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SUBJECT: Analysis of BBEST Stream Gages
DATE: September 8, 2009

The Sabine and Neches Rivers and Sabine Lake Bay Basin and Bay Expert Science Team (BBEST)
selected six United States Geological Survey (USGS) stream gages in the Sabine River Basin and
six USGS stream gages in the Neches River Basin for hydrologic analyses. These gages will serve
as the hydrologic basis for flow regime recommendations developed to satisfy the Senate Bill 3
(SB3) environmental flows process. The BBEST has employed Freese and Nichols, Inc. (FNI) to
perform hydrologic analyses at these gage locations. This memorandum describes pertinent
data regarding the stream gages, discusses the adequacy of these gages to evaluate flow trends
in the Sabine and Neches River Basins and into Sabine Lake, and offers some analyses of flow

trends observed at these gages.

Table 1is a list of the selected gages. Figure 1 shows the locations of the selected gages, as well
as other USGS gages in the watershed. In addition to the twelve stream gages, the BBEST also
requested hydrologic analyses of the total inflows into Sabine Lake, for a total of thirteen
analysis locations. Figure 2 is a graphic showing the period of record for each gage and the year
major reservoirs were built upstream from the gage. Reservoir development and hydropower
are probably the most significant causes of alterations to streamflow in the two basins. Data

used in the analysis were obtained from the USGS website."

Two gages in each basin have minimally controlled or altered watersheds. In the Sabine Basin,
Big Sandy Creek near Big Sandy has one small recreation reservoir, Lake Winnsboro, in its
watershed. Big Cow Creek near Newton has very little modification in its watershed and
represents nearly natural conditions. In the Neches Basin, Attoyac Bayou near Chireno is
downstream from one small water supply reservoir, Lake Pinkston. Village Creek near Kountze

has only a few water rights upstream.

! United States Geological Survey, Surface Water Daily Data for Texas, available on-line at
http://waterdata.usgs.gov/tx/nwis/dv/?referred_module=sw



Table 1: Selected USGS Stream Gages

Datum # of Un-
USGS NGVD Full Drainage | controlled Percent Un-
USGS Gage Name Gage HUC County Start Date End Date Years Area’® Drainage b
29 . b controlled
Number (Feet) of (Sq Mi) Area
Record (Sq Mi)

SABINE BASIN

Big Sandy Creek nr Big Sandy* 8019500 12010002 | Upshur 278.38 | 10/1/1939 9/30/2008 68 231 204 88%
Sabine River nr Gladewater 8020000 12010002 | Gregg 243.85 10/1/1932 current 76 2,791 1,404 50%
Sabine River nr Beckville 8022040 12010002 | Panola 190.00 | 10/1/1938 current 70 3,589 2,044 57%
Sabine River nr Bon Weir 8028500 12010005 | Newton 33.42 | 10/1/1923 current 85 8,229 842 10%
Big Cow Creek nr Newton 8029500 12010005 | Newton 134.69 5/1/1952 current 56 128 128 100%
Sabine River nr Ruliff 8030500 12010005 | Newton -5.92 10/1/1924 current 84 9,329 1,942 21%
NECHES BASIN

Village Creek nr Kountze 8041500 12020006 | Hardin 25.12 5/1/1939 current 69 860 860 100%
Neches River at Evadale 8041000 12020003 | Jasper 8.25 4/1/1921 current 87 7,951 378 5%

) San 8/1/1939 | 10/31/1954 14
Attoyac Bayou nr Chireno 8038000 12020005 . 169.58 503 489 97%
Augustine 10/1/1955 9/30/1985 29

Angelina River nr Alto 8036500 12020004 | Cherokee 204.30 3/1/1959 current 49 1,276 987 77%
Neches River nr Rockland 8033500 12020003 | Tyler 88.41 | 12/1/1912°¢ current 96 3,636 2,763 76%
Neches River nr Neches 8032000 12020001 | Cherokee 264.06 3/1/1939 current 69 1,145 306 27%

a Gage is currently out of service because of bridge construction at the gaging site.
b Uncontrolled drainage area is the portion of the gage’s watershed located downstream from reservoirs.

