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1.0 INTRODUCTION

This report describes an evaluation of the hydrologic yields of proposed water supply projects in the
Sulphur River Basin, performed as part of the larger Sulphur River Basin Feasibility Study (Feasibility
Study). HydrologicYields are reservoiryields based on historical hydrology, without regard to water rights
or water right priority. The Hydrologic Yield approach differs from the approach used to develop other
yields in the Feasibility Study, which for the purposes of this report will be referred to as Priority Yields.
Priority Yields assume that (a) all permanent waterrights are diverting at their full authorized diversions
and (b) that water is distributed in accordance with the priority date of each water right, with the most
seniorwaterrightreceiving waterfirst. The Priority Yield approach issimilartothe one usedin the State
of Texas for water planning. The current Hydrologic Yield study was instigated to develop an
understanding of the two different approaches to reservoir yields, as well as to address concems

regarding the models that are being used to develop those yields.

The Hydrologic Yields developed for this report were calculated using two different models. The first
model is a RiverWare model developedby the U.S. Army Corps of Engineers (USACE), Fort Worth District.
The modelincludes notonlythe SulphurBasin, butalso the Cypress Basin and the main stem of the Red
River from the Red River at Fulton gage (USGS 07341500) to the Red River at Shreveport gage (USGS
07348500). This modelisbasedonalargermodel of the Red RiverBasin. The USACE developed the Red
River basin model primarily to simulate flood operations. The model uses RiverWare,ageneralized basin
model developed by the Center for Advanced Decision Support for Water and Environmental Systems
(CADSWES) at the University of Colorado, Boulder. In this report, this model will be referred to as the
USACE Model.

The second model is a modified version of the Sulphur River Basin Water Availability Model, originally
developed by the Texas Commission on Environmental Quality (TCEQ) and subsequently modified by
Freese and Nichols for the Feasibility Study. TCEQ designed this model primarily to process water rights
applications. It is also used in Texas for state-sponsored regional water planning. The model is an
application of the Water Rights Analysis Package (WRAP), developed by Dr. Ralph Wurbs of Texas A&M
University. Inthisreport, this model will be referred to as the Sulphur WAM and specifically refers to the

modified model used for the Feasibility Study.
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The models were used to develop firm Hydrologic Yields of ten different stand-alone alternatives

evaluated in the Sulphur River Basin Feasibility Study:

e  Wright Patman Lake reallocationat with conservationelevations 232.5feet, 242.5feet, and 252.5

feet,
e Marvin Nichols Reservoir with conservation elevations of 296.5 feet, 313.5 feet and 328.0 feet,
e George Parkhouse | reservoir with a conservation elevation of 401.0feet,
e George Parkhouse Il reservoir with a conservation elevation of 410.0 feet, and
e Talco Reservoir with conservation elevations of 350.0 feet and 370.0 feet.

There are several significant differences between the two models. The USACE Model only has large
reservoirs while the Sulphur WAM contains all permanent water rights and authorized reservoirs. The
USACE Model uses historical hydrology, adjusted only for major reservoirs, while the Sulphur WAM uses
naturalized flows (flows adjusted for all significant reservoirs, diversions and return flows). The USACE
Model uses a daily time step, while the Sulphur WAM uses a monthly time step. The USACE model
evaluates and adjusts releases from multiple reservoirs as part of flood operations, while the Sulphur
WAM simply assumes that flood storage in a reservoir is empty at the end of each monthly time step.
Finally, the USACE Model is designed to distribute water from upstream to downstream, while the Sulphur

WAM is designed to distribute water based on the priority date of each water right.

It is important to distinguish between the modeling application used in this study (USACE Model and
Sulphur WAM) from the underlying computer programs in which the models were developed (RiverWare
and WRAP). Both RiverWare and WRAP are hydrologic models developed for long-term simulation of
riverbasins. WRAP is specifically designedto simulate water rights, while RiverWare isa more generalized
model of reservoir and river systems that can simulate almost any type of river operations. Neither
application usedinthis study fully use the capabilities of the underlying software. When comparingthe
results using the two different modeling applications (USACE Model and Sulphur WAM) itisimportantto
remember that we are comparing results of specific applications (and the underlying data and
assumptions used inthose applications), notthe software itself. In general, RiverWare is a more flexible
model than WRAP. However, both models are well maintained, thoroughly documented and technically

sound software packages that are well suited for determining reservoir yields. This study is not a
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comparison of the capabilities of the modeling software. Rather, itisacomparison of using two different
applications (the USACE model and the Sulphur WAM) to determine hydrologic yields. If there are
differences in the hydrologicyields, this study will endeavor to find out why the results are different,

either because of differences in data, assumptions or the models themselves.

RiverWare is capable of simulating water rights on a priority basis, butthis featureis not used in the USACE
Model. Applying waterright priorities to the USACE models would take considerable effort, and probably
would notbe very useful given that so few waterrights are representedinthe model. The USACE model
alsoincludes parts of the river basin in Arkansas and Louisiana, which have different waterright systems.
So instead of adapting the USACE models to the priority system, the Sulphur WAM was modified to

operate inupstreamto downstream order, whichis called “natural order” in the WRAP documentation.
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2.0 MODEL LEVELING

The firststep of the currentstudy was to identify auniform set of input data and assumptions that could
be applied to both the USACE Model and the Sulphur WAM without fundamentally altering the models
themselves. This data set provides a “level” modeling space so that differences in results can be more
readily identified. For example, if two different models use different area-capacity relationships, but
otherwise usethe same inputdata, they wouldnecessarily produce different results. However, if the two
models use the same area-capacity data (as well as the same input data), but still get different results,
thenthere must be someinherentdifference in the models that produces that different results. The input
datathatwere examinedin thisstudyincludedemands, hydrology, reservoir elevation-area-capacity data,
Wright Patman conservation curves, and low flow release policies. Table 1isasummary of the data model

leveling variables. The remainder of this section discusses the process in more detail.

One thing that was not modified is the time step used in the USACE Model or the Sulphur WAM. The
USACE Model has a daily time step, while the Sulphur WAM uses a monthly time step. Both RiverWare
and WRAP are capable of modeling either time step. However, the input data, modeling methods and
model setups would need to be changed significantly for either the USACE Model or the Sulphur WAM to

use the same time step, a process beyond the scope of this study.

