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Executive Summary
ES-1. Background

The Rio Grande Canalization Project (RGCP) is a narrow river corridor that extends 105.4 miles from
Percha Dam at River Mile (RM) 105.4 in Sierra County, New Mexico, to American Dam at RM 0 in El Paso,
Texas (USIBWC et al., 2004; Figure ES-1). The RGCP was constructed between 1938 and 1943 to facilitate
compliance with the 1906 convention between the United States and Mexico, and to properly regulate
and control, to the fullest extent possible, the water supply for use of the two countries as provided by
the treaty (USIBWC, 2004). Major elements of the project included acquisition of Right of Way (ROW)
for the river channel and adjoining floodways (8,332 acres), improvement of the alignment and
efficiency of the river channel conveyance for water delivery, and flood-control measures that extended
through the Rincon and Mesilla Valleys of New Mexico and El Paso Valley in Texas. As part of the RGCP,
a deeper main channel was dredged to facilitate water delivery for irrigation. Flood protection levees
were placed along two-thirds of the length of the RGCP where the channel was not confined by
hillslopes or canyon walls (e.g., Selden Canyon). A number of NRCS sediment/flood-control dams were
built between 1969 and 1975 on tributary arroyos to control flooding and sediment delivery to the RGCP
from about 300 square miles of drainage basin downstream of Percha Dam.

The 2010 through 2012 period marks one of the most significant drought periods that have affected
Caballo Dam water releases for irrigation purposes, with increasing drought severity in each of the
years. In 2012, US irrigators requested that the release be delayed to mid- to late-May to insure
adequate water supplies during summer months, while Mexico required water deliveries during the
normal period (March through September). The primary purpose of this study is to determine the extent
to which the amount of Rio Grande Project (RGP) water would be available for diversion to US irrigators
and for delivery to Mexico under different release scenarios compared to the actual 2012 release.

To evaluate the differences in the amount of water that would be available for diversion or delivery to
the various stakeholders (the Elephant Butte Irrigation District, the El Paso County Water Improvement
District Number 1, and Mexico), water budget analyses were carried out by comparing the various
inflows and outflows to the RGCP and the local basin under a range of conditions. A water budget study
is an accounting of the water volumes within a defined study area, which is the RGCP. The inflows and
outflows into the study area are calculated for a fixed time interval (i.e., daily). If the inflows exceed the
outflows, there is an increase in the storage of water within the RGCP during that time interval, whereas
if the outflows exceed the inflows, a decrease in storage is indicated. The RGCP-scale channel water
budget analysis focused on the water budget components that directly affect the channel and adjacent
floodplain, while the local-basin-scale water budget analysis focused on the inflows and outflows that
affect the portion of the basin that is directly affected by irrigation. To prepare input for the water
budget analyses, hydraulic modeling was developed and calibrated to the double pulse release that
occurred in the 2012 baseline year. The 2012 release followed two years of dry conditions and should
therefore represent conditions where stream-groundwater interactions are relatively limited, thereby
improving model calibration. Once calibrated, the models were executed over the 2010 through 2012
period to provide input to the water budget analyses of the overall study period. Other input to the
water budget analyses included inflows and outflows that were measured, estimated, or extracted from
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an existing groundwater model (SSPA, 2007). Of particular interest to this study is channel seepage,
which refers to the water that is infiltrated into the underlying aquifer and thereby lost from the surface
water supply. The hydraulic models and associated water budget analyses were then developed for two
hypothetical release scenarios that were developed by the Rio Grande Project Allocation Committee
(RGPAC). These release scenarios maintained the volume of water that was released during the 2012
double-pulse release, and included the S1 delayed single pulse release (May 29 through September 14)
and the S2 normal single pulse release (March 31 through September 14). A comparison of the water
budget components under the S1 and S2 release scenarios to those from the baseline (actual double
pulse) release scenario provides an ability to assess the expected differences in water that is available
for diversion or delivery. A more detailed discussion of the study purpose, approach, and analysis is
provided in the following sections.

ES-2. Study Purpose

As discussed above, the primary purpose of this report is to estimate the difference in the amount of
RGP water supply available for diversion to Elephant Butte Irrigation District (EBID), El Paso County
Water Improvement District Number 1 (EPCWID No. 1), and Mexico under two proposed release
scenarios compared to the actual 2012 release. During 2012, RGP water was released from Caballo
Reservoir for delivery in the vicinity of El Paso, Texas in two pulses. Because of the need to conserve
water as a result of the extreme drought and a limited water supply due to depleted reservoir storage,
EPCWID No. 1 and EBID proposed that RGP water only be released in a delayed single pulse. This report
documents the amount of RGP water that was released, diverted from the Rio Grande, infiltrated to
seepage and lost to evaporation, and compares this baseline condition to the hypothetical situation if
the same amount of water had been released in a single pulse as either a delayed (Scenario S1) or
normal (Scenario S2) release.

To quantify the differences between the water release, the diverted waters, seepage rates, and losses to
evaporation, an evaluation of the water budget components was carried out for the ongoing 2010 to
2012 drought period along the RGCP (Figure ES-1). In general, the water budget analysis at the RGCP
scale involves the hydrologic domain that includes the river and adjacent floodplain, and the
groundwater zone located beneath the river-floodplain area. The RGCP-scale channel water budget was
performed on four segments of the RGCP, including (1) Caballo Dam to Leasburg River Cable metering
station, (2) Leasburg River Cable to Mesilla Dam, (3) Mesilla Dam to the Anthony metering station, and
(4) Anthony metering station to the Below American Dam gage. A separate evaluation of the water
budget components was carried out within the local basin for the same period. This study is intended to
help the stakeholders to manage single or double water release timings and volumes during years of
water scarcity. The hypothetical releases that were evaluated included a normal single pulse release
(Scenario S2) and delayed single pulse release (Scenario S1) from Caballo Reservoir. This study was
carried out according to the USIBWC Scope of Work dated June 13, 2012 and Modification No. 1.

ES-3. Water Budget Data and Information

Data that was available for this study generally included reservoir evaporation data from Elephant Butte
and Caballo Reservoirs, river and canal gage data, precipitation data, groundwater well data, and
groundwater pumping data. The USIBWC, the U.S. Bureau of Reclamation (USBR), the EBID, the El Paso
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County Water Improvement District no. 1 (EPCWID No. 1), the New Mexico Office of the State Engineer
(NMOSE) and the New Mexico Interstate Stream Commission (NMISC) are responsible for the majority
of this data. The majority of the data was either provided by these agencies or downloaded from the
agency websites.

In addition to data that was used for the study, previously developed models, information from previous
studies, and existing literature was also used to prepare the water budget analysis. A HEC-RAS model of
the RGCP that was developed by Tetra Tech (formerly Mussetter Engineering, Inc.; MEI and Riada, 2007)
in 2007 was determined to be the most representative model of the overall reach, and was modified for
this study. The FLO-2D model that was developed for that study was also modified for this study. The
operational 2007 MODFLOW groundwater model was provided by the NMOSE and the results from this
model were used for the groundwater components of the analysis. Although a large number of
documents were reviewed for this study, of primary importance are the Rio Grande Project Allocation
Committee’s Draft reports entitled “Analysis of River Conveyance Efficiency for Initial Release of Project
Water for Delivery to Acequia Madre Canal in 2012” (RGPAC, 2012a) and “Analysis of Multi-Year
Drought and D2 Linear Regression Equation” (RGPAC, 2012b).

One of the main purposes of this study is to investigate seepage, which is not fully understood due lack
of seepage studies under drought conditions. Channel seepage, delivery of water through canals and
laterals, irrigation of project acreage, and return flows recharge the unsaturated zone and the aquifer.
Groundwater pumped from the aquifer is used to irrigate the crops and it is believed that only a small
portion of the channel seepage should be considered a loss to the overall water budget through
evaporation from the unsaturated zone. It is important to note that even though only a portion of the
seepage may be entirely lost to the system on a regional basis, any seepage will likely not be used by the
surface water entity for which this volume of water is intended, so it is lost to that entity.

ES-4. HEC-RAS Analysis

To quantify the channel seepage, hydraulic modeling was developed using the HEC-RAS software
programs. The previously developed model (MEI and Riada, 2007) that was updated by USIBWC and
obtained for this study was updated to reflect the 2011 LiDAR-based topographic mapping. Because
portions of the channel bathymetry were underwater at the time of the 2011 LiDAR survey, the
bathymetry of the model cross sections was adjusted as part of the steady-state HEC-RAS model
calibration process.

Once the steady-state model was calibrated, this model was converted to an unsteady flow model by
coding in the upstream hydrologic boundary condition (release from Caballo Dam), specifying the other
unsteady input (time steps and tolerances, among other items), and insuring numerical stability.
Diversion outflows measured at Percha, Leasburg, Mesilla and American Dams were added to the
model. However, in an effort to simplify the unsteady flow analyses, the relatively minor return flows
from Del Rio Drain, La Mesa Drain, East Drain, Nemexas Drain, and West Drain were not added until
after the calibration was completed.

