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ABSTRACT

The Aguamilpa Dam, located along the Santiago River, was built with the purpose of
supplying power energy and for flooding control. Some of the issues that arose with the
construction of Aguamilpa Dam are the effects of the water quality along the river, the
environmental impact and the social impact in the surrounding areas. Recently the El Cajon
dam was build upstream of the Aguamilpa Dam which caused a decrease in its flow and
improved its water quality. It is important to understand the environmental impacts of these
dams before other actions are taken to build more dams. Therefore to better understand
these issues, a two-dimensional, laterally averaged hydrodynamic model, CE-EQUAL-W2,
have been developed to know the water quality for the El Cajon and Aguamilpa reservoirs
according to extreme weather changes. This project was performed in collaboration with the
students at the ITESO University in Guadalajara. As part of this work the previous El Cajon
uncalibrated model was modified by improving its bathymetry and control files. For the
Aguamilpa Dam a new uncalibrated water quality model was developed. The El Cajon and
Aguamilpa reservoirs models are still in progress, but this work helped to the identification of

missing data, future monitoring plans and site recognition.
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1. Introduction

1.1 Background

1.1.1 Aguamilpa Reservoir

The Aguamilpa-Solidaridad reservoir was developed to meet the demand for electric
energy in the northwestern area of Mexico. The reservoir is part of the Santiago and
Huaynamota hydrologic system. The Aguamilpa Hydrologic Project was completed in 1994.
The dam is located in the Santiago River in the state of Nayarit (104°25” and 104°46’ longitude
West and 21°23’ and 21°53’ latitude North), 52 km north from the capital, Tepic. The
embankment height is 187 m and it has 14 million m3 of rockfill. This is one of the highest
concrete faced rockfill dams under operation in the world. This project has an underground

hydroelectric power plant, the annual mean generation rate is 2131 GW-h (Figure 1 and Figure

2)

MNayarit

Figure 1: Google Earth Image of Aguamilpa
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Figure 2: Aguamilpa Dam

1.1.2 El Cajon Reservoir

El Cajon reservoir was developed as part of the El Cajon Hydroelectric Project in order
to meet the demand for electric energy. The hydropower plant El Cajon is part of the
hydrological system of Santiago River, located in the hydrological region Lumber 12, known as
Lerma — Santiago — Pacific. This system is capable of a hydroelectric potential of 4300 MW.
El Cajon is second only to Aguamilpa-Solidaridad Station in power and generation. The El
Cajon dam and reservoir are located in the state of Nayarit (21°25°41” N, 104°27'14” W), 47 km
from the capital Tepic (Barlow and Obregon, 2007). Construction on the dam was completed

in June 2006 and the reservoir was filled that November. (Figure 3 and Figure 4)



Figure 3: Google Earth El Cajon image

Figure 4: El Cajon Dam




1.2 Issues

Approximately 90% of the water bodies in Mexico present a degree of contamination.
The city of Guadalajara, the third largest city in Mexico, currently discharges nearly all of its
wastewater directly into the Santiago River. The Rio Santiago is among Mexico's most
polluted rivers, with high levels of aluminum, lead, arsenic, copper and manganese. The
polluted water emits a powerful stench and is unsuitable for recreation, irrigation, and does
not support any aquatic life. For this reason, the need for evaluating the water quality of the

main reservoirs in Mexico has arisen.

2. Objectives
e The main objective for this project was to design an uncalibrated water quality model

for the Aguamilpa reservoir. This model was developed using the water quality and
quantity data obtained from government agencies in Mexico and research center
(CIATEJ).

e Another objective was to assist ITESO students to improve the water quality model for

El Cajon reservoir developed last year.

3. Materials and Methods

3.1 Understand the Model

The model that was built for this project is based on the CE-EQUAL-W2 program. This
program is used to analyze and stimulate the hydrodynamic behavior and also the water
quality and characteristics. To be able to analyze these data the program computes

calculations based on the longitudinal and vertical dimensions (Cole and Wells, 2003). By the



longitudinal dimension, the reservoir length was considered and for the vertical dimension,
the depth of the reservoir was referred. Taking this into consideration, the variation in width
of the reservoir is not accounted for this model making it ideal for long and deep reservoirs

with minimum variation on the width.

