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1. PROJECT MANAGEMENT

1.1. Project Organization
Table 1: Project Organization
Title & Responsibility Agency Affiliation Number & Emall

Maryland Department of 410.260.8799

) ' Natural Resources
award : Program Director (MDDNR) megaeranatoe ey and ooy

MDDNR Grant Manager — Oversees grant . Megan Granato, Senior

County Project Manager — oversees 410.996.5220

Bryan Lightner, Zoning

direction of project/County grant . Cecil Count
managemer?t : 7o Administrator Y 11‘&:’.1_11:11'11;1':'};1 (AL A
County St.ak'e_holder— provides input on Marshall McSorley, . 410.996.5265
. County priorities related to stormwater Planner Cecil County L .
. and NPDES permit minesorley@ecgov.ory
Project Manager —~ Directs day-to-day Siva Sangameswaran, 703.849.0379
: ) Dewberry )
work of the project Project Manager ssangameswaran@Dewberry.com
Programmatic Advisor and Quality g g 410.645.1838
Assurance Manager — Oversees data dessica Seipp, Dewberry

quality assurance and maintains QAPP Department Manager iseipp@@Dewherry.com

CECIL COUNTY, MARYLAND

PROJECT MANAGER

‘ Siva Sangameswaran, PhD, PE, D.WRE, CFM

PROGRAMMATIC ADVISOR

AND QA/QC MANAGER
Jessica Seipp, pmp

SUPPORT PERSONNEL
Climate/Resiliency Planner H&H Watershed Modeling Geospatial Analyst & MS4

Brian Batten, php, cFm Dano Wilusz, Pho, EIT, CFM spedialist
Mohamed Morsy, pHD Mark Voli

Figure 1: Project Organization Chart

L[]
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1.2. Problem Definition and Project Background

The Lower North East Creek Watershed (Figure 2) is a 12-square mile sub-watershed of the North East River watershed
located in Cecil County, MD. The watershed is vulnerable to riverine, coastal, and pluvial (urban stormwater) flooding. Cecil
County has contracted with Dewberry Engineers to develop a Watershed Master Plan (WMP) which summarizes the results of
hydrologic and hydraulic (H&H) analysis of current and future conditions to better understand flood hazards; forecasts flood
vulnerabilities for a range of extreme precipitation events, sea level rise, and storm surge scenarios; identifies mitigation
opportunities; preserves/enhances local water quality and natural systems; and creates a plan for futurc mitigation strategies.

Legend
@ uUsGS Gages
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FEMA Flood Zones

i| 0.2% Flood Zone
A

Figure 2: Lower North East Creek WMP Study Area

»
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1.3. Project Description and Schedule

Dewberry’s approach for completing this project will utilize a USACE HEC RAS 5.0.7 model to analyze the inundation impacts
of riverine, coastal and rainfall-based watershed runoff using a 2D rain-on-grid methodology. This model will serve as the basis
for future land use and best management practice (BMP) evaluations. Figure 3 shows the process flow that will be used to
collect information, develop an existing conditions model, develop a future conditions model, and compile the WMP,

‘ et Dy i .ﬂ_‘i iil

. v v ]
COLLECT & DEVELOP EXISTING CALIBRATE / DEVELOP FUTURE WATERSHED
» PROCESS . CONDITIONS * VALIDATE MODEL CONDITIONS » MASTERPLAN &
AVAILABLE DATA WATERSHED MODEL WATERSHED MODEL GEOSPATIAL DATA
» " . a 2
i "5 - uo“c:m Sman
| - . Counc CRA Boundary

'W- Hurs & (9
Figure 3: Process Flow of Project Execution

There are six tasks that will be completed as part of this project. A summary of each task is provided below:

Task 1 - Inventory & Compile Existing GIS Data
Dewberry will collect/obtain published, publicly available datasets necessary for developing the watershed models. A GIS
master geodatabase will be developed for these various datasets that will be the basis for creating H&H model inputs. Various

vector GIS shapefiles and raster files such as imagery, topography and others will be assembled and stored in the master
geodatabase.

