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—_ URS responses to the following Texas Water Development Board comments on the Draft Final
Report entitled “Medina River Regional Flood Protection Planning Study" are shown in red

below.

1.

Flood Forecasting Modeling

The report should include sufficient explanation in table 2-3 to help readers understand if
this table is about volume, peak, peak time, or combination of them, Text has been
added to section 2.3.4 (Item 1), to explain the application of the table. In
addition, an explanation for the units presented in the table has been added as a
footer to the table. This change accompanies these comments.

Many of the comments provided by TWDB deal with providing more detail
concerning the documentation of the model’s calibration. The objective of the
report is to document the process and parameters used to develop a refinement
of the current NWSRFS model for the Medina River corridor. The prime focus of
the report is to have the revised model accepted and used by the NWS. For this
reason, the report is focused upon meeting NWS-defined standards of model
accuracy and demonstrating use of NWS modeling procedures. The revised
model and report were developed in close coordination with staff of the West Gulf
River Forecast Center WGRFC). The reader is referred to the documentation
provided by the authors of NWSRFS for an explanation of the calculation of each
statistic and its meaning. URS followed the recommended procedures for
calibration of NWSRFS models including the determining the goodness of fit for
the calibration. The objective of the report is to discuss the results of these
procedures not the procedures themselves.

. The report should explain the meanings of the abbreviations in table 2-3 and how the

statistics were calculated to help readers understand the statistics. The abbreviations
are explained in a new table footer. The statistics have not been explained in
detail, as this would require providing complex statistical definitions and
applications specific to NWS calibration procedures. These procedures are
defined in the NWS River Forecast System User's Manual, available on-line.

3. The report should include a distance scale on figures 2-1 and 2-2. These figures have
been corrected.
4. The report should provide more and better information to help the readers assess the

model accuracy. It is recommended that the report include more hydrographic
comparison of modeled and observed runoff when discussing model accuracy. Per the
response to comment 1, URS followed NWS procedures to meet model
calibration standards, met those standards, and wrote the report in a manner to
facilitate NWS model acceptance. URS agrees that providing the observed and
simulated hydrographs for the entire period of record would be beneficial.
However, when calibrating this type of hydrologic model the entire period of
record is used to find a reasonable calibration. For many NWSRFS models the
period of record can be as large as 60 years. Tools have not been developed for
integrating these large datasets into a concise report form. URS determined the
most practical way to disseminate the information would be to provide example
figures such as those shown in Figures 2-6 and 2-7 and 2-9 thru 2-11. These
representative examples along with quantitative measures of goodness of fit for
the model were deemed appropriate to illustrate mode! calibration. Furthermore,
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model files were made available for those who would like to further investigate
other events in the period of record.

5. The No. 1 calibration goal is to “produce a good reproduction of the observed
hydrograph™ (page 2-9, point 1), but the report does not provide enough data to
demonstrate to what extent this goal has been achieved.

¢ The statistics in table 2-3 indicate improved model accuracy on water volume, but
not significant enough to make the new model a tool for real flood predictions. For
example, the Percent Average Absolute Error (50.43 ~ 61.86%) and the Percent
Monthly Volume RMS Error (56.63 ~ 124.65%) are still very high. The values
presented show a significant improvement in quantitative calibration
parameters. Guidance provided by NWS for calibration of NWSRFS
indicates that percent volumes errors in the range that we achieved are
acceptable.

¢ The report does not provide statistics on peak value accuracy. Instead, it provides a
comparison of modeled and observed flood hydrograph of June 21-23 of 1997 (Fig.
2-7). The accuracy for this particular event (peak) is not good, only about 66%. No
other data was found to judge the model performance on the rest of calibration
period (1995 — 2002).
We understand that the peak flow in the case given is not exact. However,
the objective of this project was explained in the section titled “Defining
Calibration Goals” as “...attain an unbiased reproduction of historical
conditions and a higher level of predictive capability.” The unbiasedness of
the results are illustrated with quantitative metrics (e.g. Percent Bias,
Monthly Bias) listed in Table 2-3. Figure 2-7 shows an example of the latter
objective; to show a higher predictive capability. While the results peak flow
is not matched, the new model provides a better match than the previously
used model.

In response to the fact that only one event was shown from the seven year
period of record, URS believes that for simplicity a representative example
event would illustrate the concepts that were used in the calibration process.
The quantitative measures given in Table 2-3 are included to represent how
the model matches the data over the entire period of record. Maodel files
were submitted along with the report to allow investigation of the entire
period of record. Developing a method for including hydrographs from the
entire period of record was not practical for this project.

¢ The report does not provide statistics on peak time accuracy. Instead, it provides a
comparison of modeled and observed flood hydrograph of June 21-23 of 1997 (Fig.
2-7). The accuracy for this particular event (peak) is good. However, no other data
was found to judge the model performance on the rest of calibration period (1995 —
2002). See response to previous comment.

6. In general, the accuracy of a flood model should be verified by the runoff data other than
used in the calibration. This study does not include model accuracy verification.
Therefore, T cannot judge the model accuracy. NWSRFS calibration is not the same
as calibration of traditional hydrologic models. Calibration of an NWSRFS model
includes all available data. Any knew data that may be used for verification runs




would be assimilated for use with the calibration process. In modeling with
NWSRFS the verification process is completed when the model is used in
predictive mode and used to predict floods according to established river
forecasting center operations. Implementing the predictive mode was not in the
scope of the project. This is currently being completed by WGRFC. The
objective of this report was to discuss the calibration process not the
implementation of the model into use as part of WGRFC operations.

Dam Break Inundation Mapping

1. Add a diagram to show all the parameters in table 3-3 to help the understanding. This
diagram has been added (as Figure 3-4a), and replacement pages provided with this
respense to comments.

2. The Medina dam is 1,580 feet long, but the breach center is at 1,900 feet (table 3-3). Explain.
HEC-RAS defines the center of the breach as the distance from the left end of the
cross-section to the center of the breach not the left end of the dam. The cross-
section used to define the dam location is much wider than the dam itself. 1900 feet
from the edge of the cross-section is located approximately half way between the left
side of the dam and the emergency spillway. Table 3-3 has been changed to
explain this.

3. The table 3-3 should also include all dimensions of the opening of the breach, i.e., height, top
width, slopes, and bottom width. Breach height and top width have been added to the
table.

4. Should include the arrival time of the dam failure flood peak for the fair weather, 500-year,
and PMF scenarios In table 3-4, too. These values have been added to the table.

An Application for Approval of Reclamation Project need not be filed with the Texas
Commission on Environmental Quality for the referenced proposal. It was determined from the
review that the proposed project is located within communities that participate in the National
Flood Insurance Program (NFIP). As a result, any work would require permitting by the local
jurisdiction by virtue of its participation in the NFIP, and in accordance with Section 16.236 (d)
(3&4) of the Texas Water Code. If the City or County has not already done so, they should
insure that the proposed construction is documented and permitted in accordance with their
Flood Hazard Prevention Ordinance or Court Order. This documentation should also be
submitted by the local jurisdiction to the Federal Emergency Management Agency to obtain a
Letter of Map Revision {LOMR) for the affected panels of the appropriate Flood Insurance Rate
Maps. Understood.

Concerning Flood Emergency Communications Procedures for the Public,
experience within the past 2 years has led the GDEM to think that a Reverse
Call Back System is the most cost-effective way of notifying the public of
developing emergency flood conditions. However, GDEM also recognizes that a
Reverse Call Back System only works to warn people at home or those people
that have cell phones. Therefore, this type of Public Warning System is not
effective for all areas. Understood.




URS responses to the following San Antonio River Authority comments on the Draft
Final Report entitled “Medina River Regional Flood Protection Planning Study" are
shown in red below.

1. Section 1.1 — Background/Description of Project Area: Could not find Figure 1-1.
Please place right under text that references this Figure or no less than a page from its
text reference. Figure 1-1 has been inserted.

2. Section 1.3 — The first paragraph states “TWDB approved the grant application under
its Regional Flood Planning program and became a 50 percent financial partner in the
study.” Please make this sentence reflect that they only participated in the Regional
Early Warning Study and Dam Break. This change has been made.

3. Section 2.1 — Project Background: Define Stage 3 NEXRAD data. Explanatory text
was added to this section.

4. Section 2.2.1 — Subdivide segment: Label BDAT?2 and LACT2 sub-basin, as well as
further divisions (WMPT2, NPM72, CSRT2) on Figure 2-2. This labeling was
performed.

5. Section 2.3.4 — Calibration Results: Table 2-3 explain some of the statistical results.
You state that the quantitative measurement parameters are relatively similar and in some
cases improved, but you don’t give examples of what has been improved. The following
text was added:

For example, the Percent Bias, Monthly Bias, and Percent Monthly Volume RMS Error for
both the La Coste and Bandera gage locations were each significantly reduced. Also, the
Daily RMS Error was reduced for the La Coste gage and for the Bandera gage when the July
2002 storm was not considered in calculating the statistics.

6. Section 4.1 — Background: Correct misspelling of “which” in BMA section.
Corrected.

7. Appendix 4C: Could we move this appendix to Chapter 4 and really bring it out in the
table of contents. It is very important that this be found in a relatively easy manner.
Section 4.4.1 was expanded to include the Appendix 4C information as
requested. '
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1.0 INTRODUCTION
1.1  Background/Description of Project Area

The Medina River originates within Bandera County, and flows through Medina County, then
Bexar County where the river joins the San Antonio River. The Medina River watershed
upstream of the river junction is mostly situated within Bandera County, Medina County, and
Bexar County, with some minor area within Kerr County and Atascosa County (see Figure 1-1).
Lake Medina, on the boundary between Bandera and Medina County, is a major reservoir
(254,000 acre-feet capacity at the spillway) that has a significant effect on river flooding. A
number of municipalities are located along the Medina River and Lake Medina, the largest being
Bandera and Castroville. The Medina River watershed above Bandera, Lake Medina Dam, La
Coste (near the Bexar County/Medina County border), and the San Antonio River junction
covers 427 square miles, 634 square miles, 805 square miles, and over 1,300 square miles,
respectively.

Lake Medina Dam, the focus of this study, was constructed between 1911 and 1913. The dam
has a crest length of 1,580 feet, a maximum structural height of 165 feet, and, as noted before,
254,000 acre-feet of capacity when full to the elevation of the spillway. The dam is owned and
operated by Bexar-Medina-Atascosa Counties Water Control and Improvement District No. 1
(BMA).

1.2  Purpose of Study

During the flood events of July 4 through 6, 2002, severe flooding occurred throughout the
Medina River watershed in Bandera, Medina, and south Bexar Counties. In addition, the Texas
Commission on Environmental Quality (TCEQ) inspected Lake Medina Dam and declared the
dam conditionally unsafe (ref: letter from Chau Vo, TCEQ to BMA Oct 22, 2002) for a flood
event that overtopped the dam crest. The flood, the State declaration, and the public events that
followed identified a number of issues concerning regional emergency flood response and the
operation of Lake Medina Dam which could benefit from further study and regional
coordination. These included:

Flood Prediction. The existing flood prediction methodology has significant limitations in
prediction of flood peaks and timing upstream of Lake Medina Dam and did not include
prediction of maximum lake stage at the dam or downstream of the dam. This complicated
emergency response (particularly within Bandera County) and the assessment of whether the
dam would overtop, given projected rainfall and upstream runoff conditions.

Inundation Mapping. The existing dam break inundation mapping for Lake Medina Dam could
be improved. The existing mapping has the following traits:

e The modeled failure is for a "fair weather failure” (i.c., an instantaneous failure, not
concurrent with a flood).

o The mapping terminates 42 miles downstream at a point where, per the 1988 study, "no
houses or improvements were in the inundated area" (Willard-Swift Engineers, 1988).

1-1
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This termination point is in mid-Bexar County, upstream of Von Ormy and the
intersection of the Medina River with Potranca Creek.

e The mapping is at a small scale (1:50,000).

s The modeling appears to have been based upon USGS scale (1:24,000) topography.

Regional Emergency Preparation. The 2002 flood event showed the advisability of stronger
coordination between emergency management staff at BMA, potentially affected cities (Bandera,
Castroville, La Coste) and counties (Bandera, Medina, Bexar, and, less likely, Karnes, Wilson,
and Goliad), the regional flood planning agency (San Antonio River Authority), relevant state
agencies (State Office of Dam Safety, Department of Transportation, Division of Emergency
Management), and the relevant federal agencies (FEMA, National Weather Service River
Forecast Center). Improvements could potentially be made in flood prediction and dam safety
status information interchange between the agencies and with the public.

1.3  Organization of Study

A grant application was submitted to the Texas Water Development Board (TWDB) in
December, 2002 to address the above three issues. Financial sponsors of the application
included BMA, the San Antonio River Authority (SARA), Medina County, City of Castroville,
and City of La Coste. TWDB approved the grant application under its Regional Flood Planning
program and became a 50 percent financial partner in the study. Additional public participants
include Bandera County and the Bandera County River Authority.

This study is organized in three sections, described below.

e Section 2. This section provides the documentation of procedures used in the
development and calibration of a revised River Forecast Model for the Medina River.

o Section 3. This section provides the documentation of procedures used and results
obtained in mapping the extents of inundation associated with a dam break of Lake
Medina Dam.

e Section 4. This section deals with discussion of and recommended improvements to
regional flood planning and associated emergency management procedures.

1-2
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2.0 REVISED RIVER FORECAST MODEL FOR MEDINA RIVER

As part of the Regional Flood Planning, Medina River Project (BMA Work Order 21, Project
80871221), URS Corporation was tasked with the assignment of modifying the National
Weather Service River Forecasting System (NWSRFS) model for Bandera, Medina, and La
Coste watersheds to run on hourly timesteps and calibrating the model using hourly XMRG data.
The object of this report is to outline the methods and parameters used to accomplish this task.
The report is broken up into the following sections:

Project Background,

NWSRFS Model Setup at URS Austin;
Updating Model Inputs; and

Model Calibration.

These topics are discussed below.
21  Project Background

The West Gulf River Forecast Center (WGRFC) of the National Weather Service (NWS)
operates the NWSRFS model to make river forecasts for major river systems within the WGRFC
boundaries. Figure 2-1 shows the extent of the WGRFC boundaries. It includes a close-up of
the boundaries of the current sub-basins above the Bandera gage (BDAT?2), at Medina Lake
(MDLT2), and above the La Coste gage (LACT2). These sub-basins comprise the NWSRFS for
the Medina River above Bexar County.

The current NWSRFS predicts streamflows and stage at these locations on a 6-hour timestep
based on hourly rainfall data from the Stage 3 NEXRAD data. Stage 3 NEXRAD data consist of
precipitation measurements for each 4 x 4 km” of the model domain. The measurements are a
composite of radar data that have been compared and adjusted to more closely match
measurements taken at rain gaging locations. The 6-hour timestep is potentially a significant
limitation of the model, particularly for Bandera, which is located at the headwaters for the
Medina River with an approximate lag time (i.e., time for water to run from the edge of the
watershed to the gage) between 4 and 6 hours. For this reason, the existing model potentially
underestimates the predicted peak at Bandera. Model timesteps typically should be less than
one-fourth of the lag time, to ensure that the predicted peak is not averaged over too long a time
period. The 6-hour timestep is also a significant limitation to the model’s usefulness in
predicting the peak reservoir stage at Lake Medina Dam, for the same reason. The significance
is increased because of the relatively short estimated travel time of a dam break wave from Lake
Medina to Castroville (2 hours).

Decreasing the model timestep to a 1-hour timestep would benefit the usefulness of the model as

a predictive tool for residents within these watersheds. For this purpose, the process of model
upgrading and recalibration was undertaken.

2-1
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2.2 Updating Model Inputs

The next step to enhance the NWSRFS model for the Medina River above the La Coste gage is
to update the NWSREFS input files for operating on an hourly timestep. The primary tasks to
accomplish this are: 1) subdivide the segments where desired; 2) generate 1-hour unit
hydrographs for all segments and recalculate routing parameters where necessary; and

3) recalibrate the segments along the Medina River including adjustment Sacramento soil
moisture accounting (SAC-SMA) parameters and adjustments to unit hydrographs and routing
parameters.

2.2.1 Subdivide Segments

Figure 2-2 shows the location of existing and new boundaries and outlet locations for sub-
watersheds on the Medina River above Bexar County. Two sub-watersheds were added within
the BDAT2 sub-basin (WMPT2 and NPMT?2), and a sub-basin was added within the LACT?2
sub-basin (CSRT2) with an outlet at the city of Castroville. Subdividing BDAT2 will enhance
the ability of NWSRFS to improve flood prediction at the BDAT2 gage. Also, adding a gage
location at the city of Castroville (CSRT2) would give the model the ability to predict floods in
this area where predictions have not been carried out prior to this update. Figure 2-2 shows a
comparison of the sub-basin areas between the current and enhanced models.

Where possible, existing watershed boundaries were used to remain consistent with previous
modeling efforts of the WGRFC. New sub-basin boundaries were located based on USGS 10-ft
contours of the area. All boundary coordinates were exported to text files and used to update
sub-basin boundaries in the operational side of NWSRFS.

2.2.2 Calculate 1-Hour Unit Hydrographs and Routing Parameters

The SCS unit hydrograph method was used for creating 1-hour interval unit hydrographs based
on the basin areas computed in the previous task. A detailed description of this process is
included in the “Unit Hydrograph Calculation File” and the "Routing Calculation File" included
in Appendices 2B and 2D, respectively. The SCS unit hydrograph method requires basin area
and time of concentration to produce a unit hydrograph. Lag times for each sub-basin were
derived from rainfall and runoff hydrographs. Figure 2-3 shows an example hydrograph that was
used for determining lag time for the Bandera sub-basin.

Figure 2-4 shows the initial unit hydrographs created for use with the NWSRFS model. It was
anticipated that changes would be made to these hydrographs during the calibration process,
especially in the new sub-basins where no observed hydrographs are available. The final unit
hydrographs used for the calibrated models are presented in the “Model Calibration” section.

2.2.3 Gather Historical Data Time Series

Several historical data sets were needed to perform a calibration on an hourly timestep. These
data sets include:
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e Rainfall Data;
e Stream Flow Data; and
¢ Evaporation Data.

Acquiring and creating these data sets are discussed in the following sections.
Rainfall Data

Rainfall data used for the calibration of NWSRFS are stored in files called MAPX time series
files. The MAPX time series is comprised of rainfall data developed from XMRG data. XMRG
is a type of file format that stores variable precipitation amounts over a large region. In our case,
XMRG files store all precipitation amounts for the entire WGRFC region. This is over 100,000
measurements for each 1-hour time period. NWSRFS contains programs that will develop
MAPX time series files based on XMRG rainfall data. To create these datasets, the basin
boundaries and the XMRG data for the desired period are needed. XMRG data were received
from NWS WGRFC for the period from January 1995 to December 2002. Basin boundaries
used for creating the data sets were taken from steps previously discussed in “Subdividing
Segments”. The ‘mapx’ executable was used to create the historical MAPX time series used for
the calibration.

Stream Flow Data

URS received hourly stream flow data for both the Bandera and La Coste gages from the San
Antonio office of the USGS. The timeframe of the Bandera gage is January 1995 to September
2003 and the La Coste gage is January 1995 to September 2000. Measurements at the La Coste
gage were discontinued after water year 2000. These data sets were converted to NWS CARD
format using Microsoft Excel Macros for use with NWSRFS.

Evaporation Data

Evaporation data for NWSRES are stored in time series file titled MAPE time series. The
current calibration was completed using daily evaporation data. However, the MAPE time series
used in the current model did not span the timeframes of hourly data obtained for the updated
model. URS determined the best available MAPE data could be found from the Texas Water
Development Board (TWDB, 2002). Selecting this dataset is described in detail in Appendix 2C
“PET Development”. The TWDB maintains a website that lists historical monthly evaporation
data. The data were obtained from the TWDB for the period from 1991 through 2002. The
monthly values were distributed evenly throughout each month to produce daily values of
evaporation. These values were converted to NWS CARD format using Microsoft Excel Macros
for use with NWSRFS.

Water Balance

The datasets described in this section were used to compute a water budget for the BDAT2 sub-
basin. This water balance is included in Appendix 2A. The water balance provided insight into
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possible data gaps and time periods where the water balance was not reflected by the collected
data sets. This was used to assist in developing a strategy for calibrating the NWSRFS model.

2.2.4 Edit/Create MCP3 Input Decks

Manual Calibration Program (MCP3) and Interactive Calibration Program (ICP) are the pieces of
NWSRFS used for calibrating sub-basin parameters. MCP3 and ICP use input files called decks,
one for each calibration point, that contain all of the model parameters that will be changed as
part of the calibration process. Some example parameters included in the input decks are the
Sacramento soil moisture accounting parameters, routing information, and sub-basin
connectivity. The current model input decks were used as a starting point for this task. These
input decks were altered to include parameters and connectivity for the new sub-basins and
changes to the primary time interval from a 6-hour interval to a 1-hour interval. A printout of the
input decks used for calibration are located in Appendix 2E.

2.3 Model Calibration

Model calibration is the process of altering model input parameters until a reasonable match
between observed data and model predicted data has been achieved. The goal of this section is
to discuss the steps taken to achieve a reasonably calibrated model for the NWSRFS model on
the Medina River above Bexar County and compare it to the previous calibration. This is
discussed in the following sections:

Defining Calibration Goals;
Calibration Approach;
Parameter Changes; and
Calibration Results.

2.3.1 Defining Calibration Goals

The main goal of the calibration process is to attain an unbiased reproduction of historical
conditions and a higher level of predictive capability. Comparison of field observed
measurements and simulated output can be accomplished by quantitative and qualitative
methods. Some of the quantitative approaches include: bias, volume error, correlation
coefficient, root mean squared error (RMS), and graphical methods. Further, qualitative methods
include visual inspection of observed and simulated hydrographs and comparing model input
parameters to acceptable limits. Following guidance provided to URS by WGRFC personnel,
several of these methods were used in the calibration of the new model. They are:

1. Produce a good reproduction of the observed hydrograph.

2. The model parameters should function as they are intended.

3. There should be a realistic variation in parameter values from one area to adjacent areas.

4. Obtain a near zero water balance, that is, an overall bias for the calibration period of less
than 5%.

5. Obtain a reasonable estimation of baseflow.

6. Adjust parameters to give a good simulation for major rises.
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These metrics were defined to address any concerns that might hinder acceptance of the
calibrated model.

2.3.2 Calibration Approach

Guidance for calibrating NWSRFS models using the Sacramento Soil Moisture Accounting
parameters was obtained from North Central River Forecast Center (NCRFC). The document,
found in Appendix 2B, outlines a systematic approach for calibrating NWSRFS models. The
calibration utilized this approach in the following steps:

e Step 1 — Model input data sets should be checked and rechecked until the “Year
Average Percent Bias” is within 10 percent. Parameter fine tuning should not begin
until this is accomplished

e Step2 — Adjust parameters that affect the baseflow.

e Step 3 — Adjust snow parameters if they are significant. Since snow is insignificant
for our sub-basins, this step was skipped.

e Step 4 — Adjust the tension water capacities.

e Step 5 — Adjust parameters that affect storm runoff, including the additional
impervious percent (ADIMP). 7

e Step 6 — Final adjustments to the unit hydrograph and riparian vegetation parameters
can be made to improve the match of predicted and observed flow data.

These steps were followed to achieve the calibration results discussed in the next two sections.
2.3.3 Parameter Changes

Adjustment to input parameters is the manner to obtain a more reasonable calibration. For
calibration of a numerical model, the adjustments are carried out in an iterative process until a
“best fit” is found. For calibration of NWSRFS, several adjustments were made to model input
parameters to obtain the “best fit”. These adjustments included changing:

Rainfall Data;

Unit Hydrographs and Routing;
Evapotranspiration; and
SAC-SMA Parameters.

The changes made to each of these datasets are discussed below.
Rainfall Data

MAPX time series created for calibration of NWSRFS were discussed in the section “Model
Parameters —~ Rainfall Data”. During calibration, a discrepancy was discovered concerning
rainfall totals reported using XMRG data and totals collected from rainfall gage stations near and
within the watershed. This was discovered due to a difference in the observed and predicted
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hydrographs at the BDAT?2 prediction point for a storm event that occurred from June 21- 23,
1997.

Initially, when the difference in the observed and predicted hydrographs was discovered, model
parameters such as unit hydrographs and SAC-SMA parameters were adjusted to produce a more
reasonable fit between the hydrographs. These attempts were unsuccessful. Finally, the totals
from the XMRG data and the rainfall gage stations were compared. The locations and rainfall
totals of the rainfall gage stations are shown in Figure 2-5. The observed rainfall at the gage
locations shows that total rainfall in the basin was more likely greater than shown by XMRG
data.

Based on these findings, the MAPX time series were adjusted to reflect the larger amount of
rainfall over the three-day period. However, the percent distribution of the rainfall was not
altered. The same comparison was completed for the XMRG and rain gage data for the MDLT?2,
CSRT2, and LACT2 basins. However, the rainfall totals for these basins were reasonably close
to the gaged values and were left unaltered.

Unit Hydrographs and Routing

The unit hydrographs and routing parameters used initially for running the NWSRFS were
altered to produce runoff hydrographs that more closely resembled the observed hourly runoff
hydrographs. Figure 2-4 shows the initial unit hydrographs and routing parameters used. Figure
2-6 shows the observed and predicted runoff hydrographs calculated using the unit hydrographs
shown in Figure 2-4. The volume of runoff is approximately the same; however, the observed
runoff hydrograph shows a quicker response with higher peaks. To match this response, the unit
hydrographs were regenerated using shorter lag times. This is consistent with NWSRFS (NWS,
19XX) User’s Manual, Part 2, Section 4. It states that a shorter duration and higher intensity unit
hydrograph may be more appropriate than a traditional unit hydrograph when it is used with the
SAC-SMA model. Figure 2-6 shows the unit hydrographs and lag times used in the final
calibration of NWSRFS. Figure 2-7 shows the resulting predicted runoff hydrograph at BDAT2.
The use of the new unit hydrographs improved the match to the observed runoff hydrograph.

Evapotranspiration

During calibration, the amount of simulated evapotranspiration occurring was too great for the
model to produce the observed runoff. Appendix 2A, “Water Balance” contains a detailed water
balance of the BDAT2 sub-basin runoff hydrograph. It discusses actual evapotranspiration
(AET) versus PET. The water balance found that, on average, the AET is only 31 percent of the
PET. Therefore, the PEADJ parameter was altered to decrease the amount of simulated
evapotranspiration. The final PEADJ factor used for BDAT2 was 0.595.

SAC-SMA Parameters

Table 2-1 and Table 2-2 show a summary of the changes made to model input parameters during
the calibration process. The table includes the parameter name, a parameter description, the
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initial parameter value, the final parameter value, and an explanation of the changes made during
the calibration.

234

Calibration Results

The goals of calibration were to improve the match between the predicted runoff hydrograph and
the observed runoff hydrograph. The goals of the calibration were defined in “Defining
Calibration Goals”. The results will be discussed in terms of the listed goals described in this
section.

1.

Produce a good reproduction of the observed hydrograph. — Table 2-3 contains a listing
of quantitative measurements of the reproduction of the observed hydrograph by the
current and updated NWSRFS. The parameters are relatively similar and in some cases
improved. For example, the Percent Bias, Monthly Bias, and Percent Monthly Volume
RMS Error for both the La Coste and Bandera gage locations were each significantly
reduced. Also, the Daily RMS Error was reduced for the La Coste gage and for the
Bandera gage when the July 2002 storm was not considered in calculating the statistics.
The model parameters should function as they are intended. — Table 2-1 and Table 2-2
have a listing of the SAC-SMA parameters, including a range of reasonable values for
each parameter. Only one parameter is outside the “reasonable” range. This is PEADJ
for the BDAT2, NMPT2, and WMPT2 sub-basins. This parameter was calibrated based
on the discussion found in the previous section.

There should be a realistic variation in parameter values from one area to adjacent
areas. — The SAC-SMA parameters listed in Table 2-1 and Table 2-2 show little variation
in parameters from sub-basin to sub-basin. This is different from the current model. The
initial parameters listed for BDAT2, MDLT2, and LACT2 vary greatly between the two
basins. Less variation would be expected of similar basins. The updated calibration
shows less variation between similar types of basins.

Obtain a near zero water balance, that is, an overall bias for the calibration period of
less than 5 percent. - Table 2-3 shows the measure of water balance in the “Year Average
Percent Bias” column. For BDAT2 and LACT?2, the percent bias is approximately 1
percent in both cases.

Obtain a reasonable estimation of baseflow. — Figure 2-8 shows identical portions of the
predicted and observed runoff hydrographs for the current and updated NWSRFS model
SAC-SMA parameters. They are plotted on a semi-log scale for better comparison of the
baseflow portion of the hydrograph. Based on visual inspection, the updated model
produces a reasonable match of the baseflow.

Adjust parameters to give a good simulation for major rises. — Figure 2-9 and 2-10 show
major rises within the calibration period of record for the BDAT2 and LACT?2 runoff
hydrographs, respectively. Each shows a major rise in the predicted hydrograph that
corresponds to the observed hydrograph.

Based on the discussion above, URS believes the calibration of the BDAT2, NMPT2, WMPT2,
LACT2, MDLT2, and CSRT?2 sub-basins is reasonable.
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2‘.3.5 Conclusion

The purposes of updating the NWSRFS model for the Medina River above Bexar County were
to change the 6-hour operating timestep currently used to a 1-hour timestep and to update the
input parameters to improve the flood prediction at locations along the Medina River. Through a
combination of adding forecasting locations and updating model parameters, the project was able
to accomplish both tasks.
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Medina River Regional Flood Protection Planning Study

3.0 REVISED INUNDATION MAPPING FOR MEDINA RIVER
3.1 Background

Lake Medina Dam is classified by TCEQ as a High Hazard structure. As noted in Chapter 299
of the Texas Administrative Code (§299.13), “hazard classification does not indicate any
condition of the dam itself.” To classify hazard, an estimate needs to be made of the area
inundated by a dam failure induced flood wave. A dam is classified as “High Hazard” if the
estimated inundated area (and estimated time between failure and inundation) shows loss of
human life could be expected. The test, per Chapter 299, is whether there is “urban development
or large number of inhabitable structures™ in the potentially inundated area downstream. A dam
is also classified as “high hazard” if the estimated inundated area shows the potential for
excessive economic loss (i.e., there is “extensive public, industrial, commercial, or agricultural
development”).

The existing dam break flood inundation maps for the Lake Medina Dam were derived in 1988
(Willard-Swift Engineers, 1988) and have the disadvantages of being based upon outdated
topography, of only addressing a “fair weather” failure scenario, and of being presented in a
large-scale format that makes it difficult to ascertain the extent of the predicted flood area.

This study provides inundation maps for a variety of scenarios for fair weather and a series of
extreme natural floods. In addition, the mapping is presented in large (small-scale) hard copy
format and in digital format. The latter format will allow the maps to be used within agency
Geographic Information Systems (GIS), aiding flood emergency planning.

The modeling for this study was performed using HEC-RAS, the river analysis system software
developed by the U.S. Army Corps of Engineers Hydrologic Engineer Center (USACE, 2002).
The development of the HEC-RAS simulations was carried out in four phases. First, pertinent
data concerning topography and geometry of the study area were gathered. Second, initial model
inputs were developed based on field data and published values for the site. Third, the model
was calibrated to the July 2002 storm event. This section also discusses limitations associated
with the calibration and other storms that were considered for calibration. Last, the model was
employed to estimate the extent of inundation for four dam failure scenarios:

* A "fair weather” scenario: the dam is simulated to fail on a day with no rain-induced
runoff, with the lake at spillway elevation

e Three flood scenarios: 100-year flood, 500-year flood, and Probable Maximum Flood
(PMF). In each of these cases, the dam is simulated to fail at the time when the flood is
at its peak at the dam itself.

3.2 Data Gathering
3.2.1 Definition of Study Area

The study area was initially defined as the reach of Medina River below Lake Medina Dam
where the fair weather scenario dam break flood inundation elevation exceeded that of the
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regulatory 100-year flood. During initial simulations, it was clear that this criterion would lead
to modeling downstream of the junction of the Medina River with the San Antonio River. After
review of the existing flood insurance studies for Wilson and Karnes Counties, there does not
appear to be a current estimate for a 100-year flow for the San Antonio River through these
counties. The nearest long-term gage downstream of these counties is in Goliad, in Goliad
County, just downstream of Karnes County. The peak flow rate measured in the 71-year record
of that gage is 138,000 cfs in September 1967. An estimated 100-year flow rate for this gage is
likely to be somewhat higher than this value. The estimated peak flow rate from a Lake Medina
dam break flood at the downstream (southern) boundary of Karnes County generated by a fair
weather failure is 148,000 cfs. The study area was therefore defined as the reach of the Medina
River from Lake Medina Dam past the junction with the San Antonio River into the San Antonio
River itself, downstream to the southern boundary of Karnes County.

Input data gathered for the study area for use in the modeling included topographic and
bathymetric data, observation data from the July 2002 flood event, and geometric descriptions
dam structures. The following sections describe each of these data sources.

3.2.2 Topographic and Bathymetric Data

Table 3-1 shows the sources of topographic and bathymetric data used for creating the river
channel and floodplain for the HEC-RAS modeling. A variety of sources and data were used for
the surveys in the list. This section will discuss the following topics:

e Survey data;
¢ Survey extents and descriptions; and
¢ Common datum conversion.

Table 3.1 - Listing of Survey Data Used for Developing the Cross Section
of Medina River Floodpiain for HEC-RAS Modeling

Sl Survey . oot o Deseriptions o L Datum

TWDB Bathymetry Bathymetry survey of Medina Lake carried out by BMA Datum
Texas Water Development Board in 1995

Stewart Geotechnology Survey of shoreline for Medina Lake completed by BMA Datum
Stewart Geotechnology for BMA in 2003 (the survey
boundary was approximately % mile from the water’s
edge)

Stewart Geotechnology Survey of shoreline of Diversion Lake and Medina NGVD 1929
River from Medina Lake Dam to the Bexar County line

USGS Benchmark Survey that establishes benchmark that resides on Lake | NGVD 1929
Medina Dam

USGS Diversion Dam Surveys of spillway and diversion intake for Diversion | NGVD 1929

Survey Dam, includes survey of spillway and establishment of
benchmarks on the dam

Smythe Survey Survey of spillway for Medina Lake Dam completed NGVD 1929
for this project (2003)
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Table 3.1 - Listing of Survey Data Used for Developing the Cross Section
of Medina River Floodplain for HEC-RAS Modeling

. Survey . |~ " Deseription .. .- .| Datum
NGS Data Sheet Survey information for National Geodetic Survey NAVD 1988
benchmarks within Medina county
BMA Datum Summary Description of how the BMA datum was first BMA Datum
established for Medina Lake Dam
USGS Mapping Elevation contours on USGS Quadrangle Maps
20 ft Contour interval above Diversion Dam NGVD 1929
10 ft Contour interval from Diversion Damto La | NGVD 1929
Coste
USGS National Elevation 30 m resolution DEM from the National Elevation NGVD 1929
Dataset Dataset from the USGS
Bexar County 2-ft Contours | 2-ft contours of Bexar county received from SARA NAVD 1988
Survey Data

Various data have been used as the base reference elevations from which to measure topographic
and bathymetric elevations in the Medina River Corridor. These data include the BMA vertical
datum, National Geodetic Datum of 1929 (NGVD 29), and the North American Vertical Datum
of 1988 (NAVD 88). Each of these is discussed in the following paragraphs.

Holland and Yost surveyed the BMA datum in 1948 (Holland, et al., 1948). They established the
top of the dam to be 1084 ft msl. They also established the elevations for benchmark locations
on the crest of the dam. The benchmark on the east side chiseled into the curb of the roadway
was surveyed at 1083.92 ft. The benchmark in the concrete roadway (i.e., not including the
curb) to the extreme west side of the dam was surveyed at 1082.94 ft.

NGVD 29 and NAVD 88 are standard geodetic survey data used for measuring elevations
throughout North America. Use of these data are the norm for projects where vertical
discretization is necessary. A USGS survey conducted in 1963 showed a discrepancy between
the BMA datum and NGVD 29 (USGS, 1963). The calculated difference between the two data
was found to be 7.8 ft, such that a 1084 feet elevation under the BMA datum is 1076.2 feet in
elevation under the NGVD 29 datum. This value is used as a conversion factor between the
BMA and NGVD 29 data.

Survey Extents and Descriptions

This section contains a brief description of the source and extents of the data from each of the
sources listed in Table 3-1. These surveys can be broken into two groups. The first discusses
surveys used to delineate the river basin and floodplain. The second section concerns surveys
used to describe geometry of structures used with the modeling.
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River Basin Surveys

Figure 3-1 shows an overview of the different surveys used to produce cross sections for the
HEC-RAS model. These surveys include the Stewart Geotechnology survey, the TWDB
Bathymetry survey of Medina Lake, the 2-foot contours of Bexar County, and USGS DEM data.
Each of these is discussed below.

Stewart Geotechnology collected topographic data for the study area above La Coste, Texas to
the upstream side of Medina Lake. The data was transferred to URS Corporation via CD-ROM.,
URS received 2-foot contours of the area in AutoCAD format. The survey was completed in two
parts. First, a survey of the Medina Lake shoreline was completed in the BMA Datum. The
contours did not include lake bathymetry for Medina Lake. Also, the Medina River corridor was
surveyed beginning at Medina Lake Dam downstream to the Bexar County Line. This survey
was completed in NGVD 29,

Bathymetry data for Medina Lake was taken from a study completed by the TWDB in 1995
(TWDB, 1995). These elevations were used up to the 1072-ft contour (BMA Datum). Above
the 1072-ft contour elevation the Stewart Geotechnology survey was used. No bathymetry
survey for Diversion Lake is believed to exist. Bathymetry of Diversion Lake was inferred from
available storage elevation curves for Diversion Dam assuming a constant slope from Medina
Lake Dam to Diversion Dam.

Where elevation data from more current surveys were not available or if cross sections extended
beyond the extent of surveys mentioned previously, the USGS Quadrangle maps were used to
estimate elevations. The available maps consisted of 20-ft contour lines above Diversion Dam
and 10-ft contour intervals below Diversion Dam to La Coste.

Topographic data within Bexar County was taken from 2-ft contours received from Bexar
County through SARA. The data were entered into GIS for processing to create continuous
contours of the Medina River Basin within Bexar County.

The elevation data set used downstream of the Bexar county line was obtained from the USGS
National Elevation Dataset. The data consist of 30-meter resolution digital elevation model
(DEM) covering both Wilson and Karnes counties. The dataset was received in the NAVD 88
vertical datum.

Dam Structure Surveys

The dam structure surveys consist of surveys that were used to locate the position, size, and
dimensions of the crest and spillway of Medina Lake and Diversion Lake Dams. These include
the USGS benchmark surveys for Medina Lake and the Diversion Dams and the Smythe survey
of Medina Lake Dam.