2.1 DEMANDS

Afundamental difference between the USACE Model and the Sulphur WAM s the level of detail for water
rights. The USACE Model only has diversions associatedwiththe major reservoirs, while the Sulphur WAM
has every permanent waterrightinthe SulphurBasin. Althoughitis possibleto modify the USACE model
toinclude all waterrights, this wouldbe a major effort and a significant modification to the approach used
by the USACE. However, for majorreservoirs, demands couldbe the same without significantly modifying
the way that either model works. For Wright Patman and Jim Chapman Lakes, demands were based on
recentuse. Demands forJim Chapman Lake were set to 110,000 acre-feet peryear. Exceptforthe Patman
reallocation scenarios, demands for Wright Patman were set to 50,000 acre-feet per year. Monthly
demand patterns for both reservoirs were also modifiedto reflect recent use patterns. Demands for Lake
Ralph Hall were set at 45,000 acre-feet per year based on the water right application for that project.
(Lake Ralph Hall is a proposed reservoirthatis not part of the Sulphur River Basin FeasibilityStudy. To be
conservative we are assuming that this reservoir will be built before the other projects examined in this

study.)
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Table 1: Model Leveling Summary
USACE Model Sulphur WAM
Original Modified Original Modified
Area Capacity
Extended 2010 Survey

Wright Patman

Extended 1997 Survey

extended with COE
areas

2010 surveyextended
with TWDB data

Extended 2010 Survey
extended with COE areas

Chapman

2005/2007 survey

No change

2005/2007 survey

No change

Ralph Hall

Site Protection Study

No change

Site Protection Study

No change

Low-Flow Release

Above 220ft- 10 cfs

Added 10 cfs release

Above 220ft- 10 cfs

Wright Patman Nov-Apr, 96 cfs May-Oct. 10 cfs Nov-Apr, 96 cfs May-Oct.
below 220 ft
Below220ft0cfs Below220ft 10 cfs
ch 5 cfs above 415.5feet, No ch 5 ofs atallti 5 cfs above 415.5feet,
apman none below 415.5 ft ochange ctsatafitimes none below 415.5 ft
Demands

Wright Patman

50,916 ac-ft/yr

50,000 ac-ft/yr (non-
yieldruns) withrevised
pattern

180,000 ac-ft/yr

50,000 ac-ft/yr (non-
yieldruns) withrevised
pattern

92,507 ac-ft/yrbetween
elevations 415.5and

110,000 above 415.5,

146,520 ac-ft/yrabowe

110,000 above 415.5,

Chapman none below 415.5, elevation 220, none none below 415.5,
440, none below 415.5 revised pattern below 220 revised pattern
orabove 440 P P

Ralph Hall None 45,000 ac-ft/yr 45,000 ac-ft/yr 45,000 ac-ft/yr

. . . Fulluse of all water

Otherdiversions Notincluded no change rights No change

Allocation Natural order no change Priorityorder Natural order

Evaporation
COE netreservoir-1938

Wright Patman to 1957, evaporation no change TWDB netreservoir TWDB netreservoir
only1958-2007
COE netreservoir-1938

Chapman to 1991, evaporation no change TWDB netreservoir TWDB netreservoir
only1992-2007

Ralph Hall Chapman Lake COE TWDB netreservoir TWDB netreservoir TWDB netreservoir

Proposed projects

TWDB netreservoir

TWDB netreservoir

TWDB netreservoir

TWDB netreservoir
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The hydrologicyield runs use a constant withdrawal from thereservoir. In otherwords, itis assumed that
the same amount of wateris takenout of thereservoirevery day of the year. This assumption isconsistent
with USACE practices when determining yield. However, other yield analyses done for the Feasibility
Study assumed avarying monthly pattern typical of municipal water use, with higher demands during the
summer months than during the winter. Although this assumption will have some impact on the yield

value, based on our experience it would not be significant in most cases.

2.2 HYDROLOGY

Hydrology consists of the flows used in the models and the evaporation and precipitation rates input for
each reservoir. The flow data used by the two models are not compatible and therefore were not
changed. The USACE Model uses incremental historical flow data. The only adjustments to these data
are associated with the major reservoirs that are simulated in the model. For the SulphurBasin portion
of the model, this would be the construction of Jim Chapman Lake in 1991 and Wright Patman Lake in
1954. This assumption implies that future changes in diversion and return flows, or construction of

smaller reservoirs, will not significantly impact the results of the yield modeling.

On the other hand, the Sulphur WAM uses naturalized flows, which are historical flows that have been
adjusted toremove the effects of majorreservoirs, historical diversions, and historical return flows. The
hydrology is compatible with the approach used in the WAMs, which includesthe modeling of all water

rights, no matter how small.

The other component of hydrology is evaporation and precipitation. For existing projects, itis desirable
to use evaporation and precipitation data that are consistent with the data used to develop the inflows
for that project. For the historical hydrology where the reservoir was present, the evaporation and
precipitationdata were used as part of the inflow calculations. Using other evaporationand precipitation
data would be inconsistent with the inflow data, introducing additional error into the modeling. The
USACE Model and the Sulphur WAM use different data sources and approaches for hydrologic
calculations. So for existing projects, the evaporation and precipitation data were retained in the

respective models.

On the other hand, inflow for proposed projects is not dependent on evaporation or precipitation
calculations. Thereforethese datacan be consistentin both models withoutintroducing additional error.

So for the proposed projects (including Lake Ralph Hall), data from the Sulphur WAM was used.
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Both models were modified to use the same area-capacity data for major reservoirs. The area-capacty
data for Jim Chapman and Wright Patman Lakes are from the latest volumetricsurveys of the reservoirs.

For Wright Patman Lake, the survey wasextendedto higher elevations using areas provided by the USACE.

Both Jim Chapman and Wright Patman Lakes have low-flow releases as part of normal operations. The
Sulphur WAM did not include low-flow releases from Wright Patman Lake. To be consistent with the
USACE Model, the Sulphur WAM was modified so that a 10 cfs low-flow release occurs from November
to April. The rest of the year a 96 cfs low-flow release occurs as long as the reservoir is above 220 feet,
the bottom of conservation storage. Below 220feet, the low-flow releasesis limited to 10cfs. The USACE
model did not make low-flow releases below 220 feet. However, historical operation shows that this
release has occurred when the reservoir is below 220 feet, so the model was changed so that low-flow
releases occur when the reservoir is below conservation. Both models had a 5 cfs low-flow releases for

Jim Chapman Lake.

10
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3.0 COMPARISON OF HYDROLOGY

Hydrology includes both the flow data and evaporation/precipitation data input into the models. The
USACE RiverWare model uses hydrology from 1938 to 2007. The Sulphur WAM has hydrology from 1940
to 1996. Appendices Band C contains graphical comparisons of the inflow and evaporation datausedin

the two models.

