


































































































































































































APPENDIX B
RECENT PHOTOGRAPHS








































































































































































APPENDIX C
SOIL SERIES DESCRIPTIONS











































































DESCRIPTIONS OF THE MAPPED SOIL UNITS

From Soil Surveys of Collin, Hunt, and Fannin Counties, Texas. United States Department of
Agriculture, Soil Conservation Service in Cooperation with the Texas Agriculture Experiment
Station.

AUSTIN SERIES

The Austin series consists of moderately deep, well drained, moderately slowly permeable soils
that formed in chalk and interbedded marl. These soils are on nearly level to sloping erosional
uplands. Slopes range from 0 to 8 percent.

TAXONOMIC CLASS: Fine-silty, carbonatic, thermic Udorthentic Haplustolls

TYPICAL PEDON: Austin silty clay--cropland. (Colors are for dry soil unless otherwise
stated.)

Ap--0 to 6 inches; dark grayish brown (10YR 4/2) silty clay, very dark grayish brown (10YR
3/2) moist; weak fine granular and subangular blocky structure; hard, firm but crumbly, sticky,
plastic; many fine roots; many fine and very fine pores; many wormcasts; few fine calcium

carbonate concretions; calcareous, moderately alkaline; clear smooth boundary. (4 to 8 inches
thick)

A--6 to 15 inches; dark brown (10YR 4/3) silty clay, dark brown (10YR 3/3) moist; moderate
very fine subangular blocky and granular structure; hard, firm but crumbly, sticky, plastic; many
fine roots; many fine and very fine pores; many wormcasts; common fine calcium carbonate
concretions; calcareous, moderately alkaline; gradual smooth boundary. (4 to 12 inches thick)

Bw1--15 to 27 inches; brown (10YR 5/3) silty clay, dark brown (10YR 4/3) moist; moderate fine
subangular blocky structure; hard, firm, crumbly, sticky, plastic; few fine roots; many fine pores;
many light yellowish brown (2.5Y 6/4) wormcasts; common fine calcium carbonate concretions;

few fine fragments of chalk; calcareous, moderately alkaline; clear smooth boundary. (10 to 20
inches thick)

Bw2--27 to 30 inches; brown (10YR 5/3) silty clay, dark brown (10YR 4/3) moist; moderate fine
subangular blocky structure; hard, firm, sticky, plastic; few fine roots; common wormcasts;
about 30 percent platy fragments of chalk less than 3 inches in the axis; calcareous, moderately
alkaline; clear irregular boundary. (0 to 10 inches thick)

Cr--30 to 36 inches; white (10YR 8/2) and very pale brown (10YR 8/4) platy chalk that is less
hard than 3, Mohs scale; few thin tongues of brown silty clay in crevices between chalk plates.



TYPE LOCATION: McLennan County, Texas; 0.4 mile northeast of the intersection of
Robinson Road and Interstate 35, which is 2 miles northeast of Lorena, 150 feet southeast of
Robinson Road and 200 feet south of a metal barn.

RANGE IN CHARACTERISTICS: The solum ranges from 20 to 40 inches thick. It is silty
clay loam, silty clay, or clay, with clay contents of 35 to 55 percent. Silicate clay content ranges
from 20 to 35 percent. Below the A horizon, the soil ranges from 40 to 70 percent calcium

carbonate equivalent. Some pedons have few to common fragments of chalk on the surface and
within the sola.

The A horizon is brown, dark grayish brown, grayish brown or very dark grayish brown with hue
of 7.5YR, 10YR, or 2.5Y, moist value of 3.5 or less and chroma of 2 or 3. It is 8 to 20 inches
thick.

The B horizon has colors in shades of brown or gray with hue of 7.5YR, 10YR or 2.5Y, value of
5to 7, chroma of 2 to 4.

The substrata are platy chalk, interbedded chalk and marl, or soft limestone bedrock.

COMPETING SERIES: These are the Lott series in the same family and the Altoga, Bolar,
Brackett, Denton, Krum, Lewisville, Nuvalde, Patrick, Somervell, Stephen, and Valera series.
Altoga and Brackett soils lack mollic epipedons, and Brackett soils have sola less than 20 inches
thick. Bolar soils have more than 15 percent coarser than very fine sand in the control section.
Denton and Krum soils have cracks 0.4-inch wide at depths of 20 inches when dry. Lewisville
soils have less than 40 percent calcium carbonate within depths of 40 inches and are not
underlain by chalk. Lott soils have sola more than 40 inches deep and are underlain by marl.
Nuvalde soils have more than 35 percent noncarbonate clay in the control section. Patrick soils
are sandy in the lower part of the control section. Somervell soils contain more than 35 percent

coarse fragments. Stephen soils lack B horizons and are less than 20 inches thick. Valera soils
have petrocalcic horizons.

GEOGRAPHIC SETTING: Austin soils are on uplands. Slope gradients are mainly less than 5
percent but range from 0 to 8 percent. The soil formed in mainly chalk or interbedded marl and
chalk and is mostly of the Austin Formation. In places, the soil formed in soft limestone. The
climate is warm subhumid. Mean annual precipitation ranges from 30 to 45 inches, mean annual
temperature from 63 degrees to 70 degrees F, and Thornthwaite P-E indices from 44 to 66.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the competing Stephen series and
the Eddy, Dalco, Fairlie, Houston Black, Howe, and Whitewright series. Eddy and Whitewright
soils have sola less than 20 inches deep and in addition they have ochric epipedons. Dalco,
Fairlie and Houston Black soils have intersecting slickensides. Howe soils have ochric
epipedons. Eddy and Stephen soils occupy similar positions to Austin soils. Dalco, Fairlie and
Houston Black soils occupy lower positions in the landscape. Howe and Whitewright soils
occupy adjacent sideslopes.




DRAINAGE AND PERMEABILITY: Well drained; medium to rapid runoff; moderately slow
permeability.

USE AND VEGETATION: Mainly cultivated. Principal crops are small grains, cotton, and
grain sorghums. Some areas are used for native range. Original vegetation was mid and tall

grasses such as little bluestem, indiangrass, and sideoats grama. Grasses now are mainly gramas
and buffalograss.

DISTRIBUTION AND EXTENT: The Blackland Prairies of Texas. The series is extensive.
MLRA OFFICE RESPONSIBLE: Temple, Texas
SERIES ESTABLISHED: Travis County, Texas; 1904.

REMARKS: Classification was changed 11/89 from fine-silty, carbonatic, thermic Entic
Haplustolls to fine-silty, carbonatic, thermic Udorthentic Haplustolls.

Diagnostic horizons and features recognized in this pedon are:
Mollic epipedon - 0 to 15 inches, the Ap and A horizons.
Cambic horizon - 15 to 30 inches, the Bw1 and Bw2 horizons.
Paralithic contact of platy chalk at a depth of 30 inches.

Calcium carbonate equivalent in the control section of more than 40 percent.

National Cooperative Soil Survey, U.S.A.

CROCKETT SERIES

The Crockett series consists of soils that are deep to weathered shale. They are moderately well
drained, and very slowly permeable. These soils are on uplands. These nearly level to moderately
sloping soils formed in alkaline residuum derived from shales and clays. Slopes are dominantly 1
to 5 percent, but range from 0 to 10 percent.

TAXONOMIC CLASS: Fine, smectitic, thermic Udertic Paleustalfs

TYPICAL PEDON: Crockett fine sandy loam--cropland. (Colors are for dry soil unless
otherwise stated).



Ap--0 to 8 inches; dark brown (10YR 4/3) fine sandy loam, dark brown (10YR 3/3) moist;

massive; very hard, friable; few wormcasts; moderately acid; abrupt wavy boundary. (4 to 15
inches thick)

Bt1--8 to 16 inches; distinctly and coarsely mottled reddish brown (SYR 4/4) and dark brown
(10YR 4/3) clay, moderate fine and medium angular blocky structure; extremely hard, very firm;
few fine pores; distinct clay films and dark grayish brown stains on surfaces of peds, few fine
pressure faces; vertical cracks partially filled with darker soil; few fine black iron-manganese
concretions; few fine and medium prominent dark red (10R 3/6) masses of iron accumulation;
moderately acid; diffuse wavy boundary.

Bt2--16 to 30 inches; olive (5Y 5/4) clay, moderate medium and coarse angular blocky structure;
extremely hard, very firm; few fine pores; thin clay films on surfaces of peds, few fine pressure
faces; few small slickensides; few vertical streaks of dark brown soil that is less clayey; few fine
black iron-manganese concretions; common medium and coarse distinct reddish brown (SYR
4/4), and yellow (10YR 7/6) masses of iron accumulation, common medium and coarse distinct
grayish brown (10YR 5/2) iron depletions; slightly acid; gradual wavy boundary.

Bt3--30 to 42 inches; pale olive (5Y 6/4) clay, olive (5Y 5/4) moist; weak coarse angular blocky
structure; extremely hard, very firm; thin patchy clay films; few fine pressure faces; few small
slickensides; few fine black concretions; few black streaks or stains on faces of peds; common
medium distinct pale yellow (5Y 7/4) masses of iron accumulation, and common medium
distinct light brownish gray (2.5Y 6/2) iron depletions; neutral; gradual wavy boundary.
(combined thickness of Bt horizons is 14 t 45 inches)

BCtk--42 to 57 inches; distinctly and coarsely mottled light brownish gray (2.5Y 6/2) and pale
olive (5Y 6/4) clay; weak coarse angular blocky structure; extremely hard, very firm; few thin
clay films on surfaces of peds; few pressure faces and cleavage planes; few calcium carbonate
concretions; few masses of calcium carbonate to 1/2-inch in diameter; few fine black iron-
manganese concretions; few black streaks along pressure faces and cleavage planes; slightly
alkaline; abrupt smooth boundary. (10 to 30 inches thick)

Ck1--57 to 73 inches; pale yellow (2.5Y 7/4) stratified clay loam, light yellowish brown (2.5Y
6/4) moist; massive; extremely hard and very firm in place, friable when broken; 25 percent of
weakly cemented, brittle weathered shale fragments; 20 percent white calcium carbonate masses
and concretions; common medium distinct dark yellowish brown (10YR 4/4) masses of iron
accumulations, mainly along fractures of weathered shale; violently effervescent; moderately
alkaline; diffuse smooth boundary. (0 to 30 inches thick)

CKk2--73 to 80 inches; pale yellow (2.5Y 7/4) clay loam containing about 40 percent interbedded
weakly consolidated shale in layers of 1/2 to about 2 inches, shale is light olive brown (2.5Y 5/4)
in lower part; massive; extremely hard, very firm in place, friable when broken; 10 percent
masses of calcium carbonate in the upper part grading to none in the lower part; soil matrix is
violently effervescent in spots and shale is noncalcareous; moderately alkaline.



TYPE LOCATION: Kaufman County, Texas; 250 feet east of Farm Road 986; 1.5 miles north
of post office in Terrell.

RANGE IN CHARACTERISTICS: Solum thickness ranges from 40 to 60 inches. Depth to
secondary carbonates ranges from 30 to 60 inches. Some pedons do not have visible carbonates.
When dry, cracks 1/2 to about 2 inches wide extend from the top of the Bt horizon to depths of 2
to 5 feet. If the A horizon is eroded or thin, the soil cracks to the surface. Pressure faces and
slickensides range from few to common throughout the Bt horizon and in the BC and C horizon
of some pedons. The average clay content of the control section ranges from 40 to 50 percent,
and COLE ranges from 0.07 to 0.10.

The thickness of the A horizon averages less than 10 inches in 50 percent or more of the pedon
but ranges up to 15 inches in subsoil troughs. It has colors with hue of 7.5YR or 10YR, value of
3 to 6, and chroma of 2 to 4. Texture is fine sandy loam, very fine sandy loam, loam, silt loam or
their gravelly counterparts. Siliceous pebbles range from 0 to 35 percent by volume. Reaction
ranges from moderately acid to slightly alkaline. The boundary between the A and Bt horizon is
commonly wavy. It is abrupt over subsoil crests and clear in subsoil troughs with an abrupt
textural between the A and Bt horizons.

The Bt horizon has a base saturation of 75 to 100 percent by sum of the cations. The dominant
color, degree, and distinctness of redoximorphic features in the Btl horizon may be extremely
variable within a distance of a few feet. It ranges from prominently mottled in shades of brown,
yellow, red and olive, to a matrix of reddish brown, dark yellowish brown, or brown, with few to
common redoximorphic features as described in the mottled matrix. Texture of the Bt horizon is
clay loam, clay, or sandy clay. Siliceous pebbles range from 0 to 15 percent by volume. Reaction
of the Btl horizon ranges from moderately acid to neutral.

The Bt2 and lower Bt horizons have colors in shades of brown, olive, and yellow with or without
reddish redoximorphic features. The reddish features decrease with depth and range from none to
a few below the Bt2 horizon. Gray iron depletions range from none to common below the Bt2
horizon. Reaction ranges from slightly acid to moderately alkaline and is typically
noncalcareous.

The BCtk horizon has matrix colors in shades of brown, olive, gray, yellow or the matrix is
mottled with these colors or there are redoximorphic features, strata or fragments with these
colors. Texture of the BCk is clay loam, or clay with or without weathered shale fragments,
pockets of loamy materials, or strata of these materials interbedded.

The Ck is in shades of brown, olive or gray. It is mainly shale or clayey siltstone stratified with
soil material ranging from loam to clay. Silt and clay dominate the shale materials. Siliceous
pebbles range from none to about 5 percent by volume. Reaction ranges from slightly acid to
moderately alkaline but typically is slightly or moderately alkaline. Masses and concretions of
calcium carbonate range from none to many.

COMPETING SERIES: These are the Axtell, Bremond, Crosstell, Kurten, Navo, Tabor, and
~ Zulch series. Similar soils are the Normangee and Ponder series. Axtell, Kurten and Tabor soils




are strongly acid in the Btl horizon and have base saturation of less 75 percent. Bremond soils
have sola more than 60 inches thick. Crosstell and Kurten soils have hue of 7.5YR or redder in
the upper part of the Bt horizon. Navo soils do not have an abrupt textural change between the A
and B horizons. In addition, Axtell, Navo, and Tabor soils also have sola from 60 to greater than
80 inches. Zulch soils have sola 20 to 40 inches thick. Normangee soils do not have an abrupt
textural change between the A and Bt horizons. Ponder soils do not have redoximorphic features
in the upper part of the Bt horizon.

GEOGRAPHIC SETTING: Crockett soils are on broad nearly level to moderately sloping
uplands. Slopes range from 0 to 10 percent, but are mostly between 1 and 5 percent. The soil
formed in residuum derived from weathered alkaline marine clays, sandy clays, or shale,
interbedded with sandier materials, mainly of Cretaceous age. Mean annual temperatures ranges
from 64 to 70 degrees F., and mean annual precipitation ranges from 32 to 45 inches. Frost free

days range from 230 to 275 days, and elevation ranges from 200 to 800 feet. Thornthwaite P- E
indices ranges from 50 to 75.

GEOGRAPHICALLY ASSOCIATED SOILS: These include the Axtell, Bonham, Burleson,
Mabank, Normangee, Payne and Wilson series. Bonham soils have mollic epipedons and have
sola greater than 60 inches. Burleson soils are clays throughout with slickensides. Mabank and
Wilson soils are dominated by chromas or 2 or less. Axtell, Bonham, Normangee, and Payne

soils are on similar landscapes with Crockett soils. Burleson, Mabank, and Wilson soils are on
lower positions.

DRAINAGE AND PERMEABILITY: Moderately well drained. Permeability is very slow.
Runoff is low on slopes less than 1 percent, medium on 1 to 3 percent slopes, high on 3 to 5
percent slopes, and very high on 5 to 10 percent slopes.

USE AND VEGETATION: Mainly used for growing cotton, grain sorghums, and small grain,

but more than half the acreage is now in pastures. Native vegetation is prairie grasses such as

bluestems, indiangrass, switchgrass, and gramas, with scattered elm, hackberry, and mesquite
trees.

DISTRIBUTION AND EXTENT: Mainly in the Blackland Prairies of Texas (MLRA 86A,
86B, 87A) but minor areas are in Oklahoma. The series is extensive.

MLRA OFFICE RESPONSIBLE: Temple, Texas

SERIES ESTABLISHED: Houston County, Texas; 1905.

REMARKS: Diagnostic horizons and features recognized in this pedon are:
Ochric epipedon - 0 to 8 inches, layer is hard and massivewhen dry. (Ap horizon).
Pale feature - Abrupt textural change at 8 inches.

Argillic horizon - 8 to 57 inches. (Bt1, Bt2, Bt3 and BCtkhorizons)



Vertic properties - COLE is 0.07 t0 0.10

Crockett and Axtell soils are close competitors. Native vegetation of Crockett was dominantly
prairie grasses whereas that of Axtell was trees with an understory of grasses. Morphologically,
Crockett soils are less acid and leached in the upper part of the Bt horizon than Axtell soils. At
present, this difference is attributed primarily to vegetation.

ADDITIONAL DATA: LSL17760-17767, Kaufman County, Texas.

Soil Interpretation Record: TX0318

National Cooperative Soil Survey, U.S.A.

DALCO SERIES

The Dalco series consists of moderately deep, moderately well drained, very slowly permeable
soils. These soils are on nearly level to gently sloping uplands. Slopes range from 0 to 5 percent.

TAXONOMIC CLASS: Fine, smectitic, thermic Leptic Udic Haplusterts

TYPICAL PEDON: Dalco clay--cropland - described at center of microdepression. (Colors are
for dry soil unless otherwise stated.)

Ap--0 to 9 inches; very dark gray (10YR 3/1) clay, black (10YR 2/1) moist; weak very fine
angular and subangular blocky structure; very hard, very firm, very sticky and plastic; few fine
roots; few fine chalk fragments and siliceous pebbles; slight effervescence; slightly alkaline;
gradual smooth boundary. (4 to 10 inches thick)

Bss1--9 to 26 inches; black (10YR 2/1) clay, black (10YR 2/1) moist; moderate; very fine
angular blocky structure; extremely hard, very firm, very sticky and plastic; few fine roots;
common pressure faces; few grooved slickensides; slight effervescence; slightly alkaline; gradual
wavy boundary.

Bss2--26 to 35 inches; dark gray (10YR 4/1) clay, very dark gray (10YR 3/1) moist; fine and
very fine angular blocky structure; extremely hard, very firm, very sticky and plastic; few fine
roots; common pressure faces; common grooved slickensides; few fine fragments of chalk in
lower part; strong effervescence; moderately alkaline, abrupt wavy boundary. (combined Bss
subhorizons are 18 to 34 inches thick)

Cr--35 to 60 inches; white (10YR 8/2) chalk that is platy in the upper 6 inches and massive
below; few crevices between plates of chalk filled with marly soil material; hardness of chalk is
less than 3 on Mohs scale.



TYPE LOCATION: Dallas County, Texas; 3.2 miles north of Garland. About 100 feet west of
Galaxy Road and 1000 feet south of the intersection of Galaxy and Arapaho Roads.

RANGE IN CHARACTERISTICS: The solum and depth to a paralithic contact with chalk is
24 to 40 inches. It is silty clay or clay throughout. The weighted average clay content of the
particle-size control section ranges from 40 to 50 percent. In undisturbed areas, gilgai microrelief
consists of knolls 4 to 8 inches higher than depressions; distance between center of knoll and
center of depression is 5 to 12 feet. When dry, cracks 1/2 to 2 inches wide extend from the
surface to depths of 12 inches or more. Cracks remain open for 90 to 150 cumulative days during
most years. Slickensides and/or wedge shaped peds begin at a depth of 8 to 18 inches. The

effervescence ranges from very slight to strong. The reaction is slightly alkaline or moderately
alkaline throughout.

The A horizon is black or very dark gray in hue of 10YR to 5Y, value of 2 or 3, and chroma of 1.

The Bss horizon has colors in hue of 10YR to 5Y, value of 2 to 5, and chroma of 1 or 2. Most
pedons contain a few iron-manganese concretions. Calcium carbonate films, masses, and
concretions and/or fragments of chalk range fron few to common in most pedons.

The Cr layer is massive chalk bedrock or stratified chalk and marl. The bedrock is platy in the
upper part of some pedons and commonly becomes massive within a depth of 6 to 18 inches. It is

white, light gray, or very pale brown with or without streaks or coatings in shades of yellow or
brown. The hardness is less than 3 on Mohs scale.

COMPETING SERIES: These include the Crawford, Greenvine, San Saba, and the similar
Anhalt, Austin, Fairlie, and Vertel series. Crawford and Anhalt soils have subsoils with hue
redder than 10YR. Greenvine soils have a paralithic contact with tuffaceous siltstone or shale.
San Saba soils have a lithic contact of limestone. Anhalt and Vertel soils have a very-fine
particle-size control section and are noneffervescent in the upper part. Austin soils have

carbonatic mineralogy and do not have large slickensides. Fairlie soils are 40 to 60 inches deep
to a paralithic contact of chalk.

GEOGRAPHIC SETTING: Dalco soils are on nearly level to gently sloping uplands underlain
by chalk. These soils formed mainly in the Austin Chalk of Upper Cretaceous Age. Slope
gradients are generally less than 3 percent but range from 0 to 5 percent. The climate is warm
subhumid. Average annual precipitation ranges from 30 to 42 inches, mean annual temperature
from 64 to 68 degrees F. Frost free days range from 230 to 260. Elevation ranges from 550 to
850 above sea level. Thornthwaite P-E indices from from 54 to 70.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the competing Austin and Fairlie
series and the Eddy, Heiden, Houston Black, and Stephen series. The Austin soils are on slightly
higher positions. Fairlie soils are on similar positions. Eddy and Stephen soils are shallow to
chalk and are on similar to slightly lower positions. Heiden and Houston Black soils are very
deep and are on similar positions of adjacent areas with different parent material.




DRAINAGE AND PERMEABILITY: Moderately well drained with very slow permeability.
Water enters the soil rapidly when it is dry and very slow when it is moist. Runoff is low on 0 to
1 percent slopes; medium on 1 to 3 percent slopes; and high on 3 to 5 percent slopes.

USE AND VEGETATION: Mostly cultivated, some areas are used for pastures with
bermudagrass or kleingrass. The main crops are cotton, grain sorghum, corn, and small grain.
Native vegetation consists of tall and mid grass prairies of little bluestem, big bluestem,
indiangrass, switchgrass, sideoats grama and annual grasses.

DISTRIBUTION AND EXTENT: The Blackland Prairies of Texas (MLRA 86A). The series is
moderately extensive.

MLRA OFFICE RESPONSIBLE: Temple, Texas

SERIES ESTABLISHED: Dallas County, Texas; 1974.

REMARKS: The Dalco series were previously included with the Austin, Houston Black, or San
Saba series. Classification changed from Udic Pellusterts to Leptic Udic Haplusterts (2/94) based
on issue 16, a revision to Soil Taxonomy.

Diagnostic horizons and features recognized in this pedon are:

Mollic epipedon--0 to 35 inches, the A, and Bss horizons.

Vertisol features--Cracks when dry, slickensides in Bss subhorizons.

Paralithic contact of chalk at a depth of 35 inches.

SOIL INTERPRETAAION RECORD NUMBER: TX0158

National Cooperative Soil Survey, U.S.A.

ELLIS SERIES

The Ellis series consists of soils that are moderately deep, to weathered shale. They are well
drained, very slowly permeable soils that formed in weakly consolidated shale. These gently
sloping to moderately steep soils are on erosional uplands. Slopes range from 1 to 20 percent.

TAXONOMIC CLASS: Fine, smectitic, thermic Udic Haplusterts

TYPICAL PEDON: Ellis clay--native pasture. (Colors are for dry soil unless otherwise noted.)



A--0 to 4 inches; grayish brown (2.5Y 5/2) clay, dark grayish brown (2.5Y 4/2) moist; hard
surface crust about 1/8-inch thick; moderate medium subangular and angular blocky structure;

extremely hard, very firm, sticky, plastic; common fine roots; neutral; gradual smooth boundary.
(2 to 10 inches thick)

Bw--4 to 13 inches; olive (5Y5/3) clay, olive (5Y 4/3) moist; moderate medium subangular and
angular blocky structure; extremely hard, very firm, sticky, plastic; common fine roots; few fine

and medium calcium carbonate concretions; neutral; gradual smooth boundary. (0 to 10 inches
thick)

Bss1--13 to 23 inches; distinctly and coarsely mottled olive yellow (2.5Y 6/6) and gray (10YR
6/1) clay; weak coarse subangular blocky structure parting to moderate fine angular blocky
structure; few small slickensides; extremely hard, very firm, sticky, plastic; few fine roots; few
calcium carbonate concretions; slightly alkaline; gradual smooth boundary. (6 to 20 inches thick)

Bss2--23 to 30 inches; gray (N 6/) clay, few medium distinct mottles of brownish yellow (10YR
6/6) weak medium and fine subangular and angular blocky structure; few small slickensides;
extremely hard, very firm, sticky, plastic; few fine roots; few fine calcium carbonate concretions;
slightly alkaline; gradual smooth boundary. (0 to 12 inches thick)

C1--30 to 36 inches; distinctly and coarsely mottled light olive gray (5Y 6/2) and yellow (10YR
7/8) weakly consolidated shale that has clay texture; massive but natural cleavage of soft shale
fragments form coarse angular rock-like structure; extremely hard, very firm, sticky, plastic;
slightly alkaline; clear irregular boundary. (2 to 20 inches thick)

C2--36 to 66 inches; gray (N 6/ ) weakly consolidated shale that has clay texture; distinct yellow
(10YR 7/8) mottles; few roots; material has rock-like angular structure; slightly alkaline.

TYPE LOCATION: Navarro County, Texas; from Kerens, 4.0 miles northwest on FM-636 to
Bazette; then from the south side of Bazette, 2.2 miles east-northeast on a straight county road;
then 50 feet south into pasture. Latitude 32 degrees 11' 44 N, Longitude 96 degrees 14' 22" W.

RANGE IN CHARACTERISTICS: Depth of solum is 20 to 40 inches. It is clay throughout
with clay content ranging from 40 to 60 percent. Siliceous and ironstone pebbles range from
none to a few throughout. Indurated iron spheroidal concretions 4 to 24 inches in diameter range
from none to 1 to 3 concretions each 400 to 600 feet horizontal distance. Pressure faces and
small slickensides range from few to common below the A horizon. When dry, the surface forms
a crust up to 1/2-inch thick. Cracks extend from the surface to a depth of more than 12 inches.
Cracks remain open 120 to 150 cumulative days in most years.

The A horizon has hue of 10YR or 2.5Y, value of 3 to 6, and chroma of 2 to 4. Horizons with
moist value of 3 are less than 7 inches thick. The reaction ranges from slightly acid to moderately
alkaline and most pedons are noncalcareous.

The Bw and Bss1 horizons has hue of 10YR or 2.5Y, value of 4 to 7, and chroma of 1 to 4. Gray
colors are inherited from the shale. Redox concentrations in shades of brown, yellow and olive



range from none to common or the matrix is mottled with these colors. The reaction ranges from
slightly acid to moderately alkaline. It is calcareous in the lower part of some pedons. Calcium
carbonate concretions and masses range from none to a few.

The BSS2 horizon is in shades of gray, olive yellow, or brown typically with few to common
mottles of these colors. Some pedons have a mottled matrix. The reaction ranges from neutral to

moderately alkaline and calcareous in some pedons. Calcium carbonate concretions and masses
range from none to common.

The C horizon is mottled or interbedded with colors in shades of gray, brown, yellow, or olive. It
is clay intermixed and interbedded with soft shale. Reaction ranges from neutral to moderately
alkaline with or without calcium carbonate concretions and soft masses. Some pedons have a few
gypsum crystals between the interbedded layers.

COMPETING SERIES: These are Bleiblerville, Branyon, Burleson, Clarita, Dimebox, Fairlie,
Heiden, Houston Black, Leson, Luling, Ovan, Sanger, Slidell, Tamford and Watonga .
Bleiblerville, Branyon, Burleson, Dimebox, Fairlies, Houston Black, Leson and Slidell soils have
moist chroma of 1 throughout. Clarita and Tamford soils have hue of 7.5YR or redder in the
subsoil. Fairlie soils are underlain by chalk below 40 inches. Heiden, Luling, Sanger, and Slidell
soils have sola over 40 inches thick. Watonga soils have mean temperature cooler than 64
degrees. Ovan soils have sola over 80 inches thick.

GEOGRAPHIC SETTING: Ellis soils are on erosional uplands on dominantly convex slopes
or plane surfaces. They are on sideslopes and low escarpments above drainageways. Slopes are
mostly between 5 and 12 percent but range from 1 to 20 percent. These soils formed in weakly
consolidated shales of Cretaceous Age. The climate is moist subhumid. Mean annual
precipitation ranges from 30 to 43 inches and the mean annual temperature ranges from 64 to 67
degrees F. Frost free days range from 230 to 250 days and elevation ranges from 250 to 400 feet.
Annual Thornthwaite P-E indices ranges from 44 to 66.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the similar Altoga, Ferris, and
Lamar series and the Bazette, Burleson, Crockett, and Heiden soils. Altoga soils have fine-silty,
carbonatic control sections and are on similar positions. Ferris soils have sola over 40 inches, and
Lamar soils have fine-silty control section and are on similar positions. Bazette and Crockett
soils have clayey Bt horizons.Burleson and Heiden soils have mollic colored clayey A horizons
with sola thicker than 40 inches. Bazette and Heiden soils are on similar positions. Burleson and
Crockett soils are above on broad smooth areas. Burleson soils are also below in slightly
depressed positions.

DRAINAGE AND PERMEABILITY: Well drained. Runoff is rapid. Permeability is very
slow.

USE AND VEGETATION: Used mainly for growing pasture and hay. Some areas have been
cultivated, eroded, and retired to grass. Native vegetation is a moderate stand of little bluestem,
indiangrass, sideoats grama and Texas wintergrass and a few small mesquite, elm, and hackberry
trees. Prickly pear cacti are common in places.



DISTRIBUTION AND EXTENT: In the Blackland Prairies of Texas(MLRA 86A) and
Oklahoma. The series is of moderate extent.

MLRA OFFICE RESPONSIBLE: Temple, Texas

SERIES ESTABLISHED: Ellis County, Texas; 1910.

REMARKS: Diagnostic horizons and features recognized in this pedon are:
Ochric epipedon - the A horizon from 0 to 4 inches.

Cambic horizon - the zone from 4 to 30 inches (Bw, Bss1 and Bss2 horizons)

Vertic properties- slickensides at a depth of 13 to 30 inches. High shrink-swell potential and
cracks that are 0.5 to 3 inches wide at a depth of 13 inches or more.

ADDITIONAL DATA: NSSL Data: S72TX701; S72TX1291; S72TX1759.

National Cooperative Soil Survey, U.S.A.

FAIRLIE SERIES

The Fairlie series consists of deep, moderately well drained, very slowly permeable soils. These

soils are on nearly level to gently sloping uplands. The slope is typically 1 to 3 percent but
ranges from 0 to 5 percent.

TAXONOMIC CLASS: Fine, smectitic, thermic Udic Haplusterts

TYPICAL PEDON: Fairlie silty clay loam, on a smooth plain 2 percent slope, in a cultivated
field. (Colors are for moist soil unless otherwise stated.)

Ap--0 to 5 inches; very dark gray (10YR 3/1) silty clay loam, dark gray (10YR 4/1) dry; weak
medium platy structure parting to weak fine and medium blocky structure; extremely hard, firm,
sticky and plastic; few fine roots; few fine black concretions; slight effervescence in spots;
mildly alkaline; abrupt smooth boundary.

A--5 to 12 inches; black (5Y 2/1) silty clay, very dark gray (5Y 3/1) dry; moderate fine and
medium angular blocky structure; very hard, firm, sticky and plastic; few fine roots; few pressure
faces; strong effervescence; moderately alkaline; gradual wavy boundary. (combined A
subhorizons are 6 to 18 inches thick)

Bss1--12 to 24 inches; black (5Y 2/1) silty clay, very dark gray (5Y 3/1) dry; moderate medium
angular blocky structure; very hard, firm, sticky and plastic; few fine roots; common pressure



faces; few grooved slickensides; few fine and medium concretions of calcium carbonate; few

fine iron-manganese concretions; strong effervescence; moderately alkaline; gradual wavy
boundary.

Bss2--24 to 35 inches; very dark gray (5Y 3/1) silty clay, dark gray (5Y 4/1) dry; moderate fine
and medium angular blocky structure; very hard, firm, sticky and plastic; few fine roots; few
medium distinct olive (5Y 5/3) redox concentrations or masses with sharp boundaries; common
grooved slickensides; few fine iron-manganese concretions; few medium and coarse concretions
and soft masses of calcium carbonate; few fine and medium pebbles of chert; strong

effervescence; moderately alkaline; gradual wavy boundary. (combined Bss subhorizons are 12
to 40 inches thick)

Bkss--35 to 54 inches; dark gray (10YR 4/1) clay, gray (10YR 5/1) dry; moderate fine and
medium angular blocky structure; very hard, firm, sticky and plastic; few fine roots; common
grooved slickensides; few fine and medium distinct yellowish brown (10YR 5/8) and olive (5Y
5/6) redox concentrations or masses with sharp boundaries; few vertical streaks of black (5Y 2/1)
associated with cracks; few fine iron-manganese concretions; common medium and coarse
concretions and soft masses of calcium carbonate; few medium pebbles of chert; strong
effervescence; moderately alkaline; abrupt wavy boundary. (0 to 30 inches thick)

Cr--54 to 60 inches; white (N 8/0; 2.5Y 8/2) chalk bedrock; with streaks of olive yellow;
medium platy in upper 2 inches; massive below; hardness is less than 3 on Mohs' scale.

TYPE LOCATION: Hunt County, Texas; from the intersection of Texas Highways 11 and 34
in Wolfe City, Texas; 3 miles southeast on Texas Highway 11; 1.8 miles south on county road;
0.8 mile west on county road; 0.1 mile south along turn row and 40 feet east in a cultivated field.

RANGE IN CHARACTERISTICS: The range in characteristics includes S0 percent or more
of the pedon. Solum thickness and depth to a paralithic contact of chalk ranges from 40 to 60
inches. The weighted average clay content of the control section is 40 to 50 percent. When dry,
cracks ranging from 0.4 to 3 inches wide extend from the surface to a depth of more than 12
inches. Cracks are open for 90 to 150 cumulative days in most years. Slickensides and/or wedge
shaped peds begin at a depth of 8 to 20 inches. These are cyclic soils, and in undisturbed areas,
gilgai microrelief consists of microknolls 4 to 16 inches higher than microdepressions; distance
between center of knoll and center of the depression is 5 to 12 feet. Reaction is slightly or
moderately alkaline, and ranges from very slight to strong effervescence. There are few to
common concretions and soft masses of calcium carbonate and/or chalk fragments in most
subhorizons. Iron-manganese concretions and siliceous pebbles range from none to few
throughout the solum.

The A horizon has colors in hue of 10YR to 5Y, value of 2 or 3, and chroma of 1. The texture is
silty clay loam, silty clay, or clay.

The Bss horizon has colors in hue of 10YR to 5Y, value of 2 to 5, and chroma of 2 or less.
Texture is silty clay or clay. Redox concentrations or masses with sharp boundaries in shades of
brown, yellow, or olive range from none to common.



The Bkss horizons has colors in hue of 10YR to 5Y, value of 3 to 5, and chroma of 1 or 2.
Texture is silty clay or clay. Redox concentrations or masses with sharp boundaries in shades of
brown, yellow, or olive range from none to common.

In some pedons, there is a discontinuous C horizon of clay, silty clay, or marly clay with thin
strata of weathered chalk. Colors are mainly in shades of gray, olive, or brown. The C horizon is
not diagnostic to the series and is absent in most pedons.

The Cr horizon is limestone bedrock. It is mainly chalk, or interbedded chalk and marl. It is light

gray or white, and typically platy in the upper few inches, and massive below with a hardness of
less than 3 on Mohs' scale.

COMPETING SERIES: These are the Bleiblerville, Branyon, Burleson, Dimebox, Heiden,
Houston Black, Ovan, Leson, Luling, Sanger, Slidell, and Watonga series. These soils do not
have a paralithic contact with chalk within a depth of 40 to 60 inches.

GEOGRAPHIC SETTING: Fairlie soils are on nearly level to gently sloping uplands. They
formed mainly in the Pecan Gap, Gober, and Austin Chalk Formations of Upper Cretaceous Age.
Slopes are mainly 1 to 3 percent but range from 0 to 5 percent. Mean annual precipitation ranges
from 30 to 42 inches, mean annual temperature from 64 degrees to 68 degrees F. Frost free days

range from 230 to 260. Elevation ranges from 550 to 850 feet above sea level. Thornthwaite P-E
indices range from 54 to 70.

GEOGRAPHICALLY ASSOCIATED SOILS: These include the competing Branyon,
Burleson, Heiden, Houston Black, and Leson series. Also the Austin, Dalco, and Lott soils are
associated. Austin and Lott soils are mollisols on slightly higher convex areas. Branyon and
Burleson soils are on lower lying terrace positions. Dalco soils are 24 to 40 inches thick over a
paralithic contact of chalk and are on similar positions. Heiden, Houston Black, and Leson soils
are on similar positions of adjacent areas with different parent material.

DRAINAGE AND PERMEABILITY: Fairlie soils are moderately well drained and very slow
permeablility. Water enters the soil rapidly when it is dry and cracked, and very slow when the
soil is saturated. Runoff is low on 0 to 1 percent slopes; moderate on 1 to 3 percent slopes; and
high on 3 to 5 percent slopes.

USE AND VEGETATION: Used mainly for cultivated crops of cotton, grain sorghum, corn,
and small grain, however, some areas are used for pasture and a few small areas are in rangeland.
Pastures are mainly bermudagrasses; rangeland plants include eastern grama, little bluestem,

indiangrass, Florida paspalum, sideoats grama, switchgrass, meadow dropseed, forbs and annual
grasses.

DISTRIBUTION AND EXTENT: Blackland Prairie of Texas, MLRA 86A. The series is
moderately extensive.

MLRA OFFICE RESPONSIBLE: Temple, Texas



SERIES ESTABLISHED: Grayson County, Texas; 1977.

REMARKS: Fairlie soils were previously included with the Houston Black or Austin series.
Classification changed from Pellusterts to Haplusterts (2/94) based on Issue 16, a revison of Soil
Taxonomy.

Diagnostic horizons and features recognized in this pedon are:

Mollic colors--0 to 35 inches, the Ap, A, Bss horizon.

Cambic horizon - 35 to 54 inches.

Vertisols features--Cracks when dry, slickensides in Bss subhorizons.

Paralithic contact of chalk at a depth of 54 inches.

SOIL INTERPRETATION RECORD NUMBER: TX0726

National Cooperative Soil Survey, U.S.A.

FERRIS SERIES

The Ferris series consists of soils that are deep to weathered shale. They are well drained, very
slowly permeable soils that formed from weakly consolidated calcareous dense clays and shales.
These soils are on sloping or moderately steep uplands. Slopes range from 1 to 20 percent.

TAXONOMIC CLASS: Fine, smectitic, thermic Chromic Udic Haplusterts

TYPICAL PEDON: Ferris clay--pasture. Pedon described above is an equal distance between
its deep and shallow extremes. (Colors are for dry soil unless otherwise stated.)

Ap--0 to 8 inches; olive (5Y 5/3) clay, olive (5Y 4/3) moist; weak medium and fine angular
blocky structure; extremely hard, very firm, very sticky and very plastic; surface has a mulch
about 1/2 inch thick of fine extremely hard discrete aggregates; many fine roots; few fine
calcium carbonate concretions; strongly effervescent; moderately alkaline; gradual smooth
boundary. (3 to 12 inches thick)

Bw--8 to 24 inches; pale olive (5Y 6/3) clay; olive (5Y 5/3) moist; moderate fine angular blocky
structure; extremely hard, very firm, very sticky and very plastic; few fine roots; common shiny
pressure faces; few fine calcium carbonate concretions and masses; strongly effervescent;
moderately alkaline. (6 to 20 inches thick)



Bss--24 to 40 inches; pale olive (5Y 6/3) clay; olive (5Y 5/3) moist; common fine faint brownish
yellow mottles; moderate fine angular blocky structure forming wedge shaped peds having long
axes tilted up to 45 degrees from the horizontal; extremely hard, very firm, very sticky and very
plastic; few fine roots; few fine pores; common coarse slickensides; pressure faces are shiny;
vertical cracks 1 to 5 cm wide and 18 inches apart extend to 40 inches; few fine calcium
carbonate concretions and few fine powdery masses of calcium carbonate; violently effervescent;
moderately alkaline; diffuse wavy boundary. (18 to 30 inches thick)

Ck--40 to 80 inches; coarsely and prominently mottled pale olive (5Y 6/3) and yellow (2.5Y 7/8)
weakly consolidated shale that has clay texture; weak coarse angular blocky structure mixed with
coarse blocky rock (shale) structure; extremely hard, very firm; few fine roots between blocks of
rock structure; few slickensides; common fine masses and concretions of calcium carbonate;
violently effervescent; moderately alkaline.

TYPE LOCATION: Navarro County, Texas; about 15 miles west of Corsicana on Texas
Highway 22; from the northeast part of Blooming Grove, 3.3 miles northward on a county road;
then 190 feet east in a pasture. This location is 1.2 miles north-northwest of FP site 105B.

RANGE IN CHARACTERISTICS: The solum ranges from 40 to 60 inches thick. Texture is
clay or silty clay, with clay content ranging from 40 to 60 percent. Water worn siliceous pebbles
are on the surface of some pedons. When dry, cracks 1/2 to 3 inches wide extend from the
surface to a depth of more than 12 inches. Cracks remain open 120 to 150 cumulative days in

most years. Calcium carbonate equivalent in the control section ranges from 2 to about 30
percent.

The A horizon has hue of 10YR to 5Y, value of 3 to 6, and chroma of 2 to 4. The lower values
and chromas occur where A horizons are thickest in the pedon. In pedons where the moist color
value of the A horizon is less than 3.5, the horizon is less than 12 inches thick.

The Bw and Bss horizons have hue of 10YR to 5Y, value of 4 to 7, and chroma of 2 to 6. Some
pedons do not have mottles in the upper part of the Bw. Gray mottles are inherited from the shale
(lithochromic). Calcium carbonate concretions range from few to many in the Bw and Bss
horizons, with total carbonates ranging from 2 to 30 percent.

The C horizon has hue of 10YR to 5Y, value of 5 to 7, and chroma of 1 to 8. Most pedons are
coarsely and prominently mottled. It is strongly weathered calcareous clay, weakly consolidated
shale that has clay texture or shales. Gypsum crystals occur in the Ck horizon of some pedons.

COMPETING SERIES: These are the Depalt, Deport, Frelsburg, Latium, and Medlin series.
Similar soils are the Ellis and Heiden series. Depalt and Deport soils are non calcareous in the
surface layer and, in addition, Depalt soils have dominant hue of 7.5YR or redder, and Deport
soils have chroma of less than 2 in the surface horizon. Frelsburg soils have sola 60 to 80 inches
thick, and formed in Tertiary Age materials. Latium soils are in slightly more moist climates and
have cracks that remain open for longer periods (120 to 150 days). In addition, Latium soils are
on Tertiary Age materials. Medlin soils have more than 30 percent calcium carbonate equivalent,
and are dry for longer periods of time. Ellis soils have sola 20 to 40 inches thick. Heiden soils




have moist color value of 3.5 or less and chroma of 2.5 or less in the upper 12 inches in most
pedons.

GEOGRAPHIC SETTING: Ferris soils are on uplands. The surfaces are convex to plane with
slope gradients mostly between 5 and 12 percent, but ranging from 1 to 20 percent. Uncultivated
areas often have narrow microridges and microvalleys that extend up and down the slope. The
soil formed in weakly consolidated mostly Upper Cretaceous formations of calcareous marine
sediments, high in montmorillonitic clays. Mean annual precipitation ranges from 28 to 42
inches, and mean annual temperature ranges from 64 to 70 degrees F. Frost free days range from

230 to 260 days and elevation ranges from 400 to 1,000 feet. The Thornthwaite P-E index is 44
to 66.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the similar Ellis and Heiden series
and the Altoga, Houston Black, Lamar and McLennan series. Altoga, Lamar and McLennan soils
have fine-silty control sections and are on similar positions. Houston Black soils have moist
value of less than 3.5 and chroma of less than 1.5 throughout the upper 12 inches. Altoga, Ellis,
and Lamar soils are on similar positions with Ferris. Heiden and Houston Black soils are on
smoother slightly higher positions.

DRAINAGE AND PERMEABILITY: Well drained. Permeability is very slow. Runoff is
medium on 1 to 3 percent slopes, high on 3 to 5 percent slopes, and very high on slopes greater

than 5 percent. Infiltration is rapid when the soil is dry and cracked, but very slow when the soil
is wet.

USE AND VEGETATION: Used mainly for pasture and production of hay. Most areas have
been cultivated, eroded and are now in grass. Vegetation is mainly bluestems, buffalograss and

threeawn grasses and scattered mesquite trees.

DISTRIBUTION AND EXTENT: Central and eastern Texas Blacklands (MLRA 86A). The
series is of large extent, comprising more than 100,000 acres.

MLRA OFFICE RESPONSIBLE: Temple, Texas

SERIES ESTABLISHED: Travis County, Texas; 1969.

REMARKS: Diagnostic horizons and features recognized in this pedon are:
Ochric epipedon - the A horizon from 0 to 8 inches. (Ap horizon)

Cambic horizon - 8 to 40 inches. (Bw and Bss horizon)

Vertic properties - Slickensides at a depth of 24 to 40 inches. High shrink-swell potential and
cracks that are 1/2 to 3 inches wide at a depth of 12 inches or more.

ADDITIONAL DATA: NSSL Data: Hopkins County, TX S68-223-001 (68L895-681L899).



Soil Interpretation Record Number: TX0296 , TX1150 (COOL)

National Cooperative Soil Survey, U.S.A.
FRIOTON SERIES

The Frioton series consists of very deep, well drained, moderately slowly permeable soils. They
formed in loamy and clayey sediments of Pleistocene age. These nearly level soils are on smooth

flood plains and formed under trees with an understory of native grasses. Slopes are 0 to 1
percent.

TAXONOMIC CLASS: Fine, mixed, active, thermic Cumulic Hapludolls

TYPICAL PEDON: Frioton silty clay loam--pasture. (Colors are for moist soil unless otherwise
stated.)

A11--0 to 24 inches; very dark brown (10YR 2/2) silty clay loam, very dark gray (10YR 3/1)
dry; strong fine granularstructure; hard, friable; 10 percent by volume of fragments of limestone
less than 3 inches in diameter in the lower part; calcareous, moderately alkaline; diffuse smooth
boundary. (12 to 28 inches thick)

A12--24 to 37 inches; very dark gray (10YR 3/1) silty clay loam, dark gray (10YR 4/1) dry;
moderate medium subangular blocky structure; hard, firm; 2 percent by volume of fragments of
limestone less than 3 inches in diameter; few fine threads of carbonate; calcareous, moderately
alkaline; gradual smooth boundary. (10 to 30 inches thick)

C--37 to 62 inches; very dark gray (10YR 3/1) silty clay loam, dark gray (10YR 4/1) dry;
massive; hard, firm; 10 percent by volume of fragments of limestone less than 3 inches in
diameter; calcareous, moderately alkaline.

TYPE LOCATION: Bryan County, Oklahoma; about 3 miles southwest of Caddo; 360 feet east
and 820 feet south of the northwest corner of sec. 24, T. 5 S., R. 9 E.

RANGE IN CHARACTERISTICS: Thickness of the mollic epipedon ranges from 24 to more
than 50 inches. Texture throughout the soil is silty clay loam, clay loam, silty clay, or their
gravelly counterparts.

The A horizon is black (10YR 2/1), very dark brown (10YR 2/2), very dark gray (10YR 3/1),
very dark grayish brown (10YR 3/2), or dark brown (10YR 3/3; 7.5YR 3/2). Reaction is slightly
or moderately alkaline. Some pedons are noncalcareous in the upper 10 inches of the All
horizon. The clay content of the control section ranges from 35 to 50 percent. The control section
of some pedons contains 5 to 15 percent by volume of fragments of limestone or chert. Below a



depth of 24 inches, some pedons have B horizons that have higher value or chroma than the A
horizons.

The C horizon is very dark gray (10YR 3/1), very dark grayish brown (10YR 3/2), dark brown
(I0YR 3/3; 7.5YR 3/2), dark gray (10YR 4/1), dark grayish brown (10YR 4/2), brown (10YR
4/3, 5/3; 7.5YR 4/2, 5/2), or gray (10YR 5/1). Some pedons have thin strata of more loamy or
clayey sediments in the C horizon.

COMPETING SERIES: These are the Egan series and the closely competing Buxin, Catalpa,
Moreland, Pledger, and Ringo series. Buxin, Moreland, and Pledger soils have vertic properties.
Catalpa and Ringo soils have mollic epipedons less than 24 inches thick. In addition, Ringo soils
are underlain by shale at depths ranging from 20 to 40 inches. Egan soils lack carbonates within
the profile.

GEOGRAPHIC SETTING: These soils occur on nearly level flood plains. Slopes range from 0
to 1 percent. They formed in loamy and clayey sediments. They are flooded for very brief
periods during the months of February through July. Mean annual temperature ranges from 62
degrees to 70 degrees F.; average annual precipitation ranges from 40 to 50 inches; Thornthwaite

P-E indices range from 64 to 80. Frost free days range from 210 to 240. Elevation ranges from
400 to 800 feet.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Gowton, Kaufman, and Trinity
series. Gowton and Kaufman soils are down stream and usually on larger streams. Trinity soils
are a greater distance from the stream channel. Gowton soils are fine-loamy. Kaufman and
Trinity soils have vertic properties.

DRAINAGE AND PERMEABILITY: Well drained; low runoff; moderately slow
permeability.

USE AND VEGETATION: Used primarily for bermudagrass pasture but some areas are
cultivated to wheat, grain sorghum, soybeans, peanuts, and alfalfa. Native vegetation is oak, elm,
hackberry, pecan, and ash with an understory of native grass.

DISTRIBUTION AND EXTENT: Adjacent to the drainageways of the Blacklands in

southeastern Oklahoma, possibly Texas, southwestern Arkansas, and Louisiana. These soils are
moderately extensive.

MLRA OFFICE RESPONSIBLE: Temple, Texas
SERIES ESTABLISHED: Bryan County, Oklahoma; 1975.

REMARKS: This series formerly would have been classified in the Alluvial great soil group
and included in the Frio series.

National Cooperative Soil Survey, U.S.A.



HEIDEN SERIES

The Heiden series consists of soils that are well drained and very slowly permeable ..They are
deep to weathered shale. These soils are on nearly level to moderately steep uplands. Slopes are
mainly 3 to 8 percent but range from 0.5 to 20 percent.

TAXONOMIC CLASS: Fine, smectitic, thermic Udic Haplusterts

TYPICAL PEDON: Heiden clay--cropland. Pedon described near its deepest part. (Colors are
for dry soil unless otherwise stated.)

Ap--0 to 6 inches; dark grayish brown (10YR 4/2) clay, very dark grayish brown (10YR 3/2)
moist; weak angular blocky structure; very hard, very firm, very sticky and very plastic; many
fine roots; few wormcasts; few fragments of snail shells; strongly effervescent; moderately
alkaline; abrupt boundary. (4 to 8 inches thick)

A--6 to 18 inches; dark grayish brown (10YR 4/2) clay, very dark grayish brown (10YR 3/2)
moist; moderate fine angular blocky structure; few wedge shaped peds in lower part; extremely
hard, very firm ,very sticky and very plastic; few fine roots; shiny faces on peds; strongly
effervescent; moderately alkaline; diffuse wavy boundary. (8 to 22 inches thick)

Bssk1--18 to 36 inches; dark grayish brown (10YR 4/2) clay, very dark grayish brown (10YR
3/2) moist; moderate medium and coarse angular blocky structure, wedge shaped peds are about
1 to 3 inches long and axis tilted 10 to 60 degrees from the horizontal; extremely hard, very firm,
very sticky and very plastic; many slickensides; common fine calcium carbonate concretions;
strongly effervescent; moderately alkaline; diffuse wavy boundary. (0 to 20 inches thick)

Bssk2--36 to 58 inches; olive gray (5Y 5/2) clay, olive gray (5Y 4/2) moist; few fine faint olive
mottles and streaks; weak coarse angular blocky structure, wedge shaped peds are about 1 to 3
inches long and axis tilted 10 to 60 degrees from the horizontal; extremely hard, very firm, very
sticky and very plastic; many distinct slickensides; common fine calcium carbonate concretions;
violently effervescent; moderately alkaline; diffuse wavy boundary. (12 to 40 inches thick)

C--58 to 70 inches; prominently and coarsely mottled olive (5Y 5/3) moist; and yellow (5Y 7/6)
moist, clay and weakly consolidated shale; few fine olive and yellow mottles; massive, with a

few slickensides in the upper part; extremely hard, very firm and very plastic; violently
effervescent; moderately alkaline.

TYPE LOCATION: Bell County, Texas; From the intersection of Texas Highway 36 and Farm

Road 436 in Heidenheimer; 0.57 miles southeast on Texas Highway 36; 1 5 feet southwest of
fence in cropland.



RANGE IN CHARACTERISTICS: Solum thickness ranges from about 40 to 65 inches. They
are thinnest in microknolls or microridges and thickest in centers of microdepressions or
microvalleys. Texture throughout the soil is clay or silty clay Weighted average clay content
ranges from 40 to 60 percent. Cracks remain open 90 to 150 cumulative days in most years.
Slickensides and wedge-shaped peds begin at a depth of 10 to 24 inches. Undisturbed areas have
gilgai microrelief with microknolls about 4 to 10 inches above microdepressions. On slopes
above 5 percent gilgai are linear with slope.

The A horizons have hue of 10YR, 2.5Y or 5Y, value of 3 to 5, and chroma of 1 to 3. Moist
color values range from 2 to slightly less than 3.5. Where chromas are less than 1.5, the surface
layer is less than 12 inches thick in more than one-half of the pedon. The A horizons are
dominantly calcareous, but range to noncalcareous and slightly alkaline in the upper 12 inches.
Smooth siliceous pebbles or limestone fragments less than 10 inches across are on and in the
surface layers of some pedons.

The Bss horizons have hue of 10YR, 2.5Y or 5Y; value of 4 to 7; and chroma of 2 to 4. They are
typically mottled with these colors. Calcium carbonate in the form of masses, threads and
concretions range from none in the upper part to many in the lower part with total carbonates
ranging from 2 to 35 percent. Gypsum crystals are in the lower part of some pedons.

The C horizon varies from clay, strongly weathered shale, to slightly weathered calcareous
shales, with an intermingling of soil and rock structure.

COMPETING SERIES: These include the Bleiblerville, Branyon, Burleson, Clarita, Dimebox,
Fairlie, Houston Black, Leson, Luling, Ovan, Sanger, Slidell, Tamford and Watonga.
Bleiblerville, Branyon, Burleson, Dimebox, Fairlie, Houston Black, Leson and Slidell have moist
chroma of 1 throughout. Clarita and Tamford soils have hue of 7.5YR or redder in the subsoil..
Fairlie soils are underlain by chalk below 40 inches. Burleson, Dimebox, Leson and Luling are
non- calcareous in the surface. Sanger and Slidell soils contain more calcium carbonate in the
control section and are underlain by marl. Watonga soils have mean temperature cooler than 64
degrees. Ovan soils have sola over 80 inches thick and are in flood plains.

GEOGRAPHIC SETTING: Heiden soils are on erosional uplands. Slopes are mostly 3 to 8
percent, but range from 0 percent to 20 percent. Surfaces are dominantly convex but plane
surfaces occur in some areas of low gradients. Most untilled areas have a microrelief of
microvalleys 4 to 12 feet wide and 3 to about 12 inches deep, and microridges about 4 to 12 feet
wide that extend up and down slope. The soils formed, mainly, in weakly consolidated Upper
Cretaceous formations of calcareous marine sediments, high in montmorillonite clays. The
climate is moist subhumid. The mean annual precipitation ranges from 28 to 42 inches and the
mean annual temperature ranges from 64 to 70 degrees F. Frost free days range from 225 to 275

days and elevation ranges form 400 to 1000 feet. Thornthwaite annual P-E indices range from 44
to 66.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the competing Branyon, Burleson,
Crockett, Ellis, Fairlie, Ferris, Houston Black, Lott, McLennan, Ovan and Wilson series.
Crockett and Wilson soils have argillic horizons. Ferris Ellis and McLennan soils have color




values higher than 3.5 in the upper 12 inches. Lott and McLennan soils have fine silty control
sections. Ferris, Ellis, Lott and McLennan soils are on lower more sloping positions. Branyon,
Burleson, Crockett, Wilson and Ovan are on lower positions. Houston Black is on similar
positions. Fairlie and Lott soils are on slightly higher positions.

