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1. Introduction  

During the development of a regional water plan, each regional water planning group 
(RWPG) is required to prepare Chapter 6. Impacts of Regional Water Plan and Consistency 
with Protection of Resources in alignment with the guiding principles described in Texas 
Administrative Code §358.3(8) for State Water Plan development. Regional water 
planning groups utilize a variety of methods to assess the cumulative effects of water 
management strategies on streamflows. Based on these various approaches and the 
overall objective of the Texas Water Development Board (TWDB) to standardize the 
approach for these assessments in the regional water plans, the TWDB contracted with 
the consulting team of HDR Engineering, Inc., Freese and Nichols, Inc. and Watearth, Inc. 
to develop a methodology generally applicable to each regional water plan. 

This project included four primary tasks: 

1. Identify a set of metrics and develop a generalized assessment methodology that is 
applicable to most regional water planning areas. This methodology must also consider 
environmental flow standards (e-flows) when e-flows are adopted for a river basin. 

2. Develop a tool that will facilitate the analysis for use by RWPGs and their technical 
consultants. 

3. Prepare a demonstration evaluation for a river basin that includes strategies 
recommended in multiple regional water plans. 

4. $ÅÖÅÌÏÐ Á 5ÓÅÒÓȭ 'ÕÉÄÅ ÆÏÒ ÔÈÅ ÔÏÏÌ ÔÈÁÔȡ 

a. Presents the generalized assessment methodology (Section 2). 
b. Presents the assessment tool and describes its application (Sections 3, 4, and 5). 
c. Demonstrates the methodology and the use of the assessment tool (Section 6). 

4ÈÉÓ 5ÓÅÒȭÓ 'ÕÉÄÅ ÐÒÅÓÅÎÔÓ ÔÈÅ ÒÅÃÏÍÍÅÎÄÅÄ ÍÅÔÈÏÄ ÆÏÒ ÁÓÓÅÓÓÉÎÇ ÔÈÅ ÃÕÍÕÌÁÔÉÖÅ ÅÆÆÅÃÔÓ 
of recommended water management strategies on streamflows and describes the TWDB 
Cumulative Effects of Recommended Strategies Tool (TWDB CERST). A demonstration 
assessment for the strategies recommended in the Brazos River Basin in the 2021 Region 
O, Brazos G, and Region H Plans is presented. 

2. Cumulative effects assessment methodology for Cha pter 6 of 
a regional water plan  

This proposed methodology and a prioritized list of metrics were presented and 
discussed during a workshop held between the study contractors and TWDB staff on 
December 18, 2020.  Interim  memorandums were prepared and delivered to TWDB staff 
for input and a follow-up meeting was held on January 22, 2021 to confirm the 
methodology. 

This methodology and the associated recommended metrics were used to develop the 
TWDB CERST and to prepare an example assessment in the Brazos River Basin. 

Many RWPGs have a limited number of strategies anticipated to affect surface 
streamflows, and RWPGs who determine that the recommended methodology is not 
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applicable should coordinate with TWDB staff as they develop methodologies applicable 
to their unique situations. 

A stepwise approach for RWPG consideration of cumulative impacts analysis of 
recommended water management strategies follows: 

1. Identify locations of interest. 

The RWPG should determine the locations of interest for evaluating the effects of 
recommended strategies.  Consideration should be given to locations downstream of 
significant water management strategies and sites where the cumulative impacts of 
multiple strategies might be measured. The following are suggested locations for 
consideration. 

a. Sites at which the Texas Commission on Environmental Quality  (TCEQ) has adopted 
environmental flows standards (e-flows) (Texas Water Code §11.0235, hereafter 
ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ Ȱ3"σ Å-ÆÌÏ×Ó ÓÔÁÎÄÁÒÄÓȱ ÏÒ Ȱ3"σȱɊ. 

b. Basin outlets (bay and estuary inflows) or points where the main stems of rivers 
cross a state boundary, such as the Canadian, Red, Cypress, and Sulphur Basins. 

c. Locations adjacent to or within stream segments identified  by the RWPG as having 
unique ecological value. 

d. Locations where habitat assessments have been completed pursuant to the Texas 
Instream Flow Program or the SB3 Environmental Flows Process (including 
Adaptive Management studies). 

e. Other locations of interest to the RWPG, such as long-term gage sites. 

2. Identify  Baseline flow condition . 

The Baseline flow condition should be selected to address the following question: 

ȰIn the absence of the water management strategies recommended in the regional 
water plan, what would be the flows in the basin(s) given existing water management 
programs and water rights adjudications?ȱ. 

The Baseline flow condition is dÉÆÆÅÒÅÎÔ ÆÒÏÍ ×ÈÁÔ ÍÉÇÈÔ ÂÅ ÃÏÎÓÉÄÅÒÅÄ ÁÓ ȰÃÕÒÒÅÎÔȱ 
flow conditions, because the intent is to evaluate the effects of the water management 
strategies recommended in the regional water plans. The Baseline flow condition 
should include full utilization of current water rights, even if those rights are currently 
not being fully utilized. 

Three general alternatives are identified that are appropriate to select from as a 
Baseline condition. Modifications from these alternatives may ÂÅ ÍÁÄÅ ÁÔ ÅÁÃÈ 270'ȭÓ 
discretion as appropriate to their region and the management of water supplies therein. 

Alternative 1 . For purposes of evaluating the cumulative effects of the strategies 
recommended in a regional water plan, the Baseline case is considered to be the TCEQ 
Water Availability Model ( WAM) or model approved by TWDB for RWPG use in 
determining current supplies . For evaluating all strategies recommended through the 
final planning decade, the model reflecting conditions in the final planning decade 
(reservoir sedimentation, return flows, etc.) should be used. This WAM will include full 
utilization of water rights, but with reservoirs typically modeled at sedimentation 
conditions expected in the final planning decade. Note that RWPGs may have an 
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approved variance to include some level of return flows in the current supply 
evaluations, and these should be included in the model. Also note that increased usage 
of existing water rights does not constitute a change since the regional plans assume 
full utilization of existing water rights as a current supply condition. 

Alternative 1 is the generally recommended approach. 

Alternative 2 . For purposes of evaluating the cumulative effects of the strategies 
recommended in a regional water plan, the Baseline case is considered to be the WAM 
Run 3 with full utilization of water rights . Increased usage of existing water rights 
does not constitute a change since the regional plans assume full utilization of existing 
water rights as a current supply condition. 

Alternative 3 . For purposes of evaluating the cumulative effects of the strategies 
recommended in a regional water plan, the Baseline case is considered to be the WAM 
Run 3 with full utilization of water rights,  modified to include some level of 
projected return flow s. Return flows should be incorporated basin-wide and not just 
where reuse projects are anticipated. 

Other items a RWPG should consider when selecting a Baseline condition include: 

¶ Subordination, e.g., upper/lower basin subordination in the Colorado River Basin 
¶ System operation of existing water rights 
¶ Impacts of historical groundwater development on flows 
¶ Historical return flows  
¶ Interstate and international compact issues ɀ Rio Grande, Canadian, Red, and Sabine 

Basins 

3. Identify and incorporate strategies that affect streamflows. 

Incorporate all strategies into the WAM to be developed by the final planning decade 
that will significantly affect streamflows. RWPGs may also consider additional, interim 
decades to demonstrate the effects of plan development over time if the RWPG desires 
and subject to TWDB allocated funding. If this is done, then reservoir sedimentation 
conditions and/or return flows should be modified to reflect the targeted decadal 
conditions. 

For specific strategies that are anticipated to affect streamflow, the following additional 
guidance is offered: 

a. New surface water rights 

Strategies requiring new or amended surface water rights authorizing new 
appropriations should be included in the applicable WAM in a manner that 
reproduces, to the extent possible, the configuration and operation of the 
recommended water management strategy when supplies available to that strategy 
were determined. Assigned priority dates should match the planned sequence of 
implementation. If two recommended strategies interact with each other, those 
interactions should be reflected in the WAM modeling. Water management 
strategies to evaluate in the analysis include: 

¶ New reservoirs, 
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¶ New run-of-river diversions, 
¶ Amended water rights (increases in storage and/or diversion amounts), and 
¶ Interbasin transfer projects transferring water into or out of the subject basin. 

b. Reuse strategies 

Because RWPGs have the flexibility to define the most-relevant Baseline condition 
as described above, inclusion of reuse strategies will be at the discretion of each 
RWPG based on its formulation of a Baseline flow condition. The RWPG is expected 
to clearly document how return flows are determined and how they are used in the 
modeling. 

