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I. INTRODUCTION
Since early 2014, the USACE Fort Worth District has been participating in a nationwide USACE effort
known as CWMS (Corps Water Management System) Implementation. This effort includes developing
basin-wide models to assist USACE water managers with decision making during flood events. Some of
the models being developed include HEC-HMS, HEC-ResSim, HEC-RAS, and HEC-FIA. These models are
developed separately and later implemented into a single interface that allows water managers to
obtain observed and forecasted precipitation and estimate lake level, potential economic damages, and
potential risk to human lives.

Since the CWMS implementation effort was initiated, numerous conversations between the USACE and
other water resources agencies have taken place to find ways to partner and best utilize the models that
have been developed. In early 2015 the Fort Worth District completed the CWMS implementation
effort for the Guadalupe River Basin. More information on the CWMS model development is given in
the final report for the Guadalupe River Basin (USACE, 2014).

Shortly after that, the devastating flood events of May 2015 occurred. During the flood, the Guadalupe
CWMS HEC-HMS and HEC-RAS models were used to forecast pool elevations at Canyon Dam and to
estimate flood inundation on the Guadalupe River downstream of the dam. The Blanco River
experienced some of the most severe flooding as a result of this storm. As part of the flood recovery
effort, the CWMS HEC-HMS model for the Guadalupe River Basin was utilized to develop new flood
frequency estimates for the Blanco River.

STUDY AREA

The study area is the Blanco River Basin. The Blanco River basin includes approximately 436 square miles
above the confluence with the San Marcos River near San Marcos, Texas. The watershed intersects
Kendall, Blanco, Hays, and Comal County. The watershed is approximately 50 miles long and 9 miles
wide and flows from West to East. A figure showing the Blanco River Basin is below.
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Figure 1 — Blanco River Basin Map

The CWMS model for the Guadalupe River Basin included the Guadalupe River drainage area above
Victoria, TX. This model contained significantly more drainage area than was necessary to develop flow
frequency estimates for the Blanco River. For this reason the model was trimmed of the unnecessary
elements. The final HEC-HMS subbasin map for the Blanco River basin is shown below.
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Figure 2 — Blanco River HMS Schematic



II. DATA AND METHODOLOGY

MODELING METHODS

The Blanco River HMS model contains 6 subbasins totaling about 436 square miles. The subbasins were
delineated using the HEC-GeoHMS program and utilized 30 meter National Elevation Dataset (NED)
terrain data. The Blanco River HMS model uses the following methods.

Losses — Initial and Constant
Transform — Snyder Unit Hydrograph
Baseflow — Recession

Routing — Modified Puls
Computation Interval — 15 minutes

INITIAL PARAMETERS
A list of model parameters as well as the source of for the initial estimates is given below.

Initial Deficit, Maximum Deficit, and Constant Loss Rate — The USACE Fort Worth District
equations for losses in the NUDALLAS program were used. These equations utilize estimates of
percent sand in the soil to develop initial deficit and constant loss rates. The 25-YR losses were
used as a starting point. The loss method was later converted from “Deficit and Constant” to
“Initial and Constant” for this analysis. Percent sand estimates were obtained from NRCS
SSURGO data.

Impervious Percentage — The % impervious values were developed based on the 2006 National
Land Cover Dataset (NLCD) percent developed impervious dataset.

Snyder Transform Parameters — The time to peak and peaking coefficients were developed
from the USACE Fort Worth District urban curves based on watershed characteristics extracted
from HEC-GeoHMS as well as percent sand values taken from NRCS SSURGO data.

Baseflow Parameters — Initial baseflow parameters were taken from the existing USACE HEC-1
Guadalupe River Forecasting Model.

Routing (Modified Puls) — Modified-Puls routing data was extracted from the Blanco river HEC-
RAS model (dated Dec 2012) from the Lower Guadalupe River Feasibility Study performed by
Halff Associates. The Guadalupe CWMS implementation effort began Dec. 2013.