DRAINAGE AND PERMEABILITY: Well drained. Permeability is very slow. Runoff is low
on 0 to I percent slopes, medium on 1 to 3 percent slopes, high on 3 to 5 percent slopes and very

high on 5 to 20 percent slopes. Infiltration is rapid when the soil is dry and cracked, but very
slow when the soil is wet.

USE AND VEGETATION: Used mainly for pasture and hay. Many areas have been cultivated
but are now in grass. Some areas are used for growing grain sorghum and cotton. Grasses are
mainly bluestem, buffalograss, and threeawn grass. Scattered mesquite trees occur in places.

DISTRIBUTION AND EXTENT: Central and eastern Texas in the Blackland MLRA (86A).
The series is extensive.

MLRA OFFICE RESPONSIBLE: Temple, Texas

SERIES ESTABLISHED: Travis County, Texas, 1969

REMARKS: These soils formerly were included with the Houston series.
Diagnostic horizons and features recognized in this pedon are:

Mollic epipedon - the A horizons from 0 to 18 inches.

Vertic Properties - slickensides.at a depth of 18 to 58 inches. High shrink-swell potential and
cracks that are 1/2 to 3 inches wide at a depth of 12 inches during dry periods

SIR Number.- TX0151, TX0152 (Stony), TX1149 (Cool), TX1151 (Stony, Cool).

National Cooperative Soil Survey, U.S.A.

HOUSTON SERIES

The Houston series consists of moderately well drained, slowly permeable, cyclic soils that
formed in alkaline clays and chalk of the Blackland Prairies. These clayey soils have very high
shrink-swell potential. Slope ranges from 0 to 8 percent.

TAXONOMIC CLASS: Very-fine, smectitic, thermic Oxyaquic Hapluderts



TYPICAL PEDON: Houston clay in the center of a micro-pasture. (Colors are for moist soil
unless otherwise stated.)

A11--0 to 10 inches; very dark gray (5Y 3/1) clay; moderate fine and medium granular structure;

hard, firm, very plastic; common fine roots; mildly alkaline; gradual smooth boundary. (4 to 11
inches thick)

A12--10 to 25 inches; dark olive gray (5Y 3/2) clay; moderate fine angular and subangular
blocky structure; hard, firm, very plastic; common fine roots; mildly alkaline; clear irregular
boundary. (0 to 24 inches thick)

AC--25 to 42 inches; olive gray (5Y 4/2) clay; few fine faint mottles of very dark gray; large
wedge-shaped aggregates that are bordered by intersecting slickensides; parts to successively
smaller angular blocky structure; very hard, firm, very plastic, sticky; few fine black concretions;
common medium and coarse calcium carbonate concretions; moderately alkaline; gradual wavy
boundary. (5 to 27 inches thick)

C1--42 to 58 inches; olive (5Y 4/3) clay; few fine faint mottles of very dark gray; large wedge-
shaped aggregates that are bordered by intersecting slickensides; parts to angular blocky
structure; very hard, extremely firm, very firm, very plastic, sticky; few fine black concretions;
common medium and coarse calcium carbonate concretions; calcareous; moderately alkaline;
gradual wavy boundary. (5 to 26 inches thick)

C2--58 to 72 inches; light olive brown (2.5Y 5/6) clay; common fine distinct olive gray and few
fine faint yellowish brown mottles; large wedge-shaped aggregates that are bordered by
intersecting slickensides; parts to angular blocky structure; very hard, extremely firm, plastic;
few medium and coarse calcium carbonate concretions; calcareous; moderately alkaline.

TYPE LOCATION: Dallas County, Alabama; 1 mile northwest of Black Belt Substation and
100 yards west of the Vaiden plots in a pasture, 1000 feet north and 1000 feet west of the SE
corner of the NW 1/4 sec. 2, T. 17 N,,R. 8 E.

RANGE IN CHARACTERISTICS: Depth to bedrock ranges from 4 to 9 feet. The soil is clay
throughout, ranging from 60 to 80 percent with 60 to 70 percent being most common. Common
or many intersecting slickensides are in the AC and C horizons. These are cyclic soils, with
cycles of microknolls and microbasins repeated at linear intervals of 6 to 12 feet. The amplitude
of waviness of the boundary between the A and AC horizon ranges from about 9 to 26 inches.
The A horizon ranges from slightly acid through mildly alkaline. Few, common,or many calcium
carbonate concretions occur in the AC and C horizons.

The A11 horizon has hue of 10YR, 2.5Y, or 5Y, value of 2 or 3, and chroma of 1 or 2, or it is (N
2/0) or (N 3/0).

The A12 horizon has hue of 10YR, 2.5Y, or 5Y, value of 2 or 3, and chroma of 2. In some
pedons it has value of 4 or 5, and chroma of 2 at depths more than 30 cm from the surface.



The AC horizon has hue of 10YR, 2.5Y, or 5Y, value of 4 or 5, and chroma of 2 or 3. It is
slightly acid through moderately alkaline.

The C horizon has hue of 10YR, 2.5Y, or 5Y, value of 4 or 5, and chroma 3 through 6. Many
pedons have C horizons mottled with shades of brown, yellow or gray. It ranges from neutral to
moderately alkaline. Chalk bedrock is commonly light gray or pale yellow in color.

COMPETING SERIES: There are no other series in this family. Closely similar soils include
the Brooksville, LaCerda, Louin, Naclina, Okolona, Redco, Terouge, and Vamont series. All of
these soils except LaCerda and Redco have less than 60 percent clay in their control section.

LaCerda and Redco soils have values of 4 or more within 30 cm of the surface and have mottles
associated with wetness.

GEOGRAPHIC SETTING: Houston soils are on nearly level to sloping uplands with slope
gradients of 0 to 8 percent. They are formed in alkaline clays and soft chalk. The climate is warm
and humid. Near the type location the average annual temperature is 67 degrees F. and the
average annual precipitation is about 51 inches.

GEOGRAPHICALLY ASSOCIATED SOILS: These include the Binnsville, Catalpa,
Demopolis, Sumter, and Vaiden series. Binnsville and Demopolis soils have chalk within 20
inches of the surface. Catalpa soils have irregular distribution of organic matter and less than 60
percent clay in the control section. Sumter soils have more than 40 percent calcium carbonate
equivalent and lack intersecting slickensides. Vaiden soils are more acid and have distinct or
prominant mottles within 20 inches of the surface.

DRAINAGE AND PERMEABILITY: Moderately well drained. Runoff is medium to rapid
and permeability is slow.

USE AND VEGETATION: Used mainly for pasture and hay crops. Some acreage is sed for
soybeans.

DISTRIBUTION AND EXTENT: The Blackland Prairies of Alabama and Mississippi;
possibly Arkansas, Louisiana, and Texas. The series is extensive.

MLRA OFFICE RESPONSIBLE: Auburn, Alabama

SERIES ESTABLISHED: Brazoria County, Texas; 1902.

REMARKS: The Houston series was formerly classified in the Grumusols great soil group.
ADDITIONAL DATA: The typical pedon is characterized in the Southern Cooperative Series
N. 130, entitled @Properites of Alabama and Mississippi Black Belt Soils,@ published at

Auburn University, February 1968. The pedon is Houston N. 28 - Ala., described on page 34 of
that publication.




National Cooperative Soil Survey, U. S. A.
HOUSTON BLACK SERIES

The Houston Black series consists of very deep, moderately well drained, very slowly permeable
soils that formed from weakly consolidated calcareous clays and marls of Cretaceous Age. These

soils are on nearly level to moderately sloping uplands. Slopes are mainly 1 to 3 percent, but
range from 0 to 8 percent.

TAXONOMIC CLASS: Fine, smectitic, thermic Udic Haplusterts

TYPICAL PEDON: At center of microdepression--pasture. (Colors are for dry soil unless
otherwise stated.) ‘

A1--0 to 8 inches; very dark gray (10YR 3/1) clay, black (10YR 2/1) moist; moderate fine
subangular blocky and moderate medium granular structure; extremely hard, very firm, very
sticky and plastic; many fine roots; common very fine pores; common medium wormcasts; few
fragments of snail shells; many very fine shiny faces of peds; few fine black concretions; few
fine calcium carbonate concretions; strong effervescence; moderately alkaline; clear wavy
boundary. (6 to 12 inches thick)

A2--8 to 24 inches; very dark gray (10YR 3/1) clay, black (10YR 2/1) moist; moderate fine and
very fine angular blocky natural fragments that form wedge like shapes peds; extremely hard,
very firm, very sticky and very plastic; common fine roots; common very fine pores; shiny
surfaces on many fine and very fine natural soil fragments; few fine black concretions; few fine

calcium carbonate concretions; strong effervescence; moderately alkaline; gradual wavy
boundary. (0 to 20 inches thick)

Bss--24 to 38 inches; dark gray (10YR 4/1) clay, very dark gray (10YR 3/1) moist; strong coarse
angular blocky natural fragments that form wedge shaped peds: extremely hard, very firm, very
sticky and very plastic; few fine roots; common very fine pores; many intersecting slickensides
shiny surfaces on many fine, medium, and coarse ped faces; few fine black concretions; few fine

calcium carbonate concretions; strong effervescence; moderately alkaline; clear wavy boundary.
(0 to 20 inches thick)

Bssk1--38 to 80 inches; grayish brown (10YR 5/2) clay, dark grayish brown (10YR 4/2) moist;
few medium distinct olive brown (2.5YR 4/4) and many coarse faint gray (10YR 5/1) mottles;
strong coarse angular blocky natural fragments that form wedge shaped peds; extremely hard,
very firm, very sticky and very plastic; few fine roots; few very fine pores; many intersecting
slickensides shiny surfaces on many fine, medium, and coarse ped faces; few fine dark gray
vertical streaks; few fine black concretions and soft brown masses; few fine and medium calcium

carbonate concretions and soft masses; violent effervescence; moderately alkaline; gradual wavy
boundary. (10 to 50 inches thick)



Bssk2--80 to 104 inches; coarsely and distinctly mottled light olive brown (2.5Y 5/4) and gray
(10YR 6/1) clay; common fine faint olive brown mottles; weak medium and coarse angular
blocky natural fragments that form wedge shaped peds; very firm, very sticky and very plastic;
few very fine roots and pores; many prominent slickensides; few fine soft brown masses; few
medium soft masses of calcium carbonate; violent effervescence; moderately alkaline.

TYPE LOCATION: Travis County, Texas; from intersection of Farm Road 973 and U. S.
Highway 290 in Manor, 3.5 miles east on U. S. Highway 290, 2.4 miles northeast on Farm Road
1100, 1.0 mile northwest and 3.0 miles northeast on Manda Road, 0.5 mile southeast on Lund
Road, 900 feet southwest on field road, 105 feet east in pasture.

RANGE IN CHARACTERISTICS: Thickness of the combined A and B horizons is more than
80 inches. The weighted average clay content of the particle size control section is 40 to 60
percent The soil is usually moist, but when dry it has cracks ranging from 0.5 to 4 inches wide
extend from the surface to a depth of 12 inches or more Cracks remain open for 90 to 150
cumulative days in most years. Slickensides begin at depths ranging from about 16 to 24 inches
below the soil surface. The soil is clayey throughout with dominant textures being clay or silty
clay. Some pedons have 15 to 30 percent by volume of siliceous and other pebbles in the upper
12 inches. Dominant textures are clay or silty clay in the upper 12 inches. When dry the surface
has a granular mulch about 1/2 inch thick of extremely hard discrete granules. Cycles of
microdepressions and microknolls are repeated each 10 to 24 feet. In virgin areas, microknolls
are 3 to 18 inches higher than microdepressions. Chromas are less than 1.5 to depths of 30 to 60
inches in the center of microdepressions and 10 to 18 inches in the center of microknolls. The
extremes of amplitude or waviness of the boundary between the A and B horizons vary from
about 20 to 48 inches from the center of the microknoll to the center of the microdepression.

The A horizons have hue of 10YR to 5Y, value of 2 to 4, and chroma of 0 or 1. Soil reaction is
moderately alkaline and calcareous, however, in the center of the microdepressions, the reaction
ranges from slightly alkaline to moderately alkaline.

The Bss horizon has hue of 10YR, value of 2 to 4 and chroma of 0 to 1. Chroma ranges to 2 in
some pedons: The lower B horizons have hue of 10YR, 2.5Y or 5Y, value of 4 to 7, and chroma
of 2 to 6. The grayish brown and dark grayish brown colors occur in microdepressions and

grayish brown to olive or yellow colors occur in microknolls. In some pedons chroma ranges to 8
in microknolls.

The lower B or Bk horizon has olive, brown and yellow mottles or is olive to yellow with gray
mottles. Calcium carbonate content in the form of masses, threads and concretions range from
few to many with total carbonate content ranging from 2 to 35 percent.

Water worn gravel of chert and quartzite are on the surface or within the A and B horizons of
some pedons. Few weakly cemented iron manganese oxide concretions ranging from 1 to 5 mm
in diameter occur throughout the soil.

COMPETING SERIES: These are the Bleiblerville, Branyon, Burleson, Clarita, Dimebox,
Fairlie, Heiden, Leson, Luling, Ovan, Sanger, Slidell, Tamford, and Watonga soils. Bleiblerville




soils are formed on Tertiary age sediments. Branyon soils are on terraces and have less amplitude
of waviness. Burleson and Leson soils on terraces and are non-calcareous in the surface layer.
Clarita soils have hue of 7.5YR or redder in the subsoil.. Dimebox is non-calcareous in the
surface. Fairlie soils have a paralithic contact with chalk at 40 to 60 inches. Heiden, Luling,
Ovan and Sanger soils have matrix chroma of 2 or more throughout and Ovan soils are on flood
plains. Slidell soils contain more calcium carbonate in the control section and are underlain by
marl. Tamford soils have hue of 7.5YR or redder in the subsoil. Watonga soils have sola less
than 60 inches thick and are in slightly cooler climates

GEOGRAPHIC SETTING: Houston Black soils are on nearly level to sloping uplands. Slopes
range from 0 to 8 percent, but are mainly 1 to 3 percent. The soil formed in calcareous clays and
marls mainly of the Taylor Marl geological formation. In places, the substrata are chalks or
shales. The climate is warm and subhumid. The mean annual precipitation ranges from 28 to 42
inches and the mean annual temperature ranges from 63 to 70 degrees F. Frost free days range

from 220 to 250 days and elevation ranges from 400 to 1000 feet. Thornthwaite annual P-E
indices range from 44 to 66.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Burleson, Branyon, Fairlie,
Heiden and Ovan in the same family.and the similar Austin and Ferris soils. Burleson, Branyon
and Ovan soils are on lower positions. Heiden soils are on similar landscapes with Houston
Black. Austin soils are on slightly higher positions. Austin soils are underlain by chalk 20 to 40
inches dry, and prairie soils have chalk at 40 to 60 inches in depth. Ferris soils are on slightly

sloping hillsides and have moist color values more than 3.5 and chroma more than 1.5 in the
upper 12 inches.

DRAINAGE AND PERMEABILITY: Moderately well drained. Slow to rapid surface runoff.

Water enters the soil rapidly when it is dry and cracked, and very slowly when it is moist.
Permeability is very slow.

USE AND VEGETATION: Nearly all is cultivated and used for growing cotton, sorghums, and
corn. Cotton root rot is prevalent on most areas and limits cotton yields and the use of some
legumes in rotations. Native vegetation consists of tall and mid grass prairies of little bluestem,

big bluestem, indiangrass, switchgrass, and sideoats grama, with scattered elm, mesquite, and
hackberry trees.

DISTRIBUTION AND EXTENT: The Blackland Prairies and eastern part of the Grand
Prairies of Texas. The series is extensive.

MLRA OFFICE RESPONSIBLE: Temple, Texas

SERIES ESTABLISHED: Brazoria County, Texas; 1902. The word "Black" was capitalized in
the correlation of Kaufman County in 1947.

REMARKS: Diagnostic horizons and features recognized in this pedon are:

Mollic epipedon - 0 to 38 inches



Vertic features - slickensides at a depth of 24 to 80 inches depth. High shrink-swell potential and
cracks that are 1/2 to 4 inches wide at 12 inch depths during dry periods.

ADDITIONAL DATA: E. H. Templin, I. C. Mowery, and G. W. Kunze, Houston Black clay
the Type Grumusol: Soil Science Society of American Proceedings, Vol. 20, No.1, January
1956. SSIR-30, S53TX-70-1, S54TX-14-90. National Soil Survey Laboratory, S77TS-027-001,
S77TX-027-002, S78TX-027-003.

SIR Number. TX0093

National Cooperative Soil Survey, U.S.A.

HOWE SERIES

The Howe series consists of moderately deep, well drained, moderately permeable soils that
formed in weakly cemented chalk interbedded with marl of Upper Cretaceous Age. These soils

are on gently sloping to strongly sloping uplands. Slopes are dominantly 5 to 12 percent but
range from 3 to 12 percent.

TAXONOMIC CLASS: Fine-silty, carbonatic, thermic Udic Haplustepts

TYPICAL PEDON: Howe silty clay loam--pasture. (Colors are for dry soil unless otherwise
stated.)

A--0 to 7 inches; grayish brown (10YR 5/2) silty clay loam, dark grayish brown (10YR 4/2)
moist; moderate medium subangular blocky and fine granular structure; hard, firm; common fine
and medium roots; common wormcasts; few weakly cemented fragments of chalk that are less
than 10 mm in diameter; calcium carbonate equivalent is about 60 percent; calcareous,
moderately alkaline; gradual smooth boundary. (5 to 13 inches thick)

Bk1--7 to 15 inches; light gray (10YR 7/2) silty clay loam, light brownish gray (10YR 6/2)
moist; moderate fine subangular blocky structure; hard, firm; common fine roots; common
wormcasts; few weakly cemented fragments of chalk that are less than 5 mm in diameter;
calcium carbonate equivalent about 60 percent; calcareous, moderately alkaline; gradual wavy
boundary. (7 to 20 inches thick)

Bk2--15 to 26 inches; very pale brown (10YR 7/3) silty clay loam, pale brown (10YR 6/3)
moist; moderate fine subangular blocky structure; hard, firm; few fine roots; about 27 percent
weakly cemented platy fragments of chalk that are slightly hard dry, but break down on wetting
and gentle rubbing; calcium carbonate equivalent about 60 percent; few threads and films of

calcium carbonate; calcareous, moderately alkaline; gradual wavy boundary. (4 to 17 inches
thick.)



Cr--26 to 32 inches; white (10YR 8/1) weakly cemented platy chalk with few thin seams of very
pale brown silty clay loam in the upper part in vertical fractures and between plates of chalk;
rock structure, distinct horizontal bedding; slightly hard to hard when dry, but can be easily cut

with spade when moist; hardness less than about 2 on Mohs scale; calcareous, moderately
alkaline.

TYPE LOCATION: Grayson County, Texas; from the intersection of U. S. Highway 82 and
Texas Highway 11 in Sherman, Texas; 3.9 miles southeast on Texas Highway 11 to Luella; 0.1

mile west on paved county road; south 1.7 miles on paved county road to gate at the Holloway
Cemetery; 25 feet west of road right-of-way in pasture.

RANGE IN CHARACTERISTICS: Solum thickness ranges from 20 to 40 inches. Calcium
carbonate equivalent of the control section ranges from 40 to about 80 percent. The texture of the
soil is silty clay loam, silty clay or clay loam, with total clay content ranging from 30 to 45
percent and silicate clay content ranging from 25 to 35 percent.

The A horizon has colors with hue of 10YR, value of 4 to 6, and chroma of 2 or 3. Where moist
values and chromas are less than 3.5, the A horizon is less than 7 inches thick. Fragments of
weakly cemented chalk range from none to common.

The B horizons have colors with hue of 10YR or 2.5Y, value of 5 or 6, and chroma of 2 to 4.
Some pedons have few to common yellow or brown mottles in the lower B horizon. The B
horizons are silty clay loam, clay loam or silty clay. Pseudo rock fragments of chalk range from
none to about 20 percent by volume in the upper B horizon and from about 5 percent 35 percent
by volume in the lower B horizon. The fragments are hard to slightly hard when dry, but

disintegrate upon overnight soaking in calgon and water. Platy fragments of calcite range from
none to few.

The Cr horizon is white, light gray, very pale brown, or light brownish gray weakly cemented
platy chalk or brittle marl. The upper few inches has thin seams of yellowish brown, brownish
yellow, very pale brown, or pale yellow silty clay loam in fractures and between plates of chalk.
The chalk becomes more massive and less fractured with depth. The chalk is easily cut with a
spade when moist.

COMPETING SERIES: These include the Altoga and McLennan in the same family and the
similar Austin, Brackett, Cuthand, Ellis, Lamar, Seawillow, and Whitewright series. Altoga,
Lamar, McLennan and Seawillow soils lack a paralithic contact with chalk. In addition, Lamar
soils have mixed mineralogy and Seawillow soils have fine-loamy control sections. Austin soils
have mollic epipedons. Brackett and Whitewright soils have sola less than 20 inches thick.

Cuthand soils have coarse-silty control sections. Ellis soils have COLE values of .09 or more and
are noncalcareous.

GEOGRAPHIC SETTING: Howe soils are on upland ridges and upper sideslopes. Slope
gradients are mostly 5 to 12 percent but range from 3 to 12 percent. The soil formed in weakly
cemented marine chalk interbedded with marl, mainly of the Austin Group of Upper Cretaceous



Age. Mean annual precipitation ranges from about 35 to 41 inches. The mean annual temperature
ranges from 63 degrees to 66 degrees F. and the Thornthwaite P-E index ranges from 56 to 66.

GEOGRAPHICALLY ASSOCIATED SOILS: These include the competing Altoga, Austin,
and Whitewright series and the Eddy, Fairlie and Lewisville series. Altoga and Lewisville soils
are on lower lying stream terraces. Lewisville soils have mollic epipedons and lack a paralithic
contact with chalk. Austin and Fairlie soils are on higher lying uplands. Fairlie soils have

intersecting slickensides and wide cracks when dry. Eddy and Whitewright soils are in similar
positions.

DRAINAGE AND PERMEABILITY: Well drained; medium runoff; moderate permeability.

USE AND VEGETATION: Used mostly for pasture. The main grasses are common and
improved bermudagrass and K. R. bluestem. Native vegetation includes little bluestem, silver
bluestem, sideoats grams, Texas wintergrass, threeawn with scattered elm and oak trees. A few

areas are cultivated with cotton, small grain, and grain sorghum being the main crops grown.

DISTRIBUTION AND EXTENT: The Blackland Prairie of north-central Texas. The soil is
moderately extensive.

MLRA OFFICE RESPONSIBLE: Temple, Texas

SERIES ESTABLISHED: Grayson County, Texas; 1977.

REMARKS: Howe soils have formerly been included in the Austin series.
Classification was changed 11/89 from Typic Ustochrepts to Udic Ustochrepts.
Diagnostic horizons and features recognized in this pedon are:

Ochric epipedon - 0 to 7 inches, the A horizon.

Cambic horizon - 7 to 26 inches the Bk horizon.

Paralithic contact of chalk at a depth of 26 inches.

National Cooperative Soil Survey, U.S.A.
LESON SERIES

The Leson series consists of very deep, moderately well drained, very slowly permeable soils
that formed in alkaline shales and clays. These soils are on nearly level or gently sloping
uplands. Slopes range from 0 to 5 percent.



TAXONOMIC CLASS: Fine, smectitic, thermic Udic Haplusterts

TYPICAL PEDON: Leson clay--cropland. Midway between microhigh and microlow. (Colors
are for dry soil unless otherwise stated.)

Ap--0 to 10 inches; very dark gray (10YR 3/1) clay, black (10YR 2/1) moist; moderate fine
angular blocky structure; on the surface there is a one-half inch layer that has moderate medium
granular structure; extremely hard, very firm; common shiny pressure faces; few fine black
concretions; moderately alkaline; gradual wavy boundary. (3 to 20 inches thick)

Bss--10 to 30 inches; very dark gray (10YR 3/1) clay, black (10YR 2/1) moist; weak coarse
angular blocky structure parting to moderate medium angular blocky; extremely hard, very firm;
common intersecting slickensides and wedge-shaped peds having long axis tilted 30 to 45
degrees from the horizontal; few fine iron-manganese concretions; moderately alkaline; gradual
wavy boundary. (6 to 40 inches thick)

Bkss--30 to 60 inches; pale olive (5Y 6/3) clay, olive (5Y 5/3) moist; common medium and
coarse distinct very dark gray (10YR 3/1) and many fine faint light olive brown (2.5Y 5/6)
mottles; moderate fine angular blocky structure; very hard, firm; common slickensides; common
fine and medium calcium carbonate concretions and few masses of calcium carbonate; lower part
of layer contains few shale fragments; slightly effervescent; moderately alkaline; gradual wavy
boundary. (15 to 30 inches thick)

Ck--60 to 80 inches; olive gray (5Y 5/2) weakly consolidated shale that has clay texture; with
alternating layers of light olive brown (2.5Y 5/6); evident bedding planes; extremely hard, very
firm; few slickensides; contains approximately 10 percent calcium carbonate in the form of

concretions and masses; few iron-manganese concretions; strongly effervescent; moderately
alkaline.

TYPE LOCATION: Hopkins County, Texas; from intersection of Texas Highway 11 and 19 in
Sulphur Springs, 10.8 miles west on Highway 11; 225 feet north in field.

RANGE IN CHARACTERISTICS: Solum thickness range from 60 to 80 inches. The
weighted average clay content of the particle size control section ranges from 40 to 60 percent.
When dry cracks 1/2 to 3 inches extend from the surface to a depth of more than 12 inches. In
undisturbed areas there is gilgai microrelief. Distance between the microknoll and
microdepression ranges from 4 to about 16 feet. There are few to many slickensides below a
depth of about 15 inches. About 55 to 80 percent of the pedon has matrix colors of chroma 2 or
more within 40 inches of the soil surface. Carbonates are below the A horizon and ranges from 9
to 60 inches.

The A horizons have hue of 10YR to 5Y and N, value of 2 to 4, and chroma of 0 or 1. Some
pedons contain a few mottles in colors and shades of brown and olive in the lower part. The A
horizon ranges from 12 to 20 inches thick on microknolls and 30 to 60 inches thick in
microdepressions. It is clay or silty clay and is slightly acid to moderately alkaline.



The Bss horizons have hue of 10YR to 5Y, value of 2 and chroma of 0 to 1 in the upper part and
value of 3 to 5, and chroma of 2 to 4 in the lower part. There are few to many mottles in colors
and shades of gray, brown, and yellow. It is calcareous or noncalcareous clay or silty clay and

typically contains few to common calcium carbonate concretions and soft masses. The Bkss
horizon is neutral to moderately alkaline.

The Ck horizon has hue of 10YR to 5Y, value of 4 to 6 and chroma of 2 to 6. It is stratified clay
and weakly consolidated shale; bedding planes are evident in most pedons. Few to common
concretions and soft masses of calcium carbonate are in most pedons. Gypsum crystals range
from none to common. The Ck horizon is mildly or moderately alkaline.

COMPETING SERIES: These are the Bleiberville, Branyon, Burleson, Clarita, Dimebox,
Fairlie, Heiden, Houston Black, Luling, Ovan, Sanger, Slidell, Tamford and Watonga series.
Bleiberville, Branyon, Fairlie, Heiden, Houston Black, Ovan, Sanger, and Slidell are calcareous
in the surface layer. Burleson soils have matrix chrmas of 1 or less throughout the upper 40
inches. Clarita and Tamford soils have hue of 7.rYR or redder in the subsoil. Dimebox soils have
ironstone pebbbles and contin calcium sulfate in all parts of the pedon. Fairlie soils are underlain
by chalk at 40 to 60 inches depth. Luling soils have chroma of 1.5 or more in the surfae layers.
Watonga soils have sola less than 60 inches thick, and are in slighly cooler climates.

GEOGRAPHIC SETTING: Leson soils are on nearly level to gently sloping uplands. Slope
gradients range from 0 to 5 percent, but mainly are 1 to 3 percent. The soil formed in alkaline
shales and clays. The climate is warm and subhumid. The mean annual precipitation ranges from
34 to 44 inches and mean annual average temperature ranges from 63 to 70 degrees F. Frost free

days range from 230 to 260 days and elevation ranges from 350 to 750 feet. Thornthwaite annual
P-E indices are 44 to 72.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the competing Branyon, Burleson,
Houston Black and Heiden in the same family.also the Ferris and Wilson series. Heiden and
Ferris soils have A horizons with chroma 1 of 2. Wilson soils have loamy surface layers and firm
textured Bt horizons. Ferris, Heiden, and Houston Black are on higher areas. Branyon, Burleson
and Wilson are in similar or slightly lower positions.

DRAINAGE AND PERMEABILITY: Moderately well drained. Runoff is medium;

Permeability is very slow. Water enters the soil rapidly when it is dry and cracked, and very
slowly when it is moist.

USE AND VEGETATION: Mainly cultivated and used for crops such as cotton, grain
sorghums, and corn. Native grasses are mainly bluestem, indiangrass, and gramas. Improved

pastures are planted to bermudagrass and lovegrass. Scattered trees include bois d'arc, hackberry,
elm, post oak, and locust.

DISTRIBUTION AND EXTENT: The Blackland Prairies of Texas. The series is extensive.

MLRA OFFICE RESPONSIBLE: Temple, Texas



SERIES ESTABLISHED: Hopkins County, Texas; 1973.

REMARKS: The soil was formerly included in the Burleson or Hunt series.
Diagnostic horizons and features recognized in this pedon are:

Mollic epipedon - 0 to 30 inches

cambic horizon - 30 to 60 inches.

Vertic features - Slickensides at a depth of 10 to 60 inches. High shrink-swell potential and
cracks that are 1/2 to 3 inches wide at a depth of 12 inches or more during dry periods.

SIR Number. TX0074

National Cooperative Soil Survey, U.S.A.

NORMANGEE SERIES

The Normangee series consists of soils that are deep to weakly consolidated shale. They are
moderately well drained, very slowly permeable soils that formed in Cretaceous Age clay

materials. These soils are on nearly level to moderately sloping uplands. Slopes range from 0 to 8
percent.

TAXONOMIC CLASS: Fine, smectitic, thermic Udertic Haplustalfs

TYPICAL PEDON: Normangee clay loam - pastureland. (Colors are for dry soil unless
otherwise stated.)

Ap--0 to 7 inches; dark grayish brown (10YR 4/2) clay loam, very dark grayish brown (10YR
3/2) moist; weak medium angular blocky structure; very hard, firm; few dark ferromanganese

concretions and few rounded pebbles of quartz; slightly acid; clear wavy boundary. (4 to 9 inches
thick)

Bt1--7 to 18 inches, brown (10YR 5/3) clay, dark brown (10YR 4/3) moist; few fine distinct
mottles of yellowish brown (10YR 5/6), dark grayish brown (10YR 4/2), and reddish brown
(5YR 4/4); moderate medium angular blocky structure; extremely hard, extremely firm; few fine
ferromanganese concretions and pebbles of quartz; distinct clay films on peds; medium acid;
gradual smooth boundary. (8 to 16 inches thick)

Bt2--18 to 34 inches; brown (10YR 5/3) clay, brown (10YR 4/3) moist; few fine faint mottles of
olive brown and yellowish brown; moderate medium and fine angular blocky structure; distinct



clay films on peds; extremely hard, extremely firm; distinct clay films on face of peds; neutral;
gradual smooth boundary. (12 to 20 inches thick)

Bt3--34 to 44 inches, light yellowish brown (2.5Y 6/4) clay, light olive brown (2.5Y 5/4) moist;
common fine and medium distinct mottles of yellowish brown (10YR 5/8) and olive yellow
(2.5Y 6/8); weak fine angular blocky structure; extremely hard, extremely firm; few clay films;

few fine soft masses of calcium carbonate; moderately alkaline; gradual smooth boundary. (6 to
15 inches thick)

Ck--44 to 64 inches; very pale brown (I0YR 7/3) weakly consolidated shale; that has clay
texture; yellowish brown (10YR 5/4) moist; massive; few fine distinct mottles of brownish

yellow and brown; extremely hard, very firm; common soft masses of calcium carbonate up to
about 1/2 inch. i. size; moderately alkaline.

TYPE LOCATION: Anderson County, Texas; about 4.0 miles northwest of Cayuga; about 1.5
miles west of Cayuga, 1.8 miles north of U.S. Highway 287 and 1.75 miles west on county road.

RANGE IN CHARACTERISTICS: Solum thickness ranges from 40 to 60 inches. Depth to
secondary carbonates is greater than 30 inches. Some pedons lack visible carbonates. The clay
content of the control section averages 40 to 50 percent. The COLE values range from .07. to .10
The soil has cracks 1/2 inch wide to a depth of more than 20 inches when dry.

The A horizon has hue of 7.5YR or 10YR, value of 4 to 6, and chroma of 2 to 4. The texture is

sandy clay loam, loam, clay loam or their gravelly counterparts. It is hard or very hard when dry.
Reaction ranges from medium acid to neutral.

The upper Bt horizon has matrix with hue of SYR, 7.5YR to 10YR, value of 4 or 5, and chroma
of 3 or 4. Reddish and brownish mottles range from few to common. Lower Bt horizons are in
shades of brown or olive in hue of 10YR or 2.5Y with or without mottles in shades of yellow,
brown, or red. The texture of the Bt horizon is clay, however, some pedons have clay loam lower
B horizons. Reaction of the upper Bt horizon ranges from medium acid to moderate;y alkaline.
Reaction of the lower Bt horizon ranges from slightly acid to moderately alkaline. Some pedons

are calcareous in the lower part. Calcium carbonate in the form of concretions and masses ranges
from none to common.

The C horizon is weakly consolidated shale with clay texture that is stratified with clay loam,
clay and shaly clay. Colors are in shades of gray, olive, yellow and brown. The reaction ranges

from neutral to moderately alkaline. Some pedons are calcareous. Visible carbonates range from
none to common.

COMPETING SERIES: There are no other series in the same family. Similar soils are the
Axtell, Bazette, Chaney, Crockett, Payne, Ponder and Steedman series. Axtell, Chaney, and
Crockett soils have an abrupt texture change between the A and Bt horizon. Bazette and Payne

soils lack vertic properties. Ponder soils have sola more than 60 inches thick and Steedman soils
have sola 20 to 40 inches thick.




GEOGRAPHIC SETTING: Normangee soils occur on nearly level to moderately sloping
uplands. Slope gradients are predominantly 1 to 6 percent, but range from 0 to 8 percent. The soil
formed in alkaline marine sediments of shale, clay, and sandy clay underlain in places by
sandstone or limestone. Mean annual temperature ranges from 67 F. and mean annual
precipitation ranges from 32 to 42 inches. Frost free days range from 220 to 270 days and
elevation ranges from 350 to 800 feet. Thornthwaite annual P-E indices are 50 to 70.

GEOGRAPHICALLY ASSOCIATED SOILS: These include the competing Axtell and
Crockett series and the Ellis and Wilson soils. Axtell and Crockett soils are on similar positions.
The Ellis soils are clayey throughout and are on similar or more sloping positions. Wilson soils
are gray throughout and are on flat, wetter positions.

DRAINAGE AND PERMEABILITY: Moderately well drained. Runoff is slow to rapid;
Permeability is very slow.

USE AND VEGETATION: Principal use is pasture. A few areas are farmed to cotton, grain
sorghum, small grain, or corn. Native vegetation is thin strands of postoak with bluestems,

Indiangrass, switchgrass, and grama grasses in open areas.

DISTRIBUTION AND EXTENT: Blackland Prairie and Texas Claypan areas; possibly in the
Cross Timbers areas of Texas and Oklahoma. The series is of moderate extent.

MLRA OFFICE RESPONSIBLE: Temple, Texas

SERIES ESTABLISHED: Anderson County, Texas; 1970.
REMARKS: Formerly included in the Crockett and Payne series.
Diagnostic horizons and features recognized in this pedon are:
Ochric epipedon - 0 to 7 inches, the Ap horizon. (Ap horizon)
Argillic horizon - 7 to 44 inches the Bt horizon. (the Bt horizons)

Soil has high shrink-swell, and cracks when dry.

National Cooperative Soil Survey, U.S.A.

STEPHEN SERIES

The Stephen series consists of shallow, well drained, moderately slowly permeable soils formed
in interbedded marl and chalky limestone. These soils are on gently sloping to sloping uplands.
Slopes are mainly 1 to 5 percent but range from 1 to 8 percent.



TAXONOMIC CLASS: Clayey, mixed, active, thermic, shallow Udorthentic Haplustolls

TYPICAL PEDON: Stephen silty clay--cropland. (Colors are for dry soil unless otherwise
stated.)

Ap--0 to 8 inches; dark brown (7.5YR 4/2) silty clay, dark brown (7.5YR 3/2) moist; moderate
fine subangular blocky and granular structure parting to very fine subangular blocky structure;
hard, firm, sticky, plastic; many fine roots; few fine chalk fragments; calcareous, moderately
alkaline; abrupt wavy boundary. (7 to 20 inches thick)

C/A--8 to 12 inches; about 65 percent platy chalk fragments and platy chalk in place and about
35 percent dark brown (7.5YR 3/3) moist silty clay in the horizontal and vertical crevices and
between the loose chalk fragments; few to strongly cemented cobblestones and limestone; few

fine roots; few fine pores; calcareous, moderately alkaline; abrupt irregular boundary. (0 to 6
inches thick)

Cr--12 to 28 inches; pink (5YR 8/3) and white (10YR 8/2) platy chalk this is less hard than 3,
Mohs scale; few thin tongues of dark brown calcareous silty clay in crevices between some chalk
plates.

TYPE LOCATION: McLennan County, Texas; from the intersection of Farm Road 1695 and
Farm Road 2837 in Lorena, 0.6 mile northwest on Farm Road 2837 to intersection with county
road, 300 feet west and 100 feet north of intersection in cropland.

RANGE IN CHARACTERISTICS: Solum thickness to chalky limestone ranges from 7 to 20
inches. The chalky limestone, when moist, can be cut with a spade. The layer below the A
horizon ranges from 40 to 80 percent or more calcium carbonate equivalent.

The A horizon has hue of 7.5YR or 10YR; value of 3 to 5, and chroma of 1 to 3. It is clay, silty
clay, silty clay loam, or clay loam with 35 to 55 percent clay. Chalk fragments in the A horizon
range from 2 to 15 percent by volume. Olive mottles or streaks range from none to common in

the lower part to the A horizon. The lower boundary of the A horizon ranges from wavy to
irregular.

The C/A or A/C horizons, where present, have color and texture similar to those of the A and Cr
horizons.

The Cr horizon is interbedded chalk and limy earths or soft limestone and limy earths. It has hue
of 5YR to 10YR in shades of pink, white, and gray.

COMPETING SERIES: There are no series in the same family. Similar soils are Brackett,
Castephen, Doss, Eckrant, Purves, Real, and Whitewright series. Brackett and Whitewright soils
lack a mollic epipedon. Brackett, Castephen, Doss, Real, and Whitewright soils have carbonatic
mineralogy and contain less than 35 percent silicate clay. Eckrant and Purves soils have a Lithic
contact with indurated limestone. In addition, Eckrant and Real soils contain more than 35
percent coarse fragments.




GEOGRAPHIC SETTING: Stephen soils are on uplands. Surfaces are plane to convex, with
gradients mainly less than 5 percent, but range from 1 to 8 percent. The soils formed in
interbedded chalk, marl, or soft limestone rubble, mainly of the Austin Formation. The climate is
warm and subhumid; mean annual precipitation ranges from 30 to 42 inches, mean annual
temperature from 63 to 69 degrees F., and the Thornthwaite annual P-E indices from 44 to 66.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Altoga, Austin, Brackett, Eddy,
and Lott series. All of these soils have carbonatic

mineralogy and less than 35 percent clay in the control section. In addition; Altoga, Brackett, and
Eddy do not have mollic epipedons.

DRAINAGE AND PERMEABILITY: Well drained; medium to rapid runoff; medium internal
drainage; moderately slow permeability.

USE AND VEGETATION: Mainly in cultivation and used for growing small grains. A few
areas are in native range. Native grasses are little bluestem, sideoats grama, hairy grama, and
buffalograss.

DISTRIBUTION AND EXTENT: The Blackland Prairie of Texas. The series is extensive.
MLRA OFFICE RESPONSIBLE: Temple, Texas

SERIES ESTABLISHED: Ellis County, Texas; 1962.

REMARKS: Classification was changed 11/89 from clayey, mixed, thermic, shallow Entic
Haplustolls to clayey, mixed, thermic, shallow Udorthentic Haplustolls.

Diagnostic horizons and features recognized in this pedon are:
Mollic epipedon - 0 to 8 inches, the Ap horizon.

Paralithic contact of chalk at a depth of 12 inches.

National Cooperaﬁve Soil Survey, U.S.A.

TRINITY SERIES

The Trinity series consists of very deep, moderately well drained, very slowly permeable soils on
flood plains. They formed in alkaline clayey alluvium. Slopes are typically less than 1 percent,
but range from 0 to 3 percent.

TAXONOMIC CLASS: Very-fine, smectitic, thermic Typic Hapluderts



TYPICAL PEDON: Trinity clay--pasture. (Colors are for moist soil unless otherwise stated.)

Ap--0 to 6 inches; very dark gray (5Y 3/1) clay, dark gray (5Y 4/1) dry; moderate fine and
medium granular and moderate fine subangular blocky structure; very hard, firm, sticky, very
plastic; many fine roots; common fine pores; strongly effervescent; moderately alkaline; clear
smooth boundary. (0 to 8 inches thick)

A--6 to 16 inches; very dark gray (5Y 3/1) clay, dark gray (5Y 4/1) dry; moderate medium
subangular blocky structure parting to very fine subangular blocky; very hard, firm, sticky, very
plastic; common fine roots; common fine pores; many prominent pressure faces; few very fine

concretions of calcium carbonate; strongly effervescent, moderately alkaline; gradual wavy
boundary. (8 to 24 inches thick)

Bss1--16 to 36 inches; very dark gray (5Y 3/1) clay, dark gray (5Y 4/1) dry; weak fine and very
fine subangular blocky structure; very hard, firm, sticky, very plastic; few fine roots; few fine
pores; many prominent pressure faces; common prominent grooved slickensides that increase
with depth; few very fine and fine concretions of calcium carbonate; strongly effervescent;
moderately alkaline; diffuse wavy boundary.

Bss2--36 to 64 inches; very dark gray (5Y 3/1) clay, dark gray (5Y 4/1) dry; weak coarse blocky
structure; very hard, very firm; few fine roots and pores; many prominent grooved slickensides;
common fine and medium distinct olive yellow (5Y 6/6) and yellowish brown (10YR 5/8) redox
concentrations; common fine and medium concretions of calcium carbonate; few hard black
concretions; strongly effervescent; moderately alkaline; diffuse wavy boundary.

Bss3--64 to 75 inches; dark olive gray (5Y 3/2) clay, olive gray (5Y 4/2) dry; weak coarse
angular blocky structure; very hard, very firm; common fine and medium distinct olive yellow
(2.5Y 6/6; 5Y 6/8) and few coarse distinct light olive brown (2.5Y 5/4) redox concentrations;
few prominent slickensides; common very fine and medium concretions of calcium carbonate;

common fine black concretions; strongly effervescent, moderately alkaline. (combined thickness
of Bss horizons is 40 to 70 inches)

TYPE LOCATION: Kaufman County, Texas; from intersection of old U.S. Hwy. 80 and Farm
Road 740 in Forney; 6.1 miles south on Farm Road 740; 0.45 mile south on oil top road which is
an extension of Farm Road 740; 54 feet east of fence.

RANGE IN CHARACTERISTICS: Solum thickness is more than 80 inches. Gilgai
microrelief is present in undisturbed areas but is subdued with the micro highs 2 to 6 inches
higher than the micro lows. When dry, cracks 1/4 to more than 1 inch wide extend to a depth of
20 inches or more for less than 90 cumulative days. Grooved slickensides typically begin at a
depth of 12 to 24 inches and increase in number and size with depth. Clay content of the control
section ranges from 60 to 80 percent. The soil is slightly alkaline or moderately alkaline and
slightly or strongly effervescent throughout.

The A horizon has hue of 10YR, 2.5Y, or 5Y, with values of 2 to 3 and chroma of 1.



The Bss or Bkss horizons have hue of 10YR, 2.5Y, or 5Y, value of 2 to 5, and chroma of 2 or
less. Few to common masses of redox concentrations in shades of yellow, brown, or olive are in

the lower part. Calcium carbonate in the form of masses, concretions, and threads range from
none to common.

COMPETING SERIES: These are the Billyhaw, Kaufman, and Wiergate series in the same
family and the Hallsbluff, Kaman, Pledger, Texark, Tinn, and Zilaboy series in similar families.
The Billyhaw soils have a solum less than 60 inches thick and colors with hue redder than 10YR.
Kaman, Kaufman, Texark, and Wiergate soils are noncalcareous in the A horizon. Hallsbluff,
Kaman, Tinn, and Zilaboy soils average less than 60 percent clay in the particle-size control
section. Kaman and Zilaboy soils are wet for longer periods. Pledger soils have a hyperthermic
temperature regime and, in addition, Pledger soils have sola less than 60 inches thick and colors
with hue redder than 10YR.

GEOGRAPHIC SETTING: Trinity soils are on nearly level, wide flood plains of major rivers
and streams. Slopes are mainly less than 1 percent but range up to 3 percent. The soil formed in
calcareous clayey alluvium. The climate is warm and humid to subhumid. The mean annual
precipitation ranges from 34 to 52 inches and mean annual temperatures range from 62 to 70
degrees F. Frost free days range from 230 to 280 days and elevation ranges from 100 to 550 feet.
Thornthwaite P-E indices range from 52 to about 70.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the competing Kaufman, Tinn, and
Zilaboy series and the Gladewater and Ovan series. Ovan soils have less than 60 percent clay in
the particle-size control section, have colors with chroma of 2 or 3 in the A horizon, and have
cracks that stay open longer than 90 cumulative days. Gladewater soils have aquic soil
conditions within a depth of 20 inches. Gladewater and Zilaboy soils are on slightly lower and
wetter positions. Kaufman, Tinn, and Ovan soils are on similar flood plain positions.

DRAINAGE AND PERMEABILITY: Moderately well drained. Runoff is low on 0 to 1

percent slopes and medium on 1 to 3 percent slopes. Permeability is very slow. Flooding is
common except where the soil is protected.

USE AND VEGETATION: Most areas are in pasture or planted to crops such as cotton, corn,
sorghums, or small grains. Native vegetation is hardwood forest of elm, hackberry, oak, and ash.

DISTRIBUTION AND EXTENT: North Central, Central, and South Central Texas. The series
is extensive.

MLRA OFFICE RESPONSIBLE: Temple, Texas
SERIES ESTABLISHED: Monroe County, Mississippi; 1908.

REMARKS: Diagnostic horizons and features recognized in this pedon are:



Mollic epipedon - the A horizon from 0 to 16 inches. Cambic horizon - the Bss horizon from 16
to 75 inches. Vertic properties - gilgai microrelief in undisturbed areas, slickensides at a depth of
16 to 75 inches, and cracks that remain open less than 90 cumulative days.

ADDITIONAL DATA: National Soil Survey Laboratory: S77TX-175-(78P068).

Soil Interpretation Record - Trinity (TX0101), commonly flooded (TX1189), frequently flooded
(TX1124), depressional (TX0919).

National Cooperative Soil Survey, U.S.A.

TINN SERIES

The Tinn series consists of very deep, moderately well drained, very slowly permeable soils that
formed in calcareous clayey alluvium. These soils are on flood plains of streams that drain the
Blackland Prairies. Slopes are dominantly less than 1 percent but range from 0 to 2 percent.

TAXONOMIC CLASS: Fine, smectitic, thermic Typic Hapluderts
TYPICAL PEDON: Tinn clay--cultivated. (Colors are for moist soil unless otherwise noted.)

Ap--0 to 6 inches; black (10YR 2/1) clay, very dark gray (10YR 3/1) dry; moderate coarse
angular blocky structure parting to moderate very fine and fine angular blocky structure; very
hard, very firm; plastic; few fine roots; few fine and medium pores; slightly effervescent;
moderately alkaline; abrupt smooth boundary. (4 to 8 inches thick)

A--6 to 18 inches; black (10YR 2/1) clay, very dark gray (10YR 3/1) dry; moderate coarse
angular blocky structure parting to moderate very fine and fine angular blocky; very hard, very
firm; few fine roots; few fine and medium pores; common pressure faces; few fine slickensides;
about 2 percent fine siliceous pebbles, and about 2 percent fine ironstone pebbles; few worm
casts; few medium grayish brown (2.5Y 5/2) streaks along root channels; slightly effervescent;
moderately alkaline; gradual wavy boundary. (6 to 15 inches thick)

Bss1--18 to 28 inches; black (10YR 2/1) clay, very dark gray (10YR 3/1) dry; moderate coarse
angular blocky structure parting to moderate fine and medium angular blocky; very hard, very
firm; few fine roots; few fine and medium pores; common fine pressure faces; common fine
slickensides; about 2 percent fine siliceous pebbles, and about 2 percent fine ironstone pebbles;
few worm casts; few medium grayish brown (2.5Y 5/2) streaks along root channels; slightly
effervescent; moderately alkaline; gradual wavy boundary. (8 to 20 inches thick)

Bss2--28 to 54 inches; black (10YR 2/1) clay, very dark gray (10YR 3/1) dry; moderate coarse
angular blocky structure parting to moderate fine and medium angular blocky structure; very
hard, very firm; few fine roots; few fine and medium pores; many prominent grooved



slickensides that range from 5 to 10 cm across; most slickensides are oriented at 45 degrees; few
fine black concretions; few medium calcium carbonate concretions that are pitted; about 2
percent siliceous pebbles; about 2 percent shell fragments; few worm casts; few coarse very dark

gray (10YR 3/1) masses; slightly effervescent; moderately alkaline; gradual wavy boundary. (0
to 30 inches thick)

Bss3--54 to 72 inches; very dark gray (10YR 3/1) clay, dark gray (10YR 4/1) dry; moderate
coarse angular blocky structure parting to moderate fine and medium angular blocky; very hard,
very firm; few fine roots; few fine and medium pores; common prominent grooved slickensides
up to 1 meter across, slickensides are oriented at 45 to 60 degrees; few fine and medium calcium
carbonate concretions that are pitted; few worm casts; slightly effervescent; moderately alkaline;
gradual wavy boundary. (10 to 24 inches thick)

Bkss--72 to 80 inches; very dark grayish brown (2.5Y 3/2) clay, dark grayish brown (2.5Y 4/2)
dry, moderate coarse angular blocky structure parting to moderate fine and medium angular
blocky; very hard, very firm; few fine roots; few fine and medium pores; few fine grooved
slickensides up to 50 cm across, slickensides are oriented at 45 to 60 degrees; common fine and
medium calcium carbonate concretions; few fine and medium masses of gypsum; few black
(10YR 2/1) streaks; slightly effervescent; moderately alkaline.

TYPE LOCATION: Limestone County, Texas; from the intersection of Farm Road 171 and
Farm Road 73 in Coolidge, 2.8 miles northeast on Farm Road 73, 0.6 miles north on county road,
and 400 feet east on Pin Oak Creek floodplain in cropland.

RANGE IN CHARACTERISTICS: Solum thickness is greater than 80 inches. Reaction is
slightly alkaline or moderately alkaline. Effervescence ranges from very slight to strong.
Weighted average clay content of the particle size control section ranges from 40 to 60 inches.
Texture is silty clay or clay throughout. Undisturbed areas have subdued gilgai, with microhighs
2 to 6 inches higher than microlows. Slickensides and/or wedge-shaped aggregates begin at
depths from 6 to 20 inches, becoming more distantly expressed between 20 and 60 inches. The
soil cracks when dry and the cracks are 0.5 inch to about 2 inches wide and extend to a depth of
more than 12 inches. The cracks remain open from 60 to 90 cumulative days in most years.

The A horizon has dark colors in hue of 10YR to 5Y, value of 2 or 3, and chroma of 1. Texture is
silty clay or clay.

A Bw horizon is present in some pedons. Where present, the colors and textures are similar to
those of the A horizon.

The Bss and Bkss horizons have hue of 10YR to 5Y, value of 3 to 6, and chroma of 1 to 4.
Redox concentrations in shades of brown, olive or yellow range from none to common. Calcium
carbonate masses and concretions range from none to common.

COMPETING SERIES: These are the Eastham and Hallsbluff series. Similar soils are the
Branyon, Burleson, Kaufman, and Trinity soils. Eastham soils are not calcareous in the upper 20
inches. Hallsbluff soils have a mollic epipedon with chroma of 2. Branyon and Burleson soils are




Usterts. In addition, Burleson soils are noncalcareous in the upper 20 inches. Kaufman and
Trinity soils have very-fine control sections.

GEOGRAPHIC SETTING: Tinn soils are on nearly level flood plains. Slopes are mainly less
than 1 percent, but some are as much as 2 percent. The soil formed in calcareous clayey
alluvium. Mean annual precipitation ranges from 32 to 42 inches, and mean annual temperature
ranges from 64 to 68 degrees F. Frost free days range 230 to 270 days and elevation ranges from
250 to 550 feet. Thornthwaite P-E indices exceed 44.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Branyon, Burleson, Ferris,
Heiden, Houston Black, and Trinity series. Branyon and Burleson soils are on higher terrace
positions. Ferris and Heiden soils have chroma of 2 or more in the upper 12 inches. Houston
Black soils have greater amplitude of waviness and are on uplands in a higher position. Trinity
soils have very-fine particle-size control sections and are in similar positions.

DRAINAGE AND PERMEABILITY: Moderately well drained. Permeability is very slow.

Runoff is low. Flooding is common except where the soil is protected. Duration of flooding is
very brief or brief.

USE AND VEGETATION: Most areas are in pasture or cultivated to crops such as cotton,
corn, sorghums, or small grains. Native vegetation is elm, hackberry, oak, and ash, with an
understory of grasses such as species of paspalums and panicums.

DISTRIBUTION AND EXTENT: Mainly in central Texas on streams draining the Blackland
Prairies (MLRA 86A). The series is extensive.

MLRA OFFICE RESPONSIBLE: Temple, Texas

SERIES ESTABLISHED: Hill County, Texas; 1975.

REMARKS: Classification of the Tinn series was changed from Vertic Haplaquolls to Typic
Pelluderts (3/88). This change was based on several years study and analysis of the soils mapped
in the Tinn series. The series type location was moved from Hill County to Limestone County to
a pedon that is near the center of the series range in characteristics and near the center of the
geographic distribution. Classification change from Typic Pelluderts to Typic Hapluderts based
on Amendment 16, SOIL TAXONOMY (2/94).

Diagnostic horizons and features recognized in this pedon are:

Mollic colors - throughout this pedon.

Vertic Properties - slickensides from 6 to 80 inches.

SOIL INTERPRETATION RECORD NO: TX0456




National Cooperative Soil Survey, U.S.A.

WILSON SERIES

The Wilson series consists of very deep, moderately well drained, very slowly permeable soils
that formed in alkaline clayey sediments. These soils are on nearly level to gently sloping stream

terraces or terrace remnants on uplands. Slopes are mainly less than 1 percent but range from 0 to
5 percent.

TAXONOMIC CLASS: Fine, smectitic, thermic Oxyaquic Vertic Haplustalfs

TYPICAL PEDON: Wilson silt loam--cropland. (Colors are for moist soil unless otherwise
stated.)

Ap--0 to 5 inches; very dark gray (10YR 3/1) silt loam, gray (10YR 5/1) dry; weak fine granular
structure; massive when dry; very hard, firm, sticky and plastic; common fine roots; moderately
acid; abrupt wavy boundary. (3 to 10 inches thick)

Bt--5 to 20 inches; very dark gray (10YR 3/1) silty clay, gray (10YR 5/1) dry; moderate medium
angular blocky structure; extremely hard, very firm, very sticky and very plastic; few fine roots;
few fine pores; thin continuous clay films 1/2 unit of value darker than interior of peds; vertical
cracks 1/2 inch wide are filled with material from the Ap horizon; slightly acid; gradual wavy
boundary. (10 to 20 inches thick)

Btssgl--20 to 32 inches; grayish brown (2.5Y 5/2) silty clay, light brownish gray (2.5Y 6/2) dry;
moderate medium angular blocky structure; extremely hard, very firm, very sticky and very
plastic; few fine roots; few fine pores; few slickensides; few medium pressure faces; thin
continuous clay films on surface of peds; vertical cracks 1/4 inch wide partly filled with material

from above; few fine crystals of gypsum; few fine calcium carbonate concretions; slightly
alkaline; diffuse wavy boundary.

Btssg2--32 to 65 inches; grayish brown (2.5Y 5/2) silty clay, light brownish gray (2.5Y 6/2) dry;
weak coarse angular blocky structure; extremely hard, very firm, very sticky and very plastic;
few fine roots; few fine pores; few slickensides; patchy clay films on surface of peds; common
fine crystals of gypsum; few fine masses of calcium carbonate; slightly alkaline; gradual smooth
boundary. (combined Btss subhorizons are 25 to 60 inches thick)

BCkss--65 to 80 inches; olive gray (5Y 5/2) silty clay, light gray (5Y 7/2) dry; weak coarse
angular blocky structure; extremely hard, very firm, very sticky and very plastic; few fine roots;
few fine pores; few slickensides; few coarse masses of calcium carbonate; few small fragments
of clay; very slightly effervescent; moderately alkaline.