3.1 FLOWDATA

The flow dataforboth modelsis derived from historical stream gage records. Where records are missing,
flows are estimated based on othernearby gages. Figure 1 comparesthe historical period-of-record for
the stream gages used to develop flow datainthe models. Figure 1 also shows the period of record for
the two models, as well as the two largest reservoirs in the basin, Wright Patman and Jim Chapman. (The
other major reservoirsin the basin, Lake SulphurSprings and River Crest Lake, were constructed in 1973

and 1953, respectively).

Appendix B contains plots comparing the monthly flow data from the two models at the five reservoir
sites (Parkhouse I, Parkhouse Il, Talco, Marvin Nichols and Wright Patman) and at two gage sites (North

Sulphur near Cooper and Sulphur River near Talco). For most locations there are four plots:

e A scatterplotcomparingthe monthly WAM flow volumes to the monthly total flowvolume from
the USACE model for the full overlap period of the two models, 1940 to 1996. Included in the

scatter plotis a linear regression equation and the R?, as calculated by Excel.

o A“double mass” plot comparing the monthlycumulative flows fromthe two modelsforthe same
1940 to 1996 period. These plotsinclude a line between the firstand last points on the plots to

emphasize changes in the slopes of these curves.

e Ascatterplotcomparing the monthly WAM flow volumes to the monthly total flowvolume from
the USACE models for the period of the primary historical gage records used to calculate the
inflows. The exceptionis Wright Patman. For this reservoir, the periodin this plot is the period
prior to construction of the reservoir. After construction of the reservoir, the two models use

different methods to calculate flows. This is discussed below in Section 3.2.

e A double mass plot of the cumulative flows for the same period of historical records.

11
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| Riverware Period of Record |

WAM Period of Record

Jim Chapman Lake

7342500 South Sulphur River Near Cooper

7343000 North Sulphur Near Cooper

7343200 Sulphur River Near Talco

| 7343500 White Oak Creek Near Talco

7343800 White Oak Creek Below Talco

7343850 Sulphur River Near Darden |

| Wright Patman Lake

Figure 1: Historical Period of Record for Sulphur River Basin Hydrologic Data

12
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Table 2 compares the regression equations and R? values forthe two sets of scatter plots (full period and
period of historical gage data). For mostlocations, the inflow data forthe two models comparesvery well
for the historical period of gage flow records, with slopes and R? values very close to 1. The exception is
the Parkhouse | site, which has a still very good R? of 0.8924 but has more scatter when comparing
individual monthly flows. However, the cumulative flows shown in the double mass plots show a very
consistent relationship between the two datasets over longer periods of times. In general, the Sulphur

WAM flows (variable y in Table 2) are slightly less than the USACE model flows (variable x in Table 2).

Table 2: Regression Equations from Flow Comparisons

Full Overla;;:;;i)od (1940 to Historical Gage Period or Pre-Reservoir Period
Location
e | e | e e | e

N. Sulphur nr Cooper y =1.0303x 0.8673 y = 0.9894x 0.9838 10/49 to 12/96
Parkhousell y=0.9231x 0.9143 y = 0.9939x 0.9874 10/49 to 12/96
Parkhousel y = 0.969x 0.8742 y = 0.9905x 0.8924 10/56 to 12/96
SulphurR nr Talco y =0.9976x 0.9311 y = 0.9828x 0.9779 10/56 to 12/96
White Oaknr Talco (Talco Site) y=1.0221x 0.9225 y =0.9801x 0.9993 12/49 to 12/96
Marvin Nichols y =0.9861x 0.9605 y = 1.0169x 0.9628 10/56 to 12/96
WrightPatman y =1.0027x 0.9341 y = 1.0429x 0.9816 1/40to 12/57

Note: x corresponds to the USACE Model flows and vy is the Sulphur WAM flows

There are some differences between the two datasetsduring the period of estimated flows. According to
documentation provided by the USACE, the USACE Model primarily uses on the Darden gage (USGS
7343850) tofill inthe earlier missing data, and estimated flows are based on drainage arearatios. Onthe
other hand, the Sulphur WAM uses the White Oak Creek below Talco gage (USGS 7343800) when
available, and uses a monthly-varying statistical relationship to estimate missing flows. As a result, the
period of estimatedflows is somewhat different betweenthe two datasets, particularlyforthe flows that

are based on estimated flows at the North and South Sulphur gages.

The most significant difference between the hydrologyusedinthe Sulphur WAMand the hydrology from
the USACE Model is the period of record. The Sulphur WAM currently only has data from 1940 to 1996.

The model was developed between 1998 and 1999. The hydrology has not been updatedsince that time.

13
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The USACE Model has hydrology from 1938 to 2007. This is significant because the worst drought for
proposed projects examined in this study occurs between 2002 and 2006. Asa result, the Sulphur WAM
misses the critical drought that determinesthe yield of the reservoir, and yields determined with the

models are not directly comparable. Furtherinformation may be found in Section 4.0 below.

3.2 EVAPORATION AND PRECIPITATION RATES

Evaporation and precipitation rates are part of the hydrologicinput datafor the models. These rates are
multiplied by the reservoirsurface areato obtainthe loss from the reservoir due to evaporation and the
gain to the reservoir due to precipitation on the reservoir surface. Since the calculation of evaporative
loss and precipitation gain uses the same method (they just have the opposite sign to indicate either a
gain or a loss), evaporation and precipitation rates are frequently combined into a single factor, usually
referred to as net reservoir evaporation®. Both the USACE Model and the Sulphur WAM have a single
input evaporation rate for these gain and loss calculations. Precipitation rates are not input separately.
In the Sulphur WAM, these input evaporation rates are net reservoir evaporation (evaporation less
precipitation) throughout the modeled period. The hydrology that has been developed for the Sulphur
WAM is consistent with thisassumption. However, the USACE Model uses netreservoirevaporationfor
the hydrologic period before the construction of the reservoir. After areservoir has been constructed,
precipitation onthe reservoirsurface is assumed to be part of the inflows so the input evaporation rates

are for evaporation only.

Inthis hydrologicyieldstudy,the input evaporation rates for Wright Patman and JimChapman Lakeswere
not changed in the individual models, so the input evaporation rates are different in the Sulphur WAM
than theyare inthe USACE Model. Thiswas done to be consistent with the inflow data that were used in
the respective models. Onthe other hand, input evaporation rates for proposed projects (including Lake
Ralph Hall) are the same in both models. This could be done because the underlying flow data are not

dependent on loss or gain calculations from these proposed projects.

