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   BIG FOSSIL CREEK WATERSHED INTERIM 
INFORMATION PAPER 

 
 

INTRODUCTION 
 
This interim information paper presents the results of investigations of the Big Fossil 
Creek watershed’s existing conditions and problem areas identified to date. These results 
may be utilized by the sponsors to determine where participation in a more detailed study 
would be beneficial to their community in terms of identification of measures aimed at 
reducing flood risks.  The next phase of the feasibility study would provide details 
regarding viable alternatives for reducing flood risks, environmental restoration, and 
recreation facilities throughout the watershed.     
 
The Big Fossil Creek study is currently in the Feasibility Phase.  Portions of the 
feasibility process have been completed and their results are being conveyed through this 
paper.  This interim information paper provides the communities basic information of the 
watershed, the problems, and potential alternatives designed to reduce or eliminate the 
problems.   
 
 
STUDY AUTHORITY 
 
The Big Fossil Creek study is being conducted under the Upper Trinity River Feasibility 
Study.  The study of Big Fossil Creek Watershed is contained in a resolution by the 
United States Senate Committee on Environment and Public Works Resolution dated 
April 22, 1988, as quoted below: 
 

Resolved by the Committee on Environment and Public Works of the 
United States Senate, that the Board of Engineers for Rivers and Harbors 
is hereby requested to review the report of the Chief of Engineers on the 
Trinity River and Tributaries, Texas, House Document No. 276, Eighty-
Ninth Congress, and other pertinent reports, with a view to determining 
the advisability of modifying the recommendations contained therein, with 
particular reference to providing improvements in the interest of flood 
protection, environmental enhancement, water quality, recreation, and 
other allied purposes in the Upper Trinity River Basin with specific 
attention on the Dallas-Fort Worth Metroplex. 
 

The above cited legislation defined the area of investigations as the Upper Trinity River 
Basin with specific emphasis on the Dallas – Fort Worth Metroplex.  Big Fossil Creek is 
a sub-basin of the Upper Trinity River watershed and is therefore authorized under this 
legislation.  Big Fossil Creek Watershed study fits into the overall concept of the Upper 
Trinity Vision to conduct an integrated and coordinated approach to locating and 
implementing opportunities for flood risk reduction, ecosystem restoration, recreation, 
and other allied purposes along the Trinity River system. 
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Big Fossil Creek is a major tributary of the West Fork of the Trinity River, which 
encompasses 57 square miles of contributing drainage area. It is located north of the 
confluence of Big Fossil Creek with the West Fork of the Trinity River, proceeding 
northeastward along Big Fossil Creek to its headwaters near US 287, and its tributaries.   
See Figure 1 which shows the Big Fossil watershed and displays participants’ city 
boundaries within the watershed.  

 

PARTICIPANTS 
 
The study is being sponsored by North Central Texas Council of Governments 
(NCTCOG), who is primarily representing the municipalities of Haltom City, Saginaw, 
Watauga, Fort Worth, Richland Hills, North Richland Hills, Keller, and Haslet.  Also 
represented are Tarrant County and the Texas Water Development Board (TWDB).  The 
communities whose city limits and/or boundaries fall within the Big Fossil Creek 
watershed decided to jointly participate in this study to explore strategic methods of 
managing the watershed systematically instead of piece-meal efforts by each individual 
entity.   
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FLOOD HISTORY 
Big Fossil Creek has experienced floods as far back as September of 1900. The creek has 
reportedly long-suffered from flooding problems. The major flood events that have 
occurred since that time are numerous and have resulted in substantial losses to property 
and persons in the watershed. 

Flooding along Big Fossil Creek and its tributaries, notably Whites Branch, is a well 
documented, on-going problem. The September 1962 flood was the largest in the 
watershed until the flood of June 18, 2007 which devastated the Skyline Mobile Home 
Park on Whites Branch in Haltom City. This occurred in a brief period of time, following 
a rainfall event of 4.5-inches during a two hour period. This rainfall fell on heavily-
saturated ground increasing the runoff into Whites Branch. This event was estimated as a 
100-year flood with an annual exceedance probability of 1-percent. Flood waters claimed 
a life.  This area has been declared a National Disaster Area and may be eligible to 
receive assistance from the State, County, and FEMA under their respective missions and 
programs.  On 3 July 2007, a very intense storm event occurred over portions of the Big 
Fossil Creek watershed in and around Richland Hills.  This particular storm was centered 
over the headwaters of Stream BFC-5 and resulted in significant flooding along the 
relatively narrow watercourses which feed into the Big Fossil Creek Levee Sump.   Table 
1 and the accompanying Figure 2 shows the locations where FEMA claims have been 
made from 1978-2001.  This does not represent all damages in the Big Fossil Creek 
watershed.  In fact the figure and table only show where claims have been recorded.  The 
dollar amount represented in the table includes the entire city not just the portion of the 
city limits within Big Fossil Creek Watershed.   This area is experiencing repeated 
problems that may be reduced through a systematic management plan of the watershed 
experiencing repeated problems that may be reduced through a systematic management 
plan of the watershed. 

Table 1: FEMA Claims by City in Big Fossil Creek Watershed (1978-2001) 

Local Government 
Percent of 

Area  

*FEMA 
Claims by 

City        
(1978-2001) 

FEMA 
Repetitive 

Losses by City    
(1978-2001)  

Fort Worth 44%  $      1,755,220   $    1,675,865  

Tarrant County 24%  $      1,603,118   $       860,559  

Haltom City 10%  $      2,461,862   $    4,207,327  

Watauga 7%  $         445,989   $       494,022  

North Richland Hills 5%  $         476,883   $       286,127  

Richland Hills 4%  $         595,892   $       599,460  

Saginaw 3%  $           10,826   $       414,853  

Haslet 2%     

Keller 1%  $           91,315   $       145,612  

Totals: 100.00%  $      7,441,105   $    8,683,825  
Source: FEMA * Note that the columns for FEMA Claims and Repetitive Losses include total amounts for each city.  
Further analysis and mapping will be conducted once the Geo-Coding for the locations are completed 
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PROBLEM AREAS AND OPPORTUNITIES 
At the initiation of this study the participants identified existing problem areas and they 
also identified areas of potential opportunities for improvement within the watershed.  
The problem areas fall into the following categories:  flooding, bank sloughing, loss of 
habitat, and ecosystem degradation. The opportunities for better management fall into the 
categories of environmental restoration, flood risk reduction, and recreation 
enhancements. Figures 3a and 3b depict specific areas of concerns and potential 
solutions to these problems.  These are areas where potential structural and non-structural 
alternatives may be implemented, provided further analysis determines that a site(s) is 
viable, a federal interest exists, and interest among the local communities continues.  
Additional figures correspond to either problem areas or potential projects.  Figures 3.1 
through 3.17 are close up aerials of the specific locations where many of the problems 
and opportunities or both are located.  Specific references will be made to these figures in 
the discussion of alternatives. 

Figures 3a and 3b and the sub-figures show areas of concern and potential alternatives 
by a shape, color, number and letter coding system.  Light blue squares labeled with the 
letter F indicate areas identified as having increased flood risks.  The yellow circles 
labeled with the letter S indicate areas that have sloughing issues.  A red circle labeled 
with the letter R shows where recreational features could be added.  The green circles 
labeled with the letter P indicate where potential ecosystem restoration projects may be 
evaluated.      

Areas with increased flood risks include the following written descriptions along with 
their respective mapping indicator code.   

F-1 Recurrent flooding along main stem Big Fossil Creek at the head waters 

F-2 Recurrent flooding along  Big Fossil Creek-32 in north Fort Worth; some 
homes could be impacted 

F-3 Recurrent flooding along Big Fossil Creek-31 in north Fort Worth 

F-4 Recurrent flooding along main stem of Big Fossil Creek in north Fort Worth 

F-5 Recurrent flooding along Bunker Creek adjacent to Harvest Church 

F-6 Recurrent flooding along Whites Branch Creek especially throughout the 
Skyline Mobile Home Park 

F-7 Recurrent flooding along main stem Big Fossil Creek adjacent to North Park 

Areas with sloughing issues include the following written descriptions along with their 
respective mapping indicator code.   

S-1 Sloughing area along main stem Big Fossil Creek behind residences along 
Fenway Court in Haltom City 

S-2 Sloughing area along main stem Big Fossil Creek in Buffalo Ridge Park in 
Haltom City 

S-3 Sloughing area along main stem Big Fossil Creek in North Park in Haltom 
City 

S-4 Sloughing area along Big Fossil Creek Main stem between Union Pacific 
Railroad and US HWY 377 in Haltom City 
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Areas identified that might be potential ecosystem restoration sites include the following 
written descriptions along with their respective mapping indicator code.   

P-1 The area above County Road 496 and Union Pacific Railroad in Tarrant 
County to the upper end of the basin channel is small and likely intermittent 
flows limit restoration opportunities.  However creation of a large 
impoundment where water supply would be used to benefit downstream 
aquatic and riparian vegetation might be possible  

P-2 The overflow area above Walnut Lake near BNSF Railroad in upper end of 
lake east of Blue Mound Road and north of East Bailey Boswell Road creates 
an ephemeral wetland.  Limited opportunities may exist for riparian forest 
improvement 

P-3 East of I-35, south of North Tarrant Parkway and north of Basswood 
Boulevard in Fort Worth Big Fossil Creek Stream-2 contains large tracts of 
undeveloped land, old channel scars, natural pools and runs.  Could improve 
by adding riparian woods while emphasizing emergent wetlands development 

P-4 The area from FM156 to I-35 in Fort Worth Big Fossil Creek contains large 
tracts of undeveloped land with few owners, old channel scars, natural pools 
and runs and could improve by adding riparian woods while emphasizing 
emergent wetlands development 

P-5 Between I-35W and Beach Street south of Western Center Boulevard in Big 
Fossil Creek.  Could incorporate wetlands into floodplain downstream of 
impounded reach near I-35 and improve riparian woodlands 

P-6 The channelized reach upstream and downstream of Haltom Road in Buffalo 
Ridge Park in Haltom City could benefit from general ecosystem restoration.  

P-7 Reaches between 820, 377 North and Railroad could benefit from stream and 
riparian woodlands restoration 

P-8 Main stem Big Fossil Creek at North Park could benefit from general 
ecosystem restoration 

P-9 The area Adjacent to Big Fossil Park and Diamond Oaks County Club in 
Haltom City along Big Fossil Creek could benefit from general ecosystem 
restoration 

P-10 The Birdville Independent School District (BISD)land adjacent to Fossil Creek 
downstream of Onyx Drive and BISD has a Nature Trail area that could be  
improved by riparian woodlands 

P-11 The sump area providing detention on east side of existing flood control 
project north of Hwy 121 in Richland Hills could benefit from the 
improvement of emergent wetlands with riparian stringers  

P-12 The old water park area on west side of existing flood control project and 
adjacent flooded area south of Hwy 121 in Richland Hills could benefit from 
general ecosystem restoration 
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P-13 Whites Branch Creek could benefit from ecosystem restoration including 
improved pool riffle glide geomorphic structures in the stream, added shading, 
and improved stream habitat 

P-14 800 North Blue Mound Road adjacent to the 80 plus acre Saginaw High 
School Campus could benefit from ecosystem restoration 

P-15 The main stem of Big Fossil Creek at the intersection with Haltom Road in 
Haltom City near the high school could benefit from ecosystem restoration of  
riparian re-vegetation and added shading 

Areas identified that might be recreational opportunities include the following written 
descriptions along with their respective mapping indicator code.   

R-1 Recreational opportunities exist at the head waters of the main stem of Big 
Fossil Creek near the recurrent flooding areas  

R-2 Recreational opportunities, such as greenways and trails, exist along the main 
stem Big Fossil Creek above County Road 496 and Union Pacific Railroad in 
Tarrant County to the upper end of the basin channel  

R-3 Recreational opportunities, such as added greenways and trails, exist along the 
main stem of Big Fossil Creek in Tarrant County in the north eastern section of 
the watershed  

R-4 Recreational opportunities exist along  Big Fossil Creek-32 in North Fort 
Worth  

R-5 Recreational opportunities, centered around an improved ephemeral wetland, 
exist in the overflow area above Walnut Lake near BNSF Railroad  in upper 
end of lake east of Blue Mound Road and north of East Bailey Boswell Road  

R-6 Recreational opportunities in large floodplain around Blue Mound Road south 
of E. Harmon Road and north of East Bailey Boswell Road 

R-7 Recreational opportunity exists to improvement Highland Station Park in 
Saginaw 

R-8 Recreational opportunities exist around FM156 to I-35 where a large tract of 
land with few owners has old channel scars, natural pools and runs that could 
be improved by adding riparian woods while emphasizing emergent wetlands 
development 

R-9 Recreational opportunities exist around FM156 to I-35 where a large tract of 
land with few owners has old channel scars, natural pools and runs that could 
be improved with vision of continued linear park dedications with trails along 
main stem 

R-10 Recreational opportunities exist to create and improve greenway parks and 
trails within and connecting Buffalo Ridge Park and North Park  

R-11 Recreational opportunities to increase park area and create additional 
recreational features exist around the reaches between North East Loop 820, 
US HWY, 377 North, and Union Pacific Railroad  



 

 9

R-12 Recreational opportunities exist a sump area providing detention on the east 
side of the existing flood control project near Hwy 121 and around the old 
water park area  

R-13 Recreational opportunities to create trails and features exists around the 
channelized Whites Branch along Haltom Road, west of HWY 377  

R-14 Recreational opportunities, including greenway park/trail connections to 
existing Master Trail Plan for Big Bear Creek and Little Bear Creek in Keller, 
exist along Whites Branch-3  

R-15 Recreational opportunities exist to create a greenway park/trail segment in 
Capp Smith Park in Watauga that would continue northward to a  possible 
connection with City of Keller 

R-16  Recreational opportunities, including greenway trail integration and 
restoration, exist at 800 North Blue Mound Road adjacent to the 80 plus acre 
Saginaw High School Campus  

 

In addition to Figure 3 with sub-figures showing where the areas are located on maps and 
aerial photographs a written description for activities that could be analyzed to meet the 
objectives of reducing flood risks, ecosystem restoration, and recreation enhancements is 
listed below both by watershed and by cities.   

• Watershed-wide 
• Flood proofing or relocation of structures in the Floodplain 

 
• Priority Sub-watershed/catchment management planning 

 
• Greenway/Recreational  Trail System (linking parks/trails to community 

centers, recreation centers, senior centers, libraries, schools, environmental 
educations centers, etc. while also utilizing non-environmental corridors such 
as utility easements and vacated rail lines as other off-road options for trial 
connections) 

 
• Floodplain Development permitting system to establish a set of common 

regional criteria and procedures for development within the Big Fossil Creek 
watershed; similar to Corridor Development Certificate (CDC) process for the 
Trinity River Corridor 

 
• Comprehensive Drainage policies for water quality and quantity  - integrated 

Storm Water Management (iSWM) or other consistent storm water control 
across watershed 

 
• Hazard mitigation action planning 

 
• Flood warning system 
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• Planning and/or development review for sites over a specified size or for 
developments of watershed impact 

 
• Mitigation bank 

 
• Transfer or Purchase of Development Rights (TDR/PDR) program  

 
• Controlled development through zoning 

 
•  Regional detention facilities located in the upper reaches of the watershed 

that have not yet been fully developed to reduce watershed wide flooding 
 

• Ecosystem restoration/preservation of native grasslands and/or emergent 
wetlands in upper watershed west of  I-35 

 
• Coordinate with railroads and TxDOT to improve maintenance of existing and 

future structures and to facilitate proper sizing of future structures 
 

• Haltom City 
• Flood damage reduction at Whites Branch Creek - Skyline Mobile Home Park 

(acquisition/removal of structures, ecosystem restoration, and passive 
recreation) 

 
• Greenway park/trail to connect North Park and Buffalo Ridge Park 

 
• Ecosystem Restoration along Big Fossil Creek main stem between Union 

Pacific Railroad and US HWY 377 (severe bank sloughing) 
 

• Greenway park/trail possibilities in conjunction with Little Fossil Creek 
 

• Relocation and/or reactivation of stream gage just north of SH 183 
 

• Ecosystem Restoration in Buffalo Ridge Park (severe bank sloughing as 
identified by Friends of Big Fossil Creek Stakeholders and recommended by 
the Stream Team) 

 
• Ecosystem Restoration to eliminate sloughing in main stem of Big Fossil 

Creek reach through Buffalo Ridge Park, near Fenway Court , and along 
North Park  

 
• Greenway park/trail connections under I-820 along Big Fossil Creek main 

stem and Singing Hills Creek  
 

• Ecosystem Restoration and Greenway Trail in Diamond Oaks Golf Course 
(severe bank sloughing and loss of riparian habitat) 
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• Richland Hills 
• Big Fossil Creek levee- existing level of protection verses the 

authorized/constructed level of protection and future level of protection. 
 