Task 2 - Community Workshop #1

A community workshop will be held to engage watershed and County stakeholders and solicit input on issues, concerns, and
problem areas. Dewberry will provide a high-level overview of the approach and answer questions posed by attendees during
the workshop. Prior to the workshop, Dewberry will work with the County to develop a survey to assist in collecting data
associated with landowner flooding observations. The survey will be a critical tool to ensure public involvement in the process
and will provide valuable data for model validation and/or calibration. The survey will be distributed online and through
targeted mailing. The County will identify property owners to receive the targeted mailing and will print and mail the surveys.
Respondents will be asked to mail surveys back to Dewberry. Dewberry will scan returned hard copy surveys and track
responses in GIS. Online responses to the survey will be reviewed and incorporated into GIS as well. Dewberry anticipates
including questions such as (1) date of noted flooding events, (2) extent of flooding (numeric or qualitative), (3) photographs of
flooding with date, and (4) descriptions/comments/observations respondents would like to submit for potential in the
study/analysis. Dewberry will provide the County with questions to be included in the survey and guidance on which online
survey tool to use for posting the online survey.

Task 3 - Perform Hydrologic and Hydraulic Analysis

Dewberry will adopt a statistical approach to flood risk evaluation using H&H models for the study area with appropriate
coastal boundary conditions. A hydrologic analysis will be performed using a USACE HEC HMS model developed for the
HUC12 area. A 2D watershed hydraulic model will be developed using USACE HEC RAS 5.0.7 to simulate pluvial and fluvial
risks. Dewberry will work with Cecil County to identify a maximum of two historical events to calibrate/validate the model.

N
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Dewberry’s typical watershed analysis for flood risk evaluation includes the steps outlined below. It is an iterative, non-
linear process. Information generated at each step will inform whether re-work is required or whether we can proceed to the
next step.

Steps for typical watershed analysis for flood risk evaluation:

1. Define the model extents.

2. Process watershed parametric datasets (topobathy, land use, soils, precipitation, boundary conditions, etc.) to the

model boundary adequate to cover upstream contributions and downstream influences, if any.
3. Perform watershed hydrologic analysis using gage data and/or rainfall runoff model.

4. Generate 2D hydraulic model (HEC RAS 5.0.7) using the process datasets, Define 2D mesh resolution based on

project needs - finer wherever necessary.
5. Determine the scenarios necessary to develop flood risk using a statistical approach.

6. Finalize model run time-step based on courant number for run duration optimization without losing accuracy of

results.

7. Generate geospatial datasets based on model run output to compile, visualize, and analyze comprehensive flood risk

within the study area.

Above is the generalized work flow that will be used for the project with situation/parameter/assumptions-based
modifications as necessary. For example, if the urbanized area within the study extents requires a SWMM model-type analysis,
Dewberry will use such methods upon coordination with the County. In general, modeling practices will be compliant with
CMMI (Capability Maturity Model Integration) Level 5.

Task 4 - Identify & Evaluate BMPs

Dewberry will identify and propose high-level mitigation strategies for the worst-case scenarios and determine how
infrastructure and operational costs to the County change over time based on climate scenarios. Utilizing the model developed
in Task 3, Dewberry will calibrate the model, work with Cecil County to incorporate BMPs (i.e. flood risk reduction
interventions) in the watershed model and assess their efficacy in drainage service and flood mitigation. Dewberry will provide
conceptual schematics of BMPs, a suite of high-level strategies, and proposed locations for implementation which will assist
the County in making informed planning decisions for next steps. We will assess the impact of interventions on H&H across
the watershed at a high-level by rerunning scenarios identified as most problematic with different sets of stormwater

interventions based on coordination and guidance from Cecil County.

Task 5 - Community Worksliop #2
The purpose of the second Community Workshop will be to share the results of the study. We will explain the modeling effort
and present the priority mitigation strategies. Watershed and County stakeholders will have the opportunity to provide

feedback on the results and proposed strategies, and Dewberry will answer questions posed by attendees.