The HEC-RAS groundwater interflow option, which uses the Darcy Equation to estimate seepage or
groundwater return flow, was also added to the model. This option requires specification of the

Final Report iv December 6, 2013



horizontal distance to the groundwater well from the main channel and time series of the groundwater
well elevations, which were input to the model based on representative EBID and USGS groundwater
well data. Initial model runs indicated that unrealistic saturated hydraulic conductivity (K.) values
would be required to predict reasonable seepage rates due to the long horizontal distance to the wells.
The model was therefore adjusted to set a zero horizontal distance to the groundwater table. The depth
to groundwater was based on a previous analysis of groundwater depths at USIBWC restoration sites. It
varies throughout the reach but averages approximately 3 feet.

The model was calibrated by iteratively adjusting the K,,; input parameters over a reasonable range of
values. Data from the NRCS National Soil Survey (http://websoilsurvey.nrcs.usda.gov/app/) indicate that

the bed material below the Rio Grande was uniformly identified as Riverwash, which has initial Ky
values that range from 1.2 to 4.1 feet/day. Results from the HEC-RAS modeling indicate that a steady-
state K, value of 0.15 feet/day in Segment 1 results in reasonable calibration results. This K., value is
consistent with the initial K, values shown in the NRCS data and with K, values previously used along
the RGCP and in similar environments as identified in the literature. Hydraulic conductivity (K..) values
of 0.664 feet/day are necessary in Segments 2, 3 and 4 to achieve reasonable calibration, which is in
alignment with the conductivity values that were applied to the drains in the URGWOM model (K, =
0.641; USACE, 2012).

A comparison of the HEC-RAS modeling results to measured hydrographs indicates that seepage rates
appear to have been higher than the predicted rates over the first two months of the 2012 release. The
model results also indicate that the total volume of seepage is about 76,923 acre-feet over the entire
2012 release, with seepage rates that were similar to the USGS seepage estimates during normal flow
(non-drought) years (USGS, 2012).

ES-5. FLO-2D Analysis

The existing FLO-2D model (MEI and Riada, 2007) was also updated and revised to estimate the seepage
that occurred in 2012. This model is different than the HEC-RAS model in that it uses the Green-Ampt
method to simulate channel infiltration, and the model code was updated specifically for this project to
incorporate a varying K, value over the simulation. This modification was necessary to account for the
initial abstractions that occur during the initial phases of the Caballo release, which were apparently
very high in 2012. In addition, the model incorporates spatially and temporally varying K, values that
were identified for seven separate reaches (Segment 1 was subdivided at Haynor Bridge, Segment 2 was
subdivided at Picacho Bridge, and Segment 4 was subdivided at Courchesne Bridge). The temporally
varied K,,; was used to account for the initially high infiltration rates into dry soil. This model appears to
calibrate reasonably well to the 2012 release hydrograph at a variety of gages along the RGCP. Results
from this model indicate that initial K, values would range from 0.36 to 2.5 feet/day, and would decay
to between 0.08 and 1.4 feet/day. Results also indicate that of the approximately 372,000 acre-feet of
water released from Caballo Dam during the period of overall simulation (i.e., the 2012 baseline
simulation), about 108,600 acre-feet would be infiltrated and about 26,800 acre-feet would be lost to
evaporation.
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ES-6. Evaporation Analysis

An evaluation of reservoir (pan) evaporation data reveals that when comparing actual (calculated) to
predicted values the changes in evaporative losses are relatively minor for both the Elephant Butte
Reservoir and the Caballo Reservoir—especially for Release Scenario S2 (Normal Single Pulse).
Accordingly, from the preceding analysis it is concluded that for current conditions using either Release
Scenario S1 (Delayed Single Pulse) or Release Scenario S2 (Normal Single Pulse) results in only minor
differences in lake evaporation loss at Elephant Butte and Caballo Reservoirs—and particularly for
Release Scenario S2 (Normal Single Pulse).

ES-7. RGCP-Scale Channel Water Budget Analysis

The components for the channel (RGCP scale) water budget for each of the four segments discussed
above includes the upstream inflow, downstream outflow, surface-water inflows (precipitation,
stormwater runoff and irrigation return flows), surface-water outflows (diversions and
evapotranspiration), and groundwater interflows (seepage, groundwater return flows and floodplain/
irrigation-based recharge).

The water budget calculations were performed by first assembling the measured inflows and outflows
on a mean daily-flow basis for the study period between January 1, 2010, and November 30, 2012. The
measured data include the upstream inflow, measured irrigation return flows at the drains and
spillways, measured water treatment plant effluent discharges, and diversions into canals. It should be
noted that because the data collected at the Anthony metering station is not believed to report accurate
flow measurements, the outflow from Segment 3 and the inflow to Segment 4 was obtained from the
HEC-RAS modeling.

Once the measured values were input to the spreadsheet, information from an existing groundwater
(MODFLOW) model that was prepared by S.S. Papadopoulos and Associates, Inc. (SSPA, 2007) was
entered into the spreadsheet. This information includes groundwater return flow (that portion of the
groundwater return flow that is directly returned to the bed of the river) and floodplain recharge.
Estimated values for precipitation-derived flow, ungaged in-channel stormwater flow,
evapotranspiration (based on the sum of the riparian evapotranspiration predicted by the MODFLOW
model and the estimated surface water evaporation), and unauthorized diversions were entered into
the spreadsheet along with the estimated channel seepage rates from the HEC-RAS model.

The components of the RGCP-scale channel water budget equation that were derived from the
MODFLOW model (SSPA, 2007) were limited to fluxes in the immediate vicinity of the floodplain. Five
geographic zones were set up in this area, with four zones set along the channel and adjacent floodplain
that correspond to the four water budget segments, and a fifth zone set along the perimeter of these
zones to evaluate fluxes into and out of each zone. For the RGCP-scale channel water budget,
information obtained from the MODFLOW model included fluxes that represent floodplain recharge,
groundwater return flow to the Rio Grande, and riparian evapotranspiration.
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ES-8. Local-Basin-Scale Water Budget Analysis

The water budget analysis at the local-basin-scale is similar to the analysis at the RGCP scale. The main
difference is that it involves a hydrologic domain defined as a local basin that receives and delivers flow
along the RGCP. For purposes of the local-basin-scale water budget, the local-basin domain was set at
the approximate extents of the area that is irrigated along the RGCP. A single local-basin-scale water
budget analysis was performed over the local basin that interacts with the RGCP by evaluating the
surface-water and groundwater components. The surface-water components for the local-basin-scale
water budget includes the upstream inflow, precipitation, surface-water pumping, groundwater return
flow, the downstream channel outflow, groundwater recharge, and evapotranspiration. The
groundwater components include the upstream groundwater inflow, groundwater recharge, pumping
from the aquifer, groundwater return flow, and the downstream groundwater outflow. The
groundwater recharge, groundwater return flow, and pumping components are included in the surface
water and groundwater budgets, and have the same magnitude. However, for the surface water budget,
the pumping and groundwater return flow components are inflows and the groundwater recharge is an
outflow, whereas the opposite is the case for the groundwater budget.

The water budget calculations were performed by first assembling the measured inflows and outflows
on a mean daily-flow basis for the study period between January 1, 2010, and November 30, 2012. The
measured data include the upstream inflow, precipitation, pumping data, and the downstream outflow,
Consistent with the RGCP-scale channel water budget analysis; the data assembly was performed in a
Microsoft Excel spreadsheet to facilitate organization of the large amounts of data. Information from
the existing MODFLOW groundwater model (SSPA, 2007) was entered into the spreadsheet. For the
local-basin-scale water budget, the groundwater components were extracted from the portion of the
model that generally represents the area that is irrigated. This information includes the upstream
groundwater inflow, groundwater return flow, groundwater recharge, evapotranspiration, and the
downstream groundwater outflow.

