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1 Introduction 
The City of Corpus Christi (CoCC or City) operates the Choke Canyon Reservoir / Lake Corpus Christi / 
Lake Texana System (CCR/LCC System) as its primary water supply for a population of over 500,000 (in 
the area), 300,000 of which reside in Corpus Christi. In the operation of this system, the City is subject to 
the terms and conditions of the 2001 Texas Commission on Environmental Quality (TCEQ) Agreed 
Order (Agreed Order; attached as Appendix A) that defines the monthly freshwater inflow targets for 
Nueces Bay which, in turn, govern the passage of inflows through the reservoir system. The monthly 
targets in the Agreed Order are generally based on the MaxH (Maximum Harvest) and MinQ (Minimum 
Flow) solutions obtained from the TWDB’s TxEMP Model for the Nueces Estuary.1,2 These solutions are 
based, in part, on functional relationships relating bimonthly freshwater inflows to reported commercial 
harvests of seven selected species (recognizing that other factors such as temperature, fuel cost, 
economics, harvest pressure, gulf stock, etc. may affect harvest also).  Studies of recent hydrologic trends, 
driven by more frequent and severe drought cycles, indicate that the timing of freshwater inflows may no 
longer correspond to the timing of these events as defined in the Agreed Order.   

The Nueces Basin and Bay Area Stakeholder Committee (Nueces BBASC) recommended a study be 
performed to re-examine the monthly pass-through targets that are part of the Agreed Order. As described 
in Section 4.1 of the Nueces Basin and Bay Expert Science Team report (Nueces BBEST 2011), it is 
believed that there has been a seasonal shift in inflows to Nueces Bay and the CCR/LCC System that 
serves as the CoCC primary water supply. The Nueces BBASC report (Nueces BBASC, August 2012), in 
Section 2.3, suggests that opportunities to better manage limited freshwater inflows may be identified by 
reviewing new data that were not available during development of the 1995 Agreed Order, which is the 
pre-cursor to the 2001 Agreed Order, for current pass-through operations of the reservoir system. This 
research was recommended to see what modifications to the Agreed Order might be considered for 
ecological purposes and to quantify the associated impact of any such modifications on the reliable water 
supply of the City and its customers. 

Another question to be answered by this study involves a comparison of the City’s current demand with 
that of the safe yield demand used for regional planning purposes, as well as CCR/LCC System 
operations and associated differences in freshwater inflows (FWI) to Nueces Bay. The concern is that, as 
the City’s demands increase into the full safe yield demand (which is greater than the current demand), 
freshwater inflows to the Nueces Bay could be further reduced.  As part of this study, simulations of the 
current demand and the safe yield demand were completed in order to compare current and future 
freshwater inflow magnitudes and frequencies of occurrence in Nueces Bay. Safe yield for purposes of 
this analysis is defined as the annual water supply demand that can be placed on the CCR/LCC System 
which results in a minimum system storage of approximately 125,000 acft during the worst month in a 
repeat of the critical drought. 

The two main goals of the study are: 

 Determine if a “shift” has occurred in CCR/LCC System inflows and what impact this 
“shift,” if used to modify monthly targets in the Agreed Order, might have on safe yield and 
FWI to Nueces Bay (Scope of Work Task 1). 

                                                   

1 TWDB, TPWD, & TNRCC, “Texas Bays and Estuaries Program, Determination of Freshwater Inflow Needs,” 
September 1998. 

2 TPWD & TWDB, “Freshwater Inflow Recommendation for the Nueces Estuary,” September 2002. 
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 Compare FWI to Nueces Bay resulting from a safe yield demand of 192,0003 acft/yr to a 
current demand of 130,000 acft/yr on the CCR/LCC System. 

This report describes the analyses performed to achieve the goals and contains a brief summary of the 
potential impacts of modifying the Agreed Order on reservoir system yield. The report also briefly 
discusses the future implications for the study area, Figure 1-1, with recommendations for additional 
investigation. 

 

 

Figure 1-1. Location of the Study Area 

  

                                                   

3 Note that the scope of work referenced a safe yield of 205,000 acft/yr. This value was from the 2011 Region N 
plan and associated modeling assumptions. For this analysis, the safe yield was updated to be consistent with the 
safe yield reported in the 2016 Region N Initially Prepared Plan, 192,000 acft/yr. 
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2 Corpus Christi Water Supply Model Description 
The Corpus Christi Water Supply Model (CCWSM) is a multi-basin water supply model that includes 
operations of Choke Canyon Reservoir (CCR), Lake Corpus Christi (LCC; including reservoir “pass-
throughs” for Nueces Bay), Lake Texana, and potential future water supplies from the Lower Colorado 
River (i.e. Garwood water). For the 2006 Coastal Bend Regional Water Plan (2006 Plan), the CCWSM 
was updated (HDR 2006) to include hydrology for the drought of the 1990s, which extended the 
simulation period of the model from 1934 to 2003. The CCWSM is a planning / operational model that 
uses historical hydrologic data (natural inflows and evaporation) to simulate reservoir operations on a 
monthly time-step under various demands / environmental flow scenarios. 

The model was originally developed as a tool to evaluate the effects of reservoir operation and 
environmental flow policies on system yield and FWI. Computations in the model simulate evaporation 
losses in the reservoirs, as well as channel losses in the rivers associated with water delivery from CCR to 
LCC, and from LCC to the City’s water supply intake near the Calallen Diversion Dam. In addition, to 
account for sediment deposition in the reservoirs, the model includes elevation-area-capacity relationships 
representative of different decades including 2010, 2020, 2060, and 2070. The history of CCWSM 
development and applications is summarized in a series of HDR project reports dating back to 1991 
(HDR, et al., May 1991, November 1991, 1993, January 1999, and 2006). 

The CCWSM is a water accounting model and as such does not try to replicate existing data in the model 
output, in other words it does not require calibration. The CCWSM utilizes known input data (inflows, 
evaporation) under a set of hypothetical operating scenarios (water rights usage, environmental pass-
throughs, etc.) to evaluate the impacts of user-specified scenarios on reservoir levels, water supply 
reliability, and bay inflow. The CCWSM focuses on major water rights, reservoir operations, and 
alternative management scenarios in the lower Nueces River Basin while the TCEQ water availability 
model (HDR October 1999) simulates all water rights throughout the Nueces River Basin.  

Figure 2-1 displays a screen shot for the main input screen of the CCWSM. The CCWSM was the 
primary tool for performance of this study. The model was used to evaluate the effects of changes in 
demands and monthly bay inflow targets on safe yield and frequency and magnitude of bay inflows. 
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Figure 2-1. CCWSM Main Input Screen  

3 Scenario Development and Interaction with Stakeholders 
Study objectives and results were presented at meetings in the Corpus Christi area. The first stakeholder 
meeting occurred on June 16, 2014, as part of the Nueces Estuary Advisory Council (NEAC) meeting in 
Corpus Christi. This meeting focused on presenting the scope of the study and its goals. Input was 
solicited and received from stakeholders regarding their expectations of desired outcomes. Presentation 
materials used at this meeting are included in Appendix B. 

Three subsequent meetings were attended to present preliminary results to the NEAC. The first of these 
meetings coincided with a regularly scheduled NEAC meeting and occurred on October 20, 2014, and 
included attendees from TCEQ, Coastal Bend Bays and Estuaries Program (CBBEP), Nueces River 
Authority (NRA), Sherwin Alumina, Texas Water Development Board (TWDB), Port of Corpus Christi 
Authority (Port), Center for Coastal Studies (CCS), Harte Research Institute (HRI), City of Corpus Christi 
(CoCC), Texas Parks and Wildlife Department (TPWD), and the South Texas Water Authority (STWA), 
among others. Presentation materials from this meeting are included in Appendix B. This meeting focused 
on explaining the preliminary results from Task 2 analysis comparing current system demands with safe 
yield demand and the associated differences in FWI.  

A second results meeting occurred on February 23, 2015, at a regularly scheduled NEAC meeting in 
Corpus Christi. The meeting included attendees from CBBEP, NRA, TWDB, TCEQ, Port, CCS, HRI, 
CoCC, Naismith Engineering (NE), RPS Group, and STWA, among others. Presentation materials from 
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this meeting are included in Appendix B. This meeting focused on explaining the preliminary results of 
Task 1 analysis including monthly flow and precipitation patterns, inflow trends, and evaluation criteria 
utilized for modeling exercises.  

The third meeting occurred on June 22, 2015, at a regularly scheduled NEAC meeting in Corpus Christi. 
The meeting included attendees from CBBEP, NRA, TWDB, TCEQ, Port, CCS, HRI, CoCC, NE, RPS 
Group, and STWA, among others. Presentation materials from this meeting are included in Appendix B. 
This meeting focused on presenting the modeling analysis completed for Task 1 and the preliminary 
conclusions and recommendations of the study.  