• Big Fossil Creek levee sump area – opportunities for ecosystem restoration 
(wetland, open water, revegetation)  

 
• Big Fossil Creek levee sump area – opportunities for recreation expanding the 

existing park 
 

• Greenway park/trail segment along the levee structure near Rosebud Park and 
possible linkage with Fort Worth and the West Fork of the Trinity River to the 
south 

 
• Ecosystem restoration with construction of an in-channel wetland 

 
• Flood damage reduction with a sump in the area of repetitive loss structures 

 
• Flood damage reduction with detention ponds in residential areas 

 
• Flood damage reduction acquisition/removal of repetitive loss structures 

 
• Flood damage reduction channel improvement to the existing levee  

 
• Watauga 

• Flood damage reduction acquisition/removal of repetitive loss structures 
 

• Greenway park/trail segment in Capp Smith Park to continue northward with 
possible connection with the City of Keller 

 
• Saginaw 

• Flood damage reduction, ecosystem restoration and recreation improvements 
to Highland Station Park (possible detention and environmental education 
opportunities because of nearby middle school) 

 
• North Richland Hills 

• Greenway park/trail integration with Cottonbelt Trail as Veloweb and possible 
connections with future parks at Mullendore Elementary, Snow Heights 
Elementary, and the future off-road trail along the South Electric Trail 

 
• Greenway park/trail improvement in Fossil Park where the loop bridge is not 

designed to 100 year floodplain and has been overtopped/damaged in more 
frequent storm events 

 
• Flood damage reduction acquisition/removal of repetitive loss structures 
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• Ecosystem restoration in the reach from Broadway to Onyx additionally on 
Macky Creek at State Highway 26, and Iron Horse Golf Course. 

 
• Future floodplain limits  

 
• Keller 

• Greenway park/trail connections to existing Master Trail Plan for Big Bear 
Creek and Little Bear Creek 

 
• Tarrant County 

• Upper portion of watershed under intense development pressure and needs 
flood damage reduction, ecosystem restoration, and recreation features 

 
• Flood damage reduction through detention in various areas 

 
• Model of hydrology and hydraulics (H&H) for future conditions 

 
• Fort Worth 

• Greenway park/trail: continued linear park dedications with trails along main 
stem, White’s Branch and other tributaries 

 
• Haslet 

• Greenway park/trail connecting to future Fort Worth trail system 
 
Big Fossil Creek watershed is very complex due to the many different types of land uses, 
competing interests in the existing water resources, and the high rate of development 
throughout the watershed.  The entire downstream half of the watershed is almost fully 
developed, and similar growth is anticipated for the upper half of the watershed in the 
coming years.  See Figure 4 showing the land uses of 1995 adjacent to the land uses of 
2005 for an illustration of the development trends within the watershed.  There is a 
dramatic change in the amount of undeveloped land in 1995 compared to what is 
undeveloped in 2005.  This loss of undeveloped real estate limits potential alternatives 
providing solutions to some of the watershed problems and also eliminates areas for 
public recreation. 
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The U.S. Army Corps of Engineers has provided this data as a representation of the various information 
gathered from multiple sources utilizing multiple methods.   This data should be used only as a representation of 
the provided information and should not be used for any  other purpose.  No guarantee is made by the U.S. Army
Corps of Engineers regarding the data's accuracy or completeness or its suitability to a particular use
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The U.S. Army Corps of Engineers has provided this data as a representation of the various information 
gathered from multiple sources utilizing multiple methods.   This data should be used only as a representation of 
the provided information and should not be used for any  other purpose.  No guarantee is made by the U.S. Army
Corps of Engineers regarding the data's accuracy or completeness or its suitability to a particular use
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River Reach River Sta Profile Q Total Min Ch El W.S. Elev Vel Left Vel Chnl Vel Right Top Width
(cfs) (ft) (ft) (ft/s) (ft/s) (ft/s) (ft)

WhitesBranch Reach2 7159.992 2-Year 2373 551.59 560.76 1.33 4.36 2.05 251.34
WhitesBranch Reach2 7159.992 10-Year 7919 551.59 564.67 2.13 6.59 3.44 540.31
WhitesBranch Reach2 7159.992 100-Year 13554 551.59 570.39 1.61 4.15 1.70 1015.89

Sample Water Surface and Velocity 

Potential Projects or 
Areas of Concern:
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P-13
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Flooding of houses
Ecosystem Restoration
Recreation features

.
The U.S. Army Corps of Engineers has provided this data as a representation of the various information 
gathered from multiple sources utilizing multiple methods.   This data should be used only as a representation of 
the provided information and should not be used for any  other purpose.  No guarantee is made by the U.S. Army
Corps of Engineers regarding the data's accuracy or completeness or its suitability to a particular use
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The U.S. Army Corps of Engineers has provided this data as a representation of the various information 
gathered from multiple sources utilizing multiple methods.   This data should be used only as a representation of 
the provided information and should not be used for any  other purpose.  No guarantee is made by the U.S. Army
Corps of Engineers regarding the data's accuracy or completeness or its suitability to a particular use
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The U.S. Army Corps of Engineers has provided this data as a representation of the various information 
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Corps of Engineers regarding the data's accuracy or completeness or its suitability to a particular use
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The U.S. Army Corps of Engineers has provided this data as a representation of the various information 
gathered from multiple sources utilizing multiple methods.   This data should be used only as a representation of 
the provided information and should not be used for any  other purpose.  No guarantee is made by the U.S. Army
Corps of Engineers regarding the data's accuracy or completeness or its suitability to a particular use
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River Reach River Sta Profile Q Total Min Ch El W.S. Elev Vel Left Vel Chnl Vel Right Top Width
(cfs) (ft) (ft) (ft/s) (ft/s) (ft/s) (ft)

BigFossilCreek Reach1 33576.7 2-Year 4630 525.08 537.69 3.23 165.99
BigFossilCreek Reach1 33576.7 10-Year 19162 525.08 546.10 1.69 4.01 0.82 1193.86
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Sample Water Surface and Velocity

Potential Projects or 
Areas of Concern:
P-8

Riparian revegetation

.

The U.S. Army Corps of Engineers has provided this data as a representation of the various information 
gathered from multiple sources utilizing multiple methods.   This data should be used only as a representation of 
the provided information and should not be used for any  other purpose.  No guarantee is made by the U.S. Army
Corps of Engineers regarding the data's accuracy or completeness or its suitability to a particular use
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The U.S. Army Corps of Engineers has provided this data as a representation of the various information 
gathered from multiple sources utilizing multiple methods.   This data should be used only as a representation of 
the provided information and should not be used for any  other purpose.  No guarantee is made by the U.S. Army
Corps of Engineers regarding the data's accuracy or completeness or its suitability to a particular use
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The U.S. Army Corps of Engineers has provided this data as a representation of the various information 
gathered from multiple sources utilizing multiple methods.   This data should be used only as a representation of 
the provided information and should not be used for any  other purpose.  No guarantee is made by the U.S. Army
Corps of Engineers regarding the data's accuracy or completeness or its suitability to a particular use
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The U.S. Army Corps of Engineers has provided this data as a representation of the various information 
gathered from multiple sources utilizing multiple methods.   This data should be used only as a representation of 
the provided information and should not be used for any  other purpose.  No guarantee is made by the U.S. Army
Corps of Engineers regarding the data's accuracy or completeness or its suitability to a particular use
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The U.S. Army Corps of Engineers has provided this data as a representation of the various information 
gathered from multiple sources utilizing multiple methods.   This data should be used only as a representation of 
the provided information and should not be used for any  other purpose.  No guarantee is made by the U.S. Army
Corps of Engineers regarding the data's accuracy or completeness or its suitability to a particular use
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The U.S. Army Corps of Engineers has provided this data as a representation of the various information 
gathered from multiple sources utilizing multiple methods.   This data should be used only as a representation of 
the provided information and should not be used for any  other purpose.  No guarantee is made by the U.S. Army
Corps of Engineers regarding the data's accuracy or completeness or its suitability to a particular use
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The U.S. Army Corps of Engineers has provided this data as a representation of the various information 
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the provided information and should not be used for any  other purpose.  No guarantee is made by the U.S. Army
Corps of Engineers regarding the data's accuracy or completeness or its suitability to a particular use
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The U.S. Army Corps of Engineers has provided this data as a representation of the various information 
gathered from multiple sources utilizing multiple methods.   This data should be used only as a representation of 
the provided information and should not be used for any  other purpose.  No guarantee is made by the U.S. Army
Corps of Engineers regarding the data's accuracy or completeness or its suitability to a particular use

S-1
P-6
R-10

Sloughing Areas
Ecosystem Restoration

Potential Projects or 
Areas of Concern:



F-5

G
LE

N
 D

R

37
7 

 

AM
B

ER
 D

R

BIRCHILL RD

HIGHTOWER DR

ROBIN DR

BE
A

R
 L

A
K

E
 D

R

CONCORD ST

NANCI DR

HICKORYHILL RD

MURTON PL

PA
R

KW
O

O
D

 H
IL

L 
B

LV
D

M
E

S
A 

V
E

R
D

E
 T

R
L

CHESAPEAKE ST HERSCHEL DR

KARY LYNN DR

HILLCREST DR

PA
R

KG
AT

E
 D

R

BLUERIDGE DR

HIGHCREST DR

BR
A

N
D

Y
W

IN
E

 S
T

HARRISON WAY

RIDGECREST DR

JUDY DR

YORKSTON ST

H
AU

N
 D

R

Q
U

A
IL

 R
U

N

PARK HAVEN PL

RAMP  

ZANE CT

BETSY ROSS CT

PHILADELPHIA CT

DECLARATION ST

SARAH CT

M
APLEHILL RD

BE
N

N
IN

G
TO

N
 D

R

TRENTON CT

OAK HILL RD

W
H

IT
LE

Y
 R

D

Q
U

A
IL

 C
T

BUNKER BLVD

SU
S

A
N

 C
T

CONSTITUTION CT

ALAN CT

VALLE
Y FO

R
D

 C
T

C
O

N
S

TI
TU

TI
O

N
 D

R

R
H

O
N

D
A C

T

BASSWOOD BLVD

CHADSFORD CT

CAP SMITH PARK

BA
R

B
A

R
A 

C
T

CORNWALLIS CT

BELSTRUM PL

MESA VERDE CT

CANYON LANDS DR

Q
U

A
IL

 R
U

N

JUDY DR

OAK HILL RD

BE
N

N
IN

G
TO

N
 D

R

Q
U

A
IL

 R
U

N

BUNKER BLVD

Q
U

A
IL

 R
U

N

W
H

IT
LE

Y
 R

D

KARY LYNN DR

YO
RKSTO

N ST

BE
A

R
 L

A
K

E
 D

R

BASSWOOD BLVD

OAK HILL RD

BE
N

N
IN

G
TO

N
 D

R

HIGHTOWER DR

OAK HILL RD

M
A

P
LE

H
IL

L 
R

D

C
O

N
S

TITU
TIO

N
 D

R

JUDY DR

BASSWOOD BLVD

HIGHTOWER DR

DECLARATION ST

BE
TSY

 R
O

S
S

 C
T

W
H

IT
LE

Y
 R

D

PA
R

KW
O

O
D

 H
IL

L 
B

LV
D

YORKSTON ST

Q
U

A
IL

 R
U

N

W
H

IT
LE

Y
 R

D

Q
U

A
IL

 R
U

N

HIGHTOWER DR

BUNKER BLVD

W
H

IT
LE

Y
 R

D

37
7 

 

JUDY DR

BUNKER BLVD

BE
N

N
IN

G
TO

N
 D

R

W
H

IT
LE

Y
 R

D

CAP SMITH PARK

BUNKER BLVD

W
H

IT
LE

Y
 R

D

CAP SMITH PARK

W
H

IT
LE

Y
 R

D

NANCI DR

BASSWOOD BLVD

BE
N

N
IN

G
TO

N
 D

R

BIRCHILL RD

37
7 

 

CONSTITUTION DR

ROBIN DR

HIGHCREST DR

BASSWOOD BLVD

C
O

N
S

TITU
TIO

N
 D

R

JUDY DR

PAR
KW

O
O

D
 H

ILL B
LV

D

C
O

N
S

TI
TU

TI
O

N
 D

R

Q
U

A
IL

 R
U

N

BE
N

N
IN

G
TO

N
 D

R

W
H

IT
LE

Y
 R

D

YORKSTON ST YORKSTON ST

PA
R

KW
O

O
D

 H
IL

L 
B

LV
D

BUNKER BLVD

HIGHTOWER DR

BEN
N

IN
G

TO
N

 D
R

BUNKER BLVD

CHESAPEAKE ST

PA
R

KG
AT

E
 D

R

YO
R

KS
TO

N
 S

T

Q
U

A
IL

 R
U

N

BE
N

N
IN

G
TO

N
 D

R

BENNING
TO

N DR

BUNKER BLVD

JUDY DR

YO
R

KS
TO

N
 S

T

OAK HILL RD

Q
U

A
IL

 R
U

N
Q

U
A

IL
 R

U
N

W
H

IT
LE

Y
 R

D

BASSWOOD BLVD

BIG FOSSIL CREEK
WATERSHED

Big Fossil Creek
Bunker Creek

Fig. 3.17

0 0.04 0.08 0.12 0.160.02
Miles

Legend
Preliminary 100 Yy Flood Plain

Potential Projects or 
Areas of Concern:

F-5

Flash Flooding Area

.
The U.S. Army Corps of Engineers has provided this data as a representation of the various information 
gathered from multiple sources utilizing multiple methods.   This data should be used only as a representation of 
the provided information and should not be used for any  other purpose.  No guarantee is made by the U.S. Army
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HYDROLOGY AND HYDRAULICS EXISTING CONDITIONS 
 In order to adequately evaluate how this watershed functions and what occurs during 
storm events the existing conditions needed to be analyzed.  The first step of this 
evaluation was to complete the hydrology, and hydraulics, followed by an economics 
analysis, environmental resources investigation and a cultural investigation.  In May 2006 
a thorough hydrologic and hydraulic analysis of the existing conditions, through 2005, 
was completed. 

 
Engineering Methods 

Hydrologic analysis computer models are mathematical representations, configured to 
reflect the rainfall-to-runoff physical processes within a given watershed.  These tools are 
used to develop temporal relationships for flood-producing rainfall events, for typically a 
wide range of event probabilities in any given year.  They provide the means to translate 
the amounts of source rainfall into amounts of excess runoff, by extracting the portion of 
rainfall which is lost to initial abstractions (surface storage, etc.) and infiltration over 
time.  They subsequently provide the means of transforming the temporal pattern of the 
excess runoff into a temporal pattern of streamflow at selected analysis nodes within the 
overall watershed.  This result is commonly known as the flood hydrograph.  The peak of 
this flood hydrograph represents the peak discharge for the given storm runoff event and 
this value is typically used as input for the hydraulic analysis. 