ES-9. Study Limitations

A number of limitations associated with the water budget analysis were identified during the
development of this study. These limitations include:

e Groundwater flux information was extracted from the SSPA (2007) MODFLOW groundwater model,
which does not include a simulation period that covers the 2010 through 2012 drought period that
is being evaluated in this study. Differences between the predicted groundwater fluxes in 2004 that
were adopted for use in this study could be significantly different than the actual fluxes that
occurred during the drought period of interest.

e Measured groundwater data along the RGCP and adjoining groundwater basin is limited, especially
along the Rio Grande and the primary canals and drains, where complex processes govern stream-
groundwater interactions.

e Diversions were specified at three locations: Percha, Leasburg, and Mesilla Dams. However, it is
understood that there are numerous diversions and irrigation return locations that are not entirely
accounted for in this modeling effort. A recommendation would be to increase the number of data
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collection facilities and add to a central database for the river system where the irrigation return
flow data for all locations could be represented to improve the modeling effort. The lack of
available data representing inflows and outflows to the Rio Grande, as well as groundwater level
and flux data, is the single most significant limitation to this study. Considering this lack of data
and the complex processes that govern stream-groundwater interactions, along with the fact that
the groundwater model (SSPA, 2007) does not include the 2010 through 2012 study period, the
results of this study should be considered preliminary.

e Use of a steady-state, saturated hydraulic conductivity (K,,) value for the HEC-RAS models is a
significant limitation of the resulting channel seepage estimates because the hydraulic conductivity
changes at the beginning of the release, when dry antecedent moisture conditions control seepage
rates, to during the remainder of the release, when saturated conditions control seepage.

e Evaporation along the RGCP is currently estimated by transposing the estimated evaporation rates
from the USBR URGWOM (RiverWare) model of the Rio Grande upstream from Elephant Butte
Reservoir. The existing RiverWare model along the RGCP (USACE, 2012) was not available for this
study, and it is not known whether or not this model includes estimates for evaporation. If this
model does include estimates of evaporation, these estimates should be used for the water budget
analyses.

e Crop evapotranspiration was estimated using the 2004 consumptive use values presented in SSPA
(2007). If consumptive use values become available for the 2010 through 2012 period, these values
should be used to estimate crop evapotranspiration for this study.

e Considering the relatively long reach over which this study is being performed, comparing the
various inflows and outflows on a daily basis can lead to misleading results under both the RGCP-
scale channel water budget and the local-basin scale water budget. Even though the HEC-RAS and
FLO-2D modeling account for routing effects and hydrograph translation, the water budget
computations assume that the mean daily inflows and outflows are representative of an
instantaneous point in time. While this may be appropriate under relatively steady flow conditions
and reflect the overall interaction of the groundwater components over longer periods, daily
comparisons during periods with rapidly changing releases from Caballo Dam (i.e., at the start or
end of a release) may not reflect actual instantaneous changes to the water budget.

e Use of a water budget study of past conditions to predict future conditions may not be appropriate
considering the highly variable and dynamic nature of the demands, supply, and availability of RGP
water and water that is pumped from groundwater.

ES-10. Water Budget Analysis Results

Results from the RGCP-scale channel water budget for 2010 to 2012 were evaluated to assess the
magnitudes of the individual components on the water budget, and to assess the change in-channel
storage along each reach. The most significant components of the RGCP-scale channel water budget are
the upstream inflow and downstream outflow. Diversions, irrigation return flows, and channel seepage
are the next significant components, followed by in-channel stormwater flow. The remaining
components are much less significant. The total annual volumes indicate that Segment 1 is a significantly
losing segment, Segment 2 is a moderately gaining segment, Segment 3 shifts from a gaining segment in
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2010 to a losing segment in 2011 and 2012, and Segment 4 is a gaining segment, especially in 2010.
Although the predicted change in volume of channel storage is relatively high in each of the segments,
the total change in volume is less than 15 percent of the upstream inflow in each of the segments at the
end of the 3-year study period. An evaluation of the individual components on a daily and monthly basis
indicates that the relative effects of the components vary from segment to segment.

Results from the local-basin-scale water budget analysis for the 2010 to 2012 period indicate that,
similar to the RGCP-scale channel water budget, the upstream channel inflow and the downstream
channel outflow are the most significant components. However, except for precipitation, groundwater
inflow, and groundwater outflow, most of the other components are also very significant. The surface
water budget indicates a net increase in surface-water storage of about 630,300 acre-feet over the 3-
year study period, while the groundwater budget indicates a net decrease in groundwater storage of
about 218,400 acre-feet. Although the resulting net storage appears to be unreasonably high for
drought conditions, the baseline analysis does provide insight into the relative effects of the two
hypothetical releases through a comparison with the results from the water budget analyses of these
releases.

Under the hypothetical delayed pulse release (Scenario S1) and normal single-pulse release scenario
(Scenario S2), results from the RGCP-scale channel water budget using the HEC-RAS model results
indicate that, compared to baseline conditions, the hypothetical scenarios would generally result in
different seepage and channel storage conditions in each of the segments by the end of the 2012
release. The total volume of seepage predicted by the HEC-RAS model of the baseline 2012 release
(March 31 through September 14) is about 76,923 acre-feet, which is somewhat higher than the
predicted seepage volume (359 acre-feet/day x 167 days = 59,953 acre-feet) presented in the Rio
Grande Project Allocation Committee (RGPAC) Draft Report entitled, “Analysis of River Conveyance
Efficiency for Initial Release of Project Water for Delivery to Acequia Madre Canal in 2012.” Compared to
baseline conditions, the total predicted seepage volume would decrease under Scenario 1 in each of the
segments due to the shorter duration of the release, resulting in a significant decrease to seepage along
the overall RGCP (about 66,800 acre-feet; Table ES-1). Compared to baseline conditions, the total
seepage volume under Scenario S1 would decrease by about 10,100 acre-feet, which equates to a
reduction of about 2.7 percent of the Caballo release (i.e., the seepage volume decreases from about
20.7 percent of the Caballo release under baseline conditions to about 18.0 percent of the Caballo
release under Scenario S1). Under Scenario S2, the predicted seepage volumes are higher than the
baseline condition in Segment 1 but are lower than baseline conditions in the remaining segments,
resulting in a moderate reduction to seepage along the overall RGCP (74,087 acre-feet; Table ES-1).
Compared to baseline conditions, the total seepage volume under Scenario S2 would decrease by 2,100
acre-feet, which equates to a reduction of about 0.8 percent of the Caballo release (i.e., the seepage
volume decreases from about 20.7 percent of the Caballo release under baseline conditions to about
19.9 percent of the Caballo release under Scenario S2). Results from the RGCP-scale channel water
budget indicate that, compared to baseline conditions, Scenario S1 would result in decreased channel
storage in Segments 1 and 2, and increased channel storage in Segments 3 and 4, and a total decrease to
channel storage along the overall RGCP. Compared to baseline conditions, the predicted channel
storage volumes at the end of the release under Scenario S2 would also decrease in Segments 1 and 2
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and would increase in Segments 3 and 4, but the total change in-channel storage along the overall RGCP
would increase.

Table ES-1. Summary of predicted (HEC-RAS) seepage rates along the RGCP under the
hypothetical release scenarios as compared to baseline (2012) conditions and as
percentage of release volume. Also shown is the RGPAC estimate for 2012.

Total Caballo Seepage as Seepage as
. Percent of
Release Scenario Seepage | Release Percent of
(ac-ft) (ac-ft) Caballo Baseline
Release
Baseline Conditions* 76,923 372,028 20.7% 100%
Scenario S1: Delayed 66,786 | 372,028 |  18.0% 86.8%
Single Pulse*
Scenario 52: Normal 74,087 | 372,028 |  19.9% 96.3%
Single Pulse*
RGPAC Estimate (2012) | 59,953 | 372,028 16.1% 77.9%

*Baseline conditions & Scenario S2 from April 1 to September 14; Scenario S1 from May 29 to September 14.

A similar analysis was conducted using the results from the calibrated FLO-2D modeling. The FLO-2D-
based seepage results are presented in Table ES-2. Using this modeling platform, the total volume of
seepage predicted for the baseline 2012 release (March 31 through September 14) is about 104,500
acre-feet, which is an increase of about 36 percent over the seepage volume predicted by the HEC-RAS
model. The seepage volumes predicted by the FLO-2D model for the hypothetical release scenarios are
also significantly larger than the estimates from the HEC-RAS modeling, with an increase of 26 percent
under Scenario S1 and an increase of 41 percent under Scenario S2. Results from the FLO-2D modeling
indicate that the total seepage volume would decrease significantly under Scenario S1, reducing by
about 20,500 acre feet compared to baseline conditions. This reduction equates to about 5.5 percent of
the Caballo Release. Under Scenario S2, the FLO-2D modeling indicates that the seepage volume would
be about the same as that under baseline conditions.

Table ES-2. Summary of predicted (FLO-2D) seepage rates along the RGCP under the hypothetical
release scenarios as compared to baseline (2012) conditions and as percentage of
release volume. Also shown is the RGPAC estimate for 2012.

Total Caballo Seepage as Seepage as
. Percent of
Release Scenario Seepage | Release Percent of
(ac-ft) (ac-ft) Caballo Baseline
Release
Baseline Conditions* 104,546 | 372,028 28.1% 100.0%
Scenario S1: Delayed 84,066 | 372,028 22.6% 80.4%
Single Pulse*
Scenario S2: Normal 104,684 | 372,028 28.1% 100.1%
Single Pulse*
RGPAC Estimate (2012) 59,953 372,028 16.1% 57.3%

*Baseline conditions & Scenario S2 from April 1 to September 14; Scenario S1 from May 29 to September 14.

The local-basin-scale water budget analyses of the hypothetical scenarios indicates that the surface
water storage would increase slightly under Scenario S1 compared to baseline conditions, but decrease
slightly under Scenario 2, and that the scenarios would have an opposite effect on groundwater storage.
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The estimated net storage (groundwater plus surface water) would increase slightly under Scenario S1,

but decrease slightly under Scenario 2.