TYPE LOCATION: Kaufman County, Texas; 4 miles southeast of the intersection of Texas
Highway 34 and U. S. Highway 175 in Kaufman, 0.15 mile northeast and 0.2 mile southeast of
intersection of county road and U. S. Highway 175, 150 feet southwest in field.

RANGE IN CHARACTERISTICS: Solum thickness ranges from 60 to more than 80 inches.
The weighted average clay content of the upper 20 inches of the argillic horizon ranges from 35
to 50 percent. When dry, cracks at least 1/4 inch wide extend from the top of the argillic horizon
through a thickness of 12 inches or more within the upper 50 inches of the soil. Slickensides
and/or wedged-shaped aggregates and pressure faces range from few to common and begin at a
depth of 14 to 26 inches. Linear extensibility is greater than 2.5 inches (6 cm) within 40 inches
(100 cm) of the soil surface. COLE ranges from 0.07 to 0.10 in the upper 50 inches of the argillic
horizon. The surface layer is variable in thickness with a series of micro crests and troughs in the
Bt horizon that range from 4 to about 20 feet apart. Redoximorphic features are contemporary in
the upper Btl horizon and are mainly relic in the lower part of the Bt horizon. The soil does not
have aquic soil conditions in the upper 20 inches in most years.

The A horizon is less than 10 inches thick in more than 50 percent of the pedon, but it is as much
as 15 inches thick in some subsoil troughs. It has hue of 10YR or 2.5Y, value of 3 to §, and
chroma of 1 or 2. Texture is loam, silt loam, silty clay loam, clay loam or their gravelly
counterparts. Siliceous pebbles and small cobbles range from 0 to 35 percent. It is massive and
hard or very hard when dry but is soft or friable with structure when moist. Some pedons have a
thin E horizon in subsoil troughs. Reaction ranges from moderately acid to neutral.

The Bt horizon has hue of 10YR or 2.5Y, value of 2 to 4, and chroma of 1 or less. Texture is clay
loam, silty clay loam, silty clay, or clay. Some pedons have iron concentrations in shades of
brown or yellow that range from few to common. Siliceous pebbles range from 0 to about 15
percent by volume. Reaction ranges from slightly acid to slightly alkaline.

The Btss horizon has hue of 10YR to 5Y, value of 3 to 7, and chroma of 2 or less. Iron
concentrations in shades of yellow, brown or olive range from none to common. Texture is
commonly silty clay or clay and less commonly silty clay loam or clay loam. Reaction ranges
from moderately acid to slightly alkaline and is typically noncalcareous.

The BCk or BC horizon has colors in shades of gray or brown. Redoximorphic features of these
colors and in other shades of yellow, red or olive range from few to many. Texture is clay loam,
silty clay loam, silty clay, or clay. Some pedons have fragments or thin strata of shale or marl.
These materials make up less than 35 percent of the matrix. Reaction ranges from neutral to
moderately alkaline. Concretions and masses of calcium carbonate range from none to common.

The C horizon, where encountered, is shale or marl or stratified layers of shale, marl and clay.

COMPETING SERIES: There are no competing series. Similar soils are the Dacosta, Herty,
Lufkin, Mabank, and Steedham series. Dacosta soils have a mollic epipedon and are members of
the hyperthermic family. Herty, Lufkin and Mabank soils have an abrupt texture change between
the A and Bt horizon. In addition, Herty soils are in the udic moisture regime. Steedham soils
have sola from 20 to 40 inches thick, and are well drained.




GEOGRAPHIC SETTING: Wilson soils are on nearly level to gently sloping terraces or
remnants of terraces. Slope gradients are 0 to 5 percent but dominantly less than 1 percent. The
soil formed in alkaline clayey alluvium. Mean annual temperature ranges from 64 to 70 degrees
F., and mean
annual precipitation ranges from 32 to 45 inches. Frost free days range from 220 to 270 days and
elevation ranges from 250 to 700 feet. Thornthwaite P-E indices from 50 to 70.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Bonham, Burleson, Crockett,
Houston Black, Lufkin, Mabank, and Normangee series. Bonham soils have mollic epipedons.
Burleson soils are on similar positions. Burleson and Houston Black soils are clayey to the
surface and have slickensides (Vertisols). Crockett and Normangee soils have Bt horizons with
chroma of more than 2. Bonham, Houston Black, Crockett and Normangee soils are on slightly
higher positions above Wilson. Lufkin soils are on similar or slightly lower concave positions.
Mabank soils are on similar positions.

DRAINAGE AND PERMEABILITY: Moderately well drained. Permeability is very slow.
Runoff is low on 0 to 1 percent slopes, medium on 1 to 3 percent slopes, and high on 3 to 5
percent slopes. Very slow internal drainage. The soil is seasonally wet and is saturated in the

surface layer and upper part of the Bt horizon during the winter and spring seasons for periods of
10 to 30 days.

USE AND VEGETATION: Wilson soils are cropped to cotton, sorghums, small grain, and
corn. Many areas are now idle or are used for unimproved pasture. Original vegetation was tall
prairie grasses, mainly andropogon species, and widely spaced motts of elm and oak trees. Most
areas that are not cropped have few to many mesquite trees.

DISTRIBUTION AND EXTENT: Mainly in the Blackland Prairies of Texas, with small areas
in Oklahoma. The soil is extensive, probably exceeding 1,000,000 acres.

MLRA OFFICE RESPONSIBLE: Temple, Texas

SERIES ESTABLISHED: Wilson County, Texas; 1907.

REMARKS: Classification change from Udertic Haplustalfs to Oxyaquic Vertic Haplustalfs
based on knowledge that these soils are saturated for 2 to 4 weeks in most years. This period of
time is within the definition of saturation for one month or more if rules of rounding are applied,
i.e., 2 to 6 weeks saturation is considered inclusive.

Diagnostic horizons and features recognized in this pedon are:

Ochric epipedon - 0 to 5 inches. (A horizon; very hard and massive when dry).

Argillic horizon - 5 to 65 inches. (Bt horizons)

Vertic feature - Cracks in the upper part of the argillic horizon (5 to 32 inches), few slickensides
between 20 and 77 inches, and linear extensibility greater than 6.0 cm.



ADDITIONAL DATA: Type location pedon NSSL S62TX-(129)257-2 Kaufman County,
Texas. Texas Ag. Exp. Station Lab. S63TX-145-1; S82TX-289-32

National Cooperative Soil Survey, U.S.A.
WHITEWRIGHT SERIES

The Whitewright series consists of shallow, well drained, moderately permeable soils that
formed in weakly cemented chalk and marl of Upper Cretaceous Age. These gently sloping to

moderately steep soils are on convex upland ridges. Slopes are dominantly 4 to 10 percent but
range from 1 to 15 percent.

TAXONOMIC CLASS: Loamy, carbonatic, thermic, shallow Typic Haplustepts

TYPICAL PEDON: Whitewright silty clay loam--pasture. (Colors are for dry soil unless
otherwise stated.)

A--0 to 5 inches; light brownish gray (10YR 6/2) silty clay loam, grayish brown (10YR 5/2)
moist; moderate medium subangular blocky and granular structure; hard, friable; common
medium and fine roots; few fine and medium pores; common wormcasts; few fragments of
weakly cemented chalk that are 2 mm to 10 mm in size; few strongly cemented fragments of
calcite that are 5 to 15 mm across the long axis; calcium carbonate equivalent is about 60
percent; calcareous, moderately alkaline; clear smooth boundary. (6 to 14 inches thick)

Bk--5 to 16 inches; very pale brown (10YR 7/3) silty clay loam, pale brown (10YR 6/3) moist;
few medium distinct brownish yellow (10YR 6/6) mottles; moderate fine and medium
subangular blocky structure; hard, friable; common fine and medium roots; few fine pores;
common wormcasts; about 20 percent by volume of weakly cemented platy fragments of chalk 5
to 20 mm across the long axis; most of the chalk fragments disintegrate upon moistening and
gentle rubbing; few fine shell fragments; calcium carbonate equivalent is about 65 percent; few

films and threads of calcium carbonate; calcareous, moderately alkaline; abrupt wavy boundary.
(6 to 14 inches thick)

Cr--16 to 34 inches; white (10YR 8/1) weakly cemented fractured chalk, interbedded with thin
horizontal strata of olive yellow (2.5Y 6/6) silty clay loam; cleavage planes of rock structure are
evident in the chalk; the chalk becomes less fractured and more massive below 30 inches depth;

few fine roots in the upper part in vertical crevices and between horizontal plates; calcareous,
moderately alkaline.

TYPE LOCATION: Grayson County, Texas; from the intersection of Texas Highway 5 and
Farm Road 121 in Van Alstyne, Texas, 0.75 mile east on Farm Road 121; 1.25 miles north on an
unpaved county road; 100 feet west of road in pasture.



RANGE IN CHARACTERISTICS: Solum thickness ranges from 10 to 20 inches. Siliate clay
ranges from 20 to 35 percent in the control section. The soil is calcareous and ranges from 40 to
more than 80 percent calcium carbonate equivalent.

The A horizon has colors in hues of 10YR, value 4 to 6, and chroma of 2 to 4. Where the horizon
has moist values and chromas of 3 or less, it is less than 7 inches thick. It is silty clay loam or
clay loam. Fragments of weakly cemented chalk range from none to about 15 percent by volume.
They are platy and range from 2 mm to 3 cm across the long axis. The fragments are weakly to
strongly cemented when dry but most of the fragments slake or soften on soaking in water.

The Bw horizon has colors with hue of 10YR, value of 5 to 7, and chroma of 2 to 4. Some
pedons have mottles of brown or yellow that are believed to be inherited from the parent
material. It is silty clay loam, or clay loam, or their gravelly counterparts. Fragments of weakly
to strongly cemented chalk range from a few to 35 percent by volume. However, upon soaking in
water, the chalk fragments slake to where the percentage of strongly cemented fragments range
from a few to about 20 percent by volume.

The Cr horizon has colors in shades of gray, brown or white. It is weakly cemented platy chalk
interbedded with thin strata of light yellowish brown, pale yellow, brownish yellow, or olive
yellow clay loam or silty clay loam. The platy fragments of chalk are weakly to strongly
cemented but can be readily cut with a spade when moist. In most pedons the chalk becomes less
fractured and more massive at 25 to 40 inches depth.

COMPETING SERIES: There are no other series in this family, similar families include the
Altoga, Brackett, Cuthand, Dugout, Eddy, Howe, Seawillow, Shiner, Stephen, and Quinlan
series. Altoga, Cuthand, Howe, and Seawillow soils have sola more than 20 inches thick.
Brackett, Dugout, and Quinlan soils are dry in the moisture control section for longer periods of
time. In addition, Brackett soils contain fragments of hard limestone, Dugout soils have a lithic
contact to limestone and Quinlan soils have mixed mineralogy and B horizons with redder hues.
Eddy soils lack B horizons and have more than 35 percent chalk fragments in the control section.
Shiner soils have a mean annual soil temperature of more than 72 degrees F. Stephen soils have
mollic epipedons and mixed mineralogy.

GEOGRAPHIC SETTING: Whitewright soils occupy gently sloping to moderately steep
uplands. Slopes are mainly 4 to 10 percent but range from 1 to 15 percent. The soil formed in
chalk and interbedded marl of the Austin Group of Upper Cretaceous Age. The mean annual
temperature is 63 degrees to 66 degrees F. Average annual precipitation ranges from about 35 to
41 inches, and the Thornthwaite P-E index ranges from 56 to 66.

GEOGRAPHICALLY ASSOCIATED SOILS: These include the competing Eddy, Howe, and
Stephen series as well as the Austin series. Eddy and Howe soils occupy similar positions.
Stephen and Austin soils occupy slightly higher less sloping positions. Stephen and Austin soils
have mollic epipedons, and in addition, Austin soils have sola thicker than 20 inches.

DRAINAGE AND PERMEABILITY: Well drained; rapid runoff; moderate permeability.



USE AND VEGETATION: Used mainly for pasture. A few areas are planted to small grain and
sorghum. Dominant pasture grasses are King Ranch bluestem, common and improved
bermudagrass. Areas that were formerly in cropland are growing silver bluestem, sideoats grama,
hairy grama, little bluestem, threeawn, and annual weeds. Woody vegetation is mainly scattered
elm, hackberry, and small oak trees.

DISTRIBUTION AND EXTENT: North-central Texas; in the Blackland Prairie Land
Resource area. The series is of moderate extent.

MLRA OFFICE RESPONSIBLE: Temple, Texas

SERIES ESTABLISHED: Grayson County, Texas; 1977.

REMARKS: These soils were formerly as a shallow phase of the Austin series and in more
recent years they were included in the Brackett series.

Diagnostic horizons and features recognized in this pedon are:
Ochric epipedon - 0 to 5 inches, the A horizon.
Calcic horizon - 5 to 16 inches, the Bk horizon.

Paralithic contact of chalk at a depth of 16 inches.

National Cooperative Soil Survey, U.S.A.
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1.0 INTRODUCTION

The Habitat Evaluation Procedure (HEP) is a habitat-based evaluation methodology
developed by USFWS in 1974 for use as an analytical tool in impact assessments and project
planning. HEP is a species-habitat analysis of the ecological value of a study area; its approach
is to quantify the value of habitat available to a selected set of wildlife species within a specified
geographic area of interest. The method is designed to describe wildlife habitat values at
baseline and future conditions to allow for comparisons of the relative values of different areas at
the same point in time or of the same area at different points in time. Because HEP provides a
quantitative method for such comparisons, it may be used in planning applications such as the

assessment of current and future wildlife habitat, trade-off analyses, or compensation analyses.

HEP appraises a study area by quantifying its Habitat Value,

. . . . ) HABITAT VALUE (HU) =
calculated as the product of habitat quantity and habitat quality; this ) ,
Habitat Quantity (Acres)
value is expressed in Habitat Units (HU). Habitat quantity is X

Habitat Quality (HSI)

simply the total area of habitat available within the study area,

usually expressed in number of acres. If the study area is subdivided into Cover Types (i.e.,
discrete areas with similar ecological characteristics that are adequately homogeneous), habitat
quantities used in evaluation may be subsets of the study area. Habitat quality is expressed in
terms of a Habitat Suitability Index (HSI), which is determined by comparing the ecological
characteristics of the study area to the habitat characteristics that are optimum for Evaluation
Species, representative wildlife species with known habitat requirements selected to provide a

basis to assess habitat suitability.

HSI values are based on two components: the habitat
HABITAT
characteristics that provide ideal conditions for an evaluation species, and SUITABILITY
INDEX
the habitat characteristics existing in the study area. These characteristics
1.0 = optimal habitat

are described by a set of measurable Habitat Variables, such as the height ﬂ

and percent cover of various vegetation types, the distance to water or

0.0 = unsuitable habitat
grain, the availability of perching or nesting sites, or the frequency of ol

flooding. The set of habitat variables needed to determine HSI values are obtained from
documented habitat suitability models for each evaluation species. These models describe the
species’ Life Requisites (i.e., its habitat requirements for food, cover and reproduction), the

relationship between the habitat variables’ values and the suitability of the area to meet its life

1



Lower Bois d’Arc Creek Reservoir HEP REPORT - DRAFT

requisites, and the method to integrate these suitability relationships into an HSI value. HSI
values range from 0.0 to 1.0, with a ranking of 0.0 being unsuitable and 1.0 being optimum
conditions, which are those associated with the highest potential densities of the species. Each
increment of change in HSI value must be identical to any other, i.e., HSI must be linearly

correlated to carrying capacity.

Habitat values may be calculated for each evaluation species within all its available
habitat or for each cover type within the study area. Calculations based on existing ecological
conditions can be used to describe baseline conditions and serve as a reference point for resource
monitoring or for comparison to predicted future habitat values with or without proposed actions
or mitigation measures. HEP provides a consistent means of assessing project impacts by
demonstrating, in HUs gained or lost, the beneficial or adverse impacts anticipated as a result of
various courses of action. Furthermore, HEP aids mitigation analysis by identifying which
factors negatively impact habitat values in various scenarios, e.g., habitat variables resulting in

low HSI values, thus suggesting means for improving habitat or selecting mitigation lands.

In summary, the generalized process for conducting a HEP study involves the following
components (USFWS 1980):

Determine the applicability of HEP and define the study area;

Delineate habitat or vegetation cover types;

Select the relevant evaluation species;

Determine each species’ life requisites and measure habitat variables for suitability;
Determine baseline and future habitat units; and

Develop compensation/mitigation plans for the proposed project.
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2.0 APPROACH AND METHODS LOWER BOIS D’ARC

CREEK RESERVOIR
The Lower Bois d’Arc Creek Reservoir HEP team included HEP TEAM

the U.S. Army Corps of Engineers (USACE), the U.S. Environmental U]SE/;/SE

Protection Agency (EPA), the U.S. Fish and Wildlife Service U%ilxs

(USFWS), the U.S. Forest Service (USFS), Texas Parks and Wildlife mgg

Department (TPWD), Texas Water Development Board (TWDB), N"Tr(lidEv(v)D

Texas Commission on Environmental Quality (TCEQ), North Texas FNI

Municipal Water District (NTMWD), and Freese and Nichols, Inc. The HEP team had oversight
for the tasks that were required for the analysis, including defining the study area, delineating

cover types, field sampling, and selecting evaluation species.

The HEP methodology incorporated into this study is recommended by the USFWS as
their basic tool for evaluating project impacts and developing mitigation recommendations
(USFWS 1993). HEP has been used as a method to evaluate impacts to wildlife habitat for
similar projects in Texas. The steps include defining the study limits, describing the baseline
conditions in habitat units, and the projection of future habitat conditions. The following

describes this method as applied in the present study.

21  Study Limits
The process to define the study limits includes the delineation of the study area,

determination of cover types, and selection of the evaluation species.

The study area is the geographic area where ecological changes associated with the
project are expected to occur and for which evaluation of habitat conditions is conducted. The
proposed study area for the Lower Bois d’Arc Creek Reservoir Project is the approximately
17,068-acre area, which includes the area that will be inundated at the normal pool elevation of

534 feet NGVD, and the footprints of the dams, spillways and pump station.
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2.2 Cover Type Determination and Delineation COVER TYPES

. . . . Upland Deciduous Forest
Cover types were delineated using digital color infrared
Evergreen Forest

photography flown on January 10, 2007. Nine cover types were Tree Savanna
identified for HEP analysis within the Lower Bois d’Arc Creek SchrUbllan;
i roplan
Reservoir project area. The upland cover types included Upland Grassland / Old Field
Deciduous Forest, Evergreen Forest, Tree Savanna, Shrubland, Riparian Woodland /
Bottomland Hardwood
Cropland, and Grassland / Old Field. The wetland cover types Shrub Wetland

Emergent / Herbaceous

included Riparian Woodland / Bottomland Hardwood (included Wetland

forested wetland habitat), Shrub Wetland, and Emergent /
Herbaceous Wetland. In addition, the project area included Shrub Savanna, Riverine and

Lacustrine cover types that were not used in HEP analysis. Table 1 provides the number of acres

in each cover type.

Table 1. Cover Type Areas.

Cover Type Area (acres)
Upland Deciduous Forest 2216
Evergreen Forest 228
Tree Savanna 132
Shrubland 63
Cropland 1757
Grassland / Old Field 4761
Riparian Woodland / Bottomland Hardwood 6330
Shrub Wetland 49
Emergent / Herbaceous Wetland 1223

2.3  Evaluation Species Selection and Descriptions

Sixteen evaluation species were selected by the HEP team based on their ecological
significance and the availability of applicable HSI models. The species models used in this study
were the American kestrel, barred owl, brown thrasher, Carolina chickadee, downy woodpecker,
eastern cottontail, eastern meadowlark, eastern turkey, field sparrow, fox squirrel, green heron,

raccoon, racer, scissortailed flycatcher, swamp rabbit, and the wood duck.
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EVALUATION SPECIES

American kestrel
Barred owl
Brown thrasher
Carolina chickadee
Downy woodpecker
Eastern cottontail
Eastern meadowlark
Eastern turkey
Field sparrow
Fox squirrel
Green heron
Raccoon
Racer
Scissortailed flycatcher
Swamp rabbit
Wood duck

trees, and utility lines.

HEP REPORT - DRAFT

The following are descriptions of the habitat preferences and
life requisites for the study species, along with the cover types that
make up their available habitat. Detailed HSI calculations for each
species in each cover type, along with any assumptions or
exceptions made for the applications of the species models are

reported in Appendix A.

American Kestrel (Falco sparverius)
The American kestrel is a small, predatory bird associated

with open prairies and agricultural lands as well as where these

areas border forested habitats. This
AMERICAN KESTREL
raptor hunts insects, birds, small mammals and reptiles in areas of COVER TYPES:
. . . Tree Savanna
low, open vegetation from adjacent perch sites such as fence posts, Cropland
. . . Grassland / Old Field
Nest sites are found near their hunting
. . . o LIFE REQUISITES:
habitat, often in mature trees with cavities excavated by other Open fields with perches
Cavities in lone trees or cliffs

species, as well as in cliffs and on the roofs of old buildings

(Author Unknown 1980a).

Barred Owl (Strix varia)

Barred owls are forest-dwelling birds that prefer expansive, mature forests with open sub-

canopies allowing for the flying space needed for hunting small game. The species shows no

marked preference between upland and bottomland forests. However, since upland forests are

BARRED OWL

COVER TYPES:
Upland Deciduous Forest
Riparian Woodland /

Bottomland Hardwood

LIFE REQUISITES:
Large, living trees
Adequate nesting cavities

more accessible to logging, forested wetland sites less accessible to
timber harvest are currently more likely to provide for their needs.
Specifically, barred owl habitat must provide large, decadent trees
with adequate numbers of nesting cavities, although nesting has
been recorded in abandoned raptor nests. Due to the foliage cover,

live trees provide superior nesting sites compared to snags (Allen
1987).
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Brown Thrasher (Toxostoma rufum)

The brown thrasher is a bird species often associated with
thickets, hedgerows, midsuccessional forests, and habitats that
provide trees in low density and support dense understory growth

of shrubs. They primarily forage in the deep leaf litter, using bill
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BROWN TRASHER

COVER TYPE:
Evergreen Forest

LIFE REQUISITES:
Available but sparse trees
Dense understory & leaf litter

sweeps to locate insects and other arthropods, but will also feed in shrubs for seeds and berries.

Shrubs are most often used as nest sites, but the presence of evergreen and deciduous trees

increases nesting success and provides alternative nest sites (Cade 1986).

Carolina Chickadee (Poecile carolinensis)

Carolina chickadees are residents of forests and forest boundaries, preferring the well-

CAROLINA CHICKADEE

COVER TYPE:
Upland Deciduous Forest
Evergreen Forest

LIFE REQUISITES:
Forests with deciduous /
evergreen mix
Closed canopies and open
understories
Snags for nesting

Unknown 1980b)

Downy Woodpecker (Picoides pubescens)

Downy woodpeckers show a preference for open woodlots,
but the species is found across North America wherever there are
trees that they can drill and glean for the insects they eat. They
inhabit both coniferous and deciduous forests. These woodpeckers

are not strong excavators, so their nest cavity placement is limited

developed canopies and open understories of these habitats, but
also utilizing shrub layers. This bird captures moths, caterpillars
and other arthropods from the bark and foliage of the trees within
these habitats as well as exploiting shrubs for berries and seeds.
Carolina chickadees are cavity nesters that utilize natural and

excavated sites in tree limbs, snags, and fence posts (Author

DOWNY WOODPECKER

COVER TYPE:
Upland Deciduous Forest
Riparian Woodland /
Bottomland Hardwood

LIFE REQUISITES:
Open woodlots
Soft snags

by the availability of soft snags, often with both surface sap rot and fungal heart rot. Living trees

with broken crowns are also chosen as nesting sites (Schroeder 1983).
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Eastern Cottontail (Sylvilagus floridanus)

Eastern cottontails are habitat generalists within a wide range of early- to mid-succession

EASTERN COTTONTAIL

COVER TYPE:
Evergreen Forest
Tree Savanna
Shrubland
Cropland
Grassland / Old Field

LIFE REQUISITES:
Fields with shrubby edges
Dense thickets or hedgerows
Thick grass or hayfields

Eastern Meadowlark (Sturnella magna)

Eastern meadowlarks inhabit grasslands, meadows, pastures,
and fallow fields in the south and central United States. While they
do need numerous perch sites, such as tall forbs, shrubs, small trees
and fences, their preferred habitat consists of relatively open

grasslands with low shrub and forb coverage.

habitats. They require an abundance of both well-distributed
escape cover and open areas for nocturnal browsing; this
combination often consists of old-field bordered by shrubby edge
habitat. Eastern cottontails also need dense thickets or hedgerows
for resting and daytime shelter. Nests are usually located in areas
of thick grass cover, such as hayfields and fallow fields that lie

near escape cover (Allen 1984).

EASTERN
MEADOWLARK

COVER TYPE:
Tree Savanna
Grassland / OId Field

LIFE REQUISITES:
Herbaceous or grassy canopy
Nearby perch sites

The eastern

meadowlark is a ground-nesting species, so groundcover must be thick for nest concealment

(Schroeder and Sousa 1982).

Eastern Turkey (Meleagris gallopavo sylvestris)

The eastern turkey prefers habitats that provide diverse vegetation regimes, such as

riparian or upland forests adjacent to grass or agricultural fields. The diets of these opportunistic

EASTERN TURKEY

COVER TYPE:
Upland Deciduous Forest
Evergreen Forest

LIFE REQUISITES:
Sparse shrub cover
Nearby mature forests

omnivores are dominated by plant material including fruits, seeds
and leaves, but insects and other arthropods are eaten as well.
Acorns are particularly important components of the turkey’s fall
and winter diet. These ground-nesters rely on habitats with dense

brush and herbaceous cover for nesting and for raising their young
(Schroeder 1985).
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Field Sparrow (Spizella pusilla)

The field sparrow prefers brushy fencerows and old fields
with scattered woody vegetation, and can also be found in
grasslands and forested areas. The diet of this ground-foraging
species is predominated by vegetative plant material in the spring

and summer and by seeds in the fall, but they also forage for
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FIELD SPARROW

COVER TYPE:
Shrubland

LIFE REQUISITES:
Short, sparse shrubs
Small trees
Thick grass cover in Spring

insects, especially for the feeding of nestlings. Small trees and shrubby vegetation are used for

roosting and winter cover, while a mix of herbaceous vegetation with short, sparse shrubs

provides ideal breeding and ground-nesting cover (Sousa 1983).

Fox Squirrel (Sciurus niger)

While fox squirrels prefer open forest stands with little understory vegetation, they will

inhabit a wide variety of forest types. Upland and well-drained bottomland forest habitats are

FOX SQUIRREL

COVER TYPE:
Upland Deciduous Forest
Riparian Woodland /

Bottomland Hardwood

LIFE REQUISITES:
Open forests
Little understory
Nearby grain

Green Heron (Butorides virescens)

Green herons are predators that wade in or perch above the

used more often than poorly-drained lowland areas. Small stands
of large trees situated in agricultural areas allow fox squirrels to
supplement their diet, which consists of mast and a variety of other
plant and animal foods, with grains as needed. Mature mast trees
provide both food and nesting sites. Fox squirrels will nest in tree
cavities, but also build leaf nests; therefore, quality habitat is not

limited by the availability of nesting cavities (Allen 1982a).

GREEN HERON

COVER TYPE:
Shrub Wetland

shallow waters of rivers, lakes, ponds, lagoons, ditches, marshes
and swamps, where they hunt for fish, frogs, crawfish and other
aquatic animals. They are adaptable generalists within these

aquatic environments and inhabit both freshwater and saltwater

Herbaceous wetland

LIFE REQUISITES:
Shallow, open water
Nearby shrubs or small trees

ecosystems. Their preferred feeding habitat consists of open, permanent, shallow waters that are

free of emergent aquatic vegetation. Ideally, adequate cover such as dense stands of reeds and

cattails, which also provide nesting areas, are available in proximity to hunting sites. More

often, nests are built in shrubs or small trees near the shoreline (Author Unknown 1980c).
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Raccoon (Procyon lotor)

Costal swamps, marshes and bottomland hardwood forests maintain the greatest numbers

of raccoons by supplying their daily need for water and cover. Upland populations are limited

by their access to water, preferring hardwood forests near rivers, streams or swamps. Raccoons

RACCOON

COVER TYPE:
Riparian Woodland /
Bottomland Hardwood

Shrub Wetland
Herbaceous Wetland

LIFE REQUISITES:
Daily access to water
Mature forests

forage nocturnally on a limitless variety of food, including fruits,
insects, aquatic animals, small mammals and reptiles; access to
open areas increases the availability of many of their food sources.
These solitary mammals prefer to locate their dens in overmature
hardwood trees, especially for raising their young, but will also

utilize rock crevices, caves and brush piles (Author Unknown

19804d).
RACER
Racer (Coluber constrictor) COVER TYPE:
Shrubland
Racers are snakes that live in grasslands, open woods, and Grassland / Old Field
brushy areas. Tall-grass prairie is ideal summer habitat, but LIFE REQUISITES:
Herbaceous canopy cover
pastureland, brushy ravines, hay or grain fields, and open woodlands | Tunnels or other refuge sites

with adequate cover are widely used by the species. Eggs are often B

laid in the tunnels of burrowing mammals as well as in rotten logs and stumps. In the fall, racers

migrate to rocky outcroppings and ledges with southern exposures where they hibernate in deep

crevices (Author Unknown 1980e).

Scissor-tailed Flycatcher (Tyrannus forficatus)

Scissor-tailed flycatchers prefer open, tall-grass prairies with small, isolated groups of

SCISSOR-TAILED
FLYCATCHER

COVER TYPE:
Tree Savanna
Cropland
Grassland / Old Field

LIFE REQUISITES:
Tall, dense herbaceous cover
Perch sites in forage habitat

Nearby tall trees

deciduous trees. These birds primarily feed on flying and
ground-dwelling insects they hunt from perch sites such as tall
prairie plants, utility lines, fences or dead tree limbs, although
seeds and berries are eaten as well. Isolated groups of trees
within herbland savannas or croplands are preferred for nesting

sites (Author Unknown 1980f).
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Swamp Rabbit (Sylvilagus aquaticus) SWAMP RABBIT
Swamp rabbits are associated with wetland habitats in the COVER TYPE:
Shrub Wetland

southeastern United States, including bottomland hardwood forests
and coastal marshes. In forested settings they prefer open overstory Open overstory canopies
canopies and dense understories that provide for abundant browse, | Fallen trees, stumps, or logs

Brush-piles, downfalls, dense herbaceous vegetation such as vine

LIFE REQUISITES:

Dense understories

tangles, and even standing, hollow trees provide for swamp rabbit cover. They use tree stumps,

logs, and low tree crotches for their resting sites (called forms). The forms must be situated near

adequate escape cover (Allen 1985).

Wood Duck (Aix sponsa)

Year-around residents in the southeastern United States, wood ducks inhabit wooded

WOOD DUCK

COVER TYPE:
Riparian Woodland /
Bottomland Hardwood

Shrub Wetland
Herbaceous Wetland

LIFE REQUISITES:
Slow moving waters
Aquatic vegetation
Mature hardwood forest
Protected “loafing” sites

areas near slow-moving creeks and rivers, as well as those near
floodplain lakes, swamps, and beaver ponds. Since wood ducks
nest in tree cavities, ideal nesting habitat is mature hardwood forest
proximal to aquatic feeding sites. Mast and aquatic vegetation
make up the majority of their food-sources. Wood ducks also
require adequate loafing sites adjacent to water that have good

visibility and proximate cover (Sousa and Farmer 1983).

10



Lower Bois d’Arc Creek Reservoir HEP REPORT - DRAFT

3.0 BASELINE CONDITIONS DETERMINATION

Field sampling was conducted by the HEP team members on June 19-20, July 30, and
August 14-17, 2007. HEP site observation and habitat assessment forms completed during this
effort are provided in Appendix B. Photographs taken at each site are presented in Appendix C.

The location of sampling sites and the distribution of cover types used in the current
study are shown in Figure 1. The distribution of the sampling sites is shown on an aerial

photograph of the project site in Figure 2. Field measurements were made within a 0.1-acre

quadrant at each site.

31 Cover Type Descriptions and Habitat Variable Measurements

The following descriptions of cover types are based on the results of field measurements
and observations made during June-August 2007. A table follows each cover type description
detailing the results of field measurements for each of the habitat variables needed for calculation

of suitability indices (SIs) and HSI values.

UPLAND DECIDUOUS
. S
Upland Deciduous Forest FOREST
. . Non-wetland areas
Upland forests are defined as non-wetland areas dominated dominated by trees and with
. . . L. a minimal tree canopy
by trees of at least 5 meters in height with a minimum tree canopy closure of 25%.
closure of 25 percent. In upland deciduous forests, at least 50 EVALUATION SPECIES:
Barred Owl
percent of that canopy is composed of deciduous species, or those Carolina Chickadee
. . . Downy Woodpecker
that completely shed their foliage during part of the year (USFWS Eastern Turkey
Fox Squirrel
1980c). Upland deciduous forests in the project area are composed

of 90 percent deciduous trees on average and with an average height of overstory trees of 43 feet.

The upland forest cover type makes up approximately 2,216 acres of the proposed Lower Bois
d’Arc Creek Reservoir.

Dominant tree species include post oak (Quercus stellata), water oak (Q. nigra), southern
red oak (Q. falcata), cedar elm (Ulmus crassifolia), sugarberry (Celtis laevigata), bois d’arc
(Maclura pomifera), green ash (Fraxinus pennsylvanica) and eastern red cedar (Juniperus

virginiana). Average tree canopy closure and overstory tree height equal approximately 68
percent and 43 feet, respectively. Deciduous trees comprised 92 percent of the tree canopy on

average.
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Common shrub and vine species include coralberry (Symphoricarpos orbiculatus),
greenbrier (Smilax spp.), honey locust (Gleditsia triacanthos), poison ivy (Toxicodendron
radicans), Virginia creeper (Parthenocissus quinquefolia), and dogwood (Cornus drummondii).

Shrub canopy closure in the typical upland forest averages about 33 percent.

Dominant herbs include sedge (Carex spp.), flatsedge (Cyperus spp.), panicgrass
(Dichanthelium  spp.), corn salad (Valerianella sp.), Virginia wildrye (Elymus virginicus),
ironweed (Vernonia spp.), Venus’ looking-glass (Triodanis sp.), and wild onion (Allium
ascalonicum). Average herbaceous canopy cover equals approximately 38 percent. Complete

results of HEP field measurements for this cover type are shown in Table 2.

Wildlife observed in this cover type included a variety of bird species such as northern
cardinal (Cardinalis cardinalis), blue-grey gnatcatcher (Polioptila caerulea), downy woodpecker
(Picoides pubescens), yellow-billed cuckoo (Coccyzus americanus), great blue heron (Ardea
herodias), American crow (Corvus brachyrhynchos), brown-headed cowbird (Molothrus ater),
Carolina chickadee (Poecile carolinensis), barred owl (Strix varia). Also resident in these areas
are various reptiles such as turtles (Order: Testudines), frogs (Order: Anura), snake such as

racers (Coluber constrictor), and mammals including the eastern fox squirrel (Sciurus niger).

14
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Table 2. HEP Field Data Summary:
Habitat Variable Measurements at Upland Deciduous Forest Sites.

Cover Type: Upland Deciduous Forest
Species: Barred Owl, Carolina Chickadee, Downy Woodpecker, Eastern Turkey, Fox Squirrel

Sample Site Number
Habitat Variable

1 2 3 4 5 20
% tree canopy closure 85 50 45 85 95 50
% tree canopy closure of hard mast producers >10" dbh* 0 0 35 10 70 50
% tree canopy closure of soft mast producing trees 60 50 10 90 20 5
% canopy closure deciduous trees in stand 85 25 45 85 80 50
% canopy closure of overstory trees 40 40 35 85 70 50
Average dbh of overstory trees (in) 15 12 18 8 15 16
Average height of overstory trees (ft) 30 35 35 35 60 60
# per acre of snags <10" dbh 200 3 90 10 10 1
# per acre of snags >6" dbh 40 3 0 2 0 1
% shrub crown cover 20 20 15 5 90 45
% herbaceous canopy cover 95 25 15 60 0 30
ngrage height of herbaceous canopy cover in summer 18 12 12 14 0 6
# per acre of trees >20" dbh 0 0 30 0 0 0
Distance to grain (yd) 660 660 660 660 660 660
Basal Area: area of exposed woody stems if cut
horizontally at 4.5 ft height (fe/ac) 120} 140 | 60 1 80 | 5 | 160
Avergge dbh of hard mast producing trees that are >10” 0 0 18 0 40 16
dbh (in)
# per hectare of hard mast producing trees >10" dbh 0 0 124 0 99 8
% of shrub crown cover comprised of soft mast 100 5 90 100 15 30
producing shrubs
% of forest canopy comprised of evergreens 0 25 0 2 20 0

*dbh: diameter at breast height - the diameter of the stem/trunk measured at a distance of 4.5 feet above the ground.

15
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Evergreen Forest EVERGREEN FORESTS
Evergreen forests also meet the requisites of upland forests, Tree canopy closure of 25%.
Evergreens make up 50% of
being dominated by trees of at least 5 meters in height with a canopy.
minimum tree canopy closure of 25 percent. Upland forests in EVALUATION SPECIES:
Brown Thrasher
which at least 50 percent of the tree canopy cover is composed of Carolina Chickadee
Eastern Cottontail
trees that retain their green foliage year-round are designated as Eastern Turkey

evergreen forest (USFWS 1980c). Evergreen forests in the project
area have a tree canopy with very few deciduous trees and with little understory. The evergreen

forest cover type makes up approximately 228 acres of the proposed Lower Bois d’Arc Creek

Reservoir.

These forests are dominated by the evergreen eastern red cedar (Juniperus virginiana)
mixed with deciduous tree species including red oak (Quercus falcata), post oak (Q. stellata),
and blackjack oak (Q. marilandica). Average tree canopy closure equals approximately 70

percent, with evergreens comprising 98 percent of the tree canopy on average.

Shrub and herbaceous cover is sparse in these areas, averaging about 5 and 8 percent,
respectively.  Shrub and vine species occurring in these forests include coral berry
(Symphoricarpos orbiculatus), greenbrier (Smilax spp.), gum bumelia (Sideroxylon (syn.
Bumelia) lanuginosum), and possumhaw holly (llex decidua). Herbaceous species include
Cherokee sedge (Carex cherokeensis), panicgrass (Dichanthelium sp.), johnsongrass (Sorghum
halepense), and KR bluestem (Bothriochloa ischaemum var. songarica). Details of the HEP

field measurements for this cover type are shown in Table 3.

Wildlife observed in the evergreen forests of the project area include tufted titmouse
(Baeolophus bicolor), northern cardinal (Cardinalis cardinalis), painted bunting (Passerina
ciris), Carolina chickadee (Poecile carolinensis), pileated woodpecker (Dryocopus pileatus), and

American crow (Corvus brachyrhynchos).

16
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Table 3. HEP Field Data Summary:
Habitat Variable Measurements at Evergreen Forest Sites

Cover Type: Evergreen Forest
Species: Brown Thrasher, Carolina Chickadee, Eastern Cottontail, Eastern Turkey

Sample Site Number

Habitat Variable
1 3 20

% tree canopy closure 80 80 50
# per hectare of hard mast producing trees >10" dbh 1 0 0
% tree canopy closure of soft mast producing trees 80 80 0
Average dbh of overstory trees (in) 6 6 4
% shrub crown cover 5 10 0
% canopy cover of persistent herb vegetation 5 5 5
# per hectare of woody stems >1 m tall 450 1,284 | 1,729
Average dbh of hard mast producing trees that are >10” dbh (in) 0 0 0
% of shrub crown cover comprised of soft mast producing shrubs 3 100 0
% of forest canopy comprised of evergreens 99 95 100
% ground surface covered by litter >0.4" deep 40 10 20
% canopy closure deciduous trees in stand 5 5 0
Average height of overstory trees (ft) 20 30 30
# per acre snags <10" dbh 20 20 0
% herbaceous canopy cover in summer 10 5 10
Average height of herbaceous canopy in summer (in) 6 6 0
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Tree Savanna

In tree savannas, trees taller than 5 meters make up a TREE SAVANNA

. Tree canopy cover 5-25%.
sparser canopy — between 5 to 25 percent — than in upland forests. Vegetation canopy cover at

least 25%.
Total canopy cover of all vegetation in this cover type is at least 25

EVALUATION SPECIES:

percent (USFWS 1980c). Tree savannas in the project site have American Kestrel
. Eastern Cottontail
sparse tree and shrub canopies and abundant herbaceous cover. Eastern Meadowlark

. Scissor-tailed Flycatcher
This cover type makes up about 132 acres of the proposed Lower

Bois d’ Arc Creek Reservoir.

Tree canopy cover within this cover type averages 12 percent and primarily consists of
large lone trees. These trees are most often cedar elms (Ulmus crassifolia), bois d’arc (Maclura
pomifera), or eastern red cedars (Juniperus virginiana). Shrub canopy cover is also low in these
areas, averaging about 9 percent. The shrub and vine species commonly seen in these areas
include gum bumelia (Sideroxylon (syn Bumelia) lanuginosum), coralberry (Symphoricarpos

orbiculatus), greenbrier (Smilax spo.), poison ivy (Toxicodendron radicans), and southern

dewberry (Rubus trivialis).

Herbaceous cover in tree savannas within the project area is both diverse and abundant,
averaging 89 percent cover. Species frequently occurring in the herbaceous layer include
ironweed (Vernonia spp.), western ragweed (Ambrosia psilostachya), sedge (Carex spp.),
flatsedge (Cyperus spp.), bermudagrass (Cynodon dactylon), panicgrass (Dichanthelium spp.),
KR bluestem (Bothriochloa ischaemum var. songarica), indian plantain (Arnoglossum spp.),
prairie plantain (Plantago sp.), croton (Croton spp.), and dock (Rumex spp.). Complete habitat

variable measurements for this cover type are shown in Table 4.

Bird species observed in tree savannas include the Carolina chickadee, yellow-billed

cuckoo, painted bunting, white-eyed vireo (Vireo griseus), northern cardinal, brown-headed

cowbird, and downy woodpecker.
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Table 4. HEP Field Data Summary:
Habitat Variable Measurements at Tree Savanna Sites

Cover Type: Tree Savanna
Species: American Kestrel, Eastern Cottontail, Eastern Meadowlark,
Scissor-tailed Flycatcher
Sample Site Number
Habitat Variable

1 2 3 4
% herbaceous canopy cover 95 97 75 90
Average height of herbaceous canopy in spring (in) 16 12 12 12
D%stance to perch sites: trees, forest edge, fence post, 10 1.7 33 0
wire, etc (yd)
% herbaceous canopy cover that is grass 50 90 30 80
% shrub canopy cover 1 25 3 5
% tree canopy closure 1 25 15 5
# per acre of deciduous trees 10 150 20 1
Distance to nearest deciduous trees, clumps, forest edge,
wing breaks, isolated trees, etc (yd) 10 15 3.3 13.3
% herbaceous canopy <12” tall 80 90 75 90
Availability of large lone trees >12” dbh or groves <1 ac
in size containing large trees within 1 mi: A) Abundant: A A A A
>10 B) Moderate: 4-9 C) Few to None: 0-1
Availability of cliff ledges, earth banks, or old
abandoned buildings within 1 mi: A) Abundant B) C C C B
Moderate C) Few to None
% canopy cover of persistent herbaceous vegetation
(non-woody vegetation that remains after growing 50 75 30 5
season, i.e. over-winter crop)

19



Lower Bois d’Arc Creek Reservoir HEP REPORT - DRAFT

Shrubland SHRUBLAND

Dominated by shrubs
(including small trees
< 5 meters tall)

Shrublands are defined as upland areas that are dominated by

a shrub layer, which may be composed of shrub species and/or small
Shrub canopy cover of at

trees shorter than 5 meters. This covertype should have a shrub least 25 percent
canopy cover of at least 25 percent (USFWS 1980c). EVALUATION SPECIES:
Eastern Cottontail
. . e Field Sparr
Shrublands in the project area represent a midpoint in the * Ra‘jjj“’w

successional transition from upland old fields to forests, with a shrub
layer dominated by tree species such as green ash (Fraxinus pennsylvanica), bois d’arc and
eastern red cedar. Shrub species also within this layer include honey locust, persimmon
(Diospyros sp.), and coralberry. Shrub canopy cover averages approximately 44 percent, while
tree canopy cover averages about 3 percent. The diverse herbaceous layer was dominated by
cherokee sedge, goldenrod (Solidago spp.), - johnsongrass, silver bluestem (Bothriochloa
laguroides), wild pea (Lathyrus spp.), and snow on the prairie (Euphorbia bicolor). The
herbaceous cover is abundant, averaging approximately 89 percent. Complete results of HEP
habitat measurements for this cover type are shown in Table 5. There are approximately 63

acres of shrubland within the proposed Lower Bois d’ Arc Creek Reservoir.

Shrubland bird species observed in the project area include the northern cardinal, painted
bunting, American crow, bluejay (Cyanocitta cristata), and white-eyed vireo. The racer snake

and garden orbweaver spider (Argiope aurantia) was also observed.
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Table 5. HEP Field Data Summary:
Habitat Variable Measurements at Shrubland Sites

Cover Type: Shrubland
Species: Eastern Cottontail, Field Sparrow, Racer
Sample Site Number
Habitat Variable
1 2 3 5

% herbaceous canopy cover 90 100 95 70
% shrub canopy cover 40 75 35 25
# per acre of refuge sites 30 100 10 40
Average height of herbaceous vegetation (in) 15 36 36 8
Distance to shrubby edges or shrub thickets (ft) 20 300 0 20
% of total shrubs that are <4.9' tall 15 50 15 30
% canopy cover of grasses 20 40 75 90
% tree canopy closure 10 0 0 0
% canopy cover of persistent herbaceous vegetation (non-woody vegetation

. . . . 75 50 60 50
that remains after growing season, i.e. over-winter crop)
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Cropland

Croplands are defined as agricultural uplands which are
CROPLAND

planted and harvested annually with agricultural crops; pasture and Annually planted and

harvested uplands.

EVALUATION SPECIES:

hayland are excluded from this covertype (USFWS 1980c). The

croplands in the project area are primarily planted with oats (Avena American Kestrel
Eastern Cottontail
sativa), soybeans, and hay crops, often alternated with winter wheat Scissor-tailed Flycatcher

(Triticum aestivum) cover. Trees and shrubs are excluded from these

areas, but are often present in adjacent fencerows. This cover type makes up about 1,757 acres

of the proposed Lower Bois d’Arc Creek Reservoir.

Fallow fields are dominated by johnsongrass (Sorghum halepense), but also often include
panicgrass, knotroot bristlegrass (Setaria parviflora), tall fescue (Lolium arundinaceum), and
bermudagrass. Forbs are also common in the herbaceous layer, including dock (Rumex spp.),
pigweed (Amaranthus spp.), spurge (Euphorbia spp.), morning glory (Ipomoea sp.), and black-
eyed susan (Rudbeckia hirta). This herbaceous cover stands at an average of 22 inches in the

spring, with an average canopy cover of approximately 47 percent. Complete results of habitat

variable field measurements are shown in Table 6.

Croplands support wildlife populations primarily by providing food sources, and are
especially valuable when located adjacent to tree or shrub cover. Bird species observed in the
croplands of the project area include the wild turkey (Meleagris gallopavo), northern cardinal,

painted bunting, white-eyed vireo, tufted titmouse, and blue-gray gnatcatcher.
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Table 6. HEP Field Data Summary:
Habitat Variable Measurements at Cropland Sites

Cover Type: Cropland
Species: American Kestrel, Eastern Cottontail, Scissor-tailed Flycatcher

Sample Site Number
Habitat Variable

1 4 20
% herbaceous canopy cover 20 95 25
Average height of herbaceous canopy in spring (in) 18 36 12
Distance to perch sites: trees, forest edge, fence post, wire, etc (yd) 50 109 100
% shrub canopy cover 0 0 0
% tree canopy closure 0 0 0
# per acre of deciduous trees 0 0 0

Distance to nearest deciduous trees, clumps, forest edge, wind breaks,

isolated trees, etc (yd) 50 109 100

% canopy cover of persistent herbaceous vegetation (non-woody vegetation

that remains after growing season, i.e. over-winter crop) 40 90 10
Auvailability of large lone trees >12” dbh or groves <1 ac in size containing

large trees within 1 mi: A) Abundant: >10 B) Moderate: 4-9 C) Few to A A A
None: 0-1

Availability of cliff ledges, earth banks, or old abandoned buildings within 1 C C C
mi: A) Abundant: >10 B) Moderate: 4-9 C) Few to None: 0-3

Availability of fence rows, roadside ditches, and grassy-uncultivated areas: A A A

A) Abundant B) Moderate C) Scarce to None
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Grassland / Old Field GRASSLAND

Dominated by grasses &

non-woody vegetation.

Canopy cover of at least
25 percent.

The grassland / old field cover type consists of upland areas
with at least a 25 percent canopy cover of predominantly non-woody

vegetation in which grasses, whether native or introduced, are EVALUATION SPECIES:

American Kestrel

dominant. This cover type includes mostly prairies and rangeland Eastern Cottontail

(USFWS 1980c). The grassland/old fields in the project area are Eammé‘gz:fow‘ark
generally upland improved pastures and are typically the result of Scissor-tailed Flycatcher

forest clearing. These areas may be currently or recently grazed or

thickly grown over by grasses and forbs. Grassland in the proposed Lower Bois d’Arc Creek

Reservoir covers an area of approximately 4,761 acres.

Dominant grass species include tall fescue, perennial rye (Lolium perenne), bahia grass
(Bahia absinthifolia), bermudagrass, Texas wintergrass (Nassella leucotricha), and dallisgrass
(Paspalum dilatatum). Common forbs include western ragweed, ironweed), dock, vetch (Vicia
spp.), and wild pea (Lathyrus spp.). Herbaceous canopy cover averages approximately 87
percent, while the herbaceous canopy height in spring averages about 13 inches. Complete

results of HEP field measurements for this cover type are shown in Table 7.

Bird species observed in grassland/old field areas include the downy woodpecker,
yellow-billed cuckoo, tufted titmouse, Carolina chickadee, northern cardinal, white-eyed vireo,

painted bunting, great blue heron, and American crow. Turtle eggs (Order: Testudines) were also

observed in this covertype.
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( Table 7. HEP Field Data Summary:
Habitat Variable Measurements at Grassland/Old Field Sites

Cover Type: Grassland / Old Field

Species: American Kestrel, Eastern Cottontail, Eastern Meadowlark, Racer, Scissor-tailed Flycatcher

I growing season, i.e. over-winter crop)

Sample Site Number
Habitat Variable CR I CR
2 3 1 2 3 4 5 6 7 8 11 12 13 14 15 16
% herbaceous canopy cover 75 90 90 90 : 100 : 60 95 95 97 98 100 : 90 30 98 95 90
ér\lr)erage height of herbaceous canopy in spring 12 24 5 12 24 8 12 12 8 8 24 16 12 12 8 16
Dlstanc.e to perch sites: trees, forest edge, fence 29 50 30 25 61 70 58 39 100 13 17 4 S0 15671 76 63
post, wire, etc (yd)
% herbaceous canopy cover that is grass 99 25 88 80 75 5 90 95 98 80 10 40 80 92 95 20
% shrub canopy cover 0 1 0 0 0 0 0 0 0 0 15 0 0 2 0 0
( ‘ ree canopy closure 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
# per acre of deciduous trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Dlstanc?, to nearest .dec1duous trees, clumps, forest 29 130 30 25 61 70 58 64 100 27 17 4 50 40 103 63
edge, wing breaks, isolated trees, etc (yd)
Distance to shrubby edge or thickets (ft) 825 1 537 | 600 75 100 | 810 { 450 | 321 { 300 | 100 50 120 1 150 ¢ 273 | 500 | 200
#.per acre of refuge sites: ground crevice, brush 0 0 0 10 0 0 0 0 0 0 100 0 10 0 0 0
piles, wind throws, etc
% herbaceous canopy <12” tall 90 90 90 88 100 0 90 95 97 85 100 : 85 100 ¢ 92 95 50
Availability of large lone trees >12” dbh or groves
<1 ac in size containing large trees within 1 mi: A)
Abundant: >10 B) Moderate: 4-9 C) Few to A A A A A A A A A A A A A A A A
None: 0-1
Auvailability of cliff ledges, earth banks, or old
abandoned buildings within 1 mi: A) Abundant C C C C C C C ¢ C C C C B C C ¢
B) Moderate C) Few to None
% canopy cover of persistent herbaceous
|vegetation (non-woody vegetation that remains 0 90 0 50 100 | 25 35 75 30 70 75 25 10 40 5 80
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Riparian Woodland / Bottomland Hardwood Forest

The riparian woodland / bottomland hardwood cover type RIPARIAN WOODLAND /
. . . BOTTOMLAND
includes wetland areas dominated by woody vegetation at least 6 HARDWOOD FOREST
meters tall, with a total vegetation cover of more than 30 percent; Wetland areas dominated by
trees. Vegetation cover
this designation is synonymous with the Forested Wetland greater than 30%.
. . o ALUATION SPECIES:
covertype described in ESM 103 (USFWS 1980c). The riparian EV UBaned Owl
. . Downy Woodpeck
woodland / bottomland hardwood cover type in the project area Owﬁlgx Sgsirfgc “
. . . N R
includes the predominantly deciduous forests of riparian zones and woiﬁogﬂ ok

wetlands, and is associated with the floodplains of Lower Bois
d’Arc Creek and Honey Grove Creek. The condition of the forest floors in these areas varied
from standing water to dry, cracking mud. Average tree canopy cover equals approximately 68
percent, while the shrub cover equals approximately 19 percent. There are approximately 6,330

acres of riparian woodland / bottomland hardwood forest in the proposed Lower Bois d’Arc

Creek Reservoir pool area.

Dominant trees include black willow (Salix nigra), boxelder (Acer negundo), green ash
(Fraxinus pennsylvanica), sugarberry (Celtis laevigata), and cedar elm (Ulmus crassifolia).
Average diameter at breast height (dbh) of overstory trees equals approximately 9 inches and
basal area in the forest averages 97 square feet per acre. Dominant shrubs are often small trees
of the species listed above, as well as honey locust, poison ivy, coralberry, buttonbush
(Cephalanthus occidentalis), and Virginia creeper. Common herbaceous plants in the
bottomland hardwood forest include baccharis (Baccharis spp.), cherokee sedge, ragweed
(Ambrosia spp.), and Virginia wildrye (Elymus virginicus). Complete results of HEP field

measurements for this cover type are shown in Table 8.

Common avian species observed in the area include the indigo bunting (Passerina
cyanea), white-eye vireo, yellow-billed cuckoo, American crdw, Carolina wren (Thryothorus
ludovicianus), barred owls, egret (Family: Ardeidae), Carolina chickadee, and northern cardinal.
Evidence of mammalian residents included racoon tracks, hog tracks, and beaver chew marks on
trees. Reptiles such as the ornate box turtle (Terrapene ornata) and unidentified frogs (Order:
Anura) were also found in these forests, as were numerous invertebrate species, including

crayfish (Family: Cambaridae) and land snails (Class: Gastropoda).
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Table 8. HEP Field Data Summary:

HEP REPORT - DRAFT

Habitat Variable Measurements at Riparian Woodland/Bottomland Hardwood Forest Sites

Cover Type: Riparian Woodland

Species: Barred Owl, Downy Woodpecker, Fox Squirrel, Racoon, Wood Duck

C

Sample Site Number
Habitat Variable

1 2 3 4 5 6 7 8 9 11 12 14 15 20 30
% tree canopy closure 60 [ 85 | 90 [ 50 | 10 | 80 | 95 | 80 | 85 | 50 | 80 | 60 | 70 | 70 | 60
% tr't'ee canopy closure of hard mast producers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>10" dbh
Average dbh of overstory trees (in) 8 8 8 9 8 4 5 8 8 1510 8 12 {20 | 5
Overstory forest size class A) <6" dbh B) 6-

B|B|(B|B|B|A|A|B|B,C|B|B|C|C]|A
10" dbh C) 10-20" dbh D) >20" dbh
# per acre of snags >6" dbh 40 | 120 20 [ 20 |30 | 0 J 10} 0 | 10]30]1 0 |40 |3 | 0
% shrub crown cover 10} 5 5 5 |18 | 5 |10]2 | 10|60 | 10} 10| 10| 25| 15
# per acre of refuge sites 10 10 70 3 60 20 | 120 | 30 | 100 § 20 20 0 20 40 0
Distance to water (yd) 0 467 | 17 40 3 100 67 | 100 | 133 0 100 | 567 | 33 3 200
Water regime: A) Permanent B) Semi-
permanent: 3 mo Apr-Sept C) Semi- B B B B B B slelalcls 5 | B B | B
permanent: 3-5 mo Apr-Sept D) None or
Ephemeral
# per acre of potential nest cavities 0 0 0 1 0 0 |3 |20| 0|4 ]|10]|0 0 [ 2] 0
% water area covered by logs, trees limbs,
shrub cover or he.rbace'ou_s vegetation (live or s | o 5 oliolisl s a1l s sl 10!l s 5 s | 10
dead & overhanging within 1 m of surface) in
summer
% water surfac; cox_/ered by lggs, tree or shrub 8 0 3 o lwolisl s s s |e | s 5 5 s | 10
overhangs, etc in winter (persistent)
# per acre of trees >20" dbh 0 ]10] 0 f10] 0 0 0O [10] 02| 0 0 0 0 0
Basal Area: area of exposed woody stems if -\ |, | 170 | g0} 120 | 10 | 80 | 50 | 90 | 2 | 150 | 60 | 150 | 150 | 20 | 110
cut horizontally at 4.5 ft height (ft?/ac)
Distance to grain (yd) 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660
% canopy closure of overstory trees 50 | 60 | 60 | 20 | 10 | 75 | 80 | 80 | 40 | 40 | 75 | 55 | 40 | 30 | 60
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Shrub Wetland
Shrub (or shrub-scrub) wetlands are defined as areas SHRUB WETLAND
dominated by woody vegetation that is less than 5 meters tall, with Vegetation dominated by
shrubs; includes shrub-
greater than 30 percent total vegetation cover. Shrub-dominated dominated riparian zones
riparian zones are included in this cover type (USFWS 1980c). EVALUg‘TION SPECIES:
reen Heron
Shrub wetlands in the study area can be considered wetlands in S Racoon
wamp Rabbit
successional transition between herbaceous wetlands and bottomland | Wood Duck

hardwood forests. Approximately 49 acres of the proposed Lower Bois d’Arc Creek Reservoir

consist of the shrub wetland cover type.