The USGS benchmark survey for Medina Lake Dam was completed in 1963. The survey

establishes the Medina Lake Dam elevations in NGVD 29 based on the historic benchmark
installed on the eastern side of the dam. This survey was used to verify datum conversions
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between NGVD 29, NAVD 88, and the BMA vertical data. According to the survey, the
benchmark on the extreme right of the dam is located at 1074.951 ft msl NGVD 29.
Additionally the Smythe survey, conducted in 2003 as part of the Medina Dam safety analysis,
confirmed the elevations of the benchmarks and contributed measured points of the emergency
spillway of Medina Lake Dam (URS, 2003).

The Diversion Dam survey was conducted by the USGS in 2003. This survey established the
dimensions of Diversion Dam. The surveyed elevation of the dam crest was reported as 918.97
ft msl NGVD 29.

Common Datum Conversion

To use each of the data sets for the purpose of HEC-RAS modeling, a common datum was
selected to merge the surveys. The datum consisted of both vertical and horizontal components.
The NAVD 88 and UTM 1927 Zone 14 data were selected as the vertical and horizontal data,
respectively, for this project.

All elevation survey data were converted into NAVD 88 for use in the HEC-RAS simulations.
Converting from NGVD 29 to NAVD 88, the selected project vertical datum, can be done using
GIS and established techniques such as the Army Corps of Engineers software CorpCon or the
National Geodetic Survey software VERTCON. NAVD 88 is approximately 0.4 fi higher in
elevation than NGVD 29 throughout the domain of the study. Conversion from the BMA datum
to NAVD 88 is more involved. According to the USGS the BMA datum is measured at 7.8 feet
above NGVD 29 (Reference USGS). To convert from BMA datum to NAVD 88, the data were
first converted from BMA datum to NGVD 29 using the USGS conversion factor, then
subsequently converted from NGVD 29 datum to NAVD 88 datum as discussed previously.

Horizontal projection of the data into the common datum was completed using ArcGIS software
and standard data projection utilities. Using this software, merging the data is a straightforward
process. However, at survey boundaries, the potential existed for discontinuities in the elevation
data set. Two practices were implemented to ensure that discontinuities were not entered into the
model. First, surveys were clipped so that elevation data at a given location were based solely on
the best available data source. Second, cross sections did not intersect boundaries between
surveys. Cross sections located on either side of survey boundaries were inspected to verify a
reasonable change in elevation.

3.3 Development of Model

3.3.1 River Analysis System HEC-RAS Model

The most common application of the HEC-RAS model is for estimation of floodplain elevation
for extreme natural floods. In natural floods, the slope of the water surface and flow velocity
change gradually from point to point along the channel reach. The HEC-RAS model used in this
situation is a gradually varied flow model, sometimes called a backwater model, because the
calculation of water surface (under the usual subcritical conditions) progresses cross section by
cross section from downstream to upstream. The model inputs include peak flow rates within
each reach, not the full flood hydrograph, and the results show flood elevations associated with
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each peak flow. The model is termed a steady-state model, as the change in stage over time is
not modeled. The model is based upon an assumption that the acceleration components of flow
are negligible.

A dam break flood, in contrast to a natural flood, involves a rapid change in water surface and
flow velocity over a very short reach. The acceleration components of flow are not negligible,
and strongly influence the flow rate, flow depth, and flow velocity. For this situation, an
unsteady flow model is required. HEC-RAS includes an unsteady flow model and is a standard
model used for this purpose. The HEC-RAS unsteady flow model is a finite difference model
with an intrinsic solution scheme. All of the cross sections of the model are linked by finite
difference equations, all of which have to be solved simultaneously within each timestep. This is
in contrast to the much simpler backwater model that solves each cross section individually in
the calculation scheme. An intrinsic solution scheme depends upon the model timestep duration
being consistent with the distance between cross sections and the velocity of the flood wave. If
these parameters and wave characteristic are inconsistent during any timestep in any cross
section throughout the modeled passage of the flood wave, then the model becomes unstable, and
a simultaneous solution of all the finite difference equations cannot be found.

Achieving model stability (model convergence) can involve a number of model setup steps not
associated with a steady-state model, including:

¢ Setting pre-flood baseflows above historic values (but insignificant relevant to dam break
flood flows);

e Using cross-section interpolation within similar reaches to match reach distance to flood
wave velocity; and

* Adjusting timesteps to values much lower than used in typical hydrologic modeling (e.g.,
HEC-HMS).

An additional step undertaken for this project to maintain model stability was dividing the HEC-
RAS simulation into two sections. The upper and lower sections of the HEC-RAS simulation are
shown in Figure 3-2. Each section was comprised of an independent HEC-RAS simulation. The
upper section was run to compute outflows from the dam failure and stages and flow through
Medina County. The lower section was run to compute the stages and flows through Bexar,
,Karnes and Wilson counties. The two independent models were linked using flow hydrographs
from cross sections located at the Bexar County line from the upper section as the inflow
hydrograph of the second section. Simulating the dam failure in two sections provided equally
reasonable model results while enhancing model stability.

It should be noted that the upper section of the model contains cross sections past the Bexar
County line. These cross sections were entered into the model for proper estimation of flows and
stages near the Bexar County line. This follows guidance in the HEC-RAS User’s Manual that
states downstream boundary conditions should be placed far enough downstream to not affect
flows and stages at points of interest in the model (USACE, 2002). The added cross sections
allowed for flood predictions near the Bexar County line.
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3.3.2 Model Input Values

Model inputs used for the HEC-RAS simulation included cross-section location, Manning’s
roughness coefficients, expansion/contraction coefficients, dam geometries and coefficients, dam
breach parameters, input flow rates, and model initial conditions. These items will be discussed
in the following sections,

Cross-Section Location

Figure 3-3 shows final cross-section locations for the entire domain of the model. The cross
sections were oriented to lie perpendicular to expected flow paths through the channel. The
cross-section elevations were derived from both the topography and the bathymetry data
discussed in Section 3.2.2. It should be noted that the model was developed for dam break flood
inundation map creation. This resulted in much wider and deeper cross sections than in previous
100-year flood HEC-RAS simulations created for the same river basin.

In some areas of the model, cross sections were interpolated to increase the efficiency of
computation for the HEC-RAS model. These locations were selected where terrain changes
between cross sections could be approximated to vary lincarly. This was done according to
guidance presented in the Army Corps of Engineers HEC-RAS User’s Manual (USACE, 2002).

For dam failure analyses in HEC-RAS, the volume of water escaping the dam is determined by
the placement and shape of cross sections upstream of the dam. The placement of these cross
sections must be completed to produce a reasonable match to the storage-elevation curve for the
dam. To verify that the placement of cross sections produced a reasonable match to the storage
elevation curve, URS compared the volumetric budget of the calibrated HEC-RAS simulation.
For example, the 100-year calibrated simulation used an initial stage of 1073.1 ft msl NAVD 88.
This corresponds to an approximate storage of 310,000 acre-feet based on the TWDB (1995)
storage-elevation curve. According to the HEC-RAS volumetric budget, a volume of 300,195
acre-feet entered the stream due to the dam failure. This is within 3 percent of the TWDB
estimated curve. Based on these findings, the placement of cross sections above the dam was
deemed reasonable.

Manning’s Roughness

To estimate Manning’s roughness, aerial photography of the study area was used to determine
possible ground cover variabilities. The overbank floodplain roughness coefficient of 0.04 was
taken from published values for an agricultural area, assuming “mature field crops” (Chow,
1959, Table 5-6, D-2b3). The channel roughness factor of 0.047 was estimated during the
calibration process (see Section 3.3.4 below) and can be considered a composite roughness for
the channel itself (which should by itself be on the order of 0.030) and for the heavily wooded
strip that appears on the immediate channel banks (which should by itself be on the order of 0.1).

Expansion/Contraction Coefficients

The model assumed HEC-RAS default values of 0.1 and 0.3 for expansion and contraction
coefficients, respectively.
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Dam Structure and Weir Coefficient

The Medina Lake and Diversion Dams were modeled as inline weirs in the HEC-RAS
simulation. Table 3-2 displays the values used to define the structure for both Medina and
Diversion Dams. Crest and spillway elevations and width were taken from the survey data
discussed in Section 3.2.2. The weir coefficients used to model the outflow of the Dam were
3.163 and 2.6 for Medina and Diversion Dams, respectively. The values for both dams were
based on the values calibrated for hydrologic/hydraulic modeling using HEC-HMS and HEC-
RAS by URS as part of the Lake Medina Dam Stability Analysis (URS, 2004).

Table 3-2. Dam Structure Parameters for Medina Lake and Diversion Dams

E ~Parameter | MedinaLake | Diversion
Crest (ft msl NAVD 88) 1076.6 919.3
Spillway Crest (ft msl NAVD §8) 1064.6 N/A
Width (ft) 10 5
Weir Coefficient 3.163 2.6

Dam Breach Parameters

The rate at which a lake empties following failure of the dam creating the lake is a function of
the size of the initial breach in the dam and the rate at which that initial breach opening expands.
For embankment dams, the estimation of initial breach width and the rate of expansion of that
opening both vertically and horizontally can involve complex analysis of soil erodibility. For
large concrete gravity structures like Lake Medina Dam, the primary failure modes consists of
potential concrete overstressing or instability along the dam/foundation interface. Figure 3-4
shows the basic forces acting upon a dam cross section. The primary force that thrusts the dam
in the downstream direction is the reservoir load, which is due to the linear hydrostatic pressure
on the upstream dam face. The frictional force that develops along the dam/foundation interface
dam resists the thrust from the reservoir and is directly proportional to the effective weight of the
dam. The effective weight of the dam is equal to the gross weight of the concrete minus the
uplift force that develops along the interface. If the effective weight of the dam is reduced, then
the frictional force along the dam/foundation interface is also reduced, which can result in
reduced safety, or even instability,

Typically for concrete gravity dams, the sliding failure develops quickly once the thrust force
due to the reservoir has exceeded the frictional resistance at the interface. For this reason, failure
of a concrete dam is considered to be instantaneous, and the release of the reservoir is assumed to
occur over a very short period of time. This is in contrast to an embankment dam, which has a
progressive (and slower) failure, limited by the rate of soil erosion.

There are two typical cross sections that make up the dam. The main section, which has a

maximum height of 165 feet, is located in the central portion of the dam. The abutment sections
are located on both the right and left (the abutments are identified looking downstream) and have
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a maximum height of about 75 feet. The main section of the dam contains foundation drains to
reduce the uplift pressure along the dam/foundation contact. The abutment sections of the dam
do not contain any drains; thus, the uplift pressure varies from full reservoir pressure at the
upstream heel to tailwater at the downstream toe. Because the abutment sections do not contain
foundation drains to reduce the uplift pressure, the computed sliding factor of safety is less than
the main section of the dam, which does include drains. The purpose of this dam breach
modeling is to provide Emergency Managers with a worst-case area of potential inundation;
therefore, the assumption is made in this modeling that the entire dam fails catastrophically,
either by overturning or by sliding. This failure is estimated to occur essentially instantaneously,
i.e., within 4 minutes, which is correct for these modes of failures, and is the typical assumption
for breach modeling of this type of structure. Dam breach parameters used in the model are

shown in Table 3-3.

Table 3-3. Dam Breach Parameters for Medina Lake Dam

Parameter Name Parameter Value Description

Breach Center 1900 ft Distance in feet from left (of cross-section, which is longer
than the dam) looking downstream

Final Bottom Width S5ft Width of failure at its lowest point in the structure

Final Bottom Elevation 905 ft msl NAVDSS Elevation at the bottom of the dam breach

Final Top Width 1378.5 ft The width of the breach along the dam crest

Final Breach Height 171 ft The vertical distance from the dam crest to the bottom of
the breach

Left Side Slope 3 fft Slope of the left side of the trapezoidal breach shape

Right Side Slope 5 ft/ft Slope of the right side of the trapezoidal breach shape

Full Formation Time 4 minutes Time for the breach to start from no damage to fully
breached

Failure Model Overtopping Method for dam breach

Input Flow Rates

Input flow rates for the model were estimated for fair weather conditions, the 100-year flood, the
500-year flood, and the PMF flood event. The fair weather scenario input flow rate was
estimated to be 8,000 cfs. This was selected as the lowest input flow rate possible that also
produced efficient model convergence. The 100-year and 500-year flow rates were taken from
the flood insurance study for Bandera County published by FEMA. The values were 66,500 cfs
and 120,000 cfs, respectively. The peak PMF flow rate was obtained from HEC-HMS modeling
carried out as part of the Medina Lake Dam Stability analysis (URS, 2004). The peak PMF flow
rate was estimated at 501,053 cfs.

Initial Conditions

Initial conditions for the HEC-RAS modeling were assumed to be at peak conditions throughout
the length of the model for the given scenario's peak flow rate. For example, for the simulation
of dam failure with a 500-year flood event, the initial condition was the peak flow of 120,000 cfs
throughout the length of the model. Using constant peak flow rates throughout the model
domain for the entire simulation provided a conservative estimate of the effect the hydrologic
conditions coinciding with the dam failure would have on the inundation ZOnes.
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3.3.3 Model Calibration, July 2002 Storm

The HEC-RAS model was calibrated against the July 2002 storm event using two metrics, First,
the high water mark measured below the Medina Lake dam for the July 2002 flood, and second,
the maximum water level above Medina Lake dam. These metrics are discussed in the following
sections.

High Water Mark

Watershed Concepts collected high water marks after the July 2002 flood event within the
Medina River Corridor. According to a measurement taken just below Medina Lake Dam, the
maximum water level below the dam reached 943.1 ft. NGVD 88 (Watershed Concepts, 2002).
Using steady-state analysis mode, the roughness coefficient was iteratively changed from its
initial value until the simulated water surface elevation matched the observed elevation at the
location of the high water mark. The final roughness coefficient was 0.047.

Maximum Stage Above Medina Lake Dam

During the July 2002 storm event, the lake level was measured at approximately 0.5 foot below
the curb top on the dam crest. The calibrated HEC-RAS model was run in unsteady mode to
simulate the storm event. The inflow hydrograph for the upstream boundary condition was
extracted from HEC-HMS modeling of the July 2002 storm event previously completed by URS
as part of the Dam Stability Analysis (URS, 2004). The simulation showed that lake elevation
above Medina Lake Dam reached approximately to the crest of the dam as observed in the storm
event. This gave reasonable confidence in the model construction.

3.4 Application of the Calibrated Model

The calibrated HEC-RAS model was used to simulate the hypothetical failure of Medina Lake
Dam and the flood wave that would result from such a failure. This was completed to produce
flood inundation maps for the area below the dam and travel times for the flood wave to reach
specific locations within the inundation maps. Exhibits X thru X display the flood inundation
maps created for the affected area of a hypothetical dam failure at Medina Lake Dam. These
maps were produced using HEC-GeoRas 3.1.1 for ArcView 3.X and Arclnfo 8.3. The steps for
creating the inundation maps and a discussion of the maps and flood wave arrival times follows.

3.4.1  Creating Inundation Maps

Flood inundation maps are created from HEC-RAS simulation output and digital terrain models
either in TIN of DEM format. HEC-RAS generates the water surface elevations for the entire
reach based on the simulation input parameters. HEC-RAS outputs the data in a geo-referenced
format that can be superimposed on the terrain models. Using HEC-GeoRas 3.1.1, the elevation
model is subtracted from the water surface. The subtraction creates a geo-referenced raster data
set of water surface depth. If, for a given location, the water depth is greater than zero, this area
is approximated to be inundated for the given dam failure scenario. HEC-GeoRas 3.1.1 then
creates a boundary surrounding the entire area that is inundated with water according to the
HEC-RAS stmulation.
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is approximated to be inundated for the given dam failure scenario. HEC-GeoRas 3.1.1 then
creates a boundary surrounding the entire area that is inundated with water according to the
HEC-RAS simulation.

3.4.2 Inundation Map Discussion

Flood inundation maps approximate the area that will be covered by any depth of water due to a
dam failure event. Figures 3-5 and 3-6 show the approximate boundaries for the fair weather,
100-year, 500-year, and PMF dam failure scenarios over the upper and lower sections of the
model, respectively. Included in the figure is an approximate time marker that represents the
arrival time of the flood peak in hours after a dam failure during a 100-year flood event. A
detailed set of inundation maps is included as part of Section 4.

Figure 3-7 shows the confluence of the San Antonio and Medina Rivers. The inundation
boundary crossing the San Antonio River is a straight line. Straight-line boundaries where
tributaries are located denote and approximate inundation boundaries. The study scope did not
include modeling of each tributary of the Medina and San Antonio river basins. Therefore, the
magnitude and extent of flooding that occurs upstream for tributaries along the river basins are
not delineated.

3.4.3 Flood Wave Arrival Times

Table 3-4 contains information regarding the peak arrival time of the flood wave at several key
locations throughout the study area. The peak arrival time approximates the amount of time
from the beginning of dam failure to when the highest flow is achieved at the given location.

Table 3-4. Flood Wave Peak Arrival Times for Dam Failure Associated with
a 100-Year Storm Event for Selected Municipalities Along Medina River

Arrival Time of Flood Peak (hrs)

Municipality Fair Weather 100-yr 500-yr PMF
Riomedina 1.4 1.4 1.3 1.2
Castroville 2.5 23 23 2.0
La Coste 3.3 3.0 2.9 2.6
MacDona 5.3 4.7 4.6 4.0
Mann Crossing 5.9 54 5.2 4.2
Van Ormy 6.6 6.2 5.6 4.4
Garza Crossing 7.0 6.6 6.0 4.6
Earle 10.0 9.1 8.3 6.2
Cassin 10.0 9.1 8.3 6.2
Losoya 11.0 9.7 8.9 7.2

The arrival times vary depending on which scenario is modeled concurrently with the
hypothetical dam failure. When higher initial flow rates are used, the peak arrival times
decrease. This is due to less attenuation of the flood wave as it travels through the floodplain at
high initial condition flow rates.
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3.5 Recommended Application for Inundation Maps

The inundation maps have been prepared by this study for the purpose of providing guidance to
emergency managers as to the estimated extent of flooding (and timing of flooding) that could
occur downstream of Lake Medina Dam in the event of a failure of that structure. Any other use
of these maps should note the observations and qualifications that have been made previously in
this report, notably:

¢ The assumptions made in the map preparation are very conservative, in particular the
assumption that the entire dam fails within 4 minutes. The failure mode modeled is a
worst-case scenario, appropriate for emergency management use. The model used is not
a model of the most likely failure.

¢ This mapping is performed because of the status of the dam as a High Hazard dam. Per
state regulation, “hazard classification does not indicate any condition of the dam itself.”
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4.0 REGIONAL FLOOD EMERGENCY PLANNING
41 Background

The river reaches for this portion of this study extend from the upper reaches of the Medina
River within Bandera County, through Medina Lake (in Bandera and Medina Counties), through
Diversion Lake (in Medina County), and downstream into the Medina River as it flows through
Medina County and Bexar County (see Figure 4-1). The larger municipalities within this reach
are the City of Bandera, City of Castroville, and City of La Coste, but there are smaller
communities along the river in Medina, Highland Waters, English Crossing, Rio Medina,
Macdona, Mann Crossing, Garza Crossing, Losoya, Von Ormy, and Cassin. There are
additionally small communities and subdivisions located around the periphery of Lake Medina,
including Mico.

The planning and performance of emergency management activities are led by the three counties
of the region: Bandera County, Medina County, and Bexar County. Each of these counties has
the responsibility to set up Emergency Operations Centers (EOCs) in the event of extreme
flooding, under the supervision of the County Judge and County Sheriff. Each county has
designated an Emergency Management Coordinator. Other entities that have a major role in
emergency management activities in the region include:

o Alamo Area Council of Governments (AACOG). The AACOG area includes the three
counties that are the focus of this study. AACOG supports the County EOCs in
numerous ways, to include maintaining selected types of emergency vehicles and
equipment which can be provided upon request, according to priority of need;.

e Bandera County River Authority and Groundwater District. This agency provides
selected emergency management support in the Lake Medina area within Bandera
County.

e BMA. BMA has the responsibility for the operation of Lake Medina Dam, and for its
periodic safety inspections and maintenance. BMA also has the responsibility to
maintain the Emergency Action Plan (EAP for Lake Medina dam, which includes
responsibilities for close coordination during floods with regional EM staff, and issuance
of dam safety warnings, as needed.

e Emergency Services District No 1 (ESD No 1) of Medina County. This district is the
taxing authority that funds local fire departments and Emergency Medical Services
(EMS) within the Medina River Valley within Medina County. The Medina Valley
EMS, based in Castroville, is one of the entities funded by ESD No 1, and serves the
Medina River valley downstream of Lake Medina, through and including Castrovilie.

e City of Castroville. The City of Castroville has an Emergency Management Coordinator.

e City of La Coste. City of La Coste emergency management is a duty of the City
Adminstrator.

e ity of San Antonio. City of San Antonio has an Emergency Management coordinator.

e San Antonio River Authority (SARA). SARA directs aspects of flood management
planning for Bexar County and the City of San Antonio, and for the San Antonio River
floodplain through Wilson and Karnes County.
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o Local fire departments. The local fire departments participate in local and regional
emergency planning and management. The Mico fire department has been an active
participant in this study.

One private organization will be noted: the Medina Ranch Property Owner’s Association. This
association represents the owners of property immediately downstream of Lake Medina Dam and
upstream of Diversion Dam, as such, has one of the most critical interests in notification
procedures developed for flood-threatened properties downstream.

Table 4-1 shows the current names and contact numbers for the individuals representing these

organizations.
Table 4-1. Contact Information
e o Al THliatom 0 Contact Name' Phone - E-Mail
Alamo Area COG (AACOG) | Don McFarland 210-362-5296 dmcfarland(@aacog.com
BMA Brian Sullivan 830-665-2132 bmabrian@devtex.net
Bandera County EMC Ralph Dresser 830-612-3335 rdresser{@texas.net
Bexar County EMC Scott Lampright 210-335-0300 stampright@co.bexar.tx.us
Bandera County River David Jeffery 830-796-7260 djefferv@indian-creck.net
Authority and Groundwater
District
Castroville EMC Timothy Fousse 830-931-0234 | Tim.fousse@castrovilletx.us
City of La Coste Reggie H. Winters 830-985-9494 cityoflacoste@sntrrr.com
{City Administrator)
City of La Coste Henry A. Seay, Ir. 830-985-9437 hankseay(iaol.com
(Mayor Pro Tem)
City of La Coste J. Medellin 830-985-3780 Hadrian354(@yvahoo.com
City of San Antonio Rey Lujan 210-335-4600 rlujan@bexar.org
ESD#1 Medina County Polly Edlund 830-931-3358 edlund@stic.net

Medina Ranch — Diversion
Lake

John (Jack) Williamson

210-805-8059

mbwmson@swbell net

Medina County EMC Brian Dopp 210-381-3455

Medina County Sheriff’s Gilbert Rodriguez 830-741-0150 sheriff@devtex.net
Department

Mico Volunteer Fire Wayne E. (Ed) Eades 830-612-2227 heeades(@aol.com
Department

4.2 Study Methodology

The study proceeded performing the following tasks:

¢ Regional meetings for emergency managers. Two meetings were held at the BMA office
in Natalia on February 17 and 18, 2004. The agenda for these meetings was primarily to
solicit input from regional EM staff as to regional EM issues and needs. Input was
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solicited via a questionnaire prepared for the meetings. Questionnaire responses received

are provided in Appendix 4A.

e Development of response to meeting input. URS performed selected tasks as a response
to the input received during the EM staff meetings. These tasks included:

— Development of recommended guidance for specific issues of interest to EM staff:
preparation or review of existing EM plans, pre-disaster activities, prepartion of a
debris management plan, preparation of a recovery plan, and other issues. This
guidance was developed by a senior URS engineer familiar with EM practices in
several regions nationwide. This guidance is provided in Section 4.3.

— Development of recommended EOC actions associated with dam safety warnings
issued by BMA (Section 4.4).

— Development of a summary of current communications procedures (including current
notification lists) among regional EM staff for flood situations. Recommendations
for potential improvement of these procedures are also provided (Section 4.5).

— Development of Early Warning System (EWS) guidance. Basic FEMA guidance for
warning siren design is provided as Appendix 4B. Sample vendor information for
cameras, lighting, and sirens used successfully by URS is provided in Appendices 4E
and 4F. A site-specific concept design for lighting and a video camera at Lake
Medina Dam is provided, as is a generic design for a siren (Section 4.6).

— Other Tasks Identified During the EM meetings (Section 4.7). These tasks include 1)
providing a summary of information available for relating Medina Lake stage (at the
dam) to elevations in subdivisions lakeside upstream, and in Castroville downstream,;
and 2) providing a base map for identification of roads that flood during major flood
events (Section 4 Plates).

e Summary of Recommendations (Section 4.8).

4.3 Guidance for Emergency Management Planning
4.3.1 Introduction

Every community needs a roadmap of what to do at the time of an emergency. The emergency
might be a natural disaster such as a flood or tornado or a technological hazard such as a tank
truck incident on a local highway. The disaster might affect most or all of the community or it
might only affect a neighborhood. It might last for days or occur and be cleaned up in a matter
of hours. However in any of the scenarios, community leaders must know who to contact and
solicit help from, who to inform of the incident, and where to shelter those who need to be
moved from their residence, business or school. They must have an idea of which travel
corridors might be affected, how long will it take to get people out of harm's way, and what
resources are needed to weather the disaster.

This information cannot be obtained in a hurry while the disaster 1s occurring or even a few
hours before it begins if it’s the type of event where there is some warning (usually floods are
this type). Actions must be thought out well in advance of an event. Various scenarios must be
developed and the effects of those scenarios played out to develop the consequences so that plans
can be made to deal with the various effects from the possible scenarios.
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The counties and municipalities that are participants in this study have existing Emergency
Management Plans at various levels of completion and complexity. This report is intended to
enhance existing planning and is included as a supplement to what has already been developed.
URS and/or the project participants and sponsors may wish to include some pieces of this
supplement into individual plans thus this information is developed in a way that will hopefully
make this incorporation an easy process.

4.3.2 General Guidance for an Emergency Management Plan
Important Contents for an Emergency Management Plan (EMP)

In general, an Emergency Management Plan (EMP) should address:

e The question of who is in charge. In the community, when decisive action is required to
reduce both human and economic losses, someone must be in charge, direct others to take
care of elements of community protection, and act as the Point of Contact (POC) for the
media, the state, and surrounding communities. The EMP should identify who is in
charge and include those who will provide certain types of backup.

o The EMP should be established to deal with a variety of emergencies however; the focus
here is on the flood emergency.

¢ The EMP should define the operation of the EOC including specific location, how and
when the EOC should be activated, who should be involved in the EOC in terms of
support functions and how assets will be communicated with from the EOC and how they
will be deployed.

e How counties or agencies within counties are expected to function with each other .

How will warnings occur and who is expected to respond to the warnings.

e How the public education will be notified including, who must receive information about

how to respond, and how local officials will know the message is being received.

The plan should provide a roadmap for future actions that should be taken or for additional plans
that should be developed. The plan must include a provision for updating as no plan can remain
static if it is to be effective at the time of use.

The important tasks that need to be performed during a flood emergency include:

¢ Notifying of the public about flood status and seeing that the public responds
appropriately at the various warning levels

» Directing traffic such that impassable roads are not attempted and the most direct
passable roads are used

¢ Opening of shelters as required

¢ Providing temporary supplies as required including bottled water, portable toilets, dry or
canned food goods, fuel for generators or automobiles

¢ Coordinating efforts of the local utility providers, law enforcement, Department of
Transportation, and citizens to remove downed power lines, secure floating hazardous
debris, shut down waste water treatment plants, etc.

¢ Communicating with the media to help disseminate various public messages
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Coordinating with other public services such as fire, rescue, EMS, hospitals, schools,
nursing homes, etc.

Recommended Predisaster Activities

The following activities are recommended for consideration as preparation for a future flood.

Education. Ensuring that the citizens in the areas potentially affected by flooding from either an
overflowing river or a dam break react in a pre-determined way when they are told to evacuate is
critical during a flood event. The citizens must know:

Am I in an area that could be inundated with water.,

If T am in a potentially inundated area, how deep will the water be.

How will I travel to get out of harms way.

Will any roads I try to leave on be covered with water.

If I have to leave during the day, how can I get my children from school.

Where can I go for safety in a dam break scenario.

Where should I go in a flood scenario when there is some warning time.

What do the various warnings mean and what action am [ supposed to take at each
warning stage.

How will I be alerted that there is a potential flood situation — will 1 be called, will
someone drive by my house and warn me to leave, will a siren sound, will there be an
alert on a radio or television station, etc.

If T have to evacuate, what should I take with me and how long might I have to be gone
from my home.

An education campaign and message should be planned so that irrespective of the medium used
to distribute the message, it is the same message. The citizens will be confused if messages are
developed and distributed by numerous organizations who will distribute the messages and they
are even slightly different. An effective educational campaign could include:

Printing flyers or brochures describing the potential threats, the possible inundated areas,
and what citizens need to do if warned to leave.

Mailing fliers that go to a targeted audience identified by zip code or telephone
exchanges.

Altering the message in various mailings to help insure readership. If every mailing
looks the same, it will soon be ignored by those receiving them.

Meeting citizen groups, clubs, etc where members live in the potential inundation area
and discussing how citizens should be prepared.

Meeting with ham radio operator clubs and soliciting help in formulating a message and a
message dissemination campaign when it is time to issue flood or dam break watches or
warnings.

Printing material in multiple languages.
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e Providing materials and speakers for public schools, especially lower grades. Children
can do a lot of message sending to their parents, and parents seem to listen to their
children.

¢ Distributing messages in local utility bills, telephone book inserts, and fliers in grocery
stores.

¢ Announcing public messages over radio and television (Note: these outlets may cover
too broad an audience, and thus there may be an overload of questions from citizens who
are not likely to be affected and who should not have to take any action during a flood
event).

Debris Management Plan

A substantial amount of debris can be created by either a flood or dam break. The higher the
water velocity and the more bank overflow there is, the more debris will be created. Every
community potentially affected by such an event should have a plan for dealing with the debris.

The plan should include locations for the permanent disposal of debris. Any environmental or
other issues of public concern relating to the planned site should be resolved. There are
numerous advantages to having a plan detailing sufficient pre-selected landfill sites of adequate
capacity, notably: unnecessary site disturbance is minimized, costs are greatly reduced, and
public acceptance is facilitated.

Appendix 4B is a sample Debris Management Plan template for possible use by the three-county
areas.

Recovery Plan

A recovery plan deals with the many aspects of recovering from a disaster. Such a plan could
guide the community on how to rebuild elements of the infrastructure (roads, bridges, sewer and
water service, railroads, power grid, etc.), how to provide temporary and permanent housing,
how to get children back in school, etc.

Developing a recovery plan is an excellent time to involve many other public and private entities
in the thinking about how to rebuild. Many questions must be dealt with and many may require
engineering, architect, planner, accountant, or legal input. Questions about how badly damaged
an element must be before replacement is considered the only viable option must be answered.
This question must be asked and answered for many of the systems noted above.

Issues of contamination of water supplies, landfills being filled with hazardous materials or other
means of disposal, restocking items in critical facilities, all must take some high priority so that
these very necessary functions can be brought back on-line as quickly as possible.

Financial planning is another important element of recovery, so the plan should address funding
opportunities for both disaster-related relief and rebuilding, or identify some elements of the
infrastructure that could be rebuilt better to reduce future disaster costs. There will be people
who live and work outside the area inundated by flooding who will lose service — power, water,
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waster disposal, telephone, etc. It will be important to consider these people in any recovery and
rebuilding plan as the number of people affected by this event could be many times the number
of those who lost everything.

Installing Early Warning/Notification System

It is very important to get word or a signal of some sort to the citizens warning them of
impending danger as far in advance as possible to minimize deaths and injuries from the flood or
dam break event. There are numerous options for warning systems. A dam break event is
similar to a tsunami in that a large wave or wall of water will flow into the inundation area very
quickly, perhaps with little warning. Several warning methods are already in place in the three-
county affected area. These systems include:

Tone alert (weather) radios;

Reverse 911;

Sirens;

Mobile announcement;

Wireless announcement through metro call paging system;
Door-to-door canvassing; and

Surveiliance.

At this time, when each of these systems is put into effect can vary depending on the flood or
dam break scenario and on which county issues the warning. The chart below suggests the most
effective warning system(s) for each condition. In some conditions, multiple warning systems
may be required to create a fully effective warning network.

Table 4-2. Applicability of Warning Systems

~Tone i ¥ HEh R b

‘Alert- | Reverse © )i Mobile 1 Wireless © ' Door- | - Al
: : ;o Ragio 0911 ° . | ‘Sirens .| Announcement: i Announcemerit: |- to<Déor | Surveillance
Flood watch ok wkox *ox
Flood warning ok ok ok ook Kk *okk deokok *%k *eok
Dam watch *x
Possible dam ** %ok 5ok 3k 4ok
failure
Imminent dam Aok *kokok ke ko Yook Kook *
failure
Dam failure o ok ok ke * % KKK * *ok

No designation suggests warning system would not be effective for a particular watch/warning.
* Minimally effective strategy.

** Somewhat effective strategy.

*** Effective strategy.

kX Very effective strategy.

The least expensive method is tone alert radios since the citizens pay for the communication
medium. Effectiveness of this strategy depends upon having a sufficient number of citizens
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listening to the radio. Surveillance, door-to-door canvassing, and mobile announcement systems
require some manpower on the part of the counties but no significant equipment. Wireless
announcement systems such as paging will only cover a small number of citizens and will
require some funds for equipment and service. Reverse 911 systems will require funding, and if
telephones are frequently cellular phones, then the system will not be very effective. Sirens will
probably be the most costly, but the most effective. Coverage can be focused on those areas in
the probable inundation zone and can be used for a number of different emergencies by using
different signals.

Temporary Housing, Cooperative Agreements for Ultility Service Repair

While temporary housing should be included in recovery plans, it is very important to understand
the dynamics of people not having their own permanent housing for an extended period of time.
Recovery occurs faster when people can put their children back in school, people can go back to
work, and life seems more normal.

For housing to be replaced, even temporarily, services must be available. Water supply, waste
disposal, power, and telephone service all must be hooked to the temporary housing so that
people can operate normally. If services are lost due to the event, temporary services must also
be provided. For these services to be ready to supply needs, contracts must be in place for
bottled water, portable toilets, generators, portable phone banks, and mobile homes. Extensive
effort is required to make arrangements for these services well in advance of an event, especially
without knowing that any specific event will actually occur,

Practice and Exercises

Practicing elements of the plan helps insure citizens will do what is expected of them when the
emergency occurs. Practice also gives emergency management, law enforcement, fire, rescue,
and volunteer groups a chance to practice a response to various type and magnitude events.

Exercises must be carefully designed to achieve the maximum usefulness. They should include
roles for as many important players as possible. The exercise should include ‘exercising’ many
of the emergency support functions so the interaction and required communication between
various agencies can be tested. The exercise should inciude a test of the citizens response to the
warning systems used during the exercise.

Practice or exercises should be conducted on a frequency that provides sufficient testing but not
so often that the practice is meaningless. A frequency of 6 — 12 months is probably about the
right time frame at least for the first 2 — 3 exercises until the roles of various important players
are clear. As new players come on the scene in various roles, an exercise should be conducted so
these new players understand their part in the overall success of managing a significant disaster
event. Different types of disasters should be used in the exercises as well as this will test
different elements of the plans. Exercises for floods, dam breaks, tornadoes, and a technological
and man-made hazard event should be considered.
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Funding Opportunities

There are some federal opportunities for funding some of these programs and projects. FEMA’s
web site hitp://www.fema,gov/fima/ has information about many of the mitigation programs
including the type of planning or project activity that might qualify. All of FEMA’s programs
must be submitted through the state to the Region (Region VI located in Denton, TX). Some of
the funding programs are:

HMGP — Hazard Mitigation Grant Program provides funds for planning and projects that
reduce the costs of future disasters. The funds are provided as a percentage of a federally
declared disaster. Projects must be cost-effective where the project benefits are greater
than the project costs.

PDM — Pre-Disaster Mitigation funds are competitively awarded. Planning and project
grants compete with other projects from across the nation. All projects must be cost-
effective. Project grants usually have cost ceilings to them. For 2003, the maximum
award was $3,000,000. The 2004 PDM program has been authorized by Congress and
project grant applications will be requested soon by FEMA.

Some funds have also been distributed through the Homeland Security Department for the
improvement of communication between regional and local emergency management offices, and
also for the procurement of emergency vehicles and equipment. The regional entity with the
most experience with these programs is the Alamo Area Council of Governments (contact
provided in Table 4-1).

In some locations along the Medina River, notably upstream of Castroville, severe flooding can
lead to debris accumulation which raises local water levels or which can largely block the
channel and force some flow diversion into areas not otherwise flooded (discussion with Tim
Fousse, Castroville EMC at February 18 neeting). Funding may be available under the NRCS
Emergency Watershed Program (EWP) to perform channel restoration to address channel
damages associated with erosion and debris issues.

4.4 Lake Medina Dam Safety Warnings and Regional Response

441 BMA Dam Safety Warning Procedures

Lake Medina Dam is classified by the State as a High Hazard structure. As explained in Section
3, this classification is unrelated to the condition of the structure and is set only by the possible
consequences of dam failure. The inundation maps presented in Section 3 demonstrate that a
dam could result in loss of life and would certainly result in major economic loss in Medina and
Bexar Counties, and these effects would likely extend into Wilson and Karnes Counties.

BMA has prepared an Emergency Action Plan (EAP) which explains BMA’s procedures for
issuing dam safety warnings during a severe flood. These warnings follow the guidance and
format presented in Chapter 8 of “Guidelines for Operation and Maintenance of Dams in Texas”
(TWC [now TCEQ], 1990). Guidance per the current EAP is provided in the following sections
and in Appendix 4C.
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Emergency Conditions. Once an emergency has been identified, it must be classified according
to its urgency. The following five classifications shall be used.

Dam Failure

progressively worse.

| Sitwation | ¢ sl il _ Examples of Condition — ]
Watch A problem has been detected Medlna Rlver Flood Warning Issued by Natxonal Weather
Condition which requires constant Service (NWS) for Bandera or Medina County watersheds
monitoring or immediate action to | upstream of Medina Lake.
repair or correct, or a potentially | Flow at elevation 1068 ft Mean Sea Level (not BMA datum)
hazardous situation is developing. | overtopping Emergency Spillway by 4 ft with water rising or
additicnal major short term rainfall predicted.
Significant changes noted in dam, foundation, or abutment
seepage rates, without evidence of erosion or rock spalling.
Possible A Watch Condition providing USGS Gage 08178880 at Bandera with stage exceeding 38 ft
Dam Crest warning of potential dam crest (elevation 1228 ft Mean Sea Level), while Medina Lake level
Overtopping | overtopping. exceeds 1069 ft Mean Sea Level (not BMA datum).
If Medina Lake level exceeds 1071 ft Mean Sea Level (not
BMA datum) (7 ft over the spillway crest), use rate of rise
(calculated every 15 minutes) to estimate time to rise to
clevation 1076 ft. A possible dam crest overtopping condition
exists if flood reaches this elevation within 6 hours.
If the NWS predicts overtopping of the Dam Crest to occur.
Dam Crest A Watch Condition providing Water is going over the dam crest at any location.
Overtopping | notice that dam crest has been
overtopped.
Possible A Watch Condition that is getting | Use rate of rise (calculated every 15 minutes) to estimate time

to rise to elevation 1079.3 ft. A possible dam failure condition
exists if flood reaches this elevation within 6 hours.