4 Re-evaluation of the Agreed Order Monthly Targets  
As mentioned previously and referenced in the Nueces BBASC and BBEST reports, there are data that 
suggest a potential shift in the monthly inflow patterns that have been recently occurring in the Nueces 
Bay and Estuary and the CCR/LCC System. Task 1 of the Nueces BBASC Study No. 1 consists of 
compiling reference data (including stream flow, precipitation, and model naturalized flow), determining 
whether the data suggest a different monthly pattern, and evaluating how an alternative monthly pattern 
might affect safe yield of the system and resulting bay inflows. 

HDR compiled available data for both long-term and recent periods for the Nueces watershed. Sources of 
data included the U.S. Geological Survey (USGS), National Climate Data Center (NCDC), Nueces River 
Authority (NRA), and other public entities. The current period of record of the CCWSM is 1934 – 2003.  
This data focused on the long-term (1934 – 2014), the short-term (1986 – 2014; since Choke Canyon 
Reservoir initially filled), and the recent (2004 – 2014; since the end of data contained in the CCWSM) 
time frames in order to identify any changes in seasonal hydrology. Geographically diverse sets of data 
were evaluated to try and identify variability within the Nueces watershed, but all data showed similar 
trends regardless of location in the basin. Relative magnitudes of flow and precipitation generally increase 
closer to the coast, but the trends within the data appear similar regardless of location. 

4.1 Data Compilation  
HDR obtained long-term monthly precipitation data4 for four sites in the study area including: 

 Nueces River near Tilden, 

 Frio River near Derby, 

 Lake Corpus Christi, and  

 Calallen Dam. 

These data include monthly values starting in 1895. Even though a portion of these data is outside the 
study period (1934 – 2014), it is interesting to note that the minimum annual precipitation at all four sites 
occurred in 1917 and ranged from 6.34 inches at Tilden to 10.11 inches at Calallen. These data were 
evaluated for trends by comparing statistics representative of the long-term, short-term, and recent 
periods. 

Naturalized inflows were obtained from the CCWSM for three control point locations: 

                                                   

4 http://prism.oregonstate.edu/ 
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 CP01 – Nueces River at Tilden, 

 CP02 – Frio River near Derby, and 

 CP05 - Nueces River near Mathis. 

These data are available for the period of record of the CCWSM (1934 – 2003). Naturalized flow is 
stream flow data that has been adjusted to remove any anthropogenic effects (diversions, discharges, 
reservoirs, etc.). In other words, this is the stream flow that would have occurred at these sites if human 
development of the resource had not occurred. Naturalized flow is the base hydrological parameter that 
the CCWSM utilizes when simulating various operational and management scenarios. Similar to 
precipitation, naturalized flow data were evaluated for trends by comparing statistics representative of the 
long-term and short-term periods. Recent trends are not available since the data have not been updated 
past 2003. 

Available stream flow data from the USGS was obtained for four different sites covering a variety of 
timeframes, including: 

 USGS 08210400 Lagarto Creek near George West, TX (1972 – 2014); 

 USGS 08194500 Nueces River near Tilden, TX (1942 – 2014); 

 USGS 08205500 Frio River near Derby, Texas (1915 – 2014); and 

 USGS 08189700 Aransas River near Skidmore, TX (1964 – 2014). 

Similar to precipitation and naturalized flow, gaged stream flow data were evaluated for trends by 
comparing statistics representative of the long-term, short-term, and recent periods. 

4.2 Data Analysis 
Hydrologic data were organized and statistical analyses were performed. For example, the precipitation 
data were summarized by month and plotted as time series for each station as shown in Figure 4.1. The 
10-yr moving average was calculated for this data and added to the plot, as shown in Figure 4-2. 
Arithmetic means were then added to the plot for the three time periods being evaluated in this study. In 
Figure 4-3, the red line represents the long-term average; the green line represents the short-term average; 
and the purple line the recent average. Similar analyses were performed for each month at each location. 
These monthly analyses were also performed for naturalized flow and stream flow data. 

The purpose of this analysis was to identify months in which the short-term and recent averages were 
different than the long-term average. As an example, in Figure 4-3, the recent July precipitation average 
(purple line) is about 4.5 inches, while the long-term and short-term averages are 2.5 – 3 inches. This 
difference indicates a potential shift in the data. Generally, if a potential shift was identified in one site for 
a variable, then that shift would be apparent at the other sites for the same variable. The short-term and 
recent averages were compared to the long-term averages for each variable (precipitation, naturalized 
flow, and stream flow) for each month at the selected locations. The entire period of record available for 
each variable was included in determining the long-term average. The comparison of the short-term and 
recent data for apparent shifts was made against the long-term average as well as looking at the 10-year 
moving averages of the same data.  

As mentioned previously, arithmetic means were compared to identify potential shifts. A parallel analysis 
was also performed using medians for all data sets since mean data can be skewed by extreme outlier 
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events (i.e. significant rainfall during a tropical event). The results using medians were similar to the 
results using means. While the long-term monthly median and mean values are not appreciably different 
in most instances, the short-term and recent values show more variability. This is likely due to the short 
lengths of time considered (11-29 years) for these periods. Therefore, since the results for means and 
medians are similar, only the results for the means are presented in this report.  Tests of statistical 
significance were applied to confirm or reject the visual indications. 

The Kolmogorov-Smirnov (K-S) test5 was utilized to assess whether the apparent trends identified by 
looking at the statistics in the monthly hydrology are significant when the recent and short-term time 
periods are compared with the long-term time period. The K-S test is a general test of the equivalence of 
two distribution functions, and is based on the comparison of two empirical distribution functions. For 
this work, the empirical distribution functions are associated with the monthly values of precipitation, 
gaged stream flow, and naturalized flow (QNAT) for two different time periods under consideration. The 
null hypothesis that two different distributions are the same is rejected at the α level (e.g. 15%) when 
there is a confidence level of [1-α].  15% was used as the threshold of statistical significance for this 
study. 

Appendix C contains selected plots of the data compiled and analyzed as part of this study. This appendix 
also contains the numerical values from the K-S tests.  

 

 

Figure 4 1. July Precipitation Totals near Calallen for 1895 - 2014 

                                                   

5 http://www.itl.nist.gov/div898/handbook/eda/section3/eda35g.htm 
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Figure 4-2. July Precipitation Totals and 10-year Moving Average near Calallen 1895 - 2014 

 

Figure 4-3. July Precipitation Totals and 10-year Moving Average near Calallen for 1895 – 2014 
with Long-Term, Short-Term and Recent Trend Lines 
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Statistical significance was determined and used to verify potential shifts for each variable for the 
different time frames. Results are summarized in Table 4-1 and suggest that April, May, June, August, 
and December may be associated with a hydrological shift to drier conditions. Overall trends (drier, 
wetter, or no change) were determined by aggregating the results for precipitation, stream flow, and 
naturalized flow and making a determination based on engineering judgment. For example, a comparison 
of the means for the hydrologic variables for July indicates a potential hydrological shift to wetter 
conditions. In other words, all of the variables showed wetter shifts when looking at the means for July. 
However, after testing for statistical significance, only precipitation for the recent period and QNAT for 
the short-term period showed any actual significance. The resulting determination when looking at all the 
variables after a statistically significance test was no change compared to the long-term. 

Based on these results, five of the months (April, May, June, August, and December) are shown to be 
trending drier than the long-term average. The other months are shown to have no significant trend either 
drier or wetter. Even though there have been record setting wet events in July during the recent and short-
term periods, means associated with these periods are not significantly different from the long-term 
means. One interesting note is that most of the data that showed a wetter July also showed a return to 
drier than normal conditions over the last couple of years evaluated. This would seem to indicate, 
although more years of data will be needed to confirm, that the recent wetter Julys are part of a natural 
hydrological cycle and not a seasonal shift. 

Table 4-1. Comparison of Recent (R) and Short-Term (ST) Hydrology with the Long-Term  
 

 
 

 
 

Additional analyses were completed to look at the monthly contribution percentage to the annual totals 
for the same hydrologic parameters of precipitation, stream flow and naturalized flow. These results 
provide a slightly different perspective than the above analysis. These results are indicative of a potential 
shift in monthly contribution, but do not address the question of volume which the previously described 
analysis does.  

Figure 4-4 compares the monthly contribution of precipitation near Calallen for the three time periods 
referenced in the study. This figure indicates that the months of July and September have been 
contributing more to the annual totals for the recent time period than has historically occurred for the long 
and short-term periods, while June and August have shown to be lower contributors. 