The shrub layer is dominated by small trees such as green ash (Fraxinus pennsylvanica),
sugarberry (Celtis laevigata), and cedar elm (Ulmus crassifolia), as well as shrub species such as
honey locust (Gleditsia triacanthos) and baccharis (Baccharis spp.). Shrub canopy cover
averages approximately 48 percent. Dominant herbaceous plants include sedge (Carex spp.),
ragweed (Ambrosia spp.), ironweed (Vernonia spp.), goldenrod (Solidago spp.), evening
primrose (Oenothera speciosa), round-leaf groundsel (Packera obouta), trumpet vine (Campsis
radicans), and wild pea (Lathyrus spp.). Herbaceous canopy cover averages about 66 percent.

Complete results of HEP field measurements for this cover type are shown in Table 9.

Birds observed in the shrub wetlands of the project area included northern cardinal,
painted bunting, American crow, great egret (Ardea alba), solitary warbler (Family: Parulidae),
common yellow throat (Geothlypis trichas). Evidence of mammalian residents includes tracks of
the raccoon and bite marks of beaver (Castor canadensis). The southern leopard frog (Rana

sphenocephala) and crayfish (Family: Cambaridae) were also observed in the shrub wetlands.
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Table 9. HEP Field Data Summary:
Habitat Variable Measurements at Shrub Wetland Sites

Cover Type: Shrub Wetland

Species: Green Heron, Racoon, Swamp Rabbit, Wood Duck

Sample Site Number
Habitat Variable
1 2 3 4 5
Distance to water (yd) 567 3 0 200 50

Water regime: A) Permanent water B) Semi-permanent water
C) None or ephemeral flooding

Water Regime: 1) Permanent 2) Intermittently exposed 3)
Semi-permanent 4) Seasonally flooded 5) None or ephemeral

Water Current: A) Still or Slow B) Moderately slow C)
Moderately fast D) Fast

# per acre of refuge sites 0 0 30 0 50
% water area <10" deep in average summer conditions 100 100 100 100 100
% emergent herbaceous cover in littoral zone 25 60 100 60 0

% walter area covered by logs, trees limbs, shrub cover or
herbaceous vegetation (live or dead & overhanging within 1 m 25 0 95 50 40
of surface) in summer

% water surface covered by logs, tree or shrub overhangs, etc

in winter (persistent) 2 0 60 25 40

Aquatic substrate composition: A) Muddy B) Sandy C)

Rocky A A A A A
# per acre of potential nest cavities 0 0 0 » 0 0
9% shrub crown closure 65 60 45 90 40
% herbaceous canopy cover 10 67 100 60 100
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Emergent / Herbaceous Wetland

Herbaceous wetlands are defined as wetland areas with a total EMERGENT /

. . . HERBACEOUS
vegetation cover of greater than 30 percent that is dominated by WETLAND
hydrophytic plants growing on or below the water surface (USFWS Vegetative cover >30%

dominated by hydrophytic
1980c). The “emergent wetlands” of Cowardin et al. (1979) are plants.

EVALUATION SPECIES:

included in this cover type. There are approximately 1,223 acres of Green Heron

i L R
herbaceous wetland within the proposed Lower Bois d’Arc Creek Woiff%ounck

Reservoir site.

Emergent wetlands in the project area are dominated by an herbaceous layer made up of
wetland obligates such as rushes, sedges, smartweed, and redstem (Ammannia sp.). The shrub
layer is primarily made up of black willow, green ash, baccharis, swampprivet (Forestiera sp.),
buttonbush, honeylocust, cocklebur (Xanthium strumarium), and desert false indigo (Amorpha
fruticosa). The herbaceous canopy includes numerous grass species, such as barnyard grass
(Echinochloa crus-galli), crowngrass (Paspalem sp.), and eastern gammagrass (Tripsacum
dactyloides). Other plants found in the herbaceous wetlands include rushes (Juncus spp.), blue
sedge (Carex glaucodea), spikerush (Eleocharis spp.), flatsedge (Cyperus spp.), smartweed
(Polygonum spp.), sumpweed (Iva annua), frog fruit (Phyla spp.), water primrose (Ludwigia sp.),
balloon vine (Cardiospermum halicacabum), dock (Rumex spp.), and buttercup (Ranunculus

spp.). Complete results of HEP field measurements for this cover type are shown in Table 10.

Many species of birds were found in the herbaceous wetlands, including the northern
cardinal, American crow, indigo bunting, tufted titmouse, great blue heron, great egret, red-tailed
hawk (Buteo jamaicensis), and northern harrier (Circus cyaneus). Other wildlife resident in the
areas include several mammals, such as raccoon (Procyon lotor), beaver (Castor canadensis),
feral hog (Sus scrofa), and white-tailed deer (Odocoileus virginianus), aquatic species including
frogs (Order: Anura), mosquitofish (Gambusia affinis), crayfish (Family: Cambaridae), and
clams (Class: Bivalvia); and plentiful flying insects such as butterflies (Order: Lepidoptera), bees

(Order: Hymenoptera) and dragonflies (Order: Odonata).
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Table 10. HEP Field Data Summary:
Habitat Variable Measurements at Herbaceous Wetland Sites

Cover Type: Emergent Wetlands

Species: Green Heron, Raccoon, Wood Duck

Sample Site Number
Habitat Variable
1 2 3 4 5 6
Distance to water (yd) 0 0 10 0 0 0

Water regime: A) Permanent water B) Semi-permanent water C) None
or ephemeral flooding

Water Current: A) Still or Slow: <6" per sec  B) Moderately slow: 6-
24" per sec C) Moderately fast: 24-40" per sec D) Fast: >40" per sec

# per acre of refuge sites 0 0 0 20 50 0
% water area <10" deep in average summer conditions 100 { 100 | 100 i 100 | 25 15
% emergent herbaceous cover in littoral zone 75 90 50 95 50 20

% water area covered by logs, trees limbs, shrub cover or herbaceous
vegetation (live or dead & overhanging within 1 m of surface) in 75 90 0 2 15 5
summer

% water surface covered by logs, tree or shrub overhangs, etc in winter 20 75 0 2 15 5

(persistent)

Aquatic substrate composition: A) Muddy B) Sandy C) Rocky A A A A A A
Distance to forested/shrub wetland, i.e. large trees (yd) 80 214 47 75 40 17
# per acre of potential nest cavities 0 0 0 10 0 0
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3.2  Baseline Habitat Suitability Indices
After species selection, cover types were sampled for the appropriate habitat variables
required for each species’ HSI model. The sampling site locations illustrated relative to cover

types is shown in Figurel, and on color IR aerial imagery in Figure 2.

Calculation of HSI values were performed according to standard models developed for
each evaluation species. Exceptions and assumptions for each species model and the specific
HSI calculations for each species evaluated by cover type are described in Appendix A. To
compute the HSI for a cover type, site measurements for each variable were averaged for each
cover type and then were used in the HSI model for each species. The HSI for each cover type

was calculated as the arithmetic mean of all the individual species’ HSIs (Table 11).

Table 11. Habitat Suitability Indices by Cover Type

Cover Types
~ ~ ~ @
2y By | 42 B B | BE EEEE|=7|8iE
SSE| BE | 25| = 2 | & |ESEE| ES | 282
25 S 5O = = = ) w e8| 29 oo
o Al K A A | = 5 £ |RSES| "B |EEB
Species ~ © = = o
American kestrel - - 1.00 - 1.00 1.00 -- - --
Barred owl 0.20 -- -- -- -- -- 0.14 -- --
Brown thrasher -- 0.02 -- - -- -- -- -- -
Carolina chickadee 0.75 0.40 - -- - - -- -- --
Downy wood-pecker 0.29 -- -- -~ -~ -- 0.34 -- --
Eastern cottontail -- 0.31 0.31 0.31 0.31 0.31 -- - -
Eastern meadowlark - -- 0.59 -- -- 0.53 -- -- --
Eastern turkey 0.68 0.68 - -- - -- -- -- --
Field sparrow -- -- -- 0.43 -- -- -- -- --
Fox squirrel 042 -- -- -- -~ -- 0.03 -- -
Green heron -- -- - -- -- -- - 0.81 0.87
Raccoon -- -- -- -- -- - 0.52 0.28 0.17
Racer -- -- -- 0.98 -- 0.18 -- -- --
Scissor-tailed flycatcher -- -- 1.00 -- 0.83 0.98 -- -- --
Swamp rabbit -- -- -- -- -~ -- -~ 0.52 -
Wood duck -- - -- -- -- - 0.22 0.22 0.22
Average HSI Values 0.47 0.35 0.73 0.57 0.72 0.60 0.25 0.46 0.42
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3.3  Baseline Habitat Units

Baseline Habitat Units (HUs) were calculated for each cover type within the Lower Bois
d’Arc Creek Reservoir project area by multiplying the average cover type Habitat Suitability
Index (HSI) values (Table 10) by the cover type acreage (Table 12).

Table 12. Baseline Habitat Units by Cover Type.

Average HSI | Area | Habitat Units

Cover Type Values (acres) (HUs)
Upland Deciduous Forest 0.47 2,216 1,042
Evergreen Forest 0.35 228 80
Tree Savanna 0.73 132 96
Shrubland 0.57 63 36
Cropland 0.72 1,757 1,265
Grassland /
Old Field 0.60 4,761 2,857
Riparian Woodland /
Bottomland Hardwood 025 6,330 1,583
Shrub
Wetland 0.46 49 23
Emergent / Herbaceous Wetland 0.42 1,223 514

TOTAL HABITAT UNITS 7,494
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Appendix A

Determination of HSI Values for HEP Analyses



Variable

3

5

Barred Owl

Variable name

Value

Value

Value

Value

Number of trees >20" dbh/acre

Average dbh of overstory trees (in)

Percent canopy cover of overstory trees

HSI = Reproductive Suitability Index
= (511 % S5[2)° x SI.

Carolina Chickadee

Variable name

# Value | Value | Value | Value | Value | Value
Average height of overstory trees {m) vi 9.1 10.7 | 10.7 | 10.7 | 18.3 | 18.3
Percent tree canopy closure V2 85 50 45 85 95 50
Percent canopy closure of deciduous trees in stand V3 85 25 45 85 80 50
Number of snags < 25 cm (10 in) dbh va 200 3 90 10 10 1
per 0.4 ha {1 acre)
SI1
_SI2
SI3
Reproduction Value| SI4

Cover Value = (SI1 x SI2 x 5I3)"°

Lowest Life Requisite Valu

Downy woodpecker
Variable name # Value |: Value | Value | Value | Value | Value
Basal area (ft per acre) Vi 120 | 140 60 80 5 | 160
Number of snags >6 in dbh/acre V2
Food Value SI1

Reproduction Value

Lowest Life Requisite Valu

Average



(Table A-1. HSI Calculation: Upland Deciduous Forest Cover Type, Continued)

Aréa / §ite Num er k

Variable 1 2 3 a 5 20
Eastern Wild Turkey
Variable name . # Value | Value | Value | Value | Value | Value
Percent herbaceous canopy cover Vi 95 25 15 60 0 30
Average height of herbaceous canopy in summer (cm) V2 45.7] 30.5] 30.5| 35.6 0 15.2

Average dbh of hard mast

producing trees 225.4 cm {(cm) Vaa 0 0 45.7 0 101.6|  40.6
Number of hard mast producing trees/ha .

that are 225.4 cm (# / ha) vab 0 0 1235 0 99 8
Percent canopy closure of soft mast producing trees V5 60 50 10 90 20 5

Percent shrub crown cover V6 &V7| 20 20 15 5 90 45
Percent shrub crown cover comprised of soft mast -

producing shrubs vs 100 5 90 | 100 15 30

Percent tree canopy closure Vii | 85 50 45 85 95 50
Average dbh of overstory trees (in) vVi2 15 12 18 8 15 16
Percent of forest canopy comprised of evergreens Vi3 0 25 0 2 20 0
Deciduous Forest Model SI SI SI SI SI SI

SI1 0.6 0.1 0.0 1.0 0.0 0.3
__SI2 1.0 1.0 1.0 1.0 0.0 0.7
Si4 | 0.0 0.0 1.0 0.0 0.8 0.1
SI5 | 1.0 1.0 0.3 1.0 0.5 0.1
SI6 1.0 1.0 0.8 0.3 1.0 1.0
S17 1.0 1.0 1.0 1.0 0.0 0.9
SI8 1.0 0.4 0.9 1.0 0.5 0.6
SI11 1.0 1.0 0.9 1.0 1.0 1.0
SI12 1.0 1.0 1.0 0.5 1.0 1.0
SI13 1.0 1.0 1.0 1.0 1.0 1.0 ] Average

Summer Food/Brood Value = (SI1 x SI2)"* 0.8 | 0.4 | 0.0 1.0 | 0.0 | 0.4 0.43
Fall/Winter/Spring Food Value

= ({(§I4 + SI5) + (516 x SI8)] + 2) x SI7 1.0 0.7 0.9 0.6 0.0 0.3 0.59

Cover Value = SI11 x SI12 x SI13 1.0 1.0 0.9 0.5 1.0 1.0 0.89

See Eastern Wild Turkey
Multi-cover Type Worksheet

Fox Squirrel
Variable name # Value:|:Value | Value | Value | Value | Value
Percent canopy closure of trees that produce

hard mast >10 in dbh Vi 0 0 3 10 70 20
Distance to available grain (yd) V2 660 | 660 660 | 660 660 | 660
Average dbh of overstory trees (in) V3 15 12 18 8 15 16
Percent tree (>16.5 ft height) canopy closure V4 85 50 45 85 95 50
Percent shrub (<16.5 ft height) crown cover V5 20 20 15 5 90 45

SI SI S1 SI SI SI
SI1 0.0 0.0 0.9 0.3 0.9 1.0
SI2 0.1 0.1 0.1 0.1 0.1 0.1
SI3 1.0 0.6 1.0 0.1 1.0 1.0
SI14 0.7 1.0 1.0 0.7 0.6 1.0
SI5 1.0 1.0 1.0 1.0 0.1 0.7

Winter Food Value = (3 x SI1 + SI2) + 3 0.0 0.0 0.9 0.3 0.9 1.0
Cover/Reproduction Value = (SI3 x 514 x SI5)"" 0.9 0.8 1.0 0.4 0.4 0.9 | Average

Lowest Life Requisite Value




Area / Site Number

Table A-2. HSI Calculation: Evergreen Forest Cover Type

HSI = Food/Cover/Reproduction Value = SI1 x SI2 x SI.

Carolina Chickadee

Variable 1 3 >0
Brown Thrasher
Variable name # Value Value Value
Density of wood stems 2 1.0m (3.3 ft) tall {1000s/ha) Vi
Percent canopy cover of trees V2
Percent of ground surface covered by litter> 1 cm (0.4 in) deep v3
SI1
SI12
SI3 Average

Variable name . # Value Value | Value
Average height of overstory trees {m) vl
Percent tree canopy closure v2
Percent canopy closure of deciduous trees in stand V3
Number of snags < 25 cm (10 in) dbh per 0.4 ha (1 acre) v4
SI1
SI12
SI3
Reproduction Value| = SI14

Cover Value = (SI1 x SI2 x SI3)"°

Lowest Life Requisite Valu

Eastern Cottontail

Variable name

= ((4 x Sl + SI2) + 5) + SI3

See Eastern Cottontail Multi-cover Type Worksheet

#oo Value Value Value

Percent shrub {<16.5 ft height) crown cover vl 5 10 0
Percent tree {>16.5 ft height) canopy closure v2 80 80 50
Percent canopy closure of persistent herbaceous vegetation V3 5 5 5
St S1 S1
SI1 0.3 0.5 0.0
S12 0.5 0.5 1.0

SI3 0.0 0.0 0.0 Average |

Winter Cover / Food Index = WCFI 0.3 0.5 0.2 0.37

See Eastern Wild Turkey Multi-cover Type Worksheet

Eastern Wild Turkey
Variable name # Value Value Value
Average dbh of hard mast producing trees 225.4 cm {cm) V4a 0 0 0
Number of hard mast producing trees per hectare
225.4 cm dbh (#/ ha) Vab 1 0 0
Percent canopy closure of soft mast producing trees V5 80 80 0
Percent shrub crown cover V6 & V7 5 10 0
Percent shrub crown cover of soft mast producing shrubs v8 3 100 0
Percent tree canopy closure vii 80 80 50
Average dbh of overstory trees (in) V12 6 6 4
Percent of forest canopy comprised of evergreens Vi3 99 95 100
Si SI Sl
SI14 0.0 0.0 0.0
SI5 1.0 1.0 0.0
SI6 0.3 0.5 0.0
SI17 1.0 1.0 1.0
SI8 0.4 1.0 0.4
SI11 1.0 1.0 1.0
SI12 0.2 0.2 0.1
SIi3 0.2 0.3 0.2 Average
Fall/Winter/Spring Food Value = ([(5I4 + SI5) + (SI6 x SI8)] + 2) 0.6 0.8 0.0 0.43
Cover Value = SI11 x SI12 x 5113 0.0 0.1 0.0 0.04




Table A-3. HSI Calculation: Tree Savanna Cover Type

”Area'/ Site Number

Variable 1 2 3 p
American Kestrel
Variable name . / # Value | Value | Value | Value
Percent herbaceous canopy cover V1 | 95 97 75 90
Percent herbaceous canopy cover < 30 cm (12 in) tall v2 80 0 75 90
Distance to nearest trees, fence post or utility poles/lines (km) V9 0 0 0 0
Availability of large lone trees (230 dbh) or groves (< 0.4 ha in size) ~
containing large trees within a diameter of 1.6 km: vz A A A A
A) Abundant: >10, B) Moderate: 4-9, C) Few to None: 0-1
Availability of cliff ledges, earth banks, or abandoned buildings vs c c C B

within 1.6 km (1.0 mi): A) Abundant, B) Moderate, or C) Few to None
Herbland / Savanna Model SI Sl SL S
SI1 0.9 0.9 1.0 0.9
_SI2 1.0 1.0 1.0 1.0
Si4 1.0 1.0 1.0 1.0
SI17 1.0 1.0 1.0 1.0
SI8 0.1 0.1 0.1 0.5 Average
Food Value = (SI1xSI2xSI4)"* 1.0 1.0 1.0 1.0 0.98
Reproduction Value = SI7 + SI8 (max = 1.0) 1.0 1.0 1.0 1.0 1.00

See American Kestrel Multi-cover Type Worksheet

Eastern Cottontail

Variable name , / # Value | Value | Value | Value
Percent shrub (<16.5 ft height) crown cover Vi 1 25 3 5
Percent tree (>16.5 ft height) canopy closure V2 1 25 15 5
Percent canopy closure of persistent herbaceous vegetation v3 50 75 30 5

S SI SI SI

SI1 0.1 1.0 0.2 0.3
SI2 0.0 1.0 0.6 0.2
SI3 0.3 0.5 0.2 0.0 Average
Winter Cover / Food Index = WCFI = ((4 x SII + SIZ) + 5) + SI3 [max=1.0] 0.3 1.0 0.4 0.3 0.51

See E. Cottontail Multi-cover Type Worksheet

Eastern Meadowlark

Variable name # || Value | Value | Value | Value
Percent herbaceous canopy cover Vi 95 97 75 90
Proportion of herbaceous canopy cover that is grass V2 50 90 30 80
Average height of herbaceous canopy (spring conditions) (cm) V3 40.6 30.5 30.5 30.5

Distance to perch site {(m)
Percent shrub {<16.5 ft height) crown cover

HSI = Food / Reproduction = (SI1 x SI2 x SI3 x SI4) Y% x ST

Scissor-tailed flycatcher

Variable name # Value' | Value /| Value’| Value
Percent herbaceous canopy cover Vi 95 97 75 90
Average height of herbaceous vegetation (cm) V2 40.6 30.5 30.5 30.5
Number of deciduous trees per acre (#/acre) V3 10 150 20 1
Distance to nearest deciduous trees {m) v4 9.1 13.7 3.0 12.2

Model developed for Herbland/Savanna S| SI SI SI

SI1 1.0 1.0 1.0 1.0
SI2 1.0 1.0 1.0 1.0
SI3 1.0 1.0 1.0 0.3
SI4 1.0 1.0 1.0 1.0

Food Value = (SI1 x SI2)*? 1.0 1.0 1.0 1.0
Cover and Reproduction Value = SI3 + SI4 (max = 1.0)

Average

Lowest Life Requisite Value




Table A-4. HSI Calculation: Shrubland Cover Type

Cover Type: Shrubland

Species: - Eastern Cottontail, Field Sparrow, Racer

Area / Site Number

Variable SH1| SH2 | SH3 | SH5
Eastern Cottontail
Variable name ' , . # Value | Value | Value | Value
Percent shrub (<16.5 ft height) crown cover Vi 40 75 35 25
Percent tree {>16.5 ft height) canopy closure V2 10 0 0 0
Percent canopy closure of persistent herbaceous vegetation V3 75 50 60 50
_SI SI SI S1
SI1 1.0 0.8 1.0 1.0
_SI2 0.4 0.0 0.0 0.0
SI3 0.5 0.3 0.4 0.3 ] Average
Winter Cover / Food Index = WCFI 1.0 0.9 1.0 1.0 0.99

= ((4 x SI1 + SI2) + 5) + SI3 [max=1.0]

See Eastern Cottontail Multi-cover Type Worksheet

Field Sparrow

Variable name. # Value | Value | Value | Value
Percent shrub crown cover vi 40 75 35 25
Percent of total shrubs that are
less than 1.5 m (4.9 ft) tall v2 15 >0 15 30
Percent canopy cover of grasses - V3 20 40 75 90
Average height of herbaceous canopy in spring (cm) V4 38.1 91.4 91.4 20.3

‘ SI ‘ SI

SI1 0.0 1.0

SI2 1.0 0.7

S13 0.8 1.0
0.5 1.0 Average

HSI = Cover/Reproduction Value
= [Min(SIL,5I2) x Min(SI3,514)] "°

Racer

Variable name - # Value | Value | Value | Value
Percent herbaceous canopy cover Vi 90 100 95 70
Average height of herbaceous canopy (meters) V2 0.4 0.9 0.9 0.2
Distance to shrubby edges or shrub thickets (feet) v3 20 300 0 20
Number of refuge sites per acre (#/acre) V4 30 100 10 40
SI SI SI SI
SI1 1.0 1.0 1.0 1.0
SI2 0.3 0.8 0.8 0.2
SI3 1.0 1.0 1.0 1.0
Winter Cover Value SI4 1.0 1.0 1.0 1.0

Food Value = [2 x (SI1 x SI2)"? + SI3] + 2 1.0 1.0 1.0 0.9 | Average

Lowest Life Requisite Value




Table A-5. HSI Calculation: Cropland Cover Type

Variable

Area / Site Number

See American Kestrel Multi-cover Type Worksheet

Eastern Cottontail

1 4 20
American Kestrel
Variable name ; # Value | Value } Value
Dlsta.nce to nearest trees, forest edge, fence post or utility poles ‘ va 0.0 0.1 0.1
and lines (km) o
Availability of fence rows, roadside ditches, and grassy-uncultivated Vs : A A A
areas: A) Abundant, B) Moderate, C) Scarce to None .
Availability of large lone trees (230 dbh) or groves (< 0.4 ha in size) ;
containing large trees within a diameter of 1.6km: A} Abundant: V7 A A A
>10, B) Moderate: 4-9, C) Few to None: 0-1
Availability of cliff ledges, earth banks, or abandoned buildings w/in V8 C C C
1.6 km (1. mi): A) Abundant, B} Moderate, C) Few to None :
S SI SI
SI4 1.0 1.0 1.0
S15 1.0 1.0 1.0
SI17 1.0 1.0 1.0
SI8 0.1 0.1 0.1 Average
Food Value = 0.5 x (SI4 + SI5) + 2 0.5 0.5 0.5 0.50
Reproduction Value = SI7 + SI8 (max = 1.0) 1.0 1.0 1.0 1.00

= ((4 x S§I1 + §12) + 5) + SI3 [max=1.0]

See E. Cottontail Multi-cover Type Worksheet

Scissor-tailed flycatcher

Variable name ~ # Value | Value | Value
Percent shrub (<16.5 ft height) crown cover vl 0 0 0
Percent tree (>16.5 ft height) canopy closure V2 0 0 0
Percent canopy closure of persistent herbaceous vegetation V3 40 90 10
SI SI SI
SI1 0.0 0.0 0.0
SI2 0.0 0.0 0.0
SI13 0.2 0.5 0.1 Average
Winter Cover / Food Index = WCFI 0.2 0.5 0.1 0.28

Variable name # Value | Value: | Value
Percent herbaceous canopy cover Vi 20 95 25
Average height of herbaceous vegetation {cm) V2 45,7 91.4 30.5
Number of deciduous trees per acre (#/acre) V3 0 0 0
Distance to nearest deciduous trees (m) V4 45.7 99.7 91.4

Si SI Si
SI1 0.5 1.0 0.6
SI2 1.0 1.0 1.0
SI13 0.0 0.0 0.0
Sl4 1.0 1.0 1.0
Food Value = (SI1 x 512)%Z 0.7 1.0 0.8

Cover and Reproduction Value = SI3 + SI4 (max = 1.0)

Lowest Life Requisite Value




Eastern Cottontail

Variable CR2[CR3] 1 [ 2] 3 [ a4 5] 6| 78 [11]12]13][1a]15] 16
American Kestrel
Variable name # : Field Variable Values !
Percent herbaceous canopy cover V1175 190 |90 190 100 {60 |95 195 |97 {98 [100 190 | 30 198 [95 |90
Percent herbaceous canopy cover <12 in tall V2.1 90 | 90 | 90 |88 |100 0 19 195 |97 |85 {100 | 85 1100 [ 92 | 95 | 50
istance to nearest trees, forest edge, fence | y4 | 0.0 | 0.0 [ 0.0 00| 0.1 | 01|01 |00]01|00|00]00]|00]00]01]01
post or utility poles and lines (km)
Availability of large lone trees (>30 dbh) or
groves (< 0.4 ha in size) with large trees within
1.6 km: A} Abundant: >10, B) Moderate: 4-9, V7 A A A A A A A A A A A A A A A A
or C) Few to None: 0-1
Availability of cliff ledges, earth banks, or old
abandoned buildings within 1.6 km {1.0 mi): v8 C C C C C C C C C C C C B C C C
A) Abundant, B) Moderate, or C) Few to None
Herbland / Savanna Madel Sl:Vaiues :
SI11]10)09]09]09{09 [10]09[05]109]09]09]05104]09]09]1]09
SI12110(10)10]10j 10 1 03{1.0[1.0}310]1.0]1.0]11.0]1.0]1.011.0][06
SI4) 10]10(10)10] 101101101101 10]10;10!1.0]10[10]10][1.0
S17110/[110}110]10] 10 {10}1.011.0]10]10]10]10]10}10[10110
s18401}01101101]01(01}01]01]101/01]0.1]01]05701]0.1]0.1 JAveragel
Food Value = (SI1xSI2xSI4)*"° 10/10]10710[10]07}10]10]10]10]10]10[08]10]10]08] 0.93
Reproduction Value = SI7 + 518 (max = 1.0) 1.00

Eastern Meadowlark

Variable name # : : Field Variable Values

Percent shrub (<16.5 ft height) crown cover vii 0 1 0j0 0 0 0 0 0 0 ]15 0 0 2 0 0

Percent tree (>16.5 ft height) canopy closure V2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

percent canopy closure of persistent va| 0|9 | o[s0 {100 |25 |35 |75 |30 |70 |75 |25 |10 |40 | 5|80

herbaceous vegetation

: : S Values :
S1100/01}00}00[{00]00}00[00]00]00]08]00}/00]0.1]0.0]0.0
$12100/00]00}00] 00 ]00]00]00|00{00/00!00]0010.0]0.010.0
S13100]05]00]03[0602[02!05]02]04105102]0.1]0.2]0.0]0.5]Average
Winter Cover / Food Index (WCFI)
= ({4 % SI1 + 5T2) + 5) + SI3 [max=1.0] 00|06(00]03]06]02]02}j05(02{0410]02]01]03}00](05] 0.31

HSI = Food / Reproduction
= (SI1 x SI2 x SI3 x SI4)"? x sI5

H

Variable name # Field Variable Values
Percent herbaceous canopy cover Vi ] 75 160 [90[90 3100160195195 ]197 198 1100] 90 |1 30 ] 98 1 95 | 90
Proportion of herbaceous cover that is grass V2 99 25 | 83180 | 75 5 90 [ 95 | 98 | 80 | 10 | 40 ;1 80 [ 92 ] 951 20
Average height of herbaceous canopyin spring | 3 | 3551 61,0 | 15.2|30.5| 61.0 | 20.3| 30.5| 30.5| 20.3] 20.3| 61.0{ 406 | 30.5| 30.5| 20.3 | 40.6
conditions {cm)
Distance to perch site (m) V4 :|26.5|45.7127.4]122.91 55.8 1 64.0[53.0135.7191.4112.2115.21384]45.7| 5.2 169.5]57.6
Percent shrub (<16.5 ft height) crown cover Vi 0 1 0 0 Q 0 0 0 0 0 15 0 0 2 0 0
SI Values

SI1108 )10 ]31.0]10] 1.0 {06]1.0]1.0] 1.0

SI12110(01110]110]09(00]1.0}1.0] 1.0

S13]10]041]110710! 041101} 1.0]1.01] 1.0

S14 0.2

1.0 Average




(Table A-6. HSI Calculation: Grassland / Old Field Cover Type, Continued)

Area / Site Number

Variable CR2[CR3]| 1 [ 2] 3 [ 4[5 6] 7 [ 8 [11[12]13[1a]15] 16
Racer
Variable name Sl : . . ' Field Variable Values :
Percent herbaceous canopy cover Vi 75 190 1 90 | 90 | 100 | 60 | 95 | 95 | 97 | 98 | 100 90 | 30 | 98 | 95 | 90
Average height of herbaceous canopy {m) V21 03]106102]03]061{02(03[03}02102[06/04]03]03102]04
Dist. to shrubby edges or shrub thickets (ft) V3 1825]5371600| 75| 100 | 810|450 ] 321300} 100 | 50 [ 120 | 150 | 273 j 500 | 200
Number of refuge sites per acre {#/acre) V4 0 0 0 10 0 0 0 0 0 0 j100[ 0 10 0 0 0

Sl Values :
Si1| 101010 f10[ 1009 ]10]10[10]10]10]10/0511.0[10] 10
s12103]105[01103105[02}103]03{02[02[05]04]03[03]0.2]04
SI3/ 05|08 (07[1.0}110]05}09[10{10]10]10]1.0]10[10]08] 10

Winter Cover Value['SI4] 0.0 | 0.0 1 0.0 [1.0] 00 | 0.0 0.0]0.0[ 00/ 00]1.0]0.0]1.0}0.0[00]00
Food Value = [2 x (SI1 x SI2)"”? + SI3] + 2 0810}(07]10[1.0]07[1.0110]09]09]1.0]1.0}09] 1.0/ 0.8 1.0 JAverage

Lowest Life Requisite Value

Scissor-tailed flycatcher
Variable name # i | || Field:Variable Values
Percent herbaceous canopy cover V1| 75 1 90 {1 90 |90 ) 100 | 60 )1 95195 ]| 97 | 98 | 100] 90 | 30 [ 98 | 95 | 90

Average height of herbaceous vegetation (cm) | 'V2'1] 30.5 ] 61.0115.2{30.5]| 61.0 | 20.3]30.5/30.5120.3|20.3| 61.0{40.6 | 30.5!30.5]20.3|40.6

Number of deciduous trees per acre (#/acre) v3 0 0 0 0 Q 0 0 o] 0 Y] 0 0 0 0 g 0

Distance to nearest deciduous trees (m) Va4 | 26,5]118.9]/ 27.422.9] 55.8 | 64.0 [ 53.0(58.5191.4124.4]15.2{38.4]45.7]36.6]|94.2]|57.6
Model developed for Herbland/Savanna : : Sl:Values : : . : :
SI1;10}10}10]10] 101101107 1.0]110]10]10]10]08]10] 10/} 1.0
S12 10110309310 1011010110} 10110110]10]10:110(1.01] 1.0
S13100/00]00]00{00([00[00[00]00]00({00]/00]00]0.01]0.0]0.0
Si410/10)10]10} 10 {10]10[10]10{10]10}10]10] 10110/} 1.0

Food Value = (SI1 x S[2)"* i0/10/09]10f10j10/10(10[10{10[1.0]1.0]05]10]1.01]1.0
Cover and Reproduction Value :
= SI7 + 514 (max = 1.0) 10101010 1.0]10}10(10}10]10}1.0( 10|10} 1.0]| 1.0} 1.0 JAverage

Lowest Life Requisite Value




Table A-7. HSI Calculation: Riparian Woodland Cover Type

Ri Voodl

Variable 1 2 3 4 5 6 7 8 9 11 | 12 1 14 | 15 | 20 | 30
Barred Owl
Variable name # Fiéld Variable Values :
Number of tree >20" dbh/acre Vi 0 10 0 10 0 0 0 10 0 20 0 0 0 0 0
Average dbh of overstory trees (in) V2 8 8 8 9 8 4 5 8 8 15 10 8 12 20 5
Percent canopy cover of overstory trees v3 50 60 60 20 10 75 80 80 40 40 75 55 40 30 60
: Sl.Values
$11 01 )10f01711310701101701]10]01]10}01}01]01]01(]o0.1
S12°1 0210202031021 00]00]02]02]07103]02]05]10]0.0
SI3 1 0811010 00[00] 1010 10]05]05] 1.0([09] 05| 0.3 ] 1.0 JAverage

HSI = Repro. Suitability Inde.
= (SI1 x SI2)"? x s13|.

Downy Woodpecker | | I
Variable name : # L Field-Variable Valies
Basal area (ft* per acre) Vi 120 (170 }180 (120 10 80 50 90 2 | 150 60 |150 |150 20 {110
Number of snags >6 in dbh/acre V2 | 40 |120 | 20 | 20 | 30 0 10 0| 10 40 | 30 0
L = SlValues
Food Value| SI1 [ 05105 11010700

Reproduction Value

Lowest Life Requisite Valu

Fox Squirrel | ‘ i ]

Variable name #i : Field Variable Values
Percent canopy closure of trees that produce
hard mast >10 in dbh vl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Distance to available grain (yd) V2 | 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660 | 660
Average dbh of overstory trees (in) v3 8 8 8 9 8 4 5 8 8 15 10 8 12 20 5

Percent tree (>16.5 ft height) canopy closure |- V4 60 | 8 | 90 | 50 10 | 80 | 95 80 | 8 50 | 80 | 60 70 70 | 60

Percent shrub (<16.5 ft height) crown cover v5 10 5 5 5 80 5 10 20 10 60 10 10 10 25 15

Sl'Values :

SI1100[/00)00;00]00}00;00]00(00/00}00]00]00][]00]0.0
s12.101(01]01101]01}01/01101/01)o01}o01t]01[01f01]0.1
S13/01(01]01]02]01}00!/00/01/01[10]03]01]067]10]00
SI4 | 10[(07]06]10]05]|]08 |06 08 07]10[08]10]057]09]10
SI5°] 1011010 10]02]10]10]10]10105] 10110} 1.0} 1.0} 1.0

_ (jx;f'_;”fg;"f‘; 0.0 {00|00[00|00|00]|00]|00]|00|00|00]00]00]|00]|00
Cover/fzgu;of;;ﬁ 040410306 )02|00)j00|04]|04|08]|06]|04]08]| 1.0] 0.0 {Average

Lowest Life Requisite Value




(Table A-7. HSI Calculation: Riparian Woodland Cover Type, Continued)

W

ALY
Area / Site Number

Variable 1| 2|3 |4 |5)|6| 7|89 |11]12/14a]15]|20]30
Racoon
Variable name ' # Field Variable Values o
Distance to water {mi) Vi gofo03]00]00]0O0O{01]00]O01|01]00{01]03]00]0.0]0.1
Water regime: A) Permanent water, . '
B} Semi-permanent water, or v2 B B B B B B B B A C B B B B B

C) No water or ephemeral flooding

Overstory forest size class: A) Saplings
(<1Scm dbh), B) Pole timber {2 15 cm to 25
cm dbh), C) Saw timber (= 25 ¢cm to 50 cm
dbh), or D) Mature trees (= 50 cm dbh).

v3is|B|B|B|B|A]A|B|B|C|B|B|Cl|lcC]|aA

Number of refuge sites per 0.4 ha (#/acre) V4 10 10 70 3 60 20 {120 | 30 ] 100} 20 20 0 20 40 0

Deciduous Forested Wetlands Mode! | , i Sl:Values o -

S11 1 10101010110 1010101071010 0] 10] 107 1.0
st2los5]o5]o5]o5]0o5]05]05]05][10[]01]05]05]05]05]05
S13]02102}102102102]01}101]02]021]071021]02]07]07]01
SI4 1 10]10/10]09j10]10110]10]10110110100] 101 10]00
Water Value = (SI1 x §[2)" 071067107107 107]107107]107]10103107107107107]07

Cover Reproduction Value
= (SI3+ SI4) + 2 06|06|06)06|06|06)06|06|06]]09|06]01]|09] 09/ 0.1 |Average

Lowest Life Requisite Value

Wood Duck | ‘ i
Variable name # : : Field Variable Values

Number of !)otenttally su.ltable tree cavities Vi 0 0 0 1 0 0 20 20 0 40 10 0 0 2 0
per acre {min entrance size of 7.6 x 10 cm)

Number of nest boxes per acre v2

Number of potential nest sites per acre :

={0.18 x V1) + (0.95 x V2) v3 goloco|0C0O]|02]0C0]00)|54)36{00}72]18[00]{00;36]00
Percen't of water surface covered by Va4 15 0 5 0 10 15 5 25 5 80 10 5 5 5 10
potential brood cover

Percent of water surface covered by V5 8 0 3 0 10 15 5 15 5 65 8 5 5 5 10

potential winter cover

: Si Values Average

Nesting Value] SI3 | 0.0 | 0.0 | 0.0 | 00 | 0.0 | 0.0} 10 {07100 10] 04|/ 00100]07]001} 0.26
Brooding Value| ' S14 | 0.3 |1 00 (01 ] 00]02}{03]01}05}01}08]02]01]01]011}102]0.21

WinterCoverValue) SIS |1 02 |1 00 [ 01]00[/02103[01}1031014110]102]01101]011021{0.19




Table A-8., HSI Calculation: Shrub Wetland Cover Type

S

Area / Site Number

Variable 1 2 3 2 5
Green Heron
Variable name # Value: |: Value ‘| Value | :Value | Value
Aquatic substrate composition in littoral zone:
A) Muddy, B) Sandy, or C} Rocky vl A A A A A
Percent water area <10 in deep V2 100 100 100 100 100
Percent emergent herbaceous canopy cover in littoral zone V3 25 60 100 60 0
Percent water surface obstruction V4 25 0 95 50 40
Water regime: A) Permanent .water, B) Semi-permanent water, or C) Vs B B B A B
No water or ephemeral flooding
Water current in summer: A) 5till to slow (<6 in/sec), B) Moderately
slow (2-24 in/sec), C) Moderately fast (24-40 in/sec), or D) Fast (>40 V6 A A A A A
in/sec)
Sl Sl Si Sl Si
SI1 1.0 1.0 1.0 1.0 1.0
SI12 1.0 1.0 1.0 1.0 1.0
SI13 0.6 1.0 0.0 1.0 0.1
SI4 1.0 0.2 0.2 1.0 1.0
SI5 0.9 0.9 0.9 1.0 0.9
. SI6 1.0 1.0 1.0 1.0 1.0
Food Value = (SII x SI2 x SI3)*° + 54 1.0 1.0 0.2 1.0 1.0
Water Value = (SI5 x SI6) 7 0.9 0.9 0.9 1.0 0.9 [Average
Lowest Life Requisite Value
Racoon
Variable name . : # Value Value Value Value Value
Distance to water (mi) V1 0.3 0.0 0.0 0.1 0.0

Water regime: A} Permanent water, B} Semi-permanent water, or C)

No water or ephemeral flooding V2 ; B B B A B
Number of refuge sites per 0.4 ha {#/acre) v4 0 0 30 0
Deciduous Shrub Wetlond Model Si SI SI Si
SI1 1.0 1.0 1.0 1.0
SI 2 0.5 0.5 0.5 1.0
Cover / Reproduction Value SI 4 0.0 0.0 1.0 0.0

Water Value = (SI1 x SI2)*~

Lowest Life Requisite Value

Swamp Rabbit

Variable:name # Value Valiie Vahie Value Value'
Percent shrub crown closure V2 65 60 45 90 40
Percent herbaceous canopy cover V3/v4 10 67 100 60 100
Water Regime: 1) Permanently flooded, 2) Intermittently exposed,
3)Semi-permanently flooded, 4) seasonally flooded, S) Temporarily V6 4 3 3 4 3
flooded, or 6) Intermittently flooded

Deciduous Shrub Wetland Model S1 SI SI S| S1

SI2 1.0 1.0 0.9 1.0 0.8
S13:/ SI4 0.1 0.9 1.0 0.8 1.0
SI6 0.8 0.5 0.5 0.8 0.5
Food/Cover Value = (SI1 + SI2) + 2 0.6 0.9 1.0 0.9 0.9 [Average

HSI = Food/Cover Index x SIt

Wood duck
Variable name L Value Value Value Vaiue Value
Number of potentially suitable tree cavities per acre {min entrance size| Vi 0 0 0 0 0
of 7.6 x 10 cm)
Number of nest boxes per acre V2 1] 1] 0 0 0
Number of potential nest sites per acre
={0.18 x V1) + (0.95 x V2) v3 0 0 0 0 0
Percent of water surface covered by potential brood cover V4 25 0 95 50 40
Percent of water surface covered by potential winter cover V5 25 0 60 25 40
SI S1 S1 SI SI Average
Nesting Value SI13 0.0 0.0 0.0 0.0 0.0 0.00
Brooding Value SI4 0.5 0.0 0.2 1.0 0.8 0.50
Winter Cover Value SI5 0.5 0.0 1.0 0.5 0.8 0.56

See Wood Duck Multi-cover Type Worksheet :




Table A-9. HSI Calculation: Emergent Wetlands Cover Type

Area / Site Number

Variable 1 2 3 4 5 75
Green Heron
Variable name # Value | Value| Value'| Value | Value | Value
Aquatic substrate composition in littoral zone :
A) Muddy, B) Sandy, or C) Rocky Vi A A A A A A
Percent water area <10 in deep V2 100 | 100 | 100 | 100 25 15
Percent emergent herbaceous canopy cover in littoral zone v3 75 90 50 95 50 20
Percent water surface obstruction V4 75 90 0 2 15 5
Water regime (average summer conditions): A) No water or
ephemeral flooding, B) Semi-permanent water, or C) Permanent V5 B B B C B A
water
Water current (average summer conditions): A} Still to slow {<6 ~ ‘
in/sec), B) Moderately slow {2-24 in/sec), C) Moderately fast (24-40 V6 A A A A A A
in/sec), or D) Fast (>40 in/sec) -
Distance to deciduous forested or deciduous shrub wetland {mi) V7 0.0 0.1 0.0 0.0 0.0 0.0
SI SI SI NE S| SI
SI1 1.0 1.0 1.0 1.0 1.0 1.0
SI12 1.0 1.0 1.0 1.0 0.5 0.3
SI13 1.0 0.4 1.0 0.2 1.0 0.5
S14 1.0 0.4 0.2 0.3 0.7 0.4
SI5 0.9 0.9 0.9 0.3 0.9 1.0
SI6 1.0 1.0 1.0 1.0 1.0 1.0
Reproduction Value| SI7 1.0 1.0 1.0 1.0 1.0 1.0
Food Value = (SII x SI2 x SI3)*° + /4 1011010081 101 09

Water Value = (SI5 x SI6)™”

Lowest Requisite Life Valu

Lowest Requisite Life Valu

Racoon
Variable name # Value | Value | Value | Value | Value | Value
Distance to water (mi) Vi 0 0 0 0 0 0
Water regime: A) Permanent'water, B) Semi-permanent water, or C) V2 B B B C B A
No water or ephemeral flooding
Number of refuge sites per 0.4 ha (#/acre) V4 0 0 0 20 50 0
Herbaceous Wetland Model S1 SI SI S1 SI S1
SI1 1.0 1.0 1.0 1.0 1.0 1.0
SI2 0.5 0.5 0.5 0.1 0.5 1.0
Cover / Reproduction Value| SI'4 0.0 0.0 0.0 1.0 1.0 0.0
Water Value = (SII x SI2)7Z 0.7 1 07 ] 07 | 03 ] 0.7 | 1.0 JAverage

See Wood Duck Multi-cover Type Worksheet |

Wood Duck
Variable name # Value | Value | Value |‘Value | Value | Value
Number of potentially suitable tree cavities per acre (min entrance Vi 0 0 0 10 0 0
size of 7.6 x 10 cm)
Number of nest boxes per acre V2
Number of potential nest sites per acre V3 0 0 0 1.8 0 0
=(0.18 x V1) + (0.95 x V2) )
Percent of water surface covered by potential brood cover v4 75 90 0 2 15 5
Percent of water surface covered by potential winter cover V5 20 75 0 2 15 5
SI Si SI SI SI SI: ) Average
Nesting Value|. -SI3 0.0 0.0 0.0 0.4 0.0 0.0 0.06
Brooding Value| S14 1.0 0.4 0.0 0.0 0.3 0.1 0.31
Winter Cover Value| SI5 0.4 1.0 0.0 0.0 0.3 0.1 0.31




Table A-10. American Kestrel Multi-cover Type Worksheet

American Kestrel Cover Type
Relative Abundance of Cover Types CFopland Grassland | Tree Savanna | Total
Area Used By Species (acres) ' 1757.0 4761.0 132.0 6650.00
Relative Area
= Cover Type Area + Total Area 0.3 0.7 0.0 1.00
Food Value Calculation
Food Value1
From Cover Type Worksheet ; 0-5 0.9 1.0
Mean Distance to Covertype Provndmg 0.0 0.0 0.0
Food (mi)
Interspersion Index
Value of Index at Distance 10 1.0 1.0
Food Value 2
At Cover Type Prov:dmg Food Hab:tat 0.5 0.3 1.0
Modified Food Value
= Interspersion Index x Food Value 2 0.5 0.9 1.0 Total
% Food Support Provided
= Modified Food Value x Relative Area 0.1 0.7 0.0 0.82
Reproduction Value Calculation
Reproduction Value 1 1.0 1.0 1.0
From Cover Type Worksheet ) ) '
Mean Distance to Covertype Prowdmg
0.0 0.0 0.0
Reproductlon (mi) _
Interspersion Index
Value of Index at Distance 1.0 1.0 1.0
Reproduction Value 2
At Cover Type Providing Reproduction 1.0 1.0 1.0
Habitat
Modified Reproductlon Value
= Interspersion Index x Reproduction Value 1.0 1.0 1.0 Total
2 J
% Reproduction Support Provided
= Modified Reproduction Value x Relative 0.3 0.7 0.0 1.00
Area
Overall Life Requisite Calculation % Provided Optimal % Querall
Life Requisite Value
Calculated Above|  Frovided in — Provided =~ Optimal
Model
Food Value 0.8 0.6 1.0
Reproduction Value 1.0 0.1 1.0




Table A-11. Wood Duck Multi-cover Type Worksheet

Wood Duck

Cover Type

Riparian

_ Shrub

Woodland

Wetland

Herbaceous
Wetland

Total k

Relative Abundance of Cover Types
Area Used By Species (acres) ‘

6330.0

49.0

1223.0

7602.0

Relative Area ; .
= Cover Type Area =+ Total Area

0.8

0.0

0.2

1.0

Winter Cover Value Calculation

Winter Cover Value (SI5)
From Cover Type Worksheet

0.2

0.6

0.3

Total

Winter Cover Value Adjusted by Area
= SIS x Relative Area

0.2

0.00

0.0

0.2

Nesting Value Calculation

Nesting Value (S13)
From Cover Type Worksheet

0.3

0.0

0.1

Interspersion Index for Nesting*
=1 if Nesting Provided in Covertype or Wlthln
0.5 mi

1.0

1.0

1.0

Usable Relative Area
= Relative Area x Interspersion Index

0.8

0.0

0.2

Total

Nestmg Value Ad]usted by Usable Area
= SI3 >< Usable Relatlve Area

0.2

0.0

0.0

0.2

% Area in Optimum Condition for
Nesting v7)
= Sum of Adjusted Nestlng Values x 100

Overall Nesting Value (S17)
= Calculated for V7 from Model

v7

22.3

SI17

1.0

Brooding Value Calculation

Brooding Value (SI14)
From Cover Type Worksheet

0.2

0.5

0.3

Interspersion Index for Brooding
=1 if Brooding Provided in Covertype or
Within 0.5 mi

1.0

1.0

1.0

Usable Relative Area
= Relative Area x Interspersion Index

0.8

0.0

0.2

Total

Brooding Value Adjusted by Area
= SI4 x Relative Area

0.2

0.0

0.0

0.2

% Area in Optimum Condition for
Brooding (V8)
=.Sum of Adjusted Brooding Values x 100

Overall Brooding Value (SI8)
= Calculated for V8 from Model

vs

22.5

sI8

0.2

Year-Round HSI Calculation

Breeding Suitability Value
= | owest Life Requisite Value for Breeding
(Nesting or Brooding)

0.2

Winter Cover Suitability Value
=.Sum of Adjusted Winter Cover Values

0.2




Table A-12. Eastern Cottontail Multi-cover Type Worksheet

Eastern Cottontail ; Cover Type

Winter Cover / Food Value Calculation EY:;?;:: : SaT\.ll::na Shrubland) Grassland| Cropland Jotal
Area Used By Spe;ies (acres) 228.0 132.0 63.0 4761.0 1757.0 6941.0
':ecl:\t/geTC;:iréé e 0.03 0.02 0.01 0.69 0.25 1.00
“,f‘r’:;fecr;:r"%pé ';\‘,’;is‘r(::t‘e (WCFI) 0.37 0.51 0.99 0.31 0.28 Total
ivs\'lg::‘;id;;::\fe - 0.01 0.01 0.01 0.21 0.07 0.31




Table A-13. Eastern Wild Turkey Multi-cover Type Worksheet

_ Cover Type
. Evergreen Upland .
Eastern Wild Turkey Forest Deciduous  Totals
Forest _ ,
Area Used By S’pe’cies (‘acres)k . 228.0 2216.0 2444.0
:e(!:\t::EeTC;:a/\rea = Total Area k 0.09 0.91 1.00
?%'31"2355‘3%2! ,xi?fs?we"e_?'Pe (Feo) 0.00 0.43  Total
g e | v | es
P ] e | > e
:dlgvltlsstseld::(’elsa?if/e Area 0.04 0.53 0.57
E;‘:lc‘l()s:r‘l%%aeh\;\?orksheet 0.04 0.89 Total
:déglsieg;l:;ilve Area 0.00 0.81 0.81
%o Area Providing Optimum Habitat’ for Life Requisite
e
e
%enl; of Adjusted CSI Vie 814
Overall Life Requisite Values
Colciatec fo V14 from Mocel | st 1.00
e
S:I:jlgted for V16 from Model SI16 1'09

Lowest Requisite Life Value
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Introduction

In 2011, The Waters of East Texas Center, Stephen F. Austin State University, Arthur
Temple College of Forestry and Agriculture (SFASU) was contracted by the Office of Wetlands,
Oceans, and Watersheds, U. S. Environmental Protection Agency (EPA), Dallas, TX to conduct
field testing in Fannin County, TX, of the methods outlined in the Regional Guidebook for
Applying the Hydrogeomorphic Approach to the Functional Assessment of Forested Wetlands in
Alluvial Valleys of East Texas (Williams et al. 2010). This guidebook was developed to support
forested wetland functional assessment in the modern floodplains of the riverine systems in the
East Texas Pineywoods ecoregion. The objective for the 2011 study was to test the potential
efficacy of the methods and models in the guidebook for use in assessing forested wetland
functions for the proposed Lower Bois d’ Arc Creek Reservoir (LBCR) Project (Dans and
Williams 2011). Forested wetlands with riverine geomorphic locations in Fannin County thought
to approach the highest functional condition were sampled to measure the wetland variables
identified in the guidebook. Specific sample locations were determined by the availability of
property access. The variables are used in models to calculate functional capacity indices
(FCI). An a priori decision was made to use the mid-gradient riverine models in the guidebook.
It was assumed that no adjustments to variable metrics would be necessary if the FCI equaled
1.0 (0 to 1.0 scale) for all mid-gradient riverine wetland functions assessed by the guidebook. It
was anticipated that adjustments would be required to appropriately apply the guidebook to
Fannin County due to metric differences for variables such as tree species composition, tree
size, and forest stand structure. Based on the results from the limited number of sites sampled,
the recommendation was that six variables required metric adjustments before the FCI models
in the guidebook were suitable for use. These variables were tree basal area, thickness of the A

horizon, composition of tallest woody vegetation stratum, tree composition, log biomass, and



woody debris biomass. Only the coarse woody debris variables were greatly different from what
was observed in east Texas.

During the 2015 summer, SFASU was contacted by the U. S. Army Corps of Engineers,
Tulsa District Regulatory Office (CESWT-RO) to discuss the additional work required to modify
variable metrics and models in the East Texas HGM FCI spreadsheet calculator for use by the
LBCR. The 2011 study was limited by the number of plots sampled. Although, the term
“reference standard wetland” was used in the 2011 report, there was no planned intent to
sample reference standard wetlands as defined by the HGM approach (Williams et al. 2010).
Increased sampling of reference standard wetlands was required to improve necessary
adjustments to variable metrics and increase user confidence for applying the East Texas HGM
guidebook models outside of their intended geographic area. Also, after the SFASU team
became more familiar with the geomorphic characteristics of the germane wetlands, it was
determined that the low-gradient riverine models would be more appropriate for characterization
of functional condition. CESWT-RO coordinated with SFASU to conduct additional field
sampling during the fall 2015 and winter 2016 in reference standard low gradient riverine
forested wetlands within a geographic area (HGM reference domain) representing conditions in
Fannin County. The CESWT-RO coordinated with U. S. Army Corps of Engineers,
Environmental Research and Development Center (ERDC) to use the field results to make
variable metric and model modifications to the East Texas HGM low gradient riverine

spreadsheet calculator for specific use by the LBCR.

Objectives

Developing a new, comprehensive HGM guidebook was not the intent of 2015-16 study.
The overall goal of the 2015-16 study was to modify the existing East Texas HGM low-gradient

riverine models and spreadsheet calculator as necessary for use by the LBCR. Since the



planning and development of an HGM approach should be directed by a team familiar with the
reference domain ecology, an assessment team was formed to identify and guide the
completion of the study objectives. The assessment team consisted of personnel from the

organizations listed below.

U. S. Army Corps of Engineers, Tulsa District Regulatory Office (CESWT-RO)

U. S. Army Corps of Engineers, Environmental Research and Development Center
(ERDC)

e U. S. Environmental Protection Agency (EPA)

e U. S. Fish and Wildlife Service (FWS)

e U. S. Forest Service (USFS)

e Texas Commission on Environmental Quality (TCEQ)
¢ Texas Parks and Wildlife Department (TP&W)
o Waters of East Texas Center, Stephen F. Austin State University (SFASU)

e Freese and Nichols, Inc.
¢ North Texas Municipal Water District (NTMWD)
e SolvLLC

The assessment team met on October 6, 2015 at the John Bunker Sands Wetlands Center,
Seagoville, TX to review general HGM principles. On November 15, 2015 the assessment team
met at the Pat Mayse Wildlife Management Area, Paris, TX to review HGM field methods and

determine the study objectives. The objectives were:

1. Establish the reference domain for the LBCR study.

2. Determine general sampling locations within the reference domain that contained
forested low-gradient riverine reference standard wetlands.

