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Executive Summary

Executive Summary

ES.1 Purpose

The District of Columbia Water and Sewer Authority (DC Water) issued an Environmental Impact
Bond (EIB) with a principal of $25M to fund the implementation of Rock Creek Project 1 (RC-A) as
part of the DC Clean Rivers Project (DCCR). RC-A is a project to construct green infrastructure (GlI)
as part of DC Water’s program to control combined sewer overflows (CSOs). The EIB is the Public
Utility Subordinate Lien Multimodal Revenue Bonds Series 2016B. The Purchasers of the bond are
Goldman Sachs Urban Investment Group (GSUIG) Real Estate Member LLC and Calvert Social
Investment Foundation Inc. The EIB requires that the degree of runoff reduction provided by the
project be calculated by DC Water and presented in a Final Report. Depending on the degree of runoff
reduction, the EIB specifies that a ‘Risk Share Payment,” ‘Outcome Payment’ or no payment may be
due. This document is the Final Report documenting the runoff reduction calculated per the EIB.

ES.2 Pre-Construction Predictions in 2016 Private Placement Agreement

As part of the development of the EIB, DC Water prepared a Technical Memorandum predicting the
reasonable expected range in runoff reduction, titled Environmental Impact Bond Technical Evaluation
Memorandum, dated September 13, 2016. Wet weather volume was calculated as all flow greater than
twice the long-term average dry weather flow, and runoff reduction volume is the difference between
the post-construction and pre-construction wet weather volumes during the average year normalized to
impervious acres treated. Given the schedule for the bond, only three months of pre-construction
monitoring data was available to prepare the memo. After preparation of the Technical Memorandum
for the Private Placement Agreement, pre-construction monitoring continued and a full 12 months of
data was collected.

Based on model simulations and sensitivity analysis, annual wet weather flows (WWF) normalized to
impervious acre treated at 1.2” were calculated with GI in place. To account for variations in the
simulated model parameters, a factor of 5% was added to the 95th percentile runoff reduction results
and a factor of 5% was subtracted from the 5th percentile runoff reduction results. These adjusted results
represent the approved ranges used for the 5th and 95th percentile in the 2016 Technical Memorandum
as shown below.

e Adjusted annual average wet weather flow reduction (MG/impervious acre treated at 1.2”), 95"
percentile is 41.3%

e Adjusted annual average wet weather flow reduction (MG/impervious acre treated at 1.2”), 5
percentile is 18.6%

Environmental Impact Bond
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Based on the foregoing, the EIB established the following outcome ranges.

EIB Outcome Ranges

Tier | Runoff Reduction Payments
1 Greater than 41.3% | DC Water pays Outcome Payment of $3,300,319.00 to Purchasers
2 18.6% t0 41.3% No Outcome Payment or Risk Share Payment
3 Less than 18.6% Purchasers pay Risk Share Payment of $3,300,319.00 to DC Water

ES.3 Rock Creek Project A

The drainage areas managed by the constructed Gl practices in the study area based on “impervious
CDA excluding the practice areas” is summarized below.

2019 Constructed - CDA (Excluding Practice Area) Summary

Practice Type Numbt?r of Acres
Practices Managed
Curb Extension Bioretention (CBR) 1 0.09
Planter Bioretention (PBR) 28 2.72
Alley Permeable Pavement (APP) 41 7.45
Parking Lane Permeable Pavement 7 1.11
(PPP)
Challenge Parks 1 1.30
Kennedy Street 31 6.52
Total 109 19.20

ES.4 Post-Construction Assessment

By March 2019, DC Water completed the construction of the first Rock Creek Gl project, at which
point post-construction monitoring was initiated to evaluate the effectiveness of GlI.

e Post-construction monitoring for sewershed flows, rainfall and groundwater data was
conducted for 19 months
e Post-construction monitoring for Gl practice water levels was conducted for 17.5 months

The modeling approach as defined in the 2016 EIB document assumes that the hydrologic and hydraulic
characteristics of the sewershed do not change from pre- to post-construction periods. This assumption
needs to be valid to calculate the wet weather volume reduction during post-construction due to GlI.
The following were observed based on the monitoring and modeling data:

e Increase in wet weather response in 2019/2020 compared to 2016
There was an increase in wet weather response in the sewershed meters in 2019/2020 compared
to preconstruction data in 2016. This is supported by:

o0 Rainfall conditions — the post-construction period was substantially wetter with more
than 70” of rain in 19 months, compared to the pre-construction period with 34.5” of
rain in 12 months. In addition, the post-construction period included much more
intense rain events with 28 events with an intensity of 2”/hr or more compared to 7
such events in pre-construction period.

Environmental Impact Bond
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0 RC-A metering data — for all events, the runoff per inch of rain measured by the
sewershed meters increased in post-construction compared to pre-construction. Runoff
per inch of rain increased from 0.69 mg/inch in preconstruction to 0.83 mg/inch after
construction for all rain events. Notably, the runoff for events less than 1” of rainfall
decreased from 0.75 mg/inch pre-construction to 0.73 mg/inch post-construction,
suggesting Gl practices are having an impact, even during an overall wetter period.
For events larger than 1” of rainfall, wet weather response increased substantially from
0.58 mg/inch pre-construction to 0.94 mg/inch post-construction.

0 Department of Energy and Environment (DOEE) Control Shed Data — DC Water
obtained flow data from a nearby Rock Creek sewershed monitored by DOEE. This
was a control sewershed used by DOEE for their Riversmart Gl program where
monitoring data was available in 2015-2016 as well as 2019-2020. No GI was
constructed in the shed so it remained effectively unchanged throughout the period.
For rainfall events larger than one inch of rain, the shed produced substantially more
runoff in 2019-2020 (0.17 mg/inch) than in 2015-2016 (0.09 mg/inch). The control
shed’s system response (mg/inch of rain) has increased, independent from Gl, for the
periods comparable to RC-A’s pre- and post-construction periods.

0 Anacostia River Tunnel Performance Data — Analysis of the Anacostia Tunnel capture
data shows that there was a substantial increase in wet weather response in 2019 and
that different calibration periods can yield different representations of the sewershed
wet weather response, depending on the rainfall conditions used for baseline
assessment.

e Change in Peak Flow Rates observed in the RC-A Shed

e Given the schedule for the bond, three months of pre-construction monitoring data
were used to calibrate the 2016 EIB Model and prepare the Technical Memorandum
in the Private Placement Agreement. During this period, relatively low intensity
storms occurred and the observed peak flow rate in the sewershed meters was 13.9 mgd
(combined for meters 049-1 and 049-2).

e In accordance with its goals, DC Water kept the sewershed meters in place for a full
12 months of preconstruction monitoring. During this period, more intense storms
occurred and peak flows in the sewershed meters reached approximately 24 mgd.
However, modeling based on sewershed runoff and pipe capacity predicted peak flows
should have been more than 100 mgd. The difference was attributed to flows
bypassing catch basins in the shed and thereby exiting the shed to enter the sewershed
at a downstream location that would not be captured by the flow meters. As a result of
this, the model was updated by introducing the street network to account for the inlet
bypassing.

e After construction of GI, peak flows in the sewershed meters were observed to increase
to about 72 mgd during intense storms. The increase in peak flows after construction
was theorized to have been caused by a) additional flow paths from the surface into the
sewer system due to the new Gl facilities and b) increase in wet weather response due
to the extremely wet climate period.
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Flow bypassing inlets during preconstruction would have conveyed flows out of the sewershed, and
these flow volumes would therefore not have been measured in the sewershed meters. Flow bypassing
with some flows leaving the shed makes it impossible to perform a true mass balance on wet weather
volume. Given this and the substantially different wet weather response between pre-construction and
post-construction, means it is not possible to use this approach to make a reasonable assessment of
system performance using the sewer meters. As a result, DC Water assessed performance using the
water level meters in each individual practice. It is practical to calibrate the modeled filling and
emptying of the GI practices to the observed data and then use this to calculate net reduction in wet
weather volume. Given the requirements of the Private Placement Agreement, DC Water has calculated
the wet weather reduction using the sewer meters. This calculation is included in the body of this report
as required. However, given the metering and system response limitations described above, the sewer
meter approach is inadequate, is not representative of actual performance, and therefore should no
longer be the basis for conclusions relating to runoff reduction from the installed Gl. The alternate
approach, utilizing practice level data to calculate wet weather flow reductions, is demonstrated to be
technically sound and more representative of actual project performance.

ES.5 Findings

Calculating wet weather reduction using the water levels in the Gl practices is a more technically sound
and representative approach. It is DC Water’s recommended approach for assessing performance.
Using the GI practice water levels approach, the predicted runoff reduction is estimated at 19.56%
which falls within Tier 2 outcome range established in the EIB as shown below.

EIB Outcome Ranges

Tier | Runoff Reduction Payments
1 Greater than 41.3% | DC Water pays Outcome Payment of $3,300,319.00 to Purchasers
2 18.6% t0 41.3% No Outcome Payment or Risk Share Payment
3 Less than 18.6% Purchasers pay Risk Share Payment of $3,300,319.00 to DC Water

ES.6 Lessons Learned for Future Projects

One of the purposes of the initial project constructed in the Rock Creek sewershed was to evaluate the
effectiveness of Gl using adaptive management. This means developing different design and
construction methods, learning based on the results and revising subsequent projects using the lessons
learned. It also means learning the best way to monitor and assess performance. Since Rock Creek
Project A was the first large scaled Gl project constructed within the District, significant information
has been learned in terms of design, construction and monitoring approaches that have added to DC
Water’s body of knowledge and expertise related to GI. This information has already been beneficial
to DC Water’s Gl program, as lessons learned from RC-A, and early concerns related to performance,
were able to be addressed in the subsequent Potomac River Project A (PR-A). Based on these
improvements, performance was demonstrated to be as predicted.

A summary of lessons learned that will be considered on future projects are summarized below

e Porous Pavement Facilities (Alleys and Parking Lane)
0 Maximizing the space between the pavers to promote higher infiltration, reduced
clogging and easier maintenance.

Environmental Impact Bond
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Providing pretreatment grooves upstream of alleys to allow sediment to settle out that
would otherwise clog the alley surface while reducing the velocity of stormwater
entering the facility to promote higher percolation rates at the surface

Evaluating constructing a catch basin in upper reaches of the alley to remove sediment
and distribute clean flow to alley surface

Flattening the “V”’ shape in the alley center to increase surface area for infiltration and
to limit the concentration of stormwater through the center of the alley

Siting porous alleys in subdrainage areas less susceptible to high sediment loads
Constructing a maintenance/access point at end of the porous pavement facility to
facilitate underdrain and orifice cleaning while providing a dedicated monitoring
location

Evaluating checkdam spacing and the cost/benefits of including long porous pavement
facilities

Considering increasing facility area in proportion to contributing drainage area size to
lower the hydraulic and sediment load on the facilities

e Bioretention

(0]

(o}

(0]

Maximizing cost effectiveness of bioretention facilities by pursuing open space
bioretention facilities that allow for larger facilities treating larger drainage areas
Installing bioretention facilities closer to intersections instead of midblock to limit
parking impacts

Considering high slope gutter entrances or longer entrances into bioretention to reduce
flow bypassing along the gutter

e All facilities

(o}

(0]

Improving valves/orifices at underdrain outlets to provide higher retention times in
facilities, while allowing access for underdrain cleaning

Selection of monitoring sites to reduce stormwater flow bypassing inlets and exiting
the monitored shed

Considering placing practices in series to promote sediment removal in upstream
practices that are easier to maintain

Considering monitoring at site-level Gl facilities in lieu of monitoring an entire
sewershed to measure performance

Collectively, the information gained through the performance monitoring and the resulting optimization
allowed DC Water to be responsive, make corrections, and ensure a future for Gl at DC Water. The
knowledge gained through this experience will be extremely beneficial to, and will be incorporated
into, subsequent Gl projects as DC Water continues to optimize and improve its Gl program for CSO
control in the Nation’s Capital.
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Introduction

1 Introduction

1.1 Purpose

The District of Columbia Water and Sewer Authority (DC Water) issued an Environmental Impact
Bond (EIB) with a principal of $25M to fund the implementation of Rock Creek Project 1 (RC-A) as
part of the DC Clean Rivers Project (DCCR). RC-A is a project to construct Green Infrastructure (GlI)
as part of DC Water’s program to control combined sewer overflows (CSOs). The EIB is the Public
Utility Subordinate Lien Multimodal Revenue Bonds Series 2016B. The Purchasers of the bond are
Goldman Sachs Urban Investment Group (GSUIG) Real Estate Member LLC and Calvert Social
Investment Foundation Inc. The EIB requires that the degree of runoff reduction provided by the
project be calculated by DC Water and presented in a Final Report. Depending on the degree of runoff
reduction, the EIB specifies that a ‘Risk Share Payment,” ‘Outcome Payment’ or no payment may be
due. This document is the Final Report documenting the runoff reduction calculated per the EIB.

1.2  Environmental Impact Bond Requirements

The EIB is based upon an innovative “pay for success” model that leverages private capital to support
“interventions” that produce measurable outcomes. Payment is predicated, to a certain degree, on the
proven success of the intervention as measured by a rigorous evaluation. Traditionally, such contracts,
also known as Social Impact Bonds, have been used to address critical social issues like recidivism or
homelessness. Unlike previous social impact bonds in the United States, DC Water’s EIB is structured
as a true bond rather than an operating loan and expands the range of pay for success projects to include
environmental interventions. Since Gl had never been constructed on a large-scale within the District
of Columbia prior to this project, and there was a lack of reliable data regarding the performance of Gl.
Financing RC-A through the EIB allowed DC Water to better manage or hedge a portion of the risk
associated with Gl.

By structuring a contingent payment based upon the effectiveness of Gl, DC Water focused on
outcomes (reducing stormwater runoff) in addition to outputs (building the required number of acres).
The EIB establishes a replicable and scalable approach to financing GI for other communities across
the country that are considering approaches to managing stormwater runoff and the water quality
problem of CSOs.

As part of the development of the EIB, DC Water prepared a Technical Memorandum predicting the
reasonable expected range in runoff reduction. This Technical Memorandum is Exhibit D of the Private
Placement Agreement, which is included as Appendix A of this Report. The Private Placement
Agreement requires the following:

e The Project will be evaluated based on the magnitude of Runoff Reduction.

e  After the Project is placed in operation, the Authority will perform at least 12-months of post-
construction monitoring. The Post-Construction Monitoring Period will start no later than 3
months after Authority certifies to EPA the project has been placed in operation.

e Post-Construction Runoff Reduction will be calculated in the same manner and method as used
to obtain the results of the pre-construction monitoring period.

Environmental Impact Bond
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e Prior to conclusion of post-construction monitoring, Purchasers and DC Water will select an
Independent Validator.

e The EIB specifies a Mandatory Tender date, which is April 1, 2021

e The Final Report is due not later than 90 days before Mandatory Tender date (April 1, 2021
minus 90 days = January 1, 2021). The Private Placement Agreement also indicates that the
Final Report is due within 180 days of the conclusion of post-construction monitoring. Per DC
Water’s October 5, 2020 letter to the Purchasers, post-construction monitoring concluded
September 30, 2020. Therefore, the requirement to submit the Final Report no later than 90
days before mandatory tender date is the earlier deadline than takes precedence.

e Independent Validator’s opinion is due no later than 45 days after submittal of the Final Report.

o Both parties have 30 days from receipt of Independent Validators opinion to confirm or dispute
the opinion.

e The Outcome and Risk Share Payments specified in the EIB are as follows:

Tier | Runoff Reduction Payments
1 Greater than 41.3% | DC Water pays Outcome Payment of $3,300,319.00 to Purchasers
2 |18.6%1t041.3% No Outcome Payment or Risk Share Payment
3 Less than 18.6% Purchasers pay Risk Share Payment of $3,300,319.00 to DC Water

The same individual retained during development of the EIB was once again selected by both the
Purchasers and DC Water to conduct an independent validation of the Final Report. Ms. Melissa J.
Simpson, PE, of WSP was selected and confirmed by letter dated October 14, 2020.

1.3 DC Clean Rivers Project

DC Water is implementing a Long-Term Control Plan (LTCP or DC Clean Rivers Project, DCCR) to
control CSOs to the District of Columbia’s (District) waterways. DCCR is comprised of a variety of
projects to control CSOs, including pumping station rehabilitations, targeted sewer separation, Gl, and
a system of underground storage/conveyance tunnels. DCCR is being implemented in accordance with
a first amendment to the Consent Decree (Amended Consent Decree), entered on January 14, 2016,
which amends and supersedes the 2005 Consent Decree (Consent Decree) and incorporates Gl, in a
hybrid green-gray solution, to control CSOs while improving quality of life in the District.

Environmental Impact Bond
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2 Summary of Pre-Construction Predictions from 2016

2.1 Introduction

As part of the development of the EIB, DC Water prepared a Technical Memorandum predicting the
reasonable expected range in runoff reduction, titled Environmental Impact Bond Technical Evaluation
Memorandum, dated September 13, 2016. Wet weather volume was calculated as all flow greater than
twice the long-term average dry weather flow, and runoff reduction volume was the difference between
the post-construction and pre-construction wet weather volumes during the average year normalized to
impervious acres treated. This Technical Memorandum is Exhibit D of the Private Placement
Agreement. The complete Private Placement Agreement is included as Appendix A of this Report. This
section summarizes the methodology and results described in the preconstruction technical
memorandum.

2.1.1 Monitoring

The runoff quantity for existing conditions was determined prior to the installation of Gl control
measures in RC-A. The pre-construction monitoring program required the installation of a rain gage and
flow measuring devices at predetermined locations at each project site (see Figure 2-2). Pre-construction
monitoring was performed over a 12-month period. During this 12-month period, available collection
system meter data were gathered to estimate the sanitary portion of the dry weather flow, and
groundwater elevations at monitoring wells were recorded to evaluate the relationship to infiltration

Given the schedule for the bond, only a portion of the pre-construction monitoring was completed and
a subset of the anticipated 12 months of data was used to prepare the initial report, as shown in
Table 2-1 below.

Table 2-1. RC-A Pre-Construction Monitoring Schedule

Monitoring Type Timeframe Duration Remarks
(months)

Total Pre-Construction 1/22/2016 - 12

Monitoring Period 1/22/2017

Pre-Construction Monitoring 3/1/2016 — 6/2/2016 3 A valid calibration of the 2016

Data Available for EIB EIB model could not be achieved

Technical Memorandum due to a couple of high intensity
events that occurred during the
1/22/2016-2/29/2016 period.
Hence data from this time period
was excluded from EIB
calibration.

Note: The updated pre-construction model achieved valid calibration for those events initially excluded from EIB
calibration. (Refer to Section 4.3).

Environmental Impact Bond
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2.1.2 Rain Gages

One tipping bucket rain gage was installed within the RC-A area to measure local rainfall depths and
intensities. The meter was located at Washington Latin School, as shown in Figure 2-1.

Figure 2-1.. RC-A Rain Gage at Washington Latin School

2.1.3 Flow Meters

Four flow meters were installed within the RC-A project area. The flow meters were area-velocity meters
that were used to measure mean velocity in a pipe and measure depth of flow in the pipe. The sensor
transmits a continuous ultrasonic wave, then measures the frequency shift of returned echoes reflected
by air bubbles or particles in the flow. The meters assess instantaneous depth-averaged velocity and flow
depth, and record data every five minutes. Flow rate was calculated using velocity and depth (as
measured by the meter), and pipe shape information. Flow meters were located as shown in Figure 2-2.