1 Net reservoir evaporationalso mayincludea factor called effective runoff which is a correction for the portion of
the precipitation that would have become runoff. This may be combined with the net reservoir evaporationrates,
or can be calculated by the model itself. The Sulphur WAM does not include effective runoff in the input data.
However, rates with effective runoff are calculated by the model. These calculated rates were used for the USACE
Model hydrologic yields of the proposed projects.

14
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Previous modelinginthe Feasibility Study used net evaporation rates developed forthe July 2008 Texas
Water Development Board Reservoir Site Protection Study. The proposed projects examined in the
hydrologic yield study used these same input evaporation rates in both the Sulphur WAM and USACE
Models, including Lake Ralph Hall. These netevaporationrates are based on statewide evaporationand

precipitation data from the Texas Water Development Board.

Existing projects like Jim Chapman and Wright Patman Lakes require a different approach in the two
models. Priorto the construction of the reservoirs, flows at these locations are based on stream gage
records in both the USACE Model and the Sulphur WAM. Evaporative lossis not part of the calculations
that derived the flows. However, the Sulphur WAM and USACE Model use different sources for the
evaporation and precipitation data. The USACE Model uses locally measured pan evaporation and rain
gage data. The Sulphur WAM uses the Texas Water Development Board data, which uses more sources
of historical data (including the local data), has been spatially smoothed and uses different pan factors to
calculate reservoir evaporation from pan evaporation. As a result the two data sources have slightly

different evaporation and precipitation rates.

After the construction of the reservoirs the portion of the flow that is lost to evaporation from the
reservoirsurface andthe increased volume of waterfrom precipitation on the reservoir surface must be
taken into account when developing the flow data. The Sulphur WAM and the USACE Model have
different approaches to using these data. In the Sulphur WAM, precipitation is combined with
evaporation, so that precipitation on the reservoir surface is removed from the inflow calculations. So
the evaporationrates usedin the Sulphur WAM are combined netreservoir evaporation throughout the
simulation. On the other hand, the USACE model includes precipitation on the reservoir surface as part
of the inflows into the reservoir. So in the USACE Model, the evaporation rates prior to construction of
the reservoirare netreservoir evaporation, while the evaporationrates after construction of the reservoir
are for evaporationonly. So in order to be consistent with the hydrology in each model (which was not
changed), the evaporation rates for Patman and Chapman Lakes were not made identical in the two

models.

15
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4.0 RESERVOIRYIELDS
4.1 HYDROLOGICYIELDS

Table 3isa comparison of the hydrologicyields calculated using the Sulphur WAMand the USACE Model.
Figure 2 is a graphical representation of the same data. There are two yields reported for the USACE
Model, one usingthe full period of record (1938 to 2007), and one usingonly the overlap period with the
Sulphur WAM (1940 to 1996). Theyieldforthe shorterperiodissothatthe results of the two modelscan
be directly compared. The yield for the entire period of record would be more indicative of the current
estimate of hydrologicyield of the reservoir. Reservoir storage traces fromthe various runs may be found

in Appendix D.

Looking at the yields, the full period USACE Model yields are less than either model’s yields when only
consideringthe hydrology from 1940t0 1996. Thisisthe result of thenewdrought of recordthat occurred
in the mid-2000s.

Table 3: Hydrologic Yield of Proposed Projects

Sulphur WAM yield USACE Model Yield (1940 | USACE Model Yield (1938
Project (1940 to 1996) -1996) -2007)
Cfs ac-ft/yr cfs ac-ft/yr cfs ac-ft/yr

Parkhousell 198.4 143,700 209.3 151,630 179.9 130,345
Parkhousel 206.2 149,400 228.1 165,250 185.1 134,098
Talco 350 267.6 193,900 277.0 200,676 216.1 156,556
Talco370 398.0 288,300 4125 298,841 395.0 286,170
Nichols 328 889.1 644,100 933.3 676,141 733.1 531,111
Nichols 313.5 628.1 455,000 679.9 492,562 499.1 361,579
Nichols 296.5 352.3 255,200 365.0 264,429 320.8 232,408
Patman 232.5 572.8 415,000 490.0 354,987 442.3 320,394
Patman 242.5 1,008.3 730,450 897.0 649,843 658.2 476,841
Patman 252.5 1,386.0 1,004,100 1,341.0 971,504 861.5 624,124
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Figure 2: Comparison of Hydrologic Yields of Proposed Projects

When comparing the 1940 to 1996 yields for the two models, the Sulphur WAMyields are slightly less
than the USACE Model yields for the proposed new reservoir projects (Parkhouse I, Parkhouse 11, Talco
and Marvin Nichols). Thisis notentirely surprising, since the flows from the WAMmodel are slightly less
than the flows from the USACE model (see Table 2). However, the yieldsforthese projects are relatively
close, with less than 10% difference. The critical drought period for most of these model runs is in the
1950s. The exceptionisthe Talco project with the storage at370 feet. Thisvariation of the Talco project
has long periods when the reservoiris notfull. The Sulphur WAM run has the minimum storage in 1966,

while the USACE Model run has the minimum storage in 1957.

The Sulphur WAM yields forthe Patman reallocation projects are higherthan the yields using the USACE
Model. In order to investigate this difference, runs were made of the Sulphur WAM using the yields

calculated with the USACE Model (considering hydrology through 2008). Figure 3 shows the elevation
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trace fromthe runs with 252.5 feetreallocation. The blueline is the Sulphur WAMand the gold lineis the
USACE Model. Both models use the same demand of 624,124 acre-feet per year (861.5 cfs). Note that
elevations below 252.5 feet (the top of the conservation pool) are very similarin the two models until
about 1958. (The storage above 252.5 feet, also known as the flood pool, will be differentin the USACE
Model. The Sulphur WAM does not model the flood pool.) After that, the USACE Model shows more
drawdown during drier periods than the Sulphur WAM.