Further increases in dam, foundation, or abutment seepage
rates, without evidence of erosion or rock spalling.

Imminent
Dam Failure

The Field Foreman has
determined that conditions at the
dam will progress to a failure of
the dam and an uncontrollable
release of the reservoir.

Overtopping of Dam Crest by 3.3 ft {1079.3 ft ms]).

Movement of Dam (crest or abutment)

Rock spalling, plucking, or erosion in foundation or abutment
from impact of overtopping,

Abutment or foundation seepage with rock erosion, spalling, or
plucking.

Dam Failure

A failure has occurred and a flood
wave is now heading downstream.

A failure has occurred and a flood wave is now heading
downstream.

Emergency Actions. Once the emergency has been classified, the following actions are
recommended.

ftuation

Recommehded Acﬁnn 1

Responsible

.Watch
Condition

. Issue Watch Condltlon Warnmg Message (p. 4-7) pér Notlﬁcatlon Plan

. Boa:rd Pre51dent

. Instigate continuous monitoring of structure

Field Foreman

. Obtain assistance from expert consultants, as needed

Board President

INI TN

. Initiate calculation of lake level Rate of Rise (Eqn #1) every 15 minutes after
lake level reaches 1072 ft mean Sea Level (not BMA Datum)

Field Foreman

5. Issue cancellation of Watch Condition when condition no longer exists

Board President
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Possible

Dam Crest

 Issue Possible Dam Crest Overtoppmg Warnmg Message (p. 4 7 per

Notification Plan

Board Presndent .

Overtopping | 2.

Obtain assistance from expert consultants, as needed

Board President

. Issue cancellation of Possible Dam Crest Overtopping Warning when

condition no longer exists

Board President

Dam Crest 1.

Issue Possible Dam Crest Overtopping Waming Message (p. 4-7) per

Board President

Overtopping Notification Plan
2. Issue cancellation of Dam Crest Overtopping Warning when condition no Board President
longer exists
Possible 1. Tssue Possible Dam Failure Warning Message (p. 4-7) per Notification Plan Board President
Dam Failure | 2. Issue cancellation of Possible Dam Failure Waming when condition no longer | Board President
exists
Imminent 1. Issue Imminent Dam Failure Warning Message (p. 4-7) per Notification Plan | Board President
Dam Failure | 2. Issue cancellation of Imminent Dam Failure Warning when condition no Board President

longer exists

Dam Failure | 1.

Issue Dam Failure Warning Message (p. 4-7) per Notification Plan

Board President

Emergency Conditions Based on Water Levels. Note: All other conditions of the Dam
(structural, foundation, etc.) should be monitored and evaluated with the water levels during an
emergency situation. This table is consistent with the table on page 4-10 and is intended as a
further clarification of that table.

Water Level 3 .
L (RMSL) ] - Desc w il _,esul- ugAction &

1064 Water begms to overtop Spll]way No emergency condition, continue to penodlcally

monitor.

1068 Water is overtopping Spillway by 4 ft Go to Watch Condition.

1069 Call National Weather Service for water If Bandera USGS Gage is below 1228 ft MSL,
level at Bandera USGS Gage, which is 6 remain at Watch Condition.
hours upstream of Medina Lake Dam. If Bandera USGS Gage is at or above 1228 ft MSL,

go to Possible Dam Crest Overtopping.

1072 Calculate Estimated Time to Overtop Dam | If water is predicted to overtop elevation 1076 in
Crest (Eqn #2) using Rate of Rise (Eqn #1), | more than 6 hours, remain at Warch Condition.
every 15 min. If water is predicted to overtop elevation 1076 in

less than 6 hours, go to Possible Dam Crest
Overtopping Condition,
1076 Water begins to overtop Dam Crest Go to Dam Crest Overtopping Condition.

Continue to Calculate Estimated Time to
reach elevation 1079.3 (Eqn #3) using Rate
of Rise (Eqn #1), every 15 min.

If water is predicted to overtop elevation 1079.3 in
more than 6 hours, remain at Dam Crest
Overtopping Condition.

If water is predicted to overtop elevation 1076 in
less than 6 hours, go to Pessible Dam Failure
Condition.

1079.3 or higher

Water is more than 3 feet over dam crest.

Go to Imminent Dam Failure.
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Appendix 4C also contains information on water level rate of rise calculations, water level
monitoring log guidance, and sample notification messages. The emergency notification flow
chart 1s provided below. A more detailed explanation of how the communication will be made
between BMA and the entities on the Notification Chart is explained in Section 4.5.

EMERGENCY NOTIFICATION FLOWCHART FOR MEDINA LAKE DAM

Emergency Condition -1-
+ > 1. PRIMARY CONTACT - (Will coordinate all local agencies listed
in this section below)
Observer Medina County Sheriff Department
Emergency Dispatch 24 hr  B30-741-6153
+ Sheriff Gilbert Rodriquez 830-741-6150
- ALTERNATE CONTACTS — in order (If unable to contact Sheriff)
BMA Field Foreman Medina County
Brian Sullivan EMC. Brian Do
) R PP 830-741-6021
o e e Judge James E. Barden 830-741-6020
Medina County Sheriff/ EMC to contact:
+ Texas Dept of Public Safety
DPS Dispatch Center 24 hr  210-531-2280
BMA Board President Bandera County
Tommy Fey Sheriff James MacMillan 24 hr  830-796-3771
Office  830-709-4733 Judge Richard Evans 830-796-3781
Mobile  210-508-9957 Bexar County
EMC, Carl Mixon 210-335-0300
¢ Sheriff Ralph Lopez 24 hr  210-335-6000
Judge Nelson Wolf 210-335-2626
2. San Antonio Dispatch 24hr  210-207-7744
BMA OFFICE City ofCastrovillel
1. BMA Business Manager 830-665-2132 EMC, Tim Fousse 830-931-0234
Ed Berger Police Dept 830-931-2232
Mayor Robert Hancock 830-931-4070
2,BMA Dam Caretaker  home:  830-612-2294 ESD #1, Medina County
IR. Gulley mobile: 210-287-0933 Folly Edlund 830-931-3358
2. NATIONAL WEATHER SERVICE
San Antonio/Austin Office
+ 24 Hours §30-606-3600, Press 3
-3- 8-4 pm 830-606-3617 x206
DOWNSTREAM RESIDENTS Primary ConFaCt — contact periodically for updated river information:
From Medina Lake Dam to Diversion Dam —P Hydrologist, Mark Lenz  x228
1. Medina Ranch, Inc. River Forecasting Center 817-831-3289
Primary contact will call 22 vacation residents
Ranch Foreman,
Tony Sammis mobile 210-213-5729 3. URS ENGINEERING
President, P Project Manager, Jeff Irvin Office  512-419-6523
Dr. John Williamson mobile 210-213-0465 Austin Office Cell 512-658-0856
2. David Zinsmeister 830-612-3704
4. TEXAS COMMISSION ON ENVIRNMENTAL QUALITY
3. James Calvert (phone # N/A) Emergency Response Hotline- Austin, Texas 1-800-832-8224
4. Nancy & Bob Wall 830-612-2536 Dam Safety Team
- haney & Bob Wallace 2107640997 Coordinator, Warren Samuelson Office  512-239-5195
B Home  512-238-6660
5. Irene Kocurek 830-612-2842
. below Diversion D b ab 5. TEXAS DEPT OF TRANSPORTATION
6. Residents below Diversion Dam will be contacted by Hondo Area Office 8-5pm, 830-426-2522 (Mitce.) or $30-741-8024 (Main)
Sheriff’s department. Primary Contact
Area Engineer, Carl Friesenhahn Mobile 830-426-1923
Home  830-538-2713
Secondary Contact
Asst. Area Engr, Greg Biediger Home  830-612-2464
Mobile  830-426-1924
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4.4.2 Regional Response to National Weather Service and BMA Dam Safety Warnings

The National Weather Service (NWS) issues warnings concerning actual and predicted flood
levels in the Medina River corridor. The status of the current River Forecast Model for the
corridor is described in Section 2 above. The NWS office in San Antonio currently issues a river
flood statement when the Medina River’s banks are full (a depth of 10 ft). The flood statement is
good for the river depths of 10 ft to 12 ft. When the flood depth at the Bandera USGS Gage No.
08178880 1s 13 ft and the river is over its banks, a flood warning is issued. The warning will
extend for 12 to 24 hours, and the warning is issued by the local NWS office. Flood watches are
experimental at this point; however it seems that flood statements provide the same information
to the community. The information from the NWS should be used in addition to lake levels to
anticipate conditions some hours in the future.

This section addresses the currently planned regional actions associated with NWS warnings and
with each of the dam safety warnings described in Appendix 4C. The actions noted below were
provided by EMS leadership for each of the three counties (Bandera, Medina, and Bexar) at and
following the EM staff meetings in February, 2004. Bandera County is above the Medina Lake
Dam and thus will be more affected by Medina River flooding until there is a possible dam break
scenario, and then counties below the dam (Medina and Bexar) will be more affected by a
possible dam break.

e “Flood watch” (currently the NWS issues flood statements, not flood watches)
— Bandera County might activate EOC;
— Medina County would monitor conditions; and
— Bexar County would notify EOC staff and volunteers, Bexar County would consider
evacuation procedures including deciding what areas might need to be evacuated.

e “Flood warning” — issued by the NWS when river is 13 ft in depth and over its banks at
the Bandera gage
— Bandera County would alert first responders and local agencies;
— Medina County would activate EOC — ready for a possible evacuation; and
— Bexar County would activate EOC - ready for a possible evacuation.

e “Dam watch”- issued by BMA, occurs when water is 4 ft deep going over the dam
spillway or water surface elevation of 1068 feet MSL (USGS datum, not BMA datum)
— Medina County monitors water level and spillway discharge; and
— Bexar County notifies EOC staff and volunteers, prepares for evacuation and
sheltering.

e “Possible dam failure” — issued by BMA, lake water surface elevation at dam is 1071 feet
(USGS datum, not BMA datum) (7 feet over spillway) and current rate of rise would
reach elevation 1074.5 feet within 6 hours.

— Medina County evacuates and shelters, calls state for required assistance, and
prepares for search and rescue; and
— Bexar County activates EOC and considers evacuation.
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* “Imminent dam failure” — issued by BMA, water is overtopping dam crest of 1076 by 3 ft
or more, or site observations show stress.
— Medina County evacuates and helps to transport residents from downstream area; and
— Bexar County evacuates and shelters, calls state for required assistance, and prepares
for search and rescue.

¢ “Dam failure” - issued by BMA if dam fails.
— Medina County works with Red Cross to open shelters, provides support to fire and
EMS personnel, assists with law enforcement; and

— Bexar County evacuates, shelters and prepares for mass care, performs search and
rescue, asks for state assistance as required.

The one action that could cause confusion is at the Possible Dam Failure stage where the water
surface elevation at the lake is 1071 MSL. At this action, Medina County says the emergency
evacuation plan is being initiated and Bexar County is activating their EOC. If Medina County
activates their EOC at this warning stage, and BMA sends a representative to the EOC to help
coordinate information about the event, then there is less chance for confusion and mixed
messages to be sent to the public. However, if one county is activating their evacuation plan and
another county is not activating their evacuation plan, this will send a confusing message about
the seriousness of the possible event. It is recommended that both Medina County and Bexar
County activate their evacuation plans upon receipt of the “possible dam failure” warning from
BMA.

4.5 Flood Emergency Communications Procedures

Based on interviews conducted with the Bandera County EMC, Medina County EMC, Medina
County Sheriff, and the Medina County ESD#1, there appear to be two types of communication
networks regarding flooding conditions along the Medina River. The first communication
network is based upon an informal agreement among local entities that has been established as a
means to provide an early alert to residents immediately downstream of Medina Dam and to alert
volunteers and paid local government employees responsible for assisting these residents of the
need to be on stand-by status. The second communication network is more formal and is
designed to mobilize government and volunteer personnel for a pending evacuation and notify
the general public that an evacuation is needed.

A summary of the formal and informal communication networks and the communications
technologies used to convey information during flooding conditions follows. The information
presented is based on a series of interviews conducted by URS.

4.5.1 Formalized Communications Networks

BMA

BMA is notified of flood watch conditions via a cell phone call from the NWS. Brian Sullivan,

the BMA field manager, is responsible for emergency management for BMA and has both a
work cell phone with service provided by Nextel and a personal cell phone with service provided
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by Cingular. Notification of flood conditions is also received via a cell phone call from both a
resident located at Medina Dam and a BMA contract employee who is also employed by the
Medina County Sheriff and is dispatched to the Medina Dam by the Sheriff when the NWS
issues a flood watch notice. Once alerted of flood watch conditions, Mr. Sullivan places a cell
phone call to the following:

e Diversion Lake
— Tony Sammis;
— Dr. John Williamson;
— David Zinsmeister;
— James Calvert;
— Nancy and Bob Wallace; and
— Irene Kocurek .
¢ URS (or other entity in charge of piezometer monitoring) to initiate frequent readings of
piezometer levels.

After notifying Diversion Lake residents, Mr. Sullivan drives to Medina Dam and remains at that
location until the Medina River and Bandera River have crested. Although not a formal policy,
if flooding conditions last for an extended period of time, Mr. Sullivan can contact another BMA
employee to provide relief. During the 2002 flood, both the Manager and Director were
physically located at Medina Dam to monitor flood conditions.

Bandera County

The first point of communication regarding flooding conditions along the Medina River is the
Bandera County Emergency Management Coordinator (EMC). The Bandera County EMC has a
National Oceanic and Atmospheric Administration (NOAA) radio at his residence that sounds an
alert tone when significant rainfall is occurring. A secondary form of notification comes from
local residents that have agreed to be “spotters” and contact the EMC via telephone (land line or
cell) when water conditions become a concern. Once the Bandera County EMC has received
notification of significant rainfall, the Bandera County Emergency Operations Center (EOC) is
opened. At this point weather conditions are monitored by calling the National Weather Service
(NWS) on the land-line telephone, monitoring radio traffic throughout the County (Police
Department, Fire, EMS, and Game Warden), and monitoring the USGS water gage data
available via the internet.

As a general rule of thumb, if Bandera County receives three inches or more of rain', the
Bandera County EMC will notify the following of rainfall totals and predicted flood level
information:

Bandera County Deputy (radio);

Bandera County Judge (land-line or cell phone);

Castroville EMC (cell phone and pager); and

Hondo Sheriff Department (via radio) — most recent rainfall event only.

! 1f the ground is already saturated, the EOC may be opened when 2 inches of rain has fallen.
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Medina County

Notification of potential flooding conditions is received by the Medina County Sheriff’s office
by tele-type from the NWS. If the flood situation is severe, the NWS will follow-up with a
telephone call to ensure that the information has been received. Once the notification is
received, the Medina County Sheriff contacts the following:

e Medina County Judge (via telephone);

e Medina County EMC (via telephone);

Castroville EMC (via telephone, pager, or radio);

La Coste City Manager, Mayor, and Police Chief (via cell phone);
BMA (via telephone)(if BMA has not already notified the Sheriff);
County Commissioners; and

Volunteer Fire Departments.

The Sheriff disseminates information to the County Commissioners via cell phones and pager so
that road crews can be organized to provide assistance as needed. In addition, the Medina
County Sheriff will send a Deputy to monitor and report on water conditions at Medina Dam via
cell phone, radio, or pager. The Medina County Deputy currently rents property at Medina Dam
and is paid by the BMA to be the Medina Lake Caretaker. The Medina County Deputy remains
at Medina Dam until the flooding conditions have passed or he needs to leave to ensure his own
safety. Another police official replaces the Deputy after 10 hours. The Sheriff also notifies
Volunteer Fire Departments in the area via pagers that have specific tones to identify the type of
danger and the specific location where assistance is needed. The San Antonio television media
(ABC, CBS, NBC, and FOX) and Medina County radio station (KCWM) are also notified via
telephone.

To date, the Medina County Sheriff’s office has not experienced problems with the functionality
of the existing communications systems when needed to convey information about flooding
conditions. Medina County police officers have routine patrol routes around Medina Dam, and
therefore the communication systems are continuously being used and periodic testing is not
required. When the County Judge or Sheriff determine that the general public needs to be
notified, a telephone call is made to residents in local subdivisions and squad cars are dispatched
to notify residents via a public address system. The VFD and police officials will also conduct
door-to-door notiftcations.

4.5.2 Informal Advance Warning Communications

The existing Lake Medina Dam Emergency Management Plan calls for initiating a series of dam
safety warnings when flow is 4 feet deep over the spillway. The Medina County Sheriff begins
notifications when the water flow is 1 foot deep over the spillway. These notification triggers
are based upon current water levels. However, information on both the current water levels and
the rate of rise is essential for communities downstream of Medina Dam that need more lead
time to inform residents and emergency personnel of a potential flood hazard in Medina Ranch,
Rio Medina and Castroville.
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Most of the water that enters Medina Lake comes from the Medina River. Therefore, the amount
of water in the Medina River and the rate at which the river is rising is a good indicator of the
potential for flooding conditions downstream of Medina Dam. There is currently a USGS water
level gage on Medina River in the City of Bandera. However, the USGS only updates the
agency website with water level readings taken from this gage every 4 to 6 hours, during which
time a significant change in conditions may have occurred. In Bandera County, individuals
monitor the water level gage and report the data real time to the Bandera County EMC. This
real-time information is used to make predictions about the rate of rise downstream and can
assist communities downstream to better prepare for potential flooding conditions,

Over the past few months, the Bandera County EMC and the Castroville EMC have been
working closely to better communicate information on the potential for flood conditions
downstream of Medina Dam. In the recent past, during heavy rainfalls several courtesy calls
have been made from the Bandera County EMC to the Castroville EMC that have assisted in
alerting emergency entities downstream of the need to be on stand-by status. These courtesy
calls were initiated as soon as the Bandera County EOC was opened. The Bandera County EMC
courtesy calls to Castroville were also supplemented by courtesy calls from BMA prior to the
water reaching 4 feet above the spillway.

Once the Castroville EMC is notified, that EMC contacts the following via cell phone or land-
line telephone:

Castroville Mayor;

Castroville City Administrator;

Castroville Police Chief,

Medina County EMC; and

ESD #1 (depending on the severity of the situation).

The Bexar County EMC is also the Chief of the La Coste Fire Department, which is one of the
Volunteer Fire Departments within ESD #1. Therefore, once ESD#1 is notified, the Bexar
County EMC is aware of the potential for flooding conditions. The ESD #1 also notifies
residents in Medina Ranch via land-line telephone or e-mail. Typically, e-mail is only used as a
method of communication when there is at least 2 days of lead-time between notification and
predicted flooding conditions.

4,53 Discussion of Communications Issues and Recommendations
Problems Encountered With Current Means of Communication

One of the problems that has been encountered in Bandera and Medina Counties in the past as a
result of communicating flood conditions by way of radio is that there are a significant number
of private citizens that have scanners and are able to intercept radio communication. In the past,
private citizens have misinterpreted the information conveyed and then disseminated inaccurate
information to the public. To address this problem and the problem of having black out areas
where radio coverage is incomplete, Medina County has been evaluating the cost of transitioning
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from a VHF high-band radio system to a 900 MgHz radio system. Because all County radios
would need to be replaced, converting to a 900 MgHz radio system is likely to be cost
prohibitive.

Recent Communication Enhancements

The Medina County Sheriff’s office recently purchased, through a Homeland Security Grant, a
travel trailer that includes 30 to 40 portable radios and a computer with internet access. This
trailer can be located as needed to facilitate communications during emergency conditions.

Planned Communication Enhancements

1. Radar Gage - Castroville has included in their next year’s pre-approved budget costs to
install an ultrasound radar gage on the river in Castroville that reads continuously through
SCADA. Essentially, this device is similar to a radar gun that sits above the river and
then automatically sends a radio signal through a computer to notify Castroville that the
water has reached a specific level. The gage data feeds into the same SCADA system
used for monitoring of city utilities: water, wastewater facilities, etc. Funding for this
system has been requested in the current budget, which is to be approved this month. If
approved, the radar gage would likely be installed in November. Other municipalities
can install a similar device that can link to the one set up in Castroville. The cost would
likely run about $6,000 for the equipment and then an additional $1,000 to $2,000 to set
up the computer linkages.

2. Siren System - Medina County is considering (and has included in their proposed
budget) a County-wide Emergency Siren System that would notify residents to turn on
their televisions or local radio station to obtain information about flooding conditiens.
This would provide an expeditious way to disseminate information to the general public.
Medina County is planning to fund the cost of installing sirens in smaller communities
and Castroville, Devine, LaCoste, Natalia, and Hondo have agreed to purchase sirens for
their own communities that would be part of the County-wide system. The main siren
control will be operated by Medina County. However, individual communities have the
option to purchase a second control that would activate the siren for their community
only. The current proposed budget also includes funding for a localized AM radio station
that would provide general community information during non-emergency situations and
emergency information when the County-wide Emergency Siren System is activated.

3. Ham Radios - The Medina County Sheriff’s office is evaluating the use of ham radios as
an additional method of back-up communication. There are currently a number of private
citizens that are ham radio operators in the local area. Therefore, the only requirement to
implement this option is the purchase of hand radios so that County Sheriff staff can
communicate with the ham radio operators. Due to funding limitations, purchase of these
hand radios has not been finalized.
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o

1.

Recommended Communication Enhancements

Land-Line Telephone at Medina Dam — Currently, cell phones are the only
communication option for BMA employees located at Medina Dam. Installation of a
land-line telephone in the weatherproof building where the gate operator is housed would
provide a reliable back-up method of communication should the cell phones be
inoperable.

Coordination with Medina County EMC - Currently the Medina County Sheriff is
receiving information about flood conditions primarily from the NWS and a Deputy
dispatched to Medina Dam. Given the recent hire of a Medina County EMC, there is an
opportunity for parallel communication between the three county EMCs, which can
provide more advanced warning of the potential for flooding conditions. To ensure that
the Medina County EMC receives courtesy calls currently provided other entities
downstream from the dam, the Medina County EMC needs to work with the Bandera
County and Bexar County EMCs to be included in any EMC notification charts. Contact
information for the new Medina County EMC is included in Table 4-1 above.

. Water Gages — The key to protecting the public during flooding conditions is ensuring

that adequate lead time is available for emergency responders to be mobilized and ensure
the safety of local residents. While the USGS has installed a water level gage in the lake
immediately upstream of Medina Dam that takes readings every 15 minutes, information
transmitted to the USGS website is only updated every 4 to 6 hours. More frequent
updates during flooding conditions would enable emergency management personnel to
better predict water levels and ensure adequate lead time is available to protect the public
and their property. Another recommendation that would increase the amount of lead-
time available is the installation of additional USGS gages upstream from the community
of Medina where the north and west prongs of the Medina River join together and where
Highway 16 and Highway 2107 merge. This issue is discussed in more detail in Section
4.7.1.

Back-up Generators — Many of the communications technologies currently being used
by EMCs rely on electrical power (telephones, television, radio, internet). Should there
be an extended power outage during a flood situation, communication about flooding
conditions would be severely restricted. Ensuring that the EOCs have adequate back-up
generators (if not already present) would reduce the risk of communication problems
should a power outage occur.

Review of Notification Chart — Figure 4-2 provides a summary of the notifications
discussed above. It is recommended that this figure be incorporated in existing
Emergency Management Plans, and that edits be communicated to all agencies listed in
Table 4-1.
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4.6 Overview of Early Warning System

This section provides selected guidance on early warning systems for the Medina River corridor.
Gudiance is provided on the following topics:

e Warning Sirens. Section 3 has demonstrated that a failure of Lake Medina would
inundate a substantial populated area downstream of the dam, and that warning time is
minimal. Installation of sirens in areas of concentrated population are recommended, and
is currently in the planning stage in parts of the corridor (see Section 4.5). This section
provides some selection guidance for sirens.

e Video surveillance system for Lake Medina Dam. This section provides a concept design
for a video surveillance system for the dam.

® New flow gages. This section provides some recommendations as to the locations of new
gaging stations for the corridor.

4.6.1 Warning Sirens
General Guidance

The use of outdoor warning sirens for evacuation of downstream residents is becoming more
prevalent in recent years. Advances in siren technology coupled with flood forecasting and dam
safety automated data acquisition system capabilities now provide reliable and cost-effective
means to warn downstream residents of a pending or imminent safety event. Warning sirens
come in a variety of styles and formats, there are mechanical sirens, electro-mechanical sirens
and more recently solid-state sirens. Until recently, sirens operated primarily by using a variety
of tones that could be used to designate different safety events such as tornadoes, flood warning
or some other type of natural disaster. Sirens available in the marketplace today now include the
ability to broadcast voice messages, in addition to tones, using pre-recorded messages or through
direct voice broadcast in real-time. Appendix 4D provides a copy of FEMA’s Outdoor Warning
Systems Guide (CPG 1-17). Although this guide was published in 1980 it provides a good
overview of sirens, properties of sound and provides a means of designing the layout of a siren
network for a given community. We understand that this document is currently being revised
and may be officially updated soon. Depending upon the timing of this project you will need to
check to make sure that the most recent guidance is being used.

Essentially the design goal of a siren warning system is to broadcast siren tones and/or voice
messages to the population within the anticipated evacuation zone(s). Prevention of false alarms
in the event of equipment malfunction, providing manual override control, and the ability to run
daily diagnostic checks on the siren network are critical system capabilities. The siren warning
system should be incapable of activation in the absence of an instruction from an operator.

The installation of a siren warning system needs to be coupled with both an evacuation plan and
a community outreach program. Basically the downstream community needs to know what the
sirens mean and where they should go for safety. This can only be provided through the use of
an evacuation plan and community outreach campaign to educate both the emergency operations
personnel and affected residents of the community. An issue associated with dam safety early
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warning systems is that most of us have been trained to head for the basement when the sirens go
off. This is not the place to be during a potential flood event. The community needs to be able
to clearly differentiate between a storm warning siren and flood warning siren tone/voice
message.

The determination of the type and number of sirens required to properly alert a community is a
function of population density, area-wide topography and ground cover. If urban areas are in the
evacuation zone the number and size of commercial buildings is important. The previously
mentioned FEMA document CPG 1-17 can be used as a guide to determine the type of sirens
required, the number of sirens required and approximate location of the sirens in a given area.
Other issues to consider in designing a siren system include availability of AC power at siren
locations, communications options and who will control activation of the siren system (i.e.,
where will the siren control console be located).

A very basic rule-of-thumb, to get an initial count on the number of sirens that might be required,
1s to assume one siren per square mile of evacuation zone. This can vary a lot depending upon
population density, topography (hilly versus flat terrain), and ground cover (grasses versus dense
tall trees, etc.).

Siren Components

Generally siren installations use the same configuration and component set. The foundation
support and other location-specific items such as solar panel locations (if required) and
orientation of antennas will be adjusted for each location. A typical siren location consists of the
following components:

Speaker Cells
¢ Mounting Pole or Tower
e Power Supply
¢ Siren Control Unit
¢ Radio Transceiver

Each of these components are described in the following sections. Appendix 4E provides vendor
information for several siren manufacturers.

Speakers. Every siren has at least one speaker cell. Generally individual speaker cells are
banked or grouped together to increase the sound output at a specific siren location. Although
mechanical (rotating sirens) use fewer speakers the mechanical nature of these types of systems
can increase long-term maintenance costs. Therefore, we suggest that you consider solid-state
sirens for this specific application. The solid-state sirens can consist of either omni-directional
or directional units or both.

The speaker is a stack of two to ten identical electromagnetic compression driver/folded

exponential horn units called speaker cells that generate the sound pressure waves heard as tones
or voice messages. The drivers produce sound pressure levels (SPLs) that are directed in a
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360-degree radial pattern and are controlled by the speaker housing for loudness, clarity and
intelligibility within the zone of influence of the siren.

Performance of a siren acoustic survey can provide site-specific information to refine the design
of a siren network.

Mounting Tower. The siren can be mounted on either existing facilities, wood or steel
monopoles. The mounting requirements are unique to the size of siren required and the local
foundation conditions.

We prefer the use of a hollow steel monopole mount to support the speaker cells, and the radio
antenna (refer to Figure 4-3). The galvanized steel poles are supplied in two 20-foot sections.
All wiring is tun inside the pote to reduce the potential for vandalism and general long-term
degradation of wiring and connectors from sunlight exposure. The use of Class 2 wood poles
can be considered for this application. However, this requires exterior cabling that can increase
future maintenance costs.

Foundations for each monopole need to be designed based on ground conditions at or near each
mounting pole location. There are two general classes of foundations: (1) a spread footing for
areas with shallow bedrock at or near the ground surface or stronger soils; and (2) a deep
foundation consisting of drilled shafts.

The mounting poles are typically 30 to 40 ft tall. The height of the pole is governed by the size
and output power of the speaker cells. Louder sirens require higher mounting poles.

Power Supply. Sirens can be connected to AC power when available. If local power is not
available then the sirens will require solar powered battery backup units. The size and number of
solar panels and required batteries is a function of the number of speaker cells at each siren
location.

Siren Control Unit. A siren control unit is located at each siren and it interprets the radio
messages sent out by the central station control unit (usually located at the local emergency
operation center or sheriff’s department) and activates the warning signal tones and/or voice
messages if the incoming coded radio message satisfies security coding requirements.
Amplifiers in the siren control unit drive the speaker cells mounted on or adjacent to the siren
pole. The amplifier is controlled by electronic circuitry in the control unit and plays pre-
recorded digital files that are “burned into” an electronic programmable read only memory chip
(EPROM). The siren control unit provides other important functionality as well. The system’s
voice capabilities will allow the sirens to broadcast public address messages when necessary to
assist with evacuations.

The siren control unit also provides system health status and diagnostic information back to the
central station siren control console. Each siren can be interrogated and status of all functional
blocks reported back to the siren control systems either on schedule or when requested by an

operator. Message security is high since the control codes are based on a key developed by the
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network controller at the base location. Accidental or coincidental activation of all the sirens is
unlikely since each siren has a unique control code not known to the other sirens.

Radio Transceivers. Radio transceivers are typically voice-capable radios housed in the same
NEMA-4X case as the siren control unit. The operating frequency selected will likely be in the
VHF (136.00 to 151.00 MHz) band. Final selection of the frequency will depend on local site
conditions, path conditions, and radio traffic considerations. The radio provides full two-way
communication with the central station control. A detailed siren design will require radio path
and signal strength surveys for a single or multi-siren network.

Activation Acknowledgement and Remote Diagnostics. A radio network typically provides
siren activation acknowledgement from each siren during an activation event. The operation of
each siren and the conditions of operation will be reported back from each siren. Sirens can also
report back diagnostic system status according to an established schedule on a regular basis.
This status information can be logged to a PC connected to the siren interface controller running
a software package specifically developed by the siren vendor for this functionality.

The overall cost of a siren warning system is dependent on the type and quality of sirens
purchased, the number and size of sirens required and installation costs. There is also a long-
term operation and maintenance cost associated with siren systems. There are a number of siren
manufacturer’s and siren system installers throughout the US. For this project we suggest
identifying one or more local siren vendors/installers that cover the affected area. They can then
provide specific information regarding types of siren manufacturer’s equipment that can be
supported locally and offer specific operational and maintenance issues in the Medina Dam area.
For initial consideration and preliminary budget level pricing siren costs typically range between
$20,000-$60,000 per location. These prices include installation, setup and startup fees. We
would expect sirens for this application to be near the lower end of the cost range.

Indoor Alert Units for Special Use/Critical Facilities. A number of special use/critical care
facilities may be located within the siren notification area. Since these facilities are likely to
require significantly higher effort to evacuate residents, direct notification to these facilities
using the same radio activation transmissions as the sirens is recommended. Several vendors
offer indoor alert units. These units range in cost from about $500 to $1500 each.

4.6.2 Video Surveillance Concept Design for Lake Medina Dam

The primary components of an early warning system consist of an automated data acquisition
system for instrumentation, remote video surveillance to confirm a safety event and a siren
warning system for the downstream evacuation zone. This conceptual design report section will
focus on the video surveillance system.

A video camera is recommended at Lake Medina Dam for two reasons: 1) to visually monitor
the structure and the water levels during times of severe flooding, and 2) to provide additional
security. Additionally, since Lake Medina Dam does not have any lighting for both security and
viewing conditions after dark, lighting will be added to the concept design. Finally, the video
system will need to have a method of communication to send the video images to one or more
remote locations.
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Lighting

After reviewing the lighting patterns of several overhead lighting systems, a general device type
was chosen that provides lighting in two directions from one pole: both an upstream arm and
light and a downstream arm and light. The poles would be located at the top of the dam at the
downstream edge (refer to Figures 4-3 and 4-4) so that the downstream arm can overhang the
downstream face to provide light on the critical downstream face of the dam. This provides light
for personal observation as well as for video viewing of the downstream face. The upstream arm
and light will direct its light on the crest and the upstream reservoir level. Based on previous
discussions with Medina personnel, light will be concentrated in the center section of the dam
and not at the abutments. The upstream and downstream lamps will contain different reflector
patterns to provide general floodlight on the upstream crest and more of a concentrated pattern
on the downstream face.

Video Surveillance System

The word video can describe a wide range of results. It can mean full- time, full- motion video
that is nearly television quality, all the way down to a simple inexpensive black and white still
image that is updated periodically. For Medina Dam, two approaches were considered. Both
approaches are in the middle of the range based on complexity and cost. Both approaches
transmit still jpeg file images. Jpeg images are most familiar to those who use the Internet as
most still pictures on the Internet use the jpeg format. One approach, the most demanding in
terms of bandwidth, includes video images that would be updated and transmitted about once per
second. These images are best used for small, low-resolution images without much movement.
In the second approach the video image seen at another location would only be updated when
requested by the viewer. The preferred approach for Medina Dam would be a combination of
the two approaches balanced for resolution, cost, simplicity, and bandwidth required for
transmitting the images. That is, for general pictures the image would be smaller and lower in
resolution, but when a high-resolution image is required, a larger and slower to update image
could be transmitted.

There are several aspects to consider in selecting a video system. The major items are:

Camera;

Resolution;

Mounting;

Pan, tilt, acom;
Day/night viewing; and
Video output.

Camera. The camera needs to be designed for operation outdoors in heat, cold, rain, sun, ice
and wind. Most camera vendors have models designed for such applications. All vendors have
color cameras designed for rugged outdoor applications. Since the camera is the heart of the
system, the vendor needs to have considerable experience in servicing the industrial market place
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with reliable and serviceable equipment. Two major vendors fit the criteria listed: Cohu and
Pelco. Refer to Appendix 4F for vendor information.

Resolution. For Medina Dam, the resolution of the video image needs to be high enough to
view small details at far distance (refer to Figure 4-4). This is a function of the design of the lens
and the design of the imager. A camera with a higher resolution and a good zooming power lens
will be able to provide larger and clearer images, especially when it is important to view small
detailed areas of the downstream face of the dam.

Mounting. The mounting of the camera needs to be rigid and secure and be able to withstand
winds and heavy rain to provide clear images during times of severe weather. Besides being a
function of the camera, this is also a function of the mounting method used. For Medina Dam it
is desired to be able to clearly see as much of the downstream face as possible and be able to
view, although with more limited resolution, as far away as the spillway. This will require a
mounting location and mounting height that will place the camera at least above the dam crest.
This will require a rigid tower of approximately 20-30 feet in elevation (refer to Figure 4-3).

Pan, Tilt, and Zoom (PTZ). For Medina Dam, being able to zoom in on a particular area of
concern is a key required function. Part of the zooming function must also include the ability to
pan and tilt to more closely observe the areas of interest. The camera must have a PTZ
mechanism that will provide a range of viewing and that can be preset to automatically scan
various areas on a regular basis. Most vendors offer a software package and memory in the
camera to pre-program the PTZ to give a “tour” of pre-selected locations. This feature will allow
less experienced operators to use the camera, especially in times of critical weather conditions.

Day/Night Vision. Most modern cameras operate adequately in day light conditions. However,
not all cameras operate adequately at night. The added lighting, outlined above, will help the
camera “se¢” adequately during non-daylight conditions. If ambient light is low, some cameras
can automatically switch from color to black-and-white to provide a clearer image under low
light conditions.

Video Output. To view the images at a remote location, the video must be transformed into a
signal file format that is easy to use. The preferred method of viewing high-resolution images on
a remote computer is via the conversion of the image to a jpeg picture format. The jpeg format
allows a high-resolution image to be compressed for transmission. Each image represents one
still picture and the picture can be updated as often as necessary for a given application. Some
cameras have this conversion provided as part of the camera and other cameras require a separate
external device. Because of the limited number of cameras available with the internal
conversion, the preferred method is to install an external conversion device at the outlet works
control house. The camera will need to be located within a few hundred feet of the control house
for power and communications access. An example of a vendor that provides video to jpeg
conversion hardware is Axis Communications Inc (refer to Appendix 4F).
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Communications

Being able to transmit the converted jpeg image to remote locations involves communications.
Given the remote location of the Medina Dam site, limited communication options are available.
The choices that were considered for the conceptual design include:

Cellular telephone;

Radio;

Satellite;

Cable modem (via cable TV); and
Regular telephone lines.

Cellular telephone is limited in bandwidth and is only suitable for small amounts of data and not
suitable for video or image transmission. The existing instrumentation data collection system at
the site uses cellular telephone communications.

Radio can be used, has adequate bandwidth, and costs little to operate, however the installation
costs will be high for this application due to hills in the area and distance to be covered. We
anticipate that radio repeater sites will be required adding to the installation and maintenance
costs of a radio network.

Satellite can be used, has adequate bandwidth, and has reasonable installation costs, but
operational costs are estimated to be about $115-$130 on a monthly basis.

Another possible communication approach might be with a conventional cable modem, but it is
currently unknown if cable access is available locally for this purpose.

That leaves regular telephone lines. Regular telephone lines can provide up to 56k bandwidth,
have reasonable instaliation costs (using the same poles as the power uses) and has reasonable
monthly costs (approximately $20-$30) to operate.

The telephone line method will allow jpeg images to be sent at the rate of about one image every
several seconds to one minute depending on the size and resolution selected. There can be
various resolutions used for different pictures selected. For example, a view of a specific
location might want to use higher resolution for greater detail than a more general view of the
dam. Associated with the telephone line, a telephone modem and a router will be required.
Several vendors manufacture modems and routers that are appropriate for this application.

Summary

There are several vendor choices available for each part of the video and communication aspects
of the Medina Dam project. Final design specifics, that is, models and vendor choices, will need
to be determined as part of the design phase. The cost of the camera, tower and interface
equipment for this application will range between $8,000-$12,000 plus installation costs. This
price does not include the cost of the dam crest lighting system.
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4.6.3 Gaging Needs

During the February EM staff meetings, one of the clear needs expressed was for improved
communication as to current flood conditions upstream of the point of concern. The Bandera
County EMC has a clear need for current information as to flooding on the north Prong of the
Medina River upstream of Bandera. The BM dam tender and residents living immediately below
Lake Medina Dam in Medina River Ranch have a clear need to track the state of flooding in
Bandera to make decisions relating to their actions. The Medina County EMC and Castroville
EMC have a clear need for current information relating to flow depth in the Lake Medina Dam
spillway, and so on downstream into Bexar County. There are several potential sources for
current information: the existing flow/stage measurement network maintained by the US
Geological Survey (USGS), measurements taken during a flood event by local EM staff, and
stage measurements from locally owned and maintained gages.