Reuse strategies should be incorporated in the WAM only if the Baseline condition 
includes full projected levels of return flows.  Without the inclusion of return flows 
in the Baseline model, reuse projects would not be expected to have an impact on 
modeled streamflows because they are not reflected in the Baseline condition. If the 
projected return flows incorporated in the existing supply model are already 
adjusted to reflect some level of future reuse, the RWPG should use appropriate 
judgment to adjust those return flows further to reflect future conditions.1 

1. Indirect Reuse 

Under Baseline conditions, senior water rights will utilize return flows prior to 
diversion by a recommended indirect reuse project unless the indirect reuse 
project is modeled at a priority senior to existing rights. Because many indirect 
reuse projects are facilitated through bed-and-banks authorizations, such 
ÁÕÔÈÏÒÉÚÁÔÉÏÎÓ ÁÒÅ ÏÆÔÅÎ ÃÏÎÓÉÄÅÒÅÄ ÔÏ ÂÅ ȰÏÕÔÓÉÄÅȱ ÔÈÅ ÐÒÉÏÒÉÔÙ ÓÙÓÔÅÍȢ )Î ÓÕÃÈ 
cases, the indirect reuse strategy can be modeled senior to all existing rights, but 
care must be taken that the upstream discharges modeled are sufficient in all 
months to supply the indirect reuse amounts such that downstream senior 
water rights are not impacted. 

Exceptions apply to return flows originating from in -basin surface water 
diversions ɀ diversions of which might not be outside the priority system. When 
flows available to a bed-and-banks authorization are subject to senior water 
rights, modeling and interpretation of the impacts of reuse strategies should be 
made with caution because, under most Baseline conditions, senior water rights 
will utilize return flows prior to diversions by the indirect reuse project and the 
full authorized diversion amount may not be available to the recommended 
strategy during periods of low flow. 

In all cases, the modeling used to incorporate indirect reuse of return flows 
should be consistent with the regulatory framework for indirect reuse projects. 

2. Direct Reuse 

Direct reuse strategies can be evaluated by reducing the quantity of return flows 
discharged in the model that includes the recommended water management 

 
1 When considering bed and banks authorizations for groundwater-based effluent, care must be exercised to 
accurately portray the adverse effects of production of this same groundwater on springflow and streamflow 
as well as Baseline and future water available to affected surface water right holders. 
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strategies ɉÔÈÅ ȰWith WMSsȱ model). 

c. Groundwater Development 

Although most WAMs do not acknowledge the interactions of groundwater and 
surface water, development of groundwater to the extent allowed by the Modeled 
Available Groundwater (MAG) estimates likely will have some impact on fluxes 
between surface water and groundwater systems. In these cases where appropriate, 
these interactions can be incorporated using results of Groundwater Availability 
Models (GAMs) or other modeling to establish a set of flow changes due to 
groundwater development. Such incorporation is essential in basins that have major 
springs (e.g., Guadalupe, San Antonio, etc.). Changes in streamflows due to 
groundwater development should reflect only those strategies utilizing 
groundwater in excess of current supplies so as to not overestimate the impact of 
groundwater development strategies on streamflows. This may necessitate 
additional GAM modeling to differentiate flow changes due to utilization of MAG 
volumes as current supplies from utilization of MAG volumes used for 
recommended strategies. 

The level of impact of groundwater development on surface water flows varies 
widely across river basins and aquifer systems. Often, flow changes estimated from 
groundwater modeling are little more than adjustment factors to achieve mass 
balances within a groundwater model and are difficult to measure and define in 
natural systems.  RWPGs should incorporate streamflow changes into the modeling 
as appropriate for the hydrologic conditions in each basin. 

4. Run WAM and extract regulated flows. 

For purposes of evaluating the effects of recommended water management strategies 
the WAM Run 3 (full utilization of water rights) should be used, modified as necessary 
to reflect appropriate levels of return flows and other water management practices in 
the planning area and river basin, per hydrologic variances approved by the TWDB. The 
same WAM used to evaluate current supplies should be employed in the Chapter 6 
Cumulative Effects analysis. TWDB CERST will extract regulated flows from any output 
file generated by the Water Rights Analysis Package (WRAP)2 and is designed to 
compare the following3: 

¶ Baseline regulated flows ɀ regulated flows with no water management strategies, 
and 

 
2 Some RWPGs may wish to utilize Run 8 (current conditions) as a Baseline, with comparison to a Run 8 
model with recommended strategies. This is not recommended because it will not provide an accurate 
depiction of streamflows reflecting existing water right adjudication.  The strategies recommended in the 
regional water plan are those projects necessary after assuming full utilization of existing water rights, i.e., 
Run 3, not the partial utilization of water rights reflected in Run 8.  However, a comparison of flows using Run 
8 as a Baseline may be reasonable for evaluating the cumulative impacts of strategies to be developed during 
near-term planning decades. 

3 Naturalized flows. Some RWPGs may elect to compare Baseline and With-WMSs regulated flows to 
naturalized flows. Any comparison of regulated flows to naturalized flows should be clearly identified as 
illustrating the cumulative effects of historical and future water resource management in the basin and not 
solely the cumulative effects of the strategies recommended in the regional water plan. 
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¶ Regulated flows with recommended water management strategies implemented by 
the final planning decade.4 

Regulated flow is the total flow passing a given control point location after all water 
rights have appropriated the flows to which they are entitled. 

5. Compile statistical and graphical summaries. 

An array of graphical, tabular, and statistical comparisons can be used to assess the 
cumulative effects of the water management strategies recommended in a regional 
water plan. Most will form comparisons of regulated flows resulting from WAM 
simulations of the Baseline and With WMSs conditions. These can encompass three 
general forms: 

¶ Direct comparisons of the regulated flows by comparing various flow statistics in a 
graphical or tabular format, 

¶ Comparison of the Baseline and With WMSs regulated flows to TCEQ SB3 e-flow 
standards, focusing on how the frequencies at which the standards are exceeded 
differ between the two sets of regulated flows, and 

¶ Comparison of the effects of changes in the regulated flows on specific 
environmental metrics such as weighted useable habitat area. 

The following metrics are facilitated directly by TWDB CERST to assist RWPGs with 
assessing the effects of the recommended water management strategies. Other metrics 
not included here may be utilized at the discretion of each individual RWPG. 

a. Direct comparison of Baseline and With WMSs regulated flows through graphical 
and tabular representations. 

¶ Monthly median comparison ɀ bar chart comparison of median January flows, 
median February flows, etc. These graphs provide a direct comparison between 
ȰÁÖÅÒÁÇÅȱ ÆÌÏ×Ó ÏÆ ÔÈÅ Baseline and With WMSs conditions. 

¶ Tabular flow quantile comparisons of monthly, seasonal, and annual flows. 
These graphs allow for a direct comparison of flows having specific frequencies 
of exceedance. 

¶ Frequency plot comparisons. These graphs allow a comparison between overall 
flow frequency, both high and low exceedance probabilities. 

¶ Plots of Baseline monthly flows against With WMSs monthly flows compared to 
a line of equality. These plots allow, on a monthly basis, to discern if differences 
between Baseline and With WMSs flow conditions are limited to specific months 
and monthly flow volumes. 

b. Comparison of Baseline and With WMSs regulated flows to e-flow standards 
adopted by TCEQ. These comparisons provide for a general understanding of the 
magnitude of flows output by the WAM compared to the e-flows standards. 

1. Frequency at which seasonal subsistence flow thresholds are exceeded 
¶ Baseline 

 
4 RWPGs may want to utilize earlier decades in addition to the final planning decade to demonstrate the 
effects of plan implementation over time. 
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¶ With WMSs 
2. Frequency at which seasonal base flow thresholds are exceeded 
¶ Baseline 
¶ With WMSs 

The e-flow standards adopted by TCEQ are based on daily-mean discharges. In 
contrast, the WAMs used by the RWPGs operate using monthly flows.  
Nevertheless, subsistence and base instream flow standards are incorporated 
into the WAMs as instream flow requirements by simple unit conversions from 
cubic feet per second (cfs) to acre-feet per month (acft/mo)  accounting for the 
number of days in each month. 

RWPGs should be aware of the limitations inherent in comparing daily-flow 
based e-flow standards with monthly regulated flows computed by the WAMs. 
While low-flow months may at times be reasonably compared to subsistence or 
base flow targets, simply having a monthly flow volume greater than 28, 30, or 
31 times the daily standard is insufficient to demonstrate that the daily standard 
was exceeded each day of the month. RWPGs should note that simply because 
the monthly regulated flows from a WAM analysis exceed a monthly total of 
daily e-flow requirements does not imply that the e-flows standard are always 
attained. 