270.0

265.0

260.0 I A‘

2550 ll [ l [ " I

% 2500 - ““

g ‘ '

52450 | \

: Vol

>

2 240.0

= \

235.0

230.0

225.0

220.0
§ ¥ ¢ 5883 3 RRRIRI LR 5 J
[ o o o [ < c < c [ [ o o o c < [ < c
Hy &£ &£ 5§ &F£ &£ £ &I £ ¥ ¥ £ K & £ 8 &8 8 &

Date
Sulphur WAM  ——USACE Model

Figure 3: Comparison of Elevation Traces from the Sulphur WAM and the USACE Model
— Demand of 861.5 cfs

Figure 4 comparesthe annual inflow and evaporation from the same modeling scenario (Wright Patman
reallocation to 252.5 feet with an annual demand of 624,124 acre-feet peryear). Inthese graphs, the
data fromthe WAM are shown as blue bars and the datafrom the USACE Model are the goldline. Notice

that the inflows are fairly consistent. The annual USACE annual flows are greaterthan the WAM flowsin
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40 of the 47 years inthe overlap period, with 29 of those years occurring after 1957. On the otherhand,
the annual evaporation from the reservoir is quite different between the two models, particularly after

1957.

According to the USACE’s Pertinent Data for Wright Patman Lake, deliberate impoundment of the
reservoir began in June of 1956. It is standard practice for the USACE that once a reservoir has been
constructed, rainfallon the reservoirsurface isincludedas part of the inflow into the reservoir. So during
the historical periodof the reservoir, precipitation on the reservoir surface is nolonger modeled. Looking
at the evaporationdatain Figure 4, it appears that in the USACE Model precipitationis nolonger part of

the net evaporation calculation beginning some time in 1957.

Figure 5 compares the historical surface area of Wright Patman Lake to the modeled surface area with
reallocationto 232.5,242.5 and 252.5 feet, from 1958 to 2007. The average historical surface area during
that time was about 29,400 acres. The average surface areafor the reallocation scenarios overthe same
period is 40,300, 61,200 and 85,400 acres for the 232.5, 242.5 and 252.5-foot reallocation scenarios,
respectively. With reallocation of Wright Patman, the water surface area would be larger most of the

time compared to historical conditions.

Only aportion of the rainfall that fallson the land surface eventually becomes flow in a stream. However,
most of the rainfall on a reservoir surface goes directly into reservoir storage. Since the USACE Model
does not considerthe additional surfaceareain the reallocationscenarios, the model underestimatesthe

contribution of rainfallon the reservoirsurface, and therefore underestimatesthe yield of the reservoirs.

Two factors that were not explicitly examined in this study were the impact of the different time steps
usedinthe twomodels, and the associated assumption about floodstorage (the monthly timestep is not
conducive to modeling flood storage). In general, it would be expected that these factors would have
more impact on reservoirs with relatively short critical drought periods, such as Wright Patman Lake or
some of the smaller proposed reservoirs. These yields would be more sensitive to conditions such as
waterin flood storage at the beginning of the drought period. Larger reservoirs, such as the reallocated
Wright Patman Lake or the largerversion of Marvin Nichols have longer critical drought periods. Because
of the length of the critical drought period, water in flood storage would be spread out over a longer

period and yields would not be as sensitive to initial conditions.
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Figure 5: Comparison of Modeled to Historical Surface Area —Wright Patman Lake

4.2 POTENTIAL IMPACT OF WATER RIGHT PRIORITY ON YIELDS

The Sulphur WAM was designed to evaluate water availability considering priority water rights, with
seniorwaterrights beingallocated waterbefore more juniorrights regardless of location within a basin.
Theyields determined for other parts of the Feasibility Study used the priority assumption. The hydrologic
yields calculated in this study allocate water in upstream to downstream order without regard to the
priority of awaterright. In orderto determine the potential impact of this assumption, the Sulphur WAM
with the leveling assumptions outlined in Section 2 was run in priority order. The results of this
comparison are shown in Table 4. Figure 6 is a graphical comparison of the same data. The priority
assumption has the leastimpact on the Talco project, where yields only change by less than 4,000 acre-

feet per year. The yield of the Nichols project is decreased by about 35,000 acre-feet per year.
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Table 4: Sulphur WAM Hydrologic and Priority Yields

Hydrologic Yield Priority Yield
Project acre- acre-
cfs feet/year cfs feet/year
Parkhousell 198.4 143,700 174.4 126,340
Parkhousel 206.2 149,400 191.3 138,600
Talco 350 267.6 193,900 262.3 190,000
Talco370 398.0 288,300 3931 284,800
Nichols 328 889.1 644,100 841.7 609,800
Nichols 313.5 628.1 455,000 579.1 419,500
Nichols 296.5 352.3 255,200 306.7 222,200
Patman 232.5 572.8 415,000 626.3 453,700
Patman 242.5 1,008.3 730,450 1,044.8 756,900
Patman 252.5 1,386.0 | 1,004,100 1,416.9 | 1,026,500
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Figure 6: Comparison of Sulphur WAM Hydrologic and Priority Yields
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The yields in Table 4 and Figure 6 show several trends:

e The priority yields for the proposed projects are less than the hydrologic yields. This is because
the priority yields assume that the proposed projects regularly pass inflow to senior water rights

(primarily Wright Patman Lake).

e The priorityyieldsfor Wright Patman Lake are higherthan the hydrologicyields. Thisis because
the Sulphur WAM assumes that upstream junior water rights will be passing flow to the senior
portions of Wright Patman Lake’s water right. This does not apply to the new diversions and
storage associated with the reallocation. These newerauthorizations would be juniorto existing

water rights in the basin.

The yieldsreported in Table 4 differ somewhat from otheryields determined elsewhere in the Feasibility
Study. The yieldsin Table 4 use the assumptions discussed in Section 2. These changes were made as
part of this study to facilitate comparison with the USACE Model. Specificchangesthat impactthe yield
numbers include the use of current sediment conditions (other yields in the Feasibility Study assumed
2030 sediment conditions), and the use of a constant annual demand pattern rather than a typical
municipal demand pattern. For Wright Patman Lake, the current runs include a 96 cfs low-flow release

from May to October. OtherPatmanyieldsinthefeasibility studyonly assumed a constant 10cfs release.
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5.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
5.1 SUMMARY OF FINDINGS

This report describes hydrologic yields calculated as part of the Sulphur River Basin Feasibility Study.
Hydrologic yields are reservoir yields based on the inflowsinto the reservoirs. Inflows are not based on
water right priority. The yields were determined using a USACE RiverWare Model of the Sulphur River
and adjacent basins and with amodified version of the Sulphur WAM developed for the Feasibility Study.

The purpose of this study was to develop an understanding of the differences between the two models.

Several modifications were identified that could be made to the two models without modifying the
fundamental approachusedby the twomodels. These modificationsinclude using the same area-capadcity
data for reservoirs, low-flow release policies, demands and demand patterns for major reservoirs, and
evaporation dataforproposed projects. Things that could not be changedincluded flow data, evaporation
data forexisting projects, and modeling of minor water rights (minorrights are notincludedin the USACE

Model). These items are summarized in Table 1.

