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Welcome and Introductions

Rula Deeb, Ph.D.
Webinar Coordinator
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Webinar Agenda

= Webinar Overview and ReadyTalk Instructions
Dr. Rula Deeb, Geosyntec Consultants (5 minutes)

= QOverview of SERDP and ESTCP, and webinar series
goals
Ms. Cara Patton, SERDP and ESTCP (5 minutes)

» Watershed Modeling and Assessment to Sustain and
Enhance Military Mission and Training
Dr. David C. Goodrich, USDA-ARS (25 minutes + Q&A)

= Optimization of Stormwater Modeling Approach
Ms. Heidi Howard, ERDC-CERL (25 minutes + Q&A)

= Final Q&A session
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How to Ask Questions

Type and send questions at

any time using the Q&A panel

Chat with Presenter:

Question| “ Send I
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In Case of Technical Difficulties

» Delays In the broadcast audio
* Click the mute/connect button
* Wait 3-5 seconds
* Click the mute/connect button again

* If delays continue, call into the conference line
- U.S./Canada: 1-877-776-3503
— International: 330-871-6014
— Required conference ID: 14257638

= Submit a question using the chat box
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SERDP and ESTCP Webinar Series

SERDP and ESTCP
Overview

Cara Patton
SERDP ESTCP Support Office (HGL) |

Resource Conservation and Climate
Change Program Area
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SERDP

= Strategic Environmental Research and
Development Program

» Established by Congress in FY 1991
* DoD, DOE and EPA partnership

» SERDP is a requirements driven program
which identifies high-priority environmental

science and technology investment
opportunities that address DoD regquirements

» Advanced technology development to address
near term needs

« Fundamental research to impact real world
environmental management
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ESTCP

* Environmental Security Technology
Certification Program

= Demonstrate innovative cost-effective
environmental and energy technologies

 Capitalize on past investments
* Transition technology out of the lab

= Promote implementation
 Faclilitate regulatory acceptance
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Program Areas

1. Energy and Water 2 =
Environmental Restoration
Munitions Response
Resource Conservation and  [F=85 o
Climate Change Bt
. Weapons Systems and B e
Platforms -

> W

ol
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Resource Conservation and
Climate Change Focus Areas

= Natural Resources
« Ecological forestry
 Arid lands ecology and management
« Cold regions ecology and management
 Pacific island ecology and management

« Coastal and estuarine ecology and
management

 Living marine resources ecology and
management

« Species ecology and management
« Watershed processes and management

= Climate Change
« Vulnerability and impact assessment
« Adaptation science
« Land use and carbon management
= Air Quality
 Fugitive dust
* Fire emissions
SERDP and ESTCP Webinar Series (#24)
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SERDP and ESTCP Webinar Series

DATE Topics

January 14, 2016 Vapor Intrusion: Regulatory Update and
Demonstration/Validation of Passive Samplers

January 28, 2016 Water Conservation

February 11, 2016 Chromate/Hazardous Material Free Coating Systems for
Military Aircraft and Ground Support Equipment

February 25, 2016 Munitions Response
March 10, 2016 Fate, Transport and Effects of Insensitive Munitions

March 24, 2016 Cadmium and Chromate Elimination Efforts: Implementation
Plans and Strategic Roadmaps for Three DoD Depots

April 7, 2016 Resource Conservation and Climate Change

April 21, 2016 Long Term Monitoring Issues at Chlorinated Solvent Sites
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SERDP and ESTCP Webinar Series

http://serdp-estcp.org/Tools-and-
Training/Webinar-Series
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SERDP and ESTCP Webinar Series

Watershed Modeling and
Assessment to Sustain and Enhance
Military Mission and Training

David Goodrich, Ph.D.
U.S. Department of Agriculture [
Agricultural Research Service (USDA-ARS) [4 R
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= Motivation

= Hydrology and watershed modeling
background

= MocC
= MocC

MOC

e

e
e

calibration, validation and uncertainty

use In the context of observations and
uncertainty

= Overview of projects
= Conclusions
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Motivation

* DoD manages ~30 million acres of land

* Training and mission requirements impact
 Land cover, erosion, flooding, water quality