The locations of USGS gages with substantive periods of record are shown in Figure 4-5. The
gages along the Medina River corridor that are currently in operation are shown those at
Bandera, Riomedina, Macdona, Somerset, and San Antonio. In addition, there is a USGS stage
gage currently operating within Lake Medina at Lake Medina Dam. River elevation levels for
these current gages are posted in “real time” on the USGS website, which means in the case of
the Bandera gage that river elevations are measured continuously, data are transmitted hourly,
and the website is updated 15 minutes later following data processing. In the case of the
elevation gage on Lake Medina at the dam, elevations are measured continuously, data are
transmitted every 4 hours, and the website is updated 15 minutes later following data processing

The telemetered data from the USGS are supplemented within the region by local EM staff
efforts. The Bandera County EMC posts deputies at three sites upstream of Bandera along the
river corridor, and he has developed a set of informal rules for prediction of downstream river
levels based upon upstream river levels. BMA staff at Lake Medina Dam maintain a log of lake
elevation every 15 minutes in accordance with procedures laid out within the dam EAP. Medina
County ESD No. 1 has developed a network of volunteers that are positioned upriver during
major events. Of particular importance to Castroville is an assessment of the inflow from San
Geronimo Creek, a substantial tributary which enters the Medina River below Diversion lake and
above Castroville, These entities have developed an informal communication network described
in Section 4.5 for the dissemination of this stage information.

The primary current hindrance to an effective use of the USGS website is that the Lake Medina
elevation data is updated on the website only every 4 hours. URS has had a recent conversation
(July 29, 2004) with Buddy Miller of the San Antonio office of the USGS in which Mr. Miller
(telephone 210-691-9227) stated that the 4-hour transmission interval for the Lake Medina gage
was previously necessitated by a lack of available satellite transmission capacity. Recently more
transmission capacity has become available, and the Lake Medina gage will be reprogrammed to
transmit data hourly. This change is expected to occur by the end of August 2004.

The use of EM staff and volunteers to collect and communicate river stage data during a flood
has a number of disadvantages relative to having a telemetered gaging station. These include:
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e EM staff, in particular county deputies, have many demands on their time during a flood
emergency, and the use of staff for monitoring stage necessarily restricts the number of
other tasks that can be performed by the limited staff pool.

e Data collected by EM staff and volunteers necessarily will be anecdotal and less accurate
than data collected by a professionally installed and maintained gaging station. The
implications of this are felt less during the event than after the event. If regularly
collected and accurate stage data are available following an event, this greatly aids the
updating and improvement of flood models used for real-time flood prediction (i.e,. the
NWS model discussed in Section 2) or for regulatory floodplain delineation .

The most pressing needs for real-time stage monitoring within the Medina River corridor are
within the upper Medina River basin in western Bandera County and on San Geronimo Creek.

The upper Medina River basin is shown in Figure 4-6. Extreme floods within this relatively
steep watershed are characterized by very intense isolated rain storms leading to extremely fast
rise in river stage. The rate of rise measured at the Bandera gage on the Medina River in the July
2002 storm exceeded on several occasions a rate of 5 feet per hour. This is in contrast to the
peak rate of rise measured on Lake Medina, which was about 1.2 feet per hour. This exposure to
sudden extreme flash flooding was one of the primary motivations for the update to the NWS
model documented in Section 2. A new gage on the North Prong of the Medina River would
serve several important functions: critical county EM staff would be freed for other duties
during floods and scientific data would be collected from future improvement of the flood
prediction model for the upper basin. The Bandera County EMC, who has in the past several
years led county EM operations through several major flood events (including the 2002 flood),
has a close familiarity with the nature of western Bandera County flooding and has
recommended several sites as gaging sites. The highest priority of these sites, per the Bandera
County EMC, are:

¢ 3 Mile Crossing on Highway 16 between Medina and Bandera; and
e Freeman Crossing at Highway 16 north of Medina.

The latter site has the advantage of being further upstream and providing earlier flood data. The
locations of these two sites are shown in Figure 4-7.

The other priority site within the watershed is on San Geronimo Creek above the junction of San
Geronimo Creek with the Medina River. An alternative is to put the gage on the Medina River
below the junction of San Geronimo Creek with the Medina River. San Geronimo Creek enters
the Medina River downstream of Riomedina and upstream of Castroville and has a basin area of
70 square miles. The river distance from its junction with the Medina River to Castroville is
about 8.8 miles. Per discussion in the February meetings with local EM staff, the flows from the
San Geronimo watershed typically form a very substantial portion of the total flow in the Medina
River through Castroville during major floods. Flows from this creek are a significant unknown
in the hydrologic regime of the river. During the 2002 flood for example, inaccuracies in the
river flows measured and estimated appear to show very little inflow in the reach between Lake
Medina and Leon Creek {(URS, 2004), a conclusion contradicted by local observance (interview
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with Polly Edlund, EDS No 1, January, 2004). Gaging this stream or the river below the
junction would greatly aid Castroville efforts to predict ultimate river stage.

There are essentially two options for establishing a gaging station. The first is for the region to
pool its resources and fund a new USGS stream gage. The cost for such a gage has been
provided by USGS and is a one-time $25,000 for gage construction, followed by $13,000
annually for maintenance of the gage, the telemeter system, the website, etc.

The second option is to locally fund, construct and operate an ultrasonic stage meter. This gage
can be mounted on a bridge or other riverside structure and hooked up via a SCADA system to
transmit real-time elevation data to a remote location. The cost for such a system is on the order
of $10,000 for the gage plus SCADA system, and annual maintenance is on the order of $1,000.
Sample vendor information for such a gage is provided in Appendix G. City of Castroville is
currently funding such a device, to be mounted at the Medina River bridge in Castroville. The
disadvantage of this type of gage versus the USGS gage 1s that the USGS provides the service of
developing a rating curve for the gage. The rating curve allows for the conversion of the
measured stage (elevation) to a flow rate. A flow rate is needed for the data to be most
efficiently used in future flood modeling. The stage data alone would allow for more accurate
estimation of flood travel times, and over years, provide a database which can be used for
development of rule-of-thumb relationships between upstream peak stage and downstream peak
stage.

The recommendation of this study is that an ultrasonic stage meter be purchased and installed at
or in the vicinity of Freeman Crossing at Highway 16 north of Medina. The prime beneficiaries
of this gage will be the City of Bandera and the communities on the periphery of Lake Medina.
Other communities downstream will benefit to a lesser extent.

Another recommendation of this study is that an ultrasonic stage meter be purchased and
installed on San Geronimo Creek above the junction with the Medina River. The reasoning for
recommending that the gage be installed on the tributary is that the existing gages on Lake
Medina and at Riomedina already provide information as to the magnitude of flood generated by
the watershed above the junction. The prime beneficiaries of this gage will be the communities
upstream of the next major tributary, Medio Creek. These communities include Castroville, La
Coste, Macdona, Van Ormy, and Mann Crossing.

4.7 Other Tasks Identified in Emergency Management Meetings
4.7.1 Summary of Information Available for Existing Flood Timing

Based upon the input from emergency management staff at the February meetings, there are
three priority areas for which there needs to be substantive improvements in prediction of natural
peak flood stage: City of Bandera, Lake Medina Dam, and City of Castroville. Other entities,
such as communities immediately upstream and downstream of Lake Medina Dam, or cities
downstream of Castroville could base their estimates from the nearest of these three locations.
Task 1, discussed in Section 2 above, involved the revision of the NWS River Forecast Model
for the river. This improvement will allow the NWS for provide more timely and accurate
estimates of peak stage at each of these three critical locations. Local emergency management
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staff have pointed out the need for field measurements to provide backup to and confirmation of
the NWS model predictions. Currently, per the discussion in Section 4.5 above, emergency staff
are sited to observe water stage at critical points within Medina County and at Lake Medina
Dam. This section will summarize the information available to aid downstream EM staff in the
interpretation and use of the collected data in estimating ultimate stage downstream.

USGS Flow Data

The US Geologic Survey (USGS) is the federal agency which installs and maintains flow gages
on the nation’s streams, and processes and publishes the data collected by these gages. The
relevant gages that have been installed within the Medina River watershed are summarized in
Table 4-3.

Table 4-3. Summary of Relevant Flow Gages in Medina River Watershed

: R oo ee . FlowGages | .
: T - | Elevation | - _ Drainage |
_ Station Name . (ft) .| StartDate | EndDate | Area(Mi2) | County
Medina Rv nr Macdona, TX 590 01/01/1981 current 885 Bexar
(8180700)
Medina Canal nr 910 04/01/1922 current 0 Medina
Riomedina, TX (8180000)
Red Bluff Ck nr Pipe Ck, 1107 04/01/1956 11/27/1981 56.3 Bandera
TX (8179100)
Leon Ck Trib at Kelly AFB, 658 04/01/1969 10/18/1979 1.19 Bexar
TX (8181450)
Medina Rv bl Medina Lk nr 1010 04/20/2001 current 635 Medina
San Antonio, TX (8179520)
Medina Rv at San Antonio, 439 08/01/1939 current 1317 Bexar
TX (8181500)
Leon Ck at IH 35 at San 573 09/13/1984 current 219 Bexar
Antonio, TX (8181480)
USGS Medina Rv nr 858 10/01/1923 current 650 Medina
Riomedina, TX (8180500)
Medina Rv nr Somerset, TX 494 10/01/1970 current 967 Bexar
(8180800)
Medina Rv at Bandera, TX 1189 10/01/1982 09/30/2001 328 Bandera
(8178880)
Medina Rv nr Pipe Creek, 1067 12/01/1922 10/19/1982 474 Bandera
TX (8179000)
Medina Rv at La Coste, TX 667 12/19/1986 09/30/2000 805 Medina
(8180640)
Medio Ck at Pearsall Rd at 597 12/19/1986 09/30/1995 479 Bexar
San Antonio, TX (8180750)
S ‘. Daily Lake Volume = = - .- - Pl :

Lake Medina | | 10171947 | current | 635 | Medina
Lo T - 15-Minute Readings of Lake Volume -~ = =~ i
Lake Medina | | 9/1/1997 | current | 635 | Medina
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Each of the flow gages above measures water level (stage) at a 15-minute interval or less. For
selected gages, notably the lake elevation gage at Lake Medina and the flow gage at Bandera,
these data are plotted on the USGS website. Although these data are “real-time”, the data are
only updated on the website every 6 hours.

The most direct method of correlating upstream changes in stage to downstream changes in
stage, and to estimate time of travel of the flood peak down the river corridor, would be to
directly compare hydrographs (flow rate versus time) at gage locations for major river floods.
The primary constraints on performing such an analysis are:

o The gage at the most critical location, Lake Medina Dam, started operation in September
1997,

* One of the most important downstream gages, the gage at La Coste, ceased operating in
September 2000; and

e Medina Lake typically has significant available storage (i.e., the lake is drawn down to
meet irrigation demands) when storms hit Bandera County, such that little or no
significant flow leaves the lake for most storm events.

A thorough search of the available flow and stage dataset was performed as part of the
hydrologic study performed for the recent stability analysis of Lake Medina Dam. The sole
significant flood event for which there was a continuous stage record for both the Bandera gage
(at intervals varying from 15 minutes to 6 hours) and the Lake Medina Dam gage (at fifteen
minute intervals) was the July 2002 flood. Unfortunately, the flow gage at Riomedina failed
during this event.

July 2002 Event Data

Flood elevation data were collected from four sources for this study: the USGS, the Federal
Emergency Management Agency (FEMA), the Bandera County EMC (Ralph Dresser), and the
EMC for the City of Castroville (Tim Fousse).

USGS Data. The elevation measurements at the Bandera gage and at the Lake Medina gage
were collected plotted on the same time axis (see Figure 4-8). The rate of rise over the flocd
period was also calculated (see Figure 4-9). Note that for brief periods the rate of rise of the
river at Bandera was over 5 feet an hour, whereas the peak rise in the lake vacillated at a rate
between 0.8 and 1.2 feet per hour. Table 4-4 shows the time lag between peak stage at Bandera
and the peak stage at Lake Medina Dam.
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Table 4-4. Lag Time from Bandera to Lake Medina Dam, July 2002 Flood

Bandera . | LakeMedina Dam_ | Calculated - G ]
“iib oTime Interval |- - | ‘Time Interval |: LagFrom - G
TRy I ‘Between - ; | Between | Banderato | - .
- -Date’ | Time of Peak'| Medsurements | Time of Peak | Measurements | Dam (hours) | = ‘Note:
7/4/2002 | 7/4/02 11:15 | 15-30 minutes 7/4/02 16:30 15 minutes 5.25 +0.5 hour
7/5/2002 { 7/5/02 13:30 1.5 hours 7/5/02 19:15 15 minutes 5.75 +1.5 hour

From these data, in the absence of better estimates, if the Bandera gage peaks out in the range of
elevation 1222 feet to 1228 feet (per Figure 4-8) then Lake Medina can be expected to rise for 5
to 6 hours after the Bandera peak at a rate of about 1 foot per hour. CAUTIONARY NOTE:
NWS model estimates, using real-time spatial rainfall data should provide a better estimate than
this rule-of-thumb.

FEMA High Water Marks. Following the 2002 flood, FEMA, contracted for a survey of flood
high water marks (Watershed Concepts/ Hallf Associates, 2002). This survey provides a
location and surveyed maximum flood elevation, but not a time for the flood peak. High water
marks of particular interest are shown in Figure 4-10.

Bandera County EMC. The Bandera County EMC provided to URS a series of hand-held
GPS readings and an anecdotal estimate of maximum flood depths at those locations. The
locations chosen were in the Lakeshore/Wharton Dock area within the extreme upstream end of
Lake Medina, roughly 12.4 miles uplake from the dam. These locations were plotted on a recent
(2003) aerial survey of the lake perimeter performed in the BMA datum, and a maximum flood
elevation estimated (see Figure 4-10). Three of the four estimates were reasonably consistent,
varying between elevation 1084 feet BMA datum (1076.2 feet USGS datum) and 1085.5 feet
BMA datum (1077.7 feet USGS datum). The maximum elevation measured at the dam was
1074.6 feet, USGS datum. Based upon this shorthand (less accurate the FEMA survey) method,
flood elevations in Lakeshore/Wharton Dock can be estimated to be roughly 1.6 to 3.1 feet
higher than a maximum predicted for the dam. Other communities along the lake between
Lakeshore and the dam can estimate their expected rise relative to a rise predicted at the dam
based upon where the community is located between Lakeshore and the dam.

Castroville EMC. Castroville EM staff maintained a journal during the 2002 flood which noted
water level locations and depths by time. These locations have been sited using a hand-held gps
unit. The resulting map of Castroville showing location of peak 2002 flood elevation is
presented as Figure 4-11. Figure 4-12 is a copy of Figure 4-8, with the separate 2002 flood
peaks labeled as Peaks 1 through 4. Table 4-5 shows the times that these peaks arrived in
Castroville, and estimates the duration between the time of a peak level in Lake Medina and the
arrival of the corresponding peak level in Castroville.
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Table 4-5. Lag Time from Lake Medina Dam to Castroville, July 2002 Flood

Time Lag, Lake
Lake Medina Medina Dam to
Peak per Figure | Time of Peak Castroville Time of Peak Castroville {hrs)
4-12 Time Early | Late High | Low
Peak 1b 7/2/02 20:30
Peak 1a 7/3/02 0:45
Peak 2 7/3/02 11:15 7/3/02 17:30 713102 22:20 11.1 6.2
Peak 3 7/4/02 16:30 7/5/02 0:45 7/5/02 2:30 10.0 8.3
Peak 4 7/5/02 19:15 7/5/02 23:00 7/6/02 2:18 7.0 3.8

From these data, a reasonable estimate for the duration between the time of a peak level in Lake
Medina and the arrival of the corresponding peak level in Castroville is 6 to 8 hours.

4.7.2 Mapping of Areas Subject to Flooding

During the EM staff meetings in February, 2004, a large-scale map of the Medina River corridor
was posted on the wall of the meeting area. EM staff were given the opportunity to note on the
map locations where flooding overtopped and forced the closure of roads. Plates 4-1 through
Plate 4-4 show the locations identified. This map can be consulted when designing emergency
access routes to communities and residences within the corridor.

4.8 Recommendations

This section summarizes the most significant recommendations of this study as presented earlier,
according to the issues addressed in earlier discussions.

Emergency Management Plan (EMP) Recommendations

e Section 4.3.2 above provides short guidance concerning important elements of an EMP,
debris management plan, and recovery plan. This guidance should be used as a checklist
for review of existing plans. Appendix 4B provides a sample debris plan.

e Section 4.3.2 above provides some recommended guidance concerning an effective
education campaign. It is recommended that this guidance be followed in the
dissemination of selected emergency information from this study to the public.
Candidate information for dissemination may include:

- a short explanation of the natural flood warning procedure, communication channels,
and connection to evacuation procedures;

— a short explanation of dam safety warning procedure, communication channels, and
connection to evacuation procedures

URS will present the results of this study at three public meetings throughout the region,

and materials developed for those presentations may be appropriate for a wider education

campaign.

o Plates 4-1 through 4-8 should be included in EMPs. These plates show the potential
indundated area from a flood generated by a Lake Medina Dam failure for a fair weather
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scenario, a 100-year scenario (roughly similar to the July 2002 flood), and a PMF
scenario. Once EMPs have been finalized, practice exercises should be performed as
recommended in Section 4.3.2.7

Regional Response to Dam Safety Warnings

Response from queries to EM staff at the February meetings show that current Bexar

County procedures call for later initiation of floodplain evacuation procedures than

Medina County. The study in Section 3 above notes that a dam break floed wave would

reach Macdona in Bexar County approximately 4.7 hours after dam failure, and 2.4 hours

after the wave reached Castroville. Given this relatively short time difference, it is

recommended that Bexar County and Medina County both issue evacuation orders when

a “possible dam failure” announcement is made by BMA.

There are several sections of this study which attempt to provide a summary of planned

EM staff actions at varying levels of flood and dam safety warnings. It is recommended

that these texts be included as a common appendix to relevant county and municipal

EMPs . These texts include:

— Table 4-1, List of Selected Regional Flood Emergency Contacts;

— Appendix 4C, BMA dam safety warnings, procedures, and notification chart;

— Section 4.4.2, Regional Response to National Weather Service and BMA Dam Safety
Warnings; and

— Figure 4-2, Natural Flood Notification Chart.

Early Warning System Guidance

Municipalities in the Medina River corridor are planning to procure sirens as part of a
regional early warning network. The short time of travel for a flood wave from a Lake
Medina Dam failure to numerous communities downstream (see Table 3-3) demonstrates
the need for and can help provide funding justification for this system.

Section 4.6 provides selection guidance for sirens. Municipalities considering purchase
of a siren are recommended to consult the provided information prior to selection and
purchase of a siren.

Section 4.6 also provides a concept design for the lighting and video surveillance of the
downstream face of Lake Medina Dam, which currently lacks such facilities. The high
hazard nature of the dam 1s demonstrated by the inundation maps presented in Section 3.
As the security of this structure is a regional concern, it is recommended that the Alamo
Area Council of Governments, or other regional entity, coordinate a request for
procurement of these security aids.

The current flow gaging network on the Medina River can be materially improved by the
addition of two new telemetered stage gages: 1) on the North Prong of the Medina River,
and 2) either on San Geronimo Creek before its junction with the Medina River, or on the
Medina River itself as close as feasible downstream of the junction. Justification and
more details concerning these recommended gages are provided in Section 4.6.
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e,

Other Recommendations

Section 4.7.1 summarizes available historic information relating to timing and size of
flood peaks, particularly the peaks from the July 2002 flood. It is recommended that
emergency staff utilize this information, in addition to warnings and predictions from the
NWS, when planning for when to mobilize EM staff, start evacuation procedures, etc.
Section 4.7.2 provides a series of plates which show roads which typically are closed
during floods, and which also show the area predicted to be inundated by a flood caused
by a Lake Medina Dam failure. These plates can be incorporated into existing EMPs.
Digital copies of these maps will accompany the final report.
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Appendix 2A

West Gulf River Forecast Center, Medina River Basin
Water Balance
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INTRODUCTION

To properly understand the water volume issues surrounding the Medina River Basin above the
La Coste, TX gage, a water balance of the region was completed. This consists of several sub-
basins each of which is listed in Table 1. The water balance is valuable in understanding the
amount of water within the system, potential sources and sinks for that water and potential data
collection or recording errors that complicate the modeling of the basin. This calculation file
documents the steps to complete a water balance, where sufficient data was available for the
Medina River Basin.

DATA
Several sources of data were used as part of the Water Balance. These sources include:

e Stream flow data from the Bandera and La Coste gages located on the Medina River and
recorded by the USGS.

e I-hour resolution XMRG precipitation files for estimation of rainfall within the Medina
River Basin.

e Estimated values of potential evaporation (PET) derived and discussed as part of the
“Medina River Basin NWSRFS Calibration, PET Development” calculation file.

Due to lack of data for several of the sub-basins delineated within the Medina River Basin only
the Bandera sub-basin and the La Coste sub-basin were identified as possible locations to
perform a water balance. Further, the La Coste sub-basin was eliminated for the water balance
analysis because of diversions and dams within its boundaries that do not have adequately gaged
outlets. Therefore this analysis is concerned only with the Bandera sub-basin (BDAT2) and the
two upstream sub-basins, the West Medina River Prong (WMPT2) and the North Medina River
Prong (NMPT2).

Water Balance
The water balance was completed by determining the following parameters:

Period of Record;

Mean Areal Precipitation;
Runoff Coefficient; and
Actual Evapotranspiration.

Each of these is discussed in the following sections.

Period of Record

The period of record for each of the data sets was compared to select a time period where
sufficient data is available to complete the water balance. Table 2A-1 shows the period of record
associated with each dataset. The time period selected for completing the analysis was January
1995 to December 2002. This time period consisted of the overlap between the available stream
flow, evaporation and XMRG precipitation data for BDAT2 sub-basin.
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Table 2A-1. Period of Record for Each Dataset Used in Water Balance Analysis

" Dataset | StartDate |  EndDate
XMRG Precipitation January 1995 December 2003
USGS Streamflow October 1991 September 2003

PET Evaporation June 1988 December 2002

Mean Areal Precipitation

The BDAT?2 sub-basin is located at the headwaters of the Medina River Basin. The primary
source of water for this type of basin is precipitation. Other sources of streamflow such as
springflow originating from locations outside the sub-basin were considered negligible for this
study. The volume of water for entering the sub-basin based on mean areal precipitation (MAP)
was estimated from XMRG precipitation data and using the ‘mapx’ subroutine of NWSRFS. An
XMRG data set consists of many discrete values of precipitation that cover an entire region.
These data sets are stored in a grid format on an hourly basis. The ‘mapx’ subroutine of
NWSREFS extracts the values of precipitation from the XMRG data set that correspond to the
boundaries of a given sub-basin and produce a MAP value for the entire sub-basin. Multiplying
the MAP value by the area of the sub-basin gives the volume of water that entered the balance
equation for a given hour. This process is completed for each hourly time interval to create an
estimate of the volume of water entering the system through precipitation.

MAP values were determined for each of the sub-basins above the Bandera gage. Water
volumes for each sub-basin were calculated separately and then summed on a monthly interval to
obtain a water volume not biased by basin size. Figure 1 shows a plot of total monthly volumes
entering the sub-basins above the Bandera gage due to precipitation over the period of record.

Runoff Coefficient

Runoff is the amount of water that exits the water balance through gaged streamflow at the basin
outlet. In our case the water leaving the sub-basin at the Bandera gage is considered runoff. The
volume of runoff is determined by integrating the recorded flowrate data to produce volumes for
a given time. Given the length of the period of record we chose to integrate the flowrate on a
monthly timestep. Values of monthly volume can be found in Table 1 in Appendix A.

The runoff coefficient (ROC) is a measurement of how much of the water entering the system
through water sources leaves the system in runoff. In our case the primary source of water is
precipitation. Equation 1 shows the equation used to calculate ROC. Determining the ROC
helps evaluate the hydrologic characteristics of the sub-basin and their similarity to other sub-
basins. Also, it can provide insight into whether there are problems with the data collected for
the project. Because we are only completing a water balance on one sub-basin the latter reason
for calculating the coefficients will be the primary importance.
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RO
ROC =——
MAP Eq. 1

Table 1 in Attachment 1 shows the monthly values of ROC. Values in bold occur when the
value for ROC is greater than 1. A value greater than 1 for ROC indicates that more water left
the water system through RO then entered the water system through precipitation. Because the
values are calculated over a monthly time period, it is possible that valid data could cause values
slightly greater than 1. However, extreme values can signify problems with the data. In our
case, there are nine months where the ROC indicates there may be problems with the input data.
The quality of the data for these months will affect the ability to calibrate the NWSRFS model.

Actual Evapotranspiration

Actual Evapotranspiration (AET) was estimated by subtracting the RO value from the MAP
value on a yearly time interval. Table 2A-2 contains these values. Values of AET ranged from
13.62 in. to 28.75 in. compared to the estimated value of 71.7 inches estimated from the PET
Development calculation file. The AET/PET ratios shown in Table 2 show AET is much lower
on average than PET. This is a similar trend as discussed in the PET development calculation
file. This may justify the use of the lower PET curve found in the existing 6-hour interval
NWSRFS model of the Medina River Basin.

Table 2A-2. Yearly Values Estimated for AET and AET/PET

. Year |- AET (inches) = | AET/PET
1995 19.39 0.27
1996 16.84 0.23
1997 13.62 0.19
1998 27.65 0.39
1999 19.76 0.28
2000 28.75 0.40
2001 27.91 0.39
2002 23.93 (.33

Average 22.23 0.31

Calibration Strategies Based on the Water Balance Analysis

Evaluating the water balance for the Medina River above the Bandera gage was helpful in
determining locations within the period of record that are possibly affected by poor data quality.
It also provided verification as to whether the PET values determined as part of the PET
Development calculation file are reasonable to use for calibration. Based on these results it is
recommended that PET developed with the calculation are suitable for use in the calibration of
the NWSRFS model. Also, it is recommended that the months of December 1995, April 1998,
November 1999 and April 2000 be removed from the calibration process because the available
data for these time periods are suspect.
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Attachment 1

Table 1 — ROC Values Calculated for Each Month Over the Period of Record

Jan-1995 3.31 Apr-1997 042 [Pun-1999 0.10  |Aug-2001 0.01

Feb-1995 1.02 lMay—1 997 0.28 Mul-1999 0.11  [|Sep-2001 0.13
|Mar-1995 0.05 |Jun-1997 0.62 |Aug-1999 0.21  |Oct-2001 0.10
Apr-1995 0.00 |Jui-1997 2.38  [Sep-1999 0.15  |Nov-2001 0.15
May-1295 0.04 |Aug-1997 0.41  |Oct-1999 0.05 |Dec-2001 0.42
LJun-1995 0.10  |Sep-1997 0.26  |Nov-1999 8.59 |Jan-2002 0.93
Jul-1995 0.18  |Oct-1997 0.10 |Dec-1999 0.34  [Feh-2002 0.88
Aug-1995 0.04 |Nov-1997 0.23 Wan-2000 0.27  |Mar-2002 0.21

Sep-1995 0.12 |Dec-1997 0.10  |[Feb-2000 0.04 |Apr-2002 0.10
Oct-1995 0.67 |Jan-1998 0.07 |Mar-2000 0.06 |May-2002 0.04
Nov-1995 0.10  |Feb-1988 0.18  |Apr-2000 0.04 |Jun-2002 0.02
Dec-1995 56.85 |[Mar-1998 0.59 |May-2000 0.01 MJu-2002 0.99
Jan-1996 0.00 |Apr-1998 135.24 [Jun-2000 0.02  |Aug-2002 0.44
Feb-1996 0.16  [May-1998 0.16  [Jul-2000 0.02  |Sep-2002 0.23
IMar-1996 041  [PJun-1998 0.08  |Aug-2000 0.03  [|Oct-2002 0.14

Apr-1996 0.06  {Jul-1998 0.08  [Sep-2000 0.00  |Nov-2002 1.33
IMay-1996 0.03  JAug-1898 0.10 _ |Oct-2000 0.17 |Dec-2002 0.61

Jun-1996 0.02 |Sep-1998 0.39  |Nov-2000 0.37 |Jan-2003 0.79

Jul-1996 0.00  [Oct-1998 0.16  |Dec-2000 0.93 |Feb-2003 0.17

[Aug-1996 0.00  |Nov-1998 0.20 |[Jan-2001 0.33  |Mar-2003 0.23

Sep-1996 0.03  |Dec-1998 0.40 |Feb-2001 0.47  |Apr-2003 11.20
Oct-1996 0.09 |Jan-1999 5.27 |Mar-2001 0.34 |[May-2003 0.21

Nov-1996 0.21 Feb-1999 5.59 |Apr-2001 0.26  [Jun-2003 0.08
Dec-1996 1.2  |Mar-1999 0.10  May-2001 0.18  |Jul-2003 0.06
Jan-1997 0.70  |Apr-1999 0.12  |Jun-2001 0.26  |Aug-2003 0.06
Feb-1997 018 M _Jul-2001 20

Mar-1997 0.30
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Appendix 2B

West Gulf River Forecast Center, Medina River Basin
PET Development

2B-1



Medina River Regional Flood Protection Planning Study

INTRODUCTION

The purpose of this calculation file is to develop estimates of both potential evaporation and
potential evapotranspiration for use in calibration of the Sacramento Soil Moisture Accounting
Model within the National Weather Service River Forecast System (NWSRFS). The Sacramento
model requires estimates of potential evapotranspiration in units of mm per day.

DATA
The following data was used in the development of this calculation:

e Maps of annual free surface (FWS) evaporation (in inches) and pan evaporation
coefficients for the contiguous 48 United States, as found in the NOAA Technical Report
34, “Evaporation Atlas for the Contiguous 48 United States.”

e Mean monthly, seasonal, and annual class A pan evaporation (in inches) for stations in
the area of the Medina River Basin, as found in the NOAA Technical Report NWS 34,
“Mean Monthly, Seasonal and Annual Pan Evaporation for the United States.”

e Measured pan evaporation data collected at San Antonio International Airport (IAP) from
the NCDC database for the year 2002.

e Historical regional monthly surface evaporation data from Texas Water Development
Board (TWDB) for Bandera and Medina counties.

FREE WATER SURFACE EVAPORATION CALCULATION

Four datasets were compiled that represent the PET for the Medina River Basin above Bexar
County. These methods include:

NWS Technical Report Estimation;
Monthly Average at San Antonio IAP;
TWDB Historical Record; and
Existing NWSRFS PET.

These are discussed below.
NWS Technical Report Estimation

The first method (the NWS approach) was used to derive pan evaporation patterns from the data
given an estimated annual evaporation quantity. NOAA Technical Report NWS 34 describes the
following approach to estimate monthly pan evaporation data for locations with no observed
data:

1. Determine annual (or seasonal) values for FWS evaporation from the maps in the NOAA
Technical Report NWS 33.

2. Locate stations with climate characteristics similar to those of the desired location that
have data tabulated in the NOAA Technical Report NWS 34,
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3. Determine monthly fractions of annual (or seasonal) evaporation for the stations from the
table.

4. Multiply these monthly fractions by the annual (or seasonal) FWS evaporation value
determined in step 1 to get the annual (or seasonal ) distribution of evaporation for the
desired location.

In this case, the annual FWS evaporation determined from the evaporation map for the Medina
River Basin area is approximately 58-62 inches/year. The station used to derive the missing
fractions for the winter months was a combination of the San Antonio TAP and McCook stations
reported in NWS TR34. From these data, a monthly distribution of FWS evaporation for each
sub-basin was determined. The resulting evaporation curve is shown in Figure 2B-1.
Attachment 1 contains the spreadsheet calculations used to determine the potential evaporation
curve.

Monthly Average at San Antonio International Airport

The second method utilized existing data at the San Antonio IAP station to provide more
accurate local pan evaporation data for the Medina River Basin (recorded from 1995 to 2002).
Measured values of pan evaporation were combined to estimate monthly total evaporation for
each month over the period of record. Figure 2B-1 shows contains a plot of the average monthly
pan evaporation values recorded at the San Antonio IAP over the period of record for calibration.

TWDB Historical Record

The TWDB has a database of historical surface evaporation data for the entire state of Texas
(TWDB, 2002). The dataset consist of monthly values of surface evaporation from 1960 thru
2002. Figure 2B-1 includes a plot of the monthly average from 1995 to 2002 or the period of
record selected for the calibration. These data also match the two previously compiled datasets.
Also, because this data set includes historical records it would include periods of excessive and
minimal evapotranspiration. For this reason URS decided the TWDB PET estimation would be
best suited as the period of record estimation of PET.

EXISTING PET CURVE

The current 6-hour NWSRFS model contains existing values for PET. The monthly average
values for PET were extracted from the existing model for comparison to the values estimated in
this calculation file. Figure 2B-1 shows the existing values plotted along with the newly
estimated values. The monthly averages from this data show reasonable agreement with the
three other datasets compiled for PET.

CONCLUSIONS
The monthly distributions and annual totals for evaporation for the Medina River Basin were
estimated. There were four sets of PET data compiled for this calculation file. The results of the

four datasets show reasonable agreement. The data set compiled by the TWDB was selected as
the historical PET data set to use for NWSRFS calibration.
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Attachment 1
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Pan Coafficient 0.69

Annual FWS Evap 60
May 1o Oct FWS Evap 56
Compata Pan A Evaporation in Inches of Stations in the Vicinity (from NOAA Technical Report NWS 34 Table i)
Station LatLon Jan Fab Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
MeCook 2920,98 23 418 5.07 8.01 8.86 .18 1043 11.87 11.69 8.94 7.37 5.7 4.53 95.93
Ratio to Annual 0.04 0.05 0.08 0.09 0.10 011 012 0.12 0.09 0.08 0.06 0.05
Measurad Pan A Evaporation: in Inches of Stations in the Vicitnity {from NOAA Technical Report NWS 34 Tabel I}
Station Lat Lon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual May to Oct
San Antonio WSO 2031,0828 296 3.55 5.55 6.29 7.8 a72 10.94 10.16 7.38 5.44 374 2.98 76.51 5144
Ratio to Seasonal 0.5 a.1e 0.2t 0.20 0.34 on
Average and esti annual and values in Inches
Station An.Pan A AnFWS" SePanA SeFWS
McCook 95.93 66.19
San Antonio 5144 3548
Ditferenca 1o Values from 1) 6.19 20.51
*FWS = Pan A * Pan Coefficient
Ratio to saasonal ratios to the annual FWS Value
Seasonal FWS 3549
Annual FWS 66.19
Ratio 054
8) Scaling of seasonal ratios to annual FWS values
Ratics Jan Feb Mar Apr May Jun Sul Aug Sep Oct Nov Dec Annual Nov to Apr
Seasonal Ratics 015 .18 o.21 a.20 0.14 0.1 1.00
Seasonal Scale” 0.08 0.10 0.14 an .08 0.06 0.54 0.46
Annual Ratios 0.04 0.05 0.08 0.09 010 on 012 012 0.09 0.08 0.06 0.05 0.45
Ratio of winter ratios™ 0.09 on 0.18 0.20 013 0.10
Adjusted winter ratios™* Q.05 0.06 010 an 0.08 0.10 014 an 0.08 0.06 0.07 0.05
Final ratios
* Seasonal saled = Monthly fraction / Sum of Seasonai fractions * Ratio from 5)
** Ratio of winter ratios = Monthly ratio value / annuat raio values Nov to Apr
**+ Adjusted winter ratios = Ralic of winter ratios * Seasonal ratios remainder Nov to Apr
T Monthly FWS values in Inches

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nowv Dec Annual
Average Monthly FWS* 3.334755 4.044787 6390284 7.068404 5382 67068 7.54886 7.0104 5.0922 37538 4547393 3613981 644532
*Average Monthly FWS = Annjual FWS from 5) * Final Ratios from 6}
8) Vegetation Factors from NWSRFS Calibration Noles for Southam Mixed Forast

Jan Fab Mar Apr May Jun Jul Aug Sep Oct Now Dec Annual
Vegetation Facior 1 0.85 09 1 12 135 13 1.2 1.15 1.05 1 1
9) Potential Evapctranspiration per Month

Jan Feb Mar Apr May Jun Jul Aug Sep Cot Nov Dec Annual
PET {inches)* 3.334755 3.842547 5751256 7.068404 64584 905418 9.81318 841248 585603 394128 4547393 3513981 71.69380
“PET = FWS * Vegelation Factor
10) Potential Evapotranspiration par Day

Jan Feb Mar Apr May Jun dul Aug Sep Oct Nov Dec

31 28.25 M 30 3t 20 3 3 30 H 30 Ea

PET (inches) * ©.107573 0.138019 0.185524 0.235613 0.2083355 0301806 0.3165542 0.2713703 0195201 0.1271381 0.15158 0.11658
PET (mm) ** 2732348 3454802 4712319 5984582 5.2817213 7.6658724 B.0404765 6.8928062 49561054 3.2293068 3.8950126 2.961133
* PET_DAY = PET_MONTH/Days in Month
~PET[mm] = PET [inches] * 25.4
11) Average Pan Evap piration al San Antonio Airport (1095 - 2002)

Jan Feb Mar Apt May Jun au Aug Sep Oct Nov Dec
inches 012 014 0.13 0.8 0.26 0.30 030 0.3 022 0.17 010 0.10
mm 29 s 3.37 4.682 6.57 7.56 ™m 7.68 5.87 4.32 2.56 2.55
12} Average ET based on TWDB Surface Evaporation Data

Jan Fab Mar Apr May Jun Jul Aug Sep Ot Nov. Dec
inches 0.08 on 012 0.18 0.18 023 0.26 qa.26 019 Q.15 0.10 0.08
mm 212 269 335 4.48 467 586 663 6.45 478 3.78 253 1.95

13) Average ET laken from curent calibration of NWSRF S for Medina River Basin

Jan Feb Mar Apc May Jun Jul Aug Sep Oct Nov Dec:
inches. 007415771 010201587 0.15236558 0.19352503 0.222315412 0.270585t45 0208265231 0.273641577 0209985185 0.159956963 0.10817778 007780573
mm 188360573 2.59120317 3.B7008B0Z 4.91555852 6554681147 6.872883704 T7.321938014 6.850495057 5333623704 4.082907527 274771556 1.97118568

063549105  0.7382300 1.14992896 106284261 0858922297 (900275315 0.940399430 D.B82026399 0940407622 0.94047731% 1.07372484 077387303

+3) Piat )
Mean Daily PET

1 ﬂ —8— NWSRFS Technical Report Mathod
- Average of Data from San Antonio
~— Current NWSRFS ET

- TWDB Surtace Evaporsbon

PET/DAY [mm]

Jan Feb Mar Apr May Jun Jul Aug Sep ©Oct Nov Dec
Month
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Appendix 2C

West Gulf River Forecast Center, Medina River Basin
Unit Hydrographs
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INTRODUCTION

Unit Hydrographs are used in the NWSRFS model to distribute runoft estimated by rainfall-
runoff models over time. They are required for each sub-basin defined in the Medina River
Basin. URS used the SCS Unit Hydrograph method to calculate 1-hour interval unit
hydrographs for each sub-basin. The purpose of this calculation file is to discuss the generation
of these hydrographs.