To improve the accuracy of results, flow meters were calibrated to on-site conditions. Meters were
visited regularly and at any point where review of data suggested that a calibration was in order. Flow
depth and velocity were calibrated to replicate observed conditions at the site of the meter during the
calibration and documented in the calibration records included in Appendix C.

Flow meter locations were selected to capture runoff from a variety of pre- and post-construction
locations. Table 2-2 describes the flow meter purposes and drainage area to each meter. Site reports for
the meters are located in Appendix C.

Environmental Impact Bond
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Table 2-2. RC-A Flow Meters

Meter Purpose Draé:igreeS\rea
RC-A 049-1 Quantify total runoff reduction from RC-A 103!
RC-A 049-2 Quantify total runoff reduction from RC-A 19
RC-A 049-3 | Monitor runoff from a specific group of Gl practices 0.9
RC-A 049-4 | Monitor runoff from a specific group of Gl practices 1.2

Note: The drainage area for 049-1 was updated to 117 acres as part of pre-construction model updates performed in 2019-
2020. Figure 2-2 shows the drainage areas based on the assumptions made during preparation of the 2016 technical
memorandum. Updated drainage area is depicted in Figure 4-1. Refer to Section 4.2.1, for the updates to the pre-
construction model.

2.1.4 Groundwater Monitoring

For the RC-A project, seven groundwater monitoring wells were installed and monitored for a period
of one year. Throughout field investigations, observations were reported regarding groundwater,
infiltration, obstructing layers, and soil classification to provide information critical for design.
Groundwater monitoring wells were typically placed at a depth of seven feet with a five-foot screen.
They were visited monthly for inspection and data collection.

Figure 2-2 shows the drainage areas based on the assumptions made during preparation of the 2016
technical memorandum.

Environmental Impact Bond
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Figure 2-2. Pre- and Post-Construction Monitoring Locations

2.2  Definition of Average Rainfall Year

EPA’s CSO Control Policy (1994) requires the effectiveness of CSO controls to be evaluated on a
“system-wide, annual average basis.” Identification of annual average rainfall conditions is thus a
fundamental step in the LTCP process. Once selected, the average rainfall conditions become the basis
for modeling the sewer system and receiving waters to evaluate the occurrence of CSOs, their impact on
receiving waters, and the efficacy of CSO controls. 2016 EIB established the evaluation of Gl
performance using the same basis (average year rainfall conditions).

Historical rainfall records from various gages in and around the District of Columbia were reviewed.
The most comprehensive and useful records were those from Ronald Reagan Washington National
Airport, which is located on the western bank of the Potomac in Virginia, approximately three miles
from the White House and downtown Washington, DC. Continuous hourly records are available for 50
years at this location, from 1949 to 1998. Due to the availability of continuous hourly data, this gage
was used as the basis for establishing existing rainfall conditions.

The rainfall characteristics of individual years and groups of successive years were compared to the
annual average rainfall statistics for the 50-year period of record. Three -year periods were singled out

Environmental Impact Bond
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and utilized since they offer a broader range of rainfall events than a single year, while allowing for
reasonable computational time for modeling. Based on the evaluation, the single year 1990 and the three-
year period 1988 through 1990 were identified as representative of annual average conditions. Because
of the robust number and variety of storms available in a three-year period, as opposed to a one-year
period, the period 1988 through 1990 was used as the average rainfall condition that was used for
modeling to support development of the LTCP. The rainfall that occurred during 1988 through 1990
consequently serves as the basis for evaluating the occurrence and impact of CSOs, and the efficacy of
controls on a “system-wide, annual average basis.”

The rainfall characteristics of 1988 through 1990 were compared against the long-term average rainfall
characteristics in Table 2-3.

Table 2-3. Rainfall Statistics

Statistic Long Term Average! | Average of 1988-1990
Annual Rainfall (inches) 38.95 40.97
No. Events > 0.05 inches 74 71
Average Storm Duration (Hours)? 9.9 10.1
Average Storm Maximum Hourly 0.15 0.16
Intensity (in/hr)

! Ronald Reagan Washington National Airport hourly data, 1949-1998
2 Individual events separated by a minimum of 6 hours with no rain

2.3 Model Scope and Calibration

A continuous hydrologic Storm Water Management Model (SWMM) was developed to simulate runoff
under pre-GI conditions and to estimate the runoff reduction expected under future conditions with Gl
implemented. The model included subcatchments representing runoff in the RC-A project area, the
sewer network conveying the flow to the outlets of the RC-A project area and the Gl practices planned
for RC-A.

Based on the metering data collected (from January 2016 through June 2016), the RC-A model was
calibrated to predict runoff and flow from the sewershed. The model calibration was summarized in DC
Water’s Technical Memorandum, Environmental Impact Bond Technical Evaluation Memorandum
(2016) which is Exhibit D of the Private Placement Agreement, included as Appendix A of this Report.

2.4  Conditions prior to Green Infrastructure

The existing conditions model uses the identical model application that was calibrated as described
above. The model is applied for the 1988-1990 average year period to predict flow vs. time for the
RC-A area. The total volume of flow, including runoff and dry-weather flow as measured at meters
RCA-049-1 and RCA-049-2 (see Figure 2-2) and restricted to wet-weather event periods (as described
above) for 1988-1990, is the total Existing Condition Runoff modeled in gallons per average year. This
forms a baseline from which to measure runoff reductions expected under Gl implementation.

Stormwater runoff is calculated as all flow greater than twice the long-term average dry weather flow.

Environmental Impact Bond
Final Report 2-5 December 2020



Summary of Pre-Construction Predictions from 2016

25 Predicted Conditions after Green Infrastructure

The RC-A model for the EIB was used to predict the annual average runoff reduction expected under
Gl implementation. This was a prediction based on the best representation of the planned Gl at the time
and was not a calibrated model to the constructed GI. The 2016 effort was meant to be the best prediction
of the planned runoff volume reduction expected if GI was implemented as planned.

The difference between the Predicted Conditions and Existing Conditions annual average runoff yields
the Predicted Runoff Reduction.

The 2016 EIB looked at number of GI parameters and assumed “best”, “expected” and “worst” possible
values for those parameters as described below.

o Best Case: Gl performs at the high end of accepted parameters. This is the predicted results if,
for example, soil is highly permeable, soil media has high conductivity, and the void ratio of
media is high.

o Expected Case: Gl performs as indicated in design drawings and using average assumptions
for parameters not specified in the design.

o Worst Case: Gl performs at the low end of accepted parameters. This is the predicted results if,
for example, soil is less permeable, soil media has a low conductivity, and void ratios are low.

Table 2-4 shows the predicted results from the three model simulations. In the table, Gl is referred as
LID which stands for Low Impact Development.

Table 2-4. Wet Weather Flow for 1988-1990 (MG/average year)

RC-A-49-1 RC-A-49-2 Combined
WW Flow WW Flow Total Flow
(MG) Reduction (MG) Reduction (MG) Reduction
NO LID 37.06 6.58 43.65
LID best case 23.52 36.54% 2.85 56.66% 26.38 39.57%
LID base 26.81 27.66% 3.77 42.69% 30.59 29.93%
LID worst case 30.70 17.18% 451 31.46% 35.21 19.33%

2.5.1 Sensitivity Analysis Results

As part of the 2016 EIB, a basic sensitivity analysis was performed by identifying the best and worst
case parameters for four sensitive parameters. These values are used as a guide to predict the expected
range of runoff reduction caused by Gl implementation. Building on this analysis, a Monte Carlo
simulation was developed. In the Monte Carlo simulation, ranges of values were used for a number of
inputs. The model was run many times using combinations of input data from within the acceptable
ranges. Model results for average annual runoff reduction fell within a range as determined by the Monte
Carlo simulation. This provided an interval of confidence in the model results and highlighted which
parameters would have a high influence on the variation of average annual runoff. The SWMM variables
identified for sensitivity were randomly sampled using either a normal or lognormal distribution, and
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each set of randomly sampled sensitivity parameters were used as inputs for the 1000 sequential SWMM
model simulations. The resulting simulated runoff reduction was reported as a distribution of values.

Table 2-5 shows the assumptions used for the sensitivity parameters in developing the Monte Carlo
Analysis.

Table 2-5. Monte Carlo Simulation Parameters

Monte Carlo Simulation

Highest 95%-ile Mean Lowest 95%-ile Distribution
Curb Extension and Planter Bioretention
Soil Porosity (frac) 0.47 0.33 0.19 Normal
Soil Infiltration Capacity (in/hr) 1.6 1 0.4 Normal
Storage Void Ratio (frac) 0.77 0.67 0.57 Normal
Storage Bottom Infiltration (in/hr) 1.8 0.125 0.02 Log-Normal
Permeable Pavement in Parking Lane and Alley
Storage Void Ratio (frac) 0.77 0.67 0.57 Normal
Storage Bottom Infiltration (in/hr) 1.8 0.125 0.02 Log-Normal

The results of the 2016 Monte Carlo analysis are shown below.

Table 2-6 shows the annual wet weather flow (WWF) calculated with Gl in place. Table 2-7 shows the
annual wet weather flow normalized to impervious acre treated at 1.2". Normalization was performed
because the quantity of Gl constructed may vary somewhat from the as-designed plans due to utility
conflicts or other modifications to the facilities that might be required during construction to

accommodate actual conditions encountered in the field.

Table 2-6. Annual Wet Weather Flow (MG/average year)

Meter RC-A-49-1 | Meter RC-A-49-2 Total R':gzccet?;n
No LID 37.06 6.58 43.65
95th Percentile 2453 3.29 27.82 36.3%
S [ Mean 26.77 3.71 30.47 30.2%
5th Percentile 29.25 4.09 33.33 23.6%

Table 2-7. Annual Avg. WWF Reduction (MG/avg. year per Impervious Acre Treated at 1.2")

Meter RC-A-49-1 | Meter RC-A-49-2 | Total | o/ | Range
Reduction
95th Percentile 0.75 0.63 0.72 36.3%
Mean 0.61 0.55 0.60 30.2% 13%
5th Percentile 0.47 0.48 0.47 23.6% ||

To account for variation in the other SWMM parameters that are not accounted for in the Monte Carlo
analysis, a factor of 5% was added to the 95" percentile runoff reduction results and a factor of 5% was

Environmental Impact Bond

Final Report December 2020

2-7



Summary of Pre-Construction Predictions from 2016

subtracted from the 5™ percentile runoff reduction results. These adjusted results are shown in Table 2-8
and represent the approved ranges used for the 5" and 95" percentile in the 2016 Technical
Memorandum.

Table 2-8. Adjusted Annual Avg. WWF Reduction (MG/Impervious Acre Treated at 1.2")

Based on the foregoing,

Percent
Reduction Range
Adjusted 95" Percentile 41.3% }23%
Adjusted 5" Percentile 18.6%

Note: Reference Table 2-7 for values (mean, 95 percentile, and

5t percentile) prior to adjustment.

Table 2-9. EIB Outcome Ranges

the EIB established the following outcome ranges shown in Table 2-9:

Tier | Runoff Reduction Payments
1 Greater than 41.3% | DC Water pays Outcome Payment of $3,300,319.00 to Purchasers
2 |18.6%1t041.3% No Outcome Payment or Risk Share Payment
3 Less than 18.6% Purchasers pay Risk Share Payment of $3,300,319.00 to DC Water

There are two ways to account for the drainage area managed by GI practices based on the methodology
used. The Table 2-10 and Table 2-11 provides the drainage area summary from 2016 Request for
Proposals (RFP) design drawings based on both the methodologies - “impervious Contributing Drainage

Area (CDA) excluding the practice areas” (footprints) and “Practice Volumes”.

The 2016 EIB

calculation is based on “impervious Contributing Drainage Area (CDA) excluding the practice areas”
(i.e. 22.05 acres) as shown in Figure 2-10.

Table 2-10. 2016 Design — Impervious CDA (Excluding Practice Area) Summary

Designed (Project Area) Metered (Study Area)
Practice Type Number of Acres Number of Acres
Practices Managed Practices Managed
Curb Extension Bioretention
(CBR) 6 0.70 1 0.26
Planter Bioretention (PBR) 46 8.76 38 6.69
Alley Permeable Pavement (APP) 65 17.49 55 12.92
Parking Lane Permeable
Pavement (PPP) 23 3.71 11 2.18
RC-A Subtotal 140 30.67 105 22.05
Environmental Impact Bond
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Table 2-11. 2016 Design - Practice Volume Summary

Design (Project Area) Metered (Study Area)

Practice Tvoe Number of Acres Number of Acres
yp Practices Managed Practices Managed

Curb Extension Bioretention
(CER) 4 0.30 1 0.07
Planter Bioretention (PBR) 46 4.77 36 3.37
Alley Permeable Pavement
(APP) 65 15.18 52 10.98
Parking Lane Permeable
Pavement (PPP) 23 3.83 11 2.14
RC-A Subtotal 140 24.09 100 16.57

The wet weather volumes, impervious acres and calculation basis used for the predictions included in

the EIB Tech Memo are shown in Figure 2-3 (refer to Table 4-4 of EIB

Tech Memo in Appendix A).

Annual WWF (Table 2-6)
No G, preLIDWWWVolume =43.65 mg
With GI, LIDWWWVolume

+ 95" percentile =27.82mg
= Mean =3047 mg
+ 5t percentile =33.33mg

Adjusted Annual Avg. WWF Reduction (Table 2-8)

Neo Gl =43.65mg

With Gl

+ 95t percentile =27.82 — (43,65 x 0.05) = 25.64 mg
*  Mean =30.47 mg

5™ percentile =33.33 +(43.65x0.05) ==35.51mg

Formula for Calculations
Adjusted WW Vol. Reduction, %

(prelLIDWWVol. — LIDWWVel.)] X Impervious acres Planned
preLIDWWVal. Impervious acres managed

Normalized WW Vol, Reduced, (mg/avg yr/imp ac @1.2") = (prelLIDWWVol. — LIDWWVol.)
Impervious acres managed

Adjusted 95* Percentile (Upper Tier)
43.65—25.64 = 18.01 | =41.3%

43.65 43.65
18.01 mg reduction
22.05 imp acres

= 0.82 mg reduction
imp acre treated

Mean Calculation
43.65-30.47 =13.18]
43.65 43.65
13.18 mg reduction
22.05 imp acres

=30.2%

= (.60 mg reduction
imp acre treated

Adjusted 5 Percentile (Lower Tier)

43.65—-35.53 = 8.14| = 18.6%
43.65 43.65]

8.14 mg reduction

22.05 imp acres

= 0.37 mg reduction
imp acre treated

22.05 ac is the impervious CDA excluding practice area located in the Study Area

Figure 2-3. Wet Weather Volume Reduction Calculation
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3 Rock Creek Green Infrastructure Project (RC-A)

3.1 RC-A

The Rock Creek sewershed is comprised of 2,329 total acres, of which approximately 52% is
impervious (1,215 impervious acres). In an average year of rainfall, CSO 049, which drains the Rock
Creek sewershed, is predicted to discharge 39.73 million gallons of combined sewage to Rock Creek.
Table 3-1summarizes the Rock Creek sewershed area characteristics for CSO 049.

Table 3-1. Rock Creek Sewershed Area

CSO 049
Total Sewershed Area 2,329 acres
Impervious Area 1,215 acres

As part of the Amended Consent Decree, DC Water was required to construct Rock Creek Project No
1 as part of its plan to control CSO 049. This project was located along the eastern edge of the Rock
Creek GI Area, shown on Figure 3-1 and includes approximately 162 acres (132 acres in the study area)
and is approximately 40% impervious.

The project boundary was selected for the following reasons:

o Feasibility of design and construction
e Availability and feasibility of monitoring locations
e Representative land use characteristics typical of Rock Creek Gl Area

3.1.1 Kennedy Street — Gl Streetscape

DC Water launched the GI Challenge Streetscape Project, engaging firms to design innovative, cost
effective, replicable, and high performing green infrastructure practices to be implemented on the 100
block of Kennedy Street NW, in the heart of the RC-A project area. This project was ultimately made
part of the larger Kennedy Street Revitalization Project, a partnership between DC Water, the District
of Columbia Mayor's Office, and the District Department of Transportation (DDOT). The Gl practices
implemented through this project included bioretention (rain gardens), permeable parking lanes,
permeable sidewalk pavers, and landscape infiltration gaps. New street trees, traffic calming measures,
and stormwater-related educational art were also included in the project. Kennedy Street was
implemented utilizing a design-bid-build project delivery method and followed District GI design
standards that were customized for site conditions and innovative applications of Gl. The Kennedy
Street Gl Streetscape Project also referred to as Rock Creek Project B (RC-B) within this report, was
completed in 2018. This showcase project is a frequent stop for groups interested in learning more
about DC Water’s Gl program, as well as a location utilized for in-field training for local residents
participating in the National Green Infrastructure Certification Program (NGICP) training that DC
Water runs in partnership with the University of the District of Columbia. Figure 3-2 shows the location
of this project within the Rock Creek sewershed.

Environmental Impact Bond
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3.1.2 Green Infrastructure Challenge Parks

DC Water constructed two Gl parks in the fall of 2018 under the RC-A contract to showcase a variety
of revealed stormwater management practices including bioretention facilities, porous flexible
pavement, stone lined swales, as well as natural boulders for creative play, painted paths and
steppingstones, pedestrian bridges, and new trees. The Gl Challenge Parks project incorporated the
same goals of the Gl Streetscape of engaging firms to design innovative, cost effective, replicable, and
high performing green infrastructure practices, but in this instance focused on implementation of Gl in
two triangle parks located at Kansas Avenue and 2nd Street NW and Kansas Avenue and 3rd Street
NW. Figure 3-2 shows the location of the two parks within the Rock Creek sewershed. Both parks were
implemented utilizing a design-bid-build project delivery method and followed District Gl design
standards that were customized for site conditions and innovative applications of GI.

Environmental Impact Bond
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Figure 3-2. Installed RC-A Gl practices

3.2 Managed Acres Summary

The drainage area managed by the constructed Gl practices is summarized in this section using both
the methodologies - “impervious CDA excluding the practice areas” and “Practice Volumes”.

