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1 Introduction

Ecosystem Planning and Restoration (EPR) was contracted by the City of Fort Worth (City) to
analyze the cumulative impacts within the Whites Branch watershed by studying changes to
peak flood flows and runoff volumes over time due to changes in land use and valley storage
due to allowable encroachments within the floodplain. The purpose of these analyses is to
evaluate the cumulative impacts of development by evaluating the sensitivity that specific
hydrologic parameters have on peak flows within the watershed and downstream impacts to
flooding. This report documents the findings of the watershed study. Additionally, this
evaluation includes updating the current hydrologic and hydraulic models for Whites Branch,
developed in 2015, with more recent 2019 LiDAR and capture additional development that has
occurred since 2015.

The Whites Branch watershed is approximately 10.4 square miles and located in northwest Fort
Worth, Texas (Exhibit 1 — Project Location Map). The watershed has approximately 20.8 miles
of studied streams including Whites Branch main stem and nine (9) tributaries labeled WB-1,
WB-1A, WB-1B, WB-2, WB-3, WB-3A, WB-3B, WB-3C, and WB-3D. The watershed analyses are
based existing hydrologic and hydraulic models for the Whites Branch watershed provided by
the City. The following sections describe the analyses methodology.

2 Data Collection and Review

EPR provided the City with a list of data that would be useful for the watershed analyses. The
City provided the data as available. EPR also collected additional data through TNRIS, USGS and
USDA websites. A list of the data provided was reviewed, complied and sorted to determine
any data gaps. The list of data reviewed, and noted for use, for the watershed analyses is
provided in Appendix A.

3 Watershed Evaluation

The watershed evaluation consisted of developing a baseline conditions model to determine
predevelopment conditions within the watershed. This baseline historic modeling was used to
test the sensitivity of development, and associated hydrologic parameters, on peak flows, and
evaluate downstream impacts. Results from the sensitivity analyses were used to provide
feedback on the effectiveness of current City of Fort Worth development criteria and propose
potential revisions to the criteria as described in Section 6.

All models developed for the watershed evaluation follow the current City of Fort Worth iSWM
Criteria Manual. HEC-HMS version 4.2 was used for the hydrologic modeling to be consistent
with the existing Whites Branch hydrologic modeling. HEC-RAS version 5.0.7 was used for the
hydraulic analyses in the evaluation.
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3.1 Baseline Conditions Hydrologic Model

The baseline conditions modeling consisted of developing a pre-development hydrologic
model. Historic imagery and topographic data for the Whites Branch watershed was reviewed
to determine the year that had the best usable data to develop the baseline hydrologic and
hydraulic models. The USDA 1963 historical arial imagery was selected to determine baseline
land use, and the USGS 1955 Keller, Texas and Haltom City, Texas and 1959 Colleyville, Texas
guadrangle topographic maps were used to develop the baseline terrain. The existing Whites
Branch HEC-HMS hydrologic model was used as the base modeling schematic and modified to
reflect the historic conditions of the watershed. The sub-basin delineation, routing reaches, and
paired data naming conventions were preserved for comparison purposes with the sensitivity
analyses modeling and revised existing condition modeling. The 50%, 10%, 40%, 2%, 1%, and
0.2% ACE frequencies were evaluated for comparison purposes. The existing Whites Branch
hydrologic model meteorologic models and annual duration curves for each frequency event
were used for all modeled scenarios. Modified hydrologic parameters calculated for the
baseline historic model are provided in Appendix B.

3.1.1 Historic Terrain

The historic USGS topographic maps were used to delineate the historic sub-basin delineations
for the Whites Branch watershed. The Whites Branch watershed is subdivided into of 62 sub-
basins. The existing sub-basin delineation provided by the City was used as a base and modified
to reflect the historic topographic conditions as shown on Exhibit 2 — Historic Watershed
Delineation. Exhibit 3 — Historic and Revised Existing Watershed Delineation Comparison shows
a comparison between the historic sub-basins and the revised existing sub-basins. The sub-
basin naming convention was preserved from the current existing delineation for comparison
purposes. Existing major roadways are included on the historic figures for location refence.

The SCS method for determining Lag time is used in the existing hydrology model for the
watershed and was also used for the baseline historic modeling. Time of concentration (Tc) flow
paths for each sub-basin were drawn to reflect the historic flow paths based on the historic
USGS topographic maps as shown on Exhibit 2 - Historic Watershed Delineation. When
appropriate, the outfall location of each sub-basin was preserved from the current delineation
for comparison purposes.