Typical input for the hydrologic analysis computer models includes depth-duration-
frequency precipitation data, subbasin measurements (drainage area size, source flowpath 
length, source flowpath length-to-centroid, source flowpath slope, soil type 
characteristics, relative percentage of impervious cover and degree of urbanization, etc.), 
and flood hydrograph routing characteristics (valley storage versus discharge 
relationships in each routing reach).  

Hydraulic analysis computer models are mathematical representations, configured to 
reflect the physical processes that control how deep the floodwaters will be for a given 
discharge, as described above.  They are capable of determining a water surface elevation 
profile reflecting the cumulative resistance of flow passage, considering energy head 
losses associated with flowing friction and flow area contraction and expansion head 
losses.  They are most often referred to as backwater models, reflecting their step-by-step 
computational scheme, from one valley cross section to the next, beginning at the 
downstream limit of the modeled reach. 

Typical input for the hydraulic analysis computer models includes the aforementioned 
hydrologic analysis results (i.e. peak discharges at given nodes), 2-dimensional 
representations of the valley cross sections (all arranged perpendicular to the flow), 
flowing reach lengths between the valley sections (including separate figures for each 
overbank and the main channel), contraction and expansion head loss coefficients, and 
what are known as Manning's roughness coefficients.  The valley cross sections are 
typically derived through some combination of field surveying and topographic mapping 
extraction.  The headloss and roughness coefficients are typically estimated, based on 
engineering judgment, considering the physical conditions of the study area.  
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For purposes of this study, the standard suite of modeling software developed by the 
USACE Hydrologic Engineering Center (HEC) was applied.  This included HEC-
geoHMS, HEC-HMS, HEC-geoRAS, and HEC-RAS.  HMS stands for Hydrologic 
Modeling System and RAS stands for River Analysis System.  Subsequent to the 
hydrologic and hydraulic analyses, the USACE HEC-FDA (Flood Damage Analysis) 
software was used to assess both the single-event and expected annual flood (inundation) 
damages to be expected for the given flooding depths along each study reach.  Input data 
for this tool is extracted from the results of the backwater modeling.  It is comprised 
primarily of relationships between "discharge and probability" and "stage and 
discharge".  This tool applies a Monte Carlo statistical analysis technique to develop 
expected annual damages, considering the relative likelihood of potential discharges and 
stages from year to year, over a vast prediction period.  
 
For all flooding sources studied in detail within the watershed, standard hydrologic and 
hydraulic study methods were used to determine water surface elevations along the water 
course and flood extents in those areas where flow exceeds channel capacity.  Existing 
conditions discharges were developed to define current flood plain conditions and 
support the future analysis of alternatives.  Peak discharges for the 2-, 5-, 10-, 25-, 50-, 
100-, 250-, and 500-year events were computed.  The recurrence interval designation is 
meant to reflect those flood events of a magnitude that are expected to be equaled or 
exceeded once on the average during each stated time period. 
 
Digital mapping was provided that included mass points, contours and a basin-wide 
digital terrain model with break lines.  This data was used as the basis for both the 
hydrologic and hydraulic model development for existing conditions. 
 
The analysis completed as part of existing conditions reflects flooding potentials based on 
conditions existing in the community in 2005.  As the next phase is implemented, 
existing conditions will be updated to incorporate any significant changes since 2005 and 
future conditions through 2050 will be analyzed. 
 
During the subsequent phase of study, additional detail will be provided regarding the 
performance characteristics of the Big Fossil Creek Floodway, Levee, and Sump system 
in Richland Hills.  For purposes of the initial existing conditions analyses, the focus of 
the current study was placed on the overall watershed and potential impacts of the rapid 
development taking place in the upper portions of the watershed.  It should be noted that 
the outflows from the Big Fossil Creek Sump, during either gravity-driven releases (when 
stages on Big Fossil Creek are low) or during pumping (when stages on Big Fossil Creek 
are high), are relatively insignificant in relation to the magnitude of flood discharges 
along Big Fossil Creek itself.      
 
Hydrologic Analysis 
 
Hydrologic analyses were carried out to establish the peak discharge-frequency and peak 
elevation-frequency relationships for each flooding source studied in detail.  The standard 
USACE software suite, including HEC-geoHMS and HEC-HMS, was used to develop 
drainage basins and determine the physical hydrologic parameters required for modeling.  
These parameters include drainage area, stream length, stream length from the outlet to 
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the centroid of the sub-basin, slope, percent impervious, percent of urbanization, time to 
peak, basin lag time, initial loss, and infiltration rates, which is related to the 
imperviousness of the surface.  These parameters were determined for each sub-basin.  
Urbanization is the percentage of a subbasin that has been developed and improved with 
channelization and/or a storm collection network and its value affects the timing of the 
hydrograph peak. Imperviousness is the percentage of a subbasin that is covered with 
impervious material and is hydraulically connected to the drainage network. It affects the 
volume of rainfall lost through interception and infiltration. 
 
Calculations and engineering judgment were used to determine the parameters discussed 
above for Big Fossil Creek and all significant tributaries except Little Fossil Creek, which 
is not part of this study effort.  The Big Fossil Creek watershed was divided into 
approximately 208 subareas, and synthetic unit flood hydrographs were developed at 
appropriate locations to define existing conditions and support future alternatives 
analysis.  See Figure 5 for an overview of the subareas showing how the watershed is 
divided and color-coded for identification.   
 
Final results were compared to the effective FEMA discharges.  The effective FEMA 
discharges are a mixture of several different studies performed over different time 
periods, each done with somewhat different methodology, leading to variations in the 
results.  Refer to Appendix A for information on (1) Comparison between the Current 
Study Discharges and the Effective FEMA Discharges, (2) Summary of Discharge 
Tables, (3) List of Streams Studied, (4) RAS Output Table, (5) Profile Plots and (6) Table 
of Profile Comparisons.   
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Hydraulic Analysis 
 
Analysis of the hydraulic characteristics of Big Fossil Creek, and all identified tributaries 
that confluence up-stream of US HWY 377, were executed to provide estimates of the 
water surface elevations for the selected recurrence intervals stated above.  Tributaries 
studied in detail were limited to those with a drainage area greater than 1.0 square mile or 
which had been  studied previously in the Tarrant County, Texas and Incorporated Areas 
Flood Insurance Study, with an effective date of August 23, 2000.  This included 22 Big 
Fossil Creek tributaries and the main stem of Big Fossil Creek, which totaled 
approximately 75 stream miles.  The hydraulic analysis for the study area was performed 
using the standard USACE software suite, including HEC-geoRAS and HEC-RAS . 
 
Bridge and culvert models were completed, roughness values were added for the channel 
and left and right over-banks and other physical parameters were added as required to 
accurately depict channel and overbank hydraulic conditions. The HEC-RAS model was 
developed for the 2-, 5-, 10-, 25-, 50-, 100-, 250-, and 500-year frequency floods and 
included Big Fossil Creek, Whites Branch and 31 tributaries.  All streams studied were 
modeled in detail and flood plain delineations for the 25-, 100-, and 500-year frequency 
floods were developed. 
 
Water surface profile elevations for the eight computed discharges were produced for 
each stream studied in detail.  Model results were reviewed to ensure results were 
reasonable.  As a check, final results were compared to the effective FEMA profiles, and 
previous U.S. Army Corps of Engineers studies. 
 
Big Fossil Creek drains approximately ten-percent of the area within Tarrant County, 
where it originates.  It flows southeast through multiple communities to its confluence 
with the West Fork Trinity River.  Two major tributaries are Little Fossil Creek and 
Whites Branch. See Appendix A Big Fossil Creek Hydrology and Hydraulics. 
 
Tarrant County and the Big Fossil Creek Watershed in particular, have terrain 
characteristic of the Blackland Prairie with elevations ranging from approximately 535 to 
850 feet.  The soils are generally deep and clayey with underlying limestone.  Native 
vegetation consists of bunch and short grasses with scattered mesquite trees.  The 
combination of steep headwaters and low infiltration soils has consistently produced 
high-volume runoff from the Big Fossil watershed. 
 
Under natural conditions, excess rainfall works its way to the channel through a variety 
of paths, finally aggregating in the main channel and flowing downstream.  In an 
urbanized watershed, excess rainfall is handled in a variety of ways such as routing 
through detention ponds, collection in storm sewers or allowed to reach the channel by 
flowing down curb lined streets. 
 
Because the natural, physical characteristics of the watershed contribute to effective 
runoff, the change from grass lands to urbanization does not radically affect the volume 
of flow in the Big Fossil channel.  However, urbanization does affect both the timing and 
duration of floods due to the excess rainfall being collected and added to the channel as a 
point discharge.   
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Conversely, on the tributaries, the rapid increase in urbanization is affecting both flood 
volumes, as well as timing.  Another issue evident due to the increased urbanization 
includes increased sediment load in the streams, which has the induced impact of 
reducing flow capacity of bridges, culverts, designed channels and detention ponds.  This 
is especially evident in the upper part of the Whites Branch watershed, and other smaller 
tributaries to Big Fossil. 
 
Another serious issue related to urbanization is stream corridor encroachment.  
Participating study sponsors enforce the FEMA National Flood Insurance Program to 
limit loss of conveyance within the floodplain.  However, the health of the stream and 
opportunities to retain or re-establish quality habitat within the stream corridors is being 
lost at an alarming rate.  Many opportunities for flood risk reduction and ecosystem 
restoration have been lost because real estate to support these options has already been 
developed. 
 
ECONOMICS 
The next step in preparing the existing conditions for any watershed study is to complete 
and economic analysis of the areas to determine what damages the communities 
experience during a severe storm event.  This analysis also provides information of the 
primary damage centers in the watershed allowing communities to determine the most 
efficient and effect use of their resources.  This analysis is a tool useful for systematic 
long-term planning important for all communities, municipalities, and organizations.    
 
Methodology 
The theoretical computation of flood damages is relatively simple. It is based on the 
depth of flooding for various flood events (exceedence probabilities), and a relationship 
between the depth of flooding and the estimated damages based on a percentage of the 
structure and content, or vehicle value. The nomenclature used in this appendix to describe 
the relative risk reflects the actual probability, rather than the average recurrence interval, 
of flood events.  For example, the commonly used term  "100-year frequency flood", 
meaning that flood which stands a one percent chance of being equaled or exceeded in any 
given year period, will hereafter be known as the “1 percent annual chance exceedence 
(ACE) flood.” Damages to the various structures, accumulated by frequency, produce a 
frequency-damage function. An integration process using this frequency-damage data 
calculates estimates of expected annual damages. This involves aggregating the 
multiplication of the mean damage between each pair of flood events by the difference in 
exceedence probabilities. This is then repeated for the range of flood events in each 
damage category.    
 
Hydrologic Engineering Center-Flood Damage Assessment (FDA) Program  
 
Big Fossil Creek watershed economic analysis utilized the Hydrologic Engineering 
Center-Flood Damage Assessment (FDA) Program.  This program is used to compute 
Flood damages under without- and with-project conditions.  This portion of the study the 
economic analysis explores the flood risk assessment under without project conditions.  
The next phase of the study would incorporate with-project conditions currently and into 
the future.  The program integrates hydrologic, hydraulic, and flood plain characteristics 
through application of a Monte Carlo simulation, and computes single event and expected 
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annual damages while accounting for uncertainty in the values of structures and contents. 
Damage susceptibility factors used by the program to estimate flood damages include the 
number and type of structures, structures and content values, the elevation where the 
structure begins to sustain measurable damages, and a flood depth-damage relationship.  
 
An inventory of properties lying within the limits of the 0.2% annual chance exceedence 
(500-yr) flood plain was conducted to determine the number and type of structures, 
values of structures and contents, and ground and finished floor elevations (elevation 
where water enters the structure).  Structure values were obtained from the Tarrant 
County appraisal district and used as a base value.  In compliance with ER-1105-2-101, 
in order to accurately reflect replacement cost less depreciation to the existing structures, 
values for a sample of nine commercial structures were calculated using Marshall and 
Swift based on the information collected during a field survey.   This sample represents 
20 percent of commercial structures in the study area. Residential structures were also 
adjusted based on a sample of 84 one- and two-story structures, representing just over 10 
percent of those structures.  A sample of multifamily residences made up sixteen percent 
of the 37 structures in the study area. Replacement cost is the cost of physically replacing 
(reconstructing) the structure.  Depreciation accounts for deterioration occurring prior to 
flooding, and variations in remaining useful life of the structure.  Structure values for 
single family residential were adjusted by upward by 31.8 percent; commercial properties 
were adjusted upward by four percent. Multifamily structures were adjusted by 19 
percent. This adjustment was also applied to mobile residences. Values for public 
structures were based on the square footage of the applicable estimates produced by 
Marshall and Swift. Uncertainty distributions associated with estimating the depth-
damage functions, structure values, content ratios, and first flood stage are used to 
develop the total aggregated stage-damage uncertainty function by damage categories for 
each damage reach. An uncertainty factor of 10 percent was used for residential 
structures and 15 percent for commercial and public structures.  
 
The 0.2% ACE of the defined study area contains 405 structures with a total structures and 
contents value of $70,684,700. Residential structures make up 84 percent of the structures 
and 89 percent of the structure and contents value. Commercial structures make up four 
percent of the structures and 8.3 percent of the structure and contents value. Public 
structures make up three percent of the structures and 8 percent of the structure and contents 
value.   Damages begin at the 20% ACE (5-yr event) in the BFC-2nd and WB-2nd reaches.  
At the 0.2% ACE (500-yr event) the study area experiences an estimated $8,577,400 in 
damages. The BFC-2nd reach contributes 60.3 percent to the damages, the BFC-3rd 
contributes 2.1 percent, the WB-1st reach contributes 32.8 percent of the single-event 
damages, and the WB-2nd reach accounts for 4.8 percent of the damages.   
 
The economic analysis clearly demonstrates that the Big Fossil Creek watershed 
experiences flood risks at frequent storm events. There are particular damage centers 
more prone to risks than other areas within the watershed.  The major damage center is 
on the Whites Branch Creek adjacent to the Skyline Mobile Home Park.  The economic 
analysis indicates that without modifying the existing conditions either structurally or 
non-structurally in the watershed the likelihood of continual impacts from frequent storm 
events is high.   
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ENVIRONMENTAL  
 
The study area commences at the confluence of Big Fossil Creek and the West Fork of 
the Trinity River, proceeding northeastward along Big Fossil Creek to its headwaters near 
US HWY 287.  This area lies entirely within Tarrant County, Texas but crosses many 
city and municipality boundaries.  Urban expansion has resulted in large scale alterations 
to the natural features of practically all tributaries, and a significant amount of Big Fossil 
Creek.  The floodplains vary from broad in the upper reaches, to narrow as the creeks 
meanders through the many developed areas.  The cut banks are steep and at normal low 
flow the water surface elevation conditions may be 10 to 20 feet below the top of the 
banks.   
 
Located in the Coastal Plain Province, Tarrant County is predominately underlain with 
nearly horizontal beds of hard limestone and shale of marine origin from the 
Fredericksburg and Washita groups of the Cretaceous Age.  Geological units present 
include Quaternary floodplain and terrace deposits near the surface, consisting of clays, 
sands, and gravels.  The soils are generally Frio silty clay, well drained with moderately 
permeability and slow surface runoff.    
 