Table 3-2 and Table 3-3 shows the drainage areas managed based on “impervious CDA excluding the
practice areas” methodology to compare 2016 RFP designed facilities and 2019 constructed facilities.
In addition to RC-A project practices, the table includes Kennedy Street project practices and the Gl
Challenge Park located within the metered area as shown in Figure 3 2.
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Table 3-2. 2016 Design - Impervious CDA (Excluding Practice Area) Summary

Design (Project Area) Metered (Study Area)
Practice Type Number of | Acres Managed | Number of Acres
Practices Practices Managed
Curb Extension Bioretention
(CBR) 6 0.70 1 0.26
Planter Bioretention (PBR) 46 8.76 38 6.69
Alley Permeable Pavement (APP) 65 17.49 55 12.92
Parking Lane Permeable
Pavement (PPP) 23 3.71 11 2.18
RC-A subtotal 140 30.67 105 22.05
Challenge Parks #N/A #N/A #N/A #N/A
Kennedy Street #N/A #N/A #N/A #N/A
Total 140 30.67 105 22.05

Table 3-3. 2019 Constructed - Impervious CDA (Excluding Practice Area) Summary

Constructed (Project Area) Metered (Study Area)
Practice Type Number of | Acres Managed | Number of | Acres Managed
Practices Practices

Curb Extension Bioretention 2 0.24 1 0.09
(CBR)
Planter Bioretention (PBR) 36 3.92 28 2.72
Alley Permeable Pavement (APP) 51 10.90 41 7.45
Parking Lane Permeable 10 1.59 7 1.11
Pavement (PPP)
RC-A subtotal 99 16.65 77 11.37
Challenge Parks 2 1.89 1 1.30
Kennedy Street 31 6.52 31 6.52

Total 132 25.06 109 19.20

As shown in Table 3-3 and Figure 3-2, the Kennedy Street practices and one Challenge Park are located
within the study area. As the wet weather volumes estimated at the meter locations is resulting from
all the Gl located in the study area, the “impervious CDA excluding practice areas” of 19.20 acres will
be used in the calculations. Hence, to be consistent with the EIB calculation methodology, the planned
acreage of 22.05 acres and implemented acreage of 19.20 acres are used in the calculations shown in
Figure 4-12 and Figure 4-17 using the drainage areas based on “impervious CDA excluding practice
areas”.
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Table 3-4 and Table 3-5 shows the drainage areas managed based on “practice volume” methodology
to compare the 2016 RFP designed facilities and 2019 constructed facilities.

Table 3-4. 2016 Design - Practice Volume Summary

Design (Project Area) Metered (Study Area)
. Number of Number of
Practice Type T Acres Managed e T Acres Managed
Curb Extension
Bioretention (CBR) 4 0.30 1 0.07
Planter Bioretention
(PBR) 46 4.77 36 3.37
Alley Permeable
Pavement (APP) 65 15.18 52 10.98
Parking Lane Permeable
Pavement (PPP) 23 3.83 11 2.14
RC-A subtotal 140 24.09 100 16.57
Challenge Parks #N/A #N/A #N/A #N/A
Kennedy Street #N/A #N/A #N/A #N/A
Total 140 24.09 100 16.57
Table 3-5. 2019 Constructed — Practice Volume Summary
Constructed (Project Area) Metered (Study area)
. Number of Number of
Practice Type Practices Acres Managed Practices Acres Managed
Curb Extension
Bioretention (CBR) 2 0.26 1 0.08
Planter Bioretention
(PBR) 36 4.40 28 3.00
Alley Permeable
Pavement (APP) 51 15.09 41 11.01
Parking Lane
Permeable Pavement 10 2.45 7 1.75
(PPP)
RC-A Subtotal 99 22.20 77 15.85
Challenge Parks 2 1.91 1 1.31
Kennedy Street 31 2.69 31 2.69
Total 132 26.8 109 19.85

The differences between RC-A facilities planned per the 2016 RFP and Gl facilities constructed per
the 2019 construction set are described below.

e CBR-1602 and CBR-1603 were eliminated as facilities due to DDOT’s concerns. PPP-1612
and PPP-1613 were extended to compensate for the removal of the above CBR facilities.
e PBR-1710 was eliminated and PBR-1707 was added as a facility to compensate.

Environmental Impact Bond
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e CBR-1704 was adjusted to make it more conducive to roadway standards; however, these
changes did not modify facility storage parameters significantly.

e APP-4005 was made smaller.

o 17 APP facilities were adjusted to be standard alleys.

e The two GI Challenge Park designs were substantially changed to accommodate comments
from the Commission of Fine Arts. To the extent possible, the facility volume managed was
kept consistent.

As shown in Table 3-4 and Table 3-5, fewer Gl practices were constructed (under RC-A). However,
the practices have a larger storage volume with a goal of increasing the cost effectiveness of Gl and
improving the constructability.

3.2.1 Improvements Made After Construction (Retrofits)

To improve the stormwater capture of the Gl practices, DC Water made several retrofits to each facility
shortly after completion of RC-A facilities. Within a few months of operation, it was observed, as well
as detected in the GI practice level monitoring data (refer to Section 4.1), that Gl practices were
releasing water back into the combined sewer system at a higher rate than what was noted during the
performance testing and specified in the design. The seal on the flapper-style gates began to fail,
allowing higher volumes of water to be released faster than the target drawdown rate of 48 hours. To
correct this issue, the Flow Restriction Device (FRD) flapper gates in all GI practices were replaced
with either a mechanical plug (Figure 3-3. Flow Restriction Device - Mechanical Plug) or a straight fit
gate (Figure 3-4. Flow Restriction Device - Straight Fit Gate), both with orifices. Mechanical plugs
were installed in the most downstream end of the facility, while the straight fit gates were installed in
all the upstream cells. This permits maintenance crews to easily remove the gates when flushing the
underdrain systems, where the most downstream cell is used as a sump to collect the sediment to be
pumped out. This retrofit allows water to be retained longer within the facility to reach the target
drawdown time of 48 hours per the design guidance.

Figure 3-3. Flow Restriction Device - Mechanical Plug
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Figure 3-4. Flow Restriction Device - Straight Fit Gate

In addition, during high intensity storm events, stormwater runoff was observed to be flowing down
the center of the permeable pavement alley and out of the drainage area when adequate storage was still
available in the subsurface. To increase the volume of water entering each subsurface cell of the facility,
FRD access solid cast iron lid covers within Alley Permeable Pavement facilities of RC-A facilities
were replaced with slotted cast iron grate covers, and a stainless-steel filter basket inserted into the riser
pipe to protect the facility from sedimentation and debris. This modification increased the volume of
water reaching the aggregate storage, similar to the Enhanced Infiltration Risers (EIRs) in the
bioretention practices, and thereby reduced the bypassing of flows during larger storm events.

These retrofits were implemented between November 1, 2019 and January 31, 2020.

3.2.2 Maintenance

Upon substantial completion of the construction of the RC-A facilities, the contractor was contractually
obligated to an initial one-year initial maintenance period. After this initial one-year period ended in
December 2019, DC Water assumed responsibility for maintenance of all RC-A facilities as part of an
overall GI Maintenance Contract covering all Gl constructed as part of the DC Clean Rivers Project.

The required maintenance tasks for all RC-A facilities include two categories:

e Preventative Maintenance (PM), which include all routine maintenance tasks as outlined in
the GI Maintenance Contract and certain as-needed maintenance tasks such as watering
during drought conditions and pruning during excessively wet conditions.

e Corrective Maintenance (CM), which include work requested as a direct result of documented
needs assessed during PM inspections or work requested for emergency repairs resulting
from damage to facilities.

For the routine preventative maintenance, Table 3-6 below provides an overview of typical maintenance
frequencies and activities for all the RC-A facilities:
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Table 3-6. Typical Preventive Maintenance Frequencies for RC-A Gl Facilities

RC-A - Curb Extension Bioretention

Project/Facility Type Frequency Maintenance Activities
Trash, weed, leaves, debris, and dead
plant removal. Inspect for erosion.
Check for missing signs. Remove

Monthly

sediment. Inspect cleanout, underdrains,
and dry well grate inlets and note any
standing water.

(CBR) and Planter Bioretention (PBR)
Quarterly

Inspection of system for hydraulic
function, mitigation of clogging. Replace
gravel or river rock in eroded areas.

Annually

Trim grasses and perennials, prune
shrubs.

Monthly

Vacuum sweep and remove debris from
enhanced infiltration baskets. Inspection
and removal of trash, leaves, sediment,
and weeds.

RC-A - Alley Permeable Pavement
(APP) and Parking Lane Permeable

uarterl
Pavement (PPP) Q y

Inspect structures for blockages and
sediment and inspection and correction of
settlement or heaving.

Annually

Inspect the surface and underdrain system
by flushing to verify flow and exfiltration.

Repair any damaged or displaced pavers.

Upon completion of monthly preventative maintenance, the maintenance contractor was responsible
for submitting monthly reports indicating work performed and any recommendations for corrective
maintenance. DC Water conducted verification inspections of each Gl facility in RC-A to confirm
satisfactory completion of all preventative maintenance tasks and provided an independent assessment
of overall facility conditions. Inspection and maintenance procedures, requirements, and frequencies
continue to be adjusted through an adaptive management approach based on ongoing experiences with
maintaining the Gl facilities.

Table 3-7 below provides a list of all RC-A facilities and the maintenance dates for performing
preventative maintenance beginning December 2019, when DC Water assumed maintenance
responsibilities from the Contractor.

Table 3-7. List of RC-A Facilities and Maintenance Dates

Facility ID Dec Jan Feb Mar | April May | June | July | Aug | Sept | Oct
2019 2020 | 2020 | 2020 | 2020 2020 | 2020 | 2020 | 2020 | 2020 | 2020

APP-0601 12/3 1/28 | 2/29 | 3/3 4/13 5/19 | 6/17 | 7/20 | 8/18 | 9/22 | 10/19
APP-1001 12/3 --- 2129 | 3/3 4/13 5/19 | 6/17 | 7/20 | 8/18 | 9/22 | 10/19
APP-1410-A &B 12/3 1/31 | 2/16 | 3/2 4/17 5/22 | 6/19 | 7/22 | 8/20 | 9/24 | 10/23
APP-1608 12/3 131 | 2/29 | 3/12 | 4/13 5/19 | 6/17 | 7/21 | 8/18 | 9/22 | 10/20
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Facility ID Dec Jan Feb Mar | April | May | June | July | Aug | Sept | Oct
2019 2020 | 2020 | 2020 | 2020 2020 | 2020 | 2020 | 2020 | 2020 | 2020
APP-1609-A & B 12/3 2/3 3/12 | 4/14 5/19 6/17 | 7/21 | 8/18 9/22 | 10/20
APP-1610 12/6 2129 4/13 5/19 6/17 | 7/20 | 8/18 9/22 | 10/19
APP-1614-A & B 12/6 2/29 3/12 | 4/14 5/19 6/17 | 7/23 | 8/19 9/22 | 10/20
APP-1701 12/6 1/30 2/29 3/20 | 4/14 5/19 6/17 | 7/21 | 8/18 9/22 | 10/20
APP-1702-B 12/6 1/30 2129 3/12 | 4/14 5/19 6/17 | 7/21 | 8/18 9/22 | 10/20
APP-1901 12/6 130 | 2/12 | 3/20 | 4/17 5/20 | 6/30 | 7/21 | 8/18 | 9/25 | 10/22
APP-1908-A & B 12/6 1/30 2/12 3/20 | 4/17 5/20 6/30 | 7/21 | 8/18 9/25 | 10/22
APP-2004 12/6 1/29 2/12 3/20 | 4/17 5/20 6/30 | 7/21 | 8/18 9/25 | 10/22
APP-2006-A & B 12/3 1/30 2112 3/20 | 4/17 5/20 6/30 | 7/21 | 8/18 9/25 | 10/22
APP-2303-A & B 12/3 1/29 2/29 3/14 | 4/16 5/23 6/18 | 7/22 | 8/19 9/24 | 10/21
APP-2409-A & B 12/3 1/29 2/29 3/20 | 4/14 5/19 6/18 | 7/21 | 8/18 9/23 | 10/20
APP-2502-A & B 12/3 1/23 2112 3/20 | 4/14 5/20 6/18 | 7/23 | 8/19 9/23 | 10/21
APP-2603-A & B 12/3 2/29 | 3/13 | 4/17 5/22 | 6/20 | 7/23 | 8/21 | 9/24 | 10/26
APP-2604-A,B,C, & D 12/3 1/29 2/15 3/13 | 4/16 5/22 6/20 | 7/23 | 8/21 9/24 | 10/22
APP-2701-A,C,D & E 12/3 1/31 2129 3/13 | 4/16 5/23 6/19 | 7/23 | 8/21 9/24 | 10/20
APP-2703 12/6 2/29 | 3/3 4/16 5/23 | 6/19 | 7/23 | 8/21 | 9/24 | 10/20
APP-3008-A &B 12/6 2/19 3/11 | 4/16 5/21 6/18 | 7/22 | 8/20 9/23 | 10/21
APP-3301 12/6 1/29 2/29 3/3 4/16 5/23 6/19 | 7/23 | 8/21 9/24 | 10/20
APP-3509 12/6 1/30 | 2/19 | 3/20 | 4/16 5/21 | 6/18 | 7/22 | 8/19 | 9/23 | 10/21
APP-3608-A & B 12/6 2/29 | 3/11 | 4/16 5/21 | 6/18 | 7/22 | 8/20 | 9/23 | 10/21
APP-3901 12/6 1/23 2/29 3/13 | 4/14 5/21 6/19 | 7/22 | 8/20 9/24 | 10/23
APP-4005-A & B 12/6 1/30 | 2/19 | 3/20 | 4/16 5/21 | 6/20 | 7/22 | 8/20 | 9/23 | 10/22
APP-4102-A & B 12/6 1/30 | 2/19 | 3/20 | 4/16 5/21 | 6/20 | 7/22 | 8/20 | 9/23 | 10/22
APP-4205 12/6 2/19 3/11 | 4/14 6/19 | 7/22 | 8/20 9/23 | 10/21
APP-4301-A & B 12/6 1/23 2/29 3/13 | 4/15 5/21 6/19 | 7/22 | 8/20 9/24 | 10/23
APP-4403 12/6 1/23 | 2/29 | 3/13 | 4/14 5/21 | 6/19 | 7/22 | 8/20 | 9/24 | 10/21
APP-4803 12/6 2/19 3/11 | 4/15 5/21 6/19 | 7/22 | 8/20 9/23 | 10/21
CBR-1002 12/5 2/4 3/3 4/1 6/4 71 8/5 9/14 | 10/5
CBR-1704 12/5 1/22 2/4 3/4 4/3 5/5 6/5 712 8/5 9/9 10/8
PBR-0201 12/5 1/24 2/4 3/6 4/1 5/7 6/4 7/1 8/5 9/4 10/5
PBR-0407 12/5 2/4 3/4 417 57 6/4 71 8/5 9/4 10/5
PBR-1309 12/5 1/16 2/6 3/5 417 5/12 6/4 7/8 8/31 9/9 10/9
PBR-1615 12/5 1/17 2127 3/5 4/1 5/7 6/4 7/1 8/25 9/9 10/8
PBR-1707 12/5 2/4 3/4 417 5/5 6/5 712 8/5 9/11 | 10/9
PBR-1709 12/5 1/17 2/6 3/5 4/1 5/5 6/4 71 8/24 9/9 10/9
PBR-1713 12/5 1/31 2/6 3/6 4/1 5/5 6/4 7/1 8/24 9/9 10/8
PBR-1802 12/5 1/22 2/4 3/4 4/6 5/11 6/10 | 7/8 8/24 9/14 | 10/8
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Facility ID Dec Jan Feb Mar | April | May | June | July | Aug | Sept | Oct
2019 2020 | 2020 | 2020 | 2020 2020 | 2020 | 2020 | 2020 | 2020 | 2020
PBR-1902 12/5 1/17 2127 3/5 4/6 5/11 6/4 7/8 8/24 9/14 | 10/7
PBR-2102 12/5 2/5 3/10 | 41 5/5 6/9 719 8/6 9/11 | 10/7
PBR-2104 12/5 2/17 3/12 | 4/1 5/4 6/9 7/9 8/6 9/11 | 10/7
PBR-2105 12/5 2/17 3/12 | 4/1 5/5 6/9 7/9 8/6 9/11 | 10/8
PBR-2405 12/12 | --- 2/5 3/10 | 4/7 5/12 6/12 | 7/10 | 8/12 9/15 | 10/8
PBR-2501 12/12 1/22 2/4 3/4 4/7 5/12 6/12 | 7/10 | 8/12 9/15 | 10/8
PBR-2503 12/12 | --- 2/17 3/12 | A7 5/12 6/10 | 7/10 | 8/12 9/14 | 10/7
PBR-2709 12/12 | --- 2/5 3/6 4/1 5/4 6/9 7/9 8/5 9/11 | 10/6
PBR-2911 12/12 | --- 2/4 3/4 4/2 5/8 6/5 717 8/10 9/4 10/8
PBR-3104 12/12 | --- 2/17 3/12 | 47 5/12 6/10 | 7/10 | 8/12 9/14 | 10/8
PBR-3202 12/5 1/16 2/27 3/5 4/8 5/12 6/12 | 7/13 | 8/1 9/15 | 10/8
PBR-3206 12/5 2/5 3/6 4/21 5/12 6/12 | 7/13 9/1 9/14 | 10/6
PBR-3401 12/5 1/17 2/5 3/5 4/2 5/8 6/5 712 8/7 9/3 10/6
PBR-3501 12/5 1/31 2/6 3/31 | 4/2 5/8 6/5 712 8/7 9/3 10/6
PBR-3502 12/5 1/16 2/5 3/5 4/2 5/8 6/5 712 8/7 9/4 10/6
PBR-3503 12/5 1/17 2/5 3/5 4/2 5/7 6/5 77 8/10 9/4 10/6
PBR-3508 12/5 1/17 2/5 3/5 4/2 5/8 6/5 712 8/7 9/3 10/7
PBR-3601 12/5 2/6 3/6 4/3 5/8 6/10 | 7/8 8/11 9/9 10/7
PBR-3602 12/5 2/5 3/6 4/3 5/8 6/10 | 7/8 8/11 9/8 1017
PBR-3603 12/6 1/17 2/5 3/5 4/3 5/11 6/10 | 7/8 8/11 9/8 1017
PBR-3606 12/6 1/31 2/5 3/5 4/3 5/11 6/10 | 7/8 8/11 9/8 10/7
PBR-3701 12/6 2/4 3/4 4/3 5/11 6/10 | 7/9 8/11 9/8 1017
PBR-3702 12/6 2/5 3/6 4/3 5/11 6/10 | 7/9 8/11 9/8 1017
PBR-3703 12/3 2/4 3/4 4/3 5/11 6/10 | 7/9 8/11 9/8 10/7
PBR-3706 12/3 2/5 3/10 | 4/3 5/11 6/10 | 7/9 8/11 9/8 10/7
PBR-3804 12/3 2/10 | 3/4 4/3 5/11 6/10 | 7/9 8/11 9/8 10/6
PBR-4002 12/3 2/4 3/4 4/3 57 6/5 717 8/10 9/3 10/6
PBR-4105 12/3 1/16 2/5 3/4 4/2 5/7 6/5 717 8/10 9/9 10/20
PPP-1611 12/26 | --- 2/20 | 3/31 | --- 5/23 | 6/29 | 7/24 | 8/21 | 9/25 | 10/19
PPP-1612 12/26 | 1/28 | 2/20 | 3/31 | --- 5/19 | 6/17 | 7/20 | 8/21 | 9/22 | 10/23
PPP-1613 12/26 1/28 2/20 3/31 | --- 5/23 6/30 | 7/24 | 8/21 9/25 | 10/23
PPP-1708-A&B 12/26 1/28 2/20 3/31 | --- 5/22 6/30 | 7/24 | 8/21 9/25 | 10/20
PPP-2608 12/26 | 1/29 | 2/20 | 3/31 | --- 5/23 | 6/20 | 7/23 | 8/21 | 9/25 | 10/20
PPP-2705-A &B 12/26 | --- 2/20 3/31 | --- 5/23 6/19 | 7/23 | 8/21 9/25 | 10/23
PPP-3504 12/26 1/29 3/31 | --- 5/31 6/30 | 7/24 | 8/21 9/25 | 10/23
PPP-4211 12/26 | 1/31 | 2/20 | 3/31 | --- 5/31 | 6/30 | 7/24 | 8/21 | 9/25 | 10/23
Environmental Impact Bond
Final Report 3-11 December 2020




Rock Creek Green Infrastructure Project (RC-A)

THIS PAGE INTENTIONALLY LEFT BLANK.

