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1. Introduction

During the development of a regional water plan, each regional wexr planning group
(RWPG) is required to prepareChapter 6. Impacts of Regional Water Plan and Consistency
with Protection of Resources alignment with the guiding principles described in EBxas
Administrative Code8358.3(8) for State Water Plan developmet. Regional water

planning groups utilize a variety of methods to assess the cumulative effects of water
management strategies on streamflowsBased on these various approaches and the

overall objective of the Texas Water Development Board (TWDB) to staadlize 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 methodologygenerally applicable to each regional water lan.

This project included four primary tasks:

1. Identify a set of metrics and @velop a generalized assessment methodology that is
applicable to most regional water planning areas. This methadogy 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 bain that includes strategies
recommended in multiple regional waer plans.

4. $A0AT T D A 50A0068 ' OEAA &£ O OEA 0111 OEAOQ(
a. Presents the generalized assessment methodolog@é€ction2).

b. Presents the assessment tool and describes its applicatioBdctions3, 4, andS).
c. Demonstratesthe methodology and theuse of the assessmertbol (Section6).

4EEO 50A060 ' OEAA DPOAOAT 6O OEA OAATI T AT AAA 1A

of recommended water management strategies on streamflows and describes the TWDB

Cumulative Effects of Recommended Strategies Tool (TWDB CERST). A destration

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 gporitized list of metrics were presented and
discussed during a workshop heldetween the study contractors and TWDB stafin
December 18, 2020 Interim memorandums were preparedand delivered to TWDB staff
for input and a follow-up meeting was held onanuary 22, 2021 to confirm the
methodology.

This methodology andthe associated recommendeanetrics were usedto developthe
TWDBCERSTndto prepare an example assessment in the Brazos River Basin.

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

A stepwise approach for RWPG consideratiorf oumulative impacts analysis of
recommended water management strategies follows:

1. Identify locations ofinterest.

The RWPG should determine the locatns of interest for evaluatingthe effects of
recommended strategies.Consideration should be given to loations downstream of
significant water management strategies and sites where the cumulative impacts of
multiple strategies might be measuredThe following are suggested location$or
consideration.

a. Sites at whichthe Texas Commission on Environmental Qlity (TCEQ has adopted
environmental flows standards (e-flows) (Texas Water Code€11.0235, hereafter
OAZEAOOAA & I AO ODAGMAAHADS 1 O

b. Basin outlets (bay and estuary inflows) or points where the main stens of rivers
crossa state boundary, such as theCanadian, Red, Cypresand Sulphur Basins.

c. Locations adjacent to or withinstream segmentsidentified by the RWPGas having
unique ecological value

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

e. Other locations of interest to the RWPG&Guch as longterm gage sites

2. ldentify Baselineflow condition.
The Baseline flow condition should be selected to address thelfaving question:

On the absence of the water management strategies recommended in the regional
water plan, what would be thdlows in the basin(s) given existing water management
programs and water rights adjudications®

The Baseline flow condition is € £#£ZAOAT O &£0T i xEAO T ECEO AA Al
flow conditions, because the intent is to evaluate the effects of the wateranagement

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 thatare appropriate to selectfrom as a
Baseline condition.Modifications from these alternativesmayAA | AAA AO AAAE 2
discretion as appropriate to their region and the management of water supplies therein.

Alternative 1 . For purposes of evaluating theeumulative effects of the strategies
recommended in a regional water plan, the Baseline case is considered totbe TCEQ
Water Availability Model ( WAM) or model approved by TWDB for RWPG use in
determining current supplies . For evaluating all strategiesecommended 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 RWP@sy have an

2
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approved variance toinclude some level of return flows in the current supply
evaluations, and these should be included in the modeAlso 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 tothe WAM
Run 3 with full utilization of water rights . Increased usage of existing water rights
does not constitite a change since the regional plans assume full utilization of existing
water rights as a current supply condition.

Alternative 3 . For purposes ofevaluating the cumulative effects of the strategies
recommended in a regional water plan, the Baseline cageconsidered to bethe WAM
Run 3 with full utilization of water rights, = modified to include some level of
projected return flow s. Return flows shoud be incorporated basinrwide and not just
where reuse projects are anticipated.

Other items a RWPG shouldonsider when selecting a Baseline condition include:

Subordination, e.g, upper/lower basin subordination in the Colorado River Basin
System operaton of existing water rights

Impacts of historical groundwater development on flows

Historical return flows

Interstate and international compact issueg Rio Grande, Canadian, Red, and Sabine
Basins

= =4 4 -4 -4

Identify and incorporate strategies that affect streamflows.

Incorporate all strategiesinto the WAMto be developed by the final planning decade
that will significantly affect streamflows. RWPGs may also considadditional, interim
decades to demonstrate the effects of plan development over timetlife RWPG deses
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, th@ffowing additional
guidance is offered:

a. New surface water rights

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

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

b. Reusestrategies

Because RWBs have the flexibility to definghe mostrelevant Baseline condition
asdescribed above inclusion of reuse strategies will be at the discretion of each
RWPG based on its formulation of a Baseline flow condition. The RWRB®@xpected
to clearly document how return flows are determined and how they are used in the
modeling.

Reuse strategiesisould be incorporated in the WAM only if the Baseline condition
includesfull 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 becase they are not reflected in théBaseline 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 flowsfurther to reflect future conditions.!

1. Indirect Reuse

Under Baseine 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 toexisting rights. Because many indirect
reuse projects are facilitaed through bed-and-banks authorizations, such
AOOET OEUAOET T O AOA 1T A£ZO0AT AT1T OEAAOAA
cases, the indirect reuse strategy can be modeled senior td @kisting rights, but
care must be taken that the upstream disclrges modeled are sufficient in all
months to supply the indirect reuse amountsuch thatdownstream senior

water rights are not impacted

Exceptions applyto return flows originating from in -basin surface water
diversions z diversions of which might not be outside the priority system. When
flows available to a bedand-banks authorization are subject to senior water
rights, modeling andinterpretation of the impacts of reuse strategies shoulde
made with caution because, under most Baseline conditions, senwater 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 incorporatedirect 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 quantiof return flows
discharged in themodel that includes the recommaded water management

1When considering bedand banks authorizations for groundwater-based effluent, care must be exercised to
accuratdy portray the adverse effects of production of this same groundwater on springflowand streamflow
as well asBaselineand future water available to affected surface water right holders.

4
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strategiesj O BMth VBMS®model).
c. Groundwater Development

Although most WAMs do not acknowledge the interactions of groundwater and
surface water, development of grondwater 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 resultef Groundwater Availability
Models (GAMSs) or other modeling to esiblish a set of flow changes due to
groundwater development. Such incorporation is essential in basins that have major
springs (e.g, Guadalupe, San Antonio, etchanges in streamflows deito
groundwater developmentshould reflect only those strategieautilizing

groundwater in excess of current supplies so as to not overestimate the impact of
groundwater developmentstrategieson streamflows. This may necessitate
additional GAM modeling tadifferentiate flow changes due to utilization of MAG
volumes as arrent 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 quifer 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 shouldcorporate streamflow changes into the modeling
as appropriate for the hydrologic onditions in each basin.

4. Run WAM and extractegulated 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 TWDBhe
same WAM used to evaluate current supplieshould be employed in the Chapter 6
Cumulative Effects analysisTWDB CERSWill extract regulated flows from any output
file generated by the Water Rights Analysis Package (WRARhd is designed to
compare the followingg:

1 Baseline regulated flowsz regulated flows with no water management strategies
and

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

3 Naturalized flows. Some RWPGs may elect to compare Baseline and WIMSs regulated flows to
naturalized flows. Any comparison of regulated flows to naturalized flovs 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 strategi® recommended in the regional water plan.