Figure 4-5 which provides the same information for stream flow on the Nueces River near Tilden shows 
somewhat similar results. The lower June and higher July shifts are present in this data; however, the 

Variable Jan-ST Jan-R Feb-ST Feb-R Mar-ST Mar-R Apr-ST Apr-R May-ST May-R Jun-ST Jun-R

Precipitation ↔ ↑ ↔ ↔ ↑ ↔ ↔ ↓ ↓ ↓ ↔ ↔

Streamflow ↔ ↓ ↔ ↔ ↓ ↓ ↓ ↔ ↓ ↔ ↓ ↓

QNAT ↔ ↑ ↑ ↔ ↔ ↓

Trend No Change No Change No Change Drier Drier Drier

Variable Jul-ST Jul-R Aug-ST Aug-R Sep-ST Sep-R Oct-ST Oct-R Nov-ST Nov-R Dec-ST Dec-R

Precipitation ↔ ↑ ↓ ↓ ↓ ↑ ↓ ↓ ↔ ↔ ↔ ↓

Streamflow ↔ ↔ ↓ ↔ ↔ ↓ ↔ ↑ ↔ ↓ ↓ ↓

QNAT ↑ ↔ ↔ ↓ ↔ ↔

Trend No Change Drier No Change No Change No Change Drier
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August and September trends are not there with an October showing to be a bigger contributor for the 
recent period. 

Figure 4-6 is the same information for naturalized flow at the Nueces near Mathis location, but as 
mentioned previously these data are only available for the long and short-term periods. These data 
generally align similar for most months but show some slight variation to lower contribution in May, 
June, September and October with higher November and December.  

This methodology attempts to directly address whether the relative monthly percentages of annual inflow 
have changed in recent years. For precipitation and stream flow there is an indication that the data suggest 
a lower contribution for June and more of a contribution in July. This is similar to the findings of those 
shown in Table 4-1. When combined with the results from Table 4-1 the data suggest that recent periods 
have been drier with a slight shift away from June inflows to more potential inflows in July. 
 

 
Figure 4-4. Comparison of Monthly Percentage of Annual Precipitation near Calallen  
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Figure 4-5. Comparison of Monthly Percentage of Annual Stream flow Nueces near Tilden 

Figure 4-6. Comparison of Monthly Percentage of Annual Naturalized Flow for Nueces near 
Mathis  
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4.3 Data Evaluation 
One of the goals of this study is to determine if different monthly pass-through targets associated with a 
seasonal shift in hydrology are a feasible alternative to the existing targets in the Agreed Order. A series 
of integrated water availability modeling analyses were conducted with the CCWSM to assess the relative 
implications of different alternative water management scenarios. These analyses are useful for 
consideration of the balance between water supply and environmental flow needs in the development of 
strategies involving the reservoir system, Nueces Bay inflows, and Rincon Bayou Pipeline operations. 

Even thought the first part of this evaluation did not show statistically significant shifts that could be 
incorporated into a new set of recommended monthly pass-through targets, the findings of the analyses 
did influence the alternative scenarios discussed in the following text. Shifts in hydrology that indicate 
drier climatic conditions do not necessarily correlate to lowering targets. While targets can be lowered in 
one month to allow for a raise in another, lowering a target for a month that is trending drier will likely 
not have a large impact on either safe yield or FWI. This is because the targets are just that, targets and 
can only be met with inflows to the reservoir system and downstream runoff. If a month is trending drier, 
lowering the targets is not going to result in any significant change in FWI unless targets are drastically 
lowered, such that what inflow does occur can be kept in the reservoir for water supply. However, one 
key characteristic of drought in the Nueces River Basin is a severe lack of inflows. No inflows equates to 
no pass-throughs regardless of target amounts. 

Three alternative reservoir operating scenarios (Uniform, May-June-July (MJJ), and April-May-June-

July-August-December (AMJJAD)) were developed and modeled as part of this study. These scenarios are 
all generally based on the same set of operating assumptions with only the volume and timing of the 
inflow targets in the Agreed Order being modified between simulations. While the baseline scenario 
utilizes monthly targets and trigger levels described in the 2001 Agreed Order, the other three scenarios 
presented in this section utilize monthly inflow targets that result in different bay inflow regimes. These 
scenarios were informed by the results of the trend analyses described in Section 4.2. Note that for all 
scenarios, the annual totals of the inflow targets remained the same, the zone definitions were not 
changed, and the zone 3 and 4 triggers and targets were not altered. 

Table 4-2 summarizes the monthly inflow targets by zone for the 2001 Agreed Order, the baseline 
scenario for this study. Zone 1 is defined as system storage down to 70%. Zone 2 is defined as system 
storage between 70% and 40%, while zone 3 is 40%-30%. There are no pass through targets when the 
reservoir system drops below 30% of conservation capacity. 
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Table 4-2. Monthly Targets (acft) for Baseline Safe Yield Scenario 

 
 

Table 4-3 shows the same information for the Uniform scenario. In this scenario, the monthly target 
volumes are spread uniformly through the traditionally “wetter” months of April through Nov. Changes 
were applied to both the zone 1 and zone 2 values. 

Table 4-3. Monthly Targets (acft) for Uniform Safe Yield Scenario 

 
 

Table 4-4 shows the monthly target information for the MJJ scenario, which stands for May, June, and 
July.  The focus of this scenario is to move some of the higher May and June targets to July to attempt to 
capture any effects of the recent inconclusive trend showing July to be wetter than the long-term average. 
Changes were applied to both the zone 1 and zone 2 values. 

Month Target Month Target Month Target

Jan 2,500 Jan 2,500 Jan 1,200

Feb 2,500 Feb 2,500 Feb 1,200

Mar 3,500 Mar 3,500 Mar 1,200

Apr 3,500 Apr 3,500 Apr 1,200

May 25,500 May 23,500 May 1,200

 Jun 25,500  Jun 23,000  Jun 1,200

Jul 6,500 Jul 4,500 Jul 1,200

Aug 6,500 Aug 5,000 Aug 1,200

Sept 28,500 Sept 11,500 Sept 1,200

Oct 20,000 Oct 9,000 Oct 1,200

Nov 9,000 Nov 4,000 Nov 1,200

Dec 4,500 Dec 4,500 Dec 1,200

TOTAL 138,000 TOTAL 97,000 TOTAL 14,400

Zone 1 Zone 2 Zone 3

Month Target Month Target Month Target

Jan 1,500 Jan 1,250 Jan 1,200

Feb 1,500 Feb 1,250 Feb 1,200

Mar 1,500 Mar 1,250 Mar 1,200

Apr 16,500 Apr 11,500 Apr 1,200

May 16,500 May 11,500 May 1,200

 Jun 16,500  Jun 11,500  Jun 1,200

Jul 16,500 Jul 11,500 Jul 1,200

Aug 16,500 Aug 11,500 Aug 1,200

Sept 16,500 Sept 11,500 Sept 1,200

Oct 16,500 Oct 11,500 Oct 1,200

Nov 16,500 Nov 11,500 Nov 1,200

Dec 1,500 Dec 1,250 Dec 1,200

TOTAL 138,000 TOTAL 97,000 TOTAL 14,400

Zone 1 Zone 2 Zone 3
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Table 4-4. Monthly Targets (acft) for MJJ Safe Yield Scenario 

 
 

Table 4-5 shows the monthly target information for the AMJJAD scenario, which stands for April, May, 
June, July, August, and December.  The focus of this scenario is to attempt to capture any effects of the 
recent trends showing some of these months to be drier while others are wetter than the long-term 
averages. Changes were applied to both the zone 1 and zone 2 values. 

Table 4-5. Monthly Targets (acft) for AMJJAD Safe Yield Scenario 

 
 

Table 4-6 summarizes safe yields and annual Nueces Bay inflow statistics associated with the four 
scenarios as generated by simulation in the CCWSM. QBAY1 is the CCWSM output variable that relates 
to Nueces Bay inflow. As shown in the table, all the changes associated with evaluating these different 
scenarios are small for both safe yield and FWI. Generally, increases in safe yield result in reductions in 
the average and median annual Nueces Bay inflows.  