Climate 
 
The Big Fossil study area is situated in a region of temperate mean climatological 
conditions that experiences occasional extremes of temperature and rainfall of relatively 
short duration.  According to the National Oceanic and Atmospheric Administration 
(NOAA 2000) Station at Dallas-Fort Worth, Texas, the 30-year mean annual rainfall 
amount is 34.73 inches.  The extreme annual rainfall values recorded since 1887 
measured a maximum of 53.54 inches 1991 and a minimum of 17.91 inches in 1921.  
Precipitation is distributed fairly uniformly throughout the year, with the exception of a 
slight peak in the spring and a low in mid-to-late summer.  The mean relative humidity is 
65 percent and the average temperature is 65.5oF.  Recent temperature extremes range 
from –1oF as recorded in December 1989 to 113oF recorded in June 1980.  The last 
average freeze occurs on March 23 in the spring and the first average freeze occurs on 
November 13 in the fall.  The temperature falls below freezing an average of 41 days a 
year, but this drop is usually followed by daily thaws.  The length of the growing season 
is approximately 235 days. 

The major storms experienced in the study area are produced by heavy rainfall from 
frontal-type storms that generally occur in the spring and summer months.  Major 
flooding can also be produced by intense rainfall associated with localized thunderstorms 
that may occur at any time during the year, but are more prevalent in spring and summer 
months. 
 
Surface Water and Other Aquatic Resources 
 
The City of Fort Worth Environmental Management Department and the U.S. Corps of 
Engineers collected macroinvertebrate and physico-chemical data at eight locations along 
Big Fossil creek and its tributaries. Two preliminary reports with the data were released 
in 14 October 2002 and 04 March 2003.  Appendix I. 
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U.S. Fish and Wildlife Service conducted an assessment of the biological integrity of Big 
Fossil Creek and released the findings in a report 21 February 2003. Appendix E. 
 
Vegetation 
 
Historically Big Fossil Creek and its tributaries were typically bordered by a narrow 
fringe of bottomland hardwoods composed of oaks, green ash, cottonwood, black willow, 
and a dense under story of greenbriar, immature hardwoods, and shrubs. Wetland systems 
have been degraded due to human encroachment.  There are some areas in the watershed 
that still have wetlands within the floodplain.  These wetlands are generally characterized 
by black willow, swamp privet, sedges, and/or cattail vegetation complexes.   The 
majority of the study area may be characterized as severely degraded prairie and 
fragmented bottomland forest that is primarily residential and commercial areas.  Only a 
very narrow strip of riparian corridor still exists in this region.   
 
Wildlife Resources 
 
Tarrant County lies within the Texan biotic provinces.  The proposed project area lies 
primarily within the Eastern Cross Timbers natural subregion and is in an area where 
rapid development and urbanization has taken place over the last few years as the City of 
Fort Worth and other local cities expand. Due to the severely degraded vegetation and 
fragmented bottomland forest wildlife resources are limited to those species that can 
adapt to residential and commercial areas.  Riparian corridors are important to many 
types of wildlife species.  Suitable habitat is a limiting factor for all types of wildlife 
within the Big Fossil Creek watershed.     
 
Terrestrial animals that would normally be found in this type of environment are:  
raccoon (Procyon lotor), Eastern cottontail (Sylvilagus floridanus), Eastern fox squirrel 
(Sciurus niger), Virginia opossum (Didelphis virginiana), Hispid cotton rat (Sigmodon 
hispidus), and striped skunk (Mephitis mephitis).   There are many species of birds, both 
migrant and resident, in Tarrant County and the proposed project area.  Some of the most 
common are: northern cardinal (Cardinalis cardinalis), northern mockingbird (Mimus 
polyglottos), red-tailed hawk (Buteo jamaicensis), and turkey vulture (Cathartes aura).  
A species list of observed birds in 2002 and 2003 in the Big Fossil Creek corridor is 
listed in Appendix C.  Common reptiles and amphibians likely to inhabit the proposed 
project area are:  cricket (Acris crepitans) and leopard frogs (Rana sphenocephala), slider 
(Trachemys scripta), yellow mud turtle (Kinosternon flavescens), and diamondback water 
snake (Nerodia rhombifer).  Fish species that may occur in the watershed include 
largemouth bass (Micropterus salmoides), channel catfish (Ictalurus punctatus), and blue 
gill (Lepomis macrochirus).  Exotic species that may occur are common carp (Cyprinus 
carpio), introduced sunfish species (Lepomis spp.) and introduced shad species 
(Dorosoma spp.).  Other tolerant species such as mosquito fish (Gambusia spp.) may also 
occur. 
 
Endangered and Threatened Species 
 
There are currently two Federally-listed endangered species and one Federally-proposed 
threatened species in Tarrant County as shown in Table 2 below.  In addition, several species 
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designated by the Texas Parks and Wildlife (TPWD) as threatened, endangered, or rare are 
located within Tarrant County. 
 

 

Table  2 – Federally Listed Threatened and Endangered Species for Tarrant 
County 

 
Common Name Scientific Name Listing 

Status 
Bald Eagle Haliaeetus 

leucocephalus 
Threatened 

Whooping Crane Grus americana Endangered 
Least Tern Sterna antillarum Endangered 

 
Based on respective habitat requirements and field observations, no Federally-listed endangered 
species or Federally-proposed threatened species are expected to be encountered within the 
proposed project area.  In addition, the probability of encountering TPWD-designated threatened, 
endangered, or rare species would be very low. 
   
Summary of wildlife resources 

Wildlife resources including terrestrial species, aquatic species and birds have been 
negatively impact by the loss of habitat, the degradation of habitat and human 
encroachment.  Much of the watershed has been impacted by urban construction and non-
point source pollution.  The riparian corridors are very narrow providing little benefits to 
the watershed.  Ecosystem restoration throughout the watershed could be implemented to 
improve water quality, stabilize eroding banks, filter sediment, nutrients, pesticides and 
animal waste from run off water.  Additional benefits include providing shade, shelter, 
and food for fish and other aquatic organisms. Ecosystem restoration of wetlands 
provides non-point source pollution control, which can improve water quality.   

 
CULTURAL RESOURCES 
 
Any proposed undertaking under the responsibility of the US Army Corps of Engineers 
must follow and account for the responsibilities under Federal and State cultural 
resources laws and regulations, Executive Orders, and US Army Corps of Engineers 
regulations. All applicable legislative and regulatory mandates are to be considered in the 
event that any study provides a basis for a Federal undertaking. Any projects will need to 
consider the legal responsibilities and obligations of the US Army Corps of Engineers 
with respect to the National Historic Preservation Act (NHPA) of 1966 (PL 89-665 et 
seq.), National Environmental Policy Act (NEPA) of 1969 (PL 90-190), Native American 
Graves Protection and Repatriation Act (NAGPRA) of 1990 (PL 101-601), Executive 
Order 13007 (Accommodation of Sacred Sites- 24 May 1996), Government-to-
Government Relations with Native American Indian Tribal Governments (Presidential 
Memorandum of 29 April 1994), and Engineer Regulation (ER) 1105-2-100 (Guidance 
for Conducting Civil Works Planning Studies).  
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The scale of the relevant study area and the level of effort to collect and prepare detailed 
information restricted the data collection to that of currently known and recorded cultural 
resources and a reconnaissance of the drainage area conducted by an archaeologist. 
Project planning has not progressed to the level of a clear definition of a specific project, 
therefore impact areas and the nature of those impacts could not be specifically 
addressed. The proposed study area is extensive and will require definitive project 
boundaries and descriptions before potential impacts to cultural resources can be assessed 
and appropriate mandated considerations of impacts described and evaluated.  
 
The potential impacts to cultural resources to be considered include a variety of solutions 
that could include structural and non-structural flood control and relief systems, 
easements, borrow and disposal areas, mitigation areas, creation of wetland areas, 
reforestation, and revegetation, among other possibilities. Any of these undertakings 
would generate a requirement to consider possible impacts to a potentially broad range of 
cultural resources in areas selected for project locations. These considerations include the 
completion of archaeological and architectural surveys of project-specific parcels for 
properties eligible and potentially eligible to the National Register of Historic Places 
(NRHP) in consultation with the Texas State Historic Preservation Officer (SHPO). An 
additional consultation with other interested parties and Native American Indian tribal 
groups is also necessary regarding properties of traditional cultural significance.  

 
Despite best efforts to locate and evaluate all the cultural resources within any given 
project area, unanticipated subsurface deposits are possible at any ground-breaking 
undertaking.  If previously unknown cultural materials are exposed by construction 
activities related to the undertaking, work will stop in the immediate vicinity, the 
resource will be protected, and the SHPO will be notified within 24 hours of discovery.  
If, in consultation with the SHPO, it is determined that the resource is significant, and 
cannot be avoided by construction, then a mitigation plan will be prepared in consultation 
with the SHPO and implemented before construction is allowed to continue in that 
vicinity.  

 
ARCHAEOLOGICAL RESOURCES 
 

A check of state archaeological site records kept at the Texas Archeological Sites 
Atlas (TASA) online database indicated no recorded sites within the immediate Big 
Fossil Creek drainage study area.  The lack of recorded sites may be due to the dearth of 
cultural resources surveys that have been conducted in the region.  Only two surveys 
show up in the database, one along I-35W, north of the interchange with I-820 and 
another extending north along Texas SH 156.  Both of these surveys were conducted by 
the Federal Highway Administration. 

 
The Fort Worth District contracted Geo-Marine, Inc. to investigate the potential for 

cultural resources within the Big Fossil Creek drainage area.  The archaeological field 
reconnaissance carried out between November 21 and December 5 in 2001, revealed that 
the project area has been subject to severe impact and alteration through modern 
development and construction.  Observed creek cut banks showed intact stratigraphic 
deposits in areas where the creek bank or course had not been altered by construction or 
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channelization.  The results of research, field observation, and geographis information 
system (GIS) models were analyzed to create a predictive model for site potential within 
the Big Fossil Creek drainage (Parrish and Burson 2002).   
 
As project alternatives are developed and evaluated, cultural resources surveys may be 
needed within the specific project area(s) of potential effect.  For example, in the 
southeastern portion of the drainage, near the confluence of Big Fossil Creek and the 
West Fork of the Trinity River, backhoe trenching in floodplain areas along with 
intensive cut bank survey is recommended to locate deeply buried deposits, whereas, no 
archaeological survey is necessary west of I-35W, in the upland prairie region of the 
drainage.  In areas that cannot be surveyed prior to construction (where pavement 
prevents excavation, for example), archaeological monitoring may be required if planned 
project excavation is deeper than modern disturbances.  The full need for or extent of 
survey will not be known until plan formulation progresses during the next phase of the 
study.   

 
ALTERNATIVES 
 
Based on the problem areas and the potential solutions identified at the initiation of the 
study shown (Figure 3), there are many alternatives which could be evaluated.  These 
include both structural and non-structural measures that could be implemented in order to 
reduce the flood risks within the watershed.  Additionally, there are many areas in the 
watershed where ecosystem restoration would benefit multiple communities by 
improving water quality, stabilize eroding banks, decrease turbidity, decrease sediment 
loading, increase flood water storage, and collect peak flows known to carry most of the 
non-point source pollution.   
 
Structural alternatives to reduce flood risks could include detention ponds, design 
channels, earth cuts, and or levees.  Reviewing the map of the areas of concerns, 
structural measures would likely be investigated for the areas labeled F-1, F-2, F-3, F-4, 
F-5, F-6 and F-7.  These are areas where recurrent flooding has occurred in the 
watershed.    The next phase of the study would determine which structures would be 
feasible to meet the overall objective and also the most efficient in terms of time involved 
and costs.   
 
Structural measures aimed at improving aquatic habitat by improving the pool/run/riffle 
ratio in various reaches of the watershed would also be investigated.  These 
improvements are generally accomplished by the use of gabion weirs, earth berms angled 
strategically in the creek, and substrate changes such as cobble and rubble.  Areas that 
have been identified that would benefit by geomorphic changes in the reach correspond 
to potential projects and recreation enhancements labeled P-1, P-4, P-5, P-7, P-8, P-13, 
R-1, R-2, R-8, R-9 and P-13.  
 
The intent of the structural projects would be to reduce or eliminate flood risks, and also 
to improve the water quality of the entire watershed by restoring a healthy pool/run/riffle 
ratio important for quality aquatic habitat. 
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Non-structural alternatives that could be investigated include warning systems, flood 
proofing, buy-outs, watershed management, and ecosystem restoration.  These types of 
alternatives would be investigated both for specific and non-specific locations throughout 
the watershed.  We expect also to investigate a flood warning system for all areas that are 
labeled as F-# on the Area of Concerns Map.  This investigation would include the 
Whites Branch Creek labeled as F-6 where a recent flood claimed a life.  Additionally, all 
areas identified as flood prone would be considered for flood proofing.  Buy-outs would 
be evaluated for all flood prone areas in the watershed. 
 

Table  3 – Potential Alternatives and Area of Concern by Cities 
 
City Potential Projects Area of Concerns 
Fort Worth P-1, P-2, P-3, P-4, P-5, P-

10, P-12, R-1, R-2, R-3, R-
4, R-5, R-6, R-8, R-9,   

F-1,F-2, F-3, F-4 

Haltom City P-6, P-7, P-8, P-9, P-13, P-
15, R-10, R-11, R-13 

S-1, S-2, S-3, S-4, F-6, F-7 

Haslet   
Keller R-14  
North Richland Hills P-10  
Richland Hills P-11, R-12  
Saginaw P-14, R-7, R-16  
Watauga R-15 F-5 
 
Watershed Management for the entire watershed would include investigating various 
types of ecosystem restoration.  Many areas of the watershed have little to no riparian 
zone.  Riparian buffer zones of at least 30 feet on each side of the creek could be used to 
enhance and protect aquatic resources from further adverse impacts of urbanization.  
Riparian zones provide several benefits that extend beyond just aquatic resources.  
Riparian zones would be beneficial in the Big Fossil reach that contains potential 
solutions labeled P-6 and recreation enhancement R-10, shown in more detail on figure 
3.9b.  This non-structural solution would provide benefits to the reach of stream bank 
stabilization.  Additionally the entire watershed would benefit in time by the riparian 
buffer absorbing the erosive force of flowing water while roots hold soil in place.  This 
would decrease sediment loading for the entire watershed.  Sediment loading has been a 
problem which is identified and shown on the potential project area as P-11, shown in 
more detail in Figure 3.13 Riparian buffers would improve the overall water quality of 
the watershed as they filter sediment, nutrients, pesticides, and animal waste from runoff.  
Riparian zones provide shade, shelter, and food for fish and other aquatic organisms.  In 
this particular reach some recreational trails exist which could be an opportunity to 
extend those trails and connect them providing the communities with more public 
recreational areas.    
 
In both of these non-structural management measures, wetlands could be restored off of 
small permanent or ephemeral streams such as the ones located at P-2, shown in more 
detail in figure 3.4.  Overflow from small ephemeral streams could be preserved and 
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potentially expanded.  The majority of the potential wetland restoration sites to be 
investigated are in the upper reaches of the watershed.   
 
Multi-Objective Management (MOM) is another non-structural tool that allows for 
watershed wide planning for wetlands, greenways, wildlife, and cultural resources.  
These features are equally important to the watershed as flood control, transportation and 
other development.  MOM measures compose the integral parts of a Watershed 
Management Plan.  The purpose of a Watershed Management Plan is to address the water 
and related land resource environment problems and opportunities that exist within a 
watershed in a holistic manner.  It provides recommendations for potential partnerships 
(government to government, and private to public) to solve identified problems and take 
advantage of opportunities.  Further, it identifies efforts necessary to fully develop a 
Watershed Management Plan for the basin.  This approach offers a unique opportunity 
for solving water resources related problems in a holistic manner.  Studies associated 
with preparation of a Watershed Management Plan include natural and cultural resources 
protection and restoration, recreation, environmentally sustainable development, 
environmental education, measures for protecting and enhancing water quality, and other 
water related needs such as runoff and erosion control, water supply, and flood damage 
reduction.  Traditionally, plan formulation techniques have used a hierarchical approach, 
where the primary purpose is formulated first without regard to the other purposes.  Other 
secondary measures to address other purposes are then added with little, if any, changes 
to the primary design.  The multi-objective watershed management approach attempts to 
formulate plans to address all measures simultaneously.  Several flood protection 
measures may be in direct conflict with important environmental aspects, and thus the 
flood protection measure would perhaps be modified to minimize the conflicts while still 
maintaining the objective of reducing or eliminating the flood risk. 
 