5
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1 Regulated flows with recommended water managemenstrategies implemented by
the final planning decadet

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 statisical and graphical summaries

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

1 Direct comparisons of the regulated flows by comparing various fl@ statistics in a
graphical or tabular format,

1 Comparison of the Baseline antlVith WMSsregulated flows to TCEQ SB2-flow
standards, focusing on how the frequencies at which the standards are exceeded
differ between the two sets of regulated flows, and

1 Camparison of the effects of changes in the regulated flows @pecific
environmental metrics such as weighted useable habitat area.

The following metrics are facilitated directly by TWDB CERST0 assistRWPGswith
assessing the effects of the recommended t& management strategies. Other metrics
not included heremay be utilized atthe discretion of each individualRWPG

a. Direct comparison of Baseline andVith WMSsregulated flowsthrough graphical
and tabular representations.

1 Monthly median comparisonz bar chart comparison of median January flows,
median February flows, etcThesegraphs provide a direct comparison between
OAOAOACA G BadelinexabdwWith®/M3gednditions.

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

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

1 Plots ofBaselinemonthly flows againstWith WMSsmonthly flows compared to
a line of equality. These plotsallow, on a monthly basis, to discern if differences
between Baseline andVith WMSsflow conditions are limited to specific months
and monthly flow volumes.

b. Comparison of Basehe andWith WMSsregulated flows toe-flow standards
adopted by TCEQThese canparisons provide for a general understanding of the
magnitude of flows output by the WAM compared to the-lows standards.

1. Frequency at which seasonal subsistence flow threshid are exceeded
1 Baseline

4 RWPGs may want to utiliz earlier decades in addition to the final planning decade to demonstrate the
effects of plan implementation over time.
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1 With WMSs

2. Frequency at which seasonal base flow thré®lds are exceeded
1 Baseline
1 With WMSs

The e-flow standards adopted by TCEQ are based on daityean 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 conversiosfrom
cubic feet per secondcfs) to acre-feet per month (acft/mo) accounting for the
number of days in each month.

RWPGs should be aware of thanitations inherent in comparing daily-flow
basede-flow standardswith monthly regulated flows computed by the WAMs.
While low-flow months may at times be reasonably comparetb subsistence or
base flow targets, simply having a monthly flow volume greater tha8, 30, or
31 times the daily standard is insufficient to demonstrate that the daily standard
was exceeded each day of the montRWPGs 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 eflows standard are always
attained.

3. Number of seasonal and/or annual higklow pulse volumes exceeding the
thresholds®
1 Baseline
1 With WMSs

Because high flow pulse flow thresholds in the environmental flow standards are
based on daily mean flows, WAM gulated monthly flows are not directly
comparable. To address this issud;WDB CERSMmultipl iesthe 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/ith WMSs

monthly regulated flows.

Flood pulsesare graphedby TWDB CERS®@s a time series scatter plot of high
flow pulses with different symbols for Baseline andVith WMSsconditions but
limiting the plots to include only monthly flows exceeding the smallest puks
volume standard i.e, low-flows are excluded from the graphsSeasonal high
flow pulse volumesare superimposed to provide a visual comparison of the
results in a temporal fashion.

The resulting values for Baseline andlvith WMSsconditions for Subsisterce, Base,
and high flow pulsesshould be summarized in tabular form for a quantitative
evaluation of the cumulative effectof the recommended water management
strategies.

5 Care must be exercised in any basin in which pulse volumes wereegjified as something other than the
central tendency values from rehtions between highflow pulse flow rate and pulse volume. For example, the
standards adopted in the Nueces River Basin are based on the upper bound durations.

7
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c. Comparison of Baseline andlVith WMSsregulated flows to aquatic habitat metrics
(where information is availabley

Curves of percent of maximum of weighted usable habitat aregrsusdischarge
have been devioped for several locations in the Brazos, Guadaluggan Antonio,
and Nueces River Basins, but these types of data have not been digved for other
basins.Specificexceedancefrequency flows canbe plotted on these curves to
demonstrate the potential differences the Baseline andlvith WMSsflow regimes
might have on habitat area at these location¥VAM regulated flows would be
utilized from the nearest control point location in the modelSuggested quantiles to
compare are the75t and 95t percentile flows of the Baseline andWith WMSs
conditions against these curves, for locations where the curvese available.

d. Bay and estuary inflons
1 Compare Baseline an@lVith WMSsregulated flows at thebasin outlet.

TWDB CERSThas the capability to provide the above graphs and statistical
summaries if the regulated flows at the basin outlet are included in the V\WA
output file.

1 Compare to adopted baynd estuary inflow targets in the adopted
environmental flow standards.

Due to thewidely varied nature of the adopted bay and estuary inflow targets,
and the fact that several bay systems accept flows from multiplever basins, the
capability of comparing basin outlet regulated flows to adopted bay and estuary
inflow targets is not included inTWDB CERSHowever, TWDB CERS®oes
tabulate monthly flows within an Excel spreadsheetvorksheet to facilitate an
RWPGgeneraed comparison.

6. Preparethe text for the section ofChapter 6 summarizing theapproach used to develop
the Baselineand With WMSsconditions, and interpreting the results with regard to the
cumulative effects of the recommended water management strategies streamflows
and bay and estuary iflows at desired locations and where reference data are
available, habitat metrics.

The WAM modelgyeneratea large amount of data andWDB CERSTE a convenient
tool for summarizing WAM results inaccessiblegraphical and tabular formats. TWDB
CERSTanbe used to produce a large number of graphs and statistical tables which are
useful in interpreting the differences between Baseline antlVith WMSsconditions.
However, RWPGs arencouragedto be selective when incorporaing specific graphs
and tables intothe Chapter 6 cumulative effects analysiso 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 idengf for evaluation
and TWDB CERS@enrerated 55 individual graphics and 22 statistics tablesThat would
be an inappropriate number of graphs and tables to include in Chapter 6 or an
appendix.Simply said, just becaus&@ WDB CERSTMas generated a graph or table

6 Note that the relationshipbetween discharge and weighted usable habitat area likely will chge over time
at any specific location as a river adjusts its planform in response to various hydrologic stresses.
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AT AOT 60 AEAOA @duded i5 héChap@r 6[rep@dtOr ah dopekdix of the
regional water plan.

3. TWDB CERSTstructure and setup

The purpose of theTWDB CERSTE to assistRWPGsn assesing the cumulative effectsof
strategies recommended in the regional water plans.

The TWDB ERSTis a Microsoft Excel applicatiorthat creates graphical and statistical
comparisons of regulatedstreamflows from the output of any two WAM runs. To assess
the cumulative effects of recoimended strategies in the regional water plans, the two
WAM runsthat will be compared arethe Baseline run andwWith WMSsrun described in
Section 2

The TWDB CERSTas thefollowing features:

1. Extracts regulated flows for userdefined control points from any two WAM output files
(e.g, Baseline model andVith WMSsmodel).