ES-11. Conclusions and Recommendations

Primary Conclusions

The following primary conclusions were developed as part of this study:

The available data along the RGCP are not sufficient or is of insufficient quality to perform a detailed
water budget analysis.

Channel seepage was significant over the 3-year study period from 2010 to 2012. The HEC-RAS
model indicates that the volume of seepage was about 22 percent of the volume released from
Caballo Reservoir during this period, while the FLO-2D model indicates that the volume of seepage
was about 17 percent of the volume released from Caballo Reservoir.

Both the HEC-RAS model and FLO-2D model results are sensitive to the hydraulic conductivity input.
The HEC-RAS model results are also sensitive to the sediment thickness input, while the FLO-2D
model results are sensitive to the limiting storage depth input. Considering the differences between
the Darcy equation as applied in HEC-RAS and the Green-Ampt methodology as applied in FLO-2D, a
direct comparison of these two input parameters is not appropriate.

The most significant components in the RGCP-scale water budget are the upstream inflow,
diversions, downstream outflow, and channel seepage, in that order.

The most significant components in the local-basin-scale surface-water budget are the upstream
channel inflow, downstream channel outflow, pumping and groundwater recharge, in that order.
The most significant components in the local-basin-scale groundwater budget are pumping,
groundwater recharge, and groundwater return flow, in that order.

Recommendations for Best Water Management Practices for Future Years

Recommendations for best water management practices for future years include the following:

A delayed single-pulse release should be considered during future years of drought.

Considering that the 2011 pumping appears to have resulted in reduced groundwater levels in 2012
and the associated high degree of seepage that occurred during the beginning of the 2012 release,
significant pumping from the aquifer similar to that which occurred in 2011 is not recommended.
Instead, a more detailed investigation of the linkage between the 2011 pumping and groundwater
levels and channel seepage in 2012 should be undertaken. The results from this investigation could
then be used to determine upper limits of the pumping that would prevent overdraft of the aquifer.

Water management improvements may also come in the form of methods to improve on-farm
efficiency. These methods may include scientifically based scheduling of irrigation, increased use of
tailwater return systems, and improvements to the irrigation systems. Examples of improved
irrigation systems include improved furrows or changing from surface irrigation to pressurized
systems.

Recommendations for Channel Conveyance Improvements
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Recommendations for channel conveyance improvements include the following:

Removal of vegetation along the channel banks that increases the hydraulic roughness and reduces
the conveyance efficiency, provided this is accomplished within the framework of the USIBWC
Record of Decision for River Management Alternatives for the Rio Grande Canalization Project
(USIBWC, 2009). Areas that have dense salt cedar or other non-native woody vegetation should be
considered high priority sites for vegetation removal, while areas where this vegetation does not
significantly affect the hydraulic roughness should be considered low priority sites. Considering the
need for improved riparian habitat (USIBWC et al., 2004), removal of native vegetation along
overbanks and within the floodway should not be considered. It should be noted that at some
locations (i.e., at confluences with arroyos), vegetation also grows along the channel bed margins,
but this vegetation is typically grass and reeds so it does not appear to significantly affect the
hydraulic roughness.

Localized accumulations of sediment along the RGCP also appear to affect channel conveyance, and
removal of these sediments would improve efficiency. The most significant deposits tend to occur
upstream from the diversion dams and at the confluences of the tributary arroyos. Reducing the
amount of sedimentation at the arroyo confluences could be achieved by reducing the amount of
sediment that is delivered by the arroyos (i.e., using sedimentation basins in the arroyo watershed)
or by mechanically removing the material from the RGCP channel.

Similarly localized accumulations of sediment also appear to affect conveyance through the canal
and drain system, especially in the downstream portion of the wasteways where water is returned
to the Rio Grande. Mechanical removal of this material would improve the delivery of return flows,
thereby increasing the overall efficiency of the RGCP system.

Sedimentation could also be reduced by implementing the modified leases for grazing that would
result in reduced erosion as identified in the EIS (USIBWC et al., 2004).

Lining the RGCP with concrete would greatly improve the conveyance efficiency by reducing
seepage and increasing flow velocities, but this option is probably not feasible due to cost
constraints and ecological concerns. However, use of a synthetic impermeable membrane would
limit seepage and may be more cost effective and more environmentally sensitive than the concrete
lining.

It may also be possible to identify reaches where irregularities in the banks could be smoothed to
reduce energy losses and improve conveyance.

Recommendations for Future Studies

Recommendations for future studies include:

The Water Budget analysis could be refined with additional well data to better define the
groundwater profile along the RGCP.

Updated groundwater modeling that includes the 2010 through 2012 drought period would provide
better estimates of the groundwater components and would improve the accuracy of the study.
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It is also recommended that an analysis be carried out to determine the baseflow release rate prior
to the irrigation release that would be necessary to reduce the very high seepage rates that are
indicated by the FLO-2D model at the beginning of each pulse release.

The project reach of the RGCP Water Budget Study could be extended farther downstream to
include reaches of the Lower Rio Grande to better assess the effects of the various features along
the extended reach. To assess these features, it is recommended that the water budget study reach
be extended to the Fort Quitman gaging station.

Although this analysis indicates that the reduced duration of a delayed single pulse release would
result in reduced seepage volumes, the degree to which the delayed release would affect
groundwater pumping prior to the release is not known. If groundwater pumping were to increase
during the period prior to the release, the resulting reduction to groundwater levels could increase
seepage rates during the release, thereby reducing the benefits of the delayed release that are
indicated by this study. As such, it is recommended that a study be carried out to determine the
degree to which the delayed release would affect groundwater pumping prior to the release, and
assess how this change in pumping would affect seepage during the release.

Both the HEC-RAS and FLO-2D models appear to reasonably replicate the measured hydrographs,
and thus, reasonably predict channel seepage rates. However, because the FLO-2D model software
that was revised for this study now includes the capability to incorporate spatial and temporal
variability in hydraulic conductivity, the model platform is recommended for use in future studies.

Recommendations to Improve Accuracy of Study and Suggested Water Management Investments

Key recommendations to improve the accuracy of the study, which in some cases include suggested

water management investments, include:

A number of inflow/outflow locations are known to have gage information that was not available for
this study. This information should be obtained and incorporated to improve the accuracy and
completeness of the calculations.

Improve the quality of the existing surface water gages along the river, at diversions, and at the
return locations. Improvements to the accuracy of the gages could be achieved by increasing the
frequency of gage measurements for calibration purposes. Of particular interest would be the river
gages at Haynor, Picacho and Anthony.

At locations where inflows or outflows to the river are not gaged, the accuracy of the water budget
analysis could be improved by adding gages to these locations. Models for quantifying arroyo flows
could also be developed. A few major arroyos could be instrumented to study the rainfall-runoff
relationships and calibrated models could be developed for these arroyos. Models with similar
parameters could then be used to calculate stormwater inflows from ungaged arroyos for the
measured precipitation amounts. Models that will be developed by counties and cities adjoining the
RGCP as part of the interior drainage analysis for the levee system can be used when they become
available.
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e In addition to the recommended updates to the groundwater modeling, updated groundwater data
and information for the study period would benefit the accuracy of the groundwater-related
components of the water budgets.
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Conversion Factors

S| Units U.S. Customary Units
1 millimeter 0.0394 inches

1 meters 3.2808 feet

1 kilometer 0.6214 miles

1 hectares 2.4711 acres

1 cubic-meter/second (cms)

1 micro-meter/second

35.315 cubic feet/second (cfs)
0.02835 feet/day

U.S. Customary Units

Sl Units

1linch

1 foot

1 mile

1 acre

1 cubic foot/second (cfs)
1 foot/day

25.4 millimeters

0.3048 meters

1.6093 kilometers

0.4047 hectares

0.0283 cubic-meter/second (cms)
3.5273 micro-meters/second

Common Conversions

1 gallon/day

1 cubic-foot/second
1 acre-foot/day

1 cubic-foot/second

1.5472 x 10° cubic-feet/second
646,320 gallons/day

0.5042 cubic-feet/second
1.9835 Acre-feet/day
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1.0 INTRODUCTION

1.1 STUDY BACKGROUND

1.1.1 The Rio Grande Canalization Project

The United States Section of the International Boundary and Water Commission (USIBWC) Rio Grande
section of the Rio Grande Canalization Project (RGCP) is a narrow river corridor that extends 105.4 miles
from Percha Dam at River Mile (RM) 105.4 in Sierra County, New Mexico to American Dam at RM 0 in El
Paso, Texas (USIBWC et al., 2004). The RGCP reach is contained within the Lower Bioregion (Caballo
Dam, NM to Candelaria, TX) geomorphic subreach of the Rio Grande (Fullerton and Batts, 2003). The
RGCP was constructed between 1938 and 1943 under the authority of an Act of Congress approved June
4, 1936 (49 Stat. 1463), to facilitate compliance with the 1906 convention between the United States
and Mexico, and to properly regulate and control, to the fullest extent possible, the water supply for use
of the two countries as provided by the treaty (USIBWC et al., 2004). The 1936 Act authorized the
construction, operation and maintenance of the RGCP in agreement with the Engineering Record Plan of
December 14, 1935 (Baker, 1943; cited in USIBWC et al., 2004).