Environmental Impact Bond
Final Report 3-12 December 2020



Post-Construction Assessment

4 Post-Construction Assessment

4.1 Post-Construction Monitoring

By March 2019, DC Water completed the design and construction of RC-A, at which point post-
construction monitoring was initiated to evaluate the effectiveness of Gl in meeting the Amended
Consent Decree requirements and project performance determinations required for the EIB.

Consistent with pre-construction monitoring, data collection for post-construction monitoring included
rainfall monitoring, flow monitoring and groundwater monitoring. In addition, individual Gl practice-

specific water level data were collected.

Table 4-1 below provides an overview of the monitoring schedule.

Table 4-1. RC-A Monitoring Schedule

Monitoring Tve Timeframe Duration Total Rainfall
g 1yp (months) (in)
Pre-Construction Monitoring — Sewershed, 12
Rainfall & Groundwater 1/22/16 - 1722117 345
Post-Construction Monitoring — Sewershed, 19
Rainfall & Groundwater 3/1/19 - 9/30/20 7934
Post-Construction Monitoring — GI Practice? 4/19/19 - 9/30/20 17.5 73.71

Lnitially the practice level monitoring was conducted at a representative sample of practice types. Beginning March 12, 2020,
water level monitoring was extended to all the constructed RC-A practices in the study area (excluding Kennedy Street and

Challenge Park Gl).

The sewershed monitoring locations are tabulated in Table 4-2 and shown in Figure 4-1. The two major
outlets from RC-A were monitored by meters 049-1 and 049-2 during both pre- and post-construction
periods. The 049-1 metered area consisted of 117 acres (86% of the total RC-A area) and is
approximately 39% impervious. The 049-2 metered area consisted of 19 acres (14% of the total RC-A

area) and is approximately 45% impervious.

Table 4-2. RC-A Flow Meters

Meter PUrDose / Usage Drainage Monitored during Monitored during
P g Area (Acres) Pre-construction Post-construction
] i Quantify total stormwater
RC-A 049-1 reduction from RC-A 117 YES YES
] i Quantify total stormwater
RC-A049-2 reduction from RC-A 19 YES YES
RC-A 049-3 Monitor runoff frgm ? specific 0.9 YES YES
group of Gl practices
RC-A 049-4 Monitor runoff frgm ? specific 12 VES VES
group of Gl practices

1 Meters were not used for pre- or post-construction model calibration due to data quality issues and insufficient drainage area

size (signal-to-noise ratio).
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Figure 4-1. RC-A Monitoring Locations

In addition, practice level monitoring was conducted to observe the water levels in the Gl practices.
Water depth sensors were installed in the most downstream well of all the RC-A facilities (excluding
Challenge Park and Kennedy Street GI) located in the study area (77 facilities) and data is collected at
5 minute interval. The Gl practices located in the study area can be seen in Figure 4-1

Groundwater monitoring locations are shown in Figure 4-1. Three monitoring wells (RCAGI-18,
RCAGI-42, and RCAGI-55) used for pre-construction monitoring were replaced as they were sited
within the footprint of the Gl facilities constructed. Replacement wells RCAGI-18A, RCAGI-42A,
and RCAGI-55A were located in the immediate vicinity of their primary locations. The range of
groundwater depths below surface observed at each location is tabulated in Table 4-3 below.
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Table 4-3. Groundwater Levels

Mo\rx/t:lll’lng Pre-Construction Post-Construction
(L;\)/\\I/Vi:;[ gl\%]e(}:: Average | Median | Lowest GW | Highest GW | Average | Median
(ft below | (ft below | (ft below (ft below (ft below | (ft below
below below rade) rade) rade) rade) rade) rade)
grade) grade) g g g g g g
RCAGI-01 >7.0 5.98 6.48 6.41 6.78 4.68 5.58 5.54
RCAGI-04 >7.0 5.89 6.68 6.97 >7.0 5.12 6.28 6.35
RCAGI-10 >7.0 4.4 6.4 6.84 >7.0 5.65 6.58 6.68
1R8(E:)G"18’ 570 | >70 >7.0 >7.0 >10.0 9.38 9.97 >10
RCAGI-30 >7.0 5.82 6.71 >7.0 >7.0 5.15 6.37 6.56
RCAGI-42/
42(A) >7.0 3.86 6.56 >7.0 9.8 6.78 8.58 8.48
RCAGI-55/
55(A) >7.0 >7.0 >7.0 >7.0 9.7 2.51 7.05 6.75

Note: All values with a “>" symbol reference the groundwater well inverts during the dry periods. Pre-construction wells

were all installed with a depth of 7 ft. below the surface. All of the replacement wells (A) installed during the post-
construction period were installed with a 10 ft. depth.

During the pre-construction period, the observed groundwater levels across all wells ranged from 7.0
feet below the surface to 3.9 feet below the surface. During the post-construction period, the observed
levels ranged from 10.0 feet to 2.5 feet below the surface. (Note that some post-construction
replacement wells were deeper than their pre-construction counterparts). As the RC-A and Kennedy
Street green infrastructure practice depths range from 3.75 feet to 2.0 feet below the surface, there is
some potential intersection between green infrastructure practices and groundwater levels during post-
construction period. This potential for intrusion is likely to occur only at facilities in the immediate
proximity of the groundwater well GI-55A.

4.2 Observations Based on RC-A Monitoring Data

Based on the review of the data collected during pre- and post-construction monitoring periods, the
following observation were made for the rainfall characteristics and system response.

o Even after accounting for the differences in duration of the pre-construction monitoring period
(12 months) and the post-construction period (19 months), larger, intense rainfall events
occurred during the post-construction period. The number of events with peak intensity of 2
inches per hour or greater is four times greater than in the pre-construction period as shown in
Table 4-4.
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Table 4-4. Rainfall Statistics

Sewershed RC-A

Monitoring Period 1/1/2016-1/1/2_017 3/1/2019-9/30/2-020
(Pre-Construction) (Post-Construction)

No. of Events 70 118

Total Rainfall (inches) 34.5 70.28

Events < 0.25” 3.76” (ents) 5.88” (36 events)

Events between 0.25” - 0.5” 7.8” (23 events) 12.34” (34 events)

Events between 0.5” - 1.0” 19.82” (14 events) 17.31” (27 events)

Events between 1.0” - 1.5” 3.4” (3 events) 12.19” (11 events)

Events between 1.5” - 2.0” 5.57” (3 events) 8.38” (5 events)

Events > 2.0” 4.15” (2 events) 14.18” (5 events)

Mfix intensity between 1.0”/hr — 7 events 20 events

2.0”/hr

Max intensity > 2.0”/hr 7 events 28 events

e The RC-A system response data is show in Table 4-5 and Figure 4-2.

Table 4-5. System Response - RC-A

Sewershed RC-A
Monitoring Period 1/1/2016-1/1/2017 3/1/2019-9/30/2020
g (Pre-Construction) (Post-Construction)
No. of Events 70 118
Total Rainfall (inches) 34.5 70.28
MG WW volume per inch 0.69 0.83
of rain (all events)
MG WW volume E)ler inch 0.75 0.73
of rain (events < 1")
MG WW volume p?lr inch 0.58 0.94
of rain (events >=1")

o From the table, the system response during the post-construction period is indicative
of the increased wet weather flow volumes when compared with the pre-construction
period for all events.

0 Despite an overall increase in wet weather volume response per inch of rainfall, the
response for events smaller than 1” decreased from pre- to post-construction (0.75 mg/
inch of rain to 0.73 mg/inch of rain), indicating that Gl practices are having an impact,
even during an overall wetter period.

0 The reduced system response from 0.75 mg/inch of rain to 0.58 mg/inch of rain for the
events > 1” during the pre-construction period indicates potential issues such as flow
bypassing the inlets at peak intensities. This phenomenon is not observed during the
post-construction conditions. It is possible that additional inlets in the system by the
introduction of Gl seems to have eliminated the flow bypassing issue from the pre-
construction conditions.
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Figure 4-2. System Response Comparison Plot

o Controlshed Methodology
A controlshed provides an opportunity to compare rainfall and flow response across separate
periods for an area without any green infrastructure installations. The control shed had no Gl
installed and was unchanged during the monitoring period. Rainfall and flow data from the
District Department of Energy and Environment’s (DOEE’s) RiverSmart LID Program are

used for this analysis.

The RiverSmart controlshed is in the Piney Branch sewershed at

approximately 2,400 feet southwest of the RC-A shed as shown in Figure 4-3. Itis 10.4 acres
and 60% impervious.

Environmental Impact Bond

Final Report

December 2020



Post-Construction Assessment

. 5 _:.Miadism!Stf
D ;._J;ﬂ'ersun-St
_.Gﬁiladu.Sr:. : = "-b,
¥ e RC-A and
g3 F .
g & . |RiverSmart
o
= , - |Control
: i {Jrca
:I RiverSmart
2 Control
¢ . cBuchananStr=-- -
3R E 4 005 901 0.2 03 BT,
[ - s “Mﬂes
. e

Figure 4-3. RC-A and Controlshed Location Map

Table 4-6 and Figure 4-4 present the data to compare the rainfall and system response (mg/inch
of rain) for the durations comparable to RC-A’s pre- and post-construction periods. In terms of
flow per inch of rainfall, increased system response can be observed between the 2015 — 2016
and 2019- — 2020 periods for all rainfall event sizes.

Table 4-6. Rainfall and System Response — RiverSmart Controlshed
Sewershed DOEE RiverSmart - Control
Monitoring Period 6/1/2015 — 5/31/2016 6/1/2019 — 6/30/2020

No. of Events 20! 64
Total Rainfall (inches) 6.55! 29.81

Events < 0.25”

1.63” (1 event)

4.6” (27 events)

Events between 0.25” - 0.5”

1.58” (4 events)

5.63” (16 events)

Events between 0.5” - 1.0”

2.32” (4 events)

9.24” (14 events)

Events between 1.0” - 1.5”

1.02” (1 event)

4.83” (4 events)

Events between 1.5” - 2.0”

0” (0 events)

3.19” (2 events)

Events > 2.0”

0” (0 events)

2.32” (1 event)

Max intensity between

1.0”/hr — 2.0”/hr ! 6
Min max intensity > 2.0”/hr 0 7
Environmental Impact Bond
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Sewershed DOEE RiverSmart - Control
MG WWEF per inch of rain 0.12 0.15
(all events)
MG WWF Per inch of rain 0.12 0.14
(events < 1")
MG WWEF per inch of rain
(events > 17) 0.09 0.17

Note: The number of viable events during the RiverSmart Control 2015-2016 monitoring period was reduced
significantly due to persistent data quality issues. This resulted in only 20 events that are summarized in the
table.

RiverSmart Control Shed: Rainfall vs. Meter Wet Weather Volume, All Events

2015-2016 (20 events) ® 2019-2020 (64 events) Linear {2015-2016 {20 events)) i Linear {2019-2020 (64 events))

Meter Wet Weather Volume (mg)
Meter Wet Weatt I (mg)
e

L ]
..
=
E e”%'; @
N

Rainfall Depth {inches)
Figure 4-4. RiverSmart Control Shed. Riversmart - System Response

e Anacostia River Tunnel Capture Variability with Rainfall
The tunnel capture data (mg of tunnel inflow and overflow per inch of rainfall) for DCCR’s
Anacostia River Tunnel system is analyzed and presented in Figure 4-5 and Table 4-7, to show
the variability in tunnel capture with rainfall.

The following observations can be made.

0 The tunnel capture information (mg/inch of rain) varies significantly depending on the
period chosen, i.e., 2018 — 2020 versus 2018, 2019 and 2020. Selection of different
periods for pre- and post-construction monitoring can yield different results based on
the rainfall conditions observed during the monitoring periods. This indicates the

Environmental Impact Bond
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importance of the model calibration period on its applicability to the future predictions.
Different calibration periods can give different answers. The variation can be
significant when analyzing small differences.

Mil Gal

Mil Gal

Anacostia Tunnel: Tunnel Capture + OF vs. Rainfall
(All Data: Mar 20, 2018 to Sept 18, 2020)

Anacostia Tunnel: Tunnel Capture + OF vs. Rainfall
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Figure 4-5. Anacostia River Tunnel Capture
Tunnel capture for different periods of analysis is presented in Table 4-7 below.

Table 4-7. Tunnel Capture Summary

Total
Normalized Total Capture, Q (MG) for Rain Events
PR Rainfall (0.5” thru 2.0”)
(infyr)
Rainfall 0.5” 0.75” 1.0” 2.0”
2018-2020 47 40 62 85 186
2018 62 55 83 112 230
Environmental Impact Bond
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Total
Parameter Normalized Total Capture, Q (MG) for Rain Events
Rainfall (0.5” thru 2.0”)
(infyr)
2019 42 26 46 70 215
2020 52 27 43 61 146

4.2.1 Observations Summary

By March 2019, DC Water completed the construction of the first Rock Creek Gl project, at which
point post-construction monitoring was initiated to evaluate the effectiveness of GI.

e Post-construction monitoring for sewershed flows, rainfall and groundwater data was
conducted for 19 months
e Post-construction monitoring for Gl practice water levels was conducted for 17.5 months

The modeling approach as defined in the 2016 EIB document assumes that the hydrologic and hydraulic
characteristics of the sewershed do not change from pre- to post-construction periods. This assumption
needs to be valid to calculate the wet weather volume reduction during post-construction due to GlI.
The following were observed based on the monitoring and modeling data:

e Increase in wet weather response in 2019/2020 compared to 2016
There was an increase in wet weather response in the sewershed meters in 2019/2020 compared
to preconstruction data in 2016. This is supported by:

o0 Rainfall conditions — the post-construction period was substantially wetter with more
than 70” of rain in 19 months, compared to the pre-construction period with 34.5” of
rain in 12 months. In addition, the post-construction period included much more
intense rain events with 28 events with an intensity of 2”/hr or more compared to 7
such events in pre-construction period.

0 RC-A metering data — for all events, the runoff per inch of rain measured by the
sewershed meters increased in post-construction compared to pre-construction. Runoff
per inch of rain increased from 0.69 mg/inch in preconstruction to 0.83 mg/inch after
construction for all rain events. Notably, the runoff for events less than 1” of rainfall
decreased from 0.75 mg/inch pre-construction to 0.73 mg/inch post-construction,
suggesting Gl practices are having an impact, even during an overall wetter period.
For events larger than 1" of rainfall, wet weather response increased substantially from
0.58 mg/inch pre-construction to 0.94 mg/inch post-construction.

0 Department of Energy and Environment (DOEE) Control Shed Data — DC Water
obtained flow data from a nearby Rock Creek sewershed monitored by DOEE. This
was a control sewershed used by DOEE for their Riversmart Gl program where
monitoring data was available in 2015-2016 as well as 2019-2020. No Gl was
constructed in the shed so it remained effectively unchanged throughout the period.
For rainfall events larger than one inch of rain, the shed produced substantially more
runoff in 2019-2020 (0.17 mg/inch) than in 2015-2016 (0.09 mg/inch). The control
shed’s system response (mg/inch of rain) has increased, independent from Gl, for the
periods comparable to RC-A’s pre- and post-construction periods.

Environmental Impact Bond
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0 Anacostia River Tunnel Performance Data — Analysis of the Anacostia Tunnel capture
data shows that there was a substantial increase in wet weather response in 2019 and
that different calibration periods can yield different representations of the sewershed
wet weather response, depending on the rainfall conditions used for baseline
assessment.

e Change in Peak Flow Rates observed in the RC-A Shed

e Given the schedule for the bond, three months of pre-construction monitoring data
were used to calibrate the 2016 EIB Model and prepare the Technical Memorandum
in the Private Placement Agreement. During this period, relatively low intensity
storms occurred and the observed peak flow rate in the sewershed meters was 13.9 mgd
(combined for meters 049-1 and 049-2).

e In accordance with its goals, DC Water kept the sewershed meters in place for a full
12 months of preconstruction monitoring. During this period, more intense storms
occurred and peak flows in the sewershed meters reached approximately 24 mgd.
However, modeling based on sewershed runoff and pipe capacity predicted peak flows
should have been more than 100 mgd. The difference was attributed to flows
bypassing catch basins in the shed and thereby exiting the shed to enter the sewershed
at a downstream location that would not be captured by the flow meters. As a result of
this, the model was updated by introducing the street network to account for the inlet
bypassing.

e  After construction of GI, peak flows in the sewershed meters were observed to increase
to about 72 mgd during intense storms. The increase in peak flows after construction
was theorized to have been caused by a) additional flow paths from the surface into the
sewer system due to the new Gl facilities and b) increase in wet weather response due
to the extremely wet climate period.

Flow bypassing inlets during preconstruction would have conveyed flows out of the sewershed, and
these flow volumes would therefore not have been measured in the sewershed meters. Flow bypassing
with some flows leaving the shed makes it impossible to perform a true mass balance on wet weather
volume. Given this and the substantially different wet weather response between pre-construction and
post-construction, means it is not possible to use this approach to make a reasonable assessment of
system performance using the sewer meters. As a result, DC Water assessed performance using the
water level meters in each individual practice. It is practical to calibrate the modeled filling and
emptying of the GI practices to the observed data and then use this to calculate net reduction in wet
weather volume. Given the requirements of the Private Placement Agreement, DC Water has calculated
the wet weather reduction using the sewer meters. This calculation is included in the body of this report
as required. However, given the metering and system response limitations described above, the sewer
meter approach is inadequate, is not representative of actual performance, and therefore should no
longer be the basis for conclusions relating to runoff reduction from the installed GI. The alternate
approach, utilizing practice level data to calculate wet weather flow reductions, is demonstrated to be
technically sound and more representative of actual project performance.

4.3 Updated Pre-Construction Model (2020)

Following GI construction and post-construction flow monitoring, the predicted conditions model
(developed during the 2016 EIB) was updated and re-calibrated to the flow monitoring data due to
several factors:

Environmental Impact Bond
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e The predicted conditions model’s calibration period was limited to the available pre-
construction monitoring data at that time; a three-month period in the first half of 2016. Data
continued to be collected throughout 2016.

e Comparison of the model results from the original 2016 calibrated pre-construction model with
metering data for the largest and most intense events outside of the original calibration period
indicated capped peak flows and reduced volumes, which indicated inlet bypassing within RC-
A.

e To account for those high intensity events and capped peak flow conditions that occurred
outside of the original calibration period, the 2016 EIB model was updated extensively by
adopting the detailed subcatchment delineations and pipe network from the DC Water
InfoWorks model.

e The revised RC-A model, based on the InfoWorks inputs, was further expanded to include an
idealized street network, with flows routed first onto the streets and then to collection system
inlets. Inlet flow capture rate was calibrated based on the metering data and number of inlets
per subshed, to simulate inlet bypass during larger events.

e The updated pre-construction model allowed for calibration against the period of Jan — Feb
2016 which was excluded in the original 2016 EIB pre-construction calibration.