2. Creates the following regulated flow comparison plots for each usetefined control
point:
1 Exceedance Frequency

1 Log-Probability scalez all data
1 Linear-Linear scalez 75% exceedance probabilityflows and smaller

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

3. Compares statstics in tabular form for each userdefined control point:
1 Monthly, Seasonal, andnnual exceedance frequencies
1 Percentage of months where subsistence and base flow environmental
requirements are exceeded

TWDB CERSTcan be used for any basinregardless ofvhether the basin hase-flow
requirements. For basins with e-flow requirements, the requirementsare stored within
the tool and can be adjusted by the useFor basins without adopted eflows, the user can
input flow ranges of interest for comparison to regulated flowsn exceedance probability
plots. For monthly median plots, if eflows do not exist the plot will be generated but will
only compareBaseline and With WMSsflows only.

3.1 Installation

The CERST tool is comprised of a custom maeenabled Excel workbook é.g,

dependency files4 EA OT 11 860 EEI AO BaOA zipicGpiedsedAile. A £OT I 47
The installation steps are as follows:
1. Download CERST.zip from twdb.texas.gov
2. Unzip to a folder thatdoes not have spaces in the path (e.g,
c:/users/<y our_user_name>/documents/twdb_cerst)

9
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a. The CERST todlcombination of Excel fle and dist folder) can be installed
in multiple locations z in fact this is recommended if you are evaluating
multiple basins or scenariossince all output is written to the instdlation
folder of the tool being executed.

b. The Excel file must always be sted in the same directory as thelist folder
Z 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 shaed folder since the path often contains spaces.

The CERST tool will access WAM output files (.ogtthese files can be stored anywhere,

AOGO EOGO OAAT I 1 AT A Athe ir3tEIAtON dddetdrifor Aokveriebde. OA A E 1
This will ensure that allinput (WAM .out files) and output (plot files in .png format, and

.csv files) are kept together in the same directory.

3.2 TWDB CERST Excetibbon

TWDB CERSIncludes an Excel ribbon tab cé&d TWDB CERST The tab is located on the o
left side oftheOEAATT AAOxAAT OEA O&EI A6 AT A O(1T1 Ad OA

AutoSave (@ off) CERST_vD.1.xlsm - Excel

File TWDEBE CERST Home HDR Tools Insert Page Layout

E o Bl

Read WAM Frequency Monthly Model 2 vs. Model_1 Pulse Flow/ 5tats Charts
Output Plots  BarCharts  Monthly Charts  Scatter Charts

Data Tools

The TWDB CERSTribbon includes seven clickable buttons, each of which initiates a
process and produces output. Output is either a colléon of plots (saved as .png image
files), or tabular output written to the Stats Tableland Stats_Table2 worksheets.
Details of the individual buttons and their output is discussed irsection 4

3.3 TWDB CERSTworksheets
This section describes the purpose AAAE 1T £ OEA 011180 x1T OEOEAAQOO
interacts with them. The names of the tabs are:

10
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Settings

CP_List

Status

WAM MODEL_1

WAM_MODEL_2

Stats_Tablel

Stats_Table2

SB3EFSBASIN pne each forBrazos SanJacintoBrazqQd\Nueces, etc.)

3.3.1 Settings worksheet

The settingsworksheet contains user-selectedsettings that define the eflows to be used
in plots and statistics, and fortext input of Model 1 and Model 2 labels Suggested labels
for Model 1 and Model¢ A OA O" AOCAI-VINSA® AT A O7EOE

The SELECT BASINetting controls which e-flows work sheet isusedin the comparison
plots and tablesFor example E Braf0s_SanJacintoBrazos E O O A k-ffovsuded in
the comparisons will come from thework sheetSB3-EFSBrazos_SanJacintoBrazos The
SELECT HYDROLOG CONDITIONand SELECT PULSE FLOW TYPREoices are filtered
on the basinselected andare 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 scattercharts.

The Model 1 and Model 2 label inputs, as shown inFigure 3-1, are used in the plot
legends and the statistics output.

eFlow Settings
1. Select BASIN label corresponding to eFlow worksheet.
2. Select hydrologic condition to be used for monthly median plots and statistics tables.
3. Select pulse flow requirements to be used for Pulse Flow charts.

Note: If no selections made, no eFlows will be used in plots or statistics tables.

SELECT BASIN: Brazos_SanlacintocBrazos
SELECT HYDROLOGIC CONDITION: Average
SELECT PULSE FLOW TYPE: Pulse Flow Requirements 1

Enter model labels to be used for plot legends

Enter Model 1 Label: Baseline 2040

Enter Model 2 Label: With_WMS 2040

Figure 3-1.User input informat ion on the Settings work sheet.
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3.3.2 CP_Listworksheet
The CP_Lisworksheetincludes a wser-defined table of control points for the basin

selected in the Settingsvork sheet The columns are definedn 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 ha®-flows,
this name must have an exact match in the basin's eFlow table. If the
name doesn't match, thee-flows will not be used in the assessment.

eFlow 1 Low (cfs)

The lower value for aspecific flow requirement (e.g, subsistence) in
units of cfs. The descriptive label for the associated flow requirement i
entered in theeFlow 1 Label column.

eFlow 2 High (ds)

The higher value for a specific flow requirementé€.g, subsistence) in
units of cfs. The descriptive label for the associated flow requirement is
entered ineFlow 1 Label column.

eFlow 1 Label

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

eFlow 2 Low (cfs)

The lower valuefor a second specific flow requirement €.g, Base
Flow) in units of cfs. The descriptive label for this flow requirement is
entered in theeFlow 2 Label column.

eFlow 2 High (cfs)

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

eFlow 2 Label

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

The eFlow requirements entered in theCP_LISTworksheet do not have to correspond to
adopted environmental flow requirements for the specfied locations. The flows entered in
the CP_LISTworksheet are used only when plottirg exceedance frequency plots. Thesar
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.

12
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- Control Point ID Control Point Name EHD:;;]LDW eHm(n;fl;]High eFlow 1 Label EFID::':]LDW EFID:::'i]Hign eFlow 2 Label
3 SFASO6 Salt Fork Brazos River near Aspermont 1 2 Subsistence Flow 25 4 Base Flow (Dry)
3 DMAS09 Double Mountain Fork Brazos River near Aspermont 1 2 Subsistence Flow 3 6 Base Flow (Dry)
4 BRSE11 Brazos River at Seymour 1 5 Subsistence Flow 4 10 Base Flow (Dry)
5 CFNU1E Clear Fork Brazos River at Nugent 1 2 Subsistence Flow 2 4 Base Flow (Dry)
& BRSB23 Brazos River near South Bend 1 2 Subsistence Flow 16 24 Base Flow (Dry)
7 BRPP27 Brazos River near Palo Pinto

8 NBCL36 North Bosque River near Clifton 1 2 Subsistence Flow 3 & Base Flow {Dry)
3 LEGT47 Leon River at Gatesville 1 2 Subsistence Flow 4 6 Base Flow (Dry)
10 LAKESO Lampasas River near Kempner 10 10 Subsistence Flow 16 20 Base Flow (Dry)
1 LRLR53 Little River near Little River 55 60 Subsistence Flow B84 100 Base Flow [Dry)
12 LRCASE Little River near Cameron 32 35 Subsistence Flow a7 110 Base Flow [Dry)
13 NAEABE Navasota River near Easterly 1 2 Subsistence Flow 3 6 Base Flow (Dry)
14 BRHEGS Brazos River near Hempstead 510 550 Subsistence Flow 950 1000 Base Flow (Dry)
15 BRRITO Brazos River at Richmond 550 575 Subsistence Flow 930 975 Base Flow (Dry)
% BRRO72 Brazos River near Rosharon 430 450 Subsistence Flow 930 975 Base Flow (Dry)
7 524201 CP 524201 NO EFLOWS EXAMPLE QNLY 1 2 Subsistence Flow 9 7 Base Flow {Dry)
18 BRGM73 BRGM73 NO EFLOWS 1 2 Subsistence Flow 1 4 Base Flow (Dry)
19

Figure 3-2. Example control point input on CP_LISTworksheet .