Major elements of the plan included acquisition of Right of Way (ROW) for the river channel and
adjoining floodways (8,332 acres), improvement of the alignment and efficiency of the river channel
conveyance for water delivery, and flood-control measures that extended through the Rincon and
Mesilla Valleys of New Mexico and El Paso Valley in Texas. As part of the RGCP, a deeper main channel
was dredged to facilitate water delivery for irrigation. Hydraulic capacity of the dredged channel ranged
from 2,500 to 3,000 cfs in the Upper Rincon Valley, to less than 2,000 cfs in the Lower Mesilla Valley
(USIBWC, 2001). In general, the dredged channel followed the alighment of the existing channel in most
locations (5-percent reduction in-channel length), resulting in a small increase in the average river bed
slope from 0.00073 (3.85 ft/mi) to 0.00074 (3.9 ft/mi). Canalization included riprapping portion of the
channel banks to prevent lateral migration of the channel.

Flood protection levees, designed to provide a 100-year level of flood protection, were placed along
two-thirds of the length of the RGCP (57 miles along the west side of the channel and 74 miles along the
east side), where the channel was not confined by hillslopes or canyon walls (e.g., Selden Canyon). The
width between the levees north of Mesilla Dam ranged from 750 to 800 feet, and it was a constant 600
feet downstream of Mesilla Dam. A number of NRCS sediment/flood-control dams were built between
1969 and 1975 on tributary arroyos to control flooding and sediment delivery to the RGCP from about
300 square miles of drainage basin downstream of Percha Dam. The NRCS dams in Broad Canyon, Green
Canyon, Arroyo Cuervo and Berrenda/laralosa Arroyo control approximately one third of the drainage
area between Percha and Leasburg Dams, and reduce the flood peak frequency by an estimated 40
percent (USACE and RTI, 1996). A recent evaluation of the project levees by MEI and Riada (2007)
determined that the design freeboard would be encroached during the 100-year flood (i.e., the water
surface would be within 3 feet of the levee crest) along 37 miles of levee in Dofla Ana County and 12
miles of levee in El Paso County. The MEI and Riada (2007) study found that levee overtopping would
occur during the 100-year event at several locations along the reach, with a total length of about 1 mile
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in Dofla Ana County and about two miles in El Paso County. As a result of this study, USIBWC is currently
in the process of raising the levees in the affected area.

1.1.2 Current Drought and Study Reasoning

The 2010 through 2012 period marks one of the most significant drought periods that have affected
Caballo Dam water releases for irrigation purposes, with increasing drought severity in each of the
years. The area around the RGCP experienced exceptional drought during the 2011 irrigation season and
severe drought during the 2012 irrigation season. Copies of the U.S. Drought Monitor Maps
(http://droughtmonitor.unl.edu/) for September 2010, 2011, and 2012 are shown in Appendix K. The
drought conditions are apparent when actual storage volumes for Elephant Butte Reservoir and Caballo

Reservoir  are compared to design capacity. According  to online datasets
(http://www.usbr.gov/uc/elpaso/water/rgreports), the maximum storage in Elephant Butte Reservoir
during 2010, 2011, and 2012 was approximately 600,000, 504,000, and 385,000 acre-feet, respectively,
compared to a storage capacity of approximately 2,000,000 acre-feet. At Caballo Reservoir, with a

storage capacity of approximately 332,000 acre-feet, the maximum storage during 2010, 2011, and 2012
was approximately 72,000, 63,000, and 24,000 acre-feet, respectively.

In 2012, US irrigators requested that the release be delayed by several months to insure adequate water
supplies during summer months, while Mexico required water deliveries during the normal period (April
through May), resulting in a double pulse release. In drought years, there is a benefit to maintaining a
single short duration release. This will improve conveyance efficiency while minimizing channel seepage.
In contrast, an initial release followed by a much later release will result in replenishment of the
unsaturated (vadose) zone twice, potentially increasing channel seepage.

1.2 STUDY PURPOSE

The primary purpose of this report is to determine the difference in the amount of Rio Grande Project
(RGP) (Figure 1) water supply available for diversion to Elephant Butte Irrigation District (EBID), El Paso
County Water Improvement District (EPCWID No. 1), and Mexico in 2012 under one or more proposed
release scenarios compared to a baseline of the actual project operations. During 2012, Rio Grande
Project water was released from Caballo Reservoir for delivery in the vicinity of El Paso, Texas in two
pulses. The first pulse was from April 1 through May 4 and a second pulse started on May 29 and
terminated on September 13. Alternatively, because of the need to conserve water as a result of the
extreme drought and a limited water supply, EPCWID No. 1 and EBID proposed that Rio Grande Project
water only be released in single pulse water from May 29 through September 13. This report documents
the amount of RGP water that was released, diverted from the Rio Grande, and lost to infiltration
(seepage) and evaporation and compares this baseline condition to the hypothetical situation if the
same amount of water had been released in a normal single pulse or delayed single pulse.

To quantify the differences between the water release, the diverted waters, and the seepage and
evaporation, an evaluation of the water budget components was carried out for the ongoing 2010 to
2012 drought periods along the Rio Grande Canalization Project (RGCP), which extends from Percha
Dam to American Dam over a distance of 105.4 miles. A separate evaluation of the water budget
components was carried out within the local groundwater basin for the same period. Through a
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guantification and comparison of the relative magnitudes of the water budget components, this study is
intended to help the stakeholders to manage release timings and volumes during years of water
scarcity. As such, the actual water budget for the 2012 period was compared to the water budget under
hypothetical releases that could have occurred in 2012. The hypothetical releases that were evaluated
included a normal single pulse and delayed single pulse release from Caballo Reservoir, and were
developed by the Rio Grande Project Allocation Committee (RGPAC).

1.3 WATER BUDGET ANALYSIS APPROACH

Water budget studies specific to drought conditions are lacking in the RGCP. Therefore, one of the
purposes of this study is to investigate the volume of channel seepage, since it is not fully understood
during periods of drought. This study develops channel (RGCP-scale) water budgets and local-basin-
scale water budgets based on surface water and groundwater components for the period from January
1, 2010, through November 30, 2012. To assess the effects of different release schedules on the various
water budget components, the amount of channel seepage in normal single pulse (Scenario S2) and
delayed single pulse (Scenario S1) irrigation releases and the amount of evaporation associated with a
normal or late irrigation release was estimated and compared to the water budget components for the
actual double-pulse release that occurred in the 2012 baseline year. As discussed in more detail below,
the channel water budget (RGCP scale) was carried out by subdividing the RGCP reach into four
segments. The Upper Reach (Caballo to Leasburg metering stations) and Middle Reach (Leasburg
metering station to Mesilla Dam) as shown in Figure 1 are two segments. The Lower Reach in Figure 1
was split into the remaining two segments—a third segment from Mesilla to Anthony metering station,
and a fourth segment from Anthony to downstream of American Dam. The local-basin-scale water
budget analysis was carried out for the overall RGCP (Caballo Dam to American Dam), and includes the
area that extends laterally to the approximate extents of the area that is affected by irrigation.

1.4 KEY STUDY LIMITATIONS

A number of limitations were identified during preparation of this study. Among the most important
limitations are incomplete or unknown inflows and outflows to the RGCP and unknown stream-
groundwater interactions, especially during periods of drought. The lack of available data representing
inflows and outflows to the Rio Grande, as well as groundwater level and flux data, is the single most
significant limitation to this study. Considering this lack of data and the complex processes that
govern stream-groundwater interactions, along with the fact that the groundwater model (SSPA,
2007) does not include the 2010 through 2012 study period, the results of this study should be
considered preliminary. Additional limitations of the study are outlined in Section 12.6.

2.0 STUDY AREA

The study area for the RGCP defined by the Scope of Work (USIBWC 2012a and 2012b) extends 105.4
miles from Percha Dam to American Dam. However, the surface-water modeling conducted under this
study flow and a number of reference documents refer to a 106.8-mile-long project reach that extends
from Caballo Dam to American Dam. Unless otherwise noted, all references to the RGCP in this report
are in reference to the 106.8-mile-long section that extends to Caballo Dam.
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As discussed in Section 9.0, the channel water budget study area at the RGCP scale is divided in four
segments:

Segment 1 - Caballo Dam to Leasburg River Cable metering station
Segment 2 - Leasburg River Cable metering station to Mesilla Dam
Segment 3 - Mesilla Dam to the Anthony metering station

Segment 4 - Anthony metering station to the Below American Dam gage.