3.1.2 Historic Land Use

The Whites Branch watershed was predominately agricultural lands for grazing, and some row
crops in the 1950’s and 1960’s. The land use and percent imperviousness were digitized as GIS
shapefiles based on the USDA 1963 historical arial imagery for the watershed. Exhibit 3 —
Historic Land Use and % Impervious Cover, shows the historic land use and percent
imperviousness for the watershed.

CN values were estimated using the historic land use and hydrologic soil groups within the
watershed for each sub-basin. Percent imperiousness was calculated for each sub-basin using
the weighted values based on land use.
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3.1.3 Historic Modified Puls Routing

Modified Puls routing reaches rating tables were developed using the existing Whites Branch
hydraulic models provided by the City of Fort Worth for Whites Branch main stem and the nine
(9) tributaries. The existing HEC-RAS models contained a Modified Puls plan and steady flow file
that were used to develop the existing hydrologic model routing reach rating tables. The
existing hydraulic models were modified to reflect historic stream conditions and develop the
historic Modified Puls rating tables for use in the HEC-HMS model paired data. Routing reach
labels were preserved from the current existing conditions hydrologic model for White Branch
for comparison purposes. Rating table plots for the baseline historic routing reaches are
provided in Appendix C.

Details about the development of the baseline historic Hydraulic models are provided in Section
3.2.

3.1.4 Lag Routing

One routing reach, labeled R_WB3_020, within the Whites Branch watershed was modeled
using Lag time in the current hydrologic model. Lag time was estimated for the historic
condition for this reach.

3.1.5 Baseline Historic Hydrologic Model Results
Results of the baseline historic hydrologic model are provided in Appendix D. The results are
used as a base comparison for the sensitivity analyses described in Section 3.3.

3.2 Baseline Conditions Hydraulic Models

The existing conditions HEC-RAS hydraulic models for Whites Branch main stem, and the
tributaries WB-1, WB-1A, WB-1B, WB-2, WB-3, WB-3A, WB-3B, WB-3C, and WB-3D, were used
as the base models for developing the baseline historic hydraulic models. The HEC-RAS models
were modified to reflect the historic terrain using HEC-RAS version 5.0.7. A historic surface was
developed using ArcMap tools and imported as a terrain into RASMapper.

Cross-section geometries were modified to reflect the historic terrain. Streamline alignments
and reach lengths were modified to reflect historic stream alignments. Cross-sections
alignments were adjusted to be perpendicular to the historic contours. River stationing was
preserved from the current hydraulic models for comparison purposes. Manning’s n-values
were selected to reflect the historic roughness based on the historic aerial photography.

Structures such as bridges, culverts and lateral weirs, were removed from the historic model to
reflect historic stream conditions. While some small culverts may have existed historically,
information about historic structures is not available nor reflected in the available historic
topographic data.

As stated in Section 3.1.3, the historic hydraulic models were used to develop the Modified Puls
rating tables for the baseline historic hydrology model. The 50%, 10%, 40%, 2%, 1%, and 0.2%
ACE frequencies were evaluated for comparison purposes to the sensitivity analyses described
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in Section 3.3. Additionally, the historic floodplain extents were mapped using RASMapper tools
as shown on Exhibits 5 and 6 — Historic Floodplains. The historic 100-year floodplain is also
compared to the Revised Existing 100-year floodplain as shown on Exhibit 7 — Revised Existing
and Historic Floodplain Comparison.

3.3 Sensitivity Analyses

Sensitivity analyses were conducted on various hydrologic variables to determine the impact on
peak flows and downstream impact to flooding when compared to the base historic hydrologic
model. The sensitivity analyses evaluated hydrologic model parameters in terms of percent
change in peak flows at the sub-basin level, and peak flows at downstream at junction points.
The variables evaluated include:

e Land use and impervious cover

e Sub-basin area delineation and time of concentration
e Valley storage

e Detention/retention volume

3.3.1 Land Use and Impervious Cover

Urbanization in metropolitan areas leads to land use changes with increased impervious cover
that affects the infiltration and runoff relationships. These two variables were evaluated
together. The sensitivity analyses included changing the baseline historic hydrologic model
percent imperviousness to the revised existing hydrologic modeling ultimate conditions value. A
summary of sub-basin parameters is provided in Appendix E.