3.3.3 Status worksheet

The Satus worksheet, shown inFigure 3-3, is a ead-only work sheet displaying the run
time status ofthe functions executed from theTWDB CERSTribbon.

A Do not click around in the workbook until the requested operation is complete

Figure 3-3. Status worksheet .
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334  WAM MODEL_land WAM_MODEL_2

The WAM_Model_1 and WAM_Model_2 tedre read-only work sheets containing
regulated flows extracted from the WAMoutput files. Acommon examplewould be
models representingBaseline andwith WMSscasesrespectively. Dataare generated by
running the Read WAM Output function in the TWDB CERSTribbon. An example output
is shown inFigure 3-4.

The Date column displays the monthand year, and the subsequent columns display
monthly regulated flows for each control poirt in the user-defined CP_Listworksheet that
matches a control point identifier in the selected WAM output fileThe output isincluded
in these twowork sheetsto allow the user the ability to verify the data or perform
independent assessmentf the regulated flows not supported byTWDB CERST

AutoSave (@ off) CERST_vD.1.xlsm - Excel

File TWDEB CERST Home HDR Tools Insert Page Layout Formulas Data Review View Developer He

E ¥ odl L Bl

Read WAM Frequency Monthly Model 2 vs. Model_1 Pulse Flow,/ Stats Charts
Output Plots  BarCharts  Monthly Charts  Scatter Charts

Data Tools
A | B C D E F G H [ ] K L
1 |Date DMASO9 SFASO6  524201.00 BRSELL CFNU16 BRSB23  BRPP27  NBCL36 LEGT47  LAKES0 LRLRS3  LF
2 | Jan-40 27.96 8.60 0.00 0.00 25019.87  8765.53  5279.75  104.00  420.89  486.57  912.12
3 | Feb-a0| 782.50 43.73  848.02  869.40 1030.81  8126.32  2858.62  113.00  720.89 1303.97  505.55
4| Mar-40 0.00 3.22 0.00 0,00  656.62 0.00  6236.97 39.00 49115 586,39  685.75
5 | Apr-40| 1761.88 4873.80 6574.73 5283.33  965.78 14269.85 35365.14 4648.64 11553.57 4420.81 5917.62
6 | May-40| 4039.81 3063.76 7456.49 6926.05 1960.81 75761.31 32875.71 1416.40 3345.60 277614  1885.96
7 | Jun-20| 8939.68 8326.08 21533.36 24183.21 2487.12 163330.16 214639.50 22293.62 46015.34 20448.18 112563.41
3 Jul-40|  237.85  166.98 3552.92 7072.84 2534.80 28204.00 16936.89  250.32 15345.68 15339.97 53167.48
9 | Aug-40| 25768.77 39284.38 75652.18 76416.38 19651.10 164672.56 173946.59  796.78 1878.27 1153.47 179114
10| Sep-40) 10009.33 1723.96 16925.00 2234428 1918.56 41700.14 24733.05  225.00  842.02  499.65  725.70

11 Oct-40 0.04 145.11 96.33 3.53 1911.73 894.21  32674.62 0.00 1970.78 1786.64  8865.95
12 Nov-40 4772.66 9141.17 16400.32 16703.02 026.97  40082.27 9957.69 45492.23 068049.39 49784.39 216002.83
13 Dec-40 64.53 436.77  1469.11  2627.75 377.15 10939.75 35440.21 43168.84 85531.98 58861.45 350813.44
14 Jan-41 9.99 14.90 165.91 322,11 345.72 2171.48 5218.87 14911.47 32761.06 29923.12 144594.38

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

3.35 Stats_Tableland Stats_Table2

The Stats_Tablel an8tats_Table 2 aregad-only worksheets containing output generated
by running the Stats function in the TWDB CERSTribbon.

Stats_Tablel contains tals for each control point with exceedance frequencies
summarized on amonthly, seasoml, and annuabasis.

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

3.3.6 EFlow work sheets bybasin

Each basin withe-flow requirements adoptedby TCEQ has worksheet] A1 ASB3 BFS
6 A0 111 xAAnakel The Babin raedaichthe names used in the basin
dropdown list on the Settingsworksheet.e.gh  Ea#®s G4nJacintoBrazos EO OE A
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basin in the Settingsworksheet, thee-flows from the worksheet (SB3EFS

Brazos_SanJacintoBrazos

x Edsdd in A& comparisons.

The EFlow worksheets are editable, so the user can customiz®ntrol point names, edit
values, or enter newe-flow information. Since theworksheets are editable, the user has
the responsibility for maintaining the original structure. There are two tableswithin each
EFlow worksheet: the first (columns AS) define the e-flows for that basin; the second
(columns U:V) define the seasons by monthl'able 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 Basinname.
Control Point name. This name will appear on the generated plots. If it
CP NAME data will be used incomparisons, this name must be matched by an
entry in the CP_Listvorksheet.
Numerical month value (:12). There must be twelve monthdor each
MONTH : "
hydrologic condition.
SEASON Season the month is irg any combination of Winter, Spring, Summer, or
Fall. These labels are used in the generated plaasd statistics tables
Hydrologic Condition: typical values include DryAverage, Wet, and
CONDITION Severe. Some basins do not specify a hydrologic condition, in which ca

use "Average" in this table.

SUBSSTENCE_CFS

Subsistence Flow (units otfs) applicable to the month, season, and
condition.

BASE_CFS

Base Flow (units ofcfs) applicable to the month, season, and condition.

PULSEFLOW
REQUIREMENTS #
VOLUME (AF)

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

PULSH-LOW
REQUIREMENTS #
DURATION (DAYS)

Pulse Duration (units of days)for six (6) sets of requirements,
applicable to Pulse Volume.

15
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4. TWDB CERSTexecution and outputs

This section describes the execution of each button in thBWDB CERSTribbon and the
expected outputs for each

4.1 Read WAM QOutput

The Read WAM Output function extractsthe regulated flows from WAM output for each
control point listed in the CP_Listworksheet. The user must select Model and Model2
WAM output files. The requirements for successful execution are as follows:

1 The selected Modell and Model 2 output files are different files, and
1 Both output files are valid WAM files.

The steps for exeution and expected results are outlined below.
1. Click theRead WAM Output button.

AutoSave (@ Off) CERST_vD.l.xlsm - Excel

File TWDE CERST Home HDR Tools Insert Page Layout

EL e d [ x B

Read WAM Frequency Monthly Model_2vs. Model_1 Pulse Flow/ 5Stats Charts
Output Plots  Bar Charts  Monthly Charts  Scatter Charts

4 Data Tools

2. Click theOK button (click Cancelto cancelfunction execution).

Warning *
This will overwrite WAM output, WDK —
Proceed? (/M) i
Cancel
Y
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3. Select Modell WAM output file and click theOK button (click the Cancelbutton to
cancel output seéction).

EM Select WAM output * ‘
T « Users » DDUNN Desktop CERST Testing > Brazos_SanJacintoBrazos
Organize ~ New folder =- ™ @
= This PC
# 3D Objects monthly
Il Desktop plots
i Documents bwam3.0UT 27/2021 11:41 P
¥ Downloads bwam3_A.OUT
b Music
&/ Pictures
E videos
L7 OSDisk (C)

s Enwiron (\nhwpi-fps01) (E:)
=x Roadway (\\nhvpi-fps01) (H:)
= Bridges (\\nhvpi-fps01) (1)
sy stds (\\nhvpi-fps01) (1)

wx marketing (\nhvpi-fps01) (M:)

File pame: | bwam3.0UT WAM output (*.out)

4. Select Model2 WAM outputfile and clickthe OK button. ClickCancelto cancel output
selection. If cancels selected for the WAM outpufile, the entire function execution is
canceledfor both files.