A detailed comparison of hydrology may be foundin Appendices Band C. Duringthe period of historical
gage records, the hydrologyisvery similar, with the WAM hydrology beinga little lower than the USACE
hydrology except for at Wright Patman Lake. During periods of estimated hydrology there was less

agreement between the two datasets, but the flows were still similar.

Table 5 shows the hydrologicyields calculated for the ten proposed projects evaluated in this study. The
most significant difference between the two models is the period of record. The USACE Model has
hydrology through 2007, while the Sulphur WAM only has hydrology through 1996. The critical drought
for the Sulphur Basin occurs between 2002 and 2006. As a result, the USACE Model necessarily gives

lower yields for the proposed projects.

When yields are calculated considering only the hydrology from 1940 to 1996 (the period of record for
the Sulphur WAM), the USACE Model produces higher hydrologic yields than the Sulphur WAM for the
new reservoir projects. This is consistent with the higher inflows in the USACE Model when compared
withthe WAM model. However, otherfactors (time step, flood storage, etc.) that may also contribute to

the differences. The impacts of these factors were not determined in this study.
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Table 5: Hydrologic Yield of Proposed Projects

Sulphur WAM vyield USACE Model Yield (1940 | USACE Model Yield (1938
Project (1940 to 1996) -1996) -2007)
cfs ac-ft/yr cfs ac-ft/yr cfs ac-ft/yr

Parkhousell 198.4 143,700 209.3 151,630 179.9 130,345
Parkhousel 206.2 149,400 228.1 165,250 185.1 134,098
Talco 350 267.6 193,900 277.0 200,676 216.1 156,556
Talco370 398.0 288,300 4125 298,841 395.0 286,170
Nichols 328 889.1 644,100 9333 676,141 733.1 531,111
Nichols 313.5 628.1 455,000 679.9 492,562 499.1 361,579
Nichols 296.5 3523 255,200 365.0 264,429 320.8 232,408
Patman 232.5 572.8 415,000 490.0 354,987 442.3 320,394
Patman 242.5 1,008.3 730,450 897.0 649,843 658.2 476,841
Patman 252.5 1,386.0 1,004,100 1,341.0 971,504 861.5 624,124

Using the same 1940 to 1996 hydrology, the USACE Model has lower hydrologic yields for the Wright
Patman reallocation scenarios. This appears to be the result of different approaches to modeling
precipitation on the reservoirsurface. The USACE Model include historical precipitation on the reservoir
surface as part of the inflow into the reservoir, whilethe Sulphur WAM calculates the precipitation along
with the evaporation. Since the Wright Patman reallocation scenarios result in a larger surface area for
the reservoir (and therefore a larger area for precipitation on the reservoir surface), the USACE Model

tends to underestimate yields for reallocation.

The Sulphur WAM was run using the same modeling assumptions as the hydrologic yields, except with
the assumption that waterrights are metin priority order. Table 4 comparesthe hydrologicyields to the
priority yields. These yields are somewhat different than yields calculated elsewhere in the Feasibility
Study because of the different modeling assumptions employed in this study. The priority yields of the
proposed reservoirs are lower than the hydrologicyields. This is consistent with the assumption that
these will be junior water rights that will regularly pass water to meet the needs of downstream senior
rights, particularly Wright Patman Lake. The yields forthe Patman reallocation scenarios are higherthan
the hydrologicyields, also because of the same assumption that upstream junior water rights will pass

water for the senior rights.
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5.2 CONCLUSIONS

These findings lead to the following conclusions:
1. Whenusingthe same assumptions, the Sulphur WAMand the USACE Model give similarresults.

2. The Sulphur WAM overestimates yields because it does not include record drought conditions

that occurred between 2002 and 2006.

3. The USACE Model underestimates yields for Wright Patman Lake reallocation because itincludes
historical precipitation on the reservoir as part of the input data rather than calculating it using

the model.

4. The USACE Model can overestimate the yields of proposed projects becauseit does not take into
accountthe priority system used by the State of Texas. If thissystemis enforced (typically through
a watermaster), then the yields would be less because of the passage of water to downstream
senior rights. The USACE Model can also overestimate the impact on existing projects, which

would be protected by enforcement of the priority system.

5.3 RECOMMENDATIONS

The priority yields previously evaluated in the Feasibility Study are overestimated because they do not
include the critical drought period from 2002 to 2006. The hydrology for the Sulphur WAM should be
extended through atleast 2013 to address this problem. Once thisisdone, itis appropriate to continue
to use the Sulphur WAM to evaluate the yield of proposed projects under the priority system built into

Texas water law.

The USACE model will also be useful for the Feasibility Study. In addition to its designed purpose of
modeling flood operations, it could also be useful for environmental flow analyses because of the daily
time step, and for operational analyses that examine the operation of proposed reservoirs while
respecting the supply needed from Wright Patman Lake to meet future needs. The USACE Model has
already proven useful for examining the potential impact of reallocation on International Paper. However,
if the model is going to be used for further studies of the reallocation of Wright Patman Lake, the
hydrology should be changed so that precipitation on the reservoir surface is calculated by the model

rather than part of the inflows.
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The USACE Model can overestimate the yields of new projects and underestimate the yield of existing
projects because it does not take intoaccount the prioritysystemthat governs Texas waterrights. On the
other hand, the Sulphur WAM (run in priority order) can underestimate the practical yields of proposed
projects and overestimate the yields of existing projects becauseit assumes the perfect application of the
priority system. In most cases it would be extremely difficult to apply the priority system so perfectly.
However, the WAM does show water availability under Texas law, and unless there is some extemal
agreementbetween the affected parties, new projects will need to be operated so that they protect the
supply of existing projects. This issue should be addressed in future studies which examine how the

proposed projected will be operated.
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Figure B-1: 7343000 N Sulphur Nr Cooper

Double Mass Comparison of WAM and RiverWare
Monthly Flows (1940 to 1996)
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Figure B-2: Parkhouse Il Inflows
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Figure B-2: Parkhouse Il Inflows
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Figure B-3: Parkhouse I Inflows

Double Mass Comparison of WAM and RiverWare
Monthly Flows (1940 to 1996)
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Figure B-4: 7343200 Sulphur River nr Talco

Comparison of WAM and RiverWare Monthly Flows (1940
to 1996)
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Figure B-4: 7343200 Sulphur River nr Talco