It was noted that there appears to be a predicable relationship between the change in
discharge volume, change in percent impervious cover and the percent change in peak flows.
This relationship was used to develop the detention storage-discharge rating curves used in the
detention sensitivity analyses and further described in Section 3.3.4.

Results of the sensitivity analysis are provided in Appendix F, Table F1 for the 50%, 10%, 40%,
2%, 1%, and 0.2% ACE frequencies, respectively. Figure 1 shows the percent change in peak
flows for each sub-basin and junctions compared to the base historic hydrologic model results
for all modeled return frequencies.

The results show that impacts to peak flows are more significant with more frequents storm
events and impacts are less significant with less frequent storm events.
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Figure 1. Percent Change in Peak Flow due to Ultimate Land Use and % Impervious Cover
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3.3.2 Sub-basin Area Delineation and Time of Concentration

As watersheds develop, drainage areas are sometimes modified due to major roadway
construction, railroads, and/or storm drain systems. Additionally, sub-basins may be further
divided to account for localized drainage patterns within a development. Factors that influence
time of concentration flow paths, including ground cover, length and piping, affect the response
time of the sub-basin. The sensitivity analyses included changing the baseline historic
hydrologic model sub-basin areas and lag times to the revised existing condition ultimate
conditions values. A summary of sub-basin parameters is provided in Appendix E.

Results of the sensitivity analysis are provided in Appendix F, Table F2 for the 50%, 10%, 40%,
2%, 1%, and 0.2% ACE frequencies, respectively. Figure 2 shows the percent change in peak
flows for each sub-basin versus percent change in drainage area. The percent change is a
comparison between the revised existing ultimate conditions and the baseline historic
hydrologic model results for all modeled return frequencies.

The results show that the impact to peak flows is relatively consistent for all storm frequencies
within each sub-basin. Generally, a reduction in peak flows is observed with a reduction in
drainage area up to -4%, and an increase in peak flows is observed for increases in drainage
area.
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Figure 2. Percent Change in Peak Flow due to Percent Change in Drainage Area and Time of Concentration
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3.3.3 Valley Storage

Valley storage accounts for the floodplain storage within a channel and its overbank areas and
impacts modeling results by attenuating the floodwave. Valley storage can be either
overestimated or underestimated in hydrologic modeling depending on the storage routing
method that is used and often valley storage is not accounted for at all in modeling. Valley
storge in waterways can be accounted for within the watershed using Modified Pul routing. The
sensitivity analyses included reducing the storage of the baseline historic Modified Puls rating
tables by 10%, 20%, 30%, 40% and 50% and then modifying the base historic hydrologic model
paired data for each of the storage reduction scenarios.

The Modified Puls rating tables for the baseline historic model, the valley storge sensitivity
models, and the revised existing conditions model for each routing reach are provide
graphically in Appendix C to show a comparison between each of the modeled scenarios. . It
was noted that the revised existing condition valley storge was generally less than 50% or less
than the baseline historic valley storage, therefore the sensitivity analyses did not include
reductions more than 50% for the purposes of this evaluation.

Results of the sensitivity analysis are provided in Appendix F, Tables F3 through F8 for the 50%,
10%, 40%, 2%, 1%, and 0.2% ACE frequencies, respectively. Figures 3 through 7 show the
percent change in peak flows at junctions compared to the baseline historic hydrologic model
results for all modeled return frequencies.

Figure 3. Percent Change in Peak Flow due to 10% Reduction in Valley Storage
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Figure 4. Percent Change in Peak Flow due to 20% Reduction in Valley Storage
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Figure 5. Percent Change in Peak Flow due to 30% Reduction in Valley Storage
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Figure 6. Percent Change in Peak Flow due to 40% Reduction in Valley Storage
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Figure 7. Percent Change in Peak Flow due to %50 Reduction in Valley Storage
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The results indicate that reducing valley storage impacts the 50% ACE frequency event (2-yr)
much more than the less frequent events, with peak flows exponentially increasing with
increased reductions in valley storage and increases in the contributing drainage area. Typically,
the 50% ACE is near channel forming discharge and reduction in valley storage can trigger
channel incision due to erosive velocities and shear stresses within the channel. The results also
indicate that the peak flows increase nearly proportionally for the less frequent storm events as
the contributing drainage area increases and the percent of valley storage decreases.