DATA
Data used for generating unit hydrographs include:

e USGS Quadrangle maps for the entire Medina River Basin
o Existing Watershed boundaries from current 6-hour interval NWSRFS model of the area
o Locations of outlet points for each sub-basin

Basin Delineation

The first step to creating unit hydrographs is to determine the area of each sub-basin. To
complete this task the boundaries of the sub-basins were determined. USGS Quadrangle maps
were geo-referenced and combined with existing sub-basin boundaries and locations of new and
existing sub-basin outlet points using ArcGIS. Where boundaries for sub-basins did not exist
they were created by perpendicular intersection of elevation equipotential lines starting at the
outlet until an existing boundary is reached. Figure 1 shows the delineated boundaries for each
sub-basin. Corresponding basin areas were calculated using ArcGIS and are shown in Table 1.

Lag Time

The SCS unit hydrograph method requires basin area and lag time to produce a unit hydrograph
lag time for each sub-basin. Estimating these values were accomplished by: 1) deriving a lag
time for the sub-basin above the Bandera gage by hydrograph inspection and 2) using this value
to extrapolate lag time measurements for other basins depending on basin characteristics.

Lag time values for the current NWSRFS BDAT2 sub-basin were derived based on graphical
inspection of rainfall and runoff hydrographs. Figure 2 shows an example hydrograph that was
used for determining lag time for the BDAT?2 sub-basin. The difference in times at the peak for
each of the two curves is defined as the lag time. These hydrographs show a time difference of
12 hours. This data along with the sub-basin characteristics were then used to estimate lag time
values for the other basins.

2C-2
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Lag=C,C(LL, )" Equation C.1
C. = an empirical coefficient derived from gauged nearby
watersheds
C, = conversion coefficient (0.75 SI, 1.0 English)
L = the distance of the mainstream from the basin outlet to the
upstream divide (in km or miles)
L. = the distance from the outlet to a point on the stream nearest

the centroid of the watershed area (along the main stream)

- The Snyder Method for creation of unit hydrograph relates sub-basin lag time to basin properties
by Equation C.1. Using the derived lag time for the Bandera gage the value for C, for the region
was estimated. The derived C,, X. X, was then applied to the other sub-basins for estimating a lag
time for each. Table C.1 contains a summary of the input parameters and lag time results for
cach of the sub-basins. These lag times were used to create synthetic unit hydrographs for each
basin using the SCS method.

Unit Hydrograph Generation

Based on the basin areas and time of concentration estimates for each sub-basin, unit
hydrographs were generated using the SCS unit hydrograph method. Figure 3 shows the intiail
unit hydrographs created for use with the updated NWSRFS model. It is anticipated that changes
will be made to these hydrographs during the calibration process, especially in the sub-basins
where no observed hydrographs are available.

Table 2C-1. Basin Area and Lag Time for
Medina River Basin Sub-basins

Basin Area L L. C, Ci Lag Time
(square miles) (m) {m) (hrs)

BDAT2 335|  92613| 36718 0.75 1395 12
WMPT?2 60 28838| 14419 0.75] 1,395 6
NMPT2 157 55895 27947 0.75 1,395 10
BDAT2 117 38935| 36718 0.75 7395 9
LACT2 299 13844] 10690 0.75 1395 5
CSRT2 109 76780 44297 0.75 1.395 12
MDLT2 27 67969 46301 0.75 1.395 12
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Appendix 2D

West Gulf River Forecast Center, Medina River Basin
Routing
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INTRODUCTION

Routing streamflow through a sub-basin is necessary to simulate the time delay caused by the
distance traveled in the stream and the attenuation of peak flows due to storage affects and
hydraulic head losses in the stream channel. There are several methods for estimating the
routing of stream flow. For the Medina River Basin the Muskingum method was selected. The
purpose of this calculation file is to present the methods used to determine Muskingum routing
parameters for the sub-basins of the Medina River Basin.

DATA

The following data were used for the routing parameter development for the Medina River
Basin:
e River length from each basin outlet to the next downstream basin outlet from 24K
resolution hydrography layer developed by the USGS;
e Lag/K parameters extracted from the existing NWSRFS model for the Medina River
Basin.
¢ USGS discrete velocity measurements at the Bandera and La Coste gages.

PARAMETER ESTIMATES

The Muskingum method of routing relies on two values to adjust flows through a stream or river
channel. They are K and x. K, the proportionality coefficient, represents the travel time of the
flood wave through a channel. The “x” parameter, or the weighting factor, adjusts the type of
storage represented based on the channel shape and type. Two methods for estimating these

parameters were investigated. They are below.
Hydrograph Analysis

One method for deriving the Muskingum routing parameters is based on analysis of observed
runoff hydrographs of upstream and downstream outlet points. Unfortunately, the lack of a
sufficient number of gaged locations on the Medina River Basin do not allow for the use of this
method. Within the BDAT2 sub-basin no upstream gages exist. For determining routing
through the LACT2, the Medina Lake Dam and Diversion Lake Dam add significant routing
effects that limit the effectiveness of graphical estimation of Muskingum routing. According to
Linsley et al. (1982) when storage is not a function of flow Muskingum routing will not work
well. Because changes in flow between LACT2 and BDAT?2 are dependent on available storage
in the dams and the amount of diversion flow, using the analysis of observed hydrographs was
not completed. An alternative method was sought for initial estimates of these parameters

Sub-Basin Average Velocities
Because the hydrograph analysis was not feasible, an estimate was needed to determine the K

and x parameters. Another method for making initial estimates of Muskingum routing
parameters is to assume a stream velocity and the ‘x” weighting factor and calculate the K based

2D-2



Medina River Regional Flood Protection Planning Study

on an assumed velocity. Average velocities over the period of record at several USGS gages
along the Medina River were found to range from 0.3 m/s to 1.1 m/s. An initial estimate of 1
m/s for the stream velocity is within this range. Using this velocity the values for K in Table
2D-1 were produced.

The ‘x’ parameter can vary between 0.1 and 0.3 for stream channels. The midpoint of this range
will be used as an initial estimate. It is anticipated that these values will change during the
calibration process to better match the observed data.

Table 2D-1. Summary of Stream Length, K and x for Sub-basins
Along the Medina River

Muskingum
Basin Stream Length (m) K (hrs) X
BDAT2 32861 9 0.2
MDLT2 46384 13 0.2
CSRT2 37335 10 0.2
LACT2 11092 3 0.2

Existing Values

Existing Values for “K” were extracted from the current NWSRFS model of the Medina River
Basin for sub-basins that had values defined. Because the boundaries of the sub-basins have
changed the values can not be directly compared to new estimates. These values are presented
only to give perspective of what values have been used in the past.

Table 2D-2. Summary of K and x Parameter Values Used
in the existing NWSRFS Model

Sub-basin K
BDAT?2 N/A
MDLT2 6
CSRT2 N/A
LACT2 6
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Appendix 2E

Input Decks Used for Calibration
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********************************BDATz*********************************

BNDERA-MEDINA RIVER (BDAT2) (335 MI2)
011995 122002 ENG

DEF-TS

WPMT2 MAP 1 INPUT
sana/bdat2/WMPT2_697.mapx01
NPMT2 MAP 1 INPUT
sana/bdat2/NPMT2_697.mapx01
BDAT2 MAP 1 INPUT
sana/bdat2/BDAT2_697.mapx01
WPMT2 MAPE 24 INPUT
sana/Medina.mape

NPMT2 MAPE 24 INPUT
sana/Medina.mape

BDAT2 MAPE 24 INPUT
sana/Medina.mape

BDAT2 QIN 1 INPUT
sana/bdat2/BDAT2_QIN_Shift.qin
BDAT2 QME 24 INPUT
sana/bdat2/Bdat.qme

WPMT2 INFW 1
WPMT2 ROCL 1
WPMT2 SMZC 1
LOCALW SQIN 1
WPMT2R SQIN 1
NPMT2 INFW 1
NPMT2 ROCL 1
NPMT2 SMZC |
LOCALN SQIN 1
NPMT2R  SQIN 1
BDAT2 INFW 1
BDAT2 ROCL |
BDAT2 SMZC |
LOCALB SQIN I
BDAT2 SQME 24

BDAT2Z SQIN 1 OUTPUT
sana/bdat2/bdat2.sqin01
END

SAC-SMA WPMT2

BANDERA-MEDINA RIVER 1 WPMT2 MAP WPMT2 INFW
WPMT2 WPMT2 SUMS I 1
1.000 .595 35.0 64.00.1500.0000.0500.011 0 .000
13.0 1.01 71.0 50.0 325.0.1210.0070.400 .3000.000

WPMT2 MAPE .77.77 .78 .80 .831.907.074.582.171.771.631.02
3. 4.12. 0. 43. 1.

CLEAR-TS
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LOCALW SQIN 1
UNIT-HG WPMT?2
MEDINAPRON-MED RIVER 60.5 7 ENGL  .000
WPMT2 INFW 1 LOCALW SQIN 1
3256.117 6512.934 9769.415 7815.532 5861.65 3907.76 1953.88
LAG/K  WPMT2
LOCALW SQIN 1 WPMT2R SQIN 1 3 0ENGL
30 0. 3.0 8000. 3.0999999.
0.0
0
SAC-SMA NPMT?2
BANDERA-MEDINA RIVER 1 NPMT2 MAP - NPMT2 INFW
NPMT2 NPMT2 SUMS 1 1
1.000 .595 35.0 64.00.1500.0000.0500.011 0 .000
13.0 1.01 71.0 50.0 325.0.1210.0070.400 .3000.000
NPMT2 MAPE .77.77.78 .80 .832.715.964.762.171.771.631.02
3. 4.12. 0. 43, 1.
CLEAR-TS
LOCALN SQIN 1
UNIT-HG NPMT2
BANDERA-MEDINA RIVER 157.0 7 ENGL  .000
NPMT2 INFW 1 LOCALN SQIN 1
8468.16 16936.330 25404.500 20323.60 15242.70 10161.80 5080.90
LAG/K  NPMT2
LOCALN SQIN 1NPMT2R SQIN 1 3 OENGL
3.0 0. 3.0 8000. 3.0999999.
0.0
0
SAC-SMA BDAT2
BANDERA-MEDINA RIVER 1 BDAT2 MAP  BDAT2 INFW
BDAT2 BDAT2 SUMS 1 1
1.000 .595 35.0 64.00.1500.0000.0500.011 0 .000
13.0 1.01 71.0 50.0 325.0.1210.0070.400 .3000.000
BDAT2 MAPE .77.77.78 .80 .832.085.733.792.171.771.631.02
3. 4.12. 0. 43. 1.
CLEAR-TS
LOCALB SQIN 1
UNIT-HG BDAT2
BANDERA-MEDINA RIVER 1172 7 ENGL 0.0
BDAT2 INFW 1 LOCALB SQIN |
6300.79 12601.60 18902.39 15121.91 11341.44 7560.95 3780.49
ADD/SUB  WPMT2R
BDAT2 SQIN 1 WPMT2R SQIN 1
ADD/SUB NPMT2R
BDAT2 SQIN 1 NPMT2R SQIN |
ADD/SUB LOCALB
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BDAT2 SQIN 1 LOCALB SQIN 1

MEAN-Q BDAT2

BDAT2 SQIN 1 BDAT2 SQME 24

PLOT-TS BDAT2
BANDERA-MEDINARIVER 3 1 2 0
ARIT 120 0.0 5700 2

BDAT2 SQIN 1 SIMULATED  *
BDAT2 QIN 1 OBSERVED 0

WY-PLOT BDAT?2

BANDERA-MEDINA RIVER 2 896. 700. NO
BDAT2 QME OBSERVED 0
BDAT2 SQME SIMULATED  *

STAT-QME BDAT2

BANDERA-MEDINA RIVER 1106. BDAT2 SQME 24 BDAT2 QME 24

STOP

END

********************************LACTZ*********************************

LA COSTE-MEDINA RIVER

01 1995 08 2000 ENG

DEF-TS

BDAT2 SQIN 1 INPUT

sana/bdat2/bdat2.sqin01

BDAT2R SQIN 1

CSRT2 MAPE 24 INPUT

sana/Medina.mape

CSRT2 INFW 1

CSRT2 ROCL 1

CSRT2 SMZC 1

CSRT2 SQME 24

CSRT2 SQIN 1

CSRT2R SQIN 1

LACT2 INFW 1

LACT2 ROCL 1

LACT2 SMZC 1

MDLT2 MAPE 24 INPUT
sana/Medina.mape
LACT2 MAPE 24 INPUT

sana/Medina.mape
LACT2R SQME 24
LACT2L SQME 24
LACT2 SQIN 1
LACT2L SQIN 1
LACT2 SQME 24

LACT2 QME 24 INPUT
sana/lact2/LaCoste.qme
LACT2 QIN 1 INPUT
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sana/lact2/LaCoste.qin01

MDLT2 INFW 1

MDLT2 ROCL 1

MDLT2 SMZC 1

MDLT2 SQME 1

MDLT2 SPEL 1

MDLT2 RQIiE 1

MDLT2 PELE 1

MDLT2 RSTE 1

MDLT2L.  SQIN 1

MDLT2R SQIN 1

MDLT2R SQME 24

INFLOW SQIN 1

INFLOW SQME 1

MDLT2 MAP 1 INPUT

sana/lact2/MDLT2.mapx01

LACT2 MAP 1 INPUT

sana/lact2/LACT2.mapx01

CSRT2 MAP 1 INPUT

sana/lact2/CSRT2.mapx01

END

LAG/K  BDAT2

BDAT2 SQIN 1 BDAT2R SQIN 1 3 2ENGL

7.0 0. 7.0 8000. 14.0999999.

7.0 0.  7.0999999.

0

SAC-SMA MDLT2

MEDINA LAKE 1 MDLT2 MAP MDLT2 INFW
MDLT2 MDLT2 SUMS 11
1.0 1.00 25.0 61.00.1000.0000.0050.008 0 .000
13.0 1.01 55.0 50.0 325.0.1210.0030.400 .0200.200

MDLT2 MAPE .99 .87 .87 .87 .871.001.961.971.801.701.651.40
1. 00 1. 0.8 2. 1.

CLEAR-TS

MDLT2L SQIN 1

UNIT-HG MDLT2

MEDINA LLAKE 299.0 10 ENGL

MDLT2 INFW 1 MDLT2L SQIN 1

9044.00 18089.00 27134.00 36179.00 30752.00 25325.00 19898.00

14471.00 9044.00 3617.00

SAC-SMA CSRT2

CASTROVL-MEDINA 1 CSRT2 MAP CSRT2 INFW
CSRT2 CSRT2 SUMS 1 1
1.0 1.00 25.0 61.00.1000.0000.0050.008 0 .000
13.0 1.01 55.0 50.0 325.0.1210.0030.400 .0000.200

CSRT2 MAPE .99 .87 .87 .87 .871.001.961.971.801.701.651.40
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1.00 1. 08 2. 1.
CLEAR-TS
CSRT2 SQIN 1
UNIT-HG CSRT2
CASTROVL-MEDINA 109.0 10 ENGL
CSRT2 INFW 1 CSRT2 SQIN 1
3297. 6594. 9891, 13189. 11210. 9232.0 7254.0
5725. 3297. 1318,
LAG/K  CSRT2
CSRT2 SQIN 1CSRT2R SQIN 1 3 2ENGL
10 0. 1.0 8000. 1.0999999.
1.0 0. 1.0999999.
0
SAC-SMA LACT2
LA COSTE-MEDINA | LACT2 MAP  LACT2 INFW
LACT2 LACT2 SUMS 1 1
1.0 1.00 25.0 61.00.1000.0000.0050.008 0 .000
13.0 1.01 55.0 50.0 325.0.1210.0030.400 .0000.200
LACT2 MAPE .99 .87 .87 .87 .871.001.961.971.801.701.651.40
1.00 1.08 2. 1.
CLEAR-TS
LACTZL SQIN 1
UNIT-HG LACT2
LA COSTE-MEDINA 221 5 ENGL  .000
LACT2 INFW 1 LACT2L SQIN 1|
2673. 5346, 3742. 2138. 534,
ADD/SUB MDLT2L
INFLOW SQIN 1 MDLT2L SQIN 1
ADD/SUB BDAT2R
INFLOW SQIN 1 BDAT2R SQIN 1
MEAN-Q INFLOW
INFLOW SQIN 1 INFLOW SQME |
RES-SNGL MDLT2
GENERAL
TITLE 'MEDINA LAKE'
UNITS ENGLISH ACFT
PARMS
ELVSSTOR  920.00 940.00 960.00 980.00 1000.00 &
1015.00 1030.00 1050.00 1057.00 1060.00 &
1070.00 1072.00 1075.00 1079.00 1090.00 &
00 600.00 3000.00 12000.00 30200.00 &
5$2500.00 82500.00 150000.00 179400.00 192000.00 &
217200.00 254000.00 271400.00 295000.00 370000.00
INTERP LINEAR
ENDP
TIME-SERIES
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Medina River Regional Flood Protection Planning Study

INSTQIN INFLOW SQIN 1
MEANQIN INFLOW SQME 1
MEANQOUT MDLT2 SQME 1
POOL MDLT2 SPEL 1|
ENDTS
CARRYOVER
INFLOW  625.37
Q-MEAN  500.00
Q-INST  500.00
POOLO  1072.00
POOL1 1073.00
STORAGE 254000.00
ENDCO
ENDGENL
SPECIFIC
RAINEVAP(1)
PARMS
EVAP 070 .100 .150 .190 220 270 &
200 270 210 160 .110  .080
DIST .05 05 .05 05 .05 05 &
06 06 07 07 07 07 &
03 03 03 03 .03 03 &
02 02 02 02 02 .02
ENDP
TIME-SERIES
PCPN MDLT2 MAP 1
ENDTS
ENDRAIN
SPILLWAY(1)
PARMS
TYPE UNC
CREST 1072.00
ELVSQ 1072.00 1072.50 1073.00 1074.00 &
1076.00 1078.00 1080.00 1082.00 &
1084.00 1085.50 &
0.00  500.00 3000.00 7200.00 &
15500.0 24500.0 35500.0 48200.0 &
66000.0  100000.
INTERP LINEAR
QSLUICE 27.0
QGEN  00.0
ENDP
CARRYOVER
OLDQ  27.00
ENDCO
ENDSPWY
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Medina River Regional Flood Protection Planning Study

ADJUST(1)
TIME-SERIES

OBSH MDLT2 SPEL |
ADJQO MDLT2 RQIE 1
ADJH MDLT2 PELE I
ADJS MDLT2 RSTE 1
ENDTS

ENDADJ

ENDSPEC

RCL

DO SPILLWAY
ENDRCL

END

LAG/K  MDLT2R

MDLT2 RQIE 1 MDLT2R SQIN 1

000
4.000 .000
0
ADD/SUB LACT2ZR

LACT2 SQIN 1 MDLT2R SQIN

ADD/SUB  CSRTZ2L

LACT2 SQIN 1 CSRT2R SQIN

ADD/SUB LACT2L

LACT2 SQIN 1 LACT2L SQIN

MEAN-Q LACT2

LACT2 SQIN 1 LACT2 SQME 24

MEAN-Q MDLT2R

MDLT2R SQIN 1 MDLT2R SQME 24

PLOT-TS LACT2

LACOSTE-MEDINA RIVER 3
ARIT 120 0.0 5700 6

LACT2 QIN 1 OBSERVED
LACT2 SQIN 1 SIMULATED
CSRT2 SQIN 1 SIMULATED
CSRT2R SQIN 1 SIMULATED
LACT2L SQIN 1 SIMULATED
MDLT2L SQIN 1 SIMULATED

WY-PLOT LACT2

LA COSTE-MEDINA RIV 2
LACT2 QME OBSERVED
LACT2 SQME SIMULATED

STAT-QME LACT2

LA COSTE-MEDINA RIV
STOP

END

0 2ENGL .00 .0

999999.600

272.790. NO

272. LACT2 SQME 24 LACT2 QME 24
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QUESTIONAIRE
"MEDINA RIVER FLOOD PROTECTION PLANNING STUDY

Name: g«'ﬁ' laenad T
Organization: Buyer Covi® Enens M‘¢
AddreSS: 'LQ% wy. !\)u[qtt S\'E— 302

S,‘Q ¥ 0% T '__TX TE207

E-mail: S\mw‘ml\\"b Co loaxgr 1o 05
Phone: (z10) 335 -03¢0

w & 1S .
A. FLOOD PREDICT ON.;.*Q_‘\J(_,{..‘ of So~ Anfomo od o¥han % P Magp I:]

Sl g hc,am*- Tie i aloy 05 o gradeet Seod inundihswn at wrieus lerd
BA ! L

555‘!"—"* oh
Do you plan t-g gen%?ate your ewh information as to predicted flood stage and timing? If
S0, HOW?  Bwdun = Leloste — a8y Cmpp s 2000 (Use heiTint Shep) —imdy b Al

o A B

Wliat needs exist in terms of flood prediction? -

Recommendations: o EM c ( s & cPu—t-

Ltf‘- h
e Mdae Go. Bohidal, e BOC MR Al o o

T Wit o mouree 0F worms 4 M. O
R, BMA Bcﬂ-‘é o N s P¥v T

—— Nl‘h C.M" il a,p).b\d - B ke w\""ﬁ’
— Nesd Gu-"‘r"en b ngc SAitiors o cotd w7 Poon orte

—— '0:..4_.1 a.c.{_u..rﬂv‘h. !ﬂ\\nl&.oo ML? 5 g.;)‘ﬂ— b M
i ‘“‘\ 13 ° S"' - A,
D Fure (ar, fhacmen Tng St 771

Arerrons Mastee =9

ot Zodt. FPueep LevEL

— shim Lok Menwa
BMA Lap &15  Froes \wwe® -
Bo.oa.hl'.ﬂ-h CaosTtEDS (5,,;—1-;,;1:;2.&_ .

e 4
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B. ORGANIZATION ACTIONS DURING WATCHES AND WARNINGS
Rt

What are the-cusrent responsibilities of your organization during:

~|M—" ;"] bc LVM&*""‘

NWS Flood Watch (Puu - [MS v PeadS bc(—--‘ﬁ"
 Conrsur ateunadioD precadanrts | Vae - f N Lo s

- !Dg{-rcﬁ Eol S“.‘#‘W‘, VFDs awo Buyoy Couw Y fMuncpa

NWS Flosd Wassing (predicied stage orest and f
00 aming (predicted stage crest and time

o Evacuabe %-'s M—A,gSW&s M-n).——-l‘—l

—_— Pﬂf&ﬂ- Jor Secavrd 3 Bascul
BMA Lake Medina Dam Watch Condition

. EED By BMAARS . Hn
T S S oy s B S
= 820 > "'s«an—»t Ban ale
Cv‘l&ah,:\BMA Laké Medifts ﬁa‘i’n"?o‘s‘sw fé'ﬁl’l?;'ii 'Eo Cqndition
Mﬂ‘" n . Qa5
Prapre. %?5 % ol g:-ﬁm Aceas 4o Be guscustto\

Bavivete Bo

BMA Lake Medinaﬁ]i)j_m Ipranexgnent Pam Failure Condition
Elee ey < bl 7 M )
Y :’:, ﬂmkébbcb W*As&!ﬁ"w&
B Eﬂfak%'M?dEa Dam Failure Condition 3
— Bvat oot Skatbos, Movs Cort . J& ak
- wﬁ?’cr Sl Assistama (.A"- RpsousrsSr Re _
‘What are your thoughts on changes to your responsibilities of your organization during:

NWS Flooq Watch
A Grs Mg Gagabites

NWS Flood Warning (predicted stage crest and time) Condihions
! w‘,ﬂl_ Qommmux-o-d-_-; 4 LA‘LA ouﬁ_&c) (‘\""ﬂ“:)

BMA Lake Medina Dam Watch Condition
Define. Coswdchon

BMA Lake Medina Dam Possible Dam Failure Condition
pg_‘lﬁ Yo inctudn oved ¥ st S e g..,j"
D@-‘:u.ﬂ- C.ae'.ét*’bv\

BMA Lake Medina Dam Imminent Dam Failure Condition
QL gﬂl L3 Ca‘—l“‘m

BMA Lake Medina Dam Failure Condition

wurr.n_‘pﬂw

. w.“‘-uﬁd
Asyp \‘F‘Low C»On):h"‘o"‘ﬁ Cofth NWEh— Darm k"u'k
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ORGANIZATION ACTIONS DURING WATCHES AND WARNINGS (continued)

M
oo

et hﬂ 4o 5\;(..(..;45 W "h\:ﬁ ?z‘-vu(“)qgv\» m‘nﬂ"
nguuu:*)wg v "“MI. | “‘Fs 5

C. ORGANIZATION ACTIONS WITH RESPECT TO EVACUATIONS
Does your organization have responsibility for issuing evacuation orders? Ifso:
Area (physical/ political boundaries) responmbzl

cal bo )

Couwr 4 \\Q,“"'P'N

How is decision made as to evacuation, given warnings/ watches? Specifically:

Is there gntten guzdancegv“gu_‘w n Aweay 4% Em Pre~ .

How is time-of-day considered?

‘.J -f—-.“.", Ll W
i create g_u.-h ons [N
c.fc-s . M,\.,k-l—,,u tyeantbod {écm %

Discussion (current procedures, needs)
Does your organization have any responsibility for communicating an evacuation order? “)
o

Un.nearpe
Area (physical/ political boundaries) of responsibility: BL’!“L Coom \ wmesrt

Means of communication:

Type of Communication Used? | Comment (# of equip, # of staff, on order/request?)
Reverse 911 Buywr Mcta QI
Hes “Thesugh _
Tone Alert Radios Yes hetdy, NOS WOx Redias
Sirens ~
TV/ radio messaging Yo
Mobile announcement systems Yeg Fiee , b $h4“
Wireless announcement No
systems '%'
Broadcast e-mail s | T sl Qs 9 Buan (euntes
Door-to-door canvassin T o df Bue. ki
Surveillance Systems Mes | T Ded Saghes as Pagel  Prang
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C. ORGANIZATION ACTIONS WITH RESPECT TO EVACUATIONS (Continued)

Does your organization have any responsibility for evacuating people with special needs
(bedridden, etc.)? If so, describe
(U nin u‘“P’*’*‘P""\)

Area (physical/ political boundaries) of responsibility: BW" Cb‘”’"“'"\

Needs/ideas to facilitate/ improve current system (are there sufficient resources?).
A1 ol W of atl an..\ab L AN 1l adiad ., Few Da-‘ Gt { AJU.EM

FCsPurBes Close plakm a4

Does your organization have any responsibility for post-evacuation security? If so, describe:
Area (physical/ political boundaries) of responsibility: ~ et AlooV-<

Needs/ideas to facilitate/ improve current system{are there sufficient resqurces? . 3
f P ‘Sy ( ﬂ\ l A Can ] UI'\J

e Nebholl & (f ot
Sham® | Congrables  pumupal Faliw, DPS
i ,?.;\.,\u Works | cnrraslly whd Fox Secwrdy .

Does your organization have any responsibility for housing evacuees? If so, descri
o Coual H"“ﬁvw‘ e Homen Seaiws ar Goreany wribn | Lwn—"

Area (physical/ political boundaries) of responsibility: See. Abovre

Needs/ideas to facilitate/ improve current system (are there sufficient resources?).

sw'ﬂ"ruu& Shateor le&\- A’u‘; ‘4"'5 We axe “"&'5"--1 +¢ S‘u-\'bl-r

Z &) 00 20, gt Cror~ - C‘fpu& G\'—frs‘t e,uhlnkb.uv-ﬂduus .
| -
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D. PUBLIC EDUCATION

Does your organization have any ongoing public education programs related to emergency
procedures during floods? If so, please describe: Mo Relessed, s

Yes . Me gve Falks Yo cammar iy QE‘H.,,&M:,, A
Y-.,“«, cafereation tﬂafa—ws( Flicrs q Foatreaa .

Ideas/ recommendations as pertain to public education? wrd | MA:‘ ey &S
Q“'-“!u\ 17 Ducd oSt F.._Llu' ® VAU B el

T loho Loz
T g et Tikgh b

T Asert u&:‘ulq Letls .

grwisk & Enjl’st‘
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E. INFRASTRUCTURE PLANNING

Does your organization have responsibility for the following infrastruéture during/
following a flood: '

Infrastructure | Area (physical/ | Is there an Comment (current resources, needs)
Element political existing
boundary) written Emer
Plan for this
element?
Roads Umncarpsratd
Baxsn €0 -M"‘s
M Plew
Power s — But 14
Ptiy"b \4*“ |“b$ ) U};‘iﬂ:_‘ -
b fene B ity | Box Pl
Water
H b
Sewer
o "
Housing Yes v 5 W ot

Housem ™Mapy Lot
Hisan ‘}W"‘b‘* A vy

If your responsibility, how are people addressed who are not in the floodplain/ dam break
inundation area, but who are cut off from the transportation system, water and/or power

i?
Morsa P p Sheber (v plat — Usealiy s hact davchan <o ) *S
mJ‘_’J . M 15aladred “\,A."n‘an.“: 1ol oo mad \1\1 ol m('.:_:.e”{v oty )

Comments/ Ideas/ Needs

QUESTIONAIRE, MEDINA RIVER FLOOD PROTECTION PLARNING STUDY, February 2004
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F. CRITICAL ISSUES

What in your opinion are the critical issues associated with emergency management of a future
flood in the Medina River Valley? What are your ideas for improvement?

_ Comwu\\u:"aﬂs- ) K l')
LOgr Y wrebh DEM\ANLM" Bma

RY_JFCE T N
eo < Sk rom-t-a{‘ c,eﬁlux.q&‘@nmm—.l}hq cont¥ve)
- “ﬂ

— Bagur C,au\\"v‘ et Fart Lt e rodh Meduin C”“‘R‘_j ew Yhaie ;st_

G. DO YOU WANT THIS FORM INCLUDED IN AN APPENDIX OF THE STUDY
REPORT? Yes
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QUESTIONAIRE

MEDINA RIVER FLOOD PROTECTION PLANNING STUDY

Name: SOHN A "JM‘K" Wit LIAMSH A, M.D.
Ceanization’  Meon RANCH - PrigRsIoY LAKE
' Bo3 PARK HiLr DR., SAN ANION#D, TEAIZ

el JtBwmson @ swhe [l kel
Phone: ( 210) BO5-8059  mobile - 210- 2B -OFes laKe =(830) TSt- 2465

A. FLOOD PREDICTION

Do you plan to generate your own information as to predicted flood stage and timing? If

s0,how? A,/ - Wancb. Hso 25 obianclldors. 6{‘&&:—@,0"% 2
e a~ He Mo/,‘ Yen Hleo 22 pae fiomer. oo wweall-tonde.
What needs exist in terms of flood prediction?

5«45‘829 @W(S«&vmwﬂ

Recommendations:

QUESTIONAIRE, MEDINA RIVER FLOOD PROTECTION PLANNING STUDY, February 2004
Page 1of7
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B. ORGANIZATION ACTIONS DURING WATCHES AND WARNINGS

What are the current responsibilities of your organization during:

NWS Flood Watch *ﬂ b o danl WL 25
s bl decs ar
MM 6 Wt

BMA Lake Medina Dam Watch Condition /lx;zﬂi adl M
oy s MM@E»~
A WM"( -

NWS Flood Waming (predicted stage crest and time)

BMA Lake Medina Dam Possible Dam Failure Condition
BMA Lake Medina Dam Imminent Dam Failure Condition
BMA Lake Medina Dam Failure Condition

What are your thoughts on changes to your responsibilities of your organization during:

NWS Flood Watch ‘ | /M . | .

NWS Flood Wamning (predicted stage crest and time) W Y W

o The Libbo
MW

BMA Lake Medina Dam Possible Dam Failure Condition Wm .

BMA Lake Medina Dam Watch Condition

BMA Lake Medina Dam Imminent Dam Failure Condition

BMA Lake Medina Dam Failure Condition

QUESTIONAIRE, MEDINA RIVER FLOOD PROTECTION PLANNING STUDY, February 2004
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ORGANIZATION ACTIONS DURING WATCHES AND WARNINGS (continued)

What other recommendations do you have?

Ao

C. ORGANIZATION ACTIONS WITH RESPECT TO EVACUATIONS
Does your organization have responsibility for issuing evacuation orders? If so:
Ai‘ea (physical/ political boundaries) of responsibility: T W 4 &Q/

How is decision made as to evacuation, given warnings/ watches? Specifically:

Is there written guidance? £ 4/»&,( W W
How is time-of-day considered? Z?ém.g i W

Discussion (current procedures, needs)
Does your organization have any responsibility for communicating an evacuation order? - A/O
Area (physical/ political boundaries) of responsibility:

Means of communication:

Type of Communication Used? | Comment (# of equip, # of staff, on order/request?)

Reverse 911

Tone Alert Radios

Sirens

TV/ radic messaging

Mobile announcement systems

Wireless announcement
systems

Broadcast e-mail

Door-to-door canvassing

Surveillance Systems

QUESTIONAIRE, MEDINA RIVER FLOOD PROTECTION PLANNING STUDY, February 2004
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C. ORGANIZATION ACTIONS WITH RESPECT TO EVACUATIONS (Continued)

Does your organization have any responsibility for evacuating people with special needs
(bedridden, etc.)? If so, describe )

Area (physical/ political boundaries) of responsibility:

Needs/ideas to facilitate/ improve current system (are there sufficient resources?).

Does your organization have any responsibility for post-evacuation security? If so, describe:

Area (physical/ political boundaries) of responsibility: o e oo Lador. — accesa ‘,6,:;7,
are. . ‘

Needs/ideas to facilitate/ improve current system(are there sufficient resources?).

Does your organization have any responsibility for housing evacuees? If so, describe:

2S 2oboe. Lamea are
Area (physical/ political boundaries) of responsibility:

Needs/ideas to facilitate/ improve current system (are there sufficient resources?).

QUESTIONAIRE, MEDINA RIVER FLOOD PROTECTION PLANNING STUDY, February 2004
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D. PUBLIC EDUCATION

Does vour organization have any ongoing public education programs related to emergency
procedures during floods? If so, please describe:

Ideas/ recommendations as pertain to public education?

QUESTIONAIRE, MEDINA RIVER FLOQD PROTECTION PLANNING STUDY, February 2004
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E. INFRASTRUCTURE PLANNING

Does your organization have responsibility for the following infrastructure during/
following a flood:

Infrastructure | Area (physical/ | Is there an Comment (current resources, needs)
Element political existing
boundary) written Emer
Plan for this
element? 7
Roads Dne 4 A/0 S bromeds weloled i WL‘ :
' W ) G0 cacly evacuddon = ant
Power
Water
Sewer
Housing

If your responsibility, how are people addressed who are not in the floodplain/ dam break
inundation area, but who are cut off from the transportation system, water and/or power?

Com_mentsl Ideas/ Needs

QUESTIONAIRE, MEDINA RIVER FLOOD PROTECTION PLANNING STURY, February 2004
Page 6of7
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F. CRITICAL ISSUES

What in your opinion are the critical issues associated with emergency management of a future
flood in the Medina River Valley? What are your ideas for improvement?

G.DO You ANT THIS FORM INCLUDED IN AN APPENDIX OF THE STUDY
REPORTY{ Yes No

QUESTIONAIRE, MEDINA RIVER FLOOD PROTECTION PLANNING STUDY, February 2004
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QUESTIONAIRE
MEDINA RIVER FLOOD PROTECTION PLANNING STUDY

Name: ?ngaé C. QriEssER , %/&Myk,‘,‘ ,yﬁpc s Ares Ko/

Organization: &Hawelrn Coreans /7 Emox Fo~ce 7
Address: ¢ o5 Lophkon f R e Ll /‘/G/ Ix V543

E-mal: /'4/1-6_55 cr— € FexIs, A< r
Phone: g 3s-Cr2-33 35 ~n O/ §30464 1093 — /57 Aro-79¢-9/5 =

A. FLOOD PREDICTION

Do you plan to generati your own information as to predicted flood stage and timing? If
9 Sher /73 . ; . -
so, how? Ve Sﬁf S hSctvea'd O Sene f conme, /7 Meadins A /
/Oo vac 1 whoen. mea A ﬂ-"u*z s PAGH? /'63‘”9
e/ inen R, verz Afaa./c'( APdox G — .
VZ s gives Ahonf L s ARt f Boaofenn C Ffy
. ’” ;" o f_r" é’z ¢ ‘r € M anliasn A fee 2
Mpm.:./ ok spfr b ae "9 A 0w S
TRaris 1 Thng Kl Cages Tresty Hed Frron, THis STHe
- What needs exist in termfs?ﬂoodfpredictinn? el 7

@ /A-w A sk FAlar ﬁ//t:vj WS heme oU2n w[d—)‘ Pq;bﬂ( 0} ,Lj(_(.e;klg_;
(D Flow Grages Hon £ Froneis Y S'Wcufﬂfgarc;r_: R EGCJ
pyv thfg‘z,d, e ny A qudé_ Coane F2¢S

Bt tsnt i) Sofuas frem Sov sl P i o s ens . Ponss o) I
- ’*4“’—‘-wa¢/ fo 25 hima be Fill RafZ . Tiwe

Recommendations: :
Y7 aM/7 onrC Sawrzcs o/ ﬂece,‘p:ﬁzj C—/‘fAl Ancef
e A-:aem:...;&-j esscan il —aR. Feaf  Emengaudy B froacs

NRLL 55 Ay, TXe (’au-r/-} 14 Hr ﬂ/f‘ful"“-; fa;”fﬁf-zfavzd-f
oo fons T ake Shewifhs Pispafeh = 2%[7 3es/qp. They
ﬁ[:'ﬂ/" e _‘5'1(::4..#—-——* me/% .'Tu..cf?*_-e wrhe /Q-c/"bﬁlr_s FLe
Cocur Fy o, Criomas )y ash miboissed e k) e Hvx L)

/(m.aa’
f{’ A(a-a/ce/ { 7% @ou.r -7’2(4/ e orZ f/ﬂ(rtf /’lg
e Eoc 2L 7 4&-&‘/4[2 e[zf-/’;a At o Direchs

V4
frecves At Ee s [;_S‘ 3 - ] i :
Al e Lbars int ¥ReiR eoml7 AS we/l ps Jteéﬂ';’ A s -
From & Fen G bcs, ST Ans Fedinal Agece:<s
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02-28-04 18:03 FAX 3307513335 RALPH DEESSER AR

B. ORGANIZATION ACTIONS DURING WATCHES AND WARNINGS

What are the current responsibilities of your organization during:

NWS FIOOdwaICh Aﬂj;vﬂ'le E&C- —— /}— D-‘MGA(A/ /7 da-uqu‘?. we’-—-gltf?:/[
— /5 X ole ferrmiinie Te aceed Harel
Tiwclpe ~SCeni MoF AvAsla &/

NWS Flood Waming (predicted stage crest and time .
/g‘}/ER 7" ﬁ ir KRSy ,}dgs,«a/c/<-o_s 4 Lgen | AGeEMC €5

BMA Lake Medina Dam Watch Condition [y Femcls o) [Shes p
A Dien Fmrlrean Aplent s (Samciosnt Co, Pt ) By Bape
farSiney L fee ou /'7_ Ale £ wnlea (5. lef ‘7"7: DA m.1—7f/5 4&:4—-3-..4

BMA Lake Medina Dam Possible Dam Failure Condition
Lee Abnw

BMA Lake Medina Dam Imminent Dam Failure Conditio DS
Sy B 5o acds o ot Ly, Beire G by 508 LT
A3 Muc kK Honvl ~ring s /50 53."£/=
BMA Lake Medina Dam Failure Condition
Ste AL A=

‘'What are your thoughts on changes to your responsibilities of your organization during:

NWS Flood Watch  we weed 4/ e ,‘{.-Jﬁ.‘n/{?:c,,/ A ’;-\ we ‘*"“?"T-
D sUC Mbore so Ficcs A

NWS Flood Warning (predicted stage crest and time) _
Sce A Ko < ' ,(l i‘
SRR A Aothsse $olmlae
BMA Lake Medina Dam Watch Condition =~ €~/ Cowtrg e « J P e 7 erarly

BMA. Lake Medina Dam Possible Dam Failure Condition Al e ,‘5‘0727 E A’ E""J’.‘-’-{F :
prof BefestoRS o f

. Faresic e o AeBem s
BMA Lake Medina Dam Imminent Dam Failure Condition .

sce A b

" BMA Lake Medina Dam Failure Condition
Sce A [w &
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ORGANIZATION ACTIONS DURING WATCHES AND WARNINGS (continued)

What other recommendations do you have?