= Stewardship, compliance and sustainabllity
require management of impacts
 NEPA, Clean Water Act

= DoD Rule 4715.03

« Watershed-based management

* Minimize impacts to wetlands, groundwater and
surface waters on or adjacent to installations
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Implication of the CWA (Section 303d)

* |f a body of water Is polluted beyond water
guality standards, it is listed as impaired

= For impaired waters, must develop a Total
Maximum Daily Load (TMDL)

 Maximum amount of a pollutant that a water
body can receive and still safely meet water
guality standards

= TMDL can trigger possible training and
land use restrictions
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Watershed Monitoring and Modeling

= Quantitative assessments
of mission impacts on
waters is a difficult task
requiring expensive
monitoring efforts

= Watershed models, If
verified, can compliment
monitoring and allow
evaluation of impacts and
management scenarios
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Hydrology Background

= Simple water balance

Runoff = Precipitation — Infiltration —
Evapotranspiration + A Storage

« Infiltration is f (soils, land cover/use, compaction, soil moisture)
« Evapotranspiration is f (weather, soils, plants, land use, soil moisture)

‘ M\

Transpiration

Watershed models attempt to represent these processes using

mathematical equations or empirical relationships
SERDP and ESTCP Webinar Series (#24) 20
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Classification of Watershed Models

Siochastic
Fundamental Empirical Probabilistic

Laws

Distributed

Subwatershed/
Sub-element distribution

Grid based
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= Digital Elevation Model
« USGS 10m — 30m DEM
* LIDAR can be used
= Solls
« USDA STATSGO — national; SSURGO where available
* FAO soils globally
= Land Use - Land Cover (NLCD, ReGAP)

= Precipitation and weather

 If not using design storms - “good” rainfall data is essential
in time/space (more later)

= Management information - where and what

 Information must be provided by user (i.e., training and
location) TSRO G K P,

Pifion Canyon Maneuver Site
Before and After June 2015 Brigade
Level Training

SERDP and ESTCP Webinar Series (#24)
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Approximations in Watershed Modeling

= Homogeneous planes

= Hydrologic parameters (e.qg.
Infiltration rates, hydraulic
roughness) represent
Intersections of topography,
cover, and soils

= Information loss as f
(geometric complexity or
number of model elements)

= Scaling issues

= Parameters computed via
weighted averaging

Watershed modeling relies on condensing spatial data into appropriate units for
representing processes == models require calibration for quantitative predictions

SERDP and ESTCP Webinar Series (#24) 23
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Model Calibration and Validation

= All models are wrong — some are useful!
= Calibration and validation

« Undertaken to provide some confidence the model is making
“useful” predictions (more on “useful” to follow)

* Model predictions of runoff and/or water quality are compared to
observations (graphs metrics, statistics, outliers)

- Model __
< T

; I= ||I||||||||'|H||'||]]” “ Typical Metrics Used to Assess
E

Model Performance

,-J’g (Obs - Model) B S S S—

Nash-Sutcliffe Eff. (- to 1; 1 optimal)

PBIAS (- to 100%; 0% optimal)

. RSR = RSME / SDgys (0 to +%; 0
. E»t\M1 9AM 12PM 3PM 6PM oM Optlmal)

Feb 7 Thu 201! Tlme (hr)
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Model Accuracy and Uncertainty

* Dependent on many factors
* Proper process conceptualization
« High quality (time and space) precipitation data
« Good watershed characterization data

* Model sensitivity and variance analysis

* When input, state and/or model parameters are
highly sensitive

« Uncertainties in those items will impart substantial
uncertainties into the model predictions

SERDP and ESTCP Webinar Series (#24) 25



Rainfall Isohyets on PCMS Taylor
Watershed (48 mi?), Oct 11, 2008

$SERDP $ESTCP
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Impacts of Rainfall Spatial Variability on Runoff

—

C// ;

Simulation Results
Hyetograph and Hydrographs at

= Taylor Outlet
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Sobel Variance Analysis