The reaches are summarized in Table 1. Points of interest along the study reach are shown in Figure 2.
The local-basin-scale water budget study area covers the same reach of the RGCP, and generally covers
the portion of the groundwater basin that is directly affected by irrigation.

3.0 RIO GRANDE PROJECT ALLOCATION COMMITTEE 2012 DRAFT REPORTS

On March 31, 2012, the Rio Grande Project Allocation Committee (RGPAC) prepared a Draft Report
entitled, “Analysis of River Conveyance Efficiency for Initial Release of Project Water for Delivery to
Acequia Madre Canal in 2012,” referred to herein as the RGPAC Draft Report. The RGPAC Draft Report
summarized the anticipated conveyance efficiency for a release of Project Water from Caballo Reservoir
for delivery to the Acequia Madre Canal approximately 2.1 miles downstream of the American Diversion
Dam.

Using data obtained from numerous measurements of flow in the Rio Grande during March and April of
2011, and including consideration for the fact that drought conditions along the Rio Grande are more
extreme in 2012 than in 2011; the RGPAC Draft Report of river conveyance efficiency presented the
following conclusions:

e |t would take a release of 33,300 acre-feet of RGP water from Caballo Reservoir for the delivery to
Mexico of their current RGP allocation of 12,275 acre-feet.

e The difference between the amount released and the amount diverted to Mexico was estimated to
be 21,000 acre-feet.

e The diversion ratio, i.e., the ratio of the amount of water diverted to Mexico (12,275 acre-feet) to
the amount of water released (33,000 acre-feet) is about 37 percent.

e The conveyance efficiency estimated to be less than 34 percent’.

e Asignificant portion of the difference between the amount released and the amount diverted (i.e.,
about 21,000 acre-feet) would reduce future seepage in 2012 if a second release of RGP water were
to follow the initial release within a few days.

e An alternative schedule was presented in the RGPAC Draft Report which proposed diversions of RGP
Water for both EPCWID No. 1 and Mexico. That schedule proposed a release of 67,630 acre-feet of
water for a diversion of 12,275 acre-feet to Mexico and 34,285 acre-feet to the EPCWID No. 1, with

! The RGPAC Draft Report does not explicitly state how this value was estimated.
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a resulting diversion ratio ((12275+34285)/37630) of 69 percent and a conveyance efficiency of
about 66 percent.’

3.1 CONVEYANCE EFFICIENCY

The RGPAC Draft Report indicates the amount of RGP Water released from Caballo Reservoir and
flowing in the Rio Grande to the American Diversion Dam (a distance of 106.8 river miles) is diminished
by (1) evaporation, (2) seepage, (3) channel storage, and (4) unauthorized diversions. The Draft Report
characterizes the majority of the Rio Grande as being channelized from Caballo Dam to the American
Diversion Dam, with a wetted surface width ranging from 150 to 400 feet and an average wetted surface
width of approximately 240 feet. The RGPAC Draft Report also indicates that typical depths of flow along
the Rio Grande are shallow; with exceptions for thalweg channels, which can be five feet, or more, in
depth, but usually are only 20 to 30 feet in width.

The components that diminish the conveyance efficiency of the Rio Grande, as identified in the RGCAP
Draft Report are summarized in the following sections.

3.1.1 Evaporation

The loss of water volume due to daily evaporation is presented in the RGPAC Draft Report as 26 acre-
feet (rounded to the nearest whole acre-foot) for every 0.10 inches per day of water-surface
evaporation. This estimate was determined by performing the following calculation:

Daily Evaporation = 106.8 mi x 5,280 ft/mi x 240 ft x 0.10 in./12 in. x 1 ac/43,560 sq. ft. = 26 acre-feet

3.1.2 Channel Storage

The magnitude of this loss was based on the fact that for water released from Caballo Reservoir, a
certain amount of the release must accumulate as channel storage (i.e., the water must physically be
stored above the bed and between the banks of the Rio Grande). Based on several hundred measured
cross sections of the river and direct measurements made during previous releases of water, the
RGPAC's estimate of the channel storage is 5,000 acre-feet for a release from Caballo Dam that is below
a discharge rate of 1,000 cfs.

3.1.3 Channel Seepage

The RGPAC Draft Report points out that seepage of water through the bed and banks of the Rio Grande
is typically made up of two phases: (1) a first phase of rapid rate of infiltration of water (typically
referred to as Initial Abstraction) in order to fill the voids and porosity of the soil beneath and adjacent
to the river upon initial release of flows, and (2) a second phase of steady-state seepage that occurs
between 15 to 25 days later, when the seepage rate from the river becomes steady and does not change
significantly from day-to-day.

The RGPAC Draft Report used the flow of water discharged from the Las Cruces Waste Water Treatment
Plant into the Rio Grande just upstream of the Interstate Highway 10 to make an estimate of channel

’ The RGPAC Draft Report does not explicitly state how this value was estimated.
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seepage. The steady-state seepage rate downstream from the Wastewater Treatment Plant was
estimated to be approximately 7.9 acre-feet per mile per day. Extrapolating this seepage rate for the
106.8 river miles between Caballo and American Dams would yield 847 acre-feet per day, or a daily
average of 427 cfs. However, the RGPAC Draft Report notes that the seepage rate along this portion of
the Rio Grande is likely greater than in other portions of the Rio Grande; thus extrapolation of this high
seepage rate would likely overestimate the average steady-state seepage rate for the Rio Grande.
Accordingly, the Draft Report suggested that the estimate for the average steady-state seepage rate for
the entire 106.8 miles of the river for 2011 was 139 cfs, or 275 acre-feet per day; and for 2012 that
estimate was 181 cfs, or 359 acre-feet per day. The Draft Report did not include any calculations for the
seepage estimates in 2011 and 2012, so the source of these estimates is not known.

3.1.4 Unauthorized Diversions

The RGPAC Draft Report notes that during previous releases of RGP Water from Caballo Reservoir,
various governmental agencies have observed unauthorized diversions of surface water from the Rio
Grande. The Draft Report also indicates that, at the time of preparation of the report, there was no good
estimate of the magnitude of these diversions; and that work is ongoing to estimate the amount of
unauthorized diversions and to stop such diversions.

3.1.5 Return Flows

In addition to losses, the RGPAC Draft Report provides a 2011 estimate of return flows to the Rio Grande
of 70 cfs (about 139 acre-feet per day) upstream of the American Diversion Dam.

3.2 RIO GRANDE PROJECT ALLOCATION COMMITTEE 2012 DRAFT REPORT CONCLUSIONS

The RGPAC Draft Report notes that because of the large number of changes in the amount of water
flowing in the Rio Grande over time, it is difficult, and likely economically impossible, to determine the
conveyance efficiency of the river on a reach-by-reach basis. Consequently, the overall fluvial system
was analyzed in the report as a single-unit system by comparing the cumulative volume of water
released (mass curve) to the cumulative volume of water diverted for authorized use.

The RGPAC Draft Report also noted that drought conditions along the Rio Grande are significantly worse
in 2012 than they were in 2011. The RGPAC estimates that the Initial Abstraction for 2012 will be in the
range of 30 percent greater than what occurred in 2011, and thus the corresponding conveyance
efficiency of the Rio Grande will be significantly less during the initial release for 2012 than it was in
2011. Accordingly, the best estimate of the amount of water that would have been lost if the proposed
release were carried out according to Table 8 presented in the Draft Report would be (1) an Initial
Abstraction of 20,200 acre-feet (this includes channel storage), (2) a steady-state seepage of 5,400 acre-
feet, (3) an evaporative loss of 1,500 acre-feet, (4) a loss below American Diversion Dam of 200 acre-
feet, and (5) a net return of 6,000 acre-feet after the release is discontinued per the proposed release
schedule. This leads to a net system-wide loss of 27,300 acre-feet, and net differential loss of 21,300
acre-feet (i.e., 20,200 acre-feet +5,400 acre-feet + 1,500 acre-feet + 200 acre-feet - 6,000 acre-feet).
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3.3 ANALYSIS OF MULTI-YEAR DROUGHT AND D2 LINEAR REGRESSION EQUATIONS

This report provided an evaluation of the USBR’s “D2 Equation” under multi-year drought conditions.
The D2 Equation is a linear regression equation that predicts the annual amount of RGP Water available
for diversion based on the amount of RGP Water that is released from storage at Caballo Dam based on
measured volumes for the period between 1951 and 1978. The linear regression assumes that all data is
not correlated, which is not correct during periods extreme drought conditions in multiple years
because the volume that is available for diversion is affected by the volume that was released the
previous year; thus, the regression equation is biased and in error during these periods.

The report included a summary of an evaluation of the period between 1954 and 1957 during which
there was a release volume of less than 400,000 acre-feet, or three consecutive years with release
volumes of this amount. The analysis indicated that a correction factor should be applied to the linear
regression equation during this period that should also be applied during other periods when releases of
less than 400,000 acre-feet occur over consecutive years. These correction factors decrease from 0.88 in
the first consecutive year (i.e., the second year with a release of less than 400,000 acre-feet) to 0.78 in
the second consecutive year to 0.75 for remaining years.