3.2 Understand the Site

An important part of the project is to better understand the site in which the mode is
being developed. After getting the coordinates of the studied sites, aerial pictures of the
locations were used to know the dimensions of the reservoirs. Because the reservoirs were to
long it was difficult to decide where the boundaries of the reservoirs are. Also, it was
important to know and understand the source of the water and if any contamination exists on
the modeled reservoirs. The trip down to Santiago River was really helpful to better
understand the situation and realize that there is an excessive amount of untreated waste that
is being discharged in the Santiago River. These uncontrolled discharges have been creating

serious environmental and health hazards for the people that live close to the river.

3.3 Gathered Data

In order to create the model, digital elevation models (DEM's) scale 1:50000 were
downloaded from Instituto Nacional de Estadistica, Geografia e Informatica (INEGI) website
(INEGI, 2008). Climatological data, such as air temperature, dew point temperature, wind
speed, wind direction and cloud cover were obtained from the CFE. Also, the storage capacity
data of the studied reservoirs were obtained from CFE for the Aguamilpa reservoir and from

ITESO students for El Cajon reservoir (Appendix).



Assuming that the reservoirs water quality monitoring will include the effects of
nutrients and primary production on other water quality variables, e.g., dissolved oxygen

(DO), the following types of data is required:

e Boundary conditions

e Initial conditions

e Site description/geometry/bathymetry

e Parameters (e.g. coefficients)

e In-pool/release observations (for calibration/verification)

The types of boundary conditions required for reservoir water quality models consist of

the following:

e Inflowing tributaries

e Other non-point source runoff
e Point source loadings

e Outflows

e Meteorology

e Sediment fluxes (for older models)

3.4 Create Model Input Files

To be able to set up this model it is important not only to collect the data but also to
create the necessary files for CE -EQUAL-W2 program to make it run. The main files that are
needed to be generated are the geometry files also the flow data and the meteorological data.
This information is needed before the model can be started processing with any other steps.
There are some software that could be used to create these files (Nelson, 2006). Two of the
recommended ones by previous researches are Watershed Modeling System (WMS8.0) by

EMS-I and also AGPM by W2i. The WMS 8.0 software was used to create the bathymetry and
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control files for Aguamila and El Cajon reservoirs models. However, after these files were
created, some manually modifications were made in order to open the created files in the
AGPM-W2i software. These modifications included adjustments in the inflow and outflow
codes for the three created branches for the Aguamilpa model. Also segments and layer
information and geometry for both of the modeled reservoirs were modified in order to avoid

future errors when the files would be read in CE-QUAL-W2 model.

4. Results and Discussion

4.1 Aguamilpa Reservoir Model

4.1.1 TIN

The TIN was created in WMS by converting a series of DEM files downloaded from the

INEGI website (Figure 5).

1 WM 8.0 - [E:\Aguamil pa\W2mode \WMS\seg3 wpr]
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Figure 5: Aguamilpa Tin generated in WMS
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4.1.2 Bathymetry
After creating the TIN using WMS the bathymetry and control files were generated.

These files were used to create branches and their respective segments (Figure 6 to Figure 13).
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Figure 6: Aguamilpa Bathymetry Most Upstream Segment (Main Branch)
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Aguamilpa Reservoir (Main water body)]
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Figure 8: Aguamilpa Bathymetry Most Upstream Segment (Main Branch)
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Bathymetry: 1 waterbody [CE-Q!

-W2 Bathymetry File --- Aguamilpa Reservoir (Main water body)]
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Figure 10: Aguamilpa Bathymetry Middle and Most Downstream Segments (Branch 2)




Bathymetry: 1 waterbody [CE-QI

-W2 Bathymetry File - Aguamilpa Reservoir (Main water body)]

EEX

240 Model has:
Br2 i : Zbranches [29 columns 43
= T layers)
i anp T ™
g Selected cell
br col lay top el (m]
220 323 2 2¥m
width [m] len [m]  thick [m]
210 3423 41518 1.00
m
Active lapers; -
200 22 for column 23
e Branch
' 190 i
10k US ., DS  DHS , UHS 100m Br3 | mis
Km [ds end]:
2A0F o7 = ol Vol=l(Ele)
6.82 Cloze
2301 4 |&asl
Heset Scales
2201 E
2101 1
m
2001 R
1301 L L L L 1 L L 1 L L 1 1 L L L |
2 3 4 5 B 7 8,9 10 11 12 13 14 15 16 17 18