Another tool that is being utilized by some municipal jurisdictions in the region is the 
NCTCOG tool for examining and dealing with such issues, Integrated Storm Water 
Management (iSWM).  This guidance tool provides design and implementation 
guidelines assuring that development conforms to strict, yet feasible and enforceable 
guidelines that consider impacts to water quality and water flow. iSWM is a policy and 
design guidance manual for development within the watershed and should be 
implemented by parties who are responsible for managing their municipalities natural 
resources.   

All of the potential alternatives discuss for the area of concerns could be utilized in a 
combined plan to address the issues watershed wide.  This would improve the overall 
health of the system and every participant would retain benefits.  These solutions could 
be analyzed individually to address concerns in an isolated manner.  The combination of 
these strategies will ensure that the residents of the Big Fossil Creek watershed are 
provided with multiple tiers of investment and improvements, while balancing the burden 
of responsibility between the current partners of the watershed.  The result of holistic 
Watershed Management Plan will allow for mutual goal setting, and objectives between 
the stakeholders.  A combined plan will strengthen the partnership and focus between all 
the participants.  This will provide for greater benefits within Big Fossil Creek watershed 
due to dedication and teamwork.  
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CONCLUSION 
 
The purpose of this analysis was to document existing conditions of the Big Fossil Creek 
watershed.  These existing conditions support the identification of changes necessary in 
the watershed that assure immediate and long-term benefits impacts to bank stability, 
maintenance of channel capacity, stream and overbank health, protection of existing 
environmental assets, and the support of floodplain management practices within the 
watershed. 
 
This is a decision point for the participants to determine if there is interest in moving 
forward with further study.  The next phase of this analysis will evaluate the problems 
and opportunities already identified by the communities for the possibility of Federal 
participation and feasibility of implementation.  Additionally the next phase would 
provide cost estimates of developing alternatives and the costs associated with 
implementing those alternatives.  Moving forward would allow for cooperative stream 
maintenance and a holistic plan that addresses many of the flood related problems while 
improving the overall quality of the water system.  It is recommended that the study in its 
entirety, continue in order to identify problems and opportunities so that systematically, 
issues are planned and implemented.  However it not a requirement that the entire study 
area be included for this effort to continue.     
 
Historically the Big Fossil Creek Watershed has faced flooding events, and will continue 
to experience them.  This is not an uncommon occurrence in any watershed, and should 
be expected as a normal event. There is no way of predicting the severity of an event, but 
there are methods by which individuals and entities can work for a common cause to 
minimize both the flood extent and the human causes which increase the magnitude of 
flooding. There are solutions and strategies for dealing with flood-associated events that 
can be introduced and implemented on various scales, many of which depend upon the 
ability of the jurisdictions within the watershed to identify solutions on a watershed-wide 
basis and to implement those solutions in a concerted effort such that the goals and 
objectives of each city overlap and provide catalysts for each to work together in not only 
minimizing the impacts of urbanization and development on the watershed, but also in 
understanding why the flooding occurs and the strategies that can be utilized to reduce 
flooding.    

Unpredictable and extreme weather events, the geology and geography of the watershed, 
and the manipulation of the naturally existing flora and fauna and fluvial processes within 
the watershed are natural elements play an intricate roll in the mechanics of the 
watershed.  Resulting pollution, erosion, ecological degradation, decrease in biodiversity 
and decreases in natural resources in general are inevitable consequences of human 
interaction with or manipulation of, the environment.   

The stakeholders are at an important juncture in the overall study and projects related to 
the Big Fossil Creek watershed.  It is at this point at which the stakeholders in Big Fossil 
Creek will determine, based on their interest and desire, to pursue further analyses of 
possible solutions and cost estimates.  The existing conditions have been completed 
during this phase of the study.  Participants should review the existing conditions, along 
the problems and area of concerns identified with an eye towards determining whether 
they intend to move forward with the NCTCOG and the USACE to develop specific 
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detailed plans and strategies for watershed management, improved safety for residents 
and ecosystem restoration projects.  Cost estimates for implementation of the potential 
solutions will be examined and provided to enable the participants the ability to 
adequately assemble their respective resources for future phases.  The benefit of this 
approach is that not only will there be improvements on a watershed-wide basis, but that 
these improvements will provide reliable and potentially life-saving improvements that 
will be funded in-part by the federal government.   
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Big Fossil Creek Watershed  
Feasibility Study 

Existing Conditions 
Hydrology and Hydraulics 

 
Purpose:  The purpose of the hydrology and hydraulics analysis was to develop hydrologic and 
hydraulic models of Big Fossil Creek and Tributaries within the Big Fossil Creek watershed to 
represent existing conditions. 
  
Flood History:  The historical stage data for Big Fossil Creek at the Haltom City Gage began 
about 1900.  Known major flood events occurred on Big Fossil Creek in September 1900, May 
1908, April 1922, September 1933, 20 April 1942, May 1949, 25 May 1957, 25 June 1961, 7 
September 1962, March 1977, 13 October 1981, and 17 May 1989. The September 1962 flood is 
the largest known event since 1900 on Big Fossil Creek.  The flood discharges can only be 
roughly estimated from the Big Fossil Creek gage data.  The construction of the Big Fossil Creek 
levees and channel and enlargement of bridge openings in the vicinity of the gage has altered the 
stages of floods since 1962. 
 
 

Hydrology 
 

A hydrologic analysis for the study area was performed using the Hydrologic Engineering Center 
(HEC) Geo-HMS and HEC-HMS programs.  A hydrologic model was developed for Big Fossil 
Creek and all significant tributaries except for Little Fossil Creek.  All subbasin parameters 
including drainage area, stream length, stream length from the outlet to the centroid of the 
subbasin, slope, percent impervious, percent of urbanization, time to peak, basin lag time, initial 
loss, and infiltration rates were defined for each subbasin.  Discharges were computed for the 2-, 
5-, 10-, 25-, 50-, 100-, 250-, and 500-year frequency flood events for existing conditions (2005). 
 
Existing conditions (year 2005) and future (fully developed) conditions were analyzed for this 
study.  Based on the analysis, it is expected that increases in future urbanization and 
imperviousness will have relatively minimal impacts on the peak discharges for the less frequent 
events.  This is especially true for the streams for the main stem area of Big Fossil Creek and 
Whites Branch. 
 
Though it is not generally considered in USACE planning studies, future channelization could 
have a significant impact on the undeveloped smaller tributaries such as Streams BFC-2 and 
BFC-2A.  A number of farm ponds and small lakes still exist in some of the less developed 
subbasins.  If these structures were removed and/or the streams channelized, a significant 
increase in downstream discharge could occur. 
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Computer Models Developed:  For the hydrology portion of this study, a Geo-HMS (version 
1.0 running on an ArcView 3.3 platform) was used to develop digital drainage basins and 
determine the measurements required for the hydrology parameters for the study area.  The data 
for 277 subbasins and associated streams was imported to the HEC-HMS version 2.2 computer 
model.  The final stream schematic was corrected, and modified puls routing data and hydrologic 
parameters were added. The HMS version 2.2 model was set up to run only the 100-year 
frequency flood event.  The HMS version 2.2 model was imported to the HEC-HMS version 3.0 
to facilitate the automated depth area rainfall adjustment using Figure 15 from the National 
Weather Service (NWS) Technical Paper 40 (TP 40), Depth-Area-Duration curves.  HEC-HMS 
version 3.0 models were developed for the 2-, 5-, 10-, 25-, 50-, 100-, 250-, and 500-year 
frequency floods.  Due to the size of the HMS model, the version 3.0 depth area rainfall analyses 
had to be split up into seven separate models.  Table 1 is an existing conditions Summary of 
Discharges Table for the 2-, 5-, 10-, 25-, 50-, 100-, 250-, and 500-year frequency floods, as 
computed.   
 
Model results were reviewed to ensure that results were reasonable.  Final results were compared 
to the effective FEMA discharges.  Table 2 presents the comparison between the discharges 
developed for this study and the current effective FEMA discharges.   
 
Digital Mapping Data:  The base map data (DEM) used for the Geo-HMS model was provided 
by the North Central Texas Council of Government.  The data provided was LIDAR DEM data 
with a 5-meter spacing, flown in 2001. Heavy vegetative growth near, and adjacent to, some 
stream channels severely affected the accuracy of the LIDAR DEM data in these areas.  Also, 
DEM data does not include any break lines, which are usually necessary to accurately reflect 
stream channels.  The DEM was extensively edited to properly reflect stream and drainage paths.  
 
There were numerous changes in the watershed after the 2001 flight that required editing of and 
modification to the LIDAR DEM data to accurately reflect current conditions.  These changes 
included several new sub-divisions, channel modifications, new street and roads, and small lakes.  
From this revised data, an ArcView Grid file was developed with a 15-foot spacing in a NAD 83 
Texas State Plain North Central region in U.S. feet map projection. 
 
It was not feasible to splice the more accurate 2003 DTM data (see Hydraulics, Digital Mapping 
data section below) with the LIDAR DEM data to create the 15-foot ArcView Grid file.  This 
was because of the limited and irregular coverage of the 2003 DTM data.  The digital 2 foot 
contour maps produced from this 2003 DTM data were used as a aid in the determination of 
where editing of the LIDAR data was required. 
 
Initial Abstractions and Infiltration Rates:   The rainfall loss values were assumed to vary 
with both soil type and the frequency of each storm event.  These values are similar to those used 
in other models developed for the Dallas-Fort Worth area and are appropriate for this analysis.  
Soil type for each subbasin was assessed by digitally overlaying the watershed map and SURGO 
soil maps for Tarrant County.  Soils were evaluated to determine the permeability for each 
subbasin.  Soil type and permeability were used to set the initial and uniform loss rates. 
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Urbanization and Imperviousness:  Values of percent urbanization and percent imperviousness 
were developed for each subbasin.  Urbanization is the percentage of a subbasin that has been 
developed and improved with channelization and/or a storm collection network.  It affects the 
Snyder’s unit hydrograph lag time (tp).  Imperviousness is the percentage of a subbasin that is 
covered with impervious material and is hydraulically connected to the drainage network.  It 
affects the volume of rainfall lost through interception and infiltration.  The percent urbanization 
and imperviousness for each sub-basin was determined using January 2003 digital aerial 
photographs and observed data from field reconnaissance. 
 
Development of Unit Hydrographs:  Snyder’s unit hydrograph method was used for 
consistency with previous studies in the region.  Snyder’s unit hydrographs were developed for 
each subbasin based on the specific physical measurements generated by Geo-HMS.  These 
measurements are used in the standard equations for determining Snyder’s lag time (tp) which 
include the length of the major stream (L), the distance from the subbasin outflow point to the 
location of the subbasin centroid (Lca), the weighted slope (Sst)of the major stream that shows the 
best representation of the valley slope, and the percent urbanization.  The Snyder’s unit 
hydrograph lag time (tp) was calculated for each subbasin using methodology described in the 
following reports: 
 

“Synthetic Hydrograph Relationships, Trinity River Tributaries, Fort Worth-Dallas Urban 
Area” by T.L. Nelson, 1970. 
 
“Effects of Urbanization on Various Frequency Peak Discharges” by Paul K. Rodman, 
October 1977. 

 
Frequency Rainfall Data:  Rainfall data for the 2-, 5-, 10-, 25-, 50-, and 100-year storm events 
were developed from the NWS Technical Paper No. 40 and NOAA Technical Memorandum 
NWS Hydro-35.  Rainfall for the 250- and 500-year storm events were extrapolated from the 
above rainfall data.  The rainfall data was adjusted based on drainage area for each required 
computation point using the HEC-HMS version 3.0 depth area rainfall adjustment based on 
Figure 15 of Technical Paper No. 40.   
 
Comparison with FIS Discharges:  Final results were compared to the effective FEMA 
discharges.  The effective FEMA discharges are a mixture of several different studies performed 
over different time periods, each done with somewhat different methodology, leading to 
variations in the results (Table 2).  
 

Hydraulics 
 

A detailed hydraulic analysis was completed for Big Fossil Creek and all identified tributaries 
that confluence upstream of Highway 377.  Tributaries studied in detail were limited to those 
with a drainage area greater than 1.0 square mile or were studied previously for a Flood 
Insurance Study.  This included 22 Big Fossil Creek tributaries and the main stem of Big Fossil 
Creek, which totaled approximately 75 stream miles.  Table 3 is a listing of all streams modeled 
and the number of culvert crossings, bridges, dams, and digital cross-sections for each stream.  
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The hydraulic analysis for the study area was performed using the Hydrologic Engineering 
Center (HEC) Geo-RAS version 4.0 and HEC-RAS version 3.3 programs. 
 

 
Computer Models Developed:  For the hydraulics portion of this study a Geo-RAS (version 4.0 
running on an ArcMap 9.0 platform) was used to develop digital stream lines, cross sections, top 
of road profiles, set up ineffective flow area boundaries, establish stream stations at the cross-
sections in feet, and to measure channel and overbank reach lengths.  This data was imported 
into the HEC-RAS version 3.3.  Bridge and culvert models were completed, roughness values 
(Mannings “n” values) were added for the channel and left and right overbanks. Water surface 
profiles were computed for the 2-, 5-, 10-, 25-, 50-, 100-, 250-, and 500-year frequency floods.  
The HEC-RAS models developed included Big Fossil Creek, Whites Branch and 31 tributaries.  
All streams in the original scope of work were modeled in detail and 10 additional small 
tributaries, with a discharge point in the HMS model, were modeled to aid in the digital 
floodplain delineations.  Digital floodplain delineations for the 25-, 100-, and 500-year frequency 
floods were developed. 
 
Digital Mapping Data:  The base map data (DTM) used for the Geo-RAS model was prepared 
by Dallas Aerial Surveying under contract.  The data provided was the DTM digital data which 
included 3-dimensional (3-D) mass points and break lines.  Break lines were used to reflect all 
major changes in grade including streams, streets and roads, ditches and drainage paths.  Also, 
digital 3-D 2-foot contour interval topographic maps and digital aerial photographs were 
provided.  This data was based on January 2003 aerial photography.  The vertical accuracy of the 
data was stated as at least 90 percent of the values were within + or – 1-foot.  Vertical elevations 
were provided in the North American Vertical Datum (NAVD) of 1988.  The horizontal position 
was provided in a map projection of NAD 83 Texas State Plain North Central region in U.S. feet.  
It was stated that the horizontal accuracy exceeded the industry standards for 2-foot topo. There 
were several areas that had been changed since January 2003 and were not reflected in the above 
data.  These changes included additional improved channel reaches, ponds and several new 
and/or modified street and road crossings.  From the field reconnaissance and field surveying 
(see below), the map data was edited as accurately as possible to reflect these changes.  From the 
DTM data including revisions, an ArcView TIN was created and used in the Geo-RAS model. 
 
Field Reconnaissance and Surveying: Field reconnaissance and surveying was done in August 
and September 2005.  About 130 bridge and culvert crossings were measured and/or field 
surveyed.  At a few locations, an attempt was made to survey channel modifications and at least 
10 additional new street and road crossings which were not reflected on the 2003 DTM.  The 
field survey work was done using survey grade Trimble 5700 GPS units (Base station and roving 
unit) and a Trimble optical total station.   
 