4.0 DATA COLLECTION AND DATA REVIEW

Data and information for the project, most of which was provided by the US International Boundary and
Water Commission (USIBWC), included:

e Previous studies for the RGCP by the US Army Corps of Engineers, and the corresponding HEC-RAS
and FLO-2D modeling,

e 2011 LiDAR-based 1-meter DEM topography,
e Precipitation and Gage Data along the RGCP, and
e Data from stakeholders and public agencies.

Data to develop the water budget study were assembled from several sources. A table of the data
assembled for the study is included in Appendix A, Table A-1. Hydraulic models and the associated
modeling data, along with reports from previous hydraulic studies developed for the RGCP were
provided by the USIBWC. River diversion and reservoir evaporation data, including flow releases from
Caballo Reservoir, were provided by the US Bureau of Reclamation (USBR) to USIBWC. The USIBWC
coordinated with the New Mexico State Engineer’s Office (NMOSE) to provide groundwater modeling
and the associated reports prepared in 2007. Available data from the El Paso County Water
Improvement District No.1 (EPCWID No. 1) and the EBID were either provided by the USIBWC or were
downloaded from the EBID website.

Data from the various EBID radio telemetry units that are available from the EBID website were
downloaded by the USIBWC and Tetra Tech. These data included:
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e Drains e Headings

e  Monitoring wells e Irrigation wells
e River gage data e Laterals

e Checks e Spillways

e Dams e Turnouts

e Flumes

A summary of EBID drain data is included in Appendix B, Table B-1. Data from the Del Rio Drain, East
Drain, West Drain, La Mesa Drain, and Nemexas Drain were used to evaluate inflows to the river. The
Rio Grande Operations Manual (USBR, 2010) indicates gage data are collected at 38 drain locations, but
these data were not available for this study.

USIBWC provided historical river gage data for El Paso and for the summation of the gages at the
American Canal and Below American Dam. The flows are summarized in (Appendix B, Table B-2).

USBR diversion data are summarized in Appendix B, Table B-3 and include mean daily diversions at
Percha, Arrey, Leasburg, Eastside, Westside, and Del Rio.

EBID river gage data included mean daily flow summaries for Rio Grande gages downstream of Caballo
Dam, Haynor Bridge, Picacho, Leasburg Cable below Leasburg Dam, below Mesilla Dam, and at Anthony.
The records at Haynor, Picacho, and Anthony are not considered as reliable and were not used in this
study. EBID river gage data were available from the gaging station below Caballo. Raw data for Caballo
Dam outflows are shown in Appendix B, Table B-4. Flow data that were processed to account for
missing flows and spurious data are summarized in Appendix B, Table B-5. EBID Gage data are
summarized in Table 2.

5.0 KEY ASSUMPTIONS

5.1 ELEVATION DATA

The vertical data for elevations in this report vary. The previous topographic mapping for the HEC-RAS
model was in feet referenced to the North American Vertical Datum of 1988 (NAVDS88). The 2011 LiDAR
topography was also referenced to NAVD88, but required conversion from meters to feet before use in
the hydraulic modeling. The vertical datum for other elevations in this report, including well data, is not
known and was assumed to reference NAVDS88.

5.2 GROUNDWATER INFORMATION

Estimates for selected groundwater components, including subsurface groundwater flows into and out
of the Rio Grande, floodplain recharge, and evapotranspiration for riparian and agricultural areas were
obtained from an existing MODFLOW groundwater model that was prepared by SSPA (2007). The data
from the MODFLOW model represent irrigation and non-irrigation periods in 2003-2004, a period in
which the Rio Grande was fully allocated and the inputs are not representative of the extreme drought
conditions in 2010 through 2012. The analysis can be improved by using data that is representative of
the drought period.
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5.3 ACCURACY OF AVAILABLE DATA

Data that were directly used in this study was assumed to be accurate. As with any study that involves
use of measured data to assess existing conditions or to predict future responses, the validity of the
results presented in this study, while believed to be reasonable, is limited to the accuracy of the
available data. In a number of cases, the measured data were not used or only used anecdotally since
the reported data are believed to be inaccurate. Data that were not used because of the questionable
accuracy have been identified.

6.0 EVALUATION OF DISTANCE BETWEEN WATER TABLE AND RIVER BED

A comparison of groundwater and riverbed elevations for 2010 through 2012 is provided in Table 3. Well
locations are shown in Figure 3. The trends of the groundwater elevation shows a general lowering of
the water table between 2010 and 2012 as would be expected during drought conditions. The
groundwater elevation compared to the channel thalweg varies based on the linear distance between
the well and the river. It is recognized that the well data included in this analysis only represents the
local groundwater conditions in the vicinity of the wells and does not represent the variability between
the wells, and that this analysis could be improved if additional well information near the Rio Grande
were available.

Estimates of the distance between the water table and the riverbed along the RGCP channel were
prepared using representative EBID well data and channel invert data from the unsteady HEC-RAS flow
model (see Section 7.3). The results are shown in Table 4. Table 5 summarizes groundwater depths
observed at USIBWC restoration sites during in June/July 2010 and shows how the depths were assigned
to each well site for use in the HEC-RAS modeling.

7.0 CHANNEL SEEPAGE

7.1 GENERAL OVERVIEW OF SEEPAGE

Seepage along the RGCP is not entirely understood. A number of studies have been prepared to identify
areas that are losing flow to seepage, or conversely areas that are gaining flow that is returned from
groundwater. Most of the reviewed studies were not conducted during periods of prolonged drought, so
the results of these studies may not reflect seepage conditions for the ongoing period of drought. In
1993, the USIBWC prepared a study of seepage between Picacho Bridge (near Las Cruces, NM) and
Courchesne Bridge (El Paso, TX) for the USBR (USIBWC, 1993). This study included data that were
collected between 1985 and 1992. Results from this study indicated that the entire study reach was
losing flow during the overall study period, and only the reach between Vado Bridge and Canutillo
Bridge experienced gains in 1992. A separate study (TRC, 2010) was prepared for the USIBWC to
evaluate the depth to groundwater at 24 USIBWC restoration sites along the RGCP (Table 5). This study
included groundwater depth measurements collected in June and July of 2010 along with measured well
data, and indicated that almost all of the sites would be considered losing areas. The only areas that
were identified as gaining were in the vicinity of the Rincon Siphon and at the Mesilla Valley Bosque site.
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A review of recent aerial photography was carried out to identify reaches of the RGCP that could be
gaining or losing reaches based on the degree of open water identified during the non-irrigation season.
An initial review of the aerial photography that was collected as part of the 2011 LiDAR survey indicated
that portions of the photography appeared to be collected during the period prior to the initial Caballo
release, while other portions were collected during the initial phases of the release. Because it was
unknown which portions of the photography were collected prior to the release, this set of photography
was not used in the review. Instead, Google Earth™ imagery was reviewed, which included aerial
imagery on November 9 and 26, 2011, and November 5, 2012. Reaches that were identified as wet but
that are obviously affected by drain return flows were not considered to be gaining reaches. Similarly,
wet reaches below the diversion dams were not considered to be gaining reaches because the local
groundwater table was probably still draining the pool area above the dam. The resulting areas that
were identified as possible gaining reaches included:

e Aroughly 7-mile-long reach of intermittent flowing or ponded water located between Bignell Arroyo
and Leasburg Diversion Dam.

e A 2.3-mile-long reach of intermittent flowing or ponded water located below Picacho Bridge.
e A l.4-mile-long reach of intermittent flowing or ponded water located below the Mesilla Gage.
e A 0.9-mile-long reach of intermittent flowing or ponded water located below the Highway 28 Bridge.

e A 0.7-mile-long reach of intermittent flowing or ponded water located below the Anthony metering
station.

Of the above locations that were identified as potential gaining reaches, the only one with a significantly
long distance was that reach between Bignell Arroyo and Leasburg Diversion Dam. Because the degree
to which return flows from pumping affect the conditions in the RGCP is unknown, it appears unlikely
that there are any other reaches of significant distances that are truly a gaining reach since late 2011.

7.2 CHANNEL SEEPAGE ANALYSIS — FLO-2D MODELING

FLO-2D modeling of the RGCP was originally developed to estimate channel seepage in 2004 and was
later updated to be compatible with the FLO-2D Version 2009. For this analysis, the FLO-2D modeling is
updated to represent the 2011 topographic mapping and is calibrated to the 2012 Caballo release
hydrograph provided by the Rio Grande Project Allocation Committee (Figure 4). This model is different
than the HEC-RAS model in that it uses the Green-Ampt method to simulate channel infiltration, and the
model code was updated specifically for this project to incorporate varying K. values over the
simulation. This modification was necessary to account for the initial abstractions that occur during the
initial phases of the Caballo release, which were apparently very high in 2012. In addition, the model
includes spatially varied K, values that were identified for seven separate reaches (Segment 1 was
subdivided at Haynor Bridge, Segment 2 was subdivided at Picacho Bridge, and Segment 4 was
subdivided at Courchesne Bridge). This model appears to calibrate reasonably well to the 2012 release
hydrograph at a variety of gages along the RGCP. Results from this model indicate that initial K, values
would range from 0.36 to 2.5 feet/day, and would decay to between 0.08 and 1.4 feet/day. Results also
indicate that of the approximately 190,000 acre-feet of water released by Caballo Dam during the period
of simulation, about 69,700 acre-feet would be infiltrated and about 4,800 acre-feet would be lost to
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evaporation. The FLO-2D author (Dr. Jim O’Brien) updated the model code to report the predicted
seepage rates as spatially varied time series for input to the water budget analysis. A summary of the
FLO-2D modeling, the predicted seepage rates, and the associated water budget analysis is provided in
Appendices G1 through G5.