The post-construction modeling with Gl practices used the lumped practice approach that was
consistent with the approach taken for the existing SWMM model. With the finer-scale subcatchments
from InfoWorks, the lumped practice approach for the updated RC-A model also ended up being
conducted on a finer scale. In the lumped practice approach, Gl practices of similar type are represented
as one element within a SWMM subcatchment. A schematic of this “lumped practice” modeling
approach is shown in Figure 4-6. The red block in the figure represents lumped GlI.

Environmental Impact Bond
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Subshed

Figure 4-6. Lumped Practice Modeling Approach

A model calibration is an iterative process to adjust the model parameters until a reasonable match is
achieved for wet weather volume and peaks between model predictions and observed metered data. In
an ideal scenario, in a 1-to-1 plot between model prediction and metered data, the model predictions
will perfectly match the metered data and all events would line up along the 1- I line with the R-squared

value 1.00.

4.3.1 Calibration

The model setup and major calibration parameters for the updated model in comparison to the 2016
EIB model are shown in Table 4-8.

Table 4-8. Model Parameter Overview

Model Parameter

2016 EIB Model
(Pre-Construction)

Updated Pre-Construction Model

Model inventory

10 subcatchments
5,000 feet of sewer pipe

75 subcatchments

22,000 feet of sewer pipe

Parts of street network with SW sewer
inlets

% Impervious cover

43.3%

39.9%

Saturated infiltration

0.125 inch/hour

0.5 inch/hour
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2016 EIB Model

(Pre-Construction) Updated Pre-Construction Model

Model Parameter

Rooftop connection | Not directly modeled; included in Disconnected rooftops draining to

impervious coverage pervious areas
Gl settings (for post- | e« Design practice parameters o Calibrated practice parameters
construction model) | e Design CDA e CDA reduced to 25% of planned
e 22.05 PLANNED acres impervious CDA
(impervious CDA excluding e 19.20 INSTALLED acres (impervious
practice areas) CDA excluding practice areas)

including Kennedy Street Gl and 2"
Street Gl Park

For updated pre-construction model calibration, Figure 4-7 and Figure 4-8 show 1-to-1 plots for wet
weather event volumes and peak flows. Overall modeled predictions match event volumes well for
meters 049-1 and 049-2 combined with the regression close to the 1-to-1 line and an R-squared value
of 0.85. The overall wet weather volume match is acceptable with a total difference of 7%. Peak flow
response is more variable in the 1-to-1 plots; more variability with peak flows than with volumes is
typical for collection system modeling, and reflects the difficulty in precisely quantifying the actual
flow paths and peak flow response by the collection system. Some wet weather events were excluded
due to meter outages or data quality concerns, for example inconsistencies between observed rainfall
depth and event peak flow rates or event volumes.

Wet Weather Event volume for meters 049-1
and 049-2 combined (2016)

i e Excluded Events » Ewvents Linear (Events)

[y
wu

Model (MG)

1

1 15 2 25
Meter (MG)

Figure 4-7. RC-A Pre-Construction Event Volumes, 049-1 and 049-2 Combined
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Model (MGD)

Wet Weather Event peak flow for meters 049-1
and 049-2 combined (2016)
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Figure 4-8. RC-A Pre-Construction Event Peak Flows, 049-1 and 049-2 Combined

A calibrated pre-construction model is the starting step for the post-construction calibration effort.
Figure 4-9 shows the model/meter calibration comparison between 2016 EIB model and updated pre-
construction model. Based on the R2 value, the updated model shows improved calibration for the high
intensity events that occurred in the later part of 2016.
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Wet Weather Event volume for meters 049-1 and
049-2 combined (2016)
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Figure 4-9. Comparison Plot for 2016 EIB Model and 2016 Updated Model

4.4 Sewershed-Based Post-Construction Model Results

441 Calibration

This Section documents the efforts and observations made during calibration of the post-construction
sewershed based model.

Figure 4-10 and Figure 4-11 show 1-to-1 plots for wet weather event volumes and peak flows for the
combined flows from metering locations 049-1 and 049-2. Timeframes in the figures correspond to
various stages of practice rehabilitation and in-practice monitoring as described below.

e 3/1/19 - 10/31/19: Period before practice retrofits (calibration period)
o 11/1/19 - 1/31/20: Period of ongoing practice retrofits (not modeled)
o 2/1/20 — 09/30/20: Period after practice retrofits completed (model application period)

For the calibration period, 3/1/2019 — 10/31/2019, overall modeled predictions for meters 049-1 and
049-2 combined show a regression coefficient of 0.91, with individual wet weather events tightly
around the 1-to-1 line and an R-squared value of 0.89. The overall wet weather volume match shows
the model is under-predicting by 14%. Peak flow response is more variable in the 1-to-1 plots with the
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model significantly under-predicting the observations for larger events. This is due to the model
calibration which accounts for the flow capping issue observed during the 2016 pre-construction
condition. This is no longer observed during the post-construction period.

A complete set of event hydrographs are provided in Appendix B. The hydrograph comparisons for
individual events show a great variability in metered sewer response for rainfall events of similar size.
A better-fitting model calibration to the observed wet weather flow volumes and peak flows during the
post-construction calibration period was not possible with the established model approach (accepting
all runoff and sewer parameters from the pre-construction calibration and ONLY calibrating Gl
parameters). The model is under-predicting both wet weather flow volumes and peak flows even
without accounting for any Gl (pre-construction model applied to 2019 rainfall). This tendency of the
model under-predicting wet weather observations at the sewer meter locations increases even further
for the application period of 02/01/20 — 09/30/20 after completion of the practice rehabilitations. See
Figure 4-10 and Figure 4-11.

049-1 + 049-2 (2019- 2020)
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Figure 4-10. Post-Construction Event Volumes, 049-1 and 049-2 Combined
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Figure 4-11. Post-Construction Event Peak Flows, 049-1 and 049-2 Combined

The conclusions made in the earlier section are further evidence that a valid model calibration could
not be reached to the observed data collected during pre- and post-construction periods. Hence, the Gl
practice-based model is evaluated in section 4.5 for the assessment of GI performance.

4.4.2 Results

Results from the sewershed-based post-construction model as required by the EIB are presented in
Table 4-9 below. WWF volumes are defined as occurring when predicted flows in the sewer are
exceeding two times average dry weather flow rate. The reduction in WWF volumes per average year
were calculated by taking the difference between pre- and post-construction WWF volumes and
dividing by the number of impervious acres treated at 1.2” to determine the WWF reduction in million
gallons per average year per impervious acres treated at 1.2”.
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Table 4-9. Post-Construction Results - Sewershed Model

Predicted Volume
Reduction Using

Predicted Volume
Reduction Before

WWEF Volume WWEF Volume L .
. . Monitoring Data, Construction,
Sewershed Pre-Construction | Post-Construction Normalized to Normalized to
(MG) (MG)

Impervious Acres
Treated (%)

Impervious Acres
Treated (%)

Average Year Rainfall Conditions (1988, 1989, 1990)

RC-A

26.66"

24.78

8.10%

30.2%

Note: This wet weather volume is based on the updated pre-construction model calibration. Refer to Section 4.3.

Consistent with the calculation methodology used for EIB predictions (refer to Section 3.2 and Figure
2-3), the wet weather volume reductions estimated for post-construction conditions are shown in
Figure 4-12.

No GI WW Volume =26.66 mg
With Gl WW Volume = 24.78 mg
19.20 ac is the impervious CDA excluding practice area located in the

Study Area

Calculation

26.66—24.78= 1.88 =7.05%
26.66 26.66

= 0.10 mg reduction
imp acre treated

1.88 mg reduction
19.20 imp acres managed

Scaling to compare with EIB predictions
7.05% x 22.05 (planned acreage)
19.20 (implemented acreage)

=8.10%

Figure 4-12. Wet Weather Volume Reduction Calculation — Sewershed Model

Flow bypassing inlets during preconstruction would have conveyed flows out of the sewershed, and
these flow volumes would therefore not have been measured in the sewershed meters. Flow bypassing
with some flows leaving the shed makes it impossible to perform a true mass balance on wet weather
volume. Given this and the substantially different wet weather response between pre-construction and
post-construction, means it is not possible to use this approach to make a reasonable assessment of
system performance using the sewer meters. While DC Water has calculated the wet weather reduction
using the sewer meters (as required), this approach is not representative of actual performance given
the metering and system response limitations describe previously, and should be discarded. Calculating
wet weather reduction using the water levels in the Gl practices is a more technically sound and
representative approach and is described below.
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45 Gl Practice-Level Based Post-Construction Model Results

As explained in Section 4.4, a valid model calibration could not be reached for the observed pre- and
post-construction monitoring data for sewershed meters. To better assess the performance of the Gl,
the post-construction model has been calibrated to the practice level monitoring data.

45.1 Calibration

The sewershed based post-construction model, which included constructed GI parameters, is used as
the baseline. Modeled water levels for the GI (lumped) practices were compared with the observed in-
practice water levels. Gl model parameters were adjusted until a match between the modeled and
observed in-practice water levels were achieved.

Initially the practice level monitoring was conducted at a representative sample of practice types and
later extended to all RC-A facilities. Table 4-10 summarizes the maximum water levels observed at
the four Gl practices (PBR-3503, APP-3608, APP-4105, PPP-4211) which were monitored before and
post retrofit timeframes.

Table 4-10. Maximum Observed Practice Water Levels

Maximum Water Level (in)
. Pre-Retrofit Post-Retrofit
PracticeID | Type 4/19/19 — 10/31/19 2/1/20 - 9/30/20
3503-A01 PBR 1.03 46.32
3503-A02 PBR 1.55 53.94
3503-A03 PBR 6.14 60.14
3503-A04 PBR 4.56 58.60
3608-A01 APP 0.65 31.32
3608-A02 APP 0.82 31.00
3608-A03 APP 0.89 29.64
3608-A04 APP 24.38 29.39
3608-A05 APP 151 37.09
3608-A06 APP 5.64 38.30
3608-A07 APP 29.52 39.67
3608-A08 APP 12.19 50.23
4105-A01 APP 1.49 31.54
4105-A02 APP 1.69 43.15
4105-A03 APP 11.1 53.58
4105-A04 APP 14.38 55.46
4211-A01 PPP 1.09 29.99
4211-A02 PPP 1.26 29.63
4211-A03 PPP 1.54 23.96
4211-A04 PPP 11.03 29.97
4211-A05 PPP 5.68 24.70
4211-A06 PPP 9.7 23.96
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Maximum Water Level (in)

. Pre-Retrofit Post-Retrofit

Practice ID | Type 4/19/19 - 10/31/19 2/1/20 - 9/30/20
4211-A07 PPP 0.98 19.08
4211-A08 PPP 8 18.54
4211-A09 PPP 13.37 15.64
4211-A10 PPP 6.67 13.59
4211-Al11 PPP 10.87 11.75
4211-A12 PPP 8.7 5.74

As shown in the table above, the observed practice water levels have significantly increased, which
indicates a significant increase in performance for all four initially-monitored practices after the
practice rehabilitations had been completed.

Beginning March 12, 2020, water level monitoring was extended to all the constructed RC-A practices
in the study area. For the model calibration, averaged water level observations for each practice type
were compared to the average modeled water levels for each practice type as shown in Figure 4-13
through Figure 4-15. The shaded areas in the plots show the range of observed water levels for each
practice type. As the water level sensors were installed in the underdrains at 3” above the facility
inverts, readings below that depth were not measured.

average LID performance for practice type APP
2020-03-12 00:00:00 to 2020-10-01 00:00:00
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Figure 4-13. Post-Construction Model Calibration — APP
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Figure 4-14. Post-Construction Model Calibration - PPP
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Figure 4-15. Post-Construction Model Calibration - BIO
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Post-Construction Assessment

Figure 4-16 shows the resulting 1-to-1 comparison plot for both sewershed and Gl practice models
observed at the metered locations (combined flows from 049-1 and 049-2). The plot shows that there
is no difference in calibration of both the models for wet weather volumes, since GI practices slowly
release the flows back into the sewers via underdrains.

049-1 + 049-2 (March - Sep 2020)
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Figure 4-16. Comparison Between Sewershed and In-Practice Models at Meter Locations

The following tables (Table 4-11 through Table 4-13) show the adjusted GI model parameters for all
practice types. Gl practices at Kennedy Street (as PPP, BI1O practice types) and Challenge Park (as
BIO practice type) are represented separately from the RC-A facilities in the model. The calibration
parameters derived based on practice level monitoring for RC-A facilities are applied to Gl practices
at Kennedy Street and Challenge Park. A complete set of event hydrographs are included in

Appendix B.
Table 4-11. APP Model Parameter Calibration
Parameter Design values Sewer model calibration In-practice calibration
(pre-retrofits) (post-retrofits)
Underdrain orifice size (in) 0.25 6 0.36
% of CDA inflow (impervious) 100% 10% 81%
% of CDA inflow (pervious) 100% 0% 57%
storage layer porosity 0.4 0.25 0.4
Surface permeability (in/h) 100 100 8
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Table 4-12. PPP Model Parameter Calibration

Parameter Design | Sewer model calibration In-practice calibration
values (pre-retrofits) (post-retrofits)
Surface clogging 10 10 years 1.5 monthly
years Monthly cleaning interval
Underdrain orifice size (in) 0.25 6 4.3
% of CDA inflow 100% 10% 29%
(impervious)
% of CDA inflow (pervious) | 100% 0% 17%
Storage layer porosity 0.4 0.25 0.4
Table 4-13. PBR Model Parameter Calibration
Parameter Design | Sewer model calibration In-practice calibration
values (pre-retrofits) (post-retrofits)
Underdrain orifice size (in) 0.25 6 0.58
% of CDA inflow 100 25% 83%
(impervious)
% of CDA inflow (pervious) 100 0% 59%
Storage layer porosity 0.4 0.18 0.4

Post retrofits (March 2020 — September 2020), the in-practice water level data indicated that number
of practices (especially the APP practices) are effectively storing stormwater flow for large events.
Both data and model indicated that most of the stored volume gets released into the collection system
via underdrains — infiltration and evaporation processes appear to be negligible. The green
infrastructure practices act as detention elements, releasing flows back into the sewer at a later time,
and at lower peak magnitudes.

45.2 Results

Results from the Gl practice based post-construction model for the average year rainfall conditions
(1988, 1989, and 1990) are presented in Table 4-14 below. Wet weather flow (WWF) volumes are
defined as occurring when predicted flows in the sewer are exceeding two times the average dry
weather flow rate. The reduction in WWF volumes per average year was calculated by taking the
difference between pre- and post-construction WWF volumes and dividing by the number of
impervious acres treated at 1.2” to determine the WWF reduction in million gallons per average year
per impervious acres treated at 1.2”.
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Table 4-14. Post-Construction Results - Gl Practice Model

Predicted Volume Predicted VVolume
WWE Volume WWE Volume Redyctlt_)n Using Reduction B_efore

. . Monitoring Data, Construction,

Sewershed Pre-Construction | Post-Construction . .
Normalized to Normalized to
(MG) (MG) . .

Impervious Acres Impervious Acres

Treated (%) Treated (%)

RC-A 26.66 22.12 19.56% 30.2%

Consistent with the calculation methodology used for EIB predictions (refer to Section 3.2, Figure 2-
3), the post-construction wet weather volumes and percent reduction are computed as shown in

Figure 4-17.

The GI practice model is calibrated to the observed water levels in the practices. However, the wet
weather volumes in the model are estimated at the meter locations resulted from all the GI practices
located in the study area which includes Kennedy Street and Gl challenge Parks in addition to RC-A
facilities. Hence the usage of 19.20 acres in the calculation is appropriate (Refer to Table 3-3).

No Gl WW Volume
With GI WW Volume

Study Area
Calculation

26.66—22.12= 4.54
26.66

=26.66 mg

=22.12 mg
19.20 ac is the impervious CDA excluding practice area located in the

=17.03%

26.66

4.54 mg reduction
19.20 imp acres managed

Scaling to compare with EIB predictions

17.03% x 22.05 (planned acreage)

19.20 (implemented acreage)

= 0.24 mg reduction
imp acre treated

=19.56%

Figure 4-17. Wet Weather Volume Reduction Calculation — Gl Practice Model
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Findings

5 Findings

5.1 Runoff Reduction
Calculating wet weather reduction using the water levels in the GI practices is a more technically
sound and representative approach. It is our recommended approach for assessing performance.
Using the GI practice water level approach, the predicted runoff reduction is estimated at 19.56%
which falls within Tier 2 outcome range established in the EIB as shown in Table 5-1 below.

Table 5-1. EIB Outcome Ranges

Tier | Runoff Reduction Payments
1 Greater than 41.3% | DC Water pays Outcome Payment of $3,300,319.00 to Purchasers
2 | 18.6%t041.3% No Outcome Payment or Risk Share Payment
3 Less than 18.6% Purchasers pay Risk Share Payment of $3,300,319.00 to DC
Water

5.2 Lessons Learned

One of the purposes of the initial project constructed in the Rock Creek sewershed was to evaluate the
effectiveness of Gl using adaptive management. This means developing different design and
construction methods, learning based on the results and revising subsequent projects using the lessons
learned. It also means learning the best way to monitor and assess performance. Since Rock Creek
Project A was the first large scaled Gl project constructed within the District, significant information
has been learned in terms of design, construction and monitoring approaches that have added to DC
Water’s body of knowledge and expertise related to GI. This information has already been beneficial
to DC Water’s Gl program, as lessons learned from RC-A, and early concerns related to performance,
were able to be addressed in the subsequent Potomac River Project A (PR-A). Based on these
improvements, performance was demonstrated to be as predicted.

A summary of lessons learned that will be considered on future projects are summarized below:

e Porous Pavement Facilities (Alleys and Parking Lane)

0 Maximizing the space between the pavers to promote higher infiltration, reduced
clogging and easier maintenance

0 Providing pretreatment grooves upstream of alleys to allow sediment to settle out that
would otherwise clog the alley surface while reducing the velocity of stormwater
entering the facility to promote higher percolation rates at the surface

o0 Evaluating constructing a catch basin in upper reaches of the alley to remove sediment
and distribute clean flow to alley surface

0 Flattening the “V” shape in the alley center to increase surface area for infiltration and
to limit the concentration of stormwater through the center of the alley

o Siting porous alleys in subdrainage areas less susceptible to high sediment loads

o0 Constructing a maintenance/access point at the end of the porous pavement facility to
facilitate underdrain and orifice cleaning while providing a dedicated monitoring
location

o0 Evaluating checkdam spacing and the cost/benefits of including long porous pavement
facilities

Environmental Impact Bond
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(0}

Considering increasing facility area in proportion to contributing drainage area size to
lower the hydraulic and sediment load on the facilities

e Bioretention

(0]

(0]

(0}

Maximizing cost effectiveness of bioretention facilities by pursuing open space
bioretention facilities that allow for larger facilities treating larger drainage areas
Installing bioretention facilities closer to intersections instead of midblock to limit
parking impacts

Considering high slope gutter entrances or longer entrances into bioretention to reduce
flow bypassing along the gutter

o All facilities

(0]

(0}

Improving valves/orifices at underdrain outlets to provide higher retention times in
facilities, while allowing access for underdrain cleaning

Selection of monitoring sites to reduce stormwater flow bypassing inlets and exiting
the monitored shed

Considering placing practices in series to promote sediment removal in upstream
practices that are easier to maintain

Considering monitoring at site-level Gl facilities in lieu of monitoring an entire
sewershed to measure performance

Collectively, the information gained through the performance monitoring and the resulting optimization
allowed DC Water to be responsive, make corrections, and ensure a future for Gl at DC Water. The
knowledge gained through this experience will be extremely beneficial to, and will be incorporated
into, subsequent Gl projects as DC Water continues to optimize and improve its GI program for CSO
control in the Nation’s Capital.
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EXECUTION COPY

PRIVATE PLACEMENT AGREEMENT

$25,000,000
DISTRICT OF COLUMBIA WATER AND SEWER AUTHORITY
Public Utility Subordinate Lien Multimodal Revenue Bonds, Series 2016B
(Environmental Impact Bonds)

This Private Placement Agreement, dated September 28, 2016 (as amended, modified or
restated from time to time, this “Agreement”), is entered into by and between the District of
Columbia Water and Sewer Authority (the “Authority”), and GSUIG Real Estate Member LLC
and Calvert Social Investment Foundation, Inc., each a purchaser of the Bonds described herein
(and together with their designees, successors and assigns, collectively, the “Purchasers™).
Terms used but not defined herein are used as defined in the Indenture identified below.