Task 6 - Development of Watershed Master Plan

Dewberry will summarize the results of the study in a narrative format and provide associated deliverables as appendices. The
County will compile supplied deliverables into the final Watershed Master Plan.

The project schedule is provided in Table 2.
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Table 2: Project Schedule

i i
| Task/Activity Deliverable | m

Task 1 — Inventory & Compile Existing GIS geodatabase of compiled data 11/01/2020 — 03/31/2021
GIS Data

Task 2 — Community Workshop #1 Stakeholder questionnaire, responses tracked in GIS, 12/01/2020 — 07/31/2021

compilation of comments/input from workshop

Task 3 — Perform H&H Analysis Geospatial flood hazard products 04/01/2021 — 07/31/2021
Task 4 — Identify & Evaluate BMPs ' High-level mitigation strategies and concepts 08/01/2021 — 12/31/2021
Task 5 — Community Workshop #2 Compilation of comments/input from workshop 12/01/2020 — 07/31/2021
Task 6 — Development of WMP Compiled report/narrative of project 01/01/2022 — 06/30/2022

1.4. Quality Objectives and Criteria

Dewberry’s overarching quality objectives include provisions for evaluating quality issues if and when they occur by carefully
examing root causes and solutions intended to minimize or eliminate future occurrences; provisions for developing new best
practices arising from lessons learned; and clearly communicating our continuous improvement philosophy throughout the
organization.

Quality control is integrated into every Dewberry project throughout the study, design, and production phases rather than
being applied as a separate oversight activity. Our program contains standardized procedures for Quality Control (QC), Quality
Assurance (QA), and independent quality audits. Dewberry’s QC Program is based on ISO 9001:2015 quality management
standards, guided by our Plan-Do-Check-Act (PDCA) cycle of quality management.

This four-step process is as follows:

1. Plan - Define the requirements and processes needed to produce high-quality deliverables.

2. Do — Perform the work per the defined requirements and codified processes.
3. Check — Validate that steps 1 and 2 yielded desired results.
4. Act — Act on the results of step 3.

The process for developing the Lower North East Creek WMP was designed to meet the goals and objectives summarized in
Sections 1.2, and to complete the tasks discussed in Section 1.3. The quality of the modeling results will largely depend on the
calibration/validation efforts which will be verified as described in Section 2.5.

1.5. Special Training and Certification Requirements

The staff committed to this project include Professional Engineers, Project Management Professionals, and Certified
Floodplain Managers. Staff have extensive experience and training in H&H modeling, water quality modeling, geospatial
analysis, stormwater BMP planning and design, and other specialties related to Water Resource assessments.

1.6. Documents and Records

The use of accurate, pertinent and latest input datasets is key to the development of H&H models that can simulate conditions.

All datasets used for the study are assumed quality-reviewed and suitable for use in the analysis. Metadata documentation of

public datasets can be referenced for additional details on precision and tier level. For County provided data, data holdings
quality and precision are the responsibility of the Cecil County GIS Program overseen by the County's GIS Coordinator. We
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have coordinated with Cecil County to ensure the feasibility and usability of the data. A complete list of data and sources to be
utilized as part of this study is provided in Appendix A.
Datasets, records, and documents anticipated to be produced during this study include the following:
Task 1:
+ Compiled GIS-based master geodatabase of existing data to serve as inputs for the H&H model
o Dewberry has included a 500 foot buffer area around the perimeter of the Lower North East Creek Watershed
boundary for clipping the data scts to the study extents. This is necessary to avoid issues like data pruning and loss at
the boundary, edge effects, etc. Once the clipping is complete, Dewberry will perform an investigation at various
locations, especially boundaries, to make sure all the data is correct and consistent with the respective sources. This
process will ensure that there are no outliers. If any deviations are found, the buffer extents will be modified
iteratively to eliminate outliers.

