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Abstract

Two basins, el Chilito and la Presa Bernardez|ao&ted on the northeast side of
the city of Zacatecas, Zacatecas, Mexico. The tutitethe basins exist where Zacatecas
joins the suburb of Guadalupe. The rapid growtthis area of primarily low income
families has caused people to move dangerousle ¢ttothese streams into which these
basins drain. Because of increased urbanizatiooffrguantities are expected to
continue to increase. This happens as a resulbod land being paved that is no longer
able to drain to the subsurface. The combinatiédmsooeased runoff and dwellings in

closer proximity to the streams could spell disakiegreater numbers of individuals.

The group Zacatecas-Guadalupe modeled the basHiE@1 and HEC-HMS to
calculate runoff quantities for the present andreitmodels with storms that have a
recurrence interval of five years and durationsaaf and twenty-four hours. Each of the
eight scenarios was modeled in both HEC-1 and HBCSH Peak flows increased 1.5 to
2 times after development was considered. AlsoHEC-HMS scenarios were 10 to 30
percent lower than HEC-1 models. While the HEC-HMSuIts are considered more
accurate because the model is gridded and not dechputh a lumped parameter, the
time and effort required to obtain these values sudsstantially more than the time and

effort required to run the model in HEC-1.



I ntroduction

Students from Brigham Young University and thewgnsidad Autdbnoma de
Zacatecas have done a computer modeling studydtRresa de Bernardez and el
Arroyo el Chilito. The purpose of this modeling@sgenerate runoff hydrographs for
surface runoff for these two basins. Watershed Miog&ystem (WMS), HEC-1, and
HEC-HMS software, generated by the Army Corps dajiBeers in conjunction with
BYU, were used to model the basins. Once an eleictraodel of the area was
generated, the effects of various durations arehsities of rainfall along with varied
development patterns in the area could be testededheir varied effects on runoff

guantities.

Method and M aterials

Computer Model

The students first sought to create an accuratgpatenmodel of the area of
interest. The Digital Elevation Model (DEM) was ainted with a resolution of 30m and
90m. The 30m resolution was used on the groundshisawould be the most accurate
because of the additional level of detail thabtld provide for the area. Maps were
obtained of soil types, land use, ground covenagetation, and an Auto-CAD file of
roads, buildings and other features in the areageédEarth images were used

extensively to help us understand how the arealkadloped in the years since the



publication of our reference documents. The stuglgniexico were also used as a
resource for site visits and to investigate upcanaavelopment plans. These maps,
along with the information that we were able toambtwere geo-referenced, that is put
into the same coordinate system as the DEM sdlteanhaps would match up correctly
and the land cover information on them could bkzetil. A screen shot from Google

Earth is presented below in Figure 1.

Figure 1. Delineated watershedsin Gogle Earth. La Bernar is o tIeft and El Chii ison the
right.
From this data, curve numbers were generated éovahous regions in the basin.

Accurate curve numbers are essential in obtainirgabstic model using the SCS
method of determining runoff. Curve numbers arepproximation of the amount of
water that a land surface is capable of absorl#ingllustration of this concept would be

if one was to imagine how much water runs off asgydield growing on loamy soil



compared with a paved parking lot. The differerscthat most of the rainfall would be
absorbed in the first case as opposed to the sesuamério where almost all the water
would runoff.

The students in Mexico, along with the site vigigre extremely helpful because
they could verify the information that was foundvesl as to inform where the
developments had progressed to in the basins. tieiformation was integrated, the
base model was constructed in WMS and multiplallimtensities and durations could
be analyzed. This setup applies for both the HEGethod as well as the HEC-HMS
model. With the knowledge of the area that is attyeunder development and the Auto-
CAD files for projected development, we were ablenbdel various scenarios of current

conditions and future developments.

Precipitation Data

The rainfall data was also obtained from the sttglanMexico. Various return
periods and rainfall durations were obtained, ftaro to twenty years and a five minute
to 24 hours respectively. The design storms tretarst commonly used for design
purposes in this area are have a five year retarioghand last two and twenty-four hours
respectively, both of which were utilized in thedeb A total depth of rainfall for the
storm was calculated to be 42.6 mm for the two Isterm and 93.6 mm for the twenty-
four hour storm. The SCS Type II- 2 hour and 2drtstorm were used for the

respective rainfall depths. The IDF curves arsg@néd below in Figure 2.