¢ Start of continuous record. Rockland has incomplete data back to 7/1/1903.
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Figure 1: Location Map



Figure 2:
Sabine Basin Period-of-Record for BBEST Selected Gages
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The Sabine River near Ruliff and the Sabine River near Bon Weir are downstream from Toledo
Bend Reservoir. The Neches River at Evadale is downstream from Sam Rayburn and B.A.
Steinhagen Reservoirs. All three reservoirs are used for hydropower generation. Although a
significant part of the flow at these locations comes from natural runoff downstream from the
reservoirs, the summer time flows at these gages are significantly higher than they would be

under natural conditions because of the hydropower releases.

Most of the gages have long periods of record, covering the period from at least 1940 to the
present day and representing both pre-reservoir and post-reservoir conditions. Gages with
long periods of record are suitable for the statistical analyses required by this study. However,
a few gages have shorter periods of record or gaps in the period of record. These gages were
chosen to represent major tributaries or geographic regions in the basin and have the best
periods of record available. The Big Cow Creek gage near Newton begins in 1953, but is one of
the few on tributaries in the lower Sabine Basin and has a flow record representing natural
conditions. The Angelina near Alto gage begins in 1960, but is the best gage for a major
tributary in the Neches Basin. The Attoyac Bayou near Chireno gage was removed from service
in 1985 and has a one-year gap in 1953-54. However, this gage measured basically natural flow
for most of this period of record and represents another major tributary in the Neches Basin

with minimal control.

Although a few gages have data back to the 1920s or even earlier, the quality of the records
before 1940 is not as good as those after 1940. Occasional gaps in data or days of repeating

data are common in these early periods.

Geographic Coverage of Selected Gages

The SB3 Science Advisory Committee (SAC) has developed guidance for the selection of stream
gages for analyses as part of the SB3 process in the report Geographic Scope of Instream Flow
Recommendations®. Although this document was not available to the BBEST at the time of gage
selection, FNI analyzed several of the criteria in the geographic scope document, including
coverage of:

e USGS Core Network of gages

? Senate Bill 3 Science Advisory Committee for Instream Flows: Geographic Scope of Instream Flow
Recommendations, April 2009.
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e Texas Commission on Environmental Quality (TCEQ) Water Quality Segments
e USGS Hydrologic Units

e TCEQ Ecoregions and Texas Parks and Wildlife Department (TPWD) Significant Stream
Segments

e |dentified geomorphic process zones
Based on these criteria, the twelve gages selected by the BBEST have sufficient geographic

coverage to adequately represent the hydrologic conditions found in the two basins.

Three gages, the Sabine River near Ruliff, the Neches River at Evadale and Village Creek near
Kountze, measure a significant portion of the inflow into Sabine Lake. However, there is still a
large amount of flow into the Sabine Lake that is not measured by these gages. Estimates of
total inflow into Sabine Lake have been developed by the Texas Water Development Board
(TWDB). Therefore the BBEST added Sabine Lake as another analysis point rather than using

gage data.

USGS Core Gages
In 2001, the USGS and the TWDB developed a list of Core Gages for the state of Texas®. These

gages were selected based on regional representation, measurement of flow in large streams,
measurement of outflow from the State, and suitability for long-term streamflow conditions
assessment. Table 2 is a list of the fourteen USGS Core Gages in the Sabine and Neches River
Basins. Figure 3 shows the location of these gages. Nine of the twelve BBEST gages are Core
Gages. The Big Sandy, Bon Weir and Chireno gages are not Core Gages. Overall, the twelve
gages selected by the BBEST have a reasonable representation of the Core Gage network. The
core gages that were not selected either represent small parts of the basins, such as the
Cowleech Fork gage, or can be represented by a nearby gage selected by the BBEST. The
Cowleech Fork and Quinlan gages are each located on small watersheds upstream of Lake
Tawakoni and are, therefore, rather unlikely to be proximate to points of diversion or
impoundment in future water rights applications. In addition, the period of record of each of

these gages is some 20 years less than that for the selected Big Sandy Creek gage. The Mineola

3 Slade, Raymond M. Jr et al: Evaluation of the Streamflow-Gaging Network of Texas and a Proposed Core
Network, Water Resources Investigation Report 01-4155, prepared for the USGS in Cooperation with the Texas
Water Development Board.
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Table 2: USGS Core Gages