Roughness Value (n-value) Determination:  Mannings “n” values were determined for the 
channel and left and right over-banks by over-laying the digital cross sections on the January 
2003 aerial photographs.   The “n” values were adjusted using photographs and observations 
made during the field reconnaissance done in August/September 2005.  A number of changes 
had occurred to the streams, including additional improved channels and new street and road 
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crossings.  Some of the improved channel reaches were not being mowed or maintained; 
therefore, higher “n” values were used.  
 

 
Range of Manning’s n Values 

 
Stream Min. Channel Max. Channel Min. Overbk. Max. Overbk. 

Big Fossil Cr. 0.020 0.075 0.040 0.085 
Whites Branch 0.020 0.075 0.050 0.080 
Tributaries 0.018 0.070 0.055 0.085 
 
 
 
Final Products:  HEC-RAS models were completed for Big Fossil Creek, Whites Branch and 31 
tributaries.  Bridge and culvert models were done for approximately 120 street and road 
crossings.  There were a large number of farm ponds, detention ponds, etc. which had to be 
accounted for in the hydraulic models.  There were a total of 3,499 digital cross sections used in 
the HEC-RAS models. 
 
Existing conditions water surface profiles were developed for the 2-, 5-, 10-, 25-, 50-, 100-, 250-, 
and 500-year frequency floods for all streams studied.  Table 4 is a sample of HEC-RAS output 
for Big Fossil Creek Reach 2 which extends from the Whites Branch confluence to Stream BFC-
1 and Whites Branch Reaches 1 and 2 which cover a major damage center in the study area.  
Water surface profile plots for Big Fossil Creek and Whites Branch are included in Table 5. 
 
Digital floodplain delineations were done using Geo-RAS for the existing conditions 25-, 100- 
and 500-year frequency flood events.  Because of the size of the study area, a plot was not 
included in this write-up. 
 
Comparison with FIS Profiles:  Final results were compared to the effective FEMA profiles.  
The effective FEMA profiles are a mixture of several different studies performed over different 
time periods, each done with somewhat different methodology, leading to variations in the 
results (Table 6). 
 

Summary and Conclusions 
 

The Big Fossil Creek Watershed is rapidly changing and developing, especially in the upper part 
of the Whites Branch watershed, Streams BFC-1, BFC-2, BFC-2A, BFC-3, BFC-3A and Stream 
BFC-4 and Tributaries.  Potential problems observed in the watershed, due largely to 
development were: increased sediment load in the streams and lack of maintenance in and near 
culvert crossings that has resulted in blockage of the openings from sediment and heavy growth 
in and near the crossings.  Also, many of the improved grass lined channel reaches were not 
being mowed and adequately maintained. 
 
Mapping for use in this study has been an issue from the beginning.  One lesson learned is that 
LIDAR DEM data alone cannot produce digital products with a sufficient accuracy to perform 
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digital hydrology and hydraulic analyses.  LIDAR data in combination with conventional aerial 
mapping can produce satisfactory results.  The only way to efficiently develop break lines is with 
aerial mapping techniques.  Break lines are required to produce a digital product with sufficient 
accuracy to develop digital hydrology and hydraulic models. 
 
Results from the hydraulic analysis indicate that the main damage center is the mobile home park 
on Whites Branch.  The ongoing economic analyses will further define these areas. 
 
The effects of future development on the main stem Big Fossil Creek discharges is expected to 
be minimal compared to the smaller undeveloped tributaries.  Future development could have a 
significant impact on the undeveloped smaller tributaries such as Streams BFC-2 and BFC-2A.  



 
TABLE 1 - SUMMARY DISCHARGE TABLE 

 



























TABLE 2 – BIG FOSSIL CREEK DISCHARGES 
COMPARED TO THE FIS DISCHARGES 

 



Page 1 of 3

TABLE 2 - Big Fossil Creek Discharges Compared to the FIS Discharges
FEMA FEMA FEMA FEMA

Description Analysis Point Drainage Area 10-Year 10-Year % 50-Year 50-Year % 100-Year 100-Year % 500-Year 500-Year %
(Sq. Miles) (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change

@ Stream BFC-28. JRBFC-12 4.56 3727 4550 -18.1 5875 6150 -4.5 6752 6900 -2.1 8659 8600 0.7
Below Stream BFC-28. JRBFC-12b 6.06 5449 6100 -10.7 8494 8300 2.3 9691 9250 4.8 12318 11550 6.7
@Rail Road above Walnut Lake. JRBFC-15 8.62 7068 5350 32.1 10964 8700 26.0 12277 9950 23.4 13616 12800 6.4
@ Stream BFC-4. JRBFC-17 8.97 6826 5300 28.8 10988 8700 26.3 12352 10050 22.9 13748 13100 4.9
Below Stream BFC Tr-04. JRBFC-18b 16.01 11742 10400 12.9 18239 16200 12.6 20525 18600 10.4 24172 24450 -1.1
@ Stream BFC-3. JRBFC-20 17.61 11756 10510 11.9 18706 16900 10.7 21179 19950 6.2 25471 25960 -1.9
Below Stream BFC-3. JRBFC-20b 18.78 12238 11180 9.5 19630 17900 9.7 22275 21090 5.6 27107 27510 -1.5
@ I.H.-35. JRBFC-24 21.14 12001 10570 13.5 19844 16990 16.8 22751 20310 12.0 27920 26750 4.4
@ Stream BFC-2. JRBFC-26 22.15 11797 10520 12.1 19769 16780 17.8 22777 20040 13.7 28066 26580 5.6
Below Stream BFC-2. JRBFC-26b 28.21 13637 14600 -6.6 23418 22390 4.6 27359 26570 3.0 34393 34950 -1.6
@ Stream BFC-1. JRBFC-27 28.32 13616 14590 -6.7 23399 22420 4.4 27362 26620 2.8 34390 34950 -1.6
Below Stream BFC-1. JRBFC-27b 30.76 13778 15140 -9.0 23786 23180 2.6 27937 27450 1.8 35336 36180 -2.3
@Whites Branch. JRBFC-30 32.02 13548 13700 -1.1 23101 20040 15.3 26965 23070 16.9 34160 29360 16.3
Below Whites Branch. JRBFC-30b 42.61 19162 20020 -4.3 31947 28590 11.7 36814 32840 12.1 46671 41080 13.6
Below Tributary B. JRBFC-31b 44.00 18869 19640 -3.9 31423 28020 12.1 36006 31770 13.3 46211 39400 17.3
Below Singing Hills Creek. JRBFC-32b 49.35 19092 20670 -7.6 32002 29320 9.1 36768 33570 9.5 47165 41300 14.2
@ Mackey Creek Diversion. JRBFC-35 52.11 18481 20520 -9.9 31506 29250 7.7 36588 33600 8.9 45644 41440 10.1
Below Mackey Creek Diversion. JRBFC-35b 53.15 18498 20570 -10.1 31559 29340 7.6 36677 33730 8.7 45749 41670 9.8
@ Belnap Street. JRBFC-36 53.69 18445 20300 -9.1 31486 29230 7.7 36650 33820 8.4 45496 42080 8.1
@ U.S. Highway 121. JRBFC-38 55.54 18286 20269 -9.8 31452 29205 7.7 36688 33813 8.5 45527 42083 8.2
@ Little Fossil Creek. JRBFC-39 56.10 18058 19469 -7.2 31133 28623 8.8 36358 33444 8.7 45369 42000 8.0

Whites Branch
FEMA FEMA FEMA FEMA

Description Analysis Point Drainage Area 10-Year 10-Year % 50-Year 50-Year % 100-Year 100-Year % 500-Year 500-Year %
(Sq. Miles) (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change

@ Stream WB-1. JRWB-07 1.23 1789 1850 -3.3 2566 2500 2.6 2891 2750 5.1 3623 3450 5.0
Below Stream WB-1. JRWB-07b 3.65 4537 5150 -11.9 6421 6900 -6.9 7132 7600 -6.2 8688 9550 -9.0
@ Stream WB-2. JRWB-08 3.87 4535 4900 -7.4 6441 6800 -5.3 7163 7550 -5.1 8709 9650 -9.8
Below Stream WB-2. JRWB-08b 4.57 5051 5950 -15.1 7200 8200 -12.2 8024 9100 -11.8 9745 11550 -15.6
@ Stream WB-3. JRWB-09 4.85 5026 5950 -15.5 7233 8200 -11.8 8109 9100 -10.9 9923 11700 -15.2
Below Stream WB-3. JRWB-09b 7.67 8227 9100 -9.6 12039 12450 -3.3 13589 13850 -1.9 16904 17700 -4.5
Below Watauga Road. JRWB-12 9.64 8060 8340 -3.4 12226 12040 1.5 13984 13860 0.9 17629 17580 0.3
@ Big Fossil Creek. JRWB-14 10.59 6914 7980 -13.4 10275 11560 -11.1 11553 13320 -13.3 14097 17140 -17.8

Stream WB-1
FEMA FEMA FEMA FEMA

Description Analysis Point Drainage Area 10-Year 10-Year % 50-Year 50-Year % 100-Year 100-Year % 500-Year 500-Year %
(Sq. Miles) (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change
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Below Stream WB-1A. JRSWB-1-08b 1.96 3021 2900 4.2 4277 3850 11.1 4779 4250 12.5 5861 5400 8.5
@ Whites Branch. JRSWB-1-11 2.42 3216 3400 -5.4 4549 4550 0.0 5049 5050 0.0 6201 6550 -5.3

Stream BFC-1
FEMA FEMA FEMA FEMA

Description Analysis Point Drainage Area 10-Year 10-Year % 50-Year 50-Year % 100-Year 100-Year % 500-Year 500-Year %
(Sq. Miles) (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change

Below North Tarrant Parkway. JRSBFC-1-05 1.19 2530 2390 5.9 3350 3150 6.3 3684 3480 5.9 4451 4240 5.0
@ Stream BFC-1A. JRSBFC-1-06 1.28 2636 2660 -0.9 3491 3520 -0.8 3845 3890 -1.2 4709 4740 -0.7
Below Stream BFC-1A. JRSBFC-1-06b 1.65 3396 3340 1.7 4503 4410 2.1 4965 4880 1.7 6071 5940 2.2
@ Stream BFC-1 Tr-01. JRSBFC-1-07 1.92 3863 3830 0.9 5144 5080 1.3 5680 5630 0.9 6903 6860 0.6
Below Stream BFC-1 Tr-01. JRSBFC-1-07b 2.22 4549 4070 11.8 6080 5410 12.4 6705 6000 11.7 8115 7310 11.0
@ Big Fossil Creek. JRSBFC-1-08 2.44 4597 4070 12.9 6248 5420 15.3 6931 6010 15.3 8298 7320 13.4

Stream BFC-2
FEMA FEMA FEMA FEMA

Description Analysis Point Drainage Area 10-Year 10-Year % 50-Year 50-Year % 100-Year 100-Year % 500-Year 500-Year %
(Sq. Miles) (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change

@ Stream BFC-2A. JRSBFC-2-06 1.93 1460 2000 -27.0 2201 2850 -22.8 2510 3150 -20.3 3014 3950 -23.7
Below Stream BFC-2A. JRSBFC-2-06b 4.52 2566 4450 -42.3 4479 6050 -26.0 5289 6750 -21.6 7199 8450 -14.8
@ Big Fossil Creek. JRSBFC-2-11 6.06 3797 5350 -29.0 5940 7500 -20.8 6922 8400 -17.6 8888 10600 -16.2

Stream BFC-2A
FEMA FEMA FEMA FEMA

Description Analysis Point Drainage Area 10-Year 10-Year % 50-Year 50-Year % 100-Year 100-Year % 500-Year 500-Year %
(Sq. Miles) (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change

@ Big Fossil Creek. JRSBFC-2A-10 2.58 1495 2500 -40.2 2679 3400 -21.2 3219 3800 -15.3 4302 4750 -9.4

Stream BFC-3
FEMA FEMA FEMA FEMA

Description Analysis Point Drainage Area 10-Year 10-Year % 50-Year 50-Year % 100-Year 100-Year % 500-Year 500-Year %
(Sq. Miles) (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change

@ Big Fossil Creek. JRSBFC-3-07 1.17 1206 1600 -24.6 1817 2150 -15.5 2064 2350 -12.2 2589 3000 -13.7

Stream BFC-4
FEMA FEMA FEMA FEMA

Description Analysis Point Drainage Area 10-Year 10-Year % 50-Year 50-Year % 100-Year 100-Year % 500-Year 500-Year %
(Sq. Miles) (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change

@Stream BFC-4D. JRSBFC-4-03 0.87 983 1350 -27.2 1248 1800 -30.7 1348 2000 -32.6 1588 2500 -36.5
Below Stream BFC-4C. JRSBFC-4-04b 2.44 3005 4050 -25.8 3802 5400 -29.6 4120 5950 -30.8 4725 7500 -37.0
@Stream BFC-4B. JRSBFC-4-06 3.07 3136 3550 -11.7 4274 4900 -12.8 4710 5500 -14.4 5641 7050 -20.0
Below Stream BFC-4B. JRSBFC-4-06b 4.08 3583 4950 -27.6 4814 6750 -28.7 5301 7600 -30.2 6328 9700 -34.8
@Stream BFC-4A. JRSBFC-4-07 4.26 3536 4900 -27.8 4845 6800 -28.8 5351 7600 -29.6 6426 9650 -33.4
Below Stream BFC-4A. JRSBFC-4-07b 6.10 5158 7150 -27.9 7345 9800 -25.1 8301 11000 -24.5 10434 13850 -24.7
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@ Big Fossil Creek. JRSBFC-4-09 6.54 5196 7100 -26.8 7569 9900 -23.5 8595 11200 -23.3 10825 14200 -23.8

Stream BFC-4A
FEMA FEMA FEMA FEMA

Description Analysis Point Drainage Area 10-Year 10-Year % 50-Year 50-Year % 100-Year 100-Year % 500-Year 500-Year %
(Sq. Miles) (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change (CFS) (CFS) Change

@ Stream BFC-4. JRSBFC-4A-07 1.84 2286 2600 -12.1 3208 3500 -8.3 3597 3900 -7.8 4490 4900 -8.4
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TABLE 3 – LIST OF STREAMS STUDIED 
 







TABLE 4 – RAS OUTPUT TABLE 
 























































TABLE 5 – PROFILE PLOTS 
 













TABLE 6 – BIG FOSSIL CREEK PROFILES 
COMPARISON WITH FIS PROFILES 



Table 6 - Big Fossil Creek Study
Profile Comparisons with FIS

Big Fossil Creek

Location Study 10-Year 50-Year 100-Year 500-Year
Description Elevation Elevation Elevation Elevation

At Highway 121
Down-Stream FEMA FIS 502.8 505.0 506.1 508.1
Down-Stream   10206 Planning Study 501.8 505.0 506.4 508.4

Difference -1.0 0.0 0.3 0.3
Up-Stream FEMA FIS 502.9 505.2 506.3 508.3
Up-Stream   10442 Planning Study 502.1 505.6 507.0 509.1

Difference -0.8 0.4 0.7 0.8

At Belnap Street/Highway 26
Down-Stream FEMA FIS 506.2 509.2 510.3 512.3
Down-Stream   16542 Planning Study 504.8 508.8 510.2 512.4

Difference -1.4 -0.4 -0.1 0.1
Up-Stream FEMA FIS 506.9 510.7 511.4 517.2
Up-Stream   16880 Planning Study 508.2 513.5 515.3 519.7