3.3.4 Detention

The cumulative effect of detention within a watershed affects runoff volume and peak flow
rates. The sensitivity analyses included modifying the revised existing ultimate conditions land
use and percent impervious sensitivity model by adding detention using reservoir elements in
HEC-HMS for each sub-basin. As noted in Section 3.3.1, there appears to be a predicable
relationship between the change in discharge volume, change in percent impervious cover and
the percent change in peak flows. The relationship varies with storm frequency. Figures 8
through 13 show this relationship by plotting percent change in discharge volume for sub-
basins on the primary y-axis, percent change in peak flow on the secondary y-axis, and change
in percent impervious cover on the x-axis for reach storm frequency. When the data are
grouped by CN values, a break-point in the data indicated a relationship for sub-basins with CN
values less than 77 and for those with CN values greater than 77.

Figure 8. Percent Change in Peak Flow and Discharge Volume vs Percent Change in
Impervious Cover for the 50% ACE
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Figure 9. Pervious Change in Peak Flow and Discharge Volume vs Percent Change in
Impervious Cover for the 10% ACE
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Figure 10. Percent Change in Peak Flow and Discharge Volume vs Percent Change in
Impervious Cover for the 25% ACE
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Figure 11. Percent Change in Peak Flow and Discharge Volume vs Percent Change Impervious
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Figure 12. Percent Change in Peak Flow and Discharge Volume vs Percent Change in Impervious Cover

for the 1% ACE
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Figure 13. Percent Change in Peak Flow and Discharge Volume vs Percent Change in
Impervious Cover for the 0.2% ACE
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The regression equations from these relationship curves were used to develop the detention
storage-discharge and rating tables used for the sensitivity analyses. The equations were
applied under the premise that using these relationships, it may be possible to estimate the
required detention to mitigate peak flow impacts on a watershed scale.

Tables 1 and 2 list the equations were used to develop the detention storage-discharge rating
tables for each sub-basin.

Table 1 — Storage- Discharge Regression Equations for CN values less than 77

Return Period Storage Volume (AC-FT) R? Flow (CFS) R?
2-YR 0.0019x + 0.4239 0.70 0.0071x+ 0.5791 0.49
10-YR 0.0021x + 0.2434 0.80 0.0036x + 0.2099 0.64
25-YR 0.0021x + 0.1933 0.82 0.0027x + 0.1508 0.64
50-YR 0.002x + 0.157 0.85 0.0021x+0.1171 0.65

100-YR 0.0019x + 0.1341 0.84 0.0017x + 0.0937 0.64
500-YR 0.0015x + 0.0884 0.86 0.001x + 0.0508 0.65
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Table 2 — Storage- Discharge Regression Equations for CN values greater than 77
Return Period Storage Volume (AC-FT) R? Flow (CFS) R?
2-YR 0.004x + 0.1728 0.92 0.0088x + 0.0232 0.96
10-YR 0.0033x + 0.0807 0.95 0.004x + 0.0106 0.97
25-YR 0.0029x + 0.0597 0.97 0.0029x + 0.0084 0.96
50-YR 0.0026x + 0.0448 0.97 0.0022x + 0.0068 0.96
100-YR 0.0024x + 0.0359 0.97 0.0018x + 0.0055 0.96
500-YR 0.0018x + 0.0195 0.98 0.001x + 0.0032 0.96

The R? values indicate a strong relationship for sub-basins with CN values greater than 77 for all
storm events. The R? values indicate further evaluation of sub-basins with CN values less than
77 may improve the estimate of required storage volume and flow releases particularly for
more frequent storm events. Rating tables for paired data in HEC-HMS for each reservoir
element are provided in Appendix G.

Results of the sensitivity analysis are provided in Appendix F, Tables F9 for the 50%, 10%, 40%,
2%, 1%, and 0.2% ACE frequencies, respectively. Figures 14 and 15 show the percent change in
peak flows at sub-basins only and at junctions only, respectively, compared to the baseline
historic hydrologic model results for all modeled return frequencies.