USGS Gage Name Selected

Number by BBEST
08017200 | Cowleech Fk Sabine Rv at Greenville, TX No
08017300 | S Fk Sabine Rv nr Quinlan, TX No
08018500 | Sabine Rv nr Mineola, TX No
08020000 | Sabine Rv nr Gladewater, TX Yes
08022040 | Sabine Rv nr Beckville, TX Yes
08026000 | Sabine Rv nr Burkeville, TX No
08029500 | Big Cow Ck nr Newton, TX Yes
08030500 | Sabine Rv nr Ruliff, TX Yes
08032000 | Neches Rv nr Neches, TX Yes
08033500 | Neches Rv nr Rockland, TX Yes
08036500 | Angelina Rv nr Alto, TX Yes
08041000 | Neches Rv at Evadale, TX Yes
08041500 | Village Ck nr Kountze, TX Yes
08041700 | Pine Island Bayou nr Sour Lake, TX No

gage can be represented by the Gladewater gage which has a longer period of record. The
Burkeville gage can be represented by the Beckville gage which has a longer period of record.
Pine Island Bayou can be represented by the nearby Village Creek near Kountze gage which has

a period of continuous record some 28 years longer.

TCEQ Classified Segments
The Texas Surface Water Quality Standards (TSWQS) identify water quality standards for

classified and unclassified water bodies in the state. Based on the TSWQS, the Texas
Commission on Environmental Quality (TCEQ) has divided the Sabine and Neches Basins into
fifteen classified segments each®. Each basin also contains unclassified segments. All twelve
gages selected by the BBEST are located within classified segments. Table 3 lists the twelve
gages selected by the BBEST and their associated classified segments. Figure 4 shows locations

of the classified segments in relation to the gages selected by the BBEST.

* Texas Commission on Environmental Quality: Atlas of Texas Surface Waters, available on-line at
http://www.tceq.state.tx.us/comm exec/forms pubs/pubs/gi/gi-316/index.html, downloaded August 2009.
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Figure 3: USGS Core Gages
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Table 3: Classified Segment Locations for Selected Gages
USGS
USGS Gage Name Gage Classified Segment
Number

SABINE BASIN
Big Sandy Creek nr Big Sandy 8019500 | 0514 Big Sandy Creek
Sabine River nr Gladewater 8020000 | 0506 Sabine R below Lk Tawakoni (downstream end)
Sabine River nr Beckville 8022040 | 0505 Sabine R above Toledo Bend
Sabine River nr Bon Weir 8028500 | 0503 Sabine R above Caney Creek
Big Cow Creek nr Newton 8029500 | 0513 Big Cow Creek
Sabine River nr Ruliff 8030500 | 0502 Sabine R above Tidal
NECHES BASIN
Village Creek nr Kountze 8041500 | 0608 Village Creek
Neches River at Evadale 8041000 | 0602 Neches R Below BA Steinhagen Lk
Attoyac Bayou nr Chireno 8038000 | 0612 Attoyac Bayou
Angelina River nr Alto 8036500 | 0611 Angelina R Above Sam Rayburn Res
Neches River near Rockland 8033500 | 0604 Neches R Below Lk Palestine
Neches River at Neches 8032000 | 0604 Neches R Below Lk Palestine

Five of the classified segments in the Sabine Basin are associated with reservoirs: 0504 (Toledo
Bend Reservoir), 0507 (Lake Tawakoni), 0509 (Murvaul Lake), 0510 (Lake Cherokee), and 0512
(Lake Fork Reservoir). Three segments are tidally influenced and not suitable for streamflow
analysis: 0501 (Sabine River Tidal), 0508 (Adams Bayou Tidal), and 0511 (Cow Bayou Tidal).
(Tides affect the ability to measure streamflow, so that complete flow records are typically not
available for tidally influenced segments.) Of the remaining seven segments, only 0515 (Lake
Fork Creek) is not represented by a selected stream gage. The segment above Lake Fork is

relatively small, and it is unlikely that future water rights would be granted in this reach.