CALIBRATION

Following the initial parameter estimates, simulations were made using NEXRAD precipitation data
obtained from the West Gulf River Forecast Center. The model parameters were adjusted to improve
the models ability to simulate historical events. The initial deficit, constant loss rate, and lag times were
adjusted during calibration. The peaking coefficients, baseflow parameters, and routing parameters
were not adjusted between events.

Overall the model appears to simulate historical events reasonably well. The peak flows for the 2002
event was the exception to this. It can be observed however that the timing and shape of the
hydrographs are represented well. It is likely additional refinement of the initial and constant losses



would improve the relationship between the simulated and observed hydrographs. It would also be
worth comparing the NEXRAD precipitation to surrounding gages. The resulting hydrograph
comparisons can be seen below. Where figures for the Kyle gage do not exist, the USGS was not
recording data for that event.
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Figure 3 - 1998 Hydrograph Results for Blanco at Wimberley Gage

2002 CALIBRATION RESULTS
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Figure 4 - 2002 Hydrograph Results for Blanco at Wimberley Gage
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Figure 5 - 2002 Hydrograph Results for Blanco nr Kyle Gage

2004 CALIBRATION RESULTS
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Figure 6 - 2004 Hydrograph Results for Blanco at Wimberley Gage
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Figure 7 - 2004 Hydrograph Results for Blanco nr Kyle Gage

FINAL PARAMETERS

After the initial parameter estimates were made and the calibration process was completed, final
parameters were established. The final lag times were developed by averaging the lag times from the
calibration events. The losses were developed using the USACE Fort Worth District Method for
determining losses based on percent sand. This method produces a different set of loss rates for each
storm frequency. The initial and constant losses for the 2-YR through 50-YR were increased uniformly
through the watershed for each given frequency in order to have a better correlation with the most
current frequency curve estimated from the USGS gage record (Asquith, 2015). This was done because
of the increased confidence level in the frequency curve, particularly for the more common recurrence
intervals (2-10-YR). The 25- and 50-YR losses were adjusted to create a smooth transition between the
100-YR to the 10-YR values. The final relationship between the Blanco River HMS model and the USGS
frequency curve can be seen in the results section. The final HMS model parameters are located in the
tables below.

Subbasin 2-YR 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 500-YR
Blanco_S010 1.77 1.88 1.73 1.37 1.02 0.78 0.52
LittleBlanco_S010 1.77 1.88 1.73 1.37 1.02 0.78 0.52
Blanco_S020 1.72 1.83 1.68 1.33 1.00 0.77 0.51
CypressCr_BR_S010 | 1.73 1.84 1.69 1.34 1.00 0.77 0.51
Blanco_S030 1.73 1.83 1.69 1.34 1.00 0.77 0.51
Blanco_S040 1.89 2.00 1.82 1.45 1.07 0.80 0.54

Table 1 - Initial Losses



Subbasin 2-YR 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 500-YR
Blanco_S010 0.23 0.23 0.21 0.17 0.12 0.08 0.06
LittleBlanco_S010 0.23 0.23 0.21 0.17 0.12 0.08 0.06
Blanco_S020 0.23 0.22 0.21 0.17 0.12 0.07 0.05
CypressCr_BR_S010 | 0.23 0.22 0.21 0.17 0.12 0.07 0.05
Blanco_S030 0.23 0.22 0.21 0.17 0.12 0.07 0.05
Blanco_S040 0.24 0.24 0.22 0.18 0.13 0.08 0.06

Table 2 - Constant Losses

Subbasin Lag (Hr) Cp
Blanco_S010 5.4 0.7813
LittleBlanco_S010 3.7 0.7813
Blanco_S020 6.2 0.7813
CypressCr_BR_S010 5.1 0.7813
Blanco_S030 4.7 0.7813
Blanco_S040 5 0.7813