Task 2:
« List of suggested questions for landowner questionnaire

» Recommendations for online survey platform
» Scanned copies of hard-copy surveys

+ Compiled survey results in GIS

Task 3:
+ Calibrated/validated H&H model for existing and proposed conditions

- High-level future land use analysis
+ Geospatial flood hazard products in formats compliant with Cecil County GIS requirements:
o  Flooding extents (shapefiles)

o  Flood hazard data — depth and water surface elevation data (rasters)

Task g4:
+ Suite of high-level mitigation strategies for worst case flooding event scenarios

« Conceptual schematics for proposed BMPs
- Proposed locations for implementation

Task 6:
- Watershed Master Plan Report

The current approved QAPP will be distributed to the project staff (as listed in on the distribution list) in either hard copy
or electronic format. Changes to the QAPP will be discussed within the project management team then issued as an advisory
email when a revision to the QAPP is warranted. Revisions of specific items in the QAPP usually will not warrant republication
of the entire QAPP; the QAPP will be revised as necessary. If the QAPP is revised in its entirety, then copies of the new QAPP
will be distributed to those on the distribution list. Electronic and/or hard copies will be maintained in the Project Manager’s
office.
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2. DATA GENERATION AND ACQUISITION
2.1. Experimental Design/Methodology

The following scenarios will be modeled and analyzed as part of this study:

- 2-year rainfall- multiple durations (between 6 and 24 hours) with available sea level rise and storm surge boundary
conditions

- 10-year rainfall- multiple durations (between 6 and 24 hours) with available sea level rise and storm surge boundary
conditions

« 25-year rainfall- multiple durations (between 6 and 24 hours) with available sea level rise and storm surge boundary
conditions

+ 100-year rainfall- multiple durations (between 6 and 24 hours) with available sea level rise and storm surge boundary
conditions

- Existing and future land use scenarios for the above events / selected ones (by Cecil County)
» Performance evaluation of selected stormwater BMPs during events deemed necessary by Cecil County
= Multiple precipitation depth and time frame inputs (e.g.: 17, 5” and 10” over 1-hour and 24-hour duration)

For existing “conditions”, Dewberry will set up a 2D HEC RAS model that includes the Lower North East Creek watershed
area and incorporates tidal, storm surge and SLR boundary conditions (using available sources of data such as ESLC, UMD,
etc.). To get a comprehensive flood hazard picture under the existing conditions, we anticipate approximately 100 simulations
to cover a range of scenarios (2-, 10-, 25- and 100-year recurrence interval events with 6- to 24-hour durations, 1, 5” and 10”
over 1-hour and 24-hour durations). Stabilizing the 2D model and ensuring accuracy and reproducibility of results will be an
essential part of this effort. The calibration/validation of the model will require roughly 20 (+/-) of the 100 anticipated
simulations. The necessary statistical analysis (including development of code and graphics) will be performed to understand,
interpret and visualize the results.

Proposed “conditions” modeling will involve incorporating retrofits to known BMPs or addition of proposed BMPs. This
will require 2D mesh and geometry changes to incorporate the BMPs and possibly hydrologic input modifications. Depending
on the number and locations of the BMPs, and the “scenarios” that need to be run, it is anticipated that this will take 80
simulations (+/-). It is an iterative process during which the model will be “tweaked” to maximize the flood mitigation impacts.

2.2. Sampling Methods

There will be no field measurements performed or samples collected during this study; therefore, this section is not applicable.

2.3. Sample Handling and Custody

There will be no field measurements performed or samples collected during this study; therefore, this section is not applicable.

2.4. Analytical Methods

There will be no environmental samples collected during this study; therefore, the only analytical methods applicable to the
project are the modeling methods discussed in Section 2.1.

2.5. Quality Control

Dewberry’s Quality Management System (QMS), is scalable and flexible. The Project’s Programmatic Advisor and QA/QC
Manager has carefully evaluated each QMS requirement and selectively applied and scaled the quality management control to
address the needs of the Project’s stakeholders and the services and products provided. Table 3 outlines Dewberry’s ten (10)
QMS Standards and how they will be implemented as part of the Lower North East Creek WMP. In addition, all data-related
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tasks being carried out as a part of this project follow guidelines described in the CBP Quality Manual
(https://www.chesapeakebay.net/documents/CBPO_Quality_Manual_Final_o8April2020.pdf) and are covered by the EPA
Region 3 approved DNR Quality Management Plan (valid through September 07, 2021).