In the Neches River Basin, six of the classified segments are associated with reservoirs: 0603
(B.A. Steinhagen Lake), 0605 (Lake Palestine), 0610 (Sam Rayburn Reservoir), 0613 (Lake
Tyler/Lake Tyler East), 0614 (Lake Jacksonville) and 0615 (Angelina River/Sam Rayburn
Reservoir). Segment 0601 (Neches River Tidal) is tidally influenced and not suitable for

streamflow analysis. The BBEST did not select a gage in three segments: 0606 (Neches River
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Figure 4: Water Quality Segments
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above Lake Palestine), 0607 (Pine Island Bayou), or 0609 (Angelina River below Sam Rayburn
Reservoir). The segment above Lake Palestine is rather small, and it is unlikely that any future
water rights would be granted in this segment. Segment 0607 can be adequately represented
by the adjacent Village Creek gage. Segment 0609 is the relatively short reach between Sam
Rayburn Reservoir and Lake Steinhagen. It is unlikely that any future water rights would be
granted in this reach. There are two gages in segment 0604 (Neches River below Lake
Palestine): the Rockland and Neches gages. The other segments are represented by one gage

each.

Overall, the twelve gages selected by the BBEST offer a reasonable representation of classified

segments within the Sabine and Neches Basins.

USGS Hydrologic Units

The USGS divides river basins into subwatersheds known as Hydrologic Units. The Neches River
Basin is divided into seven Hydrologic Units and the Sabine River Basin is divided into five
Hydrologic Units. Table 4 lists the Hydrologic Units for the gages selected by the BBEST and

Figure 5 shows the location of the gages in relation to the Hydrologic Units.

Table 4: Hydrologic Units for Selected Gages

USGS Hydrologic . .
USGS Gage Name Gage Unit Code Hydrologic Unit Name
Number

SABINE BASIN
Big Sandy Creek nr Big Sandy 8019500 12010002 | Middle Sabine
Sabine River nr Gladewater 8020000 12010002 | Middle Sabine
Sabine River nr Beckville 8022040 12010002 | Middle Sabine
Sabine River nr Bon Weir 8028500 12010005 | Lower Sabine
Big Cow Creek nr Newton 8029500 12010005 | Lower Sabine
Sabine River nr Ruliff 8030500 12010005 | Lower Sabine
NECHES BASIN
Village Creek nr Kountze 8041500 12020006 | Village Creek
Neches River at Evadale 8041000 12020003 | Lower Neches
Attoyac Bayou nr Chireno 8038000 12020005 | Lower Angelina
Angelina River nr Alto 8036500 12020004 | Upper Angelina
Neches River nr Rockland 8033500 12020003 | Lower Neches (upper end)
Neches River nr Neches 8032000 12020001 | Upper Neches
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Figure 5: Hydrologic Units
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In the Sabine Basin, only two of the five Hydrologic Units are represented by gages selected by
the BBEST. The two northern most Hydrologic Units in the Sabine Basin, Lake Fork and Upper
Sabine, are dominated by Lake Tawakoni and Lake Fork Reservoir. The flows in this region can
be adequately represented by the Gladewater and Big Sandy gages. Streams in the Toledo
Bend Reservoir watershed consist primarily of small tributaries that flow into the reservoir, and
gage data are extremely limited. The Lower Sabine Hydrologic Unit is well represented by three

gages, one on a tributary (Big Cow) and two on the main stem (Bon Weir and Ruliff).

In the Neches Basin, every Hydrologic Unit contains at least one gage except for the Middle
Neches and Pine Island Bayou units. The Rockland gage, which is located at the very upper end
of the Lower Neches Hydrologic Unit, can adequately represent the Middle Neches. The Village

Creek near Kountze gage can adequately represent Pine Island Bayou.

TCEQ Ecoregions

As shown in Figure 6, there are four of the TCEQ Ecoregions in the Sabine and Neches River
Basins: the Texas Blackland Prairies, East Central Texas Plains, South Central Plains, and
Western Gulf Coastal Plain. Almost all of the two basins, and all of the BBEST selected gages,
are in the South Central Plains Ecoregion. The Texas Blackland Prairie is only a small part of the
upper reaches of the Sabine Basin, and the East Central Texas Plains is dominated by Lake Fork
Reservoir and Lake Tawakoni. It is unlikely that new water rights would be approved in these
regions. The Western Gulf Coastal Plain covers a small part of the lower portions of both basins
and has limited gage data. The BBEST gages represent the dominant ecoregion in the two

basins and can adequately represent the other smaller regions.

TPWD Ecologically Significant Stream Segments

TPWD has identified many of the reaches in the Sabine and Neches River Basin as Ecologically
Significant Stream Segments. These segments are shown in red in Figure 6. Ecologically
Significant Stream Segments are identified by biological function, riparian conservation areas,
threatened or endangered species, high water quality and exceptional aquatic life, and high
aesthetic value®. Most of the selected gages are on or near a TPWD-identified ecologically

significant segment.