" Model run setup e o ST pesk magnie
¢ 6.5 km2 watershed :‘ﬁf July 29, 2006 storm
all ] Inst:::tci’o:?er et
« Monte-Carlo : .
simulations
(~100,000)

e 23 parameter
modifiers (Hillslope,
channel and initial

cond itions) Infiltration Hydraulic Rain depth
Roughness bias

e Successful forecasts

SERDP and ESTCP Webinar Series (#24) 27



I (SERDP >E5TI::F'

DOD = EPA = DOE

Technical Progress

= Taylor Arroyo Watershed EC Dams

* LIDAR used to characterize ponds
behind the dams, for stage-discharge
Input to the model

« 111 EC Dams, 65 appear in the LIDAR

* Developed inputs for generic o oors om oo .
dam/pond sizes LA ST
- Evaluating AGWA/KINEROS results for
runoff o : L

-
o
T

e <]

Reduction of runoff {4
peak in stream §

Runoff (mm/hr)
I @

N

0 ‘ : l ;
200 300 400 500 600 700 800
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Model “Usefulness” and Objectives™®

* Model “Usefulness” depends on modeling objectives

= Exploratory: initial comparisons or beta model development
» Are trend and directions of predictions correct?
* Is mass conserved?

= Planning: management planning, conservation
Implementation, or policy formulation

* Relative change and ranking to prioritize mitigation expenditures

» Regulatory/legal: regulatory, legal, and/or human health
Implications

* Requires greater model accuracy
* [nterplay between monitoring and modeling

*Not mutually exclusive nor cover entire spectrum of modeling
applications but represents general categories that warrant differing
expectations related to model performance

SERDP and ESTCP Webinar Series (#24) 29
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Interpret Model Results Considering

Intended Use

* Interpretation

« High precision and high accuracy provides confidence in
predicted values

= Recommendations

« Appropriate for exploratory, planning, and regulatory/legal
uses

= Guidance is being developed R Best Case
by the hydrologic modeling |
community for acceptable High
levels of

« Model accuracy
« Measurement uncertainty Low
* Model uncertainty

Model Meas. Model
(Harmel et al., 2014) Accuracy Uncert. Uncert.

SERDP and ESTCP Webinar Series (#24) 30
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Interpret Model Results Considering
Intended Use

* |nterpretation Intermediate
* High measurement uncertainty Case
prevents definitive model t
accuracy conclusions High

= Recommendations
« Appropriate for exploratory uses

: : Low
* Ok for planning, but high
measurement uncertainty Model Meas. Model
should be reported and Accuracy Uncert. Uncert.

considered in scenario analysis

e Consider additional data
collection

* Inappropriate for regulatory/legal
uses

SERDP and ESTCP Webinar Series (#24) 31
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Interpret Model Results Considering
Intended Use

* |nterpretation Weakest Case

* Model uncertainty is low but low
model accuracy reduces High
confidence in predictions

= Recommendations

- Ok for exploratory uses butlow | BE WE

accuracy should be reported and Model Meas. Model
well justified Accuracy Uncert. Uncert.

* |Inappropriate for planning,
regulatory/legal uses

* Determine cause of low model
accuracy and either refine model or
select a more appropriate model

SERDP and ESTCP Webinar Series (#24) 32
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Overview of Projects

= Common objective of three projects

« Evaluate the worth of data and observations for improving
model accuracy and reducing uncertainty

* Projects

» Better Assessment Science Integrating point and Nonpoint
Sources (BASINS) Modeling System with enhancements for
military-specific applications (Donigian et al.; RC-201307)

« The Hydrological Simulation Program-Fortran (HSPF)
combined with the Hydrologic Engineering Centers River
Analysis System (HEC-RAS) (Johnson et al.; RC-201302)

* The Automated Geospatial Watershed Assessment (AGWA)
coupled with the Facilitator multi-objective Decision Support
Tool (Goodrich et al.; RC-201308)
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Technical Objectives

(Donigian, RC-201307)

» Demonstrate and validate BASINS Modeling
System components for TMDL assessments at
military installations

« Advanced management scenario analyses — unpaved
road design, stormwater analysis at a subwatershed
scale, and climate non-stationarity

« Demonstration at Fort Benning, GA; Fort AP Hill, VA

SERDP and ESTCP Webinar Series (#24) 34
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Technical Objectives
(Johnson, RC-201302)