Difference 1.3 2.8 3.9 2.5

Onyx Drive South
Up-Stream FEMA FIS 517.6 519.7 520.4 522.1
Up-Stream   19854 Planning Study 516.0 519.9 520.6 522.9

Difference -1.6 0.2 0.2 0.8

Glenview Drive
Down-Stream FEMA FIS 530.9 532.3 532.9 533.9
Down-Stream   27553 Planning Study 530.8 532.7 533.2 534.2

Difference -0.1 0.4 0.3 0.3
Up-Stream FEMA FIS 532.2 533.3 534.0 535.0
Up-Stream   27784 Planning Study 531.4 533.7 534.4 536.6

Difference -0.8 0.4 0.4 1.6

At Rail Road (approx. 04. miles
 D/S of N. Loop 820)

Down-Stream FEMA FIS 536.6 538.4 539.1 540.3
Down-Stream   30333 Planning Study 537.4 540.8 542.2 544.0

Difference 0.8 2.4 3.1 3.7
Up-Stream FEMA FIS 541.6 545.9 547.8 551.4
Up-Stream   30433 Planning Study 539.3 545.4 547.3 550.7

Difference -2.3 -0.5 -0.5 -0.7

At North Loop 820
Down-Stream FEMA FIS 543.0 546.8 548.6 551.9
Down-Stream   32430 Planning Study 542.3 546.6 548.3 551.6

Difference -0.7 -0.2 -0.3 -0.3
Up-Stream FEMA FIS 544.9 548.9 550.7 554.1
Up-Stream   32988 Planning Study 544.6 548.9 551.1 555.7

Difference -0.3 0.0 0.4 1.6

Big Fossil Creek (continued)
Location Study 10-Year 50-Year 100-Year 500-Year

Description Elevation Elevation Elevation Elevation
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At Rail Road (approx. 1250'
U/S of Highway 377)

Down-Stream FEMA FIS 548.1 551.6 552.7 555.1
Down-Stream   35220 Planning Study 548.1 551.4 552.8 556.2

Difference 0.0 -0.2 0.1 1.1
Up-Stream FEMA FIS 555.5 562.4 565.1 570.4
Up-Stream   35327 Planning Study 551.9 561.0 569.7 570.8

Difference -3.6 -1.4 4.6 0.4

At Haltom Road
Down-Stream FEMA FIS 559.2 564.1 566.6 571.2
Down-Stream   40795 Planning Study 557.2 565.1 570.3 571.6

Difference -2.0 1.0 3.7 0.4
Up-Stream FEMA FIS 560.5 566.4 569.1 572.1
Up-Stream   41090 Planning Study 559.1 567.1 571.7 573.0

Difference -1.4 0.7 2.6 0.9

At North Beach Street
Down-Stream FEMA FIS 574.8 576.4 577.1 578.2
Down-Stream   46186 Planning Study 573.5 576.0 577.0 579.0

Difference -1.3 -0.4 -0.1 0.8
Up-Stream FEMA FIS 575.1 576.9 578.0 580.2
Up-Stream   46351 Planning Study 573.9 576.8 578.0 580.2

Difference -1.2 -0.1 0.0 0.0

At Western Center Boulevard
Down-Stream FEMA FIS 601.1 603.0 603.8 605.3
Down-Stream   54910 Planning Study 602.0 603.8 604.5 605.7

Difference 0.9 0.8 0.7 0.4
Up-Stream FEMA FIS 601.2 603.1 603.9 605.4
Up-Stream   55094 Planning Study 602.1 604.1 604.9 606.3

Difference 0.9 1.0 1.0 0.9

At Interstate Highway - 35W
Down-Stream FEMA FIS 601.3 603.2 604.1 605.5
Down-Stream   54910 Planning Study 603.9 607.2 608.2 609.9

Difference 2.6 4.0 4.1 4.4
Up-Stream FEMA FIS 604.8 607.7 609.0 612.7
Up-Stream   55094 Planning Study 606.9 611.3 612.6 614.7

Difference 2.1 3.6 3.6 2.0

At approx. FIS Sec. AC FEMA FIS 632.1 633.5 634.0 634.9
64004 Planning Study 632.8 634.0 634.4 635.0

Difference 0.7 0.5 0.4 0.1

At Blue Mound Road
Down-Stream FEMA FIS 667.1 668.3 669.0 670.0
Down-Stream   72466 Planning Study 666.3 667.7 668.1 668.7

Difference -0.8 -0.6 -0.9 -1.3
Up-Stream FEMA FIS 669.3 670.1 670.4 671.1
Up-Stream   72620 Planning Study 667.4 668.8 669.2 669.6

Difference -1.9 -1.3 -1.2 -1.5

Whites Branch

Location Study 10-Year 50-Year 100-Year 500-Year
Description Elevation Elevation Elevation Elevation
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At Watauga Road
Down-Stream FEMA FIS 575.0 576.4 577.0 578.1
Down-Stream   10068 Planning Study 574.6 576.3 576.9 577.9

Difference -0.4 -0.1 -0.1 -0.2
Up-Stream FEMA FIS 576.6 577.0 577.7 578.7
Up-Stream   10248 Planning Study 574.6 576.6 577.4 579.0

Difference -2.0 -0.4 -0.3 0.3

At Basswood Boulevard
Down-Stream FEMA FIS 598.7 600.0 600.4 601.2
Down-Stream   16788 Planning Study 599.3 600.5 601.0 601.8

Difference 0.6 0.5 0.6 0.6
Up-Stream FEMA FIS 599.1 600.9 601.4 602.7
Up-Stream   17095 Planning Study 600.4 602.2 602.9 604.3

Difference 1.3 1.3 1.5 1.6

At North Beach Street
Down-Stream FEMA FIS 639.3 640.3 640.6 641.2
Down-Stream   29377 Planning Study 637.9 638.7 638.9 639.4

Difference -1.4 -1.6 -1.7 -1.8
Up-Stream FEMA FIS 640.0 640.8 641.2 641.8
Up-Stream   29707 Planning Study 640.3 642.1 642.5 643.0

Difference 0.3 1.3 1.3 1.2

Approx at FIS Sec. P FEMA FIS 664.5 665.1 665.3 665.7
35481 Planning Study 667.3 668.1 668.4 668.9

Difference 2.8 3.0 3.1 3.2
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APPENDIX B 
 

Big Fossil Creek Water Surface Profile Plots 
 
 
 

13 July 2006 
 













 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
 

Biological Surveys of Birds in the Big Fossil 
Creek Corridor 

 
 
 

 























 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX D 
 

Big Fossil Creek Existing Cultural Conditions 
 
 
 

 



Cultural Resources 
 

Any proposed undertaking under the responsibility of the US Army Corps of 
Engineers must follow and account for the responsibilities under Federal and State 
Cultural Resources laws and regulations, Executive Orders, and US Army Corps of 
Engineers Regulations. All applicable legislative and regulatory mandates are to be 
considered in the event that any study provides a basis for a Federal undertaking. Any 
projects will need to consider the legal responsibilities and obligations of the US Army 
Corps of Engineers with respect to the National Historic Preservation Act (NHPA) of 
1966 (PL 89-665 et seq.), National Environmental Policy Act (NEPA) of 1969 (PL 90-
190), Native American Graves Protection and Repatriation Act (NAGPRA) of 1990 (PL 
101-601), Executive Order 13007 (Accommodation of Sacred Sites- 24 May 1996), 
Government-to-Government Relations with Native American Indian Tribal Governments 
(Presidential Memorandum of 29 April 1994), and Engineer Regulation (ER) 1105-2-100 
(Guidance for Conducting Civil Works Planning Studies).  

 
The scale of the relevant study area and the level of effort to collect and prepare 

detailed information restricted the data collection to that of currently known and recorded 
cultural resources and a reconnaissance of the drainage area conducted by an 
archaeologist. Project planning has not progressed to the level of a clear definition of a 
specific project, therefore impact areas and the nature of those impacts could not be 
specifically addressed. The proposed study area is extensive and will require definitive 
project boundaries and descriptions before potential impacts to cultural resources can be 
assessed and appropriate mandated considerations of impacts described and evaluated.  
 

The potential impacts to cultural resources to be considered include a variety of 
solutions that could include structural and non-structural flood control and relief systems, 
easements, pipelines, borrow and disposal areas, mitigation areas, creation of wetland 
areas, reforestation, and revegetation, among other possibilities. Any of these 
undertakings would generate a requirement to consider possible impacts to a potentially 
broad range of cultural resources in areas selected for project locations. These 
considerations include the completion of archaeological and architectural surveys of 
project-specific parcels for properties eligible and potentially eligible to the National 
Register of Historic Places (NRHP) in consultation with the Texas State Historic 
Preservation Officer (SHPO). Additional consultations with other interested parties and 
Native American Indian tribal groups is also necessary regarding properties of traditional 
cultural significance.  

 
Despite best efforts to locate and evaluate all the cultural resources within any given 

project area, unanticipated subsurface deposits are possible at any ground-breaking 
undertaking.  If previously unknown cultural materials are exposed by construction 
activities related to the undertaking, work will stop in the immediate vicinity, the 
resource will be protected, and the SHPO will be notified within 24 hours of discovery.  
If, in consultation with the SHPO, it is determined that the resource is significant, and 
cannot be avoided by construction, then a mitigation plan will be prepared in consultation 



with the SHPO and implemented before construction is allowed to continue in that 
vicinity.  
 

If unmarked human burials are discovered during construction, work will stop in the 
immediate vicinity, the remains will be protected, and the local law enforcement agency 
and SHPO will be notified within 24 hours.  The location of the unmarked human burial 
or burials will be documented and the provisions of the Native American Graves 
Protection and Repatriation Act will be implemented where applicable.  Discovery of 
human remains will be mitigated, in consultation with SHPO and Federally recognized 
Native American Tribes if appropriate, before construction will be allowed to continue in 
the vicinity of the discovery. 
 
Archaeological Resources 
 

A check of state archaeological site records kept at the Texas Archeological Sites 
Atlas (TASA) online database indicated no recorded sites within the immediate Big 
Fossil Creek drainage study area.  The lack of recorded sites may be due to the dearth of 
cultural resources surveys that have been conducted in the region.  Only two surveys 
show up in the database, one along Interstate Highway (IH) 35W, north of the 
interchange with IW 820 and another  extending north along Texas state highway 156.  
Both of these surveys were conducted by the Federal Highway Administration. 

 
The Fort Worth District contracted Geo-Marine, Inc. to investigate the potential for 

cultural resources within the Big Fossil Creek drainage area.  The archaeological field 
reconnaissance carried out between November 21 and December 5, revealed that the 
project area has been subject to severe impact and alteration through modern 
development and construction.  Observed creek cut banks showed intact stratigraphic 
deposits in areas where the creek bank or course had not been altered by construction or 
channelization.  The results of research, field observation, and GIS models were analyzed 
to create a predictive model for site potential within the Big Fossil Creek drainage 
(Parrish and Burson 2002).   

 
As project alternatives are developed and evaluated, cultural resources surveys may 

be needed within the specific project area(s) of potential effect.  For example, in the 
southeastern portion of the drainage, near the confluence of Big Fossil Creek and the 
West Fork of the Trinity River, backhoe trenching in flood plain areas along with 
intensive cut bank survey is recommended to locate deeply buried deposits, whereas, no 
archaeological survey is necessary west of IH 35, in the upland prairie region of the 
drainage.  In areas that cannot be surveyed prior to construction (where pavement 
prevents excavation, for example), archaeological monitoring may be required if planned 
project excavation is deeper than modern disturbances.  The full need for or extant of  
survey will not be known until plan formulation progresses.   

 
Architectural Resources 
 



Preliminary indications are that very few, if any, structures in the study area meet age 
and/or integrity requirements to qualify for the NRHP based upon association with 
significant people, events, architectural design or information potential. The bridges also 
initially appear unremarkable for their design and construction values.   Once specific 
project designs have progressed to the point where an area of potential effect can be 
determined, a more thorough reconnaissance of the structures within that area will need 
to be conducted to determine if any standing building, bridges or other structures may be 
eligible for the NRHP.   
 
Parrish, N. A. and E., A. Burson 
2002 Predictive Model for Archaeological and Historic Site Locations Within the Big 

Fossil Creek Drainage, Tarrant County, Texas.  Miscellaneous Reports of 
Investigation Number 250.  Geo-Marine, Inc., Plano, Texas. 
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APPENDIX F 
 

Chapter 1 of the iSWM Design Manual for Site 
Development 

 
 
 

 













































































































































































 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX G 
 

iSWM Big Fossil Creek Watershed Study 
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Trend Analysis of Air & Water Quality in the 
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Big Fossil Creek COE Feasibility Study: 
Macroinvertebrate Assessment and Physico-chemical Analysis 

Preliminary Report: 14 October 2002 

 

As part of a Corps of Engineers feasibility study of Big Fossil Creek in Tarrant County, Texas, 
the City of Fort Worth Environmental Management Department is collecting macroinvertebrate 
and physico-chemical data at eight locations along the creek and its tributaries. 
Macroinvertebrate samples are being collected at quarterly intervals (July 2002, October 2002, 
January 2003, and April 2003) and physico-chemical data will be collected monthly from July 
2002 through June 2003. This report includes a preliminary assessment of data collected from 
July through September 2002. 

Site Description 
Figure 1 is a map showing the location of the eight sample sites. Below are brief descriptions of 
each site. 

BF01 Channel crossing on Hidden Lake Road SW of 8300 Blue Mound Road (Mapsco 
34G) approximately 0.9 km downstream of Walnut Lake. This site is on private 
property and we have secured permission from the property caretaker to enter the 
property for sampling.  

BF02 Small Tributary to Big Fossil west of Blue Mound Road at Harmon E. (Mapsco 34G). 
This channel crosses Blue Mound south of Harmon E. before merging with Big 
Fossil. 

BF03 7200 Blue Mound Road (Mapsco 34R). This stretch of Big Fossil Creek is on private 
property and we have secured permission from the property owner to enter the 
property for sampling. This sample site is approximately 2.7 km downstream of 
BF01. 

BF04 This tributary flows southward between Inerstate-35 and Riverside Drive. The sample 
site is located on The Golf Club at Fossil Creek south of Western Center Blvd. 
(Mapsco 35Z) about 0.8 km before it merges with Big Fossil Creek. This confluence 
is approximately 4.5 km downstream of BF03.  

BF05 Buffalo Ridge Park west of Beach Street in Haltom City (Mapsco 50A). This site is 
approximately 5.6 km downstream of BF03. 

BF06 Big Fossil Creek west of 377 at 820 (Mapsco 50H) in Haltom City approximately 3.5 
km downstream of BF05 and 0.5 km downstream of the confluence of White’s 
Branch. 

BF07 White’s Branch west of Rushmore at Park Ridge (Mapsco 36Q). This tributary is 
sampled approximately 6 km upstream of its confluence with Big Fossil Creek. 

BF08 Fossil Creek Park, 6101 Onyx Drive (Mapsco 51S) in North Richland Hills 
approximately 4.3 km downstream of the creek’s confluence with White’s Branch. 
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Figure 1: Map of sampling locations along Big Fossil Creek and its tributaries 
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Methods 
Macroinvertebrates were collected from riffle areas using a Surber sampler with 500µm mesh. 
Substrate in the 12 X 12 inch area (0.09m2) confined by the sampler was agitated to a depth of 
approximately 10cm to dislodge organisms. Samples were collected from three separate riffle 
areas at each site. The captured organisms and debris were preserved in the field with 95% ethyl 
alcohol. Organisms were sorted from the sample debris and then counted and identified. Most 
identifications were to the family level; however, Chironomidae were identified to subfamily and 
Turbellaria, Nematoda, and Hirudinea were not identified any lower.  