Month Target Month Target Month Target

Jan 2,500 Jan 2,500 Jan 1,200

Feb 2,500 Feb 2,500 Feb 1,200

Mar 3,500 Mar 3,500 Mar 1,200

Apr 3,500 Apr 3,500 Apr 1,200

May 13,750 May 12,750 May 1,200

 Jun 13,750  Jun 12,500  Jun 1,200

Jul 30,000 Jul 25,750 Jul 1,200

Aug 6,500 Aug 5,000 Aug 1,200

Sept 28,500 Sept 11,500 Sept 1,200

Oct 20,000 Oct 9,000 Oct 1,200

Nov 9,000 Nov 4,000 Nov 1,200

Dec 4,500 Dec 4,500 Dec 1,200

TOTAL 138,000 TOTAL 97,000 TOTAL 14,400

Zone 1 Zone 2 Zone 3

Month Target Month Target Month Target

Jan 2,500 Jan 2,500 Jan 1,200

Feb 2,500 Feb 2,500 Feb 1,200

Mar 3,500 Mar 3,500 Mar 1,200

Apr 3,325 Apr 3,325 Apr 1,200

May 22,950 May 21,150 May 1,200

 Jun 22,950  Jun 20,700  Jun 1,200

Jul 12,875 Jul 10,275 Jul 1,200

Aug 5,850 Aug 4,500 Aug 1,200

Sept 28,500 Sept 11,500 Sept 1,200

Oct 20,000 Oct 9,000 Oct 1,200

Nov 9,000 Nov 4,000 Nov 1,200

Dec 4,050 Dec 4,050 Dec 1,200

TOTAL 138,000 TOTAL 97,000 TOTAL 14,400

Zone 1 Zone 2 Zone 3
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Table 4-6. Modeling Results for Selected Scenarios 

 
 

Figures 4-7 through 4-15 below present system storage for the 1990s drought, storage frequency plots for 
the entire period of record, and monthly frequency of Nueces Bay inflow for each of the three evaluated 
scenarios compared to the baseline scenario. System storage is the combined storages of LCC and CCR; 
Lake Texana storage is not included in this system storage calculation. The plots illustrate the relatively 
minor changes that result from modifying the pass-through targets. Once again this illustrates how the 
system is driven by inflows and diversions, not the pass-through targets. The option to evaluate these 
results using the TWDB TxBLEND model was given in the scope of work. However, since the results 
were similar to the baseline run, this additional task was deemed to have little value for the study. 
However, small differences seen in the monthly bay inflows, depending on the time of year and weather 
conditions, could impact salinity in the Bay. The TxBLEND model may not capture the fine scale salinity 
changes that could make an impact on this ecosystem. Perhaps future studies could focus on fine scale 
salinity changes in the bay associated with smaller changes in monthly inflows.  

 

Scenario

Safe Yield 

(acft/yr) Average Median Minimum

Baseline 191,839 390,467 164,530 6,515

Uniform 195,145 387,520 164,930 6,515

MJJ 196,092 386,565 159,005 6,515

AMJJAD 192,525 389,814 166,319 6,515

 Annual QBAY (acft/yr)
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Figure 4-7. Storage Trace for Baseline and Uniform during 1990s Drought 

 
Figure 4-8. Storage Frequency for Baseline and Uniform (Dashed Lines = Trigger Levels)  
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Figure 4-9. Monthly Bay Inflow Frequency for Baseline and Uniform  
 

 
Figure 4-10. Storage Trace for Baseline and MJJ during 1990s Drought 
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Figure 4-11. Storage Frequency Trace for Baseline and MJJ (Dashed Lines = Trigger Levels) 
 

 
Figure 4-12. Monthly Bay Inflow Frequency for Baseline and MJJ  
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Figure 4-13. Storage Trace for Baseline and AMJJAD during 1990s Drought 
 

 
Figure 4-14 Storage Frequency Trace for Baseline and AMJJAD (Dashed Lines = Trigger Levels) 
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Figure 4-15. Monthly Bay Inflow Frequency for Baseline and AMJJAD  

5 Comparison of Safe Yield versus Current Demand 
One question that arose during the meetings of the Nueces BBASC was if the current drought (2010-
2013) is resulting in such limited inflows to Nueces Bay, how much lower might these inflows have been 
if the system were under a full safe yield demand. The objective of Task 2 of this study is to provide 
quantitative analysis to illustrate the differences in FWI under two different demand scenarios. The results 
provide some general information that can be applied to the current drought even though this drought is 
not contained in the CCWSM. 

The CCWSM was utilized to simulate the City water supply system under two different demand 
scenarios. The first scenario is the baseline (i.e. safe yield) with a demand of about 192,000 acft/yr, which 
leaves a minimum reserve storage of about 125,000 acft in the reservoir system during the drought of 
record. This is approximately the 2020 estimated safe yield of the CCR/LCC System without the use of 
Mary Rhodes Phase 2 Pipeline used in the 2016 Coastal Bend Region Initially Prepared Plan. The second 
scenario is the current demand scenario with a demand of 130,000 acft/yr on the water supply system. 
These scenarios were simulated subject to the following modeling assumptions. 

 2001 Agreed Order monthly targets and pattern 

 Lake Texana deliveries via the Mary Rhodes pipeline 

o 41,840 acft/yr firm contract 

o 12,000 acft/yr interruptible contract when Lake Texana is above 43 ft-msl 

 Municipal and industrial return flow to Nueces Bay 
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o 5.35 MGD (about 499 acft/mo) which counts towards meeting any monthly inflow target 

 2020 estimated storage conditions in all reservoirs 

Safe yield supply is the amount of water that can be withdrawn from a reservoir such that a specific 
volume remains in reservoir storage during the critical month of the drought of record. For regional 
planning purposes, the surface water availabilities for the City of Corpus Christi and their customers are 
currently based on safe yield analyses and assume a reserve of 125,000 acft (i.e., 14 percent of LCC/CCR 
System conservation storage) remaining in storage.  

The results of these simulations are summarized in the following figures and tables and focus on 
combined reservoir storage, freshwater inflows to Nueces Bay, and mass balance of the system.  
Figure 5-1 shows the combined storage trace of the reservoirs represented as percent of system 
conservation storage.  The blue line represents the safe yield scenario and the green line represents the 
current demand scenario.  

As expected, the blue line is lower during much of the simulation period as a result of the higher water 
supply demand on the system. This difference is most notable during periods of drought when reservoir 
system storage drops below 70% of capacity for extended periods of time.  Figure 5-2 shows the same 
information, but focuses on the drought of record contained in the CCWSM which occurred in the 1990s. 
This graph shows that, as the drought progresses, the difference in storage increases because of the higher 
demand under the safe yield scenario.  Figure 5-3 is the same information as Figure 5-1, but presented as 
a frequency plot. This plot shows the exceedance probability for system storage under the two demand 
scenarios. Dashed lines on this graph represent the triggers that separate the zones specified in the Agreed 
Order. This information is also presented in Table 5-1 for three time periods: 1986-2003, representing the 
period after CCR filled; 1934-1985, representing the period before CCR filled; and 1934-2003, 
representing the entire simulation period of the model.  Figure 5-4 is the same information, but presented 
graphically comparing the two demands by time period showing the percent of time in each storage zone. 
Three things stand out from looking at these figures and this table. One is that the higher demand from the 
safe yield scenario results in system storage dropping into the lower zones whereas the current demand 
does not. Two is that the current period from 1986-2003 is drier than the entire period, as shown by the 
overall lower attainment frequencies. Three is that the pre-CCR period is wetter than the entire period of 
record shown by the overall higher attainment frequencies. 

These plots show how the different demands relate to lake level, but this is not the entire picture that must 
be considered when looking at FWI to the bay. Higher system storage equals higher zone and higher 
targets, but without inflow these higher targets do not result in additional inflow to the bay. 
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Figure 5-1. Storage Trace for Safe Yield and Current Demand scenarios 

 
Figure 5-2. Storage Trace for Safe Yield and Current Demand Scenarios during 1990s Drought 
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Figure 5-3. Monthly Storage Frequency for the CCR/LCC System for the Safe Yield and Current 
Demand Scenarios (Dashed Lines = Trigger Levels) 

 

 Table 5-1. Storage Zone Frequency for Safe Yield and Current Demand Scenarios 
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Scenario Time Period

Storage 

Zone 1

Storage 

Zone 2

Storage 

Zone 3

Storage 

Zone 4

Safe Yield 36.6% 44.4% 11.6% 7.4%

Current Demand 72.2% 27.3% 0.5% 0.0%

Safe Yield 80.4% 11.7% 5.9% 1.9%

Current Demand 86.1% 13.6% 0.3% 0.0%

Safe Yield 69.2% 20.1% 7.4% 3.3%

Current Demand 82.5% 17.1% 0.4% 0.0%

1986-2003

1934-1985

1934-2003
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Figure 5-4. Storage Zone Frequency for Safe Yield (SY) and Current Demand (CD) Scenarios 

 

The other metric evaluated in the comparison of current demand versus safe yield demand is the volume 
and frequency of inflow to Nueces Bay.  Figure 5-5 is a frequency plot of the monthly bay inflows from 
the model output for the two scenarios. At this scale, the figure illustrates a system that is driven by short 
periods of high flows and long periods of low flows with another small period of moderate flows that 
provide opportunity to manage the system. 