The results indicate that the predicted detention required to mitigate the change in land use
and percent impervious cover using the developed formulas generally mitigate peak flows at
the sub-basin level for all frequency storm events with some outliers. Additionally, the results
indicate that the predicted detention required to mitigate peak flows generally mitigate peak
flows at junctions for all frequency storm events, except for the 0.5 ACE storm frequency.
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Figure 14. Percent Change in Peak Flow due to Ultimate Land Use and Percent Impervious Cover with Detention (Sub-basins Only)
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Figure 15. Percent Change in Peak Flow due to Ultimate Land Use and Percent Impervious Cover with Detention (Junctions Only)
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There appears to be a threshold limit with drainage areas greater than approximately 7 mi? for
all frequency storm events. Further investigation into the relationships between the change in
discharge volume, change in percent impervious cover and the percent change in peak flows
could improve the predictions. Overall, the sensitivity analyses demonstrates that detention
within the watershed mitigates increases in peak flow due to development at a sub-basin level,
and downstream at junctions, for the modeled frequency storm events. However, the analyses
indicates that detention increases peak flows at junctions for the 50% ACE storm, with
increasing impacts as the drainage area increases.

3.4 Response Matrix

A response matrix was developed to summarize the results of the sensitivity analyses and is
included Appendix H. Results of the sensitivity analyses indicate that the more frequent storm
events are more sensitive to development at the sub-basin level, and downstream at junction
locations. Changes in land use and increases in percent impervious cover cause the greatest
downstream impacts and increases to peak flows. Loss of valley storage also has a significant
impact of downstream peak flows.

Additionally, detention is effective at mitigating peak flows at the sub-basin level. However,
detention does not appear to effectively mitigate downstream impacts at junctions for more
frequent storm events.

4 Revised Existing Watershed Condition Modeling

The current Whites Branch hydrologic and hydraulic models were revised to incorporate
additional development that has occurred since 2015 and updated with the latest available
LiDAR topographic data. The following sections describe the revisions to the hydrologic and
hydraulic models.

4.1 Revised Existing Conditions Hydrologic Model

4.1.1 Land Use and Percent Impervious Cover

The land use and percent impervious cover GIS datasets provided by the City were reviewed
and compared against current aerial photography for the Whites Branch watershed. Areas of
new development were identified, and the land use and percent impervious cover were revised
for the affected sub-basin as shown on Exhibit 8 — Revised Existing Percent Imperviousness. The
affected sub-basin and resulting changes in percent imperviousness listed in Table 3.
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Table 3 — Revised Existing Conditions, Sub-basins Precent Impervious Values
HMS Basin Name Existing Model Existing Model Revised % Impervious
CN % Impervious
B_WB1A_020 80 41 58
B_WB1_010 80 9 22
B_WB1_015 80 14 28
B_WB1_030 80 61 65
B_WHT_010 79.9 58 62
B_WHT_040 80 15 41
B_WHT_055 80 43 48
B_WHT_130 74.9 51 53

Revised hydraulic parameter calculations are provided in Appendix I.

4.1.2 Detention Basins

The existing condition HEC-HMS hydrologic model for Whites Branch includes some detention
areas modeled as reservoirs. A review of current aerial photography and topographic data was
conducted to identify significant detention facilities within the Whites Branch watershed. A GIS
shapefile was created to mark detention area locations. These locations were compared to the
existing condition HEC-HMS model and areas that were not included in the model were noted.

Additionally, some detention facilities are located within stream corridors and storage in these
facilities are accounted for in the cross-section geometry. The existing condition HEC-RAS
hydraulic models were reviewed to identify which inline detention facilities are accounted for in
the hydraulic models, and hence Modified Puls routing.

Detention facilities that were not included in the existing hydrologic or hydraulic models were
incorporated into the revised hydrologic model. Reservoir storage-discharge and storage
elevation tables were developed using LiDAR contours to estimate the available storage within
the facility. Exhibit 9 — Revised Existing - Detention within Watershed shows the locations of the
detention facilities previously accounted for in the existing condition HEC-HMS model, facilities
accounted for in the hydraulic model routing reaches, and facilities that were added to the
revised existing conditions HEC-HMS model. Rating tables for the added facilities are provided
in Appendix J.

4.1.3 Modified Puls Routing

The Modified Puls routing paired data were revised by incorporating more recent 2019 LiDAR
topographic data into the existing conditions HEC-RAS hydraulic models used to develop the
rating tables. The paired data for the existing conditions HEC-HMS model is linked to DSS files
created for each routing reach using HEC-RAS. The DSS files were exported from HEC-RAS and
linked to the corresponding storage-volume paired data. Details on the revisions to the existing
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conditions HEC-RAS hydraulic models for the Whites Branch watershed are provided in Section
4.2. Rating tables for the revised existing conditions are provided in Appendix C.