Water temperature, pH, turbidity, dissolved oxygen, and specific conductance were measured in 
the field with portable meters. Laboratory analysis of ammonia (Nessler method), nitrate + nitrite 
(cadmium reduction method), and phosphate (ascorbic acid method) concentrations was 
conducted using a LaMotte Smart Colorimeter. E. coli levels were determined by a chromogenic 
substrate test using the Colilert system produced by Idexx Laboratories. 

Results and Discussion 
Macroinvertebrate data for the 24 samples (three replicates at each of eight stations) collected in 
July are reported in Tables 1 and 2. Hierarchical cluster analysis of the macroinvertebrate 
community data was performed using the Bray-Curtis similarity coefficient1 to compare sites. A 
bootstrap technique was then used on the replicate data to estimate statistical significance 
(α=0.05) of the resulting clusters2. This analysis successfully distinguishes between Big Fossil 
Creek and the three tributaries sampled (Figure 2). 

  

                                                 
1 Bray, J.R. and J.T. Curtis. 1957. An ordination of the upland forest communities of southern Wisconsin. Ecol. 
Monograph. 27:325-349. 
2 Nemec, A.F.L. and R.O. Brinkhurst. 1988. Using the bootstrap to assess statistical significance in the cluster 
analysis of species abundance data. Can. J. Fish. Aquat. Sci. 45:965-970. 

Figure 2:  Cluster analysis dendrogram of macroinvertebrate community data at eight 
locations along Big Fossil Creek and its tributaries. 
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A general observation of the data shows that there are very few riffle beetles, more oligochaetes, 
and more Caenid mayflies in the tributaries compared to Big Fossil Creek. The cluster analysis 
also separates BF06 from the other Big Fossil Creek locations. The major difference here 
appears to be that far fewer Hydropsychid caddisflies were collected at BF06. Some community 
metrics, such as Hilsenhoff’s Family Level Biotic Index (HBI)3 and the ratio of Ephemeroptera 
and Trichoptera (ET) to Chironomidae+ET4 tend to indicate more stressful conditions in the 
tributaries but no major trends between the Big Fossil Creek locations (Figures 3 and 4). 

E. coli shows a slight increasing trend moving downstream in Big Fossil Creek, with somewhat 
higher values seen in the tributaries (Figure 5). Other water chemistry values are within expected 
ranges and there are no distinct trends with one exception; nitrate is notably higher at sites BF05-
BF08 compared to the four upstream sites. Physico-chemical data are reported in Table 3. 
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3 This index should increase along a gradient of increased stress. It is calculated using abundances of individual taxa 
(xi) weighted by their pollution tolerance level (ti): ∑ xi ti/n  (n=total number of organisms in sample). The tolerance 
values used are reported in Table 1. 
4 This index should decrease along a gradient of increased stress as the Chironomidae increase in abundance relative 
to the more sensitive groups Ephemeroptera and Trichoptera. This index usually includes Plecoptera (EPT), 
however none have been collected in this study. 
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Figure 3: Hilsenhoff’s Biotic Index (Family) for 
macroinvertebrate communities sampled 
at eight sites along Big Fossil Creek and 
its tributaries. 

Figure 4: Ratio of Ephemeroptera and Trichoptera 
(ET) to Chironomidae+ET for macro-
invertebrate communities sampled at eight 
sites along Big Fossil Creek and its 
tributaries. 

Figure 5: Geometric mean of E. coli levels for eight 
sites along Big Fossil Creek and its 
tributaries. 
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Table 1: Sum of individual macroinvertebrate abundances for three replicate samples 

collected at each of eight sample sites along Big Fossil Creek and its 
tributaries. 

Order Tol Family BF01 BF02 BF03 BF04 BF05 BF06 BF07 BF08
Turbellaria 6  128 15 0 26 124 10 0 21
Nematoda 6  0 0 0 0 0 0 2 0
Oligochaeta 8 Lumbriculidae 0 0 0 3 0 0 9 0
 10 Tubificidae 7 40 0 21 0 3 9 3
 6 Naididae 0 25 1 0 0 0 1 5
Hirudinea 8  0 13 18 4 4 3 17 1
Gastropoda 9 Physidae 0 12 39 78 6 4 12 0
 6 Planorbidae 0 1 5 1 25 0 1 0
 7 Ancylidae 4 2 28 195 3 1 1 0
Bivalvia 4 Corbiculidae 40 0 160 0 351 71 63 66
 5 Unionidae 0 0 1 0 0 0 0 0
 8 Sphaeridae 56 27 42 3 1 0 7 85
Decapoda 5 Astacidae 1 0 2 0 0 0 0 0
Amphipoda 7 Talitridae 1 2 0 0 0 0 6 0
Ephemeroptera 4 Baetidae 468 221 123 336 698 167 57 192
 7 Caenidae 1 800 33 320 167 24 300 67
 4 Heptageniidae 33 6 0 0 4 1 0 2
 4 Tricorythidae 0 0 0 7 0 0 0 0
Trichoptera 4 Helicopsychidae 0 0 0 0 409 32 0 1
 4 Hydropsychidae 675 356 753 439 1193 78 120 731
 4 Hydroptilidae 9 44 4 301 14 4 6 1
 3 Philopotamidae 593 8 0 0 2 0 0 0
 3 Polycentropodidae 0 0 0 19 0 0 0 0
Anisoptera 1 Gomphidae 0 0 0 0 2 0 0 0
 9 Libellulidae 0 1 0 1 0 2 0 0
Zygoptrera 9 Coenagrionidae 35 43 398 30 90 20 24 19
 5 Calopterygidae 0 0 1 0 4 1 0 1
Hemiptera 5 Corixidae 1 0 0 0 0 0 0 0
 5 Gerridae 0 1 0 0 0 0 0 4
 5 Hebridae 1 0 0 1 0 0 0 0
 5 Mesoveliidae 0 1 0 0 0 0 1 4
 5 Naucoridae 0 4 0 1 0 0 0 0
 5 Veliidae 1 0 0 0 0 0 0 0
Coleoptera 5 Dytiscidae 0 0 0 2 0 0 0 0
 5 Elmidae 391 8 249 7 87 317 8 60
 5 Helophoridae 0 1 0 0 0 0 0 0
 5 Hydrophilidae 0 5 5 17 2 1 0 1
Megaloptera 2 Corydalidae 0 0 0 0 1 1 0 0
Lepidoptera 5 Pyralidae 0 2 6 8 20 1 0 0
Diptera 5 Ceratopogonidae 1 56 15 26 0 1 3 0
 6 Culicidae 0 1 0 1 0 0 0 0
 6 Empididae 1 0 0 7 0 0 0 0
 6 Simuliidae 287 1 156 2 1 5 0 25
 5 Stratiomyidae 0 0 0 2 0 0 0 0
 8 Chironominae 173 655 291 4205 185 48 114 41
 6 Tanypodinae 12 66 35 266 72 8 36 19
  6 Orthocladiinae 17 78 49 91 28 19 9 12
Number of Individuals 2936 2495 2414 6420 3493 822 806 1361
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Table 2: Macroinvertebrate abundances for samples collected at eight sites along Big Fossil Creek and its tributaries (three replicate 
samples per site). 

  BF01 BF01 BF01 BF02 BF02 BF02 BF03 BF03 BF03 BF04 BF04 BF04 BF05 BF05 BF05 BF06 BF06 BF06 BF07 BF07 BF07 BF08 BF08 BF08 
Order Family 01A 01B 01C 01A 01B 01C 01A 01B 01C 01A 01B 01C 01A 01B 01C 01A 01B 01C 01A 01B 01C 01A 01B 01C 
Turbellaria  66 12 50 6 8 1   9 7 10 55 39 30 9 1   6 15
Nematoda                    2     
Oligochaeta Lumbriculidae           2 1      2 6 1   
 Tubificidae 7  12 8 20   2 6 13   2 1 9  1 1 1
 Naididae    24 1   1          1 1 4 
Hirudinea     5 4 4 14 4 1 3 3 1 1 2 8 5 4  1
Gastropoda Physidae      12 24 15 2 69 7 5 1 1 2 1 1 3 8   
 Planorbidae    1  2 3  1 13 12     1    
 Ancylidae 3 1   2 19 1 8 8 67 120 3  1  1     
Bivalvia Corbiculidae 6 1 33   127 24 9   14 138 199 12 49 10 10 7 46 44 2 20
 Unionidae         1               
 Sphaeridae 44 3 9 11 10 6 26 9 7  3 1     2 5 1 84
Decapoda Astacidae  1     1 1               
Amphipoda Talitridae 1    2             5 1   
Ephemeroptera Baetidae 281 49 138 26 126 69 61 52 10 178 141 17 338 109 251 102 40 25 11 34 12 93 31 68
 Caenidae 1  269 61 470 7 8 18 35 190 95 80 62 25 11 9 4 62 109 129 67 
 Heptageniidae 7 16 10 1 1 4      3 1 1      2 
 Tricorythidae          2 2 3            
Trichoptera Helicopsychidae             75 215 119 3 28 1     1
 Hydropsychidae 333 65 277 70 165 121 246 459 48 201 86 152 373 295 525 40 23 15 65 18 37 274 70 387
 Hydroptilidae 7 2 16 1 27 1 3 80 172 49 3 2 9 2 1 1 5 1  1 
 Philopotamidae 306 36 251 5 2 1      2           
 Polycentropodidae          10 9             
Anisoptera Gomphidae              2          
 Libellulidae      1     1   1 1      
Zygoptrera Coenagrionidae 26 5 4 18 12 13 143 167 88 3 20 7 25 29 36 9 7 4 11 5 8 3 14 2
 Calopterygidae       1      2 2 1       1
Hemiptera Corixidae   1                     
 Gerridae      1                4 
 Hebridae 1        1              
 Mesoveliidae    1              1   4 
 Naucoridae     3 1    1             
 Veliidae 1                       
Coleoptera Dytiscidae           2             
 Elmidae 213 9 169 3 1 4 109 108 32 1 6 20 36 31 159 120 38 5 3 22 13 25
 Helophoridae      1                  
 Hydrophilidae    2 1 2 1 3 1 2 8 7  2  1    1 
Megaloptera Corydalidae               1 1        
Lepidoptera Pyralidae     2 3 2 1 4 3 1 1 9 10 1       
Diptera Ceratopogonidae 1  21 35 5 10 2 10 14   1  2 1   
 Culicidae      1    1             
 Empididae 1        1 2 4            
 Simuliidae 194 35 58 1  93 51 12 2    1 3 1 1   16 2 7
 Stratiomyidae            2            
 Chironominae 136 6 31 334 25 296 127 104 60 991 2181 1033 67 55 63 39 4 5 54 17 43 7 11 23
 Tanypodinae 9 2 1 17 12 37 18 7 10 43 146 77 27 24 21 4 3 1 5 12 19 6 6 7
  Orthocladiinae 13 1 3 29 11 38 13 17 19 64 15 12 13 6 9 7 12  2  7  6 6
Total Number of Individuals 1657 242 1037 872 454 1169 1040 1013 361 1641 3141 1638 1121 1037 1335 410 300 112 258 224 324 473 240 648
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Table 3: Results of physico-chemical analyses conducted on Big Fossil Creek and its tributaries 
in July, August, and September 2002. 

Station 
 BF01 BF02 BF03 BF04 BF05 BF06 BF07 BF08

pH         
Jul-02 8.10 7.00 7.90 7.00 7.10 7.80 7.70 7.00

Aug-02 7.92 7.09 7.44 6.77 7.16 7.02 7.13 7.61
Sep-02 8.00 7.90 7.50 7.50 8.10 7.90 7.80 7.60

Geometric Mean 8.01 7.32 7.61 7.08 7.44 7.56 7.54 7.40
         
Conductance (μS) BF01 BF02 BF03 BF04 BF05 BF06 BF07 BF08

Jul-02 510 790 540 560 590 500 660 390
Aug-02 460 380 390 880 440 400 650 410
Sep-02 490 490 680 550 690 490 720 490

Mean 487 553 537 663 573 463 677 430
         
Turbidity (NTU's) BF01 BF02 BF03 BF04 BF05 BF06 BF07 BF08

Jul-02 15 5 32 9 8 23 29 49
Aug-02 19 17 44 30 5 14 40 30
Sep-02 12 9 3 40 3 3 30 17

Mean 15 10 26 27 5 13 33 32
         

DO (mg/L) BF01 BF02 BF03 BF04 BF05 BF06 BF07 BF08
Jul-02 5.60 3.70 6.80 4.50 7.00 8.70 4.00 7.30

Aug-02 3.81 1.91 6.87 2.60 8.90 7.52 2.48 5.20
Sep-02 3.60 5.80 3.80 5.40 9.70 9.20 4.80 6.30

Mean 4.34 3.80 5.82 4.17 8.53 8.47 3.76 6.27
         
Temperature (°C) BF01 BF02 BF03 BF04 BF05 BF06 BF07 BF08

Jul-02 28.5 22.8 30.6 26.1 26.9 28.5 26.7 27.9
Aug-02 28.6 27.1 28.1 28.7 27.5 28.5 27.5 29.5
Sep-02 20.6 20.7 21.4 22.6 20.4 24.9 22.3 20.3

Mean 25.9 23.5 26.7 25.8 24.9 27.3 25.5 25.9
         
Total Alkalinity (mg/L) BF01 BF02 BF03 BF04 BF05 BF06 BF07 BF08

Jul-02 134 304 179 196 182 150 210 133
Aug-02 112 142 138 166 147 102 180 128
Sep-02 126 146 246 140 204 106 60 200

Mean 124 197 188 167 178 119 150 154
         
Total Hardness (mg/L) BF01 BF02 BF03 BF04 BF05 BF06 BF07 BF08

Jul-02 140 324 202 193 211 173 324 139
Aug-02 143 142 142 362 172 134 215 138
Sep-02 160 170 235 180 218 158 215 150

Mean 147 212 193 245 200 155 251 142
         
Ammonia (mg/L-N) BF01 BF02 BF03 BF04 BF05 BF06 BF07 BF08

Jul-02 0.10 0.20 0.27 0.24 0.11 <0.05 0.08 <0.05
Aug-02 0.06 0.17 <0.05 0.27 0.20 0.06 0.18 0.32
Sep-02 0.25 0.30 0.29 0.33 0.28 0.17 0.27 0.16

Mean 0.14 0.22 0.20 0.28 0.20 0.09 0.18 0.17
         
NO3+NO2 (mg/L-N) BF01 BF02 BF03 BF04 BF05 BF06 BF07 BF08

Jul-02 0.11 0.10 0.17 0.08 0.55 0.61 0.39 0.59
Aug-02 0.06 0.08 0.08 <0.05 0.30 0.48 0.32 0.35
Sep-02 0.08 0.17 <0.05 <0.05 0.76 0.11 0.18 0.25

Mean 0.08 0.12 0.09 0.04 0.54 0.40 0.30 0.40
         
PO4 (mg/L) BF01 BF02 BF03 BF04 BF05 BF06 BF07 BF08

Jul-02 <0.10 <0.10 0.13 <0.10 <0.10 <0.10 0.15 <0.10
Aug-02 <0.10 <0.10 0.05 <0.10 <0.10 <0.10 <0.10 <0.10
Sep-02 <0.10 <0.10 0.48 <0.10 <0.10 <0.10 <0.10 <0.10

Mean <0.10 <0.10 0.22 <0.10 <0.10 <0.10 0.08 <0.10
         
E. coli (MPN/100mL) BF01 BF02 BF03 BF04 BF05 BF06 BF07 BF08

Jul-02 24 291 19 7270 19863 138 488 145
Aug-02 79 117 192 172 26 65 816 162
Sep-02 9 16 17 28 46 21 96 31

Geometric Mean 25 82 39 325 288 57 337 90

 