Table 3: QMS Standards
QMS Standard

QMS Standard 1: A team skills and training assessment must be performed

QMS Standard 2: An appropriately scaled Knowledge Management System
(KMS) must be provided that enables easy access to controlling guidance
and standards

QMS Standard 3: Producers must use production checklists and must
provide completed production checklists to the independent QC reviewers.

QMS Standard 4: Produces must self-certify their work before independent
QC and before delivery to the client.

QMS Standard 5: QC Reviewers must not have been involved in production
of the item being reviewed and must be trained in QC review best practices.

QMS Standard 6: QC Checklists must be prescriptive and must provide
provisions for documentation of QC citation resolution.

QMS Standard 7: All QC citations must be fully resolved, and an escalation
protocol must be in place for contested citations.

QMS Standard 8: Quality records must be retained in the project file.

QMS Standard 9: Root Cause Analysis must be conducted for significant
issues.

QMS Standard 10: Lessons learned, and new best practices must be
documented and shared, and must be monitored for effectiveness.

How Applied

Performed during task scoping. Support for project
solicited from Dewberry's Owings Mills and Fairfax offices.

Each office is responsible for their own KMS which is
located on company server and accessible to all staff on

. the project.

See checklist example (Figure 4) and Appendix B.

Staff on project required to complete production checklist
and submit with deliverable for QC review.

See Table 1, Section 3.1, and Section 4.1

See checklist example (Figure 4) and Appendix B.

See Section 3.1 and Section 4.1

Quality records will be stored in the project file

Will be performed as necessary

Will be compiled and shared with the project team, Cecil
County, DNR, and Dewberry's Project Management
Community of Practice as appropriate

Jessica Seipp will serve as the QA/QC Manager. She is responsible for developing and maintaining the QAPP, ensuring the

plan is adopted and utilized by all team members during the project execution, and overseeing proper implementation of

quality reviews. She will provide advice and assistance to the Project Manager in developing and maintaining effective work

controls and will initiate follow-up corrective actions for quality-related issues, as described in Section 3.1 and 4.1. As an
example, we will develop a QA checklist for the H&H model (Appendix B). An experienced and independent QC modeler will
be assigned to utilize the checklist to ensure the model meets the quality requirements. Internal QA/QC of the various interim

and final deliverables will be performed by Dewberry subject matter experts.

2.6. Instrument/Equipment Testing, Inspection, and Maintenance

There will be no field measurements performed or samples collected during this study; therefore, this section is not applicable.

2.7. Instrument/Equipment Calibration and Frequency

There will be no field measurements performed or samples collected during this study; therefore, this section is not applicable.

# Dewberry
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2.8. Inspection/Acceptance of Supplies and Consumables

There will be no field measurements performed or samples collected during this study; therefore, this section is not applicable.

2.9. Non-direct Measurements

Data will be reviewed and extracted from GIS files, historical records, and climate change/sea level rise reports to build input
datasets for this study. A complete list of the data and data sources are provided in Section 1.6 — Table 3.

2.10. Data Management

Data associated with this study will be compiled and managed using one of two primary storage methods, depending on the
site of the model outputs. The primary option includes Dewberry’s proprietary services including daily, automatic backups
with the secondary option including public close providers (e.g. AWSS3), if necessary.
The data submitted will be accompanied by metadata that fully conforms to the Federal Geographic Data Committee’s
requirements for metadata (https://wwiw.fgde.goy/metadata). Data will be submitted in the following formats:
* Model input data — File geodatabase

 Landowner survey results — GIS shapefile
» Modeled flood extents — GIS shapefiles
» Modeled flood hazard data — GIS Raster files and shapefiles