Select WAM output X
P
0 « Users * DDUNN > Desktop * CERST Testing > Brazos_SanlacintoBrazos >
Organize ~ New folder ~ o
= This PC
J 3D Objects monthly
I Deskiop plots
5| Documents bwam3.0UT
& Downloads bwam3_A.QUT 7/2021 11:41 P
d Music
& Pictures
[E videos
€ 7 OSDisk (C)
= Enwiron (\\nhwvpi-fps01) (E)
sx Roadway (\\nhvpi-fps01) (H:)
=p¢ Bridges (\\nhvpi-fps01) (I:)
sy stds (\\nhvpi-fps0D1) (1)
= marketing (\\nhvpi-fps01) (M:)
v
File pame: | bwam3_A.QUT v | |WAM output (*.out)

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

5. Regulated flows foruser-specified control points in the CP_Listworksheet are output to
the WAM_MODEL_Jand WAM_MODEL_2vorksheets. If a control point in theCP__List
worksheet is not valid, a message is displayed in th&tatus worksheet, butfunction

17
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execution is not interrupted.
6. Two .csv files containing the same contents as tWédAM_MODEL_land
WAM_MODEL_2vork sheets 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
ET A OOAAEOAAOI OU T AT AA OIiI 11 OEIfunctiens and A OA EEI
should not be deleted or edited.

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

Microsoft Excel >

One or both files not selected. Try again.

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

Microsoft Excel *

e An error occurred, Error Type: WRAPOutputFileErrar

Error Details:

ChUsers'BTHAMAMN O neDrive - HOR,
IncDocuments'\PycharmProjects\TWDE_CUMIMP Brazos G
Cum Effects1.Cumulative Effects\bwam3.OUT is not a WRAP
output file,

If an output file was selected twice by mistake, the following erromessage is displayed,
and execution is canceled.

18
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Microsoft Excel X

ChUserssBTHAMAN OneDrive - HDR,

Inc\Documents'\PycharmProjects\TWDE_CUMIMPYBrazos G Cum
Effects\0.Baseline-Run 3bwam3.OUT was selected for both models.

Try again.

4.2  Frequency Plots

The Frequency Plots function creates plots of regulated flow exceedancdeequenciesfor
each control point. Two types of fpts are generated and saved as .png image files in the

same diredory as the With WMS (Model 2)WAM output file, in a subdirectory named
Obl | OO0 8

AutoSave (@ off)

CERST w0.1.xlsm - Excel

File TWDE CERST Home HDR Tools Insert Page Layout

BN T I RO R = e

Read WAM Frequency Monthly Model 2 vs, Model 1 Pulse Flow /  Stats
Output Plots  Bar Charts  Monthly Charts  Scatter Charts

* Data Tools

The first type of plot showsmonthly WAM data onalog-probability scale. A sample plot is
shown belowin Figure 4-1. Each plot also includes coled bands: one for values between
EFlow 1 Low andEFlow 1 High, and one for values betweeBFlow 2 Low andEFlow 2

High from the CP_ Listworksheet, if the values are specified. The values are converted
from units of cfsto acft/mo.

Charts
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10° 5 T T T
E +  Brazos River at Seymour: Model A
1 e ., + Brazos River at Seymour: Model B
i LAY [ Subsistence Flow
105 4 .\ mmm Base Flow (Dry)
"Q‘ 4
E 1044
& 3
[}
2 |
3 1071
2 10° 4
e}
L
& |
& 107 3
@ |
o
10! 4
10°
0.01% 0.1% 1% 10%  25% 50% 75%  90% 99% 99.9% 99.99%
Percent of time equal to or greater than indicated value

Figure 4-1. Example log-probability frequency plot.

The second type ofrequency plot shows values for exceedance probabilities of 75% and
greater, on a lineararithmetic scale. A sample plot is showm Figure 4-2. Each plot also
includes theEFlow bands from values on the&CP_LISTworksheet.

T
1.750 ~——— Brazos River at Seymour: Model A
' - Brazos River at Seymour: Model B

I Subsistence Flow
I Base Flow (Dry)
1,500 \\
1,250 \ N

.
. .

500

Regulated Flow (acft/mo)

250

0 T T T T T 1
75% 80% 85% 90% 95% 100%
Percent of time equal to or greater than indicated value

Figure 4-2. Example arithmetic frequency plot.

4.3  Monthly Bar Charts

The Monthly Bar Charts function creates plots of mathly medians, along withe-flow
requirements (if applicable) for each control point. Plots are saved as .png image filesin
the same directory as theNithWMSs7 | - T OOPOO AEI Ah ET A OOAAEOA
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AutoSave (® 0ff) v CERST_vD.1xlsm - Excel

File TWDEB CERST Home HDR Tools Insert Page Layout

2 il S [k B

Read WAM Frequency Meonthly Model_2 vs. Model_1 Pulse Flow/ Stats Charts
Output Plots  BarCharts Monthly Charts  Scatter Charts

f Data Tools

A sample plot is show in Figure 4-3. Plots of TCEQ adopted SBBase and subsistence-
flows are plotted behind the bars if they are available. All available hydrologic conditions
are plotted for the base flowsand the subsistence flow for the hydrologic condition
specified on the Settingswvorksheet are also plotted.

Monthly Medians
Brazos River Near Hempstead

600,000

Baseflow (Wet)
Baseflow (Average)
Bl Baseflow (Dry)
1 EEm Subsistence Flow
500,000 ] mm Baseline 1

Implemented Plan

400,000

300,000

200,000

Monthly Median Regulated Flow (acft)

JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC

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 pointspecified on theCP LIST worksheet z with each subplot

showing Model 2 (e.g, With WMS9 versusModel 1 (e.g, Baseline) reguhted flows as

scatter plots. Plots are saved as .png image files in the same directory as the kla2l

WAMI 0O6POO AZEI Ah ET A OOAAEOAAOQT OU 1T AT AA ODPI T OC
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File TWDEBE CERST Home HDR Tools Insert Page Layout
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Read WAM Frequency Monthly Model 2vs. Model 1 Pulse Flow [ Stats Charts
Output Plots  Bar Charts  Manthly Charts  Scatter Charts

Data Tools *

A sample plot is shownin Figure 4-4. On each subplotaline of equivalency is plotted as a
solid dark gray line. Points falling on the line of equivalency indicate thé&/ith WMSsflow
is equal to theBaseline flow. Points to theright of the line of equivalency indicatethe
Baseline flowis greater than With WMSsflow. Points to the left indicatethe With WMSs
flow is greater thanthe Baseline flow.

45 Pulse Flow / Scatter Charts

The Pulse Flow / Scatter Charts function creates a pbt 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 las Model 2

71 - 100Pp0OO £EI Ah ET AoGOAKREAAAODI OOI draviBRA ET OD AT
specified within the TWDB CERSWorkbook, no plot will be generated.