Table 3— Transform Parameters

Initial

Discharge | Recession Ratio to
Subbasin (cfs/sqgmi) | Constant Peak
Blanco_S010 0.2 0.92 0.03
LittleBlanco_S010 0.2 0.92 0.03
Blanco_S020 0.2 0.92 0.03
CypressCr_BR_S010 0.2 0.92 0.03
Blanco_S030 0.2 0.89 0.03
Blanco_S040 0.3 0.89 0.05

Table 4 — Baseflow Parameters

PRECIPITATION

The precipitation used in the Blanco River HMS model was obtained from the Lower Guadalupe River
Basin Feasibility Study. The study utilized frequency precipitation estimates previously developed by the
USGS (Asquith and Rousell, 2004). 5-minute duration rainfall was developed by extrapolating the data
from the 15-minute and 30-minute durations. The rainfall table can be seen below.



Recurrence Interval
Duration | 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 250-yr 500-yr
5min 0.7 0.94 1.09 1.33 1.56 1.83 2.18 2.53
15min 1.07 1.41 1.66 2.02 2.33 2.69 3.23 3.71
lhr 1.83 241 2.82 3.41 3.9 4.45 5.29 6.01
2hr 2.30 | 3.07 3.61 4.39 5.06 5.8 6.94 7.93
3hr 241 | 3.29 3.94 4.87 5.68 6.59 8 9.25
6hr 2.73 | 3.68 4.38 5.39 6.27 7.27 8.82 10.2
12hr 3.14 | 4.26 5.08 6.27 7.31 8.49 10.32 11.95
lday 3.60 5.1 6.18 7.67 8.9 10.23 12.15 13.75

Table 5 - Frequency Point Rainfall Depths (inches)

III. RESULTS

The simulated 100-YR peak discharge at the Wimberley and Kyle gages are 168,000 and 162,000 cfs
respectively. The simulated discharge decreases between the two gages due to a combination of peak
attenuation due to river routing as well as the difference in timing between the peak from the Wimberly
gage and the local subbasin above the Kyle gage. Due to the uniform rainfall assumption, the local
subbasin above Kyle peaks before the main peak arrives from the Wimberley gage. The final discharges
as well as the discharges for the USGS frequency curve can be seen in the tables below. The comparison
between the final HMS frequency curves and the USGS frequency curves is also show below.

Description 2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 500-YR

Below conf. with Little Blanco River | 12800 | 32800 | 52500 | 81200 | 106000 | 132000 | 192000

At Blanco River at Wimberley Gage | 12500 | 36200 | 60900 | 98200 | 132000 | 168000 | 248000

At Blanco River near Kyle Gage 10500 | 32900 | 56700 | 93200 | 127000 | 162000 | 242000

Above conf. with San Marcos River 8100 | 26500 | 47800 | 78600 | 109000 | 142000 | 220000

Table 6 — Summary of Discharges Table from HEC-HMS

Description 2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 500-YR
At Blanco River at Wimberley Gage 8080 | 25700 | 44900 | 78600 | 111000 | 149000 | 262000
At Blanco River near Kyle Gage 9270 | 29800 | 51400 | 88100 | 122000 | 160000 | 268000

Table 7 — Discharges for USGS Frequency Curve
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Figure 8 - Frequency Curve — Blanco River at Wimberley, TX
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Figure 9 - Frequency Curve — Blanco River near Kyle, TX




IV. RECOMMENDATIONS

The CWMS model for the Guadalupe River Basin was developed with limited funds and with a focus of
estimating lake levels and flows at USACE control points along the Guadalupe River. There is likely room
to improve the parameter estimates with additional calibration, particularly in the routing reach
between the Wimberley and Kyle gages. The validity of the routing through this reach can be verified or
improved by using the blending option within a forecast simulation. The observed hydrograph can be
blended at Wimberley and the routing effects better compared to observed data.
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