I ntesity-Duration-Frequency Curves for Zacatecas,
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Figure2. IDF curvesfor Zacatecas, Zacatecas, M exico.
Results
WMS

precipitation data. HEC-1 utilizing the data thatsnn the model produced the following

The hydrologic model was developed in WMS and comdbiwith the obtained

flows for pre- and post-development runoff. Thisi®wn below in Table 1.




HEC-1 Peak Flow (m?/s)
5Year Storm
Sub-Basin | Typeof Flow| 2Hour |24 Hour
. Present 6.28 15.14
Bl Chilito 1etre 1131 195
L a Bernardez Present 11.31 19.3]
Future 16.09 26.8

Table 1. Present and future development flowsfrom HEC-1.

Additionally, large volumes of runoff and presehbelow in Table 2. Further

investigation is needed to analyze or design detemtasins of sufficient size.

HEC-1 Volume 1000 (m°)
5Year Storm
Sub-Basin | Typeof Flow| 2Hour |24 Hour
. Present 22.9 89.9
Bl Chilito 1etre 392 | 1173
L a Bernardez Present 39.2 103.5
Future 50 145.9

Table 2. Present and future development total storm volumes from HEC-1.

HEC-HMS

One of the primary focuses of this study was ®the MOD-Clark method in the
HEC-HMS module to generate runoff hydrographs ancbimpare the results with
HEC-1. La Bernardez and El Chilito watersheds vadaveled into 10x10 and 10x20
grids respectively. A significant degree of ditfity was experienced in getting HEC-
HMS to work, but in the end, peak flows and volumese obtained. They are

represented below in Tables 3 and 4.



HEC-HMS Peak Flow (m®/s)
5Year Storm
Sub-Basin | Typeof Flow| 2 Hour | 24 Hour
. Present 4.6 9.9
El Chilito Future 11.31 12.1
Present 7.3 16.6
LaBernardez Euture 13.9 21

Table 3. Present and future development peak flowsfrom HEC-HM S.

HEC-HM S Volume 1000 (m®)
5Year Storm
Sub-Basin | Typeof Flow| 2Hour | 24 Hour
- Present 27.3 92.7
Bl Chilito 1= ire 416 | 1163
L a Bernar dez Present 103.9 103.9
Future 26.7 146.1

Table 4. Present and future -development total storm volumesfrom HEC-HM S,

HY-8

To better understand the infrastructural improvetsémat should be made in
order to avoid flood damage, the culvert analystgymam HY-8 was utilized to
determine size of a culvert leading into the okkergoir in La Bernardez. Based on the
5-year 2 hour storm flow of 9.9%s, only about 20% of the flow would be able togas
the two-barrel 2.5 foot culvert that is currenttyglace. Below in Figure 1 is a

photograph of the structure as it exists today.



Figure 3. Inlet worksfor La Presa Bernardez existing reservoir.

This would be almost adequate for a two hour sterth current conditions, but
the consequences of urbanization will increaseuheff to the point that threatens the
interstate on-ramp under which the culvert passamsequently, a new reinforced
concrete box culvert with dimensions of 2.5 melsrd.5 meters was designed that fully
passes the flow without any overtopping. The dedigqwings are included in the

Appendix.

Discussion of Results

WMS

The results clearly show that urbanization has pmiapact on the expected
runoff in both watersheds using both HEC-1 and HE@S models. This is qualified,

however, because the flow paths will also changéeastudy areas are developed. This
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will in turn affect the time of concentration, peffdw, and volume of runoff. The model
does show that urbanization does increase thefranb$tantially. This is important as
flooding already occurs, even before the incredlesds are accounted for. Itis
imperative that changes be made to the routingrerastructure of the runoff in order to
avert extensive flood damage for those downstream.