3. Number of seasonal and/or annual high-flow pulse volumes exceeding the 
thresholds5 
¶ Baseline 
¶ With WMSs 

Because high flow pulse flow thresholds in the environmental flow standards are 
based on daily mean flows, WAM regulated monthly flows are not directly 
comparable. To address this issue, TWDB CERST multipl ies the pulse volume 
standards by the number of days in a month divided by the pulse duration 
standard in days, to compare with the resulting Baseline and With WMSs 
monthly regulated flows. 

Flood pulses are graphed by TWDB CERST as a time series scatter plot of high-
flow pulses with different symbols for Baseline and With WMSs conditions but 
limiting the plots to include only monthly flows exceeding the smallest pulse 
volume standard, i.e., low-flows are excluded from the graphs. Seasonal high-
flow pulse volumes are superimposed to provide a visual comparison of the 
results in a temporal fashion. 

The resulting values for Baseline and With WMSs conditions for Subsistence, Base, 
and high flow pulses should be summarized in tabular form for a quantitative 
evaluation of the cumulative effects of the recommended water management 
strategies.  

 
5 Care must be exercised in any basin in which pulse volumes were specified as something other than the 
central tendency values from relations between high-flow pulse flow rate and pulse volume. For example, the 
standards adopted in the Nueces River Basin are based on the upper bound durations. 
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c. Comparison of Baseline and With WMSs regulated flows to aquatic habitat metrics 
(where information is available)6 

Curves of percent of maximum of weighted usable habitat area versus discharge 
have been developed for several locations in the Brazos, Guadalupe-San Antonio, 
and Nueces River Basins, but these types of data have not been developed for other 
basins. Specific exceedance-frequency flows can be plotted on these curves to 
demonstrate the potential differences the Baseline and With WMSs flow regimes 
might have on habitat area at these locations. WAM regulated flows would be 
utilized from the nearest control point location in the model. Suggested quantiles to 
compare are the 75th and 95th percentile flows of the Baseline and With WMSs 
conditions against these curves, for locations where the curves are available. 

d. Bay and estuary inflows 

¶ Compare Baseline and With WMSs regulated flows at the basin outlet. 

TWDB CERST has the capability to provide the above graphs and statistical 
summaries if the regulated flows at the basin outlet are included in the WAM 
output file. 

¶ Compare to adopted bay and estuary inflow targets in the adopted 
environmental flow standards. 

Due to the widely varied nature of the adopted bay and estuary inflow targets, 
and the fact that several bay systems accept flows from multiple river basins, the 
capability of comparing basin outlet regulated flows to adopted bay and estuary 
inflow targets is not included in TWDB CERST. However, TWDB CERST does 
tabulate monthly flows within an Excel spreadsheet worksheet to facilitate an 
RWPG-generated comparison. 

6. Prepare the text for the section of Chapter 6 summarizing the approach used to develop 
the Baseline and With WMSs conditions, and interpreting the results with regard to the 
cumulative effects of the recommended water management strategies on streamflows 
and bay and estuary inflows at desired locations and, where reference data are 
available, habitat metrics. 

The WAM models generate a large amount of data and TWDB CERST is a convenient 
tool for summarizing WAM results in accessible graphical and tabular formats. TWDB 
CERST can be used to produce a large number of graphs and statistical tables which are 
useful in interpreting the differences between Baseline and With WMSs conditions. 
However, RWPGs are encouraged to be selective when incorporating specific graphs 
and tables into the Chapter 6 cumulative effects analysis so that the reader is not 
overwhelmed with the volume of data presented. For example, during development of 
the Brazos Basin demonstration study, 11 basin locations were identified for evaluation 
and TWDB CERST generated 55 individual graphics and 22 statistics tables. That would 
be an inappropriate number of graphs and tables to include in Chapter 6 or an 
appendix. Simply said, just because TWDB CERST has generated a graph or table 

 
6 Note that the relationship between discharge and weighted usable habitat area likely will change over time 
at any specific location as a river adjusts its planform in response to various hydrologic stresses. 
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ÄÏÅÓÎȭÔ ÄÉÃÔÁÔÅ ÔÈÁÔ ÉÔ ÍÕÓÔ ÂÅ Éncluded in the Chapter 6 report or an appendix of the 
regional water plan. 

3. TWDB CERST structure and setup  

The purpose of the TWDB CERST is to assist RWPGs in assessing the cumulative effects of 
strategies recommended in the regional water plans. 

The TWDB CERST is a Microsoft Excel application that creates graphical and statistical 
comparisons of regulated streamflows from the output of any two WAM runs. To assess 
the cumulative effects of recommended strategies in the regional water plans, the two 
WAM runs that will be compared are the Baseline run and With WMSs run described in 
Section 2. 

The TWDB CERST has the following features: 

1. Extracts regulated flows for user-defined control points from any two WAM output files 
(e.g., Baseline model and With WMSs model). 

2. Creates the following regulated flow comparison plots for each user-defined control 
point: 
¶ Exceedance Frequency 

¶ Log-Probability scale ɀ all data 
¶ Linear-Linear scale ɀ 75% exceedance probability flows and smaller 

¶ Monthly median (e-flow requirements are plotted for applicable control points) 
¶ Monthly flow (With WMSs) versus Monthly Flow (Baseline) 
¶ Regulated flows that exceed environmental pulse flow requirements 

3. Compares statistics in tabular form for each user-defined control point: 
¶ Monthly, Seasonal, and Annual exceedance frequencies 
¶ Percentage of months where subsistence and base flow environmental 

requirements are exceeded 

TWDB CERST can be used for any basin, regardless of whether the basin has e-flow 
requirements. For basins with e-flow requirements, the requirements are stored within 
the tool and can be adjusted by the user. For basins without adopted e-flows, the user can 
input flow ranges of interest for comparison to regulated flows in exceedance probability 
plots. For monthly median plots, if e-flows do not exist the plot will be generated but will 
only compare Baseline and With WMSs flows only. 

3.1 Installation  

The CERST tool is comprised of a custom macro-enabled Excel workbook (e.g., 
CERST_v1.0.xlsm) and a folder named dist  which contains the toolȭÓ ÅØÅÃÕÔÁÂÌÅ ÁÎÄ 
dependency files. 4ÈÅ ÔÏÏÌȭÓ ÆÉÌÅÓ ÁÒÅ ÁÖÁÉÌÁÂÌÅ ÆÒÏÍ 47$B as a .zip compressed file. 

The installation steps are as follows: 

1. Download CERST.zip from twdb.texas.gov 

2. Unzip to a folder that does not have spaces in the path  (e.g., 
c:/users/<y our_user_name>/documents/twdb_cerst) 
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a. The CERST tool (combination of Excel file and dist  folder)  can be installed 
in multiple locations ɀ in fact this is recommended if you are evaluating 
multiple basins or scenarios since all output is written to the installation 
folder of the tool being executed. 

b. The Excel file must always be stored in the same directory as the dist  folder 
ɀ separating them will cause the tool to fail. 

c. The only requirement of the installation folder is that the full path NOT 
contain spaces. This could preclude, for example, installing in a Microsoft 
OneDrive shared folder since the path often contains spaces. 

The CERST tool will access WAM output files (.out) ɀ these files can be stored anywhere, 
ÂÕÔ ÉÔȭÓ ÒÅÃÏÍÍÅÎÄÅÄ ÔÈÁÔ ÔÈÅÙ ÂÅ ÓÔÏÒÅÄ ÉÎ the installation directory for convenience. 
This will ensure that all input (WAM .out files) and output (plot files in .png format, and 
.csv files) are kept together in the same directory. 

3.2 TWDB CERST Excel r ibbon  

TWDB CERST includes an Excel ribbon tab called TWDB CERST. The tab is located on the 
left side of the ÒÉÂÂÏÎ ÂÅÔ×ÅÅÎ ÔÈÅ Ȱ&ÉÌÅȱ ÁÎÄ Ȱ(ÏÍÅȱ ÔÁÂÓ ÁÓ ÓÈÏ×Î ÂÅÌÏ×Ȣ 

 
 

The TWDB CERST ribbon includes seven clickable buttons, each of which initiates a 
process and produces output. Output is either a collection of plots (saved as .png image 
files), or tabular output written to the Stats_Table1 and Stats_Table2 worksheets. 
Details of the individual buttons and their output is discussed in Section 4. 