AutoSave (@ off) CERST_vl.1xlsm - Excel

File TWDE CERST Home HDR Tools Insert Page Layout

El ¥ odl [ = B =

Read WAM Frequency Monthly Model_2 vs. Model 1 Pulse Flow / 5tats Charts
Output Plots  Bar Charts  Monthly Charts  Scatter Charts

Data Tools f

A sample plot is shown belown Figure 4-5. Only flows that exceed theminimum pulse
flow requirements are plotted. An inset text box is shown on each plot that indicat¢he

number of monthly flows exceeding thepulse flow requirements for the Model1 and
Model 2 cases.

The pulse flow requirementsplotted are specified in theSettings worksheet.
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Figure 4-4. Example regulated flows scatter plot.

23



~ Texas Water Development Board Contrad¢timber2100012470
Final Report5 OA 06 O ' @©HEMuUAtivedHff€ats 6 Rékommended Strategies TOWDBCERST)

Regulated Flow & Pulse Flow
Brazos River Near Hempstead

- T
+  Model A
Months Exceeded in Season s Model B
Model A Model B mmm Pulse Volume (Dry)
. Spring « 147 144
o * Summer . 1% 190 ' .
" ‘Winter 125 116 ¢ .
— hd 0 . L
E . ¢ [ 2 * * . * N 3 . .
z . ] s F o o . LA
% 1,000,000 {vs—* i y : + s
o » L ] 3 LI ] . .
= e . e ‘3 * . L} H '
b=t . . L b .3 os B
3z PR AT . - . LI . Lt ole 5
kS 13 . Chy L . 16 Be ° o, 3 ]
El - . . * : ¢ T M -,
o . B - . . S te ° i o,
& . ..: ™ . " b P ¢ R 3 . s :' ..
= L : o TR LN . [ 3, . Boce N
£ CY e s o, Hye N “» te sty $
.
g I~ . N o RN o L ] .
K
100,000 |

1950 1960 1970 1980 1990

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

46  Stats

The Stats function creates two types of statistical tables for each control poirgpecified in
CP_List Output is written to the Stats_Tablel and Stats_Table2worksheets.

AutoSave (@ Off) = CERST_v0.1.xlsm - Excel

File TWDE CERST Home HDR Tools Insert Page Layout

a1 = Ee

Read WAM Frequency Monthly Model 2 vs. Model 1 Pulse Flow/ | Stats  Charts
Output Plots  Bar Charts  Monthly Charts  Scatter Charts T

Data Tools

An example of the first stats output table $tats_Tablel worksheet) is shownin Figure
4-6. This table contains 95%, 75%, 50%, 25%, and 5% exceedance frequencies by month,
season, and annuall¥,

7 A 95% exceedance frequency means that 95% of the flows equal or excebdttvalue.
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Double Mountain Fork Brazos River Near Aspermont

period Baseline Model - Exceedance Frequency WMSs Model - Exceedance Frequency
95% 75% 50% 25% 5% 95% 75% 50% 25% 5%
Jan 1] 110 357 1,058 3,286 1] 110 357 1,058 3,286
Feb 1] 185 526 1,153 7,256 1] 185 526 1,153 7,256
Mar 1] 141 456 1,210 7,591 1] 141 456 1,210 7,591
Apr 18 293 952 4,488 16,444 18 293 952 4,488 16,444
May 337 2,571 6,091 24,526 74,834 337 2,571 6,170 24,526 74,834
Jun 545 4,115 8,275 19,543 58,064 545 4,115 8,275 19,543 58,064
Jul 122 566 2,645 10,941 42,306 122 566 2,645 10,941 42,306
Aug 36 932 2,386 8,749 25,692 36 932 2,386 8,749 25,692
Sep 2 647 5,742 11,408 56,975 2 647 5,742 11,491 60,247
Oct 1] 386 1,407 11,553 53,245 1] 336 1,407 11,553 53,210
MNaov 7 117 883 2,711 8,446 7 117 883 2,711 8,446
Dec 7 114 588 1,458 5,918 7 114 588 1,458 5,918
Winter 385 1,626 3,924 7,827 20,252 385 1,626 3,924 7,827 20,252
Spring 5,318 12,279 24,909 48,185| 106,266 5,318 12,279 24,909 48,185| 106,308
Summer 2,711 14,296 27,262 50,868 164,023 2,711 14,296 27,262 53,315 164,026
Annual 17,224 43,853 67,896| 102,681 185,244 17,235 43,962 68,679 109,692 185,244

Figure 4-6. Example Stats_Tablel output table.

An example of the second stats outp table (Stats_Table2) is shownin 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
madeif these targets are available for the basin of interest. If only one baflew condition

is available, that condition will be shown in the table.

Double Mountain Fork Brazos River Near Aspermont

SUBSISTENCE FLOWS BASE FLOWS - DRY CONDITIONS BASE FLOWS - AVERAGE CONDITIONS
Month Flow Model A Model B |Delta] Flow Model A Model B | Delta Flow Model A Model B | Delta

(acft/mo) |% Time Met|%Time Met| % |(acft/mo)|% Time Met|%Time Met| % |[(acft/mo)|% Time Met|%Time Met| %
Jan 61 77.6% 77.6%| 0.0% 61 77.6% 77.6%| 0.0% 246 60.3% 60.3%| 0.0%
Feb 56 86.2% 86.2%| 0.0% 56 86.2% 86.2%| 0.0% 222 72.4% 72.4%| 0.0%
Mar 61 81.0% 81.0%| 0.0% 61 81.0% 81.0%| 0.0% 184 65.5% 65.5%| 0.0%
Apr 60 91.4% 91.4%| 0.0% 60 91.4% 91.4%| 0.0% 179 82.8% 82.8%| 0.0%
May 61 100.0% 100.0% | 0.0% 61 100.0% 100.0%| 0.0% 184 100.0% 100.0%| 0.0%
Jun 60 100.0% 100.0%| 0.0% 60 100.0% 100.0%| 0.0% 179 98.3% 98.3%| 0.0%
Jul 61 96.6% 96.6% | 0.0% 61 96.6% 96.6%| 0.0% 123 94.8% 94.8%| 0.0%
Aug 61 93.1% 93.1%| 0.0% 61 93.1% 93.1%| 0.0% 123 91.4% 91.4%| 0.0%
Sep 60 87.9% 91.4%| 3.4% 60 87.9% 91.4%| 3.4% 119 87.9% 89.7%| L.7%
Oct 61 89.7% 89.7%| 0.0% 61 89.7% 89.7%| 0.0% 123 82.8% 82.8%| 0.0%
Mowv 60 87.9% 87.9%| 0.0% 60 87.9% 87.9%| 0.0% 238 70.7% 70.7%| 0.0%
Dec 61 81.0% 81.0%| 0.0% 61 81.0% 81.0%| 0.0% 246 62.1% 62.1%| 0.0%

Figure 4-7. Example Stats_Table2 output table.

4.7 Charts

Whenthe use clicks the Charts function, shownbelow, the last saved location is opesd
in File Explorer, showing the charts that were generatedt the last savedocation.
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The location of the plots folder is set to the location of the Mod&l WAM outputfile when
the user runs theRead WAM Output function.

5. Errors, warnings, and troubleshooting

This sectiondescribesanticipated warning errors that can be handledwvhile not impacting
TWDB CERS@&pplication processing (.e.does notresult in the applicationcrashing). In
these cases the application will either display an error pojup window, write an error
message to theStatus worksheet, or both. In all of these situations the reason for the
error is known and steps can be taken to eliminate #nerror. Thefollowing 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

Add at least one control

Blank Control Point list All point, run Read WAM
Output to populate data.

Blank Control Point ID between two non All Add control point id and re-

null IDs in CP_LISWorksheet. run.