Double Mass Comparison of WAM and RiverWare
Monthly Flows (1940 to 1996)

50,000,000

40,000,000

30,000,000
s
<C
=
20,000,000
10,000,000
0
0 10,000,000 20,000,000 30,000,000 40,000,000 50,000,000
RiverWare
Double Mass Comparison of WAM and RiverWare
Monthly Flows - Historical Period (10/56 - 12/06)
40,000,000
30,000,000
s
<C 20,000,000
=
10,000,000

0 10,000,000 20,000,000 30,000,000 40,000,000
RiverWare

Page 8 of 11 Wam vs RW Appendix A.xIsb Sulphur Talco Plots



Figure B-5: 7343500 White Oak Cr nr Talco (Talco Site)

Comparison of WAM and RiverWare Monthly Flows
(1940 to 1996)
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Figure B-5: 7343500 White Oak Cr nr Talco (Talco Site)

Double Mass Comparison of WAM and RiverWare
Monthly Flows (1940 to 1996)
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Figure B-6: Marvin Nichols Inflows

Comparison of WAM and RiverWare Monthly Flows
(1940 to 1996)
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Parkhouse Il - Annual Inflows, Evaporative Loss and Outflows

Figure C-1

Inflows
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Parkhouse | - Annual Inflows, Evaporative Loss and Outflows

Figure C-2
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Talco Conservation at 350 ft - Annual Inflows, Evaporative Loss and Outflows

Figure C-3
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Talco Conservation at 370 ft - Annual Inflows, Evaporative Loss and Outflows

Figure C-4:

Inflows

1,200,000

1,000,000

800,000
600,000
400,000

Jea) 4ad }994-a.10y

I 9661

200,000

S66T
66T
€66T
661
T661
066T
6861
886T
L861
986T
5861
861
€861
86T
1861
086T
6L6T
8L6T
LL6T
9L61
SL6T
vL6T
€L6T
L6t
TL6T
0L6T
696T
8961
L96T
9961
S96T
961
€96T
96T
1961
096T
6561
8S6T
LS6T
9S6T
Ss6T
S6T
€561
¢S6T
1561
0S6T
6v6T
8V6T
LV6T
9v6T
SV6T
449
V6T
et
6T
oveT

e JSACE Model Inflow

. WAM Inflow

Evaporation

160,000

140,000

120,000

I

L

I

L

I

I

[

.

|

|

|

L

[

L

|

|

[

~q

I

I

I

I

I

L

I

I

o o o o o o
o o o o o
e 2 2 2 <2
o o o o o
m 0 o < ~N

Jeap Jad 1994-a.0y

9661
S66T
66T
€66T
66T
T661
0661
6861
8861
L86T
986T
S86T
861
€861
861
1861
086T
66T
8L6T
LL6T
9L61
SL6T
vL6T
€L6T
¢L6T
TL6T
06T
696T
8961
£961
9961
5961
96T
€96T
96T
T96T
0961
6561
8561
LS6T
9S6T
SS6T
S6T
€S6T
s61
1561
0s6T
6v6T
8V6T
LV6T
9v6T
SveT
449
Vet
et
Tv6T
ov6T

USACE Model Evaporation

s \WAM Evaporation

Outflow

800,000

700,000

600,000

500,000
400,000
300,000

Jea) 4ad 1994-a.0y

200,000

100,000

9661
S66T
661
€66T
66T
T661
0661
6861
8861
L86T
986T
S86T
861
€861
861
1861
086T
66T
8L6T
LL6T
9L61
SL6T
vL6T
€L6T
¢L6T
TL6T
06T
696T
8961
£961
9961
5961
96T
€96T
96T
T96T
0961
6561
8561
LS6T
9S6T
SS6T
S6T
€S6T
s6t
1561
0s6T
6v6T
8V6T
LV6T
9v6T
SveT
144
Vet
et
Tv6T
ov6T

USACE Model Outflow

. \WAM Outflow

WAM vs RW Appendix B Annual Plots.xIsb Talco 370

Page 4 of 10

8/8/2014



Marvin Nichols at 296.5 ft - Annual Inflows, Evaporative Loss and Outflows

Figure C-5
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313.5 ft - Annual Inflows, Evaporative Loss and Outflows

ion

Nichols Conservati

Marvin

Figure C-6.
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t 328 - Annual Inflows, Evaporative Loss and Outflows

on a

Nichols Conservati

Marvin

Figure C-7
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t 232.5 ft - Annual Inflows, Evaporative Loss and Outflows

on a

Patman Conservati

Figure C-8
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t 242.5 ft- Annual Inflows, Evaporative Loss and Outflows
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Figure C-9
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t 252.5 ft - Annual Inflows, Evaporative Loss and Outflows
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Figure D-1a - Parkhouse Il Storage - USACE Model 1938 to 2007
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Figure D-2a - Parkhouse Il Elevation - USACE Model 1938 to 2007
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Figure D-1c - Parkhouse Il Storage - USACE Model 1938 to 1996
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Figure D-2d - Parkhouse Il Elevation - USACE Model 1938 to 1996
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Figure D-1e - Parkhouse Il Storage - Sulphur WAM
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Figure D-2a - Parkhouse | Storage - USACE Model 1938 to 2007
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Figure D-2b - Parkhouse | Elevation - USACE Model 1938 to 2007
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Figure D-2c - Parkhouse | Storage - USACE Model 1938 to 1996
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Figure D-2d - Parkhouse | Elevation - USACE Model 1938 to 1996

410.0

400.0

390.0

e 0.
o o
0 =
on o
(1994) uonens|3

360.0

350.0

340.0

966T/T/1
v66T/T/1
T66T/1/T
066T/T/T
886T/T/1
986T/T/1
v86T/T/1
786T/1/T
086T/T/1
8L6T/T/T
9L6T/T/T
vL6T/T/T
TL6T/T/T
0L6T/T/T
896T/T/1
996T/1/1
v96T/1/1
796T/1/T
096T/1/1
8S6T/1/1
9S6T/1/1
vS6T/T/T
TS6T/1/T
0S6T/1/1
8v6T/1/1
9v6T/T/1
vr6eT/T/1
TeT/T/1
ov6T/T/1