3.3 TWDB CERST worksheets  

This section describes the purpose of ÅÁÃÈ ÏÆ ÔÈÅ ÔÏÏÌȭÓ ×ÏÒËÓÈÅÅÔÓ ÁÎÄ ÈÏ× ÔÈÅ ÕÓÅÒ 
interacts with them. The names of the tabs are: 

  



Texas Water Development Board Contract Number 2100012470 
Final Report: 5ÓÅÒȭÓ 'ÕÉÄÅ ÆÏÒ ÔÈÅ Cumulative Effects of Recommended Strategies Tool (TWDB CERST) 

11 

Settings 
CP_List 
Status 
WAM_MODEL_1 
WAM_MODEL_2 
Stats_Table1 
Stats_Table2 
SB3-EFS-BASIN (one each for Brazos_SanJacintoBrazos, Nueces, etc.) 

 Settings worksheet  

The settings worksheet contains user-selected settings that define the e-flows to be used 
in plots and statistics, and for text input of Model_1 and Model_2 labels. Suggested labels 
for Model_1 and Model_ς ÁÒÅ Ȱ"ÁÓÅÌÉÎÅȱ ÁÎÄ Ȱ7ÉÔÈ-WMSȱȢ 

The SELECT BASIN setting controls which e-flows worksheet is used in the comparison 
plots and tables. For example, ÉÆ ȰBrazos_SanJacintoBrazosȱ ÉÓ ÓÅÌÅÃÔÅÄȟ ÔÈÅ e-flows used in 
the comparisons will come from the worksheet SB3-EFS-Brazos_SanJacintoBrazos. The 
SELECT HYDROLOGIC CONDITION and SELECT PULSE FLOW TYPE choices are filtered 
on the basin selected and are used to define which hydrologic conditions are used in the 
monthly median plots and statistics, and which pulse flow requirements are used in the 
pulse flow scatter charts. 

The Model_1 and Model_2 label inputs, as shown in Figure 3-1, are used in the plot 
legends and the statistics output. 

 
Figure 3-1. User input informat ion on the Settings work sheet. 
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 CP_List worksheet  

The CP_List worksheet includes a user-defined table of control points for the basin 
selected in the Settings worksheet. The columns are defined in Table 3-1. An example is 
shown in Figure 3-2. The list of control points must start in row 2 and not contain any 
blank rows. 

Table 3-1. User-inputted control point information.  

Column Name Description  

Control Point ID 
Identifier of any control point in selected WAM output. This must be an 
exact match. 

Control Point 
Name 

Descriptive name of the control point. If the control point has e-flows, 
this name must have an exact match in the basin's eFlow table. If the 
name doesn't match, the e-flows will not be used in the assessment. 

eFlow 1 Low (cfs) 
The lower value for a specific flow requirement (e.g., subsistence) in 
units of cfs. The descriptive label for the associated flow requirement is 
entered in the eFlow 1 Label  column. 

eFlow 2 High (cfs) 
The higher value for a specific flow requirement (e.g., subsistence) in 
units of cfs. The descriptive label for the associated flow requirement is 
entered in eFlow 1 Label  column. 

eFlow 1 Label 
The descriptive label for the values in the eFlow 1 Low (cfs)  
and eFlow 1 High (cfs)  columns. 

eFlow 2 Low (cfs) 
The lower value for a second specific flow requirement (e.g., Base 
Flow) in units of cfs. The descriptive label for this flow requirement is 
entered in the eFlow 2 Label  column. 

eFlow 2 High (cfs) 
The higher value for a second specific flow requirement (e.g., Base 
Flow) in units of cfs. The descriptive label for this flow requirement is 
entered in the eFlow 2 Label  column. 

eFlow 2 Label 
The descriptive label for the values in the eFlow 2 Low (cfs)   
and eFlow 2 High (cfs)  columns. 

 

The eFlow requirements entered in the CP_LIST worksheet do not have to correspond to 
adopted environmental flow requirements for the specfied locations. The flows entered in 
the CP_LIST worksheet are used only when plotting exceedance frequency plots. The user 
is provided the opportunity to input any set of flows to compare with modeled flows on 
the frequency plots. Typically, these flows will correspond to adopted eflows, but can be 
any flow levels of interest to the user. 
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Figure 3-2. Example control point input  on CP_LIST worksheet . 

 Status worksheet  

The Status worksheet, shown in Figure 3-3, is a read-only worksheet displaying the run-
time status of the functions executed from the TWDB CERST ribbon. 

 
Figure 3-3. Status worksheet . 
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 WAM_MODEL_1 and WAM_MODEL_2 

The WAM_Model_1 and WAM_Model_2 tabs are read-only worksheets containing 
regulated flows extracted from the WAM output files. A common example would be 
models representing Baseline and With WMSs cases, respectively. Data are generated by 
running the Read WAM Output function in the TWDB CERST ribbon.  An example output 
is shown in Figure 3-4. 

The Date column displays the month and year, and the subsequent columns display 
monthly regulated flows for each control point in the user-defined CP_List worksheet that 
matches a control point identifier in the selected WAM output file. The output is included 
in these two worksheets to allow the user the ability to verify the data or perform 
independent assessments of the regulated flows not supported by TWDB CERST. 

 
Figure 3-4. Example WAM regulated flows in the WAM_Model_1 and WAM_Model_2 tabs. 

 Stats_Table1 and Stats_Table2 

The Stats_Table1 and Stats_Table 2 are read-only worksheets containing output generated 
by running the Stats function in the TWDB CERST ribbon. 

Stats_Table1 contains tables for each control point with exceedance frequencies 
summarized on a monthly, seasonal, and annual basis. 

Stats_Table2 contains tables for each control point with e-flows. Each table contains a 
comparison of monthly statistics for the percentage of time subsistence and base flow 
(dry and average conditions) e-flow requirements are equaled or exceeded. 

 EFlow work sheets by basin 

Each basin with e-flow requirements adopted by TCEQ has a worksheet ÎÁÍÅÄ ȰSB3_EFS-
ȱ ÆÏÌÌÏ×ÅÄ ÂÙ ÔÈÅ ÂÁÓÉn name. The basin names match the names used in the basin 
dropdown list on the Settings worksheet. e.g.ȟ ÉÆ Ȱ"razos_SanJacintoBrazosȱ ÉÓ ÔÈÅ ÓÅÌÅÃÔÅÄ 
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basin in the Settings worksheet, the e-flows from the worksheet ȰSB3-EFS-
Brazos_SanJacintoBrazosȱ ×ÉÌÌ ÂÅ used in the comparisons. 

The EFlow_ worksheets are editable, so the user can customize control point names, edit 
values, or enter new e-flow information. Since the worksheets are editable, the user has 
the responsibility for maintaining the original structure. There are two tables within each 
EFlow worksheet: the first (columns A:S) define the e-flows for that basin; the second 
(columns U:V) define the seasons by month. Table 3-2 provides a definition of the 
columns. 

Table 3-2. Descriptions of columns included in EFlow worksheets for each basin.  

Column Name Description  

e-flows  (columns A: S) 

BASIN Basin name. 

CP NAME 
Control Point name. This name will appear on the generated plots. If its 
data will be used in comparisons, this name must be matched by an 
entry in the CP_List worksheet. 

MONTH 
Numerical month value (1-12). There must be twelve months for each 
hydrologic condition. 

SEASON 
Season the month is in ɀ any combination of Winter, Spring, Summer, or 
Fall. These labels are used in the generated plots and statistics tables. 

CONDITION 
Hydrologic Condition: typical values include Dry, Average, Wet, and 
Severe. Some basins do not specify a hydrologic condition, in which case 
use "Average" in this table. 

SUBSISTENCE_CFS 
Subsistence Flow (units of cfs) applicable to the month, season, and 
condition. 

BASE_CFS Base Flow (units of cfs) applicable to the month, season, and condition. 

PULSE FLOW 
REQUIREMENTS # 
VOLUME (AF) 

Pulse Volumes (units of acre-feet [acft] ) for six (6) sets of requirements, 
applicable to the month, season, and hydrologic condition. 

PULSE FLOW 
REQUIREMENTS # 
DURATION (DAYS) 

Pulse Duration (units of days) for six (6) sets of requirements, 
applicable to Pulse Volume. 
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4. TWDB CERST execution and  outputs  

This section describes the execution of each button in the TWDB CERST ribbon and the 
expected outputs for each. 