> Significant Stream Segment data obtained from Texas Parks and Wildlife Department GIS Lab
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Figure 6: TCEQ Ecoregions and TPWD Ecologically Significant Stream Segments
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Geomorphic Process Zones

FNI has only been able to locate information on geomorphic process zones in the reach of the
Sabine River below Toledo Bend Reservoir. This reach is one of the priority reaches identified
for study in Senate Bill 2 (SB2) of the 77" Texas Legislature. These geomorphic zones are

shown in Figure 7. Two selected gages, the Sabine River near Bon Weir and Sabine River near

Ruliff, provide flow information for these zones.

Changes to Flow Characteristics over Time

Reservoir construction and operations has probably has the most significant potential to alter
flows in the Sabine and Neches River Basins. There are fourteen major reservoirs in the Sabine
Basin and ten major reservoirs in the Neches Basin. Table 5 shows the relationship between
reservoirs and gages, and includes date of reservoir construction, reservoir storage capacity,
and a comparison of the drainage areas of the reservoirs and gages. Figure 1 shows the

locations of the reservoirs.

One way to assess significant changes to gage flows is graphing cumulative flow over time.
Temporary increases in the slope of the line signal abnormally wet periods, and temporary
decreases in slope typically indicate abnormally dry periods. However, if the overall slope of
the line remains constant, there is no major change to flows over time. Persistent changes to
the slope of the line may indicate significant changes in flow characteristics. Another way to
look at changes over time is to graph annual total flow and examine the data for changes. This
memorandum uses these techniques to identify trends for three gages: Neches River at
Evadale, Sabine River near Gladewater, and Big Cow Creek near Newton. Similar graphs for the

remaining gages may be found in Attachment A.
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Figure 7: Geomorphic Process Zones



Table 5: Relationship of Major Reservoirs to Gages in the Sabine and Neches River Basins

Sabine Basin
Reservoir, Completion Date, Capacity (ac-ft), & Drainage Area (sg-miles)
Gage Controlled | Anacoco | Vernon | Toledo Bend | Murvaul | Cherokee | Martin Brandy Gladewater | Hawkins | Winnsboro | Quitman | Holbrook Lake Tawakoni
; : Branch Fork
Drainage Drainage
Gage Name USGS#
Area Area 1951 1963 1969 Jun-58 Nov-48 Apr-74 1982 Aug-52 Sep-62 Sep-62 Jun-62 Nov-62 Jul-79 Dec-60
-mil . mil
(sq-miles) | (sq.miles) |>> 100 | 55400 | 4,412,300 | 44,000 | 40,800 | 76,200 | 29,500 6,100 11,300 7,600 6,900 7,700 | 673,000 | 884,200
209 112 7,178 115 158 130 4 35 30 27 31 15 493 756
Big Sandy Creek nr Big Sandy 8019500 231 27 11.7%
Sabine River nr Gladewater 8020000 2,791 1,387 1.3% 1.1% 1.0% 1.1% 0.5% 17.7% 27.1%
Sabine River nr Beckville 8022040 3,589 1,545 4.4% 0.1% 1.0% 0.8% 0.8% 0.9% 0.4% 13.7% 21.1%
Sabine River nr Bon Weir 8028500 8,229 7,387 2.5% 1.4% 87.2% 1.4% 1.9% 1.6% 0.0% 0.4% 0.4% 0.3% 0.4% 0.2% 6.0% 9.2%
Big Cow Creek nr Newton 8029500 128 0
Sabine River nr Ruliff 8030500 9,329 7,387 2.2% 1.2% 76.9% 1.2% 1.7% 1.4% 0.0% 0.4% 0.3% 0.3% 0.3% 0.2% 5.3% 8.1%
Neches Basin
Reservoir, Completion Date, Capacity (ac-ft), & Drainage Area (sg-miles)
B.A. Tyl
Gage . >am Pinkston Kurth Nacogdoches | Striker yler & Jacksonville | Palestine Athens
Drainage Controlled Steinhagen | Rayburn Tyler E.
Gage Name USGS# & Drainage Area 1949 &
Area : Apr-51 Mar-65 Jan-78 Jul-61 Jul-76 May-57 Jun-57 May-62 Nov-62
: (sq-miles) 1967
(sg-miles)
66,972 2,876,033 7,380 14,769 39,523 22,865 80,198 25,732 395,402 29,475
7,573 3,449 14.2 4 87.9 182 107 34 839 21.6
Village Creek nr Kountze 8041500 860 0
Neches River at Evadale 8041000 7,951 7,573 95.2% 43.4% 0.2% 0.1% 1.1% 2.3% 1.3% 0.4% 10.6% 0.3%
Attoyac Bayou nr Chireno 8038000 503 14 2.8%
Angelina River nr Alto 8036500 1,276 289 14.3% 8.4%
Neches River nr Rockland 8033500 3,636 873 0.9% 23.1% 0.6%
Neches River at Neches 8032000 1,145 839 73.3% 1.9%