Figure 11: Aguamilpa Bathymetry Most Upstream Segment (Branch 3)
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Figure 12: Aguamilpa Bathymetry Middle Segment (Branch 3)
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Figure 13: Aguamilpa Bathymetry Most Downstream Segment (Branch 3)

4.1.3 Storage Capacity Curves

The first curve was generated in WMS using DEM elevations (Figure 14). Elevations

for the second graph (Figure 15) where obtained from the CFE (Appendix).
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Figure 14: WMS Storage Curve Capacity for Aguamilpa
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Storage Capacity Curve
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Figure 15: Storage Curve Capacity for Aguamilpa

4.1.4 Meteorological File
For the meteorological file we manually enter the parameters needed in Excel. Then we
save our worksheet as a "space delimited (.prn)" file and then once it's saved, we manually

change the extension to .npt which is the extension CE-QUAL-W2 recognizes (Figure 16).
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Figure 16: Meteorological File for Aguamilpa
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4.2 El Cajon Reservoir Model

A preliminary model for El Cajon was generated last year. This model was used as a
base for the development of a more accurate model. The following images will show the TIN
for El Cajon reservoir, bathymetry and storage capacity curves from last year’s preliminary

model and for the actual model.

4.2.1 TIN
This TIN was generated in WMS (Figure 17) using contours which were obtained from

the National Power Commission of Mexico (CFE).
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Figure 17: El Cajon TIN generated in WMS

4.2.2 Bathymetry
A bathymetry file was generated in last year preliminary project. AGPM V3.2 was used
to view the bathymetry file, fix the size of layers and change the orientation of segments. A

new and more accurate bathymetry file was created for El Cajon this year. AGPM V3.5 was
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used to view the bathymetry file, fix the size of layers and change the orientation of segments.
Figure 18 shows the old bathymetry file, and the improved bathymetry can be seen in Figure

19, Figure 20 and Figure 21 showing different segments of the reservoir.
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Figure 18: El Cajon Old Bathymetry (2007)
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Figure 19: El Cajon Bathymetry Most Upstream Segment
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Bathymetry: 1 waterbody [Bathymetry file for waterbody 1]
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Figure 21: El Cajon Bathymetry Middle Segment
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4.2.3 Storage Capacity Curves
The first storage capacity curve was generated in WMS (Figure 22). For the purpose of
comparing and calibrating, a second capacity curve was generated using data obtained from

CFE and ITESO (Figure 23).
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Figure 22: WMS Storage Capacity Curve El Cajon
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Figure 23: Storage Capacity Curve for El Cajon
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5. Conclusion

Even though, neither Aguamilpa nor El Cajon models have been run yet, a great
progress was achieved. A more accurate bathymetry and control files were created for El
Cajon reservoir improving the ones which were made last year. These improved files will let
ITESO students keep working on developing the uncalibrated model for El Cajon reservoir.
For the Aguamilpa reservoir model, we also obtained a good progress, because the bathymetry
file, control file, and meteorological file were created using the best data available. Visiting
the studied areas let us answer several questions and misinformation that we had during the
development of the Aguamilpa and El Cajon water quality models. ITESO students were
using different software to verify the bathymetry and control files (Array Viewer Compaq) for
El Cajon model than the one we used for the Aguamilpa model (AGPM-W2i Modeling System
UI for CE-QUAL-W2 v3.5). This caused that they were not able to see the created files and
check the possible errors. Going down to Mexico let us give them a license of AGPM-W2i v3.2
and trained them. Moreover, up to this point in both models, we can anticipate that they
would be run because we defined what data is missing. We suggested them to design and
follow a monitoring plan to collect more accurate water quality and quantity data that will
help them to develop an uncalibrated model and calibrate it later using the collected data.
Finally, we concluded that the most important lesson learned from this project was to know
how to work as a team and collaborate with engineers from different countries and

backgrounds.
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Appendix

Reference for Elevations of Aguamilpa Reservoir

MNIVEL 0.00

VASO AGUAMILPA, NAY.
TABLAS DE ELEVACIONES - CAPACIDADES TOTALES

Pagina 1 de 9
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NQTA; ESTAS TABLAS FUERON ELABORADAS EN BASE A LOS DATOS ORIGINALES
DE PROYECTO, CON INTERPOLACION LINEAL A GADA METRO,
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Reference for Meteorological File for Aguamilpa Reservoir.
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