Table 5-2 lists target attainment frequency as a percent of time (months) and as a percent of target volume 
(annual target) for the three time periods for both scenarios. Monthly targets are met between 23% and 
30% of the time for all time periods and scenarios. The table shows that the maximum annual target 
volume (138,000 acft/yr) is met between 33% and 62% of the time for all time periods and scenarios. The 
higher attainment frequencies in the table show that the 1934-1985 period was wetter than the 1986-2003 
period. Note that this is due to the natural variation of the hydrologic cycle and not the construction of 
CCR, as CCR is included in the model runs as if it were constructed in 1934. As shown in the table, the 
monthly percent of time attainment frequencies are slightly higher for the safe yield scenario during the 
1986 – 2003 time frame. Although counterintuitive at first, this is a result of the target levels dropping 
into lower zones more quickly during the dry times. In other words, during dry times, the safe yield 
scenario is more likely to meet targets because they are lower than the current demand scenario. This 
indicates that, even though system storage was higher and carried with it higher targets, the lack of 
inflows during dry periods resulted in only slight percentage differences in FWI to the bay. 
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Figure 5-5. Frequency Plot of Monthly Bay Inflow 

 Table 5-2. Target Attainment Frequency for Safe Yield and Current Demand Scenarios 

 
 

 Figure 5-6 is the same information as Figure 5-5, but on an exaggerated scale covering the typical 
magnitude of the highest volume monthly targets. This graph illustrates the difference between the two 
scenarios when not dominated by high volume spill events. This figure shows that for both scenarios, 
about 60% of the time the simulated FWI is less than 5,000 acft/month. The differences between the two 
scenarios are driven by the lower demand leading to higher targets due to the higher lake levels resulting 
from lower overall demand. Through the steeper part of the curve, down to about 5,000 acft/month, there 
is about a 6% difference where the current demand would result in higher flows in about 6%, or less, of 
the months. Below 5,000 acft/mo are key months where the Rincon pipeline can be used to deliver 
smaller volumes of freshwater to the Rincon Bayou to maximize effectiveness of the freshwater releases.  
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Target Attainment 

(% of months)

Target Attainment 

(% of Max Annual Target 

Volume - 138,000 acft)

Safe Yield 26.4% 33.3%

Current Demand 23.6% 33.3%
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Current Demand 30.0% 61.4%
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Figure 5-6. Frequency Plot of Monthly Bay Inflow (Zoomed Scale) 

 

The CCWSM has the ability to calculate annual harvest for seven key species using the TWDB Nueces 
Harvest Equations6 and simulated freshwater inflows subject to a selected demand or operational 
scenario.  Such calculations are particularly relevant as the monthly targets in the Agreed Order are based, 
in part, on these harvest equations.  Annual harvest calculations were performed for seven species using 
time series of simulated inflows for the two demand scenarios.  Table 5-3 summarizes long-term average 
annual freshwater inflow and harvest for each of these species for the two demand scenarios and includes 
the adjusted coefficient of determination for each species harvest equation as an indication of predictive 
power.  

                                                   

6 TWDB, “Values and Constraints for the TXEMP Model Used in the Freshwater Inflow Analysis of the Nueces 
Estuary,” Technical Memorandum (Appendix in Freshwater Inflow Recommendation for the Nueces Estuary), 
August 2001. 
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Table 5-3. Long-Term Annual Average Freshwater Inflows and Harvest 

 
Observations upon review of Table 5-3 include the following:  

 Moving from current demand to full safe yield operations would increase firm water supply by 47 
percent while decreasing long-term average annual freshwater inflow by 3.7 percent. 

 Adjusted coefficients of determination for the species harvest equations range from 0.28 (Blue crab) to 
0.91 (Spotted seatrout) indicating that the equations based on freshwater inflow explain between 28 
percent and 91 percent of the variation in annual species harvest.7  The average of the adjusted 
coefficients of determination is 0.62. 

 Moving from current demand to full safe yield operations might be expected to result in  increases in 
long-term average annual harvest of White shrimp (+4.4%) and Brown shrimp (+1.3%) and decreases 
in long-term average annual harvest of Blue crab (-2.1%), Spotted seatrout (-9.1%), and Red drum (-
12.1%).  Results for Black drum (although calculated as an increase of +5.8%) are considered 
inconclusive. 

 In terms of thousands of pounds of long-term average annual harvest (excluding Black drum), moving 
from current demand to full safe yield operations might be expected to result in an increase on the 
order of 25 klbs (1,000 pounds) or 1.2 percent.  

6 Conclusions / Recommendations 
This report describes the analyses performed to achieve the goals of the study which are: 

 Determine if a “shift” has occurred in CCR/LCC System inflows and what impact this “shift,” if 
used to modify monthly targets in the Agreed Order, might have on safe yield and FWI to Nueces 
Bay (Task 1). 

 Compare FWI to Nueces Bay resulting from a safe yield demand of 192,000 acft/yr to a current 
demand of 130,000 acft/yr on the CCR/LCC System (Task 2). 

                                                   

7 Ibid. TWDB, August 2001. 
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For Task 1, hydrologic data was compiled and analyzed to identify any changes in monthly patterns 
potentially indicating that a shift, or redistribution, of Agreed Order monthly targets for bay inflow might 
be appropriate. Conclusions of these statistical and modeling analyses are summarized as follows. 

 Some of the data provided an indication of wetter Julys for the recent period. However, the visual 
trends in the data were not statistically significant to indicate a wetter July shift. In fact, no 
months exhibited wetter short-term or recent period averages that are statistically significant. The 
observed change could be due to natural variation in the hydrologic variables (i.e. random 
chance). 

 The months of April, May, June, August, and December did show short-term and recent 
reductions in precipitation and flow indicating drier conditions than the long-term average. 

 Overall, the short-term period (1986-2014) showed to be generally drier than the long-term 
average. 

 Short-term and recent drier conditions do not suggest lowering of the Agreed Order targets since 
the target can only be met by passing inflows. If it is truly dry then there are generally limited 
inflows to pass. 

 The data do show a potential difference in monthly contribution for some of the months when 
looking at precipitation and stream flow. The data presented indicate less contribution in June and 
more in July when looking at precipitation and stream flow, which appears to be a shift from 
historical patterns. The data also suggest less contribution in August with more in the fall, but 
these are not a shift as much as they appear to be a strengthening of an existing pattern. 

 Three alternative monthly pass-through target scenarios were evaluated to determine the potential 
effects of modifying the Agreed Order monthly targets on safe yield and FWI. 

 Changes associated with evaluating these different scenarios are small for both safe yield and 
FWI. Generally, increases in safe yield result in reductions in average and median annual Nueces 
Bay inflows.  Each scenario including modification of monthly Agreed Order pass-through 
targets resulted in increased safe yield and decreased FWI. 

 While the analysis does not suggest a need to change the Agreed Order targets to accommodate a 
shift in the in the monthly occurrence of inflows, there is potential for modifying the Agreed 
Order targets with potential benefits to safe yield and limited impact to freshwater inflows to 
Nueces Bay. 

For Task 2, the CCWSM was used to simulate operations and FWI under current and safe yield demands 
and the model output was evaluated in terms of system storage levels and FWI to Nueces Bay. These 
analyses resulted in the following conclusions. 

 Higher (safe yield) system demands result in lower system storage levels and more time spent in 
zones with lower pass-through targets as defined by the Agreed Order.  

o However, the lower (current) demand scenario does not result in significantly higher 
attainment frequencies (months and volume) of FWI during the driest times. Since the 
Nueces system seems to be driven by extreme wet and dry times, the higher pass-through 
targets (resulting from lower demand and higher lake levels) are not met because the 
Nueces watershed does not generate much inflow during dry times. 
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 Freshwater inflows to Nueces Bay could be reduced as water use from the CCR/LCC System 
approaches safe yield.  Such reductions in FWI, however, are not necessarily indicative of 
equivalent percentage reductions in average annual fisheries harvest.  As described in Section 5, 
moving from current demand to full safe yield operations would increase firm water supply by 47 
percent while decreasing long-term average annual freshwater inflow by 3.7 percent and 
potentially increasing overall pounds of commercial harvest of key species. 

 In addition, this comparison of different demand scenarios reflects neither the potential increases 
in effluent entering the estuarine system with increases in demand nor the incremental ecological 
benefits of freshwater diversions to the Nueces delta through the Rincon pipeline and the Rincon 
diversion canal. 

Following is a list of recommendations for additional study specifically focused on Agreed Order pass-
through targets, system operations, and FWI to the bay. 

 Additional studies looking at adaptive management opportunities should be performed prior to 
any potential updates to the Agreed Order. The pass-through targets in the Agreed Order are static 
in that there is no flexibility to pass-through May or June target deficits when significant inflows 
occur in July. What this study has shown is that the targets can be adjusted with potential benefit 
to safe yield and limited impact to FWI. Additional investigation might examine how the Agreed 
Order could be adapted to provide needed relief during short-duration drought episodes. 
Operations of the Rincon Bayou pipeline, which brings freshwater into the delta, illustrates how 
adaptive management can provide significant benefit with modest quantities of water. 