Values indicate percentage of gage drainage area controlled by reservoir
Text in bold letters indicates reservoir is directly upstream of control point without intervening reservoirs
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Figure 8 shows the cumulative flow over time for the Neches River at Evadale. Units are in day-
second-feet (dsf). (A volume of 1 day-second-foot is the volume accumulated by a flow of 1
cubic foot per second over a day.) The red markers show the approximate date of reservoir
construction. For this gage, the most significant dates would be 1951 (B.A. Steinhagen
Reservoir) and 1965 (Sam Rayburn Reservoir). Looking at this figure, it is unclear if the minor
variations in slope of the line are the result of reservoir construction or normal flow variation.
Overall, there appears to be no significant long-term trends in the data. Figure 9 shows the
annual flows at Evadale. Again, there is no trend evident in the long-term flows. However,
inspection of daily flow records at Evadale shows an increase in summer flows due to
hydropower operations at Rayburn and Steinhagen Reservoirs. To illustrate this trend, instead
of using the total annual flows, flows were summed for only the low-flow months of July,
August, and September. Figure 10 shows the summer flows at Evadale from 1940 to 2008.
Since about 1973, the summertime flows have increased significantly, probably from
hydropower operation and flows to prevent salt water intrusion prior to installation of the salt
water barrier. However, the cumulative flow and total annual flow charts imply that the overall
volume of water passing the gage has not been significantly altered, only the seasonal

distribution of those flows.

Figure 11 shows the cumulative historical flow for the Sabine River near Gladewater gage.
Several reservoirs have been constructed upstream of this gage, including Lake Tawakoni and
Lake Fork Reservoir. Although there is some variation in slope of the cumulative flow line over
time, it is unclear to what extend these slope changes were caused by reservoir construction
and operations. There does not appear to be a change in the overall trend of the line. Figure
12 shows the annual flows for the same gage. Again, there is little indication of a trend in flow

over time.
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Figure 10: Total Summer Month Flows (July-September) — Neches River at Evadale
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Figure 13 shows the cumulative flow for the Big Cow Creek near Newton gage. The watershed
above this gage has very little apparent alteration. There are no major dams, return flows, or
diversions upstream of the gage. However, the cumulative flows show a distinctive upward
change in slope in 1973, indicating an overall period of higher flows. The annual flows in Figure
14 show a similar trend, but the trend is not as pronounced. The cumulative Village Creek near
Kountze flow in Figure 15 (a similar gage in the lower Neches Basin) shows an identical trend.
However, the longer period of record shows that the change in flow may be due to long-term
climatic variation. The period from about 1951 through 1973 appears to be a period of low
flow. The slope of the line for the Kountze gage prior to 1951 appears to be similar to the slope
after 1973. The period from 1950 to early 1957 is considered to be the “drought of record” in

most of the state, so it is not surprising that the cumulative flows show a drier period during
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Figure 11: Cumulative Historical Flow - Sabine River near Gladewater
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Figure 15: Cumulative Historical Flow — Village Creek near Kountze
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that time. However, it is unclear why lower flow conditions persisted at these gages until the
early 1970s. Other gages, such as the Evadale and Gladewater gages may show similar but less
pronounced trends. However, the 1960’s and 70s was the period when most of the major
reservoirs were constructed in these basins, so it is uncertain to what extent this trend is the

result of climatic changes or the filling of reservoirs.