4.1 Read WAM Output  

The Read WAM Output function extracts the regulated flows from WAM output for each 
control point listed in the CP_List worksheet. The user must select Model_1 and Model_2 
WAM output files. The requirements for successful execution are as follows: 

¶ The selected Model_1 and Model_2 output files are different files, and 
¶ Both output files are valid WAM files. 

The steps for execution and expected results are outlined below. 

1. Click the Read WAM Output button. 

 

 
 
2. Click the OK button (click Cancel to cancel function execution). 
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3. Select Model_1 WAM output file and click the OK button (click the Cancel button to 
cancel output selection). 
 

 
 

4. Select Model_2 WAM output file and click the OK button. Click Cancel to cancel output 
selection. If cancel is selected for the WAM output file, the entire function execution is 
canceled for both files. 
 

 

If both files are selected, the selected files are different files, and both files are valid WAM 
output files, then: 

5. Regulated flows for user-specified control points in the CP_List worksheet are output to 
the WAM_MODEL_1 and WAM_MODEL_2 worksheets. If a control point in the CP_List 
worksheet is not valid, a message is displayed in the Status worksheet, but function 
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execution is not interrupted. 
6. Two .csv files containing the same contents as the WAM_MODEL_1 and 

WAM_MODEL_2 worksheets are written to the directory containing the Model_2 WAM 
output file. 

7. Monthly .csv files are written to the directory containing the Model_2 WAM output file 
ÉÎ Á ÓÕÂÄÉÒÅÃÔÏÒÙ ÎÁÍÅÄ ȰÍÏÎÔÈÌÙȱȢ 4ÈÅÓÅ ÆÉÌÅÓ ÁÒÅ ÕÓÅÄ ÆÏÒ ÔÈÅ ÐÌÏÔÔÉÎÇ functions and 
should not be deleted or edited. 

If one or both output files are not selected, the following message is displayed, and 
execution is canceled. 

 
 

If either output file is not a valid WAM output file, an error message is displayed, and 
execution is canceled. 

 

If an output file was selected twice by mistake, the following error message is displayed, 
and execution is canceled. 
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4.2 Frequency Plots  

The Frequency Plots  function creates plots of regulated flow exceedance frequencies for 
each control point. Two types of plots are generated and saved as .png image files in the 
same directory as the With-WMS (Model 2) WAM output file, in a subdirectory named 
ȰÐÌÏÔÓȱȢ 

 
 

The first type of plot shows monthly WAM data on a log-probability scale. A sample plot is 
shown below in Figure 4-1. Each plot also includes colored bands: one for values between 
EFlow 1 Low and EFlow 1 High, and one for values between EFlow 2 Low and EFlow 2 
High from the CP_List worksheet, if the values are specified. The values are converted 
from units of cfs to acft/mo. 
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Figure 4-1. Example log-probability frequency plot.  

The second type of frequency plot shows values for exceedance probabilities of 75% and 
greater, on a linear arithmetic scale. A sample plot is shown in Figure 4-2. Each plot also 
includes the EFlow bands from values on the CP_LIST worksheet. 

 
Figure 4-2. Example arithmetic frequency plot.  

4.3 Monthly Bar Charts  

The Monthly Bar Charts  function creates plots of monthly medians, along with e-flow 
requirements (if applicable) for each control point. Plots are saved as .png image files in 
the same directory as the With WMSs 7!- ÏÕÔÐÕÔ ÆÉÌÅȟ ÉÎ Á ÓÕÂÄÉÒÅÃÔÏÒÙ ÎÁÍÅÄ ȰÐÌÏÔÓȱȢ 
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A sample plot is shown in Figure 4-3. Plots of TCEQ adopted SB3 base and subsistence e-
flows are plotted behind the bars if they are available. All available hydrologic conditions 
are plotted for the base flows and the subsistence flows for the hydrologic condition 
specified on the Settings worksheet are also plotted. 

 
Figure 4-3. Example monthly median plot.  

4.4 Model_2 vs. Model_1 Monthly Charts 

The Model_2 vs. Model_1 Monthly Charts  function creates a collection of 12 monthly 
subplots for each control point specified on the CP_LIST worksheet ɀ with each subplot 
showing Model_2 (e.g., With WMSs) versus Model_1 (e.g., Baseline) regulated flows as 
scatter plots. Plots are saved as .png image files in the same directory as the Model_2 
WAM ÏÕÔÐÕÔ ÆÉÌÅȟ ÉÎ Á ÓÕÂÄÉÒÅÃÔÏÒÙ ÎÁÍÅÄ ȰÐÌÏÔÓȱȢ 
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A sample plot is shown in Figure 4-4. On each subplot, a line of equivalency is plotted as a 
solid dark gray line. Points falling on the line of equivalency indicate the With WMSs flow 
is equal to the Baseline flow. Points to the right of the line of equivalency indicate the 
Baseline flow is greater than With WMSs flow. Points to the left indicate the With WMSs 
flow is greater than the Baseline flow. 

4.5 Pulse Flow / Scatter Charts  

The Pulse Flow / Scatter Charts  function creates a plot for each control point showing 
monthly regulated flow scatter points against pulse flow requirements for the entire 
period of record. Plots are saved as .png image files in the same directory as the Model_2 
7!- ÏÕÔÐÕÔ ÆÉÌÅȟ ÉÎ Á ÓÕÂÄÉÒÅÃÔÏÒÙ ÎÁÍÅÄ ȰÐÌÏÔÓȱȢ )Æ Á ÃÏÎÔÒÏÌ ÐÏÉÎÔ ÄÏÅÓ ÎÏÔ ÈÁÖÅ e-flows 
specified within the TWDB CERST workbook, no plot will be generated. 

 

 
A sample plot is shown below in Figure 4-5. Only flows that exceed the minimum pulse 
flow requirements are plotted. An inset text box is shown on each plot that indicates the 
number of monthly flows exceeding the pulse flow requirements for the Model_1 and 
Model_2 cases. 

The pulse flow requirements plotted are specified in the Settings worksheet. 
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Figure 4-4. Example regulated flows scatter plot.  



Texas Water Development Board Contract Number 2100012470 
Final Report: 5ÓÅÒȭÓ 'ÕÉÄÅ ÆÏÒ ÔÈÅ Cumulative Effects of Recommended Strategies Tool (TWDB CERST) 

24 

 
Figure 4-5. Example pulse flow / scatter plot.  

4.6 Stats 

The Stats function creates two types of statistical tables for each control point specified in 
CP_List. Output is written to the Stats_Table1 and Stats_Table2 worksheets. 

 

 
An example of the first stats output table (Stats_Table1 worksheet) is shown in Figure 
4-6. This table contains 95%, 75%, 50%, 25%, and 5% exceedance frequencies by month, 
season, and annually7. 

 
7 A 95% exceedance frequency means that 95% of the flows equal or exceed that value. 
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Figure 4-6. Example Stats_Table1 output table.  

An example of the second stats output table (Stats_Table2) is shown in Figure 4-7. This 
table shows the percentage of months, for each model, where the regulated flow exceeds 
subsistence and base flow targets. Dry and Average conditions baseflow comparisons are 
made if these targets are available for the basin of interest. If only one base flow condition 
is available, that condition will be shown in the table. 

 
Figure 4-7. Example Stats_Table2 output table.  

4.7 Charts 

When the user clicks the Charts function, shown below, the last saved location is opened 
in File Explorer, showing the charts that were generated at the last saved location. 
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The location of the plots folder is set to the location of the Model_2 WAM output file when 
the user runs the Read WAM Output function. 

5. Errors, warnings, and troubleshooting  

This section describes anticipated warning errors that can be handled while not impacting 
TWDB CERST application processing (i.e. does not result in the application crashing). In 
these cases the application will either display an error pop-up window, write an error 
message to the Status worksheet, or both. In all of these situations the reason for the 
error is known and steps can be taken to eliminate the error. The following sections 
discuss common sources of error, the functionality affected, and how they can be 
corrected. 

5.1 Missing or incorrect control point information  

The following table (Table 5-1) lists potential errors due to missing/incorrect control 
point information, the functionality affected, and the solution to correct the error. 

Table 5-1. Potential errors in control point information . 

Error De scription  Functionality Affected  Solution  

Blank Control Point list All 
Add at least one control 
point, run Read WAM 
Output to populate data. 

Blank Control Point ID between two non-
null IDs in CP_LIST worksheet. 

All 
Add control point id and re-
run. 

Blank Control Point Name anywhere 
there is a non-null Control Point ID 

All 
Add control point name and 
re-run. 