Blank Control Point Name anywhere Al Add control point name and

there is a ron-null Control Point ID

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 createdor bad CP ID

- Correct Control Point ID
- Re-run Read WAM Output
- Rerun 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 i A T £ OEA OOAAEOAAOQI OU EO Okbskdat®ElI U8 %
are deleted or moved, the files renamed, or the directory deleted/moved/renamed.

Table 5-2 lists potential errors associated with missing WAM datafunctionality affected,

and the solutionsto correct the error.

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

Error Description Functionality Affected Solution

- Monthly Bar Charts not created
MISSING FILE - PlanversusBaseline Charts not - Rerun Read WAM Output
(missing or renamed file or directory) created. - Rerun affected plots/stats.
- Stats not created

5.3 Incorrect or modified installation configuration

The TWDB CERS@&nNd thedist sub-directory must be in the same base directory. If they
are not in the same directory, if thedist 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 thedist
subdirectory Table 5-3 lists potential errors associated with installation configuration
functionality affected, and the solutions.

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

Error Description Functionality Affected Solution

Check that workbook is in

file pathis not valid same base directory as the
dist sub-folder. If in same

(where file pathis <path ofExcel All basedirectory, it is

workbook> recommended that the

\ dist\ cumimptools\ cumimptools.exe) application files be re
installed.

&AET AA O Regdh h3ade (
box

All Reinstall application files.
(Typically caused by missing or corrupted
files in the "dist" sub-directory)
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6. Brazos River Basin demonstration study

This sectiondescribes the hydrologic effects on streamflows in the Brazos RivBasin for
recommended WMSpresentedin the 2021 Region O, Brazos G, and Region H Regional
Water Plans It is organized into a methodology section and synthesis of results section.

) O EO ET Al OAAA ET OEEO 50A080 ' OEdedelopng Al
the Impacts of Regional Water Plan and Consistency with Protection of Resources
(Chapter 6) for a regional water plan utilizing the methodology described inSection 2and

in support of guiding principles described in Texas Administrative Codg358.3(8) for

Sate Water Plan development.

6.1 Methodology

The Brazos River BasinWwAM, modified for regional water planning purposes to

determine exiging supplies (Brazos G WAM), was used to quantify the cumulative effects
on Brazos RiverBasin streamflows due to the impémentation of surface water strategies
recommended in the following three regional water plans through the year 2070:

1 2021 RegionO Water Plan
1 2021 Brazos G Water Plan
1 2021 Region H Water Plan

The Brazos G Supply WAM, which was approved by ti@/DBwith hydrologic variances

from Run 3, was used as the baseline model for all scenarios. Minor changes were made so
that the modelwould run in the January 2021 version of WRAPThese modethanges

were made to the *.dat fileand are shownin Figure 6-18. The baseline model includes

return flows as they were modeledn the 2021 Brazos (RegionalWater Planto develop
estimated water supplies

The Brazos G WAM assumptions include:

1 return flows from wastewater treatment plants permitted for at least 1million
gallons per dayof annual discharge

as-permitted diversions;

Brazos River Authority BRA System OperationPermit;

e-flow standards adopted by the TCEand

sediment conditions depending on the decade of analysis.

= =4 =4 =N

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

1 2040 zincludes all recommenad surface waterstrategies scheduled to come online
by 2040.

1 2070 zincludes all recommended surface water strategies scheduled to come online
by 2070.

8 This information would not normally be included in Chaper 6 of a regional water plan, but is included here
for completeness.
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Change 1
*»*JD 76 1940 1 -1 -1 5 -1
JD 76 1940 1 0 0 5 -1 15
** ENI change to allow more than 12 records on SVSA
Change 2
** (FNI switch order of use_dropl and use_dropl_prev to prevent fatal error in Jan 2021 version
of WRAP)
WRBRGN37 18 use_dropl SYSTEM SYSOPS
TO 13 SET gbpk_gt_ max CONT
TO 13 ADD use_dropl_prev
**  Setto 1 if using 1950s operation scheme
WRBRGM73 1. 0 XMONTH 18 use_dropl_prev SYSTEM SYSOPS
TO -13 LIM 0.9 use_dropl CONT
TO 13 MUL gbpk_It_max CONT
TO 13 MUL rest_It_max
*+% Combine so that this will be greater than 0 when using 1950s drought operating scheme
*WRBRGM73 18 use_dropl SYSTEM
SYSOPS
* TO 13 SET gbpk_gt_max CONT
*»TO 13 ADD use_dropl_prev
*%
** (FNI switch order of use_drop2 and use_drop 2_prev to prevent fatal error in Jan 2021 version
of WRAP)
WRBRGM73 18 use_drop2 SYSTEM SYSOPS
TO 13 SET start_dr2 CONT
TO 13 ADD use_drop2_pr ev
WRBRGM73 1.0 XMONTH 18 use_drop2_prev SYSTEM SYSOPS
TO -13 LIM 0.9 use_drop2 CONT
TO 13 MUL gbpk_It_max CONT
TO 13 MUL rest_It_max
**WRBRGM73 18 use_drop2 SYSTEM
SYSOPS
*»TO 13 SET start_dr2 CONT
*»TO 13 ADD use_drop2_prev
*%
Change 3
** ENI 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)
** ENI 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.
SVALGOAL 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.

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 planningecade to assess the impacts of
regional water plans.At a minimum, it is expected that the cumulativeffects analysis
include all strategies recommended through the last planning decade (2070 in the 2021
plans).
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The cumulative effects of thestrategiescan be quantified by comparing conditions prior

to implementation of the plan Baseline) to conditionswith the recommended WMlan

in place (With WMSg. The Brazos G WAM without any of the recommended future water
management strategies in place was used simulate streamflow under baseline

conditions. The conditionsWith WMSsin place start with the basdine Brazos G WAM and
add the recommended water management strategies that could measurably affect
streamflows. Modeling scenarios included a Baseline metland an &vith wMSS | T A A
each of two planning decadesvestigated, 2040 and 207(Q(Table 6-1). Water

management strategies from all three regions were includedi A  OMth \gms® O
model to reflect the cumulative impact on the basifior all recommended WMSs located in
the Brazos Basin

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

Year of
. Modeled water Year of . Year of
Scenario : reservoir
management reservolir area - return
name . . storage
strategies capacity curves 2 flows
capacmes
Baseline_2040 None 2020* 2040 2040
2020, 2030, and 2040
WMS_2040 relevant recommended 2020* 2040 2040
strategies
Baseline_2070 None 2070* 2070 2070
All relevant recommended
WMS_2070 strategies (2020 z 2070), 2070* 2070 2070

SeeTable6-2

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

The recommendedWMSslisted 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 includadthe
cumulative effects analysis are not expected to significantly impact streamflowhe
locations of the recommended water management strategies evaluated using theVDB
CERSTare shown in Figure 6-2.

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

Regional
Year
Recommended water management strategy . water
implemented .
planni ng area
Belton-Stillhouse Pipeline 2030 G
Lake GrangelASR 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 OfiChannelResenoir 2030 G
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Coryell County OffChannel Reservoir 2030 G
Throckmorton Reservoir 2030 G
Manvel Mustang Bayou Reservoir 2030 H
Jim Bertram Lake 7 2040 O
Lake GeorgetownASR 2040 G
Allens Creek Reservoir 2040 H
Lake Whitney Reallocation 2050 G
Lake Aquila Reallocation 2060 G
Strategies that usepermitted water suppliesx AOA 11 O OAwaAhAVMEA A ET OEA

scenarios because the associated water rights for these strategies are already reflected in
the BaselineWAM. BRA System Operations, Brushy Creekdgervoir, and Bosque County
Regional Project (Clifton Reservoir Enlargement) are already permitted and inglled in

the Brazos G WAM. So, although these projects are recommended water management
strategies in the 2021 Plans, they are already included in tHeseline conditions runs. The
proposed Allens Creek Reservoir has also already been permitted butigt 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 ihg Brazos River Basipand for this

reason is not included in either Baseline owith WMSsmodels.