» Demonstrate and validate a linked watershed
and riverine modeling system (Hydrological
Simulation Program [HSPF]-Hydrologic
Engineering Centers River Analysis System
[HEC-RAS]) for DOD Iinstallations

Demonstration sites

CCWTMP Compliance Monitoring Sampling Sites - Receiving Water

Calleguas Creek Wate

SERDP and ESTCP Webinar Series (#24) 35
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Technical Objectives
(Goodrich, RC- 201308)

= Refine and demonstrate the

ooooooooooooo

Automated Geospatial Watershed A \-’8 Ak S
Pmon Canyon 4 ~ COLORADO
Assessment (AGWA) tool coupled |- | 2 J;M;neu Sl 7

with the Facilitator Decision Support |-

Tool (DST) for scientifically-based

watershed assessments

« Aid base managers in preserving and
expanding their mission

* Meet stewardship requirements in
support of training

= Demonstrate at DoD installations |

* Pinon Canyon Maneuver Site, CO ;

* Fort Bliss, TX

* Fort Carson, CO

SERDP and ESTCP Webinar Series (#24) 36
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Progress to Date

* Fort Hood demonstration completed
= Calleguas Creek underway

* Fort Benning demonstration nearly
complete

= Fort AP Hill underway
= Pinon Canyon Maneuver Site underway

= Two additional demonstration installations
are in the process of being identified

SERDP and ESTCP Webinar Series (#24) 37
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Preliminary Results

= Training can have significant impacts on runoff and
water quality both locally and off base which could
result in regulatory restrictions

= Preserving and expanding the training mission
requires informed watershed management and
scenario analysis with models

= Management practices (erosion control dams) must be
characterized and incorporated into the model
watershed representation

» Data richness versus model performance
 Blind model validation only partially successful
« Accuracy of precipitation data is critical to model success

SERDP and ESTCP Webinar Series (#24) 38
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Preliminary Results (Continued)

= Greater investments in observations,
especially precipitation gauges and stream
flow are warranted at data sparse
installations to ensure useful model
predictions and management decisions.

= Enhanced observations and trustworthy
watershed models can effectively:

- Identify areas at risk for excessive flooding and
erosion

* Target mitigation resources to minimize training
Impacts and preserve training mission
requirements

SERDP and ESTCP Webinar Series (#24) 39
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For additional information, please visit
https://www.serdp-estcp.org/Program-
Areas/Resource-Conservation-and-Climate-

Change/Natural-Resources/\Watershed-Processes-
and-Management/RC-201308

Speaker Contact Information
Dave.Goodrich@ars.usda; 520-603-2194
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Additional Slides

David Goodrich
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Technical Approach:
Data Richness vs. Model Performance

T
K & —
v(:iqffix‘\\/ﬁ - .
e A set of conditional data scenarios
| designed to incorporate different amounts
A ‘Rﬂ» of data to model set up and calibration
Conditional Data Data Requirement Data/Knowledge
Scenarios Restriction(s)
) Blind Validation Additional time series data | New flow data not
to extend modeling used in calibration
Legend SlmUlatlon
¥ wwson| Incremental Hydrologic flow data from | Adding new data from
s « e RECAlIDration three new gages the new gages one at
10 Kilometers * LA Hydeelon Mg a time and
recalibrating
Applying Non- Regional maps, soils data, | No data from new
calibrated Parameters | and other parameter stream gages.
guidance available from Modeler has no
public sources knowledge of previous
model calibration
Data Quality USGS Gage Rating NA
System
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Data Richness vs. Model Performance

Monthly and Daily Statistics of Flow

Statistics Monthly Daily
Original Extended | Extended | Original | Extended | Extended
EFB Run Period EFB Run Period
2000-08 | 2000-12 | 2009-12 | 2000-08 | 2000-12 2009-12
Correlation Coefficient 0.96 0.95 0.96 0.89 0.85 0.82
Coefficient of Determination 0.92 0.91 0.92 0.79 0.72 0.67
Mean Error (cfs) 24.8 43.3 84.8 25.2 43.2 83.8
Percent Mean Error (%) 6.9 10.8 17.5 6.9 10.8 17.5
Model Fit Efficiency 0.90 0.88 0.85 0.78 0.70 0.63
Error Terms
Error Term Original EFB, | Extended Extended
2000-08 Run, 2000-12 | Period,
2009-12
Error in Total Volume (%) 7.5 12.2 20.9
Error in Average Storm Peak (%) -6.4 -3.5 20.0