4.2 Revised Existing Conditions Hydraulic Models

4.2.1 Cross-section Geometry

The existing conditions HEC-RAS hydraulic models for Whites Branch main stem, and nine (9)
tributaries labeled WB-1, WB-1A, WB-1B, WB-2, WB-3, WB-3A, WB-3B, WB-3C, and WB-3D,
were revised using more recent 2019 LiDAR in the overbank areas where there was significant
difference in the 2015 terrain and the 2019 LiDAR. These areas include locations where new
development has occurred as reflected in the newer LIDAR and confirmed with aerial
photography. Impacted reaches and cross-sections are listed in Table 4.

Table 4 — Revied Existing Conditions HEC-RAS Cross-sections Revisions

HEC-RAS Model Updated Cross Sections
WB-1 15059 ROB, 15005 LOB & ROB, 6899 LOB
WB-1A 1034 LOB
WB-3 16335, 16190, 8223, 7877, 7735 (ALL LOB)
Whites Main 42344 1L0OB & ROB, 31827 LOB, 31711 LOB

HEC-RAS cross-section plots for Whites Branch main stem and the nine (9) tributaries are
provided in Appendix K.

4.2.2 Flow Rates

HEC-RAS flow rates were revised based on the revised existing conditions hydrologic model
results. The reaches revised include WB-1 WB-1A, WB-3, and Whites Branch main stem. Revised
flow data tables for the affected hydraulic modes are included in Appendix L.

4.3 Comparison of Results

The results of the revised existing condition hydrologic modeling results are provided in
Appendix M and are compared to the 2015 hydrologic model peak flows for sub-basins and at
junctions. The results show minor changes to peak flows at some locations, but no significant
changes.

The results of revised existing conditions hydraulic modeling results for each hydraulic model
are provided in Appendix N and are compared to the 2015 hydraulic model 100-year water
surface elevations. The results show minor changes in 100-year water surface elevations at
some location. Exhibit 10 — Revised Existing Floodplain Comparison shows the revised
floodplain mapping overlain with the existing floodplain mapping.
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5 Impact Analysis

The results of the watershed analysis were used to identify stream reaches where valley
storage has been significantly reduced due to channelization or piping of open channels. The
results are compared to the baseline historic conditions streamlines and floodplain as shown on
Exhibit 11 — Impact Analysis. Additionally, flooding incident reports data and channel erosion
potential mapping, provided by the City, were overlain on the impact analysis results to
determine the correlation, if any, with flooding incidents or areas or erosion risk.

Four (4) assessment areas were identified and labeled 1 through 4 as shown on Exhibit 11 -
Impact Analyses. They include a portion of Whites Branch main stem, WB-1A, WB-2, and WB-
3D.

5.1 Assessment Area 1

Assessment Area 1 is located along Whites Branch main, stem east of Old Denton Road and
extends from just south of Heritage Trace Parkway to Shiver Road. In 1963 this portion of
Whites Branch main stem had been altered by agricultural uses. Whites Branch main stem
flowed south along the east side of Old Denton Road, close to its current alignment, but was
not confined. Old Denton Road was not a major roadway at the time and floodwaters were able
to expand east into the crop land. Whites Branch main stem has since been channelized and is
confined by an improved Old Denton Road to the west, and residential areas to the east as
shown in Figure 16.

The impact of this channelization includes a 40% to 50% reduction in valley storage as shown in
Figure 17. Figure 17 is a plot of the baseline historic conditions storage discharge rating curve
(shown in green) against the revised existing conditions (shown as a red dashed line), and the
valley storage sensitivity model runs, for this reach of Whites Branch main stem. The plot shows
how valley storage has been reduced overtime. Table 5 lists the range of flows for the 50%,
10%, 40%, 2%, 1%, and 0.2% ACE frequencies historically and currently for this reach.