 As shown in the hydrologic data compiled for this study, the period of 2004 – 2014 contains a 
wide variety of both wet and dry events. None of these events are included in the period of record 
hydrology for the CCWSM. The CCWSM should be updated to include this data to better 
evaluate system operations during these extreme events. This would also allow for the trend 
analysis to be completed for the QNAT beyond 2003. 

A copy of the original scope of work is contained in Appendix D. A copy of the TWDB comments 
received on the Final Draft Report is contained in Appendix E. The responses to the comments are 
contained in Appendix F. 
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Background 

Scope of Work 

Schedule 

DISCUSSION 

2 



 Nueces BBASC work plan  

 Nueces BBEST 

o Seasonal shift in inflows  

• BBEST Report Sec. 4.1 

• Nueces Bay 

• Choke Canyon Reservoir / Lake Corpus Christi 

System  

o Nueces BBASC Report (Sec. 2.3) 

• Opportunities to better manage FWI… since the 

1995 development of the Agreed Order 

o Corpus Christi Water Supply Model (CCWSM) 

 

 

BACKGROUND 

3 



 

BACKGROUND 
FROM BBASC 
WORK PLAN 

4 



 Determine if a “shift” has occurred in the 

inflows to the Bay and CCR/LCC System 

and what impact this “shift” may have on 

Safe Yield and FWI to the Bay. 

 

 Compare the results from a Safe Yield 

Demand of 205,000 acft/yr to a current 

demand of 133,000 acft/yr on FWI to the 

Bay. 

 

GOALS 

2 5 



 Task 1 – Compile, Analyze and Evaluate 

o Compile Hydrologic Data 

• Long-term (1934 – 2014) 

• Short-term (1986 – 2014) 

• Recent (2004 – 2014) 

o Analyze Data to Identify Seasonal Shift 

• Compared to 2001 Agreed Order  

• Monthly Inflow Targets 

o Evaluate New Pattern 

• CCWSM Simulations 

• Same Volumes – Different Distribution 

• Results 

» Yields & FWI to Bay 

o TXBLEND  

• Coordinate with TWDB if requested 

 

 

SOW 

6 



 Task 2 – Compare Safe Yield and Current 

Demand 

o Safe Yield 

• 205,000 acft/yr 

» 125,000 acft storage reserve (~14%) 

» Regional Planning modeling assumptions 

o Current Demand 

• 133,000 acft/yr  

o Compare 

• FWI to Bay / Reservoir Levels 

 Task 3 – Meetings and Report  

o Kickoff Meeting (Today) 

o Up to 2 more meetings to present results 

o Draft and Final Report  

 

 

SOW 

7 



 Waiting on Contract / NTP 

 Anticipate 20 weeks to complete analysis 

 Draft report after analysis 

 Final report due August 2015 

 

SCHEDULE 

8 
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 Nueces BBASC work plan  

 Nueces BBEST 

o Seasonal shift in inflows  

• BBEST Report Sec. 4.1 

• Nueces Bay 

• Choke Canyon Reservoir / Lake Corpus Christi 

System  

o Nueces BBASC Report (Sec. 2.3) 

• Opportunities to better manage FWI… since the 

1995 development of the Agreed Order 

o Corpus Christi Water Supply Model (CCWSM) 

 

 

BACKGROUND 

3 



 Determine if a “shift” has occurred in the 

inflows to the Bay and CCR/LCC System 

and what impact this “shift” may have on 

Safe Yield and FWI to the Bay. 

 

 Compare the results from a Safe Yield 

Demand of 205,000 acft/yr to a current 

demand of 133,000 acft/yr on FWI to the 

Bay. 

 

GOALS 

2 5 



 Compile, Analyze and Evaluate 

o Compilation is Ongoing  

• Compile Hydrologic Data  

» Inflows. Precipitation 

» Long-term (1934 – 2014) 

» Short-term (1986 – 2014) 

» Recent (2004 – 2014) 

o Next Step - Analyze Data  

• Is there a shift? 

• Compared to 2001 Agreed Order  

• Monthly Inflow Targets 

o Last Step - Evaluate New Pattern 

• CCWSM Simulations 

• Same Volumes – Different Distribution 

• Yields & FWI to Bay 

• TXBLEND (if requested) 

 

TASK 1 – SEASONAL 
SHIFT 

6 



 Compare Safe Yield and Current Demand 

o Safe Yield 

• 205,000 acft/yr 

» 125,000 acft storage reserve (~14%) 

» Regional Planning modeling assumptions 

o Current Demand 

• 133,000 acft/yr  

o Results 

• Lake Level Comparison 

• FWI Comparison 

• Attainment Frequency 

• Mass Balance  

 

 

TASK 2 – RESULTS  
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 Time Series Lake Level 

 Lake Level Frequency 

 Zone Attainment Frequencies 

LAKE LEVEL 
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 Frequency plots 

 Differences  

o From demands 

o From time periods 

 Mass Balance Comparisons 

o Demand 

o Evaporation 

o FWI – Pass-throughs 

o Spills 

FRESH WATER INFLOW 
COMPARISONS 
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 Lower demand = higher lake levels = more 

opportunity for larger pass-throughs 

 Drought times are dominated by lake of 

inflows 

 

TASK 2 – FINDINGS 



 Task 3 – Meetings and Report  

o Kickoff Meeting (June 2014) 

o Results Meeting #1 (Today) 

o 2nd Results Meeting (2015) 

o Draft and Final Report (2015) 

 

 

TASK 3 – MEETINGS AND 
REPORT  
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 Complete Analysis by March 2015 

 Present Results Spring 2015 

 Draft report after analysis 

 Final report due August 2015 
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RE-EXAMINATION OF THE 
2001 AGREED ORDER 

MONTHLY TARGETS AND 
SAFE YIELD VERSUS 
CURRENT DEMAND 

EVALUATIONS



Background

Status

Schedule

DISCUSSION

2

Results



� Nueces BBASC work plan

� TWDB Nueces BBASC Study #1

o Nueces BBASC Report (Sec. 2.3)

• Opportunities to better manage fresh water inflows 

(FWI)… since the 1995 development of the Agreed 

Order

o Nueces BBEST

• Seasonal shift in inflows 

» Similar to BBEST Report Sec. 4.1

» Inflows into Nueces Bay

» Operations of Choke Canyon Reservoir / Lake Corpus 

Christi System 

BACKGROUND

3



� Determine if a “shift” has occurred in the 

inflows to the Bay and CCR/LCC System 

and what impact this “shift” may have on 

Safe Yield and FWI to the Bay.

� Compare the results from a Safe Yield 

Demand of 205,000 acft/yr to a current 

demand of 133,000 acft/yr on FWI to the 

Bay.

GOALS

25



� Task ongoing 

� Compile, Analyze and Evaluate

o Compile Hydrologic Data 

• Streamflows, Inflows & Precipitation

• Long-term (1934 – 2014)

• Short-term (1986 – 2014)

• Recent (2004 – 2014)

o Analyze Data 

• Is there a shift?

• Compared to 2001 Agreed Order 

o Evaluate New Pattern

• CCWSM Simulations

• Same Volumes – Different Distribution

• Yields & FWI to Bay

• TXBLEND (if requested)

TASK 1 – SEASONAL 
SHIFT

6



� Historical hydrology

o Precipitation

• Multiple sites – similar trends

• 1895 - 2014

o Natural Inflows

• Three sites from NUBAY model

• 1934 - 2003

o Gaged Streamflow

• Multiple sites

• Range of dates

SEASONAL SHIFT -
METHODOLOGY



� Is the monthly pattern of occurrence 

different now compared to what is in the 

Agreed Order?

� Are there distinctive trends that indicate that 

inflows may occur in different months than 

those high target months in the Agreed 

Order?