Control Point ID doesn't exist in one or 
both models. 

- Data not extracted for bad CP ID. 
- Plots not created for bad CP ID. 
- Stats not created for bad CP ID. 

- Correct Control Point ID. 
- Re-run Read WAM Output. 
- Re-run plots/stats . 
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5.2 Missing Monthly WAM Data  

When the WAM output is read from the .out files, 24 monthly data files (12 for each 
model) are written to a subdirectory of the directory where the Model_2 output file is 
located. The nÁÍÅ ÏÆ ÔÈÅ ÓÕÂÄÉÒÅÃÔÏÒÙ ÉÓ ȰÍÏÎÔÈÌÙȱȢ %ÒÒÏÒÓ ×ÉÌÌ ÏÃÃÕÒ ÉÆ ÁÎÙ ÏÆ ÔÈese data 
are deleted or moved, the files renamed, or the directory deleted/moved/renamed. 
Table 5-2 lists potential errors associated with missing WAM data, functionality affected, 
and the solutions to correct the error. 

Table 5-2. Potential err ors ɀ missing WAM data.  

Error Description  Functionality Affected  Solution  

MISSING FILE 
(missing or renamed file or directory) 

- Monthly Bar Charts not created. 
- Plan versus Baseline Charts not 
created. 
- Stats not created. 

- Re-run Read WAM Output. 
- Re-run affected plots/stats. 

5.3 Incorrect or modified installation configuration  

The TWDB CERST and the dist  sub-directory must be in the same base directory. If they 
are not in the same directory, if the dist  sub-directory was renamed, or if any of the files 
within the dist  sub-directory were deleted or renamed, the application will fail. Files in 
the dist  sub-directory should never be touched, so the most common mistake would be 
running the workbook functions from directory that does not contain the dist  
subdirectory Table 5-3 lists potential errors associated with installation configuration, 
functionality affected, and the solutions. 

Table 5-3. Potential errors ɀ incorrect or modified installation configuration.  

Error Description  Functionality Affected  Solution  

file path is not valid 
 
(where file path is <path of Excel 
workbook> 
\ dist\ cumimptools\ cumimptools.exe) 

All 

Check that workbook is in 
same base directory as the 
dist sub-folder. If in same 
base directory, it is 
recommended that the 
application files be re-
installed. 

&ÁÉÌÅÄ ÔÏ ÅØÅÃÕÔÅ ÓÃÒÉÐÔȣ error message 
box 
 
(Typically caused by missing or corrupted 
files in the "dist" sub-directory)  

All Re-install application files. 
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6. Brazos River Basin demonstration study  

This section describes the hydrologic effects on streamflows in the Brazos River Basin for 
recommended WMS presented in the 2021 Region O, Brazos G, and Region H Regional 
Water Plans. It is organized into a methodology section and a synthesis of results section. 
)Ô ÉÓ ÉÎÃÌÕÄÅÄ ÉÎ ÔÈÉÓ 5ÓÅÒȭÓ 'ÕÉÄÅ ÁÓ ÁÎ ÅØÁÍÐÌÅ ÆÏÒ 270'Ó ÔÏ ÃÏÎÓÉÄÅÒ ×ÈÅÎ developing 
the Impacts of Regional Water Plan and Consistency with Protection of Resources 
(Chapter 6) for a regional water plan utilizing the methodology described in Section 2 and 
in support of guiding principles described in Texas Administrative Code §358.3(8) for 
State Water Plan development. 

6.1 Methodology  

The Brazos River Basin WAM, modified for regional water planning purposes to 
determine existing supplies (Brazos G WAM), was used to quantify the cumulative effects 
on Brazos River Basin streamflows due to the implementation of surface water strategies 
recommended in the following three regional water plans through the year 2070: 

¶ 2021 Region O Water Plan 
¶ 2021 Brazos G Water Plan 
¶ 2021 Region H Water Plan 

The Brazos G Supply WAM, which was approved by the TWDB with hydrologic variances 
from Run 3, was used as the baseline model for all scenarios. Minor changes were made so 
that the model would run in the January 2021 version of WRAP.  These model changes 
were made to the *.dat file and are shown in Figure 6-18. The baseline model includes 
return flows as they were modeled in the 2021 Brazos G Regional Water Plan to develop 
estimated water supplies. 

The Brazos G WAM assumptions include: 

¶ return flows from wastewater treatment plants permitted for at least 1 millio n 
gallons per day of annual discharge; 

¶ as-permitted diversions; 
¶ Brazos River Authority (BRA) System Operations Permit; 
¶ e-flow standards adopted by the TCEQ; and 
¶ sediment conditions depending on the decade of analysis. 

The decade in which a recommended WMS is scheduled to come online depends on the 
strategies and projected local and regional needs. The cumulative effects of recommended 
WMSs on streamflows in the Brazos Basin were analyzed for two future decades: 

¶ 2040 ɀ includes all recommended surface water strategies scheduled to come online 
by 2040. 

¶ 2070 ɀ includes all recommended surface water strategies scheduled to come online 
by 2070. 

 
8 This information would not normally be included in Chapter 6 of a regional water plan, but is included here 
for completeness. 
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Figure 6-1. Changes to .DAT file to run in January 2021 release of WRAP. 

Cumulative effects were assessed in two planning decades, 2040 and 2070, but this 
approach could be applied for any selected planning decade to assess the impacts of 
regional water plans. At a minimum, it is expected that the cumulative effects analysis 
include all strategies recommended through the last planning decade (2070 in the 2021 
plans). 

------------------------------ Change 1 ---------------------------------------------------------------------  
**JD    76    1940       1      - 1      - 1               5              - 1                                                             

JD    76    1940       1       0       0               5              - 1      15                        

** FNI change to allow more than 12 records on SVSA  

------------------------------Change 2 ---------------------------------------------------------------------  
** (FNI switch order of use_drop1 and use_drop1_prev to prevent fatal error in Jan 2021 version 

of WRAP)  

WRBRGM73                       1   8                                   use_drop1  SYSTEM  SYSOPS  

TO    13             SET                                     gbpk_gt_max    CONT  

TO    13             ADD                                  use_drop1_prev  

**    Set to  1 if using 1950s operation scheme  

WRBRGM73     1. 0  XMONTH       1   8                              use_drop1_prev  SYSTEM  SYSOPS  

TO   - 13             LIM     0.9                               use_drop1    CONT  

TO    13             MUL                                     gbpk_lt_max    CONT  

TO    13             MUL                                     rest_lt_max  

****    Combine so that this will be greater than 0 when using 1950s drought operating scheme  

**WRBRGM73                       1   8                                   use_drop1  SYSTEM  

SYSOPS 

** TO    13             SET                                     gbpk_gt_max    CONT  

**TO    13             ADD                                  use_drop1_prev  

**  

** (FNI switch order of use_drop2 and use_drop 2_prev to prevent fatal error in Jan 2021 version 

of WRAP)  

WRBRGM73                       1   8                                   use_drop2  SYSTEM  SYSOPS  

TO    13             SET                                       start_dr2    CONT  

TO    13             ADD                                  use_drop2_pr ev  

WRBRGM73     1.0  XMONTH       1   8                              use_drop2_prev  SYSTEM  SYSOPS  

TO   - 13             LIM     0.9                               use_drop2    CONT  

TO    13             MUL                                      gbpk_lt_max    CONT 

TO    13             MUL                                     rest_lt_max  

**WRBRGM73                       1   8                                   use_drop2  SYSTEM  

SYSOPS 

**TO    13             SET                                       start_dr2    CONT 

**TO    13             ADD                                  use_drop2_prev  

**  

------------------------------ Change 3 ---------------------------------------------------------------------  
** FNI change  -  extend SVSA record for LKWACO (straight line out  from last 2 points) to prevent 

fatal error in Jan 2021 version of WRAP  

**SVLKWACO      0.    216.    371.    804.   1693.   3670.  14027.  28969.  52594.  78971. 

144850. 186767.  

**SA            0.     26.      39.    110.    174.   1003.   2407.   3567.   4449.   5290.   

7169.   8190.  

SVLKWACO      0.    216.    371.    804.   1693.   3670.  14027.  28969.  52594.  78971. 144850. 

186767. 200000.  

SA            0.     26.     39.    110.    174.   1003.   240 7.   3567.   4449.   5290.   7169.   

8190.   8512.  