/ec.r.ﬁ w4 ;u)éze;wca/ a/' AN P/M —eyu,',omeu/ C"’“T”’S

C. ORGANIZATION ACTIONS WITH RESPECT TO EVACUATIONS

Qo ot & -wlft

Does your organization have responsibility for issuing evacuation orders? If sc:é'
L A g car R &y eaw %
cﬁ.i-:;—'/z(;’ Pet? tt/&fd‘fdw. Aar rhasestrin 27
P Mot Frac Oeplt h3 ¢ :ﬂgrj[;c Al
: d+ k‘j"ﬂ.‘-‘.‘é/‘ﬁf7 (4& v B ar
How is decision made as to evacuation, given warnings/ watches? Specifically:

Co‘u«té J—ka/;e. Foe CLeok £35S

Area (physical/ political boundaries) of responsibility:

Is there written guidance?

How is time-of-da considered? —~tao Ak Ons s 75 ee b encal
e —_ T e of gert fo cow sicen CAmPes , /;lu.wlm.; th

Discussion (current procedures, needs) Fe Hen. Lo Capabs/. A of Al Hseanedes

Does your organization have any responsibility for communicating an evacuation order? &/<£ ;“f} o
€ e ;S ALy Radrt o TUJ/” ing 1A fﬂ-ﬂa/cﬂ Cociar -’ .

Area (physical/ political boundaries) of responsibility: AA «f Cruasfy Scanscas s eal

Sd cer f Pe-'m,ra;, (fﬁdw.ﬂ/}w? FRey - Uged J7 Y L f-,.-/é(r:-'az

Means of communication. - - g
4 Tl Fire - Tl — Mg L LOZ cars Mot fen. FReg o S iy

Type of Communication Used? | Comument (# of equip, # of staff, on order/request?)
Reverse 911 .
Tone Alert Radios 3 l/
Sirens Uawedena ©- /g 60 S
TV/ radio messagng . ) e e B ~
Mobile anpouncement systems Depo 65 A VFED T o Lomusa 77 T07H
Ll CAR But/ Mo
Wireless announcement
sysiems
Broadcast e-mail Mo foler 6/<
Door-to-door canvassing
v tiao] AROic Latin ;ar OL Floce
Surveillance Systems '
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C. ORGANIZATION ACTIONS WITH RESPECT TO EVACUATIONS (Continued)

Does your organization have any responsibility for evacuating people with special needs (/¢ s
(bedridden, etc.)? If so, describe 77 Meep 4 crpsant Ll + of Al SpacAl aeecls
(AN EOC ~ B FRST Pospscotfens on Depu Aes

Area (physical/ political beundaries) of responsibility: Al & 4; ﬁ“s""“ﬂ"}

Needs/ideas to facilitate/ improve current system (are there sufficient resources?).

Bch,f-i ;M ,&c-l W C‘./:'M‘:c} e SOt T C'AZO\J'.& f‘.’uroi v—lllfej—aicfurt-rs

Does your organization have any responsibility for post-evacuation security? If so, describe: L74 %ﬁl‘

. 14(” &F‘,(c“ﬁa f
Area (physical/ political boundaries) of responsibility: At Com.s LY Q40 o
Needs/ideas to facilitate/ improve current system(are there sufficient re.saurce&?). i
A &

Weed i mnp of Flowd Ploce ameas- will gef i B0 Apepsn

Does your organization have any responsjbility for housing evacuees? If so, describe: , Aclrse ur/7 )
ey f CAve grawps sef tp A Ruw s Lol has 450 ( b Fons ¥ K3 ponsilen
Area (physical/ political boundaries) of responsibility; gy Uy '
. By ea_vﬁ »‘Lj ) s u.quO.re }reou

Needs/ideas 1o facilitate/ improve current system (are there sufficient resources?).
8*»1'1["—;1- MEMmys efc /'%/r"’n-é le.  Coreng uw-’“e»f—"ﬂ-’bmf Ao
M.. Cou-u 4’ e Q‘le»dj‘,'
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D. PUBLIC EDUCATION

Does your organization have any ongoing public education programs related to emergency
procedures during fleods? If so, please describe: Lres ~

. 51‘4‘;}/" TRBD CAtun 7(1).1 LSenror ChDenry — Gocs /.Af.é’r'l—fl Cm)l7

I At . l7 / .
e Z_Mewsfﬁcaﬁu;k/ﬁ ouﬁ,) O CUVED — /34
—_ Mtcﬂu‘c, w(‘H /'u/trcebjfﬁ/ GM“,"4 640-7-.; —~ LA 4-— CJ’&&“MQJ ‘5-7‘:

Ideas/ recommendations as pertain to public education?
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E. INFRASTRUCTURE PLANNING

Does your orgapization have responsibility for the following infrastructure during/
following a flood:

LELAY

Infrastructure | Area (physical/ | Is there an Comment (current resources, needs)
Element political existing
- boundary) written Emer
Plan for this
element?
Roads T DoF Ans STATE AoAPS
. Coninr By Runals o Blolyes fort Gunsly
Power Bariclenn £ feo frric Coop
Wat oty Abrul 70 Compton: s
ater - /j,q—mof-czc.'f? Avis o wn—ﬁf-fif-‘/““"‘b
odtecs hgove Poica b wocfs
Sewer arty, Bmectocs by fmrme 3 Z..—f"'
Aas Ceaf / Seroex 595 -
O Loty cdse LopFe Tysfom>
Hou.smg A e e Al or P cc i #ad,i) faq'_
‘ c‘bw'% gwmﬁmcm— 5~

If vour responsibility, how are people addressed who are not in the floodplain/ dam break
inundation area, but who are cut off from the transportation system, water ‘and/or power?

3(&/{"’”‘ Far Place

f

;KL 1 d b

| Comments/ Ideas/ Needs
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F. CRITICAL ISSUES

What in your opinion are the critical issues associated with emergency management of a future
flood in the Medina River Valley? What are your ideas for improvement?

Single Porard 0/£ Goutns | o Tfo At Qa.«/vr Le vef ¥t O

G. DO YOU WANT THIS FORM INCLUDED IN AN APPENDIX OF THE STUDY
REPORT? No

EZac/F'M
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QUESTIONAIRE
MEDINA RIVER FLOOD PROTECTION PLANNING STUDY

Name: C2s/ Friesen A?Ah
Organization: 7x Po7T
Address: 2364 Avesne E

E-mail:
Phone:

A. FLOOD PREDICTION

Do you plan to generate your own information as to predicted flood stage and timing? If
s0, how? A/p

What needs exist in terms of flood prediction?

we monifor werflv rida (7045 )

?hJ quP/M'g’ /A[:f Wlﬂ I"t;p—ﬂf/#ff
f’LV/}' Jrn'v‘ H’“‘ WQ’J; 7t" “hﬂhl’f‘bf’ V’WW
Eleyr fory s various aeeler s ¢ frerms le [ow e, W“«‘f.s-ff

Recommendations:
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B. ORGANIZATION ACTIONS DURING WATCHES AND WARNINGS
What are the current responsibilities of your organization during:

NWS Flood Watch ,
Moy, for /foﬂJl‘hj WA'JI‘)ZI““I o fﬁ-k
Rords 3 Bl dyes

NWS Flood Warning (predicted stage crest and time) _
Menifor Llog J;'h} wond, frong 3nd efose W’Jf/ﬂn «5&{ >
deened necescapy brstd on wil [eve], custs

BMA Lake Medina Dam Watch Condition
Represeat TeDoT © Compsnd Conter (Sheriffs 0ffiie)
(lore rosdt 35 necelSny due fo F/.;J,';,j

BMA Lake Medina Dam Possible Dam Failure Condition

Srme 15 Fov witel, con ¢ ‘/u YNy
BMA Lake Medina Dam Imminent Dam Failure Condition

BMA Lake Medina Dam Failure Condition

What are your thoughts on changes to your responsibilities of your organization during:

NWS Flood Watch

NWS Flood Warning (predicted stage crest and time)
BMA Lake Medina Dam Watch Condition

BMA Lake .Medina Dam Possible Dam Failure Condition
BMA Lake Medina Dam Imminent Dam Failure Condition

BMA Lake Medina Dam Failure Condition

QUESTIONAIRE, MEDINA RIVER FLOOD PROTECTION PLANNING STUDY, Fehruary 2004
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ORGANIZATION ACTIONS DURING WATCHES AND WARNINGS (continued)

What other recommendations do you have?

C. ORGANIZATION ACTIONS WITH RESPECT TO EVACUATIONS
Does your organization have responsibility for issuing evacuation orders? If so:
Area ’@{fxysical/ political boundaries) of responsibility:

How is decision made as fo evacuation, given warnings/ watches? Specifically:

Is there written guidance?

How is time-of-day considered?

Discussion (current procedures, needs)
Does your organization have any responsibility for communicating an evacuation order?
Area (physical/ political boundaries) of responsibility:

Means of communication:

Type of Communication Used? | Comment (# of equip, # of staff, on order/request?)
Reverse 211 ,

Tone Alert Radios _ VEs | Wel vidio @ pma. %

Sirens ! v

TV/ radio messaging

Mobile announcement systems

Wireless announcement
systems

Broadcast e-mail

Door-to-door canvassing

Surveillance Systems

Yer M-d?FI‘;J.;I ._//o-vé&hl)
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C. ORGANIZATION ACTIONS WITH RESPECT TO EVACUATIONS (Continued)

Does your organization have any rl;c?)onsibility for evacuating people with special needs
(bedridden, etc.)? If so, describe &p

Area (physical/ political boundaries) of responsibility:

- Needs/ideas to facilitate/ improve current system (are there sufficient resources?).

Does your organization have any responsibility for post-evacuation security? If so, describe: a4,
Area @hysical/ political boundaries) of responsibility:

Needs/ideas to facilitate/ improve current system(are there sufficient resources?).

Does your organization have any résponsibility for housing evacuees? If so, describe: p,
Area (physical/ political boundaries) of responsibility:

Needs/ideas to facilitate/ improve current system (are there sufficient resources?).

QUESTIONAIRE, MEDINA RIVER FLOOD PROTECTION PLANNING STUDY, February 2004
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D. PUBLIC EDUCATION

Does your organization have any ongoing public education programs related to emergency
procedures during floods? If so, please describe: A/,

Ideas/ recommendations as pertain to public education?

QUESTIONAIRE, MEDINA RIVER FLOOD PROTECTION PLANNING STUDY, Felruary 2004
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E. INFRASTRUCTURE PLANNING

Does your organization have responsibility for the following infrastructure during/
following a flood:

Infrastructure
Element

Area (physical/
political
boundary)

Is there an
existing
written Emer
Plan for this
element?

Comment {current resources, needs)

Roads ($/2/e)

wvtrS Med, a1,

Heondo 4rts O#?'cc

No ;pu-'l-alf:hn
Have Fol'f(h'ﬁ.\"

[ } -
e Nyt 59“-/’“44” o cleysr ]
defs's of¥ of r"’"l“' () br dges 14

Uyalls Fr-’;nﬂ Afssapty 30d p.w?.n‘u,-lf' o doy 7
Power e For closiAy 70237 | ‘¥
Water
Sewer
Housing

H your responsibility, how are people addressed who are not in the floodplain/ dam break
inundation area, but who are cut off from the transportation system, water and/or power? .

Comments/ Ideas/ Needs

QUESTIONAIRE, MEDINA RIVER FLOOD PROTECTION PLANNING STUDY, Feliruary 2004
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F. CRITICAL ISSUES
What in your opinion are the critical issues associated with emergency management of a future
flood in the Meding River Valley? What are your ideas for improvement?
Ne 1':/3*2- oy
Wﬂ‘hlm—u;,'oav ) iy

/-J\ﬁl‘h.zi):ﬂ." dutﬂf[;‘\ ML _S-/y&

&0}’ Jl '}«t/r;l-‘

f/w- /ﬁf/%m}v/;b ({’Vh“sﬁaﬂ)

G. DO YOU WANT THIS FORM INCLUDED IN AN APPENDIX OF THE STUDY
REPORT? Yes No
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APPENDIX B
DEBRIS MANAGEMENT PLAN OUTLINE EXAMPLE

The following outline can be used to develop a Debris Management Plan.

'DEBRIS MANAGEMENT PLAN

PURPOSE

To provide policies and guidance to for the removal and disposition of debris
caused by a major disaster.

To facilitate and coordinate the management of debris following a disaster in order to mitigate
against any potential threat to the lives, health, safety, and welfare of the impacted citizens, expedite
recovery efforts in the impacted area, and address any threat of significant damage to improved
public or private property.

SITUATION AND ASSUMPTIONS

SITUATION

Natural and manmade disasters precipitate a variety of debris that include, but are not limited to, such
things as trees, sand, gravel, building construction material, vehicles, personal property, and
hazardous materials.

The quantity and type of debris generated from any particular disaster will be a function of the
location and kind of event experienced, as well as its magnitude, duration, and intensity.

The quantity and type of debris generated, its location, and the size of the area over which it is
dispersed will have a direct impact on the type of collection and disposal methods utilized to address
the debris problem, associated costs incurred, and how guickly the problem can be addressed.

In a major or catastrophic disaster, many state agencies and local governments will have difficulty in
locating staff, equipment, and funds to devote to debris removal, in the shori-term as well as long-
term.

ASSUMPTIONS

A natural disaster that requires the removal of debris from public or private lands and waters could
occur at any time.

The amount of debris resulting from an event or disaster could exceed the local government’s ability
to dispose of it.

If the natural disaster requires, the Governor would declare a state of emergency that authorizes the
use of State resources to assist in the removal and disposal of debris. In the event Federal resources
are required, the Governor would request through FEMA a Presidential Disaster Declaration.
Private contractors will play a significant role in the debris removal, collection, reduction and
disposal process.

The debris management program implemented by the local government will be based on the waste
management approach of reduction, reuse, reclamation, resource recovery, incineration and
landfilling.

B-1



APPENDIX B
DEBRIS MANAGEMENT PLAN OUTLINE EXAMPLE

CONCEPT OF OPERATIONS

Emergency Operations Center Activation

Define how the County Emergency Management Agency will activate the Emergency Operations
Center (EQC).

Define who will make up the Debris Management Task Force (DMTF) and their specific duties and
responsibilities.

The EOC Director or his designated representative in conjunction with the DMTF will determine the
extent of damage and resulting debris and issue appropriate directives to implement this annex.
Create an appendix that contains a listing of key points of contact.

Estimating the Type and Amount of Debris

Designate public works department personnel to determine the estimated amount of debris generated
as soon as possible.

Define the estimating methods to be used. One method to estimate debris is to conduct a drive-
through “windshield” damage assessment and estimate the amount of debris visually. Another
method is an aerial assessment by flying over the area using State Police and/or National Guard
helicopters and Civil Air Patrol recommaissance flights. The damaged area can be assessed either
visually or using aerial photography. Once the area has been assessed actions can be taken to
implement Phase I debris clearing procedures and institute requests for additional State or Federal
assistance.

Site Selection Priorities

Determine the number of Temporary Debris Storage and Reduction (TDSR) sites and location of
these sites for the collection and processing of debris.
Prioritize which sites will be opened based on the amount of debris estimated.

First Priority: Pre-determined TDSR sites

Second Priority: Public property within the damaged area
Last Priority:  Private property
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APPENDIX B
DEBRIS MANAGEMENT PLAN OUTLINE EXAMPLE

Pre-Designated TDSR sites

¢ Pre-identified TDSR sites should be identified on county maps.

» Either Solid Waste Authority or Public Works should maintain detailed information pertaining to
each of these sites. Designate which agency has responsibility.

® Detailed information should inciude exact location, size, available ingress and egress routes and
results of an environmental assessment and initial data samples.

s Baseline data should include videotapes, photographs, documentation of physical and biological
features, and scil and water samplings.

¢ The list of TDSR sites should be reviewed annually and updated as necessary as part of the normal
maintenance plan.

TDSR Site Preparation.

¢  Identify the preparatory actions that need to be accomplished after a pre-designated TDSR site has
been selected.

¢  Develop a Memorandum of Understanding or a Memorandum of Agreement if required.
Identify who would be responsible for updating the initial base line data and develop an operation
layout to include ingress and egress routes.

Existing Landfills.

o  Identify location of county and private landfills.
¢ Identify any restrictions, limitations or tipping fees.

DEBRIS REMOVAL

General

¢ Hurricanes and other natural disasters can generate unprecedented amounts of debris in a few hours
or a few minutes. The debris may be equally heavy in both urban and rural areas depending on the
magnitude of the tree blow-down and associated structural damage such as homes, businesses,
utilities and signs. This section provides guidelines on debris removal issues, including emergency
roadway clearance, public rights-of-way removal, mobile home park removal, private property
removal, navigation hazard removal, and Household Hazardous Waste (HHHW) removal.

e Debris removal, regardless of source, becomes a high priority following a disaster. Debris
management strategy for a large-scale debris removal operation divides the operation into two
phases.

» Phase I consists of the clearance of the debris that hinders immediate life saving actions being taken
within the disaster area and the clearance of that debris which poses an immediate threat to public
health and safety.

e  Phasc II operations consist of the removal and disposal of that debris which is determined necessary
to ensure the orderly recovery of the community and to eliminate less immediate threats to public
health and safety.
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APPENDIX B
DEBRIS MANAGEMENT PLAN OUTLINE EXAMPLE

Emergency Roadway Debris Removal (Phase I)

Identify critical routes that are essential to emergency operations.

Define how efforts will be prioritized between local agencies.

Identifying areas that State and Federal assistance can target.

Define what actions take place during Phase 1.

Example: Roadway debris removal involves the opening of arterial roads and collector sireets by

moving debris to the shoulders of the road. There is no attempt to physically remove or dispose of

the debris, only to clear key access routes to expedite the:

¢ Movement of emergency vehicles,

¢ Law enforcement,

¢ Resumption of critical services and,

o Assessment of damage to key public facilities and utilities such as schools, hospitals, governnient
buildings, and municipal owned utilities.

Define the type of debris that may be encountered such as tree blow-down and broken limbs; yard

trash such as outdoor furniture, trash cans, utility poles, power, telephone and cable TV lines,

transformers and other electrical devices; building debris such as roofs, sheds and signs; and personal

property such as clothing, appliances, boats, cars, trucks and trailers.

Define the priority to open access te other critical community facilities, such as municipal buildings,

water treatment plants, wastewater treatment plants, power generation units, and airports.

The requirement for government services will be increased drastically following a major natural

disaster. Develop procedures to determine the damage done to utility systems. Activities involving

these facilities should be closely coordinated with their owners and/or operators.

Local, Tribal, State and Federal Assistance

Identify local, tribal, State and Federal government assets that may be available such as:
Municipal workers and equipment
Local and State Department of Transportation (DOT) workers and equipment
National Guard
Local contractors
U.S. Department of Agriculture (USDA) Forest Service chain saw crews
Local U.S. Army Corps of Engineers (USACE) workers and equipment

Supervision and Special Considerations

Immediate debris clearing (Phase I) actions should be supervised by local public works or DOT
personnel using all available resources. Requests for additional assistance and resources should be
made to the State Emergency Operations Center (EOC). Requests for Federal assistance will be
requested through the State Coordinating Officer (SCO) to the FEMA Federal Coordinating Officer
(FCO).

Special crews equipped with chain saws may be required to cut up downed trees. This activity is
hazardous, and common sense safety considerations are necessary to reduce the chance of injury and
possible loss of life. When live electric lines are involved, work crews should coordinate with local
utility companies to have power lines deenergized for safety reasons,



APPENDIX B
DEBRIS MANAGEMENT PLAN OUTLINE EXAMPLE

* Front-end loaders and dozers should be equipped with protective cabs. Driveway cutouts, fire
hydrants, valves, and stormwater inlets should be left unobstructed. All personnel should wear
protective gear, such as hard hats, gloves, goggles, and safety shoes.

e The USDA Forest Service and other State and Federal land management agencies are equipped for
fast responses to tornadoes, and hurricanes. Assistance would be requested through the State SCO to
the FCO according to standard procedures.

Public Rights-of-Way Debris Removal and Disposal (Phase II)

e Debris is simply pushed to the shoulders of the roadway during the emergency opening (Phase 1) of
key routes. There is little time or concem for sorting debris at that time. The objective is to provide
for the safe movement of emergency and support vehicles into and out of the disaster area. As
removal operations progress, the initial roadside piles of debris become the dumping location for
additional yard waste and other storm-generated debris, such as construction material, personal
property, trash, white metals such as refrigerators, washers, dryers and hot water heaters, roofing and
even household, commercial, and agricultural chemicals.

Define how the DMTF will coordinate debris removal operations.

Define how local and State government force account employees will transition from Phase I to

Phase 1l operations.

Determine if Mutual Aid agreements exist.

Determine if local contractors will be reeded to assist in Phase II operations.

Determine if additional State and/or Federal assistance will be required.

Develop local field inspection teams. The teams become the “eyes and ears” for the DMTF.

Coordinate through local agencies to establish a contracted worlk force capable of expeditious

removal of the debris.

¢ Develop an independent team using the local and State personnel to monitor the removal activities.
This team becomes the debris manager’s “eyes and ears” in the field.

¢ Conduct daily update briefings with key debris managers. Ensure that all major debris removal and
disposal actions are reviewed and approved by the local debris manager.

e Ensure that a representative of the DMTF attends all briefings to resolve any coordination problems
between State and Federal debris removal efforts and local debris removal and disposal efforts.

o Coordinate with local, tribal and State DOT and law enforcement authorities to ensure that traffic
control measures expedite debris removal activities.

o Establish a proactive information management plan. Emphasis should be placed on actions that the
public can perform to expedite the cleanup process, such as separating burnable and nonburnable
debris; segregating HHW; placing debris at the curbside; keeping debris piles away from fire
hydrants and valves, reporting locations of illegal dump sites or incidents of illegal dumping; and
segregating recyclable materials.
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DEBRIS MANAGEMENT PLAN OUTLINE EXAMPLE

The public should be kept informed of debris pick-up schedules, disposal methods and ongoing
actions to comply with State and Federal Environmental Protection Agency (EPA) regulations,
disposal procedures for self-help and independent contractors, and restrictions and penalties for
creating illegal dumps. The Public Information Officer (PIO) should be prepared to respond to
guestions pertaining to debris removal from the press and local residents. The following questions
are likely to be asked:

o What is the pick-up system?

When will the contractor be in my area?

Who are the contractors and how can I contact them?

Should I separate the different debris materials and how?

How do I handle Household Hazardous Waste?

What if I am elderly?

Private Prbperty Debris Removal

Dangerous structures should be the responsibility of the owner or local government to demolish to
protect the health and safety of adjacent residents. However, experience has shown that unsafe
structures will remain because of the lack of insurance, absentee landlords, or under-staffed and
under-equipped local governments. Consequently, demolition of these structures may become the
responsibility of DMTF.

Develop procedures to ensure complete cooperation with numerous local and State government
officials to include the following: real estate offices, local law and/or code enforcement agencies,
State historic preservation office, qualified contractors to remove HHW, asbestos, lead-based paint,
and field teams to photograph the sites before and after demolition.

Include a copy of Demotition of Private Property checklist

Include copies of sample ordinances that can be activated when a “state of emergency” is
implemented, eliminating any unnecessary waiting period.

The most significant building demolition problem will be that local governments do not have proper
ordinances in effect to handle emergency condemnation procedures. Moreover, structures will be
misidentified or have people or belongings in them when the demolition crews arrive necessitating
removal by local law enforcement. Close coordination is essential, and it is recornmended that at
least one FEMA staff person be on site to work directly with the local government staff to ensure that
all required legal actions are taken.

Housechold Hazardous Wastes Removal

L

HHW may be generated as a result of a major natural disaster. HHW may consist of common
household chemicals, propane tanks, oxygen bottles, batteries, and industrial and agricultural
chemicals. These items will be mixed into the debris stream and will require close attention
throughout the debris removal and disposal process.

Consider HHW response teams be assigned and respond ahead of any removal efforts. Consider
preparing draft emergency contracts with generic scopes of work. Coordinate with regulatory
agencies concerning possible regulatory waivers and other emergency response requirements.
Arrange for salvageable hazardous materials to be collected and segregated based on their intended
use. Properly trained personnel or emergency respense HEW contractors should accomplish
removal of hazardous waste. Coordinate with regulatory agencies to ensure cleanup actions meet
local, tribal, State, and Federal regulations.



APPENDIX B
DEBRIS MANAGEMENT PLAN OUTLINE EXAMPLE

Complete HHW identification and segregation before building demolition begins. Qualified
contractors should remove HHW debris. Regular demolition contractors can remove uncontaminated
debris.

A separate staging area for HHHW materials, contaminated soils, and contaminated debris should be
established at each TDSR site. The staging area should be lined with an impermeable material and
bermed to prevent contamination of the groundwater and surrounding area. Materials should be
removed and disposed of using qualified HHW personnel/contractors in accordance with local, tribal,
State and Federal regulations.

TEMPORARY DEBRIS STORAGE AND REDUCTION SITES

Once the debris is removed from the damaged area, it will be taken to temporary debris storage and
reduction sites.
Removal and disposal actions should be handled at the lowest level possible based on the magnitude
of the event. It follows the normal chain of responsibility, i.e., local level, county level, State level,
and when resources are exceeded at each level of responsibility, Federal assistance may be requested
according to established procedures. Because of the limited debris removal and reduction resources,
the establishment and operation of TDSR sites are generally accomplished by contracts.
Emphasis is placed on local government responsibilities for developing debris disposal contracts.
Local, tribal, county and/or State governments may be responsible for developing and implementing
these contracts for debris removal and disposal under most disaster conditions.
The DMTF should review all debris disposal contracts. There should be a formal means to monitor
contractor performance to ensure that funds are being used wisely.
Site Preparation. The topography and soil conditions should be evaluated to determine best site
layout. Consider ways to make remediation and restoration easier when planning site preparation.
Site Operations. Site preparation and operation are usually left up to the contractor, but guidance
can help avoid problems with the ultimate closeout.
Establish lined temporary storage areas for ash, HHW, fuels, and other materials that can
contaminate soils, groundwater and surface water. Set up plastic liners, when possibie, under
stationary equipment such as generators and mobile lighting plants. Include this as a requirement of
the contract scope of work.
If the site is also an equipment staging area, menitor fueling and equipment repair to prevent and
mitigate spills such as petroleum products and hydraulic fluids. Include clauses in contract scope of
work to require immediate cleanup by the contractor.
Be aware of and mitigate things that will irritate the neighbors such as:

smoke - proper construction and operation of incineration pits. Don’t overload air curtains.

dust - employ water trucks.

neise - construct perimeter berms.

traffic - proper layout of ingress and egress procedures to help traffic flow.
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DEBRIS REDUCTION METHODS

Volume Reduction by Incineration

There are several incineration methods available including uncontrolled open incineration,
controlled open incineration, air curtain pit incineration, and refractor lined pit incineration.
The DMTF shouild consider each incineration method before selection and implementation as part of
the overall volume reduction strategy.

Uncontrolled Open Incineration: Uncontrolled open incineration is the least desirable method of
volume reduction because it lacks environmental control. However, in the haste to make progress,
the Department of Natural Resources may issue waivers to allow this method of reduction early in a
disaster.

Controlled Open Incineration: Controlled open incineration is a cost-effective method for reducing
clean woody debris in rural areas. This option must be terminated if mixed debris such as treated
lumber, poles, nails, bolts, tin and aluminum sheeting enters the waste flow. Clean woody tree debris
presents little environmental damage and the resulting ash can be used as a soil additive by the local
agricultural community. Department of Agriculture and county agricultural extension personnel
should be consulted to determine if and how the resulting ash can be recycled as a soil additive.
Responsible agencies and telephone numbers should be provided.

Air Curtain Pit Incineration: Air curtain pit incineration offers an effective means to expedite the
volume reduction process by substantially reducing the environmental concerns caused by open
incineration. Specifications and statements of work should be developed to expedite the proper use
of the systems, because experience has shown that many contractors and subcontractors are not fully
knowledgeable of the system operating parameters.

Refractor Lined Pit Incineration: Pre-manufactured refractory lined pit burners are an alternative
to air curtain open pit incineration. The units can be erected on site in a2 minimal amount of time.
Some are portable and others must be built in-place. The units are especially suited for locations
with high water tables, sandy soil, or where materials are not available to build above ground pits.
The engineered features designed into the units allow for a reduction rate of approximately 95 %
with a minimum of air pollution. The air curtain traps smoke and small particles and recirculates
them to enhance combustion that reaches over 2,500 degrees Fahrenheit. Manufacturers claim that
combustion rates of about 25 tons per hour are achievable while still meeting emission standards.
Lecal officials, environmental groups, and local citizens should be thoroughly briefed on the type of
incineration method being used, how the systems work, environmental standards, health issues, and
the risk associated with each type of incineration. PIOs should take the initiative to keep the public
informed. A proactive public information strategy to include press releases and media broadcasts
should be included in any operation that envisions incineration as a primary means of volume
reduction.
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Environmental Controls

Environmental controls are essential for all incineration methods, and the following should be
considered:

A setback of at least 1,000 feet should be maintained between the debris piles and the incineration
area. Keep at least 1,000 feet between the incineration area and the nearest building. Contractors
should use fencing and warmning signs to keep the public away from the incineration area.

The fire should be extinguished approximately two hours before anticipated removal of the ash
mound. The ash mound should be removed when it reaches 2 feet below the lip of the incineration
pit.

The incineration area should be placed in an above ground or below ground pit that is no wider than
8 feet and between 9 and 14 feet deep.

The incineration pits should be constructed with limestone and reinforced with earth anchors or wire
mesh to support the weight of the loaders. There should be a I-foot impervious layer of clay or
limestone on the bottom of the pit to seal the ash from the aquifer.

The ends of the pits should be sealed with dirt or ash to a height of 4 feet.

A 12-inch dirt seal should be placed on the lip of the incineration pit area to seal the blower nozzle,
The nozzle should be 3 to 6 inches from the end of the pit.

There should be I-foot high, unburnable warning stops along the edge of the pit’s length to prevent
the loader from damaging the lip of the incineration pit.

Hazardous or contaminated ignitable material should not be placed in the pit. This is to prevent
contained explosions.

The airflow should hit the wall of the pit about 2 feet below the top edge of the pit, and the debris
should not break the path of the airflow except during dumping.

The pit should be no longer than the length of the blower system, and the pit should be loaded
uniformiy along the length.

Volume Reduction by Grinding and Chipping

Hurricanes and tornadoes may present the opportunity to employ large-scale grinding and chipping
operations as part of the overall debris volume reduction strategy. Hurricanes can blow away scarce
topsoil in the agricultural arcas and cause extensive tree damage and blow-down. This two-fold loss,
combined with local climatic conditions, may present an excellent opportunity to reduce clean woody
debris into suitable mulch that can be used to replenish the topsoil and retain soil moisture.

Grinding and chipping woody debris is a viable reduction method. Although more expensive than
incineration, grinding and chipping is more environmentally friendly, and the resulting product,
mulch, can be recycled. In some locations the mulch will be a desirable product because of shallow
topsoil conditions. In other locations it may become a landfill product.

Grinding and chipping woody debris reduces the large amounts of tree blow-down. Chipping
operations are suitable in urban areas where streets are narrow or in groves of trees where it is
cheaper to reduce the woody vegetation to mulch than to move it to a central grinding site and then
returning it to the affected area. This reduces the costs associated with double handling.
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The DMTF should work closely with local environmental and agricultural groups to determine if
there is a market for mulch. Another source for disposal of ground woody debris may be as an
alternative fuel for industrial heating or for use in a cogeneration plant.

There are numerous makes and models of grinders and chippers on the market. When contracting,
the most important item to specify is the size of the mulch. If the grinding operation is strictly for
volume reduction, size is not important. However, mulch to be used for agricultural purposes must
be of a certain size and be virtually free of paper, plastic and dirt.

The average size of wood chips produced should not exceed 4 inches in length and % inch in
diameter. Production output should average 100 to 150 cubic yards per hour when debris is
moderately contaminated, which slows feeding operations, and 200 to 250 cubic yards per hour for
relatively clean debris. Note that this is not machine capability; this is contractor output or
performance capability.

Contaminants are all materials other than wood products and should be held to 10% or less for the
mulch to be acceptable. Plastics are a big problem and should be eliminated completely. To help
eliminate contaminants, root rake loaders should be used to feed or crowd materials to the grapplers.
Bucket-loaders tend to scoop up earth, which is a contaminant and causes excessive wear on the
grinder or chipper. Hand laborers should remove contaminants prior to feeding the grinders. Shaker
screens should be used when processing stumps with root balls or when large amounts of soil are
present in the woody debris.

Chippers are ideal for use in residential areas, orchards, or groves. The number of damaged and
uprooted trees presents significant problems if they are pushed to the rights-of-way for eventual pick-
up and transport to staging and reduction sites. The costs associated with chipping are reasonable
because the material does not need to be transported twice.

Grinders are ideal for use at debris staging and reduction sites because of their high volume reduction
capacity. Locating the grinders is critical from a noise and safety point-of-view, Moreover, there is a
need for a large area to hold the woedy debris and an area to hold the resulting mulch. Ingress and
egress to the site is also an important consideration.

Volume Reduction by Recycling

Recycling reduces mixed debris volume before it is hauled to a landfill. Recycling is attractive and
strongly supported by because there may be an economic value to the recovered material
if it can be sorted and sold. A portable Materials Recovery Facility could be set up at the site.
Metals, wood, and soils are prime candidates for recycling. The major drawback is the potential
environmental impact of the recycling operation. In areas where there is a large usage of chemical
agricultural fertilizer, the recovered soil may be too contaminated for use on residential or existing
agricultural land.

Hurricanes may present opportunities to contract out large-scale recycling operations and to achieve
an economic return from some of the prime contractors who exercise their initiative to segregate and
recycle debris as it arrives at the staging and reduction sites. Recycling has significant drawbacks if
contracts are not properly written and closely monitored.
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* Specialized contractors should be available to bid on disposal of debris by recycling, if it is well
sorted. Contracts and monitoring procedures should be developed to ensure that the recyclers
comply with local, tribal, State and Federal environmental regulations.

e Recycling should be considered early in the debris removal and disposal operation because it may
present an opportunity to reduce the overall cost of the operation. The following materials are
suitable for recycling.

e Metals. Hurricanes and tornadoes may cause extensive damage to mobile homes, sun porches, and
green houses. Most of the metals are non-ferrous and suitable for recycling. Trailer frames and
other ferrous metals are also suitable for recycling. Metals can be separated using an electromagnet.
Metals that have been processed for recycling can be sold to metal recycling firms.

e Soil. Cleanup operations using large pieces of equipment pick up large amounts of soil. The soil is
transported to the staging and reduction sites where it is combined with other organic materials that
will decompose over time. Large amounts of soil can be recovered if the material is put throngh
some type of screen or shaker system. This procedure can produce significant amounts of soil that
can either be sold or recycled back into the agricultural community. This soil could also be used at
local landfills for cover. It is more expensive to transport and pay tipping fees at local landfills than
to sort out the heavy dirt before moving the material. Monitoring and testing of the soil may be
necessary to ensure that it is not contaminated with chemicals.

Wood. Woody debris ¢an be either ground or chipped into mulch.

¢ Construction Material. Concrete block and other building materials can be ground and used for
other purposes if there is a ready market. Construction materials and wood can also be shred to
reduce volume. This construction material could also be used at local landfills for cover.

¢ Residue Material. Residue material that cannot be recycled, such as cloth, rugs, and trash, can be
sent to a landfill for final disposal.

TDSR SITE CLOSE-OUT PROCEDURES

» TEach TDSR site will eventually be emptied of all material and be restored to its previous condition
and use. The contractor should be required to remove and dispose of ali mixed debris, construction
and demolition (C&D) debris, and debris residue to approved landfills. Quality assurance inspectors
should monitor all closeout and disposal activities to ensure that contractors complied with contract
specifications. Additional measures will be necessary to meet local, tribal, State and Federal
environmental requirements because of the nature of the staging and reduction operation.

s The contractor must assure the DMTF that all sites are properly remediated. There will be
significant costs associated with this operation as well as close scrutiny by the local press and
environmental groups, Site remediation will go smoothly if baseline data collection and site
operation procedures are followed.

s The basic close-out steps are to remove all debris from the site; conduct an environmental audit or
assessment; develop a remediation or restoration plan approved by the appropriate environmental
agency; execute the plan; get acceptance from the landowner; and terminate lease payments, if
applicable. The key to timely closeout of the mission is the efficient scheduling of the above
activities for multiple sites. Therefore, critical path scheduling of al! the activities as far in advance
as possible will minimize down time between steps.

e« Environmental Restoration. Stockpiled debris will be a mix of woody vegetation, construction
material, household items, and yard waste. HHW and medical wastes should be segregated and
removed prior to stockpiling. Activities at the debris disposal sites will include anyone or a
combination of the following activities: stockpiling, sorting, recycling, incineration, grinding, and
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chipping. Incineration is done in air curtain pits and generally only woody debris is incinerated;

however, the efficiency of the incineration and the quality of incineration material is highly variable.

Contamination may occur from petroleum spills at staging and reduction sites or runoff from the

debris piles, incineration sites, and ash piles.