The WRAPRsoftware 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 recommeadWMSs
presented inTable 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. TEB&A, .FLO, and .HIS files represent a period
of hydrology from 1940 through 2015 andwere adaptedfrom a recent drought study
conducted by theBRA. Flows from 199820150 E 1T O1 A A A skrhi-hafutalizdd® A A
because they only include adjustments for revoirs 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 2million gallons

per day. These are the same hydrologyput files used to determine supplies in the 2021
Regian O,Brazos G and Region HPlans. Changes for eacivith WMSsmodel are described
below.

¥
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Figure 6-2. Locations of recommended water management strate gies and evaluation control points.

6.1.1 2040 Implemented Plan

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 TCEQLetters in parentheses indicatehe sponsor
region of each WMS.

Jim Bertram Lake 7 (O)

Lake Creek Reservoir (G)

Throckmorton Reservoir (G)

Cedar Ridge Reservoir (G)

Coryell County OffChannel Reservoir (G)
Groesbeck OfChannel Reseroir (G)
Manvel Mustang Bayou Reservoir (H)

= =4 =4 -8 -8 -9 -9

The .DAT file was updated to reflect new control points, new water rights, water right
amendments, and operational changes(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 Region®©,G,and H, surface waterstrategiesin the RWPs are
typically assessed using Run 3 WAMSs, which exclude return flowsdditionally, although
the BrazosG WAMdoes 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

6.2.1 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 recommestt
strategies. The locations of control gages is shown in Figure-®to support the discussion
below related to cumulativeeffectsof recommended WMS on monthly regulated flows.

The Double Mountain Fork of the Brazos River near Aspermont (DMASG&@)ntrol point is
the only locationinvestigated where implementation of the 2021 Plars would not
decrease the median monthly streamflow relative to the baseline conditiongs shown in
Figure 6-3. The only recommended WMS affecting surface watepstream of DMASOQ9 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 montlcompared to the baseline conditions in both
the 2040 and 2070 decadesas shown inFigure 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 ocaur
March.

The Brazos River near South Bend (BRSB2ocation also shows median monthly
streamflow decreasing in every month compared to baseline conditions in both the 2040
and 2070 decadesas shown inFigure 6-5. These reductionsare 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 occbetween Mayand June. The
streamflow frequency plotsin Figure 6-6 show that the overall change to the flow regime
would be minor.

The Brazos River near Glen Rose (BR®0) location shows median monthly streamflow
decreasing in every month (egept January under 2040 conditions) relative to baseline
conditions in both the 2040 and 2070 decadesHigure 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 beeline scenarioonthe A GEO AT A OEA
01 AT 8 OAAT-&id 812040 tond@idhgand 2070 conditions show marked
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changes in fow for individual months due to the implementation of WMSs, with some
flows decreasing but others increasing in a givemonth of the simulation.Figure 6-8
illustrates this for 2070 conditions. In the 2040 decade, the largest deease in median
monthly flows in terms of magnitude wouldoccur in June, while the largest percentage
decrease would occur in Novemberin the 2070 decade, the largest absolute decrease in
median monthly flows and the largest percent decrease would both ogcin August. The
flow frequency curvesshown in Figure 6-9 indicate that the highest 25 percent of flows
will change little, while lower flows are expected to decrease.

Monthly Medians
Double Mountain Fork Brazos River near Aspermont
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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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Monthly Medians
Clear Fork Brazos River at Eliasville
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Figure 6-4 Monthly 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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Monthly Medians
Brazos River near South Bend
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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 WMSsmodels.
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Monthly Medians
Brazos River near Glen Rose
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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, Baseline 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 WMSsmodels.

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 iRebruary to a 4 percent increase in March. As
seen inFigure 6-11, the recommended WMSs upstream of BRAQ33 are not expected to
greatly alter the frequency of high and low flows by 2040. Howeveas shown byFigure
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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Monthly Medians
Brazos River near Aquilla
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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. Exceedarce frequencies of flows at the Brazos River near Aquilla for Year 2040
conditions for Baseline and With WMSs models.
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Figure 6-12. Exceedance frequencies of flows at the Brazos River near Aquilla for Year 2 070
conditions for Baseline and With WMSs models.

The Bosque River near Waco (BOWAA40) location gages a relatively small watershed
compared to the other locations investigated in this analysis. Changes in streamflow
associated with this location are relatiely minor, as can be seen in the flow frequency
curves for 2070 conditionsin 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 Augmentatiangd Lake Georgetown ASR.
The scatterplots for 2040 conditionsand 2070 conditions shown inFigure 6-14 are
generally similar between the two scenarios, with a few months with much lower flow
due to the implementation of the recomnended strategies. Those few months with
differences tend to occur duringperiods of moderate flow.While monthly median flows
exhibit increases in April for both 2040 and 207Cconditions (Figure 6-15) and decreases
in the other months, theoverall flow regime is largely unchanged as indicated by the
2070-conditions flow frequency curvesin 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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Monthly Medians
Little River near Cameron
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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 measursgseamflow in the Navasota
River watershed, a tributary to the Brazos River. The only recommended WMS affecting
surface water upstream of NABRG67 is the Groesbeck @fhannel Reservoir, which is
scheduled to be implemented by 2030. The scatterplots for 2048hd 2070conditions 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 monthlyflows are expected to increase slightly in 3 months
(February, August, and September) and decrease the other months shown inFigure
6-18. By 2070, decreases in monthly median flows are expected in all months except
August. Theflow frequency curves inFigure 6-19 indicate that low flows (.e, flows
exceedal 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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Monthly Medians
Navasota River near Bryan
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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 locéions (Brazos River near Hemstead (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. Thesehree points are located inthe 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 he implementation of any ofthe 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 resevoirs pass these locationgo satisfy demands at downstream
locations.

Monthly median streamflows will decrease at Hempsteaduring nine months with
decreases as much as 19 percent in 204Bigure 6-20). The flow frequency curvesat
Hempstead inFigure 6-21 indicate that the decreases impact lower flowsi(e, flows
exceeded more than 50 percent of the time)nder 2070 conditions. However, very low
flows (i.e, flows exceeded more than 99 percerdf the time) are expected to increase at
Hempstead
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400,000 Baseflow (Wet)
W Baseflow (Average)
W Baseflow (Dry)
350,000 WM Subsistence Flow (Dry) |
B Baseline 2040

With WMSs 2040

300,000

250,000

Monthly Median Regulated Flow (acft)

JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC

Baseflow (Wet)
I Baseflow (Average)
350,000 . B w (Dry)
Il Subsistence Flow (Dry)
B Baseline 2070
300,000 With WMmSs 2070

250,000

200,000

150,000 -

100,000 A

Monthly Median Regulated Flow (acft)

JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC

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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- Brazos River nearlHempstead: Baseline 2070
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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 & Richmond will decrease inall 12 monthsbetween Baseline andVith
WNMSsconditions, as shown inFigure 6-22, as well as flows greater than about the 98
percentile. However, lower flows (94" percentile and smaller) will tend to increase
(Figure 6-23) under 2070 With WMSsconditions.
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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.
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