------------------------------ Change 4 (2070 only) ------------------------------------------------------  
** FNI change -  extend SVSA record for ALCOAL (straight line out from last 2 points) to prevent 

fat al error in Jan 2021 version of WRAP  

**SVALCOAL      0.     62.    200.    400.   2953.   4944.   7777.   8961.  10146.  10739.  

11233.  14378.  

**SA            0.      5.     30.     74.    315.    450.    586.    641.    696.    723.    

752.    880.  

SVALCOAL      0.     62.    200.    400.   2953.   4944.    7777.   8961.  10146.  10739.  11233.  

14378.  20000.  

SA            0.      5.     30.     74.    315.    450.    586.    641.    696.    723.    752.    

880.   1109.  
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The cumulative effects of the strategies can be quantified by comparing conditions prior 
to implementation of the plan (Baseline) to conditions with the recommended WMS plan 
in place (With WMSs). The Brazos G WAM without any of the recommended future water 
management strategies in place was used to simulate streamflow under baseline 
conditions. The conditions With WMSs in place start with the baseline Brazos G WAM and 
add the recommended water management strategies that could measurably affect 
streamflows. Modeling scenarios included a Baseline model and an ȬWith WMSsȭ ÍÏÄÅÌ ÆÏÒ 
each of two planning decades investigated, 2040 and 2070 (Table 6-1). Water 
management strategies from all three regions were included iÎ Á ÓÉÎÇÌÅ ȬWith WMSsȭ 
model to reflect the cumulative impact on the basin for all recommended WMSs located in 
the Brazos Basin. 

Table 6-1. Modeling scenarios to assess impacts of surface water strategies.  

Scenario 
name 

Modeled water 
management 

strategies  

Year of 
reservoir area -
capacity curves  

Year of 
reservoir 
storage 

capacities  

Year of 
return 
flows  

Baseline_2040 None 2020* 2040 2040 

WMS_2040 
2020, 2030, and 2040 
relevant recommended 
strategies 

2020* 2040 2040 

Baseline_2070 None 2070* 2070 2070 

WMS_2070 
All relevant recommended 
strategies (2020 ɀ 2070), 
See Table 6-2 

2070* 2070 2070 

*Area-capacity curves were not developed for 2040 conditions. 

The recommended WMSs listed in Table 6-2 were incorporated into the With WMSs 
model for comparing with the Baseline. For this assessment, only recommended WMS 
affecting surface water were modeled. Recommended strategies not included in the 
cumulative effects analysis are not expected to significantly impact streamflow. The 
locations of the recommended water management strategies evaluated using the TWDB 
CERST are shown in Figure 6-2. 

Table 6-2. Recommended water management strategies included in the cumulative effects analysis.  

Recommended water management strategy  
Year 

implemented  

Regional 
water 

planni ng area 

Belton-Stillhouse Pipeline 2030 G 

Lake Granger ASR 2030 G 

Lake Granger Augmentation 2030 G 

Lake Creek Reservoir 2030 G 

Turkey Peak Reservoir (Lake Palo Pinto Expansion) 2030 G 

Cedar Ridge Reservoir 2030 G 

Groesbeck Off-Channel Reservoir  2030 G 
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Coryell County Off-Channel Reservoir 2030 G 

Throckmorton Reservoir 2030 G 

Manvel Mustang Bayou Reservoir 2030 H 

Jim Bertram Lake 7 2040 O 

Lake Georgetown ASR 2040 G 

Allens Creek Reservoir 2040 H 

Lake Whitney Reallocation 2050 G 

Lake Aquilla Reallocation 2060 G 

 

Strategies that use permitted water supplies ×ÅÒÅ ÎÏÔ ÒÅÆÌÅÃÔÅÄ ÉÎ ÔÈÅ ȬWith WMSsȭ 
scenarios because the associated water rights for these strategies are already reflected in 
the Baseline WAM. BRA System Operations, Brushy Creek Reservoir, and Bosque County 
Regional Project (Clifton Reservoir Enlargement) are already permitted and included in 
the Brazos G WAM. So, although these projects are recommended water management 
strategies in the 2021 Plans, they are already included in the baseline conditions runs. The 
proposed Allens Creek Reservoir has also already been permitted but is not included in 
the baseline run. The Manvel Mustang Bayou Reservoir WMS is located in the San Jacinto-
Brazos Coastal Basin and does not impact flows in the Brazos River Basin, and for this 
reason is not included in either Baseline or With WMSs models. 

The WRAP software is used to execute the WAM. Within the WRAP input files, water right 
records were revised or added to the .DAT files to model the recommended WMSs 
presented in Table 6-2. Some strategies also required creation of new control points in the 
WAM, which required updates to both the .DAT and .DIS input files. No changes were 
made to the .EVA, .FLO, or .HIS input files. The .EVA, .FLO, and .HIS files represent a period 
of hydrology from 1940 through 2015 and were adapted from a recent drought study 
conducted by the BRA. Flows from 1998-2015 ÓÈÏÕÌÄ ÂÅ ÃÏÎÓÉÄÅÒÅÄ ȱsemi-naturalizedȱ 
because they only include adjustments for reservoirs with over 10,000 acft of permitted 
storage, diversions from water rights permitted for more than 1,000 acft per year, and 
return flows from wastewater treatment plants permitted for more the 2 million gallons 
per day. These are the same hydrology input files used to determine supplies in the 2021 
Region O, Brazos G, and Region H Plans. Changes for each With WMSs model are described 
below. 
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Figure 6-2. Locations of recommended water management strate gies and evaluation control points.  

 2040 Implemented Pl an 

The .DIS file was updated to account for new control points for the following strategies 
because they each represent a new water right, reservoir, or diversion location and are 
not included in the WAM maintained by TCEQ. Letters in parentheses indicate the sponsor 
region of each WMS. 

¶ Jim Bertram Lake 7 (O) 
¶ Lake Creek Reservoir (G) 
¶ Throckmorton Reservoir (G) 
¶ Cedar Ridge Reservoir (G) 
¶ Coryell County Off-Channel Reservoir (G) 
¶ Groesbeck Off-Channel Reservoir (G) 
¶ Manvel Mustang Bayou Reservoir (H) 

The .DAT file was updated to reflect new control points, new water rights, water right 
amendments, and operational changes (e.g. reallocation of flood and/or hydropower 
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surface water availability where surface water-and groundwater interact, those 
interactions would be difficult to represent in the WAM modeling framework and may 
require more advanced earth systems modeling to assess. Reuse strategies were also 
excluded from this analysis. Although the Brazos Basin is modeled with return flows in 
the regional water plans for Regions O, G, and H, surface water strategies in the RWPs are 
typically assessed using Run 3 WAMs, which exclude return flows. Additionally, although 
the Brazos G WAM does include return flows, those return flows are already adjusted 
(reduced) to account for potential reuse projects. 

6.2 Cumulative effects on streamflows of water management 
strategies recommended in the Brazos River Basin  

 Effects on monthly regulated  flows 

Most locations exhibit lower median monthly flows with the implementation of the 2021 
Plans compared to the baseline condition. This is due primarily to the increased 
diversions, reservoir storage and evaporative losses associated with the recommended 
strategies.  The locations of control gages is shown in Figure 6-2 to support the discussion 
below related to cumulative effects of recommended WMS on monthly regulated flows. 

The Double Mountain Fork of the Brazos River near Aspermont (DMAS09) control point  is 
the only location investigated where implementation of the 2021 Plans would not 
decrease the median monthly streamflow relative to the baseline conditions, as shown in 
Figure 6-3. The only recommended WMS affecting surface water upstream of DMAS09 is 
Jim Bertram Lake 7 near Lubbock. 

At the Clear Fork of the Brazos River at Eliasville (CFEL22) location, the median monthly 
streamflow would decrease in every month compared to the baseline conditions in both 
the 2040 and 2070 decades, as shown in Figure 6-4. These reductions are the result of the 
implementation of the Cedar Ridge Reservoir. The largest change in terms of magnitude 
would occur in June, while the largest change in terms of percentage would occur in 
March. 

The Brazos River near South Bend (BRSB23) location also shows median monthly 
streamflow decreasing in every month compared to baseline conditions in both the 2040 
and 2070 decades, as shown in Figure 6-5. These reductions are the result of the 
implementation of the Cedar Ridge, Lake Creek and Throckmorton Reservoirs upstream. 
The largest percent decreases would occur between March and April in both 2040 and 
2070, while the largest absolute decreases would occur between May and June. The 
streamflow frequency plots in Figure 6-6 show that the overall change to the flow regime 
would be minor. 