Seasonal Streamflow Characteristics of the Selected Gages

Figure 16 and Figure 17 compare median and 25t percentile daily unit flows for the seven
selected gages in the upper portions of the Sabine and Neches River Basins, respectively. Data
are from USGS Daily Flow Statistics®. Figure 18 shows the same data for the two gages in the
lower portions of the basins unaffected by hydropower releases. Figure 19 shows the same

data for the three gages in the lower portions of the basins affected by hydropower releases.

® USGS National Water Center Information Center Web Interface, available on-line at
http://waterdata.usgs.gov/tx/nwis/sw
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Figure 16: Unit Flows - Upper Sabine River Basin
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Figure 17: Unit Flows - Upper Neches River Basin
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Figure 18: Unit Flows — Lower Basin Gages Unaffected by Hydropower
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Figure 19: Unit Flows — Lower Basin Gages Affected by Hydropower
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Table 6: Period of Record for USGS Daily Flow Statistics Used in Figures 16 through 18

USGS
USGS Gage Name Gage Start Year End Year
Number

SABINE BASIN

Big Sandy Creek nr Big Sandy 8019500 1963 2008
Sabine River nr Gladewater 8020000 1961 2008
Sabine River nr Beckville 8022040 1961 2008
Sabine River nr Bon Weir 8028500 1961 2008
Big Cow Creek nr Newton 8029500 1953 2008
Sabine River nr Ruliff 8030500 1961 2008
NECHES BASIN

Village Creek nr Kountze 8041500 1940 2008
Neches River at Evadale 8041000 1951 2008
Attoyac Bayou nr Chireno 8038000 1956 1985
Angelina River nr Alto 8036500 1960 2008
Neches River near Rockland 8033500 1962 2008
Neches River at Neches 8032000 1962 2008

Figures 17 through 18 illustrate the typical seasonal flow patterns observed in the two basins.
Table 6 shows the period of record for the flow statistics. Most of the statistics cover the
period from about 1960 through 2008, although a few gages include data from the 1950s and
even the 1940s. The daily medians were divided by the drainage area of each gage to develop
unit flows per square mile. Use of unit flows facilitates comparison between gages. A seven-

day moving average was applied to smooth the data for easier identification of trends.

Figures 16 and 17, which include gages in the upper portion of the two basins, show a
consistent pattern of high flows centered on the months of February and March and low flows
from July through October. The medians show a second high-flow peak occurring early in May.
This peak is less pronounced in the 25" percentile flows. It is unclear if this second peak is
something that occurs consistently or an artifact of the period of record. Flows tend to stay
high throughout the spring, with frequent, large magnitude high flow events with little or no
base flow dominated periods between events. In the summer, flows are dominated by base
flows and low magnitude pulse flows. The pronounced decline in the month of June from the

higher flow spring months to the low flow summer months is evident in most of the hydrologic
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record.

Figure 18 shows the median and 25t percentile flows for Big Cow Creek near Newton and
Village Creek near Kountze, the two gages in the lower portions of the basins unaffected by
hydropower operations at upstream reservoirs. These two gages show a similar pattern to the
upper basin, but with higher unit flows and a slightly more gradual transition between higher
spring flows and lower summer flows. The peak spring flow appears to come somewhat earlier,

centered in the month of February.

Figure 19 shows the median and 25 percentile flows for the Sabine River near Bon Weir,
Sabine River near Ruliff, and the Neches River at Evadale. The Bon Weir and Ruliff gages are
downstream of Toledo Bend Reservoir, and the Evadale gage is downstream of the Sam
Rayburn/B.A. Steinhagen reservoir system (See Figure 1). Both Toledo Bend and
Rayburn/Steinhagen are used for hydropower generation, which affects the flow statistics.
These gages show a similar pattern to the upper basin gages, but the difference between spring
and summer flows is not as pronounced. Also, a fairly significant drop in flows around the

beginning of October is apparent for the two Sabine River gages.

To see how hydropower generation has impacted flow statistics, FNI generated daily flow
statistics for pre-reservoir conditions. Figure 20 compares the pre- and post-reservoir statistics
for the two Sabine River gages (Ruliff and Bon Weir). Figure 21 compares similar data for the
Evadale gage. (The USGS statistics for the Evadale gage begin in 1951, which is the date Lake

Steinhagen was constructed. Sam Rayburn Reservoir was not completed until 1965.)