RECITALS

WHEREAS. the Authority entered into a Consent Decree on March 23, 2005, in
Consolidated Civil Action No. 1:00CV00183TFH before the United States District Court for the
District of Columbia to implement its Long Term Control Plan (“LTCP”) to control combined
sewer overflows (CSOs) into the Anacostia River, Potomac River, and Rock Creek tributaries
(2005 Consent Decree™); and,

WHEREAS, the Authority, the District of Columbia (“District”), the U.S. Environmental
Protection Agency (“EPA™), and the U.S. Department of Justice have agreed to a modification of
the 2005 Consent Decree on January 14, 2016, amending the LTCP to include the installation of
green infrastructure practices in the Rock Creek sewershed and the Potomac River sewershed
(*Modified Consent Decree”); and,

WHEREAS, the Authority issued a Request for Proposal (“RFP”), Design and
Construction (Design-Build) Services for Green Infrastructure (“GI”), Contract No. 150210 —
Rock Creek Project A (Division RC-A), dated July 1, 2016, as amended and supplemented by
various Addenda to the RFP (*Addenda”), to procure a qualified service provider to construct GI
practices to manage the volume of runoff equivalent to 1.2” of rain falling on a minimum of 20
equivalent impervious acres for the Rock Creek Green Infrastructure Project A (“Project” or
“RC-A"); and,

WHEREAS, in order to finance a portion of the costs of the Project, the Authority intends
to issue its Public Utility Subordinate Lien Multimodal Revenue Bonds, Series 2016B
(Environmental Impact Bonds) (the “Bonds”), which will be issued under the Indenture; and

WHEREAS, the Authority wishes to incorporate a “pay for success” model as an

innovative financing mechanism for the Project by making a portion of the payments related to
the Bonds contingent upon the effectiveness of GI in managing stormwater runoff in RC-A; and,
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WHEREAS, the Authority entered into a Memorandum of Agreement with the District
on May 20, 2015, to create a Green Jobs Program (the “Green Jobs Program”) to train and certify
District residents to perform construction, inspection, and maintenance work on green
infrastructure facilities pursuant to the Modified Consent Decree (“Green Jobs MOA™); and,

WHEREAS, the Purchasers, through their investment in the Bonds, are interested in
supporting the Authority’s Green Jobs Program; and,

NOW THEREFORE, the Parties to this Contract, in consideration of the mutual
promises, covenants and stipulations set forth herein, agree as follows:

I. Definitions. In addition to the terms defined in the recitals and elsewhere in this
Agreement and the Indenture, the following terms shall have the following meanings unless the
context or use indicates a different meaning:

a. “1.2” Retention Standard” means the volume of water runoff produced by
1.2” of rain falling on an impervious surface.

b. “Notice to Proceed” means the Design-Build firm selected by the
Authority as a result of its RFP is authorized by the Authority to commence the
construction of the Project.

C. “Outcome Payment” means the amount due from the Authority to the
Purchasers in the event of a Tier 1 Outcome as defined in Section 10.

d. “Project” or “RC-A" means the Rock Creek Green Infrastructure Project
A, as defined in the RFP and Addenda, and attached as Exhibit C hereto.

e. “Purchaser Letter” means a letter substantially in the form attached as
Exhibit B hereto.

f. “Risk Share Payment” means the amount due from the Purchasers to the
Authority in the event of a Tier 3 Outcome as defined in Section 10.

g. “Runoff” means the annual wet weather volume as expressed in millions
of gallons per average year.

h. “Runoff Reduction” means the percentage reduction of Runoff in RC-A
per impervious acre treated to manage the volume of runoff produced by 1.2 of rain as
compared to the existing conditions Runoff in RC-A as defined in Section 9.

1. “Technical Memorandum”™ means the Environmental Impact Bond
Technical Evaluation Memorandum dated September 13, 2016, issued by the Authority
and accepted and agreed to by the Purchasers, and attached as Exhibit D hereto.

j. “Mandatory Tender Date” means April 1, 2021.
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2. Purchase and Sale of Bonds. On the terms and conditions and on the basis of
the representations, warranties, covenants and agreements set forth herein, the Purchasers hereby
agree to purchase from the Authority, and the Authority hereby agrees to sell and deliver to the
Purchasers, all (but not less than all) of $25,000,000 aggregate principal amount of the District of
Columbia Water and Sewer Authority Public Utility Subordinate Lien Multimodal Revenue
Bonds, Series 2016B (Environmental Impact Bonds), of which $23,000,000 of the Bonds shall
be purchased by GSUIG Real Estate Member LLC and $2.000,000 of the Bonds shall be
purchased by Calvert Social Investment Foundation, Inc. The proceeds of the Bonds will be
used to (i) pay a portion of the costs of the Project, and (ii) pay costs of issuing the Bonds. The
purchase price of the Bonds will be $25,000,000, representing the aggregate principal amount of
the Bonds. The Bonds will mature on the dates and in the amounts and will bear interest and will
be subject to redemption prior to maturity as set forth in Exhibit A hereto.

3. Bond Authorization. The Bonds shall be issued under and pursuant to
provisions of the laws of the United States of America and the District, including particularly, an
act of the Council of the District entitled the “Water and Sewer Authority Establishment and
Department of Public Works Reorganization Act of 1996,” as amended, codified at District of
Columbia Official Code Ann. Sections 34-2201.01 et seq., and the acts amendatory thereof and
supplemental thereto (the “Act™), and an act of the United States Congress entitled the “District
of Columbia Water and Sewer Authority Act of 1996 (Public Law 104-184), as amended (the
“Federal Act™), and all proceedings necessary to authorize and provide for the issuance of the
Bonds, including a resolution adopted by the Board of Directors of the Authority, dated
September 1, 2016 (the “Resolution™), and the Master Indenture of Trust, dated as of April 1,
1998 (the “Master Indenture™), between the Authority and Wells Fargo Bank, N.A., as trustee
(the “Trustee”), as amended and supplemented, including by the Twenty-First Supplemental
Indenture of Trust, dated as of the Closing Date (as defined below) (the “Twenty-First
Supplemental Indenture,” and together with the Master Indenture as previously amended and
supplemented, the “Indenture”), between the Authority and the Trustee, substantially in the
forms previously delivered to us.

4. Closing. At 10:00 a.m. New York City Time on September 29, 2016, or at such
other time and date as may be agreed upon by the Authority and the Purchasers (the “Closing
Date”), the Authority will, subject to the terms and conditions hereof, deliver the Bonds to the
Purchasers in definitive form, duly executed and authenticated, together with the other
documents hereinafter required, and, subject to the terms and conditions hereof, the Purchasers
will accept such delivery and pay the purchase price of the Bonds as set forth in Section 2 hereof
in federal funds to the order of the Authority (the “Closing”). The Authority shall be under no
obligation to deliver any of the Bonds unless the Purchasers shall have paid the purchase price
for all the Bonds. The Bonds shall be so issued and registered to and held by the Purchasers, or
as otherwise directed by the Purchasers. The Closing will occur at the offices of Squire Patton
Boggs (US) LLP, Washington, D.C., or such other place as may be agreed on by the Authority
and the Purchasers.
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5. Representations, Warranties and Covenants of the Authority. The Authority
hereby represents, warrants, covenants and agrees as follows:

a. The Authority is, and at the Closing Date will be, a duly organized and
validly existing corporate body and independent authority of the District established
under the laws of the United States and the District, including the Act and the Federal
Act, with the full legal right, power and authority to (i) adopt the Resolution, (ii) execute,
deliver and perform its obligations under this Agreement, the Indenture, and the
Certificate of Award of the Authority establishing the purchase price, maturities, interest
rates, redemption provisions and other terms of the Bonds, dated the date hereof (the
“Certificate of Award” and, together with this Agreement and the Indenture, the “Bond
Documents™), (iii) perform its obligations under the Water Sales Agreement, dated as of
July 31, 1997, between the Authority and the United States of America, acting through
the Secretary of the Army (the “Water Sales Agreement”) and the Blue Plains
Intermunicipal Agreement of 2012 between the District; Fairfax County, Virginia;
Montgomery County, Maryland; Prince George’s County, Maryland; and the Washington
Suburban Sanitary Commission (the “IMA.” and together with the Water Sales
Agreement, the “System Agreements”™), (iv) sell, issue and deliver the Bonds to the
Purchasers as provided herein, and (v) carry out and consummate the transactions
contemplated by the Resolution, the Bond Documents and the System Agreements; and
the Authority has complied, and at the Closing Date will be in compliance, in all respects,
with the Act and the Federal Act and with the obligations on its part in connection with
the issuance of the Bonds contained in the Bonds and Bond Documents.

b. The Authority (i) has duly and validly adopted the Resolution, (ii) has
authorized the execution and delivery of the Bond Documents, (iii) is authorized to
execute, issue, sell and deliver the Bonds, (iv)is authorized to appoint, and has
appointed, Wells Fargo Bank, N.A., as Trustee, (v) is authorized to apply and will apply
the proceeds of the Bonds as provided in and subject to all of the terms and provisions of
the Resolution, including the payment or reimbursement of the Authority expenses
incurred in connection with the negotiation, sale, issuance and delivery of the Bonds to
the extent required by Section 14, and (vi) has taken or will take on or before the Closing
Date, all action necessary or appropriate for (a) execution, issuance, sale and delivery of
the Bonds to the Purchasers, (b) approval, execution and delivery of and the performance
by the Authority of its obligations contained in the Bonds and the Bond Documents, and
(¢) the consummation by it of all other transactions contemplated by the Bond
Documents and any and all such other agreements and documents as may be required to
be executed, delivered or received by the Authority in order to carry out, give effect to,
and consummate those transactions.

C. The adoption of the Resolution, the execution and delivery of the Bond
Documents, the execution, issuance, sale and delivery of the Bonds and the performance
by the Authority of its obligations hereunder and thereunder, and the performance by the
Authority of its obligations under the System Agreements are within the corporate
powers of the Authority and are not in conflict with and will not constitute a breach,
default or result in a violation of (i) the Act, (ii) any federal constitutional or federal or
District statutory provision, including the Federal Act, (iii) any agreement or other
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instrument to which the Authority is a party. or (iv) any order, rule, regulation, decree or
ordinance of any court of competent jurisdiction, government or governmental authority
having jurisdiction over the Authority or its property.

d. The District has authorized the Authority to use all of the property and
assets of the water distribution and wastewater collection, treatment and disposal systems
of the Authority (the “System”), uninterrupted by the District, for as long as any revenue
bonds of the Authority, including the Bonds, remain outstanding. The Authority has the
full legal right, power and authority to operate the System and to collect and pledge the
Revenues therefrom in accordance with the Indenture.

€. The Resolution or other appropriate actions adopted or taken by the
Authority establishing the current rates, fees and charges for services of the System have
been duly adopted or taken and are in full force and effect.

f. The System Agreements and all other agreements, permits, licenses,
consents, approvals, actions, consent decrees and settlement orders material to the
operation and management of the System, including the collection of the Revenues, are in
full force and effect as of the date hereof and will be on the Closing Date, and the
Authority is not and will not be in default thereunder or in breach thereof. The System
Agreements have been duly authorized, executed and delivered by the Authority and
constitute valid and binding obligations of the Authority enforceable in accordance with
their respective terms, subject to applicable bankruptey, insolvency and similar laws
affecting creditors’ rights generally and subject, as to enforceability, to general principles
of equity.

g. The Bonds, when issued, delivered to the Purchasers and paid for, in
accordance with the Act, the Resolution, the Indenture and this Agreement, will have
been duly authorized, executed, issued and delivered by the Authority and will constitute
valid and binding obligations of the Authority, enforceable against the Authority in
accordance with their terms, subject to applicable bankruptcy, insolvency, reorganization,
moratorium and similar laws affecting creditors’ rights generally and subject, as to
enforceability, to general principles of equity. The Bonds are not a pledge of and do not
involve the faith and credit or the taxing power of the District, and the District shall not
be liable thereon.

h. This Agreement constitutes, and, upon execution and delivery by the
Authority and the other parties thereto, each of the other Bond Documents will constitute,
the valid, binding and enforceable obligation of the Authority in accordance with their
respective terms, subject to applicable bankruptey, insolvency, and similar laws affecting
creditors’ rights generally and subject, as to enforceability, to general principles of
equity.

L. The Authority is not in material breach of or material default under any
applicable constitutional provision or law of the United States, the District or any
applicable judgment or decree, or any loan agreement, indenture, bond, note, resolution,
agreement or other instrument to which it is a party or to which it or any of its property or
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assets is otherwise subject, and no event has occurred and is continuing which, with the
passage of time or the giving of notice, or both, would constitute a default or event of
default under any such instrument; and the execution and delivery of the Bonds and the
Bond Documents and the adoption of the Resolution, and compliance with the provisions
contained therein and herein, and in the System Agreements, do not conflict with or
constitute a breach of or default under any constitutional provision, law, administrative
regulation, judgment, decree, loan agreement, indenture, bond, note, resolution,
agreement, or other instrument to which it is a party or any of its property or assets are
otherwise subject, nor will any such execution, delivery, adoption, or compliance result in
the creation or imposition of any lien, charge, or other security interest or encumbrance of
any nature whatsoever upon any of its property or assets or under the terms of any such
law, regulation or instrument, except as provided by the Bonds.

B All authorizations, approvals, licenses, permits, consents and orders of any
governmental authority, legislative body, board, agency or commission having
jurisdiction of the matter have been duly obtained or, with respect to the issuance of the
Bonds, will be obtained prior to the issuance of the Bonds, which are required for the due
authorization by or which would constitute a condition precedent to or the absence of
which would materially adversely affect the due performance by the Authority of its
obligations in connection with the issuance of the Bonds and under this Agreement,
except for such approvals, consents and orders as may be required under the Blue Sky or
securities laws of any state in connection with the sale of the Bonds.

k. There is no litigation, action, suit, proceeding, inquiry or investigation, at
law or in equity, before or by any court, government agency, public board or body,
pending or, to the best knowledge of the Authority, threatened against the Authority (1)
affecting or seeking to prohibit, restrain or enjoin the issuance, sale or delivery of the
Bonds or the collection of the Revenues pledged to the payment of the principal of and
interest on the Bonds, (il) in any way contesting or affecting any authority for the
issuance of the Bonds or the validity, enforceability, due authorization, execution or
delivery of the Bonds, including this Agreement and the other Bond Documents, or the
validity or enforceability of the System Agreements, nor, to the best knowledge of the
Authority, is there any basis therefor, wherein an unfavorable decision, ruling or finding
would materially adversely affect the validity or enforceability of the Bonds or the Bond
Documents, (iii) questioning the tax-exempt status of the Bonds under the laws of the
District, (iv) affecting or in any way contesting the corporate existence or powers of the
Authority or the titles of the officers of the Authority to their respective offices, or (v)
except as described in writing delivered to the Purchase by the Authority, which may
result in any material adverse change in the business or the financial condition or the
financial prospects of the Authority.

L. The audited financial statements of the Authority for the years ended
September 30, 2014, and September 30, 2015, including the statements of net position;
revenues, expenses and changes in net position; and cash flows for the fiscal year ended
on such date, as previously delivered by the Authority to the Purchasers, are true,
complete and correct and fairly present the financial condition of the Authority as of such
date and the results of its operations for such fiscal years. There has been no material
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adverse change in the financial condition of the Authority since September 30, 2015,
except as described by the Authority in writing delivered to the Purchasers.

m. The Authority has not been notified of any listing or proposed listing by
the Internal Revenue Service to the effect that the Authority is a bond issuer whose
arbitrage certificates may not be relied upon.

n. Any certificate signed by an authorized delegate of the Authority in
connection with the transactions described in this Agreement will be deemed a
representation, warranty, covenant and agreement by the Authority to the Purchasers as to
the statements made therein.

0. Prior to the Closing, the Authority will not take any action within or under
its control that will cause any adverse change of a material nature in the Authority’s
financial position, or its results of operations or condition, financial or otherwise.

p. The Authority will not, prior to the Closing, offer or issue any bonds,
notes or other obligations for borrowed money or incur any material liabilities, direct or
contingent, except in the ordinary course of business, without the prior approval of the
Purchasers.

6. Conditions to Obligations of Purchasers at Closing. The Purchasers have
entered into this Agreement in reliance on the representations, warranties, covenants and
agreements of the Authority contained herein, and in reliance on the representations, warranties,
covenants and agreements to be contained in the documents and instruments to be delivered at
the Closing and on the performance by the Authority of its obligations hereunder, as of the
Closing Date. Accordingly, the Purchasers’ obligations under this Agreement to purchase, to
accept delivery of and to pay for the Bonds are conditioned on the performance by the Authority
of its obligations to be performed hereunder and the delivery of such documents and instruments
enumerated herein in form and substance reasonably satisfactory to the Purchasers, at or before
the Closing, and are also subject to the following additional conditions:

a. The representations, warranties, covenants and agreements of the
Authority contained herein are true, complete and correct on the date hereof and on and
as of the Closing Date, as if made on the Closing Date;

b. The provisions of the Act and the Federal Act, as in effect on the date of
this Agreement, shall be in full force and effect and shall not have been amended, except
as to amendments which, in the reasonable opinion of the Purchasers, are not adverse to
the interest of the Purchasers:

C. At the time of the Closing. the Resolution is in full force and effect in
accordance with its terms and has not been amended, modified or supplemented;

d. At the time of the Closing, all official action of the Authority relating to
the Bonds, the Bond Documents and the System Agreements are in full force and effect
in accordance with their respective terms and have not been amended, modified or
supplemented, except in each case as may have been agreed to by the Purchasers;
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€. At the time of the Closing the Authority will perform or will have
performed all of its obligations required under, specified in or contemplated by this
Agreement, the Resolution and the Indenture, to be performed prior to the Closing; and

f. At or before the Closing, the Purchasers will have received true and
correct copies of each of the following documents:

1. A certified copy of the Resolution;

ii. Counterparts of each of the fully executed Bond Documents and
the System Agreements;

iil. The approving opinion of Bond Counsel, dated the Closing Date,
in form and substance satisfactory to the Purchasers, and a reliance letter with
respect to such opinion addressed to Wells Fargo Bank, N.A., as Trustee;

1v. An opinion, dated the Closing Date, of the General Counsel to the
Authority, substantially in the form of Exhibit E hereto;

V. A Tax Compliance Certificate of the Authority, with attachments,
dated the Closing Date;

Vi. One or more certificates of the Authority, dated the Closing Date,
(A) to the effect that the representations, warranties, covenants and agreements of
the Authority herein are true and correct on and as of the Closing Date as if made
on the Closing Date, and that the Authority has performed all obligations to be
performed hereunder as of the Closing Date; (B) to the effect that the Bond
Documents, the Bonds and the System Agreements have not been modified,
amended or repealed after the date hereof without the written consent of the
Purchasers; and (C) to the effect that no material change has occurred with respect
to the System from the period from the date of this Agreement through the
Closing Date; and

Vii. Such additional legal opinions, certificates, instruments and other
documents as the Purchasers may reasonably request to evidence the truth and
accuracy, as of the Closing Date, of the Authority’s representations, warranties,
covenants and agreements contained herein and the due performance or
satisfaction by the Authority on or prior to the Closing Date of all the agreements
then to be performed and conditions then to be satisfied by it.

g. At the time of the Closing, the Authority will have received a legal
enforceability opinion of the Purchasers’ legal counsel substantially in the form of
Exhibit F hereto.