3. Conduct field data collection in the reference standard wetlands within the reference
domain using East Texas HGM guidebook methodology.

4. Use the field data to support modifications to the East Texas HGM low gradient riverine
spreadsheet calculator based on the adjusted variable metrics and FCI models.



Methods

The Reference Domain

The CESWT-RO presented to the assessment team the reference domain on October
15, 2015. The geographic extent of the reference domain was based on the U. S. Geological
Survey Hydrologic Unit Codes (HUC) in and around Fannin County, TX (Appendix Figure 1, p.
15). The main ecoregions represented in the reference domain are Blackland Prairie and Post
Oak Savannah (Gould et al. 1960). Sampling within the reference domain was done primarily in
the low-gradient riverine geomorphic settings of EPA Level IV Ecoregions 32c and 33f in and

around Fannin County, TX.

General Sample Locations in Reference Domain

The general geomorphic and vegetational characteristics of a reference standard
wetland were discussed and agreed upon by the assessment team at the November 15, 2015
meeting. In general, a reference standard wetland, a wetland thought to exhibit the best
condition for all ecological functions, was characterized as forested, mature, exhibiting gap-
phase dynamics, and receiving overbank, headwater flooding from a river or stream. For an
example of the reference standard wetlands sampled in this study, refer to Appendix Figures
2A-2D, pp. 16-17. Based on this discussion, six sites were recommended to have locations with

reference standard wetlands (Appendix Figure 3, p. 18). The sites sampled in chronological

order were:
e U. S. Forest Service, Caddo National Grasslands-Bois-D’ Arc Unit
e U. S. Forest Service, Caddo National Grasslands-Ladonia Unit
¢ White Oak Wildlife Management Area, Texas Parks and Wildlife Department
o Cooper Wildlife Management Area, Texas Parks and Wildlife Department
o Pat Mayse Wildlife Management Area, Texas Parks and Wildlife Department
[ )

Lennox Woods, The Nature Conservancy of Texas

Appendix Table 1, p. 28, summarizes the sampling date and number of sampling points at each

site.



Wetland Assessment Area and Plot Data Measurements

Field data collection was done by SFASU personnel. On occasion, other members of
the assessment team accompanied the SFASU team as observers. Field data collection
occurred during December 2015 through February 2016. Except as noted below, the wetlands
assessment area (WAA) and plot based variables were measured using methods described in
the East Texas HGM guidebook (Williams et al. 2010). WAA variables were assessed in the
general area that represented reference standard characteristics and areas that were mature
but not yet experiencing gap regeneration. The plots were randomly located in the WAA,
Individual plots in the WAA were separated by at least 150 feet. The number of plots sampled
in the WAA were based on WAA size, time on location, accessibility due to overbank flooding,
and, based on best professional judgement, whether the WAA was adequately characterized.
Coordinate locations of sampling points are included in the summary Appendix Table 2A-F, pp.
28-30)

Several modifications to the field data collection were agreed upon by the assessment
team at the November 15, 2015 meeting. The 2011 SFASU field team found the A horizon
depth to be difficult to measure in determining the metrics for Vayor. The hydric soil series
typically found in the modern floodplains of Fannin County is the Tinn clay, 0 to 1 percent
slopes, frequently flooded (fine, smectitic, thermic, Typic Hapluderts) (NRCS 2013). The Tinn
soil is characterized by an A horizon to a depth of 17 inches. Since Vayor is used in only one
function model (Cycle Nutrients), the assessment team agreed to delete this variable from that
model in the spreadsheet calculator. As a result, this variable was not assessed in the field. In
order to ensure consistency in field measurements between field teams for log biomass (V.og)
and woody debris biomass (Vwp), the assessment team agreed to a standard protocol. Instead
of the north and south orientation for the 50-foot transects recommended in the guidebook, the

transects would be oriented north and east in an effort to capture woody debris that may be



oriented parallel to the river/stream direction. Each 50-foot transect started at plot center. Small
diameter woody debris (0.25 to 1-inch diameter) was counted at the 40-foot to 46-foot segment.
Medium diameter woody debris (1 to 3-inches diameter) was counted on the 24-foot to 36-foot

segment.

Use of 2011 Study Data

The 2011 study included field sampling in mature forest stands that may or may not
have met the reference standard definition, as well as, younger forest stands (Dans and
Williams 2011). Since all sampling in 2011 was done within the appropriate geographic and
hydrogeomorphic setting, the decision was made between CESWT-RO, ERDC and SFASU to
utilize the 2011 data to supplement the 2015-16 data in order to facilitate calibration of the
variable metrics used in the models. Specifically, calibration requires a range of conditions by
which a curve may be derived, and these younger stands provided midrange conditions on

which to ground the curves.

Field Data Summary and Recalibration of Spreadsheet Calculator

For each site and each plot sampled at a site, the WAA and plot-based field data were
entered in to the East Texas HGM low gradient riverine spreadsheet calculator for computation
of the variable averages and the conversion of the resuits from English to metric units. These
resuits are summarized in Appendix Tables 3A-3L, pp. 32-41. To facilitate recalibration of the
East Texas HGM variable metrics, the SFASU field team characterized each plot using two
criteria: maturity and climax stage. The maturity and climax categories are:

Maturity Ranking:
1. Over-mature

2. Mature
3. Younger

Climax Stage Ranking:
1. Mature climax structure. Single tree die-off and gap regeneration started.

2. Closed canopy of mature trees, no gap regeneration started, but anticipated based on tree
maturity and density.

3. Closed canopy of young trees. Canopy thin enough that shrubs and ground cover plentiful.




The SFASU field team used forest stand structure characteristics and best professional
judgement to assign each plot a maturity and climax stage ranking. The summary spreadsheets
were sent to ERDC personnel for adjustment of the variable metrics and modification of the low-

gradient riverine spreadsheet calculator.

To formulate the changes needed to accurately assess the LBCR data, the field data
were organized by maturity, disturbance, and climax ranking. The reference standard was
determined by grouping the data from the most mature sites. As reference standard data, most
variables should be at or near 1.00. If the existing East Texas HGM variable subindex (VSI)
curve for an individual variable captured the variability of the new data set, the original curve
was kept. If the existing East Texas HGM VS| curve did not capture the variability of the
reference standard LBCR data, the range for a 1.00 was expanded until it captured as many of
those most mature sites as possible without also capturing a majority of less-mature sites. The
steepness of the curves was then determined by looking at the other age classes, and trying to

ensure stands of different maturities received different VSIs for the newly calibrated variables.

Results

Field Data and Variable Subindex Curves

Compilation of field data into the East Texas HGM calculator revealed that many
variables aiready scored near a 1.00, implying that many variables required no change to the
East Texas HGM VSI curves to make them applicable for the LBCR. A summary of the values
found for each plot by site is included in the Appendix Tables 3-7, pp. 32-41. For those
variables that were not consistently separating reference standard sites from the younger sites,
new VSI curves were generated based on the field data. The original East Texas HGM VS|
curves are included in Appendix Figures 4A-4R, pp. 19-23, and the revised LBCR HGM VS|

curves are included in Appendix Figures 5A-5P, pp. 24-27.



The field dataset sent to ERDC (Appendix Tables 3-7, pp. 32-41) was the basis for any
modifications of the East Texas HGM VSI curves. After calibration of the field data, it was

determined that the following curves exhibited no change from the original East Texas HGM VSl

curves:
*  Vparcu o Viga
*  Vrreq *  Vipen
e Vpur *  Vsnac
*  Veonp *  Voror
o  Vsrrata e Ve
e Vsou o ViR

The East Texas HGM VSI curves that required modification are:

e Veowp
e Vssp
e Vics
e Vi

All modifications to the East Texas curves were data-driven. [f the field data variability
was not adequately captured by the current East Texas VSI curve, it was adjusted to represent
the values exhibited by the sampling sites ranked highest for both maturity and climax. The
data from sites that ranked second and third for maturity and climax were used to adjust the

steepness of the VSI curve on each side of the 1.00 range.

Changes to Curves

The metric range for a VSI score of 1.0 for Vssp, Viogs, and Vyp was larger for the LBCR
data when compared with the East Texas VSI curves. This is supported by the data collected
from the highest ranking sites. The East Texas HGM VSI curve for sapling-shrub density has a
range from 1250 stems/ha to 2500 stems/ha. The LBCR sapling-shrub density VSI curve has a
range from 1000 stems/ha to 4000 stems/ha. For log volume, the original East Texas range

was from 8 m*ha to 30 m*/ha, and the modified LBCR range is from 2.5 m%ha to 60 m*ha.
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The range for woody debris originally was from 5 m*/ha to 35 m%ha, and the modified range is

from 20 m*/ha to 90 m*/ha.

The Vicome species grouping and calculation was modified as well, based on field
observations and regional literature. For each sampling plot, tree count was done by species to
help support the development of the new species groupings. For example, the White Oak WMA
site is situated between the Post Oak Savannah and Pineywoods ecoregions, and exhibits
typical Pineywoods forest tree species composition. In addition to adjusting the species
groupings, an adjusted quality index calculation was added to give value to diversity and better
evaluate the variable. The modifications to the tree species grouping are listed in Appendix
Table 8, p. 42, the tree count by species at each site is in Appendix Table 9A-F, pp. 43-53, and

the calculation for the adjusted quality index is listed in the Appendix under Calculations, p. 57.

The East Texas HGM low-gradient riverine FCI equations were unchanged, with the

exception of the removal of Vauor from the cycle nutrients function (Appendix pp. 51 and 52).

Introduction of Flats Models

At the May 4" 2016, assessment team meeting, it was determined that a portion of the
proposed Riverby Ranch mitigation site, Fannin County, TX, is functioning as a wetland in a flat
geomorphic setting. This is due to an upstream dam (Denison Dam impounding Lake Texoma)
on the Red River that flows adjacent to the mitigation site. In order for the LBCR HGM VSI
curves to be used in the flat wetlands, adjustments were made to the low-gradient riverine
models to indicate that these areas are functioning as flats (wetlands that are supported
primarily by precipitation rather than riverine flooding). The models were altered by removing
Verea and Vpyr, in keeping with flats models in other HGM guidebooks. As with other HGM
guidebooks, flat wetlands are not assessed for “Detain Floodwater” or “Export Organic Carbon,”
as those functions require a closer tie to the river itself. The formulas for “Maintain Plant
Communities” and “Provide Habitat for Fish and Wildlife” were revised to remove Vggeq and

11



Vpur. The remaining two FCI models (“Cycle Nutrients” and “Detain Precipitation”) are

unchanged from the riverine form to flats form (See Appendix p. 53).

Discussion

It is important to note that the reference domain endured severe drought in 2011, as well
as, an ice storm in December 2013. In the winter of 2015 and spring of 2016, the region
experienced excessive rainfall leading to abnormal amounts of overbank flooding. The drought
most likely killed many trees, potentially affecting the forest stand structure and many HGM
variables, such as tree density, snag density, log volume, and/or woody debris variables. In
addition, the increase in the size and number of canopy gaps may have contributed to increased
sapling-shrub densities in the understory. The recent, high-energy flooding also had a large
effect on the depth of the O horizon, litter cover, log volume, and woody debris. The O horizon
was scoured on most sampling sites. At many sites the woody debris was concentrated in large

drift piles due to the excessive flooding.

The majority of sampling was performed in the winter, not the growing season. This
made tree species identification and variables such as ground vegetation cover potentially more
difficult to determine. The climatic events mentioned above do occur on a regular basis in the
reference domain, however, the assessment team is experienced in HGM field data collection

and is confident the variables have been adequately assessed for this study.
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Original East Texas HGM Variable Curves
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Figure 4E. Original East Texas VSI curve
for number of vegetative strata present.
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curve for percent altered soils.

|
i

|

VDEN

Variable Subindex

0 200 400 600 800 1000 1200
Tree Density (stems/ha)
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Figure 51. Modified Fannin County VSI
curve for snag density.
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Tables

Site and Plot Information

Table 1. Summary of sampling dates and number of sampling points at each sampling location

for the LBCR study.

Sampling Location

Date Sampled

Points

Number of Sampling

Caddo National Grasslands — Bois D’Arc

Unit 12/09/15 — 12/10/15 14
Caddo National Grasslands — Ladonia Unit 12/16/15 4
Pat Mayse WMA 02/04/16 — 02/05/16 17
White Oak WMA 01/28/16 & 02/19/16 15
Cooper WMA 01/29/16 6
TNC Lennox Woods 02/18/16 8

Table 2A. Coordinate locations of all LBCR sampling points for the Caddo National Grasslands

Bois D’Arc Unit.

Study Site Latitude Longitude
USFS Caddo National Grass Lands Bois D'Arc Unit Plot 1 33.7433453 -95.95981038
USFS Caddo National Grass Lands Bois D'Arc Unit Plot 2 33.74268982 -95.95942287
USFS Caddo National Grass Lands Bois D'Arc Unit Plot 3 33.74166458 -95.95996705
USFS Caddo National Grass Lands Bois D'Arc Unit Plot 4 33.74089807 -95.96033462
USFS Caddo National Grass Lands Bois D'Arc Unit Plot 5 33.7407826 -95.95970883
USFS Caddo National Grass Lands Bois D'Arc Unit Plot 6 33.7453938 -95.96204465
USFS Caddo National Grass Lands Bois D'Arc Unit Plot 7 33.7449488 -95.96302773
USFS Caddo National Grass Lands Bois D'Arc Unit Plot 8 33.74654137 -95.96114155
USFS Caddo National Grass Lands Bois D'Arc Unit Plot 9 33.74338332 -95.96279998
USFS Caddo National Grass Lands Bois D'Arc Unit Plot 10  33.74255005 -95.96283647
USFS Caddo National Grass Lands Bois D'Arc Unit Plot 11 33.74187108 -95.96351153
USFS Caddo National Grass Lands Bois D'Arc Unit Plot 12 33.741823 -95.96410965
USFS Caddo National Grass Lands Bois D'Arc Unit Plot 13 33.74057737  -95.9626368
USFS Caddo National Grass Lands Bois D'Arc Unit Plot 14  33.74103135  -95.9636242
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Table 2B. Coordinate locations of all LBCR sampling points for the Caddo National Grasslands

Ladonia Unit.

Study Site Latitude Longitude
USFS Caddo National Grass Lands Ladonia Unit Plot 1 33.79768538 -95.8816987
USFS Caddo National Grass Lands Ladonia Unit Plot 2  33.79471243 -95.8834426
USFS Caddo National Grass Lands Ladonia Unit Plot 3  33.79434773 -95.88237828
USFS Caddo National Grass Lands Ladonia Unit Plot 4  33.79248402 -95.88337712

Table 2C. Coordinate locations of all LBCR sampling points for White Oak WMA.

Study Site Latitude Longitude
TPWD White Oak WMA Plot 1 33.30036275 -94.8232002
TPWD White Oak WMA Plot 2 33.30063995 -94.82366545
TPWD White Oak WMA Plot 3 33.3009408 -94.82429165
TPWD White Oak WMA Plot 4 33.30084133  -94.82494255
TPWD White Oak WMA Plot 5 33.30056635 -94.82555382
TPWD White Oak WMA Plot 6 33.30031772  -94.82603038
TPWD White Oak WMA Plot 7 33.30161257 -94.8252346
TPWD White Oak WMA Plot 8 33.302209 -94.82547813
TPWD White Oak WMA Plot 9 33.30276123  -94.82571237
TPWD White Oak WMA Plot 10  33.303353 -94.82596847
TPWD White Oak WMA Plot 11 33.30433932  -94.82630405
TPWD White Oak WMA Plot 12 33.27584697  -94.74037952
TPWD White Oak WMA Plot 13 33.27623525  -94.73964307
TPWD White Oak WMA Plot 14  33.27585712 -94.73933983
TPWD White Oak WMA Plot 15  33.27585958 -94.7387917

Table 2D. Coordinate locations of all LBCR sampling points for Cooper WMA.

Study Site Latitude Longitude
TPWD Cooper WMA Plot 1 33.25280033  -95.79501742
TPWD Cooper WMA Plot 2 33.25309992 -95.79486032
TPWD Cooper WMA Plot 3 33.25360307 -95.79484568
TPWD Cooper WMA Plot4  33.25386913  -95.79430807
TPWD Cooper WMA Plot 5  33.25418463  -95.79448687
TPWD Cooper WMA Plot6  33.25410905 -95.79510808 .
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Table 2E. Coordinate locations of all LBCR sampling points for Pat Mayse WMA.

Study Site Latitude Longitude
TPWD Pat Mayse WMA Plot 1 33.7944777 -95.67430932
TPWD Pat Mayse WMA Plot 2 33.79464307 -95.67362865
TPWD Pat Mayse WMA Plot 3 33.79462212  -95.67297182
TPWD Pat Mayse WMA Plot 4 33.79521733  -95.67297582
TPWD Pat Mayse WMA Plot 5 33.79497623 -95.67419137
TPWD Pat Mayse WMA Plot 6 33.79554135 -95.67652143
TPWD Pat Mayse WMA Plot 7 33.79592177 -95.6770445
TPWD Pat Mayse WMA Plot 8 33.79645008 -95.67747633
TPWD Pat Mayse WMA Plot 9 33.79658295 -95.67828087
TPWD Pat Mayse WMA Plot 10  33.7932427 -95.67358313
TPWD Pat Mayse WMA Plot 11 33.7927972 -95.67292987
TPWD Pat Mayse WMA Plot 12 33.7932318 -95.67271698
TPWD Pat Mayse WMA Plot 13 33.79321555  -95.67177645
TPWD Pat Mayse WMA Plot 14  33.78944873  -95.67233893
TPWD Pat Mayse WMA Plot 15  33.7890028 -95.67289952
TPWD Pat Mayse WMA Plot 16  33.78876557 -95.67407875
TPWD Pat Mayse WMA Plot 17  33.78765152  -95.67432448

Table 2F. Coordinate locations of all LBCR sampling points for Lennox Woods.

Study Site Latitude Longitude
TNCT Lennox Woods Plot 1 33.73554007 -95.08355218
TNCT Lennox Woods Plot2  33.7358862 -95.0846221
TNCT Lennox Woods Plot 3  33.73578458 -95.08567867
TNCT Lennox Woods Plot4  33.73525033 -95.08514368
TNCT Lennox Woods Plot 5  33.73472332 -95.08529805
TNCT Lennox Woods Plot6  33.73440662  -95.0849352
TNCT Lennox Woods Plot 7 33.73427472  -95.0840929
TNCT Lennox Woods Plot8  33.73518888 -95.08379133
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Field Data
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Tree Count by Species

Table 9A. Tree count by species for plots at Caddo National Grasslands Bois D’Arc Unit.

Fraxinus Celtis Ulmus Quercus Ulmus Maclura
pennsylvanica laevigata crassifolia | macrocarpa | americana pomifera
Green Ash Sugarberry | Cedar EIm Bur Oak Amé-lrr:::an Bois D'Arc
Plot 1 12 12 0 0 0 0
Plot 2 10 16 0 0 0 0
Plot 3 16 17 0 0 0 0
Plot 4 9 5 7 1 0 0
Plot 5 18 0 13 0 0 0
Piot 6 14 5 1 0 0 0
Plot 7 19 10 1 0 0 0
Plot 8 4 1 0 0 2 6
Plot 9 7 3 2 0 0 6
Piot 10 16 6 3 0 0 0
Plot 11 6 8 2 0 0 1
Plot 12 14 14 0 0 0 2
Plot 13 3 5 6 0 0 2
Plot 14 0 5 5 0 0 1
Table 9A continued.
. Total # Total # Hard % Hard
Saz:)npcfus TTortea;: Quercus * Qslg,;)r'cus Mast Mast
spp- Producers Producers
Soapberry
Plot 1 0 24 0 0 0 0
Plot 2 0 26 0 0 0 0
Plot 3 0 33 0 0 0 0
Plot 4 0 22 1 4.5 1 4.5
Plot 5 0 31 0 0 0 0
Plot 6 0 20 0 0 0 0
Plot 7 0 30 0 0 0 0
Plot 8 0 13 0 0 0 0
Plot 9 0 18 0 0 0 0
Piot 10 0 25 0 0 0 0
Plot 11 0 17 0 0 0 0
Plot 12 0 30 0 0 0 0
Piot 13 0 16 0 0 0 0
Plot 14 2 13 0 0 0 0
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Table 9B. Tree count by species for plots at Caddo National Grasslands Ladonia Unit.

Fraxinus . Quercus .
pennsylva Ce_lt|s Ulm_us- macrocarp UIr(lus Mac!ura Sapindus
nica laevigata | crassifolia a americana | pomifera spp.
Green Ash Sug?{rberr Cedar EIm | Bur Oak Améall;::an Bois D'Arc | Soapberry
Plot 1 3 2 1 0 0 6 0
Plot 2 3 7 6 1 0 3 0
Plot 3 4 6 1 0 0 0 0
Plot 4 2 6 1 0 0 0 2
Table 9B continued.
. Platanus Total # % Total # % Hard
s:fslggr?: occidental 1;.?_'[:;5# Quercus Quercus | Hard Mast Mast
g is spp. spp. Producers | Producers
Persimmo Sycamore
n y
Plot 1 0 0 12 0 0 0 0
Plot 2 0 0 20 1 5 1 5
Plot 3 0 0 11 0 0 0 0
Plot 4 1 1 13 0 0 0 0
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Calculations
Original East Texas FCI Models

a. Detain Floodwater.

(Viog + Vave + Vssp + Vrpen)
FCI =V, X
FREQ { )

b. Detain Precipitation.

V. + V
[VPOND + (Vonor > LITTER)]

FCI =
2

c. Cycle Nutrients.

[(VTBA + VS?;SD + VGCV) + (VOHOR + VAHOR 4+ VWD + VSNAG)

2

FCI =

d. Export Organic Carbon.

Vurrer + Voror + Vwp + Vsnag) n (Vrpa + VSBSD + VGVC)]

4
FCI = VFREQ X

2

e. Maintain Plant Communities.

2
FCI =

Vrpa + Vrpen]
S Veomp 9 (Vsor, + Vpur + VPOND)}
2 3

f. Provide Habitat for Fish and Wildlife.

Y4

(VFREQ + Vpyr + VPOND)] y [(VTCOMP + Vsrrara + Vsnag + Vraa)
3 4

Vo + Vonor)
X [ 5 X Vparcu
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Modified Fannin County Models

a. Detain Floodwater.

4

Vioe + Voye + Vssp + V.
FCI = Vipgy X [( LoG T Veve T Vssp TDEN)]

b. Detain Precipitation.

V, + V
[VPOND + (Vouor > LITTER)]

FCl =

2
c. Cycle Nutrients.

(Vrpa + Vssp + Voey) + (Vonor + Vwp + Venac)
FCl = 3 3

2

d. Export Organic Carbon.

(Vurrer + Voror + Vwp + Vsnag) " (Vrga + Vssp + VGVC)]
3

4
FCI = VFREQ X 2
e. Maintain Plant Communities.
Y
Vrga + Vrpenl 2
FCI = 5 + Veomp % VsorL + Vpur + VPOND)]
2 3

J. Provide Habitat for Fish and Wildlife.

Y4

(VFREQ + Vpur + VPOND)] y [(VTCOMP + Vsrrata + Vonac + Vrga)

4
FCI = 3

VoG + Voror)
X [ = 5 X Vparch
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Modified Fannin County Flats Models
a. Detain Floodwater. Not Assessed.

b. Detain Precipitation.

v, +V )
[VPOND + YoHor . LITTER

FCI =

2
c. Cycle Nutrients.

(Vrga + Vssp + Veev) n (Vonor + Vwp + VSNAG)]
FCI = 3 3

2

d. Export Organic Carbon. Not Assessed.
e. Maintain Plant Communities.

Y,

(Vrga + Vrpen]
=+ Veomr y [(Vsou + VPOND)]

2

FCI =

2

f. Provide Habitat for Fish and Wildlife.

1
(Vrcomp + Vsrrara + Vsnac + Vrpa) /a

4

Vponp X [

o [(Vwc + Voror)

FCI =
5 } X Vparcu
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Adjusted Quality Index Calculation for Vicome

Initial Quality Index

(# of dominants from Group 1 x 1.0) + (# of dominants from Group 2 X 0.66) +
(#of dominants from Group 3 X 0.33)

# of dominants from Groups 1,2,and 3

VSI = Adjusted Quality Index

Where if there are 3 or more dominants from Groups 1 and 2:

Adjusted Quality Index = 1.0 X Initial Quality Index

Where if there are 2 dominants from Groups 1 and 2:

Adjusted Quality Index = 0.66 X Initial Quality Index

Where if there is 1 dominant from Groups 1 and 2:

Adjusted Quality Index = 0.33 X Initial Quality Index

And if there are 0 dominants from Groups 1 and 2:

Adjusted Quality Index = 0.10 X Initial Quality Index
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APPENDIX L: RAPID GEOMORPHIC ASSESSMENTS
(RGA) CONDUCTED FOR THE
PROPOSED LOWER BOIS D’ARC CREEK
RESERVOIR SITE IN 2008 AND 2016

L-1: RAPID GEOMORPHIC ASSESSMENT OF BOIS D’ARC CREEK AND ITS

TRIBUTARIES FOR THE LOWER BOIS D’ARC CREEK RESERVOIR
PROJECT (2008) , ‘ ;

L-2: SUPPLEMENTAL RAPID GEOMORPHIC ASSESSMENT DATA

COLLECTION AT THE PROPOSED LOWER BOIS D’ARC CREEK
RESERVOIR SITE (2016)

Appendix L — Rapid Geomorphic Assessments

Conducted in 2008 and 2016 Page L-1
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Executive Summary

Introduction

The North Texas Municipal Water District (NTMWD) is proposing to build an approximately
367,600 acre-foot water supply reservoir (Lower Bois d’Arc Creek Reservoir) on Bois d’Arc and
Honey Grove Creeks approximately 15 miles northeast of Bonham in Fannin County, Texas.
The primary objective of this study is to perform a rapid geomorphic stability assessment of Bois
d’Arc Creek and four major tributaries (Honey Grove Creek, Sandy Creek, Ward Creek, and
Bullard Creek) within the inundation pool of the proposed reservoir (Figure ES-1). In terms of
reconnaissance and information evaluation, this rapid assessment is similar to Step 1 of the
“Texas Instream Flow Studies: Technical Overview” (TWDB, 2008). The results of this
geomorphic assessment will be used in conjunction with the environmental report and habitat

assessment developed by Freese and Nichols, Inc. (FNI) to describe the existing conditions of
the riverine system.

The stream channel patterns and characteristics of the Bois d’Arc system are greatly influenced
by the geologic lithology and structure occurring in Fannin County. In general, the streams and
creeks in Fannin County, including Bois d’Arc Creek, flow in channels cut through alluvium and
fluviatile terrace deposits which were deposited by larger streams during the Pleistocene and
Holocene Epochs of the Quaternary Period (USDA, 2001). The alluvial deposits in the channels
of Bois d’Arc Creek, Sandy Creek, Bullard Creek, Ward Creek, and Honey Grove Creek were
derived from Upper Cretaceous bedrock which lies directly beneath the alluvium (USDA, 2001).

This Upper Cretaceous bedrock is also visible at the surface on either side of the respective
stream channels (BEG, 1967).

According to a historical map dated circa 1915 and aerial photography dated 1950, 1970, and
2005, the land surrounding the Bois d’Arc Creek system remains largely undeveloped, rural land
predominantly used for agricultural purposes. There is evidence by the historical data that
landowners have modified the terrain by digging drainage channels through their property,
bypassing and sometimes abandoning the natural riverine system. This channelization has

resulted in the creeks incising, causing down cutting of the channel bottom throughout the
reaches.
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Objectives

The primary objective of this study is to perform a rapid geomorphic stability assessment of Bois
d’Arc Creek and four major tributaries (Honey Grove Creek, Sandy Creek, Ward Creek, and
Bullard Creek) within the inundation pool of the proposed reservoir. The results of this rapid
assessment will be used in conjunction with the environmental report and habitat assessment
developed by Freese and Nichols, Inc. (FNI) to describe the existing conditions of the riverine
system. The rapid geomorphic assessment will be based on general stream stability, riparian
vegetation, and potential for instream habitat.

This assessment is the first step to further studies that will be required for instream flow
determinations, sediment transport analysis, and eventually evaluating downstream mitigation
and restoration opportunities. The results of this study will be used to classify the study reaches
as good, fair, or poor for use in conjunction with the environmental report, habitat assessment,

and 404 permit application to aide in describing the existing conditions of the riverine system
upstream of the dam.

Methodology

The existing physical characteristics of the main stem of Bois d’Arc Creek and its major
tributaries were developed using a combination of field collected data, current one-foot LIDAR
generated topography, current two-foot aerial topography, and both current and historic aerial
photography/mapping. The channel classification procedure used for this phase of analysis is
based on a rapid assessment of the stream geomorphic properties and characteristics of the
main stem of Bois d’Arc Creek (upstream of the proposed dam) and four (4) major tributaries:
Honey Grove Creek, Ward Creek, Bullard Creek, and Sandy Creek.

The rapid assessments were based on both anthropogenic and natural factors observed in the

field and through comparison of the existing and historic channel pattern and geometry.

Four forms were used to complete the Rapid Assessment at each site. The Data Collection
Form was used to collect general stream information related to channel size and location.
Specific data included channel geometry, identification of substrate material, identification of
debris jams or blockages, identification of potential in-stream cover, and information regarding
the riparian zone. The Bank Stability Form was used to record bank geometry, information
regarding riparian vegetation and rooting depths, and general bank armoring. The Channel
Stability Form was used to collect a variety of information related to the condition of the upper
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slopes, lower slopes, and channel bed. Data collected on the field forms were consolidated into

a Rapid Assessment Classification Form.

The data collected for the preliminary assessment include general, quantitative parameters as
well as qualitative measurements of physical geomorphic features. The parameters utilized for
this assessment were selected after review of multiple rapid assessment and data collection
worksheets and selecting the parameters appropriate for this level of the stream assessment.
Sources for selecting appropriate parameters included the “Watershed Assessment of River
Stability & Sediment Supply” (Rosgen, 2006), “Texas Instream Flow Studies: Technical
Overview” (TWDB, 2008), “Montgomery County Rapid Stream Assessment Technique”
(Montgomery County, 1992), and the “Vermont Rapid Stream Assessment” (Vermont, 2007).

Channel Evolution

Based on field observations of Bois d’Arc Creek and the studied tributaries, the morphological
adjustments of each creek can be described using a general incised channel evolution model.
A number of studies of incised channels in alluvial materiais in the United States have shown
that following channelization, the altered channel geometry changes through a predictable
sequence of channel evolution. (Ireland et al., 1939; Schumm et all., 1984; Harvey and Watson,
1986; Simon and Hupp, 1986; Simon, 1989). These channel evolution sequences / models
provide a method for interpreting the current stage of the channel morphology by evaluating the
existing channel form and geomorphic processes.

The channel evolution model identifies the stages of channel form beginning with the
channelized section, which disrupts the dynamic equilibrium, through major stages of
disequilibrium and channel evolution back to a state of dynamic equilibrium. The model shows
the channel to incise, then widen as a result of bank failure and mass wasting. As the channel
becomes over-widened it will begin to aggrade because the stream power will be insufficient to
carry the existing sediment load. Eventually a new channel will form within the over-widened

section with sufficient stream power to carry the total sediment supply and a new dynamic
equilibrium will be reached.

Based on the rapid assessment of Bois d’Arc Creek and the four studied tributaries, all of the

reaches have been impacted and none of the reaches have reached a new state of dynamic

9/03/2008 Executive Summary iv



equilibrium; however, there are reaches in which new channels are beginning to form within the

over-widen channels and the creek is in the process of recovering.

Conclusions

Table ES.1 summarizes the results of the rapid assessment reaches analyzed for the Rapid

Geomorphic Assessment.

e The majority of Bois d’Arc Creek (54%) was classified as “poor” with the remainder (46%)
being classified as “fair.”

¢ The majority of Honey Grove Creek (86%) was classified as “fair” with the remainder being
classified as “good” (8%) or “poor” (6%).

e The majority of Ward Creek (84%) was classified as “fair’ with the remainder (16%) being
classified as “poor.”

e The majority of Bullard Creek (82%) was classified as “poor” with the remainder (18%) being
classified as “fair.”

e The majority of Sandy Creek (83%) was classified as “poor” with the remainder (17%) being
classified as “fair.”
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Table ES.1
Channel Classification

Total Reach 7,000 100%
Bois d’Arc Creek Good - 0%
Reach 1 Fair 3,587 51%
Poor 3,413 49%
Total Reach 12,000 100%
Bois d’Arc Creek Good - 0%
Reach 2 Fair 5419 45%
Poor 6,581 55%
Total Reach 5,000 100%
Bois d’Arc Creek Good - 0%
Reach 3 Fair 50 1%
Poor 4,950 99%
Total Reach 24,500 100%
Bois d’Arc Creek Good - 0%
Reach 4 Fair 17,084 70%
Poor 7,416 30%
Total Reach 40,800 100%
Bois d’Arc Creek Good - 0%
Reach 5 Fair 15,200 37%
Poor 25,600 63%
Total Reach 89,300 100%
Bois d’Arc Creek Good - 0%
Total Fair 41,340 46%
Poor 47,960 54%
Total 35,700 100%
Honey Grove Creek Good 2,700 8%
Fair 30,700 86%
Poor 2,300 6%
Total 27,900 100%
Ward Creek Good - 0%
Fair 23,500 84%
Poor 4,400 16%
Total 25,900 100%
Bullard Creek Good = 0%
Fair 4,600 18%
Poor 21,300 82%
Total 14,150 100%
Sandy Creek Good - 0%
Fair 2,400 17%
Poor 11,750 83%
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Rapid Geomorphic Assessment of Bois d’Arc Creek and its Tributaries
for the Lower Bois d’Arc Creek Reservoir Project

1.0 Introduction

The North Texas Municipal Water District (NTMWD) is proposing to build an approximately
- 367,600 acre-foot water supply reservoir (Lower Bois d’Arc Creek Reservoir) on Bois d’Arc and
Honey Grove Creeks approximately 15 miles northeast of Bonham in Fannin County, Texas
(Figure 1.1). Bois d’Arc Creek and its tributaries, upstream of the proposed reservoir, are
incised and eroding. Current conditions of the creeks are the result of channelization and
straightening of the natural, meandering creeks and loss of vegetation along bank slopes due to
agricultural (farming and ranching) practices.

The primary objective of this study is to perform a rapid geomorphic assessment of Bois d'Arc
Creek and four major tributaries (Honey Grove Creek, Sandy Creek, Ward Creek, and Bullard
Creek) within the inundation pool of the proposed reservoir.  The results of this preliminary
geomorphic assessment will be used in conjunction with the environmental report and habitat
assessment developed by Freese and Nichols, Inc. (FNI) to describe the existing conditions of
the riverine system. The geomorphic assessment will be based on general stream stability,

riparian vegetation, and the potential for developing aquatic habitat features.

This assessment is similar to Step 1 of the “Texas Instream Flow Studies: Technical Overview
(TWDB, 2008) and is the first step to further studies that will be required for instream flow
determinations and eventually evaluating mitigation and restoration. The results of this study
will be used to classify the study reaches as good, fair, or poor for use in the 404 permit
application to help describe the existing conditions of the riverine system.
Data and information used in this investigation included:

e Mapping / Aerial Photography from 1915, 1950, 1970, and 2007

¢ 1-foot LIDAR data from January 2007

e 2004 2-foot aerial contour data from Dallas Aerial Survey

¢ Geologic Maps of Texas

e Soil Survey of Fannin County

e Field Data (Section 4.0 Methodology)

A description of how this information was applied to the analysis is described in Section 4.0
Methods.
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2.0 Basin History

21 Ecoregions

The proposed Lower Bois d’Arc Creek Reservoir is located in two Level IV ecoregions as
mapped and described by Griffith et. al. (2004). The southern portion of the reservoir and the
associated streams are in the Northern Blackland Prairie Ecoregion (Level IV) of the Texas
Blackland Prairies (Level Ill), while the northern portion is in the Northern Post Oak Savannah
(Level 1V) Ecoregion within the East Central Texas Plains region (Level lll) (Figure 2.1).
Beginning approximately six miles downstream of the proposed dam site, Bois d’Arc Creek
Creek flows through the Pleistocene Fluvial Terraces (Level IV) of the South Central Plains
Ecoregion (Level lll) and eventually converges with the Red River in the Red River Bottomlands
(Level IV) of the South Central Plains Ecoregion.

This diverse ecological, including topographical, soil, and geological characteristics, influences
the vegetation, wildlife, and hydrological characteristics of the area. An understanding of these

features can help put the results of the geomorphic assessment of stream condition into
regional context.

The Northern Blackland Prairie Ecoregion encompasses most of Honey Grove Creek, Ward
Creek, Bullard Creek, and the upstream portion of Bois d’Arc Creek. The soils of this ecoregion
are characterized by mostly fine-textured, dark, calcareous, and productive Vertisols. These

soils are underlain by interbedded chalks, marls, limestones, and shales of the Cretaceous age.

The northern part of Lower Bois d’Arc Creek Reservoir, Sandy Creek and other tributaries
entering Bois d'Arc Creek to about six miles downstream of the proposed dam are within the
Northern Post Oak Savannah Ecoregion. This region is characterized by fine textured loam

soils with a udic moisture regime, underlain mostly by Eocene and Paleocene-age formations.
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2.2 Geologic Setting

The stream channel patterns and characteristics of the Bois d’Arc system are greatly influenced
by the geologic lithology and structure occurring in Fannin County (Figure 2.2). In general, the
streams and creeks in Fannin County, including Bois d’Arc Creek, flow in channels cut through
alluvium and fluviatile terrace deposits which were deposited by larger streams during the
Pleistocene and Holocene Epochs of the Quaternary Period (USDA, 2001). The alluvial
deposits in the channels of Bois d’Arc Creek, Sandy Creek, Bullard Creek, Ward Creek, and
Honey Grove Creek were derived from Upper Cretaceous bedrock which lies directly beneath
the alluvium (USDA, 2001). This Upper Cretaceous bedrock is also visible at the surface on
either side of the respective stream channels (BEG, 1967).

The Upper Cretaceous bedrock visible along Bois d’Arc Creek formed in shallow seas that
extended inland from the Gulf of Mexico. All of the originally flat-lying strata now strikes east-
northeast and dips south-southeast at a rate of approximately 30 to 35 feet per mile (USDA,
2001). However, the dip rate increases to 300 feet per mile on the southeastward-plunging
ridge of the Preston Anticline (TDWR, 1982). The Preston Anticline is a broad arch located in
the western portion of Fannin County that trends northwest-southeast and plunges
southeastward. Due to the presence of this structure, bedrock, stream channels, and soils are

deflected southeastward as they pass over the axis of the anticline (TDWR, 1982; USDA, 2001).

The surficial deposits on the northwestern side of Bois d’Arc Creek, and along Sandy Creek and
portions of Honey Grove Creek, consist of poorly to thinly bedded silty marl and waxy clay of the
Bonham Marl of the Austin Group (BEG, 1967; USDA, 2001). The marl has a maximum
thickness of approximately 400 feet and weathers to yellowish green at its type locality (USDA,
2001). The marl becomes increasingly calcareous as it continues westward and merges with
the undivided Austin Chalk in Grayson County (USDA, 2001). Eastward, it is less calcareous

and becomes increasingly marly. The surface of the Bonham Marl outcrop is a gently rolling
plain (USDA, 2001).

The formations visible on the southeastern side of Bois d’Arc Creek, and along Bullard Creek,
Ward Creek, and portions of Honey Grove Creek, are the Blossom Sand and the Brownstone
Marl of the Austin Group. The Blossom Sand typically consists of very fine-grained to fine-
grained, calcareous, ferruginous quartz sand that grades westward into clay (BEG, 1967;
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USDA, 2001). The Blossom Sand outcrop in Fannin County ranges from 0.25 mile to 2.75 miles
in width, and weathers to brown and red at the surface (USDA, 2001). The Blossom Sand is
approximately 20 feet thick, but thickens eastward and feathers out westward. The sand
eventually merges with the Bonham Marl, east of the City of Bonham (BEG, 1967; USDA,
2001). On the surface, the Blossom Sand is a gently rolling plain with broad divides between
stream valleys (USDA, 2001).

The Brownstone Marl of the Austin Group outcrops to the south of the Blossom Sand on the
southeastern side of Bois d’Arc Creek, and along Bullard Creek, Ward Creek, and portions of
Honey Grove Creek. The Brownstone Marl typically consists of medium yellowish grey, poorly
bedded, calcareous marl and clay with glauconite present at the base of the marl (BEG, 1967;
USDA, 2001). The marl ranges in thickness from 80 to 175 feet, but feathers out westward near
the City of Bonham where it merges with the Bonham Marl; eastward, the Brownstone Marl
thickens (USDA, 2001). The Brownstone Marl outcrop is roughly 1.5 to 4.0 miles wide in Fannin
County. It is very susceptible to water erosion and mass wasting, and the weathered outcrop
tends to be light yellowish grey in color (USDA, 2001). The outcrop of the Brownstone Marl is

dissected by several stream channels, and only a few flat surfaces are present between the
stream channels (USDA, 2001).

23 Soils

The mainstem of Bois d’Arc Creek from upstream of Bonham and downstream to about three
miles above the confluence with the Red River traverses the Tinn soil series (Soil Survey of
Fannin County, Texas, United States Department of Agriculture, 1988). This series consists of
moderately well drained, very slowly permeable, clayey soils on floodplains. The series has a

“very high” shrink swell potential and an Erosion factor K value of 0.32.

Tributaries flowing into the proposed Bois d’Arc Creek Reservoir on the north side upstream of
Sandy Creek flow through the Normangee-Wilson-Bonham series group (Soil Survey of Fannin
County, Texas, United States Department of Agriculture, 1988) consisting of loamy and clayey,
moderately acid to neutral soils. Normangee and Bonham series have moderate to high shrink
swell potential and an Erosion factor K ranging from 0.31-0.37, while the Wilson series has low

to high shrink swell and an Erosion factor K ranging from 0.37-0.43.
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From approximately the mouth of Sandy Creek to near FM 100 downstream of the proposed
dam soils adjacent to the floodplain Tinn series are in the Whakana-Porum-Freestone series
(Soil Survey of Fannin County, Texas, United States Department of Agriculture, 1988) that are
loamy, very strongly acid to neutral soils on terraces. Freestone series has low to high shrink
swell potential and an Erosion factor K ranging from 0.32-0.37; the Porum series has low to high
shrink swell and an Erosion factor K ranging from 0.32-0.43; and the Whakana series has low to

moderate shrink swell and an Erosion factor K of 0.32.

On the south side of the proposed reservoir, Honey Grove, Bullard, and Sloans creeks are in
the Frioton series (Soil Survey of Fannin County, Texas, United States Department of
Agriculture, 1988) that is clayey and loamy, moderately alkaline soils on floodplains. This series
has a high shrink swell potential and an Erosion factor K of 0.32.

The majority of the remaining drainages on the south side of the reservoir consist of the Ellis-
Crockett series (Soil Survey of Fannin County, Texas, United States Department of Agriculture,
1988) of loamy and clayey, moderately acid to neutral soils on uplands. The Crockett series
has low to high shrink swell potential and an Erosion factor K ranging from 0.32-0.43 and the
Ellis series has high shrink swell potential and an Erosion factor K ranging from 0.32.

24 Historical Land Use Practices

According to a historical map dated circa 1915 and aerial photography dated 1950, 1970, and
2005, the land surrounding the Bois d'Arc Creek system remains largely undeveloped, rural land
predominantly used for agricultural purposes. There is evidence by the historical data that
landowners have modified the terrain by digging drainage channels through their property,
bypassing and sometimes abandoning the natural riverine system. This channelization has

resulted in the creeks incising, causing down cutting of the channel bottom throughout the
reaches.

Due to crop rotation or change of land owners throughout the area, the riparian vegetation
buffer alongside the creeks is constantly changing. According to the 1950 aerial, it was common
to see a 2,000 to 4,000 foot vegetative buffer around Bois d’Arc Creek; but over time, the buffer
has come closer to the channel. In some areas the vegetation has been cleared up to the creek

banks, which in turn causes bank instability due to the loss of rooting mass.
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However, on Honey Grove, Bullard, and Ward Creeks on the south side of Bois d’Arc Creek, the
buffer has increased over time. Referencing the 1950 aerial, very rarely was there vegetation
on both sides of the creek and the vegetation that was there was no more than 50 feet wide.
The 2007 aerials show that due to changes in agricultural practices (i.e. clearing up to the
stream banks) the vegetative buffer along these creeks has increased from almost nothing to
more than 500 feet wide with only short reaches of stream where the clearing extends to the
creek.

On the north side of Bois d’Arc Creek, the vegetation buffer along Sandy Creek has remained
fairly constant over the last 50 years.

For a description of specific historical changes for each reach, refer to Section 5.0 in this report.
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3.0 Incised Channel Evolution Model

Significant portions of the Bois d’Arc Creek system was channelized over the years, with some
alterations to the natural stream channel occurring before 1915. Based on historical aerial
photographs, stream channelization continued within the Bois d’Arc Creek system into the
1970’s. As part of the assessment of the quality of the current Bois d’Arc Creek system, it is
important to know if the system has re-established equilibrium since the time it was channelized
and the riparian vegetation buffer has changed. Determining the state of the channel is
therefore a function of determining if the channel is in dynamic equilibrium or if the sediment
supply and stream power are still out of balance. A number of studies of incised channels in
alluvial materials in the United States have shown that following channelization, the altered
channel geometry changes through a predictable sequence of channel evolution. (Ireland et al.,
1939; Schumm et all., 1984; Harvey and Watson, 1986; Simon and Hupp, 1986; Simon, 1989).
These channel evolution sequences / models provide a method for interpreting the current stage
of the channel morphology by evaluating the existing channel form and geomorphic processes.

The evolution model also provides a means for predicting future channel evolution / channel
processes.

The five stage Incised Channel Evolution Model (ICEM), developed by Schumm, Harvey and
Watson (1984) describes the evolution of a channelized stream or river and was applied to this
analysis to describe the conditions of the Bois d’Arc Creek system. The changes in channel
geometry resulting from channelization will extend upstream and downstream from the altered
reach as the stream system works to re-establish dynamic equilibrium. The effects of

channelization can impact tributaries that are forced to adjust through down cutting and erosion
to re-attain equilibrium.

The channel evolution model shown as Figure 3.1 identifies the stages of channel form
beginning with the channelized section, which disrupts the dynamic equilibrium, through major
stages of disequilibrium and channel evolution back to a state of dynamic equilibrium. As
shown, the channel incises then widens as a result of bank failure and mass wasting. As the
channel becomes over-widened it will begin to aggrade because the stream power will be
insufficient to carry the existing sediment load. Eventually a new channel will form within the
over-widened section with sufficient stream power to carry the total sediment supply and a new
dynamic equilibrium will be reached.
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The characteristics of the five stages of the channel evolution mode! and the morphological

adjustments of the channel through time can be summed up as follows:

¢ Type | — channel upstream of channel incision, prior to morphological adjustments

¢ Type Il — actively incising but the banks are stable (no mass wasting)

e Type Il — rapidly widening channel due to undercutting and mass wasting of banks,
signs of some aggradation are apparent due to excess sediment load and over widened
channel

e Type IV — channel widening continues but at a reduced rate, signs that recovery has
begun to emerge in the form of inner berms and emergent vegetation

e Type V — dynamic equilibrium re-established, new stable channel formed within the old

channel with new floodplain, old floodplain becomes an abandoned terrace.

This model explains the general morphology of the Bois d’Arc Creek system. Bois d’Arc Creek
and portions of its tributaries have been altered and, as expected, the channelized sections are
following the predicted channel evolution. A similar sequence of channel evolution has been
observed on Mill Creek, a tributary of Chambers Creek in the Blackland Prairie Region of Texas
(Allen, 2006). The North Sulphur River and tributaries exhibited a similar channel evolution
sequence while the channels were located in alluvium but became more complicated when the
underlying shale was exposed (Mussetter Engineering, 2006).

The application of the channel evolution model to the Bois d’Arc Creek system within the project
area is one component of the rapid assessment used for this study. Further discussions of the

channel evolution types by stream reach are presented in Section 5.0.

As stated above, an important aspect of this assessment is making a preliminary determination
as to whether or not the Bois d’Arc Creek systerh is in dynamic equilibrium. One of the major
impacts of disequilibrium is that the reaches will, at best, provide only transitory habitat features
and have little, if any, permanent habitat features. Previous studies have indicated that
channelized streams in the humid, southwest United States can take forty to fifty years to
complete the channel evolution process (Schumm et Al. 1984; Schumm 1999; Simon 1989);
however, channelized streams in the semi-arid southwest can take more than 100 years to
complete the cycle (Gellis et al., 1995).

s —

9/03/2008 Rapid Assessment 12



4.0 Methods

This section describes the rapid assessment protocols and methods utilized to assess individual
stream segments. The existing physical characteristics of the mainstem of Bois d’Arc Creek
and the major tributaries were developed using a combination of field collected data, current
one-foot LIDAR generated topography, current two-foot aerial topography, and both current and
historic aerial photography/mapping. The channel classification procedure used for this phase
of analysis is based on a rapid assessment of the stream geomorphic properties and
characteristics of the main stem of Bois d’Arc Creek and four (4) major tributaries: Honey Grove
Creek, Ward Creek, Bullard Creek, and Sandy Creek.

The rapid assessments were based on both anthropogenic and natural factors observed in the
field and through comparison of the existing and historic channel pattern and geometry. The
major factors evaluated were channel stability, vegetation/armoring, and potential in-stream
habitat features. A brief description of the components used to develop the rapid stream
assessments is presented below.

4.1 Field Collected Data
Freese and Nichols collected data at 82 sites throughout the riverine system (Figure 4.1). Table
4.1 provides a list of the data points and coordinates.

Three forms were used to record information at each site. The Data Collection Sheet (Figure
4.2) includes general stream information related to channel size and location. Specific data
includes channel geometry, identification of substrate material, identification of debris jams or
blockages, identification of potential in-stream cover, and information regarding the riparian
zone. The Bank Stability form (Figure 4.3) was used to record general bank geometry,
information regarding riparian vegetation and rooting depths, and general bank armoring. The
Channel Stability form (Figure 4.4) was used to collect a variety of information related to the
condition of the upper slopes, lower slopes, and channel bed. Data collected on the field forms
were consolidated into a Rapid Assessment Classification Sheet for each data point as
discussed in Section 4.3 of this report.

The data coliected for the preliminary assessment include general, quantitative parameters as
well as qualitative measurements of physical geomorphic features. The parameters utilized for
this assessment were selected after reviewing multiple rapid assessment and data collection

worksheets and selecting the parameters appropriate for this level of the stream assessment.
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Sources for selecting the parameters included the “Watershed Assessment of River Stability &
Sediment Supply” (Rosgen, 2006), “Texas Instream Flow Studies: Technical Overview” (TWDB
2008), “Montgomery County Rapid Stream Assessment Technique” (Montgomery County,
1992), and the “Vermont Rapid Stream Assessment” (Vermont, 2007).

There were several sites where FNI was unable to access the creeks due to the steep terrain of
the channel banks or property access. For these sites, FNI relied on visual inspection from the
upper banks or the road crossing.
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Table 4.1 - Field Data Points

Stream Reach

Point Label

£

Northing Easting Stream Reach Point Label Northing Easting

Bois d'Arc BDO1 7,274,144.27 2,687,002.14 Bullard BO1 7,276,285.80 2,717,369.59
Bois d'Arc BDO2 7,278,145.35 2,688,752.73 Bullard B02 7,280,798.40 2,717,458.22
Bois d'Arc BDO3 7,280,848.00 2,689,935.46 Buliard B0O3 7,281,268.63 2,717,389.30
Bois d'Arc BD0O4 7,286,143.28 2,693,018.75 Bullard BO4 7,282,358.63 2,717,328.56
Bois d'Arc BD0O5 7,287,813.20 2,696,415.61 Bullard BO5 7,282,684.77 2,716,777.18
Bois d'Arc BD06 7,289,326.22 2,699,647.41 Builard B06 7,282,766.22 2,716,671.38
Bois d'Arc BDO7 7,290,071.71 2,701,211.60 Bullard BO7 7,287,533.23 2,716,692.09
Bois d'Arc BDO8 7,290,142.81 2,701,312.31 Bullard B08 7,290,103.56 2,716,491.78
Bois d'Arc BD0O9 7,291,564.36 2,704,282.31 Bullard B09 7,293,487.77 2,717,698.06
Bois d'Arc BD10 7,293,088.93 2,710,119.18 Bullard B10 7,295,273.67 2,719,113.00
Bois d'Arc BD11 7,293,151.48 2,713,327.28 Buliard B11 7,295,484.23 2,720,058.19
Bois d'Arc BD12 7,293,475.68 2,714,007.43 Honey Grove HGO1 7,288,779.21 2,751,792.11
Bois d'Arc BD13 7,295,576.73 2,716,776.36 Honey Grove HGO02 7,296,419.87 2,748,241.54
Bois d'Arc BD14 7,296,516.49 2,718,637.33 Honey Grove HGO3 7,296,753.12 2,747,713.71
Bois d'Arc BD15 7,296,295.79 2,719,705.30 Honey Grove HGO04 7,299,779.68 2,743,492.87
Bois d'Arc BD16 7,295,484.23 2,720,058.19 Honey Grove HGO5 7,303,272.73 2,739,505.84
Bois d'Arc BD17 7,297,520.65 2,723,040.78 Honey Grove HGO06 7,307,108.47 2,738,897.20
Bois d'Arc BD18 7,299,766.05 2,726,561.16 Honey Grove HGO7 7,310,437.58 2,738,945.43
Bois d'Arc BD19 7,300,987.41 2,729,020.00 Honey Grove HGO8 7,313,032.52 2,739,175.52
Bois d'Arc BD20 7,301,225.30 2,729,391.76 Sandy S01 7,297,191.01 2,712,996.32
Bois d'Arc BD21 7,302,525.09 2,731,427.30 Sandy S02 7,296,941.64 2,712,935.55
Bois d'Arc BD22 7,304,013.76 2,733,411.89 Sandy S03 7,296,374.77 2,713,254.50
Bois d'Arc BD23 7,304,250.85 2,733,618.21 Sandy S04 7,296,207.53 2,713,430.06
Bois d'Arc BD24 7,304,281.60 2,733,790.57 Sandy 505 7,295,013.26 2,714,221.97
Bois d'Arc BD25 7,304,304.94 2,734,075.40 Ward w01 7,293,948.00 2,734,035.92
Bois d'Arc BD26 7,304,404.01 2,734,145.46 Ward w02 7,295,040.70 2,734,273.39
Bois d'Arc BD27 7,304,423.33 2,734,372.58 Ward W03 7,296,053.00 2,734,758.27
Bois d'Arc BD28 7,304,491.43 2,734,705.42

Bois d'Arc BD29 7,304,667.69 2,734,626.31

Bois d'Arc BD30 7,304,893.73 2,734,702.74

Bois d'Arc BD31 7,305,179.74 2,734,765.87

Bois d'Arc BD32 7,305,486.61 2,734,700.11

Bois d'Arc BD33 7,308,704.51 2,735,765.95

Bois d'Arc BD34 7,311,767.27 2,736,362.73

Bois d'Arc BD35 7,311,842.62 2,736,441.78

Bois d'Arc BD36 7,313,884.66 2,736,947.53

Bois d'Arc BD37 7,313,879.46 2,737,008.28
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Figure 4.2 — Data Collection Sheet

Data Collection Sheet
Sheet No.
Date: Stream Name:
Project Name:  |tower Bois d'Arc Creek Resarvolr Phase It Coordinates:
Project Number: [NTD0s128 Field Crew;
Channel Characteristics: Stream Size: Category (Bankfull Width, ft)
Average Bank Width: OHWM Width: | -1 (<1) Qlsemors  |Q |s11@s0600 [Q
Average Bank Depth: Circle: Perennial, S-2 (1-5) 0 |s7@s-100 | O [s-12 (5001000 | O
Average Stream Bed Depth; Intermittent, or Ephemeral s 5 15 45 Q [s8 (100150 |Q [s131000)  [Q
Average Water Width: Circle; Clear or Turbid S-4(16-30) 3 (so@s0-250) | LI
Average Water Depth: Water Golor: | S-5 (30-50) 0 |s-10(250-350) | O
Maximum Water Depth:
Substrate: DebrisiBlockages: *B.D.= Beaver Dams
Siit/Clay {1 {Boulder (>10" U [p1: None O iD5: Extensive a D9: B.D. - Abandoned
Sand 0 [Bedrock O |p2: Infrequent 1 |D86: Dominating .|
Gravel (.25"-2.5" L |Concrete U |p3: Moderate O |p7:B.D. - Few a D10 - Human a
Cobble (2.5"-10")] O [Organic 0 ]D4: Numerous 0 [D8:B.D.-Frequent |Q Influences
Instream Cover: Riparian Zone:
Undercut Banks | O [Deep Pools O |Forest 0 {Scrub/Shrub a
Shallows U |Overhanging Vegetation 0 {Pasture O |Row-Crop |
Boulders {1 |Emergent/Submergent Vegetation | O [Paved O [Residential ]
Oxbows U |Logs/Brush 0 JOld-Fleld/iROW 0 |Width of Riparian Zone
Riparian Vegetation:
Percent Aerlal  Percent Slte _ Percent of
Gategory Cover Coverage ) Species Composition Total
GCanopy Layer
Shrub Layer
Herbaceous
Leaf or Needle Litter
Bare Ground
Photos: Additional Notes:

L ]
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Figure 4.3 — Bank Stability Form

BEHI! Variable Worksheet

Stream; Reach: Cross Section:
Observers; Date:
BEHI
Bank HeightiMax Dopth Bankfull {C) Score
Study Bank =+ | Bankfull Height R (AJ(B) = : B I
Height {ft) RN (.Y N\ (8 - ©)
Root Depth/Bank Height (E}
Study Bank o
D . L = RN
Root Depth {ft) o)l Height () , (A) (D)/(A)‘ e
Welghted Root Density (F)
» 0, : g i
Root Density (%) | (F)
Bank Angle (G)
Bank Angle v
{Degrees) (G)
Surface Protection {H)
Surface Protection
(%) B a))
Bank Materlal Adjustmont _
Bedrock {Overall Vory Low BEHI) I:> Bank Materlals
Boulders (Overalf Low BEHI) Adjustment
Cobble (Subtract 10 polnts. If sand/graval malrix greater than 50% of
{bank malorlal, then do not adjust Stratification Adjustment
. Add 5-10 points, depending on position
fcr‘a:l:; s(;:;i(i fss:‘g :30"“8 depending percentage of bank material that Is of unstable layers‘;tln r:lation o bankful
Sand (Add 10 poinis) St Clay (o adjustment) a9
VERY LOW| LOW [MODERATE HIGH |VERY HIGH| EXTREME | ADJECTIVE RATING
’ and
§-95 [ 10-195 | 20-206 [ 30-395 | 40-45 | 46-50 | TOTAL SCORE
Bank Sketch

Vertical Distance {ft)

Horizontal Distance (ft)
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Figure 4.4 —Channel Stability Form
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The following sections of the report discuss the data collected and process used to complete the

Phase | rapid geomorphic assessment.