Table 5 — Assessment Area 1, Range of Flows

Storm Event Baseline Historic Flows (cfs) Revised Existing Flows (cfs)
5% ACE 357 604
10% ACE 756 986
4% ACE 997 1212
2% ACE 1201 1381
1% ACE 1423 1567

02% ACE 2139 2060
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Figure 16. Assessment Area 1, 1963 vs 2021 Aerial Comparison

Figure 17. Assessment Area 1, Valley Storage-Discharge Rating Curve
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Table 6 compares peak flows immediately downstream of the channelized reach at Junction
J_WHT _050. The results demonstrate the immediate increase to peak flows due to reduction in
valley storage for the 5% ACE, while the less frequent events do not see increases in peak flow
immediately downstream.

Table 6 — Assessment Area 1, Downstream Impacts to Peak Flows (J_WHT_050)

Storm Baseline Historic Flows (cfs) Revised Existing Flows (cfs) %Change
Event
5% ACE 560 679.6 21%
10% ACE 1183.2 1129.5 -5%
4% ACE 1557.5 1397.2 -10%
2% ACE 1873.1 1601.4 -15%
1% ACE 2205.6 1829.2 -17%
0.2% ACE 33984 2402.7 -29%

5.2 Assessment Area 2

Assessment Area 2 is located along tributary WB-1A and extends approximately 520-feet
upstream of Heritage Trace Parkway to just downstream of Beach Street. In 1963 this portion of
WB-1A was an open channel swale flow through pasturelands. Heritage Trace Parkway was not
yet constructed, and Beach Street was not a major roadway. WB-1A has been channelized
upstream of Heritage Trace Parkway and piped through a commercial center downstream of
Heritage Trace Parkway. The stream daylights approximately 330-ft upstream of Beach Street as
shown in Figure 18.

The impact of this channelization and piping includes a 30% to 40% reduction in valley storage
as shown in Figure 19. Figure 19 is a plot of the baseline historic conditions storage discharge
rating curve against the revised existing conditions (shown as a red dashed line), and the valley
storage sensitivity model runs, for this reach of WB-1A. The plot shows how valley storage has
been reduced overtime up to a flow rate of 1,200 cfs. At approximately 1,200 cfs the capacity of
the storm pipe is exceeded, and overland flow begins, and the valley storage dramatically
increases for the revised existing condition at this point as floodwaters access overland flow
paths. Table 7 lists the range of flows for the 50%, 10%, 40%, 2%, 1%, and 0.2% ACE frequencies
historically and currently for this reach.

Table 7 — Assessment Area 2, Range of Flows

Storm Event Baseline Historic Flows (cfs) Revised Existing Flows (cfs)
5% ACE 162 420
10% ACE 372 682
4% ACE 497 835
2% ACE 604 959
1% ACE 716 1091

0.2% ACE 1131 1587
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Figure 18. Assessment Area 2, 1963 vs 2021 Aerial Comparison
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Table 8 compares peak flows immediately downstream of the channelized reach at Junction
J WB1A_015. The results demonstrate immediate increases to peak flows due to reduction in
valley storage for all storm frequencies, and most significantly with the 5% ACE.

Table 8 — Assessment Area 2, Downstream Impacts to Peak Flows (J_WB1A_015)

Storm Baseline Historic Flows (cfs) Revised Existing Flows (cfs) %Change

Event

5% ACE 204 507 149%
10% ACE 461 818 77%
4% ACE 615 997 62%

2% ACE 743 1144 54%

1% ACE 881 1292 47%
0.2% ACE 1378 1762 28%

5.3 Assessment Area 3
Assessment Area 3 is located along tributary WB-2 and extends from Shiver Road to Tarrant

Parkway. In 1963 this portion of WB-2 flowed through pasturelands. An inline stock tank was
located at approximately 1,100-ft downstream of Shiver Road along the historic stream
alignment. Shiver Road and Tarrant Parkway were not yet constructed. WB-2 has been
channelized and the alignment altered through a residential neighborhood as shown in Figure

20.

The impact of this channelization includes a 50% to 60% reduction in valley storage as shown in
Figure 20. Figure 20 is a plot of the baseline historic conditions storage discharge rating curve
against the revised existing conditions (shown as a red dashed line), and the valley storage
sensitivity model runs, for this reach of WB-2. The plot shows how valley storage has been
reduced overtime. Table 9 lists the range of flows for the 50%, 10%, 40%, 2%, 1%, and 0.2% ACE

frequencies historically and currently for this reach.