SERDP and ESTCP Webinar Series (#24)
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Technical Progress — Fort Hood

= | essons learned

* There were a number of lessons learned in regards to the
performance of the models at this demonstration site. Good
meteorological gage data that reflect the watershed weather
conditions are necessary for applying the HSPF-only and
the linked model to the demonstration site in order to fairly
evaluate the model performance. In the selection of future
demonstration sites, meteorological gages need to be
identified within the watershed boundaries and not rely
solely on gages outside the watershed boundary

 The HSPF-only and linked model were not capable of
modeling surface water and ground water interactions,
therefore, this technology may not be applicable for the sites
where the surface water (stream flow) are heavily affected
by ground water
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Technical Progress — Fort Hood

Lessons learned (Continued)

* In developing a continuous period of record for sediment, or other

constituents, there needs to be sufficient field samples for the period of record
covering a range of storm events. If there are not sufficient samples to
develop a comprehensive period of record then the USGS LOADEST model
results should not be useful in computing performance statistics (e.g., NSE,
RSR and PBIAS) and thus only visual comparisons between model results
and field samples should be used in evaluating model performance

The climate change (sensitivity) analysis did not provide useful results or
insight. In order to properly evaluate climate change scenarios we would need
to develop downscaling techniques and extract predicted weather input data
from multiple climate models. This level of effort is outside the scope of what
we proposed for this demonstration study so we intend to drop this analysis
for the next two demonstration sites

Finally, while we did perform a cursory field trip to assess watershed features
within House Creek watershed, additional field investigation and survey may
have helped us better characterize key features within the watershed and
thus improve model results. For the next two demonstration sites we will
spend more time in the field to better understand key features as well as
spend more time, before we begin model setup, with our local study partners
going over existing data and gaining a better understanding of watershed
features that need to be accounted for within the models
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HSPF Model Results

Technical Progress — Calleguas Creek Watershed
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Q&A Session 1
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Optimization of Stormwater
Modeling Approach

Heidl R. Howard

U.S. Army Engineer Research and
Development Center
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Agenda

= EISA 438 background

* Modeling approaches

= Model selection tool

* Preliminary results

» Usefulness and LID applications
= Conclusions

SERDP and ESTCP Webinar Series (#24) 50



I (SERDP >E5TI::P

DOD = EPA = D

Motivation

= Title 42, USC, Chapter 52, Section 17094, Section 438
Energy Independence and Security Act, December 2007
“Storm Water Runoff Requirements for Federal

Development Projects”
* Meet pre-hydrologic and hydraulic conditions post construction

 Utilize Low Impact Development (LID) Best Management
Practices (BMP)

« When disturbance of 5,000 square feet or more (new or retrofit)
» Refocus typical planning and stormwater management

practices with a “paradigm shift” to LID BMPs as

solutions

« Army Stormwater Management LID Guidance September 2015

* Now required to track and report pre-post results

SERDP and ESTCP Webinar Series (#24) 51
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Modeling Approaches

* Three approaches approved by EPA for EISA
438 compliance

« 95th Design Storm Event
« Continuous Simulation (SWMM)

« Continuous Simulation with Optimization
(SUSTAIN)

= Significant difference In cost, time and
potentially final design results

* How does one select the most appropriate
approach to ensure compliance at the
minimum volume/cost possible?