It should be noted that even though the Haynor, Picacho, and Anthony gages are believed to be suspect,
these gages were used during the calibration of the FLO-2D model to track the timing and overall shape
of the hydrographs. A more detailed discussion of the use of these gages, and the implications of using
these gages on the predicted seepage rates, is included in Appendix G1.

7.3 CHANNEL SEEPAGE ANALYSIS — UNSTEADY HEC-RAS MODELING

Channel seepage was estimated using the USACE Hydrologic Engineering Center (HEC) River Analysis
Software (RAS), version 4.1. HEC-RAS is a one-dimensional hydraulic model that allows for steady and
unsteady-flow analysis. The unsteady approach includes a groundwater interflow boundary condition
that estimates seepage or inflows to the main channel using Darcy’s equation (Figure 5).

Mussetter Engineering Inc. (MEI), which is now Tetra Tech, prepared HEC-RAS modeling of the RGP for
the USIBWC in 2007 (MEI and Riada, 2007). USIBWC provided a revised version of the model, dated
2008, for use as a starting point in the analysis. The 2008 USIBWC model is understood to be the most
recent hydraulic model that covers the project reaches and was updated based on proposed levee
improvements within the project reach.

Appendix H summarizes data collection and model development, steady state model calibration for
known discharges and water-surface elevations, and unsteady model calibration to observed outflow
hydrographs during the 2012 irrigation season. It should be noted that the Haynor, Picacho, and
Anthony metering stations were not used to calibrate the HEC-RAS model because the data at these
gages are believed to be suspect (Dr. Al Blair, pers. comm., November 2012). The calibrated model is
then used to evaluate outflow hydrographs from Caballo Reservoir in 2010 through 2012, and two
hypothetical outflow hydrographs: Delayed Single Pulse Hydrograph (S1) shown in Figure 6, and the
Normal Single Pulse Hydrograph (S2) shown in

Figure 7. The hypothetical hydrographs are evaluated during the irrigation season in 2012.

7.3.1 Unsteady HEC-RAS Model Results: Caballo Reservoir Qutflows

Saturated hydraulic conductivity (K.,;) was treated as a calibration parameter and was varied on a reach
by reach basis to match surface flows in the HEC-RAS model with recorded gage data. The initial value of
Ksat was 0.114 feet/day. This is consistent with the initial “vertical hydraulic conductivity” (K’) that was
used for conductance calculations in the URGWOM Technical Completion Report (USACE, 2012). The
calibrated values of K, for this “baseline” model are listed below:

e Segment1=0.150 feet/day
e Segment 2 = 0.664 feet/day
e Segment 3 = 0.664 feet/day
e Segment 4 = 0.664 feet/day
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By comparison, the final K;; values from the FLO-2D modeling (Appendix G1) varied from 0.03 to 0.60
feet/day during the first pulse in 2012, and from 0.08 to 1.4 feet/day in the second pulse in 2012.

The modeled groundwater interflow results in the main channel (seepage and return flow) for the
baseline model are provided in Table 6. The overall seepage rates for the entire RGCP vary from 22.4 cfs
(44.5 acre-feet per day) to 356.8 cfs (707.6 acre-feet per day), and average 230.8 cfs (457.9 acre-feet per
day). The total volume of seepage predicted by the HEC-RAS model of the baseline 2012 release (March
31 through September 14) without irrigation return flows is about 76,084 acre-feet, and is about 76,923
acre-feet based on the model with irrigation return flows. These estimates are somewhat higher than
the predicted seepage volume (359 acre-feet/day x 167 days = 59,953 acre-feet) presented in the Rio
Grande Project Allocation Committee (RGPAC) Draft Report entitled, “Analysis of River Conveyance
Efficiency for Initial Release of Project Water for Delivery to Acequia Madre Canal in 2012.” The 2012
flow volumes with and without returns are summarized in

Table 7. For the Leasburg gage, which is not affected by returns, the difference is zero. For the Mesilla
gage, the modeled flow volume without returns (175,017 acre-feet) is 1 percent less than the modeled
flow volume with returns (176,835 acre-feet). For the El Paso gage, the modeled flow volume without
returns (144,297 acre-feet) is 6 percent less than the modeled flow volume with returns (153,604 acre-
feet).

7.3.2 Unsteady HEC-RAS model Results: Hypothetical Irrigation Release Pulses

In accordance with the Scope of Work (USIBWC, 2012a and 2012b) the calibrated HEC-RAS model was
used to analyze two hypothetical irrigation release scenarios from the upstream reservoirs to predict the

impact on channel seepage and other water budget components.

The analyses were conducted for a delayed single-pulse hydrograph (Release Scenario S1) and a normal
single-pulse hydrograph (Release Scenario S2) provided by the RGPAC. Plots of the inflow hydrographs
are included in Figure 6 and

Figure 7, respectively. Both of the hypothetical release scenarios have a release volume that is identical
to the actual (baseline) 2012 release of 372,028 acre-feet.

Seepage results for the delayed single-pulse hydrograph (Release Scenario S1) and a normal single-pulse
hydrograph (Release Scenario S2) are shown in Table 8 and Table 9. For Release Scenario 1, the overall
seepage rates vary from 25.1 cfs (49.7 acre-feet per day) to 425.6 cfs (844.1 acre-feet per day), and
average 306.1 cfs (607.1 acre-feet per day). For Release Scenario 2 the overall seepage rates vary from
22.0 cfs (43.6 acre-feet per day) to 373.9 cfs (741.7 acre-feet per day), and average 222.3 cfs (441.0
acre-feet per day). While the minimum, maximum, and average seepage rates under the S2 Scenario are
less than those under the S1 Release Scenario, the total volume of seepage in the S2 Release Scenario
(74,087 acre-feet) is roughly 11 percent more than the total volume in the S1 Release Scenario (66,786
acre-feet). The higher volume for the S2 Release Scenario results from a longer release period (167 days)
versus the 110-day release period under the S1 Release Scenario. Both of the hypothetical release
scenarios result in reduced total seepage volumes compared to the baseline 2012 condition, which
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indicated a total seepage volume of about 76,084 acre-feet. The predicted cumulative seepage volumes
under baseline conditions and for the hypothetical release scenarios are presented in Figure 8.

7.3.3 Comparison to Other Seepage Studies

Between 1988 and 2007, the USGS conducted a series of seepage investigations (USGS 1988-2007) along
specific segments of channels and drains located within the Rio Grande watershed, including segments
of the Rio Grande. In general, the investigations were conducted at times when flows in the
channels/drains were low in magnitude. The results, summarized in Table 10, indicate that net
reductions in the stream flows due to seepage occur only along the Rio Grande. The channels and drains
included in the study show negative seepage values where inflows exceeded seepage. Seepage
estimates are not only dependent upon the magnitude of inflows into the system, but also upon the
time of the year that seepage occurs—particularly relative to preceding flows which would have a direct
effect on achieving a steady-state seepage rate within and along the channel cross section.

The USGS estimates indicate that along the 62.4-mile-long study reach, seepage rates range from as
little as 7.2 cfs (14.3 acre-feet per day) to as much as 40.3 cfs (79.9 acre-feet per day). Ignoring the flow
rates and time of the year, if these seepage rates are assumed applicable along the entire 106.8-mile-
long river corridor of the Rio Grande Canalization Project, then seepage estimates would range from
about 12.3 cfs (24.5 acre-feet per day) to about 69 cfs (136.8 acre-feet per day). The rates estimated by
the USGS are comparable with the minimum seepage rate (22.4 cfs, 44.5 acre-feet per day) for the
calibrated model (Table 6). However, it should be noted that the seepage values from the USGS analyses
were performed during a period with full allocation of project water, in which seepage rates are
controlled by the conveyance in the agricultural drainage system. During times of extreme drought, such
as the 2010 through 2012 period, the groundwater elevations are below the inverts of the canals and
seepage is not affected by the drainage system.

A comparison of the HEC-RAS results to the USIBWC (1993) seepage study was also carried out to
evaluate how the model-based seepage estimates compare with historical observations (Table 11). The
gains and losses reported in the USIBWC (1993) are based on measured flows at the river