Table 9 — Assessment Area 3, Range of Flows

Storm Event Baseline Historic Flows (cfs) Revised Existing Flows (cfs)
5% ACE 241 363
10% ACE 571 703
4% ACE 770 903
2% ACE 938 1061
1% ACE 1117 1239

0.2% ACE 2013 2312
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Figure 20. Assessment Area 3, 1963 vs 2021 Aerial Comparison
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Table 10 compares peak flows immediately downstream of the channelized reach at Junction
J WB2_040. The results demonstrate immediate increases to peak flows due to reduction in
valley storage for the 5% through 1% ACE storm frequencies, and most significantly with the 5%
ACE. The 0.2% ACE shows a slight reduction.

Table 10 — Assessment Area 3, Downstream Impacts to Peak Flows (J_WB2_040)

Storm Baseline Historic Flows (cfs) Revised Existing Flows (cfs) %Change

Event

5% ACE 287 467 63%
10% ACE 688 839 22%
4% ACE 934 1089 17%

2% ACE 1142 1290 13%

1% ACE 1367 1515 11%
0.2% ACE 2192 2056 -6%

5.4 Assessment Area 4

Assessment Area 4 is located along tributary WB-3D and extends approximately 1,000-ft
upstream of Ridge Lake Drive to 380-ft downstream of Ridge Lake Drive. In 1963 this portion of
WB-3D flowed through cultivated lands and maintained. WB-3D has been channelized and the
alignment altered through a residential neighborhood as shown in Figure 22.

The impact of this channelization includes a 20% to 30% reduction in valley storage as shown in
Figure 23. Figure 23 is a plot of the baseline historic conditions storage discharge rating curve
against the revised existing conditions (shown as a red dashed line), and the valley storage
sensitivity model runs, for this reach of WB-3D. The plot shows how valley storage has been
reduced overtime. Table 11 lists the range of flows for the 50%, 10%, 40%, 2%, 1%, and 0.2%
ACE frequencies historically and currently for this reach.

Table 11 — Assessment Area 4, Range of Flows

Storm Event Baseline Historic Flows (cfs) Revised Existing Flows (cfs)
5% ACE 48 125
10% ACE 101 186
4% ACE 132 222
2% ACE 156 250
1% ACE 280 472

0.2% ACE 270 401
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Figure 22. Assessment Area 4, 1963 vs 2021 Aerial Comparison
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Table 12 compares peak flows immediately downstream of the channelized reach at Junction
J_WB3D_020. The results demonstrate immediate increases to peak flows due to reduction in
valley storage and residential development for all storm frequencies, and most significantly
with the 5% ACE.

Table 12 — Assessment Area 4, Downstream Impacts to Peak Flows (J_WB3D_020)

Storm Baseline Historic Flows (cfs) Revised Existing Flows (cfs) %Change

Event

5% ACE 125 256 105%
10% ACE 257 417 62%

4% ACE 402 585 45%

2% ACE 473 664 40%

1% ACE 473 664 40%
0.2% ACE 1063 1620 52%

6 Significance of Impacts Evaluation & Recommendations

Evaluation of the four assessment areas demonstrates that loss of valley storage does create
significant impacts to peak flows downstream of the assessment areas, and particularly with
more frequent storm events. This observation was further confirmed with the valley storage
sensitivity analyses. Table 14 summarizes the assessment area evaluation. All the assessment
reaches included valley storage loss of 20% or greater.

There are no incident reports or high-risk erosion potential locations that correlate with the
assessment areas. Erosion potential is moderate to low for all four locations.

For the purposes of this study, a high-level literature review of research on the impacts of
urbanization on water quality was performed. Using the results of the research reviewed and
best professional judgement, a high-level water quality rating was developed based on the
percent imperviousness of the upstream contributing watershed. This ratings for water quality
were qualitative using the criteria listed in Table 13.

Table 13 — Water Quality Rating

Percent Impervious Cover Water Quality Rating
0-11 Good
12-32 Good to Fair
33-50 Fair
51-71 Fair to Poor
72-100 Poor

The current City of Fort Worth iSWM design criteria do not include evaluation or mitigation of
valley storge loss due to development. It is recommended that valley storage impact analyses
for a range of storm events be included in future version of the design criteria. Proposed
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criteria could include a maximum limit to valley storage loss, potentially based on drainage
area. Further evaluation is required to establish what those limits and thresholds should be.

Additionally, the land use and impervious cover sensitivity analyses revealed a potential
relationship between the change in discharge volume, change in percent impervious cover and
the percent change in peak flows. The preliminary regression equations of these relati