4.2 Channel Stability Variables

Channel stability, or channel state, is the primary focus of the Phase | rapid assessment to
determine general quality of the streams to be inundated by the Lower Bois d’Arc Creek
Reservoir for use in the 404 Permit Application. The adverse consequences of stream channel
instability are increased sediment supply, land loss, habitat deterioration, changes in the long-

and short-term channel evolution, and loss of both physical and biological functions of the
stream.

Channel stability was determined from field inspections, measurements of stream channel
characteristics, and by comparing existing stream conditions to historic maps and aerial
photography. Specific categories and variables included in the evaluations are riparian
vegetation, sediment deposition patterns, erosion potential, debris occurrence, and altered
states due to manmade disturbances.

Compare Historic Maps and Aerial Photography

A map of the Bois d’Arc Creek system dating from circa 1915 was used along with aerial
photography from 1950, 1976, and 2007 to evaluate changes in stream patterns, land use
practices, and riparian vegetation. The impacts of these changes on the channel pattern and
profile were evaluated and documented.

Riparian Vegetation

Riparian vegetation performs several functions in a stream system including bank stabilization,
water quality protection, fish and wildlife habitat, and thermal cover for the stream. For the
purpose of the rapid geomorphic assessment, the bank stabilization potential was the key
reason for collecting the riparian buffer information; however, the additional information
collected may be helpful in supplementing data collected for the environmental report, habitat
evaluation, and 404 permit application.

Bank stabilization and water quality are improved with good riparian buffers because the roots
of trees and shrubs help hold stream banks in place, preventing erosion. Riparian vegetation
also traps sediment and pollutants.
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The field data collected includes information on the general type and condition of the riparian
vegetation including an estimate of the percentage of the channel that has trees, shrubs, and
grasses. Rooting depth, root density and the percentage of the bank protected by vegetation
are specific measurements that were taken at each data point. This information is used in both
the preliminary bank stability and channel stability classifications.

Bank Stability Rating Process

The Bank Stability parameters include several related to the riparian vegetation and the bank
angle. Although we did not use the Bank Erosion Hazard Index (BEHI) scoring system, we did
reference the system for help in determining the key parameters to be evaluated in relation to
the channel erosion potential (Rosgen, 2006). Riparian vegetation, as discussed above, plays a
key role in bank stabilization. Banks with dense, deep rooting zones and in-channel vegetative
cover in alluvium generally have stable banks while shallow, sparse roots and no in-stream
vegetation result in unstable banks that are subject to mass wasting. Erosion potential related
to bank angle, or slope steepness, generally ranges from very low for flat slopes to extreme for
steep slopes; however, there is a correction factor associated with bank angle to take into

consideration the bank material (i.e. bedrock can be very stable at steep angles while sand and
clay are not).

Channel Stability Rating Process

The channel stability rating system utilized for this assessment is based on the measurement of
up to 15 variables that are specific to the channel bottom, the lower banks within the channel,
and the upper banks of the channel. Although we did not use the Rosgen-Pfankuch rating
system, we did reference the system for help in determining the key parameters to be evaluated
in relation to the channel stability (Rosgen, 2006). The channel stability rating process
evaluates the upper banks, lower banks, and streambed for evidence of excessive erosion or
deposition, which are indicative of disequilibrium and can be used to identify potential aquatic
habitat within a stream. The system quantitatively evaluates the potential for mass wasting of
the channel banks, the detachability of bank and bed materials, channel capacity, and evidence

of either excessive erosion or deposition. The process provides a means for estimating general
channel stability.

The upper bank variables considered are the general slope of the upper bank, evidence of mass
wasting, size and volume of debris jams, and vegetative bank protection. Bank slope and mass

wasting are clear indicators of bank stability and potential sediment load input into the stream.
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Steep slopes and mass wasting are evidence of lateral migration. Debris jams, as opposed to
in-stream cover, provide evidence of the mass wasting process and loss of large amounts of
riparian vegetation due to lateral migration of the streambank. An over abundance of woody
debris can profoundly affect stream channel stability by affecting sediment transport (can

become a knick point forcing head cutting or down cutting), local bank stability, and channel
form.

The lower bank variables consider the ability of the channel to carry bankfull discharges,
material makeup of the bank, flow obstructions, and evidence of cutting and deposition.
Channel capacity is a measure of entrenchment and the ability of the stream pattern and profile
to carry the stream forming flows. While bank materials (sand, clay, rock, etc.) identify the
potential of the banks to withstand near bank stress without failing, the flow obstructions are a
means for identifying objects such as debris and large rocks that could cause erosive cross
currents and bank cutting. Bank cutting is perhaps one of the most critical variables identified in
the lower bank region of a stream because undercutting results in sloughs and mass wasting
that can introduce large amounts of sediment into the stream while increasing the width and
lateral migration of the channel. Depositional patterns are easily observed channel features that
can be used to interpret the overall condition of the stream. These patterns can provide insight

into the sediment supply, channel adjustments caused by lateral migration or widening, and
changes in flow regime.

The variables evaluated for the channel bottom included rock angularity, brightness of the
channel material, particle consolidation and size distribution, and aquatic vegetation. Angularity
of the bed material provides a means for estimating the stream power required to carry bed
load. Rounded and smooth bed material will require lower shear stress and stream power to
move the sediment than if it has sharp edges and rough surfaces. Brightness of the bed
material is a simple means for determining if small materials such as silt and clay are being
deposited. Deposition of this material can indicate a lack of stream power and excess sediment
load in the system; moreover, the deposition of this material can lead to the filling of pools and
riffles resulting in the lack of in-stream habitat. Scour and deposition are clear indicators of
whether or not the stream has either too much, or too little sediment to maintain dynamic
equilibrium. Aquatic vegetation, an important component for biological activity, is a measure of
stability within the channel bottom because it indicates if the material is being mined or buried

(i.e. if the vegetation is permanent or transitory in nature).
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Channel Depositional Features

The description of depositional features utilized for this study is from Mollard (1973) and Galay
et. al. (1973) as modified by Rosgen (2006). Depositional features are often an indicator of
channel aggradation and that the channel is not in equilibrium; however, as shown in the
Channel Evolution sequence in Section 3.0 — Incised Channel Evolution Model, deposition is

also a major component of a channelized system recovering to a state of dynamic equilibrium.

Field observations and interpretations of the depositional patterns were used in determining the
overall state of the channel. Depositional patterns in altered or degraded channel reaches

aided in determining if the stream channel was beginning to recover or not.

In-stream Habitat Potential

As dying or uprooted trees fall into the stream, their trunks, root wads, and branches slow the
flow of water. Large snags create fish habitat by forming pools and riffles in the stream.
However, excess debris can result in the creation of temporary dams that can change both the

sediment transport and hydraulic geometry of localized reaches.

Riffles are areas in a stream where shallow water flows swiftly over substrate to produce
surface agitation. Channel instability, particularly mass wasting of the channel banks and the
continued widening of the channel, results in an excessive sediment load that can bury riffles

and fill pools (deep, flat sections of stream) destroying potential habitat.

Cool stream temperatures maintained by riparian vegetation are essential to the health of
aquatic species. A dense tree canopy over a creek assists in protecting against elevated water

temperatures. The denser the canopy the more protection the creek receives.

Photographs

in addition to the data discussed above, photographs were taken at each data collection point to
record visual observations. Photographs looking upstream and downstream were taken at each
data point and, at some locations, photographs of the right and left banks were also taken.

Representative photographs are included on the Classification Sheets in Appendix A.
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4.3 Channel Stability Rating

All of the variables discussed in Section 4.2 were assessed for each data point and
consolidated into a Rapid Assessment Classification Sheet (Figure 4.5). The data were then
used to determine a general stability rating (good, fair, or poor) for that portion of the creek.
These classification sheets were then used in conjunction with field notes, aerial photographs,
one-foot LIDAR generated topography and two-foot aerial topography to relate the measured

and observed sections of the study reaches to other sections of the creeks to determine their
stability rating.

The stability rating system was developed by Freese and Nichols to provide an objective means
for assigning values to the six major parameters identified in Figure 4.5. in order to provide a
guantitative measurement of the six evaluation factors, the system relies on the physical
parameters measured and recorded on the data collection sheet, bank stability form, and
channel stability form. Data are first recorded in the field on those forms and select
photographs are attached for future reference. Finally, the information on those three forms is
used to complete the Rapid Assessment Classification form. The weighting and scoring system

was developed to provide an objective means for interpreting the data and classifying the
stream reaches.

A rating of “Good” indicates that the channel reach provide stable channel sections and the
sediment transport capacity is balanced with sediment supply. The riparian vegetation consists
of a variety of species that provide good stream bank coverage (armoring) and a dense root
system. A rating of good also means the reach provides good, permanent, in-stream habitat.
(Type V of ICEM).

A rating of “Fair’ indicates that the channel is not completely stable. Fair reaches provide
moderately stable channel sections but are still subject to some bank erosion and sediment
transport capacity has not yet balanced with sediment supply. However, inner berms and
emergent vegetation are present and the reach is recovering, and both the riparian and in-
stream habitat is still somewhat transitional. (Type IV of ICEM).

“Poor” rated reaches are still in a state of disequilibrium. These reaches are continuing to erode
and are subject to mass wasting. As a result of the disequilibrium these sections do not contain

stable channel sections, riparian vegetation, or in-stream habitat. (Type Il and il of ICEM).

The following section summarizes the characteristics and stability ratings of each of the five
study reaches.
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Figure 4.5 — Rapid Assessment Classification Sheet
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5.0 Results

The present day Bois d’Arc Creek system is characterized by the previous channel
straightening, changing vegetated buffer, current incision, and the incision induced widening of
the main stem of Bois d’Arc Creek and its’ major tributaries. The following sections present the

results of the rapid assessment and classification of Bois d’Arc Creek and the four studied
tributaries.

5.1 Bois d’Arc Creek

There are approximately 89,300 feet (16.9 miles) of Bois d’Arc Creek within the proposed
inundation pool of Lower Bois d’Arc Reservoir. Due to the extent of the creek and large
variability of channel morphology, Bois d’Arc Creek was separated and analyzed as five

separate reaches. Table 5.1 summaries the stationing for each reach and Figure 5.1 shows the
location of each reach along the creek.

Table 5.1
Summary of Lower Bois d’Arc Creek Reach Information
Reach Station
1 0+00 - 70+00

70+00 — 190+00
190+00 — 240+00
240+00 — 486+00
486+00 — 893+00

o A W N

Approximately sixty-two percent (62%) of the main stem of Bois d’Arc Creek within the proposed
reservoir was channelized. Reaches 1, 3, and 5 represent the channelized reaches. Figures
5.4, 5.9, and 5.15 provide examples of the typical channelization that took place along the
creek. By comparing the historical map circa 1915 to the aerial imagery of 1950, we concluded
that most of the channelization to the creek occurred between 1915 and 1950. Since 1950,
several road crossings have been constructed where approximately 3,000 additional feet has
been straightened. Due to the manmade alterations to the creek, the flowline has downcut
causing a headcut effect propagating up the creek. Evidence of the down cutting can be seen
in the longitudinal profiles for Bois d’Arc Creek in Figures 5.2 and 5.3.

The dominant channel material for Bois d’Arc Creek is clay with accumulations of shale, gravel,

sand, and silt in the depositional features throughout the reaches. Each segmented reach of
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Bois d’Arc Creek is very diverse in its physical characteristics, vegetation, and overall stability.
The following sections describe each reach in detail. The Rapid Assessment Classification

sheets for each reach are found in Appendix A.
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In terms of the rapid assessment classification of Reach 5 of Bois d'Arc Creek, this reach is
predominantly in poor stability conditions, with approximately 37% of the reach given a “fair”
rating and the other 63% given a “poor” rating. The rapid geomorphic classification for this
reach is presented in Figures 5.22 and 5.23 at the end of this section.
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Portions of the original channel remain discernable through the 2007 aerial photographs
although portions appear to have been filled in and converted to farm land. Comparing the
1915 maps to the 1950 aerial shows that the lower 3,000 feet of the present day Honey Grove
Creek (downstream of the reservoir) is a manmade channel and the natural channel has been
removed for agricultural reasons. We conclude that most of the channelization to the creek
occurred between 1915 and 1950. Due to the manmade alterations to the creek, the flowline
has downcut causing a headcut to propagate up the creek. Evidence of the down cutting can
be seen in the longitudinal profile for Honey Grove Creek in Figure 5.25.

The dominant channel material is sand with minor components of shale gravel in some bars in
the lower reach. There is a distinct break in the slopes of the upper half of the stream and the
lower half of the stream. With the exception of the lower reach of this creek, there is little

variation in terms of physical characteristics, vegetation, and overall stability along Honey Grove
Creek.

As shown in the longitudinal profile, the headcutting has propagated upstream to Station
195+00 with an average slope of approximately 0.11%. This lower reach (Sta. 0+00 -195+00)
has an average top width of 100 feet, an average depth of 12 feet, and steep side slopes. The
riparian vegetation along the banks is moderate, with a mix of grasses along the middle slope
and trees and grasses on the upper slope. The lower banks have little to no vegetation in most
locations providing little bank protection. Due to the absence of woody shrub species along the
slopes, there is a limited root zone causing undercut stream banks. Depositional side bar
features are common due to high sediment load from the banks. These depositions are loosely
packed and are transitory. There is no evidence that the channel is forming inner berms or a
new floodplain at this time. Streambank erosion rates in some areas, particularly the
downstream 2,300 feet of the channel, appear to be high due to undercut banks and mass
wasting. There is little habitat potential for this reach, with very little shade over the creek and
incised channel banks. Figures 5.26 and 5.27 show typical examples of the poor and fair rated

stream segments along the lower reach, respectively.

In terms of the rapid assessment classification, the lower reach of Honey Grove Creek appears
to be a Type Il within the channel evolution process. Although this reach of the channel does
not exhibit characteristics of equilibrium, the classification for 87% of the lower reach is a “fair’
rating while only the downstream 2,300 feet (13%) is rated “poor” (Figure 5.29).
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The dominant channel material is sand with some shale and gravel accumulations in the bar
depositions. Between Stations 0+00 and 210+00, Ward Creek has an average top width of 115
feet, an average depth of 14 feet, with almost vertical side slopes. The riparian vegetation along
the banks is dense, with a mix of small vines, brush, and trees along the lower and mid slopes
and trees and grasses on the upper slope. Depositional side bars and point bars are common
due to high sediment load but most of the reach is recovering and mass wasting is intermittent.
There is good habitat potential along segments of this reach with 70% — 80% shade over the
creek, in-stream vegetation and formation of a new floodplain within the channel. The
remaining segments of the Creek have little habitat potential due to the lack of stream cover or
shade. Upstream of Station 210+00 the average width of the channel is 80 feet with an average
depth of 10 feet. With the exception of the segments from 233+00 to 237+00 and 255+00 to
268+00, the upper reach is similar to the lower reach. The 400 foot segment at Station 233+00
has been completely cleared for an overhead power easement and the 2007 aerial photographs
indicate that the banks are actively wasting into the channel. The segment from Station 255+00
to 268+00 is between a knickpoint (a location in a river or channel where there is a sharp
change in channel slope) in the channel profile and the upstream end of the channel incision.
There is no physical barrier that forms the knickpoint, such as a culvert, and only riparian
vegetation appears to be slowing the head cutting.

In terms of the rapid assessment classification of Ward Creek, the majority of the reaches of this
creek appear to be in Type lll or Type |V of the channel evolution process with inner berms
forming within the channel. The downstream segment of this creek appears to be in Type I
and continues to react to the changes in Bois d’Arc Creek. A major impact on this segment of
the creek was the apparent meander cutoff at the confluence. The overhead electric easement
and section downstream of the knickpoint are in Type Ill and Type Il, respectively of the
evolution process. The classification of this reach is predominantly fair, with approximately 84%
of the reach given a “fair’ rating and the remaining 16% a “poor” rating. The rapid geomorphic
classification for this reach is presented as Figure 5.34.
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As depicted in Figure 5.37, this channel is deeply incised with near vertical banks. There is
limited vegetation along the side slopes but a dense stand of trees along the upper banks

providing good stream cover. This reach seems to be in transition between Types Il and Ill.

The stream conditions shown in Figure 5.37 look very similar to those shown in Figure 5.38;
however this “fair” rated stream is showing signs of recovery by the development of the inner
berm and floodplain and vegetation along the banks. This reach seems to be in Type IV.

The rapid geomorphic classification for Bullard Creek is presented as Figure 5.39. Bullard
Creek is predominantly in fair stability conditions, with approximately 18% of the reach given a
“fair” rating and the other 82% given a “poor” rating.
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The average slope of Sandy Creek is approximately 0.26% with variations from approximately
0.15% to approximately 0.43% (Figure 5.41). The average top width of Sandy Creek is 35 feet
and the average depth is 8 feet, with the exception of two short segments from Station 97+00 to
108+00 and from Station 114+00 to 127+00. The average depth in these reaches is 8 feet like
the rest of Sandy Creek but the top widths average 90 feet wide. The banks of the 35 foot wide
stream segments are nearly vertical (Figure 5.42) while the banks along the two short reaches
are much flatter (Figure 5.43). The riparian vegetation along the majority of the reach includes
heavily wooded upper banks and terraces with almost no bank vegetation. There are
occasional trees growing on the banks of the stream but the lack of any other vegetation is
resulting in continued bank erosion, undercutting, and occasional mass wasting. Even where
trees are present on the slopes, the bank material is being mined from beneath and between
the roots. Due to the high sediment load from bank erosion and incision the depositional
patterns within Sandy Creek include frequent side bars, point bars, and occasional transverse or
mid-channel bars. The wooded terrace provides dense shade along most of Sandy Creek but
due to the sediment load and near vertical banks there is little to no habitat potential within the
channel.

The rapid geomorphic classification for Bullard Creek is presented as Figure 5.44. In terms of
the rapid assessment classification, most of Sandy Creek appears to be Type Il in the evolution
process with two reaches that are Type IV. The continued widening of this creek indicates it is
not in equilibrium. The classification for the majority of this stream is poor, with approximately

83% of the reach given a” poor” rating and the remainder rating “fair.”
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5.6 Summary of Stream Classification

As outlined in Section 3.0, channelized streams in the southwest can take more than 100 years
to complete the channel evolution cycle. Given the time-scales it is possible that some of the
reaches within the Bois d’Arc Creek system that were altered in the early 20" Century have
completed the channel evolution cycle and have re-established or are approaching dynamic
equilibrium. No evidence of complete recovery was observed within the study area, likely due to
the continued channel and vegetative modifications through the 1970’s. Although there are
reaches within the system that show signs that they are in the process of recovery, it is clear
that there are a number of reaches that show signs of continued disequilibrium. Those reaches

appear to be actively widening and show no signs of permanent benches or terraces forming
within the channel at this time.

The following table summarizes the results of the Rapid Geomorphic Stability Assessment.
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Table 5.2 — Channel Classification

Total Reach 7,000 100%
Bois d’Arc Creek Good - 0%
Reach 1 Fair 3,587 51%
Poor 3,413 49%
Total Reach 12,000 100%
Bois d’Arc Creek Good - 0%
Reach 2 Fair 5419 45%
Paor 6,581 55%
Total Reach 5,000 100%
Bois d’Arc Creek Good - 0%
Reach 3 Fair 50 1%
Poor 4,950 99%
Total Reach 24,500 100%
Bois d’Arc Creek Good - 0%
Reach 4 Fair 17,084 70%
Poor 7,416 30%
Total Reach 40,800 100%
Bois d’Arc Creek Good - 0%
Reach 5 Fair 15,200 37%
Poor 25,600 63%
Total Reach 89,300 100%
Bois d’Arc Creek Good - 0%
Total Fair 41,340 46%
Paor 47,960 54%
Total 35,700 100%
Honey Grove Good 2,700 8%
Creek Fair 30,700 86%
Poor 2,300 6%
Total 27,900 100%
Ward Creek Good - 0%
Fair 23,500 84%
Poor 4,400 16%
Total 25,900 100%
Bullard Creek Good ~ 0%
Fair 4,600 18%
Poor 21,300 82%
Total 14,150 100%
Sandy Creek Good - 0%
Fair 2,400 17%
Poor 11,750 83%
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Appendix A

Rapid Assessment Classification Forms
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Glossary of Terms

Adapted from:

ERDC TN-EMRRP-SR-01 1

Glossary of Stream Restoration Terms

by Craig Fischenich.. February 2000

USACE Research and Development Center, Environmental Laboratory,
3909 Halls Ferry Rd., Vicksburg, MS 39180

Aggradation, aggrade - A progressive buildup or raising of the channel bed and floodplain due
to sediment deposition. The geologic process by which streambeds are raised in elevation and
floodplains are formed. Aggradation indicates that stream discharge and/or bed-load
characteristics are changing. Opposite of degradation.

Alluvial - Deposited by running water.

Alluvium - A general term for detrital deposits made by streams on riverbeds, floodplains, and
alluvial fans; esp. a deposit of silt or silty clay laid down during time of flood. The term applies to
stream deposits of recent time. It does not include subaqueous sediments of seas or lakes.

Anthropogenic — Of, relating to, or resulting from the influence of human beings on nature.

Armoring - A natural process where an erosion-resistant layer of relatively large particles is
established on the surface of the streambed through removal of finer particles by stream flow. A

properly armored streambed generally resists movement of bed material at discharges up to
approximately 3/4 bank-full depth.

Bank stability - The ability of a streambank to counteract erosion or gravity forces.

Bar - An accumulation of alluvium (usually gravel or sand) caused by a decrease in sediment
transport capacity on the inside of meander bends or in the center of an over-widened channel.

Biodiversity — Biological diversity in an environment as indicated by numbers of different
species of plants and animals.

Canopy - A layer of foliage in a forest stand. This most often refers to the uppermost layer of
foliage, but it can be used to describe lower layers in a muitistoried stand. Leaves, branches

and vegetation that are above ground and/or water that provides shade and cover for fish and
wildlife.

Channel - An area that contains continuously or periodically flowing water that is confined by
banks and a streambed.

Channelization - The process of changing (usually straightening) the natural path of a
waterway.

Confluence - Junction of two or more streams.
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Cover — Any structure that provides refuge for fish, reptiles or amphibians. These animals seek
cover to hide from predators, to avoid warm water temperatures, and to rest, by avoiding higher
velocity water. These animals come in all sizes, so even cobbles on the stream bottom that are
not sedimented in with fine sands and silt can serve as cover for small fish and salamanders.

Larger fish and reptiles often use large boulders, undercut banks, submerged logs, and snags
for cover.

Cretaceous ~ Of, relating to, or being the last period of the Mesozoic Era categorized by
continued dominance of reptiles, emergent dominance of angiosperms, diversification of
mammals, and the extinction of many types of organisms at the close of the period;

Degradation - A progressive lowering of the channel bed due to scour. Degradation is an
indicator that the stream's discharge and/or sediment load is changing. The opposite of
aggradation.

Downcut — Process by which a stream adjusts vertically by scouring the channel profile.

Erosion factor, K — Susceptibility of a soil to sheet and rill erosion by water. The estimates are
based on percentage of silt, sand, and organic matter (up to 4 percent) and on soil structure and
permeability. Values of K range from 0.02 — 0.64; the higher the value, the more susceptible the
soil is to sheet and rill erosion by water.

Ferruginous — (1) Of, relating to, or containing iron; (2) Resembling iron rust in color.

Floodplain - Land built of sediment that is regularly covered with water as a result of the
flooding of a nearby stream.

Floodplain (100-year) - The area adjacent to a stream that has a one percent probability of
flooding in any given year.

Fluvial — (1) Of, relating to, or living in a stream or river; (2) Produced by the action of a stream.

Geomorphology - A branch of both physiography and geology that deals with the form of the
earth, the general configuration of its surface, and the changes that take place due to erosion of
the primary elements and the buildup of erosional debris.

Glauconite — A mineral consisting of a dull green earthy iron potassium silicate occurring in
greensand.

Headcut — (1) Exposed subsoil in section, forming small tunnels that may attain lengths of many
feet. (2) Collapse of tunnel roofs initiates lateral gullying and lengthens existing cuts headward.
(3) Commonly associated with piping, because headcuts frequently expose the subsoil. (4) An
abrupt step in the channel profile, some several feet high.

Incised river - A river that erodes its channel by the process of degradation to a lower base
level than existed previously or is consistent with the current hydrology.

Incision ratio - The low bank height divided by the bankfull maximum depth.

Inner berm — The mean high water mark; scour line or small bench halfway between the low
flow water surface and bankfull stage

L. . _______ ]
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Instream cover - The layers of vegetation, like trees, shrubs, and overhanging vegetation, that
are in the stream or immediately adjacent to the wetted channel.

Instream flows - (1) Portion of a flood flow that is contained by the channel. (2) A minimum flow
requirement to maintain ecological health in a stream.

Inundation — To cover with a flood.

Lithology — (1) The study of rocks; (2) The character of a rock formation; a rock formation
having a particular set of characteristics.

Marl — A loose or crumbling deposit (as of sand, silt, or clay) that contains a substantial amount
of calcium carbonate.

Mass wasting - Bulk movements of soil and rock debris down slopes in response to the pull of

gravity, or the rapid or gradual sinking of the Earth’s ground surface in a predominantly vertical
direction.

Meander - The winding of a stream channel, usually in an erodible alluvial valley. A series of
sine-generated curves characterized by curved flow and alternating banks and shoals.

Mid-channel Bars — bars located in the channel away from the banks, generally found in areas

where the channel runs straight. Mid-channel bars caused by recent channel instability are
unvegetated.

Point bar - The convex side of a meander bend that is built up due to sediment deposition.

Pool - A reach of stream that is characterized by deep, low-velocity water and a smooth
surface.

Reach - A section of stream having relatively uniform physical attributes, such as valley

confinement, valley slope, sinuosity, dominant bed material, and bed form, as determined in the
Phase 1 assessment.

Riffle - A reach of stream that is characterized by shallow, fast-moving water broken by the
presence of rocks and boulders.

Riparian area - An area of land and vegetation adjacent to a stream that has a direct effect on
the stream. This includes woodlands, vegetation, and floodplains.

Riparian buffer - the width of naturally vegetated land adjacent to the stream between the top
of the bank (or top of slope, depending on site characteristics) and the edge of other land uses.
A buffer is largely undisturbed and consists of the trees, shrubs, groundcover plants, duff layer,

and naturally uneven ground surface. The buffer serves to protect the water body from the
impacts of adjacent land uses.

Riparian corridor - lands defined by the lateral extent of a stream’s meanders necessary to
maintain a stable stream dimension, pattern, profile, and sediment regime. For instance, in
stable pool-rifile streams, riparian corridors may be as wide as 10-12 times the channel’s
bankfull width. In addition the riparian corridor typically corresponds to the land area
surrounding and including the stream that supports (or could support if unimpacted) a distinct
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ecosystem, generally with abundant and diverse plant and animal communities (as compared
with upland communities).

Riparian habitat - The aquatic and terrestrial habitat adjacent to streams, lakes, estuaries, or
other waterways.

Riparian - Located on the banks of a stream or other body of water.

Riparian vegetation - The plants that grow adjacent to a wetland area such as a river, stream,

reservoir, pond, spring, marsh, bog, meadow, etc., and that rely upon the hydrology of the
associated water body.

River channels - Large natural or artificial open streams that continuously or periodically
contain moving water, or which form a connection between two bodies of water.

River reach - Any defined length of a river.

Riverine - Relating to, formed by, or resembling a river including tributaries, streams, brooks,
etc.

Riverine habitat - The aquatic habitat within streams and rivers.

Sand - Small substrate particles, generally from 0.06 to 2 mm in diameter. Sand is larger than
silt and smaller than gravel.

Scour - The erosive action of running water in streams, which excavates and carries away
material from the bed and banks. Scour may occur in both earth and solid rock material and can
be classed as general, contraction, or local scour.

Sediment - Soil or mineral material transported by water or wind and deposited in streams or
other bodies of water.

Sedimentation - (1) The combined processes of soil erosion, entrainment, transport,
deposition, and consolidation. (2) Deposition of sediment.

Sinuosity - The ratio of channel length to direct down-valley distance. Also may be expressed
as the ratio of down-valley slope to channel slope.

Sinuous — Of a serpentine or wavy planform.
Slope - The ratio of the change in elevation over distance.

Slope stability - The resistance of a natural or artificial slope or other inclined surface to failure
by mass movement.

Stable channel - A stream channel with the right balance of slope, planform, and cross section
to transport both the water and sediment load without net long-term bed or bank sediment
deposition or erosion throughout the stream segment.

Straightening - the removal of meander bends, often done in towns and along roadways,
railroads, and agricultural fields.

L aa————————— ]
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Stream - A general term for a body of water flowing by gravity; natural watercourse containing

water at least part of the year. In hydrology, the term is generally applied to the water flowing in
a natural narrow channel as distinct from a canal.

Stream banks - features that define the channel sides and contain stream flow within the
channel; this is the portion of the channel bank that is between the toe of the bank slope and the
bankfull elevation. The banks are distinct from the streambed, which is normally wetted and
provides a substrate that supports aquatic organisms. The top of bank is the point where an
abrupt change in slope is evident, and where the stream is generally able to overflow the banks
and enter the adjacent floodplain during flows at or exceeding the average annual high water.

Stream channel - A long narrow depression shaped by the concentrated flow of a stream and
covered continuously or periodically by water.

Stream morphology - The form and structure of streams.

Stream order - A hydrologic system of stream classification. Each small unbranched tributary is
a first-order stream. Two first-order streams join to make a second-order stream. A third order
stream has only first-and second-order tributaries, and so forth.

Stream reach - An individual segment of stream that has beginning and ending points defined

by identifiable features such as where a tributary confluence changes the channel character or
order.

Streambank erosion - The removal of soil from streambanks by flowing water.

Streambank stabilization - The lining of streambanks with riprap, matting, etc., or other
measures intended to control erosion.

Streambed - (1) The unvegetated portion of a channel boundary below the baseflow level. (2)
The channel through which a natural stream of water runs or used to run, as a dry streambed.

Substrate material — A layer beneath the surface soil.

Thalweg - (1) The lowest thread along the axial part of a valley or stream channel. (2) A
subsurface, groundwater stream percolating beneath and in the general direction of a surface

stream course or valley. (3) The middle, chief, or deepest part of a navigable channel or
waterway.

Tributary - A stream that flows into another stream, river, or lake.
Udic moisture regime - Common to soils of humid climates which have well-distributed rainfall,
or which have enough rain in summer so that the amount of stored moisture plus rainfall is

approximately equal to, or exceeds, the amount of evapotranspiration.

Undercut — To cut away material from the underside of, so as to leave an overhanging portion
in relief.

Vertisols - Soils that have a high content of expending clay and that have at some time of the
year have deep wide cracks. They shrink when drying and swell when they become wetter.
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U.S. Army Corps of Engineers Revised Draft Environmental Impact Statement
Tulsa District Lower Bois d'Arc Creek Reservoir

APPENDIX L: RAPID GEOMORPHIC ASSESSMENTS
(RGA) CONDUCTED FOR THE
PROPOSED LOWER BOIS D’ARC CREEK
RESERVOIR SITE IN 2008 AND 2016

L-1: RAPID GEOMORPHIC ASSESSMENT OF BOIS D’ARC CREEK AND ITS

TRIBUTARIES FOR THE LOWER BOIS D’ARC CREEK RESERVOIR
PROJECT (2008)

L-2: SUPPLEMENTAL RAPID GEOMORPHIC ASSESSMENT DATA

COLLECTION AT THE PROPOSED LOWER Bois D’ARC CREEK
RESERVOIR SITE (2016)

Appendix L — Rapid Geomorphic Assessments

Conducted in 2008 and 2016 Page L-1
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4055 International Plaza, Suite 200 * Fort Worth, Texas 76109 * 817-735-7300 - fax 817-735-7492 www.freese.com

TO: Robert McCarthy, NTMWD
CC: Simone Kiel, P.E.; Michael Votaw, P.W.S; Steve Watters, P.W.S, Stephanie Coffman, P.G.
FROM: David Coffman, P.G., C.F.M.; Velita Cardenas

SUBJECT: Supplemental Rapid Geomorphic Assessment (RGA) Data Collection at the Proposed
Lower Bois d’Arc Creek Reservoir Site

DATE: March 1, 2016

PROJECT: NTD06128

1.0 INTRODUCTION

The North Texas Municipal Water District (NTMWD) is proposing to construct the Lower Bois d’Arc Creek
Reservoir (LBCR) in Fannin County, TX. A rapid geomorphic assessment (RGA) of Bois d’Arc Creek and its
four major tributaries within the footprint of the proposed LBCR was performed in 2008 to provide an

C estimate of baseline stream conditions (Freese and Nichols, 2008). At the time of this stream assessment,
no functional or conditional stream assessment methods had been proposed, adopted, endorsed, or
required by the U.S. Army Corps of Engineers (USACE) or other resource agencies having jurisdiction within
the state of Texas. Applicants were encouraged to use best scientific judgement in employing tools to
assess the function or condition of streams to be affected by the applicant’s proposed project, LBCR. In
March 2011 a draft methodology for stream (and wetland) condition assessment, Texas Rapid Assessment
Method, Version 1.0 (TXRAM), was first published for use, testing, and public comment (USACE, 2011).
The final TXRAM guidebook, Version 2.0, was issued by public notice published in October 2015 (USACE,
2015), seven years after fieldwork at the LBCR site was completed.

The data collection method and subsequent analysis used to assess the proposed LBCR site was also used
to assess the streams on the proposed mitigation site, Riverby Ranch, in June 2014. A technical
memorandum titled, Proposed Mitigation for Stream Impacts of the Proposed Lower Bois d’Arc Creek
Reservoir — Rapid Geomorphic Assessment was submitted to NTMWD on November 12, 2014 (“the 2014
RGA memo”; see Attachment A). It described how RGA scores were calculated to characterize baseline
condition of streams at both the LBCR site and at Riverby Ranch. The memo also outlined how the

proposed stream mitigation would compensate for the stream impacts caused by the proposed LBCR
(Freese and Nichols, 2014).

NTMWD submitted the 2014 RGA memo to the USACE, who subsequently distributed it to the Cooperating

Agencies working with the USACE on the Clean Water Act, Section 404 permit for the proposed LBCR.

These agencies include the U.S. Environmental Protection Agency (EPA), U.S. Fish and Wildlife Service

, (USFWS), the Texas Commission on Environmental Quality (TCEQ), and Texas Parks and Wildlife
Q Department (TPWD). A workshop was held on October 13, 2015 to discuss the RGA method and its
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application at the proposed reservoir site and the proposed mitigation site. The workshop was attended
by representatives from USACE, EPA, USFWS, TCEQ, TPWD, NTMWD, and Freese and Nichols (See
Attachment B).

During the workshop, the USACE and Cooperating Agencies requested additional RGA data be collected
at the proposed reservoir site to supplement the 2008 data collection effort and assessment. In 2008, the
RGA data collected on the main stem of Bois d’Arc Creek and four tributaries (Honey Grove Creek, Bullard
Creek, Ward Creek, and Sandy Creek) were extrapolated to characterize all of the stream reaches in the
proposed reservoir site. At the request of the resource agencies, the requested additional RGA data would

be used to confirm the methodology used to characterize streams that were not directly measured in
2008.

The USACE worked with the Cooperating Agencies and NTMWD to identify 10 additional tributaries within
the footprint of the proposed reservoir for additional RGA data collection. These tributaries included
Allen’s Creek, Burns Branch, Fox Creek, Onstott Creek, Pettigrew Branch, Sandy Branch, Stillhouse Branch,
Timber Creek, Thomas Branch, and Yoakum Creek, with additional points on Honey Grove Creek, Sandy
Creek, and Ward Creek. USACE approved the final locations of the additional RGA data collection sites via
email to NTMWD and the Cooperating Agencies on December 7, 2015 (see Exhibit A and Attachment C).

The fieldwork to collect the supplemental RGA data took place during the week of January 11, 2016.
Cooperating Agency members were invited to participate in the field data collection effort. In attendance
during field work were Ed Parisotto and Robert Hoffman from USACE, Ryan McGillicuddy from TPWD,
Robert McCarthy from NTMWD and Freese and Nichols staff.

The supplemental RGA data were collected using the same RGA methods as the previous investigations at

the proposed reservoir site (2008) and the proposed mitigation site (2014) as described in the 2014 RGA
memo (see Attachment A).
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2.0 RESULTS

RGA scores from the supplemental data collected in January 2016 were converted to Stream Quality
Factor (SQF) values and used to revise the total number of stream quality units {SQUs) that are present
(i.e., that would be impacted) at the proposed reservoir site. Table 1 shows the length of stream within

the proposed LBCR footprint by SQF and the corresponding SQUs after incorporating the January 2016
RGA data in the analysis.

Table 1. Summary of Proposed Reservoir Site SQUs Incorporating 2016 RGA Field Data
Stream Quality Factor Existing Stream Quality

Length (ft) Unit (SQU)

0-.09 39,597 2,729
1-.19 116,842 15,512
2-.29 164,786 37,535
3-.39 125,191 40,463
4- 49 145,736 64,159
5-.59 58,872 31,519
6-.69 0 0
7-.79 0 0
8-.89 0 0
9-.99 0 0
1.0 0 0
Total | 65,024 | 191,017
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3.0 DISCUSSION OF RESULTS

Table 2 shows a comparison of the proposed reservoir site SQUs that were presented in the 2014 RGA
memo (Attachment A) and the results incorporating the 2016 supplemental data. The total number of
SQUs reported in the 2014 RGA memo were developed from an extrapolation of RGA data collected in
2008 from the main stem of Bois d’Arc Creek and its four major tributaries. The 2016 supplemental data
collection effort expanded the observed and recorded stream conditions to include 10 additional
tributaries of Bois d’Arc Creek and thereby improves on the extrapolation used in the 2014 RGA memo. In
total, data were collected along the main stem of Bois d’Arc Creek and 14 tributaries within the footprint
of the reservoir.

Table 2. Comparison of Proposed Reservoir Site SQUs with and without 2016 RGA Data

Stream Quality Factor Existing Length (ft) Stream Quality Unit (SQU)
(SQF)
2014 2016 2014 2016
0-.09 25,171 39,597 2,098 2,729
1-.19 91,337 116,842 11,592 15,512
2-.29 128,395 164,786 28,902 37,535
3-.39 73,580 125,191 23,013 40,463
4 - .49 184,011 145,736 80,757 64,159
5-.59 141,422 58,872 77,835 31,519 :
6-.69 7,107 0 4,857 0 C
7-.79 0 0 0 0
8 -.89 0 0 0 0
9-.99 0 0 0 0
1.0 0 0 0 0
Total 651,023 | 651,024 | 229,054 | 191,917
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4.0 COMPENSATORY MITIGATION SUMMARY AND PROPOSED MITIGATION PLAN COMPONENTS
Based upon the supplemental data collection effort described in this memorandum, the total number of
SQUs of Bois d’Arc Creek and its tributaries within the proposed reservoir pool, and therefore the total
number of SQUs that would be impacted, is 191,917. As described in Attachment A, NTMWD has proposed
four mitigation components to compensate for the impact of the proposed reservoir on streams.

As shown in Table 3, only the SQU uplift for Bois d’Arc Creek downstream of the proposed dam (generated
by the proposed environmental flow regime, which would compensate for LBCR dam impacts as well as
historical impacts due to channelization over the past century) are included in the total proposed
mitigation. Based on re-assessment of impacts by incorporating the 2016 supplemental RGA data
requested by the USACE and Cooperating Agencies, the total number of SQUs generated by the four
proposed mitigation components would compensate for the stream losses in the proposed reservoir pool
with a surplus of 1,417 SQUs.

Table 3. Baseline and mitigated SQUs for proposed stream mitigation components
Mitigation Component Baseline SQU Mitigated SQU

Riverby Ranch Stream Restoration and Enhancement 64,140 134,259
Riverby Ranch Stream Creation 0 23,806
Bois d’Arc Creek Downstream of Proposed Dam N/A 5,974*
On-Site Tributaries to Littoral Zone Wetlands 21,840 29,295
Total Proposed Mitigation* - o 85980 | 193,334**
Total Stream Impacts , o 191,917 E
Total Stream SQU Surplus . ‘ ' ' 1,417

* Uplift generated by improvement to Bois d’Arc creek downstream of proposed dam

**Uplift generated by WRP streams (4,797 SQUs) is not included in the total
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TO: Robert McCarthy, NTMWD
CC: Simone Kiel, Randall Howard, Michael Votaw, Steve Watters
FROM: David Coffman, Stephanie Coffman, Velita Cardenas

SUBJECT: Proposed Mitigation for Stream Impacts of the Proposed Lower Bois d’Arc Creek Reservoir — Rapid
Geomorphic Assessment

DATE: November 12, 2014; Corrected December 17,2014

PROJECT: NTD06128

1.0 INTRODUCTION

The North Texas Municipal Water District (NTMWD) is proposing to perform mitigation for impacts to waters of the
U.S. that would be caused by the proposed Lower Bois d’Arc Creek Reservoir project on the approximately 15,000
acre Riverby Ranch in northeast Fannin County, TX. Riverby Ranch is located approximately 25 miles northwest of
Paris, Texas. The primary objectives of this study was to perform a rapid geomorphic assessment (RGA) of the creeks
within Riverby Ranch (Exhibit 1), identify the mitigation potential of the ranch streams, and compare the mitigated
condition of the ranch streams to the condition of the impacted streams within the proposed reservoir footprint.
The RGA method is an analytical tool used to assess environmental impacts and project planning. The method is
designed to describe stream quality at baseline and future conditions to allow for comparisons of the relative values
of different areas at the same point in time or of the same area at different points in time.

A rapid geomorphic assessment (RGA) of Lower Bois d’Arc Creek and its four major tributaries within the footprint
of the proposed Lower Bois d’Arc Creek Reservoir was performed in 2008 to provide an estimate of baseline stream
conditions (Freese and Nichols, 2008). The data collection method and subsequent analysis used to assess the
proposed Lower Bois d’Arc Creek Reservoir site was also used to assess the streams on Riverby Ranch. The field
investigation component of the Riverby Ranch mitigation assessment took place on June 1-3, 2014. This report
describes how RGA scores were calculated for both the proposed impacted and mitigation streams, and it outlines
how the proposed stream mitigation would compensate for the stream impacts caused by the proposed reservoir.

Specifically, this memorandum covers the following topics:

o The RGA method and the calculation of Stream Quality Factor and Stream Quality Units

e RGA evaluation of the impacted streams at the proposed reservoir site

¢ Baseline condition assessment of five stream mitigation opportunities in the Bois d’Arc Creek watershed.

¢ The potential for ecological uplift in the mitigation streams generated through restoration and enhancement
e Proposed stream mitigation components to compensate for the impacts of the proposed reservoir
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2.0 APPROACH AND METHODOLOGY

The following sub-sections provide descriptions of the RGA approach and how the RGA scores were used
to derive Stream Quality Factor (SQF) and Stream Quality Unit (SQU) values for the proposed impact
streams and mitigation streams. The rapid assessments were based on both anthropogenic and natural
factors observed in the field and through comparison of the existing and historic channel pattern and
geometry. The major factors evaluated were channel stability, vegetation/armoring, and potential in-

stream habitat features. A description of the components used to develop the rapid stream assessments
is presented below.

2.1 Rapid Geomorphic Assessment (RGA) Approach

The RGA approach integrates data from field and desktop sources into a quantitative and qualitative
description of the features that affect stream stability and the potential for developing aquatic habitat
features (Freese and Nichols, 2008). The RGA method is based on a rapid field assessment of stream
properties and characteristics at representative field sites along the stream reaches being evaluated.
Three forms are used to record data at each field point. The Data Collection sheet includes general stream
information related to channel size and location. The Bank Stability form is used to record general bank
geometry, information regarding riparian vegetafion and rooting depths, and general bank armoring. The
Channel Stability form is used to collect a variety of information related to the condition of the upper
slopes, lower slopes, and channel bed. For each field point, data collected in the field forms are
consolidated into a Channel Stability Rating System form. Examples of the four data forms are included in
Appendix A. The following six categories are scored and summed to calculate a final RGA score for each
field point out of a maximum possible 60 points, with higher values indicating more optimal stream
conditions:

e Evidence of Bank Erosion e Bank Angle
e Bank Root Zone e Sediment Transport
e Vegetative Bank Cover e Channel Alteration

2.2 Channel Stability Variables

Qualitative analysis of channel stability was the primary focus of the Rapid Geomorphic Assessment. The
adverse consequences of stream channel instability are increased sediment supply, land loss, habitat
deterioration, changes in long-term and short-term channel evolution, and loss of both physical and
biological function of the stream.

Channel stability was inferred from field inspections, measurements of stream channel characteristics,
and by comparing existing stream conditions to historic maps and aerial photography. Specific categories
and variables included in the assessment were streambank erosion and angle, riparian and streambank
vegetation, overall channel stability, sediment transport, and manmade channel alteration.
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Streambank Erosion and Angle

The Bank Stability parameters included several related to the riparian vegetation and the bank angle.
Although the Bank Erosion Hazard Index (BEHI) scoring system was not used, the method was referenced
for help in determining the key parameters to be evaluated in relation to the channel erosion potential
{Rosgen, 2006). Riparian vegetation plays a key role in bank stabilization. Banks with dense, deep rooting
zones and in-channel vegetative cover in alluvium generally have stable banks while shallow, sparse roots
and no in-stream vegetation result in unstable banks that are subject to mass wasting. Erosion potential
related to bank angle(slope steepness) generally ranges from very low for flat slopes to extreme for steep
slopes; however, there is a correction factor associated with bank angle to take into consideration the
bank material (i.e. bedrock can be very stable at steep angles while sand and clay are not).

Riparian and Streambank Vegetation

Riparian vegetation performs several functions in a stream system including bank stabilization water
quality protection, fish and wildlife habitat, and thermal cover for the stream. Bank stabilization and water
quality are improved with good riparian buffers because the roots of trees and shrubs help hold stream
banks in place, preventing erosion. Riparian vegetation also traps sediment and pollutants in land runoff
before it reached the stream channel. The field data collected included information on the general type
and condition of the riparian vegetation including an estimate of the percentage of the riparian vegetation
that was trees, shrubs, and grasses. Rooting depth, root density and the percentage of the bank protected
by vegetation are specific measurements that were taken at each data point. This information was used
in both the preliminary bank stability and channel stability classifications.

Channel Stability

The channel stability rating system utilized for this assessment is based on the measurement of up to 15
variables that are specific to the channel bottom, the lower banks within the channel, and the upper banks
of the channel. Although the Rosgen-Pfankuch rating system was not used, the method was referenced
for help in determining the key parameters to be evaluated in relation to channel stability (Rosgen, 2006).
The channel stability rating process evaluates the upper banks, lower banks, and streambed for evidence
of excessive erosion or deposition, which are indicative of disequilibrium and can be used to identify
potential aquatic habitat within a stream. The system quantitatively evaluates the potential for mass
wasting of the channel banks, the detachability of bank and bed materials, channel capacity, and evidence

of either excessive erosion or deposition. The process provides a means for estimating general channel
stability.

Sediment Transport

The description of depositional features utilized for this study is from Mollard (1973) and Galay et al.
(1973) as modified by Rosgen (2006). Depositional features, or lack thereof, can be an indicator of channel
aggradation or degradation and signal that the channel is experiencing instabilities. Field observations
and interpretations of the depositional patterns were used in estimating the sediment transport
competency of the channel. Depositional patterns in altered or degraded channel reaches aided in
estimating the long-term stability of the channel reach under existing flow conditions.
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Photographs
In addition to the data discussed above, GPS-tagged photographs were taken at each data collection point

to record visual observations. Photographs looking upstream and downstream were taken at each data
point and, at some locations, photographs of the right and left banks were also taken.

Historical Aerial Photography
Current and historical aerial photographs of Riverby Ranch were used to evaluate changes in stream

patterns, land use practices, and riparian vegetation over time. The impacts of these changes on the
channel pattern and profile were evaluated and documented.

2.3 Channel Stability Rating System

All of the variables discussed in Section 2.2 were assessed for each data point and consolidated into a
Channel Stability Rating System form (Appendix A). The data were then used to determine a general RGA
score {ranging from zero (0) to 60) for that portion of the creek. These classification sheets were then
used in conjunction with field notes, aerial photographs, one-foot LIDAR generated topography and two-
foot aerial topography to relate the measured and observed sections of the study reaches to other
sections of the creeks to determine their RGA score. The stability rating system was developed by Freese
and Nichols to provide an objective means for assigning values to the six major parameters identified on
the Channel Stability Rating System form. In order to provide a quantitative measurement of the six
evaluation factors, the system relies on the physical parameters measured and recorded on the data
collection sheet, bank stability form, and channel stability form. Data are first recorded in the field on
those forms and select photographs are attached for future reference. Finally, the information on those
three forms is used to complete the Channel Stability Rating System form and subsequently calculate the
RGA score. The weighting and scoring system was developed to provide an objective means for
interpreting the data and classifying the stream reaches.

2.4 Stream Quality Factor

The RGA score (a number between zero (0) and 60) for a particular study site is normalized into a Stream
Quality Factor (SQF) value by dividing the calculated RGA score by the maximum possible score of 60
points. SQF values are a quality weighting factor that are used to quantify the comparison between
baseline stream characteristics of the study site to the stream conditions that are ecologically optimal.
This SQF value is used to place a value on the impacted streams and to evaluate the success of the

proposed stream mitigation. As with the RGA score, the higher the SQF, the higher the stream quality as
based on geomorphic stream equilibrium.

2.5 Stream Quality Unit

The calculated SQF score for a study reach is multiplied by the length of the respective study reach to
calculate the number of Stream Quality Units (SQUs) provided by the reach. SQUs quantify the
relationship between stream characteristics and the length of stream with those particular characteristics.
SQUs allow for an unbiased comparison of the condition of one reach of stream to another, regardless of
the length of stream being compared.
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3.0 EVALUATION OF PROPOSED STREAM IMPACTS FOR LOWER BOIS D’ARC RESERVOIR
Freese and Nichols (2008) provided RGA scores for Bois d’Arc Creek and its larger tributaries (Honey Grove

Creek, Ward Creek, Sandy Creek and Bullard Creek) within the proposed reservoir pool. The RGA scores
for these assessed streams were converted to SQF values, and subsequently, the number of SQUs were
calculated using the SQF value and the associated reach length. SQF values from the assessed streams
were extrapolated to the tributaries upstream of the assessed reaches based on the location of the
tributary confluence. For example, if a study reach of Honey Grove Creek had an SQF value calculated to
be 0.25, then a stream tributary to that study reach was assumed to also have an SQF value of 0.25. The
total SQUs of Bois d’Arc Creek and its tributaries within the proposed reservoir pool, designated by the
summed product of the SQU scores for all proposed impact streams and the respective lengths of
proposed impacted stream, is 229,054. Table 1 shows the length of stream within the Lower Bois d’Arc
Creek footprint by SQF and the corresponding calculated SQUs.

Table 1. Summary of Proposed Project Stream Impacts

Stream Quality Factor Existing Stream Quality
Length (ft) Unit (SQU)
0-.09 25,171 2,098
1-.19 91,337 11,592
2-.29 128,395 28,902
3-.39 73,580 23,013
4-.49 184,011 80,757
.5-.59 141,422 77,835
.6-.69 7,107 4,857
7-.79 0 0
.8-.89 0 0
.9-.99 0 0
1.0 0 0
651,023
Total 651,024 229,054
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4.0 DESCRIPTIONS OF POTENTIAL STREAM MITIGATION OPPORTUNITIES
A number of opportunities have been identified that would provide compensatory stream mitigation for

the impacts to streams caused by the construction of the proposed Lower Bois d’Arc Creek Reservoir. The
five identified potential opportunities are as follows:

e Riverby Ranch existing stream restoration and enhancement

e Riverby Ranch stream creation by restoring meanders on straightened/channelized streams
o Bois d’'Arc Creek downstream of the proposed dam

e On-site tributaries to littoral zone wetlands

e Riverby Ranch Wetlands Reserve Program (WRP) area stream enhancement

The following subsections briefly describe the five stream mitigation opportunities and how they were
individually assessed using the RGA methodology.

4.1 Riverby Ranch Existing Stream Restoration and Enhancement

Riverby Ranch (excluding areas enrolled in the Wetlands Reserve Program (WRP)) contains 179,353 linear
feet of ephemeral and intermittent streams that have been degraded over time by agricultural practices.
During the RGA study of Riverby Ranch, 36 field points were evaluated to quantify characteristics of the
existing streams on the ranch outside the WRP area. The streams were each given a unique
identifier/name and were divided into reaches based on morphological characteristics, cover types,
stream order, tributary confluences, and field point RGA score.

4.2 Riverby Ranch Stream Creation

As stated in the January 2014 Proposed Lower Bois d’Arc Creek Reservoir Mitigation Plan (Freese and
Nichols, 2014), the North Texas Municipal Water District is proposing to restore meanders to several first
and second-order streams located on the ranch that have been historically straightened/channelized.
Field observations and evaluation of current and historical aerial photographs were used to select existing
streams on the ranch that would be suitable for meander creation and to calculate an appropriate
sinuosity ratio for the created meanders. It was determined that a sinuosity ratio of 1.3 would be a
reasonable ratio for the restored channels. Application of the 1.3 sinuosity ratio to streams suitable for
meander creation results in 30,084 additional linear feet of meandering stream on the ranch. The
additional linear feet are only considered during the future conditions analysis because there are no
baseline conditions present prior to the construction of the created meanders.

4.3 Bois d’Arc Creek Downstream of Proposed Dam

The RGA method was used to evaluate the baseline condition and potential future condition of the channel
of Bois d’Arc Creek downstream of the proposed dam. It is anticipated that the existing condition of Bois
d’Arc Creek downstream of the proposed dam will improve as a result of the hydrologic stability inherent
in the proposed environmental flow regime. Two RGA field points on Bois d’Arc Creek were located to
coincide with the stream reaches studied during the Inter-Agency Team Instream Flow Study conducted
in 2010. One RGA field point was located upstream of the FM 409 bridge crossing, and a second field point
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was on USFS property upstream of Riverby Ranch, (Exhibit 1). Bois d’Arc Creek was divided into reaches
between the proposed dam and the Red River as follows:

e Proposed dam to FM 100

e FM 100 to the southern boundary of Riverby Ranch

e Three (3) reaches within the WRP area within Riverby Ranch
e Northern boundary of Riverby Ranch to the Red River

4.4 On-site Tributaries to Littoral Zone Wetlands

The RGA method was used to evaluate the baseline condition and potential future conditions of the
tributary streams of the littoral zone wetlands that will form between elevations 534 and 541 ft. msl as a
result of the proposed impoundment of Bois d’Arc Creek. The baseline RGA scores of the littoral zone

tributary streams were extrapolated from the downstream stream reaches within the conservation pool
of the proposed reservoir.