� Statistical Analysis

o Compare monthly values

o 3 time periods

• Long Term – 1934 – 2014

• Short term – 1986 – 2014

• Recent – 2004 - 2014

SEASONAL SHIFT -
QUESTIONS



� July Precip

Totals 

� 1895 - 2014

PRECIPITATION

0

2

4

6

8

10

12

14

16

18

P
re

ci
p

it
a

ti
o

n
 (

In
)

Calallen Precip



� July Precip

Totals 

� 1895 – 2014

� 10-yr moving 

average
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� July Precip

Totals 

o 1895 – 2014

� 10-yr moving 

average

o Trends

� Averages

o Long-Term

o Short-Term

o Recent
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� July Precip

Totals 

o 1895 – 2014

� 10-yr moving 

average

o Trends

� Averages

o Long-Term

o Short-Term

o Recent

PRECIPITATION



MONTHLY PRECIPITATION COMPARISONS
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MONTHLY PRECIPITATION COMPARISONS
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MONTHLY PRECIPITATION COMPARISONS
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NATURALIZED FLOW
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STREAMFLOW – MONTHLY COMPARISONS
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STREAMFLOW – MONTHLY COMPARISONS
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� Six months show no significant trend

o 4 of these show some minor dry trend in the recent average

� Five months show a drier trend

o May, June, & Oct  being the most significant

� One month shows a wetter trend

o July is trending wetter in all categories 

� The months in the Agreed Order with the highest targets all show drier trends

o May, June, Sep, Oct

CONCLUSIONS
Jan-ST Jan-R Feb-ST Feb-R Mar-ST Mar-R Apr-ST Apr-R May-ST May-R Jun-ST Jun-R Jul-ST Jul-R Aug-ST Aug-R Sep-ST Sep-R Oct-ST Oct-R Nov-ST Nov-R Dec-ST Dec-R

Precipitation ↔ ↑ ↔ ↔ ↑ ↔ ↓ ↓ ↓ ↓ ↔ ↓ ↑ ↑ ↔ ↓ ↔ ↑ ↔ ↓ ↑ ↓ ↔ ↓

Streamflow ↔ ↓ ↑ ↔ ↑ ↓ ↔ ↑ ↓ ↓ ↓ ↓ ↑ ↑ ↔ ↔ ↓ ↓ ↓ ↓ ↔ ↓ ↑ ↔

QNAT ↓ ↑ ↑ ↓ ↓ ↓ ↑ ↓ ↓ ↓ ↑ ↑

Trend Wetter No Change Drier Drier No Change No ChangeNo Change No Change No Change Drier Drier Drier



� If the trend is drier then there is no need to 

adjust the targets down

� Evaluate impact of the wetter July trend

� CCWSM Simulations

o Shift target to July

• Keep overall annual target volume the same

» Reduce from May / June

• Impact to Bay FWI

• Impact to Safe Yield 

Discussion

SEASONAL SHIFT - NEXT 
STEPS



� Task Complete

� Compare Safe Yield and Current Demand

o Safe Yield

• 205,000 acft/yr

» 125,000 acft storage reserve (~14%)

» Regional Planning modeling assumptions

o Current Demand

• 133,000 acft/yr

o Results

• Lake Level Comparison

• FWI Comparison

• Attainment Frequency

• Mass Balance 

TASK 2 – YIELD 
COMPARISON 

7



� Two different 

demands

� Three time 

periods

� Variable 

attainment 

frequencies

RESULTS
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� Spills are significant

� Long-term

o Evaporation 0.6% Difference

o Pass-Throughs 0.1% difference

o Demand and Spills are the rest

� Short-term

o Evaporation 2.2% Difference

o Pass-Throughs 2.7% Difference

MASS BALANCE
SPILLS

PASS 

THROUGHS

DEMAND

EVAPORATION

11.1 %

13.1 %

34.0 %

41.8 %
SPILLS

PASS 
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21.8 %
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� Lower demand = higher lake levels = more 

opportunity for larger pass-throughs

o On the long-term average: differences small

� Drought times are dominated by lack of 

inflows

o During droughts the differences are increased 

but still small

TASK 2 – FINDINGS



� Task 3 – Meetings and Report 

o Kickoff Meeting (June 2014)

o Results Meeting #1 (Oct 2014)

o Results Meeting #2 (Feb 2015)

o Draft and Final Report (Summer 2015)

TASK 3 – MEETINGS AND 
REPORT 

7



� Complete Analysis in March 2015

� Draft report June 2015

� Final report due August 2015

SCHEDULE

8
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Precipitation – Calallen 
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Texas Water Development Board (TWDB) 
 

Nueces River and Corpus Christi and Baffin Bays 
Basin and Bay Area Stakeholder Committee (Nueces BBASC) 

 

Study No. 1 
Re-Examination of the 2001 Agreed Order Monthly Targets and Safe Yield Versus 

Current Demand Evaluations 
Scope of Work 

May 28, 2014 

 
 
HDR will perform the professional engineering services described in this Scope of Work. 
Services include re-examination of the 2001 Agreed Order Monthly Targets and a comparison of 
safe yield of the Corpus Christi Water Supply System versus current demand. 

Background 

The Nueces BBASC is requesting that this project be completed to re-examine the monthly pass-
through targets that are part of the 2001 Agreed Order between the City of Corpus Christi (CoCC 
or City) and the Texas Commission on Environmental Quality (TCEQ). As described in Section 
4.1 of the Nueces BBEST Report, it is believed that there has been a seasonal shift in inflows to 
Nueces Bay and the Choke Canyon Reservoir / Lake Corpus Christi (CCR/LCC) System that 
serves as the CoCC primary water supply. The Nueces BBASC report, in Section 2.3, suggests 
that opportunities to better manage limited freshwater inflows may be identified by reviewing 
new data that were not available during development of the 1995 Agreed Order, which is the 
basis for current pass-through operations of the reservoir system. Task 1 of this scope of work 
focuses on examination of recent inflow and precipitation trends to identify potential alternative 
seasonal freshwater inflow targets and system storage triggers, and then evaluate the impact of 
these targets on the safe yield of the water supply system. 

HDR developed the Corpus Christi Water Supply Model (CCWSM) for the CoCC and other 
regional interests to simulate operations of the City’s water supply system under the Agreed 
Order.  One use of the CCWSM is to determine the yield of the system under a variety of 
operating scenarios.  Currently, the City uses a safe yield of 205,000 acft/yr (including Lake 
Texana), with a reserve of 125,000 acft in the CCR/LCC System, as its supply number for 
planning purposes.  The estimated current demand on the system is 133,000 acft/yr. There is a 
concern among the stakeholders in the region that, as the City grows into the full safe yield of the 
system, inflows to Nueces Bay will be reduced to a degree greater than has been experienced in 
the current drought thereby stressing ecological conditions in Nueces Bay. In Task 2 of the scope 
of work, HDR will simulate operations of the water supply system under two demand scenarios 
(current demand and safe yield) and evaluate differences in freshwater inflows to the Bay. 
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Organization of Scope of Work 
Under this Scope of Work, HDR will perform three major tasks to re-examine the 2001 Agreed 
Order monthly targets and system storage triggers and compare safe yield of the Corpus Christi 
Water Supply System to current demand: 
Task 1: Compile reference data, including reservoir inflow and precipitation estimates, 
determine whether the data suggest a different monthly pattern (volume and/or spatial), and 
evaluate the new pattern characterizing safe yield of the system and resulting bay inflows.  
Task 2: Perform modeling analysis for safe yield and current demand scenarios and examine and 
characterize the resulting output focusing on the volume and frequency of inflow to the bay. 
Task 3: Participate in meetings and develop a technical memorandum.  
 
Task 1. Compile Reference Data, Analyze Data for New Pattern, and Evaluate 
Pattern using the CCWSM 
Specific subtasks associated with this task are as follows. 

Task 1.1 Compile available inflow and precipitation estimates 
HDR will compile available inflow estimates for both long-term and recent drought periods for 
the Nueces Estuary and the CCR/LCC System. HDR will compile areal precipitation data for the 
ungaged area below Lake Corpus Christi and the reservoir watersheds. Sources of data include 
the USGS, NCDC, Nueces River Authority, and other public entities. The current period of 
record of the CCWSM is 1934 – 2003.  It is anticipated that the focus of this analysis will be on 
the long-term (1934 – present), the short-term (1986 – present; since Choke Canyon Reservoir), 
and the recent (2004 – 2014) time frame to identify any significant changes in seasonal 
hydrology. 

Task 1.2 Analyze Data for Identification of a Monthly Pattern 
The data obtained in task 1.1 will be analyzed to see how well the natural occurrence of inflow 
and precipitation matches with the pattern established in the Agreed Order. The evaluation will 
also include attempts to identify a new pattern that may exist as part of a seasonal shift in the 
natural occurrence of inflows to the bay and reservoir system different than that described in the 
Agreed Order.  

Task 1.3 Evaluate New Pattern using the CCWSM 
Any new pattern identified in Task 1.2 will be evaluated in the CCWSM to determine what 
impacts there may be on the safe yield of the water supply system and any changes in the 
occurrence and volumes of freshwater entering the bay. HDR anticipates that there will be runs 
with new monthly patterns where the same annual volume target as the existing Agreed Order is 
used. New monthly patterns derived from the data analyses (Task 1.2) will be considered. 
System storage triggers may be varied as well. 

Task 1.4 Coordination with TWDB on TxBLEND Analysis 
If so requested by NEAC, HDR will prepare output summaries from the baseline scenario and 
the scenarios identified and evaluated in Task 1.3 for submittal to the TWDB to perform 
TxBlend simulations. The TWDB will provide a summary of the results and comparison of the 
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different monthly inflow targets sets on the salinity of the Nueces Bay.  HDR will include this 
information in summary presentations and technical memoranda. 
 
Task 2. Perform Evaluation Comparing Safe Yield and Current Demand  
Separate from the analyses in Task 1, HDR will compare model results from the safe yield 
scenario with that of the current demand scenario keying in on the volume and frequency of 
freshwater inflow events that occur in these two scenarios. 