All the opinions, letters, certificates, instruments and other documents mentioned above

or elsewhere in this Agreement will be deemed to be in compliance with the provisions hereof if,
but only if, they are in form and substance satisfactory to the Purchasers.
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7. Obligations upon_Cancellation. If the Authority is unable to satisfy the
conditions to the obligations of the Purchasers to purchase, to accept the delivery of and to pay
for the Bonds contained in this Agreement, or if the obligations of the Purchasers to purchase, to
accept delivery of and to pay for the Bonds is terminated for any reason permitted by this
Agreement, this Agreement will terminate and neither the Purchasers nor the Authority will be
under any further obligation hereunder, except that the Authority and the Purchasers shall pay
their respective expenses as set forth in Section 14.

8. Project Construction. The Authority shall be responsible for the construction of
the Project in accordance with the requirements contained in the RFP and Addenda and in
compliance with the Modified Consent Decree. The Parties recognize and agree that certain
changes to the Project will occur in the normal course of construction due to various factors
including, but not limited to, third party requirements, unanticipated site conditions, and design
and construction modifications to improve the performance of the Project. The Authority will
use its best efforts to cause changes to be consistent with the Modified Consent Decree
requirement to manage 20 impervious acres to the 1.2” Retention Standard. Such changes will
be summarized in the monthly construction reports provided to the Purchasers as described in
Section 11 and will be documented in the Record Drawing completed after the Project has been
placed into operation. The Authority will provide the Purchasers with the Record Drawing of the
Project within 30 days of its receipt.

9. Project Evaluation. The Authority and the Purchasers agree that the Project will
be evaluated on the basis of the Runoff Reduction. The Authority and the Purchasers further
agree that the evaluation will be carried out and the Runoff Reduction will be calculated in
accordance with the methodology described in the Technical Memorandum. The Authority and
the Purchasers acknowledge and agree as follows:

a. Pre-Construction Monitoring. The Authority has been performing pre-
construction monitoring since January 2016. The results of the pre-construction
monitoring during the periods identified in the Technical Memorandum have been used
by the Authority to determine the existing conditions Runoff in the RC-A area prior to
the beginning of construction of the Project and to estimate the Runoff Reduction
expected under future conditions after completion of the Project.

b. Post-Construction Monitoring. After the Project is placed into operation,
the Authority will perform at least 12-months of post-construction monitoring (the “Post-
Construction Monitoring Period™). The Post-Construction Monitoring Period will start
no later than 3 months after the Authority certifies to the EPA and the Purchasers that the
project has been placed into operation. The Authority will provide notice to the
Purchasers of the conclusion of the Post-Construction Monitoring Period. The results
developed during the Post-Construction Monitoring Period will be used by the Authority
to determine the actual conditions Runoff and the corresponding Runoff Reduction
related to the Project in the same manner and method that the results of the pre-
construction monitoring were used by the Authority to determine the runoff qualities for
existing conditions.
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c. Right of Inspection. During the Post-Construction Monitoring Period and
prior to the issuance of the Final Report by the Authority described in paragraph (d)
below, and at their own expense, the Purchasers may undertake an independent
cvaluation of the Project to ascertain whether it was constructed in material compliance
with the design of the Project as described in Section 8 and the requirements of the
Modified Consent Decree.

d. Final Report. The Authority will issue a report to the Purchasers and the
Independent Validator documenting the calculation of the Runoff Reduction within 180
days of the conclusion of the Post-Construction Monitoring Period (“Final Report™). The
results contained in the Final Report will serve as the basis for determining the
effectiveness of the Project, as described below, in Section 10.

e. Independent Validator. Prior to the conclusion of the Post-Construction
Monitoring Period, the Purchasers and the Authority will select, subject to mutual
consent of the Parties not to be unreasonably withheld, an independent third-party to
validate the results contained in the Final Report (“Independent Validator”). The
Independent Validator will issue an opinion as to whether the Authority’s calculation of
the Runoff Reduction complies with the methodology described in the Technical
Memorandum in all material respects. The payment of an Outcome Payment or Risk
Share Payment shall be conditioned upon receipt of the Independent Validator’s opinion
confirming such compliance. The parties agree that the Independent Validator shall
deliver its opinion to the Authority and to the Purchasers at the same time. The
Independent Validator’s opinion shall be due no later than 45 days after submittal of the
Final Report (the “Final Report Due Date™), but any failure by the Independent Validator
to deliver its opinion by the Final Report Due Date shall not affect any right or obligation
of the Authority or the Purchasers to pay or receive the Outcome Payment or Risk Share
Payment, as the case may be; provided however, that unless the Authority shall have
failed to deliver a Final Report by 90 days prior to the Mandatory Tender Date (with the
consequence of such failure specified in Section 10.e.), if the Independent Validator fails
to deliver its opinion on or before the Mandatory Tender Date, then;

1. Subject to paragraphs (ii.) and (iii.) below, the Authority shall
make payment on the Mandatory Tender Date to the Trustee, for the benefit of the
Purchasers, of all Principal and Interest due on the Bonds without any addition to
or reduction from that payment related to the Outcome Payment or Risk Share
Payment; and

i, [f the Final Report had indicated a Tier 3 Outcome, then promptly
on the Mandatory Tender Date, the Purchasers shall provide the Trustee (either as
Trustee or in a separate custodial role) an irrevocable direction to withhold from
any payment the Purchasers receive under clause (i) above the full amount of the
potential Risk Share Payment and to deposit that amount in escrow (the “Risk
Share Escrow Deposit™) and to hold that amount in escrow unless and until it is
either required to be disbursed to the Authority or released back to the Purchasers,
pursuant to clause (iv) below, at such time as it is determined that the Risk Share
Payment is or is not payable to the Authority, and if, for any reason, the Trustee
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declines or fails to do so, then the Purchasers shall make the same escrow
arrangements and give effect to them with a third-party custodian acceptable to
the Authority; and

1ii. If the Final Report had indicated a Tier 1 Outcome, then promptly
on the Mandatory Tender Date, the Authority shall (a) pay to the Trustee the full
amount owed under (i) above plus the full amount of the potential Outcome
Payment and (b) provide to the Trustee (either as Trustee or in a separate
custodial role) an irrevocable direction to deposit the Outcome Payment in escrow
(the “Outcome Payment Escrow Deposit™) and to hold the Outcome Payment
Escrow Deposit in escrow unless and until it is either required to be disbursed to
the Purchasers or released back to the Authority, pursuant to clause (1v) below, at
such time as it is determined that the Outcome Payment is or is not payable to the
Purchasers, and if, for any reason, the Trustee declines or fails to give effect to
those escrow arrangements, then the Authority shall make the same escrow
arrangements and give effect to them with third-party custodian acceptable to the
Purchasers; and

iv. At such time after the Mandatory Tender Date as both parties have
received the Independent Validator’s opinion, then, within thirty (30) days of such
receipt, (a) if the opinion confirms that the Authority owes the Outcome Payment
to the Purchasers, the Trustee shall release the Outcome Payment Escrow Deposit
to the Purchasers in accordance with the Purchasers’ payment instructions;
provided, however, that is the opinion determines that the Authority does not owe
the Outcome Payment to the Purchasers, the Trustee shall release the outcome
Payment Escrow Deposit to the Authority in accordance with the Authority’s
payment instructions, or (b) if the opinion confirms that the Purchasers owe the
Risk Share Payment to the Authority, the Trustee shall release the Risk Share
Escrow Deposit to the Authority in accordance with the Authority’s payment
instructions; provided, however, that if the opinion determines that the Purchasers
do not owe the Risk Share Payment to the Authority, the Trustee shall release the
Risk Share Escrow Deposit to the Purchasers in accordance with the Purchasers’
payment instructions; and

ff + X7V 3o 1l P o

V. If for any reason the Independent Validator has not delivered its
opinion within 45 days after the Mandatory Tender Date, then either (a) the
Authority and the Purchasers shall agree upon a later date by which the
Independent Validator’s opinion shall be due, (b) the Authority and the
Purchasers shall appoint a new Independent Validator that will have an additional
45 days (or such other period of time as the Authority and the Purchasers may
agree upon) to render an opinion, or (¢) the Authority and the Purchasers shall
agree that neither the Outcome Payment nor the Risk Share Payment shall be
payable.

11
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10. Performance Tiers, Outcome Payvment and Risk Share Payment. The
Purchasers shall be entitled to receive the Outcome Payment from the Authority, and the
Authority shall be entitled to receive the Risk Share Payment from the Purchasers based on the
results of the project evaluation:

a. The effectiveness of the Project will be determined by the Authority based
upon the results contained in the Final Report as corresponding to one of three (3)
Performance Tiers.

1. Tier 1. A “Tier 1 Outcome” will be a Runoff Reduction greater
than 41.3%;

ii. Tier 2. A “Tier 2 Outcome” will be a Runoff Reduction ranging
from 18.6% to 41.3%; or

iii. Tier 3. A “Tier 3 Outcome” will be a Runoff Reduction less than
18.6%.

b. Subject to Section 9.e., on the Mandatory Tender Date, the Authority will
make a payment of any and all amounts due to the Purchasers of the Bonds under this
Agreement.

1. Tier 1. The Authority will make a payment of any and all amounts
due to the Purchasers, including Principal, Interest and Outcome Payment.

ii. Tier 2: The Authority will make a payment of any and all amounts
due to the Purchasers, including Principal and Interest.

1. Tier 3. The Authority will make a single net payment of any and
all amounts due to the Purchasers, including Principal and Interest less Risk Share
Payment due to the Authority. The single net payment will constitute full
payment of principal and interest due on the Bonds, and shall in no event
constitute an Event of Default.

C. The amount of the Outcome Payment will be $3,300,319.00, and the
amount of the Risk Share payment will be $3,300,319.00.

d. Any Outcome Payment or Risk Share Payment, whether contingent or
actual, shall not constitute or be treated as principal of or interest on the Series 2016B
Bonds for any purpose of the Indenture, including, without limitation, the Rate Covenant
or any conditions for the issuance of Bonds or Subordinate Debt. An Outcome Payment
will not constitute Senior Debt or Subordinate Debt under the Master Indenture. An
Outcome Payment will be secured by a promise to pay from Net Revenues that is
subordinate to the pledge of Net Revenues that secures the Outstanding Senior Debt and
any other Senior Debt that the Authority may issue from time to time in the future, and
subordinate to the pledge of Net Revenues that secures the Outstanding Subordinate Debt
and other Subordinate Debt that the Authority may issue from time to time in the future.

12
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e. Project Delays. If the Authority fails to deliver the Final Report on or
before 180 days after the conclusion of the Post-Construction Monitoring Period, the
Authority shall have an additional period of time extending to 90 days prior to the
Mandatory Tender Date to submit the Final Report. The Independent Validator shall then
issue an opinion confirming the Runoff Reduction contained in the Final Report. If the
Authority fails to deliver a Final Report by 90 days prior to the Mandatory Tender Date,
the Parties hereby agree that the effectiveness of the Project will be established as Tier 1
and an Outcome Payment will become due at the Mandatory Tender Date.

11. Reporting. The Authority will provide to the Purchasers reports on the status of
the Project in accordance with the following:

a. Construction Progress. Beginning with the third full month after the
Authority has issued a Notice to Proceed for construction of the Project, and every month
thereafter until the conclusion of the Post-Construction Monitoring Period, the Authority
will provide monthly construction progress reports to the Purchasers within 30 days of
the end of each month. In no event shall the Authority’s failure to timely provide any
such reports be deemed an Event of Default with respect to the Bonds or affect the
payment of an Outcome Payment or Risk Share Payment.

i. Beginning six months after the Authority has issued a Notice to
Proceed for construction of the Project, and every three-month period thereafter
until the conclusion of the Post-Construction Monitoring Period, the Purchasers
may schedule a conference call with the Authority at a mutually agreeable and
convenient time to review the monthly construction progress reports and discuss
construction progress. In no event shall the Authority’s failure to timely schedule
any such conference calls be deemed an Event of Default with respect to the
Bonds or affect the payment of an Outcome Payment or Risk Share Payment.

il. Beginning six months after the Authority has issued a Notice to
Proceed for construction of the Project, and every six-month period thereafter
until the Project is placed into operation, the Purchasers may also conduct a site
visit at a mutually agreeable and convenient time of the Project to inspect
construction progress. During the Post-Construction Monitoring Period, the
Purchasers may also conduct a site visit on a quarterly {three-month period) basis
at a mutually agreeable and convenient time of the Project to inspect maintenance
of the green infrastructure practices. In no event shall the failure of a site visit to
occur be deemed an Event of Default with respect to the Bonds or affect the
payment of an Outcome Payment or Risk Share Payment.

b. Green Jobs. Pursuant to the Green Jobs MOA, the Authority is required to
submit on a biannual basis a progress report to the District (“Green Jobs Report™).
Within 15 days of the submission of the Green Jobs Report to the District, the Authority
shall provide a copy of the Green Jobs Report to the Purchasers until the Mandatory
Tender Date. In no event shall the Authority’s failure to timely provide any such reports
be deemed an Event of Default with respect to the Bonds or affect the payment of an
Outcome Payment or Risk Share Payment.
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12. Publicity. The Authority and the Purchasers together shall jointly develop a plan
for the public announcement, including the date of the announcement, of the Bonds to include
press releases, fact sheets and other supporting materials. Following the public announcement of
the Bonds, the Parties may engage in publicity efforts, such as media requests, press conferences,
press statements, interviews, presentations, and blog posts, provided that the Parties may only
share information contained in the press release, fact sheet, and other supporting materials
including this Agreement and exhibits thereto. These materials may be modified with
unanimous consent of the Parties, which consent shall not be unreasonably withheld. Except as
otherwise required by law or regulation, the Parties shall advise each other of media inquiries
relating to the Bonds and provide advance notice of any planned public communications
that specifically relate to the Bonds.

13. No Advisory or Fiduciary Role. The Authority acknowledges and agrees that
(1) the transactions contemplated by this Agreement are arm’s length, commercial transactions
between the Authority and the Purchasers in which the Purchasers are each acting solely as a
principal and are not acting as an agent, a municipal advisor, financial advisor or fiduciary to the
Authority, (ii) the Purchasers have not assumed any advisory or fiduciary responsibility to the
Authority with respect to the transactions contemplated hereby and the discussions, conferences,
negotiations, undertakings and procedures leading thereto (irrespective of whether the Purchasers
or its affiliates have provided other services or are currently providing other services to the
Authority on other matters), (iii) the only obligations the Purchasers have to the Authority with
respect to the transaction contemplated hereby expressly are set forth in this Agreement, (iv) the
Authority has consulted its own financial and/or municipal, legal, accounting, tax, and other
advisors, as applicable, to the extent it has deemed appropriate, and (v) this Agreement expresses
the entire relationship between the parties hereto.

14. Expenses. The Authority shall reimburse the Purchasers for up to $200,000 for
expenses incurred in connection with their purchase of the Bonds, provided such expenses are
documented in reasonable detail to the satisfaction of the Authority, including, but not limited to,
legal and other professional advisory fees, travel, closing costs, and other such out-of-pocket
expenses. The Authority shall pay the costs of the Independent Validator.

15. Notices. Any notice or other communication to be given to the Authority or the
Purchasers under this Agreement may be given by delivering the same in writing to:

The Authority: District of Columbia Water and Sewer Authority
5000 Overlook Avenue, SW
Washington, DC 20032
Attention: Chief Financial Officer

The Purchaser: GSUIG Real Estate Member LLC
200 West Street
New York, New York 10282
Attention: Michael Lohr
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with a copy to:  GSUIG Real Estate Member LL.C
200 West Street
New York, New York 10282
Attention: Urban Investment Group Portfolio
Manager

with a copy to: gs-uig-portfolio-manager(@gs.com

with a copy to: gs-uig-docs(@gs.com

The Purchaser: Calvert Social Investment Foundation, Inc.
7315 Wisconsin Avenue NW
Suite 1000W
Bethesda, Maryland 20814
Attention: Beth Bafford

with a copy to: Calvert Social Investment Foundation, Inc.,
7315 Wisconsin Avenue NW
Suite 1000W
Bethesda, Maryland 20814
Attention: Sheila Saxton

with a copy to:  Orrick, Herrington & Sutcliffe LLP
1152 15th Street NW
Washington, D.C. 20005
Attention: Darrin L. Glymph, Esq.

16. Successors and Assigns. During the Initial Period, (i) the Purchasers shall not
sell, assign or transfer the Series 2016B Bonds or any interest therein without the written consent
of the Authority, (i) the Purchasers shall not sell, assign or transfer its right to receive any
Outcome Payment or its obligation to make any Risk Share Payment, or any interest in either,
without the written consent of the Authority, and (iii) the Authority shall not sell, assign or
transfer its right to receive any Risk Share Payment or its obligation to make any Outcome
Payment, or any interest in either, without the written consent of the Purchasers. During any
subsequent Interest Period. the Holder of any Series 2016B Bond may sell, assign or transfer any
Series 2016B Bond at the times, in the manner and subject to the conditions and requirements of
the Indenture.

17. Parties in Interest; Survival of Representations and Warranties. This
Agreement, when accepted in accordance with the provisions hereof, shall constitute the entire
agreement between the Authority and the Purchasers and is made solely for the benefit of the
Authority and the Purchasers (including the successors or assigns of the Authority or the
Purchasers) and no other person will acquire or have any right hereunder or by virtue hereof. All
of the Authority’s and Purchaser’s representations, warranties, covenants and agreements
contained in this Agreement will remain operative and full force and effect regardless of (a) any
investigations made by or on behalf of the Purchasers, or (b) delivery of and payment for the
Bonds pursuant to this Agreement.
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18. Agreement among the Purchasers.  The Purchaser holding a majority in
principal amount of the Bonds then Outstanding shall, after the Closing Date, have the exclusive
right to provide consents and approvals and exercise and enforce all privileges and rights
available to a Purchaser under this Agreement and any of the related Bond Documents; provided,
that, the approval of all Purchasers shall be required for any consent, approval or remedy relating
to the Mandatory Tender Date or the interest rate on the Bonds. Notwithstanding anything
herein to the contrary, this Section shall not apply to any changes to Section 10 of this
Agreement nor the publicity rights provided in Section 12 of this Agreement.