SERDP and ESTCP Webinar Series (#24) 52
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Modeling Approaches
. - Soll
e
* Regulations

How can we determine which
compliance strategy is best?

o5t Percentile Matching Pre-Development Hydrology
(or Water Quallty Objective)

Design Continuous Continuous Simulation w/
Storm Simulation Optimization

SERDP and ESTCP Webinar Series (#24)
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DOD = EPA = DOE

Modeling Approaches

Installatlon

Data

Model Selection Toolbox (MST)
({ Analytical Elements BMP Size

* Acs |
_/ LADS Y

Minimum Cost Compliance Strategy

Design Continuous Continuous Simulation w/
Storm Simulation Optimization

SERDP and ESTCP Webinar Series (#24)




o SPREADSHEET TooL FOR OpTiMIZING RUNOFF MANAGMENT & INFILTRATION

o ; Area of Cost = (C) x (Volume)* BMP Solution
Project Setup BMP BMP
De in) | Infil {in'hr; C E Cost
e pth (in) | Infil (in/hr) Aven (1) (5)

Precipitation Watershed 1 5.000 ] 0.3 21.0 0.2 12.4 0.76 646 5 2 593 33
Watershed 2 70,000 005 015 50 095 414 3970 07 1574 0.76 6.823 §15.658 76

Watershed 3 6.000 0.05 015 30 01 414 210 02 124 0.76 414 $ 1 850 12

Initialize Watershed 4 8.456 0.05 015 170 002 414 3970 07 1574 0.76 243 § 125116
Watershed 5 g 850 0.05 015 50 015 414 210 02 124 0.76 960 $ 3505 73

— BMP Solution Mode
(@ Automatic () Manual

— Simulation & Analysis

Simulate

Wiew Watershed

Minimum Cost Compliance Strategy

or Continuous Continuous Simulation w/

Simulation Optimization
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Model Selection Tool

" Phase |: Model Selection vy
Tool 1

« Accurately determine the A -

minimum-cost/volume Mot
compliance strategy for
widely ranging conditions Seled Woseng Piatorns
= Phase II: Stormwater o
Management Optimization 3
Toolbox

* Fully demonstrate minimum
cost/volume compliance
strategy at two installations

SERDP and ESTCP Webinar Series (#24) 56
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Verification of MST

= Demonstration —
» Assessed 208 o
Installations — down 1 |
SeIeCt tO 45 Mo‘del Design C9ntinu9us Continum_:s _sim_ulation
° Apdphled MST |n Selection Tool storm S;gvl\".l;t';;n * %psgﬁ:; n
WI e_y_ varying
conditions \@2/
= Verification |
Recommended Recommended
o Compare selected modeling modeling
approach approach

approach to | |

approach from EPA
models
= Objective
* 95% accuracy when
cost differences are

>10%
SERDP and ESTCP Webinar Series (#24) 57
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175 (78%)

DOD = EPA = DOE

Results to Date

4 (2%)

m Sites with cost differences <10%

Sites with cost differences>10% and accurate MST prediction

171 (98%)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

|
I

B N —

A B C D ABCD

DS mCS = CS+O mNo Match

A, B, C, D are Hydrologic Soil Groups

m Sites with cost differences>10% and inaccurate MST prediction

SERDP and ESTCP Webinar Series (#24)
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Verification of MST

= Demonstration

* Full-scale EPA
models at 2

Installations #1 and #2

Model Selection Tool

Installations

Design Storm

Continuous
Simulation

Continuous Simulation
+ Optimization

= Verification

« Compare results
from MST to EPA
models

= Objective

« Consistent model
approach selected

SERDP and ESTCP Webinar Series (#24)

Best Modeling

Validation

Approach

59



A

IS BPSERDP GESTCP
MST Usefulness

» Rapid selection of “appropriate” modeling
approach

= Reduces costs for “over modeled” efforts

» |dentifies the approach most likely to
secure more than 10% savings on BMP
Size
* Increased ability to optimize placement of

BMP’s across your installation
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Usefulness and LID Applications

» Sizing and tracking tools

* Excel environment
o Graphic User Interface (GUI) for navigation
« Seamless integration of detailed modeling results
o Size BMPs for new developments
 Tracking and accounting
o Historical projects
o New development and corresponding BMP
o Demolition credit
« Compliance report generation
o BMP design information
o BMP hydrologic benefits
o Cost information

SERDP and ESTCP Webinar Series (#24)
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Usefulness and LID Applications

= BMP planning tools

* Formats
o Conceptual design fact sheets
o Conceptual design reports
o BMP master planning