It is anticipated that all data analysis will be conducted using latest version of publicly available USACE HEC HMS model
(4.7.1 as of the date of this QAPP) and/or USACE HEC RAS (5.0.7 as of the date of this QAPP), and ArcGIS 10.6.1.
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3. ASSESSMENTS AND OVERSIGHT
3.1. Assessments and Response Actions

All deliverables submitted during this project will be produced and reviewed against prescriptive checklists (Figure 4 and
Appendix B) as outlined in Section 4.1. Producers will self-certify the quality of their work before submitting for QC review.
Mathini Sreetharan or her designee will be responsible for independent QC review. She will coordinate her review and
comments with the Project Manager and QA/QC Manager. All QC comments will be fully resolved before finalization of
deliverables. She will escalate disputed comments to the QA/QC Manager who will further escalate comments to an
appropriate level of authority for a resolution, as necessary. A root cause analysis will be conducted for any significant issues
discovered during the QC review. All quality records will be retained in the project file. Dewberry will maintain regular
coordination with the Cecil County Project Manager throughout the project lifecycle so deliverable content and format are not
saved for County QC review. Any significant QC problems which arise during project execution, will also be include in a
detailed report submitted to Cecil County and DNR.

3.2. Reports to Management

Dewberry will submit monthly invoices and progress reports to Cecil County which will detail the work performed during each
billing cycle. Cecil County will use the monthly submittals from Dewberry to submit progress reports to the MDDNR Grant
Manager through the Chesapeake and Coastal Service (CCS) federal funding grants management portal. Each report will
document progress toward the achievement of the project’s goals, objectives, and milestones during each quarter and semi-
annual timeframe. A succinct description of activities will be reported for each objective. The reports will also describe
difficulties encountered for each activity, any changes in expected deliverable dates, budget changes, or changes in staffing.
Each report will also include an upload of all written deliverables developed during the reporting period.

Cecil County will submit the final report/work product(s) to the Grant Manager through the CSS federal funding grants
management portal. The final report will cover activities conducted over the entire project period. In addition to the final
report/work product(s), Dewberry will prepare and submit a one-page abstract suitable for distribution in newsletters, online,
ete.
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4. DATA VALIDATION AND USABILITY
4.1. Data Review, Verification, and Validation

Section 2.5 describes the methods Dewberry will use to conduct data review, verification, and validation using checklists as
shown in Figure 4 and included in Appendix B. Sections 2.10 and 3.1 discuss the methods Dewberry will use to accept, reject

and qualify all data produced during this project.

Report Production Checklist and Self-Certitication of Readiness for Independent Review
Job Mame Producer Dale

D |Tusk Comments Produnal:’:mlllrl
1
2
= — il
4
5
6
7
(]
. — —
0 |
A 1.
Self-Certification
| certity that | have used all avallable knowledge resources snd have to the best of my abllity ensured that the FIS repor resds well; is accurate;
Isin with the FIRM meets all and client i and is ready for Independent QC review. Profect Manager or Task Manager Dave

Figure 4: Example Production Checklist

4.2. Verification and Validation Methods

Dewberry will use landowner questionnaire responses, County GIS datasets, and other data sources to effectively calibrate
and/or validate model results with known historical events. Statistical analyses (R2, Index of agreement, RMSE, etc.) will be
performed to investigate and present the results of the calibration effort. These methods are established scientific protocols for
comparing model predictions with field observations and hence will provide a reliable basis for ensuring model accuracy.

4.3. Reconciliation with User Requirements

The purpose of this study is to quantify flood risk within the study area due to coastal, riverine and rainfall (pluvial) sources.
Dewberry will regularly and continuously coordinate with Cecil County to ensure that the requirements of the County and
obgligations to Community, Maryland DNR and USEPA stakeholders are met. When discrepancies arise, Dewberry will
communicate with the County and facilitate necessary coordination with other partners listed above to reconcile them within

the scope of work of the current project.
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APPENDIX A: LIST OF DATA AND SOURCES

i
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APPENDIX B: QC CHECKLIST

i Dewberry | Lower North East Creek WMP QAPP | Rev. #2 | Appendix B| B
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