The Brazos River near Glen Rose (BRGR30) location shows median monthly streamflow 
decreasing in every month (except January under 2040 conditions) relative to baseline 
conditions in both the 2040 and 2070 decades (Figure 6-7). This gage on the main stem of 
the Brazos River reflects the same impacts from recommended strategies upstream of 
BRSB23, plus the addition of Turkey Peak Dam (also known as Lake Palo Pinto 
Enlargement). The scatterplots showing the baseline scenario on the x-ÁØÉÓ ÁÎÄ ÔÈÅ Ȭ7ÉÔÈ 
0ÌÁÎȭ ÓÃÅÎÁÒÉÏ ÏÎ ÔÈÅ Ù-axis for 2040 conditions and 2070 conditions show marked 
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changes in flow for individual months due to the implementation of WMSs, with some 
flows decreasing but others increasing in a given month of the simulation. Figure 6-8 
illustrates this for 2070 conditions. In the 2040 decade, the largest decrease in median 
monthly flows in terms of magnitude would occur in June, while the largest percentage 
decrease would occur in November. In the 2070 decade, the largest absolute decrease in 
median monthly flows and the largest percent decrease would both occur in August. The 
flow frequency curves shown in Figure 6-9 indicate that the highest 25 percent of flows 
will change little, while lower flows are expected to decrease. 

 
Figure 6-3. Monthly median flows at the Double Mountain Fork of the Brazos River near Aspermont 

for Year 2040 and Year 2070 conditions for Baseline and With WMSs models.  
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Figure 6-4 Mont hly median flows at the Clear Fo rk of the Brazos River at Eliasville) for Year 2040 and 

Year 2070 conditions for Baseline and With WMSs models. 
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Figure 6-5. Monthly median flows at the Brazos River near Sou th Bend for Year 2040 and Year 2 070 

conditions for Baseline and With WMSs models. 
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Figure 6-6. Exceedance frequencies of flows at the Brazos River at South Bend for Year 2070 

conditions for Baseline and With  WMSs models. 
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Figure 6-7. Monthly median flows at the Brazos River near Glen Rose for Year 2040 and Year 2070 

conditions for Baseline and With WMSs models. 
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Figure 6-8. Monthly flows, Base line versus With WMSs at the Brazos River near Glen Rose for Year 

2070 conditions.  
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Figure 6-9. Exceedance frequencies of flows at the Brazos River near Gl en Rose for Year 2070 

conditions for Baseline and With WMSs models. 

The Brazos River near Aquilla (BRAQ33) location shows decreases in median streamflow 
for nine of the twelve months by 2040 (Figure 6-10). The range of differences at this 
location by 2040 is a 38 percent decrease in February to a 4 percent increase in March. As 
seen in Figure 6-11, the recommended WMSs upstream of BRAQ33 are not expected to 
greatly alter the frequency of high and low flows by 2040. However, as shown by Figure 
6-12, all flow quantiles including monthly median flow are expected to decrease 
substantially by 2070 after the implementation of the Lake Whitney reallocation strategy 
in 2050 and the Lake Aquilla reallocation strategy in 2060. 
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Figure 6-10. Monthly median flows at the Brazos River near Aquilla for Year 2040 and Year 2070 

conditions for Baseline and With WMSs models. 
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Figure 6-11. Exceedance frequencies of flows at the Brazos River near Aquilla for Year 2040 

conditions for Baseline and With WMSs models. 
 



Texas Water Development Board Contract Number 2100012470 
Final Report: 5ÓÅÒȭÓ 'ÕÉÄÅ ÆÏÒ ÔÈÅ Cumulative Effects of Recommended Strategies Tool (TWDB CERST) 

44 

 
Figure 6-12. Exceedance frequencies of flows at the Brazos River near Aquilla for Year 2 070 

condi tions for Baseline and With WMSs models. 

The Bosque River near Waco (BOWA40) location gages a relatively small watershed 
compared to the other locations investigated in this analysis. Changes in streamflow 
associated with this location are relatively minor, as can be seen in the flow frequency 
curves for 2070 conditions in Figure 6-13. 
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Figure 6-13. Exceedance frequencies of flows at the Bosque River near Waco for Year 2070 conditions  

for Baseline and With WMSs models. 

Regulated flows at the Little River near Cameron (LRCA58) location reflect changes from 
water management strategies recommended within the Little River watershed, 
specifically Lake Granger ASR, Lake Granger Augmentation, and Lake Georgetown ASR. 
The scatterplots for 2040 conditions and 2070 conditions shown in Figure 6-14 are 
generally similar between the two scenarios, with a few months with much lower flow 
due to the implementation of the recommended strategies. Those few months with 
differences tend to occur during periods of moderate flow. While monthly median flows 
exhibit increases in April for both 2040 and 2070 conditions (Figure 6-15) and decreases 
in the other months, the overall flow regime is largely unchanged as indicated by the 
2070-conditions flow frequency curves in Figure 6-16. 
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Figure 6-14. Monthly flows, Baseline versus With WMSs at the Little  River near Cameron for Year 
2040 and Year 2070 conditions . 
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Figure 6-15. Monthly median flows at the Little River near Cameron for Year 2040 and Year 2070 

conditions for Baseline and With WMSs models. 
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Figure 6-16. Exceedance frequencies of flows at the Little River near Cameron for Year 2070 

conditions for Baseline and With WMSs models. 
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The Navasota River near Bryan (NABR67) location measures streamflow in the Navasota 
River watershed, a tributary to the Brazos River. The only recommended WMS affecting 
surface water upstream of NABR67 is the Groesbeck Off-Channel Reservoir, which is 
scheduled to be implemented by 2030. The scatterplots for 2040 and 2070 conditions in 
Figure 6-17 indicate changes in flow for individual months due to the implementation of 
the plans, with some flows decreasing but others increasing in a given month of the 
simulation. By 2040, median monthly flows are expected to increase slightly in 3 months 
(February, August, and September) and decrease the other months as shown in Figure 
6-18. By 2070, decreases in monthly median flows are expected in all months except 
August. The flow frequency curves in Figure 6-19 indicate that low flows (i.e., flows 
exceeded more than 95 percent of the time) are expected to increase considerably. 
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Figure 6-17. Monthly flow s, Baseline versus With WMSs at the Navasota River near Bryan for Year 
2040 and Year 2070 conditions.  
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Figure 6-18. Monthly median flows at the Navasota River near Bryan for Year 2040 and Year 2070 

conditio ns for Baseline and With WMSs models. 
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Figure 6-19. Exceedance frequencies of flows at the Navasota River near Bryan for Year 2070 

conditions for Baseline and With WMSs models. 

The three most downstream locations (Brazos River near Hempstead (BRHE68), Brazos 
River at Richmond (BRRI70), and Brazos River at the Gulf of Mexico (BRGM73)) are 
located on the main stem of the Brazos River and the changes in streamflow at these 
locations show similar patterns. These three points are located in the lower basin and are 
downstream of all recommended water management strategies, except the Manvel Supply 
Expansion project which is located in the adjacent coastal basin. These locations have the 
potential to be impacted by the implementation of any of the recommended strategies 
upstream. New reservoir and diversion projects will tend to reduce streamflow at these 
locations, while alterations in BRA System Operations tends to increase streamflows as 
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releases from upstream reservoirs pass these locations to satisfy demands at downstream 
locations. 

Monthly median streamflows will decrease at Hempstead during nine months with 
decreases as much as 19 percent in 2040 (Figure 6-20). The flow frequency curves at 
Hempstead in Figure 6-21 indicate that the decreases impact lower flows (i.e., flows 
exceeded more than 50 percent of the time) under 2070 conditions. However, very low 
flows (i.e., flows exceeded more than 99 percent of the time) are expected to increase at 
Hempstead. 

 
Figure 6-20. Monthly median flows at the Brazos River near Hempstead for Year 2040 and Year 2070 

conditions for Baseline and With WMSs models. 
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Figure 6-21. Exceedance frequencies of flows at the Brazos River near Hempstead for Year 2070 

conditions for Baseline and With WMSs models. 

Median flows at Richmond will decrease in all 12 months between Baseline and With 
WMSs conditions, as shown in Figure 6-22, as well as flows greater than about the 93rd 
percentile. However, lower flows (94th percentile and smaller) will tend to increase 
(Figure 6-23) under 2070 With WMSs conditions. 
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Figure 6-22. Monthly median flows at the Brazos River at Richmond for Year 2040 and Year 2070 

conditions for Baseline and With WMSs models. 
 
 
























