4.5 Riverby Ranch WRP

There are approximately 67,496 linear feet of stream channel within the WRP area on Riverby Ranch,
excluding the channel of Bois d’Arc Creek. During the RGA study of Riverby Ranch, eight {8) field points
were evaluated to quantify characteristics of the existing streams in the WRP area. The study area within
the WRP was divided into reaches based on morphological characteristics, cover types, stream order,
tributary confluences, and field point RGA score.
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5.0 BASELINE CONDITIONS OF PROPOSED MITIGATION STREAMS
The following section discusses the calculations and results for baseline conditions of the potential

mitigation opportunities. Table 2 presents a summary of the baseline conditions for the potential stream
mitigation opportunities.

5.1 Riverby Ranch Existing Stream Restoration and Enhancement

RGA scores were applied to reaches based on the score of the most representative nearby field data point.
The RGA score for reaches with two field data points was calculated as the average of the two field data
points. The RGA scores for stream reaches that did not contain field data points were extrapolated from
reaches with similar characteristics. Exhibit 2 illustrates the locations of the field data points and stream
reaches on Riverby Ranch. The RGA score for each reach was converted to an SQF value, which was then
multiplied by the length of the respective reach to calculate the SQU. The total baseline SQU value for

Riverby Ranch, defined as the sum of the SQUs for each reach, was calculated to be 64,140. This total does
not include streams within the WRP area.

5.2 Riverby Ranch Stream Creation

The restoration of meanders for historically straightened/channelized streams will create additional
stream length that does not currently exist. For mitigation accounting purposes, the additional created
stream length was designated a baseline RGA score and SQF of zero. Total number of baseline SQUs for

this component was assumed to be zero due to the absence of preexisting stream length and the RGA
score and SQF value of zero.

5.3 Bois d’Arc Creek Downstream of Proposed Dam

The RGA scores for the reaches containing the FM 409 and USFS field points were designated based on
their respective field point RGA score. For the segment of Bois d’Arc Creek within the WRP area, reach
RGA scores were designated based on their respective field points within the WRP. The RGA score for the
reach of Bois d’Arc Creek north of the Riverby Ranch boundary was extrapolated from a representative
field point on Bois d’Arc Creek within the WRP area. The reach RGA scores were converted into SQF values,
which were then multiplied by the lengths of the respective stream reaches to calculate the SQUs for the
reaches. The total number of baseline SQUs for Bois d’Arc Creek downstream of the proposed dam,

defined as the sum of the SQUs for each reach of Bois d’Arc Creek downstream of the proposed dam, was
calculated to be 45,673.

5.4 On-site Tributaries to Littoral Zone Wetlands

RGA scores for stream reaches within the pool of the proposed reservoir were extrapolated to the streams
tributaries to the littoral zone wetlands between elevations 534 and 541 ft. msl. The RGA scores for the
tributaries of the littoral zone wetlands were converted into SQF values, then multiplied by the stream
length to calculate the total number of SQUs for each reach. The total baseline SQU value for the on-site
littoral zone wetlands tributary streams was calculated to be 21,840.
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5.5 Riverby Ranch WRP

The RGA scores for the tributary streams in the WRP area were calculated the same way as the reaches
throughout Riverby Ranch. The RGA scores were converted into SQF values, which were then multiplied
by the lengths of the respective reaches to calculate the SQUs for each reach within the WRP area. The
total number of baseline SQUs for tributary reaches within the WRP area, defined as the sum of the SQUs
for each reach within the WRP area, was calculated to be 37117 28,561.

Table 2. Summary of the Baseline Conditions for the Potential Mitigation Opportunities

Bois d’Arc Creek Tributaries of Littoral Tributaries within

Riverby Ranch,

Excluding WRP Downstream of Zone the WRP Area
Proposed Dam
Existing Existing Existing Existing
Length (ft) sQu Length (ft) Length (ft) sQu Length (ft)
0-.09 8,507 457 0 0 37,717 3,143 7,649 382
1-.19 26,966 4,253 0 0 6,973 813 888 163
.2-.29 47,790 10,764 0 0 14,550 3,079 0 0
3-.39 14,086 4,991 40,184 14,734 4,363 1,309 16,026 5,342
A - .49 37,838 17,395 65,893 30,939 10,175 4,455 19,621 9,075
.5-.59 29,393 15,818 0 0 13,555 7,583 23,313 13,599
.6-.69 10,905 7,239 0 0 2,131 1,456 0 0
7-.79 0 0 0 0 0 0 0 0
.8-.89 3,868 3,223 0 0 0 0 0 0
9-.99 0 0 0 0 0 0 0 0
1.0 0 0 0 0 0 0 0 0
Total 179,353 64,140 106,077 45,673 89,465 21,840 67,496 28,561

1. Stream Creation is not shown because the baseline conditions are “0”.
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6.0 EVALUATION OF POTENTIAL MITIGATION STREAM IMPROVEMENTS

The following section discusses the calculations and results for the potential future conditions of the
identified mitigation opportunities. Stream quality improvement potential was estimated assuming
appropriate application of potential stream improvement practices. Measures to attain the intended
ecological uplift vary from site to site and may include one or more of the following practices:

¢ laying back stream banks to reduce erosion and allow for vegetation establishment
e Removal of cattle and other negative anthropogenic influences

e Plugging or diverting drainage ditches

e Restoring meanders to stream channels which were previously straightened

e Establishing a balanced sediment supply

The potential improvement practices directly correspond with the variables on the Channel Stability Rating
System form, shown in Appendix A. For example, Table 3 shows that the calculated baseline RGA score for
Bois d’Arc Tributary 2, Reach 1 (Figure 1) on Riverby Ranch was determined to be 3 out of 60 possible
points, and the improved RGA score due to the application of improvement practices was 47 out of 60
possible points. The stream improvement practices and their expected results that provide the
anticipated ecological uplift for this reach are shown in Table 4. Table 5 presents a summary of the
mitigated conditions for the potential stream mitigation opportunities.

Table 3. Calculated baseline and potential improved RGA scores for Bois d’Arc Creek Tributary 2, Reach 1 (

Baseline RGA  Mitigated RGA

Evaluation Category Score Score

Evidence of Bank Erosion 0 8
Bank Root Zone 1 8
Vegetative Cover 2 9
Bank Angle 0 10
Sediment Transport 0 2
Channel Alteration 0 10
Total 3 47
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Table 4. Stream improvement practices and anticipated results for Bois d’Arc Creek Tributary 2, Reach 1
Improvement Practice Post-Restoration Condition
Reduces the steepness of the streambank, allows for streambank

Decrease streambank . . . .
casestre @ vegetation to become established, reduces sediment supply from eroding

angle . . -
& streambanks, and increases floodplain connectivity
Reduces sediment supply from eroding streambanks, increase floodplain
connectivity, improves groundwater/surface water exchange, establishes
Reshaping the channel vertical and lateral stability, improves sediment transport capacity,
improves bed form diversity, generates habitat, and improves water
quality
Establish streambank Provides streambank stability, improves vegetated bank cover and bank
vegetation and plant root zone, provides shade and generates wood debris storage/habitat,
riparian buffer reduces bank erosion, and improves water guality
Provides adequate flow duration, increases floodplain connectivity,
Channelized stream improves groundwater/surface water exchange, reduces sediment supply
converted to meandering | from eroding streambanks, establishes vertical and lateral stability,
systems improves sediment transport capacity, improves bed form diversity,

generates habitat and biodiversity, and improves water quality

Improves vegetated bank cover and bank root zone, provides shade and {
generates wood debris storage, habitat and biodiversity, reduces bank
erosion, reduces sediment supply from eroding streambanks and

improves bed form diversity, and improves water quality

Remove livestock

Improves vegetated bank cover and bank root zone, provides shade and
Terminate agricultural generates wood debris storage, habitat and biodiversity, reduces bank
practices erosion, reduces sediment supply from eroding streambanks and
improves bed form diversity and improves water quality

6.1 Riverby Ranch Existing Stream Restoration and Enhancement

Mitigated SQUs for the reaches were calculated by estimating the uplift potential for each reach on the
ranch and designating an uplift RGA score and SQF for the reach. Uplift potential was estimated assuming
appropriate application of potential stream improvement practices. The mitigated SQUs for the reaches
were calculated as a product of reach length and reach mitigated SQF. Reach mitigated SQUs were

summed to calculate the total number of mitigated SQUs for the Riverby Ranch Property of 134,259,
excluding streams in the WRP area.
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6.2 Riverby Ranch Stream Creation

Mitigated RGA scores for the additional created stream length were extrapolated from the mitigated RGA
scores of the associated stream. For example, if a straightened stream channel was estimated to receive
a mitigated RGA score of 40, the additional stream length associated with that stream (calculated using a
sinuosity ratio of 1.3) was also given a RGA score of 40. The RGA scores of the additional created stream
length were converted to SQF values. The SQUs of the created stream length for each reach were
calculated as the product of the mitigated SQF values and the anticipated additional created stream length
for each reach. The total number of SQUs for created stream length on Riverby Ranch was calculated as
the sum of the SQUs of the created stream length for each reach in which meanders were developed. The
total number of SQUs for the created stream length resuiting from the restoration of meanders was
calculated to be 23,806. Stream reaches in the WRP were not considered suitable for meander creation.

6.3 Bois d’Arc Creek Downstream of Proposed Dam

Changes in the hydrologic regime of Bois d’Arc Creek downstream of the proposed dam are expected to
provide sufficient flows to benefit and maintain habitat and not cause erosion and channel degradation.
Based on this assumption, RGA scores are expected to improve for the reaches of Bois d’Arc Creek
downstream of the proposed dam. Mitigated RGA scores were converted to SQF values, which were used
to calculate the mitigated SQUs for the reaches, defined as the product of reach length and reach SQF.
Reach mitigated SQUs were summed to calculate a total number of mitigated SQUs for Bois d’Arc Creek
downstream of the proposed dam. The total number of mitigated SQUs for Bois d’Arc Creek downstream
of the proposed dam was calculated to be 51,646.

6.4 On-site Tributaries to Littoral Zone Wetlands

The proposed mitigation plan intends to offer protection from future development and other non-
compatible uses by establishing a conservation easement up to elevation 541 ft. msl. at the proposed
reservoir site. The cessation of farming practices such as the application of fertilizers and pesticides,
removing cattle and other negative anthropogenic influences will benefit the littoral zone tributary
streams and provide ecological uplift. The uplift due to the establishment of a conservation easement and
the removal of human influences is expected to be at least five (5) RGA points. Five RGA points were added
to the baseline RGA score for each tributary stream to establish the mitigated RGA scores within the littoral
zone wetlands. The mitigated RGA scores were converted to SQF values, which were used to calculate the
SQUs, defined as the product of the SQF and the length of littoral zone tributary streams. The total number
of mitigated SQUs for tributaries of the littoral zone wetlands, defined as the sum of all mitigated SQUs
for the littoral zone tributary streams, was calculated to be 29,295.
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6.5 Riverby Ranch WRP

Fluvial geomorphic principles support the hypothesis that as upstream reaches of streams are improved
and become stabilized, the downstream reaches of channel can experience indirect ecological uplift as a
result of the upstream improvements, even with no direct channel work performed in the downstream
reaches. For example, removing cattle and other agricultural practices, restoring meanders, modifying
channel geometry to stable dimensions, and re-connecting the upstream channel to a floodpiain would
promote stability and provide uplift to the downstream reach by reducing the volume and velocity of
incoming stream flow (thereby reducing channel erosion and bank failures), reducing incoming sediment
and nutrient loads (that promote channel infilling and eutrophication), and providing a seed source for
channel vegetation.

Mitigated RGA scores for the streams in the WRP that were directly connected to upstream tributaries
outside the WRP area were assigned based on the existing condition of the WRP streams and the
anticipated future condition that would result from indirect uplift caused by upstream channel restoration
efforts. Mitigated RGA scores were converted to mitigated SQF values, and the mitigated SQUs for the
WRP stream reaches were calculated as the product of length of the stream reach within the WRP area
and the reach mitigated SQUs. Reach mitigated SQUs were summed to calculate the total number of
mitigated SQUs for the streams in the WRP area on Riverby Ranch of 20,067 33,358.

P
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7.0 COMPENSATORY MITIGATION SUMMARY AND PROPOSED MITIGATION PLAN COMPONENTS
The total number of SQUs of Bois d’Arc Creek and its tributaries within the proposed reservoir pool is
229,054. Of the five (5) potential stream mitigation opportunities discussed above, only four (4) will be
included in the proposed mitigation plan to compensate for the impact of the proposed reservoir.

Mitigation for the impacted streams would be achieved through the four (4) mitigation components listed
in Table 5.

As shown in Table 6, only the SQU uplift for Bois d’Arc Creek downstream of the proposed dam (generated
by the stabilized flow regime) are included in the total proposed mitigation. Additionally, the streams
located within the WRP area are currently protected in perpetuity under the WRP instrument, and the
NRCS has instructed the NTMWD that no earthwork is to be done to streams within the WRP area. The
total number of SQUs generated by the four preferred mitigation components compensate for the stream
losses in the proposed reservoir pool with a deficit of 36,345 35,720 SQUs. Table 5 summarizes the total
number of baseline and mitigated condition SQUs for the four proposed mitigation components.

Table 6 Baseline and mitigated SQUs for proposed stream mitigation components

Mitigation Component Baseline SQU Mitigated SQU
. . 632,632 133634
Riverby Ranch Restoration and Enhancement
64,140 134,259
Riverby Ranch Creation 0 23,806
Bois d’Arc Creek Downstream of Proposed Dam N/A 5,974*
On-Site Tributaries to Littoral Zone Wetlands 21,840 29,295
85472 4192 709+ *
Total Proposed Mitigation* :
85,980 193,334**
Total Stream Impacts 229,054 ;
. 36,345
Total Stream SQU Deficit
35,720

* Uplift generated by improvement to Bois d’Arc creek downstream of proposed dam

**plift generated by WRP streams (£,95% 4,797 SQUs) is not included in the total
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Data Collection Sheet
Sheet No.
Date: Stream Name:
\K ‘act Name: |Lower Bois d'Arc Creek Reservoir Phase || Coordinates:
(i» .sect Number: |NTD06128 Field Crew:
Channel Characteristics: Stream Size: Category (Bankfull Width, ft)
Average Bank Width: OHWM Width: $-1 (<1) U |s-6 (50-75) O [s-11(350-500) | U
Average Bank Depth: Circle: Perennial, S-2 (1-5) Q [s-7(75-100) | Q [s-12 (500-1000) | O
Average Stream Bed Depth: Intermittent, or Ephemeral 5 3 (5_15) Q |s-8(100-150) | Q |s-13 (>1000) a
Average Water Width: Circle: Clear or Turbid S-4 (15-30) U |s9¢150-250) | QA
Average Water Depth: Water Color: S-5 (30-50) O |s-10 (250-350) | A
Maximum Water Depth:
Substrate: Debris/Blockages: *B.D.= Beaver Dams
Silt/Clay U |Boulder (>10") U |D1: None U [D5: Extensive a D9: B.D. - Abandoned Q
Sand U |Bedrock Q |p2: Infrequent O |D6: Dominating a
Gravel (.25"-2.5"| O [Concrete Q |D3: Moderate Q |p7.B.D.-Few a D10 - Human a
Cobble (2.5"-10"| Q |Organic QO |p4: Numerous O {Dps: B.D. - Frequent Q Influences
Instream Cover: Riparian Zone:
Undercut Banks | O |Deep Pools O |Forest O |Scrub/Shrub a
Shallows U |Overhanging Vegetation U |Pasture U |Row-Crop d
Boulders U |Emergent/'Submergent Vegetation | O |Paved U |Residential Q
Oxbows U |Logs/Brush 0 |Old-Field/ROW U |Width of Riparian Zone
e
Yi..parian Vegetation:
Cateqo Percent Aerial | Percent Site Species Composition Percent of
gory Cover Coverage P P Total
Canopy Layer
Shrub Layer
Herbaceous
Leaf or Needle Litter

Bare Ground

Photos: Additional Notes:
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BEHI Variable Worksheet

Stream: Reach: Cross Section:
Observers: Date:
BEHI
Bank Height/Max Depth Bankfull (C) Score
Study Bank Bankfull Height
X A)/(B) =
Height (ft) ol @ g WE ©)
Root Depth/Bank Height (E)
Study Bank
Root D ; D =
oot Depth (ft) D) Height (f) A) (D)/(A) ) i E)
Weighted Root Density (F)
H 0,
Root D-enSIty (%) F)
Bank Ang_;le (G)
Bank Angle
(Degrees) (G)
Surface Protection (H)
Surface Protection
(%) (H
Bank Material Adjustment
Bedrock (Overall Very Low BEHI) E> Bank Materials
Bouiders (Overall Low BEHI) Adjustment
Cobble (Subtract 10 points. If sand/gravel matrix greater than 50% of -
bank material, then do not adjust Stratification Adjustment o
Gravel (Add 5-10 points depending percentage of bank material that is Add 5-10 points, dgpendipg on position Q )
composed of sand) of unstable layers in relation to bankfuli
Sand (Add 10 points) Silt Clay (no adjustment) stage
VERY LOW| LOW |MODERATH HIGH |VERY HIGH| EXTREME | ADJECTIVE RATING
and
5-95 | 10-19.5 | 20-29.5 | 30-39.5 | 40-45 | 46-50 | TOTAL SCORE
Bank Sketch .
W

Vertical Distance (ft)

Horizontal Distance (ft)

- BATKU - -

Bankfut
t Height
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RGA Workshop Attendees List — October 13, 2015

1. USACE
a. Andy Comer
b. Ed Parisotto

2. USEPA
a. Maria Martinez
b. Keith Hayden
¢. Alison Kitto

3. USFWS
a. Sid Putter
4, TPWD

a. Tom Heger
b. Ryan McGillicuddy

5. TCEQ
a. Peter Schaffer

6. Solv
a. Leon Kolankiewicz

7. NTMWD
a. Robert McCarthy
b. Ashley Burt

8. FNI

Simone Kiel

Steve Watters
David Coffman
Stephanie Coffman
Velita Cardenas
Michael Votaw
Randall Howard

@ +oo0 oW

9. Lloyd Gosselink
a. Sara Thornton

10. Baylor University
a. Dr. Peter Allen
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Email: LBRC RGA “ground truthing” of data



From: Robert Mc h

To: Mike Rickman; Billy George; Sara Thornton; Steve Watters; Michael Votaw; Randall Howard; Simone Kiel
Subject: Fwd: LBCR RGA "ground truthing" of data

Date: Monday, December 07, 2015 10:42:07 AM

Attachments: RGA 2015.pdf

RGA 2015 DataPoints 20151204.zip
EW LBCR RGA ground truthing of data (UNCLASSIFIED).msq

Fyi

RM:
Sent via the Samsung GALAXY S5

-------- Original message --------
From: "Parisotto, Edward SWT" <Edward.Parisotto@usace.army.mil>
Date: 12/7/2015 9:00 AM (GMT-06:00)
To: "Crawford, Dorothy" <Crawford.Dorothy@epa.gov>, "Kitto, Alison"
<Kitto.Alison@epa.gov>, "Hayden, Keith" <Hayden.Keith@epa.gov>,
"'sidney puder@fws.gov'" <sidney puder@fws.gov>, 'Ryan McGillicuddy'
<Ryan.McGillicuddy@tpwd.texas.gov>, "Tom Heger' <Tom.Heger@tpwd.texas.gov>, Peter
Schaefer' <peter.schaefer@tceq.texas.gov>, "robertpotts@fs.fed.us™
<robertpotts@fs.fed.us>, 'H M Williams' <hwilliams@sfasu.edu>, "Commer, Andrew SWT"
<Andrew.Commer@usace.army.mil>, Robert McCarthy <rmccarthy@NTMWD.COM>,
'Leon Kolankiewicz' <Leon.Kolankiewicz@solvllc.com>, "Hoffmann, Robert SWT"
<Robert.B.Hoffmann@usace.army.mil>, "Poulos, Lauren" <poulos.lauren@epa.gov>
Subject: FW: LBCR RGA "ground truthing" of data

Team,

Please reference my November 13th email regarding RGA "truthing". The Corps received valuable comments
from some of you and appreciate the time you have taken to provide that input. The Corps has finalized the
required additional field work with the applicant.

Attached is a map and data points that the applicant is required to assess utilizing the same RGA method used
previously for this project. The field work is tentatively scheduled for the week of 11 January 2016. Field contacts
numbers are Michael Votaw, 817-676-3610 or Steve Watters, 817-706-5733.

1 will still be the POC for coordination if you plan on monitoring the field work OR schedule changes need to be
made (due to weather). If for some reason I am not available, feel free to contact Robert McCarthy at 469-626-
4635.

I want to thank each of you again for all of you time and assistance with the evaluation of this field work.

Respectfully,
Ed

Ed Parisotto

Supervisory Regulatory Project Manager

Tulsa District U.S. Army Corps of Engineers

(918) 669-7549 / Fax: (918) 669-4306
http://www.swt.usace.army.mil/Missions/Regulatory.aspx

You are invited to complete our Regulatory Service Survey at:



From: Robert McCarthy [mailto:rmccarthy@NTMWD,COM]

Sent: Friday, December 04, 2015 3:42 PM

To: Parisotto, Edward SWT <Edward.Parisotto@usace.army.mil>

Cc: spw@freese.com; Mike Rickman <mrickman@NTMWD.COM>; Billy George <bgeorge@NTMWD.COM>;
mpv@freese.com

Subject: [EXTERNAL] LBCR RGA "ground truthing" of data

Ed,

Pease see attached a revised RGA "ground truthing" map (and associated shapefiles) on which we relocated the
following stream assessment points in response to EPA's November 20, 2015 comment.

- Relocated site TCO1 to Stillhouse Branch and renamed it SBO1.

While reviewing the stream assessment site placement on Timber Creek, it became apparent that the site that had
been labeled SBO1 (in the November 2, 2015 email) was actually on an inactive, historic channel of Timber Creek.
The name of the point was changed to TCO1 and the point was moved northeast, out of the USACE proposed 2015
RGA ground truthing site box, onto the active channel of Timber Creek, which is a previously straightened reach.

With regard to schedule, we are tentatively planning to conduct the RGA ground truthing field study during the
week of January 11, 2016. This field schedule is dependent on USACE concurrence with our proposed stream
assessment locations as well as weather/field conditions. We'll firm up the field logistics as we get closer to
January 11.

Please let me know if you have any questions.

Robert McCarthy

Permit Manager

North Texas Municipal Water District
505 E. Brown St.

P.O. Box 2408

Wylie, Texas 75098

Telephone (469) 626-4633

Email: rmccarthy@ntmwd.com
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EXECUTIVE SUMMARY

This report presents the findings and recommendations of the instream flow study on Bois d’Arc
Creek in support of permitting activities for the proposed Lower Bois d’Arc Creek Reservoir.
The purpose of the study was to characterize the baseline stream conditions of Bois d’Arc Creek
within the proposed reservoir site and downstream, develop predictions of conditions within the
reservoir pool, and develop a proposed instream flow regime to maintain a sound ecological
environment downstream of the proposed dam.

In accordance with the Texas Instream Flow Program, this study evaluated the four technical
components that characterize stream conditions: hydrology and hydraulics, fluvial

geomorphology, water quality, and aquatic biology. These components were evaluated in the
context of the existing and future stream system, and collectively were used to define a sound

ecological environment for Bois d’Arc Creek. To achieve a sound ecological environment, the
instream flow regime must:

e Provide sufficient stream power to move sediment in the channel while not creating
excessive stream bed and bank erosion;

e Support a spectrum of mesohabitats — pools, runs, riffles and structures;

e Provide hydraulic connectivity to support biological communities;

e Maintain existing water quality standards of the stream for High Aquatic Life use;

¢ Provide seasonally varying flows to support fish reproduction; and

e Maintain or improve existing fish and macroinvertebrate communities and biodiversity as
measured by scientific standards.

With the assistance of an Inter-Agency Team (representatives of state and federal agencies), the
scope of work for this study was refined and field data were collected over a five-month period
from March 2009 through July 2009. In addition to these field data, literature reviews, data from
previous studies (including studies for this project and other independent studies), and available
resource data were used to define the stream baseline conditions and evaluate the proposed
instream flow regime.

Bois d’Arc Creek is a highly channelized stream system. This has been identified and
documented in previous studies as well as in this instream flow study. The altered nature of the
stream system is important because the channelization plays a significant role in the current
behavior and processes occurring in the stream system. The straightened and channelized
sections of Bois d’Arc Creek contribute to the flashy nature of the creek, substantial erosion of
the stream bed and banks, lack of habitat diversity in channelized sections, and minimal lateral
migration of the stream.

The frequent large flow pulses that occur in response to rain events in the watershed are
contributing to continuing erosion, including channel downcutting and bank mass failures. This
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results in negative impacts to aquatic habitats by mass wasting and high current velocities that
scour established habitats. This study found that large flows are not necessary to move sediment
along the creek bed. The sediment transport analyses determined that flows less than 1 cfs can
transport fine sediments and that gravel transport begins at 25 cfs.

While the Texas Commission on Environmental Quality (TCEQ) classifies Bois d’Arc Creek as
perennial, this instream flow study documented extended periods with little to no flows. During
these dry times, the aquatic species must migrate from runs and riffle areas and seek refuge in
deeper pools. There were 42 species of fish collected and identified as part of this study. Most of
these species are generalist species, with red shiner accounting for 50 percent of the relative
abundance and longear sunfish accounting for 13.7 percent. Generalist species are more adapted
for survival than obligate stream species in the widely varying hydraulic conditions documented
in Bois d’Arc Creek, with flows ranging from 0 to greater than 10,000 cfs. The quality of the
existing fish communities, as measured by the fish Index of Biological Integrity (IBI), was found
to be generally in the High Aquatic Life Use category. Aquatic habitats are dominated by pools
(70 to 80% of the weighted useable area) and runs (14 to 28% WUA). Habitat modeling found
that flows as low as 2 to 3 cfs provide connectivity between the mesohabitats in the modeled
reaches. When evaluating the relationship of habitats with the identified species, there are no
statistically significant species-habitat associations. These findings are consistent with the stream
hydraulics and the types of species identified in the creek.

Of the fish species identified, most reproduce from spring to early summer. The reproductive
cues appear to be largely temperature dependent. The conditions of Bois d’Arc Creek tend to
favor the generalist species. The little to no flow conditions observed during the summer months
are unfavorable spawning conditions for fluvial specialists.

A total of 2,621 macroinvertebrates, consisting of 103 identified genus and 46 families, were
collected as part of this study. The macroinvertebrates were used to define the tropic structure of
Bois d’Arc Creek and assess the aquatic life use. Using the Rapid Bioassessment Protocol, the
analyses found the overall biological integrity of the macroinvertebrate community at the
instream flow sampling sites to be at the higher end of the intermediate range. This is consistent
with previous studies on Bois d’Arc Creek and the nearby North Sulphur River.

Water quality data collected during this study and from others (USGS, TCEQ, Red River
Authority) is consistent with the High Aquatic Use classification of the stream. Measured
dissolved oxygen concentrations generally ranged between 5.4 and 10.7 mg/L at all sites but the
U.S. 82 site. The low dissolved oxygen concentrations at this site during limited sampling by the
Red River Authority were attributed to warm temperatures and very low current velocity due to a
log jam located upstream. Water quality does not appear to be a limiting factor for aquatic life in
Bois d’Arc Creek. The observed data indicate that there are sufficient dissolved oxygen
concentrations in the creek provided there is any flow in the stream. However, even during
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extreme drought conditions, there apparently is adequate dissolved oxygen in pools to sustain
aquatic life.

Hydrologic and geomorphic analyses indicate that the Bois d’Arc Creek is currently in
disequilibrium. Downcutting and streambank erosion have increased, and lateral migration of
the stream (i.e., meander creation) has slowed. Channelization has increased the “flashy” nature
of flows in the watershed, with rapid rise and fall in flow in response to rainfall events. This
likely has reduced base flows in the watershed as well. Instream habitats continually vary, as
high flows scour gravel bars and dislodge large woody debris or low flows reduce connectivity
along the stream. The frequency of extreme flow events, both high and low, has resulted in an
environment that favors generalist species. Although water quality in the watershed is generally
good, Bois d’Arc Creek is not able to support a large variety of aquatic life because the relatively
few habitat features in the watershed are frequently washed away by high flow events. The
apparent lack of reliable subsistence or baseflow hydrology from year to year may also be a
limiting factor for fish and other aquatic species. With no changes in the watershed, Bois d’Arc
Creek is expected to continue to downcut and erode, enlarging the existing channel. This will
further reduce longitudinal connectivity at low flows and continue to constrain aquatic species to
specific habitats that contain water (i.e., pools).

To provide a sound ecological environment in Bois d’Arc Creek, it is necessary to reduce the
frequent highly erosive flows and provide sufficient flows to maintain water quality, provide
connectivity between habitats, and foster aquatic species reproduction and habitat maintenance.
Consistent with the Texas Instream Flow Program, it is proposed that the following instream
flow regime as measured at the USGS gage located at FM 409 would provide a sound ecological
environment for Bois d’Arc Creek downstream of the proposed reservoir:

e Subsistence flow: 1 efs . This would provide flow to maintain water quality during
extreme drought. Water would be released through the dam when the Lower Bois d’Arc
Creek Reservoir is less than 40 percent full. Based on modeling studies, this occurs 9
percent of the time.

¢ Base Flow (July to March): 3 cfs. This flow would provide connectivity of mesohabitats
and is capable of moving sediment through the channel. Releases of 3 cfs are proposed to
occur from July through March.

e Base Flow (April to June): 10 cfs. These higher base flows are proposed during the
primary spawning months of the dominant fish species to encourage and support
reproductive activities.

e Pulse Flow: 50 cfs. It is proposed that two deliberate pulse flows would be released
annually if such flows do not occur naturally. One pulse flow of 50 cfs would be released
on June 1 if one did not occur in the previous April or May. Another pulse release would
occur on October 1 if one did not occur in the previous September. These pulse releases
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would provide the necessary stream power to move larger sediment particles (gravel) and
maintain habitats.

Flows greater than 50 cfs would not be released from the reservoir to minimize erosional
processes, channel downcutting and habitat destruction. There still would be naturally occurring
larger flow events associated with runoff from the watershed downstream of the dam, spills from
the Lower Bois d’Arc Creek Reservoir, and spills from existing downstream reservoirs (Coffee
Mill and Crockett Lake). This reduction in the number and volume of large erosive flow events
would also allow vegetation to become established along the stream banks and help restore the
downstream riparian corridor.

The proposed flow regime is expected to allow the establishment of and preservation of
relatively long-lived habitats while less frequently occurring larger events would perform the
maintenance that is needed from time to time for habitat sustainability.

With the dam in place and the proposed environmental flow releases, there would be

e Higher median flows during low flow periods;

e Fewer erosive high flow events;

e Improved water quality during typically low flow summer months;

o Sustainable aquatic habitats;

o Increased stability of stream banks; and

o Increased potential for aquatic diversity and migration with higher median low flows.
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54. Description of Project, including a bulleted list of project elements/components, and alternatives
that were considered.

Please see Section 1.1 of the DEIS for a description of the LBCR Project. This section begins on
Page 1-1 of the DEIS (Page 48 of 602 of the PDF File Titled “LBCR Revised DEIS 3-21-17 PRINT
READY”).

The 84" Pipeline from the LWTP to Hwy 5 Pump Station (McKinney No. 4) extends from the
proposed LWTP site to the NTMWD’s 84-inch North McKinney Phase 3 Pipeline located just
east of State Highway 5 in north McKinney, Texas. The NTMWD will be acquiring sufficient
easement for the proposed pipeline to install a future parallel 84-inch pipeline as the capacity
of the LWTP is increased.

It is important to document how the NTMWD has organized the LBCR Program. There is an
overall program management function that is staffed by NTMWD personnel as well as
outsourced program management consultants. The design and execution of the projects has
been organized under five Construction Managers at Risk (CMARs). On the file titled “FY 17
SWIFT Application Project Table.PDF” there is references to six categories the NTMWD
projects fall within. These are; (1) Program, (2) CMAR 1, (3) CMAR 2, (4) CMAR 3, (5) CMAR 4,
and (6) CMAR 5. A description of each of these categories is below;

o Program - These are items specifically related to permitting, archeological, or program
management functions.

o CMAR 1 - These are the design and construction projects as well as property
acquisition related to the Dam, Terminal Storage Reservoir, and Reservoir Clearing.

o CMAR 2- These are the design and construction projects as well as property
acquisition related to the mitigation.

o CMAR 3 - These are the design and construction projects as well as property
acquisition related to the water treatment plant, raw water pump station, and high
service pump station.

o CMAR 4 - These are the design and construction projects as well as property
acquisition related to the road improvements and boat ramps.

o CMARS - These are the design and construction projects as well as property
acquisition related to the pipelines.

Due to the multi-project nature of the LBCR Program and the fact that many of the
components are in various stages of planning and design, there is not a single engineering
feasibility document that can be provided. The file titled “FY 17 SWIFT Application Project
Table.PDF” summarizes by project the supporting documentation file that the NTMWD is
submitting in support of the SWIFT application.



North Texas Municipal Water District

FY17 SWIFT Application Project Table -FUNDING ($Ms)

Part D. 54 - FY17 SWIFT Application Project
Table

4/26/2017 10:23 AM

Approx. Award | Reference Contract Description | Typ | NTMWD Project Assigned TWDB Funding | Current Estimated | Escalation Total Estimated e e BT S R
Date Number Number CMAR Category Cost $SM %'age Cost $SM
LOWER BOIS D'ARC CREEK RESERVIOR (LBCR)
02/2017 1 LBCR - Additional Archaeological Services 6-Perm 101-0237-11 Program Planning $ 0.640000 0% $ 0.640000 | Archeological services for mitigation of sites Reference Section 3.14 of DEIS (PDF Page 297 of 602 for discussion on archreological efforts
02/2017 2 LBCR - Fannin County Rd and Bridge Imp - Final Design 1-Eng 101-0435-16 4 Design $ 1.089000 0% $ 1.089000 | Final design of country road improvements to deconflict with reservoir Reference Final Transportation Report 5-3-11.PDF file
04/2017 3 LBCR - Payment to Bois d'Arc MUD 11-Cnstr Program Design $ 2.600000 0% $ 2.600000 | Agreement to local water district to design and construct improvements to tHf N/A. Can provide future signed agreement
04/2017 4 LBCR - EIS Additional Services 1-Eng 101-0192-09 Program Planning $ 0.800000 0% $ 0.800000 | Additional permitting professional services N/A. Can provide contract at future date.
04/2017 5 LBCR - 90" Pipeline Section A - Final Design 1-Eng 101-0424-16 5 Design $ 2.500000 0% $ 2.500000 | Final design of 90" PL scheduled for May 17 start. Reference LBCR RWPL Final PDR.PDF
04/2017 6 LBCR - 90" Pipeline Section B - Final Design 1-Eng 101-0424-16 5 Design $ 2.500000 0% $ 2.500000 | Final design of 90" PL scheduled for May 17 start. Reference LBCR RWPL Final PDR.PDF
04/2017 7 LBCR - 90" Pipeline Section C - Final Design 1-Eng 101-0424-16 5 Design $ 2.500000 0% $ 2.500000 | Final design of 90" PL scheduled for May 17 start. Reference LBCR RWPL Final PDR.PDF
04/2017 8 LBCR - Conflict Relocations - Design 1-Eng Program Design $ 2.500000 0% $ 2.500000 | Agreements with franchise utilities to remove conflicts Reference LBCR Conflict Map.PDF
06/2017 9 LBCR_Additional Basic Engr/Planning Phase IIl B - Permitting 6-Perm 101-0351-14 Program Planning $ 0.400000 0% $ 0.400000 | Additional permitting professional services N/A. Can provide contract at future date.
07/2017 10 LBCR - Addt| Legal Services - Legal 5-Legal Program Planning $ 0.500000 0% $ 0.500000 | Additional legal services N/A. Can provide contract at future date.
10/2017 11 LBCR - Mitigation - Additional Design 1-Eng 101-0366-14 2 Design $ 1.000000 0% $ 1.000000 | Additional design for additional area based on most current mitigation plan. | Reference Section 1.8 of DEIS (PDF Page 79 of 602)
10/2017 12 LBCR Program Management - Lake Operations Plan and Engineering/Disaster Response Plan 1-Eng 101-0374-14 Program Planning $ 0.567000 0% $ 0.567000 | Reservoir operations planning. N/A. Can provide contract at future date.
10/2017 13 LBCR - Additional Program Management - Design 1-Eng 101-0374-14 Program Design $ 2.300000 0% $ 2.300000 | Annual renewal of LBCR Program Management services N/A. Can provide contract at future date.
10/2017 14 LBCR Program Management - Shoreline Management Plan 1-Eng 101-0374-14 Program Planning $ 0.300000 0% $ 0.300000 | Reservoir operations planning. N/A. Can provide contract at future date.
02/2018 15 LBCR - Acquisition of Property (Includes Surveying & Legal) - Property* 4-Prop 101-0344-13 Program Acquisition $ 8.120000 3% $ 8.363600 | Future funding for final property acquisition in footprint of reservoir. N/A.
02/2018 16 LBCR - Acquisition of Property (Includes Surveying & Legal) - Property* 4-Prop 101-0344-13 Program Acquisition $ 3.460000 3% $ 3.563800 | Future funding for final property acquisition in footprint of reservoir. N/A.
02/2018 17 LBCR - Archeology Support and Permitting 6-Perm 101-0237-11 Program Planning $ 6.750000 3% $ 6.952500 | Archeological services for mitigation of sites Reference Section 3.14 of DEIS (PDF Page 297 of 602 for discussion on archreological efforts
04/2018 18 LBCR 90" Pipeline - Pipeline Right of Way (ROW) - Property* 4-Prop 101-0424-16 Program Acquisition $ 7.080000 3% $ 7.292400 | Future funding for 90-inch pipeline easements. Reference LBCR RWPL Final PDR.PDF
04/2018 19 LBCR - County Roads Relocation -Construction 11-Cnstr 101-0435-16 4 Construction | $ 14.200000 3% $ 14.626000 | Construction of country road improvements to deconflict with reservoir Reference Final Transportation Report 5-3-11.PDF file
04/2018 20 LBCR Dam - Construction* 11-Cnstr 101-0344-13 1 Construction | $ 161.000000 3% $ 165.830000 | Construction of LBCR Dam Reference Final Dam PDR.PDF
04/2018 21 LBCR - Conflict Relocations (Utilities, MUD CNN, North WTP Dam, & Lake Bonham Protection) - Construction* 11-Cnstr Program Construction | $ 20.100000 3% $ 20.703000 | Agreements with franchise utilities to remove conflicts Reference LBCR Conflict Map.PDF
04/2018 22 LBCR - FM 897 Relocation - Construction 11-Cnstr 101-0383-15 4 Construction | $ 44.800000 3% $ 46.144000 | Construction of new FM 897. Reference Final Transportation Report 5-3-11.PDF file
04/2018 23 LBCR - Riverby - Mitigation - Construction 11-Cnstr 101-0366-14 2 Construction | $ 81.400000 3% $ 83.842000 | Construction of mitigation on Riverby Ranch. Reference Section 1.8 of DEIS (PDF Page 79 of 602)
04/2018 24 LBCR - Riverby - Mitigation - Fence Construction 11-Cnstr 101-0366-14 2 Construction | $ 1.130000 3% $ 1.163900 | Construction of mitigation on Riverby Ranch. Reference Section 1.8 of DEIS (PDF Page 79 of 602)
04/2018 25 LBCR PS - Electrical Power Transmission - Construction* 11-Cnstr Program Construction | $ 11.700000 3% $ 12.051000 | Payment to construct transmission power to support RWPS Reference LBCR Project Location Map.PDF shwoing locations
04/2018 26 LBCR Clearing - Construction & Inspection 11-Cnstr 101-0344-13 1 Construction | $ 5.755000 3% $ 5.927650 | Clearing of reservoir footprint. Reference Appendix T of the DEIS for the clearing plan.
05/2018 27 LBCR Dam - Materials Testing - Construction* 11-Cnstr 101-0344-13 1 Construction | $ 2.060000 3% $ 2.121800 | Material testing for dam construction Reference Final Dam PDR.PDF
05/2018 28 LBCR - Conflict Relocations (Utilities, MUD CNN, North WTP Dam, & Lake Bonham Protection) - Inspection* 10-Insp Program Construction | $ 0.164000 3% $ 0.168920 | Inspection of frnachise utility relocation Reference LBCR Conflict Map.PDF
05/2018 29 LBCR - County Roads Relocation-Materials Testing - Construction 11-Cnstr 101-0435-16 4 Construction | $ 0.530000 3% $ 0.545900 | Material testing for county road construction Reference Final Transportation Report 5-3-11.PDF file
05/2018 30 LBCR - FM 897 Relocation - Materials Testing - Construction 11-Cnstr 101-0383-15 4 Construction | $ 2.120000 3% $ 2.183600 | Material testing for FM 897 construction Reference Final Transportation Report 5-3-11.PDF file
05/2018 31 LBCR - Mitigation - Inspection* 10-Insp 101-0366-14 2 Construction | $ 1.200000 3% $ 1.236000 | Inspection services for mitigation construction Reference Section 1.8 of DEIS (PDF Page 79 of 602)
05/2018 32 LBCR Dam - Inspection* 10-Insp 101-0344-13 1 Construction | $ 4.430000 3% $ 4.562900 | Inspection services for dam construction Reference Final Dam PDR.PDF
05/2018 33 LBCR - County Roads Relocation - Inspection 10-Insp 101-0435-16 4 Construction | $ 0.279000 3% $ 0.287370 | Inspection services for county road construction Reference Final Transportation Report 5-3-11.PDF file
06/2018 34 LBCR - Lake Office - Design 1-Eng Program Design $ 0.206000 3% $ 0.212180 | Future funding for design of NTMWD's admin. Office at reservoir N/A
07/2018 35 LBCR - 90" Pipeline and 84" Treated Water Line - CMAR Procurement Svcs - Construction 11-Cnstr 101-0424-16 5 Construction | $ 0.250000 3% $ 0.257500 | Funding for the procurement services that are part of the CMAR 5 (Pipelineq Reference CMAR 5 - Pipelines (Garney Construction) contract
09/2018 36 LBCR - Boat Ramps and Parks - Design 1-Eng 101-0436-16 4 Design $ 0.546000 3% $ 0.562380 | Future funding for the design of three recreational boat ramps Reference Figure 22 of the LBCR Comprehensive Plan.PDF (Page 88)
10/2018 37 LBCR - Archeology During Construction 11-Cnstr 101-0237-11 Program Planning $ 1.000000 3% $ 1.030000 | Future funding for archeology support during construction Reference Section 3.14 of DEIS (PDF Page 297 of 602 for discussion on archreological efforts
10/2018 38 LBCR - Additional Program Management - Design 1-Eng 101-0374-14 Program Design $ 2.060000 3% $ 2.121800 | Annual renewal of LBCR Program Management services N/A. Can provide contract at future date.
11/2018 39 LBCR - TSR - Procurement & Construction 11-Cnstr 101-0344-13 1 Construction | $ 0.153000 3% $ 0.157590 | Funding for the construction phase/procurement services that are part of the Reference CMAR 1 - Dam and TSR (Archer Western) contract
11/2018 40 LBCR PS - Discharge Pipeline - Construction* 11-Cnstr 101-0424-16 5 Construction | $ 2.950000 3% $ 3.038500 | Construction of the portion of the 90" pipeline that is on the Dam site Reference LBCR RWPL Final PDR.PDF
11/2018 41 LBCR PS - Construction* 11-Cnstr 101-0358-14 3 Construction | $ 65.800000 3% $ 67.774000 | Construction of the LBCR Raw Water Pump Station Reference RWPS Prelim Design Report (Pump Station PDR_DRAFT.PDF)
12/2018 42 LBCR PS - Inspection* 10-Insp 101-0358-14 3 Construction | $ 0.356000 6% $ 0.377360 | Construction inpsection services for the raw water pump station Reference RWPS Prelim Design Report (Pump Station PDR_DRAFT.PDF)
02/2019 43 LBCR 90" Pipeline - Construction* 11-Cnstr 101-0424-16 5 Construction | $ 176.000000 6% $ 186.560000 | Construction of the main 90-inch raw water transmission pipeline Reference LBCR RWPL Final PDR.PDF
03/2019 44 LBCR - Lake Office - Construction 11-Cnstr Program Construction | $ 2.060000 6% $ 2.183600 | Future funding for construction of NTMWD's admin. Office at reservoir N/A
03/2019 45 LBCR 90" Pipeline - Inspection* 10-Insp 101-0424-16 5 Construction | $ 0.906000 6% $ 0.960360 | Construction inpsection services for the raw water pipeline Reference LBCR RWPL Final PDR.PDF
03/2019 46 LBCR 90" Pipeline - Materials Testing - Construction 11-Cnstr 101-0424-16 5 Construction | $ 1.060000 6% $ 1.123600 | Material testing during construction of the raw water pipeline Reference LBCR RWPL Final PDR.PDF
06/2019 47 Leonard WTP Terminal Storage Reservoir - Phase | (210 MG) - Construction Table Q23| 11-Cnsir 101-0344-13 1 Construction | $ 29.400000 6% $ 31.164000 | Construction of the Terminal Storage Reservoir in Leonard Reference LBCR TSR Site Analysis 01-23-14.PDF
07/2019 48 Leonard WTP Terminal Storage Reservoir - Phase | (210 MG) - Inspection Table Q23 10-Insp 101-0344-13 1 Construction | $ 0.294000 6% $ 0.311640 | Construction inspection of the Terminal Storage Reservoir in Leonard Reference LBCR TSR Site Analysis 01-23-14.PDF
07/2019 49 Leonard WTP Terminal Storage Reservoir - Phase | (210 MG) - Materials Testing - Construction Table Q23| 11-Cnstr 101-0344-13 1 Construction | $ 1.060000 6% $ 1.123600 | Construction material testing of the Terminal Storage Reservoir in Leonard | Reference LBCR TSR Site Analysis 01-23-14.PDF
09/2019 50 LBCR - Boat Ramps and Parks - Construction 11-Cnstr 101-0436-16 4 Construction | $ 3.760000 6% $ 3.985600 | Construction of the boat ramps in county comprehensive plan Reference Figure 22 of the LBCR Comprehensive Plan.PDF (Page 88)
10/2019 51 LBCR - Boat Ramps and Parks - Inspection 10-Insp 101-0436-16 4 Construction | $ 0.037000 6% $ 0.039220 | Construction inspection of the boat ramps in county comprehensive plan Reference Figure 22 of the LBCR Comprehensive Plan.PDF (Page 88)
10/2019 52 LBCR - Additional Program Management - Design 1-Eng 101-0374-14 Program Construction | $ 1.850000 6% $ 1.961000 | Annual renewal of LBCR Program Management services N/A. Can provide contract at future date.
06/2020 53 LBCR - Final Riverby, etc. - Replanting and Monitoring - Mitigation* 7-Perm/Mit | 101-0366-14 2 Construction | $ 0.109000 9% $ 0.118810 | Replanting and monitoring efforts at the Riverby mitigation area Reference Section 1.8 of DEIS (PDF Page 79 of 602)
06/2021 55 LBCR - Final Riverby, etc. - Replanting and Monitoring - Mitigation* 7-Perm/Mit | 101-0366-14 2 Construction | $ 0.109000 12% $ 0.122080 | Replanting and monitoring efforts at the Riverby mitigation area Reference Section 1.8 of DEIS (PDF Page 79 of 602)
06/2022 57 LBCR - Final Riverby, etc. - Replanting and Monitoring - Mitigation* 7-Perm/Mit | 101-0366-14 2 Construction | $ 0.109000 15% $ 0.125350 | Replanting and monitoring efforts at the Riverby mitigation area Reference Section 1.8 of DEIS (PDF Page 79 of 602)
TOTAL LOWER BOIS D'ARC CREEK RESERVIOR (LBCR) $ 686.549000 $ 713.072510
TREATMENT & TREATED WATER DISTRIBUTION
02/2017 58 70 MGD Leonard WTP Site Phase | - Final Design 1-Eng 101-0384-15 3 Design $ 16.371000 0% $ 16.371000 | Final design of the Leonard WTP Reference WTP Prelim Design Technical Memorandums
07/2017 59 90 MGD Leonard Water Treatment Plant HSPS - Final Design 1-Eng 101-0428-16 3 Design $ 4.430000 0% $ 4.430000 | Final design of the High Service Pump Station at Leonard N/A. Preliminary design underway. PDR to follow
11/2017 60 Leonard WTP Terminal Storage Reservoir - Phase | (210 MG) - Design 1-Eng 101-0344-13 1 Design $ 1.742000 0% $ 1.742000 | Final design of the TSR at Leonard Reference LBCR TSR Site Analysis 01-23-14.PDF
04/2018 61 84" PL from Leonard WTP to Hwy 5 Pump Station (McKinney No. 4) - Final Design 1-Eng 101-0425-16 5 Design $ 7.350000 3% $ 7.570500 | Final design of the treated water pipeline Reference prelim mapping (TWPL Align Alternates.PDF)
04/2018 62 Leonard WTP Electrical/Transmission Line - Construction 11-Cnstr Program Construction | $ 20.400000 3% $ 21.012000 | Payment to construct transmission power to support Leonard WTP Reference LBCR Project Location Map.PDF shwoing locations
05/2018 63 Leonard WTP Electrical/Transmission Line - Inspection 10-Insp Program Construction | $ 0.402000 3% $ 0.414060 | Payment to inspect transmission power to support Leonard WTP Reference LBCR Project Location Map.PDF shwoing locations
09/2018 64 84" PL from Leonard WTP to Hwy 5 Pump Station (McKinney No. 4) - Property 4-Prop 101-0425-16 5 Acquisiton [ $ 4.810000 3% $ 4.954300 | Easment acquisition for the treated water pipeline Reference prelim mapping (TWPL Align Alternates.PDF)
12/2018 65 70 MGD Leonard WTP Site Phase | - Construction 11-Cnstr 101-0384-15 3 Constructon | $  211.000000 6% $  223.660000 | Construction of the Leonard WTP Reference WTP Prelim Design Technical Memorandums
01/2019 66 70 MGD Leonard WTP Site Phase | - Inspection 10-Insp 101-0384-15 3 Construction | $ 2.460000 6% $ 2.607600 | Construction inspection of the Leonard WTP Reference WTP Prelim Design Technical Memorandums
01/2019 67 70 MGD Leonard WTP Site Phase | - Materials Testing - Construction 11-Cnstr 101-0384-15 3 Construction | $ 1.060000 6% $ 1.123600 | Construction material testing of the Leonard WTP Reference WTP Prelim Design Technical Memorandums
08/2019 70 84" PL from Leonard WTP to Hwy 5 Pump Station (McKinney No. 4) - Construction 11-Cnstr 101-0425-16 5 Construction | $  112.000000 6% $  118.720000 | Construction of the 84-inch treated water pipeline Reference prelim mapping (TWPL Align Alternates.PDF)
09/2019 71 84" PL from Leonard WTP to Hwy 5 Pump Station (McKinney No. 4) - Inspection 10-Insp 101-0425-16 5 Construction | $ 0.569000 6% $ 0.603140 | Construction inspection of the 84-inch treated water pipeline Reference prelim mapping (TWPL Align Alternates.PDF)
09/2019 72 84" PL from Leonard WTP to Hwy 5 Pump Station (McKinney No. 4) - Materials Testing - Construction 11-Cnstr 101-0425-16 5 Construction | $ 1.060000 6% $ 1.123600 | Construction material testing of the 84-inch treated water pipeline Reference prelim mapping (TWPL Align Alternates.PDF)
TOTAL TREATMENT & TREATED WATER DISTRIBUTION $ 383.654000 $ 404.331800
TOTAL SWIFT $ 1,070.203000 $ 1,117.404310
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Transportation Plan
Proposed Lower Bois d’Arc Creek Reservoir May 2011

EXECUTIVE SUMMARY

NTMWD is planning to develop a water supply reservoir on Bois d’Arc Creek. The proposed
reservoir, Lower Bois d’Arc Creek Reservoir, would be created by an earthen dam located in
Fannin County about 15 miles northeast of Bonham, Texas. The proposed reservoir would have
a surface area of about 16,500 acres and a storage capacity of about 367,600 acre-feet with a
normal pool elevation of 534 feet msl.

This Lower Bois d’Arc Creek Reservoir Transportation Plan report summarizes the discussions,
agreements and results of an effort by North Texas Municipal Water District (NTMWD), Texas
Department of Transportation (TxDOT) and Fannin County to address the future transportation
needs in the area of the proposed Lower Bois d’Arc Creek Reservoir.

The details of this report contain:
(1) Coordination details with state and local agencies
(2) Alternatives considered and the preferred alignment of FM 1396

(3) Alternatives considered for addressing County Roads affected by the proposed
reservoir

Information in this report includes geographic, geological and cost data prepared during the
transportation planning process with respect to modifying the transportation network located in
the proposed Lower Bois d’Arc Creek Reservoir limits. A detailed topographic survey, property
survey, geotechnical investigation and design will be required to further define the impacts and
better define the costs of the proposed improvements.

The primary TxDOT road that could be impacted by the proposed reservoir is FM 1396. The
current alignment of FM 1396 spans one of the widest portions of the proposed reservoir and
would impact recreational uses if relocated in the same location. Several different options were
studied and are included in this report. The recommendation is Option 4, construct a new bridge
over the reservoir by extending FM 897 North of Lannius. It is recommended to construct this
bridge with a low chord elevation of 551 (approximately 17’ clearance above normal pool). The
estimated cost is $32.14M not including engineering, surveying, permitting, etc.

In addition to FM 1396, there are 27 county roads that could be impacted by the proposed
reservoir. A majority of the county roads located within the footprint of the proposed reservoir
are shorter in length and therefore make up a smaller portion of the proposed transportation plan
for this project. It is recommended to reconstruct nine crossings at a higher elevation, leave 13
crossings in place and close five crossings, all at an estimated cost of $5.1M, not including
engineering, surveying, permitting, etc.

ES-1
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1.0 INTRODUCTION

The North Texas Municipal Water District submitted an application for a State of Texas water
rights permit for the proposed Lower Bois d’Arc Creek Reservoir project in December 2006. An
application for a Section 404 permit was submitted to the Tulsa District of the U.S. Army Corps
of Engineers (USACE) in June 2008. In support of the permitting activities associated with this
project, a transportation planning study was completed to evaluate alternative routes and costs
associated with abandonment, relocation or reconstruction of the existing roadway infrastructure.

Various Fannin County and TxDOT roadways are located within the area proposed to be
inundated by constructing the proposed Lower Bois d’Arc Creek Reservoir. TxXDOT’s major
road in the area is FM 1396, a two-lane asphalt roadway. The existing roadway would be
inundated by the proposed reservoir following construction and therefore alternatives were
developed to provide transportation access across the lake. These alternatives were developed to
obtain consensus from the parties involved of the preferred alignment of the roadway. With
these alternatives, the impact to the landowners, recreational opportunities of the proposed
reservoir, costs and impact to the transportation network were analyzed. Fannin County has 27
other roadways that could be affected by the proposed reservoir, most of which are unimproved
surfaces.

The purpose of this report is to identify the roadways that could be impacted by the proposed
reservoir project and propose solutions for maintaining the transportation connectivity
throughout the county. Conceptual level cost estimates for the proposed solutions have been
prepared for budgeting purposes.
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2.0 FM 1396 RELOCATION

2.1 Options

FM 1396 is an existing two-lane TxDOT asphalt road located within the proposed reservoir
limits. The affected portion of roadway is located northwest of the community of Honey Grove.
The existing roadway and bridge lie within the proposed reservoir boundary and therefore would
need to be raised or relocated as part of the proposed reservoir construction. Various options
were investigated with respect to landowner impacts, cost, schedule and travel time for the
relocation of FM 1396. These are summarized below and shown in Figure 1.

1. Reroute FM 1396 around the proposed dam

2. Reconstruct FM 1396 along the existing alignment (raise road and new bridge)

3. Relocate FM 1396 approximately 10,000 feet to southwest with a new alignment and
bridge

4. Replace FM 1396 by extending FM 897 North out of Lannius with a new bridge over the
proposed reservoir

5. Terminate FM 1396 at the shoreline and provide no new route over or around the
proposed reservoir

Table 2.1 summarizes some of the advantages and disadvantages for each proposed option.