Site Remediation. During the debris removal process and after the material has been removed from

each of the debris sites, environmental monitoring will be needed to close each of the sites. This is to

ensure that no long-term environmental contamination is left on the site. The monitoring should be
done on three different media: ash, soil, and groundwater.

The monitoring of the ash should consist of chemical testing to determine the suitability of the

material for landfilling.

Monitoring of the soils shounld be by portable methods to determine if any of the soils are

contaminated by volatile hydrocarbons. The contractors may do this if it is determined that

hazardous material, such as oil or diesel fuel was spilled on the site. This phase of the monitoring
should be done after the stockpiles are removed from the site.

The monitoring of the groundwater should be done on selected sites to determine the probable effects

of rainfall leaching through either the ash areas or the stockpile areas.

Consider the following requirements to closeout a temporary staging and reduction site(s).

» Coordinate with local and State officials responsible for construction, real estate, contracting,
project management, and legal counsel regarding requirements and support for implementation of
a site remediation plan.

» Establish a testing and monitoring program. The contractor should be responsibie for
environmental restoration of both public and leased sites. Contractors will also be required to
remove all debris from sites for final disposal at landfills prior to closure.

¢ Reference appropriate and applicabie environmental regulations.

Prioritize site closures.

» Schedule closeout activities.

s Determine separate protocols for air, water and soil testing.

s Develop cost estimates.

* Develop decision criteria for certifying satisfactory closure based on limited baseline
information.

Develop administrative procedures and contractual arrangements for closure phase.

s Inform local, tribal and State environmental agencies regarding acceptability of program and
established requirements. _

Designate approving authority to review and evaluate contractor closure activities and progress.
Retain staff during closure phase to develop site-specific remediation for sites, as needed, based
on information obtained from the closure checklist,

ORGANIZATION AND RESPONSIBILITIES

Local Government Agencies and Departments

Identify each government agency or department that has debris clearing, removal or disposal actions.
Define their responsibilities in detail.

Supporting Agencies

Identify each government agency or department that has debris clearing, removal or disposal actions.
Define their responsibilities in detail.
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ADMINISTRATION AND LOGISTICS

¢ All agencies will document personnel and material resources used to comply with this annex.
Documentation will be used to support any Federal assistance that may be requested or required.

» Requests for support and/or assistance will be upchannefed from the local level to the county level
EOC and then to the State EOC. Requests for Federal assistance will be made by the State EOC
through established procedures, as outlined in the Federal Response Plan.

¢  Ali agencies will ensure 24-hour staffing capability during implementation of this annex, if the
emergency or disaster requires.

¢ Define who will be responsible to initiate an annual update of this annex. It will be the responsibility
of each tasked agency to update its respective portion of the annex and ensure any limitations and
shortfalls are identified and documented, and work-around procedures developed, if necessary.

AUTHORITIES AND REFERENCES
* Develop a listing of authorities and references identified in this annex.
APPENDICES

¢ Develop a listing of appropriate appendices that support this annex.
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EMERGENCY RESPONSE PLAN

Section 1.0 — Emergency Notification Flowchart for Medina Lake Dam

12 December 2003

EMERGENCY NOTIFICATION FLOWCHART FOR MEDINA LAKE DAM

Emergency Condition

v

Observer

v

Brian Sullivan

Mobile

BMA Field Foreman

Shop office  830-985-3271
210-825-9869

v

Tommy Fey

Office
Mobile

BMA Board President

830-709-4733
210-508-9957

s

v

.2-
BMA OFFICE
1. BMA Business Manager
Ed Berger

2. BMA Dam Caretaker
J.R. Gulley

home:

mobile:

830-665-2132

830-612-2294
210-287-0933

-1-
1. PRIMARY CONTACT - (Will coordinate all local agencies listed
in this section below)
Medina County Sheriff Department
Emergency Dispatch 830-741-6153
Sheriff Gilbert Rodriquez 830-741-6150
ALTERNATE CONTACTS - in order (If unable to contact Sheriff)
Medina County
EMC, Brian Dopp
Judge James E. Barden
Medina County Sheriff/ EMC to contact:
Texas Dept of Public Safety
DPS Dispatch Center
Bandera County

24 hr

830-741-6021
830-741-6020

24 hr  210-531-2280

Sheriff James MacMillan 24 hr 830-796-3771
Judge Richard Evans 830-796-3781
Bexar County

EMC, Carl Mixon
Sheriff Ralph Lopez

210-335-0300

24hr  210-335-6000

Judge Neison Wolf 210-335-2626

San Antonio Dispatch 24 hr  210-207-7744
City of Castroville

EMC, Tim Fousse 830-931-0234

Police Dept 830-931-2222

Mayor Robert Hancock
ESD #1, Medina County
Polly Edlund

830-931-4070

830-931-3358

v

-3-

. Medina Ranch, Inc.
Ranch Foreman,
Tony Sammis
President,
Dr. John Williamson
2. David Zinsmeister

3. James Calvert

4. Nancy & Bob Wallace

5. Irene Kocurek

Sheriff’s department.

DOWNSTREAM RESIDENTS
From Medina Lake Dam to Diversion Dam
Primary contact will call 22 vacation residents
mobile 210-213-5729

mobile 210-213-0465

830-612-3704
(phone # N/A)

830-612-2536
210-764-0797

830-612-2842

6. Residents below Diversion Dam will be contacted by

Last Updated: July 29, 2004

2. NATIONAL WEATHER SERVICE
San Antonio/Austin Office
24 Hours 830-606-3600, Press 3
8-4 pm 830-606-3617 x206
Primary Contact — contact periodically for updated river information:
Hydrologist, Mark Lenz ~ x228

River Forecasting Center 817-831-3289

3. URS ENGINEERING
Project Manager, Jeff Irvin
Austin Office

Office
Cell

512-419-6523
512-658-0856

4. TEXAS COMMISSION ON ENVIRNMENTAL QUALITY
Emergency Response Hotline- Austin, Texas 1-800-832-8224
Dam Safety Team

Coordinator, Warren Samuelson Office

Home

512-239-5195
512-238-6660

5. TEXAS DEPT OF TRANSPORTATION
Hondo Area Office 8-5pm, 830-426-2522 (Mtce.) or 830-741-8024 (Main)
Primary Contact

Area Engineer, Carl Friesenhahn Mobile 830-426-1923
Home  830-538-2713

Secondary Contact
Asst. Area Engr, Greg Biediger Home  830-612-2464
Mobile 830-426-1924

Bexar-Medina-Atascosa Counties WCID No. 1

Medina Lake Dam
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EMERGENCY RESPONSE PLAN
Appendix F — Special Inspection Report

12 December 2003

4.2

Emergency Conditions

Once an emergency has been identified, it must be classified according to its urgency. The

following five cla531ﬁcat10ns shall be used.

_Situation | s - :  Examples of Condition .
Watch A problem has been Medma Rlver Flood Waming Issued by Natlonal Weather
Condition |detected which Service (NWS) for Bandera or Medina County watersheds

requires constant upstream of Medina Lake.
monitoring or Flow at elevation 1068 ft Mean Sea Level (not BMA datum)
immediate action to |overtopping Emergency Spillway by 4 ft with water rising
repair or correct, or a |or additional major short term rainfall predicted.
potentially hazardous [S;onificant changes noted in dam, foundation, or abutment
situation 1s seepage rates, without evidence of erosion or rock spalling.
developing.
Possible  [A Watch Condition [USGS Gage 08178880 at Bandera with stage exceeding 38
Dam Crest {providing warning of [ft (elevation 1228 ft Mean Sea Level), while Medina Lake
Over- potential dam crest  [level exceeds 1069 ft Mean Sea Level (not BMA datum).
topping overtopping If Medina Lake level exceeds 1071 ft Mean Sea Level (not
BMA datum) (seven feet over the spillway crest), use rate of
rise (calculated every 15 minutes) to estimate time to rise to
elevation 1076 feet. A possible dam crest overtopping
condition exists if flood reaches this elevation within six
hours.
If the NWS predicts overtopping of the Dam Crest to occur.
Dam Crest |A Watch Condition |Water is going over the dam crest at any location.
Over- providing notice that
topping dam crest has been
overtopped
Possible  [A Watch Condition |Use rate of rise (calculated every 15 minutes) to estimate
Dam that is getting time to rise to elevation 1079.3 feet. A possible dam failure
Failure progressively worse |condition exists if flood reaches this elevation within six
hours.
Further increases in dam, foundation, or abutment seepage
rates, without evidence of erosion or rock spalling.
Imminent |The Field Foreman |[Overtopping of Dam Crest by 3.3 ft (1079.3 ft msl).
Dam has de?ermined that  \Novement of Dam (crest or abutment)
Failure conditions at the dam g o} "snalling, plucking, or erosion in foundation or
will progresstoa | yyment from impact of overtopping.
failure of the dam Abutment or foundation seepage with rock erosion, spalling,
and an uncontrollable| plucking.
release of the
reservoir.
Dam A failure has A failure has occurred and a flood wave is now heading
Failure occurred and a flood |downstream.
wave is now heading
downstream.

Bexar-Medina-Atascosa Counties WCID No. 1
Medina Main and Diversion Dams
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4.3 Emergency Actions

Once the emergency has been classified, the following actions are recommended.
STy .»_:‘.:: S :- S Responmble
Situation | : Recommendsd Actl'o'n' R : - Person
Watch 1. Issue Watch Condltlon Warning Message (p. 4 7) per Notlﬁcatlon Board Pres1dent

Condition |Plan
2. Instigate continuous monitoring of structure Field Foreman
3. Obtain assistance from expert consultants, as needed Board President
4, Initiate calculation of lake level Rate of Rise (Eqn #1) every 15 Field Foreman
minutes after lake level reaches 1072 ft mean Sea Level (not BMA
Datum)
5. Issue cancellation of Watch Condition when condition no longer  |Board President
exists

Possible  |1. Issue Possible Dam Crest Overtopping Warning Message (p.4-7)  |Board President

Dam Crest [per Notification Plan

Over- 2. Obtain assistance from expert consultants, as needed Board President

fopping 3. Issue cancellation of Possible Dam Crest Overtopping Warning Board President
when condition no longer exists

Dam Crest|1. Issue Possible Dam Crest Overtopping Warning Message (p.4-7)  |Board President

Over- per Notification Plan

topping  |2. Issue cancellation of Dam Crest Overtopping Warning when Board President
condition no longer exists

Possible |1.Issue Possible Dam Failure Warning Message (p.4-7) per Board President

Dam Notification Plan

Failure 2. Issue cancellation of Possible Dam Failure Waming when Board President
condition no longer exists

Imminent |1. Issue Imminent Dam Failure Warning Message (p.4-7) per Board President

Dam Notification Plan

Failure 2. Issue cancellation of Imminent Dam Failure Warning when Board President
condition no longer exists

Dam 1. Issue Dam Failure Warning Message (p.4-7) per Notification Plan |Board President

Failure

Bexar-Medina-Atascosa Counties WCID No. 1
Medina Main and Diversion Dams
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4.4

Emergency Conditions Based on Water Levels

Note: All other conditions of the Dam (structural, foundation, etc.) should also be monitored and
evaluated with the water levels during an emergency situation. This table is consistent with the
Table on page 4-2 and is intended as a further clarification of that table.

1064 Water begins to overtop Spillway o emergency condition, continue to
periodically monitor.
1068 Water is overtopping Spillway by 4 (Go to Watch Condition
ft
' . If Bandera USGS Gage 1s below 1228 ft
Call National Weather Service for MSL, remain at Watch Condition.
1069 water level at Bandera USGS Gage, :
which is 6 hours upstream of If Bandera USGS Gage is at or above 1228
Medina Lake Dam. ft MSL, go to Possible Dam Crest
Overtopping.
If water is predicted to overtop elevation
Calculate Estimated Time to 1076 in more than 6 hours, remain at Watch
1072 Overtop Dam Crest (Eqn #2) using |Condition
Rate of Rise (Eqn #1), every 15 If water is predicted to overtop elevation
min. 1076 in less than 6 hours, go to Possible
Dam Crest Overtopping Condition.
1076 Water begins to overtop Dam Crest | Go to Dam Crest Overtopping Condition

Continue to Calculate Estimated
Time to reach elevation 1079.3
(Egn #3) using Rate of Rise (Eqn
#1), every 15 min.

If water is predicted to overtop elevation
1079.3 in more than 6 hours, remain at Dam
Crest Overtopping Condition

If water is predicted to overtop elevation
1076 in less than 6 hours, go to Possible
Dam Failure Condition.

1079.3 or higher

Water is more than three feet over
dam crest.

Go to Imminent Dam Failure.

4.5

Water Level Rate of Rise Calculations

The Water Level Calculation Sheet shown in Figure 4-1 can be used as a reference to calculate
water levels and predicted water levels. In order to calculate the Rate of Rise of the water level
use Equation #1. To calculate the Estimated Time to Overtop Crest use Equation #2. To
calculate the Estimated Time to Overtop Elevation 1079.3 use Equation #3.

Bexar-Medina-Atascosa Counties WCID No. I
Medina Main and Diversion Dams
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46 Water Level Monitoring Log

The Water Level Monitoring Log in Figure 4-2 can be used during an emergency to periodically
record important information about the water levels, emergency condition status, rate of rise of
the water level, estimated time to overtop crest, structural condition, and any other important
comments.

Bexar-Medina-Atascosa Counties WCID No. 1
Medina Main and Diversion Dams Page F-4
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Figure 4-1. Water Level Calculation Sheet

Equation # 1 - Rate of Rise

Starting Water Level [ ltmMsL EndingWaterLevel [ tMSL
St Time 1 ewtme [

Rate of Rise (ft/hr) = Ending Water Level - Starting Water Level (ft)
End Time - Start Time (hrs)

S

Equation #2 - Estimated Time to Overtop Crest

Current Water Level :lft MSL
Current Time |:|

Step 1
Distance to Crest (ft} = 1076 ft MSL - Current Water Level (ft MSL)
L
Step 2
Hours to Reach Crest {hrs) = Distance to Crest (ft)

Rate of Rise (ft/hr)

g E—

Equation #3 - Estimated Time to Elevation 1079.3 ft Mean Sea level

Current Water Level [ JemsL
Current Time |:|

Step 1
Distance to Crest (ft) = 1079.3 ft MSL - Current Water Level (ft MSL)

S

Step 2
Hours to Reach 1079.3 (hrs) = Distance to 1079.3 (ft)
Rate of Rise (ft/hr)

Bexar-Medina-Atascosa Counties WCID No. [
Medina Main and Diversion Dams Page F-5
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Figure 4-2. Water Level Monitoring Log

Bexar-Medina-Atascosa Counties WCID No. 1
Medina Main and Diversion Dams
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4.7 Sample Notification Messages

WATCH CONDITION MESSAGE. THIS IS A DAM EMERGENCY MESSAGE. BEXAR-MEDINA-ATASCOSA
COUNTIES WID #1 AT MEDINA LAKE DAM HAS DECLARED A WATCH CONDITION. (Briefly describe the
problemireason per Table 1). THERE IS NO IMMEDIATE DANGER OF THE DAM FAILING; HOWEVER, THE
POTENTIAL DOES EXIST. REQUEST YOU INITIATE APPROPRIATE EMERGENCY MANAGEMENT
PROCEDURES. FOR VERIFICATION, CALL THE PHONE NUMBERS LISTED ON PAGE 1-1 OF THE
MEDINA LAKE DAM EMERGENCY ACTION PLAN. ADDITIONAL INFCRMATION WiLL BE PROVIDED AS IT
BECOMES AVAILABLE.

POSSIBLE DAM FAILURE WARNING MESSAGE. THIS IS A DAM EMERGENCY MESSAGE. THE BEXAR-
MEDINA-ATASCOSA COUNTIES WID #1 AT LAKE MEDINA LAKE DAM, HAS DELCARED A POSSIBLE DAM
FAILURE WARNING CONDITION. (Briefly describe the problemireason per Table 1). THERE IS A
POSSIBILITY THAT THE DAM COULD FAIL PER INTERIM SAFETY GUIDELINES ESTABLISHED IN THE
JULY 2002 FLOOD. REQUEST YOU INITIATE EMERGENCY MANAGEMENT PROCEDURES AND
PREPARE FOR EVACUATION OF THREATENED AREAS. IF MEDINA LAKE DAM FAILS, FLOODING WILL
OCCUR ALONG THE MEDINA RIVER. FOR VERIFICATION, CALL THE PHONE NUMBERS LISTED ON
PAGE 1-1 OF THE LAKE MEDINA LAKE DAM EMERGENCY ACTION PLAN. ADDITIONAL INFORMATION
WILL BE PROVIDED AS IT BECOMES AVAILABLE.

IMMINENT DAM FAILURE WARNING MESSAGE. URGENT!! THIS IS A DAM EMERGENCY MESSAGE.
THE BEXAR-MEDINA-ATASCOSA COUNTIES WID #1 AT LAKE MEDINA DAM HAS DETERMINED THAT
THE DAM IS IN IMMINENT DANGER OF FAILING PER INTERIM SAFETY GUIDELINES ESTABLISHED IN
THE JULY 2002 FLOOD. REQUEST YOU IMMEDIATELY INITIATE EMERGENCY MANAGEMENT
PROCEDURES AND BEGIN EVACUATION OF THREATENED AREAS IMMEDIATELY DOWNSTREAM PER
THE MEDINA LAKE DAM EMERGENCY ACTION PLAN. (If warning is issued based SOLELY upon potential
for flow over crest, add: THIS WARNING IS BASED UPON THE POTENTIAL FOR THIS FLOOD
OVERTOPPING THE DAM CREST AND NOT UPON IDENTIFICATION OF FAILURE CONDITIONS, AND
THEREFORE EVACUATION IS ONLY PLANNED AT THIS TIME FOR AREAS IMMEDIATELY DOWNSTREAM
OF THE RESERVOIR PER THE MEDINA LAKE DAM EMERGENCY ACTION PLAN.). IF MEDINA LAKE DAM
FAILS, A FLCCD WAVE WILL MOVE DOWN THE MEDINA RIVER THROUGH CASTROVILLE AND LA
COSTE, AND ON DOWN THE RIVER. FOR VERIFICATION, CALL THE PHONE NUMBERS LISTED ON
PAGE 1-1 OF THE MEDINA LAKE DAM EMERGENCY ACTION PLAN.

DAM FAILURE MESSAGE. EMERGENCY! THIS IS A DAM FAILURE EMERGENCY MESSAGE. THIS IS THE
BEXAR-MEDINA-ATASCOSA COUNTIES WID #1, MEDINA LAKE DAM HAS FAILED. A FLOOD WAVE IS NOW
MOVING DOWN THE MEDINA RIVER AND THE PEAK WILL REACH (list prominent points and the time fo reach
them, per travel times in Emergency Action Plan). EVACUATE THREATENED AREAS IMMEDIATELY. FOR
VERIFICATION, CALL THE PHONE NUMBERS LISTED ON PAGE 1-1 OF THE MEDINA LAKE DAM EMERGENCY
ACTION PLAN.

Bexar-Medina-Atascosa Counties WCID No. 1
Medina Main and Diversion Dams Page F-7



Appendix 4D

FEMA Siren Guidance



CPG 1-17
MARCH 1, 1980

OUTDOOR
WARNING
SYSTEMS

GUIDE
_

federal emergency
management agency




'
E,;

TR YT

£
[ X

OUTDOOR
WARNING SYSTEMS
GUIDE

FEDERAL EMERGENCY MANAGEMENT AGENCY
‘Washington, D.C. 20472

March 1980

CPG 1-17




CPG 1-17

NOTE TO USERS OF THE FEMA CPG l-17

This publication supersedes the following portions of the
Federal Civil Defense Guide

Part E, Chapter 1, Appendix 3
Part E, Chapter 1, Appendix 4, Anmex 1

b . Also superseded are any other publications of FEMA and FEMA
& Pl Regional Offices which are inconsistent
ST with CPG 1-17
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OUTDOOR WARNING SYSTEMS GUIDE

Abstract

This practical guide has been developed to aid public officials in
determining the requirements for outdoor warning systems.

® The guide covers, in a simplified form, the principles of sound,
outdoor warning systems and devices, propagation and detection
of sound out of doors, avoiding hazardous noise exposures, and
warning system planning, testing, and use.

¢ The guide is adapted from Report No. 4100, Bolt Beranek and
- Newman Incorporated, produced under Contract No. DCPA-01-78-C-0329,
Work Unit No. 2234E. Report No. 4100 is based upon a survey of
the current literature on the subject, and upon discussions with
Civil Preparedness personnel and vendors. No experimental work
has been performed.

® The guide is a replacement for Federal Guide, Part E. Chapter 1,
Appendix 3, "Principles of Sound and Their Application to Out-
door Warning Systems," and Part E, Chapter 1, Appendix 4, Annex
1, "General Instructions for Determining Warning Coverage,"

both published in December 1966.
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OUTDOOR WARNING SYSTEMS GUIDE

I. PURPOSE

The purpose of this guide is to set forth the basic princi-
ples of sound that are applicable to audible outdoor warning
devices and to describe a method for planning and laying out an
effective outdoor warning system. This guide concentrates on the
selection, siting, and operation of audigle outdoor warning devices.

II. INTRODUCTION

Audible outdoor warning systems (sirens, air horns, etc.) are
an essential component of the Civil Defense Warning System (CDWS)

.established by the Federal Government to advise government agencies

and the public of impending enemy attack or other disaster. Follow-
ing the detection of an attack or other hazard, information is
disseminated over the Federal Emergency Management Agency (FEMA)
dedicated communication network -- The National Warning System
(NAWAS) -~ to more than 2,000 locations throughout the United States.

. From these locations, the public can be informed of a potential

hazard through the Emergency Broadcast System (EBS), TV stations,
the news media, and other means.

Outdoor warning systems can advise people that a hazard exists
and that they should determine the nature of the hazard by listening
to the radio, etc. For more information on other aspects” of the
CDWS, see CPG 1-14, "Civil Preparedness, Principles of Warning,"
June 30, 1977.

III. PRINCIPLES OF SOUND

A. Terminology - Since outdoor warning devices use sound to
alert listeners to danger, this section starts with a brief intro-

duction to the vocabulary and principles of sound.

@ Sound is a form of mechanical energy that moves from a source
(a voice, a musical instrument, a siren) to a listener as tiny
oscillations of pressure just above and below atmospheric preassure.
When people hear sounds, they can distinguish their loudness, their
tone or pitch, and variations of loudness and pitch with time. The
loudness and pitch variations of some sounds are recognized as having
certain meanings, such as with speech sounds.

¢ Instruments used to measure sounds give the magnitudes of
sounds in decibels (abbreviated here as dB(C)). This magnitude is
closely related to what we hear as loudness. Thus, an audible warn-
ing device that produces 110 dB(C) at 100 ft. (30 m) away sounds
louder than one that produces only 100 dB(C) at the same distance.
All audible outdoor warning devices are rated in terms of their
sound output at 100 ft. in dB(C).




¢ Instruments can also measure the frequency components of a
sound in Hertz (Hz). They are closely related to what we hear as
pitch. As discussed below, the frequency components of the sound
from an audible outdoor warning device are important in determining
how far that sound will carry through the air and how well it will
be heard. Most audible outdoor warning devices produce sound within
the frequency range from about 300 Hz to about 1,000 Hz.

B. Attenuation - It is well known that sound decreases in
magnitude (in loudness and in dB(C)) at greater distances from its
source. This decrease is called attenuation with distance, and it
is caused by a number of factors described in Section V-A.

The amount of sound available to warn a listener can be calculated
simply with the following equation:

Amount of Sound Sound Qutput of ttenuation
Available to Warn, Audible Warning minus ith Distance,
in dB(C) device, in dB(C) in dB(C)

Thus, if it is known that an audible outdoor warning device
produces 110 dB(C) at 100 ft. (30 m), and that the attenuation with
distance is 25 dB(C), then the amount of sound left over to warn
people is 110 - 25 dB(C), or 85 dB(C).

C. Hearing ~- Whether the amount of sound available to warn
people will indeed be sufficient to do the job depends upon several
factors. First, the warning sound must be audible above the ambient,
or background, noises., These ambient noises change constantly in
loudness and pitch, depending upon noise-producing activities in the
vicinity of the listener. Second, the warning sound must get the
attention of the listener away from what he is doing. Normally,
people "close out" of their minds distracting sounds that are not
pertinent to what they are doing. A warning sound must penetrate
this mental barrier. Tests have shown that to attract a listener's
attention away from what he is doing, a warning sound must be about
9 dB(C) greater than would be sufficient to make it audible to some-
one who was concentrating on listening for it, and not doing any-
thing else.

All of these factors suggest that a warning sound must be
loud: 1loud enocugh to overcome attenuation with distance, to exceed
the background noise, and to attract attention. Yet it cannot be
too loud, or there is risk of injuring the hearing of some people
who listen to it. This risk, which is discussed in greater detail
in Section V-B, can occur when people are exposed to audible warn-
ing sounds exceeding 123 dB(C).

3.
?
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Iv. OUTDOOR WARNING SYSTEMS AND DEVICES*

When a civil preparedness official buys an audible outdoor
warning system for his community, he will be purchasing:

® The sound-making devices .

e The controls and equipment that operate the devices .

In this manual, the controls and equipment are not discussed.
These vary with the manufacturer and are completely described in
vendors' literature. The civil preparedness official should be
aware, however, that the costs of the system will include both kinds
of components, as well as installation costs.

The sound-making devices themselves can be of three different
types:

® Sirens .,
@ Electronic (loudspesaker) devices. .
e Horns and whistles .

A. S8irens - Sirens are by far the most widely used sound-making
devices for outdoor warning systems. Sirens are capable of producing
very intense sounds by chopping the flow of compressed gas (usually
air). The fundamental frequency (pitch) of a siren sound is deter-
mined by the rate at which the flow is chopped, in cycles per second.¥**
Sirens are powered by electric motors, gascline engines, compressed
air, or steam. Electric-motor-driven sirens are the most common for
civil preparedness purposes.

Some sirens are nondirectional -- that is, they continuously
produce the same sound in all directions horizontally from the source.
The most powerful sirens, however, use a horn that radiates a beam
of sound in a single direction. The horn is then rotated several
times a minute, so that the beam sweeps through the entire area
around the siren. For a stationary listener, the sound from such a
siren goes up and down in loudness as the horn sweeps around.

B. Electronic Loudspeaker (or Voice/Sound) Sources - Loud-
speaker sound sources have the advantage that they can broadcast
voices as well as siren-like sounds. Therefore, they can be used to
issue messages as well as warning sounds to the public. However,

their sound-output capability is less than that available from siren
sources, so that more sources may be required to cover the same area.

*While in the past there were Federal matching funds for this purpose,
the current FEMA budget contains no such funds and future budgets
may not include such funds.

**Some sirens, known as two-tone sirens, generate two frequencies
simultaneously by using two airflow chopping rates.

3




Furthermore, sound reflections from large surfaces or simultaneous
messages from several loudspeaker sources at different distances

may "garble" the signal so badly that some listeners will not be able
to understand voice messages.

C. Horng and Whistles - Air horns have the advantage that the
sounds they produce canmot be confused with those of emergency
vehicles or fire department sirens. When a suitable air supply is
already available, the cost of a horn installation is very low. 1In
addition, the air horn requires a minimum of maintenance and, because
it weighs very little, is easily installed.

In the absence of an air supply or commercial storage cylinders,
.a compressor, storage tanks, and related appurtenances are necessary.
These increase costs substantially, for horns require more power than
many outdoor warning devices of the same decibel (dB(C)) rating.

In general, the comments on ailr horns apply to steam whistles
as well. However, steam supplies are even more expensive than air
supplies. It is generally not practical to install steam whistles
unless an adequate steam supply is already available.

D. Ratings and Specifications - The sound outputs of acoustic
outdoor warning devices are given in terms of their maximum decibels
(dB(C)) measured at 100 ft. (30 m) from the device. The siting guide- f 1
lines in this manual are based upon this figure.

The fundamental sound frequencies of almost all outdoor warning
devices are in the range from 300 to 1,000 Hz. (Some devices "warble"
up and down in pitch within this frequency range. See Subsection E.)
Below 300 'Hz, reduced human hearing sensitivity and higher background
neise levels combine to restrict warning ranges. Above 1,000 Hz,
sounds are more rapidly attenuated in the atmosphere, so the warning *
range is again restricted.

The sounds from audible outdoor warning devices are generally
focused into the horizontal plane surrounding the device. Sound
radiated upward would be wasted, and sound radiated downward close
to the device is unnecessary and may be hazardous. (See Section VI-B.)
As indicated above, some sirens may radiate a "beam" of sound in
one direction horizontally, and have a mechanical means for rotating
this beam around a vertical axis.

E. Warning Signals - Different cities and towns use their qut-
door warning systems in different ways. Most local goverhments, how-
ever, follow the Federal Emergency Management Agency (FEMA) guidance
and use a certain signal to warn people of an enemy-attack, and a
different signal to notify them of a peacetime disaster. These warn-

ing signals are: :




e Attack Warning - This is a 3- to 5-minute wavering (warbling
in pitch) tone on sirens, or a series of short blasts on horns or

other devices. The Attack Warning signal shall mean that an actual
attack against the country has been detected and that protective
action should be taken immediately. The Attack Warning signal shall
be repeated as often as warnings are disseminated over the National
Warning System or as deemed necessary by local government authorities
to obtain the required response by the population, ‘including taking
protective action related to the arrival of fallout. The meaning of
the signal "protective action should be taken immediately™ is appro-
priate for the initial attack warning and any subsequent attacks.
This signal will also be used for accidental missile launch warnings.

o Attention or Alert Warning - This is a 3- to 5-minute steady
signal from sirens, horns, or other devices. This signal may be
used as authorized by local government officials to alert the public
to peacetime emergencies. In addition to any other meaning or require-
ment for action as determined by local government officials, the
Attention or Alert signal shall mean to all persons in the United
States, "Turn on radic or TV, Listen for essential emergency informa-
tion.

® A third distinctive signal may be used for other purposes, such
as a local fire signal.

V. BASIC FACTS ABOUT SOUND QUT OF DOORS

A. Attenuation with Distance - As sound moves away from an
outdoor warning device toward potential listemers, it can be greatly
altered by the atmosphere. For example, everyone knows that the
loudness of a sound decreases as the listener gets further from the
source. Alsc, beyond a few hundred feet from a steady sound source,
the loudness varies with time, being unnoticeable at some times and
quite pronounced at others. Such effects, which are characteristic
of the propagation of sound out-of-doors, are caused by the factors
described below.

1. Divergence - As sound radiates away from a source, its
intensity decreases with distance because its energy is spread over
a larger and larger area. From a point-source, this decrease is
called "spherical divergence" or "inverse square loss," because the
sound intensity decreases inversely with the square of the distance
from the source to the receiver (sound level decreases 6 dB for each
doubling of source-receiver distance).

2. Attenuation Caused By Ground Effects - The ground pro-
duces a number of effects on the propagation of sound over its surface.
Perhaps the simplest of these is the interferometer effect, which
occurs when sound is propagated over a hard, flat surface. For any




given source and receiver height, there are two sound-wave paths between ] §
the source and the receiver: one direct, and the other - somewhat ;
longer - reflected off the ground surface. Under some conditions, the
sound waves arriving at a listener along these two paths interfere with
each other, and cancel out. The opposite effect can also occur: the
two sound waves can add, and a “gain' (negative attenuation) is
observed. When the ground is soft and absorbs some sound, this effect
becomes even more complicated.

3. Barriers - A barrier is any large solid object that
breaks the line of sight between the sound source and the listener.
In general, a barrier can introduce up to 20 dB of attenuation. The
sound available behind the barrier comes from diffraction around the
barrier, or from sound energy scattered into the region behind the
barrier from other wave paths. ) %

4. Effects of Vertical Temperature and Wind Gradients:
Atmospheric Refraction - The speed of sound in air

increases with temperature. Furthermore, when the wind is blowing,
the speed of sound is the vector sum of the sound speed in still air
and the wind speed. The temperature and the wind in the atmosphere
near the ground are frequently nonuniform. This atmospheric nonuni-
formity produces refraction (bending) of sound wave paths. Near the
ground, this refraction can have an effect on the attenuation of
sound propagated through the atmosphere. 1

During the daytime in fair weather, temperature normally
decreases with height (lapse), so that sound waves from a source near
the ground are bent upward. In the absence of wind, an "acoustic
shadow," into which no direct sound waves can penetrate, forms around
the source. Large attenuations are observed at receiving points well
into the shadow zone - just as if a solid barrier had been built )
around the source. On clear nights, a temperature increase with
height is common near the ground (inversion) and the "barrier" dis-
appears.

Wind speed almost always increases with height near the
ground. Because the speed of sound is the vector sum of its speed
in still air and the wind vector, a shadow zone can form upwind of
a sound source, but is suppressed downwind.

The combined effects of wind and temperature are usually
such as to create acoustic shadows upwind of a source, but not down- "
wind. Only under rare circumstances will a temperature lapse be "
sufficient to overpower wind effects and create a shadow completely e
surrounding a source. It is less rare, but still uncommon, for a .
surface inversion to be sufficiently strong to overcome an upwind
shadow entirely.

5. Foliage - Large amounts of dense foliage (100 £t. (30 m)
or more) can attenuate sound somewhat, although small amounts of 3
foliage have no effect. "




’ 6. Absorption of Sound in the Atmosphere -~ Sound is

= absorbed in the atmosphere in a way that depends upon the humidity.
In general, this loss is most pronounced at high frequencies and is
of lesser importance at the sound frequencies produced by outdoor
warning devices.

7. Summary - The combination of all the factors that
cause sound to be attenuated in the atmosphere is both complicated
and unpredictable. If one were to observe the sound from a warning
device 1,000 ft. (300 m) or farther away, he would find that it
varies with time as much as 20 to 30 dB, depending upon the condi-
tions of the atmosphere and the ground., This manual provides
(Section V-C) a simple and conservative method for estimating warn-
ing ranges. It is important to realize, though, that this is an
estimate which -- like the weather -- cannot be guaranteed.

B. Hearing - The most important factors determining the ability
of a warning sound to alert a potential listener are the barriers to
sound in the listener's immediate vicinity, and the background or
masking noise at his location. '

1. Local Barriers - A potential listener indoors or
inside a motor vehicle is much less likely to be alerted by a warn-
ing sound of a given loudness than someone out of doors. This is,
of course, because of the attenuation of the sound as it comes
through the walls of the structure surrounding him. In general, an
outdoor warning device cannot be counted on to alert people in vehicles
or buildings unless they are very close to the device.

D

It is interesting to note that the current activity toward
improving the energy-conservation properties of buildings will have
the concomitant effect of increasing their sound-attenuating prop-
erties. Thus, it is even less likely in the future that people in-
doors will be alerted by outdoor audible warning devices.

2. Background Noise and Detectability - The most important
factor that determines the detectability of a sound is the signal-to-
noise ratio measured over a range of frequencies around the signal
frequency. The 'moise" portion of this ratio is the background noise
at the listener’'s location. Thus, for a given level of warning

signal, the background noise is critical to determining warning
signal effectiveness.

Recent studies have shown that the outdoor background noise
in a community is strongly correlated with local population demsity.
This correlation presumably results from the fact that outdoor noise
levels are almost always caused by motor vehicle traffic, which
correlates well with population density. Thus, population density
is a better metric of background noise than zoning or land-use

patterns like "residential," "business,' and "heavy industrial."
! Recent studies have also shown that the level of sound from
‘!!\ a warning device must be about 9 dB higher than the level detectable

i




under laboratory conditions in order tec attract the attention of A)
otherwise preoccupied observers.

3. Deleterious Effects of Warning Sounds - When audible
warming devices are used "in earnest to alert a population of impend-
ing disaster, it seems surprising that anyone would be concerned about '
any deleterious effects of the sounds themselves. Indeed, many local
noise ordinances specifically exempt warning sounds from noise-level I
restrictions. Nevertheless, in some communities sirens are operated
so frequently (such as to provide tornado warnings in midwestern
towns) that complaints about their noise level have been reported. . *
Furthermore, the warning devices must be tested from time to time,
and the resulting high noise levels could be viewed as disturbing
and/or damaging under these circumstances.

4. Hearing Damage -~ For test purposes, audible warning
devices should be so located and operated that no person is likely to
be subject to a sound level great enough to cause hearing damage. A
suitable limit for this purpose, based upon recommendations of the
Committee on Hearing, Bioacoustics and Biomechanics (CHABA) of the
National Academy of Sciences, is 123 dB(C).

Loud sounds, even if not potentially damaging, can be viewed
as a disturbance by some residents of a community. Operators of
audible outdoor warning systems should realize this fact, and should:

e Minimize the frequency and duration of tests of 'h
outdoor warning devices. Alternatively, "growl tests" can be con- -
ducted (see Section VII) when the source is a siren.

TR A

e Refrain from conducting tests at night when people
are relaxing and sleeping.

® Avoid locating warning devices too close to noise-
sensitive activities. :

5. Summary - The detectability of an auditory warning
signal is a function of the level of the signal at the potential
listener's ears relative to the background noise at his location.

Because of local barriers, it is probable that a much
smaller proportion of the potential listeners indoors or in vehicles
can be alerted by an audible warning system, relative to the pro-
portion that could be alerted out of doors. .
J

No person should be exposed to the sound of an outdoor
warning device if it exceeds 123 dB(C).

C. Estimating Range of Coverage - All of the factors in the
previous two subsections -- on propagation losses and on signal
detection -- have been combined to obtain the warning effectiveness
ranges illustrated in Figure 1. The range, or radius, of coverage of ﬂ'
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any audible outdoor warning device can be determined from Figure 1
on the basis of the rated output of the warning device at 100 ft.
Figure 1 indicates, for exam le, that a warning device rated 120
dB(C) will have a range of about 3,700 ft. (1.1 km) in suburban and
rural areas, when mounted above the rooftops. In an urban area,
when the device is mounted below the rooftops, its effective range
will be about 1,200 f£t. (0.35 km).

The upper curve in Figure 1, applicable to suburban and rural
areas, is very close to 10 dB per doubling of distance for a 70-dB
warning signal level. The lower curve of Figure 1, that applicable
to urban high-rise areas, takes into consideration the greater
attenuation caused by shielding and the higher background noise
levels existing in downtown areas.

Two important features of Figure 1 should be emphasized. The
first is the "NOTE" in the caption, which makes clear the uncertain-
ties associated with the range prediction process. The second
important point is embodied in the parenthetical remarks 'over roof-
tops” and "below rooftops" in the labels of the curves. It is
strongly recommended that warning devices be mounted above the pre-
vailing rooftop height in areas where buildings are less than 3 to 4
stories high. In urban high-rise areas, of course, the opposite
may be advisable.

VI. PLANNING AN OUTDOOR WARNING SYSTEM

A. Determining Warning Coverage - The basie tools for planning
an outdoor warning system are a good topographic map of the community,
a drafting compass, knowledge of the sound output ratings of the
warning devices to be used, and Figure 1 from this manual.

Planning itself can be broken down into the following steps:

1. The civil preparedness official should locate, on the
map: ,

e Downtown areas that contain tall buildings .

@ Hills or any other barriers that would obstruct
the flow of sound .

e Residential (suburban) or rural areas with low
buildings over which sound can move freely .