Figure 20 shows how flows have changed with Toledo Bend hydropower operation. Prior to the
construction of Toledo Bend, the Bon Weir and Ruliff gages had flow patterns similar to the
gages in the upper basin. Hydropower operations result in higher flows during the summer
season than occurred prior to reservoir construction. The drop in flows at the beginning of
October is probably the result of the end of the summer hydropower generation season at
Toledo Bend, with flows returning to pre-dam levels in late October. Also note that the post-
dam median flows are less in the month of May, and the 25t percentile flows are less
throughout the high flow spring months. The most likely explanation is the retention of higher

flows by Toledo Bend Reservoir, although climatic variation may be a factor as well.



Memorandum

Analysis of BBEST Stream Gages

September 8, 2009 | L
Page 30 of 34

Figure 20: Comparison of Pre-Reservoir and Post-Reservoir Statistics for the Bon Weir and
Ruliff Gages
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Figure 21: Comparison of Pre-Reservoir and Post-Reservoir Statistics for the Evadale Gage
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As with the Sabine gages, Figure 21 shows that pre-dam seasonal flow characteristics at Evadale
were closer to the gages in the upper portion of the basin. However, note that the post-dam
seasonal flow pattern is somewhat flatter overall than the Sabine gages, with more reduction in
flow during the high-flow months in the spring. The most likely explanation for the reduced
flows in the spring is the flood operations of Sam Rayburn Reservoir. The reservoir stores
potentially flood-producing storm events for gradual release over time. These trends shown in
Figure 21 are consistent with the cumulative and annual flow data shown in Figure 8, Figure 9,
and Figure 10. The overall volume of water passing the Evadale gage has probably not changed
much with construction and operation of the Steinhagen/Rayburn system. However, the

seasonal distribution of the flows has changed due to reservoir operations.

Summary and Conclusions
e The BBEST has selected six USGS stream gages in each basin for hydrologic analyses.
Table 7 lists the selected gages, and Figure 22 shows the location of these gages. The
BBEST gages will serve as the basis for a flow regime developed through the SB3

environmental flows process.

Table 7: USGS Stream Gages Selected by BBEST

USGS Gage

USGS Gage Name Numbef HUC County
SABINE BASIN
Big Sandy Creek nr Big Sandy 8019500 12010002 | Upshur
Sabine River nr Gladewater 8020000 12010002 | Gregg
Sabine River nr Beckville 8022040 12010002 | Panola
Sabine River nr Bon Weir 8028500 12010005 | Newton
Big Cow Creek nr Newton 8029500 12010005 | Newton
Sabine River nr Ruliff 8030500 12010005 | Newton
NECHES BASIN
Village Creek nr Kountze 8041500 12020006 | Hardin
Neches River at Evadale 8041000 12020003 | Jasper
Attoyac Bayou nr Chireno 8038000 12020005 | San Augustine
Angelina River nr Alto 8036500 12020004 | Cherokee
Neches River near Rockland 8033500 12020003 | Tyler
Neches River at Neches 8032000 12020001 | Cherokee
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Figure 22: Location Map (repeat of Figure 1)
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The geographic coverage of the stream gages was evaluated in light of the process
developed by the SAC as outlined in the report entitled Geographic Scope of Instream
Flow Recommendations. In our opinion, these gages appear to adequately cover both

basins geographically.

The selected gages in the basins exhibit strong seasonal flow patterns, with higher flows
concentrated in the spring and persistent low flows during the later part of the summer.
It is likely that most species are adapted to this flow pattern making it an important

aspect of a flow regime adequate to support a sound ecological environment.

The historical gage records were analyzed to determine changes to flows over time. The
Sabine River near Ruliff, Sabine River near Bon Weir, and the Neches River at Evadale
gage show altered seasonal flow patterns because of hydropower and flood operations
of upstream reservoirs. Other environmental factors should be examined in these
reaches to determine if the altered flow regime has been detrimental to the
environment. The overall volume of water passing these three gages does not appear

to have been significantly reduced over time.

At this time, flows at the other gages in the basin appear to be minimally altered by
upstream developments in the watersheds. However, most of the larger water supply
reservoirs in the basin have not yet been fully used at their authorized water supply
potential. WAM analyses performed as part of this study will give an indication of the
extent that flows may be changed as these resources are further developed. Itis

unclear how future water supply development will affect the existing environment.