The values obtained using HEC-HMS were only acqguafter an immense
amount of time and effort. While the HEC-HMS vauean be considered more accurate
due to the gridded calculations. Volumes were sarylar for the HEC-1 and HEC-
HMS models with the same scenarios. However, fleals were 10 to 30 percent
smaller in HEC-HMS than in HEC-1. A full listing the data can be found in the
Appendix.

The reason for such a difference in the peak floetsveen the two models can be
based on the manner in which they are computedst bfahe development is occurring
at the lower half of both watersheds. HEC-1 bdlyi@verages the development
throughout each individual watershed, while HEC-HpM&ces the proper curve numbers
where development is occurring. This basicallysldee flow slightly, and the falling
limb is slightly longer. Because losses are bélgitlae same, the volume is basically
equal in both HEC-1 and HEC-HMS, but the peak flanes attenuated in HEC-HMS
because of the manner in which the gridded mod&nsputed. Table 5 below presents
a comparison of HEC-1 and HEC-HMS for both 2 andh@dr storms for La Bernardez

watershed, assuming future development.
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Future Bernardez
o-year 24-hour o-year 2-hour
HEC-1 HMS HEC-1| HMS
Peak Flow (m%/s) 26.8 21 16.09 13.9
Volume (1000 m®) 145.9 146.1 50 54

Table 5. A comparison of the HEC-1 and HEC-HM Sfor La Bernardez water shed assuming future
development for both 2 and 24 hour storms.

HY-8

Undoubtedly, the original culvert underneath thieramp was not designed to
pass the entire flood flow. This can be seen byntluch larger sized culvert upstream.
Without considering urban development, the culwertild be adequate to pass the flood
flow with minimal overtopping of the road. Howey#éme increased flow based on
urbanization represents an overtopping flow appnately 0.5 meters deep. This would
not only pose problems to the stability of the amp, but would also be a public safety
hazard. Consequently, the larger box culvert wpalsk the 5-year 2-hour storm and
avoid such threats. It would probably not be fielasio redesign a culvert based on the 5-
year 24-hour storm because of its large magnit#dbridge would probably have to be

built to handle the flow.

Conclusions and Recommendations

When considering any recommendations, severakiconts are immediately

recognized. First, funding is a constant issueafor project, but especially in the state of
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Zacatecas where many development issues must besadd. The government supports
these hydrological studies and is interested irrékalts, but may be unable to effect
change due to lack of funding. Also, the poveftgame of the residents of these
watersheds makes it important to make changesatially sensitive manner. With

these and other constraints in mind, the followmgommendations have been developed
to protect public safety and mitigate the floodindpoth EI Chilito and La Bernardez

watersheds.

El Chilito
1. Create a detention basin upstream of the new higloyaarefully

landscaping and clearing the existing depressidrsaing the outlet culverts
to attenuate the peak flows. Also, clear the cehdawnstream periodically
to allow the flood to pass without as much watexkioag up.

2. Study the floodplain downstream from the new higing obtaining cross
sections, and using HEC-RAS to delineate the flolach.

3. Using the HEC-RAS model, design a channel thatwalik in conjunction
with the upstream detention basin to mitigate fingd

4. Analyze existing infrastructure such as culvertgrmels, and detention
basins and design to accommodate flows based andreased runoff from

the effects of urbanization.
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LaBernardez
1. Restore the abandoned detention basin and coh&autflow with an

adjustable gate retrofitted to the existing basitied.

2. Determine the basin volume necessary to suffigyasiglay and attenuate the
peak flow through the outlet, and size the deteniiasin accordingly.

3. Grade the basin side slopes 3:1 or less to redhecask of having children get
stuck and drown.

4. Study the floodplain downstream from the new higiwg obtaining cross
sections, and using HEC-RAS to delineate the flolach.

5. Using the HEC-RAS model, design a channel thatwwlik in conjunction
with the upstream detention basin to mitigate fingd

6. Analyze existing infrastructure such as culvertgrmels, and detention
basins and design to accommodate flows based andreased runoff from

the effects of urbanization.

We suggest that future studies utilize these suigoesto design actual
infrastructural changes to attenuate the peak flawegsmitigate the impact of the
floods on the primarily impoverished residents athbwatersheds who suffer the

brunt of the floods’ force.
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