2. The official should locate the public or business build-
ings that would be good sites for a warning device. (The community
civil preparedness officer will, of course, have to double-check
the usefulness of the site and obtain permission from the owner to
install the device.)
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3. The official should circle, on the map, the area in
which each device will be effective, using ranges read from Figure 1.

It is a good idea to start the layout with the obvious
warning device locations, such as:

e Noisy places (freeway interchanges, rail yards,
etc.) .

e Locations with good line-of-sight coverage (hill-
tops, centers ©of radial street patterns) -

e Locations where permission to install the devices
can be readily obtained (public buildings, parks) -

Noise-sensitive locations (hospitals, schools, residential
buildings) should be avoided. .

Many layouts are possible for most communities, and
several trials may be necessary to obtain a layout with the minimum
number of devices.

The product of this plamning effort should look like
Figure 2, a map covered with interlocking ¢ircles, each centered on
a single warning device. (Note that the circles do not overlap to
any major degree.) This layout attempts to make maximum use of warn-

ing devices rated 120 (dB(C)), so that the minimum number of different

types of devices will be required.

The finished planning map can help answer a major question:
What will the entire outdeor warning system cost? The number of
circles indicates the number of devices needed and is a clue to the
costs of installation and maintenance, as well as to the costs of
control circuits for the system. : :

If the total cost, as estimated during planning, is too
high, civil preparedness officials may want to redesign the system,
perhaps decreasing the total number of devices by increasing the
sound level rating of each device to be used.

B. Siting to Avoid Hazardous Exposure - Detailed siting of
each device should take into consideration the factors desirable to
maximize coverage, described in Section VI-A. Installations should
also be sited to avoid exposing anyone to sound levels exceeding
123 dB(C). In general, this second requirement can be achieved by
mounting the device high enough above ground level so that the sound
is directed mostly over the heads of people standing on the ground
near the device. The minimum height needed to meet this requirement,
as calculated for one type of siren with 2 well-designed horn, is
illustrated in Figure 3. This figure indicates, for example, that
a device rated at 120 dB(C) should be mounted at least 32 ft. (10 m)

11
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125 dB(C) mounted
Range 5900 ft. (1.
125 dB(C) mounted
Range 5900 fr. (1.
120 dB(C) mounted
Range 3700 ft. (1.
120 dB(C) mounted
Range 3700 ft. (1.
120 dB(C) mounted
Range 3700 ft. (1.
120 dB(C) mounted
Range 3700 ft. (1.
120 dB(C) mounted
Range 3700 ft. (1.
120 dB(C) mounted
Range 3700 ft. (1.
120 dB(C) mounted
Range 1200 ft. (0.
120 dB(C) mounted

LEGEND

in suburban area at fire station:
8 km)

in suburban area at fire station:
8 km)

at major road intersection:

1 km)

in industrial area:

1 km)

on hillitop:

1 km)

at turnpike interchange:

1 km)

at turnpike interchange:

1 km)

in park:

1 km)

in high~rise area at city hall:
36 km)

in high-rise area at highway inter-

change: Range 1200 £t. (0.36 km)

120 dB(C) mounted

Range 1200 ft. (0.

in high-rise area on highway bridge:
36 km)

(Map With Circles Centered on Single Warning Devices)
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above the ground. Of course, a higher mounting may be desirable to ‘! (
place the source above the prevailing rooftop height. ;

Note that Figure 3 has been established for just one type of ©o
source. It may not be applicable to other products. The public
official should ask the vendor about the proper mounting height to
limit the exposure of people standing on the ground to 123 dB(C) or
less.

In those cases where it is impossible to mount the device high
enough to achieve a safe sound level on the ground, large signs
should be prominently displayed on the device, reading:

CIVIL. PREPAREDNESS WARNING (horn, siren, etc.)

CAUTIONI

THIS {siren, horn, etc.) OPERATES AUTOMATICALLY.
ITS SOUND CAN BE DANGEROUS TO YOUR HEARING. WHEN IT STARTS
TO OPERATE, COVER YOUR EARS AND MOVE AT LEAST 200 FEET AWAY.

In some urban areas, it may be necessary to mount warning
devices in such a way that the main sound beam is directed at adja-
cent buildings. When this occurs, the devices should be mounted no
closer than indicated in Figure 4. A much greater separation than
indicated by Figure 4 would be desirable for the comfort of build-
ing occupants.

VII. SYSTEM TESTING AND USE

Once an outdoor warning system is installed, civil prepared-
ness officlals must ensure that the system does indeed alert resi-
dents of tha community. A system is successful only if:

® Residents of the community know how the signal sounds and
why it is being sounded

® Residents can differentiate between system testing and a
true alert

o Each device is operating as it should
A. [Knowledge of Warnings - Americans are almost two generations
removed from the §ays of WorIg War II, when the voice of the air raid
siren, the information it carried, and the proper reaction to it
were familiar to everyone in the community. Though the potential of ,‘,

14




MINIMUM HEIGHT ABOVE GROUND (ft)
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Figure 3

Minimum Mounting Height of a Typical Warning Device
to Avoid Risk of Hearing Damage to Pedestrians ( for horizontal
beam)

MINIMUM HEIGHT ABOVE GROUND {(meters}



MINIMUM DISTANCE TO OCCUPIED BUILDINGS (ft)
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Figure 4
Minimum Distance to Avoid Risk of Hearing Damage
to Occupants of Adjacent Buildings Located in Sound
Beam of Wamning Device
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enemy attack remains, the usefulness of outdoor warning systems may
have dwindled. If so, civil preparedness officials can turn the
situation around, primarily through a controlled program of testing
and a well-planned public information campaign.

B. Testing/Alert - Detailed information on the testing of out-
door warning systems is given in CPG 1-14 which includes recommenda-
tions that local officials:

® Test the outdoor warning system approximately once a month .
e Publicize the testing day and time each month.

# Test by sounding the "Attention'" or "Alert" signal (the steady
sound) for no more than 1 minute.

¢ Follow with 1 minute of silence.

e Finish by soﬁnding the "Attack Warning" (rising/falling signal
or series of short blasts) for no more than 1 minute.

¢ Emphasize, in all public announcements, that testing signals
are sounded for less than 1 minute only, while in an actual emergency,
all warnings would be sounded for 3 to 5 minutes and would probably
be repeated .

When sirens are used, and must be tested more frequently than
once a month, a "growl test'" is acceptable. In a growl test, the
siren is sounded for so short a time that it never produces signifi-
cant sound output, yet long enough so that officials can determine
that it is working.

C. Public Information Campaipn - The civil preparedness official
who must create_a public information campaign has two advantages
as he starts. First, the information he must communicate is feither
lengthy nor hard to understand and, second, he is talking to people
about their own safety. He should involve all community media, such
as newspapers and radio/television stations, in his campaign; he
should not overlook such useful forms of communication as posters in
public buildings, newsletters sent out by community organizations,
flyers enclosed in utility bills, and opportunities to address school
assemblies.

The message must be straightforward, and the best campaign will repeat
the same announcement, in the same words, again and again. Suggestions

for conducting a public information campaign are contained in "Ideas
for Conducting Awareness Campaigns," MP-83.
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Appendix 4E

Sample Siren Vendor Information



Acoustic Technology, Inc.

SoundBlaster SERIES
Outdoor High Powered Speaker Station
Tone & Voice System

Model #HPSS

This system can be configured for operation up
to 3200 Watts of continuous audio output power.
Provides reliable alarm tone notification and
emergency voice instructions for emergency
warning and notification.

Standard Equipment

Includes a NEMA4 Stainless Steel Siren control enclosure with an
attached isolated and ventilated battery compartment, enclosure
mounting bracket and mounting hardware. The siren enclosure
contains a Class D Amplifier integrated with a high performance RTU
section, a conventional VHF or UHF radio and mounting hardware, an
intrusion switch, a temperature compensated battery charger and a
power ON/OFF circuit breaker.

« Antenna equipment sold seperately per site requirements.

 Batteries not included.™
{Refer to the last page for recommended battery types.)

Acoustic Technology, Inc. 30 Jeffries Street East Beston, MA 02128 tel (617)567-4969 fax (617) 569-2964
www.atisystem.com EMAIL: sales@atisystem.com



AT' 1600 Watt Configurations

Model # HPSS16

Omni Directional Sound Pattern
1600 Watts Output Power (121 dBC at 100°)

* Includes four 400 Watt speaker assemblies with mounting bracket,
50 feet of speaker cable and a speaker pole mounting kit.

= Speaker assemblies can be configured to be directional.

Siren Enclosure
{Standard Stainless Steel}

Siren Enclosure

1600 Watt Amplifier

90" arrangement 188° arrangement

E

1600 Watts 7 1600 Watts
— Omni Directional Sound Pattern Directional Sound Paitern




3200 Watt Configuration

Model # HPSS32

Omni Directional Sound Pattern
3200 Watts Output Power (127 dBC at 100°)

* Includes eight 400 Watt speaker assemblies with mounting brackets,
50 feet of speaker cable and a speaker pole mounting kit.

« One auxiliary Class D Amplifier with an interconnecting cable and mounting screws.

 An additional ventilated Stainless Steel battery enclosure.

1600 Watt
Amplifier

1600 Watt
Additional Battery Enclosure Auxiliary Amplifier
(Standard Stainless Steel) -

Siren Enclosure

SIDE VIEW of the
Siren Encloswre
(Standard Stainless Steel}

3200 Watts
Omni Diractional Sound Pattern




Siren Enclosure

Radio Battery

Charger Amiplifier

Standard Stainless Enclasure

ON/OFF Secaled Battery
Circuit Compartment
Breaker and Batteries
Optional Features & Upgrades
1. Pre-Recorded Voice Message Option (-DM) 3. Trunked Radio Upgrade (-T)
This option includes a pre-recorded Digital Replaces the standard conventional radio
Message Board and storage PROMSs. The pre- with an 800 or 900 MHz Trunked radio to
recorded messages are professionally recorded interface with your trunking radio system.

and then digitized and stored. Available in blocks

of 20, 40, or 80 individual messages. If additionat 4. Antenna Surge Protector Option {-ASP)
messages are required, consult {up to 255 Used in high lightning areas. Rated for
messages are possible). 7 50,000 amps IEC.

5. Strobe Qutput Option (-STR)
Controls a string of Strobe Lights of up to
10 amps of total current draw. Refer to the
Strobe Selection Chart to order the
Strobes separately.

2. Solar Power Options (-SP)
Includes solar panels sized for your location, a
regulator, 30 feet of power cable and solar panel
mounting bracket{s). Available in 55W, 75W, or
100W solar panels.



Specifications for the Model #HPSS

General

Communications




sldeal for outdoor warning T he 2001 Siren s a high power, rotating, uni-directional siren

iNew & Improved Stator that offers an anechoic certified signal strength of 128 dBC
Increases ZfﬁCiency and - at 100 feet. The high decibel output provides maximum cover-
SéuﬁdOpr’uf - -+ age with minimum installation cost. Radio activation can

further minimize installation costs by eliminating the need

} o for leased dedicated control lines.

s 'Dlrec’ﬂonol roToﬂng The siren’s projector produces a 60 degree projection of
siten for maximum- -~ "° sound which rotates at 2 RPM and can produce three signals
Coveroge for various applications. The three signal options are Steady,
Wail, and Fast Wail.

The 2001 Siren will supply a minimum of 15 minutes of full
power output from its batteries after AC power loss. The siren
controls are available with
battery operation, AC
operation and AC operation
with battery backup,
One-way and Two-way
radio contro] or landline.

Ideally suited to provide
warning for hazardous
weather conditions, fires,
-~ floods, chemical spills, and
5 yeor-limi’red;wcrronty . other types of

o emergencies,
the 2001 siren
is a perfect
choice to
protect any
community.

1:28 dBC output |

E efﬂc;enf hlgh
operchon

‘ -Mcm‘renonce__ ree eqled o
i beonng mofors Lo

. -Weather resm’ron’r coe‘rlng

"Waming the Word*

FEDERAL SIGNAL CORPORATION
[ Federal Warning Systems




2001 SIREN SPECIFICATIONS -

POWER REQUIREMENTS”

Siren Motor: 48V (DC or full wave rectified AC)
10G amps. (nom.)

Rotator Motor: 48V (DC or full wave rectified AC)

3 amps. (nom.)

WIRING

Siren Motor: 2 AWG

Rotator Motor: 12 AWG

MOTOR TYPE
Siren: Series Wound DC 6Hp
Rolator. Permanent Magnet DC 1/3 Hp

SIGNAL INFORMATION

Signai ange Swee
STEADY 750 Hz N.A.
WAIL 470-705 Hz 10 sec.
FASTWAIL  600-705 Hz 3.5 sec.

Signal Duration: 3min. (programmable)
Signal Output (SPL): 128 dBC (on axis) at

100" (30.5m)
Effective Range at 70dBC: 56001t
Rotation: 2-8 RPM (Adjustable)

DIMENSIONS

ORDER INFORMATION*

20015RN Rotating Electro-mechanical Siren
128 dBC, 48 VDC, Pole Mount Included

AC operated controller, 208 or
220/240 VAC (specify voltage)

NEMA 3R control cabinet, two 48 VDC
contactors and transformer/rectifies,
182 Ibs. 53 kg

120 VAC controller, NEMA4 control
cabinet, four chargers, two 48 VDC
contactors and NEMA 3R battery
cabinet. 224 lbs. 102kg

2001AC

2001DC+

*2001 Siren requires a Federal Controller.

(Ses Controller Product Literature)

'For use with Electro-mechanical sirens.

Antenna and cable are not included with any radio
activation control and musi be purchoased separately.
(See your FWS Representative).

‘Bofteries not included. Four Delco Voyager
Model M24MF required.

Landline Option

. - . " 2001HR Rotator Holding Relay for use with

Height x Width x Depth: 55" x 37" x 41 oxternal Himer.
140cm x 24cm x 10cm
WEIGHT
Shipping Weight: 410 lbs. (186.4 kg) 20015RN
OPERATING TEMPERATURE
-30°C to +60°C**
* Power requirements refer to the power supplied Anfenna—
by the batteries or optional AC operation with s eyour
battery backup. for further informaficn
Faderal Controller — T2001TR
** The siren can operate throughout this fempera- e product eranve |t )z
ture range provided that battery femperature is i Service Disconnect
maintained af -18°C or higher. Batfery Cabinet — customersuppted
d. if necessoy
FEDERAL SIGNAL CORPORATION -

Federal Warning Systems

Sales: 800/548-7229 - Fax: 708/534-4855

Visit us at www.federalwarningsystems.com

2645 Federal Signal Drive, University Park, Il 60466-3195

e Crmasten.

P 5/02



F ederal Signal’s Modulator Siren Series is capable of producing
intense warning signals over a large area. An efficient design

UC@S h'Qh m’rensfry " enables the siren to produce a high sound level while making
(sJigllgic] sngnols &

- moderate demands on the battery power source.
The innovative omni-directional
- electronic Modulator Speaker Array
- consists of modules that each
- utilize four 100 watt drivers*. The
- Modulator Siren is available in
various models (see reverse side.)
- The Modulator Speaker Array
* provides a flat frequency response
- from 200 to 2000Hz for excellent
" voice reproduction and offers
:. warning signals such as: Wail
. (Attack); Pulsed Steady; Steady
" (Alert); Fast Wail; Pulsed Wail and
. Westminster Chime which are
produced by the Modulator Siren
Control Unit. Custom tones can be
purchased upon request.

The Digital Voice option produces
four (4) or eight (8) minutes of
*Fully tested in Federal highly intelligible audio messaging.
- Signal’s certified anechoiC  Ap excellent alert and notification
.chamber device, the Modulator Siren is
ideal for locations where people
congregate outdoors, or in industrial
settings where immediate

instruction is necessary.
MOD6048 utilizes eight drivers per module.

FEDERAL SIGNAL CORPORATION
Federal Warning Systems

: Eas\j-isewiéiéfg tarough ™
convemem‘ occess ponels
-Aerodynamlc des;gn |

reduces wind Iooding
concerns o

“Warming the World”

MOD4016 Shown




MODULATOR SIREN SERIES SPECIFICATIONS. -

Color: Off White

Paint Type: TGIC-Polyester Powder Coaf
Modulator Horn Type: Hyperhoaiic Flare
Frequency Response: 200-2000Hz
Horizontal Coverage: 360° +/- 1dB
Diameter: 44-1/2"

Pole Mounted
(Shown: MOD&024)

*The bottom module contains no active devices and is
used simply as a reflective surface.

+ @
ko w, i
LS S8 s
& S X & & _g {_"\\ access panels
N A & C S
N AT /NP VE
@ 2/ @© Cr & Q‘ -~
& & & o SN o2 K &
& /N Q) E & /&
MODI004 | 1 |400 {106 | 1200 | 43.17 | 350 181
MOD2008 | 2 [800 |312 ] 1800 | 6370 |400 | 296
MOD3012 | 3 |1200 | 116 | 2200' | 84,30 | 400 | 411
MODA016 | 4 11600 | 118 | 2800' | 105.0 | 750 | 526
{MOD5020 ¢ 512000 | 120 | 3100' 1 1255 | 1000 | 641
MOD6024 | 6 12400 | 121 | 3400 | 146.08 {1270 | 760
MOD6048 | 6 |4800 | 125 | 4500' | 146.08 | 1438 | 928 |

“*Based on far field measurements. R;dagmfg,;
ORDER INFORMATION*
Electronic Speaker Arrays

ALUMINUM SERIES A -includes 40' cable
MOD1004 One module, Four Drivers per Module

MOD2008
MOD3012
MOD4016
MODB020

Two modules, Four Drivers per Module
Three modules, Four Drlvars per Module
Four modules, Four Drivers per Module
Five modules, Four Drivers per Module

Four 100 watt Drivers

Ultravoice™ Controller

w/Battery Cabinet
MOD6E024 soid separately

Six modules, Four Drivers per Module

MOD6048  Six modules, Eight Drivers per Module

*See UltraVioice™ Controller product iiferature for specifications.

FEDERAL SIGNAL CORPORATION
- Federal Warning Systermns

Sales: 800/548-7229 + Fax: 708/534-4855
Visit us at www.federalwarningsystems.com

Eight 100 watt Drivers

avaiiabie only in the

MOD6048 and MODG048B

2645 Federal Signal Drive, University Park, IL 60466-3195

¢

150 9001
i
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“uniform power levels~
(+/- 1dB) throughout:360

Ten models serveawide
variety of applications s ™
shown here inratioto-a:
PErson’s size.

ge-




ligh-Power Voice and Siren Systems

SYSTEM FEATURES “SYSTEM OPTIONS
M Choice of 1 to 10 Omni-Directional Speaker M SBG24D, SBC260 - Solar Power'

Cells Assembled in a Vertical Column W WPSBATT - Delco S2000 or Interstate
W Ten Models, 108dBc to 126dBc @ 100° Workaholic 31-MHD Batteries
B 50 Cable Included W WPSNCMIC - Noise Cancelling Microphone
W Pole Top Mounting Bracket Included M Alternate Tone Set

W Two or Three Compartment (Type If or lIf}* B RDVM - Digital Voice Message Capability?
Natural Finish Aluminum Cabinet NOTES:

W Public Address Capability O e pobe o 2. 60 wat panels.
W Battery Powered, Minimum of 30 Minutes mounting bracket and regulator, '

of Full Power Cutput with Batteries of Our
Recommendation

W AC Temperature Compensated 10 Amp
Battery Charger

B Local Controls or Remote Controls

B Power Amplifiers

B Electronic Siren Controller

B Tone Generator

M Timer

B Local Controt Push Buttons

M Battery Switch

W Low Battery Alarm

M S| TEST®

A Battery Tray
Lightning Arrestor

. Six Standard Public Warning Tones - Alfafouw WPstspmm”ueanm your
Wail, Whoop. Attack, Hi-Lo, Alert, Airhorn  specifc requiements.

(%) ROVM - 1-16 message capability with 240 or 480
secands avallable for recording.

Our efactronics assembly ares is staffed

Whelen WPSZB00 Series siren systoms ere  sialffed -
wind-unel fested fo ksure performance  With the mast dedicated professionsis it Wheten siven with Solar Requistor  Type If Electronics
s0d reflablity In the mast trying conditions.  the lndustry. in the field, Assambly detail

speaker driver and a standard

100 watt speaker driver. The Whelen
driver is used in the WPS4000 and
WPS52800 Series High-Power Voice
and Siren Systems.

Whelen Siren 400 ‘Watt Speaker Deiver shown with Standard
100 Watt Spesker Driver..

WAIL N\N\!\N\'\M!\N\/W\(\N\/\ 410 - 675 4 sec/l sec WPS2801
WPSs2802 14
AERT [ \ 465 Steady WPS2803 e
HI/LO 4651650 8 secl.8 sec WPS2804 18
WPS2805 119
ATTACK ~ [PRIARREAMANMRIAANIINA. 410 - 490 1seci sec
WPS2806 121
AIR HORN 465-650  Modulated/1.6 sec WPS2807 123
o weoor TN 300 - 46s 3 p—— =
Pesformance chert footnotes: *All 100’ performance levels Ested represent repeatable resihs with +- 2d5 to stated levels under free field
conditions when warning systems are maintained lo faclory specification and tested according to pubEshed guidelines. WPs2810 126

Estimated 70dB and 6008 pesimeters are based on the Federal Emergency Management Agency’s -10dB per distance doubled path model,
discussed in FEMA publication CPG 1-17, “Guide to Outdoor Waiming Sysiems.”




"SIREN ACTIVATION CONTROLS
Our VHF High and UHF siren activation control
packages include the following: -

W Radio and Radio Interface

# Tone Squeich

M 2-3dB Gain Gmni-Directional Antenna with Bracket
M 35" of RG58 Antenna Cable

M Polyphaser

B SI TEST

Other features are dependant upon one or two-
way controls. Whelen equipment can be inter-
faced with many different types of two-way radio
communications products and systems including
800Mhz trunking, Motorola's MOSCAD, FSK,
Narrow-Band and VHF Low Band. The following
is available;

ONE-WAY CONTROLS

M AUXIN - Auxiliary Board for Contact Closure
Activation

W D2020LL - 10 Digit DTMF Landling Activation

M D2020H - 10 Digit DTMF VHF High Band /
150-170 Mhz

@ D2020U - 10 Digit DTMF UHF / 450-470 Mhz

B WPSTT - Two Tone Sequential Option
TWO-WAY CONTROLS

W AUXCS - Two-Way Contact Closure Activation and
Status Board

W C2026LL - 10 Digit DTMF Two-Way Landiine
Activation

A C2020H - 10 Digit DTMF VHF High Band /

. 150-170 Mhz

B C20200 - 10 Digit DTMF UHF / 450-47¢ Mhz
Options:

B FSKXMOD - Converts the Above Siren Activation
Controls to FSK Format

M STATUS - Cabinet Window LED Status Indicator
(Monitors Siren Conditions)

W PGINT - P%ging Interface to Interface Whelen Audio,
Voice and Tones with Existing Paging Systems

| !N}l}U - Intrusion Alarm (Available with Two-Way

only,

-RADIO CONTROL
Whelen offers both one-way radio
controls, D2020 Series, and two-way
radio control/status monitoring
systems, COMM/STAT™, for the
WPS2800 Series.

@ 22
-DIGITAL VOICE '
Up to sixteen pre-recorded, digital
voice messages may be stored at the
remolte station using Whelen's Remote
Station Digital Voice Module.
Messages are factory set for optimum
power and clarity. A brief radio
command {less than one second) may
be used to activate the variable length
messages.

Only Whelen's Diagnostic Silent Test,

SI TEST®, fully exercises the siren

systern without disturbing the public.

Diagnostic SI TEST®. Information

includes:

M AC Power On/Off.

M DC Power At Operational Levels.

M Partial Speaker Driver/Power
Amplifier Operation.

I Full Speaker Driver/Power
Amplifier Operation.

: fx’épair Farility




WT. 71 bs. (32KG)

POLE TOP BRACKET

The pole top bracket for the
WPS2800 Series is fumished
ina natural finish, core-ten
steef. The pale top brackel

will accept a ulility pole

having a 10" top diameter.

A product specrﬁcatlon sheet with
installation details is availablefor -
each WPS2800 Series High-Power

Voice and Siren Systems.

WHELEN

ENGINEERING COMPANY, INC.

PUBLIC WARNING PRODUCTS
Route 145, Winthrop Road
Chester, Connecticut 06412-0684

(860) 526-9504
1-800-637-4736
Fax: (860) 526-4784
Internet; www.whelen.com
e-mail: owsales@whelon.com

Whelen Engineering Company, lac.

reserves the right 1o upgrade ils products with design

improvements without actification.
© 2003 Whelen Engineering Company, inc.
Primed in the U.5.A,
112202-WPS2B00-10537C

WPS2801 108dBc 400 500 18.7 {47.5) 325 (82.5) - 116 (526) | 233(105.9)
WP52802 114dBc 800 1000 311 (79) 325 (82.5) . 162 (73.5) | 240 (109.1)
WP52803 11548 1200 1500 43.5 (110.5) 325 (82.5) - 208 (344) | 247 (112.3)
WPS2804 118dBc 1600 2000 56.0 (142) 325 (82.5) _ 254 (115) | 258 (M54
WPS2B05 119dBc 2000 2500 68.4 (173.7) 32.5 (82.5) _ 300 (136) | 261(118.6)
WPS2806 121dB¢ 2400 3000 80.8 (205) 325 (82.5) - 370{168) | 424 (1927
WPS2807 123dBc 2800 3500 93.2 (237) 325 (82.5) - 416 (188.7) | 431 (185.9)
WPS2808 124dBc 3200 4000 105.6 {268) 32.5(g25) - 462 (209.5) | 438 (199.1)
WPS2809 125dB¢ 3600 4500 118.7 {300) 325 (82.5) _ 508 (230.4) | 445 (202.3)
WPS2810 126d8c 4000 5000 1305 (3314) | 325(825) - 560 (254) | 452 (205.5)
Electronics Cabinet! - - _ 40.7 (103} 30.0 (76) 10.0 (25.4) _ -
(WP52801 to 5)
Electronics Cabinet’ - - - 64.4 (164) 30.0 (76) 10.0 (25.4) ~ _
(WPS2806 to 10)
Pale Tap Bracket _ _ - 30.5 (76) 120(305) | 10.0 (25.4) n (32 _

EQUIPMENT IS CONFIGURED FOR 120 VAC INPUT POWER, OTHER INPUT VOLTAGES SUPPUIED UPON REQUEST.
A 6.00" WIDE MOUNTING CHANNEL ADDS 3.507 IN HEIGHT AND 2.007 IN DEPTH.




Appendix 4F

Sample Video Surveillance Vendor Information



Eniegrated Solution for Camera, Fasmomr and Q ntrol




3950 Series

i-view Camera with Integrated Positioner

[ SYSTEM SPECIFICATIONS

Pan/Tilt Drive
Angular Travel: 360° continuous
pan range, -90° to +40° tilt
range
P/T speed (preset): 100%sec
Preset Accuracy: >0.25°
Pan Speed {manuai): 40°/sec
Tilt Speed (manual): 20%/sec

Electrical
1 15VAC, 50/60Hz;
Combined camera and
positioner uses 5¢ W max.

Weight
Combined camera and positioner,
28 Ibs (16 kg)

Envirenmental
-40° to 55°C (-40" to 131°F)
for sustained system operation

Presets
64 preset positions

Title Generation
2 lines of 24 characters each
for camera 1D; plus preset ID,
sector ID, privacy zone, and low
pressure alarm

Tours
8, each consisting of 32 presets
with dwell time per preset per
tour.

Sectors
16 in the horizontal plane

Privacy Zones
8 programmable zones ¢an be
set for video blanking.

Cloning
Positioner settings (presets, title,
elc.) can be stored to file for
easy duplication
Humidity
100% relative humidity
Vibration (less lens)
Sine vibration from 5 to 30 Hz,
1/2 g, 3 axis, one hour

Shock (less lens)
Upte 10 g 11 ms, in any axis
under nonoperating conditions

Air Contaminants
Withstands exposure to sand,
dust, fungus, and salt atmos-
phere, per MIL-E-5400T, para-
graph 3.2,24.7, 3.2.24.8, and
3.2.24.9

Acoustic Noise
Can withstand environments
>150 dB continuously for 30
minutes

EMI
FCC rules, Part 15, Subpart J,
for Class A devices

[CAMERA

Imaget
174" color, progressive scan,
interiine transfer CCD

Resolution
NTSC or PAL: 470 horizontal
TV lines

Lens
Integral 23X optical, 3.6 to
82.8 mm with 10X digital,
auto/manual focus

Sync
Phase adjust line lock for
system-wide sync

Day/Night Switchover
Day {(color) / night (mono),
manual or auto

Sensitivity (scene)
3.0 lux @ 1/60 sec. {(color day)
0.2 lux @ 1/4 sec. (color day)
0.3 lux @ 1/60 sec. (mono night)
0.02 ux @ 1/4 sec. (mono night)

Housing Pressurization
Sealed and pressurized to 5 psi
with dry nitrcgen; Rated P67,
NEMA 4X

[ COMMUNICATIONS

Communications
RS-422 serial with digital
position feedback;
RS-485 optional

Protocol
Non-proprietary Cohu standard;
others available: American
Dynamics, Pelco, Ultrak, Vicen,
Javelin, Kafatel, Phillips, NTCIP

Firmware
Stored in flash memory; upload
via serial port

O 17.375"

m 2
h T

6.0

8.0 7.8"

-—— 30" CABLE

| ORDERING INFORMATION
395 X-X X - XXXX

WALL - Wali mount I
POLE- Pole mount

PEDD - Pendant mount
PROTOCOL
1 - Cohy
2 - American

Pynamics
3 -PelcoD
4 - Ultrak
5 - Vicon
6 - Javelin
7 - Kalatel
8 - Phiilips
9 - NTCIP
~— VIDEO

3 - NTSC Phase Adjust
7 - PAL Phase Adjust
—— POWER

5.115 VAC

WALL

—

POLE

————— High performance DSP camera in 3.5" sealed and
pressurized housing, high speed positioner, sunshield.

Same great
features are
available in
the 3920
Series i-dome

COHWU

Cohu, Inc. / Electrenics Division

IS0 90071 Lertitied

Cohu, Inc., Electronics Division

PO. Box 85623

San Diego, CA 92186-5623

Phone: {858) 277-6700
FAX: (858) 277-0221
www.cohu-cameras.com
info@cohu.com

oGy
Mpds i the
FSC Class 5820
Contract # GS-03F-4001B
3950 12-02

Printed in USA



AXIS 2400+/2

Video Servers

Follow-ups to the world’s most
sold video servers

The AXIS 2400+ [ 2401+ Video Servers are high
performance video servers designed for professional

surveillance applications, giving increased memory and

performance compared to their predecessors,

Connecting directly to an Ethernct network or modem,

the AXIS 2400+ can accommodate up to four analog video
streams, whereas the AXIS 2401+ accommodates a single
video input stream and a video output for the connection

of an analog moniter. Transforming traditional analog
video into high-quality digital images, these Axis video
servers provide 2 comprehensive single box solution for M live video and remote monitoring -
video transmission over intranet networks, or the Internet, with standard TCP/IP networks

B Increased memory and performance

Easy to install and use, a professional surveillance . . . .
W High quality motion-JPEG images at

application can be up and running in minutes. The system
PP P I up to 30 frames / second

is as open or as closed as you like.
W Support for Pan, Tilt, Zoom units

B Built-in Web Server
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General

* Use as a standalone system or added on to
existing CCTV systems

* Remate configuration ang status using Web
based tools

* PPP{Modem support

* Event handling including mail, TCP, HTTP and
FTP natification and video upload

* Audio functionality available in combination
with the AXIS 2191 Audio Module

System Requirements

Compatible with:

* Operating systems such as Windows 2000,
Windows XP, Windows NT, Windows ME and
Linux

» Web browsers such as Intetnet Explorer 4.x,
5x, 6.x or Netscape Navigator 4.x

Hardware and System

+ CPU: ETRAX 100LX, 32 bit RISC, 100 MIPS

+ Compression chip: ARTPEC-1

* 4 MB Flash memoary

* 32 MB SDRAM

* 100baseTX Fast Ethernet or 10baseT Ethernet

s Network protocols: TCP/IP, HTTF, FIP, SMTF,
NTP, ARP, DHCP, BOOTP and more

= Based on Linux version 2.4 operating system

~ Connections

Network

* RJ45 connection to 10/100 Mbit Ethernet
networks

Video inputs

* The AXIS 2400+ has four BNC compaosite
vidto inputs with 75/Hi Z termination

® The AXIS 2401+ has a single BNC composite
video input with 75/Hi Z termination and one
BNC video loop-through port

® Auto sensing for NTSC and PAL
o

* A singie Terminal Block connector providing
four opto-isolated alarm inputs and a single
output refay
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- Technical Specification - AXIS 2400+/2401+ Video Servers

Serial connectors

* 9 pin D-SUB R5-232 max 115 Kbitfs

* @ pin D-5UB RS-232 or RS-485/422 half
duplex, max 115 Kbit/s

Power

3 alternative power sources:

* External power supply 12V AC, 9.6 VA (PS-D,
included)

* 9-20V AC, min 10VA
* 6-30V DC, min /W

Video

Frame rate

* Image frame rate: up to 25 (PAL)/30 (NTSC}
frames/secand

* Bandwidth control prevents data saturation
on the network
Compression

* Motion-JPEG video, as well as JPEG still
images

Resofution

Corpressinn level

* 5 levels of compression are available.
The file size of a JPEG compressed image
depends on the actual content of the
image. Images containing a lot of detail
will generate larger files. Image quality is

controlled through the levet of compression.

High compression yields smaller files at
the expense of image quality, while low
compression results in larger fifes, but
maintains image quality. The table above
shows average file sizes, derived from real
life tests

Resolution

* QCIF: 176 x 112 (NTSC), 176 x 134 (PAL)

* CIF: 352 x 240 (NTSC), 352 x 288 (PAL}

* 4CIF: 704 x 480 (NTSC), 704 x 576 (PAL)

Video features

* Date and time stamp and text overlay.
Color controi (B/W or color)

Security

# User level password protection for restricted
camera access

For more information visit our we

trademarks of their respective companies. We reserve the right to introdwee mogifications without notice,

Pre/Post alarm huffer

* Up te 12 MB memory available for pre/post
alarm image storage, Le. approx. 16 minutes
of video at ane framefsecond, CIF resolution,
normal compression

Pan/Tilt/Zoom

* PTZ support for remote camera control.
Currently supported units and protocois
include: EVI-G20/21, BvI-D30/31, EVI-D100/
100P, Canon VC-C4/VC-C4R, Vidernech 682]
5b5rx, Ernitech ICU-PTZ 5, Peico DD5-C, Ultrak
KD&/Smartscan i, Kalatel KTD-312, Surveyor
TransitRCM, Daiwa DMP15-h1, Videor Tech.
VPT42RS, Videotronic KON 485/HDI-5DEf
SN-15AH, VCL 8" Microsphere, Lilin PIH717,
IVC Pan/Tilt, Panasonic WV-CS850/854,
Panasonic CS850A/854A, Molynx DOSRX/L,
Sensormatic SpeedDome Ultra Il Philips CSI
Autodome G3A

* Future support for other PTZ units will be
added -~ check Axis web site for the latest
update

Firmware updates

* Flash memory aflows firmware updates over
the network, using FTP over TCPJIP. Firmware
upgrades available from Axis' web site at:
www.axis.com

Customer Applications

* Compliance with the AXIS HTTP API for
applications and systems integeation

* Support for shell scripting to allow user
defined applications

* Up to 0.5 MB available for storage of
customer Web pages and scripts

Operating Conditions
* Temp: 40-125°F (5-50°C)

“» Humidity: 20-80% RHG

Dimensions and Weight
* Height: 1.7* {4.2 cm)

& Width: 5.7 (14.5 cm)

* Length: 8.7" (22.0 cm)

* Weight: 1.7 Ib. (0.8 kg}, excluding power
supply

Approvals

« EMC: FCC Class A, EN55022/1994,
EN55024/1998

= Safety: ENG0950, UL, CSA
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Appendix 4G

Sample Vendor Material for
Ultrasonic Surface Water Elevation Measurement Gages












Delivery program, e.g.:

Raingauges

Shaft Encoders

Data Leggers

Remote Data Transmission
Waterievel Recordars
Current Meters
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OTT HYDROMETRY

CompactStation
Autonomous, cost-effective
measurement station for
collection of hydrological data

http://www _ott-hydrometrie.de/english/product/sep products/compact/content.htm

| Details: ] B2

The new CompaciStation is
a fully equipped
measurement station that
can operate as a stand-
alone unit thanks to its solar
power supply and GSM
communications option. It
does not require any
external utility supplies and
can be mounted quickly
and cheaply in a single day.

The CompactStation is
supplied with all
components required to
operate a measurement
station: sensor, data-logger,
communication equipment
as well as a power supply.
These components are
mounted on a sub-frame at
the factory to the customers
specification. The sub-
frame can then be inserted
into the station during
installation.

The housing is constructed
using the diving bell
principle, this means that
an air pocket prevents the
unit from flooding even if it
is inundated by flood water
and prevents the
instruments from being
harmed.

The design and
construction material of the
unit also deter unauthorised
access fo the instruments
as well as protection
against the elements. In its
standard design, the
CompactStation has an
integral stand with a base
plate to secure it to a
concrete foundation.
Alternatively, it can be
mounted tc a bridge or
convenient wall with other
fixing optiens. The
extension pole can have
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OTTEYDROVETRY

CompactStation Equipment options

E%| Data-logger

= Communications

E8 Water level

g8 Water quality
Conductivity, pH value, temperature,
ORP, dissolved oxygen, turbidity:

| Discharge measurement:

& Meteorology

e HYDROSENS {MIDI housing)
e LogoSens ®

s GSM-Modem
» Radio
s Satellite

e Kalesto radar sensor

NIMBUS bubble principle sensor

+ Thalimedes shaft encoder

Minisonde 4a

e Datasonde 4a
¢ Quanta/ Quanta-G

Ultrasonic system Sonicflow

+ Kalesto radar sensor

Wind speed and direction

e Air temperature, humidity and pressure

Global solar radiation

Page 1 of 1
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OTT HYDROMETRY Page 1 of .

OTT HydroService

OTT's comprehensive HydroService can, if required, look after the stations from design to data evaluation. In this
way, we truly offer a one-stop-shop as we coordinate and carry out the planning and construction required to
mount the station. This involves installing and connecting sensors, mounting the station and commissioning it and
providing documentation.

Maintenance

OTT offers a maintenance package specially designed to meet your needs. For example, we will check the
performance of all important components at specified intervals. Furthermore, we can offer a full replacement
service in the event of station vandalism or storm damage.

Also, at strategically important sites a level of redundancy can be built into the station ensuring the highest
nossible security for essential data collection and retrieval.

Data management

As a further service, we offer you a complete data management system. This allows the data to be read out,
verified and automatically forwarded to the customer. To achieve this we use our own bespoke application
software HYDRAS 3 with the capability to: archive, edit, display and report on all data collected from the stations.

http://www.ott-hydrometrie.de/english/product/sep_products/compact/content_service.htm  7/28/2004