19.  Exhibits. All exhibits referenced in this Agreement and attached to it shall
constitute part of this Agreement and shall be incorporated by reference into the Agreement.

20. Effective Date. This Agreement will become effective on and as of the date
stated in the preamble of this Agreement.

21. Execution in Counterparts. This Agreement may be executed in counterparts
each of which shall be regarded as an original and all of which shall constitute one and the same
document.

22. Finder. The Authority represents and warrants that no finder or other agent of a
finder has been employed or consulted by it in connection with this transaction.

23, Severability. [f any provision of this Agreement shall be held invalid by any
court of competent jurisdiction, such holding shall not invalidate any other provision hereof and
this Agreement shall be construed and enforced as if such illegal provision had not been
contained herein.
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24. Governing Law. This Agreement shall be governed by and construed in
accordance with the laws of the District of Columbia.

DISTRICT OF COLUMBIA WATER
AND SEWER AUTHORITY

g ; e T

-

By, sl T S~
Name: Mark T. Kim
Title:  Chief Financial Officer

PURCHASERS:

GSUIG REAL ESTATE MEMBER LLC

AU

Name: Margarét Anadu
Title:  Authorized Signatory

By: ii

CALVERT  SOCIAL  IMVESTMENT
FOUNDATION, INC.

By:
Name: Catherine Godschalk
Title:  Vice President, Investments
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DISTRICT OF COLUMBIA WATER
AND SEWER AUTHORITY

By:
Name: Mark T. Kim
Title:  Chief Financial Officer

PURCHASERS:

GSUIG REAL ESTATE MEMBER LLC

By:
Name: Margaret Anadu
Title:  Authorized Signatory

CALVERT SOCIAL INVESTMENT
FOUNDATION, INC.
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Name: Catherine G,(%d’é“‘/halk
Title:  Vice President, Investments
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EXHIBIT A

$25,000,000
DISTRICT OF COLUMBIA WATER AND SEWER AUTHORITY
Public Utility Subordinate Lien Multimodal Revenue Bonds, Series 20168
(Environmental Impact Bonds)
(Initial Long-Term Rate Period)

Term Bonds

$25.000,000 Term Bonds due October 1, 2046 Priced to Yield 100.00%
(the Bonds shall initially bear interest at a Long-Term Rate of 3.43%)

A-1
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TERMS OF REDEMPTION
OPTIONAL REDEMPTION AND MANDATORY TENDER
The Bonds are subject to redemption prior to maturity, in whole on April 1, 2021 at a
redemption price equal to par, together with accrued interest to the redemption date.

The Bonds are subject to mandatory tender for purchase by the Tender Agent at the
Purchase Price on April 1, 2021.

MANDATORY SINKING FUND REDEMPTION

The Bonds are required to be redeemed prior to maturity on October 1 in years and
amounts upon payment of 100% of the principal amount thereof plus interest accrued to the
redemption date, as follows:

October 1
Year Redemption Amount
2043 $6,250,000
2044 $6.250,000
2045 $6,250,000
2046+ $6.250.000
* stated maturity
A-2
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EXHIBIT B

Form of Purchaser Acknowledgement Letter

September 29, 2016

District of Columbia Water and Sewer Authority
5000 Overlook Avenue, S.W.
Washington, D.C. 20032

Re:  $25,000.000 District of Columbia Water and Sewer Authority Public Utility Subordinate
Lien Multimodal Revenue Bonds, Series 2016B (Environmental Impact Bonds)

GSUIG Real Estate Member LLC and Calvert Social Investment Foundation, Inc., each a
purchaser (collectively, the “Purchasers™) of the bonds described above (the “Bonds”) issued by
the District of Columbia Water and Sewer Authority (the “Issuer”). This letter is delivered
pursuant to the requirements of the Master Indenture of Trust, dated as of April 1, 1998 (the
“Master Indenture”), between the Issuer and Wells Fargo Bank, N.A., as trustee (the “Trustee™),
as amended and supplemented, including by the Twenty-First Supplemental Indenture of Trust,
dated as of the Closing Date (the “Twenty-First Supplemental Indenture,” and together with the
Master Indenture as previously amended and supplemented, the “Indenture™), between the Issuer
and the Trustee, substantially in the forms previously delivered to the Purchaser. Capitalized
terms used but not defined herein have the meanings set forth in the Private Placement
Agreement, dated September 28, 2016 (the “Private Placement Agreement”), between the Issuer
and the Purchasers.

The Purchasers hereby make the following representations and warranties to the Issuer in
connection with the Purchasers’ purchase of the Bonds:

1. The Purchasers have sufficient knowledge and experience in financial and
business matters, including purchase and ownership of municipal tax-exempt and taxable
obligations to be able to evaluate the risks and merits represented by the purchase of the
Bonds.

2. The Purchasers have authority to purchase the Bonds and to execute this
letter and any other instruments and documents required to be executed by the Purchasers
in connection with the purchase of the Bonds.

3. GSUIG Real Estate Member LLC is a | ] organized under the
laws of | ] and is able to bear the economic risks of purchasing the Bonds and
Calvert Social Investment Foundation, Inc. is a [ | organized under the laws
of | ] and is able to bear the economic risks of purchasing the Bonds

B-1
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4. The Purchasers understand that the Bonds are secured in the manner set
forth in the Indenture and have received and reviewed to their satisfaction a copy of the
Indenture.

S. The Purchasers understand (a) the circumstances under which, time at
which and amount in which the Issuer may be obligated to pay the Purchasers an
Outcome Payment and the unsecured nature of any such payment obligation, and (b) the
circumstances under which, time at which and amount in which the Purchasers may be
obligated to pay the Issuer a Risk Share Payment, and the means by which such payment
would be effected.

6. The Purchasers understand that an official statement, prospectus, offering
circular, offering memorandum or other comprehensive offering statement has not been
provided with respect to the Bonds and that, as of the date hereof, there is no existing or
future obligation on the part of the Issuer to provide information of the sort included in
the documents described in this sentence. The Purchasers have made its own
independent investigation of the facts and circumstances surrounding the Issuer, the
System and the Bonds and is not relying on the Issuer, its agents or its employees with
respect to the sufficiency and scope of such investigation. The Purchasers are relying
upon the accuracy of the representations and warranties of the Issuer made in the Private
Placement Agreement.

7. The Purchasers acknowledge that they have has reviewed information,
including financial statements and other financial information, regarding the Issuer and
the System, and have had the opportunity to ask questions and receive answers from
knowledgeable individuals concerning the Issuer, the System, the Bonds and the security
therefor, so that they have been able to make an informed decision to purchase the Bonds;
provided, however, that this letter shall not constitute a waiver of any rights or remedies
the Purchasers may have with respect to (a) any untrue information it may have received
or (b) any misconduct or fraud on the part of representatives of the Issuer resulting in a
failure to provide requested information for review by the Purchasers.

8. The Bonds are being acquired by the Purchasers for their own account,
respectively, and not with a present view toward resale, transfer or distribution; provided,
however, that the Purchasers reserve the right to sell, transfer or distribute the Bonds, but
agrees that any such sale, transfer or distribution by the Purchasers shall be subject to the
restrictions set forth in the Indenture or the Private Placement Agreement.

9. The provisions of the Private Placement Agreement, the Indenture and this
letter are not, and should not be deemed to be, dispositive of the character of the debt for
any legal, accounting or regulatory purposes.
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Dated September 29, 2016

GSUIG REAL ESTATE MEMBER LLC

By:
Name: Margaret Anadu
Title:  Authorized Signatory

CALVERT SOCIAL INVESTMENT
FOUNDATION, INC.

By:
Name: Catherine Godschalk
Title:  Vice President, Investments

[Signature Page of Purchasers Acknowledgement Letter]
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EXHIBIT C
Request for Proposal
Design-Build Services for Green Infrastructure,
Rock Creek Project A (Division RC-A)
Contract No: 150210 dated July 1, 2016
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Introduction

1 Introduction

1.1 Purpose

The purpose of this document is to describe the approach used to collect data, establish a
methodology, and develop tools used to evaluate the effectiveness of Rock Creek Project 1 (“RC-A™)
as part of the DC Clean Rivers Project (DCCR). An Environmental Impact Bond (EIB) is proposed to
raise capital for the project. The methodology described has been used to make baseline predictions
for the runoff reductions due to RC-A green infrastructure (GI) installations and establishes an
approach for evaluation of actual reductions after the Gl is constructed.

1.2  Environmental Impact Bond

The EIB will finance the design, construction and maintenance of RC-A which is required to manage
the volume of runoff produced by 1.2” of rain falling on 20 impervious acres in the Rock Creek
sewershed. Through the EIB, the Issuer and Purchaser intend to develop a pay-for-success model to
achieve certain environmental outcomes associated with GI. In doing so, the EIB is structured to pay
a variable total rate of return dependent upon the effectiveness of Gl to manage stormwater runoff in
RC-A. Greater efficacy may result in an Outcome Payment to the Purchaser that increases the total
rate of return on the EIB, and lesser efficacy may result in a Risk Sharing Payment to DC Water that
reduces the total rate of return on the EIB.

1.3  DC Clean Rivers Project

The District of Columbia Water and Sewer Authority (DC Water) is implementing a LTCP to control
combined sewer overflows (CSOs) to the District of Columbia’s (District) waterways. DCCR is
comprised of a variety of projects to control CSOs, including pumping station rehabilitations, targeted
sewer separation, Gl, and a system of underground storage/conveyance tunnels. DCCR is being
implemented in accordance with a first amendment to the Consent Decree (Amended Consent
Decree), entered on January 14, 2016, which amends and supersedes the 2005 Consent Decree
(Consent Decree) and incorporates Gl, in a hybrid green-gray solution, to control CSOs while
improving the quality of life in the District.

1.4 Rock Creek Green Infrastructure Project RC-A

The Rock Creek sewershed is comprised of 2,329 total acres, of which 52% is impervious (1,215
impervious acres). In an average year, the CSO 049 outfall structure, which drains the Rock Creek
sewershed, discharges 39.73 million gallons of combined sewage to Rock Creek. Table 1-1
summarizes the Rock Creek sewershed area characteristics for CSO 049.

Environmental Impact Bond
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Table 1-1. Rock Creek Sewershed Area

€SO 049
Total Sewershed Area 2,329 acres
Impervious Area 1,215 acres
Impervious Area to be Managed 365 acres

Source: DC Water (2016).

As part of the Amended Consent Decree, Gl will be constructed in the CSO 049 drainage area in
Rock Creek, sized to manage the volume of runoff produced by 1.2” of rain falling on 365 impervious
acres (30% of the impervious acres) in the sewershed. Gl controls will be constructed to manage the
stormwater volume required in the Amended Consent Decree primarily in the public right-of way
(ROW), allowing for some implementation on publicly-owned land outside of the ROW and on
private property.

The first Rock Creek GI project is located along the eastern edge of the Rock Creek GI Area, shown
on Figure 1-1, and includes approximately 162 acres. This project boundary was selected for the
following reasons:

* Feasibility of design and construction

¢ Availability and feasibility of monitoring locations

e Representative land use characteristics typical of Rock Creek Gl Area

The project area is mostly residential in nature, comprised of 55 city blocks of row houses mostly
within the Brightwood Park and Manor Park neighborhoods of northwest Washington, DC. The
project area is bounded by Oglethorpe Street NW and Gallatin Street NW to the north and south,
respectively, and st Street NE and 3rd Place NW to the east and west, respectively. Existing
conditions data has been collected (i.e., topographic survey information) from which the surface
characteristics of the sewershed were defined and refined.

The GI control measures used within RC-A include bioretention and permeable pavement in the
ROW and downspout disconnection on private properties. Bioretention facilities collect runoff in
shallow, vegetated depressions. They then filter and temporarily store the runoff before allowing it to
infiltrate into in-situ soils or conveying it to a suitable outlet (such as an existing sewer or stormwater
pipe). Permeable pavement systems will be used to replace (or in lieu of) traditional impervious
pavements as they offer similar functionality with respect to vehicle and pedestrian traffic. Facilities

will include perforated underdrains tied to the existing underground sewer infrastructure.

Envircnmental Impact Bond
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2 Analysis Approach

2.1 Pre-construction Monitoring

The runoff quantities for existing conditions will be determined prior to the installation of GI control
measures in RC-A. The pre-construction monitoring program requires installation of a rain gauge and
flow measuring devices at predetermined locations at each project site (see Figure 2-2). Pre-
construction monitoring will be performed over a 12-month period. During this 12-month period,
available collection system meter data will be gathered to estimate the sanitary portion of the dry
weather flow, and groundwater elevations at monitoring wells will be recorded to evaluate the
relationship to infiltration. A portion of the monitoring has been completed and has been used to
establish baseline runoff projections. Pre-construction monitoring is a necessary step to ground-truth
the runoff model to real-world observations and will be used in model calibration.

Given the schedule for the bond, only a portion of the preconstruction monitoring has been completed
and a subset of the anticipated 12 months of data has been used to prepare this report.

2.1.1 Rain Gages

One tipping bucket rain gage was installed within the RC-A area to capture local rainfall. The meter
is located at Washington Latin School, as shown in Figure 2-1.

Figure 2-1. RC-A Rain Gage at Washington Latin School

2.1.2 Flow Meters

Four flow meters were installed within the RC-A project area. The flow meters are area-velocity
meters that are used to measure mean velocity in a pipe and measure depth of flow in the pipe. The
sensor transmits a continuous ultrasonic wave, then measures the frequency shift of returned echoes
reflected by air bubbles or particles in the flow. The meters produce instantaneous depth-averaged
velocity and flow depth, and records data every 5 minutes. Flow rate is calculated using velocity and
depth (as measured by the meter), and pipe shape information. Flow meters are located as shown in
Figure 2-2.

Environmental Impact Bond
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Flow meters must be calibrated to on-site conditions. Meters are visited regularly and at any point
where review of data suggests that a calibration is in order. Flow depth and velocity are calibrated to
replicate observed conditions at the site of the meter during the calibration.

Flow meter locations were selected to capture runoff from a variety of pre- and post-construction
locations. Table 2-1 describes the flow meter purposes and drainage area to each meter. Site reports
for the meters are located in Appendix A.

Table 2-1. RC-A Flow Meters

Meter Purpose Drainage Area (ac)
RC-A 049-1 Quantify total runoff reduction from RC-A 103
RC-A 049-2 Quantify total runoff reduction from RC-A 19
RC-A 049-3 | Monitor runoff from a specific group of Gl practices 0.9
RC-A 049-4 | Monitor runoff from a specific group of GI practices 1.2

2.1.3 Groundwater Monitoring

For the RC-A project, seven groundwater monitoring wells have been installed, which will be
monitored for a period of one year. Throughout field investigations, observations have been
reported regarding groundwater, infiltration, obstructing layers, and soil classification to provide
information critical for design. Groundwater monitoring wells are typically placed at a depth of
seven feet with a five foot screen. They are visited monthly for inspection and data collection. A
typical well installation diagram is shown in Appendix B.

Environmental Impact Bond
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Figure 2-2, Pre- and Post-Construction Monitoring Locations for Rock Creek Project A
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2.2  Definition of Average Rainfall Year

EPA’s CSO Control Policy (1994) requires the effectiveness of CSO controls to be evaluated on a
“system-wide, annual average basis.” Identification of annual average rainfall conditions is thus a
fundamental step in the LTCP process. Once selected, the average rainfall conditions will become the
basis for modeling the sewer system and receiving waters to evaluate the occurrence of CSOs, their
impact on receiving waters, and the efficacy of CSO controls.

Historical rainfall records from various gages in and around the District of Columbia were reviewed.
The most comprehensive and useful records were those from Ronald Reagan Washington National
Airport, which is located on the western bank of the Potomac in Virginia, approximately 3 miles from
the White House and downtown Washington, DC. Continuous hourly records are available for 50
years at this location from 1949 to 1998. Due to the availability of continuous hourly data, this gage
was used as the basis for establishing existing rainfall conditions.

The rainfall characteristics of individual years and groups of successive years were compared to the
annual average rainfall statistics for the 50-year period of record. In particular, 3-year periods were
singled out and reviewed favorably since they offer a broader range of rainfall events than a single
year, while allowing for reasonable computational time for modeling. Based on the evaluation, the
single year 1990 and the 3-year period 1988 to 1990 were identified as representative of annual
average conditions. Because of the robust number and variety of storms available in a 3-year period,
as opposed to a 1-year period, the period 1988 to 1990 was used as the average rainfall condition that
will be used for modeling to support development of the LTCP. The rainfall that occurred during
1988 to 1990 will serve as the basis for evaluating the occurrence and impact of CSOs, and the
efficacy of controls on a “system-wide, annual average basis.”

The rainfall characteristics of 1988 to 1990 are compared against the long-term average rainfall
characteristics in Table 2-2.

Table 2-2. Rainfall Statistics

Statistic ~ Long Term Average' | Average of 1988-1990
Annual Rainfall (inches) 38.95 40.97
No. Events > 0.05 inches 74 71
Average Storm Duration (Hours)* 9.9 10.1
Average Maximum Intensity (in/hr) 0.15 0.16
Maximum Intensity (in/hr) 1.30 1.29

' Ronald Reagan Washington National Airport hourly data, 1949-1998
? Individual events separated by a minimum of 6 hours with no rain

2.3  Model Development

2.3.1 Model Scope

A continuous hydrologic runoff model was developed to simulate runoff under existing, pre-Gl
conditions and to estimate the runoff reduction expected under future conditions with Gl
implemented. The runoff model is an application of the EPA SWMMS5 model. SWMMS is the current

Environmental Impact Bond
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version of the most widely applied urban stormwater model across the world. Recent extensions of
SWMMS5 include specific Gl applications. EPA’s long-term support to the development and
application of SWMMS35 and earlier SWMM models underscores its acceptance in applications to
support regulatory programs. SWMMS3 is the model used for the range of Gl-related modeling for the
DCCR.

The model includes subcatchments representing runoff in the RC-A project area, the sewer network
conveying the flow to the outlets of the RC-A project area and the GI practices planned for RC-A.

2.3.2 Model Calibration

Based on the metering data collected, the RC-A model was calibrated to predict runoff and flow from
the sewershed. The model calibration is summarized in Section 3.

2.3.3 Representation of Gl

GI practices are represented in SWMMS as “LID controls.” SWMMS is a lumped parameter model
that assumes uniformity across a single modeled sewershed. This means that LID controls were
designed to represent the total of all Gl practices contained within the modeled sewershed instead of
representing each Gl practice separately. This is common practice in a lumped parameter model and
appropriate for this resolution of model. GI practices in SWMMS are grouped into bioretention and
pervious pavement based on their general design and purpose. Based on the planned GI design for
RC-A, and delineated drainage to each type of planned Gl practice, flow is routed to the appropriate
practice on an area-weighted basis. Practices are represented in SWMMS based on contract design
drawings. In SWMMS5, runoff from the surface to be treated by an LID contro