Table 2.1 Analysis of Different Alignment Options for FM 1396

Option Advantages Disadvantages

1 No bridge would be needed e May impact the Caddo National Grasslands
over the proposed reservoir o Additional travel time vs. the existing route

2 Existing FM 1396 roadway e Restricts water surface area for recreational
outside of proposed reservoir purposes
boundary could be utilized ¢ Longest length of bridge required
No additional travel time

3 Similar travel time to existing e Restricts water surface area for recreational
alignment purposes

¢ Longer length of bridge required than Option 4
¢ Requires a new roadway to be constructed on the
northern and southern sides of the reservoir
(existing County Road ROW may be utilized)

4 Preferred alignment of County, | e Requires a new roadway to be constructed on the
TxDOT, and NTMWD northern and southern sides of the reservoir
Maximizes water surface area (existing County Road ROW may be utilized)
for recreational purposes
Similar travel time to existing
alignment )
Shortest bridge length required

5 Least expensive alternative e Dramatically increases travel time in area
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2.2  Design Considerations

Various standards and guidelines were considered for the design assumptions made in this plan.
TxDOT design guidelines were utilized for the roadway standards. TxDOT and regional
requirements for proposed drainage improvements were considered for the county road
improvements. The bridge height recommendation was developed based on maximizing the
recreation potential and from discussions with City of Dallas staff regarding Lake Ray Hubbard.
Dallas recently utilized a minimum 15” clearance above normal pool for a new bridge across the
Lake and feels that it provides an adequate clearance for recreational purposes and for
maintenance and operational activities.

2.3 Estimated Costs

Conceptual level construction costs were developed for the various options. These costs include
Rights-of-Way (ROW), bridge and roadway costs for each alternative. Cost estimates for Option
1 and 5 were not developed due to these being considered impractical alternatives. Cost
estimates for Options 2-4 were developed and are shown below in Table 2.2. These estimates
are conceptual in nature due to the limited investigation, research and data available.

Table 2.2 Estimated Costs for FM 1396 Options Based on Different Bridge Heights'

Bottom of Bottom of Bottom of Bottom of
Bridge =546 Bridge = 551 Bridge = 556 Bridge = 561
Option (12’ clearance)’ | (17’ clearance)® | (22° clearance)’ | (27’ clearance)’
1 Not developed
2 $33.65 M $36.72 M $39.89 M $45.53 M
3 $3531 M $37.17M $39.97 M $45.27 M
4 $29.86 M $32.14 M $34.62 M $38.64 M
5 Not developed

! Engineering, surveying, materials testing and construction management costs are not included.
? Clearances are referenced from the normal pool elevation of 534°.

Detailed cost estimating data is included in Appendix A.
Soil for embankment is from on-site source.
Drilled shafts for bridge piers are approximately 50° deep.
ROW costs are assumed at $0.50 per sq. ft.
The road costs are approximately $500/LF.

Bridge heights referenced in Table 2.2 are based on clearance intervals above normal pool
elevation of 534°. The normal pool elevation of 534” is approximately 7’ below the emergency
spillway elevation of 541°.
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2.4 Coordination with State and Local Agencies

Extensive coordination occurred between North Texas Municipal Water District NTMWD),
Fannin County and Texas Department of Transportation (TxDOT) with regards to the
transportation opportunities around the proposed Lower Bois d’Arc Creek Reservoir. These
entities have been coordinating the proposed roadway improvements associated with proposed
reservoir construction for several years.

Detailed discussions have taken place on the transportation plan regarding the County and
TxDOT improvements within the proposed reservoir area. These meetings are summarized
below:

e 5/18/07 - Meeting at TxDOT in Sherman — Discussed TxDOT & County Roads
(TxDOT, NTMWD, FNI)

e 3/12/09 — Meeting at Fannin County Courthouse in Bonham — Discussed TxDOT
& County Roads (Fannin County, TxDOT, NTMWD, FNI)

e 12/2/09 — Meeting at Fannin County Precinct 4 Office — Discussed County Roads
(Fannin County, NTMWD, FNI)

e 12/29/09 — Meeting at Fannin County Office in Bonham - Discussed County
Roads (Fannin County, TxDOT, NTMWD, FNI)

e 2/5/10 — Meeting at TXDOT Bonham Office — Discussed TxDOT & County
Roads (Fannin County, TxDOT, NTMWD, FNI)

e 3/26/10 — Meeting at TXDOT Paris District Office to begin Design Summary
Report (DSR) (Fannin County, TxDOT, NTMWD, FNI)

Meeting minutes were prepared for the meetings on 12/29/09 and 3/26/10 and are included in
Appendix B. The draft DSR prepared on 2/5/10 is included in Appendix C.

2.5 Geotechnical Data

Freese and Nichols performed a geotechnical investigation in the approximate location of Option
4. The purpose of this investigation was to provide additional information for cost estimating. A
summary of the findings in the geotechnical study, as well as the boring logs can be found in
Appendix D.

The assumptions made with regards to soil types and depths of rock were confirmed with the
investigation. The four borings performed showed a variety of clay material in the area of
Option 4. The on-site material will be suitable for embankment of the roadway, although some
soil reinforcement may be required.

An analysis was done to determine at what height it became more cost effective to utilize a
bridge in lieu of embankment. Based on the soil condition and cost estimates developed, it was
determined that the bridge cost equaled embankment cost when the fill height is 45°. Based on
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this analysis the cost estimates assume embankment will be used along the roadway when the
height of the road is less than 45’. When the height of the road exceeds 45’ from the natural
ground, a bridge will be utilized.

2.6  Preferred Alignment for FM 1396

Based on the alternatives analysis performed, multiple discussions with TxDOT and Fannin
County, all entities have agreed the preferred alignment is Option 4. This option will replace FM
1396 by extending FM 897 North out of Lannius with a new bridge over the proposed reservoir.
It is also our recommendation to construct the proposed FM 1396 Bridge at a proposed height of
approximately 15° to 17° above the normal pool elevation. This elevation will allow adequate
height for recreational purposes and any maintenance and operational activities that may need to

occur on the reservoir and the bridge. The final elevations and clearances will be determined
during design.

This option would provide similar travel times to the existing alignment and would likely
maximize the recreational opportunity of the proposed reservoir. Some additional details and
requests by the parties involved are outlined below:

o TxDOT has requested the new FM 897 be designed to TxDOT Farm to Market Road
Standards with 120’ ROW and a 70 mph design speed.

e TxDOT would assume maintenance of the new FM 897 extension and associated bridge
after construction is complete.

o TxDOT would end maintenance on existing FM 1396 at the intersection with FM 2029
on the North side of the proposed reservoir. Fannin County would maintain from this
point to the shoreline.

e TxDOT would end maintenance on existing FM 1396 at crossing #12 on the South side
of the proposed reservoir. Fannin County would maintain from this point to the
shoreline.

e TxDOT requested the pavement be reconstructed and widened (28’) along the existing
FM 897 through Lannius.

e TxDOT requested the pavement be reconstructed along FM 1396 from Allen’s Chapel to
crossing #12.

e NTMWD may consider rerouting the existing portion of FM 897 around Lannius (not
included in cost estimates).

¢ Final bridge elevations or lengths have not been decided. Safety, recreational purposes,

conveyance of water and many other items should be considered in the final design of the
bridge.
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3.0 COUNTY ROADS

3.1 Process — Objectives

County roads make up a major component of the transportation network in the proposed Lower
Bois d’Arc Creek Reservoir area. A summary of all county road conflicts is shown in Figure 2.
An analysis was performed to minimize the impacts of the proposed reservoir to local residents
and landowners. In this analysis various items were taken into account to finalize the
recommended solutions. These items included:

1. Isthe roadway needed?

2. Is there a significant increase in travel distance if a road does not exist?
3. Are there alternative means of ingress/egress?

4. Would the road crossing be inundated by the proposed reservoir?

5. If inundated, at what frequency?

Based on the above criteria the roadways were placed into three categories:

e Reconstruct - Road is needed to maintain access, therefore, it needs to be reconstructed.
The road would be reconstructed with a culvert or bridge to maintain access up to the
100-yr storm event.

e Jeave in place — The road is desirable to maintain access, but not critical. These
roadways would not be inundated by the proposed reservoir’s normal pool, and
potentially may be inundated at a given storm event. With the proposed reservoir
construction, gates would be installed on each side of the potential affected road section,
for the county to maintain and close if the roadway is inundated.

e Close Road — The roadway is not required and would be inundated by the proposed
reservoir. For these roadways, barricades would be constructed near the shoreline and
appropriate “road closed” signage would be placed along the roadway with construction.

3.2 Costs

Conceptual cost estimates were developed for the proposed improvements to the County Roads.
These costs are shown in Table 3.1. Depending on the crossing, the cost estimates may include
culvert replacements, bridge construction, demolition costs, signage, and/or roadway
reconstruction. A hydrologic & hydraulic analysis will need to be performed at each crossing
location during final design to determine the proposed improvements.

3.3 Recommendations

Twenty seven county road crossings were identified within the limits of the proposed Lower
Bois d’Arc Creek Reservoir. Based on the criteria described above and the agreements with the
County Commissioners in those precincts where the crossings are located, five county road
crossings would be closed, thirteen county road crossings would be left in place and nine county
road crossings would be reconstructed. A map showing these crossings is shown in Figure 2. A

table showing the proposed improvements and associated costs of these improvements is shown
in Table 3.1
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4.0 SUMMARY

Fannin County, TxDOT and NTMWD have developed this Proposed Transportation Plan to
provide adequate access to and across the proposed reservoir and surrounding properties. This
plan would minimize impacts to the residents while maximizing the transportation and
recreational opportunities of the proposed reservoir. Figure 3 shows the proposed improvements
on a 7.5-minute USGS topographic map and Figure 4 shows the proposed improvements on an
aerial photo.

The total cost of improvements needed would be approximately $32.14M for the FM 1396
bridge and $5.1M for the improvements needed on the county roads. These costs are for
construction only and do not include engineering, surveying, permitting, etc. These findings are
a result of extensive coordination with local governing bodies to provide limited impact to users
of the existing Fannin County roadways within and adjacent to the proposed reservoir site.

The associated cost estimates are conceptual in nature and should be refined by completing a
preliminary design. This preliminary design should include detailed surveys to better understand
the impacts to associated properties and the geometric challenges associated with the roadway
realignment. This preliminary design effort would allow a more accurate construction cost to be
developed.
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APPENDIX A

FM 1396 Bridge Cost Estimate
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ESTIMATOR CHECKED BY ACCOUNT NO
Alignment 2
Free Board . % increase /
Above EL 541 Bridge Cost Approaches Total LF of heiaht
5 $ 31,058280| $ 2,585,516 | % 33,644,796 1.8%
10 $ 34244355 $ 2475311 | $ 36,719,666 1.7%
15 $ 37,949,310 | $ 1,939,577 | % 39,888,887 1.4%
25 $ 434471151 $ 2078,039| $ 45525154 AVG 1.8%
Alignment 3
Free Board . % increase /
Above EL 541 Bridge Cost Approaches Total LF of height
5 $ 17,898,025| $ 5,136,056 | % 23,034,081 1.6%
10 $ 20,392,720 1 $ 4,501,907 | $ 24,894,627 2.3%
15 $ 23770,155| % 3928435 % 27,698,590 1.9%
25 $ 30,423,020 % 2,570,397 | % 32,993,417 AVG 2.2%
Alignment 4
Free Board . % increase /
Above EL 541 Bridge Cost Approaches Total LF of height
5 $ 13208325| % 4069116 $ 17,277,441 2.6%
10 $ 17727940 $ 1,831,402 | $ 19,559,342 2.5%
15 $ 206407751 % 1395282 | % 22036,057 1.8%
25 $ 24621385| % 1432202 % 26,053,587 AVG 2.5%




Total Cost

48,000,000
46,000,000
44,000,000
42,000,000
40,000,000
38,000,000
36,000,000
34,000,000
32,000,000
30,000,000

Alignment Option 2 (Reuse FM1396)

-

//

T T T T T

5 10 15 20 25

Free Board above EL 541 ft

30

Total Cost

34,000,000
32,000,000
30,000,000
28,000,000
26,000,000
24,000,000
22,000,000
20,000,000

Alignment Option 3

-

/

5 10 15 20 25
Free Board above EL 541 ft

30

Total Cost

27,000,000
25,000,000
23,000,000
21,000,000
19,000,000
17,000,000

15,000,000

Alignment Option 4 (Preferred)

-

/

/

/

/

T ¥ Y T

5 10 15 20 25
Free Board above EL 541 ft

30
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Meeting Minutes



1701 N Market St., #500, LB51 < Dallas, Texas 75202 o 214-217-2200 » fax 214-217-2201

PROJECT: Lower Bois d’Arc Creek Reservoir

NAME OF MEETING: FM1396 Discussion

RECORDED BY: Kevin Johnson - FNi

DATE: 12/29/09

LOCATION: Fannin County — South Annex Building

ATTENDEES: TxDOT — Bobby Littlefield, David Sellman, Kevin Harris, Noel Paramanatham

Fannin County - Commissioner Hilliard, Commissioner Strickland
NTMWD — Mike Rickman, Robert McCarthy
Freese and Nichols, Inc. — Kevin Johnson
The following reflects our understanding of the items discussed during the subject meeting. If you do not
notify us within five working days, we will assume that you are in agreement with our understanding.

DISCUSSION ITEMS
1. Discussed two alternative routes for FM 1396. County and TxDOT discussed the pro’s and con’s
to each alternative.
a. County & TxDOT agreed to pursue the “Lannius” route. This was the westernmost route
shown on the map. This will connect to FM 897 in Lannius and extend North to FM1396
b. County & TxDOT agreed to switch maintenance of the existing FM1396 and the
proposed route. County will maintain the two remaining segments of existing FM1396:
i i. From the intersection of FM1396 & FM 2029 to the lake.
ii. From the creek crossing on FM1396 {near CR 2745, crossing #12 on map) to the
lake.

T

c. TxDOT will maintain the new road
TxDOT requested the lengths of the existing FM1396 and the proposed route. The old
Route was 25,550’ and new route is 29,300°. These are shown on the attached map.

2. We briefly discussed the schedule and plan moving forward. it was decided the next step would
be to sit down and put everything on paper with regards to the plan. This would include
pavement section, ROW, alignment, design standards, etc. This can be summarized in a Design
Summary Report (DSR). A public meeting will also be required for the new route.

3. Discussed the 100 year flood elevation at the US 82 bridge over Bois d’Arc Creek. We received
the original as-built plans from TxDOT and will get back with TxDOT on our thoughts on the
differences in the floodplain elevations. The TxDOT design utilized a flood elevation of 537 and
the recent flood study performed by FNI for the reservoir established an elevation of 541.

ACTION ITEMS

ACTION ITEMS

WHAT WHO WHEN STATUS

Modify maps to show agreed route and lengths | Kevin Johnson 1/6/10
Add Commissioner boundaries to map Kevin Johnson 1/6/10
Create another map with aerial photo Kevin Johnson 1/6/10
. Coordinate Meeting at TxDOT Paris office for
DSR Kevin Johnson 1/22/10

s
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1701 N Market St., #500, LB51 « Dallas, Texas 75202 » 214-217-2200 » fax 214-217-2201

PROJECT: Lower Bois d’Arc Creek Reservoir

NAME OF MEETING: FM 1396 & FM 897 Discussion

RECORDED BY: Kevin Johnson - FNI

DATE: 2/5/10

LOCATION: TxDOT — Bonham Office

ATTENDEES: TxDOT — Bobby Littlefield, David Seliman, Kevin Harris, Noel Paramanatham

Fannin County — Commissioner Hilliard, Commissioner Strickland
NTMWD —Robert McCarthy
Freese and Nichols, Inc. — Kevin Johnson

The following reflects our understanding of the items discussed during the subject meeting. If you
do not notify us within five working days, we will assume that you are in agreement with our
understanding.

DISCUSSION ITEMS

1. Discussed the proposed alternative route for FM 1396, it will be FM 897 from Lannius on the
south to FM1396 on the north.

a. County will maintain the two remaining segments of existing FM1396:

i. From the intersection of FM1396 & FM 2029 to the lake.
ii. From the creek crossing on FM1396 (near CR 2745, crossing #12 on map) to the
lake.

b. TxDOT will maintain FM 897 from Lannius to FM 1396. The amount of roadway
removed from the state system will be 25,550’ and new route will be 29,300°. These are
shown on the attached map.

2. TxDOT requested FM 897 be 44’ wide {2-12’ lanes & 2-10’ shoulders). Designed to Farm to
Market road TxDOT standards. 120’ — 150’ ROW, 70 mph design speed, etc.

3. Discussed the NEPA process and TxDOT’s desire to follow. Kevin Johnson asked about building
road as County/NTMWD Project to TxDOT standards and conveying to TxDOT after construction
is completed. Design & construction would follow all state, federal and local requirements and
TxDOT would be involved throughout design. Noel stated TxDOT would discuss and find
examples of other projects where this has been done before.

4. TxDOT requested the pavement be replaced on two existing sections of their system:

a. Existing FM 1396 from Allens Chapel, north to crossing #12 (where County will take
over)

b. Existing FM 897 through Lannius. TxDOT would like to have 28’ of new pavement vs. the
existing 20’

5. Discussed the bridges over Onslott Creek, Ward Creek and Honey Grove Creek. TxDOT has it on
the schedule to reconstruct these bridges in the next few years.

a. To meet County’s desire of maintaining a passable bridge at 100 yr storm event, the
pavement will need to be at 541 per 100 yr elevation of lake.



b. Based on discussion, TxDOT design would likely be low chord of bridge about 536, with
bridge section depth, TxDOT’s original design may be close to County’s preference.

c. NTMWD is interested in partnering with TxDOT in design and construction to raise
bridge to the desired pavement elevation of 541, based on 100 yr water surface
elevation of lake. TxDOT to look at additional cost of this and submit to NTMWD for
consideration (contingent upon TCEQ reservoir permit and NTMWD Board Approval).
TxDOT requested a letter stating NTMWD’s desired elevation of the bridge’s.

d. This would include the approaches on each side to elevate roadway above 541.

6. Discussed the 100 year flood elevation at the US 82 bridge over Bois d’Arc Creek. The TxDOT
design utilized a flood elevation of 537 and the recent flood study performed by FNI for the
reservoir established an elevation of 541. No benchmarks could be located on the as-built
drawings. FNI to see if we have survey points of top of existing bridge to compare to TxDOT's
original design drawings.

7. Noel stated we need to begin completing the Design Summary Report (DSR) to agree on
roadway design geometrics and process. Next meeting would be in TxDOT Paris Office. Meeting
date will be mid March, Noel to send some possible meeting dates that works for TxDOT.

ACTION ITEMS
WHAT WHO WHEN STATUS

1. TxDOT to discuss if road can follow County

process per TxDOT design requirements and be | Noel

conveyed to TxDOT Paramanatham 2/19/10
2. Send Noel the GIS files of the map Kevin Johnson 2/19/10
3. NTMWD to send TxDOT letter on bridge

elevation Robert McCarthy | 2/26/10
4, Compare Lake survey shots at bridge to TxDOT

drawings Kevin Johnson 2/19/10
5. Begin DSR Kevin Johnson 3/5/10
6. Next meeting, Noel to determine possible Noel Mid

meeting dates and distribute Paramanatham March




APPENDIX C

Draft Design Summary Report (DSR)



Paris District

Design Summary Report (DSR)

CCSJ:
Date:

Programming Information

County (s): Fannin

Highway (s): Proposed FM 897

C-S-J (s): 1175-01-900

Limits: From: | US 82 Length:6.31

To: FM 1396

Work Description: | Construct New Location 2 Lane Highway with Shoulders

Letting Date: TBD - Projected 2018

Program Category: | Current: | Local Funds Expected:

Auth. Funding; Current: | Local Funds Required:

Responsible Office Design: | NTMWD | Responsible Office Construction: | ' NTMWD

Consultants
Type Consultant Firm | Oversight Notes

Land Surveying: ‘

Aerial Surveying:

Foundation Exploration:

Subsurface Utilities:

Advanced Planning:

Design:

Agreements, Permits & Warrants
Type ~ With Whom? Responsible Office Notes

Advanced Funding

Right of Way Coordinate with Tommy
Doss (903-510-9140)

Utility Adjustments TBD

Railroad / Airport

Illum. Warrants TBD

Signal Warrants

Advanced Planning Elements
Element Date due to TP&D | Responsible Office Notes

Schematic NTMWD Required

Public Involvement NTMWD Required

ROW Map NTMWD Required

ROW Plats & Deeds NTMWD Required

Utility Adjustments NTMWD TBD
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Paris District CCSJ:
Design Summary Report (DSR) Date:
Existing Facility
Element ‘Number / Slope | Width Type
Travel Lanes: 2 Lane 12 Asphalt Surface
Shoulders: N/A
Median:
Front Slopes: Variable 3:1 Max
Back Slopes: Variable 3:1 Max
Clear Zone: 16’
Sidewalks: N/A
This proposed project will address the following items of work
Item ﬂ Notes
Travel Lanes Yes
Shoulders Yes
Median N/A
Ditches / Storm Sewers Yes
Cross Drainage Culverts [ ves |
Sidewalks N/A
ADA Ramps N/A
Signals / Illumination Yes If meets watrants
Signs / Pvmt Markings Yes
Driveways Yes
Driveway Culverts / SETs Yes
Mailboxes I Yes |
Proposed Pavement Design Elements
Element _ Element
Pavement Design Office: NTMWD Traffic Data Request Submitted? | No
Current ADT: 460 Functional Classification (#): Collector
Projected ADT: 500 Urban or Rural? Rural
% Trucks in ADT:
Proposed Material Layers: TBD
Proposed Riding Surface: TBD
Proposed Base: TBD
Proposed Base: TBD
Proposed Subgrade Treatment: | TBD
Has existing been cored? No | Date due to Pavement Engineer: | TBD
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Paris District

Design Summary Report (DSR)

CCSJ:
Date:

Proposed Design Elements
Element _-E Notes
Design Standard: Part IV
Highway Type: FM '
Terrain: Rolling
Design Speed: | 70 mph |
Travel Lanes ' _
Number: 2
Width(s): 12°
Cross Slope: 2.5%
Shoulders _
Number: 2
Width(s): 10°
Cross Slope: 2.5%
Median
Type:
Width:

Opening Distance (min):

Opening Distance (max):

N/A
6:1
3:1

Slopes

Front Slope Typical:

Front Slope Maximum: :

Back Slope Typical: 4:1

Back Slope Maximum: 3:1

Ditch Bottom Width: 5 TBD during design phase
Clear Zone Width: | 16’ | To be verified based on ADT & func. class
Borders T

Border Width: 10° 10’ past back slope catch point
Sidewalk Width(s): N/A

Geometry

Horizontal Curve (min): 2050 3405’ preferred
Superelevation (max): 6.0%

k-min (sag): 181

k-min (crest): 247

Maximum Grade: 8%

Minimum Grade: 0.5%
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Paris District CCSJ:
Design Summary Report (DSR) Date:
Structure(s)
Item Notes
Cross Culverts
Design Frequency: - 25 |

Bridge Structures

Feature Crossed: Future Lower Bois d’
Arc Reservoir

Design Frequency: S0 TBD by recreational use
Foundation Type: TBD

Sub Structure Type: TBD

Super Structure Type: TBD

Rail Type: TBD

Retaining Walls Type: TBD

Prop. Vertical Clearance: TBD

Prop. Horizontal Clear: TBD
Bridge Approaches I_

Approaches exceed 25%? N/A

Source of add’l funds Local
FEMA

In FEMA Floodplain? Yes

Responsible Office: NTMWD

Environmental
Element Issue ? | Responsible Office Notes

Type of Document

NOI Required? Yes NTMWD To be combined with lake

documentation

Permit(s) Required? YES

Proposed BMP: TBD during design phase

Archeological / Historic? Yes

HAZMAT Issues? Unknown

This project will require the following
Item Reason (s)

Design Exception TBD Possible at south end of FM 897
Responsible Office NTMWD
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Paris District CCSJ:

Design Summary Report (DSR) Date:
Design Waiver TBD
Responsible Office

Additional Notes

1. Schematic layout required

2. Pavement design report required

3. Environmental document as part of overall project or stand alone will be required

4. ROW transfer documentation requirements TBD later

5. This project will include rehab. of existing FM 897 and FM 1396 from Allens Chapel to
the point of future county maintenance

6. NTMWD to issue utility permits and driveways on proposed FM 897 according to Txdot
| guidelines. Use TxDOT forms.

Concurrence
Duty Position Name Signature Date
Design Engineer Kevin Johnson
Designer
Construct Area Engineer David Selman
Director of Construction Kevin Harris
Pavement Engineer Wade Blackmon (interim)
Director of Operations Mykol Woodruff
District Traffic Engineer Darius Samuels
Director of TP&D Ricky Mackey
Environment Coordinator Mike Williams
Right of Way Keith Hollje
District Plan Reviewer Nancy Russell
Authorization
District Engineer | . Bobby G. Littlefield, Jr., P.E. | |
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Geotechnical Data for Bridge



4055 International Plaza, Suite 200 ¢ Fort Worth, Texas 76109 ¢ 817-735-7300 e fax 817-735-7491

TO: File NTD06128 - 2.12
FROM: Russell G. Springer, E.I.T.

SUBJECT: Lower Bois D'Arc Reservoir: FM 1396 Relocation Geotechnical Investigation

DATE: July 12, 2010

This memo summarizes the results of the geotechnical investigation for the relocation of FM 1396 as
part of the Lower Bois D’Arc Reservoir project. This work was provided as part of FN! project number

NTD06128, authorized by the contract with North Texas Municipal Water District (NTMWD), dated
February 16, 2006.

PROJECT DESCRIPTION

NTMWD plans to develop a water supply reservoir on Lower Bois D’Arc Creek. The reservoir, Lower
Bois D’Arc Reservoir, will be created by an earthen dam located in Fannin County about 14 miles
northeast of Bonham, Texas. The reservoir will have a surface area of about 16,500 acres and a
storage capacity of about 367,600 acre-feet with a normal pool level at elevation 534 feet msl.

Part of the reservoir development will include the relocation of FM 1396 about 5 miles to the west of

the existing road. In addition to the paved roadway, the relocated FM 1396 will include a bridge
crossing over the proposed reservoir.

The purpose of this investigation was to provide information for cost estimating purposes and provide
soil information for the project.

SUBSURFACE INVESTIGATION

The four borings (B-1 through B-4) were staked in the field and drilled on May 27 through June 1, 2010.
The approximate boring locations were determined in the field using aerial photographs and were
offset from proposed locations for drill rig accessibility. The actual boring locations were surveyed
using a handheld GPS with sub-meter accuracy and are shown on the attached boring location plan.

GM Enterprises driilled the borings using a truck-mounted CME-55 drilling rig. Boring B-1 was drilled
using 6-inch solid-stem augers and sampled using 3-inch 1.D. thin-walled tubes. Borings B-2 through B-
4 were drilled using 6.25-inch hollow stem augers and were sampled using a 3-inch |.D. by 5-foot long



Lower Bois D’Arc Reservoir

FM 1396 Relocation Geotechnical investigation
July 12, 2010

Page 2 0of 4

thin-walled continuous sampling barrel. The borings were logged by Mr. Russell G. Springer, E.I.T. and
Mrs. Stephanie Coffman of Freese and Nichols, Inc.

The bedrock was evaluated in the borings using the Texas Highway Department cone penetrometer

test (TCP) in which a 3-inch diameter cone is driven using a 140-pound automatic hammer falling 30
inches.

The borings were backfilled with cuttings and topped off with a one-foot concrete plug.

Hand-held penetrometer tests were run in the field on cohesive samples, and the results are shown on
the boring logs.

The borings were observed for indications of subsurface water entry during drilling and checked for
accumulated water after completion of drilling. Groundwater was encountered in all the borings with
the exception of Boring B-4.

The borings were logged in the field from inspection of the samples and later edited based on the
laboratory test results. The borings logs are attached to this memo.

LABORATORY INVESTIGATION

Laboratory tests were run on selected samples of soil obtained in the field investigation to help classify
the materials and evaluate pertinent engineering properties for use in our analyses. Classification and
index property tests included water content, dry unit weight, percent passing the No. 200 sieve, and
liquid and plastic limits.

All laboratory tests were run by Mas-Tek Engineering and Associates, Inc. in their Dallas, Texas
laboratory. The test results are attached this memo. The test results are also shown on the boring
logs.

SUBSURFACE CONDITIONS

Geology

The Sherman Sheet of the Geological Atlas of Texas indicates that the borings are underlain by
Quaternary alluvial deposits of Recent age, Blossom Sand, and Bonham Marl. The alluvial deposits are
described as “Flood-plain deposits. Along Red River, drainage system includes low terrace deposits; top
surface 8%3 feet above the flood-plain surface.”
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The alluvial deposits are underlain by the Blossom Sand and Bonham Marl of Upper Cretaceous Age.
The Blossom Sand is described as “quartz sand grading westward into clay. Sand, very fine grained to
fine grained, calcareous, glauconitic, ferruginous, calcareous concretions and septaria, thin clay
interbeds, brown; weathers brown and red. Clay, silty, calcareous, interbeds of silt, poorly bedded to
massive, medium yellowish gray; weathers light yellowish gray;, marine megafossils scarce. Thickness
20 feet, feathers out westward in Fannin County.”

The Bonham Marl is described as “marl and clay, silty, progressively more calcareous westward,
variable amount of glauconite, most abundant near middle, poorly to thinly bedded, medium to light
gray; weathers light gray to yellowish gray with poor fissility; marine megafossils; thickness 400+ feet.”

The USDA Soils Survey of Fannin County identifies the soils encountered at Borings B-1 and B-2 as the
Tinn clay. The Tinn clay is generally described as very deep, nearly level, moderately well drained,
clayey alluvium of Holocene age, located on broad flood plains along streams.

The survey further identifies the soils encountered at borings B-3 and B-4 as the Dela Loam and Derly
Silt Loam, respectively. The Dela Loam soils are generally described as very deep, nearly level,
moderately well drained, loamy and/or sandy alluvium of Quaternary age, located on flood plains
along creeks and drainageways. The Derly Silt Loam soils are generally described as very deep, nearly

level, poorly drained, clayey alluvium of Quaternary age, located on the second terrace level of the Red
River.

Soils

The borings typically encountered native moderately plastic to highly plastic clay soils at the ground
surface or beneath the road base. The clay soils contained varying amounts of sand. The surface soils
encountered in Boring B-3 were slightly less plastic with more sand, increasing in plasticity at about 10
feet below the ground surface (bgs). The subsurface soils in Boring B-4 at about 21 feet bgs also
indicated a significant decrease in plasticity from the overburden soils. Possible slickensided surfaces
with gray staining and ferruginous staining were observed in boring B-2 at depths ranging from about
20 to 26.3 feet bgs.

At depths ranging from about 13 to 30 feet bgs, the borings indicated an increase in sand content with
the clay soils transitioning into sandy clay, clayey sand, and silty sand. Boring B-3 terminated in clayey
sand at a depth of about 20 feet bgs. The remaining borings encountered weathered and
unweathered shale bedrock at depths ranging from about 34 to 39.3 feet bgs.

Moisture contents for the clay soils ranged from 9 to 25 percent with the lower moisture contents
obtained in the subsurface clays of lower plasticity and the higher moisture contents obtained in the
high plastic clays and soils nearer to the ground surface. Liquid limits for the clayey materials ranged
from 30 to 84 and plasticity indices ranged from 16 to 65.
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The weathered shale was encountered in Boring B-4 at a depth of about 39.3 feet bgs and was
underlain by unweathered shale at a depth of about 41 feet bgs. The weathered shale contained sand
and was brown and gray, calcareous, and fossiliferous. Texas Cone Penetrometer testing performed in
the weathered shale indicated a penetration of 12 inches for 83 blows.

The unweathered shale encountered in the borings typically contained sand, was brown and gray to
dark gray, calcareous, and fossiliferous. Texas Cone Penetrometer testing performed in the
unweathered shale indicated penetrations ranging from 2 to 7 inches for 100 blows. Possible
slickensides surfaces were observed in the unweathered shale in Boring B-2 at depths ranging from
about 36 to 42 feet bgs. Additionally, a thin bentonite seam was observed at about 36.7 feet bgs in
boring B-2.

Groundwater was observed in all borings with the exception of Boring B-4. Groundwater observations
are summarized in Table 1 below.

Table 1
Groundwater Level Readings
At Timt\el\::LfSDrimng W(L:DA)ftfe re'tjggisng After D\rl:::_iig (AD),
(ATD), feet bgs ! feet bgs

B-1 29 6.3 at 0 hrs. 5.0 at 22 hrs.
B-2 28 8.0at O hrs. -
B-3 14 8.6 at O hrs. -
B-4 Dry Dry at O hrs. --

WLS = Water Level Surface bgs = below ground surface

ATD = At Time of Drilling AD = After Drilling

Please contact me if you have any questions regarding the information in this memo.

T






BORING LOG
LEGEND AND NOMENCLATURE

Items shown on boring logs refer to the following:

1.
2.

Depth - Depth below ground surface in feet
Sample - Types designated by letter:

S - Split barrel sample, obtained by driving a 2-inch split-barrel sampler unless otherwise
noted.
U - Undisturbed sample, obtained using a 3-inch-diameter thin-walled tube and open
sampling head.
NX - Core sample, obtained using an NX-sized core barrel with carbide bit.

Recovery -Sample or Core recovery is the length recovered divided by the total length cored,
pushed, or driven, expressed as a percentage.

Resistance - For split-barrel sampling, resistance is designated as follows:
3- Numbers indicate blows per 6 inches of penetration of split spoon sampler driven by a
6 140-pound hammer falling 30inches. The Standard Penetration Resistance is the number
7 ofblows for the last 12 inches of penetration of the split spoon sampler.
50/4" - Number of blows to drive sampler distance shown.

PP-  Pocket penetrometer reading in tons per square foot.

RQD- Rock Quality Designation, calculated as the total length of unfractured pieces more than 4
inches long divided by the total length cored, expressed as a percentage.

TCP- Texas Cone Penetration or equivalent variation, resistance blow counts per 6 inches of
penetration or penetration distance resulting from 50 blows, whichever occurs first,
obtained from driving a 3-inch diameter cone with a 2.5-inch long point using a 170-
pound hammer falling 24 inches.

Description - Description of material according to the Unified Soil Classification: word description
giving soil constituents, consistency or density, and other appropriate classification characteristics. A
solid line indicates an approximate location of stratigraphic change. Descriptions may include

pertinent observations including type of boring, water seepage, fluid loss, boring termination depth,
etc.

Legend -

AD - Afterdrilling ND - Not detectable due to drilling method
ATD - Attime of drilling NR - Not recorded

HSA - Hollow stem auger RWB - Rotary wash boring

CFA - Continuous Flight Auger

DWR - Drill water return

NA - NotApplicable

Remarks — may include the results of field tests or other special observations.

Rock hardness and strength - descriptors follow recommendations of the Bureau of Reclamation:

Extremely hard  Cannot be scratched with a knife; can only be chipped with repeated heavy
hammer blows.

Very hard Cannot be scratched with a knife; breaks with repeated heavy hammer blows.

Hard Can be scratched with a knife with heavy pressure; heavy hammer blows are
required to break specimen.



Moderately hard Can be scratched with a knife with light or moderate pressure; breaks with
moderate hammer blow.

Moderately soft  Core can be grooved 1/16™ inch deep with moderate or heavy pressure; breaks
with light hammer blow or heavy manual pressure.

Soft Can be grooved or gouged easily by knife with light pressure; can be scratched
with fingernail; breaks with light to moderate manual pressure.

Very soft Can be readily indented, grooved, or gouged with fingernail, or carved with a
knife; breaks with light manual pressure.

Note that descriptors are independent of rock type; a relatively strong shale and a relatively weak
limestone might both be called moderately soft.

7. Limitations

The lines between materials shown on the boring logs represent approximate boundaries between material
types. The changes may be gradual. Water level readings shown on the logs were made at the time and under
the conditions indicated. Fluctuations in the water levels may occur with time. The boring logs in this report
are subject to the limitations, explanations and conclusions of this report.



.. LOG OF BORING NO. B-1

FREESE = NICHOLS
Sheet 1 of 2
Project Description: Lower Bois D'Arc Reservoir: FM 1396 Relocation Project No.: NTD06128
Project Location: Fannin County, Texas Phase No.: 003A
Logged By: RGS/SVC Date: 05/27/2010
Drilled By: GM Enterprises Rig: CME 55 Method: 6" CFA
SAMPLE Elevation: 506 +/- g X =
Northing: 7291389.162 Sl | T
-— — . 2] [2] z (D L = t
7] X| wan | _ | Easting: 2713787.670 =gl = ) a s| 2 z
£ >| 22| @ [ Total Depth: 54.1 feet K|l |8, |25/3|3] R
T|w lx|< |2 Lo|(d|SE |uolal @ <
El e |u|ieEc| 2 Z2Z| oS |<S|S|E]| >
o ﬁ >l v ]| 2 (o m aodN| 2| w it}
u o|lpe]| @ Op | x| <sl2|3|
0o o|lwg GE E = =X CZ) 3| [TH|
L
x| *e MATERIAL DESCRIPTION < @ <§< 5
0 12 7 LEAN TO FAT CLAY (CL-CH), grayish brown
Ul |69 19 / and dark brown, stiff, moist, highly calcareous =505
/] 2.0
08 |/ FAT CLAY (CH), grayish brown and dark brown, 504.0
U2 |71 15 medium stiff to stiff, moist, highly calcareous -
12 % - trace medium grained sand at about 4 feet I
-S54 U3 | 75| g5 / -
14 / - more plastic at about 6 feet 500
us | 83| g / 25 sa | 19 |
1.0 / - more sand at about 8 feet I
Us |21 / -
[ 10 13 / - brown, slightly mottled gray-brown and orange- i
U6 | 85| 5 / brown, stiff, trace rootlets, trace small calcareous - 495
’ seams at about 10 feet
1.8 - trace gravel at about 12 feet I
U7 [ 63l (4 / B
20 / [
F15{ Us | 63| g / -
2.0 / - brown and gray, mottled orange-brown at about [~ 490
U9 | 52| 49 / 16 feet -
1.7 / - trace gray fine gravel at about 18 feet I
U0 | 78| 44 / 24 -
20 13 / - trace ferruginous staining at about 20 feet i
ULl | 671 49 / —485
1.1 - trace sand (medium to coarse grained) and gravel i
vz | 71 16 / (fine, subrounded to well rounded) at about 22 feet =
1.7 / - siltier, less plastic at about 24 feet i
SIERVERETI AN / .
—480
1.2
uUl4 | 75 / 27.0
2.1 // LEAN TO FAT CLAY (CL-CH), with fine sand, 479.0
07 [ 4 tan and orange-brown 28.0,
' i - 478.0
Uls | 63| g6 SANDY LEAN CLAY (CL), silty, tan and orange 2 65 46 |17 |
. brown, medium stiff, moist
30 - soft to medium stiff, wet at about 30 feet 310 I
Ule6 | 67 Ve - 475
Water Level Surface 29 feet at ATD Remarks:

6.3 feet at 0hrs. AD
5.0 feet at 22 hrs. AD

FREESE AND NICHOLS’ INC. [The stratification lines represent approximate strata boundaries.

In situ, the transition may be gradual.



FREESE - NICHOLS

LOG OF BORING NO. B-1

Project Description: Lower Bois D'Arc Reservoir: FM 1396 Relocation
Project Location: Fannin County, Texas
Logged By: RGS/SVC

Sheet 2 of 2
Project No.: NTD06128
Phase No.: 003A
Date: 05/27/2010

Drilled By: GM Enterprises Rig: CME 55 Method: 6" CFA
SAMPLE Elevation: 506 +/- g 53 =
Northing: 7291389.162 DE [T e w -
® Ll wo Easting: 2713787.670 wnZl Z[0 o> E|ls| =z
o “loa| & - U | Y zW =15 O
e | 2§ 8 Total Depth: 54.1 feet e Bl z2n|ga| 3| 2 =
Tl w|x * o = 8]
AEEIE R 2213 z=(28/8lg| 3
sl z2les]| o & adN|l 2w |.u
a QlmkE » O | x <0 ] 5 |
Ol w g GE HlE =R w
AN ]
A MATERIAL DESCRIPTION z @ <;( 5
13 CLAYEY SAND (SC), fine grained, gray and 475.0
brown, moist i
u17 | 7s - fine to medium grained at about 32 feet 40 |
A - with fine gravel seams (subrounded to rounded) at 34.0
U1s | 92 4.5+ \about 33 feet _ . 3720
L35 o SHALE, brown and gray, soft, fossiliferous, with B
| TCP | S0/2.5" calcite pockets, calcareous
470
Al - gray, soft to moderately hard at about 39 feet i
- 40 TCP 50/3" i
| 501"
- 465
45 TTcp 50/2" i
] 50/1.5"
—460
TCP 50/1.5" i
P 50/1.5"
- 50 1 i
' - 455
54.1 L
TCP 50/1" - hard at about 54 feet [ 2519
P 50/0.5" - .
- 55 4 Total boring depth 54.1 ft. -
—450
3 60 - -
445

FREESE AND NICHOLS, INC.

The stratification lines represent approximate strata boundaries.
In situ, the transition may be gradual.




FREESE » NICHOLS

LOG OF BORING NO. B-2

Project Description: Lower Bois D'Arc Reservoir: FM 1396 Relocation
Project Location: Fannin County, Texas
Logged By: RGS/SVC

Sheet 1 of 2

Project No.: NTD06128

Phase No.: 003A
Date: 06/01/2010

Drilled By: GM Enterprises Rig: CME 55 Method: 6.25" HSA
SAMPLE Elevation: 500 +/- w = .
Northing: 2 - &
orthing: 7293613.862 | E|E w -
B S|l wa | _, | Essting: 2714018.123 nd| 2 % Q2 E S| 2
= ~| 8¢ Q | Total Depth: 50.2 feet cE E|2n |z S| 2| B
Tl gl <=|Z % 0lo| x5 |agla © <
o Sl bo| > oG|C |2 |ER|S| 6| @
ml = l3l2e| s o|lxl|oO | B r
@) ol e < G e W | ES 2 = ‘;5_ w
Q =
Bl Ee MATERIAL DESCRIPTION z® <|3
0 W 500
A‘ﬁ 11.5" Clayey gravel road base 10
LEAN CLAY (CL), with silt seams, dark brown 499.0
30 and tan, very stiff, slightly moist, stratified, -
ut 100 calcareous, trace rootlets 3.0
/ FAT CLAY (CH), dark brown, slightly moist to 497.0
26 moist, non-calcareous, trace ferruginous staining -
L 5 2.4 / — 495
22 B
2.0 /
- trace sand, very stiff to hard, slightly calcareous, I
U2 [100 . ’ f
with calcareous nodules, trace ferruginous staining -
at about 7 feet
4.5+ i
- 10 / 100 490
4.5+ LEAN CLAY (CL), trace sand, orange-brown and 490.0 11 40 | 14
' brown, hard, slightly moist, slightly blocky and r
waxy, more calcareous |
U3 1100
3.5 - very stiff at about 13 feet I
4.0 -
L 15 2.4 - less plastic, moist at about 14.5 feet L 485
- brown and gray at about 16 feet I
U4 |100
- 20 29 - trace gray to gray, less blocky at about 19.7 feet 480
2.8 - possible slickensides with gray staining at about 9 44 | 15
32 20.8,21.4,22.4,22.9, and 23.1 feet |
Us 1100| 25
- slightly more sand at about 24 feet i
25 475
2.7 13 94 -
- steep angle slickenside with ferruginous staining
— from about 26.1 to 26.3 feet. -
U6 | 98 - tan, with ferruginous staining, less plastic 28.0
3.0 \transition from about 27 to 28 feet / 472.0
| 15 SILTY LEAN CLAY (CL), trace fine sand, tan, B
stiff, moist, calcareous, with ferruginous staining
30 - siltier, more fine sand, medium stiff to stiff, with 30.5 —470
% / \ferruginous staining at about 29.4 feet / 469.5
Water Level Surface 28 feet at ATD Remarks:
8 feet at Ohrs. AD
at

FREESE AND NICHOLS, INC.

The stratification lines represent approximate strata boundaries.
In situ, the transition may be gradual.
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Project Description: Lower B

Logged By: RGS/SVC

LOG OF BORING NO. B-2

o0is D'Arc Reservoir: FM 1396 Relocation

Project Location: Fannin County, Texas

Sheet 2 of 2
Project No.: NTD06128
Phase No.: 003A
Date: 06/01/2010

Drilled By: GM Enterprises Rig: CME 55 Method: 6.25" HSA
SAMPLE Elevation: 500 +/- g x -
_ Northing: 7293613.862 Be | x w -
B Sl wa Easting: 2714018.123 w2219 |o>E|s]| 2
@ = = w Wl w ZzL| =EZ|=| O
= ~| 8¢ 2 Total Depth: 502 feet cE|lElz2al|ga| S| 2| E
T Ww|x — 3 £ 1 Ol <«
NEAEIEN R =218 |335|<8|2|¢| S
Sl |2ies]| 5 Quigz|a e 3|le| U
a 3 a L;'_ O W e Ro| 3 é w
Ll &) =
p|Ee MATERIAL DESCRIPTION Z @ <§i Z
/ 7} SANDY LEAN CLAY (CL), fine to medium 56
u7 | 78 s / grained, trace fine gravel (sub-angular), brown, 326 i
b2 \moist 467.4 3
7] CLAYEY SAND (8C), medium to coarse grained, 342 |
NSy, . — 46538
35 1P son SHALE, with sand, dark gray, soft fossiliferous, — 465
50/3" thinly bedded at top of formation |
- thin bentonite seam at about 36.7 feet -
us 1100 - steep slickenside at about 37 feet
- steep slickenside at about 37.7 feet i
F40 1-TCp — 5%%?;” - moderately hard to hard 460
uo 100 - possible slickenside at about 42.2 feet I
45 TTCP 50115 - hard —455
—— 50/0.5" |
50 15¢p S0/1.750 ' 502 - 450
Dm— 50/0.75" Total boring depth 50.2 ft. 449.8 |
L 55 - 445
L 60 — 440

FREESE AND NICHOLS, INC.

The stratification lines represent approximate strata boundaries.
In situ, the transition may be gradual.




FREESE = NICHOLS

LOG OF BORING NO. B-3

Project Description: Lower Bois D'Arc Reservoir: FM 1396 Relocation
Project Location: Fannin County, Texas
Logged By: RGS/SVC

Sheet of 1
Project No.: NTD06128
Phase No.: 003A

Date: 05/28/2010

Drilled By: GM Enterprises Rig: CME 55 Method: 6.25" HSA
SAMPLE Elevation: 504 A\~ g X =
Northing: 7295181.535 Sl
“— — - (237 zZ (O] w = ':
8 Slwal o Easting: 2714241.557 clﬁ 25 i g a S| 2 %
= >| 89| © | Total Depth: 20 feet A = - - B e O
=l |El=2| g $2|13|25(%8/2|B|
o Slon | > oglelx=[&8x|3S| 6| m
G| E =P o W g|ao NG —
a 8 @ = © E W e X g 5 é w
L [8) =
x| ®e MATERIAL DESCRIPTION z @ < 2
0 CLAYEY SAND (SC), dark brown and brown,
22 very stiff, moist, with rootlets 12 -
SILTY LEAN CLAY (CL), with fine sand, brown 502.8 I
Ul 1100 and dark brown, very stiff, moist, with rootlets,
non-calcareous -
- medium stiff from about 2 to 2.7 feet
15 - medium stiff from about 3.1 to 3.5 feet 17 35 | 19 [500
5 - stiff at about 4 feet |
- medium stiff from about 5.6 feet to 8. 5 feet 5
. 1 i
U2 |100 07 o
- stiff to very stiff at about 8.5 feet L 495
1.5
L 10 10.0
3.0 LEAN CLAY (CL), brown, stiff, moist 494.0
24 16 44 17 L
1.8
U3 100 4 -fet;f,ce sand, with ferruginous staining at about 12 I
10 - with sand, siltier, medium stiff to stiff, with
ferruginous staining at about 13 feet 145 —490
L 15 0.5 CLAYEY SAND (SC), gray and light brown, moist ~ 489.5 5
- coarse sand seam from about 16.6 to 16.9 feet 3
U4 | 58 - fine to medium sand seam from about 17.4 to 17.7 45 |
feet
- 485
L0 : 20.0
Total boring depth 20 ft. 484.0
480
251 L
475
- 30 -

Water Level Surface

14 feet at ATD
8.6 feet

Remarks:
at 0 hrs. AD
at

FREESE AND NICHOLS, INC.

The stratification lines represent ap|
In situ, the transition may be gradua

?roximate strata boundaries.




FREESE = NICHOLS

LOG OF BORING NO. B4

Project Description: Lower Bois D'Arc Reservoir: FM 1396 Relocation
Project Location: Fannin County, Texas
Logged By: RGS/SVC

Sheet 1 of 2

Project No.: NTD06128

Phase No.: 003A
Date: 05/28/2010

Drilled By: GM Enterprises Rig: CME 55 Method: 6.25" HSA
SAMPLE Elevation: 533 +/- g x -
N Northing: 7296888.811 HSlE| L w| |
B Sl wa | _, | Easting: 2714335883 B2 Z 8 oz = s z
= = 2g Q | Total Depth: 50.3 feet rE|lE|2ulgn| S| 2| F
| w | x o £ Ho Q| <«
El S|y . g =218|z3|2 SlEE| =
ml =322 o SUlg|o |23 3| 2| 4
°| 18|gs HEIEREE R
w &) =
E|Xe MATERIAL DESCRIPTION z? <|3
0 L/ 1" Topsoil/Root zone 0.1/
FAT CLAY (CH), trace fine sand, silty, gray, 5329 3
13 / mottled orange-brown, very stiff, sl. moist to dry, |
Ul | 92 with rootlets, non-calcareous
22 - slightly moist to moist at about 0.5 feet 530
: - stiff, moist at about 1.3 feet
4.5+ - end of root zone at about 3 feet -
- very stiff to hard, slightly moist at about 3.6 feet
[ 5 4.5+ / - blocky, with ferruginous staining at about 5 feet [
/ - waxy, more plastic at about 6.2 feet [
v2 [100 % o
/ - silty, trace fine sand, orange-brown and tan, dry, 15 68 | 19
L 10 less plastic at about 9 feet -
- more fine sand at about 10 feet
4.5+ / -
U3 |100 /
4.5+ - calcareous at about 13 feet 320
- fossiliferous at about 14 feet i
L 15 A trace sand to with sand at about 14.5 feet 15.0
LEAN CLAY (CL), with sand, orange-brownand 5180 |
4.5+ tan, hard, slightly moist, calcareous 9
U4 |100 51
4.5+ 19.0
SANDY LEAN CLAY (CL), fine grained to trace 514.0
-20 medium grained, silty, orange-brown, hard, dry, 20.5 -
4.5+ ;'\ calcareous / 512.5
\ siltier, less clay at about 20 feet 21. 10 30 | 12
SILTY SAND (SM), with occasional very thin si} 512.0 L
uUs |100 45+ partings, trace clay ,tan and orange- brown, dry t
: slightly moist 510
SILTY LEAN CLAY (CL), trace sand, with 3
occasional thin sand seams, tan, hard, dry,
25 calcareous i
4.5+ -
U6 |100 505
4.5+ 3
F30 35 - more clay at about 29.8 feet -
- tan and orange-brown, very stiff, slightly moist at |
Water Level Surface Dry at ATD Remarks:
Dry at O0hrs. AD
at

FREESE AND NICHOLS, INC.

The stratification lines represent ap
In situ, the transition may be gradua

?roximate strata boundaries.




FREESE = NICHOLS

LOG OF BORING NO. B-4

Project Description: Lower Bois D'Arc Reservoir: FM 1396 Relocation
Project Location: Fannin County, Texas
Logged By: RGS/SVC

Sheet 2 of 2
Project No.: NTDO06128
Phase No.: 003A
Date: 05/28/2010

Drilled By: GM Enterprises Rig: CME 55 Method: 6.25" HSA
SAMPLE Elevation: 533 +/- Lg S l_.
Northing: 7296888.811 S|l =1 T w -
‘- —_— . [72] 2] =z o | —_—
o X|wa | _ | Easting: 2714335.883 i = g a s| = CZ)
= > | 8 8 2 Total Depth: 50.3 feet o ElE| 2w |55 5 (_I_) =
| w | oy £ (0 o <
525182(28(5|5| &
L E Ol » (IQ w O % x| 0 e ~| G < a
o ol B3 GE w e S g ) w
1]
A MATERIAL DESCRIPTION z @ < 2
T[T \about 30.5 feet 3151 i
v7 |98 22 t 4 SILTY SAND (SM), fine grained, trace clay, tan 501.5
’ “ 7'/ A \and orange-brown, slightly moist 32. 56 =500
/7] \- fine to medium grained at about 32 feet at about 500.6
/A 132 feet 347 i
L35 SANDY LEAN CLAY (CL), with sand pockets, 498‘ 3 |
tan and orange-brown, moist, calcareous / )
LEAN CLAY (CL), trace sand, brown, moist, with 36.5 I
) \ferruginous staining / 4965 :
Us { 92 CLAYEY SAND (SC), gray and tan, moist 40
- with gravel at about 37.2 feet 187 =495
CLAYEY GRAVEL (GC), rounded to well 4943 i
L 10 rounded, with sand, reddish brown, moist 39.3 |
| TCP | ggﬁg,. WEATHERED SHALE, with fine sand, brown to 4937
1\ gray, sofi, calcareous, fossiliferous 419
SHALE, with sand, gray, unweathered 492.0 |
- slightly weathered zone from about 41. 6 to 42.4
feet 490
A9 - thin slightly weathered zone, with calcite granules
from about 43 to 43.3 feet [
[45T°TCP 50/1.75" - moderately hard to hard i
] 501.5" |
Al0
485
50 TTcp 50/2.25" 50.3 -
M 50/1.25" Total boring depth 50.3 ft. 482.7 i
—480
L 55 - -
—475
- 60 e -

FREESE AND NICHOLS, INC.

The stratification lines represent ap
In situ, the transition may be gradua

Froximate strata boundaries.




KEY TO SYMBOLS

Symbol Description Symbol Description

Strata symbols Silty sand

v Low-high plasticity

/ clays % Weathered Shale

/ High plasticity

/| clay

Sandy clay

Clayey sand

Shale

?33‘ Clayey gravel

Low plasticity
clay

Silty Lean Clay

MV Topsoil

Notes:

1. Exploratory borings were drilled on 05/27/2010 through
06/01/2010 using 6-inch diameter continuous flight power
augers for Boring B-1 and 6.25-inch hollow stem augers for
the rest of the borings.

2. Approximate boring locations can be found on the Boring
Location Diagram. Actual boring locations may differ based
on existing conditions in the field. Boring coordinates were
determined using a handheld GPS with an accuracy of +/-1

meter. Boring elevations were roughly approximated from
Google Earth.

3. These logs are subject to the limitations, conclusions, and
recommendations in this report.

4. Results of tests conducted on samples recovered are reported
on the logs.




MAS-TEK ENGINEERING & ASSOCIATES, INC.
GEOTECHNICAL AND CONSTRUCTION MATERIALS TESTING & ENGINEERING
5132 Sharp Street Dallas, Texas 75247 Phone: 972-709-7384 Fax: 972-709-7385

REPORT OF ATTERBERG LIMITS, MOISTURE CONTENT AND MATERIAL IN SOILS FINER
THAN THE NO. 200 SIEVE

(ASTM D 4318), (ASTM D 2216) and (ASTM D 1140)

PROJECT NAME: Lab Testing for Lower Bois D'Arc MTE REPORT No.: 17-064-001
PROJECT NUMBER: 17-064-A REPORT DATE: 6/29/2010
CLIENT: Freese and Nichols, Inc. DATE TESTED: 6/4/2010
CLIENT CONTACT: Russell G. Springer, P.E. TECHNICIAN: D. Randall

Test Results

Moisture
Bore Content | -200 Sieve | Liquid Limit | Plastic Limit | Plasticity
# [Sample Number Depth (%) (%) (%) (%) Index
Bl uls 28 - 30 20.8 65 46 17 29 #
Bl Ul7 32-34 40
Bl U4 6-8 25.2 84 19 65
Bl Ul0 18 -20 23.5
B2 U7A 31.2-31.8 55.9
B2 U6A 25.7-26.7 13 94.1
B2 U3A 104-11.1 11 40 14 26
B2 USA 20.8-21.4 9.3 44 15 29
B3 U4A 15-15.8 45
B3 U3A 10.6-11.3 15.6 44 17 27
B3 UiB 4-4.6 17.4 35 19 16
B3 U2A 69-74 19.1
B4 USA 37-38 39.5
B4 U7B 32.9-334 56.2
B4 USB 22.7-23.5 10.4 30 12 18
B4 U2B 9-9.5 15.3 68 19 49
B4 U4A 16-16.6 9.1 '

Test Results Meet Project Specifications Unless Noted With an *

Notes:

Note: This report is for the exclusive use of the Client addressed.
This report may not be reproduced except in its entirety, without
the wrilten consent of MTE. Results apply only to above tests. AA—

Mas-Tek Engineering & Associates, INC. b

Aaron Cotton,‘jr.. Project Manager
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