08 (o]
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Presenter Notes
Presentation Notes
At 5 cm head, manufacturer predicts about 60 lpm while our testing shows 95 lpm. 
Spread across a 1-hour rain vent, the 35 lpm difference represents a volume difference of 2.1 m3. 



Measured and tabulated flows do not match!
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Presenter Notes
Presentation Notes
At 5 cm head, manufacturer predicts about 60 lpm while our testing shows 95 lpm. 
Spread across a 1-hour rain vent, the 35 lpm difference represents a volume difference of 2.1 m3. 



Thanks for listening.
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