 Linked to model output
o Tracking
o Trading
o BMP sizing
 Project-scale prioritization and selection
o Ranked by efficiency
o Ranked by effectiveness
o Ranked by multiple benefits

SERDP and ESTCP Webinar Series (#24)
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Tracking Projects and Reporting
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Low Impact Development Toolbox for Vandenberg Air Force Base

% A US Ax Force
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Certificate of Applicability of California State R and EISA Section 438
[The following project was reviewed in accordance with the California General Permit, Central Coast Past G Energy

Jspplicabulity criteria. The requirements of EISA Section 438 have been addressed to the Maximum Extent Technically Feasible.

and Security Act Section 438, and DoD Policy dated 19 1an 2010. The project scope was compared with the gross foatprint requirements and meets the
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| he LID/BMPs used in this project are: Infilt n Trench, jon Trench, and Sand Filter. The design cutsheets for the three LID/EMP are shown below.

ESTIMATED SURFACE AREA
29 ¥

TOTAL EFFECTIVE DEPTH
192 Inches

ACTUAL DEPTH OF LAYERS

(Not Effective Depth)
inches
€— 6 Ponding Depth

€—— 24 Planting Soil Layer Depth

€——12  Stone Reservair Layer Depth

PLANS AND DETALS

O&M Instructions:

REépoOTting Tools |+

Infiltration Trench
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BMP Orr~Funities-
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wa'erm OumenSt“ RP"om mtwemw

Latitude 33°2'37.0284"N DrainageArea, acres 8.0 Propeosed Retrofit Green Street

Date of Field Visit  08/20/2014 Longitude 117° 17' 37.9284"W Hydrologic Soil B BMP Biretention 1,840

Group footprint, ft2 Permeable Pavemant 15,600
FieldVisit LT, BW Street Address Highway 101 (between D St., and
Personnel G5t) Totzl Impervious, % 85 Ponding Biretention 0.75

Depth, ft Permeable Pavement (4]

Mzjor Watershed Vulcan Landowner City of Encinitas

Decign Storm Event, 0.5 Media Depth, Biretention 20
Existing Site Description: The areaof HWY 101 traveling through the downtown Encinitas in # Permeable Pavemant 10
areabstween D Street and G street is crowned and drains to the curb and guiter alongthe
edges of the highway. Runoff then flows into catch basins at the intersections. Runoff Br Retrofit Description. The proposed retrofit would involve creating curbcuts to the
produced along highway 101 could be could be treated inbioretention and per bl isting curbing atthe end of the parking rows and installing bicretantion cells alongsome
pavement implemented inthe right-of-way. sections.The available parkingstallswould be paved with permeable pavement. The interior

portions ofthe cells would be vegetated with netive shrubs and grasses.

aLs

10} Aemybiy

K Pervious Pavement

Stormdrain Main

Bioretention

VLY LIEIHX3NY1d TWNLdIONOD

ue|d 1o9y (@) Juswdojaas(] joedw|-Mmo §8a19) POOMUOH0D)

Current Street View (Photo 1) Rendered Street Improvements {Photo 1)

~Bioretention Cells—

5 ~
7 ~Parmeable Pavement— \ N

" ~Concrete Transtion— \

Example cross section
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DESTCP
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DOD = EPA = DOE

Retrofits
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Conclusions

* The MST has the ability to inform end users
on the most appropriate modeling approach
to use on your installation

« Documentation for the modeling approach
selected

= Significant savings possible for DoD
* Modeling efforts
 BMP sizing

* Primary benefit of this work -- Knowledge for
the end user community!
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For additional information, please visit
https://www.serdp-estcp.org/Program-
Areas/Resource-Conservation-and-Climate-

Change/Natural-Resources/\Watershed-Processes-
and-Management/RC-201305

Speaker Contact Information
Heidi.R.Howard@usace.army.mil; 217-373-5865
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Q&A Session 2
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The next webinar IS on
January 14, 2016

“Vapor Intrusion: Regulatory Update and
Advances in Assessment Tools”
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Survey Reminder

Please take a moment to complete the
survey that will pop up on your screen
when the webinar ends

BYSERDP
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