8€6T/T/T

Hydrologic Yield Appendix D-2 Park | Reservoir Plots.xIsb D-2d RW 96 PHI Elev

Page 4 of 5

8/25/2014



Figure D-2e - Parkhouse | Storage - Sulphur WAM
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Figure D-3a - Talco 350 Storage - USACE Model 1938 to 2007
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Figure D-3b - Talco 350 Elevation - USACE Model 1938 to 2007
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Figure D-3c - Talco 350 Storage - USACE Model 1938 to 1996
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Figure D-3d - Talco 350 Elevation - USACE Model 1938 to 1996
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Figure D-3e - Talco 350 Storage - Sulphur WAM
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Figure D-4a - Talco 370 Storage - USACE Model 1938 to 2007
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Figure D-4b - Talco 370 Elevation - USACE Model 1938 to 2007
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Figure D-4c - Talco 370 Storage - USACE Model 1938 to 1996
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Figure D-4d - Talco 370 Elevation - USACE Model 1938 to 1996
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Figure D-4e - Talco 370 Storage - Sulphur WAM
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Figure D-5a - Marvin Nichols 296.5 Storage - USACE Model 1938 to 2007
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Figure D-5b - Marvin Nichols 296.5 Elevation - USACE Model 1938 to 2007
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Figure D-5c - Marvin Nichols 296.5 Storage - USACE Model 1940 to 1996
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Figure D-5d - Marvin Nichols 296.5 Elevation - USACE Model 1940 to 1996
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Figure D-5e - Marvin Nichols 296.5 Storage - Sulphur WAM
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Figure D-6a - Marvin Nichols 313.5 Storage - USACE Model 1938 to 2007
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Figure D-6b - Marvin Nichols 313.5 Elevation - USACE Model 1938 to 2007
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Figure D-6¢ - Marvin Nichols 313.5 Storage - USACE Model 1938 to 1996
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Figure D-6d - Marvin Nichols 313.5 Elevation - USACE Model 1938 to 1996
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Figure D-6e - Marvin Nichols 313.5 Storage - Sulphur WAM
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Figure D-7a - Marvin Nichols 328 Storage - USACE Model 1938 to 2007

1,800,000

1,600,000

\

|

1,400,000

1,200,000

1,000,000
800,000

(1994-9.40e) 98e€U01S

600,000

400,000

200,000

i“ 9007/1/1

¥00Z/T/1
200Z/T/T
000Z/1/1
866T/T/T
966T/1/1
v66T/T/1
T66T/1/T
066T/T/1
886T/T/1
986T/T/T
v86T/1/1
786T/1/T
086T/T/1
8L6T/T/T
9L6T/1/1
vL6T/T/T
L6T/T/T
0L6T/T/1
896T/T/1
996T/T/1
v96T/1/1
796T/1/1
096T/T/T
8S6T/T/T
9S6T/T/1
vS6T/T/1
7S6T/1/1
0S6T/T/T
8v6T/T/T
9v6T/T/T
vr6T/T/1
TweT/T/1
ov6T/T/T
8E6T/T/T

Hydrologic Yield Appendix D-7 MCN 328 Reservoir Plots.xIsb D-7a MCN328 RW Stor

Page 1 of 5

8/25/2014



Figure D-7b - Marvin Nichols 328 Elevation - USACE Model 1938 to 2007

AR

330.0

320.0

310.0

e
o
o
o
(1994) uonens|3

290.0

280.0

270.0

900Z/1/1
¥00Z/1/1
T00Z/T/1
000Z/1/1
866T/T/1
966T/T/1
v66T/T/1
T66T/1/T
066T/T/1
886T/T/T
986T/1/1
v86T/1/1
786T/1/T
086T/T/1
8L6T/T/T
9L6T/T/T
vL6T/T/T
L6T/T/T
0L6T/1/1
896T/T/1
996T/1/1
¥96T/T/1
796T/1/T
096T/1/T
8S6T/1/1
956T/T/T
vS6T/T/1
7S6T/1/1
0S6T/T/T
8v6T/T/1
9v6T/T/T
vr6eT/T/1
TeT/1/T
ov6T/T/T
8€6T/T/1

Hydrologic Yield Appendix D-7 MCN 328 Reservoir Plots.xIsb D-7b MCN328 RW Elev

Page 2 of 5

8/25/2014



Figure D-7c - Marvin Nichols 328 Storage - USACE Model 1938 to 1996
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Figure D-7d - Marvin Nichols 328 Elevation - USACE Model 1938 to 1996
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Figure D-8a - Patman 232.5 Storage - USACE Model 1938 to 2007
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Figure D-8b - Patman 232.5 Elevation - USACE Model 1938 to 2007

270.0

260.0

250.0

o o
o o
< o
(o] o
(1994) uonens|3

220.0

210.0

200.0

900Z/1/1
¥00Z/1/1
T00Z/T/1
000Z/1/1
866T/T/1
966T/T/1
v66T/T/1
T66T/1/T
066T/T/1
886T/T/T
986T/1/1
v86T/T/1
786T/1/T
086T/T/1
8L6T/1/1
9L6T/T/T
vL6T/T/T
TL6T/T/T
0L6T/T/1
896T/T/1
996T/1/1
¥96T/T/1
796T/1/T
096T/1/T
8S6T/1/1
956T/T/T
vS6T/T/1
7S6T/1/1
0S6T/T/T
8v6T/T/1
9I6T/1/T
vr6eT/T/1
TeT/1/T
ov6T/T/T
8€6T/T/1

Hydrologic Yield Appendix D-8 Pat 232.5 Reservoir Plots.xIsb D-8b Pat232.5 RW Elev

Page 2 of 5

8/25/2014



Figure D-8c - Patman 232.5 Storage - USACE Model 1938 to 1996
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Figure D-8d - Patman 232.5 Elevation - USACE Model 1938 to 1996
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Figure D-8e - Patman 232.5 Storage - Sulphur WAM
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Figure D-9a - Patman 242.5 Storage - USACE Model 1938 to 2007
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Figure D-9b - Patman 242.5 Elevation - USACE Model 1938 to 2007
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Figure D-9c - Patman 242.5 Storage - USACE Model 1938 to 1996
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Figure D-9d - Patman 242.5 Elevation - USACE Model 1938 to 1996
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Figure D-9e - Patman 242.5 Storage - Sulphur WAM
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Figure D-10a - Patman 252.5 Storage - USACE Model 1938 to 2007
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Figure D-10b - Patman 252.5 Elevation - USACE Model 1938 to 2007
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Figure D-10c - Patman 252.5 Storage - USACE Model 1938 to 1996
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Figure D-10d - Patman 252.5 Elevation - USACE Model 1938 to 1996
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Figure D-10e - Patman 252.5 Storage - Sulphur WAM
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