Task 2.1 Perform Scenario Evaluations 
HDR will use the CCWSM to simulate the CoCC water supply system under two different 
demand scenarios. The first scenario will be the safe yield scenario with a demand of 
approximately 205,000 acft/yr, which leaves a reserve storage of about 125,000 acft in the 
reservoir system during the drought of record. The second scenario will be a current demand 
scenario with a demand of 133,000 acft/yr on the water supply system.  Following is a list of 
assumptions that will be common to both scenarios (note: all these will apply to the Task 1 runs, 
except use of the Agreed Order): 

 Approximate 2010 reservoir conditions (2010 elevation – area – capacity relationships), 
 Use of the 2001 Agreed Order monthly targets and pattern, 
 Full use of the Lake Texana system (41,840 acft/yr firm plus 12,000 acft/yr 

interruptible), 
 Lake Corpus Christi Target Stabilization Level = 74 ft-msl, 
 5.35 MGD municipal & industrial effluent returned to Nueces Bay, and 
 52% return flow factor applied to all CoCC demands with discharges to the Nueces 

Estuary.  

Task 2.2 Compare Results from the Two Scenarios 
From the scenarios simulated in Task 2.1, HDR will compare the outputs focusing on the volume 
and frequency of freshwater inflow events to Nueces Bay. HDR will develop graphs that 
illustrate the similarities and differences of freshwater inflow events under the two scenarios.  
 
Task 3. Participate in Meetings and Develop Technical Memorandum 
Specific subtasks associated with this task are as follows. 

Task 3.1 Participate in Project Kickoff Meeting 
Participate in a meeting involving TWDB staff, members of the Nueces Estuary Advisory 
Council (NEAC), a subcommittee of the Nueces BBASC, the City of Corpus Christi, and others 
to discuss study approach and scope. This meeting is expected to be scheduled within one (1) 
month of receipt of notice to proceed. 

Task 3.2 Present Initial & Final Results  
Prepare for and participate in up to two (2) meetings involving TWDB staff, members of the 
NEAC, the City of Corpus Christi, and others to summarize analyses performed, results 
obtained, and recommendations for further study.  The first of these meetings is expected to be 
scheduled within two (2) months after the meeting described in Task 3.1. Scheduling of the 
second meeting is to be determined. 
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Task 3.3 Prepare a Draft Technical Memorandum and Presentation 
Prepare a draft Technical Memorandum and electronic presentation summarizing analyses 
performed, results obtained, and recommendations for further study. The anticipated schedule is 
to submit these deliverables to the TWDB for review within five (5) months of receipt of the 
notice to proceed, but not later than June 30, 2015. 

Task 3.4 Prepare and Submit Final Technical Memorandum and Presentation 
Prepare and submit a final Technical Memorandum and electronic presentation to the TWDB 
within one (1) month of receipt of comments on the drafts, but not later than August 31, 2015. 

Task 3.5 Deliverables include quarterly progress reports, draft report and final report 
Prepare a progress report quarterly and provide to Contract Manager. A draft technical 
memorandum is due June 30, 2015. A final technical memorandum that incorporates 
BBASC/TWDB comments is due August 31, 2015. 
  
Project Schedule 
The following are estimated time requirements for completion of the project tasks from date of 
notice to proceed. All work is anticipated to be completed in 2014, but all final documents must 
be submitted no later than August 31, 2015.  
 

Task Task Description 

Time for 
Completion 
(from Notice 
to Proceed) 

1 Compile, Analyze, and Evaluate 
NTP + 20 

weeks 

2 Safe Yield Versus Current Demand Modeling Analysis 
NTP + 20 
Weeks 

3 Meetings and Develop Technical Memorandum 
Ongoing 

(Finalization 
8/31/2015) 

 Anticipated Total Time to Complete Tasks 1 – 3 ~28 weeks 

 
 
Fee Estimate 
The following tables summarize the fee estimated to be required to complete the above scope of 
work. 

TASK BUDGET 
 

TASK DESCRIPTION AMOUNT 
1 Compile, Analyze, and Evaluate $17,575 
2 Safe Yield Versus Current Demand 

Modeling Analysis 
$8,045 

3 Meetings and Develop Technical 
Memorandum 

$19,380 

Total  $45,000 
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EXPENSE BUDGET  
 

CATEGORY AMOUNT 
Salaries & Wages1 $13,925 
Fringe2 $6,904 
Travel3 $886 
Other Expenses4 $1,189 
Subcontractor Services $0 
Overhead5 $17,596 
Profit (10%) $4,500 
Total $45,000 

 
1 Salaries and Wages is defined as the cost of salaries of engineers, draftsmen, stenographers, surveymen, clerks, 
laborers, etc., for time directly chargeable to this contract. 
2 Fringe is defined as the cost of social security contributions, unemployment, excise, and payroll taxes, workers’ 
compensation insurance, retirement benefits, sick leave, vacation, and holiday pay applicable thereto. 
3 Travel is limited to the maximum amounts authorized for state employees by the General Appropriations Act, Tex. 
Leg. Regular Session, 2011, Article IX, Part 5, as amended or superseded. 
4 Other Expenses is defined to include computational technology, expendable supplies, communications, 
reproduction, postage, and costs of public meetings directly chargeable to this contract. 
5 Overhead is defined as the costs incurred in maintaining a place of business and performing professional services 
similar to those specified in this contract. 
 

 Indirect salaries, including that portion of the salary of principals and executives that is allocable to general supervision; 
 Indirect salary fringe benefits; 
 Accounting and legal services related to normal management and business operations; 
 Travel costs incurred in the normal course of overall administration of the business; 
 Equipment rental not directly involved in collecting or analyzing contract data; 
 Depreciation of furniture, fixtures, equipment, and vehicles; 
 Dues, subscriptions, and fees associated with trade, business, technical, and professional organizations; 
 Other insurance; 
 Building rent and utilities; and 
 Repairs and maintenance of furniture, fixtures, and equipment. 
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Re-Examination of the 2001 Agreed Order Monthly Targets and 

Safe Yield Versus Current Demand Evaluations 

Adam Cory Shockley, P.E. 

Contract # 1400011716 

Responses to TWDB/BBASC Comments to Final Report 

1 Required Changes 

1.1 General Draft Final Report Comments  

 HDR added the provided statement to the cover and title pages of the final 

report. 

 Document was checked for grammar, spelling, and typographical errors such as 

missing words. 

 Ensured that all tables and figure titles adequately describe the contents and can 

stand apart from the text.  

 Ensured that all acronyms are defined the first time they are used. 

1.2 Specific Draft Final Report Comments 

1. Added explanation and references to text. 

2.  Safe yield is now defined the first time it is mentioned in the text. 

3. Clarified that the 192,000 acft/yr was the safe yield demand used in this analysis.  

The 205,000 acft/yr was from the previous Region N plan and was out of date by the 

time this analysis was completed.  

4. Footnote updated with corrected website URL. 

5. Modified text to explain that only short-term and long-term trends can be evaluated 

for the naturalized flow data. 

6. Modified text to explain that the overall shift (trend) was determined by looking at the 

aggregated results of all the variables. 

7. KS test results provided in Appendix C. 

8. KS test results provided in Appendix C. 

9. Acronyms now described in text. 

10. Corrected the date range for the current drought. Also added some explanation on 

how the analysis using the droughts contained in the CCWSM period of record can 

relate to the current drought. 

11. Added explanation and table to text to further explain the results. 
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1.3 Figures and Tables Comments 

1. Removed ‘precipitation’ from Figure 4-6 

2. Added labels and units to figures in Appendix A. 

2 Suggested Changes 

2.1 Specific Draft Final Report Comments 

1. Changed text to accommodate suggested edit. 

2. The sentence is sufficient as written. It is stating how the targets were established 

not that freshwater inflows are the only factor impacting harvest. 

3. Changed text to accommodate suggested edit. 

4. Appendices reordered as they appear in text. 

5. Changed text to accommodate suggested edit. 

6. Defined acronyms for use in subsequent paragraphs. 

7. Changed text to accommodate suggested edit. 

8. Changed text to accommodate suggested edit. 

9. No change. Statistical significance was not determined on the monthly percentage 

data. 

10. Added text to define system storage. Lake Texana is not included as part of the 

system storage calculation.  

11. Added text recommending a consideration for fine scale salinity modeling. 

12. Clarified text to state that this is the drought of record in the CCWSM. 

13. Changed text to accommodate suggested edit. 

14. Added text to clarify bullet. 

15. Made the second bullet a sub-bullet to show the dependency between the 

statements. 

16. Added text to clarify bullet. 

17. No change. 

2.2 Figures and Tables Comments 

1. Many of the lines on these graphs are exactly on top of each other and there is no 

distinction to be made. No change. 
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